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1.0 INTRODUCTION AND SUMMARY

This report provides a synopsis of the construction monitoring program

undertaken at Energy Fuels Nuclear, Inc. (Energy Fuels) White Mesa Uranium

project, for the comstruction of the Initial Phase of the tailings disposal
) operations. The White Mesa Uranium project, located in southeastern Utah

about 6 miles south of the town of Blanding is situated on White Mesa, a

relatively flat mesa bounded on the east of Corral Creek and on the west by

Westwater Creek.

The design of the dikes and cells, subsurface investigations, specifications,

o and related information have been presented previously in D'Appolonia Engi-
o neer's Report entitled "Tailings Management System" (D'Appolonia, 1979), _
amendments to the Engineer's Report, and responses to questions from the U.S.

Nuclear Regulatory Commission (NRC).

The Initial Phase includes earthfill dikes for Cell l-Initial (1-I), Cell lA-
Initial (1A-I, east arm of Cell 1-I), Cell 2, and Cell 3, and excavated Cells
1-1 and 2. These cells are used to retain uranium tailings in an area
southwest of the mill. The dikes were constructed using material excavated

i from the cell following topsoil removal. A detailed description of the dike
fill material, methods of construction, and final as-built conditions are

presented in Chapters 2.0 and 3.0 of this report.

Construction of the Initial Phase began on October 4, 1979 and was completed
on July 14, 1981. Construction was performed by Energy Fuels. Soils testing
for dike fill and construction monitoring was authorized by Energy Fuels and

performed by D'Appolonia Consulting Engineers, Inc.

] D'Appolonia personnel were on-site for construction monitoring and testing
from September 9, 1979 to May 27, 1980 except during winter months when no

fill was being placed.

SRS
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In general, the initital phase of the tailings disposal system was constructed

according to design specifications as outlined in the Engineer's Report

(D'Appolonia, 1979) and amendments to the report.

The operations that were

monitored by D'Appolonia are reported herein and elements of as-built con-

struction are shown on the figures presented.
Respectfully submitted,

el ) nisen

Richard J. Greenwood
Assistant Project Engineer

SO = O

Corwin E. Oldweiler
Project Engineer

Michael J, Ta(;}or M/XAAA

Vice President/Project Manager

RJG:CEO:MJT:par
Enclosures
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2.0 DIKE CONSTRUCTION

Construction of the Initial Phase of the tailings management system for the
White Mesa Uranium Project involved the construction of four earthfill dikes,
Cell 1-Initial (1-I), Cell 1A-I (arm of 1-I), Cell 2 and Cell 3 dikes, and two
tailings cells, Cell 1-I and Cell 2.

The location of these elements are shown on Figure 1. This section documents
the construction methods and procedures for the dike construction, fill
density testing and results, laboratory test results on fill samples, and dike
foundation investigations and test results. Description of cell construction

is  presented in Chapter 3.0.

2.1 FOUNDATION PREPARATION

2.1.1 Test Pits

Thirteen test pits were excavated along the centerlines of the four dikes,to
verify the foundation conditions and specifically to determine the extent and
characteristics of the calcareous zone as identified by Chen (1979), and shown
on Figure 1. The test pit logs are presented in Appendix A, plan locations,
are shown on Figure 1 and cross sectional locations with respect to the dike
profiles are shown on Figure 2. Disturbed and undisturbed samples were taken
of representative soil layers along with in-place density tests. The sample
types and locations and the results of the in-place density tests are pre-

sented on-the test pit logs.

2.1.2 Laboratory Testing

Laboratory tests were conducted on the test pit samples to determine the soil
classification, the amount of calcium carbonate (CaCO3) and its effect on the
soil strength when saturated with water or sulfuric acid. The following types
of tests were conducted.

o Grain Size Analysis

~ Sieve
- Hydrometer

DAPPOILONITIA




‘

o Atterberg Limits
o Percent CaCO
o Consolidation—-Collapse

The first two tests listed are common classification type tests and were
conducted to determine soil types. The results are presented in Figures 3A,
3B, and 3C. These tests show that the soils are mostly ML and CL according to
the Unified Soil Classification System (USCS). This information correlates
well with information from previous site investigations (Chen 1978, Chen 1979;

and Dames and Moore 1978).

Percent CaCO3 tests were conducted to determine a quantitative value for the
calcareous materials encountered in the test pits. These tests were conducted
by mixing a known weight of soil with a measured volume of hydrochloride acid
(with a known concentration) which is sufficient to react and neutralize all
the éalcium carbonate in the soil. The next step is to add a base (NaOH) to
the solution until it becomes neutral (i.e., pH = 7.0). The percentage of
calcium originally in the soil (by weight) can be calculated with the weight
of soil and volume and concentration of the acid and base known. The results
of these tests are given on Table 1 and are discussed in the next paragraph

along with the results of the consolidation-collapse tests.

