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AS-BUILT CONSTRUCTION REPORT
INTERIM STABILIZATION
SOUTH CELL TAILINGS DISPOSAL AREA
UNITED NUCLEAR CORPORATION
CHURCH ROCK FACILITY

1.0 INTRODUCTION

This report describes construction of the fourth and final phase of interim stabilization
and reclamation measures for the uranium tailings disposal area at United Nuclear
Corporation’s (United Nuclear) Church Rock facility. The site is located northeast of
Gallup, New Mexico along State Highway 566, as shown on Sheet 1. United Nuclear
is continuing interim stabilization measures as scheduled at its Church Rock, New
Mexico uranium mill and tailings disposal facility in accordance with the Reclamation
Plan, License Number SUA-1475, as amended, submitted to the Nuclear Regulatory
Commission (NRC) (Canonie, 1987, 1988a, 1991).

The fourth phase of interim stabilization and reclamation consisted of regrading and
placing interim soil cover over the south cell of the tailings disposal area (south cell).
Interim stabilization for the approximate 100-acre tailings disposal area has been
conducted over a three-year period with work progressing from north to south. South
cell interim stabilization was completed during this phase, with work in the north and
central cells completed in 1989 and 1990, respectively. An As-Built Report for
interim stabilization of the north cell was prepared by Canonie Environmental Services
Corp. (Canonie) in January 1990 (Canonie, 1990), and a similar As-Built Report was
prepared for the central cell by Western Technologies, Inc. (WT) in January 1991
(WT, 1991). The first phase of interim stabilization, completed in early 1989,
consisted of constructing two synthetically-lined evaporation ponds to hold and
evaporate ground water extracted from beneath the site. Canonie prepared an

As-Built Report for pond construction in March 1989 (Canonie, 1989).
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Activities for the fourth phase of interim stabilization included:

1. Regrading approximately 23 acres of the south cell of the tailings disposal

area,
2. Placing additional fill to bring the south cell surface up to design grade, and
3. Placing an interim soil cover.

Sheet 2 shows the location of these fourth-phase interim stabilization activities.

Construction services for the fourth-phase were provided to United Nuclear by
Nielsons General Contractors. WT provided geotechnical sampling and testing
services. Appendix A provides descriptions of the daily construction activities in the

Daily Review of Earthwork Construction.

South cell interim stabilization was part of scheduled 1991 reclamation work as
identified in the document entitled "Tailings Reclamation Plan as Approved by NRC
March 1, 1991, License No. SUA-1475" (Reclamation Plan; Canonie, 1991). Interim
stabilization measures, as documented by WT, were constructed in accordance with
the technical specifications and construction drawings presented in the Reclamation
Plan. As-built construction drawings are presented on Sheets 1 through 4 and are

included in the Figures section following the text of this report.

Interim stabilization measures were implemented to minimize emissions to the air
through windblown tailings and radon gas, as well as precipitation infiltrating the
tailings. Windblown tailings from the south cell were minimized or eliminated by

covering the tailings with a compacted soil cover. Before placing the soil cover, the
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tailings were recontoured to provide positive drainage to the center of the cell, while

maintaining a gradual slope to avoid inducing soil cover erosion.

The south cell, unlike the north and central cells, was left in an impounded
configuration to provide secondary containment for the evaporation ponds during the
interim reclamation period. During final reclamation, the south cell will be armored
with a rock-soil matrix, and the southern embankment will be opened up to provide

free drainage into Pipeline Arroyo.

Recontouring of the south cell was accomplished by cutting and filling the materials
located in and around the cell, including coarse tailings, and by importing clay soils
from the Northeast Church Rock (NECR) mine site. Recontouring the tailings provided
placement of low radium content soils over tailings material having a higher radium
content. This soil placement reduces the radon flux from the areas having the highest

radium content, and thus, the highest radon flux rates.

Placing the interim soil cover further reduces radon flux rates from the tailings
impoundment and provides a low permeability cap to reduce precipitation infiltration.
An additional one-half foot of soil cover will be required during final reclamation to
limit radon emissions to the National Emissions Standards for Hazardous Air Pollutants
(NESHAPs) requirement of 20 picoCuries per quare meter per second
(Canonie, 1991).

The following sections of this document describe the interim stabilization construction

activities, provide quality control procedures and documentation, describe as-built

details, and present post-construction monitoring procedures.
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2.0 EARTHWORK CONSTRUCTION

2.1 Haul Road Construction

As part of interim stabilization activities, a 50-foot-wide haul road was constructed
along the tailings retention embankment to the west of the south cell (west
embankment) at the location shown on Sheet 3. The haul road was constructed to
provide access to the tailings disposal area during interim stabilization and final

reclamation construction activities.

