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REPORT OF STABILITY ANALYSES
18-FOOT RAISE OF TAILINGS EMBANKMENT

TO ELEVATION 4076 FEET
MOAB, UTAH

FOR
ATLAS MINERALS

INTRODUCTION

This report presents the results of our stability evaluation

performed for the proposed raise of the tailings disposal embank-

ment system at Atlas Minerals' mill area near Moab, Utah. The

proposed embankment raise is to be 18 feet bringing the final
~

crest elevation to 4076 feet. The location of the tailings dis-

posal facility with respect to the existing plant site and sur-

rounding topography is presented on Plate 1, Plot Plan.

Previous stability evaluations have been performed for the

embankment of the tailings pond system in engineering design

studies performed by Dames & Moore. In these studies evaluation

of the subsurface conditions of the existing embankment and the

underlying natural strata were performed through extensive field

exploration and laboratory testing programa. The studies included

performing additional detailed stability analyses of the existing

| embankment system, and of future embankment ;xtensions to an ulti-

i mate embankment crest elevation of 4076 feet. This present study

incorporates the data obtained during these previous evaluatioas

along with current piezometric and pond surface information.

I
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I
PURPOSE AND SCOPE

With submittals to the U.S. Nuclear Regulatory Commission of

the tailings impoundment evaluation in the form of engineering

design study reports dated February 15, 1978 and February 16, 1979,

detailed analyses for three 12-foot high increases to the overall

embankment height were performed. In those studies it was con-

cluded that the embenkment could be raised from a then-existing

elevation of 1040 feet to a new crest elevation of 4076 feet. In

December, 1979, construction of a raise was completed in which

the embankment crest elevation was increased 18 feet to an eleva-

tion of 4058 feet (the present crest elevation of the embankment

system). Siace it has been established that the increase of the

crest elevation of the embankment to 4076 feet may be performed

with the embankment remaining in a stable condition, this present

study is necessary in order to perform stability calculations in

which only minor geometric changes in the previous stability anal-
|
; yses were performed to complete the design of an additional 18-

| foot raise to an ltimate crest elevation of 4076 feet.

Thus, the purpose of this study is to develop design recom-
I

mendations based on an embankment expansion from crest elevation

4058 to 4076 feet and to prepare the necessary design cocuments
.

for the construction of the expansion. In accomplishing this

purpose the following scope was performed:

1. A review of the previous studies performed in which
the stability of the embankments were analyzed.

|
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2. An engineering analyses based on the geometry of the -

proposed 18-foot raise and the data obtained during
the previous engineering design studies along with
current and projected design piezometric information.

3. Presenting operational requirements including free-
board, beach widths, water level monitoring, and gen-
eral tailings area surveillance recommendations.

4. The presentation of this final report.

PREVIOUS STUDIES #7

The study as presented herein is a re-evaluation of the

overall stability of the future tailings disposal system under

static and seismic leading. The basis of the re-evaluation is

the extensive field investigations, results of the laboratory
4

testing programs, and the earlier stability analyses as reported

in engineering design studies dated February 15, 1978 and Feb-

ruary 16, 1979. These reports plus other reports which summarize

engineering design, construction inspection, and remedial construc-

tion activities of pertinent construction and design studies are

listed below. Copies of the reports as listed appear in Appendix A.

, Esport of xemedial Construction Activities, Tailings Pond -
1 Including the Western Embankment Improvements and the North-
| ern Embankment Subdrain, Moab, Utah, For Atlas Minerals.

| Dames & Moore Job No. 05467-018-06, Salt Lake City, Utah,
dated November 18, 1977.

Report of Engineering Design Study, Additions to Tailings
Pond-Embankment System, Moab, Utah, For Atlas Minerals.
Original submittal - Dames & Moore Job No. 05467-018-06,
Salt Lake City, Utah, dated February 15, 1978. New print-

g ing with revisions dated May 26, 1981 (not reproduced in
Appendix A).

Report of Earthwork Observations and Field Control Testing
Alteration of Tailings Dam - Six-Foot Embankment Raise,
Moab Mill, Moab, Utah, For Atlas Minerals Corpcration.
Dames & Moore Job No. 05467-022-06, Salt Lake City, Utah,
dated January 15, 1979.

,

D"""'"*"-3-

_ _ _ - _ _ _ _ _ __



Report of Supplementary Study, Geotechnical Evaluation of
Tailings Pond - Embankment System, Moab, Utah, For Atlas
Minerals. Dames & Moore Job No. 05467-023-06, Salt Lake
City, Utah, dated February 16, 1979 (not reproduced in
Appendix A).

Plans and Specifications, Tailing Embankment Expansion
Project, 12-Foot Raise, For Atlas Minerals, Moab, Utah,
dated August 24, 1979.

Technical Questions, Tailings Pond-Embankment System,
Atlas Minerals Milling Operation, Moab, Utah, Docket
No. 40-3453, dated September 14, 1979.

Amendment No. 1 to Source Material, License SUA-917,
Atlas Minerals, Moab Uranium Mill, Docket No. 40-3453,
dated October 29, 1979.

Report on Construction Inspection and Embankment Monitor-
ing Program, Tailings Dam Expansion Project, Moab Mill,
Moab, Utah, For Atlas Minerals. Dames & Moore Job No.
05467-027-06, Salt Lake City, Utah, dated February 22,
1980.

Other earlier studies for the project have been on-going since

1973. The results of this early work is summarized in the February

15, 1978 Dames & Moore report.

I
As stated in the introduction of this report, the Dames &

Moore reports of February 15, 1978 and February 16, 1979 summarize

the detailed geotechnical study and stability analysis of the tail-

I ings embankment system. It was concluded in the reports that em-

bankment extensions with factors of safety in excess of those re-

quired by the NRC Regulatory Guide 3.11 could be constructed to

the embankment crest elevation of 4076 feet. In 1979, Atlas Miner-

als had requested to NRC that a raise be made to increase the em-

I bankment crest elevation to 4058 feet. Following this request a

geotechnical review of the 1978 and 1979 studies were performed and

submitted to the NRC and on October 29, 1979 a license amendment
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was issued to Atlas Minercls allowing the construction of a lift

for the tailings embankment system to the elevation of 4058 feet.

FIELD EXPLORATION AND LABORATORY TESTING PROGRAMS

FIELD EXPLORATION PROGRAM

The site conditions are described in detail in the February

15, 1978 and the February 16, 1979 reports. A summary of site

conditions appear in the following section of this report. These

site descriptions are based on the data obtained during the field

exploration and laboratory testing programs performed in conjunc-

tion with the 1978 and 1979 studies as well as the previous

studies reported in 1973, 1974, 1975, and 1977. Locations of the

borings drilled as part of the 1978 and 1979 studies are shown on

Plate 1.

In the February 15, 1978 report, logs of exploration borings

and test pits were included. The borings range in depth from 19.5

feet up to 100.0 feet. Borings penetrated the tailings material

and were extended into the underlying natural sands and silts.

The borings were further utilized for the installation of piezom-

eters and for the installation of open standpipes to measure water

levels. All borings were drilled with truck-mounted rotary wash

drilling equipment.

The February 16, 1979 report contains the logs of 28 addi-

tional exploratory borings which extend to depths of up to 130.0

feet. These borings were also advanced utilizing truck-mounted

-5- oanms a Mare



I
rotary drilling equipment and 16 of the borings were utilized to

install piezometers or standpipes. With the addition of these 18

borings, the spacing along the northeast and southern embankments

is a minimum of 250 feet between any two borings and the spacing

on the extreme northwest embankment is approximately 500 feet

between any two borings.

Sampling was conducted in each of the test borings by a Dames

& Moore soils engineer. The samplers used for obtaining represen-

tative samples to be used for identification and laboratory test-

ing included Dames & Moore Type-U, standard penetration, Pitcher,

Shelby-tube, and piston samplers. The standard split spoon sampler

was used to obtain standard penetration data. Penetration data

obtained by the Dames & Moore sampler was correlated to the stan-

dard penetration values. Field samples were collected and shipped

to the Dames & Moore laboratory by conventional means during the

field work contained in the 1978 report; samples obtained during

the 1979 work were collected, allowed to drain, and then quickly

frozen for shipment to the Dames & Moore San Francisco laboratory.

The freezing process was performed to limit sample disturbance

during the shipment process.

pBORATORY TESTING

Laboratory testing performed on the samples inc1'ided moisture

and density determination, gradation analyses, permeability deter-

mination, Atterberg limit determination, consolidation testing,

static trixial compression testing, and cyclic triaxial compre. ssion

I
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testing. The purpose of the laboratory testing was to obtain data

for determining the strength and deformation characteristics of

I the soils and tailings within the embankment section. A total of

30 consolidated, undrained triaxial compression tests with pore

pressure measurements were performed on the slime and sand tailings.

Test results were interpreted in the normal procedure by plotting

shear stress and failure versus the effective or total stress at

I failure. Cyclically loaded triaxial tests were alse performed

to evaluate the liquefaction potential of the tailings. Both

Dames & Moore and the Corps of Engineers performed such analyses.

The results of the Dames & Moore liquefaction tests were inter-

preted in the direction toward that of conservatism and were deter-

mined to be in reasonable agreement with those results from tests

performed by the Corps of Engineers.

SITE CONDITIONSI
INTRODUCTIONI

The existing tailings disposal site of Atlas Minerals' uran-

ium processing mill is located directly southwest of the mill

area. The disposal area occupies about 130 acres and is bordered

on the southeast by the Colorado River and its floodplain and to

the west, southwest, and northwest by roughly formed cliffs rising

abruptly to about 800 feet above the floodplain elevation. Also,

I along the west and southwest of the pond, Utah State Highway 279

and a Utah Power & Light Company right-of-way lie between the

base of these cliffs and the tailings disposal area. Moab Wash

I
U"""*'**-7-



I
and U.S. Highway 160 lie between the cliffs and the north side of

the disposal area.

The detailed description of the site conditions is presented

in the February 15, 1978 and February 16, 1979 reports. The infor-

mation presented in those reports, as well as site condition des-

criptions presented herein, is based on the data obtained during

the field exploration and laboratory tasting programs performed

in conjunction with those studies. The site conditions described

in the following subsections briefly summarize those detai3ed des-

criptions as well as supplementing the discussions with recent in-

formation.

GEOLOGY

Descriptions and discussions of the physiographic setting,

regional stratigraphy, regional structure, and the site and vicin-

ity geology are presented in detail in the Safety Analysis Report

(SAR) of Moab Mill. The SAR has been submitted by Atlas Minerals

to the NRC as a pertinent document for re-licensing of the mill.

SEISMIC CONSIDERATIONS

In the February 16, 1979 report the seismic design evaluation

was presented with discussions pertaining to seismo-techtonic

setting, and a seismic risk assessment. Based on these results

and for a design mean reoccurrence interval of 500 years, the

postulated earthquake may be taken as a Magnitude VI event with

hypocentral distance of approximately 50 kilometers and a maximum

ground surface acceleration of 0.08g.

Dmms & Moom-8-
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NATURAL SOIL AND BEDROCK

The natural soils which make up the foundation material be-

neath the tailings pond embankments at the site consist of a com-

bination of (1) slope wash from the nearby cliffs, (2) soil de-

posited by the Moab Wash, (3) windblown sands, and (4) alluvial

soils deposited by the Colorado River. To investigate the natural

foundation materials, Borings B-1 through B-19 were drilled in con-

junction with the 1979 study. These borings penetrated into the

natural occurring material below the embankment to depths of up

to 103 feet below the original ground surface. The results of

these borings indicated that the soil-bedrock contact varies con-

siderably within the site area. Sandstone bedrock encountered

along the southeast embankment is found to be about 27 feet below

the natural ground surface. Along the north embankment the depth

to sandstone is 55 feet and alcag the southwest embankment the

depth to sandstone is 103 feet. This was verified by 5 of the 19

borings drilled to investigate the natural materials. Bedrock

was not encountered in any of the other borings which extended to

depths below ground surface of up to 56 feet.

Above the bedrock the natural soils underlying the tailings

disposal area are composed of medium dense to dense random layersIs

and zones of silt, fine sandy silt, silty fine sand, fine to med-

ium sand with traces of silt, and silty sand with gravel. The

near-surface sandy material adjacent to but outside the area

occupied by the tailings impoundment, is loose to medium dease in

'
f
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I
some locations. The higher densities found in the natural soils

directly underlying the tailings pond are partially the result of

consolidation by the weight of the tailings.

I DESCRIPTION OF THE EXISTING TAILINGS IMPOUNDMENT EMBANKMENTS
_

EMBANKMENTS

The existing main embankment sections are defined as those

embankments on the north, northeast, southeast, and south sides of

the tailings ponds as shown on Plate 1. The remaining embankment

along the western side is referred to as the Western Embankment.

The geometry of these embankments are described in detail in the

reports of the previous studies listed in a s'.bsequent section of

the report.

In general, the main embankment sections were formed by the

construction of a compacted starter dike of natural alluvium fill

on which a series of supplemental sand tailings dikes have been

placed by the upstream method of construction. In general, this

construction has resulted in an overall slope of the embankment of

about 2.4 horizontal to 1.0 vertical. The existing supplemental

sand tailings dikes above the starter dike taere constructed direct-

ly upon the hydraulically deposited beach tailings.

The present configuration along the western embankment in-

cludes a 30-foot wide embankment of compacted natural red silty

sand. The downstream method of construction was utilized to form

this embankment section. For a period of time during which the

I
oms a Mure-10-



I
tailings pool level was at and below elevation 1036 feet, water

was allowed to pond directly against the western embankment. At

that time the embankment section was modified to incorporate a

sand tailings chimney filter and blanket drain with a toe drain

of gravel.

The most recent two embankment additions placed August-Sep-

temper, 1978 and October-December, 1979, respectively, increased

the height of the embankment by 18 feet to the present elevation

of 4058 feet. Documentation of these latter two raises are re-

ported in (1) " Report of Earthwork Observations, Field Control

Testing, Alteration of Tailings Dam - Six-Foot Embankment Raise,"

clated January 15, 1979, and (2) " Report on Construction Inspection

and Embankment Monitoring Program, Tailings Dam Expansion Project,"

dated February 22, 1980. The two expansions were performed util-

izing the locally available sandy silt and silty sand natural

near-surface soils as fill material for both the main embankment

and western embankment sections.

TAILINGS

The tailings from the mill process are discharged from a pipe-

line located along the entire perimeter of the tailings impound-

ment. In general, spigots are placed approximately 100 feet a-

part and the normal discharge is such that about four spigots are

in operation at any one time. The slurry discharge results in a

beach wedge of tailings cand between the dam embankment and the

ponded water. The tailings slurry flows toward the ponded water

I
*''6'"-11-

-



at the center of the pond, and the heavier, coarser tailings sands

drop out of suspension first resulting in the sand tailings beach

area. The lighter, finer slimes particles are carried to the

ponded water area where they settle out of sospension. Thus, in

general, the tailings slimes are located within the center of the

pond area.

Most of the slurry deposited tailings adjacent to the pond's

embankments mr.y be classified as sandy tailings material of medium

dense, brownish-gray to gray, silty fine sand. In some of the

areas adjacent to the embankment, layers of from several inches

to 6 to 10 feet of the slimes tailings have been encountered in

borings. Along the area of the western embankment as much as 40

to 50 feet of slimes tailings may be found against the downstream

construction embankment section. The slimes material encountered

in the borings is in general described as stiff to very stiff,

'
grayish-brown to brown silt with a trace to some fine sand and/or

clay.

PONDED WATER

The present requirements for the ponded liquid within the

tailings impoundment area are that a minimum beach distance must

be maintained of at least 150 feet and the elevation of the ponded

liquid must be at least six feet below the main embankment crest

elevation. A reconnaissance survey of the distance from the edge
,

of the embankment crest to the edge of ponded water has been made

at 200-foot intervals along the crest alignment. At that time

'

the existing surface pond elevation was also determined. The

1 ' '"'"'
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I
approximate existing pond surface is shown on Plate 1. This pond

configuration indicates the approximate edge of the ponded water

as recorded z/ Atlas personnel on April 11, 1981. At that date,

the ponded water surface was recorded at approximate elevation

4046 feet.

WATER LEVELS WITHIN THE TAILINGS IMPOUNDMENT

I During the field exploration programs for the 1978 and 1979

studies, the exploratory borings were equipped with either iso-

lated piezometer tips or open standpipes. Recorded levels within

26 of these piezometers were reported in the February 16, 1979 re-

port. The latest reading, as presented in that report, is Jan-

I uary 26, 1979. Ground water levels have been recorded since that

time on a monthly basis in each of i-he standby pipes and piezom-

eters. A record of the most recent water levels is presented as

Table 1 on the following page and compared to the design phreatic

surface where applicable. Also, the April 21, 1981 ground water

levels have been shown in Sections A-A, B-B, and E-E on Plates 3A,

3B, and 3D of the reprinted copies of the February 15, 1978 report.

SEEPAGEI
As reported during our 1978 and 1979 studies, small amounts

of seepage have been observed in three locations within the tail-

ings embankments. One of these seeps was observed along the north
,

embankment at an elevation just above that of the starter dam
g!

W crest; a second seep along the toe of the western embankment; and

|
a third at the extreme south corner of the pond. The seepage at

|
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I
TABLE 1

WATER LEVELS

PIEZOMETER OF WATER LEVEL DEPTH
STANDPIPE BELOW GROUND SURFACE, FEET

LOCATION BY TIP INSTALLATION, APRIL 21, 1981 DESIGN
BORING NUMBER * FEET ** DATE OF READING LEVEL

A-1 65 (S) 40.29 21
A-2 59.5 (S) 22.23 16

5.s
A-3 42.0 (S) 17.91 11
A-4 69.5 (S) 49.22 -

A-5 81.0 (c) 60.45 39
A-6 61.0 (S) destroyed -

A-7 29.0 (S) 17.12 -

A-8 20.0 (S) 15.48 -

A-9 49.0 (S) 28.53 15
A-10 19.5 (S) 17.44 dry 12

B-1 60.0 (S) 54.32 28
B-2 40.0 (S) 27.54 26
B-4 80.0 (S) 25 24
C 3 80.0 (S) 49.12 24
B- 82.0 (P) 80.38 26I B-8 68.0 (P) 52.34 dry 22
B-9 15.0 (P) 14.57 dry 0
B-10 81.0 (P) 79.80 31
B-ll 50.3 (P) 41.98 18
B-- 12 26.0 (P) 22.00 11
B-13 82.5 (P) 86.14 dry 32
B-14 30.0 (P) 29.51 dry 5

B-15 61.0 (P) 67.84 29
B-16 22.5 (P) 18.18 5

B-17 8.5 (P) 8.31 dry 0I B-28 55.0 (P) 53.76 24

D-1 38.0 37.48 dr'f 30
D-2 34.0 33.59 dry 30
D-3 34.0 34.03 dry 30

I *For location, see Plate 1, Plot Plan
**(S) indicates standpipe

(P) indicates isolated piezomcter tip

f

com s nonre

_ _ . - _ .



these locations is believed to be a result of the perched water

above localized slimes layers known to be present at these loca-

tions. Collection systems were constructed at all three locations

and are described in the 1978 report. Fach system has been in-

spected regularly by Atlas Minerals' personnel. On random occa-

sions a Dames & Moore engineer has observed the seepage from these

collection systems. The rate of seepage has in general been con-

stant and is noted as being less than two to three gallons per

minute at each location.

PROPOSED EMBANKMENT ADDITIONI
It is proposed that the crest elevation cf the existing tail-

I ings pond be raised 18 feet to a final elevation of 4076 feet.

The western embankment is to be constructed using the downstream

construction method. The remaining embankment sections, along the

east, north, and south borders is to be raised by the upstream

method of construction.

I
LIQUEFACTION STUDIES

A liquefaction study is reported in the February 16, 1979

submittal. For this study the postulated design earthquake is

a Magnitude VI event with a hypercentral distance of approximate-

ly 50 kilometers and a maximum ground surface ecceleration of

0.08g. To assess liquefaction potentials field observations com-

bined with laboratory and analytical suudies are presently avail-

able ir. well defined procedures to identify conditions of possible

liquefac-ion. In the referenced report, two approaches to assessing

,

L
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I
liquefaction potential of the tailings dam were explored. The

first is an empirical method based on observations of sites where

liquefaction has or has not occurred and uses standard penetra-

tion tests as the index of in situ soil conditions. The second

approach involves laboratory '.eterminations of the number of cycle.s

required to cause liquefaction for various stress levels, and a

comparison of this data with that experienced by the soil profile

during the cours' o" the design earthquake.

I The general conclusion from the empirical method of liquefac-

tion analysis is that the design earthquake will not develop dy-

namic stress ratios sufficient to liquefy the retaining structure.

Likewise, factors of safety against liquefaction based on the la-

boratory test data and as calculated for the tailings deposit are

on the order of 1.90 or greater. Thus, factors of safety obtained

from both methods are well over 1.5 which has been used by many

earthquake engineers as the criteria to indicate suitability of

the site. Based on the analyses presented in the 1979 report, it
'

is our opinion that no major problem related to liquefaction would

occur at the proposed embankment during the postulated seismic

event.

STABILITY ANALYSIS

I
GENERAL

I
A stability analysis was performed for steady-state, seismic,

and end-of-construction loading conditions on two cross-sections

of the tailings embankment. The analysis of these sections was

1"' "'"-16- '
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I
performed as a supplement to tio determination of the stability

as performed during the studies reported February 15, 1978 and

February 16, 1979. The analyses performed during the 1978 and

1979 studier :onsisted of performing stability computations on

seven different sections of the embankment. ihe purpose for per-

forming the supplemental stability computations as described here-

in is to varify the factors of safety calculated in the earlier

studies. The cross-sections used for the computations presented

in this report reflect the geometry of the proposed new raises.

This geometry is slightly different than that in the earlier cross-

sections used. In the subsequent sections of this report we pre-

sent our discussions pertaining to the design assumptions utilized

in our analysis and final conclusions regarding the embankment

stability.

EMBANKMENT SECTIONS .3NALYZED

A stability analysis was performed on two sections of the

tailings impoundment embankment. Each of these sections had been

previously analyzed in the earlier studies. One section, Section

C-C, is located through the western embankment. The section se-

'I lected is considered to be a critical section in the embankment

placed by the downstream method of construction. The second sec-

tion, Section J-J, is located in the extreme south corner of the

impor"iment in an area where tha upstream method of construction

was utilized. Each of these sections were analyzed for the ulti-

I mate embankment raise of 4076 feet. It should be noted that

" '" ' ""''"
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I
Section C-C was previously analyzed in the study reported Feb-

ruary 15, 1978 and Section J-J in the study reported February

16, 1979.

The location of the sections analyzed is shown on Plate 1,

Plot Plan. The geometry of the sections is presented on Plates

2A, 2B, 3A and 3B, Results of Slope Stability Analysis.

I
SOIL PARAMETERS

| The soil parameters used in our analysis were developed in

laboratory testing of undisturbed as well as reconstituted and

recompacted samples as reported in our previous studies of 1978

and 1979. A summary of t. evaluation of the soil parameters is

presented in Appendix B of the February 16, 1979 report.I
DESIGN WATER LEVELS

The design phreatic lines utilized in our analysis are pre-

sented on Plates 2A, 2B, 3A, and 3B. These phreatic conditions

are primarily based upon the data obtained from the existing

piezometers and general operational recommendations. For the

purpose of this analysis, it was assumed that the ponded water

within the storage area will be maintained at a minimum distance

of 150 feet from the embankment crest. A recent series of piezo-

metric readings is presented in a previous section of this report.

In all cases the design phreatic location is well above these

readings.

I
""" 'M=
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I
METHOD OF ANALYSIS

GENERAL

As stated, the soil parameters used in this analysis were

based on laboratory results presented in the earlier embankment

studies of 1978 and 1979. For each of the two embankment sec-

tions analyzed, the proposed ultimate configurations were evalu-

ated under static and seismic loading considerations for the

steady-state seepage and end-of-construction cases. Stability

was calculated by the Simplified Bishop method using a computer

and the certified Dames & Moore Program EP-5A (EP-1). This

Simplified Bishop technique is identical to the method of analy-

ses as used for the earlier studies.

I STEADY-STATE SEEPAGE CASE

I For steady-state seepage conditions and maximum pool level,

effective stress strength parameters were used in the analysis

based on the results of consolidated-drained (consolidated-un-

drained with recorded pore pressure) laboratory tests. These

parameters are shown on Plates 2A and 3A.

END-OF-CONSTRUCTION CASE

I
The analysis for the end-of-construction case considers the

conditions where an 18 foot embankment raise is applied to the

existing embankment sections. For these conditions, it has been

assumed that excess pore pressure equal to the stresses induced

I
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I
I by the dike weight may occur in the fill and deposited tailings

materials below the design phreatic line. In the analysis, the

excess pore pressures were added to the design steady-state pore

pressure conditions. The embankments were then analyzed using

effective stress strength parameters.

EARTHQUAKE (SEISMIC) CONDITION

I
The earthquake (seismic) condition has been analyzed with a

seismic load applied to the steady-state and end-of-construction

cases. The seismic load is represented by the application of a

horizontal force, equal to an assumed percent of the gravity ac-

celeration, to the weight of the soil within the failure circle.

As discussed earlier, a value of 0.08g was utilized in the analy-

sis. The postulated earthquake is a Magnitude VI event with a

hypocentral distance of approximately 50 kilometers. For Magni-

I tude VI event, the average number of significant stress cycle is

about five based. on a statistical study of the strongest compo-

nents of ground motion. For this rather small event, pore water

buildup in the sand or slimes tailings within the embankment will

not be excessive, based on the cyclic triaxial tests performed on

the sand and slimes tailings. A ratio of the excess pore pres-

sure/ effective overburden can be determined for the average number

of significant stress cycles. For sands below the water table, a

ratio of .12 was established from the cyclic tests. For slimes
i

below the water table, a ratio of 0.03 was estimated.

(I
,
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The analysis conducted under seismic loadings was the same

as that used in the 1979 study. That is, two approaches were util-g
O

ized. The first and more standard approach, tctal stress analysis,

used the water levels generally found under static loading and

total stress (u:. drained) strength parameters based on consolidated-

undrained triaxial tests. The second approach, effective stress

analysis, used the same water levels and excess pore pressures of

0.12 or 0.03 times the effective overburden stress, as discussed

above, were applied to the saturated tailings. Effective stress

strength parameters of the soils and tailings were used in this

approach.

To obtain the most conservative results, the total stress

analysis was utilized for the Section J-J and effective stress

analysis for Section C-C.

I GENERAL CERTIFICATION

Dames & Moore has formalized its quality assurance procedures

in a form of a centralized quality assurance organization complete-

ly independent of any project responsibilities. As discussed in

detail in the previous studies, varification, documentation, cer-

tification, and control of the computer soft ware such as the EP-

5A Computer Program (recently renamed as the EP-1 Program) has

been given a general certification under the Quality Assurance

Program.

I
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STABILITY RESULTS

The geometry, soil parameters and ground water conditions

used in this analysis, and the resulting stability factors of

safety are shown graphically on Plates 2A, 2B, 3A, and 3B. The

results of our analyses for embankment Sections C-C and J-J are

summarized on Table 2. The results are in general agreement

with the results of the analyses performed in our 1978 and 1979

studies and show factors of safety to be in excess of those re-

quired by NRC criteria. All factors of safety determined by this

study meet regulatory guidelines presented in NRC Regulatory

Guide 3.11, December, 1977.

TABLE 2

SUMMARY OF RESULTS OF. SLOPE STABILITY ANALYSIS
MINIMUM FACTORS OF SAFETY

END-OF-CCNSTRUCTION '"iTEADY-STATE SEEPAGE
STATIC SEISMIC STATIC SEISMIC

Section C-C 1.52 1.26 1.52 1.26

Section J-J 1.65 1.23 1.64 1.20

I
DESIGN RECOMMENDATIONS

RECOMMENDED EMBANKMENT RAISES

I A total Leight increase af the embankment of 18 feet has been

proposed. Stability analyses were performed to e valuate the ef-

fects of the construction of the additional supplemental dike or

the tailings pond embankment system. Results of these analy,es

have shown that the factors of safet; of the etc.bankment against

' E" "''-22-



I
failure are adequate and the proposed embankment addition may be

made without endangering the stability of the tailings pond em-

bankment system. The western embankment of the impoundment is

recommended to be raised by the use of downstream method of con-

struction; the remaining embankments to be raised through the up-
,

stream method of construction. The freeboard and minimum beach

width criteria as used for the preceding raises should be contin-

ued to be enforced. A minimum freeboard of six feet and a minimum

crest-to-ponded-water distance of 150 feet should be maintained

for all embankments, including the western embankment, after the

construction of this 18-Rot raise. It should be noted that dur-

ing and directly af ter completion of this embankment rai se, the

150 feet minimum beach width in all likelihood will not immediate-

ly exist. A period of time should be allowed for the buildup of

tailings and the receding of the ponded water edge until the 150

foot beach width criteria is met.

Included as Appendix B of this report is the plans and speci-

fications for the construction of the proposed 18-foot embankment

raise. Along the western embankment the addition will be placed

by means of the downstream method of construction. The upstream

and downstream slopes will each be at two horizontal to one verti-

cal. The crest width is to be 20 feet. Along the main embank-

ments comprising all the tailings pond embankments other than the

existing western embankment, the 18-foot raise may be accomplished

by means of the upstream method of construction. This raise also

will have upstream and downstream slopes of two horizontal to one

I
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I
vertical with an embankment crest width of 20 feet. The location

of the upstream constructed addition is to be such tnat the pro-

posed dike's downstream toe will abut the upstream-most edge of

the existing crest. The configuration of this is shown on Plates

B-3A through B-3E of Appendix B - Plans and Specifications. This

configuration provides for an overall downstream slope of 3.25

horizontal to 1.0 vertical. It is recommended that the crest sur-

face of all the proposed additions be constructed to tilt toward

the pond area. The configuration of the crest should be such that

the elevation of the downstream-most point of the crest is two to

three feet higher than that at the upstream-most point. Thus, if

any slurry should flow onto the crest area, it will drain into

the pond area.

EMBANKMENT MATERIALS AND PLACEMENT

I
It is recommended that the embankment addition be constructed

with the materials and configuration as described in the PLANS AND

SPECIFICATIONS in Appendix B of this report. Specifications for

site preparation materials and material placement and compaction

are given in the Appendix. It is recommended that an experienced

soils engineer be present during all site preparation, excavation,

placement and compaction of earth fills. The purpose of the soils

engineer will be to inspect the new embankment foundations and

control the quality of the fill materials and their con.paction.

It is recommended that an inspection report containing all field

" "" '" "' *-24-



density test results and descriptions of the earth work be per-

formed to provide proper documentation and assure the quality

of construction.

OPERATIONAL PROCEDURES AND POST-CONSTRUCTION INSPECTION

In order to control the phreatic surface, a minimum distance

between the crest of the embankment and the nearest point of the

ponded water must be obtained. It is recommended and assumed in

our design that a mcnimum beach distance of 150 feet will be main-

tained at all times along the entire perimeter of the tailings

pond. Further, a well maintained beach will protect the upstream

face of the embankment from possible effects * wave erosion. To

insure against the possibility of such erosion occurring, it is

recommended that an elevation difference of six feet between the

ponded water surface and the embankment crest be maintained at all

times.

In order to maintain a proper beach area and satisfy the above

conditions of the minimum required distance to the ponded water,

the deposition of tailings must be performed by a properly regu-

lated discharge operation. Correct maintenance of the tailings

discharge will result in a sloped beach on the tailings pond sur-

face. With continuously regulated discharge the overall slope

from the embankment to the water pool area should be expected to

approach an overall gradiant of slightly above two percent.

I

U "
* *' m

-25-



!"[TURE MONITORING

In order to maintain surveillance of the phreatic surface, it

is recommended that observation of the 28 existing piezameters, as

listed in Table 1, be continued on a regular basis. Should any of

5 these piezometers be damaged or covered by construction and/or
hi

maintenance operations, they should be replaced. Since the time

of the installation of the piezameters, readings have been taken

on a monthly basis. It is recommended that these readings be con-

I tinued at monthly intervals. The data should be transmitted to

a qualified soils engineer for the purpese of review. Such reviews

should be undertaken continuously in order to detect any gross

changes which may have occurred. Comparative reviews should be

made periodically to dictate any general trends.

EMBANKMENT SURVEILLANCE

It is recommended that the tailings pond be subjected to a

regular program of continuing visual surveillance during the com-

plete life of the pond to that time when the deposited tailings

reach the ultimate embankment elevation. During such surveillance,

attention should be paid to any signs of tension cracking, slough-

ing, erosion, and seepage, and records should be maintained of the

observations mado for each surveillance. Immediate remedial mea-

sures should be undertaken to repair any points of distress noted.

We understand that Atlas Minerals has an on-going surveillance

program which is in accordance to the above recommendations.

I o0o
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!

The following plates and appendices are attached and complete

this report:

I.

Plate 1 - Plot Plan
i

Results of Slope Stability Analysis| Plates 2A and 2B -

;

i Plates 3A and 3B - Results of Slope Stability Analysis
!

4

Appendix A - Previous Studies

:

; Appendix B - Plans and Specifications

!

Respectfully submitted,:

I

DAMES & MOORE

AYL
George C. Toland4

Partner
Professional Engineer No. 2311

,

i State of Utah

|
*

James R. Boddy
Project Enginee;

Professional Engineer No. 4445
State of Utah

;
1

'

GCT/JRB/pc

Attachments

:

!
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November 18, 1977

'l
Atlas Minerals
P. O. Box 48
Moab, Utah 84532

Attention: Mr. William Badger

Gentlemen:

Ten copies of our construction surveillance report entitled
,

" Report Of Remedial Construction Activities, Tailings Pond -
Including The Western Embankment Improvements And The Northern
Embankment Subdrain, Moab, Utah, For Atlas Minerals," are here-
with submitted. Our surveillance activities pertained to con-I struction of the western tailings pond embankment and the northern
and western seepagt- subdrains.

Yours very truly,

DAMES & MOORE

f |-
George C. Toland
Partner
Professional Engineer No. 2311
State of Utah|I

GCT/nb

Attachments

- - _ - . -.
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REPORT OF REMEDIAL CONSTRUCTION ACTIVITIES

TAILINGS POND - INCLUDING THE4

WESTERN EMBANKMENT IMPROVEMENTS ANDI
THE NORTHERN EMBANKMENT SUBDRAIN

MOAB, UTAM
O

FOR ATLAS MINERALS

I
6

INTRODUCTION

This report summarizes the construction of Atlas Minerals'
c

remedial measures carried out from June 24, 1977 through Cctober

e 1977, including upgrading of the western embankment and con-

struction of the northern embankment subdrain. A description

# of the existing tailings pond system and the methods of opera-
|

.

tions are contained in previous Dames and Moore rep 7rts, and
1

are not repeated in this report.

