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1989 GROUND WATER CORRECTIVE ACTION ANNUAL REVIEW
UNITED NUCLEAR CORPORATION'S

CHURCH ROCK MILL AND Tall'NGS SITE
GALLUP, NEW MEXICO

1.0 INTRODUCTION AND SUMMARY

Canonie Environmental Services Corp. (Canonie) has prepared this report of
the annual review of the performance of the ground water corrective action
systems installed and operating at United Nuclear Corporation's (United
Nuclear) Church Rock Mill and tailings site in Gallup, New Mexico. This
report consists of two parts with Part I containing the text, tables,
figures, and appendices and Part 11 containing the water level and water
quality data collected for the performance monitoring program. This report
represents the first in a series that will be prepared during implementa-
tion of corrective action.

The corrective action systems for tailings seepage remediation were in-
stalled and began operating during the summer of 1989. This report de-
scribes of the construction and operation of the systems, results of the
evaluation of the performance monitoring data, responses of the affected -

aquifers to operation of the remediation systems, and predictions of future
operational aojustments.

This report was prepared in accordance with Nuclear Regulatory Commission
(NRC) requirements set forth in Condition 30 of United Nuclear's Source

Materials License SUA 1475 (License) and with Environmental Protection
Agency (EPA) requirements set forth in an Administrative Order (AO) issued
by the EPA on July 3, 1989, Docket 6-11 89, to United Nuclear pursuant to
Section 106(a) of the Comprehensive Environmental Response, Compensation
and Liability Act of 1989 (EPA 1989).

,

1.1 Backaround

in April 1989, United Nuclear submitted the Remedial Design (RD) report
(Canonie,1989a), which presented the technical basis and design of seepage
remedial action to be implemented at the Church Rock site pursuant to
Amendment I (Canonie, 1988a) and Amendment II (Canonie, 1989b) to the
Reclamation Plan (Canonie,1987a). As described in the RD, the remedial
action was to be implemented for the three geologic formations of concern

CanonteEnvironmental
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identified as Zone 3 and Zone 1 of the l'pper Gallup Sandstone and the
Southwest Alluvium. These formations are described in the Geohydrologic ;

Report (GHR) (Canonie, 1987b), the EPA's Feasibility Study (EPA, 1988a), I
and the EPA's Remedial Investigation (EPA, 1988b). I

\

The corrective action at the Church Rock site described in the RD consists ;

of extraction of tailings seepage from Zone 3 and the Southwest Alluvium.
Limited seepage extraction from Zone I was to continue until dewatering of ,

Borrow Pit No. 2, which is the source of tailings seepage in Zone 1, is
completed. Figure 1-1 is a site orientation map that provides an overview
of current site conditions and the target areas where corrective action is
being implemented. The remedial action target areas were delineated in the
RD (Canonie, 1989). For Zone 3 and Zone 1, acidic pH and calculations of
travel distance were used to determine the extent of the target area. For
the Southwest Alluvium, chloride concentrations greater than 100 milligrams
per liter (mg/1) and calculations of travel distance were used to determine
the extent of the target area. A summary of the remedial actions completed -

in 1989 is presented below.

1.2 Remedial Activities

1.2.1 Zone 3 Remedial Action

Remedial action in Zone 3 consists of pumping the existing northeast pump-
back and new extraction wells located in or adjacent to the target area
located northeast of the North Cell of the tailings impoundment. The

existing northeast system consists of six wells pumping at an average
combined rate of approximately 8 gallons per minute (gpm). Figure 1 1
shows the location of the system. The wells were installed in 1983 as
required by the New Mexico Environmental Improvement Division to control
migration of tailings seepage. The wells have been pumping continuously
since that time and have extracted a portion of the seepage migrating from
the North Cell of the tailings impoundment.

The purpose of the new extraction well system is to create a hydraulic
barrier to further migration of the plume and to dewater the remedial

CanonteEnvironmental
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action target area shown on Figure 1-1. The extractable volume of the '

'target area in Zone 3 is estimated to be 200 million gallons or less. The
system of wells is designed to remove this volume in 61/2 years of opera-
tion. However, monitoring of hydrogeologic conditions during remediation
will determine the duration and magnitude of pumping actually required.

Figure 1-1 shows the locations of the new extraction wells. As shown, a
;

total of 12 new wells, numbered 701 through 713, were installed in 1989.
These wells comprise Stage I of the Zone 3 system described in the RD. The |

remaining Stage 11 wells are scheduled to be installed in 1991 with the
*

number and location to be determined based on the performance of the
Stage I wells.

,

Originally, a total of 13 wells was proposed for the first stage of well
installation . However, the results of the aquifer test conducted in the i

first five wells installed (708 through 712) indicated that Well 704 would
have a low yield and, by interfering with adjacent extraction wells, could .

cause a net loss of system capacity by reducing the productivity of sur-
rounding wells. United Nuclear sought and received-approval from the NRC

:

and epa for exclusion of the well from the program in June 1989.

The new Zone 3 extraction wells began pumping on August 7 and 8, after
installation of the distribution lines was completed. The wolls have
pumped continuously since that time with a combined average flow rate of
approximately 43 gpm. This rate is less than the rate of 60 gpm assumed
during the system design because the hydraulic properties of the formation
limit the productivity of the wells. The extraction wells are monitored
daily for water level, instantaneous pumping rate. and cumulative volume
pumped so that adjustments to system operation can be made as needed.
Evaluation of the performance of the system is based on the data collected
since the third quarter sampling event in July 1989.

,

'

1.2.2 Zone 1 Remedial Action

Tailings seepage in Zone 1 originated from its subcrop in~ Borrow Pit No. 2

| and migrated to the east of the Central Cell of the tailings impoundment.
|
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Figure 1-1 shows the location of Borrow Pit No. 2 in relation to the plume
in Zone 1. The remedial action for Zone 1 consists of dewatering Borrow
Pit No. 2 and continuation of pumping from the existing north cross dike
and east pump back wells until the pit is dewatered. Additional punping in
Zone I has been determined to be infeasible due to the low transmissivity
of the formation within the target area (Canonie,1987b; EPA,1988a). ,

in accordance with the schedule presented in the RD, Borrow Pit No. 2 was :
dewatered in 1989. In fact, dewatering was completed at the end of April
1989, which was approximately 6 months earlier than anticipated at the time

,

the RD was submitted. Since Borrow Pit No. 2 is dry, remedial activities ,

for Zone I consist of monitoring water levels and water quality in 10 wells
located east and northeast of the pit. Although Borrow Pit No. 2 is dry, j

the existing pump-back wells continue to operate as required by the NRC
License and the EPA in the AO (EPA,1989). Evaluation of the performance

3

of the Zone 1 remediation is based on the data collected since the second
quarter sampling event in April 1989, when Borrow Pit No. 2 was dewatered. .

,

1.2.3 Southwest Alluvium Remedial Action

i
Remedial action for the Southwest Alluvium consists of pumping three ex-
traction wells comprising a barrier / collection system in the target area
shown on Figure 1-1. The system is located downgradient of the southern

,

edge of the South Cell of the tailings impoundment and upgradient of the ;

Points of Compliance (POC) wells designated by the NRC for the Southwest 5

Alluvium. The location, spacing, and pumping rates for the wells were
designed to establish a hydraulic barrier to further_ migration of seepage
through the alluvium while the source is being remediated.

Figure 1-1 shows the location of the three extraction wells (801 through
803) and four monitoring wells (804 through 807) that were installed-in the

,

Southwest Alluvium. The wells were installed in August 1989 and began '

pumping on October 16, 1989. The wells have pumped continuously since that '

time with a combined average flow rate of approximately 20 gpm. This rate
is higher than the rate of 17 gpm assumed for development of the system
design. As with the Zone 3 system, the extraction wells are monitored

|
|
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daily for water level, instantaneous pumping rate, and cumulative volume
pumped so that adjustments to system performance can be made as needed.
Evaluation of the performance of the system is based on the data collected
since the fourth quarter sampling event in October 1989.

1.2.4 Evaporation Discosal Sydem

Seepage collected by the extraction wells is being disposed of by evapora-
tion. The evaporation disposal system is designed to dispose of the ex-
tracted tailings seepage by the end of 1996. As shown on Figure 1-1 the
system consists of two, five acre lined evaporation ponds equipped with an
evaporation mist system and a separate mist or spray evaporation system
installed on the surface of the tailings. The evaporation disposal system
has been installed and is operating entirely within the tailings disposal
area. Details of the design and construction of the system are presented
in Amendment I of the Reclamation Plan (Canonie,1988a), the Technical
Specifications (Canonie,1988b) and the As Built Report (Canonie,1989c). -

The lined ponds were constructed in October 1988 through January 1989
and began operation on January 3, 1989. The misters were installed in
spring 1988 and have been used during the summer months to help control
windblown tailings and dispose of the water from the extraction wells and
Borrow Pit No. 2.

Between January and April 1989, water discharged to the. ponds consisted of
water pumped from the existing northeast, north cross dike, and east
pump back well systems and from Borrow Pit No. 2. Since Borrow Pit No. 2
was dewatered in April 1989, only water from the existing cnd new extrac-
tion wells has been discharged to the system.

1.2.5 Source Control - Surface Reclamation
i

Another component of the remedial action is the surface reclamation of
tailings. Surface reclamation activities related to source control began 1

j

in May 1989 and will continue until October 1997, when reclamation is '

CanonteEnvironmental
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scheduled to be completed. Beneficial effects from the reclamation ac-
tivities are to be realized by placement of a cover over the tailings
impoundment to prevent infiltration of precipitation. A description of,
and technical specifications for, the surface reclamation activities are
presented in the Reclamation Plan (Canonie,1987a).

As shown on Figure 1-1, the reclamation activities completed in 1989 in-
cluded regrading and placement of the interim soil cover in the North Cell.
Regrading of the North Cell is an important step for source control for
Zone 3 because the seepage present in this unit originated from tailings
liquids in direct contact with the sandstone exposed in the northeast
corner of the North Cell [GHR (Canonie, 1987b)). The regrading and recon-
touring of the tailings materials, shown on Figure 1-2, eliminates ponded
water and minimizes infiltration. In addition, placement of the compacted
soil cover provides a low permeability layer that also minimizes infiltra-
tion. Permeability testing of the interim cover material provided values

4of 1.4 x 10 centimeters per second (cny'sec), 3.9 x 10-8 cm/sec, and 3.5 x -

10 8 cm/sec. These values confirm that the compacted soil cover serves a
barrier to infiltration. As a result, further seepage recharge to Zone 3
is minimized.

1.3 Performance Monitorina

A program of performance monitoring was established to evaluate the success
of the remedial action in meeting the design expectations. Performance
monitoring may indicate that the objectives have been met and the remedy is
complete. The results of the monitoring may also indicate that achievement
of ell cleanup levels in a reasonable time period is technically impracti-
cal and that establishment of Alternate Concentration Limits (ACLs) or a
waiver to meeting certain contaminant specific Applicable or Relevant and
Appropriate Requirements (ARARs) is necessary. A detailed description of
the monitoriny program is presented in the RD (Canonie, 1989a). Figure 1-2
presents the locations of the wells included in the performance monitoring
program.

CanonteEnvironmental
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The objective of the monitoring program is to provide statistically valid
data that can be used to evaluate the performance of the extraction system
in meeting regulatory criteria. Water chemistry analysis for the monitor-
ing program has been and will continue to be conducted for the chemical
constituents displayed in Table 1.1. The list includes the constituents
for which the NRC has established ground water protection standards and/or
the EPA has established ARARs for the site. Water chemistry data will be
used to:

1. Mor.itor compliance with License Condition 30, Part B criteria at
POC wells;

2. Monitor and assess trends in water quality that may develop in
response to pumping;

3. Evaluate the effectiveness of cleanup within the target areas;
.

4. Provide an adequate database for development of ACLs (NRC) and
waivers to ARARs (EPA), where necessary; and

5. Supplement the existing database.

Water level data will be used to determine the effects of the remediation
systems on geohydrological conditions, including creation and performance
of the hydraulic barriers, and to monitor the decreases in saturation that
will occur as pre-mining natural conditions are reestablished. The moni-
toring program is also designed to further aid in establishing background
water quality conditions. Background water quality plays a very important
role in setting both the NRC's ground water protection standards and the
EPA's ARARs.

1.3.1 Ouality Assurance /0uality Control Plan

A Quality Assurance / Quality Control (QA/QC) Plan for the performance moni-
toring program was developed and described in the Remedial Action Plan
(RAP) (United Nuclear, 1989) submitted to the EPA in April 1989. The

I
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purpose of the plan is to assure that data generated from the performance
monitoring program is accurate, representative, comparable, and complete so
that performance evaluations and decisions can be made on an informed and
logical basis.

Implementation of the QA/QC procedures for ground water sampling were
verified by Canonie personnel during collection of the fourth quarter 1989
water samples. Observation of the procedures used by United Nuclear per-
sonnel to collect, treat, and ship samples conform with the procedures
outlined in the RAP (United Nuclear, 1989). The procedures used ensure
that samples are representative of site conditions and that variability in
water quality caused by sample collection and handling procedures is,
minimized.

in addition to the QA/QC procedures implemented for sample collection and
analysis, the water quality data are also subject to review, including
statistical trend analyses, to identify analytical or reporting errors. -

This review is conducted as the data are received from the laboratory.

1.3.2 Performance Monitorina Evaluation

Evaluation of the results of the performance monitoring was conducted for
the data collected since the remedial actions were implemented in Zone 3,
Zone 1, and the Southwest Alluvium. Because of the limited time period
over which data were collected, particularly in the South ~ west Alluvium, the
results of the evaluation provide only a preliminary assessment of the
performance of the remedial actions. The following is a summary of the
evaluation conducted for the three formations.

Zone 3 - Performance Monitorina Evaluation

The Zone 3 performance monitoring evaluation utilized the water level and
water quality data collected during the third and fourth quarters 1989
sampling events. The third quarter data represent initial conditions since

CanonteEnvironmental i
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they were collected in mid July, immediately prior to startup of the sys- !
tem. The fourth quarter data represent conditions after three months of !

pumping (August through October). !

!
The results of the evaluation indicate that the extraction wells are per-
forming as designed and are successful in:

1. Capturing and extracting seepage in the remedial action target
area; and I

;

1

2. Creating a hydraulic barrier to further migration of tailings ;

seepage.

For example, the saturated thickness of the formation has been redMed by !

more than 20 feet in the center of the well system. The area where draw- t

down caused by the wells equals or exceeds 10 feet is approximately 52
acres. This area of intense dewatering incorporates 90 percent of the .

Zone 3 target area. ,

;

!Additional confirmation of the performance of the well system is provided
by a comparison of actual field conditions and conditions predicted by the
computer simulation. The location and configuration of the contours of

,

saturated thickness based on the fourth quarter water level data are simi-
|lar to those generated by the computer simulation. The similarity of the

contour plots indicates the system is operating as predicted in the RD '
,

I (Canonie,1989a).
;

The preliminary pH data provide confirmation that the we'.ls are extracting
| seepage. Comparison of the data from the third quarter and the fourth '

I quarter sampling events indicates that the areal extent of tailings seepage
represented by acidic pH was reduced by half, from approximately 72 acres
to 34 acres, during the first three months of system operation. '

|

!

! >

|
'

!
, ,
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Zone 1 performance Monitorina Evaluation

The Zone I performance monitoring evaluation utilized data collected during
the second, third, and fourth quarter 1989 sampling events. The second
quarter data represent initial conditions since they were collected at the
end of April, immediately prior to dewatering of Borrow Pit No. 2.

The results of the Zone 1 performance monitoring evaluation indicate that
water level and pH measurements remained stable for the period between
second quarter 1989 (when Borrow Pit No. 2 was dewatered) and fourth quar-
ter 1989. The plume, represented by acidic pH, has migrated approximately
150 feet downgradient from that delineated by the remedial action target
area in the RD (Canonie, 1989a). Since the target area was established
based on data collected in 1986, this distance is approximately one-third
less than would be expected using the velocity of 115 feet per year to 148
feet per year calculated in the RD (Canonie,1989a). Given the low per-
meability of Zone 1, dissipation of the mound will be a long term process .

and identifiable changes or trends in water level and pH will occur in
small increments.

Southwest Alluvium Performance Monitorina Evaluation

The Southwest Alluvium performance monitoring evaluation utilized data
collected during the fourth quarter sampling event in October 1989 and
water level readings obtained in December 1989 specifically for this re-
port. The fourth quarter data represent initial conditions since they were
collected immediately prior to startup of the extraction wells.

The results indicate that the extraction wells are performing as designed.
Because the wells did not start operating until mid October, the monitoring
data provide only a preliminary indication of the effects of the extraction
wells. However, review of the water level' data indicates that the extrac-
tion wells are beginning to cause a reversal of the water level gradient
and creating a hydraulic barrier to flow. I

1

:

1
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1.4 Recommendations for Continued Ooeration

Currently the remediation systems in all three zones are functioning as
designed and, therefore, changes to operation are considered unnecessary at
this time. However, discontinuation of operation of the east and north i

cross dike Zone 1 pump back wells is being considered for the following
reasons:

1. Pumping rates in the wells are so low that continued pumping is '

impracticable; '

2. As a result of the low pumping rates, the wells have little or no
effect in terms of accelerating dewatering of the mound and con-
trolling migration of tailings seepage in Zone li and ;

i

3. The cost of operating the wells far outweighs the benefits
achieved. .

The performance monitoring data confirm the predictions made in Amendment I4

(Canonie, 1988a), the RD (Canonie, 1989a), and the EPA's Record of Decision ;
(EPA,198Bc) that pumping and extraction of seepage is not a viable reme-
diation option in Zone 1. Cor.tinued monitoring of th'e system for an addt-
tional year is recommended to verify that operation of the pump-back wells
is unwarranted. Based on the results of the additional year of monitoring,
United Nuclear may then request permission to discontinue operation of
these wells.

;

i

|
i

| CanonteEnvironmental
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2.0 SEEPAGE REMEDIAL. ACTIONS !

!
'The following sections provide a detailed description of the seepage reme-

dial actions for Zone 3 and Zone 1 of the upper Gallup Sandstone and the
Southwest Alluvium that were completed in 1989. These activities included
well drilling, aquifer testing, and operation of extraction wells for

,

Zone 3 and the Southwest Alluvium; dewatering of Borrow Pit No. 2 and '

continued operation of the existing pump back wells for Zone li and perfor-
mance monitoring of the effects of remedial actions in each zone.

2.1 Zone 3 Remedial Action I

Remedial action for Zone 3 consisted of continued operation of the north-
east pump back wells and installation and operation of the new Stage I ;

wells. Figure 2-1 presents the locations of these wells. As of November i

17, 1989 the northeast pump back wells were pumping at a combined rate of ,

8.2 gpm. As described in Amendment I (Canonie, 1988a) and the RD (Canonie, '
.

1989a), the existing wells are scheduled to operate through 1993, when the ,

pumping rates of the wells are expected to decline to less than 1 gpm each.
At that time, United Nuclear will request approval from the NRC and the EPA
to discontinue operation of the wells.

The Stage I wells for the Zone 3 remediation system were installed in May
and June 1989. As described in the RD (Canonie,1989a), the wells were !

installed in sequence with the first five (708 through 712) completed in
the first phase and the remaining seven (701 through 703, 705 through 707, *

and 713) completed in the second phase after aquifer testing was completed. I

The firt,t five wells were tested to verify the performance of the system as
designed and to determine the total number and locations of.new wells
needed for this stage. The remaining wells were then installed.