The consolidation-collapse tests were conducted to determine if significant
settlement or collapse of the soil structure would occur if it became satur-
ated with sulfuric acid seeping from a possible leak in the cell liner. Tests
were also conducted with water to assess the effect of the acid versus the
effect of strictly water. The tests were conducted by trimming a sample into
the consolidation ring, loading it in the consolidameter with a maximum load
of 2.0 or 2.5 tons per square foot, and then saturating the sample with either
water or sulfuric acid and recording the change in sample height. This test
procedure simulates the field conditions anticipated from loading the founda-
tion material with the earthfill and then saturating, The results of the
consolidation-collapse tests are given on Table 1. As shown, the maximum

percent collapse or strain measured with saturation was 1.9 percent. Most of
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the tests showed less than one percent strain from either water or acid

saturation.

Based on the results of these tests, removal of the foundation soil, in
general, was not required because castrophic collapse of the soils did not
occur during the testing. As discussed in the next section, selected areas in
the dike foundations were however excavated to bedrock to remove the highly

calcareous soils.

2.1.3 Foundation Excavations

Portions of the foundations for Cell 1-I and Cell 2 dikes were over—excavated
to remove the highly calcareous soil deposits. No highly calcareous zones
were found in the dike 3 foundation area. These over-excavated zones are
shown on the profiles on Figure 2. The soils in these zones were excavated
across the entire dike foundation width down to the top of bedrock. The

excavated soil was placed in stockpiles and not used for dike constructiom.

The surface of the bedrock in the over-excavated portions was thoroughly
cleaned using scrapers and road-type rotary sweepers. This was done to allow
inspection of the rock surface for possible open discontinuities which would

require remedial concrete filling prior to earthfill placement.

The cleaned rock surfaces were inspected and approved by an NRC representative

on October 18, 1979.

2.2 FILL PLACEMENT

2.2.1 Earthfill Construction

Fill placement was conducted using conventional earthfill construction
methods. Material for use in dike construction was obtained from borrow areas
within Cells 1-I and 2. The material was typically ripped and wet down
inplace to bring it up to the correct moisture content. Scrapers were used to

excavate, haul, and spread the material on the fill section in regular
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1ifts. Each lift was compacted using a tamping sheeps foot self-propelled
type compactor to achieve the necessary fill density. The types and numbers

of equipment used are given on Table 2.

2.2.2 Fill Placement on Rock Surfaces

Special procedures were utilized for placing the eafthfill against the cleaned
rock surfaces to enhance good tight contact between the bedrock surface and

the compacted earthfill and to fill surface fractures or voids.

The procedure utilized involved the following steps:

o Thoroughly wetting of the cleaned rock surface prior
* to fill placement.

o Placing a layer of fill, 4 to 6 inches thick (loose
measure) and wetting it to a moisture content of 4 to
5 percent above optimum.

o Compacting the fill with overlapping tracks of rubber
tired equipment such as loaded scrapers (Caterpillar
637D or equivalent).

This procedure was followed for the initial 1lift in each of the areas exca-
vated to rock. After the fill was built up above the rock surface, fill
placement and compaction procedures required by the construction specifica-

tions were followed.

2.2.3 Compaction Control

Control of fill compaction was maintained by daily inspection of fill place-
ment activities and procedures, and by conducting density tests on the
compacted fill material. The density tests were conducted using a nuclear
gauge (Troxler Model 3411B) and Washington Densometer, which was used as a

check on the nuclear gauge.

A summary of fill placement progress by day including general location of £il11
activity, estimated volume placed, and number of density tests performed is
given on Table 3. As shown, the average volume of fill placed per density

test ranged from about 600 to 1000 cubic yards.
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Compaction criteria used for fill control was based on record samples taken
from the borrow area prior to beginning £fill placement. Classification tests
and Modified Proctor density tests were conducted on the record samples to
determine compaction criteria. During fill placement, additional record

G samples were taken from the fills and classification tests conducted as a

check on material uniformity. The results of the record sample testing are
given on Tables 4 and 5. The Modified Proctor test results are shown on
Figure 4. A maximum dry density of 128 pounds per cubic foot was determined
to be the design density based on the initial record sample testing. Sub-
sequent classification and Proctor testing indicafed only minor variation in
£i1l material properties; therefore, the 128 pounds per cubic foot density
value was used as the design density throughout the project. The optimum
water content corresponding to the design density ranged from about 9 to 12
percent. Based on the above results, a dry density of 115 pounds per cubic
foot; corresponding to 90 percent of maximum modified proctor density and a
range of water content from 8 to 14 percent, corresponding to -1 to +2 percent
of optimum water content, was used as the requirement for fill placement,
however, latitude in fill material water content was allowed because the
nuclear gauge water content was determined to be higher than the oven dry
moisture content. This aspect is discussed in more detail in the next

section.