P PURPOSE AND SCOPEEiE
The purpose of this report is to summarize the field

surveillance conducted during the construction of remedial

L measures. In a'ccomplishing this purpose, our scope included:

| 1. To provide engineering guidance to the construction
,

of the remedial measures including:

a. Estimated quantities,

b. Weekly site progress inspections,

c. Compaction and gradation requirements,|I
d. Conformance of placed material as to gradation

and compaction standards,

e. Documentation of field operations.

|
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I
2. Prepare this report svInmarizing the objectives

- obtained.

HISTOR'1 OF EVENTS

Prior to June 23, 1977, Atlas Minerals was operating under

the then existing conditions using an extension of their Source

Material License No. SUA-917. On June 19 or 20, 1977, following

a site inspection by NRC personnel, operations at the Moab Plant

were suspended to adjust areas of non-compliance with the License.

Severs 1 of the points of non-compliance were related to the oper-

ation and existing conditions of the tailings pond; specifically,

a) the stability of the teraporary western embankment and, b)

two seepage areas, one located along the temporary western em-

bankment and the second along the northern embankment. These

areas are shown on Plate 1, Plot Plan.

A temporary remedial program was begun immediately to raise

the western dike to elevation 4,040 feet, and to provide a

minimum crest width of 20 feet. Other geometry including slopes
,

was not affected. While this temporary action was being advanced,

a series of meetings and communications between Atlas Minerals,

NRC and Dames and Moore transpired in which it was agreed to

institute remedial measures consisting of the construction of a

permanent, engineered western embankment capable of water reten-

tion, and construction of a drain and pump-back system to control

seepage along the northern and western dikes.

I
E
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e

DESIGN DETAILS

I
o WESTERN EMBANKMENT

Remedial measures for the western embankment include

$ construction of a downstream embankment capable of acting as

a water retention dam. It is necessary to build a water reten-
o

tion type of structure because water and unconsolidated slime

tailings are presently resting against the upstream face ofo

the existing embankment and a period of time may elapse before

o planned discharge of tailings along the vestern embankment

could build a permanent sand tailings beach. The embankment
o

as it existed following temporary remedial construction, was

i to be upgraded by constructing a widened section downstream

of the existing embankment, including a sand tailings filter

chimney and blanket drain, a sand and gravel toe drain, a
,I

silty sand shell and an upstream layer of rip-rap. The zoned

configuration is shown on Plate 2, Western Embankment Typical

Sections.

Seepage through the embankment is controlled by the

internal chimney and blanket drain system which intercepts

the seepage and channels it out the toe of the embankment.

Where seepage exits the embankment toe, a subdrain and sump'

system will collect the seepage for return to the tailings

pond. Details of this subdrain system are shown on Plates

1 and 3.

As shown on Plate 2, the embankment was designed with

a downstream slope of 2.5 horizontal to 1.0 vertical. Eight

feet of cover was maintained above the sand tailings filter

I
I -3-
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I
drain, and resulted in a minimum total crest width in excess

I of 40 feet. In addition, a sand and gravel toe drain would4

keep the sand tailings from being exposed at the embankment

toe. Specific compaction and gradation requirements were

placed on the embankment materials. The beach sand tailings
>

chimney and blanket drain with a gradational requirement is

shown on Plate 4. Compaction of the material would not bej

required. The sand and gravel toe drain would also be placed

in an uncompacted condition and have a gradation range as

specified on Plate 5. The red silty sand shell would be un-

graded and have a compaction requirement of 95 percent of the

maximum dry density as determined by the ASTM * D-698 Method

of Compaction. The only requirement specified for the rip-rap

zone was a maximum particle size of one foot. The material

I requirements of the embankment are summarized below:
'

.

i EMBANKMENT MATERIAL GRADATION COMPACTED
ZONE TYPE REQUIREMENTS REQUIREMENTS

Chimney and Beach Sand Shown onI Blanket Filter Tailings Plate 4 None

Sand and Shown on

*I Tce Drain Gravel Plate 5 None

Red Silty 95 Percent

I Shell Sand None Of ASTM D-698

Sand, Gravel Maximum Particle
Rip-Rap and Cobbles Size - One Foot None

,

Based on the proposed embankment geometry and materials,

computerized stability analyses were performed on critical*

I
* American Society For Testing And Materials.

I.
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I
sections. This analysis and the procedures used are detailed

in our report entitled " Report Of Engineering Design Study,

Addition To Tailings Pond-Embankment System, Moab, Utah, For

Atlas Minerals," presently being prepared.

NORTHERN EMBANKMENT SUBDRAIN

To control seepage along the northern embankment, a

subdrain was designed for installation along the first bench.

The design was based on a standard two filter pipe drain as

presented in NAVFAC's* manual DM-7. A typical section of

I the subdrain and the gradational requirements of the filter

materials are shown on Plates 6 and 7, respectively.

PLANS OF QUALITY CONTROL

Quality control of construction activities was implemented

by Dames and Moore during construction of the remedial measures.

The intent of our control was to maintain the quality of the

I materials placed including construction to specified lines and

grades, and compaction and gradational criteria. In addition,

I our construction expertise was provided to the Atlas personnel

supervising the construction operations.

|
Gradational controls of the various zones were provided

|

| by Dames and Moore. Daily density-ccmpaction control of the

Zone 3 material was being provided by an outside, independent

! consultant with weekly compaction density checks provided by
1

Dames and Moore. A complete record of as constructed lines

1

and grades and pre-construction cross sections were compiled

|

| * Naval Facilities Engineering Command.
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I
by an independent surveyor. All areas of construction activities

were inspected on a weekly basis by qualified Dames and Moore

engineering personnel. Reports of each site visit conducted

are presented in the Appendix following this report.

PRE-CONSTRUCTION SURVEY

Prior to commencing construction activities, a cross

section survey of the existing western embankment was made

at 100 foot stations by John Keogh, a registered Utah land
)

surveyor. Using this survey, sections of the proposed con-

struction were prepared at 100 foot stations, and the estimated

quantity of in-place anstruction material was calculated.

These sections are shown on Plate 8, and the list of matcrial

quantities is presented below:

MATERIAL QUANTITY IN
TYPE CUBIC YARDS

Sand Tailings
Chimney and Blanket

Filter 10,500

1I Sand and Gravel
Toe Drain 1,000

)
Red Silty Sand

Shell 36,000

! Upstream Rip-Rap Not Calculated

CONSTRUCTION DETAILS

.
WESTERN EMBANKMENT

~

Construction on the remedial western embankment was

accomplished using the outsido construction firm of C&W

Construction, and was completed on September 4, 1977. The

!I
.

D AM E S 3 Moost s.
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I
three zones of material were placed by heavy earth moving

equipment.

CHIMNEY AND BLANKET FILTER

Material for the chimney and blanket drain filter was

obtained from the tailings pond beach area. No compactive

' effort was applied during placement. Gradation test samples

were obtained to check compliance to the gradational require-

ment. The results of these tests , shown on Plate 9, show

that the average percent finer than the No. 200 sieve is'

13.0 percent rather than the maximum of 7.0 percent. In

order to determine the effect of this increased percentage

of fines, permeability tests were conducted on the filter
,

material. These tests indicate that a permeability of at

-3
least 10 centimeters per second is capable of being obtained

through this material. Such permeability is considered suit-

! able for the filter drain.

TOE DRAIN

- Material for the toe drain was imported from off-site

and screened to separate the -3 inch material. This -3 inch

material was placed in a three-foot thick layer as the toe

drain without compactive effort. Results of our gradation

test samples as shown on Plate 10 indicate that the material,

<I being gap-graded, does not conform to the desired gradational

limits; however, again this will not adversely affect the

performance of the filter drains.

>E

,I

,I D A M F3 S C M O O R G
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I
SHELL

The red silty sand shell material, borrowed from an area

adjacent to the tailings pond (Plate 1), was placed and compacted

to the required 95 percent by the passage of the hauling and

I spreading equipment. Compaction tests were performed by Dames

and Moore on samples obtained from the borrow pit. For correla-

tion purposes, periodic compaction tests were performed by

Global engineers during embankment construction. The results

of Dames and Moore compaction tests are shown on Plates llA and

llB. The results of the in-place density tests performed by

Air Photo Surveys and Global Engineering, Inc. of Grand Junction,

Colorado, indicate that adequate compaction was obtained. The

daily field density tests were performed using a Troxler

: Nuclear Density gage. In-place sand cone density tests were

performed by Dames and Moore on a weekly basis to confirm the

nuclear test gage results. These correlation tests indicate
;

the adequacy of the daily test results. The results of all

in-place density tests performed on the embankment by both

firms are shown on Plates 12A through 12G. The detailed inspec-

tion report prepared by Air Photo Surveys and Global Engineering,

Inc. is not presented as part of this report. The locations

.3 of these tests are shown on Plates 13A through 13H.
ig

RIP-RAP

The rip-rap material was obtained from an off-site

borrow source and consisted of sand, gravel and cobbles. In

:E addition, some of the +3 inch material obtained from the Zone

2 screening process was used as rip-rap. The rip-rap was

=,_ m _

-8-
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I
end dumped and graded into place. The minimum thickness of

rip-rap is two feet.

SUBDRAIN SYSTEM

The northern embankment drain was placed as designed.

The filter material was obtained from a local supplier's
s

stockpile of prepared sand and gravel concrete aggregates.

Layout and control of grade was provided by John Keogh, Land
,

Surveyor, while installation, which was completed in October,

was performed by Atlas Minerals' personnel. The subdrain)

drains westerly where it is collected in a fiberglass sump,
>

and pumped back into the tailings pond.

Shortly following completion of the western embankment,

seepage was noted at the toe drain near stations 18+00 to

20+00. The subdrain system as shown on Plate 1, was installed

I and leads to a fiberglass sump where the seepage is pumped

back into the tailings pond. The installation of the drains

was completed in October, 1977.

I
POST CONSTRUCTION SURVEYS

Two additional surveys were conducted by John Keogh

in addition to those previously mentioned. These were 1) a

'I survey by station sections of the completed filter drain
'

system and 2) a final post construction survey of the com-

pleted embankment. 5 se surveys have been used to determine

the as built sections of the western embankment, which are

shown on Plate 14.II

~ ' '

-9-
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'

SUMMARY

Based on our construction surveillance, the western

embankment construction and the northern embankment subdrain

have been adequately constructed (except for minor variations)

I to the lines , grades and materials as originally specified.

The small variations in lines and grades, and the previously

. mentioned variation of the filter materials should not be

detrimental to the overall performance of the project.

O oOoI
We appreciate the opportunity of performing this service

for you. If you have any questions regarding this report, or

require additional information, please contact us.
E
E Very truly yours,

DAMES & MOORE

.

George C. Toland
Partner
Professional Engineer No. 2311
State of Utah

mVI V.

Ronald E. Rager
| Project Engineer

I Professional Engineer No. 4522
State of Utah

g GCT/RER/nb
l5
| Attachments:

Plate 1 - Plot Plan

| Plate 2 - Western Embankment Typical Sections

I Plate 3 - Western Embankment Subdrain
Collector - Typical

Plate 4 - Gradational Criteria - Sand
Tailings Filter

!
-- 3
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P

Plate 5 - Gradational Criteria - Sand and
Gravel Toe Drain

f Plate 6 - Northern Embankment Seepage

| Subdrain - Typical
| Plate 7 - Northern Embankment Seepage Drain

Filter Crite-ia

Plate 8 - Western Embankm: .it - Design
Sections

Plate 9 - Gradational Test Data - Sand
Tailings Filter

3 Plate 10 - Gradational Test Data - Sand and
Gravel Toe Drain

Plates llA and llB - Compaction Test Data
o

Plates 12A through 12G - Summary of In-Place Density Terts

Plates 13A through 13H - In-Place Density Test Locations
'

Plate 14 - Western Embankment - Post
Construction Sections

Appendix - Dames and Moore Site Inspectioni

Reports

'I
!I
'I
'I
I
I
.I
.I
.I
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|

APPROX. M A X.DR Y R EQ'D. FILL FILL ORY %
i TEST DATE L OC ATION E L EVATION DENSITY DENSITY MOISTUGE DENSITY COMPACTION GEMARKS

IN FEET IN RC.F. IN '/o |N 0/o IN R C.F.*

I
1 8-5 8+20, 40'W 4,030 115 90 9.5 131 114

I
2 8-5 10+70, 30'W 4,020 115 90 9.6 124 108

| w
*
<
0 3 8-5 13+00, 30'W 4,017 115 90 8.8 127 110

I
4 8-5 17+00, 30'W 4,020 115 90 8.0 139 121 GVL IN

SAMPLE

> 5 8-5 21+00, 65'W 4,020 115 90 7.8 149 130 ORAVEL
** IN SAMPLE

6 8-12 10+00, 12'W 4,032 115 90 11.4 124 108

\ 7 8-12 15+50, 38'W 4,024 115 90 9.3 113 98

8 8-12 21+60, 55'W 4,020 115 90 10.0 126 110

l
9 8-17 22+00, 70'W 4,026 115 90 10.5 122 106

10 8-17 19+90, 50'W 4,026 115 90 9.6 125 109

11 8-17 12+20, 18'W A,032 115 90 14.3 121 105

12 8-29 14+00, 15'W 4,036 115 90 10.3 107 93 AREA
REWORKED

13 8-29 18+00,20'W! 4,030 115 90 10.7 106 92 AREA
EEWRKED

,

I 14 8-25 23+00, 35'W 4,027 115 90 10.0 118 102

W 15 9-9 16-75, 18'W 4,039 115 90 6.9 119 103

0
'

16 9-9 21+00, 15'W 4,038 115 90 8.3 123 107

17 9-9 23+40, 20'W 4,034 115 90 9.6 132 115

,

,

a

8
5
E
U

h! SUMMARY OF IN - P L ACE DENSITY TESTS ;

DAMES & MOORE TESTS , , ,

PLATE 12A
. . -.



- _ _ _ _ _ _ _ _ - . _-_

I APPROX. M A X.DR Y R EQ'O. FILL FILL DRY %
- TEST DATE LOCATION E L E VATION DENSITY DENSITY MOISTUCE DENSITY COMPACTION CEM ARKS

IN FEET IN RC.F. IN */o IN */o I N R C.F. INO.

I __

.

1 7-30 A10+00, 40'W 4,020 115 95 8.4 114 99

2 7-30 A14+00, 50'W 4,013 115 95 7.1 116 101
3

U 3 7-30 A18+00, 60'W 4,012 115 95 7.7 114 99

I 4 7-30 A22+00, 70'W 4,008 115 95 7.3 116 101

5 7-31 A8+00, 40'W 4,025 115 95 7.8 115 100
jd E

6 7-31 A12+00, 40'W 4,010 115 95 5.6 117 102

7 7-31 A16+00, 60'W 4,011 115 95 5.6 116 101

8 7-31 A20+00, 60'W 4,007 115 95 8.1 115 100

|I
9 8-1 A20+00, 70'W 4,011 115 95 8.4 124 108

10 6-1 419+00, 60'W 4,010 115 95 10.6 120 104

11 8-1 A18+00, 50'W 4,012 115 95 10.2 127 110

'
12 8-1 A13+00, -- 4,014 115 95 5.8 122 106

13 8-1 A10+00, 40'W 4,016 115 95 9.0 111 97

14 8-2 A22+00, 60'W 4,009 115 95 10.6 116 101

15 8-2 A20+00, 60'W 4,010 115 95 10.7 130 113 GRAVEL

j NEAR 'IEST

j
- 16 8-3 A12+00, 30'W 4,015 115 95 7. I 114 99

17 8-3. A14+00 40'W 4,014 115 95 12.1 122 106

1 18 8-3 A18+00, 50'W 4,014 115 95
|

7.1 123 107

19 8-3 A20+00, 70'W 4,012 115 95 13.9 120 104
0

g 20 8-3 A22+00, 60'W 4,012 115 95 5.4 115 100

21 8-4 A6+00, 15'W 4,037 115 95 5.2 120 104|

5 22 8-4 A8+00, 20'W 4,033 115 95 9.6 117 102

} 23 8-4 A10+00, 20'W 4,023 115 95 6.9 119 103o

24 8- 4 A12+03, 30'W 4,022 115 95 8.3 126 110

i I
'

,

SUMMARY OF IN-PLACE DENSITY TESTS-

3

AIR PHOTO SURVEYS AND GLOEAL ENGINEERING TESTSI emmeas a neoosear

e

. __. @



I APMOX. M A X.D R Y R EQ'O. FILL FILL DRY %
TEST DATE LOCATION EL EVATION DENSITY DENSITY MOISTU;iE DENSITY COMPACTION REM ARKS

NO. IN FEET IN RC.F. IN '/o IN */o IN R C.F.
_

25 8-4 A14+00, 40'W 4,020 115 95 8.3 121 105

26 8-4 A16+00, 40'W 4,020 115 15 6.7 120 104
I w

27 8-4 A18+00, 50'W 4,019 115 95 6.7 123 107

28 8-4 A20+00. 60'W 4,014 115 95 6.8 128 111p

29 8-5 A1CH-70, 30'W 4,020 115 95 10.1 122 106

lE $ 30 8-5 A13+00, 30'W 4,020 115 95 9.4 125 109

31 8-5 A17+00, 60'W 4,020 115 95 8.2 122 106

3
32 8-5 A22+00, 80'W 4,015 115 95 7.8 125 109

,

33 8-5 A10+00, 20'W 4,024 115 95 8.0 116 101

115 95 9.2 122 10634 8-5 A12+00, -- --

7 35 8-5 A14+00, -- -- 115 95 7.8 124 108

36 8-5 A16+00, -- -- 115 95 7.8 124 108

115 95 7.8 125 10937 8-5 A18+00, -- --

115 95 7.7 124 10838 8-5 A22+00, -- --

1 39 8-5 A72+00, 115 95 7.8 124 108-- --

W 40 8-8 A 8+00, 30'W 4,031 115 95 7.9 127 1106

h 41 8-8 A12+00, 30'W 4,024 115 95 8.5 124 108

42 8-8 A14+00, 50'W 4,024 115 95 8.2 125 109j

43 8-8 A18+00, 60'W 4,020 115 95 8.3 126 110
,

44 8-8 A22+00, 70'W 4,020 113 95 7.9 127 110

{W
45 8-9 A 6+00, 15 'W 4,037 115 95 9.1 124 108

t.
!

46 8-9 A 8+00, 20 ' W 4,032 115 95 10.3 128 111>
a

47 8-9 A10+00, 25'W 4,026 115 95 9.6 123 107

48 3-9 A12+00, 35'W 4,025 115 95 9.2 123 107

"
49 8-9 A14+00, 50'W 4,025 115 95 7.0 124 108

..

!

SUMMARY OF IN - PL ACE DENSITY TESTS
AIR PHOTO SURVEYS & CLOBAL ENGINEERING TESTSI o = === = a neo ose s

t

PLATE 12C
, __ _ , _ _ _ _



_

AX. DRY | REQ'D.FILL FILL D.7Y %APPROX.
| TEST DATE LOCATION EL EVATION DENSITY DENSITY MOISTURE DENSITY COMPACTION R E M ARKS

O. IN FEET IN PL.F. IN '/o IN */o IN R C.F.

1

50 8-9 A18+00, 50'W 4,022 115 95 8.0 132 115

51 8-9 A20&00, 60'W 4,022 115 95 9.2 122 106
1

52 8-10 A 8+00, 30 ' W 4,033 115 95 8.4 123 107

|y 53 8-10 A 12+00, 30'W 4,026 115 95 8.5 124 108

54 8-10 A14+00, 40'W 4,026 115 95 8.3 127 110

$$ 55 8-10 A18+00, 70'W 4,023 115 95 8.1 124 108

! 56 8-10 A20+00, 65'W 4,023 115 95 8.3 123 107

57 8-11 A 8+00, 25'W 4,034 115 95 9.6 124 108

I
58 8-11 A 10+00, 55 ' W 4,027 115 95 9.5 126 110

59 8-11 A12+00, 25'W 4,027 115 95 8.6 125 109

60 8-11 A14+00, 50'W 4,027 115 95 8.2 125 109

61 8-11 A18+00, 60'W 4,024 115 95 8.4 126 110

62 8-11 A20+00, 60'W 4,024 115 95 8.7 123 107

63 8-11 A22+00, 75 'W 4,024 115 95 8.5 124 108

64 8-12 A 8+00, 20'W 4,034 115 95 8.4 126 110

65 8-12 A 12+00, -- 4,028 115 95 8.7 124 108

I
66 8-12 A16+00, - 4,028 115 95 8.4 126 110

67 8-12 A 18+00, -- 4,025 115 95 10.0 122 106,

68 8-12 A22+00, - 4,025 115 95 9.0 123 107

69 8-15 A 8+00, 15 ' W 4,036 115 95 8.6 122 106
<

70 8-15 A 11+00, 30 'W 4,030 115 95 9.1 121 105

71 8-15 A15+00, 45'W 4,024 115 95 8.4 123 107>
m

72 8-15 A18+00, 60'W 4,017 115 95 9.4 119 103

73 8-15 A23+00, 80'% 4,017 115 95 8.8 119 103

"
74 8-16 A 10+00, 20'W 4,032 115 95 11.5 118 103

! SUMMARY OF IN - PL ACE DENSITY TESTS
AIR PHOTO SURVEYS AND GLOBAL ENGINEERING l'ESTS

_ _



A Pir AOX. M A X.DR Y R EQ'D. .' l L L FILL DRY */,
TEST DATE LOCATION E L r. VATIO N DENSITY DENSITY M0i$TUR E DENSITY COMPACTION R EM ARKS

NO. I' , FEET IN RC.F. IN '/o IN */o IN R C.F.
I i i

|

75 8-16 A 14+00, 40 ''t 4,026 115 95 9.6 120 104

w 76 8-16 A 16+00, 4 J ' W 4,023 115 95 7.2 118 103

77 8-16 A 18+00, 75 'W 4,018 115 95 9.9 118 103

s
78 8-16 A 22+00, 70'W 4,018 115 95 10.0 121 105

I

79 8-17 A 10e >0, 40'W 4,031 115 95 8.2 118 103,

60 8-17 A 12 &OO, 42'W 4,030 115 95 8.4 118 103
'

81 8-17 A1++50, 55'W 4,025 115 95 8.3 118 103.

82 8-17 A17M0, 67'W 4,020 115 95 8.7 118 103

83 8-17 A:1+v0, 4,019 115 95 8.4 116 101I
--

,

84 8-18 A.2+00, 35'W 4,031 115 95 8.9 118 103

85 8-18 Al6+00, 57'W 4,022 115 95 8.8 120 104
,

86 8-18 Al'.+00, 50'W 4,020 115 95 9.1 118 103

8) 8-18 A21400, 75'W 4,020 115 95 8.7 117 102

88 8-19 A10+00, 20'W 4,034 115 95 9.1 122 106

89 8-19 A14+00, 40'W 4,027 115 95 9.0 120 104

90 8-19 A18+00, 55'W 4,021 115 95 9.6 120 104

91 8-19 A21+00, 45'W 4,021 115 95 8.8 120 104

92 8-19 A23+00, 45'W 4,020 115 95 9.3 121 105

93 8-20 A12+00, 15'W 4,033 115 95 9.0 125 109

y 94 8-20 A15+00, 55'W 4,025 115 95 8.0 122 106

95 8-20 A17+00, 65'W 4,023 115 95 6.1 123 107i

'

96 8-20 A19+00, 70'W 4,023 115 95 8.7 119 103

g 97 8-20 A22+00. 75'W 4,023 115 95 9.9 116 101

I 98 8-22 A14+00, 20'W 4,031 115 95 9.2 118 103

I SUMMARY OF IN - PL ACE DENSITY TESTS
AIR PHOTO SURVEYS AND GLOBAL ENGINEERING TESTSI e mmees a neo cene

_ _ _ _ _ _ _ _ _ _ _ _ _



_ _ _ _ _ _ . _ _ _ _

I APPROX. M A X. DRY R EQ'D. FILL FILL DRY %
TEST DATE LOC ATION E L EVATION DENSITY DENSITY MOISTunE DENSITY COMPACTION r.E M ARKS
" O' IN FEET IN R C.F. IN */o IN '/o I N R C. F.

-

99 8-22 A 17+00, 55 ' W 4,024 115 95 6.4 117 102

100 8-22 A 20+00, 55 'W 4,024 115 95 8.4 118 103

101 S-22 A 23+00, 30'W 4,024 115 95 9.0 117 102

102 8-23 A12+00, 8'W 4,035 115 95 8.8 119 103

103 8-23 A 16+00, 45 ' W 4,030 115 95 9.0 119 103y ,
e

104 8-23 A19+00, 35'W 4,024 115 95 9.1 117 102

105 8-23 A23+00, 60'W 4,024 115 95 8.3 120 104

106 8-24 A12+00, 10'W 4,036 115 95 8.2 119 103

107 8-24 A16+00, 30'W 4,031 115 95 9.0 118 103

108 8-24 A20+00, 55'W 4,025 115 95 7.8 118 103

109 8-24 A23+00, 48'W 4,025 115 95 7.6 121 105

110 8-26 A13+00, 20'W 4,034 115 95 9.2 120 104

111 8-26 A16+00, 30'W 4,033 115 95 8.5 121 105

112 8-26 A20+50, 50'W 4,026 115 95 10.6 117 102

113 8-26 A23+00, 50*W 4,026 115 95 7.9 117 102

| 114 8-27 A13+00, 20'W 4,037 115 95 8.3 124 108

115 8-27 A19+00, 50'W 4,027 115 95 9.8 121 105

116 8-27 A22+00, 50'W 4,027 115 95 8.7 120 104

|
| 117 8-29 A14+00, 15'W 4,036 115 95 7.6 118 103

iW 118 8-29 A23+00, 35'W 4,027 115 95 8.2 116 101

| 119 8-29 A18+00, 20'W 4,s30 115 95 8.4 114 99

|

| 120 8-30 A16+00, 30'W 4,030 115 95 9.1 116 101

| C

| y 121 8-30 A194 0, 20'W 4,030 115 95 9.8 118 103
1 U

| h 122 8-30 A23+50, 30'W 4,028 115 95 9.4 116 101

1

1

i SUMMARY OF IN-PLACE DENSITY TESTS
AIR PHOTO SURVEYS AND GLOBAL ENGINEERING TESTS,

PLATE 12F



APPROX. M A X. DRY R EQ'D. FILL FILL DRY %
TE DATE LOCATION E L EVATION DENSITY DENSITY MOISTURE DENSITY COMPACTION CEM ARKS
N

IN FEET IN RC.F. IN */o iN */o IN R C.F.*

I
123 9-1 A23+00, 50'W 4,d30 115 95 14.9 114 99I 124 9-1 A18+00, 30'W 4,032 115 95 8.8 120 104w

5
-0 125 9-1 A15+00, 10'W 4,033 115 95 8.5 123 107

126 9-2 A17+50, 20'W 4,035 115 95 8.8 117 102

3 127 9-2 A19+00, 30'W 4,033 115 95 4.3 122 106
U$

128 9-2 A22+50, 30'W 4,031 115 95 9.7 122 106

129 9-6 A22+50, 40'W 4,032 115 95 10.5 110 96

130 9-6 A17+50, 25'W 4,033 115 95 10.0 109 95

131 9-6 A15+00, 15'W 4,040 115 95 7.5 109 95

132 9-7 A18+00, 30'W 4,036 115 95 8.9 111 97

133 9-7 A22+50, 30'W 4,034 115 95 8.3 119 103

134 9-7 A18+50, 20'W 4,036 115 95 11.8 112 97

135 9-7 A16+50, 20'W 4,038 115 95 9.5 117 102

136 9-8 A18+00, 30'W 4,037 115 95 11.7 122 109

137 9-8 A22+00, 30'W 4,036 115 95 15.7 121 105

138 9-8 A23+50, 30'W 4,035 115 95 10.4 118 103

139 9-8 A19+50, 30'W 4,037 115 95 10.2 119 103

I
N

i

a

S
*

5
1

|

! SUMMARY OF IN -PL ACE DENSITY TESTS
AIR PHOTO SURVEYS AND GLOBAL ENGINEERING TESTS,

|I - - - - - - - - -

|

PLATE 12G|



%
2
*
7 a

_ '

A
e
s

A * L_T TS S * I

. * A.E l * tR - * PC *
7 *T

N T

-E S
M I

-
K H
N C
A

'B T
M N
E E 'M
L K
A N
N A

HG
I M
R EO -

~
~

~.

~

~
.

~
N ~ON

O.

I 'T
AT

'C 0A 0OC - .. * 0^O l 5 . 6 4
T 4 .t

T S < . A.

S
-

%
t AI TE

ST Y
TY

I
SI

*

T 0
S N 2

NG DE

E N
TD8 E /H E

RE NOE
t

F

AEEN CR E
L I D O O

G O T 0^C NUN MAE T
N S& NLS SS % M

L
AE E E

M
B

Ct
I % E

2

T O TM K
A A NAI G CD A

) 0D_ Y Y MND ID EN

_
YO g

_ M
_

.

N
_
_

_

S
F
l
i

F
O
R
P

% i

_ T.
_ l

H
1

%

f

S_ A

M
O.

~
R
F
O
F

~-
vg
a
r
n
N

E
t

A

P

D
I

T
O

E
N

E
i' ) 2 '

, :a
. | ,

.| ,
I 1

J a. . *
. e * e e ' l e 1 I 3 4 1 e 1 e i e

ji 1 iii' . 1



=
,

_

_-
-

S_
_

_

5 _e

_ _, E _

. T _

. A

. L

. P

.

0
5,
9

A

_ - A
-

T T

_.
- SS

E -R T
C S .

F -
T H
N C -E
M T

_
.

_

K N
N I _

A M _B K _
M N _ _

i v
. _E A

l

N L M _. -y _

O A E _NO _.
l

l

t
4

a l

G _ R _
- AI

i

A' -r 8

_ Gf _ E
C RA

c O. O
O l

_ TOt T
5 L o_ _r
~I _s E 4
T V _

_
E

Ai Y _

T RY 0 G
iT 5

4 D
f _ Ns
a

_
G A4

D>
0 _i N D 2 .

DI E
RE t _H 4

A
N

OEAE SCH _ T
EN

uN AfO
_ y mi I D OGC 4

M ,
_EN S&

sL SS _
. d

AE F E _3'' IM _O^ A A
ct C D _

t _ N
'6_ " DI .

" lY 4lY
_
_

'f tt

E O

YO A _
F

_.
_ E _
_ M .

_

. . 0.

_._ - 0
*_.

O% g ,)09 2 8
2 4 s -6 o Ak

-
.

._ 6 2
4 .S A

- T
_

- S_

_ -
.

- S
_

- E
_

t

_ i

. F

.

O
_H

_
_ P
_
_ , ", T

I

H
, E H

t

O

_

%
I

S
_.

__
I A

. ~ N M
_

_ - 1

R
8 O
l'

_ ' ;K F
_ ' IN D

5 F
,

2 V
t. I*

Hi ?
'

i

A D
A N
T A

-S t

P

;

E_
T
O
N

a (
i |j1{jI4 4 {,i' 1 < ' 3! { .ii1\i

I & !i-|?)|ji!I:I|
i |j



c L

I

0
5, +

_ 2 C

_
1

3

A 1

_

_ * E

_ A
T * T

_ S * A
_ * L

_ '

* P*
"

_

M
3

_d_
_

_
0

_ 0_

+

M
l -

(

$_%N@3
e _s 8

|

d )

g 2o 4 4
b _

1

i As _
9 A

_ T
S

_

M l

_

T
S

_~ -E
(

_
C

_T

N

M
I

_ _
M

_K
N

_A
H

_M _

M
E

/ _
d

_y
K4

0 _

_ -I

M
1 A

O . q
I

C
.A .

C .

TO
_ IN 0-

t

t T S _ 4
S E A
E R _ RT

S C DlE _ ET Y T
Y N _ OT

T

51

SI ET

N M _ L 0
E M E 2

NG D N ._ VN A AI

DI
4 D _ G t

ER R i

RE t MOE tAE E _ D eEN CR N
1 I D O L . A_

G O .C N A D 0N MA N _

M
tI
J

N
N . S& G A
Sl sS I _ SA R

t' E O -l H
O iM _ f -T

r
A A / L _

tA
ICl C rG I D / %D D 0PY
Nl 4 Y

1 _ 7
I l li1

Yg A _
_ /E e _ #

M

t

_ '

E
_ D

I

_ S
I T

_
I F
f4 l

f

_ M O

...
4K H

.
r l'

. A

al
T

_
l

L

M .
F. 0 J

8

t

..
f

0, l
. i
.

_ 03

g e, k' - / A
_4
.

1 S2f7
(

n
n ' - MA

~ T O
iS l

- F

- O

- V
i

-
l

l
i

-
I

H
- i

t
- A.
- 0 28

m
-

5 I

9
- --

A E~~
- I

~ A OT N
|

S

s , i

't ! ii!|, <1; ;1; 7{| i1| || ;|
i' i p

I.lI
:f e 4. a, t

'



8
3
e

0
0 E

M 1

P

T+ A5 L
0 A _4C ,

- _T
_9S AE

R _ . TT
S S

i_
.C .

t
t

T
N C

.

E
.

~

N Mi ~
TM N

~K

A -
-

M
4K

-B
-t

A -E
H - ~

L M -

~A E

GI
e,,'IN 8 'O

'R

^O
~j

m
/

_ _e

s
_

_
_

M
_. _N

" 4 -' O
f 0

- 0" A

O.
r M~ %

+
C

O 2 0 4^ ,
- 1

>b 6C
1 d<

T
< 0 A

T l 2f ~4
' S

l $'
4 A

~ T 0,' L
S 4_

~ ~
I' ' .

. ' Y _

- _I*
" 51 ~

.

4
- p -4

"G ) ~" F
A _.!

'N f R _.

" I E _ D 0__
2-

M 4

14

H 4

O
E

"F t

t C, Ot
_ TOE^ t t

.
iFe

'6 O _ L f
t

E eC N M Vt

_
' A'E A"L S & R 0_SS . _ G _S A' f I

_ N
H D' O lM^ A A ACI CD _ D'G t

"Y
rH"O 4D 'e . N
I

. A.

S

"Y.
O g _

0

'y
7

_i

K _

_
.
.

.

.

. S
0 _ E0

' _ I

4 L0 'O - F
- OE
- O R

~
I P

T
T

- ILH U
- l DM
~ K

-

N S
~ AA
~

1

M1

M
~ I

O
R

- F
0 D

- 5 E+ V-
_

2 I

' _ 1 R
A E

M
D

A NT

S A
L
P

M
O
I
O~
N-

-

a . ;40 5
ra ' - ;
rs ' 'j.

.
.

, ji,i j!,. j , -\<|,'!l fg ! a <i lfi . .i1|:.i ,.;$ r l |.l14 | i,11; .jt 11i <a i i a 1.