.

Well 704 was eliminated from the system based on the results of the aquifer >

test evaluation. The need to modify the Zone 3 remedial action was dis- ;

cussed with Gary Konwinski of the NRC and William Rowe of the EPA in June
1989. Both gentlemen gave verbal approval to eliminate Well 704 from the
program. Documentation of the approval is contained in company files.

CanonteEnvircomental
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2.1.1 Well Installation

The wells were installed in accordance with the specifications presented in [
'the RD (Canonie, 1989a). Details of the well installation and completion

procedures are presented in Appendix A. A summary of the well completion
details is presented in Table 2.1.

Initially, a pilot hole was drilled to the top of Zone 2 of the Gallup
Sandstone, and geophysical logs were run to select the screened intervals.
The hole was then reamed to a minimum diameter of 10 inches and conditioned
for well completion. As shown in Tabl.e 2.1 the wells were completed with

;

6 inch diameter casing with 20 to 30 feet of screen located at the bottom
of the well. After installation was completed, the wells were developed
using jetting, air-lifting, swabbing, and overpumping. Five of the wells :

'(708 through 712) were then tested using the step-drawdown method to estab-
lish the specific yield and efficiency. The results of the step drawdown
tests are included with the well completion details presented in -

Appendix A.

2.1.2 Aauifer Testina

The first five wells installed in Zone 3 (708 through 712) were tested for
individual capacity and interference to allow verification of the design

| pumping rates and refine the well spacing. Appendix B presents a detailed
description of the aquifer test procedures and the data collected.

The first. test utilized a single pumping well and was conducted to verify
j the validity of the hydraulic parameters used in the design. The test

consisted of Pumping Well 709 at a constant rate of 5.0 gpm for 51 hours.
Nine observation wells were monitored during the test, and responses were
observed in four of the wells (EPA-15, EPA-15A, EPA-15C, and EPA-15D).

.

The second test utilized multiple pumping wells and was conducted to simu-
late operation performance. Wells 708 through 712 were pumped simulta-
neously for a period of 91 hours, and water level changes were observed at

'

wells located between the pumping wells.

'

:
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Evaluation of the test results provided the following information about the
hydraulic properties of Zone 3 and revisions to the location and number of
additional wells to be installed.

,

t

1. The average transmissivity is 1,000 gallons per day per foot. The '

average storativity is 2 percent. These values are similar to
those estimated from previous aquifer tests in the vicinity and
reported in the GHR (Canonie,1987b) and were also used for the
design of the remediation system.

2. The well spacings and locations in the design are adequate with
'

the exception of Well 704, which should be removed from the sys-
tem. Well 704 would produce very little water and, by inter-
ference, would further reduce the productivity of surrounding
wells with a probable net loss of system capacity.

3. The wells should be equipped with automatic controls and pumped in :.

cycles to reduce incrustation. Although the wells could sustain a
steady pumping rate, the specific capacities of the wells indi-
cated that water levels during pumping will drop to the level of

| the screens during the first year of operation. Past experience
with the existing Zone 3 wells has shown that when water levels

~

are within the screened interval, severe incrustation and plugging
occurs. Pumping the existing wells in cycles successfully reduced

,

the incrustation.'

2.1.3 Well Operation

The new Zone 3 wells began pumping on August 7 and 8, 1989. Table 2.2
provides a summary of the pumping rates for thw individual wells. As
shown, initial pumping rates for the wells ranged from 1.0 gpm for Well
705 to 5 gpm for Wells 706 and 709. Adjustments to these rates were made
in order to maximize pumping rates while maintaining a minimum water level
equivalent to 15 to 20 feet of saturation in each well, which allows main-
tenance of long-term operation. The low yield wells, including Wells 702,

'

712, and 713, have been equipped with controls to automatically turn off
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the pumps for a preset time period when the water level in the well de-
clines to the level of the pump intake. Additional wells may be equipped j

with the automatic controls as water levels continue to decline in response j

to pumping. As of November 17, 1989 the combined average pumping rate from ;
the Stage I wells was 43 gpm with a total of 5.6 million gallons extracted. '

;

| 2.1.4 performance Monitorino Evaluation

!

Performance monitoring in Zone 3 consists of measurements of water level
,

'for those wells not equipped with automatic controls, instantaneous pumping
rate, and total volume pumped in the extraction wells on a weekly basis
plus water level and water quality monitoring in the compliance monitoring
wells four times a year. Delineation of the performance monitoring program
was presented in the RD (Canonia, 1989a). Table 2.3 and Figure 2-2 display
the wells included in the performance monitoring program. This evaluation
utilized the data collected during the third quarter and the fourth quarter
1989 sampling events. The data are presented in Sections 1.0 (Water Level .

,

Data) and 2.0 (Water Quality Data) of Part 11 to this report.

|

| Review of the monitoring data indicates that the extraction wells are
| performing as designed and are successful in:

|
'

l. Capturing and extracting seepage in the target aret; and

2. Creating a hydraulic barrier to further migration of tailings
seepage.

Water level and pH were used to evaluate the effect of the pumping wells on
the aquifer. The water level data included water level measurements from
the NRC compliance monitoring wells and the Zone 3 - Stage I extraction
wells. For the extraction wells equipped with automatic controllers, the
pump-intake elevation was used as the water level elevation because water

.

levels in these wells will decline to this elevation before the controller {
turns off the well. The pH data included laboratory measurements of pH
from the compliance monitoring wells and field pH measurements from the
extraction wells.

.
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y- - - , -



.. __ -- __ _ ___ _ - - _. . __-. ._ _ __ - _ _

!

!
!

16 I
,

The evaluation of the performance monitoring chemical constituents listed
in Table 1.1 is limited in this review because of the limited data gener- i

ated from the water quality data collected in 1989. Preliminary review of
the water quality data indicates that changes in water quality in response
to pumping are not yet visible based on the two data sets (third and fourth I

quarters) available. However, the data is consistent with the historical ;

j data generated at the site to date.
| ;

! Water level Data
:

The evaluation of the water level data first presents a historical perspec-
tive to show how the dewatering by the Zone 3 - Stage I wells fits in with

Iother activities that have affected the hydrogeologic regime in Zone 3.
The remainder of the evaluation then focuses on the effects of the new '

extraction wells during the first three months of operation, represented by
the third and fourth quarter 1989 monitoring data. '

~
,

figure 2-3 presents historical trends in water levels in selected Zone 3.
wells reported for the period between 1981 and fourth quarter 1989. The $

figure illustrates the response of Zone 3 to the various activities de-
scribed in the GHR (Canonie, 1987b) and the RD (Canonie, 1989a), including

;

recharge from mine water discharged to Pipeline Arroyo; operation of the
<

northeast pump back wells; cessation of mine water discharge to the arroyo; :

and operation of the Zone 3 - Stage I wells that have created the ground '

water regime at the site. *

Review of the figure shows that during the period between 1981 and 1983,
.

recharge to Zone 3 from the mine water discharged to Pipeline Arroyo caused ,

an increase in water levels. In 1983, the northeast pump back wells were
turned on, causing a decrease and then stabilization of water levels in the

fvicinity of the pumping wells. Wells located outside the influence of the
pump back wells, such as Wells 420, 501B, and 5028, continued to show an +

increase in water levels in response to the recharge from the arroyo.
Water levels began to decline in 1986 after the source of recharge -ie, the
mine water discharged to the arroyo- was eliminated. This decline
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continued through 1989. As the figure shows, more recently the Zone 3 - |
St:ge I wells caused a sharp decline in water levels when they were turned |
on in August 1989.

Figure 2-4 presents the change in saturated thickness caused by the new
extraction wells during the first three months of operation from August to
October 1989. As shown, the saturated thickness of the aquifer has been

,

reduced by more than 20 feet in the center of the well system. The area of
the aquifer that is being dewatered by the extraction wells, using the i

contour representing 10 feet of reduction in saturated thickness, is ap- -

proximately 52 acres. This area incorporates approximately 90 percent of :
the remedial action target area. Therefore, not only are the wells captur- |
ing and extracting seepage, but they have also created a barrier to further i

migration of tailings seepage. -

,

1

Further confirmation of the performance of the Zone 3 system wells s

provided by a comparison of actual field conditions and conditions pre- -

dicted by the computer simulation after three months of operation. Figure *

2-5 presents contours of saturated thickness based on the fourth quarter '

1989 water level data and a computer simulation of the aquifer response to
pumping after three months of operation. The computer simulation utilized
the model described in the RD (Canonie,1989a) that was developed for
refinement of the design of the system.

Review of Figure 2 5 shows that the location and configuration of the
contours based on the actual and simulated conditions is similar. .The
20-foot, 40-foot, and 60 foot contours for both actual and simulated condi-
tions almost directly overlay each other. The similarity of the contour
plots indicates that the system is operating as predicted in the RD
(Canonie1989a).

,

OH Data

,

The initial change in the pH provides a further indication that the wells
are extracting seepage. Figures 2-6 and 2-7 present the isoconcentrations
of pH for initial conditions (third quarter 1989) and after pumping for

'

|
|
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three months (fourth quarter 1989). Comparison of the figures indicates
that the extraction wells are removing tailings seepage and causing clean
water from the north and west to flush the remediation target area. The
area of tailings seepage represented by acidic pH is reduced by 34 acres,
ie, by more than one half on Figure 2-7 as compared with Figure 2-6.

Figure 2 8 presents graphs of pH data for Wells EPA-3 and EPA 18 for the
period from April 1988 through October 1989. These graphs further 11-
lustrate the initial effects of the extraction wells in capturing acidic
seepage. The wells are located in the area to the south and east of the
extraction wells where the extent of the remedial action target area has
been reduced.

Review of Figure 2 8 shows that pH values in EPA-3 have been on a declining
trend for the past two years. Pumping from the extraction wells appears to
be reversing this trend, as evidenced by the increase in pH between the
third quarter and the fourth quarter 1989 sampling events. Figure 2-8 -

shows that pH of water from Well EPA-18 also increased in response to
pumping from the extraction wells. During 1988 and early 1989, pH values
were approximately stable or declining. A sharp increase in pH is evident
after the extraction wells began pumping. Future data will help confirm
this initial observation.

|

|

; Water Quality

t

|

| Table 1.1 provides a list of the constituents analyzed for the ground water
j monitoring program as described in Amendment II (Canonie, 1989b) and the RD

| (Canonie,1989a). The list includes those constituents for which the NRC
has set ground water protection standards and the EPA has set ARARs.
Evaluation of the water quality data indicates that as of fourth quarter
1989 all but five of the constituents analyzed exceed the NRC and/or EPA
standards in one or more of the Zone 3 POC wells.

Table 2.4 lists the constituent concentrations reported for water samples
!_ collected from the POC wells during the third and fourth quarter 1989
| sampling events. As shown, concentrations of cyanide and napthalene were
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below the NRC's ground water protection standards, and concentrations of ;

chloride, aluminum, and molybdenum were below the EPA's ARARs in all the '

POC wells. !

Water quality data were also reviewed for EPA wells located outside the
target area and identified in the ROD (EPA, 1988c) as having exceedances of
ARARs. The data for these wells are included in Section 2.0 of Part II to
this report. The review indicates that the water quality in these wells

,
'

has remained stable or shows improvement. For example, concentrations of '

molybdenum in Well EPA-11 have remained in the range of 50 to 60 mg/l since'

1985. In contrast, concentrations of Radium 228 have declined from 14.6
picoCuries per liter (pCi/1) reported in the ROD (EPA,1988c) to a range of,

2 to 4 pCi/1.

The use of the water quality data to evaluate the effect of the extraction '

wells is limited because only one sampling event has occurred (ie, fourth
quarter 1989) since the wells began operation. As a result, a change or a -

lack of change in water quality in response to the pumping may be iden-
tified, but verification of these changes in terms of statistically valid
trends cannot be made until additional data are available.

|
r

2.2 Zone 1 Remedial Action

The remedial action for Zone 1 consists of dewatering Borrow Pit No. 2 in
conjunction with continued extraction of seepage from the existing east and
north cross dike pump back wells. Figure 2-9 shows the location of Borrow
Pit No. 2 and the pump-back wells that are currently operating. Dewatering
of Borrow Pit No. 2 serves two purposes. First, the source of seepage, the
tailings liquid, is removed. Second, the hydraulic head (ie, height of the
water in the pit above the Zone 1 subcrop), which is driving the seepage

,

into Zone 1, is removed. As a result, the tailings seepage mound will
decline, and the plume will dissipate naturally as the flow system in
Zone 1 returns to the unsaturated conditions existing prior to mining and
milling operations.
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2.2.1 Status of Borrow Pit No. 2 |
)

Borrow Pit No. 2 was dewatered at the end of April 1989, approximately 6 |

months prior to the time predicted in the RD. The time required to dew:ter
was accelerated mainly because the actual volume of water remaining in the
pit was much less than predicted. Increased evaporation in 1989 as a ;

!result of dryer than usual climatological conditions was also a contribut-
|ing factor.

Additional inflow to the pit from the surrounding formations will not occur
because the water level measured in wells located adjacent to the pit on
the west and north sides appears to be at or near the original bottom of
the pit. For example, Well B-3 and B 4, located on the west side of Borrow
Pit No. 2 (Figure 2 9), have been dry since third quarter 1989. The bottom '

elevation of these wells is 6934.4 feet, which is approximately at the
,

bottom elevation of the pit.
.

Since Borrow Pit No. 2 has been dewatered and the formations surrounding
the pit appear to be unsaturated, continued recharge to the Zone 1 plume
will be minimal.

2.2.2 Ooeration of Existina Pumo-back Wells

Figure 2 9 shows the locations of the existing east and north cross-dike
pump back wells. Operation of the wells is required by both the NRC in the
License and the EPA in the AO (EPA, 1989). The east pump back wells are i

the most important from the standpoint of evaluating plume migration. As
shown on figure 2 9, these wells are located adjacent to Borrow Pit No. 2
and are intended to intercept some of the seepage migrating into the Zone 1
remedial action target area. Therefore, pH data collected while these
wells are operating will be included in the evaluation of 'the performance
of the Zone 1 remedial action. '

As discussed in the RD (Canonie, 1989a) pumping rates for the east pump- -

back wells are low and, therefore, the effect of the wells in intercepting
seepage is limited. The average pumping rates for the wells, measured in

.
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October 1989 at the time of the fourth quarter sampling event, ranged from
0.16 gpm to 2.3 gpm with a combined average flow rate of 4.1 gpm.

2.2.3 performance Monitorina Evaluation

The performance monitoring program for Zone 1 focuses primarily on water
level monitoring in the wells located to the east of Borrow Pit No. 2. The
objective of the program is to monitor and evaluate the effect of dewater-
ing the borrow pit. Table 2.5 and Figure 2 9 display the wells included in
the Zone 1 monitoring program. For this report, monitoring data evaluated
include those collected during the second, third, and fourth quarter 1989
sampling events. The second quarter data approximate initial conditions
since Borrow Pit No. 2 was dewatered at the end of April, shortly after the
second quarter monitoring data was collected. The performance monitoring
data are presented in Sections 3.0 (Water Level Data) and 4.0 (Water Qual-
ity Data) of Part 11 to this report.

.

The evaluation consisted of review of the water level and pH data to deter-
mine whether changes in the values are related to dewatering of Borrow Pit
No. 2. Tables 2.6 and 2.7 provide the water level elevations and pH mea-
surements, respectively, that were used for the evaluation. Because of the
low permeability of Zone 1, changes water levels and pH values were not
anticipated during the six-month period since the borrow pit was dewatered
and none of major significance occurred.

Water level Data

The evaluation of the water level data first presents a historical perspec-
tive to illustrate the effect of Borrow Pit No. 2 in creating the hydro-
geologic regime in Zone 1. The remainder of the evaluation then focuses on
the response of Zone 1 to dewatering the borrow pit.

Figure 210 presents historical trends in water levels in selected Zone I
wells for the period between 1981 and fourth quarter 1989. The figure
illustrates the response of Zone I to recharge from the water stored in

4
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Borrcw Pit No. 2, operation of the east pump back wells, and dewatering of
Borrow Pit No. 2 in April 1989.

-

Review of the figure shows that between 1981 and 1984 recharge to Zone 1 =
from the water in Borrow Pit No. 2 is indicated by the increase in water =

levels measured in Wells $15A and 516A. In 1984, the east pump back wells 5
were turned on, causing a decrease and then stabilization of water levels.
Water levels remained stable through the end of 1986 and then began in-
creasing. During the period between the end of 1986 and 1988, water levels
in the wells increased as Borrow Pit No. 2 was filled indicating that the

__

borrow pit was recharging Zone 1. By 1988, water levels again stabilized
{with little or no change evident through 1989. After Borrow Pit No. 2 was

dewatered in April 1989, water levels in the wells located adjacent to ;
,

Borrow Pit No. 2 (ie, 515A, 516A, 604, and 614) remained stable or declined
slightly. Water levels in the wells located downgradient from the borrow
pit, particularly EPA-2 and EPA 8, continued to increase after the borrow
pit was dewatered, indicating that the mound of water originating from -

,
Borrow Pit No. 2 is continuing to migrate through Zone 1. '

Review of the water level data collected since Borrow Pit No. 2 war. de-
watered confirms the predictions made in the RD (Canonie, 1989a) and the
GHR (Canonie, 1987b) that dissipation of the mound will occur very slowly,
that the effects of dewatering may not be apparent during the initial
phases of the remedial action, and that operation of the existing pump-back
wells will have no remedial effect. Table 2.6 lists the water levels
measured in the monitoring wells during the second, third, and fourth
quarter 1989 sampling events. As shown, only Wells EPA 2 and EPA 8 ex-
hibited changes in water level equal to or greater than 1 foot. These
changes represent less than 4 percent of the saturated thickness of Zone 1
in this area. The changes in the remaining wells represent less than 1
percent of the saturated thickness.

,

9
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oH Data

Review of the pH measurements listed in Table 2.7 confirms the conclusion
that the mound in Zone I was unaffected for the six months following de-
watering of Borrow Pit No. 2. The data listed show that values of pH have
remained stable with only minor changes that are probably related to sam-
pling or analytical variability.

Figure 211 presents the isoconcentrations of pH for fourth quarter 1989.
The plume, represented by acidic pH, has migrated approximately 150 feet
downgradient from the extent of the remedial action target area depicted in
the RD (Canonie, 1989e). Since the extent of the remedial action target
area was based on pH data collected in 1986, this travel distance is ap-
proximately three times shorter than expected based on the Zone 1 flow
velocity of 115 feet per year to 148 feet per year calculated in the RD
(Canonie,1989a). The pH values reported in 1989 are similar to those
reported in 1986 as would be expected given the fact that the mound has -

remained stable during this three year period. The small change in pH is
expected considering the low transmissivity of the formation and the re-
sulting low flow rates in the formation.

The stable water level and pH conditions in Zone 1 that are evident since
Borrow Pit No. 2 was dewatered indicate that operation of the pump back
wells is ineffective in accelerating dewatering of the mound. Because the
wells are only capable of pumping at very low rates, the effect on the
mound is limited to the immediate vicinity of each well. Therefore, con-
tinued operation of the wells is considered impracticable, and decommis-
sioning of the wells is recommended.