Results of the nuclear gauge density tests for each dike are presented on

Figures 5 through 8. These figures show each test made, including those which
did not pass the density and moisture requirement, and were recompacted or
reworked and recompacted. The individual test results, with comments, are
given in Appendix B. Figures 5 through 8 show that the majority of the tests
passed the compaction criteria and those which did not required remedial work

on the fill material.

2.2.4 Quality Assurance

Quality assurance of the compaction control density testing was maintained by

conducting density tests on a periodic basis with a Washington Densometer
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utilizing a rubber balloon. This independent density test method provided a
means to check the accuracy of the nuclear gauge. A density check test was
conducted by locating the Washington Densometer in the same location as the
nuclear gauge test (avoiding the nuclear gauge probe test hole). Therefore,

v the two tests were conducted in exactly the same material. The results of

Washington Densometer and nuclear gauge check tests are given on Table 6 and
plotted on Figure 9. These tests show that the nuclear gauge density test

results compared closely with the Washington Densometer.

The moisture content from the nuclear gauge tests were also checked by taking

f: a sample of the fill material tested and placing it in the oven. The compari-

son of oven dry versus nuclear gauge moisture contents is shown on Figure

j" 10. The least squares line on this figure show that the nuclear gauge

| moisture contents were about 1 to 2 percent higher than the oven dry moisture
contents. The higher nuclear gauge value was accepted for the fill testing
with the knowledge that it was higher than the actual value. Therefore, the
range of moisture content meeting the compaction criteria was increased by 1

percent and ranged from about 9 to 15 percent.

——
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3.0 CELL CONSTRUCTION

Inspection of cell construction for the Initial Phase of the Tailings Manage-
ment System involved Cell 1-I and Cell 2. D'Appolonia was involved with only
the construction of Cell 2. Items relating to Cell 1-I included in this
report are final cell excavation contours and liner test results. Both items
were provided by Energy Fuels. The remainder of this section discusses the

construction of Cell 2.

&5 3.1 INTRODUCTION

In general, the construction of Cell 2 was performed according to the drawings

and specifications as set forth in the Engineer's Report (D'Appolonia,
1979). Variations from these specifications are described herein and drawings

! of the revised conditions, where appropriate, are included in the appendices.

Construction of Cell 2 began on October 4, 1979 and was completed on May 3,

1980. Major elements of the conmstruction described herein include:

o Topsoil Removal
o Soil Excavation
o Rock Excavation

0 Preparation of Liner Bedding

o Installation of Underdrain System
I;J o PVC Liner Installation
o Liner Cover Placement

o Installation of Drain System

Monitoring of the comstruction operations was authorized by Energy Fuels

Nuclear and performed by D'Appolonia. D'Appolonia personnel observed cell
construction including topsoil stripping, soil excavation, rock excavation,
liner bedding preparation, liner placement, joint seaming and cover place-

ment. The liner related observations were concerned with assessing overall
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adequacy of procedures, but did not include inspection of individual liner
panels for physical integrity, nor testing field seams for bonding. Super-
vision and inspection of the liner installation and testing of factory and

field seams were performed by B.F. Goodrich of Akron, Ohio.

3.2 TOPSOIL REMOVAL

Removal of topsoil in the cell area shown on Figure 1, was performed by

_ excavating to a depth of approximately 12 inches below the ground surface.
;{ Two 637D and one 633D Caterpillar scrapers were utilized to excavate the soil
and place it in areas designated for topsoil placement. Signs were placed on

b the completed topsoil stockpiles for later identification and removal during

reclamation procedures,

3.3 SOIL EXCAVATION

Soil from within the cell area was utiliged as fill for dike construction and

- liner cover. Discussion of dike construction and presentation of test results
are presented in Chapter 2. Areas containing highly calcareous soils, as
shown on Figure 1, were excavated and placed in a separate stockpile area.
These calcareous soils comprised only a small percent of the total soil

excavated from the cell area.

The material excavated from the cell area and utilized as borrow for the fill

construction consisted of mixtures of red sandy silt and highly weathered

[ claystone. Borrow areas used for dike fill within the cells were ripped and

L prewetted using a D10 Caterpillar and a Allis-Chalmers 31 bulldozer with
attached ripper and a Klein K-700 and a Caterpillar Magnum 8000 water truck.
Scrapers and dump trucks were used to haul and spread the excavated material

on the fill for compaction.