.
-



-
5
7
+ Ei

7
3 S

T _ A -

I

ES _ T
E A AR _ T L
C . S - P

-_
T h -

- m_N 6 0E 2
1 _M

3 3

0K
_N

A _B _

M _ -

_

E -
_ -

L _A
N -

N8G
-

~
~
~

_

~ _

D -
O -

N -
O

f0N -

~uI
T

T A
A C
C O ~-O L

~N
L T

E
T S
S E 'A

~ME T
T Y

T SIT
_ EY O 0_
_ 9

SI N T
E 5 S _4 G 3DN d R ~
D E y-DI E AR

R. E N
C R

/E Og ~ GTEN CR
LI D O H - D

N MG F
M ~ AC N OU N AME K ~ D _

___

H S& N N i _

L tA ~ AS SS tA B SE EE f
B
O M M ~

y
1 T

AL A E

E IN

C A ~ OKG I D
Y D _Y4
S frl

.f

h
- 0tO 6

i 6 6 2 -
0

M
l fl' $7 N

g% "
6

f - 5

M.
( G g1) 7

(06 5 - A3 8
~

'A

~-
~ i

S
_

' _

' _ ,

~

d~
- S

E E
, - 0 L

- 1 I

F
O-

T- RN,

_ P

E _I
ES _ M T

_ K L
N UI._ - A D

- B
-

- M
-

- E S

E ~ - M
A

- O
R

'' - F
71g

_ D

E
E

E

3 -.'
V_ I

R
E

0 D
1 ~ 0
3 +
1 ~

f A
N5

( -
C L4 A '

9 I

A
T .

(#
T
0 .
1 __

_

.l
q

|
i'i :|i |l|' l.I Ij 4

i | , 6 |.i|, I !Ii| | , ! ji l i,,



M _
_

.

F

3
#

* E
T

5 A
2 t
+ P
0 ~

2 -~

A
~

~ A
T ~ T
S S
E ~
R - 0
C 0

~
t -s 06T

l

-
-

M , qA(%N ,o D 2
_E A

-
AK '

- TN T
A S ' S
B E

,

'M R
E C

~L T _
,A N 'N

I
E

G M "
3 M
R NO A

H
M
E

B A
- R

9 D
3
4 E

N 8
[OH

0
O T L
I A E
T CA O A
C RLO G

. t T D 0,'
.

S -

N 4._.
T

-
ES AT_ E O

. Y I

-m_ T Y NT
_

T
. I

S
S N

_ E. NG D 7 4 0

%e1 %
"O

. EN s0 2. g-
-. DI

4t oOER
. RE OE T

LI D
_

" ,. AE CH L.

EN O _
t

_ G O %
t

,

C N
. U N M .AEN S & O

L ~_
. S SSA
- E EE 'UT O TM.

A A '
L A -C C'G ID -_

D -. Y Y ,

0-_ s
1 i"B RH

4

_ * 2
. O gX ~

C 4
$ 3
R 1

0
,

.

%

.~ *
S

% E

~ - E LO I' FT
O

T R
N P
L T
M L

_ A I

UN 0 B
_ A 0

-B +
6- - M9 O S 7

-t
18 S

'( I 'l (g$ S A3 1 7 .
-

}%r U A ?) )

3 ' 1( - O
' & S

2 6 A
6 - T R

- S F
D

- 5 E
7. Vt. I

7 H. 1

- E
. A D

NA AT
S L

P

_

t I a h,
[ i#. I g]



-

_

*
4

~ 5

~

e

* E
* T

A
~ L
^ P
^

^

T
S
E
R
C
T DN

D
E
M

-K A
N ~
A

WB
-

~

-M ~E

' WL 7 -

4 4 4 7 -A 5 8 2
t )l 6, A

q f 4. g%l
( I

4
~ 2

G
(

) )

A
-R 7O A
- T

S
-
-

_. e

Y
_ - !_. -

#4

a
l _.O - E.

0:
l T

1 A . 1

A C S

@
O _ TO L

C
O L H . NC EL T
T S T . M

. KS L N W
M

NT .

E I _ A

_.
i Y M

g
e

N l

_.

U
Y I

KT M
r S N

_ EAs i

4G t
D M _R N E o

I E t -R r _

g
4 .

RE QE .

EN CR 7 -
^E .

i

I DO _ m
s

C' 4
=G ON _ -"RA M

_. . AIN
.

"L S& oS _ RSSE A EE .

O TM U'
DO' .

3
A O 5 7 E^

CL C O3A
'G ID Q0 _ O

-
TD

_Y Y S L' l N .
'E ID _ E

_ V o.

1 0 A _ . A t

R
.C . G

K
- DN
- A

_.
_ DN
. A

S S- F
._- . lI.
. F

- O
"O R

~ P
. T

L
- U

I

- D
-

- 5
2 S

_. - + A
- 0

2 M-
A O

R
A F
T DS E

V
I

R
E
D
N
A
L
P

ED
T
O
N~

'
,4 t. ;1 S sl 6

- % a

4 4 i > j| .i ! I I I!II1!I,i ! :1,!|' i !ii ti I t {! ,!'. !,



, . M M
.

!
>

4

. . . . . . . ., . _ , . . . . . . . _ . . . . . .
.,

4, .
<

, , .
. , ~4 yj- .- ,

- . ,

f,,_ / ,
. . ,, _ / .

;

- A J. .t- '~ -.- .,. , . .

.
i

4 ,

I a a. ,
i

l.
,

t _ , , , , , , , , ., .-
; <a

, , , - , - - , ,__. , , , , , , , , , ,,/\,>
.

. .

.

, ,--_m _ _ . . -

<
, ____

_ _ _ _ . . . .

__

.
_ . _ . _

.l
. . . . . . . .

. . . . . .
. . . . . . . . . . .. .,,.

I
*_t - e

.
f

~ ._M,,/...-. ..
. -.

4--
3 .; V -.- .. - . . . -... ,

. _ _ . . .

1 ' . _ . _ . ,

,i .!
I

.1
... , , , , , , , , ., _ , - . _ _ _ , _ _ , . _ _ , _ _ _ , . _ _ _ , . _ , _ _ , , _ , _ _ , , , , , , , ,

! ,_ _,--..
___

, _ _ _ _ .

-
_

. .

_ _ _ _ .
_

_.

a

4

4 . . . . . . . - .

.

., . . . . .

:
.

. _ , . . . . . . .
. . ,ix.

;
~~

~

/ / d /
~

._ .
.._.

-. /- y
,./ ...

~. .-,- -...m.

- m .. / mp --

,
. - . . = = . =

._
_,, . . _ , . .

_

i

- , , , , , , , . -__, _ , . , _ . . _ , _ _ , . _ _ . , - .. . , , ,_,. _ ,_._ , , , , , , ., ,

_

. . ,,-- .
, - - _ , .

_ .
_ . - . . - .

_ . _ . _
_ . ,

WESTERN EMBANKMENT f

POST CONSTRUCTION SECTIONS
I

,
!

! ..e |

PtATE 84

|
i

I



_.
s
e

_ ?
4

_
.

.

_

e. I
T

_ . A
.

F.
. e
._
__ m

_

._
_

_.

_.
._
_
_ 0

0,_

4
_
_ 2

A.

/ A
_ T

S
*

-

@
;
t

o_
l

_.
,

_E
I

4

_ T
N_

T t

_ S M_
.
, K
_ H 8

N C
G l.

t
I

g * i

or I
g T M

i A d, N ** Ir EC -_

A M ,

yc O.
4

"K

" mo t

t o
i T A

_
g

.E
S l -

3
. r

s Mt

E -I
'
' Y

_ N 'I
. Y I

K "
T

' S
.

S'
i -
N o

_ t'G D
'

' 4t_. -" i ER TN"E OC . tE. * E e

F
CH

G O M 0 9 1 ~
.

E4
' I D O 9 2 3

- c4 N
1

M g01000 O_ " f A 8

-
. S& 2 ~E 3_ " 8 2

. Sl SS
8

~ 'A' t ' 8
_ 'G I T -

h
lM^ O_ A S -

'
_

_ A E -Cl C_. ' G ID NR

_. ' H if

T

"Y D - OY C A
'

4'
tl F

. D
R

4

O
. YO g D E

E M T
K K

_ N - L
- A E

- VB
m.. M 5 - A

E e R3z 9 - G_ a L iO Oi 2

04 - DN SA

_ I - A EN
LG D I

- I

- N FR OA 5
_

O, - S 2 R_

, - + P
_. - 2

T.# 2
-_ A l

H
m. t
4 A O
_ T

-

_ S S
. A.

m M
.

O
. R_
.

&

D_

. F
V

_. l

lI
1

D
N

E l

A.
_ t'

_

Q_

._ 01
4

_. t.

_

_

a '; I . ,.
_ j 6 a

_. 6 i.

I.

e e ' ' *' 8 8 a 8 e ' e e . * , . .. .
.

_
_

: I I , i ||.t!, il; !j;|i, * J ei Ij . ijj}1J1|* in 4 1
|



ACTION INFO

To: G?orce Toland | Bill Badcor I Filt: Atlas Minerals
Jim Boddy | 1 05467-018-06

||

t

i X-Ref:
|

:

|

|

il Date: July R. 1077

From: R. E. Racer Reelv Reouired Bv:

Subicet: Site InSDection 42 _

d R;ference(s):

) The writer visited the site of the remedial construction work
located on the west side of the existing tailings pond at Atlas
Minerals in Moab, Utah.

During the period since Jim Boddy's inspection on July 1, 1977
,

to the writer's visit on July 8, 1977, the existing dike crest was
finish graded to Elevation 4040 feet. The sloughing noted by Jim
Boddy in his memo of July 7, 1977 has been corrected. Approximately
150 feet of rip rap has been placed on the pond side of the embank-
ment. However, this material is not to final grade.

The writer instructed Cae Jurveyor, John Keogh, to lay out the
toe of the embankment to conform to the lines and the grades shown
on the attached typical section. The writer told Bill Badger that
the site would have to be cleared in such a manner that drainage
would be toward the deepest embankment section and out and away from
the toe of the new enbankment. In addition, placement of the tailings

jg sand drain, gravel drain and red sand shell would be accomplished in
5 a manner such that the entire embankment section is raised uniformly

to prevent weaknesses at the interfaces of the various material types.

The stockpiling of the gravel drain material was being accom-
plished to the north of the embankment. Bulk samples of the gravel
were taken along with a bulk surface sample of the beach tailings
obtained from the proposed borrow area.

A section of the east tailings embankment was examined where a
new tailings discharge line will mount the slope. It is proposed to
build a uniform slope on which to lay the pipe, :-

ROUTINGrather than to conform to the existing bench con- -

tours. The attached sketch shows the method pro-
posed. This addition will not adversely effect j
the pond embankment stability and was approved for :
construction. The new construction will utilize :

the red sand tailings and will be covered with a .

protective layer of red sand-sandstone mixture :

where beach tailings are explosed. {

!
.

Ron E. Rage" :
r- ( - -

f DM g c:-. .
ne.s mev. um ,j ...........

.
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ACTION INFO

To: Georon Toland Bill Badaer | Filu Atlas: Minornis
nsag,.nig_n3Jim Boddv i

I I

l

I X.Re f:

II |
|

11
'

I Date ,Tn 19, 19_ 1977

From: R_ E. Racer Reply Required By:

Subiect- Site Inspection e3

Rzference(s):

The writer upon further examination of existing and required
typical cross sections, visited the site of the Atlas Minerals
Tailings Pond remedial construction to clarify details. The final

design section is attached. This section was explained to the

surveyor John Keogh in a previous telephone conversation and upon
the wciters arrival the toe of the snbankment was laid out in the
field. Copies of this cross section were presented to Mr. Oliver
of Atlas Minerals. The subgrade under the new embankment has been
partially smoothed and graded to provide adequate drainage, however,
more work is required including the removal of some boulders, a
ramp type road toward the south central portion of the embankment,
and some miscellaneous pipe sections and chalk blocks left from
an old tailings discharge line. The writer reiterated construction
procedures and pointed out the approximate limits of each material
type.

Additional rip rap had been placed near the north end of the
,

embankment making a total of approximately 300 feet of placed rip
Thickness of the rip rap varied as final grade had not beenrap.

established. Where the rip rap was covered by !""'''"''g'g"TIb"''''''"'
'

tailings pond water, no erosion was present in .

this rip rap. |
:
:
:

Ron E. Rag r :
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ACTION INFO

" Filu 05467-018To: Georce Toland l' Bill nadenr
Jim Boddy

'

! Atlas Minerals
_ _ _

Jerry Wanc !

Ii

I X Ref:
1

1
__

I !

11 oste: July 22, 1977
_

'

From: Ron E. Rager Reply Required Bvt
,

subiect: Site Insoection #4

Rsference(s):

:

The writer visited the site in the company of Jerry Wang (D&M).

Construction of the widened western dike continued. Sand tailings

had been placed as designated for the filter blanket and the chimney

drain. Sand tailings were still being hauled in these areas with

the untire chimney drain requiring an additional two to six feet of

material. The filter blanket was complete except for from Sta 16+00

to 22+00* where the toe of the new widened embankment was staked in
error.

The sand and gravel toe drain had been placed from approximately

Sta 8+00 to 15+00 with the remainder to be placed the following week.

Two bulk samples were obtained of the as-placed sand and gravel for
~

laboratory sieve analysis.

I Survey data of the original dike sections (July 1977) was obtained

from John Keogh. The sections from Station 16,00 to 22+00 were re-

plotted to show the proposed videned sections. The toe of the new

sections were rough staked in the field by the writer and copies of

*I the design sections were presented tc L. Oliver .......... -

(Atlas). Copies of these sections are attached. !
:

:
:

:
:
*

.

.

*

|

:
*
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ACTION INFO

To: || Fils:

-

~

X-Re f:

I !,

I

I !

I Date: July 22, 1977I

Frem: Reply Required Bv:

subicen Site Inspection 44

Rsference(s):

The entire snbankment is not being raised uniformly as instruc-

ted, but rather all of the sand tailings filter material is being

placed prior to hauling of sand and gravel and the red sandstone.I The reason for specifying a uniform raising of the embankment sec-

tions was to provide a better bond between the various material zones.

The bond of the dike materials as placed was examined closely during

4
this site visit and found to be adequate. Construction will continue

in this manner with the red sand material being placed last.

Rip-rap on the east side of the west embankment was extended

to approximately Station 18+00 during the week.

'I
The tailings borrow area was examined. Tailings had been bor-

rowed until a fairly deep excavation (estimated to be 8 feet deep)

had been opened adjacent to the south dike. Tailings were being dis-

charged in this area to reestablish a sand beach. At the time of ourI inspection, a beach was established approximately 100 feet wide. Exam-

ination of the tailings effluent showed few -#200 sieve suspended

particles. The liquid effluent was not ponding in
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

the borrow area depression, but had formed a chan :. ROUTING

nel whereby it flowed to the existing main pond.

:

:
:

:
.

I i
:
:

:,
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) ACTION INFO

To: | I File:
I

?
I

$
.__

i

i

|| Deter y , ,1. . 22, 1997_

Frem: Reelv Required Bv:

Subiect: Site Inspection #4

Rsference(sh

Construction of the new discharge line ramp up the southeasc

embankment face had begun. Red sand was being hauled from north

of the tailings pond and was being pushed from the top by a bull

dozer into the ramp configuration, although little compactive

effort is able to be applied to the deeper pushed-in-place soil.

The upper two feet will be well compacted to lessen the surface

erosion potential.I
the seep located on the north embankment was examined. It,

was found to be located on the first bench and is approximately

150 feet long.
,

fG Y[
*

Ron E. Rager
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ACTION IN O

To: George Tcland | Bill Badger I Fila: Atlas Minerals
Jim Boddy I 05467-018'

Jerry Wang I
'

i

_
i X Ref:
|

I

I

Date: July 28 and 29, 1977

From: Ron E. Rager Reply Required Bv:

susieen Site Inscection #5

Reference (s):

The writer visited the site and inspected construction progress.

To date, all sand and gravel toe drain material and all sand tailings

filter material are in-place. The surveyor has obtained cross sec-

tions of the as-placed naterial. The writer has obtained samples of

the in-place sand and gravel and sand tailings at approximately 200
'

feet on station for gradational analyses. Hauling and placing of the

red sand shell was begun on July 29. Daily inspection and density

testing of the placement of this material will be conducted by Air

Photo Surveys and Global Engineering, Inc. of Grand Junction, Colora-

do. Weekly supervision and sine visits by Dames & Moore will continue.

No further rip-rap had been placea.

-

rains have washed approximately one foot of natural slopeRecent

material against the toe of the new construction.

The sand tailings borrow area was inspected. Approximately eight

feet of tailings was borrowed adjacent to the dike. A bull dotar was

being used to regrade and establish a 100 foot beach prior to tailings

discharge.
..................... ........

ROUTING
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ACTION INFO

To: I Fila:
I

I
-

| X-Ref:
I

I- |

1

I

! Date: July 28 and 29, 1977

Fr a R plv Required Bv:

Subiect: Sit _e Insoection AS

Reference (s):

The discharge line ramp was completed. The seep along the north

embankment was inspected and found to have enlarged tc approximately

300 feet in length, or the entire north side.
,

Rip-rap consisting of +3" to 2 foot gravel and cobbles obtained

from the west embankment toe drain screening process was being placed

along the east etabankment toe in the Moab Wash.

i

Ron E. Rager
|

f
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AC'"10N I5 FO

To: George Toland Bill Badger I File: 05467-018
Jim Boddv i Atlas MineralsI Jerry Wan3 .

t

i X Ref: Page 1 of 1

I I

I

I

I '

{ ! Date: August 5, 1977

From: Ronald E. Rager Reply Recuired Bv:

fubiece Site Inspection #6'

d
I Raf rence(s):

g The writer, acccmpanied by Larry Cordner (Senior Lab Technician, D & M, SLC)
g arrived at the site at 9 A.M. While Larry set up a temporary soils laboratory

- in the Atlas Mill Laboratory, the writer sampled and logged three test pits in
the seepage area along the northeast tailings pond embankment. Logs of these
test pits and their approximate location are attached.

At approximately 11:30 A.M. Larry Cordner and the writer began taking sand

I cone density tests of the red sand shell for the western embankment. Approximately
3 to 4 feet of the red sand material h'ad been placed and compacted. The daily
inspection and testing services provided by Air Photo Surveys and Global Engineering,
Inc. indicate that adequate compaction of the material is being obtained.

Naclear density tests were performed adjacent to the sand cone density tests
for correlation purposes. This comparison shows good correlation between the two

I tests with the nuclear machine consistantly showing slightly lower test densities.
Since the results of the nuclear machine are conservative, no correction factor
to the test results will be applied.

J The writer inspected the sand tailings borrow area and found that subsequent
to borrow operations an inadequate beach had been regraded inside the dikes. Mr.

..| Oliver was infored that a graded beach with a minimum width of 100 feet would

E have to be provided before tailings were agaia discharged in the borrow area.

I
Ron E. Ra
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ACTION INFO

To: George Toland Bill Badger || Files Atlas Minerals
Jim Boddy 11

' 05467-018

I Jerry Wang i

i

! X Ref: c' ag e 1 OI 1

E
'

I

I

I I

I Date: August 12, 1977

prom. R. E. Rager Realv Required Bv:

Site Inspection #7Subiect:

Reference (s):

The writer inspected the site of the western embankment.
Sand Cove density tests were performed to verify correlation of
the nuclear density machine used by Global Engineers. The

g
u elevation of red silty sand fill placement ranged from 4032 on

the north to 4020 on the south.

The writer presented L. Oliver (Atlas) with preliminary plans

for a drain to be installed along the seepage area of the north
embankment. Construction began immediately with the excavation
of a drainage ditch at this location.

Samples of the slime tailings were obtained:from the pond area.
-

a. E. aagerg

I
I . ............ ..... ........
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ACTION INFO

To: George Toland Bill Badger il Fil Atlas Minerals'

Jim Boddy Il 05467-018I Jerry Wang lj

!

i X-Re f: Page 1 of 1

I I

i

!'

! I% 7.A " "
_

Il Date: August 19, 1977

From: R. E. Rager Reply Required Bv:

subiect: Site Inspection #8

I Reference (s):

The writer inspected the western embankment. Additional

sand cone densities of the red silty sand shell were obtained.

Construction continues with the fill reaching elevations ranging

from 4040 on the north to 4026 on the south.

I A final drain section was presented to Atlas for the north

embankment seepage area. No further progress has been made

in this area since the last visit.

R. E. Rager

I
1~
1

|I

I
..........................
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ACTION INFO )
To: George Toland Bill Badoer il File: Atlas Minerals

Jim Boddy I 05467-018
Jerry Wang i

l

I X.Ref: Page 1 of 1

I |
i

I i
~

l Date: August 26, 1977

From: R. E. Rager Reply Required Bv:

Subiect: Site Inspection No. 9

Reference (s):

The writer arrived at the Salt Lake City Airport at

7:00 A.M. for a charter flight to Moab. Due to severe

thunderstorms the flight was cancelled. The writer will

attempt to visit the site the following Monday.

R. E. Rager

RER/ph

I
I
I
I
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I ACTION IN FO

To: George Toland Bill Badcer ! File: Atlas Minerals

I Jim Boddy I 05467-018
Jerry Wang '

I

I X-Ref: Page 1 of 1 )I ! ./
. g:*TI -

| | , T&' )

I i | V' I

! Date: August 36,/1977

I From: R. E. Iager Reply Required Bv:

Site Inspection #10Subiect:

Rsference(s):

I The writer inspected the western embankment construction
and the north embankment seepage drain installation. Con-

struction of the western embankment is complete from stations

.

6+00 to 12+00 with the height of fill decreasing to elevation

4027 feet at station 24+00. Density tests continue to indicate

that adequate compaction is being obtained.

The north embankment seepage drain trench has been ex-

cavated to final grade. Hand cleaning of the excavation is

underway.

l-

R. E. Rager-

I
RER/ph

I
'I
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iPFICE MEMUKANUUM

I INFO
ACTION

f File: 044 Ahn1 A
rmGeorce Tola nd j Bill Badca- Atlas Minerals'

*

(Atlas)E D Moab, Utah
-

'l
|| X-Ref: Page 1 of 1-

E tt
_

m
i

IE '

~E l. Date: September 9, 1977

Repiv_ Reauired Bv:
Ronald Ragernu

Site Inscection #11,, c e

f orenem sh

The writer inspected the tailings pond embankment remedial
construction activities today. The western embankment is

and decreases to approximately sixcompleted to Station 16+00,
feet below grade st Station 23+40. In-place density tests

Global Engineers hascontinue to indicate good compaction.
Moore'sremoved their nuclear tester and are using Dames &
shouldCcnstruction of the western embankmentsand cone.

be completed in one or two days.
subdrain is 50%Construction on the north embankment

complete. Progress is slow, but the final product will con-
form to our specifications.

LWv
g

I
I .

ROUT!SG ,

I
I
I
I
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WESTERN EMBANKMENT COAR3E' FILTER'- 2" MINIMOM UiiDER PIPE ~~
~

/ FOR GRADATION SEE PLATE 2, *1 CONCRETERED SILTY SAND 7
AGGREGATE IS SUITABLE

SAND AND GRAVE
6" DIAMETER CLOSED JOINT PIPE WITH 34"FILTER \Nd: PERFORATIONS (PVC OR EQUAL IS SUITABLE)

7 y * D e.g SLOPE AT 0.5 PERCENT TO DR APl.,

^ ^SAND TAILINGS

BACilIOE WIDTH

n

: WESTERN EMBANKMENT'

! SUB-DRAIN COLLECTOR-TYPICAL

. . . . . . .
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To: George Toland l' File: Atlas Minerals ~

05467-018-C6'

Ron Rager
,

___

I X-R e f:
.

__.

I
{ Date: July 7, 1977

Frorn: Jim Boddy neply Required Bv:

subieci: site Insoection

Weference(s):

.

The purpose of this memorandum is to document 'che items discussed
'" and describe the field work pertaining to the remedial coastruction work.

Reference is made to Atlas Minerals' letter to NRC of June 24, 1977,

containing the Design Criteria for Improvements of Tailings Disposal
System at Atlas Minerals Milling Operations, Moab, Utah.

.

The writer inspected the construction work that had been accom-
plished from the period starting June 21 and continuing at the time of
the site visit. During this time the dike along the west side of the
tailings pond had been built up with material taken from the near surface
at the northwest corner of Atlas' property. The material is a reddish

brown silty sand / sandy silt containing an estimated 40 to 60 percent of

{ particles passing the No. 200 sieve size. The embankment ~ material was

placed by end dumping from trucks and by large scraper units. A track

type dozer leveled of f the material and compacted it by its own weight.
.

The side slopes (both upstream and downstreart' were being placed at
one and one-half to one (horizontal to vertical) . Some slumping w,as

noted over a section of about 100 feet where the dike material was
being placed directly on the slime materials. The writer felt this was

not effecting the overall stability and with time ,,,,,,,,,,,,,,,,,,,,,,,,

ROUTING
the underlying slime will consolidate. This area

is to be compacted and smoothed off. :

.

:
*
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:
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Page 2 of 3

| FIELD MEMORANDUM

ACTION INFO

= Te: George Toland | File: Atlas Minerals
_j 05467-018-06 $Ron Bager -

_ i
g

X-R e f:

I |

Date: July 7, 1977

'

From: Jim Boddy Reply Required By:

' I Subieet: Site Insoection

Rsference(s):

At the: time of inspection the crest elevation was near 4,040 feet
(the desired elevation of the crest) . During the week ending July 8,

grade stakes will be pla ed and the crest will be finished off smooth.i

The surveying will be done by John Keogh, Registered Land Surveyor.
Further, cross-sections will be surveyed to determine the configuration
of the embankment section.

6"- On July 5, it was determined that placement of gravel rio-rap
material would begin on the upstream face of the embankment. The

material will come from a borrow pit in Moab. The material is esti-

mated to have 10 to 15 percent passing the No. 200 sieve and any pieces
' larger than one foot in diameter will be removed. .

- Some in place moisture-density tests were performed prior to the
writer's visit, Results of the tests are presented in the attached
latter.

The contractor will be hauling a stockpile of the river run gravel
material and setting up a screen. The attached gradation curve shows

the gradational limits of the gravel' blanket drain material to be placed
at the toe of the downstream embankment slope. It is believed that

' " "

gravel from the Eldon Ray gravel pit just east of f ' ' ' ' ' ' ' ' ' *g* yTI Go
*

Moab will f all within the limits,- provided a three

inch screen is used to screen off the larger cobble j
cize pieces.

:
*.,

\\ !
:
*

. - - - . - . _ - . _ . .. - .- -.
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AC110.N 1.wo

| To: Georce Toland | File: Atlas Minerals
0546770lT 06

| Ron Rager . _ _ _ _ __ i
-

,

| l
i

I X-R e f:

1

I
Due: July 7, 1977

From: Jim Boddy Reply Required sv:

Site InspectionSubi.et:

|
Reference (s):

It was agreed that once the cross-sections were surveyed, Dames

[ and Moore would provide Atlas with a relatively accurate quantity
estimate. Further, Dames and Moore would provide Atlas with more
detailed recommendations pertaining to tailings placement.

I
1

Jim Boddy

JB/nb

Attachments

cc: Bill Badger

H

I
I

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

:
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:
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:
:
:
: .

:
.



1|

M

~M )
ts
A

m
I

M
f ,

WA

M ' L
G
U oA

m
I E c

N C, ne O
I oT

M I o
A R. c -

0 C
' FI .0

2 JIj,ll | i' f!I IIii||i| I

S F u _

# " ' S o
_ ~ _ ~ _

M
t0 _

Iii|!I I 4iVa
w -, A .

- f L c0 _S EI i I |i!' I

I 1# C _e R
I bN _

0 g// E F tT/'1 T o
M

6 i!!i l I Ii!l i|!I !

ik/ '

M iE
T0

!!i Ii! ;!!I

A 'c/
M i

N yE # -
Jli!lll4 zi IL

N
I 0 /l

dXW '
MI

M C' LZ h f\ IU 1 si
S

f
,lI I2 Iij ,ll 1l l

lT{.
l

D F i

\/ ' E4

/' V d u
E4

AA / /
'N\

M
I 0 i!I r, lA|!IV I!VN'

I MV lE \A / ' f e AE l

T>
i II||S 1

#
Es Z/ (Y I

R'u.
:4

4 ) S
D <- ' / ,' 6 eS

i A

/ i O eR g:/ J
lQ,

.!i 1i' IN IC
'

M
A

iJI k mD4 Ei ll~

AN4 / i 1
4, ' R J.

A "8 I !!Pl .i IliI||ji| ;'
I

H

G EE T I

NS/
F'v _. 3 ,

.
/ T/

S "4 P
U/ lIlK II I i !I

:
E

3 ' ' , D c
" / ' E

M l YT |iiiI!' ! i!' A )

2 b m
/ R j

-
| ._ _ _ O

J_ _ C'
_

M
PI| i|'!!I|iII || I

"
3

-

|

N

M t A

S O
I

E. T
Y B
n B C

o O

m
c L

k
c |

M ' * " ' ' " " ,o o
* *

Moj s eEE gwEW

W

W a I |83*

yC1.
|



I

Atlas 3,Iinertals
,
,

. Division oP A!!as Corporo!!on '

P.O. Box 1207 Moab. Utah 84532

June 24, 1977

I
United States Nuclear RegulatoryI Commission
Washington, D.C. 20555 -

Attention: Leland C. Rouse, Chief
Fuel Processing & Fabrication Branch
Division of Fuel Cycle andg Material Safety

Gentlemen:

Atlas Minerals is hereby requesting that Source Material
1.icense SUA-917. Docket No. 40-3453, be amended to incorporate the
enclosed tailings pond design modifications and changes in operating
controk. Modifications to the embankment system will begin
immediately and be complete within 90 days. A qualified geotechnical-

engineer will inspect the construction of the embankment modificaticas
on a weekly basis.

1
.

Further, operation of the resin-in-pulp circuit will be| discontinued and there wil'. be no discharge of tailings effluent
| to the Colorado River.

E
g- V t ,Jy urf/ /'

7
| '

f, 7I ,

(.

William P. Ba er
General Supp/intendent

| WPB:mb

Enclosure
|

I
|

I
-

i

I
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- - - - _
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DESIGN CRITERIA FOR IMPROVEMENTS

'I OF TAILINGS DISPOSAL SYSTEM AT
ATLAS MINERALS MILLING OPERATIONS,

M0AB, UTAH

~

;I
(he design criteric for the improvements of tailings pond is to includeT
1) modifications of the embankment section along the western edge of

the tailings pond; (2) construction of an overburden fill to be placed
d?, the seepage area located along the north embankment toe; and (3'; a

I.
freeboard requirement for the entire embankment perimeter and a minimum
crest-to-pond-water-edge distance at all embankment areas other than
the western embankment area.

- Western Embankment Section
b

Along the western embankment area of the tailings pond the design criteriaI for improvements are shown on Figure 1 and include the following:

1. A minimum freeboard requirement of 6 feet must be met at all
locations.

2. A 2-foot minimum cover of rip-rap material is required for

I wave-erosion protection over the entire upstream slope. The
material will consist of well-graded river run gravel wi th
pieces of a maximum size of one foot.

3. A crest width of 20 feet must exist at all embankment sections.

4. Beacn sand tailings will be placed against the upstream slopeI and along the natural ground surface adjacent to the existing
toe of ambankment slope with the dimensions as shown on Figure 1.
The tailings fill material will have particle sizes such that

'I there will be no greater than 7% by weight passing the No. 200'

sievel
'

5. Filter material of river run gravel witih gradation sizing'| designed in accordance with U.S. Corp of Engineers criteria.'

The dimensions of placement will be as shown on Figure 1.

6. Ov?rburden material will be placed over the beach sand with
minimum cover of 8 feet. The overburden will be of natural .

'

J near-site sand and silt and will be placed 'to the dimensions
s shown on Figure 1. The fill should be placed in 12 inch

lifts (loose state) and compacted to a dry density of at least
90% of the maximum density as determined by the AASHTO T-99E

- 5
method of compaction.

I
,

R
. -- -
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,

I 2

Seep Area at North Embankment Area

Construction of an overburden fill will be placed over the. seepage areaI located at the north embankment toe. The construction requirements and
dimensions are shown on Figure E and include the following:,

1. An overborden fill of well-graded river run gravel will be
placea over the seep area a distance of at least 50 feet

"
in all directions from the seep. The minimum fill thickness
of 5 feet will be met over the above stated area. The
maximum particle size of the material will be one foot.

2. A perforated drain pipe will be placed as shown on Figure 2I and drained by pipe to a sump pumpback system located near
the downstream toe of slope.

,

'

_ Operational Requirements for Ponded Liquids

! The operational requirements for the ponded liquids will be such that a
minimum freeboard of 6 feet must be maintained at all locations along
the embankment crest. Along the embankment other than the west embank-

i ment area a minimum distance of 150 feet from the crest-of-the-embankment

|| to the edge-of-water must be maintained. The rip-rap material along the
~

western embankment must extend at least 50 feet into the beach areas on
either e% of the water retention embankment.;

,
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Mr. Bill Badger
Atlas Minerals-

Moab, Utah 84532

Attached is a summary of test results taken at the Settling
Pond Dike.

I The in-place moisture-density tests were done with a Troxler,
Model 3401, Moisture-Vensity Gauge. All tests were performed
using a 8" probe depth. All tests were done by me.

.
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- Professional Engineer .
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I SUM 1ARY & CONCLUSIONS
.

'

The native material being used to compact the dike is typical

|of the soil found around the plant site. It is readily com-I |
i

pacted by a combination of vibratory compaction equipment and !

rubber tire rollers. The material is very sensative to mois- |

ture and considerable less compactive effort is needed if the

moisture is brought to the optimum level. Therefore it be-

hooves both the owner and contractor to apply enough water for

I compaction.

i

The native soil will show considerably greater density than

laboratory tests indicate it even a small portion of rock orm

gravel is present.

I The author was not present to observe the placement of materials

in the lower levels of the dike and therefore can reach no con-

clusions as to stability, etc.

I
I
I
I
-

>I

B
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SUNblARY OF TEST RESUllad
._

,

In--Pla c e Percent RelativeTest
'

In-Place Density)Location (lbs.per cu. ft. Moisture Content Compaction
|

Wet Dry lbs.per Percent
cu.ft.

|

1.

Sta 1+00 at
Center Line 137.25 128.75 8.5 6.6 116

iSta 2+00 at
|

7' L., Center
| Line 140.25 128.50 11.75 0.1 116 |

1
,

|

Sta 3+00 at
6' RT Center
Line 137.00 130."0 6.50 5.0 118 ,

Sta 4+00 at ,

Center Line 127.00 117.25 9.75 8.3 10S

Sta 5+00 at
5 It. Center
Line 125.5 121.00 4.50 . 3.7 109 ,

f

1. Stationing starts at boot ramp and goes in a southerly direction along dike.

2. The laboratory standard for optimum density and moisture supplied by others.
.

---- - - _ _ _
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i REPORT OF EARTHWORK OBSERVATIONS
! AND FIELD CONTROL TESTING
.

j ALTERATION OF TAILINGS DAM -
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January 15, 1979

I
I Atlas Minerals

P. O. Box 48
Moab, Utah 84532

Attention: Mr. Richard Adrian

Gentlemen:

' Report of Earthwork Observations
And Field Control Testing

'I Alteration of Tailings Dam -
Six-Foot Embankment Raise

Moab Mill

I Moab, Utah
For Atlas Minerals Corporation

I INTRODUCTION

This report summarizes our field observations and control,

testing and presents our conclusions regarding construction of

the six-foot embankment raise. The tailings dam is shown on

Plate 1, Plot Plan, with the new embankment and the location of

12 post-construction sections. The approximate limits of the

borrow area are also shown on Plate 1.
|
| Dataes & Moore prepared the plans and specifications * for

the preject. Significant departures from the plans and specifica-

tions are discussed herein.,I,

.