The west embankment was excavated to the elevation of the regraded south cell and
widened to its final configuration. The haul road was constructed in accordance with
the specifications contained in the Reclamation Plan, which requires that fill be placed
in lifts no greater than one foot thick and compacted to a minimum of 95 percent of
the Standard Proctor maximum attainable dry density as determined by American
Society for Testing and Materials (ASTM) test method D-698. WT provided in-place
and laboratory soil density testing services for the haul road construction. In-place
moisture-density tests were conducted using the sand cone (ASTM D-1556) method.
A total of 27 in-place moisture-density tests were conducted to verify that
compaction criteria were being met. Appendix B presents the haul road density test
results. Areas that did not meet the required minimum density criteria were reworked

until testing confirmed that the required minimum density standards were met.

2.2 Recontouring the South Cell

Approximately 23 acres of the south cell of the tailings disposal area were
recontoured as part of the fourth phase of interim stabilization measures.
Recontouring was conducted to control ponding and infiltration of precipitation while

encouraging positive drainage without excessive erosion. The recontouring also
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placed low radium content soils (coarse tailings and alluvial soils) over higher radium

content soils (slimes), which reduces radon flux from the tailings disposal area.

The following sections describe the methods and procedures used to recontour the

south cell.

2.2.1 Regrading Coarse Tailings

Coarse tailings were excavated from areas of the south cell where the original ground
elevation was above the regraded design contours. These coarse tailings were placed
as fill in the lower portions of the south cell (i.e., over slimes) to aid in attenuating
radon emissions from the slimes and to raise the elevation of the south cell to the
design grade. The original design called for placing approximately 7 feet of coarse
tailings as fill. Since an insufficient quantity of coarse tailings was available in the
work area, other materials, including affected soils and clean soil, were used as fill.
These imported fill materials have much lower radium contents and lower diffusion
coefficients than coarse tailings and will provide a soil cover with greater radon

attenuating properties than materials used in the Reclamation Plan design.

2.2.2 Construction Methods and Equipment

South cell recontouring was completed with conventional earthmoving equipment.
Table 1 lists the types of construction equipment used for earthmoving operations,
which included scrapers, bulldozers, graders, a sheepsfoot compactor, and a smooth

drum vibratory roller. The bulldozers were equipped with rippers for rock excavation.
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2.2.3 Compaction Criteria and Testing

The Reclamation Plan specifications require the top 12 inches of the recontoured
surface be compacted to a minimum 90 percent of the maximum dry density
attainable by the Standard Proctor method of compaction as determined by
ASTM D-698. This test method identifies the maximum attainable dry density of a
soil under a specified level of compactive effort, as well as the optimal soil moisture
content at which that density is obtained. This criterion was specified for the
recontoured surface to increase the radon attenuating characteristics (decreased
porosity) of the fill material and to provide a firm base for subsequent placement and

compaction of the interim soil cover.

WT conducted specified geotechnical testing and sampling related to field quality
control in accordance with design specifications. Appendix C presents WT's test
results. Field in-place density tests on representative surface samples of fill material
indicated an average dry density of 111.0 pounds per cubic foot (pcf) and an average
moisture content of 8.7 percent. This average dry density and in-situ moisture
content are significantly higher than the values used in the Reclamation Plan design
(97.3 pcf and 6.0 percent, respectively). These values correspond to an in-situ
porosity of 0.33 and a saturation of 46.7 percent, as compared to the design values
of 0.47 and 19.9 percent for porosity and saturation, respectively. The lower in-situ
porosity and higher in-situ saturation of the regraded tailings surface compared to
design values will provide improved radon attenuating capabilities as compared to the

layer modeled in the Reclamation Plan.

In-place field moisture-density testing was conducted using the sand cone method
(ASTM D-1556). A total of 47 locations spaced uniformly over the regraded surface
were tested, of which 39 met the required density specifications of 90 percent of

maximum Standard Proctor on the initial test. The remaining eight locations were
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reworked and retested with all tests meeting density specifications. Although a
specified frequency for density tests was not established in the Reclamation Plan, the
Response to Comments letter dated June 29, 1988 (Canonie, 1988a) specified one
in-place density test per 5,000 cubic yards (cy) of soil placed. Therefore, the upper
one foot of the recontoured surface, which is equivalent to approximately 37,000 cy
of material, would require that at least eight in-place density tests be taken. The 47

tests actually conducted are equivalent to one test every 800 cy of material.