Water Ouality

The evaluation of the water quality data for the performance monitoring
constituents listed in Table 1.1 indicates that, as of fourth quarter 1989,
all but seven of the constituents analyzed exceed the.NRC and/or EPA stan-

dards in one or more of the Zone 1 POC wells. Table 2.8 lists the con-
stituent concentrations reported for water samples collected from the POC
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wells during the second, third, and fourth quarter 1989 sampling events.
As shown, arsenic, beryllium, cadmium, naphthalene, molybdenum, vanadium,

| and uranium wtre reported in concentrations at or below the detection limit
in all the wells. In addition, lead, selenium, and cyanide were reported
in only a few wells for one sampling event.

Water quality in the EPA wells located outside the target area and iden-
tified in the ROD (EPA,1988c) as having exceedances of ARARs was also
reviewed. 1he data are presented in Section 4.0 of Part II of this report.
The review indicated that the water quality has remained stable or is
improving. For example, concentrations of manganese in water from Well
EPA 4 are in the range of 2 to 3 mg/1, which is similar to the value of 2.7
mg/l reported in the ROD (EPA, 1988c). In contrast, concentrations of
gross alpha in Wells EPA 2, EPA 8, and EPA-5 have declined to 1 to 2 pCi/1,
which is well below the ARAR concentration of 15.0 pC1/1 established for
this site. Also, cadmium concentrations in water from Well EPA 5 have
declined from the value of 0.11 mg/l reported in the ROD (EPA,1988c) to .

less than the detection limit of 0.01 mg/1.

2.3 Southwest Alluvium Remedial Action

The three extraction wells (801 through 803) and four monitoring wells (804
through 807) for the Southwest Alluvium remedial system were installed in
August 1989. Figure 2-12 presents the locations of these wells.

2.3.1 Well Installation

Installation of the wells was conducted in accordance with the specifica-
tions presented in the RD (Canonie, 1989a). Modifications to the drilling
procedures were made to account for field conditions that could not be
anticipated in the design. Details of the well installation and completion -

procedures are presented in Appendix C. A summary of the well completion
details is presented in Table 2.9.
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The wells were drilled through the alluvium to the top of the Mancos Shale
to ensure full penetration of the saturated thickness of alluvium. Ini-
tially, the drilling method used was hollow stem auger as recommended in
the RD (Canonie, 1989a). However, ut. consolidated sands and greater than
expected depth to the Mancos Shale contact prevented successful completion
of the wells using this method. United Nuclear sought and received ap-
proval from the NRC to change the revised drilling procedures. NRC person-

nel also conducted a field inspection of the revised drilling procedures in
August 1989.

The drilling method was changed to rotary using clean water from the mill
site water supply well as the drilling fluid. The hollow stem auger con-
tinued to be used to drill exploration holes for each well to collect
samples for identification of the lithology. The rotary rig was then used
to install the borehole for each well adjacent to the exploration hole.
Samples were collected during drilling to provide information on the lith-
ology of the alluvium and to identify the alluvium Mancos contact. As .

shown in Table 2.9, the wells were completed with 4 1/2-inch diameter
casing and 20 feet to 60 feet of screen located at the bottom of the well.
The observation wells were completed with 2-inch diameter casing and 40
feet to 80 feet of screen located at the bottom of the well.

After completion, the wells were developed by washing sections of the
screen using a specially designed packer, then surging, airlifting, and
finally overpumping. The extraction wells (801 through 803) were then
tested using the step drawdown method to establish the specific yield and
efficiency. The results of the step drawdown tests are included with the
well completion details presented in Appendix C.

2.3.2 Aauifor Testina
,

The extraction wells were tested for individual capacity and interference
to allow verification of the design pumping rates and determination of the
permeability of the alluvium. Appendix D presents a detailed description
of the aquifer test procedure and the data collected. The test consisted
of pumping Well 802 at a constant rate of 15 gpm and monitoring the
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water levels in Wells 801, 803, 804, 805, 806, 807, 632, GW-1, GW 2, 300,
and 514AD.

The results of the testing showed that aquifer permeability is approxi-
mately 2 x 10'2 cm/sec. This value is an order of magnitude higher than
the value of 2.6 x 10*3 cm/sec used to predict pumping rates for design of
the barrier well system. Normally, the higher permeability would mean that
higher pumping rates would be required to create the same drawdown as would
be achieved at the lower permeability. However, a no flow boundary was
identified along the southeast edge of the alluvial valley. A boundary of
this type appears in the observation well data as water level declines,
which are larger than those predicted by theory. The boundary is expected
to counteract the effect of the higher permeability by causing an increase
in the water level declines in response to pumping and enhancing the effec-
tiveness of the hydraulic barrier.

2.3.3 Well Ooeration -

The Southwest Alluvium extraction wells began pumping on October 16, 1989.
Table 2.10 provides a imary of the pumping rates of the individual wells.
As shown, initial pumping rates for the wells ranged from 20 gpm for Well
802 to 2.6 gpm for Well 801. Adjustments to these rates were made in order
to maximize the effect of the barrier, while maintaining a minimum satura-
tion in each well which allows maintenance of long term operation. In
particular, the pumping rate for Well 802 was reduced to approximately 11
gpm. As of November 17, 1989 the combined average pumping rate for South-
west Alluvium wells was 19.7 gpm with a total of 0.8 million gallons
extracted.

2.3.4 Performance Monitorina Evaluation

Performance monitoring in the Southwest Alluvium relies on measurements of
water level, instantaneous pumping rate, and total volume pumped in the
extraction wells on a weekly basis, plus water level and water quality
monitoring in the compliance monitoring wells four times a year. Delin-

1

enion of the performance monitoring program is presented in the RD
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(Canonie,1989a). Table 2.11 and Figure 212 show the wells included in
the performance monitoring program. This evaluation utilizes the data
collected during the fourth quarter 1989 sampling event and through Decem-
ber 4, 1989. The data are presented in Sections 5.0 (Water Level Data) and
6.0 (Water Quality Data) of Part 11 to this report.

_

Review of the water level data indicate that the system is operating as
designed and is beginning to create a hydraulic barrier to flow. Figures
2-13 and 2-14 present the potentiometric surface of the alluvium for ini-
tial conditions (fourth quarter 1989) and after pumping for 1.5 months
(October 16 through December 4, 1989), respectively. Cocp Wison of the
figures shows that the extraction wells are causing a reversal in the slope
of the water table in the vicinity of the system wells.

Currently, most of the flow through the target area is captured by the.
extraction wells. Continued monitoring of water levels should begin to
show the effects of the boundary identified during the aquifer test.- An

1-

increase in th decline of water levels will be evident when the boundary
begins to af#ect the operation of the wells. Verification of the location
and extent of the hydraulic barrier will be possible after pumping rates !
and Ge decline in water level, caused hy the boundary, stabilize.

.;

Chemical data reflecting conditions after pumping started in the' Southwest
|

Alluvium will not be collected until first quarter 1989. Therefore, only ;
initial conditions are presented at this time. Figure 2-15 presents chlor-
ide concentrations reported for fourth quarter 1989, collected prior to
operation of the wells. As shown, the extent of the chloride plume, repre-

!
sented by concentrations of 100 mg/1, is the same as the extent of the
remedial action target area shown on Figure 2-12.

Table 2.12 lists the constituents analyzed and the results of initial water
quality sampling in the Southwest Alluvium. As shown, more than half the
constituents were reported at concentrations close to or below the.detec-
tion limit in all but one of the Southwest Alluvium POC wells. Also,
almost all the metals that were detected ware reported in concentrations
below the NRC and EPA standards established for the site. Lead, lead-210,

q

l
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| thorium 230, TD.S nitrate, and sulfate were the only constituents with
| concentrations exceeding the NRC or EPA standards established for the site.

Water quality data were also reviewed for the EPA wells identified in the
R00 (EPA, 1988c) as having exceedances of ARARs. The data for these wells
are included in Section 6.0 of Part II of this report. The review indi-
cates that the water quality has improved. For example, cadmium, selenium,
and gross alpha are reported in concentrations at or below the detection
limit, and all are below the ARAR concentrations established for the site.
In contrast, concentrations of nitrate have remained stable at levels
exceeding the ARARs.

2.4 Evaooration Disoosal System

The evaporation disposal system b gcn operation on January 5, 1989. Be-
tween January and April water from the extraction wells and Borrow Pit
No. 2 was discharged to the ponds for temporary storage. Beginning in i.

April, the stored water was discharged through the mist evaporation system
for disposal. Evaporation from the surface of the ponds also disposed of
some of the water.

During 1989, almost all extracted water was discharged to the North Evapo-
.i

ration Pond. Only one pond was otilized because the reduced volume of
water in Borrow Pit No. 2 and lower pumping rates from the new Zone 3
extraction wells reduced the total volume of water discharged. Also, the
high evaporation rate experienced in 1989 allowed for more evaporative
disposal than anticipated.

Borrow Pit No. 2 was expected to contain up to 12 million gallons of water !

but only 5.4 million gallons were actually removed during 1989. This {difference was due to the larger than expected accumulation of solids in
the bottom of the pit. As a result, inflows to- the evaporation disposal

,

system were. reduced from the predicted vt,1ume by 7 million gallons. i
-

<

CanonteEnvironmental |
1

.



. _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _

29

!

Also, the average total pumping rate for the new Zone 3 extraction wells is
I43 gpm, rather than the 60 gpm that was used in the RD (Canonie, 1989a) for

the design of the system.

Finally, the net evaporation rate for 1989'was higher than expected because -
1989 was an exceptionally dry year. The net pan evaporation rate for 1989 |

| was approximately 90 inches. In contrast, the rate used for the design i

was 54 inches, which was based on 30 years of data from the weather station
i

in Gallup, New Mexico.

Some repairs to the South Evaporation Pond embankment and the synthetic
liners in the evaporation ponds were conducted in 1989. Continued settle- >

ment of a portion of the south embankment of the South Pond was observed
during the spring and summer of 1989. This settlament prompted modifica-

| ,

'

tion to the embankment including installation of a drainage system to
i control and direct seepage through the embankment should the liner unexpec-

tedly leak. .

The drain system consists of a trench installed along the center line of
the embankment with three perpendicular drainways positioned in the loca-
tion of the highest stress concentration. Tailings sand was used as the
drainage material and excess soil from the trench excavation was used to

,

| cap the trench and to fill the downstream slope of the embankment where a
depression had formed as a result of the settlement. Controlling potential
seepage through the-embankment in this manner will improve the embankment's.
stability should seepage occur. Settlement of the south embankment will
continue to be monitored during the weekly inspections.

,

i

'

During routine inspection, blistering of portions of the synthetic liner
within the South Evaporation Pond and on the embankment of the North Evapo-

'

ration' Pond was noted. The manufacturer was notified and repairs were
'

initiated in November and will be completed in January 1990, weather per-
mitting. The condition of the repaired liners will also be monitored
during the weekly inspections.

.
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3.0 CONCLUSION

The results of this first annual review show that the remedial actions i

implemented and operating to date are meeting the design objectives out-
lined in the RD (Canonie, 1989a). Specifically, the extraction wells are
meeting the NRC objective outlined in the License to implement a corrective

i action program to return concentrations of contaminants to the ground water
protection standards set forth in the License. The remedial actions are

,

also meeting the objective stated by the EPA in Appendix A to the R00 (EPA,
1988c) to capture seepage, which has migrated from the tailings impound-
ment, and abate future migration of seepage.

The effect of the remedial actions to date are summarized as follows:

Zone 3 - The Zone 3 - Stage I extraction wells are successfully capturing
and extracting seepage in the remedial action target area and creating a

-hydraulle barrier-to further seepage migration. The wells have reduced the -

| saturated thickness by 10 to 20 feet over an area of 52 acres. The area of
! dewatering includes 90 percent of the target area. At the same time the

areal extent of the acidic pH plume has been reduced by more than half.

Water quality data for this year's evaluation is' limited because only one
sampling event (ie, fourth quarter) occurred after the wells began opera-
tion. Review of the data indicates that all the constituents, except
cyanide, naphthalene, chloride, aluminum, and molybdenum, were detected in
concentrations exceeding the NRC ground water protection standards or the
EPA ARARs-established for this site.

,

Zone 1 - Dewatering of Borrow Pit No. 2 was completed in . April 1989. The
east and north cross dike pump-back wells continue to operate in accordance
with EPA requirements set forth in the R0D (EPA, 1988c). Monitoring data j
indicate that dissipation of the mound is occurring at a very slow rate.

Water quality data for this year's evaluation are limited because only two-
sampling events (ie, third and fourth quarter) occurred after the pit was
dewatered. Review of the data indicates that all constituents, except

CanonteEnvironmental
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arsenic, beryllium, cadmium, naphthalene, molybdenum, vanadium, and uranium
were detected in concentrations exceeding the NRC or EPA standards estab-
lished for the site.

Southwest Alluvium - The Southwest Alluvium extraction wells are success- I
fully creating a hydraulic barrier to flow while the source is being reme-
diated. Because the wells did not start operating until mid-October, the
monitoring data provide only a preliminary indication of the effects of the i

extraction wells. However, review of the water level data indicates that
,

the extraction wells are beginning to cause a reversal of the water level-
gradient and creating a hydraulic barrier to flow.

Water quality data for this year's evaluation are limited because only one
data point (ie, fourth quarter) was generated. In addition, operation of
the extrac. tion wells began after the fourth quarter samples were collected
so that the data presented herein represent initial, preoperational condi-
tions. Review of the data indicates that more than half of the constit- -

uents were reported in concentrations close to or below the detection limit
in all but one of the P0C wells. Also, almost all metals that were de-
tected were reported in concentrations below the NRC and EPA standards.

The seepage remedial action program implemented in 1989 has operated for a
limited time period. The data collected to date indicate that the effects
anticipated by the RD (Canonie, 1989a) are taking place. The Zone 3~ wells
are, in fact, dewatering the area of concern. The alluvial wells are
creating a hydraulic barrier to further migration of seepage, and monitor-

.

ing of Zone 1 is indicating that the formation is too impermeable to pump
effectively. Additional data are necessary to confirm these preliminary
results. Therefore, it is recommended that the systems continue to be
operated as designed and constructed to provide the data for future
recommendations.-

1

-

i

i
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If on review of this report you need additional information, please contact
Suzie du Pont, Project Scientist; Marek Wilczewski, Project Scientist; or
me.

Respectfully submitted,

((/ &t. i c' Y: 6$$
Roman S. Popielak y.
Project Manager
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TABLE 1.1

a
PERFORMANCE MONITORING ANALYTES

Arsenic
Aluminum

Cadmium

Chloride
Cobalt
Nitrate
Sulfate
Ammonia-

Manganese

Molybdenum

Calcium
Magnesium

Sodium

Bicarbonate
Potassium

*

TDS ,
,

!Beryllium
Chloroform
Cyanide

Lead

Lead-210 ,

Naphthalene !

Nickel
Combined Radium-226, Radium-228

Selenium q

Thorium-230
'

Uranium

Gross Alpha

Vanadium
)

a

Field pH and water levels will be measured when samples are collected. |a

-i

!
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, TABLE 2.1
I

SUMMARY OF WELL COMPLETION DATA
,

| ZONE 3 - STAGE I WELLS

Screen Interval Zone 3
Ground Total ---------------- -----------------

Surface. Depth Casing a a a a
Well Date Elevation .a Diameter From- To From To

Number Completed (feet) Northing Easting (feet) (inches) (feet) (feet) (feet) (feet)
.. ___ __________ _________ __________ __________ _______ ________ ________ ______ ________ _______

701 14-Jun-89 6,958.99 75,699.94 60,699.84 104 6 78 98 34 98
702 29-Jun-89 . 6,971.99 75,294.75 60,839.53 96 6 69 '89 8 89
703 28-Jun-89 6,976.70 75,489.83 61,100.32 114 6 77 107- 15 107
'705 23-Jun-89 7,003.04 75,909.61 61,152.17 157~ 6 120 '150 75 150
706 26-Jun-89 6,969.69 76,119.06 61,091.46 134 6

'

108 128 50 128
707 - 21-Jun-89 7,002.11 76,349.32 61,340.18 173 6 148- 168 80 '168
708 24-May-89 7,010.38 76,032.30 61,500.17 172 6 137 167 82 167
709 17-May-89_ 7,001.01 76,469.30 -61,520.85 _173 6 138 168 91 168
710 22-May-89 7,014.18 76,299.53 61,699.35 180 6 143 173 92 173
711 - 09-May-89 7,040.00 76,100.38 61,899.37 206 6 168 198 113 198^
712 15-May-89 -7,019.72 76,498.98 61,900.60 185 6 149 179 93 179
713 19-Jun-89 7,021.28 76,300.00 62,100.03 178 6 143 173 100 173

a
,

Depth in. feet below ground surface.

CanoiseEnvironmental-
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TABLE 2.2

St##tARY OF OPERATIONAL DATA
ZONE 3 - STAGE I WELLS

b c d
a Initial Current Average Design

Well Cobol R R R
Number (yes/no) (gpm) (gps) (gpm) (gpm)
-- - --- ---- ----- - ----- - ----- - ---------

702 Yes 1.3 0.4 -1.0 5
703 No 3.7 2.0 3.0 5
705 No 1.0 1.4 1.7 5
706 No 5.0 8.0 8.2 5
707 No 4.0 3.8 4.3 5
708 No. 2.5 4.0 4.7 2.5
709 No 5.0 2.4 2.8 5
710 No 2.0 0.8 1.1 5
711 No 3.8 5.3 5.0 2.5
712 Yes .4.3 2.1 -2.7 5
713 Yes 3.0 2.6 3.0 5

---- --- ---_ -_-

C'
Total Volume Pumped - 5.6 million gallons

a-
Wells equipped with the automatic control pump in cycles. If the well is
not pumping at the time of inspection, then the pumping rate cannot be
recorded. The well meters record the cumulative flow and the flow rate is
calculated based _on these readings and the. time elapsed between readings.

b

igte _ reported for the week of November 10 throughp

-c-
Pumping rate and total volume
August.7 through November 17, pumped estimated for the period between1989.

d

The total design pumping rate presented in the RD (CanonieThis rate included 5.gpm for Well.704, which has been exc)luded
1989a :was

60 gpe.
from the-system.-

CanonseEnvironmental-
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TABLE 2.3
~

ZONE 3 PERFORMANCE MONITORING WELLS

L Wells Specified in
License Condition,30 bParts A and B Extraction System Wells

106D 701

90 702
L 517 703

518 705

504-B 706 1

502-B 707.

501-B 708

420 '709
411 710

EPA 18 711'

EPA-17 712
;

EPA-15 713 .)
EPA-14 I

.

EPA-13 'l
EPA-12 !

EPA-11

EPA-9
'q

'

EPA-3 |

EPA-1

)
i
;

|

e

1
!