" Specifications for Atlas Minerals, Alterations of Tailings Dam,*

| Six-Foot Embankment Raise, Moab Mill, Moab, Utah," datedi
.

July 11, 1978.

- - . - - - . - -
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:I
EARTHWORK OBSERVATION AND FIELD CONTROL TESTING SERVICES

:I The full-time earthwork technician for the project was

Mr. Brad Shepherd of American Testing Laboratories, Inc., of

Salt Lake City. American Testing was under subcordract to

Dames & Moore. American Testing's services began with the

iI commencement of earthwork operations on August 1, 1978 and

extended through to the completion of construction on September 8

1978.

Mr. Shepherd's responsibilities were outlined in discussions:g
ie between representatives of Atlas Minerals and Dames & Moore.

Mr. Shepherd's purpose was to observe the construction activities

and make the necessary field control tests to determine if the

,
embankment raise was being constructed in accordance with the

plans and specifications. Daily written reports summarizing the

field control test results and the project status were prepared

by Mr. Shepherd. The reports were distributed to Atlas Minerals

Corporation, Dames & Moore and the contractor, H-E Lowdermilk

Company.

Mr. Robert Owen was Dames & Moore's project engineer.
~

Mr. Owen made approximately weekly site visits during con-

struction to answer technical questions and to review the

results of the field control tests and observations made by

Mr. Shepherd. Weekly progress reports were prepared by Mr. Owen

and subnitted to Atlas Minerals corporation.

- CONCLUSIONS

Based upon our observations and materials testing, we

; conclude that the six-foot embankment raise was constructed in
,

accordance with good construction practices and in accordance

with the intent of the plans and specifications. The post-

construction sections on Plate 2 show that the embankment,

I
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I
sideslupes, crest width and location are generally as called

for in the plans and specifications. The fill material used

to construct the embankment was as specified and was placed

meeting the compaction requirements.I
EMBANKMENT CONSTRUCTION

A stationing system aas established by the contractor to

provide survey control for the embankment construction. Initially,

the toes of the embankment addition (both inboard and outboard

toes) were staked at least every 100 feet and fill requirements

were written on the stakes. To monitor the fill progress and to
- establish additional fill requirements, periodic surveys were

performed during construction. All field control tests wereI located using this survey reference.

I FOUNDATION PREPARATION,
FILL PLACEMENT AND COMPACTION

Between approximately Station 0+00 and 20+00, the reddish-I brown, silty sand foundation (existing embankment) was scarified
- and compacted to the requirements for compacted fill. The

1

remainder of the embankment raise was constructed on the tailings

.

sand beach where scarification anC cmpaction prior to fill

placement was not possible due to the inability of the tailings

! sand to support the construction equipment. To construct the

embankment addition on the beach, scrapers would haul and du: p

fill material on nearby firm ground and dozers would push the

fill out onto the beach. This process resulted in an initial

| lift which varied from 8 to 24 inches.

The fill material was brought to near-optimum moisture

!
'

content by sprinkling in the borrow pit. Scrapers transported

| I.
,

|

|I
,

1
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the fill to the tailings pond where it was spread generally in

eight-inch loose lifts. Additional moisture was added if needed

by sprinkling the placed fill with a water truck. The compactive

effort was generally accomplAshed by running loaded and unloaded

scrapers across the fill. A sheeps-foot roller was used when

the embankment crest became so narrow that the scrapers were

unable to cover the ent. ire fill surface ef fectively.

Where the embankment abuts the natural red sandy surf ace

soils near Station 73+00, the existing steep slopes were benched

and the fill naterial was well keyed into the abutment for

each lift such that no loose zones remained. This was to provide

an adequate tie between the natural soils and the new construc-

tion.

FIELD CONTROL TEST RESULTS

GENERAL

Four types of soil tests were used for t.be technical

control to check for compliance with the material and compaction

specifications given in the project plans. The four tests are:

1. Sieve analyses.

2. Compaction tests.

I 3. Nuclear Meter Method of determining in-place moisture
and density.

4. Sand Cone Method of determining in-place moisture andI density.

SIEVE ANALYSES

The project plans specify that the fill material should be

a reddish-brown, fine to coarse sand with 0 to 40 percent silt

- or clay size particles and 0 to 5 percent gravel size particles.

I
I

-.
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I The results of the sieve analyses performed on material used

for embankment construction are tabulated below.

Percent Silt Or

I Clay Size Particles
Passing The Percent Passing

Test Number No. 200 Sieve The 3/4-Inch Sicve

1 7.4 98.6

2 8.0 99.4

3 7.1 95.5,

4 7.3 97.1

5 6.3 95.1

COMPACTIOM TESTS

The project plans specify that the foundation soils and

embankment fill should be compacted to 95 percent of the maximum

dry density as defined by the AASHTO* T-99 Method of Compaction.

A total of nine compaction tests were performed during the

course of construction. The tests were distributed among the

three materials as follows:

Five Compaction Tests - Red Silty Sand Embankment Fille

1|
5 e Two Compaction Tests - Ped Silty Sand Foundation Soils

(
'

e Two Compaction Tests ''ailings Sand Foundation Soils.

The compaction curves resu_. ting from these tests are shown

| on Plates 7A through 3C.

NUCLEAR ANE I;_., CONE IN-PLACE
MOISTURE AND DENSITY TESTS

1

| The in-place moisture and density of the compacted soil

was measured using a nuclear moisture and density meter, with

|

* American Association of State Highway and Transportation
Officials.

|I
,

__ -. . _ . . _ _ _ __.
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SU M M ARY OF IN-PLACE DENSITY TEST S

MAX. DRY REQUIRED FILL FILL ORY %
DAT E LO CATIO N E L EVATION DEN SI T Y DENSITY WOISTORE DENSITY CO MPACTIO N R E W ARTS737

NUW8ER iN m IN % IN % IN PCf 2/I 3_/ ;1978 -_ fi

'I I | |
,

Red Siltv sand rnima * 4 nn! !.

rocs 4n,o c 128.0 95_ Io c|1 |oe,|gana o 19, o, o

| 2 2+04 (30) 4039.0 8.5 125.8I 99 o" " "

|I 1 11400 fl os anao_c o7 e" " " g g 19, 9

|16e02 (20) |d01R.s | | 7. 7!a " " 1?? n og o"

| 8.2 127.5 100 P
| 5 |19+06 (35) 4039.0 |" " "

| |

| |I ||Tailines Sand Foundation
__

1 2/3|24+90 '25) 4037.0 10 3. d 95 l 7.8 98.2 95 i P

| 4. 3 98.2 95 P|28+80 (15)| 2
" " ""

a " c.g 98.5 96 o- E .7 0 (10 4019 o _

|ro" " " 7.6 RR_9 Ag
i 4

-

slo (20)

| 10. 0 92.5 | 90 F-R" "
| 5 o /1614 3 +00 (30) 4038.5'

9.6 95.0 | 92 i F-RL6 |9 /5 | 4 9+5 0 (30) 4037.0 | " "

| Red Silty Sand Embankment Fill | | |

[ 1 |8/1|4+02 (25) |4040.0 117.3 95 | 9.7 119.2 100 | P

| 2 1 381-12 (15) 4039.5 | | 8.5 116.2 99 | P" "'

| 8.9 118.0| 100 | P|! 3 |" |12+09 (35) 4040.0 ""
_

| 9.1 120.0|100 ||" |16A21 (20) l40,0.5 I |" " o
| 4

Ic | " | 1 o416 | |qg lig n ! |" " " 04 ofini
|10. 0 121.0| 100 P

| 6 | " |24+90 (25) |4038.0 " "

| 4. 3 118.2| 100 P|7 | " '26+40 ( 2 5) |4037.3' ""
.

|an17 I ! | 9.7 '11 a 9 | 4A oI" ?gAan ( ? siI 9 n " "

. | 9 |" 2C+80 (15) | 4039.5 | 6.2 | 121. 3 | 100 | P" "

| 7.8 |118.7| 100 | P31+02 ( 15) |4038.0 |i 10 |
" ""'

|| 6. 3 |115.0| 98I 11 I " |32+20 (12) I4039.0 | P" "

! l " |32+25 (26) | 4038. 5 | 7.6 120. 3 | 100 1 P" "

I | 1213 |8/4|32^80 (16) 4039.0 6.4 123.2 100 P" "

i 14 *I " |32+80 (16) 6.4 123.6 100 P" " "
,

lo/7I?And ( 19 ) 4041.s " 9.9 119.9 9A p" .1;

16 *| |2+04 (35) 9.5 116.7 99 P" " " "

17+01 (15) 4042.0 8.1 114.5 98 P17 |
" ""

|4041 a. _19 ! " |1142n (9 91 " " 4.1 119 1 inn e

6+04 is the station number and (25) is the approximate = = = = = = - - =

I 1/ distance in feet from the inside toe of the completed embankment.
2/ P-Passed F-Failed R-Received additional working and compaction.

Tests performed using nuclear moisture & density meter except thoseI 3/ with an * which were using the sand cone method.
Plate 4A



SU M M ARY OF IN- PL ACE DENSITY TEST S

WAX. DRY REQUIRED FILL FILL DRY %
DAT E LO CATIO N ELEVATION DEN SI T Y DENSiT Y W OIST URE DENSITY CO WPACTIO N REHARK5

gyuggg
IN m IN % IN % IN PCI

1978

19 h/7 | 19+20 ( 4 5) 4041.0 117.3| 95 S.6 118.3| 100 o

116.8||20 |26+50 (10) 4040.0" " "I 10.1 90 o

| |1,7 oI21 |31+50 (50)
" " " " in c inn o

!R7 11 A R I |" " " . 9c o22 3+90 (20) 4042.0
9.6 118.6! 100 o" " " "23 1,2,n r4ny

24 26+20 (30) 4040.5 |
" " " Ro 114.7 44 o

|10.3 117.0 100 P30+45 (45) 4040.0 |
" "25 "

| 26 8/8|6+80 (45) 4042.0 | |11.3 115.0 98 P" "

| 9.9 116.5 99 P| 18+20 (20) | |
" ""

27 "

E | 9.0 119.7 99 oI31+00 (10) 4041.0 Ih 28 | " " "

|1*70 (15) |4041.0 | |o" " a 1?n 7 inn p29 "

| | 9.2 119.5 100 P|1+70 (15)30 * " """

| 8. 8 |117.5 100 | P31 l_17+30 (40) 4042.5 |' " " "
_

|10.1 119.5| 100 P|30+00 (10) 4041.0 | " ""32
11.8 i118.5| 100 P|3Ana |

'

(9mi and7 n " "77 a

|110.9I !|la | " |19A00 (10) 4047.5 inn r9.5" "

-I 35 | |28+00 (35) 4041.5 | | 9.2 | 114. 0 97 | P" " "

| 8.9 |124.5 100 | P36 ! 8/912+50 (40) 4043.5 | " "

| 8.5 I121.0| 100 |||18+08 (30)| 37 9" """

| R.6 122.5| 100 |
i 18 I " |7,2n7 r30) 4042.0 I P" "

| 8.3 125.3I 100 | P|31+02 (30) |I " " ""39*

| 8.4 |124.5| 100 I P|A2n3 " "
(9 91 4044.0an "

!|10.9 119.1| 09|17Ac0 (co) o" " "
! al "

|11.5 120.0| 100 | P! 42 | l ' e90 (10) | 4042.5 |" " "

| 8.8 117.7| 100 | P| 2+20 (40) |4044.3 |l 43 |
" ""

|| |" " 7.9 |121.0| 100! ad | |17A90 (2c) | P" "

| 45 | | 32+20 /30) | 4043.8 | | 8.6 | 12 3. 0 | 100 | P| " " "

| I 46 B/10I2*90 (15) |4044.4 8.6 119.3 100 P" "

,

|17+00 (10) 4044.0 8.2 119.5 100 P|47 | " ""'

|32+50 (35) 4043.5 9.1 120.5| 100 P
, 48 I

" ""

| 2+00 (30) | 4044.5 8.6 117.5 100 i P49 |
" ""

8.9 118.3 100 | PI2+00 (30) !50* I " " ""

9.2 117.6 100 | P|I I 1927n tonsI " " "
"=,

8.3 115.5 98 | P| !31480 (35) !4043.7 " ""c2.

. . . - .

I
Plate 4B

__ ___ .__ __



SU M M ARY OF IN-PL ACE DENSITY TEST S

uax. DRY REQUIRED FILL FILL DRY %
TE$ D AT E LO CATIO N EL EVATION DEN SI T Y DENSIT Y WOISTURE DENSITY CO MPACTIO N REhARKS

gUW8ER IN RCF IN % IN % I N l'C.F.
1978

53 8/10|6+50 (30) | 4044.8 117.3 95 7.9 116.6I inn o

10.0 116.9| 100 P54 | " | 18+50 (15) |4044.5 " "

f8.9 117.0| 100 oI ""
55 32+80 (50) 4044.0"

n| 190 pc e; 9 /,1 9Amn (7c3 anaa o " " o o ion
_

| 9.2 116.8| 100 P" "| 57 17+20 (20) 4044.8"

| 7.9 117.0 100 P58 |" 32+30 (30) |4044.0 | " "

132+30 (30) | | 8.3 117.9 100 P l" " "

l 59 * "

| 8.6 108.6 93 F-R(| 60 I |24+40 (40) 4044.1 |
" ""

| 8.4 116.8 100 P ||24+10 (35) 4044.1|
" "

I I 61 "

I| 9.9 106.0 ol s'- n| 62 I " |22+10 (10) 4044.2 " "

| 8.3 115.9 99 P|63 '4/14 | 6+00 (101 |4044.4 " "

8.6 |166.3 99 P| 64 | 17+40 (30) 4044.6 |
" | ""

| 65 | 22+95 (20) 4043.6 8.5 |117. 0 | 100 | P" " "

||8.3 117.7 | 100|22+95 (20) 4043.6| 66 * " " 9"

I I'| 67 | | 32+00 (35) 4043.3 4A" " 7.6 119.5"

b'4.R | !p| 68 | " | 25+20 (40) 4043.0 _ 7. 3
" "

_

oR

|10.0 |114.5 98 I i| 69 | | 31+00 (25) 4043.0" " " P

| || 9.5 119.3 | 100|23+10 (35) 4043.8| 70 |
" " P"

|| 71 | " | 31+50 (25) 1044.0 7.9 |115.S | 90
I" " P

I 72 $/15 | 22+20 (30) 4044.5 6.6 |119.8 | 100 | P !" "

| 6.9 |191.R | |9| 73 | " | 26+25 (35) 4044.0 " " 100

6.4 |123.4 100 || 74 * I " | 26+25 (35) 4044.0 | " " P

i 75 | " | 30wo (25) 4044.0 8.4 |115.8 | |" " 99 D

I -

| II 76 h/16I 37+00 (40) 4040.5 10.? 11o 9" " inn e

7.0 115.5 | 99 | P |!77 |" 37+00 (40) |4039.5 " "

10.2 Ill5.3 | 98 !P |43+00 (30) | 4039.5 I| 78 |
" ""

8.4 |115.5 | !P ||4+30 (25) |4045.0 | || 79 | " " 99"

! 30 | | 17+10 (30) 4045.0 9.9 '116.8 I 100 I |" " " o

| 81 | " | 17+15 (30) 4045.0 9.8 lis s 44 p" "

I 82 | | 28+60 (35) 4044.0 8.7 116.5 99 P" " "

83 | |37+50 (30) 4041.0 9.8 120.R 100 p" ""

84 | " | 43+90 (25) 4040.5 " " 9A lig , inn o

85 I " | 36+20 (15) 4041.0 R.o llo_R inn o" "

86 | " | 40+25 (30) | 4040.8 " " 9.1 117.6 100 P
.

g . . . _ .
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SU M M ARY OF IN-PL ACE DENSITY TEST S

MA X. DR Y REQUIRED FILL FILL DRY 'lo
' DAT E LO CATIO N EL EVATiON DEN SI T Y DENSITY WOISTURE DENSITY CO MPACTIO N REWARKS

N W8ER IN RC.E I N *(, IN % I N P C.F.

87 3/17| 4+50 (30) |4045.0 117.3 95 6.9 118.3 I 100 o
_

" " P
.

7 1 110 s 'nnas " 16a0 ro s T 4069 0

89 6 22+80 (30) 4045.0 8.8 120.5 100 P" " "

| 100 P90 I" 31+30 (25) |4044.8
'

"" 8.8 117.7

91 |" 28+50 (26) |4041.6 7.0 114.0 07 P" "

| 9.0 11s.2 oR o4040.9 || " "
92 ~s+50 (40T"

Io923+10 (35T 4045.4 I| 93 " "" 1'1 s 07 o

! 94 31+90 (35) 4045.4 7.4 114.5 98 P" " "

I 100| 30+30 (30) 4042.0 4.4 ilo Ai 95 " "" o

| 8.1 '120.9 100 PI96 * |" | 39*30 (30) 4042.0 " "

|8.6 117.6 100 | P|97 |42+20 (30) 4041.2 " ""

| 7.0 118.3 100 | P198 | 37+50 (25) ,4040.6" " "

| 7.4 117.2 100 || 99 |" | 41+30 (20) 4041.6 " " P|

| 100 | PI 8.2 11g.0500 " " "25+00 (25) 4042.8
_

|7.9 116.9 | 99 | P'01 |" | 30+56 (36) 4041.9 | " "1

|8.4 120.3 | 100 |I |8/13 | 38+50 (30) 4042.9 | " "

I O2 P

I103 |" | 43+20 (20) 4041.9 I " " 7.9 119.8 100 P

|7.9 |120.9 100504 |" | 4 3+20 (20) 4041.9 | " " D

I'105 |" |6+50 (25) |40 '.5. 3 I " " 0.4 11A.R lon p

10.1 119.3 100 |106 |" |16+10 (30) |4C 5.0 | " " P
j

|7.6 115.9 99 |507 |" | 28+00 (40) |4045.3 | " " P

| 8.3 |114.8 | 98 | P108 |" |39+00 (38) |4043.1 | ' "

| !A lnn | 2nn | P|" !4069 - 1! '09 " " 7 ii1 4240 / OT

I I110 I" 38+50 c30) 4043.0 I" " o9 o9.3 116.0
8.4 |117.4 | 100 | P111 |" 42+73 (40) |4043.0 | " "

9.9 |119.6 | 100 | P|112 |8/21 8+00 (20) |4046.0 | " "
,

I191.1 ! 100 |I113 * |" |8+00 (20) I4046.0 | " " o1 o

8.6 117.6 | 100 | P
| 114 |" | 28+30 (25) 404.i.0 |

" "

10.0 118.9 | 100[15 |" |31+00 (35) 4045.4 |" " P

116 |" | 24+00 (30) 4045.8 9.4 116.9 100 P" "
_

| [17 |" | 39+50 (30) 4043.6 9.0 118.3 100 | P" "

L18 |" 42+30 (35) 4043.8 8.9 117.3 100 | P" "

119 |" | 40+10 (40) 4044.2 8.3 116.5 99 | P" "

j , [20 E/22 | 36+80 (30) 4043.9 8.9 117.2 100 | P" "

,

g _ _ . . . _ .
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SU M M ARY OF IN-PLACE DENSITY TEST S I

|
,

MAmY REQWRED MLL FILL DRY %
TEST C AT'E LO CATIO N E L EVATION DEN SI T Y DENSITY W0lSTURE OENSITY COMPACTIO N REWARKS

NuwSER IN RC.E IN 84 IN '4 I N PC.F. I

1978

121 h/22 42+30 (35) |4044.0 117.3 95 9.5 118.3 100 P

| 42+30 (35) |40t's.0 9.0 118.9 100 P" "
122 * "

123 37+10 (~25) 4044.2 9.6 117.6 100 P" ""

|124 43+50 (30) 4044.3 8.3 116.9 | 100 P" ""
|

|125 39+1_ G (403 4044.6 10.0 117 '; inn o" " "

| 43+10 (35T !4044.8|126
" " Ro 110 6 inn o"

|127 h/23| 38+00 (30) 4044.9 10.0 11o.6 100 o" "

|!128 * | " | 38+00 (30) 4044.9 " " | 9.6 121.3 100 o

|" 43+00 (25) 4045.0 11.0 11R 7 inn oI |130
" "

129

| | 39+50 (35) 4045.2 | 8.9 117.6 100 P' " " "

| 42+10 (30) 4045.3 9.3 118.9 100 P|131
" ""

" " 9.1 |117.6 | 100 P|132 3/24| 37+00 (25) 4045.7 |

|133 |" 43+00 (35) 4045.7 8.7 118.3 | 100 P" "

||134 * | " 43+00 (35) 4045.7 8.6 118.9 100 P" "

|135 |" 100 o4+00 (20) 4046.0 10.0 119.6" "
'

I lon !|136 I"| 18+50 (30) 4046.0 8.o 11R., o" "

'

|137 |" | 24+90 (35) 4046.0 9.2 117.9 100 | P" "

|138 |" | 30+10 (20) 4046.0 8.3 119.0 100 | P" "

I| 100|139 b/25I 36+10 (30) 4046.0 9.3 117.4" " P

I |||140 |" | 41+50 (25) 4046.0 inn o" " 96 119 A

-

| ||141 |" 41+50 (25) |4046.0 100 9" " o.O llo 1

11R.s I 100 I
,

(142 b/28 70+50 (40) |4040.0 I " " 8.3 o

8.1 121.0 | 100 | P|143 |"| 6.+50 (30) | 4039.5 I " "

II 100I| |144 |" 59+10 (25) 4039.5 " 8.8 110.R P"

| I|145 |" 59+10 (25) 4039.5 8.1 121.3 100 o" "

| 100 PI146 |" Ij 6+80 (15) |4041.0
_

|

" " 8.4 117.1

||147 |" | 69*50 (25) I4040.4 | " 8.2 11R 1 100 o"

| 100 o!148 I" ! 69+70 (20) I4040.0 I " " 8.3 *7.c

149 b/29 | 68+80 (40) 4019.6 " " go 1mA inn p

i 63200 (40) 4038.9 9.3 126.4 100 __P150 |
" ""

I 151 |" | 68+80 (40) 4038.0 6.9 95.5 93 :'- R" "

152 j" | 58+50 (15) 4039.3 8.2 117.9 100 p" "
,

" ~ #" |
| 153 |" | 58+50 (15) 4038.4 8.5 118.6 100 P

154 |" | 58+50 (15) !4039.4i 11.1 94.1 99 F-R" "
-

'I - - - - - - -

|
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SU M M ARY OF IN-PLACE DENSITY TEST S

adA X. DR Y REQUIRED FILL FILL DRY %
D AT E LOCATION E L E Vt.TIO N DENSITY DENSITY WOISTURE DENSITY CO MPACTIO N REMARKSTEST

NuwSER iN m IN % IN % IN W
1978

155 8/29| 68+20 (35) | 4047.7 117.3| 95 93 117.2| 100 P
_

| _' . 0 118.0|| 63520 (45) |4040.7 " 100 P"156 *
1181||| 54+50 (30) 4041.2 " '00 o" "

1 1157

|158 |" 64+20 (20) 4041.3 " " A6 1'7 n inn n

1I159 71+30 r40 T 4041.0
_

117.3|
" " a 1 ''7 o inn y

||160 | 59+60 (35) 4041.9
' """ 9.5 100 D

I| | 7.9 116.6|161 | 64+30 (15) 4042.5 " 90 D""

| 8.4 117.6 130 o||162 |" | 69+40 (25) 4042.9 ""

| 8.9 117.9 100 P|163 |8/30| 71+30 (40) 4043.3 | " "

| 71+30 (40) 4043.3 I| 164 * " " 8.2 117.1 100 0"

|| 59+50 (10) 4043 3
" " " o4 119 n in0 p -165

| 116.9 || 9.6| 68+20 (80) 40a3.8| 166 "" 100 o

| 8.9 11J ,1 | 100 ||167 | 58-K)0 (20) | 4043.9" " " P

|| | 8.3 117.6| 100| 168 | 66+10 (40) 4044.3" " " P
,

|| 61+00 (35) 4044.5 9.0 117.1 | 100|169 " " " D

; | 170 |8/31| 59+50 (30) 4044.7 118.7 8.9 117.8| 99 | P"

|| 9.4 119 m 100| 171 |" | 70400 (40) 4044.8 " " e

| 9.2 | 118. 3 | 00 | P| 172 * | " | 70+00 (40) 4044.8 " "

I
| 67+40 (35) 4045.1 8.8 119.6| 100| 173 " " P"

|
_

118.8| 100II174 |" | 60+10 (35) 4045.2 | "" 9.6 P

"
| 9.4 | 1.19. 3 | 100 | P- | 175 |9/1 | 67+50 (30) 1 4045.5 |

"

I 119.9| 100 || 176 * | " | 67+50 (30) 4045.5' I " " 9.0 P

| 177 |" | 59+00 (20) 4045.4 9.6 118.6| 100 | P" "

|178 |" I 65+50 (30) 4045.8 9.3 119.0| 100 | P" "

| 119.1 I|179 |" 60+10 (25) 4045.6 10.0
'" " 100 D

| 9.6 | 117.9| 100 P|180 |" 70+40 (35) 4046.0 | " "
_

| 9.5 | 118.8 l 100 ||181 |" | 61+30 (20) | 4046.0 | |" " p

| 182 |" | 59+50 (45) | 4041.5 9.6 | 119.6 | 100 _P" "

|183 |" | 53+90 (30) |4041.0 " " 10.3 120.0 100 P

l184 |" | 48+10 (15) |4040.0 " " 8.9 118.9 100 F

185 !9/5 I )+50 (30) 4039.5 9.0 127.6|" " 100 o _.
186 |" | 49+50 (30) 4038.5 9.8 124.3 100 P" "

187 !" | 49+50 (30) 4038.0 11.4 118.9 100 l F" "

|11;1 |!188 I" ! 49+50 (30) 4037.5 i 11 ;" " Q7 r_,

. . . .
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SU M M ARY OF IN- PL ACE DENSITY TEST S

WAX. DRY REQ UIRED FILL FILL DRY %
T 8T DAT E LO CATIO N EL EVATION DENSI T Y DENSITY MolSTURE DENSITY CO MPACTIO N RE W ARKS

gUW8ER IN R C.E IN % IN % I N PC.F.

i

47+50 (201 4040.5 |118.7 95 | 9.6 118.3 100 P
|o / 5 |190

| 9.2 117.6 99 P| 53+00 (40) 4041.1 " ""190

| 46+10 (30) i 4041.6 8.9 117.0 09 P" "
|191 "

| 9.4 118.9 | 100 P| 474 0 (45) |4042.0 | " "
|192 "

|| 9.1 119.6| 47+00 (45) |4042.4 | 100 o" "
|193 "

||! 194 9 /6 58+50 (30) |4042.9 |' " 9.4 118.o inn p"

| | 9.7 119.6 100 o'9+10 (40) |4043.4 I ""
I195 " .

| 9.4 118.4 100 PI196 * s3+10 (40) |4044.) |" " "

| 9.0 118.8 100 v| 46+50 (25) 4044.5 |i197
" ""

II in 9 11A o oo e| 50+00 (35T 4045.0|198 |
" ""

|| 66+00 (20) 4046.0|199 o.7 lis.? 100 u" ""

|200 |" | 59+50 (30) 4046.0 l 9.3 117.9 | 98 P" "

-

| |I|201 !9/7 ! 49+50 (40) 4045.4 I inn c" " oA 11R 7

| | I||202 |" | 49+50 (40) 4045.4 oo llo ? inn o" "

I || 9.6 118.;| 203 |" | 52+30 (30) 4045.4 | 100 p" "

| | o| |
|204 |" I 46+10 (20) 4045.9 " " 9 i '19 100 PI I I

I 50+00 (351 4045.7 ao 119 A ann eI205 " ""

|| 9.1 117.0 90!206 |" | 46+40 (25) 4046.0 9" "

| 8.6 118.9 | 100 | P||207 $/8 | 46+50 (20) 4046.0 ""

|| 9.3 119.9| 100| 46+50 (20) |4046.0 II208* 9" ""

|120.3I 100| 8.9| 50+10 (30) 4046.0 ||209 P" ""

-

| |
|210 |" | 55+00 (25) 4046.0 I lon o" " o? ilo A

9.5 120.6| 100 | P}211 |" | 44 % 0 (35) '4046.0 | " "
,

I | | | | | |'

| | | | | | |

I I
| | | I | | | |

| | I I I I I I I !|

i i I i | I|

| | | _.

I I l |

! I

I I
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August 24, 1979

I
Atlas Minerals
2506 Prudential Plaza

-I 1050 - 17th Street
Denver, CO 80265

Attention: Mr. Gordon Swanby, Vice President
Engineering and Environment

Gentlemen:

Plans and Specifications
Tailings Embankment Expansion Project
12-Foot Raise
For Atlas Minerals

' Moab, Utah

The purpose of this letter is to transmit to you the plans and
specification documents for the referenced project.

Prior to the finalization of these documents, a prelirinary
draft was prepared and submitted to you for review. In tuin, the

' preliminary draft was submitted to the U.S. Nuclear Regulatory Com-
mission for its review of the documents. The NRC review was perform-
ed by Dr. Terry Howard, engineering consultant and associate profes-
sor of geological and civil engineering at the University c. Idaho.
Recently, through authorization of both Atlas Minerals and the NRC,

|| Mr. James Boddy of Dames & Moore and Dr. Howard hcVe held telephone
E conversations and a meeting discussing the project. It is our under-

standing that the final plans and specification documents as sub-
mitted herewith are in a condition acceptable to Dr. Howard. Fur-I wher, it is our understanding that Dr. Howard is informing the NRC
of his findinc

Based on the discussions with Dr. Howard, Dames & Moore has
performed a stability analysis of the critical cross-section along
the western embankment for an end-of-construction condition for the
new embankment raise. The slope stability analysis was performed
on the embankment section C-C as presented on Plate 3-C of the En-
gineering Design Study submitted February 15, 1978. The end-of-
construction condition was performed in a similar manner as

._ - __ __ .-
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Atlas Minerals
August 24, 1979

I
Pace -2-

I~

presented in that report. Based on this slope stability analysis

I it was found that the minimum factor of safety for the western em-
bankment with a raise of the embankment crest to elevation 4058
feet is 1.58 and 1.24 for the static and sei.smic conditions, re-

I spectively. The factors of safety meet regulatory guidelines pre-
sented in USNRC Regulatory Guide 3.11.

1

If you have any questions or require additional information,I please contact us.

Yours very tru.''j,

DAMES & MOORE

George C. Toland
Partner

I
~2I
James R. Boddy ,
Project Manageri

I
GCT/JRB/pc

Attachments

,

cc: Dr. Terry Howard

I

W W$ u%.

I
I
I
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I
BID DOCUMENTS

1.0 INVITATION TO BID

I
1.1 GENERAL

Atlas Minerals is planning to construct an earthfill embank-

ment addition to its tailings pond dike. You are invited to

submit your bid to furnish all labor, supervision, equipment

and materials required for the complete construction of the

embankment addition in accordance with the specifications

and drawings attached hereto. Bidders shall confirm by mail

the receipt of this " Invitation to Bid". The contract shall

be awarded on the basis of lowes t firm-price bid for the

complete construction of the earthfill embankment addition.

Unit prices will be included in the bid to provide for

deletions or additions to the work scope.

1.2 BASIS OF BID

Bidders are urged to visit the site of the work and by their

own inves tigation satis fy themselves as to the exis ting

conditions affecting the work to be done under these spec-
l ifications. If the bidder chooses not to visit the site, he

will nevertheless be charged with knowledge of conditions,

| which a reasonable inspection would have disclosed and

shall assume all responsibility for deductions and conclu-

sions made therefrom as to the difficulties in performing

the work. Tne cons truction site may be inspected during

regular office hou.. by contacting Mr. Gene Ciarus of Atlas

Minerals at the Moab Mill near Moab, Utah (801) 259-5'.31.

Selected samples recovtved in the subsurface inves tigations

( may be inspected by bidders at the Atlas Mi7erals' Moab

office. Solely for the convenience of the bidders, they may;

obtain logs of borings and test pita from subsurface

| inves tigations upon request to Dames & Moore in Salt Lake

City, Utah. Atlas Minerals does not represent that the

I -1-
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I
available records show conditions that will be encountered
in performing the work and represents only that such records
show conditions encountered at the particular point and time

for which such logs were obtained.

1.3 PREPARATION OF BID

Each bid must be submitted on the prescribed bid form. All

blank spaces must be filled in, in ink or typewr.tten. For

the convenience of the bidder, an additional Bid Schedule is

attached. All bids must be prepared in triplicate on and

submitted under bidder's letterhead. They mus t be delivered

I in good order and enclosed in a sealed envelope prior to '.he
due date and time specified below. All bid documents are to
be returned, whether or not a bid is submitted.

1.4 RECEIPT AND OPENINC OF BIDS

Bids will be received by Atlas Minerals, a division of Atlas

Corporation, at Pos t Office Box 1207, Moab, Utah, 84532,

under the attention of Mr. Gene Ciarus, until p.m.

on The res ul ts of the bidding will be made.

available on There will be no public open-I .

ing. '

The owner reserves the right to reject any or all bids, to
waive technicalities, to advertis for new bids or proceed

to do the work otherwise. Only one bid will be accepted perI bidder, and rebids will not be accepted unless requested by
the owner as a res ul *: of a significant design or specifi-I cation alteration. Any bid Lay be withdrawn prior to the

above scheduled time for the opening >f bids or authorized
postponement thereof. Late bids will not be accepted.

1.5 COMMENCEMENT, PROSECUTION ANS COMPLETION OF THE WORKI
Bidders must agree to begin work within ten (10) days after

I date of receipt of notice to proceed and complete all of the

work within 75 calendar days of said date. Bidders shall

-2-
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1

include in their proposals en estimate indicating their bes tI start and finish dates for the total scope of work. The
'

capacity of the successful bidder's cons truc tion plan,

sequence of operations, methods of operation and the forces
3 employed will at all times during the continuance of the

contract be subject to the approval of the engineer and

i shall be such as to insure completion of the work within the

specified period of time. The successful bidder shall plan

and schedule his work as directed by the owner in order
,

to coordinate said work with the work of the owner or
other contractors.