Thirteen additional sand cone tests, designated as "Intermediate Fill" tests, were
conducted on fill placed lower than the top one foot of the regraded surface. These
tests were not required by earthwork specifications, but were conducted to provide
additional information for characterizing the fill material. These tests averaged
106.3 pcf dry density and 11.2 percent moisture, both significantly higher than the
modeled values of 97.3 pcf and 6.0 percent moisture. Appendix D provides results
of the Intermediate Fill tests. The high density and moisture values of the
intermediate fill and the regraded surface indicate that the fill material will provide a
stable base for placing soil cover and that the field properties of this material meet or

exceed those modeled in the Reclamation Plan.

2.3 Interim Soil Cover Placement

A 1.33-foot-thick interim soil cover was placed over the south cell after recontouring
and compacting the regraded surface. The interim soil cover eliminates windblown
tailings originating from the south cell, substantially reduces precipitation infiltration
into the tailings that could impact ground water, and serves to reduce radon flux from

the tailings.
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2.3.1 Interim Soil Cover Borrow Areas

The haul road embankment located on the west side of the south cell and the Borrow
Pit No. 2 stockpile served as the borrow sources for constructing the soil cover.
These interim cover soils consisted mainly of sandy, low-plasticity clays and silty
clays. These soils were placed and compacted in accordance with the specifications

in the Reclamation Plan, as described in the following sections.

2.3.2 Construction Methods and Equipment

The south cell interim cover was completed with conventional earthmoving
equipment. The soil was transported with scrapers and placed with dozers and
graders. Water was added and incorporated into the soil with water trucks and a
rome plow. A sheepsfoot compactor was used to knead the soil, and a pneumatic
roller was used to further compact and seal the soil cover surface. Table 1 presents
a complete listing of the types of construction equipment used for the earthmoving

operation.

The technical specifications in Appendix B of the Reclamation Plan (Canonie, 1991)
specified that the interim soil cover be placed in lifts up to 12-inch maximum
thickness, measured loose. This method was modified in the field to placing one lift
that measured a minimum of 12 inches after water processing and compaction. This
field modification was necessary to minimize contamination of the soil cover by the
underlying tailings material, which could occur when working a thinner lift of soil with
arome plow and sheepsfoot compactor. Adequate density and moisture content were

achieved by increasing the compaction effort and the amount of water added.
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2.3.3 Compaction Criteria and Testing

The Reclamation Plan specifies that the radon barrier over the recontoured tailings be
compacted to a minimum of 95 percent of the maximum Standard Proctor dry density
at a moisture content between optimum and optimum plus 2 percent, as determined
by ASTM D-698. This density criteria was specified to provide increased soil density,
decreased porosity, and higher long-term moisture content, allowing the soil cover to

be an effective radon barrier.

As with field quality control for the recontoured surface, WT was contracted to test
and inspect the interim cover placement and compaction. Appendix E presented WT’s
test results. Field in-place density tests on representative cover soil samples indicate
an average dry density for the cover soils of approximately 111.5 pcf, with an
average moisture content of approximately 15.6 percent. The average dry density
and in-situ moisture content are higher than the values used in the Reclamation Plan
soil cover design. The design values were 108.0 pcf and 12.9 percent for the dry
density and moisture content, respectively. These field values correspond to an in-situ
porosity of approximately 0.33 and a saturation of 84 percent, as compared to the
design values of 0.33 and 68 percent for porosity and saturation, respectively. The
higher density and degree of saturation of the interim soil cover will provide a radon
barrier with improved radon attenuating properties, as compared to the cover modeled

in the Reclamation Plan.

In-place field moisture-density testing of the interim cover was conducted using the
sand cone method (ASTM D-1556). A total of 82 locations spread uniformly over the
regraded surface were tested, of which 58 met the required density and moisture
specifications on the initial test. The remaining 24 locations were reworked until
additional testing confirmed that required minimum moisture-density standards were

met. The Reclamation Plan specifies that one field test for moisture and density be
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conducted for each 500 cy of cover soil, and a minimum of two tests for each day
of cover soil in excess of 150 cy. The cover soil was placed at an average daily rate
of 2,600 cy from August 23, 1991 to September 19, 1991. The interim soil cover
consists of approximately 37,000 cy (i.e., 1 foot of soil on 23 acres) indicating that
a minimum of 74 field tests (i.e., 37,000 cy + 500 cy/test) were required.

The 82 tests actually conducted represent more than the minimum required.