3.4 ROCK EXCAVATION

Excavation of rock began upon completion of soil excavation. The rock
consisted of primarily sandstone with localized pockets of weathered clay-

stone. Excavation was performed by ripping the surface of the rock in
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successive stages with rippers attached to the D10 and Allis-31 bulldozers.
The depth of ripping, in any one stagé varied between 0.5 and 3 feet, and
continued until the approximate design elevation or ripping of the rock
surface was no longer possible. After initial ripping, the -material was
cross-ripped to reduce the rock size and material greater than about 12 inches
was transported by truck to the designated stockpile areas. Size of the rock

varied from approximately 6 feet to sand size particles.

' The remaining material was track walked with the bulldozers to reduce the
particle size to a gravel/sand mixture. This material was then used for the
bedding preparation as described in the following section. The large diameter
sandstone and some claystone rock was excavated and transported to the

stockpile areas for later use in designated rock fill areas.

The final cell contours after completion of excavation are presented on Figure

11 for Cell 2 and Figure 12 for Cell 1-I.

3.5 PREPARATION OF LINER BEDDING

The gravel/sand mixture from the rock excavation operation was used in the

preparation of the liner bedding. Caterpillar 825C sheepsfoot compactors were

used to crush the bedding material down to the comsistancy of a coarse sand.

Final compaction of bedding material was performed with a smooth drum vibra-
tory roller. Gradation of the in-place bedding material is shown on Figure
13. This method was used for both the cell bottom and the excavated and fill
slopes of the cell interior. Inspection of the bedding was performed by
D'Appolonia, Energy Fuels and B.F. Goodrich representatives. Areas of
protruding rock fragments were noted and recompacted or removed by hand.

Approval of excavated areas were given prior to liner placement.

3.6 UNDERDRAIN INSTALLATION

The installation of the underdrain system used for collection and detection of

leakage below the liner consisted of a:




1
i
{
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o Twelve (12) inch thick compacted sand layer on
upstream face of the downstream retention dike.

o Three (3) inch diameter PVC slotted pipe installed at
toe of sand layer.

o Twenty-four (24) inch diameter Drisco access riser
pipe and concrete support foundationm.

The sand blanket placed on the upstream face of Cell 2 dike, consisting of
gravely sand, was compacted with the smooth drum vibratory voller and in-place
density tests were performed on the compacted surface. Three tests were 
performed on the underdrain material placed and the results are:

o Dry density range —-- 114.9 to 113.5, average 114.5
pounds per cubic feet.

o Moisture content range —— 2.0 to 2.8, average 2.4
percent.

The three inch diameter PVC slotted pipe was installed at the toe of the
upstream face. At the lowest invert elevation of the drain pipe, at approxi-
mately the center of the cell on upstream toe of Dike 2, a tee connection was
installed and an extension to the access riser was made. A hole was made in
the liner to accomodate the extension and then a seal was made between the PVC
pipe and the PVC liner. This was performed at the recommendation of the B.F.

Goodrich manufacturer's representative.

Installation of the 24 inch diameter Drisco pipe access riser and concrete
support foundation were installed by excavating an area in the rock surface
approximately six inches deep with approximate 3:1 side slopes, with the
surface prepared according to the methods outlined in Section 3.5. The liner
was then placed over the excavated area and made to conform to the excavated
surface. A prefabricated concrete pad (support foundation) was placed on the

liner and the 24 inch access riser was connected to the pad and held in place
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until soil cover material could be placed and compacted to sufficient height

- to maintain the riser without added support.

} 3.7 LINER INSTALLATION
i b ) Placement of the PVC liner for Cell 2 began on April 8, 1980 and was completed

on April 26, 1980, with minor delays due to inclement weather. D'Appolonia
‘personnel were on~site from April 8, 1980 through May 1, 1980, inspecting the
fill placement on Cell 3 dike and also observing the installation of the PVC
liner. Installation of the PVC liner was performed under the direction and
supervision of the liner manufacturer's representative who reported directly

i; to Energy Fuels personnel.

D'Appolonia personnel observed the liner installation for Cell 2 including
liner .placement and joint seaming. The observations were concerned with

= assessing overall adequacy of procedures, but did not include inspection of
Ef individual panels for physical integrity, nor testing field seams for bond-
ing. These latter procedures were performed by the liner manfacturers

representatives.

! D'Appolonia personnel conferred with and advised the Energy Fuels' and liner
manufacturer's representatives concerning installation methods and proce-
gi dures. From our observations, the liner for Cell 2 appears to have been

installed in accordance with the guideline specifications.