,

1.6 PRE-CONSTRUCTION CONFERENCE

Within five (5) days after notification of the contract
award, the successful bidder, together with any known

sub-contractors, will be required to attend a Pre-Construc-

tion Conference at a time and place designated by the owner.

The purpose of the P e-Construction Conference will be to

discuss , among othe- cons iderations , the responsibilities of,

the successful bidder and nis sub-contractors.
,

I

I
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2.0 BID FORM AND BID SCHEDULE

The (Contracting

Company), having examined the construction site and studies and

now comprehending the plans and specifications, proposes to

furnish all materials, labor, tools and equipment required to

complete all work called for in the plans and specifications

prepared for or by Altas Minerals for the cons truction of the

earthfill embankment addition for the sums and totals quoted on

the following Bid Schedule. Estimated earthwork quantities shown

on the Bid Schedule are for required in-place compacted embank-
I

ment quantities; final payment will be made on measured quan-

tities.

ITEM DESCRIPTION UNITS AMOUNT

1 Mobilization and Demobilization Lump Sum S

2 Emoankment Fill

Red silty sand fill:
Required stripping, excavation
from borrow area or obt.ainment
from s tockpile area, transpor-
tation, preparation, placement
and compaction

286,000 cu yds
in-place

@ /cu yd S

3 Surveying: Lump Sum S

-.

TOTAL FIRM-PRICE BID EARTHFILL
EMBANKMENT ADDITION S

I
I -4-
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I
GENERAL SPECIFICATIONS

1.0 GENERAL CONDITIONS

1.1 DEFINITIONS

1.1.1 Contract. The written agreement between the CON-

TRACTOR and the buyer of the Contractor's services

setting torth the terms and conditions under which

the wcrk is to be performed and/or material is to be

furnished. It includes all the contract documents.

1.1.2 Contractor. Party of the second part to the contract

acting directly or through his agents or employees,

hereinafter call' ON'CRACTOR.

1.1.3 Owner. Atlas Minerals, a division of Atlas Corpor-

ation, and party of the f irs t part, hereinafter

called OWNER.

1.1.4 Engineer. The authorized cepresentative assigned by

the part of the first part of the contract to super-

vise and direct the technical aspe-ts of the work

called for in the contract to insure that the work

and materials are in accordance with the plans and

specifications.

| 1.1.5 Technician. The authorized representative of the

ENGINEER who will perform the day-to-day inspection

as directed by the ENGINEEP

1.1.6 Design Engineer. The authorized representative of

the OWNER responsible for the design and preparation,

|

| of the plans and specifications.
!'

l.1.7 Employee. Any person working on the project who is

under the direction or control of, or receives;

compensation frem, the CONTRACTOR or sub-contractor.

Employees shall be personnel skilled and experien'ced
!

in their trades.

!I -
-
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I
1.1.8 Plans. The drawings at reproductions thereof whichI show the locations and detailed design of the con-

templated improvements outlined in the specifica-
tions. Part of the contract documents.

1.1.9 Specifications. The statement containing a minute
description of the WORK. Part of the contract
documents.I

1.1.10 Work. (The Work). The materials and operations

I necessary for the construction of the specified
improvements as indicated on the PLANS, or as set

forta in the specifications.

1.1.11 Item. A specified class of WORK on which definite

prices are set forth in the CONTRACT.

1.2 CONSTRUCTION CONTROL SURVEYING

The OWNER will establish baselines and bench marks required
for proper execution of the work. The CONTRACTOR will
furnish competent and qualified survey control during the
course of construction to assure adherence to lines and

5 grades. See Section 4.0 for the outlined scope of work .

1.3 CONSTRUCTION INSPECTION
I

e" Full-time control inspewoion of all construction activities

under this contract will be provided by the OWNER andIi ENGINEER, at no cost to the CCNTRACTOR.

1I
1.4 WATER, SANITARY AND OTHER FACILITIES

Water for cons truction will be available at the Moab Mill
from the OWNER. Means of obtaining this water and conveying

) it to the construction site will be left up to the CONTRAC-

TOR with the approval of the ENGINEER. Drinking water and

sanitary facilities shall be provided by the CONTRACTOR.

Other f acilities of the OWNER will not be available to theI CONTRACTOR. All storage and disposal areas used by the

I
I -6-
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I
CONTRACTOR shall be subject to prior approval by the OWNER's
representative.

1.5 SUPERVISION OF WORK

The CONTRACTOR shall provide a ccmpetent foreman or super-
intendent, satisf actory to the ENGINEFR, on the work at all

times with the authority to act for him. The superintendent

or foreman shall give personal supervision to the work,

including coordinating, directing and expediting of all
subsequent work until completion of all work u'. d e r the
contract. All directions given to such superintendent or

foreman shall be considered as given to the CONTRACTOR and
shall be binding on the CONTRACTOR.

1.6 LOCATION AND MAINTENANCE OF ROADS

The OWNER will provide a contractor's entrance located

approximately 450 yards west of the scale house gate for the
sole use of the CONTRACTOR and his employees. All access to

the site by the CONTRACTOR shall be through this entra..ce.

Access to the site is available by a non-surf aced road which

joins the tailings disposal area to the entrance. Improve-

ment of existing roads and construction of new roads must be
)

approved by the ENGINEER. If such nEW roads are Con-
structed, they shall be done in such a manner as to be

free-draining and shall be maintained in good condition

throughout the contract period unless otherwise directed by I

the ENGINEER. Moisture shall be sprayed on all roads beingI used by the CONTRACTOR in order to maintain a dus t-f ree '

condition. All roads are to be cons idered of a temporary I

nature unless designated as permanent by the OWNER at some
time during the period of this contract.

I
!

I
|

I
'

,

.I |
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DETAILED SPECIFICATIONS

1.0 MOBILIZATION AND DEMOBILIZATION

!I
j 1.1 SCOPE OF WORK

This work item covers the transportation and delivery of all
1 equipment and materials required for the complete construc-

tion of the earthfill embankment addition. The removal of
'

the aforementioned equipment and unused materials from the

f site at the completion of cons truction shall also be in-

cluded in this portion of the work.

*
1.2 PAYMENT

Payment for this work item is based on a lump sum bid and is

covered under Item 1 of the Bid Schedule.

0I

)I

!I
I

1

I
I
I
I

>

I
p

I
b
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2.0 EXCAVATION AND OBTAINMENT OF FILL MATERIALSI FROM STOCKPILE AND BORROW AREAS

2.1 SCOPE OF WORK

This specification covers the required excavation of fill

material from the borrow areas , the obtainment of fill from

on-site stockpile areas and the designation of the borrow

and s tockpile areas .

2.2 DEFINITION OF MATERIALSI 2.2.1 Red Silty Sand Fill. This material is to be exca-

vated from the designated borrow area or obtainedI from the stockpile area and will be reddish-brown,

fine to coarse, sand material with 10 to 40 percent

silt- and clay-size particles and 0 to 10 percent

gravel-size particles.

2.3 BORROW AREAS

2.3.1 General. It is anticipated that all the material
,

required for the embankment cons truction shall be

obtained from the borrow area or from the stockpileI area as designated in the plans. The location and

extent of borrow pits other than in the areas desig-

nated and to the depths designated shall be subject

to the approval of the ENGINEER.

2.3.2 Borrow Area. The designated borrod area as shown on

the plans is located immediately northwest of the

existing embankment in an area that has previously

been used as a borrow area. The ENGINEER estimates

that 286,000 cubic yards of red silty sand fill are
'

available within the designated limits of this borrow

area. The depth of borrow is limited to the extent

that it conforms to the material specification of

Sections 2.2.1 and 2.2.2 and is approved by the
ENGINEER. Upon completion of the use of the borrow

-9-
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I
area, the lowest elevation of the borrow area shall

be no lower than 4,003 feet along the area's eas tern

I boundary and the surface shall be smoothed and sloped
such that all disturbed areas within the borrow area
are graded to drain. Under no circumstances shallI permanent cut slopes be made steeper than two hori-

zontal to one vertical.

2.4 STOCKPILE AREA

Should there not be a sufficient quantity of red silty
sand fill material in the designated borrow area, additional

fill shall be available to the CONTRACTOR from the on-site
stockpile area as designated in the PLANS. It will be the
responsibility of the OWNER to inform the CONTRACTOR of theI changes in the location of the s tockpile areas and to

'

provide necessary access to them.
,

2.5 MOISTURE
'

The earthfill material prior to and during compaction shall

be such that the mois ture content shall be in accordance
with Section 3.5.3 of these specifications. Should ad-
ditional moisture be needed, it may be introduced into the

borrow or stockpile areas by irrigation or sprinkling inI advance of excavation operations. When moisture is intro-
; duced into the borrow or stockpile areas, both excessive

runoff and accumulation of water in depressions should be

avoided.

il
'I
.I

.I
I

>
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3.0 EMBANKMENT FILL

3.1 SCOPE OF WORK

This section of the specifications covers material place-
ment, spreading, moisture control and compaction re' quire-
ments for the compacted embankment fill. The design en-

gineer has estimated the dam will require a total of 286,000

cubic yards of in-place compacted embankment fill.

3.2 DEFINITIONS

3.2.1 zmbankment. That portion of the cons truction which

comprises the compacted earthfill as designated on

the plans by " Embankment Fill to be Constructed -

12 Foot Raise". Embankment fill is defined as
red silty sand fill material.

3.2.2 Exis ting Embankment. The earthfill tailings reten-

tion structure present at the site.

3.2.3 Foundation. The exis ting embankment, of sand tail-

ings and red silty sand soil, cr the natural ground

surface adjacent to the exis ting embankment upon

which the earthfill embankment is to be placed.

3.2.4 Compaction. The mechanical process whereby the
density of the soil is increased.

3.2.5 Optimun Mois ture Content. The mois ture content at

which the specified amount of compaction effort will

produce the maximum density of the soil.

3.2.6 Maximum Dry Density. The dry density of the soilI obtained after a specified amount of compaction at

the optimum moisture content.

3.3 GENERAL PROVISIONS

3.3.1 Lines and Grades. All fills should be constructed to

the lines, grades and cross-sections indicated on thj
drawings unless otherwise directed in writing by thsI ENGINEER. All finished surfaces shall be generalld

*smooth.I ,

:
-11-
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I
3.3.2 Conduct :,f Work. The CONTRACTOR shall maintain andI protect all fill in a satisfactory condition at all

times until all work under the CONTRACT is complete
and final. Any previously approved fill which is

not maintained and protected to the satisf action of

the ENGINEER until final acceptance of the work,

shall be replaced or reworked by the CONTRACTOR in a
satisf actory manner and no additional payment will be

made therefore. The CONTRACTOR may be required to

remove at his own expense any fill material placed

outside of the prescribed lines and grades.

3.4 MATERIALS

3.4.1 General. The suitability of materials and their

depos ition in the fills will at all times be subject

to the approval of the ENGINEER. The compacted dam

embankment shall be constructed using the red silty

sand borrow material. All material shall be free
from any perishable or otherwise undesirable mate-

rials. Should any undesirable material be hauled
i onto the fill, it should be removed prior to compac-

j tion operations.
t

3.4.2 Source. Suitable fill material shall be obtained'

from the designated borrow area and stockpile
area.

'
3.5 CONSTRUCTION

| 3.5.1 Foundation Preparation. The entire surface of the

dam foundation areas shall be stripped and leveledi

where necessary, scarified to a depth of at least six

(6) inches , moistened (if required), and compacted as

| herein specified for the compacted fill.

3.5.2 Placement and Spreading. Embankment fill shall
be placed in approximately horizontal layers not to

| exceed eight (8) inches in loose thickness. Fill

|
-12-
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I
materials shall not be placed and compacted until theI exposed foundation areas have been inspected and

g approved by the ENGINEER. The CONTRACTOR shall keep

E the foundation area free from ponded water or un-

acceptable material after filling orarations have

started. Fill shall not be placed .tpon a frozen

surface nor shall snow, ice or frozen material be

incorporated in the fill.

Unless otherwise directed, fill material shall be

maintained at ap9roximately the same level. The
dis tribution of materials throughout the fill shall

be such that there will be no lenses, pockets or

streaks of material differing substantially in

texture or gradation from the surrounding material in

the fill. After placement of each layer of material,

the fill shall be spread by motor grader or other

approved equipment. Compacted fill shall not be

placed against a slope steeper than one horizontal to

one vertical unless otherwis e shown on the plans or

IE appr ved by the ENGINEER.
IE
| Where the embankment abuts the natural surface soils

| near the downs tream toe of the western embankment,

| the existing steep surf aces should be benched and the

fill material should be well keyed into the slope for

each lift so that no loose zones remain and that an

adequate tie is provided between the natural soilsI and the new construction. Where the embankment abuts

the steep slopes of the existing embankment, the fill

should be likewise well keyed into the slope. Care

must be given to the existing sand and gravel drain

at the toe of the existina embankment from Stations

0+00 to 21+00.

3.5.3 Mois ture Control. During the compaction operations,

the surface of the fill and the materials being

I
I -13-
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I
placed shall be maintained within the mois ture

content range requirv to permit compaction to the

specified density with the equipment used. The water

content of the earthfill material prior to and during

compaction shall be distributed uniformly throughoutI each layer of the material. Allowable ranges of

placement water content are based on design consider-
*

ations, but the required degree of compaction
j can be secured with a reasonable effort within the

mois ture range defined by the ENGINEER. In general,

g the average placement water content will be required

to be maintained at or near the optimum condition.

This optimum water content is defined as the water,

content which will result in a maximum dry unit

weight of the soil when subjected to the ASTM * D-698
'

method of compaction. Compaction tes ts will be

made by the TECHNICIAN under s upervis ion of the

ENGINEER during placing of the fill. Water, if

required, may be added to the material at the borrow

or s tockpile areas or by sprinkling on the placed

earthfill. The water shall be uniform throughout the

layer im.nediately prior to compaction.

3.5.4 Compaction

3.5.4.1 Equipment. Rollers (preferably vibratory)

of sufficient size and number to maintain

the progress of the work may be required to

obtain the specified compaction and should

be made available. All compaction equipment

used shall be in good working order, of a

capacity, weight, and/or power necessari to

perform the required operations in a work-

manlike manner and must be approved for useI by the ENGINEER.

I
* American Society for Testing and Materials.i

-14-
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I
3.5.4.2 Compaction Methods. After each layer of

fill mcterial has been placed and spread and

contains the required mois ture content as

specified in Subsection 3.5.3, it shall be

compacted by making a sufficient number ofI! passes with the compaction equipment over

the entire surface of the layer to obtain|g
5 the density specified for compactad embank-

ment fill.

3.5.5 Density Requirements. All embankment earthfill
under these specifications will be classified as

compacted fill. Compacted fill shall consist of and

include all fills deposited in layers and compacted

by rolling and tamping. Embankment fill will be
compacted under these specifications to at leas t 95

percent of the maximum dry density obtiained from the

performance of a compaction test in accordance with

the ASTM D-698 method of compaction. In-place

density tests will be performed by the TECHNICIAN to

| insure that the compaction procedure as outlined in

Section 3.5.4.2 is adequate to achieve the required

density specifications for embankment fill. The

| number of density tests to be performed is detailed
1

in Section 5.0. The percent compaction of theI compacted fill will be determined by compar:.ng field

densities to the densities obtained by compacting the

i same type of soil in laboratory compaction tes ts
'

described above. If density tes ts indicate the fill

to be of insufficient compaction, modifications to

the procedural compaction method as outlined in

Section 3.5.4.2 must be made by the CONTRACTOR. Each

layer of fill will be accepted by the ENGINEER before

additional layers are placed. Acceptsnce or rejec-
,

tion of any portion of the compacted embankment fill

shall be based on tes ts conducted during #the actual
fill placement.

I
-15-
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3.6 PAYMENT .

Payment for placement, spreading, mois ture control and

compaction of the embankment fill is based on a firm-price

bid. Unit prices for the in-place quantities will be

included under Item 2 of the Bid Schedule to provide for

deletions and additions to the work scope.

I
I

'

.I

'I
'I
il
il
,

.I

I

I
|I
r
|

|

|

|I
|
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4.0 SURVEYING

I 1

l

4.1 SCOPE OF WORK

This specification covers the surveying required to commence |

construction, to maintain the progress of the work and

I determine the final in-place compaction earthwork quantities
and excavation volumes.

4.2 REQUIRED SURVEYING

The OWNER will es tablish baselines and bench marks required
for the proper execution of the work. The following sub-

sections outline the minimum required surveying services to
be provided by the CONTRACTOR.

4.2.1 Initial Layout. This portion of the work covers the

coordination of exis ting survey control and the
'

initial layout of the embankment addition. The

" downstream" edge of the bench at the approximate

elevation 4,040 feet shall be the reference for the

survey along all but the wes tern segment of th'e

embankment. Along the western length of the embank-

ment, the " upstream" edge of the existing embankmentI crest at the approximate elevation 4,04G feet shall
i control.I

4.2.2 Determination of Foundation Grade. After completion
_

of the foundation area stripping and leveling work,I and prior to s carifying the foundation, the foun-

dation area shall be surveyed for grade at theI station s e c tior.s to facilitate determination of
earthwork volumes.

4.2.3 Sectioning the Complete Embankment Addition. This

portion of the work covers the surveying required to

determine the volumes of embankment fill above
foundation grade. Volumes shall be determined by
sectioning the embankment at the same 100-foot

I
-17-I
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I
stations after fill placement as those surveyed
before fill placement.

- 4.2.4 Miscellaneous Surveying. Additional surveying

services may be required to maintain the progress of

the work and is the responsibility of the CONTRACTOR.
'

This said additional surveying service shall be
a

supplied by and at the expense of the CONTRACTOR.

4.3 SUPERVISION OF WORK
i

The above outlined scope of work performed by the CONTRACTOR
or his Sub-contractor shall be supervised by a qualified and

licensed surveyor. Required surveying and related volume

determinations will at all times be subject to review and

approval of the ENGINEER.

| 4.4 PAYMENT

Payment for the required surveying services outlined above

shall be based on a lump sum as part of the fixed-price bid

and is covered under Item 3 of the Bid Schedule.

,

I
LI

I
I

I
1

I
~
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5.0 CONSTRUCTION INSPECTIONI
5.1 SCOPE OF WORKI

The ENGINEER will be res pons ible for field inspection and

testing, final quality of earthwork and foundation soil

preparation, and advising the OWNER of inadequacies in the
'

event they are not or cannot be corrected during the course

of work.

5.2 GENERAL

The ENGINEER will provide all labor, material, and testing

equipment, technical and supervisory services necessary to

perform all the soil tes ts , inspections and certifications

required by the specifications.

The ENGINEER and the TECHNICIAN will have copies of:

The project plans and specifications.

.

The applicable ASTM specifications.

The results of pertinent laboratory tes ts previously.

made on the construction materials .

In addition to performing all required field tes ts and

inspection during placement, the TECHNICIAN will also
conduct any tes ts necessary to confirm that the material

| within the specified borrow area and stockpiles meet the

appropriate project specifications for soil type, gradation,,

or limits on deleterious materials .

The TECHNICIAN will be present each day before any earthwork

is started, and remain on the site during the course of the

work. He will also make himself available at all reasonable
,

times as requested by the CONTRACTOR.

5.3 INSPECTION DETAILS

5.3.1 Frequency and Location ' of Tes ts . Visual inspectio's

of the work and field tes ting of the soils are tr e

primary means of assuring proper materials and

I
-19-
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I
adequate dens ity in controlled fills. Frequency of

tests and the test locations are at the option of the

TECHNICIAN unless additional tes ts are reques ted by

the ENGINEER, CONTRACTOR or the OWNER.

'

Density tes ts will be made in the following areas:

Where the degree of compaction is doubtful..

Where embankment construction operations are.

concentrated.
3For every 1,000 yd of embankment when no..

doubtful or concentrated areas occur.

5.3.2 Verification. The TECHNICIAN will notify the CON-

TRACTOR's personnel, directly, of any fill material
- that is below the required density, of improper

moisture content for efficient compaction, unapproved*

borrow materials, or fills that have been improperly

placed so that immediate corrections will be made'

during the course of work.

| It will be the responsibility of the TECHNICIAN to

notify the ENGINEER and OWNER if the fill material,

the placement method, or the soil density or moisture

consistently f ail to meet the required specifica-
,

tions. His report will include the reasons for suchl

,

conditions. The TECHNICIAN will report such problems

both verbally and subsequently in writing.
|
|.

| On each day in which any earthwork ic performed, the
1
'

TECHNICIAN will submit to the OWNER and to the
CONTRACTOR a daily report which will include, but

| not be limited to, the following information:
l
? Areas and elevations of completed earthfill.

| placements.

Type of earthfill materials placed..

Test densities obtained..

Soil mois ture conditions .
|

.

f Lis t of all cons truction equipment used..

.

,i .
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Deviations from specifications..

Final disponi':icn of problem areas ..

The TECHNICIAN will maintain a personal field file

with the above information, plus any unusual condi-

tions, s ugges tions or recommendations made to the

CONTRACTOR and will have such a file on the site at

all times.
!

The ENGINEER will visit the job with sufficient
frequency to be thoroughly familiar with:

ll| The earthwork, excavation, backfill, and.

foundation cons truction of the CONTRACTOR.
The quality and scope of testing and inspection.

by the TECHNICIAN, during the course of
. work.I'

5.3.3 Tes ting Methods . The ASTM methods that will be used

in performing the required tes ts are as follows:
|

Type of Tes t ASTM Standard Method

: Compaction Test D 698
Gradation Test D 422

Density Test D 2922 and D 1556

| Moisture Content Test D 3017 and D 2216

p It should be noted that ASTM methods D 2922 and

D 3017 involve the use of nuclear methods. The

purpose of the ASTM D 1556 and D 2216 tes ts are to

provide a check on the accuracy of these nuclear

methods.

I
1

4

|

|

|
p
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6.0 MISCELLANEOUS CONSTRUCTION

(NOT A PART OF THIS CONTRACT)

6.1 PIEZOMETERS

6.1.1 Scope of Work. The CONTRACTOR shall construct three

new piezometers and extend six exis ting piezometers

in accordance with these Specifications and as shown

on the PLANS or as directed by the ENGINEER.
%

6.1.2 General Description
'

6.1.2.1 New Piezometer Installation. Three new
i

piezometers shall be installed at the three

locations labeled as piezcmeter locations
3 D-1, D-2 and D-3 as shown in the plans on

the Plot Plan. The new piezometers shall be

i placed in individual boreholes. The bore-

holes shall be advanced by drilling a

i four and three-quarter-inch diameter hole
'

below the final grade and casing the hole

with four-inch nominal diameter steel pipe.

The casing shall be withdrawn as piezometer

installation progresses upward. To provide

a protective cover, a five-foot length of

eight-inch diameter steel casing and three-
*

quarter-inch steel cover plates shall be
,

ins talled .

6.1.2.2 Exis ting Piezometers . Six existing piezo-

meters have been established along the

existing embankment at the locations

labeled as piezometer locations B-7,

B-10, B-13, B-16 and B-28 on the Plot
i Plan in the PLANS. The casing and piezo-

meters shall be extended upward to where the

. top of the eight-inch PVC casing is at least

eight feet above the exis ting embankment

surface at the piezometer location. At
,

-22-
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most piezometer locations, compacted fill
.

must be placed adjacent to the piezometer.

In these areas, hand-compaction using

mechanical tampers will be required to

obtain the necessary densities and to

prevent damage to the casing and piezometers

by heavy compaction or other cons truction

equipment.

Along the first bench of the exis ting
embankment, eight additional existing
piezameters (the locations of which are.

shown on the Plot Plan as A-1, A-4, A-5,

B-1, B-2, B-4, B-5, and B-8) have been
s

established and are functional. Care must

be taken by the CONTRACTOR not to damage
~

or cover these piezometers.

6.1.3 Materials

6.1.3.1 General. Materials to be used in piezometer

construction are described below. The

CONTRACTOR shall submit samples of and/orf
specifications for the various materials to

be used in piezameter construction to the,

ENGINEER for approval before said materials

are acquired or piezometer construction

begins, The suitability of all materials

and methods used for piezometer construction'

| shall be s ub'| tc t to approval of the EN-

GINEER.

6.1.3.2 Casing. Casing used to i'nstall piezometers

below the exis ting ground line shall be

nominal four-inch diameter steel pipe.

Casing which will become a part of the

germanent construction shall be nominal

eight-inch diameter, Schedule 40 PVC pipe.I
-23-
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6.1.3.3 Piezometer Tips. Piezometer tips shall be

" Standard Hydro-Tips", as manufactured by
Hydrophilic Industries, Inc., Puyallup,

Washington, or equivalent. Said tips are

made of 1.5-inch nominal diameter PVC
plas tic pipe with 0.010-inch wide slots , are

) 22 inches long, and are adapted to 0.75-

inen nominal diameter PVC plastic ris e r

pipe.
3

N
M 6.1.3.4 Riser Pipe. Piezometer riser pipe shall be

0.75-inch nominal diameter schedule 40 PVC,

plas tic pipe.,

,

6.1.3.5 Sand. Sand shall be a typical " concrete

a sand" with 100 percent by weight passing the

U.S. Standard three-eighths-inch sieve and

less than five percent pas s ing the U.S.

Standard No. 200 sieve.
1

! 6.1.3.6 Bentonite. Bentonite shall be introduced .

into the piezometer holes as dry pellets
,

equivalent to "Peltonite" sold by Roctet,i

Inc. , Plattsburgh , N.Y.

6.1.3.7 Cement-Bentonite Grout. Cement-bentonite'

grout shall be cement and powdered bentonite

mixed in a four-to-one, cement-bentonite.

ratio. Sufficient water should be added to
:

form a slurry which can be pumped down the,

borehole.

j 6.1.4 Cons truction

; 6.1.4.1 New Piezometer Installation. Piezometers
|

shall be installed below grade after com-,

pletion of embankment construction. Casing
shall be advanced as the hole is drilled.

.

The casing shall be withdrawn af ter the tip

-24-
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and riser pipe are ins talled and as the

sand, bentonite and cement-bentonite grout

are ins t s ' ' d.

The casing shall be withdrawn ta the level

of the top of the bentonite zone immediately,

after placement of the bentonite to prevent

the bentonite from seizing to the casing.

Care shall be taken to prevent other mate-

rials from seizing to the casing e.nd to the
i tips or riser pipes from being disturbed or

withdrawn as che casing is withdrawn.gi

5 Materials shall not be placed in uncased

holes but shall be placed inside the casing
,

and the casing then withdrawn.

During borehole drilling operations, the,g
E ENGINEER will observe the drilling operation<

and maintain a log of the soil profile

encountered. Exact elevations of piezometer

tips will be determined in the field by the

f ENGINEER based on the ENGINEER's observarion
of the soil profile encountered. In gen-

eral, the piezometers are to be ins talled
:9.

'

with their tips five feet below the bottom

of the tailings sand drain material of thei

l' exis ting embankment.

6 i.4.2 Extension of Existing Piezometers . Piezo-

meters above grade shall be installed and

extended in advance of compacted fill

placement by the addition of casing and

piezometer tubes. Special care shall be
|,I taken to achieve a water-tight seal when

joining PVC pipe sections. Fill placed

adjacent to the casing sections shall be

I
-25-
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I
hand-compacted within 24 inches of theI casing. Riser tubes shall be fitted with

removable caps which shall be kept in place

at all times to prevent dirt or othec debris

from entering the piezometer riser pipes and

tips.

6.1.5 Measurement and Payment. Payment for constructing

the three new piezometers and extendng the existing

six piezometers will be based on time and expense

of the CONTRACTOR. Said price shall include the cost

of: cons truction and maintenance of work pads and

access roads; drilling and casing the hole below

grade; furnishing and ins talling the various com-

ponents and materials required to construct the

piezometers in accordance with these Specifications

and Drawings including withdrawal of casing below

.
grade; furnishing and ins talling permanent casing;

hand-compaction of fill placed adjacent to the casingI above ground line after stripping; and, all labor,

equipment, and material incident thereto.
,

i
6.2 SUB-DRAIN SYSTEM

; 6.2.1 Scope of Work. This specification covers the mate-

rials and work required to modify the exis ting

sub-drain system near the south end of the western

embankment (approximately St. tion 17+00 to 21+00).

6.2.2 General Description. The exis ting sub-drain system

is shown in the plans on the Plot Plan. The system

cons is ts of two separate drains, each with a sump,

pump and PVC drain pipes. As indicated, the ne w

embankment will cover the area labeled as "Exis tir 9
Sump (To Be Abandoned)." Therefore, this sump ar d

pump will be removed and the sump hole backfilled. A

new section of drain pipe will then be added to

I
-26-
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I
connect the drain pipe at the point where it now

enters the sump to the exis ting drain pipe to
the south.

6.2.3 Construction

6.2.3.1 Abandonment of Existing Sump. The exis ting

sump along the western embankment shall be

removed. The hole shall be backfilled with

coarse filter material compacted to the
specifications stated in Section 3.5.4.

Sufficient quantities of this material will

be available to the CONTRACTOR in the
designated stockpile area.

6.2.3.2 Cons truction of New Sub-Drain Collector.

The new sub-drain collector should be
constructed in general accordance with the

detail shown in the plans on the plate
entitled "SUB-DRAIN COLLECTOR-TYPICAL."I The invert elevation of the north end of the

new drain pipe will be approximately 4,009'

(
feet and the southern end approximately,

3,994 feet. The pipe will be cons truct'ed to

a straight grade between the invert eleva-

. tions of the two existing pipes it connects.

The slope is es timated to be approximately

I three to three and one-half percent which is

adequate for proper drainage.

6.2.4 Materials. Materials to be used in sub-drain modifi-

cation are described in the plans. The CONTRACTOR

shall submit samples of the pipe to the ENGINEER for

| approval before the pipe is acquired or sub-drain

construction begins. The suitability of materials

| and methods used for sub-drain construction shall be
I subject to approval by the ENGINEER.,

.
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I
BID FORM AND BID SCHEDUI-E

The (Contracting

Company), having examined the construction site and studies and

now comprehending the plans and specifications, proposes to
furnish all materials, labor, tools and equipment required to

complete all work called for in the plans and specifications

prepared for or by Altas Minerals for the cons truction of the

earthfill embankment addition for the sums and totals quoted onI the following Bid Schedule. Es timated earthwork quantities shown

on the Bid Schedule are for required in-place compacted embank-

ment quantities; final payment will be made on measured quan-
titics.

I
ITEM DESCRIPTION UNITS AMOUNT

, -

1 Mobilization and Demobilization Lump Sum S

| 2 Embankment Fill

| Red silty sand fill:
1 Required stripping, excavation

from borrow area or obtainment
from stockpile area, transpor-I tation, preparation, placement

| and compaction
286,000 cu ydsI in-place;

@ /cu yd S

3 Surveying: Lump Sum S_

I -

TOTAL FIRM-PRICE BID EARTHFILL
EMBANKMENT ADDITION $

I
I
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September 14, 1979

.E U. S. Nuclear Regulatory Commission
IE Uranium Recovery License Branch

7915 Eastern Avenue
Silver Spring, Maryland 20910

Attention : Mr. Peter Garcia
Mail Stop 483-SSI

Gentlemen:

Subject: T chnical Questions
; Tailings Pond-Embankment System

Atlas Minerals Milling Operation
'

Moab, Utah
- Docket No. 40-3453

At the request of Mr. Gordon Swanby of Atlas Minerals, we

enclose a copy of our lette.- to Atlas Minerals of September 14, 1979,

which presents responses to the recent questions asked by
'

Mr. Peter Garcia regarding the proposed additions to the Atlas mill

tailings pond.
.

'ours very truly,
,.

:

AMES & MOORE

I f
James R. Bpody

:3 Project Manager
.

i'g
| JRB/ek
,

enclosure

i cc: It . Gordon Swanby, Atlas funerals

|I
:

!I
|
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Atlas Minerals
2506 Prudential Plaza'

IC50 - 17th Street:

Denver, CO 80265

! Attention: Mr. Gordon, T. Swanby,
Vice President,
Engineering and Environment

U*"'1*"*"* Evaluation of Tailings Pond-Embankment System
,

Moab, Utah
-

For Atlas Minerals

g
5 INTRODUCTION

In accordance with recent discussions among Mr. Gordon Swanby of Atlas
Minerals, Mr. Peter Garcia of the U.S, Nuclear Regulatory Commission, and with
Mr. James Boddy of Dames & Moore, we are presenting herewith our responses to

,
the questions asked by Mr. Garcia regarding the proposed additions to the tail-
ings pond at the Moab mill.

The following discussions should be adequate to answer these questions
raised.

TAILINGS BEACH ALONG THE PERIMETER OF THE TAILINGS POND

A question was raised regarding the requirements for the tailings beach
; that is deposited adjacent to the interior side of the embankment of the tail-

ings pond.t

,g As stated in the February 15, 1978 report of the engineering design study,
g in order to control the phreatic surface within the tailings pond embankment,

a minimum distance between the crest of the embankment and the nearest point
of the ponded water must be maintained. It was racommended and assumed in thei

- design that a minimum beach distance of 150 feet ,a maintained at all times

along the entire perimeter of the tailings pond. Further, it is stated in

,

Item 19 of Materials License SUA-91J issued to Atlas Minerals, that notwith-
standing the provisions of Section 4.2 of the licersee's submittals specified

- in Condition 12 of the license, the licensee shall operate the tailings im-
poundment system in accordance witn statements, representations, and conditions

il
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specified in the licensee's application and enclosure of July 11, 1978. In

the July 11, 1978 enclosure it is stated that the freeboard requirement for
the entire embankment perimeter and the minimum crest-to-pond-water-edge
distance along the embankment that had been used up until that time will
essentially remain unchanged. Thus, a minimum freeboard requirement of six

feet must be met at all locations. And, along the embankment, other a the
west embankment area, an ultimate minimum distance of 150 feet from the crestI of the embankment to the edge of the water must be maintained. At that time
the 150-foot beach was measured from the existing embankment crest. Thus, the

; E sana beach width measured from the new six-foot dike crest was only about 40
i g feet immediately following construction (in July, 1978) and an allowance of

an initial period of time was made for reestablishing the 150-foot-wide beach
as quickly as possible after the end of construction.

With the addition to the tailings pond of the new embankment raise it is

Atlas's intent that a minimum distance of 150 feet from tha crest of the em-
bankment to the edge of the water be maintained at all times along the entire
embankment perimeter, including the western embankment. Immediately following
the end of construction of the new embankment raise, this criteria may not be

I met along the western embankment. However, the tailings discharge will be
managed as to establish a 150-foot-wide beach as quickly as possible after
the construction of the raise.

PROBABLE MAXIMUM FLOOD (PMF) CONDITIONS AT ATLAS

MINERALS TAILINGS POND

INTRODUCTInN

A question was asked by the NRC in regards to the flood storage capacity
of the tailings pond system. The following discussion pertains to the Probable
Maximum Flood for the tailings pond drainage area. For discussion pertaining

to upstream or interior embankment slope protection against erosion and the
capability of the tailings beach and embankment to resist sustained wind-wave
activity, reference is made to the response to NRC's Question 5 in Atlas'
May 4, 3978 submittal to the NRC.