A total of 41 soil gradation and classification tests of cover soils were conducted
during placement of the south cell cover. All tests indicated that the soil was within
specified gradation limits and met soil classification requirements. The reclamation
plan specified that gradation and classification testing would be cohducted a minimum
of one test each day of cover soil placement in excess of 150 cy and one test per
1,000 cy. The 41 tests conducted were based on the Reclamation Plan specifications
of one foot of interim soil cover over the south cell, which is equivalent to
approximately 37,000 cy of soil material (i.e., minimum of 37 gradation tests

required).

The Reclamation Plan also specifies that Full Proctor Tests be conducted for every
15 field density tests and One-Point Proctor tests be performed every 5 field density
tests. A total of 13 Full Proctor tests and 2 One-Point Proctor tests were conducted
during south cell soil cover material placement resulting in a rate of 1 Full Proctor test
every 6.3 field density tests and 1 One-Point Proctor test every 41 field density tests.
The increased frequency of Full Proctor testing adequately compensates for the low
rate of One-Point Proctor testing, since Full Proctor tests are of considerable more
value in monitoring soil compaction characteristics compared to One-Point Proctor

testing.

Three in-situ samples of the soil cover were obtained, remolded, and tested by WT to

determine the soil cover’s permeability. The samples were tested in accordance with
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the Response to Comments submitted to the NRC (Canonie, 1988b). The results of
the testing indicate that the soil cover has a permeability ranging from 1.1 x 10 to
5.3 x 10°® centimeters per second. These results are indicative of a material with a

low permeability, and therefore, a low precipitation infiltration capacity.

The south cell, unlike the north and central cells, was not seeded after completion
of the interim soil cover. The south cell is in an impounded configuration that
precludes off-site transport of eroded material, making revegetation within the cell
unnecessary during the interim reclamation period. In addition, native vegetation has
become established in areas of the north and central cells where re-vegetation efforts
were not complete within one growing season. Native vegetation is expected to grow
in the south cell also. Unfavorable weather conditions did not allow for the seeding
of the cell’s outside embankments after completion of interim reclamation. However,
mulch was crimped into the soil to minimize the potential for erosion. This mulch and
volunteer vegetation by native species is anticipated to be adequate to protect the
embankment against the potential for exposing tailings material until the rock armor

is placed during final reclamation.
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3.0 SETTLEMENT MONITORING

The Reclamation Plan (Canonie, 1991) described a detailed settlement monitoring plan
for interim reclamation activities. The monitoring plan calls for installation of nine
settlement monuments throughout the reclaimed tailings disposal area, placed in the
areas of greatest fill and softest foundation soil conditions. This plan was designed

to verify that settlement of the tailings would not adversely affect the radon barrier.

Three of the settlement monuments, Settlement Monuments No. 1, No. 2 and No. 4A
(SM-1, SM-2 and SM-4A) are located in the south cell. These monuments wvere
installed in the south cell before interim fill placement as specified in the settlement
plan. Sheet 3 shows settlement monument locations. Sheet 4 shows a construction

detail of the settlement monuments.

Settlement monument elevations were surveyed weekly during construction to
monitor the rate of settlement and total settlement of the tailings. Appendix F
presents plots of magnitude of settlement versus logarithm of time. These plots
indicate a maximum settlement of approximately .18 feet at SM-1, .90 feet at SM-2,
and 1.1 feet at SM-4A. These plots indicate that 90 percent of primary consolidation
has occurred. Therefore, continued monitoring is not required per the Response to

Comments (Canonie, 1988b) previously submitted to the NRC.

Canonielnvironmental



13

4.0 CLOSING REMARKS

The south cell of the tailings disposal facility has been regraded and stabilized with an
interim soil cover in accordance with the specifications and construction drawings
contained in the Reclamation Plan. Settlement monitoring indicates that settlement

is decreasing and is not expected to impact the interim soil cover/radon barrier.

Canonie appreciates this opportunity to provide engineering services in summarizing
information regarding work conducted during 1991 in the South Cell Tailing Disposal
Area at the Church Rock Facility. If you have any questions, please contact me
at (303) 790-1747.

Respectfully submitted,

Rlerid B Ky

David W. Kurz, P.E.
Project Manager

DWK/ajw
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TABLE 1

EARTH-MOVING EQUIPMENT

Equipment Type

Caterpillar 633 Scrapers
Caterpillar D-8H Dozer
Caterpillar D-6 Dozers
Caterpillar 14 G Grader
Caterpillar 12 G Grader
Caterpillar 631 Water Wagon
Tampo Pneumatic Roller

Caterpillar 825 Sheepsfoot
Compactor

Water Truck

Rome Plow

Amount

e e T T S G R S =
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