,I
a Wells in this column will be sampled quarterly for water level' and

constituents specified in Table 1.1. i
'

b
Wells in.this column will be monitored for water level only. Wells that
are equipped with automatic controllers (ie, 702, 712, and 713) are not
measured for water level. For these wells, the water level-is assumed' to ;

i

be equivalent to the elevation of the pump in-take since this-is the lelevation to which the water level will drop before the well turns off.
!

l
.
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TABLE 2.4

ZONE 3 WATER O.tALITY SupstARY

THIRO AND FOURTH QUARTERS 1989

Constituent Concentrations
comeined

Gross Re-226
Well As se Cd mi Pb Se V Cm Chloroform mapthetene U Alpha Ra-228 Pb-210 T5-230
Ikaber Dete (ag/t) (ms/t) (as/t) (ag/1) (ms/t) (ag/t) (as/t) (mg/t) (ms/1) (ag/t) (ms/t ) - (pci/1) (pci/t) (pci/I) (pCi/t)

htC Standard 0.05 0.05 0.01 0.05 0.05 0.01 0.1 0.005 0.001 0.001 0.3 15.0 5.0 1.0 5.0

EPA Standerd 0.05 0.017 0.01 0.20 0.05 0.01 0.7 NA NA NA 5.0 15.0 5.0 mA 15.0

J501 8 07/20/89 0.244! 0.13 -0.01 1.80 0.08 r -0.001 -0.1 -0.005 -0.001 -0.001 0.6100; %.3 33.1 -1.0 5.4
501 5 10/08/89 0.046 0.09. - -0.01 1.20- 0.07- -0.001 -0.1 -0.005 -0.001 -0.001 0.4690 '34.7 22.4 -1.0 15.0--

517 07/23/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.001 -0.1 -0.005 '0.0011 -0.001 3.2520 44.1 21.4 2.1 0.2
517 10/11/89 -0.001 -0.05 -0.01 -0.05 0.061 0.013 -0.1 -0.005 --0.001 -0.001 0.1960 4.7 8.5- 2.8 -0.2
518 07/23/89 0.001 0.16; -0.01 1.907 0.11 ' O.001 -0.1 -0.005 0.043; -0.001 0.8420 120.0 41.0 4.1 - 17.9'
518 10/11/89 -0.001 0.19 : 0.03. 2.10i 0.19i 0.006 1.0 - -0.005 0.042' -0.001 1.0800 | L 70.1 = 22.7e 5.0 55.8-
EPA 3 07/26/89 0.003 -0.05 -0.01 -0.05 0.07 -0.001 -0.1 -0.005 -0.001 -0.001 0.0103 4.3 1.3 -1.0 2.3
EPA 3 10/05/89 0.017 -0.05 -0.01 -0.05 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0160 -1.0 1.5 -1.0 -0.2
EPA 18 07/25/89 0.008 -0.05 -0.01 0.23, -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0310 8.0 :12.6 -1.0 - 6.1 '

EPA 18 10/04/89 0.006 -0.05 -0.01 0.27 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0370 6.2 12.5 - 2.1 0.3

Lab
Well TDS Ca Cl K Ng Na NCO3 up4 NO3 SO4 At to Mn no

leuaber Date (me/t) (ag/t) (ag/I) (ag/l) (us/1) (as/t) (ag/t) (ag/t) (ag/t) (eg/t) (ag/t). (ag/t) (ag/t) (eg/t)

IsRC Standard mA NA NA NA NA NA tea NA NA ItA NA isA NA lea

EPA standard 3,170 NA 250.0 ma mA mA en mA 30 2,160 5.0 0.05 2.60 1.00

501 8 07/20/89 5,722L 443 24.2 17.5 492 106 0 1.36 0.21 4,074 ' 100.0. .1.10 12.00 0.11
501 8 10/08/89 5,594- 454 36.2 20.2 540 110 0 1.06 0.20 - 13,7581 70.0' ' O.83 - 11.00 0.03
517 07/23/89 3,6175 543 20.9 4.5 291 til 303 0.53 39.00 2,079 .-0.1 -0.01 0.58 0.14
517 10/11/89 3,738' 507 21.8 6.8 290 117 298 0.31 .43.00 '2,199 -0.1 0.01 0.64 0.18
518 07/23/89 9,675i -443 64.6 35.8 764 236 0 123.00 22.00 E 6,727 420.0L 1.70- 41.00 -0.10

417 133.0 46.8 770 ' 223 0 77.20 29.00 6,908' 300.0 - ' 1.80 c - 44.00 - -0.01'

518 10/11/89 10,2607
EPA 3 07/26/89 - 4,839j 587 25.1 10.5 465 '118 168 0.31 0.02 .3,358 : -0.1 0.03- 5.601 -0.10
EPA 3 10/05/89 4,742' 507 24.6 13.9 438 115 159 0.27 0.09 3,131' -0.1 0.02 4.80- 0.05
EPA 18 07/25/89 5,818? 543 27.1 11.6 - 608 132 44- 0.46 0.08 3,974 , -0.1 - 0.19 | ' 6.70 c 0.05
EPA 18 10/04/89 5,742: 513 27.5 12.6 604 113 49 0.43 - 0.01 3,746 -0.1 0.21 7.00 -0.01

Notes:

1. mRC standard as listed in License Condition 30, Part g.

2. EPA standard as listed in Table 2, " Contaminant-specific Groundwater ARARs" of the ROD (EPA 1988c).
3. BIA - Not applicable.
4. " " Minus sign: not detected at the tevet shown in the table.

5. Att values that exceed the IIRC and/or EPA standards are shaded.
6. - Gross alpha value excludes contribution from radon and uranius.
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TABLE 2.5- _;

ZONE 1 PERFORMANCE MONITORING WELLS
3

'

515A

516A ;

604 .f
614

,

619

EPA-2

EPA-4 ;

EPA-5

EPA-7

EPA 8

141

142
'

143
a

.

I

|
s

t

e

;

!

.

Note: All wells listed are included in the monitoring program required by-
,

NRC under License Condition 30, Parts A and B.
.
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TABLE 2.6

ZONE 1 WATER LEVEL DATA-
SECOND, THIRD, AND FOURTH QUARTERS 1989

Second Quarter -Third Quarter Fourth Quarter
Water Level Water Level Change In Water Level Change In Total Change

Well Elevation Elevation Elevation Elevation Elevation in Elevation
Number (feet) (feet) (feet) (feet) (feet) (feet)

bblbk b,bhb$h b,bhb$b b$b b,bhb$b b$b b$h
0516 A 6,919.1 6,918.7 - 0.4 6,918.5 - 0.2 - 0.6

0604 6,919.3 6,919.2 - 0.1 6,919.1 -.0.1 - 0.2
0614 6,930.2 6,929.3 - 0.9 6,929.0 - 0.3 - 1.2

0619 6,887.9 6,888.1 + 0.2 6,888.2 + 0.1 + 0.3
EPA 02- 6,843.3 6,843.9 + 0.6 6,844.3 + 0.4 + 1.0
EPA 04 6,868.4 6,868.8- + 0.4 6,869.1 + 0.3 + 0.7
EPA 05 6,895.2 6,895.2 0 6,895.4 + 0.2 + 0.2
EPA 07 6,907.8 6,907.8 0 6,908.0 + 0.2 + 0.2
EPA 08 6,856.8 6,857.4 + 0.6 6,858.0 + 0.6 + 1.2

CanommeEnvironmental-
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TABLE 2.7

ZONE 1 pH MEASUREMENTS
SECOND, THIRD, AND FOURTH QUARTERS 1989

i

Well- Second Quarter Third Quarter Change Fourth Quarter Change Total Change 's

Number pH pH in pH ph in pH in :- pH
______ ______________ _____________ ______ ______________ ______ ____________
515 A 3.9 4.6 + 0.7 4.6 0 + 0.7
516 A 4.2 4.1 - 0.1 4.2 + 0.1 0.
604 4.4 4.0 - 0.4 4.1 + 0.1- - 0.3 !

- 614 7.0 6.8 - 0.2 7.0 + 0.2 0' !
619- 7.8 6.5 - 1.3 7.3 + 0.8 - 0.5

'

EPA-2 6.9 6.8 - 0.1 7.0 + 0.2 + 0.1 '

EPA-4 7.1 6.0 - 1.1 6.9 + 0.9 - 0.2
EPA-5 7.3 6.2 - 1.1 6.9 + 0.7 - 0.4

~

EPA-7 4.3 4.0 - 0.3 4.3 + 0.3 0
EPA-8 6.3 5.9 - - 0.4 7.0 + 1.1 + 0.7 :

I

i i

I

i
!

. ,

, ,

'
,

|
,

i

e

4
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TA8tE 2.8

ZONE 1 WATER QUALITY SUPMARY
SECOND, THIRD, AND FotOTH QUARTERS 1989

_ Constituent Concentrations
CONDined
Ra 226Well As 8e Cd Ni Pb Se V- CN Chloroform Napthatene U Alpha Ra-228 Pb-210 Th-230

Number Date (ag/l) (ag/t) (ag/t) (ag/t) (mg/t) (mg/t) (ag/t) (ag/t) (ag/t) (ag/t) (se/t) (pci/t) (pci/t) (pci/t) (pci/t),

NRC Standard 0.05 0.050 0.01 0.05 0.05 0.010 0.1 0.005 0.001 0.001 0.3 15.0 5.0 1.0 5.0
EPA Standard 0.05 0.017 0.01 0.20 0.05 0.010 0.7 NA NA NA 5( 15.0 5.0 NA 15.0_

516 A 04/03/89 -0.001 -0.05 -0.01 0. 4 7..- -0.05 -0.001 0.1 0.051 -0.001 -0.001 0.ttid 26.0 11.0 -1.0 -0.2
516 A 07/23/89 -0.001 -0.05 -0.01 0.05 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0G J 53.8 21.9' ' 2.9 -0.2
516 A 10/12/89 -0.001 -0.05 -0.01 0.41 0.12 ^ 0.010 -0.1 0.005 -0.001 -0.001 0.0l.30 2.5 21.4. 1.8 -0.2
604 04/03/89 -0.001 -0.05 -0.01 0.38 -0.05 0.004 -0.1 -0.005 -0.001 -0.001 0.0018 50.4 25.6 -1.0 41.0
604 07/23/89 -0.001 -0.05 -0.01 0.39 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0040 60.2 30.9 1.7 3.5
604 10/12/89 -0.001 -0.05 0.01 0.34 -0.05 0.006 -0.1 -0.005 -0.001 -0.001 0.0060 41.7 .15.5 -1.0 33.9
614 04/03/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.003 -0.1 0.031 0.011 ~ -0.001 0.0668 3.0 1.2 -1.0 -0.2
614 07/23/89 -0.001 -0.05. -0.01 -0.05 -0.05 0.On3 -0.1 -0.005 0.082. -0.001 0.0624 8.9 6.3 -1.0 0.6
614 10/12/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.020 - -0.1 -0.005 0.059 -0.001 0.0640 1.5 5.5- 2.1 -0.2
EPA 4 04/17/89 -0.001 -G.05 -0.01 -0.05 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0004 1.2 3.1 -1.0 -0.2
EPA 4 07/26/89 -0.001 -0.05 -0.01 -0.05 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0040 3.0 3.3 -1.0 0.9
EPA 4 10/05/89 -0.001 -0.05 -0.01 -0.05 -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.0030 3.0 3.9 ' 2.2 0.3
EPA 7 04/17/89 -0.001 -0.05 -0.01 0.25 -0.05 -0.001 -0.1 0.022. -0.001 -0.001 0.0072 3.1 9.0 -1.0 -0.2
EPA 7 07/26/89 -0.001 -0.05 -0.01 0.27; -0.05 -0.001 -0.1 -0.005 -0.001 -0.001 0.008J 9.0 16.1 -1.0 6.0
EPA 7 10/05/89 -0.001 -0.05 -0.01 0.29~ 0.09 0.002 -0.1 -0.005 -0.001 -0.001 0.0120 2.5 - 5.3 -1.0 0.8

Welt Lab TDS Ca Cl K Mg Na NCO3 NM4 NO3 SO4 At Co Mn Mo
Number Date (ag/t) (ag/t) (ag/t) (ag/t) (ag/4) (ag/l) (ag/t) (ag/l) (ag/t) (ag/t) (ag/t) (ag/t) (ag/t) (ag/t)

NRC Standard NA NA NA NA NA NA NA NA NA NA NA NA NA NA
EPA Standard 3,170 NA 250.0 NA NA NA NA NA . 30.00 2,160 5.0 0.05 2.60 1.00

516 A 04/03/89 12,312.. 459 253.0: 8.80 1,568 377 0 24.0 147.00 - 8,360 --- --- 33.00 ---

516 A 07/23/89 12,629 454 207.0 9.29 1,519 399 0 30.5 146.00 8,605- 240.0 0.45 '37.00 -0.10
516 A 10/12/89 11,560: 449 264.0 - 13.60 1,343 358 0 39.8 188.00- - 6,992 150.0 .0.40 29.00 -0.01
604 04/03/89 6,4181 470 68.3 10.7 650 217 0 8.9 18.40 4,736.- --- --- 26.00 ---

604 07/23/89 6,697| 454 21.4 11.6 707 251 0 6.4 31.00 3,891' 60.0 'O.31 22.00 -0.10
604 10/12/89 6,728j 428 33.7 14.6 644 235 0 6.1 39.00 4,407' 66.0- 0.31, 22.00 -0.10
614 04/03/89 6,306i 724 370.0! 6.80 643 406 1,763 33.3 112.00 2,896 - --- --- 0.07 ---

614 07/23/89- 6,868f 697 381.01 9.80 672 491 1,501 51.0 99.00 3,485^ -0.1 -0.01 0.13 -0.10
614 10/12/89 6,734' 624 377.0 11.60 612 479 1,540 38.6 .126.00 3,002.- 0.2 -0.01 0.08 -0.01,

'

EPA 4 04/17/89 4,506? 529 - 36.5 8.50 350 217 184 0.8 -0.01 2,962.. --- --- 2.80 ---

EPA 4 07/26/89 4,433 559 37.1 9.10 3 73 242 183 0.9 0.03 3,039' -0.1 -0.01 3.40 -0.10
EPA 4 10/05/89 4,760 560 38.9 12.30 371 244 182 1.0 0.10 3,0431 -0.1 -0.01 3.10 -0.01
EPA 7 04/17/89 7,750 482 166.0 9.30 850 190 0 3.2 88.00 5,263: --- --- 25.00 ----

EPA 7 07/26/89 7,7741 526 134.0 9.10 8 71 212 0 3.5 94.00 5,092 94.0 0.25 24.00 -0.10
EPA 7 10/05/89 8,076 497 192.0 12.00 877 221 0 3.4 69.00 5,272 99.0 0.26 25.00 -0.01

Notes:
1. NRC standard as listed in License Condition 30, Part 8.
2. EPA standard as listed in Table 2, " Contaminant-specific Groundwater ARARs" of the ROD (EPA 1988c).
3. NA - Not applicable.
4 " " Mirws sign: not detected at the tevet shown in the table.

5. All values that exceed the NRC and/or EPA standards are shaded.
[mg, f- 6. Gross alpha value excludes contribution from radon and uranium. .

.- - -- . . . . .- . _. - -
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TABLE 2.9 |

!
SUPMARY OF WELL COMPLETION DATA '

SOUTHWEST ALLUVIUM WELLS

Screen Interval Alluvium -|Ground a --------------- --------------
j

Surface Total Casing a a a a |Well Date Elevation Depth Diameter . From To From To |Number Completed (feet) Northing Easting (feet) (inches) (feet) (feet) (feet) (feet) 1
--.... ---------- ..........-- ---------- ---------- ------- -------- ---... ------ ------ ------ .I
801 24-Aug-89 6,900.85 71,630.35 56,273.79 61.5 4.5 39 59 0 60.5 'l
802 25-Aug-89 6,904.02 71,854.39 56,215.05 82 4.5 51.5 81.5 0 81.5
803 23-Aug-89 6,921.49 72,280.56 56,369.62 123 4.5 58 118 0 118
804 04-Aug-89 6,902.56 71,770.85 56,302.73 71 2 25.5 65.5 0 -65.5 .

805 28-Aug-89 6,910.05 72,154.29 56,339.06 121 2 39 119 0 120 !
.

806 29-Aug-89 6,910.44 72,182.05 56,371.40 98 2 30 90 0 95
807 30-Aug-89 6,919.14 72,490.25 56,492.38 105 2 25 100 0 100 i

Ii

i !

!. a.
; Depth in feet below ground surface.

.

:

| 'l
;

,

1
|

CanonreEnvironmental.4 -

a
_ . . . . . . . _ . __ _. - _ _ _ _ _ _ _ .



. . _ - . _ - _ _ _ _ - _ _ - _ _ _ - _ _ _ . _ _ . ____-__ _______ __ _ _ - _ - _____

_

,

; TABLE 2.10

St# MARY OF OPERATIONAL DATA >

SOUTHWEST ALLUVIUN EXTRACTION WELLS

a b c
Initial Current Average Design

- '

Well Pumping Rate Pumping Eate Pumping Rate Pumping Rate.

Number (gpm) (gpm) (gpe) (gpm) '

--- --- ---- ----- ---- ----- ---- ----- ---- ...--

802 20.0 11.6 14.9 5.0
803 3.4 2.2 2.8 10.0

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

Total 19.7 17

:
-

C
j Total Volume Pumped <= 810,031 ;

i
.

!

i

a ;
i Measured on October 16, 1989. <

'

. b
'

Average pumping rate reported for the week of November 10 through
November 17, 1989.

! C
.

.
.

?

Average pumping rate and total volume pumped estimated for the period
between 0 tober 16 and November 17, 1989.

:
i

a
|
,

CanoiseEnvironmental- 1
-

1
- -. - . - - . . ... . - - . - -
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TABLE 2.11

SOUTHWEST ALLUVIUM PERFORMANCE MONITORING WELLS

Current Monitoring
Wells in Alluvium

(License Condition 30,
Parts A & B Criteria) System Wells Alluvial Wells

GW-1 801 624

GW 2 802 627
GW-3 803 639

bGW-4 804 642
bEPA 22A 805 644
DEPA 23 806 645
bEPA 25 807

8
EPA-27

EPA-28

509D
!

632 !

29Aa
.

!
:

)

i

|
.

!
i

a
Data from these wells may not be representative of ground water
conditions in the alluvium because of problematic completion. <

b Wells monitored for water level only.