PMF FOR TAILINGS POND DRAINAGE AREA

In accordance with the criteria recommended by the U.S. NRC , surface
'

runoff into a tailings pond containing toxic materials should be stored for
.

I
1/ U.S. Nuclear Regulatory Commission, Dece-her, 1977, Design, Consturetion,

and Inspection of Embankment Retention Systems for Uranium Mills, Regula-
tory Guide 3.11.

.
.

il
|
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evaporation. The tailings pond and retention system must be designed to provideI the required storage at any particular time. The surcharge capacity of the

pond should provide for storage of a PMF series, defined as the Probable Maxi-
mum Flood (PMF) and an antecedent flood equivalent to about 40 percent of theI PMF, preceded or followed by a 100-year flood, assuming a tailings pond eleva-
tion at the start of the flood equivalent to that resulting from the average

annual runoff. Also, adequate freeboard must be provided to include the pre-I vention of overtopping by wind-generated waves.

The criteria usea in a hydrological analysis of the stored storm water

I in the tailings pond are noted below:

1. A 150-foot minimum distance from the tailings embankment crest to

I the ponded water and a six-foot freeboard requirement under normal
pool conditions is to be maintained.

2. A tailings beach wedge surface is to be naintained at an approxi-I mate slope of 2.4 percent from the sand beach elevation at the
tailings embankment crest to the edge of the ponded water.

3. After construction of the new embankment raise, the tailins;s disposal

system will have a continuous embankment along the entire perimeter
of the area. Thus, the drainage area will be limited :.o the inter-

I ior of the tailings disposal only.

Since extended storm rainfall periods are particularly important when
runoff is to be controlled by storage, the PMF series considering the general
type Probable Maximum Precipitation (PMP) storm would be more severe than the
Probable Maximum Thunderstorm (PMTS) in determining inflow volume to the tail-

I ings pond. Estimated PMP amounts for the general storm and thunderstorm con-
ditions for a six-hour duration from Hydrometeorological Report No. 49 2/ 2re <

5.40 and 9.13 inches, respectively. However, the general-type PMP storm ex-
tended to a recommended 72-hour duration would be 13.63 inches, whereas, noI extension for a duration longer than six hours is considered for the PMTS.
In addition, the 100-year rainfall for a duration of six hours was estimated
from Technical Paper No. 40 3/ to be 2.20 inches. Based on recommendations by

I the U.S. Soil Conservation Service, this value extended to a 36-hour duration
(considered maximum) would be 3.67 inches. The combined design storm rainfall
over the drainage area over the tailings pond would then be an estimated 22.75

I ' inches, conservatively assuming no rainfall losses to evaporation or to ground
water percolation. These assumptions are considered valid because the drain-
age area is nearly all water surface, with very little tributary drainage area

2_/ U.S. Dept. of Co=merce & U.S. Dept. of Army, Sept., 1977, Probable Maximum
Precipitation Estimates, Colorado River & Great Basin Drainages, Hydrometeo-

I rological Report No. 49.

3_/ U.S. Dept. of Commerce, Weather Bureau, Jan., 1963, Rainfall Frequency Atlas
of the U.S. for Duration of 30 Minutes to 24 Hours and Return Periods of 1I to 100 years, Technical Paper No. 40.
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I and evaporation during the storm sequence would be very small. The maximum
water surface elevation of the pond under this design storm condition, would
be about 1.9 feet above the existing ponded water under normal pond conditions.
Under the proposed conditions of maintaining a six-foot minimum elevation dif-
ference from the embankment crest to the ponded water, adequate storage for
total storm runoff from the Probable Maximum Flood series will be ovided.

I
Yours very truly,

DAMES & MOCRE

owr./-*I -

James R. Boddy
Project Manager

JRB/pc

I
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DOCKET N0.. 40-3453

LICENSEE: Atlas Minerals

FACILITY: Moab Uranium Mill

SUBJECT: AMENDMENT N0. 1 TO SOURCE MATERIAL
LICENSE SUA-917

I
1.0 INTRODUCTION

I 1.1 Backaround

By letter dated March 21, 1978, Atlas flinerals requested thatI Source flaterial License SUA-917 be amended to authorize the raising
of the existing tailings retention system at their Moab Uranium
Mill by constructing three separate 12 foot lifts. By amendment

I dated July 25, 1978, Atlas was given authorization to construct an
interior embankment to provide tailings storage capacity while the
March 21, 1978 amendment request was being evaluated. To make

R optimum use of the interior embankment constructed in spring 1978,
Atlas requested, by letter dated August 23, 1979, that construction
details presented in the original amendment request be revised. The

I revised specifications call for the construction of a single 12
foot lift on tcp of the interior embankment.

1.2 Procosed Action

The proposed action is the amendment of Source Material License
SUA-917 to authorize modification of the existing tailings retention,I system as described in the licensee's submittal accompanying the
August 23, 1979, request for revision of the original amendment

' request.

2.0 REVIEU SCOPE

The amendment request and-accompanying enclosures were reviewed to
evaluate the safety and environmental impacts associated with the
proposed modification.

I .

I
I
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2.1 Safety lecacts

Safety impacts associated with the proposed mc9fication were
reviewed by the staff, with technical assista ice being provided by
consultants. Hydrologic aspects of the proposed modification were
reviewed by flRR, while geotechnical aspects were reviewed by Dr.
Terry R. Howard of the University of Idaho. The conclusion reached
by the consultants was that the raise will result in safe embankments
which meet the criteria of Regulatory Guide 3.11 (see Appendices A
& B).

2.2 Environmental Imoacts

The proposed raise will result in only a slight increase in seepage
over the existing situation. This is because the raise and accompanying
modifications will have two opposing effects on seepage. TheI increase in hydraulic head resulting from the raise will be partially
offset by the reduction in pond area occuring as a result of the
establishment of a 150 foot beach on the ;.reviously riprapped
western embankment. The decrease in pond area will act to decrease
seepage for two reasons: (1) there will be a corresponding decrease
in wetted area through which seepage occurs, and (2) the establishment

I of the beach on the western embankment will restrict tailings
solution to the center of the pond, where tailings slimes act to
" seal" the pond bottom. Therefore, the net effect of the proposed
raise on seepage is a very slight increase from approximately 92
gpm to 95 gpm. Calculations are presented in Appendix C.

The only effect of the proposed raise on the existing exposed beachI area is that, due to the establishment of a beach on the western
embankment, an additional 6.5 acres of tailings will be exposed.
However, the total resulting teach area of approxin.ately 25 acres
will still be considerably less than the conservative estimate of
60 acres assumed in the Final Environmental Statement (FES, NUREC,
0453) for assessing radiological airborne releases from the tailings
area. In addition, the licensee is required by lice.,se condition
to take measures to minimize dispersal of blowing tai! Sgs in areas

.

not covered by standing water, and to document the effectivenss of
- the measures by means of a weekly, documented tailings area inspection.

3.0 CONCLUSION

The staff has concluded that issuance of Amendment No. I to Source
Material License SUA-917 will not constitute an undue risk to the
health and saf6ty of the public.

.

I
I
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Therefore, based on the insignificant incremental environmer.tal
impacts discussed above and pursuant to 10 CFR 51, Section $1.5, an
environmental impact statement, negative declaration, or an environmental
impact appraisal need not be prepared. Approval of a license
amendment authorizing the proposed embankment raise is recommended,
subject to the following license condition:

19. (a) The licensee shall construct the lift for the tailings
embankment system to a maximum elevation of 4058 feet
above mean sea level in accordance with the statements,
representations, and con 7nitments contained in the following
documents:

1. " Report of Engineering Design Study, Additions to
Tailings Pond-Embankment System, Moab, Utah for
Atlas Minerals," dated February 15, 1978.

2. " Contract Specifications and Drawings for Tailings
Embankrent Expansion Project, Twelve-Foot Raise for
Atlas Minerals,!!oab, Utah," dated August, 1979.

(b) In addition to the compaction testing specified in the
above documents, the licensee shall perfonn field gradation
testing at the frequency of one (1) test for every 5,000
cubic yards of material placed.

(c) Should fill material in addition to that from the designated
borrow area be required during construction, the licensee
shall perform strength and gradation analyses prior to
use to ensure that the additional fill material is at
least as good as the designated borrow material. If the
material is not, the licensee shall perfonn additionalI static and pseudo-static stability analyses to ensure
that the embankment still meets the criteria of Regulatory
Guide 3.11.

I
(d) flotwithstanding the frequency specified in the above

documents, the licensee shall monitor piezometers on a
daily basis during construction. Rises in water level
shall be reported to the project engineer immediately for
evaluation. Following construction, instrumentation
monitoring shall be as vecified in the documents listed

in section (a) above.

I (e) The lateral position of the three piezameters to be
installed in the western embankment shall be within five
feet of the centerline of the embankment. Piezometer
spacing and tip elevation shall be as stated in item (2)
of section (a) above.

I
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I (f) The licensee shall maintain at least six feet of freeboard
between the embankment crest and the operating level of
the ponded liquid. In addition, the licensee shall
maintain a minimum beach of 150 feet between the pondedI liouid and the dam embankments.

(g) The results of all quality control testing, as requiredI in sections (a), (b), and (c) above, as well as any
additional stability analyses required by section (c)
shall be submitted to the Uranium Recovery Licensing

I Branch, U. S. Nuclear Regulatory Commission, Washington,
D. C. 20555 within six (6) months of completion of
construction. Piezometer data obtained during construction

I at the frequency specified in section (d) shall also be
submitted at that time.

WM 4._g

/Peter J. G rcia
Uranium Recovery Licensing BranchI Division of Waste Management'

Approved by: h& Nmid
Jqhn J. LWidhan, Section Leader

| Enclosures:

Appendix A - Geotechnical Rev 9w

| (1) " Review of Expansion of Atlas Tailings Retention System,"
by Dr. Terry R. Howard, 'Iniversity of Idaho (via letter
dated 7/11/79)
" Review of Expansion of /tlas Tailings Retention System -(2) AddendumNo.1,"byDr.TerryR.Howard,UniversityofIdahoY
" Contract Specifications and Drawings for Tailings
Embankment Expansion Project,12-Foot Raise forI Atlas Minerals," by Dr. Terry R. Howard, University of Idaho
(via letter dated 9/20/79)

(3) Letter from Dr. Terry R. Howard, University of Idaho,I to Pete Garcia, USNRC, dated October 3, 1979

Appendix B - Hydrological Review
Memorandum for John Linehan from William S. Bivins,
dated October 16, 1979

| Appendix C - Seepage Analysis

.

I .
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:

Terry R. Howard, P.E.
Consulting Geotechnical Engineer
Route 4 Box 399
Moscow, Idaho '83843

July 11,1979
i

i

.

.

Mr. Ross A. Scarano, Chief
Mill Licensing Branch

: Waste Management Division
j U. S. Nuclear Regulatory Commission

7915 Eastern Avenue
i Silver Springs, Maryland 20555

Dear Mr. Scarano:

? Please find enclosed ten (10) copies of my report entitled -

" Review of Expansion of Atlas Tailings Retention System". This
work was completed under a letter agreement from Mr. John J. Wray

I of Argonne National Laboratory to Dr. Roy E. Williams, University
of Idaho.

,

My review of the Dames and Moore reports as well as my site
visit indicates that the results presented by Dames and Moore are
acceptable. Specific recommendations for the design and monitoring
of the proposed embankments are included at the end of my report.

Should you have any questions, please call.

Yours very truly,

L
~

- - - - Terry Howard , P.E.

TRH:sl

.
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Review of Expansion of Atlas Tailings Retention System

Atlas Uranium Mill

Moab, Utah

Introduction

This report contains the results of my site inspection of the Atlas

facilities for tailings retention in Moab, Utah and my review of the written

documents that pertain to the proposed expansion. The proposed expansion

will involve raising the existing embankment ar additional 36 feet in

12 foot increments. My site inspection took place on Tuesday, June 19, 1979,

in the company of Mr. Larry Jacobs of Atlas Minerals and Mr. James Boddy

from Dames and Moore Consulting Engineers. My review included discussions
I ~

with these two gentlemen concerning both the operation of the tailiags

structure and the inspection program that is associated with the operation

i of that structure. We also discussed the program carried out by Dames and

Moore to evaluate the stability of the structure both prior to and after

construction of the new enclosure dikes.

; The scope of work to be performed during this review was set forth

in an attachment to a letter from John J. Wray from Argonne National Labora-

|l tories to Dr. Roy E. Williams at the University of Idaho. The review was
i
| to include but not be limited to:
|

a) Detailed assessment of site conditions including geology and
,

seir,mology to evaluate their impact on the proposed tailing

retention system,

b) Evaluation of detailed data concerning foundation and

embankment materials, physical and mechanical properties

I
I

<
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such as classification, shear strength, consolidation,

| permeability, compaction, piping and cracking susceptibility,

and wind-water erosion characteristics in order to assess

the adequacy of impoundment design,

c) Evaluation of the applicants assessments of settlement and

acceleration value (percent g) corresponding to five hundred

year recurrence interval earthquake which is to be the basis

for all non static stability analyses.

d) Review of the static, psuedo-static, and dynamic stability

analyses prepared by the applicant to insure that the

requirements of Regulatory Guide 3.11 are met.

Submitted for the review by Argonne National Laboratories were the following:
1. " Report of Engineering Design Study Additions to Tailings

Pond Embankment System, Moab, Utah, for Atlas Minerals",

Dames and Moore Job Number 05467-018-06 dated February 15, 1978.

2. " Report of Supplementary Study, Geotechnical Evaluation of

Tailings Pond - Embankment System, Moab, Utah, for Atlas

Minerals", Dames and Moore Job Number 05467-023-06 dated

Februa ry 16, 1979.
'

3. A copy of a report entitled, " Cyclic Triaxial Test Results,

Atlas Minerals Company, Moab, Utah", attached to a letter to

Mr. Richard P. Dennise from F. R. Brown, Technical Director,

Department of the Army Waterways Experiment Station, Corps

of Engineers, dated April 10, 1979.

In addition to the above reports, Dames and Moore with the permission

of Atlas Mineral supplied the following:

I
---
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.I |
1. " Safety Arialysis Report" dated August 15, '975, the Geology

and Seismology portion only. ;

1

2. " Report of Remedial Construction Activities - Tailings Pond, j

Including the Western Embankment Improvements and the florthern
l

Embankment Sub-drain", dated flovember 18, 1977.

I3. Users Manual Program, EP1 (SLOPEB) Slope Stability Analysis

by the Simplified Bishops Method, dated August 1974.

General office records and monitoring procedures were also-A

reviewed in the Dames and Moore Salt Lake City office.

I
Results of_ Review

Field Investication

| Field work for the project has been ongoing since 1973. The results

of this field work is summarized in the 1978 Dames and Moore report refer-

enced above, and includes logs of test borings and test pits from Dames

and Moore reports dated 1973,1974,1975 and 1977. The borings ranged in

depth from 9h up to 100 feet. Borings penetrated the tailings material
~

and into the underlying naturally occurring sands and silts. The borings

were further utilized for the installation of piezameters and for the
,

installation of open stand pipes to measure water levels. All borings were

h_ drilled with truck-mounted rotary wash drilling equipment and sampling

appeared to be performed to the general practice of the industry.
,

The 1979 report contains the logs of 28 additional exploratory

borings that extend to depths of up to 130 feet. These borings were also

advanced utilizing truck-mounted rotary drilling equipment and 16 of the

3 borings were utilized to install piezometers or stand pipes. .With the

addition of these 28 borings, the spacing along the northeast and southern
,

1
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embankc.ents is a minimum of 25C feet between any two t,orings and the spacing

on the extreme northwestern embankment is approximately 500 feet between any

two borings.

Sampling was conducted in each of the test borings by a Dames and

Moore soils engineer. Typical Dames and Moore samplers were used including

an underwater type sampler and various kinds of split barrel samplers and

piston samplers. The Standard Penetration test sampler was also used and

test results were correlated to the Dames and Moore, samplers. Field samples

were collected and shipped to the Dames and Moore laboratory by conventional

means during the field work contained in the 1978 report; samples for the

1979 field work were collected and then quickly frozen for shipment to the

Dames and Moore San Francisco laboratory. The freezing process was meant

to limit sample disturbance during the shipping process. This, of course,

is extremely important for the fine grained silty and sandy soils involved.

.

Laboratory Testina
,

Laboratory testing performed on the site samples included moisture

and dens'cy determinations, gradation analysis, permeability determination,
'

Atterberg limit determination, consolidation testing, static triaxial
'

compression testing and cyclic triaxial compression testing. The purpose

of toe laboratory testing was to obtain data for determining the strengthI and deformation characteristics of the insitu material. In addition com-

pressibility and permeability were also required. The total of 30 consol-

idated, undrained triaxial compression test with pore pressure measurements

were performed on the slime and sand tailings. Test resul ts were interpreted

in the normal proc 3 dure by plotting shear stress at failure versus the

effective or total stress at failure. In all cases the test r'esults
I

I
I
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appeared to be interpreted toward the more conservative side.

Cyclic loaded triaxial tests were performed to evaluate the liqui-

faction potensial of the tails. Both Dames and Moore and the Corps of

Engineers performed such analyses. The results of the Dames and Moore

liquifaction tests plot in reasonable agreement with the results of the

Corps of Engineers tests. Again the value used in the analyses for

determining liquifaction potential was directed toward the conservative

side.I .

Slope Stability Studies

The slope stability studies for the proposed additional raising of

the tailings embankment included studying the embankment stability as it

exists during 1978 and then considering the additional 36 feet of embank-

ment in the stability analysis for steady state seepage conditions and

the end of construction conditions. Seven cross sections were studied

and in each case the existing embankment steady state seepage factor of

safety against sliding was determined and then the completed additional

| raise to the embankment was studied in terms of both "end of construction

condition" and " steady state seepage conditions". These cases represent

the critical period during the life of the embankment and conform to

I ..
Regulatory Guide 3.11. For each of these cases both static condit. ions

and dynamic conditions were studied.

Soil conditions were taken from the boring logs and ground water

conditions in the embankment were taken from the piezameters and stand

pipes established during the previous studies and the 1978-79 study.

| Water levels from both the piezometers and stand pipes indicate that the
,

ground water system within the tailings embankment is not continuous.

I
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j That is, perchet water tables exist throughout the embankment. However

in the analysis Dames and Moore assumed that the water levels were continuous t

and that they reached an assumed maximum phreatic surface level. ThisI level ran essentially from the ponding water to the toe of the slope at an

I elevation of approximately 39 t5]80 feet. I believe this to be a relative

conservative assumption.

In addition to the ground water levels within the embankment,

consideration was a? so given to a build-up in pore pressure due to the '

l loading caused by raising the embankment. Although consolidation testing

indicated that the tails are relatively free draining, that is pore pres-

sures are unlikely to build up, nonetheless Dames and Moore included theI build-up of pore pre.;sure equal to the weight of the additional raised

f section. Again I believe this to be relatively conservative.

In addition to static analysis, dynamic analysis for rigid bodyc.
\g
E response to slope instability was also included. The approach to obtain

a factor of safety for seismic conditions was to utilize a pseudo-static

seismic loading, considering a horizontal acceleration of 0.08 g. Dames

and Moore utilized the standard approach of analysis using the cross sections

and water levels that were used for the static analysis. In addition,

however, they also analyzed the most critical section, as determined by

f the above procedure, by the wedge failure analysis.

For most of the analysis the simplified Bishop procedure was employed

using the Dames and Moore computer program EPl. This method was used to

compute both the static minimum factor of safety for the embankment and

also the seismic minimum factor of safety. Although a complete printout

of the program was unavailable, I inspected the computer program documen-

tation from Dames and Moore. This inspection plus discussions with

.

'

1
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Mr. James Boddy of Dames and Moore indicates that the procedures used to

examine the slope stability are within the accepted standards of practice.

The program itself evidently corresponds to the Bishop modified method.

The static analysis is determined by applying the horiz~ontal 9 force to

| the centroid of each slice. In addition the minimum factor of safety for

seismic conditions is separated from the static minimum factor of safety,
~

that is a new failure plane and minimum factor of safety is obtained for

the seismic event. Both of these items are in agreement with the standard

of practice.

The Dames and Moore study indicates that the end of construction,

steady state seepage and the static and seismic conditions for both are

well within the minimum factors of safety required by the U. S. N. R. C.

Regulatory Guide 3.11. It is my opinion that these factors of safety, as

presented in the Dames and Moore 1979 report on Tables 1, 2, 3 and 4,

have been obtained utilizing good geometric information, a conservative

approach to shear strength data and a conservative approach to ground water

levels. Ir. addition it would appear that the seismic minimum factor of

safety was obtained in a proper manner.

Liquifaction Studies

The postulated earthquake utilized in the Dames and Moore study
,

was one of a Magnitude 6 event with a hypocentral distance of approximately

I 50 km and a maximum ground surface acceleration of 8 percent 9 This

postulated earthquake was obtained utilizing the geologic information as

presented in the 1975 Dames and Moore " Risk Analysis Study", the Algermissen

and Perkins,1976, procedure for developing the seismic risk m.ap for the

contiguous states, and then Donovans,1973 and 1978, published attenuationI
I
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relationships to compute the mean recurrence rate. From the level of effort

involved, the personnel involved, and the results of the study, I would

judge the design earthquake utilized in the Dames and Moore report to be:I
adequate. This information was, of course, used in the above mentioned

| seismic minimum factors of safety and will be used in the liquifaction

studies as reviewed below.
.

The potential for liquifaction at the site was studied utilizing

two methods. The first method is generally referred to as the imperical-

liquifaction method and involves determining the standard penetration test

values in the field and then a calculation of the induced cyclic stress

:a ratio for the postulated design earthquake. A comparison is then made
:E

for equal cyclic stress ratios and an equal magnitude earthquake of the

| field standard penetratien test values at sites where liquifaction has

either occurred or not occurred and for the standard penetration test values
'I at the in-question site. Both field and laboratory studies have been used

g to imperically establish the lower bound of penetration resistance for

this kind of aoproach. The relationship has been established by Seed in

his 1976 state of the art paper. The factors of safety calculated by

this approach indicate that liquifaction of the material underlying the

embankment dams constructed by the upstream method is very unlikely.

In addition to the imperical approach, Dames and Moore performed a

liquifaction analysis based upon the results of cyclic triaxial shear
'

testing. This method involves simply computing the cyclic shear stresses

that could be produced by the design earthquake and comparing those shear

stressess to the laboratory results that represent specific stresses that
- will cause soil liquifaction at specific depths. This method .is again

presented in the state of the art paper by Seed in 1976. Utilizing thisI
(
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technique. factors of safety against liquifaction were computed to be above

1.9 in all cases.

The results of the two procedures utilized by Dames and Moore to

.I determine liquifaction potential at the site indicate that liquifaction

is highly unlikely. However the results of this investigation were based

upon laboratory samples that were taken from the insitu material . The

Dames and Moore analysis then assumes that new material will be as good or

better than the insitu material and that the water table assumed for the.

analysis will raise as assumed. Changes of grind will give different strength

parameters for the material and will have to be noted in the inspection

program to determine if the design assumptions have been or are continuingI
to be met.

I Conclusions g Review
.

My review of the Dames and Moore 1978 and 1979 reports to Atlas

Minerals have indicated the following:

1. Good field exploration and sampling techniques were utilized.

2. Samples were transported to the laboratory for testing with

a minimum of disturbance.I 3. The laboratory results of strength testing indicate reasonable

values for the materials involved.

4. In all cases Dames and Moore engineers have utilized a con-

servative approach to obtaining factor of safety values.

5. The state of the art was utilized in the analysis.

6. Enough information was obtained during the field and

laboratory portions of the analysis to obtain accurate

values or to make reasonable assumptions concerning the

I
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geometr.y, the water table configuration and the strength

parameters involved to calculate factors of safety for slope

stability.

I 7. Both dynamic analysis and liquifaction studies were conducted

in a suitable manner and using " State of the Art" procedures.

Eased upon the above factors, it is my opinion that the results of

the 1979 Dames and Moore report, " Supplementary Study Geotechnical Evaluation

of Tailings Pond-Embankment System, Moab, Utah, for Atlas Minerals", can be

accepted as reported. Please be advised however that this is only an

exploration report for the purpose of design and construction of the proposed

three level embankment rise. Once the design is completed, additional

I review should taKe place to be assured that the design conforms to the

results of the exploration program. In addition construction should also

be monitored to provide assurance that the design criteria are being met

and that the design assumptions are being met. -

Both the design and construction are only as good as the assumptions

that are necessary to make the design. A strict monitoring program is

necessary in order to evaluate the design assumptions and assure that the

design assumptions are in fact being met. My site visit indicated that

such a monitoring program is ongoing. In fact, an inspector generally

| traverses the site every two hours. In addition pore pressure and water

level measurements are obtained from 25 piezameters and stand pipes and
f

transmitted to Mr. James Boddy of Dames and Moore for his evaluation.a

During my office visit in the Dames and Moore Salt Lake City office, I

asked Mr. Boddy what he did with this information and he indicated that as

soon as it was obtained it was plotted. This seemed to be the case and of

course is extremely necessary in order to make the proper evaluation.I
I

1
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The amount of water level information to date is adequate for the

north, east and south embankrent areas. However, there are no piezometers

along the western embankment. I therefore recomend that three piezameters

be installed along the western embankment in order to monitor water levels

during and after the proposed embankment construction.

In addition the western embankment at present contains a " chimney

drain" system to guard against piping. I recommend that the chimney drain

be continued upward during the construction of at least the 1st and 2nd

raises. The above recommended three piezometers can be used to evaluate

the worth of continuing the chimney drain for the 3rd stage.

Present operational plans call for regulating flow points into the

pond such that a beach is built along the north, east, and south embankment

areas. The objecti've is to retain the pond water level away from the dike

by 150 feet. Provided that this occurs, no erosion protection will be

needed. However, the western embankment will be exposed to pond water and

must be rip rap protected.,

The U. S. Nuclear Regulatory Commission should be assured that the

necessary monitoring program be continued both during the construction
i

g phase and well after the construction has been completed. A qualified

iE
| geotechnical engineering firm such as Dames and Moore should be incharge

of collecting and evaluating the data. The evaluation should take place
t

immediately upon collection of these data. This is necessary in order to

evaluate both the construction and end of construction factors of safety

and then to evaluate the steady state seepage factors of safety.

In addition there is evidence of seepage on the present embankment.

The seepage should be continually monitored to be assured that the seepage

will not result in detrimental effects to the embankment. This is certainly

;

I
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!I1 necessary during the proposed construction activity.

| Should you have any questions or require further explanation of the

content of this report, please call .

I
' I
I
I
I
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Terry R. Howaid, P.E.
Consulting Geotechnical EngineerI Route 4, Box 399
Moscow, Idaho 83843

September 20, 1979

I
Mr. Ross A. ScaranoI Chief
Mill Licensing Branch
Waste Management Division
U.S. Nuclear Regulatory Commission
7915 Eastern Avenue
Silver Springs, Maryland 20555

Dear Mr. Scarano:

I Please find enclosed ten copies of my report entitled, " Review
of Contract Specifications and Drawings for Tailings Embankment
Expansion Project,12-foot Raise, for Atlas Minerals, Moab, Utah".

I This work was completed under a letter of agreement from Mr. John J. Wray
of Argonne National Laboratory to Dr. Roy E. Williams, University of
Idaho.

My review of the Dames and Moore " Contract Specifications and
Drawings" as well as personal discussions with Dames and Moore personnel
indicates that this document is generally acceptable. However, several| questions as outlined in my report require further amplitication.
Should you have questions about the content of my review, please feel
free to call.

In addition please find enclosed ten copies of my report entitled,
" Review of Expansion of Atlas Tailings Retention System, Addendum No.1".

I The intent of this report is to add and clarify several points in the
original document. Again should you have any questions concerniag this
report, please call.

Yours very truly,

& %d
Terry . Howard, P.E.

TRH:sl

enc.
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Review of Expansion of Atlas Tailings Retention System

Atlas Uranium Mill

Moab, Utah

Addendum flo.1

The objective of this addendum to the original above referenced

report is to include in that report items which have been inadvertently

left out. These items are listed numerically below. .

'i . Foundation conditions. The foundation soils for the embankment

were tested in borings B-1 through B-19. Each of these borings

penetrated into the naturally occurring material below the

embankment. The materials range from a red silty sand to clay

to sandstone and bedrock. Blow crants for the sandy materials

and clay materials a re relatively high and the material will

be confined by the embankment itself. In addition stability

analyses performed by Dames and Moore indicate that base failure

will not be a prcblem. This indication comes from the fact that

the minimum factors of safety occur tar. gent to or slightly into

the base materials. Failure, if it were to occur, according to

! the Dames and Moore stability analyses would then occur in the

man deposited materials. It is my conclusion then that the

foundation is adequate to support the imposed loading due to the
:

f planned 36 feet rise. In addition it is my opinion that the

ground water table below the tailings pile will not be affected

by the stress increase due to the imposed loading.
|

2. Laboratory testing. Laboratory testing was performed,on both the

slime and sand tailings as well as the fill material taken from

:

,
.-.. _._, , , - -
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on-site. Test results were interpreted in the normal procedure

by plotting shear stress of failure versus the effective or total

| stress of failure. In all cases the test results appear to be

interpreted toward the more conservative side.

I 3. Liquifaction studies. The postulated earthquake utilized in the

Dames and Moore study was one of a magnitude 6 event with a

hypo-central distance of approximately 50 kilometers and a

I maximum ground surface acceleration of 8 percent G. This design
.

earthquake acceleration corresponds to the required one in 500

year recurrence interval.

4. Monitoring piezemeters. Performance of the embankment tends to be

a function of the post-construction monitoring program. I inspected

I the monitoring program while visiting the site in Moa5 and also

inspected the use of that information by Dames and Moore during
'

my visit in their Salt Lake City office. Atlas MineraIs requires

one of their people to inspect the site on an hourly basis.

Piezameter readings take place on a weekly basis and that information

is sent directly tr Mr. Jim Boddy of the Dames and Moore Salt Lake

f City office. Mr. Boddy then immediately plots that information

and judges whether a significant change in water level has occurred.
;
' This is in my opinion an excellent post-construction monitoring

program and is adequate to monitor the stability of the tailings

pond at Moab.

Should you have any additional questions or require further

explanation of the content of this report or the original report, please

call.

;I



I Contract Specifications and Drawings for Tailings

Embankment Expansion Project

12-Foot Raise for Atlas Minerals

Moab, Utah

This report contains the results of my review of the above mentioned

report. In addition to reviewing this document I also met with Mr. James

Boddy of Dames and Moor ~e, project manager for the project. The meeting
'

took place to review the first draft of the contract specifications and

; drawings and tne final design of the embankment expansion. This meeting

and subsequent discu cion resulted in the finalized and above referenced

document.

One of the problems brought out during this discussion was that

the initial plan called for a three stage embankment development with

! each raise 12 feet high beginning at elevation 4040 feet. All preceding

stability analyses were performed accordingly. The final plans, however,

included one stage of construction for a total raise height of 18 feet

i based on the 4040 feet elevation. This, of course, is a slight modification

to the original study and therefore (I felt) requi ed a further stabilityi

I study utilizing the 18-foot high embankment.

,

An indication that this study has been acccmplished is contained
.

in a letter of transmittal for the plans and spec'.fication to Mr. Gordon

Swanby of Atlas Minerals dated August 34, 1979 from Dames and Moore. This

letter states that the slope stability analysis was performed and that a

minimum factor of safety for the western embankment with a raise of the

embankment crest to elev; tion 4058 feet is 1.58 and 1.24 for t'he static

.

!I
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and seismic conditions, respectively. Please be advised that I have net

reviewed this part of the work.
|

The second major change in the original d'esign, as a result of our

meeting, was in the chimney drain on the western embankment. The original I| i

plan called for a continuation of the existing chimney drain into the

planned embankment raise. This would have resulted in a very complex

construction problem, probably to the extent that the drain, once com-

pleted would not have functioned properly. The final plans deleted the

chimney drain extension. In my opinion this is a superior design since

it will both eliminate construction problems and provide a relatively

sim,le embankment. The deletion of the chimney drain, however, is based

on the assumption that the pond water level will be co-tained back from

the embankment 150 feet as it will be on the other three sir's of the

pond area. This assumption should be detailed in the working plans for

the tailings pond, so that the assumption becomes fact.

My review of the Contract Specifications and Drawings indicates

that the document in general is acceptable. However, several items need

to be clarified.

Item 1

The soils engineer has estimated that approximately 286,000 cubic

yards of material will be required to raise the embankment to the plan

I i

elevation and that approximately this amount is contained in the desig-

nated borrow area. However, assurance that the borrow area material meets

the strength requirements for the embankment material should be provided

during the excavation process. Since strength is related to the gradation
,

of sandy materials, the strength can be checked by performing gradation
,



,

analysis. Therefore field gradation testing should be required for every

4,000 to 5,000 cubic yards of material placed. The' level of compaction

testing specified is adequate. '

Item 2

The contract documents also indicate that should more than

286,000 cubic yards of material be required or should the borrow material

not contain a sufficient amount, a stockpile of material will be provided

to the contractor. However, no indication of either strength testing or

gradational testing has' been provided for that material . Therefore should

the stockpile material be necessary, strength and gradation analysis should

be provided prior to its use.

I Item 3

The location of the three new piezameters on the western embankment

has not been specified clearly enough. The elevation of the tip has

been specified to be five feet below the bottom of the existing chimney

d ra i n . This, in my opinion, is a reasonable tip elevation. However, theI readings obtained from the piezameter will be dependent upon the lateral

position of the tip. Therefore Dames and Moore should specify more clearly

| the lateral location of each piezameter. It is my recommendation that

these three piezometers be located within five feet of the center line

of the western embankment and that the tip elevation be as specified in

the contract specifications. The spread of the three piezameters along

the western embankment, in my opinion, is adequate.

! In addition to outlining procedures to correct the above items

Dames and Moore should be questioned on their procedure to monitor the

existing piezometers to assure that the assumptions made during the design

I



of the embankment raise are being met. Piezameters should be monitored

on a daily basis during the construction program and if a water level

raise is encountered, the engineer of the project should be notified

| immediately. Finally, as mentioned above, some provisions should be
I
| made during the construction process to keep the pond water from the
I

western embankment. T: is will assure that erosion on the newly implaced

| embankment does not occur and that ground water within the embankment
.

coes not reach high levels.

Should you have any questions or require additional information,

i please contact me.

.I

l
,

a

|

I
I

I

I
I

|
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I Terry R. Howard, P. E.
Consulting Geotechnical Engineer
Route 4, Box 399
Moscow, Idaho 83843

OctoLer 3, 1979

Mr. Pete Garcia
Mill Liscensing Branch ,

Waste Management Division
U.S. Nuclear Regulatory Commission
7915 Eastern Avenue

| Silver Springs, Maryland 205S5

Dear Mr. Garcia:
,

This letter is in regard to my report entitled " Review of Contract
Specifications and Drawings for Tailings Embankment Expansion Project,
12-foot Raise for Atlas Minerals, Moab, Utah." In this report I pointed
out that a further stability study of the proposed 18-foot high embank-
ment should be required, but that I had not reviewed that work. Since
then I have received a copy of the computer print out of such a study from

I Mr. James Boddy of Dames and Moore.
.