RN

o Factory seam tests, quality control tests and field seam tests for the liner
used for Cell 2 are presented in Appendix C and Cell 1-I tests are presented

in Appendix D.

Lo 3.8 COVER PLACEMENT

As previouély described, qualifying soil excavated from the cell areas was
used as cover for the PVC liner. The cover was placed by creating a temporary
ramp at the northwest corner of Cell 2. This ramp, approximately three (3) to

four (4) feet thick was used to provide access onto the liner. The cover
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material was then transported from the borrow areas (Cell 1-I area used as

borrow for Cell 2 cover) across the ramp and spread onto the liner.

The cover material was spread onto the liner by small bulldozers with a

progressing pad of soil to protect the liner from damage. Energy Fuels

provided personnel to inspect cover placement and to identify any damage to
the liner. Areas damaged by the cover placement operation were immediately

repaired.

Upon completion of the cover, selected areas were checked for proper depth.

Depths varying from 12 to 24 inches were observed.

e 3.9 INSTALLATION OF DRAIN SYSTEM

L The drain system designed to dewater and consolidate the tailing was installed

‘ according to the guideline specifications as outlined in the Engineer's Report
ii (D'Appolonia, 1979). »

The drain system consisted of:

o Three 3-inch diameter unslotted sections of PVC pipe
under the access ramp area counnected to,

o 1200 feet of 3-inch diameter slotted PVC pipe with,

o Connecting 1.5 inch diameter slotted lateral drains at
50 feet center to center spacing.

All slotted sections of pipe were covered with a 12-inch thick berm of sandy
gravel. This material was identical to that material used for the blanket

drain on the Cell 2 slope.

The unslotted sections were attached to a 24-inch diameter Drisco pipe drain

B access viser, installed in the same manor as the underdrain access. riser, and

covered with compacted soil and rockfill.

IDAPPOILONILIA
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TABLE 1

CONSOLIDATION-COLLAPSE TEST RESULTS

INITIAL STRAIN
5 DEPTH  CaCO y d w  SATURATING  LOAD  SATURATION
TEST PIT SAMPLE (FEET) % (PCF) (%) FLUID (%) (%)
1 Bl 2.5 1.8 105.4 8.2 H,SO, 1.1 0.1
1 Bl 3.3 1.8 - 117 H,S0,, 9.6 -
1 Bl 3.3 1.8 - 8.7 H,0 9.3 0.1
: 1 B2 6.7 1.2 99.6 11.0 H,S0,, 4.0 1.2
- 1 B2 6.7 1.2 98.8 8.5 H,SO, 5.3 0.5
; 1 B2 6.7 1.2 98.7 8.3 H,0 1.6 1.1
L 3 - 4.5-7 1.2/0.51) 124.5 8.0 HyS0, 3.3 0.04
| 3 - 4.5-7 1.2/0.5  122.7 8.0 H,0 2.0 0.04
5_ 4 Bl 3.5 3.0 92.0  12.5 H,SO0, 8.0 0.6
4 Bl 3.5 3.0 102.7 11.9 H, S0, 1.3 0.1
: 4 Bl 3.5 3.0 99.9  11.7 H,0 3.1 1.9
4 B3 6.0 - 90.1 7.8 H,50, 8.0 0.1
| 4 B3 6.0 - 103.4 7.1 H,0 5.2 0.2
L 6 1 1.5-3.2 0.2 105.3 4.4 HyS0, 5.7 0.3
| 6 1 1.5-3.2 0.2 104.5 4.4 HyO 7.0 0.4
; 6 2 3.5-5.1 0.3 106.8 9.1 H,SO, 4.2 0.04
6 2 . 3.5-5.1 0.3 103.3 9.1 H,O 5.5 0.04
f 9 1 1.5-3.3 0.8 105.0 8.4 H,S0, 3.0 0.01
g 9 1 1.5-3.3 0.8 105.8 8.4 H,0 3.8 0.01
9 2 3.5-5.5 1.2 104.0 7.8 H,S0,, 2.7 0.0
9 2 3.5-5.5 1.2 102.1 7.8 HyO 4.8 0.0
11 - 2-4 1.6 101.1 3.0 H,S0, 4.6 0.5
s 11 - 2-4 1.6 100.2 3.0 - Hy 6.3 0.5
12 - 3-4.8 3.2/2.2 - 5.9 H, SO, 2.3 0.5
12 - 3-4.8 3.2/2.2  106.5 5.9 Hy0 4.7 0.1

(l)Values noted as X/Y indicate results of two tests.
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