CanonteEnvironmental



TAgtE 2.12

SOUTHWEST ALLUV!UN WATER QUALITY Supe 4ARY

FOURTM GUARTER, 1989

Constituent Coneentrations
Combined

Gross Ra-226

Welt As se Cd Ni Pb Se V CN Chloroform Napthalene U Alpha Ra-228 Ptp-210 Th-230

Number Date -(mg/t) (ag/t) (ag/t) (ag/t) (ag/t) (ag/1) (ag/t) (eg/t) (ug/t) (us/t) (ag/1) (pCi/t) (pCl/I) (pCi/1) (pCi/t)

NRC Standard 0.05 0.05 0.01 0.05 0.05 0.01 0.1 0.005 0.001 0.001 0.3 15.0 5.0 1.0 5.0
EPA Standard 0.05 0.017 0.01 0.20 0.05 0.01 0.7 NA RA e4 5.0 15.0 5.0 en 15.0

509 0 10/12/89 0.001 -0.05 -0.01 -0.05 : 0.07 0.001 -0.1 -0.005 -0.001 -0.001 0.1050 1.2 0.8 ~ 2.3 -0.2
632 10/16/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.003 -0.1 -0.005 .-0.001 -0.001 0.1110 -1.0 2.9 -1.0 -0.2
EPA 22A 10/08/89 -0.001 -0.05 -0.01 -0.05 -0.C5 -0.001 -0.1 -0.005 -0.001 -0.001 C.0290 7.8 0.9 74.1 5.9
EPA 23 10/08/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.001 -0.1 -0.005 -0.001 -0.001 0.0400 10.2 0.2 -1.0 - 9.8 <

EPA 28 10/04/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.002 -0.1 -0.005 -0.001 -0.001 0.0410 8.4 2.7 -1.0 4.6
W1 10/16/89 -0.001 -0.05 -0.01 -0.05 -0.05 0.001 -0.1 -0.005 -0.001 -0.001 0.0979 3.7 0.4 1.5 4.0
W2 10/16/89 -0.001 -0.05 -0.01 -0.05 --0.05 0.001 -0.1 -0.005 -0.001 -0.001 0.1960 15.0 3.8 1.5 11.0

Well Lab TDS Ca C1 K Ng Na HCO3 #N4 NO3 SO4 At Co Nn Me

Number Date (eg/I) (ag/t) (ag/t) (eg/I) (eg/t) (ag/1) (eg/t) (ag/t) (ag/I) (ag/1) (mg/t) (ag/t) (ag/L) (eg/I)

NRC Standard NA NA NA NA NA NA NA NA NA NA NA NA NA NA

EPA Standard 3,170 NA 250.0 NA NA NA NA NA 30.00 2,160 5.0 0.05 2.60 1.0E

509 D 10/12/89 : 4,860 E54 197.0 13.5 332.0 201.0 1,703 0.13 - 58.00 2,053 0.12 -0.01 0.39 -0.1
632 10/16/89 -L6,466 781 246.0 10.7 671.0 408.0 2,257 0.47 95.00 2,578 -0.10 -0.01 0.12 -0.1
EPA 22A 10/08/89 1,310 269 11.4 4.3 55.4 88.2 521 0.06 0.26 605 -0.10 -0.01 0.08 -0.1
EPA 23 10/08/89 4,930 682 91.0 14.1 397.0 173.0 1,086 0.53 ~ ' 91.00 |2.339 -0.10 -0.01 1.90 -0.1
EPA 28 10/04/89 T4,989 565 107.0 14.1 475.0 . 216.0 738 -0.05 -113.00 2,720 -0.10 -0.01 0.19 -0.1'

W1 10/16/89 : 5,3 76 856 236.0 3.8 431.0 331.0 2,030 0.13 4110.00 . 1,931 -0.10 -0.01 0.06 --0.1
2,314 -0.10 0.01 0.31 -0.1W2 10/16/89 "5,564 789 181.0 11.7 479.0 266.0 1,818 C.10 76.00 :

1. 'NRC standard as listed in License condition 30, Part 5.

2. - EPA standard as Listed in Table 2, " Contaminant-specific Grounthsater ARARs" of the RCD (EPA 1998c).
3. NA - Not applicable.
4. " " Ninus sign: not detected at the levet shown in the table.

' 5. Att values that exceed the NRC and/or EPA standards are shaded.
6.' Gross alpha value excludes contribution from radon and uranium.

CanoiseEnvironmental-
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A1
APPENDIX A

FIELD INSTALLATION REPORT
ZONE 3 - STAGE I EXTRACTION WELLS

1.0 INTRODUCTION

This report presents as-built installation data for the Zone 3 - Stage I
extraction wells (701 through 713, excluding 704). Figure A-1 shows the

-

locations of those wells.

All drilling, installation, and development were' performed by United
Nuclear Corporation's (United Nuclear) subcontractor, Rocky Mountain
Drilling, from May 3,_1989 to June 29, 1989. Geophysical;1ogging in the !
Zone'3 wells was performed by Western Wireline Corporation. The-field work
was supervised by United Nuclear's designated geologist with consultation
by Canonie Environiaental Services Corp.'s-(Canonie) field hydrogeologist.

The work'was performed in accordance with the specifications-and procedures
presented in the Remedial Design report prepared by Canonie in April 1989.

,
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2.0 DESCRIPTION OF WORK COMPLETED

The drilling and installation program consisted of the following items and
activities:

i1. Drilling of 5 5/8-inch-diameter pilot hole; '

!
R2. Geophysical logging;
;

3. Reaming of the pilot hole to 13 5/8-inch diemeter;

4. Well installation;

5. Development of the well; !

6. Testing of the designated wells; and

!
7. Surveying of final well locations, ground surface, and top of '

casing elevations.

2.1 Drillina

iA total of 12 boreholes were drilled at the site for installation of. the :

Zone 3 extraction wells (701 through 713, excluding 704). The first'five I

wells were tested to verify the performance of tre system as designed and
to determine the total number and locations of-new wells needed for this
stage. Well No. 704 was eliminated from the system based on the results of
the testing.

.i
The pilot holes were advanced by mud rotary techniques. The first boring !
(No. 711) was drilled using a bentonite-based mud. - Mud losses of approxi- !
mately 5 to 10 gallon per minute were observed during drilling of that i

hole. Subsequent drilling was performed using clean water with rotary
j

technique to avoid clogging of the aquifer by bentonite and to prevent
time-consuming, extensive development.

,

1
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The pilot holes were drilled to the top of Zone 2 of the Upper Gallup
,

'

Sandstone. Samples of drill cuttings were obtained at 5 foot intervals or
when a change in lithology was noted. Samples were visually classified and
logged. The lithologic description of the cuttings is presented on the *

Well Completion Logs, pages A-10 through A-29.

The downhole drilling equipment was cleaned and decontaminated prior to use
in each of the boreholes. A high-pressure, hot-water, steam-cleaning unit,

I was used to accomplish this task.

2.2 Geophysical Loaaina
,

Borehole geophysics were used in all Zone 3 wells to assist in the delinea-
tion of subsurface lithology, water-bearing: zones, and selection of
screened intervals. The geophysical logging was designed to supplement the
interpretations from the lithologic logging performed during drilling by

.

the field geologist.

| Three borehole geophysical techniques were used during drilling of the
) Zone 3 wells:

| 1. Resistivity;

2. Spontaneous potential; and

3. Natural gamma.
,

A primary focus of the geophysical logging was to aid in selection of
screened intervals prior to well completion. Therefore, interpretation of
the geophysical logs was completed in the field. The geophysical logs
obtained during this task are presented on the Well Completion Logs, pages
A-10 through A-29.

! Prior to running the geophysical logs, the boreholes were filled with a
bentonite-based mud with a viscosity of 32 seconds to increase the contrast
between the borehole fluids and formation fluids. The bentonite-based mud

.
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was displaced with fresh water immediately after completion of the logging
i run.

In addition to the above-described logs, a caliper log was run in each well
after reaming to the final diameter. The caliper logs were run to aid in
the calculations of the volumes of the sand pack, seal material, and grout.

2.3 Reamina

The boreholes were reamed to a final diameter of 10 5/8 inch-after the
geophysical logging was completed. The first four borings (Nos. 709
through 712) were reamed using an air-foam rotary technique. However, use;
of the foam resulted in only partial recovery of cuttings, made removal of
the cuttings and conditioning of the borehole difficult, and prolonged the
time required for borehole conditioning. Therefore, the drilling flu'id was
changed to clean water. All subsequent reaming was' performed _using fresh
water and rotary technique.

2.4 idell Installation

Well construction details are presented on the Well Completion Logs, pages
A-10 through A-29. A summary of well completion details is included in
Table A.1.

The wells were completed with 6-inch-diameter polyvinyl chloride (PVC)
casing and with the same diameter PVC wire-wound (Johnson-type) screen.
All the casing joints were flush threaded and equipped with 0-ring seals. "

The slot size of the well screen was 0.050 inch. The screened' intervals
were selected in the field based on the lithologic. logs, water level, and
borehole geophysical data. All wells were screened from-the Zone 2 contact
upward 20 or 30 feet. Well Nos. 701, 702, 706, and 707 were equipped with
20 feet of the screen. The remaining eight wells were constructed with 30
feet of the screen due to the finer, shalely material encountered at the
base of the Zone 3 at these locations. All well screens were equipped with
a bottom cap.

CanonteEnvironmental
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A sand pack of 8 - 12 sieve size was placed by gravity flow, typically to a
height of 5 feet above the well screen. Ten feet of bentonite pellets were
placed above the sand pack as a seal. An additional seal, consisting of

.

bentonite mud at a viscosity of at least 80 seconds, was placed above the
bentonite pellets for a minimum of 12 feet. The remaining part of the
annular space was filled to the ground level with cement grout. The grout
material used was Type I Portland Cement with 4 percent bentonite to reduce-
shrinkage. '

Stainless steel casing centralizers were installed in all wells. Three
centralizers were placed in each well, one at the bottom and one at the top '

of screened interval, and the third typically in the seal interval.

A cement pedestal, 3 feet by 3 feet by 1 foot, was erected around each
wellhead to protect the well from washing by surface water and to reinforce
the casing above ground level. The cement pedestal is. bound to the grout,
filling up the annular space inside the borehole.

2.5 Develooment
i

Following well installation, the wells were developed in two stagos. The
first stage consisted of washing the well screen by high-velocity jetting

;

with fresh water (typically 5,000 to 10,000 gallons was used); then, the |
well was swabbed and finally air-lifted. Air-lifting continued until the

j
pumped water was clean and free of solids.

j

!In the second stage of development, a submersible pump was installed in the '

well. Development consisted of surging and overpumping. Pumping.was
continued until the pumped water was completely clean and free 'of solids.
Typical total development time for the individual wells was between four-
and six hours.

i

!2.6 Testina

A step-drawdown pumping test was performed in each of the first five Zone 3
wells after completion. The objective of the testing program was to assess-

CanonteEnvironmental
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well efficiency, specific capacity of the well, dynamic performance of the
pump, and the optimum pump setting depth. The above parameters were neces-
sary for designing the multi-well extraction system test. The step-draw-
down pumping test was performed in five wells, Nos. 708 through 712.
Table A.2 presents the results of the pumping test.

2.7 Surveyino

The elevations of the tops of all casing and ground ' levels as well as
coordinates for each well were surveyed after completion. .The survey was
performed by United Nuclear field staff. Table A.1 presents the elevations
and coordinates for each well.

CanonteEnvironmental
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TABLE A.1

SUMARY OF WELL COMPLETION DATA
ZONE 3 - STAGE I WELLS

|
1

Ground Top of Total
. Screen Interval Zone 3
---------------- -----------------

Surface Casing Depth Casing a a a a'

Well Date Elevation Elevation a Diameter From To -From ToNumber Completed (feet) (feet) Northing Easting (feet) (inches) (feat) (feet) (feet) _ (feet);

______ __________ _________ _________ __________ __________ _______ ________ ________ ______ ________ _______-
0701 14-Jun-89 6,958.99 6,961.28 75,699.94 - 60,699.84 104 6 78 98 34 98,

- 0702 29-Jun-89 6,971.99 6,974.25 75,294.75 . 60,839.53 96 6 69 89 8 89
,

.): 0703 28-Jun-89 6,976.70 6,078.92 75,489.83 61,100.32 114' 6
. 120 150 75 150' |

77 107. 15 107 10705 23-Jun-89 ' 7,003.04- 7,006.85 75,909.61 61,152.17 157 6'

0706 26-Jun-89 . 6,969.69 6,972.47_ 76,119.06 61,091:46 134 6 108- 128 50 128 !'0707 21-Jun-89 7,002.11 7,005.21 76,349.32 61,340.18 173 6 148 168 80 168 ',

'

0708 24-May-89 7,010.38 7,011.98 76,032.30 61,500.17 172. 6 137 167 82 1670709- 17-May-89- 7,001.01 7,003.54 76,469.30 61,520.85 173 6 138- 168 91 168
,

0710 22-May-89 7,014.18 . 7,016.52. 76,299.53 61,699.35 180 6 143 173 92 173
; 0711 09-May-89 _ 7,040.00 7,042.60 76,100.38 61,899.37 206 6 168 198 113 198

,

; 0712 15-May-89 7,019.72 7,022.17 76,498.98 61,900.60 185 6 149 179 93 179
: 0713 19-Jun-89 7,021.28- 7,024.48 76,300.30 62,100.03 178 6 143 173 .100 173
f.!

:

:

3

- a
' Depth in feet below ground surface.

i

!

[ > > .
'
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TABLE A.2

RESULTS OF STEP DRAWDOWN TESTS
ZONE 3 - STAGE I EXTRACTION WELLS

a
Maximum Maximum Specific Well

Well Discharge Drawdown Capacity Efficiency

Number fads) ffeet) (GDm/ feet) (Dercent)

708 12.0 21.6 0.56 59.5

709 8.6 26.9 0.32 65.3-

710 4.0 26.4 0.15 49.9

711 9.0 12.3 .0.73. 55.6

712- 9.0 19.0 ~0.47 34.0

aAverage well efficiency measured during step-drawdown test.
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WELL/ PIEZOMETER COMPLETION LOG -

i

UNC - REMEDSL ACTION Pahact laaggR 86-080-18 70i ;semaun esas easses e
acanes m uom 75899.944' tm 60699.844' samus namou, surr 8058 99

L. BUSH - UNC caesses p. W. WILCZEWSkimn
e L RAMIREZ - ROCKY WTN. DRILUNG 6-13-89- 6-14-89m yte ,

ROTARY 104m % pggr mp y came mm e 6961.28ma
onwise w WATER 5- 5/8, 10-5/8 21 N/Awr m , esses no, , w g,g, y,,,,,

( e SCH. 80 & 40 PVC 2.3 n. esw enome sunpass 78mmag rnou 3 n. m enouse susret
scattie m w a 6" e SCH. 40 PVC, WIRE WOUND pga, _ 78 g, n, y gngy,, gg98

ctenu2tse m SSI f x 11* 56, 77.5, 97n n, , ,,,,,, ma
nex * ase sat SAND 8-12 SIEVE 73 98rnos g n. m soevie wet
a m BENTONITE PELLETS 67 73 m 80 SEC. BENT. MUD 7 67,,,, m m g n. m oncune svaret
anuuun ensuru m CEWENT/ BENTONITE GROUT 2 7rnou m n. m enouse m
witn tatt caAnose puiseo m N/A 8907.08arrga m n,

GEOPHYSICAL LOCGING UTHOLOGY

m DESCRIPTION / WELL REMARKS$ yeog _W_ CONTACT DEPTH, FEt.T CONSTRUCTION @$,%m .
IIIf fIi1

STIFF, BROWN SILTY CLAY AND ~h g
#

SILT wfTH FRAGWENTS OF EHALE ,

AND SANDSTONE - BACKFILL

CL/ML h,

- BOREHOLE
20 -

_

- CASING---

.
~

l
34.0 TN

UGHT GRAY, SILTY, FINE GRAINED M
. - SEAL

40 - SANDSTONE WITH INTERCALATIONS
OF SHALE

50.0

_ b h^[.9Y^BGRAY TO BLACK CARBONACEOUS
C ROUNDSHALE WITH MINOR COAL ,E

STRINGERS
-

$ SURFACE

60 - 60.0 \ CENTRAL-n
w - IZER (TYP.)UGHT GRAY TO WHITE WEDIUM

TO COARSE GRAINED SANDSTONE "- g j
N W

- -- SEAL
, -

#
5 i

80 - YEI
85.0 - = -

- SCREEN"
- - -

SUBMERS;BLE PUMP

UGHT GRAY, FINE GRAINED 5 G$0
*

0 SUPF E- SANDSTONE, WINOR CLAYSTONE '. = 3- SAND PACK
STRINGERS AT THE BOTTON -

-

E~

$'

-

gy* # '-
= BOTTOM PILOT HOLE

. Q $ ABANDONED BY
98.0

100 - DARK GRAY TO BLACK SHALE ummens BENTONfTE AND CU' TINGS
PILOT HOLEWITH COAL LAYERS -

T.D.104.0 FEET_:

.

120 -

CanonteEnvironmental
-

_ _ _ _ . . . .



- . . . _. -

I
A-ll CAGE i af 1

.WELL/ PIEZOMETER COMPLETION LOG
86-040-18 702UNC - REWEDLAL ACTION am mmem

60639.532' swyn nawaum, e 6071.9975294.754' perm tacemie m
W. WILCZEWSklL BUSH - UNC comaap seusan m,

L GARCIA - ROCKY VTN. DRILLING 6-28-89 6-29-89( w g ,,, m
96ROTARY a a purr mp y a mg a 6974 23m anco

WATER 5-5/8,10-5/8 19 N/A,, g, a m , w am, usesr.ogy,e ,wm
696' # P/C SCH. 80 er 40 2.3 n. em mowe marace w n. m m swrammmgg

6" # PVC SCH. 40. WIRE-WOUND 60 89m g n.anse mowe swr ammgg
jSST 6" x 11' 47.5, 68.5, 88g n, m ,,y,, maconsums m

SAND 8-12 SIEVE 57.5 89 n. anse enouie wa
'

m gwmga
33 4646 $7.5 m 80 SEC. BENT. WUD ma m BENTONITE PEU.ETS , y y n, aw,, ,,,, ,,,a

33CEMENT / BENTONITE GROUT 0 g _ n. a movie omram. we m m
6907.05N/A am n,min LNL n& weit ausse amuns

|
GEOPHYSICAL LOGGING UTHOLOGY

DESCRIPTION / i WELL REMARKS |

E q YooY_ CONTACT DEPTH, FEET CONSTRUCTION gg%m
I I I IIII

brown SILT WffH INTERCALATIONS f fI J |: )
J OF CLAY CL/WL $ |%

( 8.0 % - BACKFILL'

;
- UGHT RED TO TAN RNE GRAINED [.

'

SANDSTONE, OIL STAINING, THIN 1-

WINOR SHALE LAYERS |- |

| - BOREHOLE 1

80 - | |
I

'

- CASING i
*

i-
32.0 1

GRAY SHALES WrTH INTERCALATIONSh o
0F SILTSTONE AND WUDSTONE g |

| $ - SEAL '40 _
J M# "

M - CENTRAL- |

- IZER (TYP.)

UGHT GRAY TO WHITE, FINE TO -- SEAL
* *

COMtSE GRMNED SANDSTONE
60 - ,

) *

AT 64.9' BELOW GROUND
STATIC WATER LEVEL I

|
.

|| SURFACE||
,

1 -. = :

75.0 :
~

h- SCREENf
UGHT GRAY TO WHrrE, FINE TO W :

~

:
80 - WEDIUM SANDSTONE, S0WE % % = /,- SAND PACK SUBWERSIBLE PUWP

? INTAKE AT 87' Bewow il INTERCALAT'ONS OF CLAYSTONE
- =

|
: GROUND SURFACE IAND WU0 STONE "3~3iC" : _ j BOTTOW PILOT HOLE

i

89.0 . _ , 9 g
ABANDONED BY-

DARK GRAY TO BLACK SHALE w BENTONITE AND CUTTINGSs WITH COAL LAYERS g PILOT HOLE% T.D. 96.0 FEETa _:

|100 -

|
1
|

|

180 -

,

! CanonteEnvironmental
1

1 1



. . . . _ . .