I have reviewed the Dames and Moore stability analysis and find it
to be satisfactory. Both the static and seismic stability was obtained
for an embankment section judged to be the most critical. The factors
of safety for these two conditions are 1.58 and 1.24 respectively. These
safety factors meet the requirements of USNRC Regulatory Guide 3.11.

,. -
Should you have any questions, please contact me. It has been a . . r t:gg

"'

pleasure working with you on this project.

Yours very trul)

- - h L%
Ter R. Howard

d TRH:sl

.
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NUCLEAR REGULATORY COMMISSION
$.@ ' o WASHINGTON, D. C. 20355
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OCT 161979g

MEMORANDUM FOR: Jo' a Linehan, leader
Utanium Recovery Licensing Branch

THRU: ' . G. Hulman, Chief
Hydrology-Meteorology Branch, DSE

FROM. William S. Bivins, leader
Hydrologic Engineering Section, HMB, DSE

SUBJECT: ATLAS URANIUM MILL - MOAB, UTAH - HYDROLOGIC ENGINEERING SUMMARY

Enclosed is a hydrologic engineering summary for the subject uranium

mill, prepared by T. L. Johnson. This report principally addresses the

flooding and safety criteria as outlined in Regulatory Guide 3.11, which was

issued subsequent to our initial review of this facility in 1974.
I

?

' E M 777 V7'

William S. Bivips, Leader
Hydrologic / Engineering Section
Hydrology' Meteorology Branch
Division of Site Safety and

Environmental Analysis

Enclosure:
As Stated

I cc: w/ enclosure
J. Martin
D. Muller
W. Kreger<

R. Jackson,

,g U. Bivins
a L. Heller

i J. Greeves
P. Garcia
T. Johnson

|

|

|
!
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HYDROLOGIC EtGffiEER?tiG SUMMARY

ATLAS URAtilUM MILL
M0AB, UTAH

1. Hydrolooic Descriotion

The site for the Atlas Uranium Mill tailings dam is located about three

miles northwest of Moab, Utah, along the Colorado River. The drainage

areaoftheColoradoRiYeratthislocationisabout25,000squaremiles.
I Theriherisregulatedbydamsthatprovideirrigation, recreation, power

and flood control.

The site is also imediately adjacent to Moab Wash,arelatihelysteep,

perennial stream draining about six square miles of arid canyons." The

floab Wash Canyon terminates in an alluvial fan on which the tailings
- _

_ - - - __ -
- ~.

dam is located.
_ _ _

II. Flood Potential

I We have assessed the potential for flooding, overtopping, erosion, and failure

of the tailings dam from several sources: (1) a Probable Maximum Flood (PMF)

ontheColoradoRiYer, (2) a PMF on Moab Wash, (3) local intense precipitation

as severe as the Probable Maximum Precipitation (PMP) on the area draining

into the tailings pond, and (4) crosion of upstream embankment by wind

waves.

(1) Colorado River PMF

We evaluated the licensee's estimate of the PMF on the Colorado River,

and found the estimate to be non-conservative. Based on our independent

analyses,wecalculatedtheColoradoRiherPMFatthesitetobeabout

300,000 cfs. This estimate was developed by adjusting the Standard

Project Flood (SPF) estimate of the Corps of Engineers. Detailed

. ._
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estimates of the PMF at this location are unavailable and would

require extensive and detailed computations; our estimate, however,

is conservative.

Based on independent evaluations of water surface profiles and

overbank flow velocities of the Colorado River, we conclude that

trosive velocities would not occur at the tailings dam. We

conclude that the toe of the dam would be inundated by several

feet of water, but due to site topography and the large flood water

storage area available on the other side of the river, no damaging-

| velocities ,would exist at the toe of the tailings dam due to

flooding on the Colorado River.

(2) Moab Wash PMF

We reviewed analyses of flooding on Moab Wash submitted by the

licensee's consultants and found these analyses to be inadequate.

:le principal staff concern was long-term protection of the toe of the

| tailings against the erosive flood velocitie.s produced in Moah Wash

by an occurrence of the PMF.

Based on our independent analyses, we conclude that extensive erosion

protection will be required to resist erosive velocities created in Moab Wash

at the toe of the tailing dam. This protection will be required along

the entire northeastern toe, of the dam. Staff requirements for erosion

protection were discussed with the licensee several times. The licensee
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agreed to accept the staff's recommendations, and has committed

to install the required erosion protection within the next three

years. The final design will be submitted for our review and

approval by January 1, 1980. We conclude that the proposal committted

to meet the suggested criteria of Regulatory Guide 3.11, " Design,I Construction, and Inspection of Embankment Retention Systems for

Uranium Mills".

After cessation of mill operations, continued maintenance and

monitoring of the erosion protection will be required to assure its

function. The capability of riprao to withstand long-term erosion

and degradation cannot be guaranteed over a long period of time.

,

We recommend that provisions be made to have the abandoned tailings
|

| pile and erosion protection inspected periodically. If degradation
I is found, the damaged areas should be repaired to their original'

design configuration.

(3) local PMP Into Tailings Reservoir
'

The licensee proposes to provide six feet of freeboard above maximum

pool level at all times to allow for storage of local runoff.

We have evaluated the runoff potential for the small watershed draining

inta the tailings reservoir. Based on these independent evaluations,

|
we conclude that the reservoir will safely impound the entire runoff

1

1 from a PMF series and that the freeboard meets the suggested criteria

'I of Regulatory Guide 3.11.

il
!

!

|
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(4) Erosion of Uostream Embankment Sloce

At our request, the licensee and his consuitants provided analyses

to document the capability of the proposed tailings beach to resist

wave damage during severe storms. We concur with these an',1yses

which indicate that a tailings beach with a width of 150 feet is needed

to protect the dam. The 150-foot requirement should be " lade a

license condition. Formation of the tailings beach at this location

should be started as soon as practicable and should ha inspected by I&E

to assure that its formation is being accomplished properly.

.

I
:

I

.

I
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APPEfiDlX C

SEEPAGE Af1ALYSIS

This seepage analysis is based upon results previously present-d in the FES
for the Moab mill. The analysis assumes that the seepage rate is p g ortional
to the hydraulic head. Data used in the analysis is as follows:

average pond bottom elevation = 3970

pond water elevation (existing) = 4040

pond water elevation (proposed) = 4052

pond acreage (existing) = 54 acres (FES) .

decrease in pond area due to beach on western embankment = 6.5 acres

pond acreage (proposed) = 54-6.5 = 47.5 acres

seepage rate (existing) = 1.7 gpm/ acre (FES)

Computations are as follows:

hydraulic head (existing) = 4040 - 397] = 70 feec

hydraulic head (proposed) = 4052 - 3970 = 82 feet

2-70 '

increase in hydraulic head = x 100 = 17'.'
70

'

future seepage rate = 1.17 x 1.7 = 2.0 gpm/ acre

existing total seepage = 54 (1.7) = 91.8 gpm

future total seepage = 47.5 (2.0) = 95.0 gpm

,

1

|

| .

|

|

|
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Radiation Survey of Areas Immediately Surrounding

the Atlas Minerals Tailings rond, Moab, Utah

I
1.0 Introduction

One of the NRC license conditions for Atlas Minerals' uranium
mill at Moab, Utah requires that a special survey be taken to
determine the magnitude and location of any tailings materials

I which may in the past have been deposited away from the tailings
pond. Ford, Bacon & Davis Utah Inc. (FBDU) performed this
survey for Atlas Minerals September 18-19, 1979.

In accordance with the license conditions, eight traverses
were made along the major compass directions away from the
tailings pond. In addition, five background readings were madeI at distances ranging from 1.3 to 3.5 miles from the tailings
pond to the measurement location. Charcoal canisters were placed
at the five background locations to determine the 24-hourI integrated average flux at these locations.

Each traverse was started at the edge of the pond and was
aligned using standard surveyor methods. Gamna radiation
levels were measured at the edge of the pile and normally at
100 foot intervals horizontally from the pond until exposure

I rates were below about 20 ur/hr above background at one meter
above the soil surface.

2.0 Instrumentation

Two forms of measurement were used simultaneously. Each will
be described.

2.1 Micro R Meters

A Ludlum "odel 125 Micro R meter was used to determine gamma

.I levels at one meter above the soil surface. This instrument
consists of a sodium iodide (NaI) crystal optically coupled to
a photcmultiplier tube, with appropriate readout. The most
sensitive scale on this unit is 0-3 :R/hr, and the highest scale

:I is 0-3000 vR/hr (0-3 mR/hr). Accuracy of the instrument is
within + 10 ? at higher levels but may be only within +- 503 at
levels ~ ear background.

2.2 " Delta" Measurements

The second form of measurement used provides a more precise
method of determining the presence of radioactive tailings in
a particular location. A lead-collinated gamma scintillation
probe similar to the detection unit of the micro R meter is

i

| connected to a Ludlum Model 2200 portable scaler. The probe
|

l

|

|



I
is held about 2-3 inches above the soil surface and a count
is made for a predeternined period of time (e.g., 30 seconds).

A 5-inch thick lead shield is then inserted between the scintil-
lation probe and the soil, and a new count is taken. The
difference in the two counts (called " delta") indicates theI presence of radioactive materials. A small " delta" exists
even at background locations due to the presence of trace
concentrations of uranium and other naturally occuring radio-

I nuclides in all soils. The " delta" is produced from the
attenuation by the lead shield of the relatively low energy
gammas emitted by materials in the uranium decay chain.

3.0 Background Radiation

Background gamma levels were measured at five locations
in the general area. Readings ranged from 6tR/hr to 13gR/hr,
with an average of 10.3aR/hr. " Delta" measurements averaged

I about 200 counts per minute, except for one measurement where the
count was taken relatively near a brick home. This value
ray be taken as a reasonably accurate value for the background,I and should be considered to be equivalent to about 10pR/hr.

Radon flux measurements at the five bachground locations
2ranged f rom C.28pCi/m - see to 0. 56pCi/m'- sec, with an average

of 0. 41pCi/m2- sec.

Table I indicates background locations and gamma readingsI at these sites, together with background radon flux measured
at these locations.

I
4.0 Survey Results

Special situations were observed along each traverse. Each
traverse will be discussed separately.

I 4.1 North Traverse

The north traverse passed through an intermittent stream bedI about 400 feet from the pond. Levels in this area were reduced,
but still were above background. A reading of 60pR/hr was

E -easured ar the edge of u.s. aighway 163, about 900 feet from
3 the pile. This was the highest reading since the stream bed.

This elevated reading is probably due to ore spillage from
trucks driving along the highway, rather than from tailings

|I decosition. The north traverse entered Arches National Park
at the toe of the cliffs just north of the highway, and
readings at background levels were achieved about 1400 feet
north of the tailings pond, a short distance up the hill.

4.2 Northeast Traverse

An ore storage pile was located approximately 500 feet fror
tailings pond along the northeast traverse and the mill was
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I
just beyond the ore pile. No readinas were taken in the millI area, since any activity due to tailings deposition would be
completely masked by radiation from the ore processing operations.
Beyond the mill gamma levels gradually diminished in intensity

I until background levels were reached about 2200 feet from the
pond, an exception was observed ct both sides of U.S. Highway
163, where gross gamma levels as high as 190uR/hr were detected.

; 4.3 East Traverse

The east traverse passed near an inactive evaporation pond.
A special measurement taken inside the pond indicated levelsI of 285uR/hr. This traverse passed near the mill " boneyard"
and into tamarack bushes near the Colorado River. Gamma levels
remained slightly elevated (35-55LR/hr) for about 900 feet,
and then dropped to background near the bank of the Colorado
River. The survey was continued on the opposite side of the
river, at a distance of 2000 feet, with no readings above
background.

4.4 Southeast Traverse

The southeast traverse proved to be the most dif ficult to
complete because of the thick growth of tamarack brush betweenI the tailings pond and the Colorado River. It also had the
largest amount of contamination of any traverse, both in
intensity and in area. Readings increased steadily from
195uR/hr at the edge of the pond to 1750uR/hr (1.75mR/hr)
400 feet from the pond. From this point readings declined
slowly until the protective fence was reached, 860 feet

I frcm the tailings pond. Throughout this area white tailings
material was present at the soil surface. This did not have
the appearance of being windblown, but rather appeared to have

I been vetted. Beyond the fence readings decreased rapidly,
reaching background near the Colorado River. No soil samples
were collected in the area for this survey. However, these
readings do not exclude the possibility that tailings have reachedI the river. Although a study of soil samples could be made to
check this as a possible contamination pathway, we don't believe
such a study is warranted because of the large dilution factor
of the river.

4.5 South Traverse

The highest gamma reading detected during this survev was in an

I old evaporation pond located on the south traverse, about 300
feet from the tailings pond. A readinc of 2.3nR/hr was observen.
From this point readings decreased steadily without ever reaching
background. At a distance of 1700 feet from the tailings pondI readings suddenly increased. Visual investication showed a small
surface outcropping of uranium mineral at this point. Radiation
from this ore body undoubtedly overshadows any radiation from

I fugitive tailings in this area.



I
4.6 Southwest Traverse

Readings along the southwest traverse decreased in general with
decreasing distance from the tailings pond. A " hot spot" dis-
covered at 200 feet from the pond, was the only anomaly. ThisI traverse was essentially up the face of a hill with a slope
greater than 45 degrees. Background was reached 800 feet from
the pond.

4.7 West Traverse

The west traverse was the shortest of the traverses, only 600
feet to background. Levels were los. at all points. This
probably is due to the very steep slope of the cliff in thisI severely limiting the capability of the wind to carryarea,
the tailings up the hill.

I
4.8 Northwest Traverse

The northwest traverse passed through a borrow pit from which
soil for the tailings pond dikes had been taken. Levels were
quite low through this shallow pit, increasing to about 40pR/hr

I beyond the pit. A reading of 75uR/hr was detected at the side
of the Potash Road. Levels dropped steadily thereafter, and
were at background by 1700 feet from the tailings pond.

4.9 Special Survey
i

At the request of Atlas Minerals, one measurement was taken at;

a small evaporation pond just east of the tailings, located
between the east and northeast traverse lines. Gamma levels at
this pond were found to be 600uR/hr at one meter above the surface.

5.0 Discussion and Summary,

Levels measured by FBDU's micro R meter at one meter above the
i

'E surface were compared with the " delta" counts at each measure-
E ment location. In every instance a large " delta" was linked'

with a higher reading on the micro R meter, while a small " delta"
(200-300 counts / minute) was measured at background and very l c *.-I levels. The direct correspondence at all levels provides assur-
ance that the direct reading gamma levels are reliable.

As a further check the FBDU micro R meter was compared with an
Atlas Minerals Eberline micro R meter at different radiation
levels. On an average the FBDU meter read higher by a 2 actor

I of 1.4. FDDU's meter had been calibrated by the manufacturer
within the previous month, while the Atlas meter was calibrated
by Atlas personnelwithin the same time period. Both instruments

'g were calibrated to 137Cs sources. Table II indicates the different
E ratios at various radiation levels.

I



| A copy of TBDU's raw data is attached as Appendix A, in response
to Atlas Minerals' request.

i Figure 1 indicates the results of the survey in the eight com-

1)m
'

ear firec_ ions. The pond configuration and Atlas property
boundaries were determined from maps furnished by Atlas Minerals.
It can be seen that there is very littla increase in radiation

:g readings off Atlas property wich can be attributed to migrating
|}g tailings, either windblown or from seepage. Consideration should

be given to cleaning up or covering areas within Atlas property
(a where contamination is present, such as inactive evaporation
|g ponds or demonstrated seepage areas.
i

!I
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TABI.E I
i

BACKGROUtJD GAMMA AtJD RADOrl SURVEYS
i

I
Micro R

f Scint. Detector Scint. Detector " Delta" Mea- Meter
1.oca t i on~~ tJo Lead With Lead surements Readiny Rn fIux

j (c/m) (c/m) uR/hr pCi/m''see
i

j

i 1 Sma11 sand dune, 673 505 168 10 0.34
! 1.3 mi IJN of
I plant entrance
;

i 2 ~3 mi SW of site, 903 667 236 10.5 0.56
[ along road to
i Potash; near

Bowtie Arch
!

] 3 ~ 3 mi E of site, 576 396 180 6 0.49
i along State 128,
! near tJeg ro Bill
l Canyon
i

i 40 425 lluntridge, in 1208 749 459 13' O.28
tioa b , 3 mi SE of

j site
.

) 5 Motel, ~3.5 mi 963 745 218 12 0.36
j SE of site
j

*This reading was taken near a brick home that could have increased the readings taken.

i

1
,

!

!

i

,
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|

TABLE III Comparison - FSDU Micro R Meter to Atlas Micro R Meter

| FBDU Reading Atlas Reading Ratio

160 115 1.4 |

a 17 12 1.4,gt

'

15 10 1.5

'

|

.

|

|

I
I
I

|

I
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I
February 22, 1980

Atlas Minerals

I Division of Atlas Corporation
2506 Prudential Plaza
1050 17th Street
Denver, Colorado 80265

Attention: Mr. Gordon Swanby

Gentlemen:

Transmitted herewith are six copies of our report entitled
" Report on Construction Inspection and Embankment Monitoring
Program, Tailings Dam Expansion Project, Moab Mill, Moab, Utah,
For Atlas Minerals." It is our understanding that one or two.

copies of this report will be transmitted to the Nuclear Regu-
latory Commission for their review. Two additional copies have
been sent under separate cover to Larry Jacobs at the Atlas
Mill.

We appreciate the opportunity of performing this study for
you.

# Yours very truly ,

AMES & MOORE

.

-

James R. Bo ay w

Project Mana er

I Professional - ine r No. 4445
State of Utah

JRB/jb

I
I
I
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I
REPORT ON CONSTrJCTION INSPECTIONI AND EMBANKMENT MONITORING PROGRAM

TAILINGS DAM EXPANSION PROJECT

MOAB MILL

MOAD, UTAH

FOR ATLAS MINERALS

I INTRODUCTION

I
This report presents the results of our construction inspec-

tion and embankment monitoring program performed during the

tailings dam expansion project at the Moab Mill for Atlas

I Minerals. The construction inspection program consisted of

supervising the preparation and placement of compacted struc-

tural fill required to raise the existing tailings dam crest to

elevation 4,058 feet. The embankment monitoring program pri-

marily consisted of monitoring the existing embankment piezo-
meters and the construction of three additional piezometers along

the western embankment. The layout of the tailings dam with the

approximate location of the borrow area and the new embankment

addition is presented on Plate 1, Plot Plan.

The construction inspection and embankment monitoring

programs generally conformed to the project specifications and

in accordanc- with an addendum to the Nuclear Regulatory License

No. SUA-917 issued to Atlas Minerals on October 29,1979.

I
I
I

-
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DAM DESIGN AND SPECIFICATIONS

Specifications followed for construction of the final dam

stages are generally as presented in the following reports:

" Report of Engineering Design Study Additions to

Tailings Pond Embankment System, Moab, Utah, For Atlas
Minerals," Dames & Moore, Job No. 05467-018-06, dated

I February 13, 1978.

" Report of Supplementary Study, Geotechnical EvaluationI of Tailing Pond Embankment System, Moab, Utah, For
Atlas Minerals," Dames & Moore, Job No. 05467-023-06,
dated February 16, 1979.

" Contract Specification and Drawings for Tailings
Embankment Expansion Project, Twelve Foot Raise, For
Atlas Minerals, Moab, Utah," Dames & Moore, Job No.
05467-026-06, dated August, 1979.

I These reports were reviewed by the Nuclear Regulatory

Commission with discussions authored by Dr. Terry Howard, Con-

sulting Geotechnical Engineer as follows:

" Review of Expansion of Atlas tailings Retention
System, Atlas Uranium Mill, Moab, Utah," Dr. Terry
Howard, P.E., dated July 11, 1979.

" Review of Contract Specifications and Drawings for
Tailing Embankment, Atlas Uranium Mill, Moab, Utah,"

Dr. Terry Howard, P.E., dated September 20, 1979.'

I " Review of Expansion of Atlas tailings Retention System,
Addendum No. 1, Atlas Uranium Mill, Moab, Utah," Dr.

i Terry Howard, P.E., dated September 1979.

In brief, the design of the embankment addition required the

jg placement of a silty sand fill obtained from an adjacent borrow
:3
i area outlined on Plate 1. The western portion of the embank-

.
ment was to be constructed utilizing a " downstream" form of

construction with the remaining portion utilizing " upstream"
,

t
*

i

I construction.

| .
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The crest of the embankment was to be established at elevation

4,058 feet and was to be constructed in accordance with the lines

and grades presented in the aforementioned reports.

EARTHWORK OPERATIONS

I GENERAL

The general contractor for the earthwork operations was

Nielson Incorporation from Cortez, Colorado. Prinicipal con-

struction operations commenced with foundation stripping opera-

tions on about October 22, 1979 and extended through final

cleanup operations on December 14, 1979. The work was performed

basically on an eight bour day, five days a week schedule with an
.

estimated 293,000 cubic yards of fill material placed in a total

of approximately 40 working days. Fill placement rates were

typically about 6,000 to 9,000 cubic yards per day.

Weather conditions were such that there were only occas-

sional brief delays due to inclement weather. Freezing was not

considered a significant problem and no special procedures for

removing frost were recuired.I
SURVEYING

|

| A stationing system was established by the contractor
,

1

to provide survey control for the embankment construction.

I American Association of State Highway and Transporation Of fi-*

cials.

..

| -3-



Initially, the toes of the embankment addition (both inboard and

outocard toes) were staked at least every 100 feet ana fill

requirements were written on the stakes. To monitor the f il'1

progress, periodic surveys were performed during construction.

All field control tests were located using this survey reference.

EQUIPMENT

Fill hauling equipment consisted of four to six Caterpillar

633 scrapers. Within the borrow area, one or two Caterpillar D6

dozers were utilized to sort oversized rocks and to maintain

proper grades. One or two graders were utilized for the spread-

ing and general grading of the placed fill. One or two 40 ton

' rubber tire compactors were used to aid the compaction operation.
'

A Caterpillar, 631 B, 10,000 magnum water truck was available on

site to provide additional moisture to the fill soils as re-

.

quired.

EARTHWORK PROCEDURES

Foundation preparation for the proposed embankment gener-

ally consisted of stripping vegetation and organic soils, scar-

| ifying the surficial soils and recompacting them to the spec-

ifications for compacted fill. However, in areas where the
,

|
embankment addition was to be constructed upon tae tailings sand

. beach, scarification and compaction prior to fill placement was

! not possible due to the inability of the tailings sand to
:

support the construction equipment. To construct the embankment|

.

i
-,

|

{
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addition on the beach, scrapers would hcul and dump fill material

on nearly firm ground and dozers would push the fill out onto the

beach. This process resulted in an initial lift which varied

from 8 to 24 inches.

The embankment fill was obtained from the adjacent borrow

area designated on Plate 1. The fill material was brought to

near optimum moisture content by prewetting the borrow area with

- a system of irrigation sprinklers. Scrapers were utilized to

transport the fill to the tailings pond where it was bladed and

spread in maximum eight-inch loose lifts. Compaction was gen-

erally accomplished through a combination of wheel rolling by

scrapers and the systematic routing of the 40 ton compactors.

I Additional moisture was added as needed by wetting the placed

fill with a water truck. Occasionally, oversized rocks were

observed within the fill. When encountered, such material was

bladed from the fill by available graders.

EARTHWORK OBSERVATIONS AND FIELD CONTROL TESTING

I GENERAL

Earthwork operations were performed under the dircut super-

vision of a full time earthwork technician, Mr. Neul Backman of

American Testing Laboratories, Inc., of Salt Lake City, Utah.

American Testing was under subcontract to Dames & Moore and their

services began with the commencement of earthwork operations and

extended through to the completion of construction.

I
i't; - A .; c 7 g
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Mr. Backman's responsibilities were cutlined in discussions

between representatives of Atlas Minerals and Dames & Moore. Mr.

Backman's main purpose was to observe the construction activities

and perform the necessary field control tests to assure confor-

mance with the plans and specifications and the Material Source

License No. SUA-917. Daily written reports summarizing the field

control test results and the project status were prepared by Mr.

.

Backman.

Mr. James Zitnik was Dames & Moore's project engineer. Mr.

Zitnik made approximately weekly site visits during construction

to answer technical questions and to review the results of field

control tests and observations made by Mr. Backman. Weekly

summary reports were prepared by Mr. Zienik, copies of which
i

appear in the appendix to this report.

FIELD CONTROL TESTING

Field control testing was performed to confirm compliance

with the ma te ri -1 and compaction specifications given in the

project plans. The field control testing basically consisted of

three types of tests. The three tests are:

1. Gradation Tests

:. Compaction Tests

3. Field Density Tests

A discussion J chese tests and a tabulation of the results

are presented in the following sections.

I
.
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I
GRADATION TESTSI i

|
During construction, gradation tests were performed on ;

representative samples of material obtained from both the borrow I

and fill areas. The results of the gradation tests were used to

confirm the general consistency of the fill. The test results

indicate that the gradation of the fill was relatively consistent

and conformed to the limits considered in the aforementioned

design reports. The tes ts were performed in accordance with the

ASTM * Test designation D-422 (Particle-Size Analysis of Soils,

Washed Sieve Method). A summary of the test results is presented

in the appendix to this report.

I COMPACTION TESTS

Compaction tests were performed on representative samples of

the fill during construction operations to evaluate the maximum

dry densities and optimum moisture contents. The compaction
.

tests were performed in accordance with the AASHTO T-180 and

T-99 Method of Compaction. The results of the tests are pre-

sented on Plates 2A and 2B.

FIELD DENSITY TESTS

Field density tests were pe rf ormed as the fill operations

progressed. The field density tests were performed in accordance

with the ASTM Designation D-1556-64 (sand-cone method) and D-2922

(nuclear method). The compaction criteria was based upon 95

American Society for Testing and Materials.*

.
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.

pe rce nt of the maximum dry density as determined by the AASHTO-

~ T180 Method of Compaction. When the results indicated that an

area had not been compacted to the specified degree o.f compac-

tion, the fill material was carefully inspected to determine the

limits of the poorly compacted material and the cause of the

failure. Generally, the lower density resulted from one or a

combination of the following:

1. Excess lift thickness

2. Insu-ficient or excessive moisture

3. Insufficient compact effort

After the limits of the lower density material had been esta-

blished, the material was either removed or reworked and compacted

until the specificci degree of compection had been achieved. The

locations, elevations and results of the field density tests are

presented in the attached Summary of In-Place Density Tests

presented in the appendix to this report. The stationing system

which was used to locate the tests is shown on the attached Plot

Plan, Plate 1.

CONCLUSIONS

| Based upon the results of the field testing and construction

| inspection, it is our opinion the embankment construction has

been performed in accordance with the specifications set forth in
' '

the project specifications and the U.S. Nuclear Regulatory

Commission Source Materials License SUA-917.

|
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I
EMBANKMENT SURVEY

Surveyed embankment cross sections wa*e performed before and

after construction operations. The surveys were performed on

approximately 100 foot centers along the embarkment alignment.

The survey work was performed under the supervision of Mr. Tom

Phillips of Nielson Inc. The embankment sections on 600 foot

centers are presented on Plates 3 and 4.

EMBANKMENT MONITORING PROGRAM

I GENERAL

In accordance with the plans and specifications and the

Nuclear Regulatory Comnission Material Source License No. SUA-

917, an embankment monitoring program was undertaken. The

program consisted primarily cf monitoring the water levels within
the existing embankment piezometers during the duration of the

I construction operation and the installation of three new piezo-

meters along the western embankment.

PIEZOMETER MONITORINCjI
The existing piezameters within the tailings embankment were

I .

monitored on a daily basis for the duration of construction

aperations. The purpose of the monitoring program was to detect

any construction induced increase in pore pressure which could
result in a lower factor of safety within the embankment. Should

I
I
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I
there have been any significant rise in water levels within the

I piezcmeters, Dames & Moore was to have been notified and appro-

priate operational recommendations made.

The piezometers werc monitored by Atlas personnel with the

daily recordings entered in graphical form es requested by Dr.,

Howard. Piezometric data recorded during the duration of con-

struction operations are presented on Plates 5 and 6. Available

data was reviewed by a Dames & Moore engineer (Mr. Zitnik) during

his weekly site inspections. There was no indication of any

significant increase in pore pressures within the embankment

during the duration of construction operations.

PIEZOMETER INSTALLATION

'

As dictated in the specifications, three piezometers were

installed along the western embankment. The piezameters were

established within five feet of the centerline of the final

embankment crest with approximate locations ac shown on Plate 1.

The installation of the piezometers wms performed by the Cooper

Drilling Company from Moab, Utah under the direct supervision of

representatives of Dames & Moore in accordance with the plans and

specifications. A cross sectional view of the piezometers as

_

constructed is presented on Plate 7.

. oOo

1
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_______

L
,

We appreciate being a part of this tailing dam expansion

{ project. If you have any questions regarding this report, please

contact us.

|
Very truly yours,

DAMES & MOORE

I 'My
James R. Boddy

I Project Manage
Professional Er in er No. 4445
State th

of e
J mes F. Zi n[k
P ject Eng frer

JRB/JFZ/jb

Attachments: Plate 1 - Plot Plan
Plates 2A and 2B - Compaction Test Data

I Plates 3 and 4 - Embankment Profiles
Plates 5 and 6 - Piezameter Readings
Plate 7 - Piezometers Along Western Embankment

I
I
B

I
I
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I
SDiMARY OF GPADATICN TEST RESULTS

PERCENT PASSING BY WEIGITI
U.S. Standard Sieve No.

1/2" 3/8" #4 #8 #16 #30 #50 #100 #200

12/12/79 98.5 98.1 97.5 96.7 95.3 91.2 81.0 52.5 18.1

97.8 93.8 88.2 82.7 81.0 75.5 48.7 20.512/12/79 -

12/05/79 97.3 95.6 91.8 88.5 84.4 74.8 66.7 55.8 25.7

12/03/79 97.9 96.5 93.3 90.2 85.0 82.9 76.9 54.7 18.3

11/28/79 99.1 99.0 98.9 98.6 98.2 96.9 89.7 57.9 15.1

I 11/26/79 98.0 96.8 90.4 83.1 76 6 70.7 63.6 41.2 20.9

11/21/79 95.9 92.1 87.9 85.0 83.0 78.0 72.0 42.7 18.4

11/18/79 100.0 99.4 99.2 99.0 98.7 98.2 90.4 51.1 14.0

11/15/79 98.2 97.3 95.1 92.5 89.4 86.1 78.6 48.7 19.3

11/15/79 95.5 94.7 91.0 88.2 86.2 82.0 79.2 48.6 17.4

11/13/79 98.2 97.2 93.6 90.7 88.7 84.0 78.0 48.5 20.1

11/09/79 98.4 97.9 95.8 93.1 90.5 87.8 80.7 49.7 18.9

11/06/79 99.4 99.0 97.6 95.9 93.6 91.2 83.6 50.1 18.0

11/05/79 96.6 95.2 92.5 90.1 87.7 85.4 78.2 47.3 16.2

11/01/79 - 98.0 93.1 88.9 84.0 80.3 74.8 51.1 20.8

10/30/79 - 79.5 67.0 51.4 40.4 33.5 28.7 21.3 11.4

10/29/79 - 89.9 83.8 73.9 64.1 58.8 53.9 39.9 28.0

85.2 75.9 65.5 57.4 51.7 40.6 32.710/26/79 - -

91.7 87.3 82.5 78.3 71.8 41.2 16.510/25/79 - -

I

- - 87.3 81.8 76.2 71.2 66.2 51.5 31.610/24/79I 85.0 78.6 71.7 66.4 62.1 51.3 31.310/23/79 - -

I
,

;I
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A-1



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

,

< .

SilMMARY OF IN-PLACE DENSITY TESTS

MAX IMllM FILL DRY
DRY REQUIRED FILL DENSITY

;
! TEST DENSITY DENSITY MOISTURE IN PERCENT

i NO. DATE 1.0 CATION ELEVATION IN P.C.F. IN PERCENT JN PERCENT P.C.F. COMPACTION REMARKS

1 10/22/79 3F50 134.2 95 7.3 129.5 96

2 12+00 7.I 114.8 86 *" ""

3 17400 10.8 124.1 92" ""

,

4 4 18+75 9.3 130.8 97" ""

5 10/23/79 5+25 129.0 8.5 125.8 97"

I 6 8+00 9.6 119.9 93 *" ""

! 7 10t00 10.0 124.5 97" ""

| 8 15+00 9.5 123.2 96" " "

9 18100 6.4 126.8 98' " ""

10 18 +7 5 7.9 126.5 98" " "

y
I 11 10/24/79 3400 4,032 9.8 123.4 96" "

; 12 6+00 4,029 7.7 126.8 98" " ""

13 9100 4,027 8.8 128.3 99" "
! "

] 14 12400 4,026 6.7 130.9 100" ""

j 15 10/25/79 72+80 4,043 6.4 129.8 100" "

16 70600 4,042 9.0 127.5 99" "' "

i 17 66100 4,044 8.1 129.0 100" ""

18 64400 4,044 8.8 126.8 98" ""

! 19 12400 4,032 8.2 126.8 98" ""

1 20 12+00 4,031 8.8 129.4 100" ""

21 17+00 4,018 8.3 121.6 94" ""

22 18+25 4,017 7.0 123.3 96" ""

23 12+75 4,017 9.4 126.0 97" ""

24 71-50 4,020 9.2 121.7 95" ""

* Material was reworked and compacted to required specifications.

-Continued-

L
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| SUMMARY OF IN-PLACE DENSITY TESTS

-CONTINUED-

MAXIMUM FILL DRY
DRY REQUIRED FILL DENSITY

TEST .;ENSITY DENSITY MOISTURE IN PERCENT
'

No. DATE 1.0 CAT 10N El.EVATION IN P.C.F. IN PERCENT IN PERCENT P.C.F. COMPACTION REMARKS

/

25 10/26/79 65100 4,040 129.0 95 6.9 122.8 95

26 63400 4,040 7.2 124.3 96" ""

; 27 60t00 4,041 4.9 122.4 95" ""

28 57100 6.3 123.7 96" " " "

29 54100 5.7 123.2 96" " " "

30 10/29/79 54+00 4.2 122.8 95" " "

31 J0t00 6.7 121.8 95" " "

32 6M00 4,040 5.3 120.6 94 *" ""

p
i 33 31-75 4,046 4.2 124.2 96" ""

34 9t00 4,030 5.9 121.8 95" " ""*

35 10/29/79 12+00 4,020 4.6 120.4 93 *" "

36 18100 4,013 4.9 122.0 95" ""
.