A-12 PAGE i of 1

WELL/ PIEZOMETER COMPLETION LOG
g5 g UNC - REMEDIAL ACTION 86-060-18 703a nygg m numm

75489 826 61100.317g suyes esvatum, a 6976.70gase,es mm esosrm
mp L. BUSH - UNC mn M. WILCZEWSKI

e L GARCIA - ROCKY UTN. DRILUNG 6-26-89 6-28-89 -

g p, %
m wnco "OTARY '''

tote orm. Ftti top or CAsses civAm Ftti 6978 92
ma WATER 5-5/8, 10-5/8 23 N/Awr a esc >e se. or w est. vuowr.
mmwu 6' s PVC SCH. 80 & 40 2 2 rr. napwt wouMD Nwet 77m to n. SC.our Mac SVwet

6' s PVC SCH 40, W1RE-WOUND 77 107
-

semam m to n, og,o,, ,oy,e guygg -

Nm tvet SST 6* x 11* 55.8, 76.5, 106,, n. moor movie suweg --

rg, m a a SAND 8-12 SIEVE 72 107rno,, go ,.r. mour movie suwes

% m BENTONfTE PELLETS 63 72 m 80 SEC. BENT. MUD 41 to 63a. 3 m n. m movie swet -

mmm CEMENT / BENTONITE GROUT O 41g,o,, yo n. moir movie suwet
garm a arvanon: ousano e N/A 6907.05mm n,

GEOPHYSICAL LOGGING UTHOLOGY -

m DESCRIPTION / h WELL '

- @ EMARKSQ% .

RE yoo,cg _W_ CONTACT DEPTH, FEET CONSTRUCTION. m
I It1 IIII

i OF CLAY
y hBROWN SILT WITH IKfERCALATIONS

~ f CL/ML h
I

Yj - BACKFILL
$15.0

UGHT GRAY TO TAN, SILTY, FINE
_

20 - ORAINED SANDSTONE Olt
STAINING, M|NOR SILTSTONE AND - BOREHOLE
SHALE BEDS ,J

2

'.
'

'

- CASING

t

40 -

H- SEAL
_

'

55.0 '

GRAY SMd. CLAYSTONE, WITH - CENTRAL-n
60 - INTERCALATIONS OF SILTY IZER (TYP.)

SMDSTONE 62.0 - { ,}'
UGHT GRAY TO WHTTE. MEDIUM N

TO COARSE ". RAINED SANDSTONE -

- SEA

- -

y h
,4 STATIC WATER LEVEL

T 74 4' BELOW GROUND,

84.0 ,. : E : --

UGHT GRAY TO WHITE, FINE
'

SCREEN

_
GRAINED SANDSTONE, SOME

.

E
SHALE wfTH lefiERCALAT10NS ._ = '

-

.'0F COAL AND MUDSTONE e
' E :

-

100 - -

E - SAND PACK SUBMERSIBLE PUMP:
= - INTAKE AT 105' BELOW

: = GROUND SURFACE

g
-

g BOTTOM PILOT HOLE107.0 --.as -

- ) DARK GRAY TO BLACK SHALE hhhD-

AP CUTTINGSWITH COAL LAYERS Euusumu = PILOT HOLEy T.D.114.0 FEET,,

120 -

CanonteEnvironmental
_ ___ .

. . _ . . _ . . . . . . . ._
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1

A-13 FAGE i sf 2

[ - WELL/ PIEZOMETER COMPLETION LOG
|

UNC - REMEDIAL ACTION 86-060-18 705gg am - sonsse sanssa
75909.609' 61152.166' suwa mm Pitt 7003.04son,,, mm m w

L. BUSH - UNC W. WILCZEWSK1 |m, me
g L. GARC:A - POCW MTN. DR! LUNG 6 - 21 - 89 6-23-89g. ,w m

ROTARY 157ma h A Ptt? mew m m m rtti 7006 85
m pm WATER 5-5/8, 10-5/8 31 N/A,,, g a % y w get. y,,,7,

|

6* s WC SCH. 80 & 40 rnois .3. 81 n. ass >t enouun sunract to j120wm,a n. enow enoupe zwer
m W w sur 6" e PVC SCH. 40, WIRE-WOUND 120 150 ',no,, , n. sc.ow enouie twes

ctm u ntns m SST 6' x 11' 79.3, 119, 14947 n. O amouse wec
Pa m w sur SAND 8-12 SIEVE 114 150a 3 n. stwo anoae swet

a m BENTONTTE PELLE'S ,no,, 104 114 80 SEC. BENT. MUD 65 104to m rua,, y n. scow enouie sunret I
mmm CEMENT /BENTONfTE GROUT O 65e no,, to n. sraw enouie swact -

um tre arnfiose ouness osuuseo N/A 6896.39ge FT.

GEOPHYSICAL LOGGING UTHOLOGY

h|
DESCRIPTION / WELL

@EMARKSQ%
RQ y e,s _W_ CONTACT DEPTH, FEET CONSTRUCTIONm ,

I!!!!IIt i

]|
'

BROWN CLAY WITH INTER- |

t- CALATIONS OF SILT A/ML h
8.0 .

7 -

- TAN TO GRAY MUDSTONE,
- _

_ _- - BACKRLL
SILTS'ONE AND S>MLE ALTER- --r
NATIONS WITH MINOR BEDS OF
SILTY FINE GRAINED SANDSTONE

20 - AND COAL
- BOREHOLE

.

~

- CASING%
j 11

*- I
8i s ,

!|I
5

!1

C,
_

,

60 -

( I;
!

_

)| ? |:
!
'

- SEAL
! r ! 75.0
! ) UGHT GRAY, SILTY, RNE GRAINED

'

'
'

80 - s '

SANDSTONE, OIL STAINING, MINOR - CENTPAL-
/ | SHALE AND COAL BEDS m CEP, (TYP.)

\ ! E
. f5 i 3

.

.

* O
t M '

W /
100 - fg w n

e v W s a
\ 108.0 OI A - 'Y-*'

tw AT 1C6.7* OELCW ,P.0L?.;
'

-

JARK GRAY CARBONACEOUS -- SE4; S'JPFACE
f SHALE, M!NOR INTERCALATIONS
/ OF SANDSTONE

~ ""

118.0 . .

120 - UGHf GRAY TO WH,~E, MEDIUM bf| - SANO PACK\ TO COARSE GPAINED SANDSTONE : = .) : @f- SCREENi
. =

'

CanonteEnvironmental

_ . . . .



A-14 ? AGE 2 (f 2

] WELL/ PIEZOMETER COMPLETION LOG-CONT'D
UNC - REMEDLAL ACTION 86-060-18 705

'

am mmaw

GEOPHY5?AL LOGGING UTHOLOGY

w DESCRIPT!0N/ 5 WELL REMARKS

E yacg ._ To Yo CONTACT DEPTH, FEET | CONSTRUCTION gg%. .
C '

| | ! l ffI

E .( UCA GRAY TO WHfTE, FINE To g
- =--- SCREENf pQIUM GRAINED SANDSTONE. --

MSOME SHALE, INTERCALATIONS .'
=

g E ,;140 _. OF MVDSTONE AND 00AL W o ( 3 ''- SAND PACK SUBMERSIBLE PUMP-

INTAKE AT 148' BELow
-.-

N GROUND SURFACEg
~

f; BOTTOM PfLOT HOLE
-

150.0 Z e =
W h 4 E ABANDONED BY" M BENTONITE AND CUTT |NGSDARK GRAY TO 'JLACK 5"iALE

LOT H02AND COAL 157.0 T.D.157.0 FEETa
160 -

180 -

-

*

200 -

-

220 -

.

.

240 -

260 -

280 -

_ _ _ _

CanonteEnvironmental



A-45 PAGE 1 of 1
'

WELL/ PIEZOMETER COMPLETION LOG,

gg VNC - CEMEDtAL ACTION w ,agg, _ 86-060-18 706
b

,an, m
some WAm e 76119 055' g, 61091.463' suwet stem PW 6969.69

0 L. BUSH - UNCmp mn M. WILCZEWSKI

e L. GARCIA - ROCKY MTN DRILL!NG 6-23-89 6-26-89_ g g, _ m
ROTARYma _ gg n ,e 134 MP W cms 4 EmAM FW 0072 47

,,, WATER 5-5/8,10/5/8 27 N/A,ga g y w gg, m
6" # SCH. 80 & 40 PVC 2. 8 rT. em ename sera 108m pg , a % g n. mow enovie suwet6" 9 SCH. 40 PVC, W'RE-WOUND 108 128scarm Mt me s t m g n. seuw onoue suwet

W tns m SST 6" x 11" 66.5, 107, 127g
n. m ow m suv et

een wt ne seg SAND B-12 S! EVE 103 128m g _ n. mow m suwet
a wg BENTONITE PELLETS 93 103 80 SEC. BENT. MUD 57 93m _ g mg % g n. mow enove suwet
- % mg CEMENT / BENTONITE GROUT 0 57% 7n n. now a suwet
wtn m tman m e N/A #2 m 6896 47 n,

GEOPHYSICAL LOGGING UTHOLOGY

h|
DESCRIPTION /N' y W_ CONTACT DEPTH, FEET

WELL REMARKS
CONSTRUCTION @@,, M*)% ,

'
I ii I i! !I

BROWN CLAYEY SILT AND SAND, .kfh
.|h FRAGMENTS OF SANDSTONE k -

i

- f
-'J;mAND SHALE gyth.

15.0 m.'
BROWN TO GRAY MUDSTONE,

20 - ) SILTSTONE AND SHALE
ALTERNATIONS WITH M!NOR BEDS - BACKALL 4

ie0F SILTY, ANE GRAINED
SANDSTONE AND COAL

g - BOREHOLE
~ a
g 25

!.40 --
M - CASING

50.0

UGHT GRAY MUDSTONE AND
SILTY, ANE SANDSTONE, OIL o
STAINING Q

60 -
,

,,

'4 '/~ . ~ ~( UGHT GRAY, SIL7Y, ANE GRAINED M ' d/ SANDSTONE, CIL STAINING, MINOR f
/ '/

SHALE AND COAL BEDS W d %' CENTRAL-
I

', RER (TYP.)~

M h d STATIC WATER LEVEL
/ 'f .5 AT 73.2' BELOW GROUND*

f 3 SURFACE
i

80.0 / /

GRAY TO BLACK CARBONACEOUS - SEAL
SHALE AND SILTSTONE /

, 90.0 M o
UGHT GRAY TO WHITE, MEDIUM E d $
TO COARSE GRAINED SANDSTONE R . - SEAL

100 -
-

~ - :-

',
~

O- S0REEN
= .

- 3 SUBMERS:BLE PUMP
,SO ~ a- SAND PACK INTAKE AT 124' BELOW' '

. E . GROUND SURFACE
I- E BOTTOM PtLOT HOLE128.0 $~;; ) ABANDONED BYcm ;

- ( DARK GRAY TO BLACK SHALE M w /. BENTON:TE AND CUTTINGS
m $ [ PILOT HOLE| AND COAL

T.D.134.0 FEETu

CanonteEnvironmental
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A - 16 CAGE i of 2

[ WELL/ PIEZOMETER COMPLETION LOG
gg UNC - REMEDtAL ACTION 86-060-18 707_ m agg, _ aosuno massa

m mm e 78349.323' g, 61340.182* suura man, nr7 7002.11
| L. BUSH - UNCm ,, m w. M. WILCZEWSKI

u L. GARC1A - ROCMY VTN. DRILUNG 6-19-89 6 - 21 - 89m yre .
mm ROTARY 173Tors e rut Ty w m m anon, ngt 7005.21
mm WATER 5-5/8,10-5/8 35 N/A,ga , , m n,,, uun,y,

6" 8 SCH. 80 Ac 40 PVC 3.1 n. m enouuo suurer 148am,g mau 7, n. enow enovuo susret6' f SCH. 40 P/0, WIRE WOUND , _ 148 9, 168mm4g
_ n snow enovMo susretem SST 6" x 11* 108, 148, 167

_

at n. anDe epovNo susret
,mga SAND B-12 SIEVE 139m m 168 n. anos enove suuret -
a m _ BENTONffE PELLETS 128 139 m 80 SEC. BENT. MUD 83 128rnom to m 7o n. enow enovuo susret
mam CEMENT /8ENTONITE GROUT 0mou to 83 n. anos e susret
w a em ovseso e N/A 6892.91NN n,

GEOPHYSICAL LOGGING UTHOLOGY
w DESCRIPTION / k WELL@ yoo e,s __W_ 00NTACT DEPTH, FEET

@EMARASQ%$
R

,

'|
CONSTRUCTION,

I I II II III
> H
j BROWN TO GRAY. SILTY. FINE 1

GRA|NED SANDSTONE. SILTSTONEi
'

-
AND MUDSTONE ALTERNATIONS --

WITH MINOR BEDS OF SMALE j

- - _ - _ g3cgy)gt 1AND COAL, TRACES OF OIL
._ _

i
^

STAINING --

30 -
- BOREHOLE i

!m (' f ++
~ .

- CASING
!

_ _ _ .

co - !
-

[, g
rr a i

_ >

; ,i( ,

m
h30 -

'

-_~_ _
_ 55

e00 - 80.0 (i

I , LIGHT GPAY, FINE GRAINED S!LTY
,

, (
' SANDSTONE WITH MINOR INTER- "T /,

ON OF SHALE, HEAW OIL
f ;_g

h h f
i
i
' y V

/ /
I ,100 - M en j'

w CENTRAL-
| w 8 [12ER (TYP.)

1

_ i ;
M 4 STATIC WATER lie.'.) **

t | AT 109.2* SELOW GROUND'115.0 SURFACE
UGHT GRAY TO WH;TE, MEDIUM|, TO COARSE GRAINED SANDSTONE ]120 -

j

b. ! s |
-

,

CanonteEnvircomental
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A * 17 PAGE 8 3of

|| . WELL/ PIEZOMETER COMPLETION LOG-CONT'D
UNC - REMEDIAL ACTION _86-060-18 707mg

GEOPHYSICAL LOGGING LITHOLOGY

m OESCRIPi10N/ h WELL REMARKS@ yoog j%T CONTACT DEPTH, FEET j CONSTRUCTION @gg*ffy,,

l I!! |1 t !i '

4
"UGHT GRAY TO WHITE, MEDIUM

. SEAL ,TO COARSE GRAINED SANDSTONE,
I

MINOR INTERCALATIONS OF W '

140 - SILTSTONE AND WUDSTONE, _- - 5 5
TRACES OF COAL - - -

- * w.

._ _ - rS- SCREEN' N -

N '' 5
' SUBMERSIBLE PUMP:

' = INTAKE AT 164' OELOW,

GROUND SURFACE160 - - E .

- SAND PACKg ; 3 y
BOTTOM PILOT-HOLE

168 0 E R h 5 j ABANDONED Ff

= = = = . = . = y 7DARK GRAY TO BLACK SHALE_

f AND COAL / PILOT-HOLE
- - o r/ T.D. 173.0 FEE'

b

180 -

|

'

*

300 -

-
.

230 -

i

e

240 -

!

_

<

260 -

.

280 -

.

CanonteEnvironmental

.
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A - 18 PAGE i of 2

|| WELL/ PIEZOMETER COMPLETION LOG I

UNC - REME0lAL ACTION 88-060-18 708aw e sanssa ,,,,,, m
,on,, m m ,,o,ng 76032.295' 61500.167'gm suures m rut 7010.38
g, L BUSH - UNC W. WILCZEWSKIcasuzsp Pr:

, F. RAMIREZ - ROCW VTN DRILUNG 5- 22-89 5-25-89m g,y m
m ao ROTARY 172h m ruf -me w m mm rut 701138
ma WATER 5-5/8, 10-5/8 35 N/Aen g, a m w m. set. y,,,y,

m yy,g g g 6" e SCH. 80 & 40 PVC 1.6 n. eM enouse suuret gm 137 n. enow m sufret
untts: W w m 6* e SCH. 40 PVC, WIRE WOUND 137 167,,,, g n. anow anovie smet J
m 7,,g SST 6" 11' 76, 136.5, 16647 n. stou enovie swet !
,g, ty,g ,,e sur _ SAND 8-12 SIEVE 131 167,,ou m n. stow enovie suuret
% yy,g _ BENTONITE PELLETS 121 to 131 m 80 SEC. BENT. MUD ,,o, 45 121,,o,, g n. anow enovie smet
w m tvet CEMENT / BENTONITE GROUT 0 45races to rt. anos onovie susta
wiu a mAmpusuis m N/A 6893.18,pg e n.

GEOPHYSICAL LOGGING UTHOLOGY

h|
w OESCRIPTION/ wELL REMARKS@

ya,,g | _W_ CONTACT DEPTH, FEET CONSTRUCTION @QQ,
'

_I l'1 I IIII

BROWN CLAYEY SILT AND SAND, MM !
hFRAGMENTS OF SANDSTONE AND Ej ( g ML i

. t o.0 =
-

,-

AND SILTSTONE ALTERNATIONS
_,

~ OACKIIllGRAY MUDSTONE, BLACK SHALE

WTTH MINOR BEDS OF FINE ' " " - - '

20 _ GRAjNED SILTY SANOSTONE AND Q '

i l COAL IN BOTTOM PART UGHT momenas - BOREHOLEi

OIL STAINING
,

~
j , < ,s *

"
- CASING !

f J. f
1CO - -

o (m 3 !
l ammmme a

-
! h 3e a 3

?.Y 9 % 1

'$ 's !~

| $ !
6-

, - SE4
I _ a a i

I % B !-

I m
'

0 i "s i --
s
4 3 1

< d- :ENTRAt- !
;< CER (TYP.)3,,S- .

gg,nu
,

'

SUGHT GRAY FINE GRAINED
' '

, ! SANDSTONE WITH INTERCALATIONS __ ;-
''

i OF MUDSTONE, OIL STAINING, -- 6 - i
'

_

'

', M;NOR SHALE AND COAL BEDS - e,
-

i
\ '/ r

|I r! r'.

100 - ! , '/ s
j

___
n (' s i

\/

|, k y y/
w i'

I
'

y ?
-

s ,
-

( 115.0 h :;
'

GRAY SHALE AND MUDSTONE, 3 j 4 STAT;C WATER i,'EL
120 - SOME S'LTSTONE ;< .- AT * 17.2* sELCW GRCUh;_ . _ .

123.0 --
' "

SURFACE

SEE NEXT PAGE
_, 39,,

CanonteEnvironmental



A-19 PAGE 2 of 2

[ WELL/ PIEZOMETER COMPLETION LOG-CONT'D
UNC - REMEDIAL ACTION 86-060-18 708mea wm mm

GEOPHYSICAL LOGGING UTHOLOGY

DESCR!PTION/ WEU. RE KSmE yng j%Q CONTACT DEPTM, FEET CONSTRUCTION g g Pg,

iilI i1| t

f UGHT GRAY TO WHfTE, MEDIUM 5
"

TO COARSE GRAINED SANDSTONE {g
. _ .

g ::=140 -
N $'b '

147.0 . =
UGHT GRAY TO WHITE MEDIUM M : b ..-

TO COARSE SANDSTONE WITH e :. =-9- SCREEN
|

| .
'
h .

- SAND PACK INTAKE AT 160.0* BELOW

R ON OF MUDSTONE ;; SUBMERSIBLE PUMP%

= y

Q ::160 - ! i = GROUND SURFACE
'

/ = BOTTOM PILOT HOLE I

i 167.0 g d
~h

j= ABANDONED BY I

/ DARK GRAY TO Bl.ACK SHALE W PILOT HOLE,

I AND COAL 8 % T.D.172.0 FEET .i

lul |

I

180 -

_

~

200 -

_

220 -

r
~

240 -
,

_

260 -

.

280 -

.

e

CanonteEnvironmental



A-20 DA3C- l .of 2

[ WELL/ PIEZOMETER COMPLETION LOG
ea UNC - REMEDIAL ACTION em 86-060-18 709toness m
m am e 76469.296' 61520.850' maya m g put 7001.01g

L BUSH - UNC coqsessp en W. WILCZEWSKIm ,n

F. RAMIREZ - ROCW MTN. DRILUNG 5-15-89 5-17-89a g ,, m
ROTARf 173a m ruf we w m um nzT 7003 54 5mm

WATER AND FOAM ,, g, m 5-5/8,10-5/8 ec. w w oor. g35 N/Am a_
6' e DVC SCH. 80 & 40 2.5 n. em enase wa gm 138mmmu _n, a a w gg
6" e PVC SCH. 40, WIRE-WOUND 138 168% y n. m enouse wet fmmaa

mm SST 6' x 11' 77, 137.5, 167 n. m aimme wet ' 'a
%mg SAND B-12 SIEVE 133 168pass m n. m m w et
g m BENTONrTE PELLETS ,,,,, 123 133 m ' 80 SEC. BENT. WUD mg 73 123y n. m a suw et ,

CEMENT /BENTONrrE GROUT 0 73,nas
.

g n, a m w eg jmw m m
mann tre nzunose ounes onuses N/A 6889.14

j!em n,

GEOPHYSICAL LOGGING UTHOLOGY

DESCRIPTION / i
'

WELL REMARKS fQ g _W_ CONTACT DEPTH, FEET CONSTRUCTION QQ% j- ,

I II I III! !

BROWN CLAYEY SILT 5.0 \ "

GRAY WUDSTONE. SHALE AND E N ! ,

- i SILTSTONE ALTERNATIONS WITH i
'

WINOR BEDS OF FINE GRAINED n g-
| |- BACKFILL i

*SILTY SANDSTONE AND COAL !i

OIL STAINING IN THE BOTTOW I| |

20 - ~#
- BOREHOLEg i

-
,

~ l '

- CASING
,

B |*~
|

- |

-
60 - - . - -

I
,

m
h ( )- CENTRAL-

80 - p fN / / IZER (TYP.)*
f / /

| % / /

- ! 91.0 M # #

UGHT GRAY, WEDIUW TO COARSE
GRAINED SANDSTONE WUH / /

100 - INTER"ALATIONS OF WUDSTONE, W
j y

OIL STAINING,
, j j

|

aq;; pas / /
J

~ n / /
/ / 4 STATIC WATER LEEL!#

115.0 5 / / AT 111.9* BELOW GROUNDN
/ / SURFACE

UGHT GRAY, FINE GRAINED120 - SANDSTONE INTERBEDOED WITH M # #
|

SHALE WINOR COAL LAYERS 4 2

-- SEAL
130.0
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[ WELL/ PIEZOMETER COMPLETION LOG-CONT'D
UNC - REMEDIAL ACTIONgg w- 86-060-18 709m-

CEOPHYSICAL' LOGGING UTHOLOGY

m DESCRIPTION / wEli . REMARK 1E yoog __W_ CONTACT DEPTH, FEET CONSTRUCTION QNQ g
iiI t |~ti1I'

UGHT GRAY TO WHfTE, MEDIUM - -

TO COARSE GRAINED SANDSTONE,
f'w!TH WINOR , THIN BEDS OF -

140 - GRAY SMLE E .

E :n c

- =
' = | ,

h-- SCREEN
2 . SUOMERS:BLE PUMP

160 - , E 's- SAND PACK INTAKE AT 160.5' dELow
, 3 GROUND SURFACE

' = : BOTTOM PILOT HOLE.

C
]. ABANDONED BY

$j%
168.0 q_ " " " * *- DARx GPAY TO eLACx SHALE :--- =

k
pito7 sotE

AND COAL - T.D.173.0 rEET
i lb)
i

180 - I

_
!

9

200 -
,

!
4

-

,

! '
220 -

|
6

|

1
i

240 -

-

260 -

280 -
,

i

|

- i
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[ WELL/ PIEZOMETER COMPLETION LOG
86-060-18 710UNC - REMEDIAL ACTION wm gan,,, mgg

7014.1861699.349' swa sma, rut76299.530' cc:rgan,,s mm e
M. WILC2EWSKIL. BUSH - UNC go,gao emm

F. RAMIREZ - ROCKY MTN DRILUNG 5-18-89 4 5-22-89m ,7,m
180ROTARY Mrs A FHf m, y m mg pin 7016.52ma

WATER AND FOAM 5-5/8, 10-5/8 36 N/Awr a m .so, w w out. g,aw
m 2.3 n. ecMt enouie sunra 3 143( e SCH. 80 & 40 Pvc n. m enovie sunrammga

( e SCH 40 PVC, wlRE WOUND 143 173m 3 n. p enouiso sunrammgg
SST 6* x 11' 82, 142.5, 172at n. e enovie wamm
SAND 8-12 SIEVE 137 173reau m n. p enouie susta,amgg

127 137 m 80 SEC. BENT. MUD ,,,, 73 127a m BENTONrTE PELLETS ,,,,, m 3 n. ettow enovie susta j

o 73- a w ___0EMENT/ BENTONITE GROUT ,no, m n. p enovie susta

8886.72N/A gm n,samta myAmee m m

1

GEOPHYSICAL LOGGING UTHOLOGY

DESCRIPTION / 5 WELL REMARKS |@ yoo W_ , mCONTACT DEPTH, FEET CONSTRUCTION @g%. '

I!II ft i II

GRAY SILTSTONE, ANE SILTY
SANOSTONE, MUDSTONE AND
SHALE ALTERNATIONS WfTH MINOR

- COAL ANO OIL STAINING IN THE - EKA1
BOTTOM PART __

-- -

20 - C
- BOREHOLE

=
.

~

y ._g _ __, - CASING
,

_

40 -
i ~

M

?_!!?!_iiiE
5

_

4| ~

V*j

I 65.0

UGHT GRAY FINE GRAINED SILTY %
, - SANDSTONE. OIL STAINING, COAL

75.0s

j
~

DARK GRAY MUDSTONE AND
.

- 80 - . CARBONACEOUS SHALE %TTH w
i INTERCALATIONS OF SILTSTONE _ - CENTRAL-

AND COAL BEDS M
.

/ I2ER (TYP.)
+

7

b
' ~ 92.0 /

UGHT GRAY, ANE GRAINED s- : b h h
SANDSTONE WITH INTERCALATIONS 2

100 - 0F GRAY SHALE, Oil STAjNING (
. >

W - SEAT
5 :=ir 2

M b i

118.0
| 120 - GRAY SHALE AND MUDSTONE.

SOME SILTSTONE M STATIC WATF.R LEVEL

128.0 f f AT 127.5' BELOW GROUNO
4 SURFACE''

rsrr Nrr pur) ' . , . .

!
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WELL/ PIEZOMETER COMPLETION LOG-CONT'D,

UNC - REMEDIAL ACTION 86-060-18 710a, a. m.
l

f GEOPHYSICAL LOG 0iNG UTHOLOGY

h|
DESCRi?T'ON/ WELL REgKSwE ymy __W CONTACT DEPTH, TEET CONSTRUCTION ,g%,

I I I I! t i I !

'

!

UGHT GRAY TO WH|TE ANE To i
MEDIUM SAND?fDNE INTERBEDOED -- SEAL '

WITH MINOR SHALE AND COAL M ' "

140 - HEAW TAR AT 130',
d-> ,

5 . ;~ n
_

< -
. g .,

8 : =4- SCREEN i

: h SUBMERSIBLE PUMP
"

160.0 . = INTAKE AT 164' BELOW"

TO COARSE SANDSTONE, MINOR
'

b h- SAND PACK
'

UGHT GRAY TO WHrTE, MEDIUM -

'=
INTERCALATIONS OF SHALE M _

' -' E ~- BOTTOM PILOT HOLE-

173.0 ! $ 2 ABANDONED BYw
BENTONITE AND CUTT!NGSDARK GRAY TO BLACK SHALE z . . :. . f( AND COAL m PILOT HOLE
7.D.180 0 rrn |180- n --

~

l

*
200 -

_

'230 -

_

240 -

i

_

260 - j

_

280 -

_
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[ WELL/ PIEZOMETER COMPLETION LOG
UNC - REMEDIAL ACTION 86-060-18 711wa ae me

76100.378' 61899.367' suwa camm em 7040.00mm m tw
L BUSH - UNC M. WILCZEWSKICiEcutD Dnmp
F. RAMIRE2 - ROCKY MTN. DRILLING 5-5-89 5-9-89m gre mg
ROTARY 206m mwoo Mir A Ptt? y w m agag ,e 7042.60

WATER AND FOAM wr a, m $~5/8,10-5/8 e w w gar, unset.41 N/Ama
( e SCH. 80 & 40 PVC 2.6 rr. em encump suam 9 n. enow enovie suwet168mm,g m
6" e SCH. 40 P/C WIRE WOUND 168 198mmmu m y n, saa, sacune suwst

SST 6' n 11' 88.5, 167.5, 197-m 47 n. mow enouie wzc
SAND 8-12 SIEVC 158 198mmwa m m n. e siouse sutet

h m BENTONTTE PELLETS . m m149 158 80 SEC. BENT. WUD 113 g n. p enouie suwet149m
CEMENT /BENTONfTE GROUT 0 113amm m ._g n, gno, gnoyee agg

N/A 6885.7um tre czmmee ownes omaass mm n,

GEOPHYSICAL LOGGING UTHOLOGY

DESCR!PTION/ k WELL REMARKSmQ gg _W_ CONTACT DEPTH, FEET CONSTRUCTION QQ% I
. m

II1! 1| ti

BROWN CLAYEY SILT '

5.0

GRAY MU0 STONE, SHALE AND M '

'

- SILTSTONE ALTERNATIONS WITH N |
- BACKRLLWINOR BEDS OF RNE GRAINED '

SILTY SANDSTONE AND COAL
Oil STAINING

, (
~

~ - BOREHOLE
Ei

W *

-._

M - CASING

*0 -
i +,

% ::
_ g

**::

60 -

-
n
imme

n m,

tPEtr

80 - !
I

i
l - CENTRAL-_

i

tZER (TYP.)

98.0
~

DARK GRAY TO BLACK
I / CARBONACEOUS SHALE AND M

- ) MUOSTONE ALTERNATIONS WITH /t

4
,

COAL M /

113.0

LIGHT GRAY, FINE GRAINED v
SANDSTONE WITH THIN INTER- e JL120 - "CALATIONS OF SHALE, OIL )-

'~STAjNING

{ g
- =: - SEAL~
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> WELL/ PIEZOMETER COMPLETION LOG-CONT'D
UNC - REMEDIAL ACTION 84-040-18 711panam m me

GEOPNGICAL LOGGING UTHOLOGY ;

DESCRIPfl0N/ WELL RE S
'

N y _W_ CONTACT DEPTH, FEET CONSTRUCTION g g
f III IIII

AS AlW4 134.0 W Y
l d= = = = =

UGHT GRAY SHALE WUDSTONE | ['
'

140 - AND SILTSTONE ALTERNATIGNS. SEAL,

SOME COAL
|

'
,

'148.0 d d
w w~

l UGHT GRAY TO WHffE, WED6UW -- SEAL
TO COARSE GRMNED SANDSTONE, .y STATIC WATER LEVELI WINOR INTERCALATIONS OF SHALE Qj AT 154.3' BELow GROUND

; AND WUDSTONE 9 9 SURFACE-180 - -
'

,

1
,"==~

'.

180 -
/ D- SCREEN

< = ,

E! = SUBMERSIBLE PUMP

h h- SAND PACK OU D SURF E
^l MI

i

h h BOTTOM PILOT HOLE ,198.0 =
m"200 - DARK GRAY TO BLACK SHALE mammeses ABANDONED BY

AND COAL . . . . .

"
BENTONITE AND CUTTINGS

> M
N ., T.D. 206.0 FEET

- !

230 - i

_

240 -

-

260 -

.

280 -

-

'
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( WELL/ PIEZOMETER COMPLETION LOG
UNC - REMEDIAL ACTION E8-060-18 712 )aw go,,,o a

.
gg

7019.7261900.597' suwst ettvAm rut76498 981' gastgos,,o mg m
M. WILCZEWSki ]L. BUSH UNC C'eEDO E-m,

5-11-89 5-15-89F. RAMRE2 - ROCKY VTN. DRILLING g ,, m |g
185 7022 17ROTARY Torg ogsmi, ,tti Tor W cAmeso mAm FETma

,

37 N/AWATER AND FOAM 5-5/8, 10-5/8 eso. W wa ost. mett sa, secHt$m,,o,wo
1496" 9 SCH. 80 & 40 PVC 2.45 n. AscNt enouuo suwact to n. ecLow enovho suwactrnosecAsseo Mt ANo s21

6" e SCH. 40 PVC, WIRE-wouNO 149 179% w ri. scow enouw swe.tse , ,g ,,a
SST 6" n 11* 90, 148, 178 n. me. - suwggAtetNtas MC ,

SAND 8-12 SIEVE 144 179 n. sc.ow onove suwstpang mPen Mt w sa
134BENTONITE PELLETS 134 144 80 SEC. BENT. MUD ,,og 29 y n. ectow enovho sunrct

'

,,o,, m wta wg
O 29CEMENT /BENTONTTE GROUT ,,o, to n. ettom enouND ssaractm m Mt 3
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-

3EOPHYSICAL LOGGING UTHOLOGY

w. DESCRIPTION / A wCLL REuARKS
3$ gcP,s _W_ CONTACT DEPTH, FEET

f.
CONSTRUCTION g,Q%uses

'
!i!I iliI

4 C g" , BROWN CLAYEY SILT 2.0,

GRAY SILTSTONE, MNE GRAINED __
"SILTY SANDSTONE, MUDSTONEm

'-j AND SHALE ALTERNAT:ONS _ g

% :,' -

a0 - --

+-+t-

.
- - 5

0 6
j * ) 3

~
' - BOREHOLE

+-1- - d }
50.0 8 )

DARK GRAY TO Bl.ACK y '/ h- CASING
- CARBONACEOUS SHALE AND M { f
I COAL INTERBEDDED WITH FINE h f

-

e

f f
i SANDSTONE 80.0g_

/ 3- SEAL1 1

. LIGHT GRAY, FINE GRAINED S!LTY /
' y

f SANDSTONE WITH MINOR /
'

/

J|f1 INTERCA!.ATIONS OF GRAY SHALE, / df '

OIL STAINING-

i !! ~
. 1

E80 * ) >-

$ d'I
) |

- \|', 88.0 /

( h- CENTRAL-,

LIGHT GRAY MUDSTONE, SOME - e

COAL AND OIL 93.0 Z- IZER (TYP.)
;. UGHT GRAY, ANE GRAINED SILTY

SANDSTONE WrTH INTERCALATIONS 3
-p

|- 100 - OF SHALE, MINOR COAL, OIL 3
y/

i

STAINING > d
b

'

)( a s
'

| -- W h h
,

' a 6 s
':20 - M

123.0
p

)' - - h d(SEE NEXT PAGE)
z~

!
I

|
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[ WELL/ PIEZOMETER COMPLETION LOG-CONT'D j
UNC - AEMEDIAL A030N 86 060-18 712g wn . m.

l
~94 )PMICAL LOGGING UTHOLOGY

" ' ' "
DESOR1PTl0N/

'

WELL REWA*K
@ dEsi.[,rq

|

Q %7 CONTACT DEPTM. FEET 00NSTRUCT10N
gm m a ,

t!!!'! !!lI I

UGMT GRAY TO WHEE, MEDIUM = = = Q a
TO COARLE GRAINED SANLSTONE, , , , ,

edL) MINOR IN*tRCALATIONS OF SMALE g
140 - AND MVO$ TONE

' $IAIl0 OAYEN LEVEL
AT 139 BS' BELOw

9 GROUND SURrACE
7

a m or %?_

: E '

. i* =< <

< = .,

160 0 ; g ::160 - "
DARK GRAY SMALE, MINOR |

~

N - SCREEN- m
INTERCALATIONS OF SANDSTONE = 7'

(
_

'70 0 N
' = - SUBMERS9LE PUMP
= INTAKE AT 170.S* BELow' '

GROUND SVRrA;E
UCHT GRAY TO WHITE, MEDIUM k- $AND PACK

-

.. BOTTOM PILCT-HOLETO 00 ARSE SANDSTONE

d=7
= k ABANDONED BY179 0 . r;q

180 - DARK CRAY TO BLACK SMALE mammmen BENTONITE AND OUUiNOS
AND COAL M PILOT-HOLE * 5. a e5 e rrE*6 "

| l_

.

200 -

_

l

230 - t

1

m

!

200 -

i
'

.

i

( 260 -

1

I
250 -

O
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[ WELL/ PIEZOMETER COMPLETION LOG
86-060-10 713VNC REMEDAL AC'10N wm m wusstapg

(2100 030 saws * tJanoa, nry 7021 2876300.001' gastm am .x,w
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6882.60 n,N/A #1U Co ,pmafu it.n t h A W oumet,tsu W

OE0 PHYSICAL LOGGING UTHOLOGY

DESCRIPTION / i WELL REMARKg
CONSTRUCTION gg AD,h y __W_ ,CONTACT DEPTH, FECT

, ,

'
!!! ! II I II

| BROWN CLAYEY SILT k[*f WL f ,g3
'

UGHT GRAY, MNE GRAINED SILTY
- f SANDSTONE, SILTSTONE, '

,

WUDSTONE AND SHALE - - BACKMLL
ALTERNATIONS, Olt STAINING AND h

5 f5
'"

-10020 _ __.

'

-

|

,[
_ - _

'

40 - 1 i,
- BOREHOLE

-
S 8 :--

s - ~,Na

60 - p

t

h
..

2

}80 -

( | @ $

l $$
.

|~

|

100.0 '

100 -

f - CENTRAL-UGHT GRAY, ANE GRAINED SILTY t
SANDSTONE WITH MINOR / IZER (TYP.)
IN'ER0ALAT10NS Or SHALE, OlL Y ,I d

- STAINING % ,

M k - SEAL

=e:d: E
?- l |

'

120 - >

" 127.0
-- SEALBLACK S%E AND C0AL REERHERII
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|| WELL/ PIEZOMETER COMPLETION LOG-CONT'D
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GEOPPfrS10AL LOGGING UTh0 LOGY
DESCR;PSON/

- k WELL RC pKgw$ yoc, CPS [oTe_ 00h?ACT DEPH, FEET 00NSTPv; TION ,Q g, ,,

!|1it I t'iit

. AS ABOVE) * J2 0- --M
* "U3M ORAY TO WHffE, MEDIUM

* STATIC %ATER SEL
' '

TO COARSE GRAINED SAND $ TONE, **

l 'O ~ AT 138 8' BELOWWINOR TH!N SPMLE BEDS
E ! CROUND SURrACE=-= : = ,

3
, =n
, = .

1 $$,0
, b i- SAND PACK

-~

UG4 CRAY SPALE AND 6 ' = '

160 - WUDSTONE | =9ggg g gggggpg gg pyp
M~- $0REEN INTAKE Ai ie?.0* BELO4

UGM ORAY TO WHTTE WEDIUM , = / GROUND SURFACE
O ARSE SANDSTONE, S0WE

,
,

- p ,.

m0 rq g -

3 AaANDONED er-

f! DARK CRAY to BLACK SM - W PILOT-HOLEi AND COAL mummung g [ TO. tTP O TEC*
180 - d

_

!

l
-

i
I
t !,

200 - j j
'
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I
,
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I

i
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APPENDIX B

ZONE 3 - STAGE I AQUIFER TEST RESULTS

An aquifer test was conducted in the Zone 3 - Stage I wells during the
period from May 31, 1989 through June 9,1989 by Canonie Environmental j

Services Corp. (Canonie) personnel. The objective of the tasting, as
stated in the Remedial Design (RD) (Canonie, 1989a), was twcfold. First, a |
single well pumping test was conducted to verify the validity of the

'

hydraulic parameters used in the design. Second, a multi-well test was j

conducted by pumping five system wells simultaneous.'y to simulate operation I

performance. Adjustment to the system design and recommendations for its
operation are presented below, based on the test results.

.

In summary, the well spacing and locations were found to be adequate with
the exception of Well 704, which should be removed from the system. Addi- ;

ticnally, it is recommended that the wells be pumped in cycles rather than !

at a steady rate in order to avoid problems with incrustation resulting
from drawdown into the well screens. '

1

Sinole Well Test

A single well, constant rate pumping test was conducted for 51 hours, from
May 31, 1989 to June 2,1989, using Well 709 as the pumping well. Nine

observation wells were monitored during the test, and a hydraulic response
was observed in four of the wells (EPA-15, EPA-15A, EPA-150, and EPA-150).
The drawdown data from the four responding wells was analyzed using the
Theis equation and yielded an average transmissivity of 115 square feet per
day (1,000 gallons per day per foot) and an average storativity of 2
percent.

Multiole-Well Test ;
. .

A multiple-well test was coniucted by pumping the System Wells 708, 709,
710, 711,.and 712 simultaneously for 91 hours from June 5, 1989 through
June 9, 1989. The purpose of the test was to verify the hydraulic perfor-
mance of the system, based on the cumulative impact of pumping wells in
producing interference drawdown. This was accomplished by observing water
levels at wells located between the pumping wells. !

CanonteEnvironmental
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f Observation wells at the intermediate locations should show combined
drawdown effects from the several pumping locations, which can be predicted
by the hydraulic parameters from the single-well test. In fact, one Obser-
vation Well (5028) showed the predicted interference effect; other Observa-
tion Wells (EPA 15. EPA 15C, and TWQ 127) showed drawdowns predicted by
higher storativity values. This result indicates that a range of storativ-
ity from 2 to 10 percent describes the system. The lower 2 percent value
describes behavior on a local, single-well scale. The higher 5 to 10
percent value used in the design describes the behavior on the larger scale
of the system. These results, combined with the absence of strong direc-
tional responses (abnormally large drawdown, which is not predicted by the
Theis equation), substantiate the design assumption that Zone 3 is a
single, transversely isotropic, granular, saturated material.

Operational _and Desian Modifications

The results of the two tests indicate two points of importance to the
design and operation of the Zone 3 extraction system:

1. The well spacing and locations were found to be adequate; however,
Well 704 should be deleted from the system's construction. The

3 tests indicate that storativity on the local scale is 3 to 8
percent lower than that assumed in the design. The lower stor-
ativity may cause a 10 to 20 percent increase in drawdown in the
pumping wells over time. Althoug'. this will have minor opera-
tional impacts on the system as a whole, two Wells, 710 and 704,
will experience greater effects due to their location at the
center of well clusters. For these two wells, the drawdown will
be 40 to 50 percent greater than predicted.

Well 704, which has not been drilled, should not be included in
the system. Well 704 may produce very little water and, by inter-
ference, will further reduce the productivity of surrounding wells
with a probable net loss of system capacity. This conclusion was
substantiated by use of the existing computer model, usihg the
lower storativity value. Operational pumping rate for Well 710

CanonteEnvironmental
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(already installed) will be evaluated at the time of system
| startup.

2. The specific capacities of the existing wells, summarized in the
attached Table 1, indicate that the pumping water levels will orop
into the screens of the wells during the course of the first year.
In the past, Zone 3 wells, which pumped at levels below the
screen, experienced severe incrustation and plugging. To reduce
incrustation problems, the new wells should be equipped with
automatic controls and pumped in cycles, even though the wells
could sustain a steady pumping rate. United Nuclear's experience
with the existing northeast pump-back wells has shown that pumping
the wells in cycles successfully reduces incrustation.

Due to the cyclical pumping that is being recommended, the moni-
toring of water levels in the Zone 3 extraction wells will not
provide meaningful data. Therefore, the monitoring of water
levels to assess system performance should be conducted in the 19
nonpumping wells listed in Table 2.3 of the RDR, rather than in
the system wells. If collection of static /nonpumping water level
data from the system wells becomes necessary in the future, the
system can be temporarily shut off for 24 to 48 hours, after which
time the measurements can be taken.

Additionally, the testing demonstrated that the existing wells will capture
acidic seepage. At the end of the multi-well test, the wells were pumping
water of the following pH:

W.itll P.B

708 4.2
709 6.5
710 5.9
711 4.0
712 5.9

CanonteEnvironmental
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In summary, the testing has demonstrated the adequacy of the design, with
the necessity of one minor modification. As extraction continues, the

_

necessity for operational modifications will be addressed as they become
evident,

l
.
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TABLE B.1

SPECIFIC CAPACITY OF TEST WELLS AND PREDICTED OPERATIONAL DRAWOOWN

bMulti-well Test a Fredicted Drawdown
Specific Well Operational Operational To Top Of |

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

Discharge Drawdown Capacity Efficiency Discharge Drawdown ScreenWell (gpm) (feet) (gpm/ feet) (percent) (gpm) (feet) (feet) '

;

_________ _________ _________ _ _ _ _ _ _ _ _ . _ __________ ___________ ___________ __________

708 10 26 .38 59.5 5 16.6 19.3 i

1

709 5 30 .17 65.3 5 33.2 24.3
,

710 2 35 .06 49.9 2 35.4 14.0

711 5 11 .45 55.6 5 21.6 11.3

712 5 15 .33 34.0 5 18.8 7.0 I
|

|
|

{

a

Average well efficiency measured during step drawdown test.

b

Total drawdown for.the well, including interference effects, calculated for the first year. Actual
drawdown may be 10 - 20 percent greater due to loss of saturated thickness.

v
w

1
R
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APPENDIX C :

FIELD INSTALLATION REPORT
SOUTHWEST ALLUVIUM EXTRACTION AND OBSERVATION WELLS
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APPENDIX C

FIELD INSTAL 8.ATION REPORT
SOUTHWEST ALLUVIUM EXTRACTION AND OBSERVATION WELLS

1.0 INTRODUCTION

This report presents as built installation data for the Southwest Alluvium
extraction wells (801 through 803) and observation wells (804 through 807).
Figure C-1 shows the locations of these wells.

'

All drilling, installation, and development were performed by United
Nuclear Corporation's (United Nuclear) subcontractors, Professional Ser-
vices Industries, Inc. and Rocky Mountain Drilling, from August 3, 1989 to
August 30, 1989. The field work was supervised by United Nuclear's desig-
nated geologist with consultation by Canonie Environmental Services Corp.'s
(Canonie) field hydrogeologist.

The work was performed in accordance with the specifications and procedures
presented in the Remedial Design report prepared by Canonie in April 1989.

.

.

1

4
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I

2.0 DESCRIPTION OF WORK COMPLETED
:
,

The drilling and installation program consisted of the following items and j
activities:

1. Drilling of 6 5/8-inch-diameter pilot hole for extraction wells
and 6 3/4-inch diameter pilot hole for observation wells;

2. Reaming of the pilot hole to 9 7/8 inch diameter, for extraction
wells only;

i
3. Well installation;

.

i

4. Development of the well; !

5. Testing of the extraction wells; and ;

6. Surveying of final well locations, ground surface, and top of [
casing elevations. t

2.1 Drillina

A total of 7 boreholes were drilled at the site for installation of three
extraction wells (801 through 803) and four observation wells (804 through

'

807) in the Southwest Alluvium. The first three wells were tested to
verify the performance of the system as designed. !

1

Initially, a hollow-stem auger rig was employed for drilling and well !

installation. However, the rig was not able to complete the wells due to
heaving sands encountered in the drilling area and the greater than ex-
pected depth to the Mancos Shale contact. Several attempts at well |
installation ended by locking the casing / screen column inside the-auger
flight. Finally, the decision was made that the hollow-stem augei' rig
would continue drilling the exploratory borings to collect split-spoon >

samples for determination of the lithology of the' formation. Then,-a
rotary rig using fresh water from the mill site water supply well was

CanonteEnvironmental
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employed to drill a new boring adjacent to (within 3 to 10 feet of) the
auger holes. The auger holes were then abandoned by filling them with
cuttings topped by bentoriite pellets.

The boreholes were advanced by rotary techniques with the use of clean
water as the drilling fluid. The boreholes were drilled to the top of the
Mancos Formation. Samples of drill cuttings were obtained at 5-foot inter-
vals or when a change in lithology was noted to confirm the lithology
obtained by auger drilling. Samples were visually classified and logged.
The lithologic description of the cuttings is presented on the Well Com- '

pletion Logs, pages C-9 through C-15.

'The downhole drilling equipment was cleaned and decontaminated prior to use
in each of the boreholes. A high-pressure, hot water, steam-cleaning unit
was used to accomplish this task.

2.2 Reamina

The three boreholes for installation of the extraction wells were reamed to !

a final diameter ;T 9 7/8 inches. All reaming was performed using fresh !
'water and rotary technique.r

2.3 Well Installation

Well construction details are presented en the Well Compit: ion Logs, pages
,

C-9 through C-15. A summary of well completion details it included in
}Table C.I.

The extraction wells were completed with 41/2-inch-ditatter polyvinyl
chloride (PVC) casing and with the same diameter PVC slotted screen. All '

the joints were flush threaded and equipped with 0 ring seals. The slot
size of the well screen was 0.020 inch. The screened intervals were se-
lected in the field based on the lithologic logs and water level. All i

extraction wells were screened from the Mancos Shale contact upward from 20
to 60 feet. Well No. 801 was equipped with 20 feet of the screen, Well
No. 802 was constructed with 30 feet of the screen, and Well No. 803 was

CanonteEnvircomental
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constructed with 60 feet of the screen. All well screens were equipped
with a bottom cap.

The observation wells were completed with 2-inch-diameter PVC casing and
with the same diameter PVC slotted screen. The slot site of the well
screen was 0.020 inch. All the joints were flush threaded and equipped
with 0-ring seals. All observation wells were screened from the Mancos
Shale contact upward from 40 to 80 feet. All well screens were equipped
with a bottom cap.

A sand pack of 16 - 30 sieve size for the extraction wells and 20 - 40
sieve size for observation wells were placed typically to a height of 5
feet above the well screen. Five feet of bentonite pellets were placed
above the sand pac'k as a seal. The remaining part of the annular space was
filled to the ground level with cement grout. The grout material used was
Type 1 Portland Cement with 4 percent bentonite to reduce shrinkege.

Stainless steel casing centralizers were installed in all wells. Three
centralizers were placed in each well, one at the bottom and one at the top
of screened interval, and the third typically in the seal interval.

"

A cement pedestal, 3 feet by 3 feet by 1 foot, was erected around each
wellhead to protect the well from washing by surface water and to reinforce,

: the casing above ground level. The cement pedestal'is bound to the grout,
filling up the annular space inside the borehole.

a
-2.4 Cevelooment

!

q Following well installation, the wells were developed in two stages. The

.) first stage consisted of washing the well screen with fresh water (typi- l

,

cally 3,000 to 5,000 gallons was used), using a specially designed packer,
then swatbing and finally sir-lifting. Air-lifting continued until the
pumped water was cican ind free of solids.

In the second stage of development, a submersible pump was installed in the
well. Development ensisted of surging and overpumping. Pumping wasg

CanonteEnvircnmental 4
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continued until the pumped water was completely clean and free of solids.
Typical total development time for the individual wells was between four
and six hours.

2.5 Testina

A step-drawdown pumping test was performed in each of the three extraction
wells (801 through 803). The objective of the testing program was to
assess well efficiency, specific capacity of the well, dynamic performance
of the pump, and the optimum pump setting depth. The above parameters were
necessary for designing the operational discharge rate. Table C.2 presents
the results of the pumping test.

2.6 Surveyina

The elevations of the tops of all casing and ground levels as well as
coordinates for each well were surveyed after completion. The survey was
performed by United Nuclear field staff. Table C.1 presents the elevations i
and coordinater. for each well.

CanonieEnvircnmental !
,
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TABLE C.1

SIM4ARY OF WELL COMPLETION DATA
SOUTHWEST ALLUVIUM WELLS

Screen Interval Alluvium
Ground Top of Total, --------------- --------------' Surface Casing Depth Casing a a a aWell Date Elevation Elevation a Diameter From To From ToNumber Completed (feet) (feet) Northing Easting (feet) (inches) (feet) (feet) (feet) (feet) -

______ __________ _________ _________ __________ __________ _______ ________ ______ ______ ______ ______
801 24-Aug-89 6,900.85 6,904.32 71,630.35 56,273.79 61.5 4.5 39 59 0 60.5802 25-Aug-89 6,904.02 6,905.84 71,854.39 56,215.05 82 4.5 51.5 81.5 0 81.5803 23-Aug-89 -6,921.49 6,922.58 72,280.56 56,369.62 123 4.5 58 118 0 118804 04-Aug-89 6,902.56 6,906.76 71,770.85 56,302.73 71 2 25.5 65.5 0 65.5.| 805 28-Aug-89 6,910.05 6,915.65 72,154.29 56,339.06 121 2 39 119 0 120

'

806 29-Aug-89 6,910.44 6,916.04 72,182.05 56,371.40 98 2 30 90 0 95807 30-Aug-89 6,919.14 6,923.39 72,490.25 56,492.38 105 2 25 100 0 100

*
!
'

A

. >

b & ;
:

'
a
Depth in feet below ground surface.

t

t

i

o,

CanommeErnircomental
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TABLE C.2

RESULTS OF STEP-DRAWDOWN TES15
SOUTHWEST ALLUVIUM EXTRACTION WELLS

.

Maximum Maximum Specific Well*
Well Discharge Drawdown Capacity Efficiency

Number (QDm) (feet' (QDm/feSt) (DerCent)

801 13.5 18.3 0.74 43.2

802 37.5 36.4 1.03 66.3

803 7.3 49.6 0.15 54.0

,

aAverage well efficiency measured during step-drawdown test.

CanonseEnvircnnedal
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WELL/ PIEZOMETER COMPLETION LOG
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WELL/ PIEZOMETER COMPLETION LOG
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APPENDIX D

SOUTHWEST ALLVVIUM AQUIFER TEST RESVLTS

An aquifer test was conducted in the Southwest Alluvium by Canonie Environ-
mental Services Corp. (Canonie) personnel from October 2,1989 to October ;

6, 1989. The purpose of the test was to determine the operational param-
eters of the 800 series well system, based on the aouifer response to
pumping. The results of the test show that the alluvium has a hydraulic
conductivity of 2 x 10-2 centimeters per second (cm/sec), which is ap-
proximately one order of magnitude higher than the value used for the

_

design, and that the walls of the alluvial valley behave as hydraulic I

boundaries.

The test results indicate that the system will need _to be pumped at an !
initial rate of 27 gallon per minute (gpm), which is somewhat higher than
the previously anticipated rate of 17 gpm. The higher rate is-necessary
due to the fact that the permeability measured in the recent test is higher
than that which was used to design' initial pumping rates.- The boundary
conditions that were encountered during the test also indicate that water
level declines through time will be larger than predicted by theory; as a j
result it is anticipated that pumping rates will be reduced after several j
months.

!
Aauifer Parameters

,

I
iThe test consisted of pumping Well 802 for 48 hours at a' constant rate of !

15 gpm. Water level declines were obter 'ed at Wells 801, 803, 804, 805, d
806, 807, 632, GW-1, GW-2, 300, and 514AD shown on Figure D-1. The water I

level declines observed at Wells 632 and 804' were used to calculate aquifer
properties. Table D 1 summarizes the calculated parameters.

The hydraulic conductivity values obtained' from tnis test, shown or.
Table D.1, are reasc,able for a clean sand (Freeze and Cherry,1979), but |
are an order of magnitude higher than the value of 2.6 x 10'3 cm/sec used
to predict pumping rates for design of the barrier well system. This
result means that the barrier wells will need to be pumped at a rate that
is higher than the design rate for an initial period of time to achieve j

|

|

^

,
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hydraulic barrier to flow. ' As discussed further below, the boundary ef-
fects of the valley walls will improve the barrier efficiency of the wells
with time, counteracting the effects of the higher permeability.

Boundary Effects

The data collected from the test indicate the presence of a negative bound-
ary (a wall, or physical limit, to-the areal extent of the aquifer) in the
vicinity of the test wells. A boundary of this type appears in the obser-
vation well data as water level declines, whica are larger than those pre-
dicted by theory. Calculations of the boundary distance, based on the
drawdown data, indicate that the southeast canyon wall is the boundary
identified by the test.

1
i

Figure 0-1 displays the boundary identified in the test. The strong hy-
i

draulle effects of this boundary will increase the water level declines,
which will occur in response to pumping the barrier system, and enhance the
effectiveness of the hydraulic barrier. The northwest canyon wall is also
expected to produce boundary effects over the long-term operational period ;

of the system. However, a boundary at the northwest wall was not iden-
tified during this test.

System Ooeration

The test results indicate that the system's operation must be adjusted to
account for two tyenulic characteristics of the natural system. First,

the higher permeability (2 x 10-2 cm/sec) will necessitate higher pumping
rates to establish a barrier. Second, with time the boundary effects will t

compensate for the higher permeability, thereby limiting the length of time
for which the higher rates will be necessary,

i

An analysis of well capture zones was conducted, utilizing.the higher
permeability and the anticipated boundary effects. Boundary effects were

;

quantified by extrapolating the test data over a two-month period. This
process indicates that drawdowns in the area of the system will be ap-
proximately 250 percent greater than predicted by theory.

CanonteEnvironrnental
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The revised capture zones and their corresponding pumping rates are dis-
played on Figure D-1. As shown on this figure, the recommended initial
pumping rates are as follows:

1
1. Well 801 - 2 gpm (as originally predicted);

2. Well 802-- 20 gpm (4 x originally predicted); and

3. Well 803 - 5 gpm (maximum pumpable rate).

As system operation continues the boundary conditions will become more
pronounced, drawdown had radius of influence of each well will increase,
and the effectiveness of the hydraulic barrier will increase. Therefore,
after several months of operation, pumping rates can be reduced without
resulting in the loss of the effect of the barrier.

ekly water level measurements are recommended to be taken from Wells GW- '

! GW-2, 514-AD, 632, 804, 805, 806, and 807 during the initial weeks of
stem operation. These data will verify the creation of the hydraulic ;

barrier and allow prudent reductions in pumping rates.

.

I

i
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D-4
TABLE 0.1

| AQUIFER PARAMETERS CALCVLATED FROM PUMPING TEST OF WELL 802

Observed From Observed From.
Well 632 Well 804

2 2Transmissivity 2,500 ft / day 4,300 ft /daya

Hydraulic Conductivity 1.8 x 10'2 cm/sec 2.9 x 10-2 cm/sec
(Horizontal)

Hydraulic Conductivity 1.0 x 10-2
(Vertical)

Storativity 4,8 x.10-3-

1Specific Yield 0.017 1

|
i
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