37 10/30/79 6400 4,025 7.4 126.4 98" "

38 7+00 6.8 127.8 99" " " "

39 9100 4,030 5.7 122.7 95" " "

40 17400 4,025 6.1 123.1 95" " "

41 18+75 4,025 4.9 121.9 95" "~

42 10/31/79 3100 4,030 6.9 123.4 96" "

43 5100 7.4 122.7 95" " " "

44 12400 4,028 7.2 124.0 96" ""

45 18100 4,020 6.5 126.2 98" " "

46** 9100 4,031 6.8 122.9 95" ""

47** 64400 4,040 7.0 121.2 94 *" ""

,

Material was reworked and compacted to required specifications.*
** Sand cone density tests..

..

__
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SUMMARY OF IN-PLACE DENSITY TESTS

-CONTINUED-

MAXIMUM FILL DRY
DRY REQUIRED FII,L DENSITY

TEST DENSITY DENSITY MOISTURE IN PERCENT

NO. DA'IE LOCATION ELEVATION IN P.C.F. IN PERCFM IN PERCENT P.C.F. COMPACTION REMARKS

i

48 11/02/79 18100 4,027 119.6 95 7.8 115.4 96

1 49 9+00 4,031 6.9 113.9 95" ""

50 38100 4,040 8.4 117.6 98" "' "

51 58100 4,043 7.8 114.7 96" ""

52 36+00 4,042 6.7 113.8 95" " "

53 21400 4,032 6.0 116.2 97" ""

' 54 11/05/79 64400 4,044 4.8 108.9 91 *" "

55 60100 4,042 5.0 109.5 97 *" " "
4

T 56 42400 4,041 4.5 110.0 92 *' " " "

^ 57 40100 4,042 7.2 112.5 94 *" " "

58 62100 4,043 5.9 118.5 99" " "

59 40t00 4,042 5.5 114.2 95" ""
,

60 30:00 5.0 114.2 95" " " "

61 32+00 6.1 114.0 95" " " "

| 62 11/06/79 14400 4,032 5.2 109.8 92 *" "

63 12+00 4,031 5.4 109.3 91 *" ""

i 64 9+00 4,041 5.4 106.5 89 *" ""

65 6100 3.5 121.7 101" " " "

66 9100 7.0 126.9 98" " " "

67 12400 4,031 6.9 128.0 99" ""

68 14400 4,032 5.2 119.0 100" " "

69 11/06/79 16400 4,029 4.9 121.0 101" "

70 11/07/79 17400 7.1 114.3 95" " "

.

| * Material was reworked and compacted to required specifications.

48.
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SUMMARY OF IN-PLACE DENSITY TESTS

-CONTINUED-

MAXIMUM FILL DRY
DRY REQUIRED FILL DENSITY

TEST DENSITY DENSITY MOISTURE IN PERCENT

NO. DATE LOCATION ELEVATION IN P.C.F. IN PERCENT IN PERCENT P.C.F. COMPACTION REMARKS

71 11/07/79 14+00 4,029 119.6 95 7.3 113.4 95

72 11400 8.1 12.0 94 *" " "
"

73 9600 6.5 114.1 95" " "
"

74 44400 4,044 6.5 113.6 95" "
"

75 31400 6.0 117.9 99" " "
~

76 29400 6.5 117.8 99" " "
"

77 22400 6.1 116.9 98" " "
"

78 11/08/79 21400 4,043 6.5 116.6 97" "

79 26100 5.9 114.8 96" " "
"

80 36t00 7.4 116.7 98" " "* "

81 42400 4,044 7.3 113.9 95" "
"

82 11/09/79 43100 4,045 7.2 114.9 96" "

83 38400 6.9 116.2 97" " "
"

84 30t00 6.7 115.2 96" " "
"

85 24100 7.0 114.6 96" " "
"

86 11/12/79 68t00 4,046 5.8 115.7 97" "

87 59t00 4,047 6.3 114.3 96" "
"

88 57400 4,046 6.0 114.8 96" "
"

89 51400 4,045 7.1 113.6 95" "
"

90 11/13/79 68100 4,046 11.8 110.5 92 ** "

91 64+00 6.8 117.9 98" " "
"

92 68t00 6.6 116.8 98,
" " "

"
-

93 11/14/79 9100 4,044 5.9 114.0 95" "

,

I * Material was reworked and compacted to required specifications.

L

-
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SUMMARY OF IN-PLACE DENSITY TESTS

-CONTINUED-

,

MAXIMUM FILL DRY
DRY REQUIRED FILL DENSITY

i TEST DENSITY DENSITY MOISTURE IN PERCENT

NO. DATE LOCATION ELEVATION IN P.C.F. IN PERCENT IN PERCENT P.C.F. COMPACTION REMARKS

94 11/14/79 12+00 4,043 119.6 95 6.5 113.8 95

95 44400 4,047 7.0 115.6 97" " "

96 11/15/79 69100 7.4 116.7 98" " "

97 18400 4,042 6.8 114.3 96" " "

,

98 44100 4,050 7.1 114.9 96" " "

99 11/16/79 6400 4,045 6.9 114.8 96" "

100 19+00 7.3 115.9 95" " " "

101 43+00 4,049 5.8 114.0 95" " "

T 102 49t00 4,048 7.6 114.3 96" " "

1 * 103 11/19/79 46+00 4,051 129.0 9.3 120.8 94 *"

104 49100 4,050 8.0 124.5 96" " "

| 105 58400 4,048 8.6 124.3 96" " "

; 106 67+00 4,047 7.4 128.0 99" " "

107 17+00 7.7 126.3 98" " " "

; 108 6400 7.5 124.7 97" " " "

i 109 11/20/79 39100 4,048 8.3 124.6 96" "

110 9t00 4,047 8.9 122.9 95" " "

111 11/ 2 t ,'79 18+00 119.6 7.9 116.5 97" "

112 11/2ef79 6400 4,048 7.4 115.4 96" "

113 14+00 4,053 6.9 114.7 96" " "

114 11/27/79 12+00 4,049 7.3 115.4 96" "

, 115 6+00 4,050 6.9 116.9 98" " "

116 11/28/79 49100 4,054 7.8 117.9 99' " "

* Material was reworked and compacted to required specifications.

'
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SUMMARY OF IN-PLACE DENSITY TESTS

-CONTINUED-

MA',IiE N FILL DRY
l>i1Y REQUIRED FILL DENSITY

TEST DENSITY DENSITY MOISTURE IN PERCENT

NO. DATE LOCATION ELEVATION IN P.C.F. IN PERCENT IN PERCENT P.C.F. COMPACTION REMARKS

: 117 11/28/79 51+00 4,051 119.6 95 7.6 111.4 98

118 11/29/79 18+00 4,050 95 7.9 115.2 96"

119 36+00 4,054 6.9 114.7 96" ""

,

: 120 12/03/79 54400 4,05 7.8 117.9 99" "

121 68+00 4,049 8.2 118.0 99" ""

1 122 14+00 4,055 7.5 115.3 96" ""

123 12/04/79 38+00 4,052 7.2 115.9 97" "

124 67400 4,050 6.9 117.8 98" ""
,

'Y 125 60+00 7.3 116.2 98" " " "

i 126 12/05/79 30400 4,053 129.0 7.4 116.8 98""

127 59100 4,052 7.8 118.3 99" ~ "

128 12/06/79 62400 4,056 7.3 114.6 96" "

129 29100 4,057 7.9 117.3 99" ""

130 12/10/79 57400 7.9 117.9 99" " "

131 5400 8.3 116.0 97" " " "

132 16400 8.1 117.3 98" " " "

i 133 12/11/79 56100 4,058 7.8 114.0 95" "

134 54100 119.6 8.3 116.2 97" " "*

135 18+00 5.0 115.9 97" " " "

136** 56400 8.0 113.9 95*' " " "

,

** Sand cone density tests.
,
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JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION |

|

1 ace L : CATION JOB NUMBA
| Moab, Utah a46/-027-0106
i CLIEN T OR OWNER I REPORT SECUENCE NUMBER '
IAtlas Minerals | 1

I GENERAL LCCATION OF INSPECTICN |DATE DA" 0F WEEK i

Il0-17-79 Wad-ennk tw rm,414,ce s-nni

GENERAL CONTRACTOR '
" ~ E,TRTHWORK dONTRACTOR PAGE |

--

Nielsons, Inc. Nielsons, Inc. 1 of > l

OWNER'S CONTACT CONTRACTOR'S CONTACT JOd ENGIN2ER |
Larry Jacobs Rick Keck Jim Anadv

REPORT DISTRIBUTION WEATHER
^

lI Rick Keck, Larry Jacabs -Clear. 75 I

SUPPLEMENTARY REPORT (CESERVATIONS and RECOMMENDATIONS)

nn nnenhow 16 1979 Jim Rnddv and Jim 7ienik vinikad *he Atl a s 1

-

i

vi n o va l vnah mill The pnrnnnn of thin m i t-a v4 sir was en discuss the |
i

plano-one n# Pho *pforencn linn around the entira *aili ngs pnnd area.

ac wall an agree upnn the best incation of the dike omhankmant within

the transition zones at the north and south ends of the western

pahankmant. Also, it was necessary to discuss the borrow material

'

cuanities and general construction schedules with Atlas Mineral and

Nielsons.

Boddv and Zitnik met with Larry Jacobs of Atlas Minerals and
,

Tom Phillips, the surveyor for Nielsons. Phillips has obtained the

*

nocassa-v bench mark and base line data from John Keoush, Surveyor.

| At *ha time of our visit. Phillips had the lav-out of the reference
:

| . survey line half completed. Upon inspectina the two transition areas
i

a gro o mon t- was enached uncn thn actual center line for the newan

.g
5 ambankmont wi t-h i n those areas. Also, it was agreed upon that the

|

|

| omhankmone n*nns-moneinn will be constructed such that the toe of th'e
|
|

7n-hnard sinpo will not Avrond bnyend the in-board most point along

the av4 sting siv-foot dike crest (that is no slouchino should occur

the 4 -hna-A ciao n# +ho o vi c + i n g c i v- f n n +- high Riko_1nuo-

'

Phillips estimated that it will be accroximatelv two daysmnm
i

CONTINUED ON NEXT PAGE

_
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JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

.E sos"u" sea
.

to complete the initial pre-construction survev. The 5467-027-0106m
REPORT SEQUENCE NUMBER

cross-sections that are to be taken at 100-foot 1
DATE DAY OF WEEK

intervals will be completed before any site 10-17-79 Wed.
PAGE

prepara'tions work has begun. It was acreed that the 2 of 3

JOS ENGINEER
stripping foundation preparations would include Jim BoddvI WEATHER
taking off only a couple of inches of surface clear. 75 0

effect the before-cross-|material and, therefore, would not drastically

section survey. Phillips will be contacting either Boddy of Zitnik by

_ October 19, to discuss any problems he micht have had durine survev
work.

At the time of receiving all the survey information from

Phillips, we will re-estimate the amount of fill material recuired

during construction-as well as re-estimate the available borrow
,I

material quanities in the existing borrow site. Hopefully, Phillips

will be able to give us more survey information on the existina
borrow site. Thus, we will have a better idea of the amount of

I. material available in the borrow area.
h

At two locations along the existing embankment (approximatelyt
|

..

s

station 23+00 and 60+00) seepage water is carried from sumps located

at the downstream toe of the slope, back into the tailings pond, by
means of a two-inch PVC pipe extending over the existina embankment.>;

'

The problem of what to do with these pipes during construction were
discussed with Rick Keck and Larry Jacobs. It was decided that these

lines would be removed during construction and the seepage water in the
i sumns would be. allowed to discharge into a holding area at station
! 23+00 and to discharce into a low area in _ the borrow site near station

60+00.
, After construction of the new embankment is comolete at those

stations, new PVC, pipe will be extended over the crest of the embank-
- - ~ . -.

.



DAMES B MOORE ],

JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

JCB NUMBER

Is T- .,e oc*i-n*ma hv n4ck reck that the 5467-027-0106
-

REPORT SEQUENCE NUMBER

7 ,co-o-* n# fill wnnla hacin in approximatelv 1
1

DATE DAY OF WEEK

vnnanv nr Tuanaav of next week, Jim Zitnik clans to 10-17-79 Wed.
~ -

PAGE

|I u4 e 4 * *ho ci en ne *hae *ime. Also, our orocosed 3 of 3

JOB ENGINEER

_

e ch oani o wnnla ho *n have the American Testine Jim Boddv
-

WEATHER o
r,woretn-ine' *=chnician nn *he si-a sometime on the clear. 75
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JOS ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

JCS LOCATION JOB NUMSER |
Vanh. Utah 05467-027-06 i

CLIENT CR OWNER REPORT SEOUENCE NUMBER

Atlas Minerals 2_
GENERAL LOCATION OF INSPECTICN CATE CAY OF WEEK

- Mo .o. Utah (Tailines Area) 10/22/79 Mondav
GENERAL CONTRACTOR EARTHWORK CONTRACTOR PAGE

Nielsens. Inc. Nielsens. Inc. 1 Of 1
OWNER'S CONTACT CONTRACTOR'S CONTACT JOB ENGINEER

Larry Jacobs Rick Keck James Zitnik
REPORT DISTRIBUTION WEATHER

o f le h ele ime-- inenke r1 par. M

SUPPLEMENTARY REPORT (OBSERVATIONS and RECOMMENDATIONS)

On October 22. 1979 Jim Zitnik of Dames & Moore visited the Atlas Minerals

|
Nenh mf11. The ournose of the visit was to brief the soils technician assigned to

~

rha croiect. We duties of the technician consisted of observing the eatthwork

Ii'onerations and to oerform field compaction, gradation and density tests to confirm

como11ance with 'the desien specifications. The technician assigned to the proiect was

N- Neal Backman of American Testine Lab.
|

| Mr. Zitnik initially met with Mr. Jacobs of Atlas Minerals and Mr. Rick Keck

of Nielsens. Inc. At the time of the inspection, foundation preparation in the

vicinity of the western embankment had commenced and some fill had been placed. It was

the coinion of the writer that the foundation areas had been properly prepared and

that the placement of fill could be continued.

Sincerelv,
,

DAMES & MOORE

/
_

n y P
! " i

i ak
'

|
_ J .es Zit

o rnjac+ nginnorr

!

l CONTINUED ON NEXT PAGE
!
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JOB ENGINEER'S FIELD REPORTI EARTHWORK AND FOUNDATION INSPECTION

JOB LOCATICN | JOB NUMBER
Moab. Utah i 05467-027-06

' CLIENT OR OWNER I REPORT SEOUENCE NUMBER
Atlas Minerals i 3

| GENERAL LOCATION OF INSPECTICN OATE DAY OF WEEK
Moab Utah 10/25/79 Thurs.

GENERAL CONTRACTOR EARTHWORK CONTRACTOR PAGE
Mielsen, Inc. Nielsens, Inc. 1 of 1

OWNER'S CONTACT CONTRACTOR'S CONTACT JOB ENGINEER
Larry Jacobs Rick Keck Jim Zitnik

REPORT DISTRIBUTION WEATHER
Rick Keck, Larry Jacobs Clear, 65

SUPPLEMENTARY REPORT (OBSERVATIONS and RECOMMENDATIONS)

At the request of Larry Jacobs of Atlas Minerals, Jim Zitnik visited the Atlas

!
Mineral Moab mill. The purpose of the site visit was to evaluate problems being en-

i
: countered regarding large cobble and boulder sized rocks being excavated from the

borrow area and soft pumping soils within the initial lifts of fill.

Upon arrival at the site Mr. Zitnik met with Larry Jacobs, Rick Keck of Nielsens.

|
IInc. and Neal Backman, the quality control inspector from American Testing Lab. A

I
brief tour of the borrow area indicated the presence of a number of oversized rocks

within the borrow source. However it was the opinion of Mr. Zitnik and Mr. Keck that

the cobbles and boulders were primarily associated with a number of isolated zones

within the borrow source and was not considered a major problea. Mr. Keck sta N that

he would =aintain one or two cats within the borrow area to sort out the larger pieces

when encountered. It was agreed that if any oversized rocks v2re transported to the

embankment, they would be removed f rom the fill during grading operations.

The initial lif ts along the westiern embankment demonstrated a slight tendency

to " pump" when traversed by loaded scrapers or the 40 ton rollers. Compaction tests

however, indicated that the fill was compacted in excess of the requirements as stated

in the soecifications. It was recommended that drier material be bladed into _the

fill to alleviate the problem.

| Sincerelv,

DAMES & MOORE
.

; - ,

J besZit ik CONTINUED ON NEXT PAGE
< a. - - - -
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I JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

; JOB LOCAT:ON
JOB NUMBER

voab. Utah 05467-027-06
CLIENT OR OWNER | REPORT SECUENCE NUMBER

Atlas Minerals I 4
| GENERAL LOCATION OF INSPECTION DATE DAY OF WEEK
I Moab, Utah (Tailines Area) 11/1/79 Thut2.

GENERAL CONTRACTOR EARTHWORK CONTRACTOR PAGE
Nielsens, Inc. Nielsens, Inc. 1 of 1

OWNER'S CONTACT CONTRACTOR'S CONTACT JOB ENGINEER
Larrv Jacobs Rick Keck Jim Zitnik

REPORT DISTRIBUTION WEATHER
UDi ck Kock. T,arg iTacabe Clear. 60

SUPPLEMENTARY REPORT (CBSERVATIONS and RECOMMENDATIONS)

On November 1, 1979, Jim Zitnik visited the Atlas Mineral Moab

mill. The ourcose of the visit was to observe general earthwork
I

coerations and to inscect the test results cerformed during the
|
cuality control orocram.

|
i Mr. Zitnik initially met with Rick Keck of Nielsens, Inc. and
i
lLarrv Jaccbs of Atlas Minerals. The ceneral earthwork operations were

runnina smoothly. Some larce oversized rocks were still being encoun-

tered in isolated areas within the borrow area, however, they were

o## actively being removed orior to the comoaction of the fill. Mr.

Eienik then met with Mr. Backman of American Testina Lab. A review

nf available data indicated that the fill was beina comoacted in excess

of the reguirements stated in the soecifications and the results of

gradation tests indicated that the fill material was relativelv uniform

and cnneimenne with the materials analyzed in the desian recorts.

Sincerely,

DAMES & MOORE

R /Y 0

bN
/

J .es Zitnik

Proie.mt Encineer

CONTINUED ON NEXT PAGE C



JCS EN GIN E ER"S HELD REPORT OF c An i nn ws

AND FO U N D ATION INSPECTION

Job Location Job Numter
Moab , Utah 05467-027
Client or Owner Report Sequence No, '

4IAtlas Minerals
General Location of Inspection iDate Day of Wk
Moab, Utah E1/16/79 Friday

General Contractor Earthwork Contractor Page
*

Nielsons, Inc Nielsons, Inc. 1 Of 2

Owner's Contact Contractor's Contact Job Engineer

Larry Jacobs Rick Keck T4 m 74*,4b

WeatherReport Distribution o
Clear, 65

v,_ , , _ , , , .

SOPPI55 STARY REPORT (Ot servations and Recommendations)

On Nove=ber 13, 1979, Jim Boddy and Jim Zitnik of Dames & Moore in the

company of Dr. Terry Howard, representing the Nuclear Regulatorv Commission.

,,, .7 n g o n a ek g uggi7 . 77 7 ingpgg;visited the Aeln= winnenle unnh m417 Tk o

the earthwork operations for the tailings dam expansion project which were

I
.

Currentiv on-going. At the time of the visir anornxi- 3reiv nno-hn1 * n# rha

7,r g ,f fill h2d beer placed to dctc.aocee-, coa 9aA nnn ,,,w4-

Prior to the insoection Boddy, Zitnik and Howard mat with Larry Jacobs of

Art,s v4,cen1s ne eha =4ra_ Tn n dd4 *4 nn *, w4e v4 e ,, , , 4,e, e r -4 -m me rSc berr~.I '

area and general construction operation, Dr. Howard renewed the available
| enr-od
F piezometric data and the results of eradation nnd cornactinn roses nov
!

| during the placement of the fill. In general, Dr. Howard was satisfied that
_

construction operations were being performed according to recommended

snacic4antion's and *hnt r-ara" rant-^1 'ad ruper"irier '7ere being enforced.
During his inspection, the installation of the crocosed oiezometers along the '

western embankment was di s cussed. Dr. Mnunrd sentad ehn* thaca n4awnmacare

would provide valuable data regarding the development of pore pressures during
._

construction and he was concerned that their installation has been delaved. It

ce4 c'e7 requer* to "RC reg 2rding theiraggms knenun, +w ,* ky *w o e4mn w4e n

installation is made, Cons t ructior. of the western embankment may be cocoleted.

Dr. Howard miso sugopgend ehne Arins rocnrd n# dn41v riptn-pear lavale
presently being maintained by Larry Jacobs be kept in graphic form and

CONTINUED ON NEXT PAGE u
.
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JOB ENGINEER'S FIELD REPORTI EARTHWORK AND FOUNDATION INSPECTION
JOB MUMBER

5467-027oresented for review to Jim Zitnik, our soils encineer,
REPORT SEQUENCE NUMBER *

durine his weekly site visits.
DATE DAY OF WEEK

I~ - 11/16/79 Friday

PAGE .
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,

'

2 of -

- Sincerelv -

JOB ENGINEER

DAMES & MOORE Jim Zitnik
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--JO@ EN GIN E EWS FIELD REPONY L9P ENINNN

AND FOUN D ATION INSPECTION

Job Numoerl ob Locatton
05467-027me,b. Urnh quence No,

Report [rCilent or Owner

{ Atlas Minerals .

Date Day of WKGeneral Location of inspection
11-20-79 Tuesdav

Moab . Utah
General Contractor Earthwork Contractor Page

p 1 Of 1
L M4alenne Tnr M4,1=nne- Tnn_

Owner's Contact Contractor's Contact Joo Engineer

Larry Jacobs Rick Keck Jim Zitnik
Weather{ Report Distribution g
Ove r_c.ast . 35T4, 74 en4v

SUPPLEMENTARY REPORT (Observations and Recommendations)

On November 20. 1979 Jim Zituik of Dames & Moore visited the Atlas Minerals

Moab mill. The purpose of the visit was to inspect the earthwork oparations
At thefor the tailines dam expansion project which were currently on-going.

e4-a nf *ka 4=4e nnnenvim e el v 100.000 cubic vards of fill had been olaced.
Zitnik initially met with Neal Back=an of American Testing Labs andMr.

94 ck vack of Niel sens . Inc. to discuss eeneral earthwork ooerations. There was

I some discussion about the quality of the fill at the back of borrow area.

Excavation problems had oreviousiv been encountered in conjunction with the

numerous cobble and boulder size rocks. However due to the steadily

decreasing fill source it was recommended that as much of this material be

used as nos sib le . Based uoon' current tests it apoears that the materials
encountered in the borrow area are within the specified gradational limits

and that the fill is being adequately compacted.i

'

v- 7 4 * n 41r nlen ma e u4,-h T.n m .Tncohn of Atlas Minerals. Durine that

meeting the available piezametric data was discussed. In general it appears

si gni f 4 can t noward trend in the readings during the*kne *kara kne k e en nn

construction operations.

Very truly yours

DAMES & MOORE

w,)
;i ,1 ;.

Jim |Zitnik / j

#' V

JZ/sb
CONTINUED ON NEXT PAGE CJ
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JO@ EN GI N E EWS FIELD REPORT OlF L@MYHWQ(M

AND FOUNDATION INSPECTION

Jo'o Location Job Sumoer

I %nh . Tie nb D5467-077
Cilent or Owner Report Sequence No,
Atlas Minerals 7
General Location of Inspection Date Day of WK
Moab. Utah 11/29/79 Thursdav
General Contractor Earthwork Contractor Page
Nielsens,'Inc. Nielsens, Inc. 1 Of 2
Owner's Contact Contractor's Contact Job Engineer
Larry Jacobs Rick Keck Jim Zitnik
Report Distribution Weather
Ti m 74 en4V , T nem Tn enh e F1pnr 60

_.iUPPLEMENTARY REPORT (Observations and Recommendations)

On Nova-her 2o. 1979. Jim Zienik of Dames & Moore visited the Atlas

Minerals Moab mill. The purpose of the visit was to inspect the on-going

earthwork ooerations for the tailines dam expansion proiect. At the time of

the visit approximately 236,000 yards of fill had been placed.

Mr. Zitnik initially met with Neal Backman of American Testing Labs and

R4rk York nf Mipleane Tnr. en di c e,,e e ganavn1 anvehunck nn e rn ei nne . Mr. 74enik

reviewed the available gradation and compaction test results and it was apparent

that the ff11 material beine excavated from the borrow area was within the
" specified gradational limits and that the required compaction was being achieved .

It was proposed bv Atlas Minerals that the current borrow area be leveled to

nrnvi d a n nisi e nkl a Sn,,nancinn fne ch . e nn e e r,i c ei nn nf nn evnnnrneinn nnnd. Ae

the time of the inspection, grade stakes had been placed in the borrew area.

Te une pneimrera ebne n si,f fi ni one n,,nn ei ev nf si l l mnegrin1 vill be avAilable

to cc,=plete construction operat' ions by leveling the borrow area at an elevation
. . . ' . . . . . .

of 4002 feet. It was the intention of Atlas Minerals that should the

evaporation pond not be construct.ed, the borrow area vill be suitably graded to

drain.

Mr. W enik n1sn ape vi ch T nr v .T n e nh s of Aelns Minern1s and reviewed

the available piezometric data. Mr. Jacobs had presented the data in graphical

form as reauested by Terrv Howard who is represent,'ng NRC on the proiect.

In general, it appears that there has been no significant upward trend in the

readings during the construction operations. In a brief tour of the tailings

CONTINUED ON NEXT PAGE @



JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

L i seeuuueeR
g | imooundment area it was accarent to Mr. Zirnik and to Mr. 05467-027

3 |
' REPORT SECUENCE NUMBER

| Jacobs ; hat a water balance oroblem exists at least during
DATE DAY OF WEEK

the winter months. In many areas the cond of water had 11/29/79 Thursday

..,. PAGE
-

.

encroached well within the specified minimum beach vidth of 2 of
,

2

JOB ENGINEER

150 feet. Jim Zitnik
,

. WEATHER
mov sn*

Sincerelv

DAMES & MOORE I
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JOB ENGINEER'S FIELD REPORT
EARTHWORK AND FOUNDATION INSPECTION

JOB RUMBER
i JOB LCCATIOt. 5467-027-06E Moab, Utah

REPORT SEQUENCE NUMBER
ECLIENT OR OWNER

8
i Atlas Minerals

|DATE DAY OF WEEK |

IGENERAL LOCATION OF INSPECTION I12/6/79 Thurs. i
Moab, Utah (Tailinas Area)

EARTHWORK CONTRACTOR PAGE

|GENERALCONTRACTOR
E Nielsens, Inc. Nielsens, Inc. 1 of l

CONTRACTOR'S CONTACT JOB ENGINEER
BOWNER'S CONTACT Jim Zitnik

l Larrv Jacobs Rick Keck
WEATHER

REPORT DISTRIBUTION 0
cienr. 60

E_
Di mV vonk. T ,a T-rv .T a m b e

| SUPoLEMENTARY REPORT (OBSERVATIONS and RECOMMENDATIONS)
6

On December 6, 1979, Jim Zitnik of Dames & Moore visited the Atlas

lineral Moab mill. The ourcose of this site visit was to observe the
u

on-coine earthwork ooerations and inscect the test results cerformed
~

i

control orocram and the available ciezometer data.durina the cuality

Zitnik initially met with Larry Jacobs of Atlas Minerals andI

Mr.'

to discuss ceneral earthwork ocerations.IRick Keck of Nielsens , Inc.

results
Zitnik reviewed the available cradation and comoaction testMr.

|and it was appa 'nt that the fill:.was being .placed_in..accordance with

I.
!seeci fications . Mr. Zitnik also reviewed the available ciezometer data.

there has been no sianificant uoward trendTn general it appeared that

! in the readincs durinc the construction coerations.
Ii

i
I

Sincerelv,

,

!

! DAMES & MOORE

/7 + /,n

I v|WnudC@uf

J mes itnik

m .- , _

I CONTINUED ON NEXT PAGE



JO8 KN GlN E ETM MlipJ N lgF gucTTwwums-

AND FOUNDATION INSPECTION
Job Sumcerloo Location
5467-027-06u-,x " ,w

Clisnt or Owner Report Sequence No,
'7{ Atlas Minerals

Date Day of WkGeneral Location of inspection
12/I7/79 Mondav

v-,k pnw-T,414nce r-knnwone
General Contractor Earthwork Contractor Page

p Nielsens, Inc. 1 Of 2L Nielsens, Inc.
Owner's Gontact Contractor's Contact Job Engineer

Larrv Jacobs Rick Keck Jim Zitnik, Jim Boddy

WlatherC ear 40
oReport DistributionJim Zitnik Larry Jacobs (Atlas Minerals)

SUPPLEMENTARY REPORT (Observations and Recommendations)

nn nara-kar 17 1o70 Jim 74en4k nnd Jim Boddv of Dates & Moore visited the

Atlas Minerals Moab Mill tailings embankment site. The purpose of the visit was
{

en nk e a ma eka #4 r 4 ch na anve5unrk nnerne, nn for the tailines dam exoansion

E
project and to observe and assist in the installation of the three piezometers -lejr.,

installed alone the western embankment.
about 8:30 A.M. Mr. Zitnik and Mr. Boddy met with Larry Jacobs and Mr.At

Cooper of Cooper Drilline Compa$1y regarding the placement of the three piezo-

-aeave nn *ka vaccarn a-hnnbane. From about 9 :00 until 12:00 (noon) " Cooper _

installed the piezameters to the depths and specifications as called for in the

This was done under the supervision of Boddy and Zitnik.contract documents.

{
On the attached ske h the various pertinent tip elevations'of the piezometers

are shown. During the Dames & Moore on-site visit, a reconnaissance was made of
It

h the in-place completed embankment raise as well as the borrow source area.

was concluded at the end of the brief tour that the construction of the embank--

me as well as the final contourine of the borrow area was co=oleted in an
acceptable manner. It is Dames & Moore's understanding that a final as-built

survev vill be oerfor=ed sometime during the week ending 12/21/79. Upon

examining the survey cross-sections of the embankment, it may then be determined

that the embankment raise was made to the lines and grades as shown on the

ennernce anen-ent n1ans. It should be noted that during the site visit it was

.

CONTINUED ON NEXT PAGE ED
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JOB ENGINEER'S FIELD REPORT
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PAGE

BID DOCUMENTS
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,
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I BID DOCUMSNTS'

l

1.0 INVITATION TO PID

1.1 GENERAL

Atlas Minerals is planning to construct an earthfill embank-

ment addition to its tailings pond dike. You are invited to

submit your bid to furnish all labor, supervision, equipment
and materials required for the complete construction of

the embankment addition in accordance with the specifica-

tions and drawings attached hereto. Bidders shall confirm

by mail the receipt of this " Invitation te Bid." The bids

shall be based on a summation of lump sum and unit priced

items. Bids for unit price earthwork items shall be

based on estimated in-place compacted quantities. e.ctual

payments for the unit priced earthwork items will be

determined from final measured borrow quantities with an

appropriate shrink factor applied to determine in-place
compacted quantities.

1.2 BASIS OF BID

Bidders are urged to visit the site of the work and by their
own investigation satisfy themselves as to the existing
conditions affecting the work to be done under these speci-
fications. If the bidder chooses not to visit the site, he

will nevertheless be charged with knowledge of conditions

I which a reasonable inspection would have disclosed and shall
assume all responsibility for deductions and conclusions

made therefrom as to the difficulties in performing the

work. The construction site may be inspected during regular

office hours by contacting Mr. Carl Dixon of Atlas Minerals
at the Moab Mill near Moab, Utah (801) 259-5131. Solely for

the convenience of the bidders, they may obtain logs of

borings and test pits from subsurface investigations upon

-1-



I request to Dames & Moore in Salt Lake City, Utah. Atlas

Minerals does not represent that the available records showI conditions that will be encounterec fn perfo'. ming the work

and represents only that such records show conditions
encountered at the pa rticular point and time for which such
logs were obtained.

1.3 _ PREPARATION OF BID

Each bid must be submitted on the prescribed bid form. All

blank spaces must ce filled in, in ink or typewritten. For

the convenience of the bidder, an additional Bid Schedule is

attached. All bids must be prepared in triplicate on and

submitted under bidder's letterhead. They must be delivered

in good order and enclosed in a sealed envelope prior to the
due date and time specified below. All bid documents are to

be returned, whether or not a bid is submitted.

1.4 RECEIPT AND OPENING OF BIDS

Bids will be received by Atlas Minerals, a division of Atlas
Co rpo r a t io n ., at Post Office Box 1207, Moab, Utah, 84532,
under the attention of Mr. Robert Exby, until , p.m.

on The results of the bidding will be nade avail-
.

able on There will be no public opening..

The owner reserves the right to reject any or all bids, to

waive technicalities, to advertise for new bids or proceed

to do the work otherwise. Only one bid will be accepted per

bidder, and rebids will not be accepted unless requested by
the owner as a result of a significant design or specifica-

tion alteration. Any bid may be withdrawn prior to the
above scheduled time for the opening of bids or authorized

;g postponement thereof. Late bids will not be accepted.

:g
1.5 COMMENCEMENT, PROSECUTION AND COMPLETION OF THE WORK

Bidders must agree to begin work within ten (10) days after
date of receipt of notice to proceed and complete all of the

;
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work within _ calendar days of said date. Bidders sht.1

include in their proposals an astimate indicating their but

start and finish dates for the total scope of work. The

capacity of the successful bidder's construction plan,

sequence of operations, methods of operation and the forces

employed will at all times during the continuance of the

contract be subject to the approval of the engineer and

shall be such as to insure completion of the work within the

specified period of time. The successful bidder shall plan

and schedule his work as directed by the owner in order to

coordinate said work with the work of the owner or other

contractors.

1.6 PRE-CONSTRUCTION CONFERENCE

Within five (5) days after notification of tne contract

award, the successful bidder, cogether with any known sub-

contractors, will be requ' red to attend a Pre-Construction

Conference at a time and place designated by the owner. The

purpose of the Pre-Construction Conference will be to
discuss, among other considerations, the responsibilities of

the successful bidder and his subcontractors.

-3-
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I 2.0 BID FORM AND BID SCHEDULE

The (Contracting

Com pa ny) , having examined the construction site and studies

and now comprehending the plans and specifications, proposes to

furnish all materials, labor, tools and equipment required to

complete all work called for in the plans and specifications

prepared for or by Altas Minerals for the construction of the

earthfill embankment addition for the sums and totals quoted on

the following Bid Schedule. Estimated earthwork quantities shown

on the Bid Schedule are for required in-place compacted embank-

ment quantities; final paynent will be made on measured borrow

quantities with an appropriate shrink factor applied to determine

in-place compacted quantities.

ITEM DESCRIPTION UNITS AMOUNT

1 Mobilization and Demobilization Lump Sum $

2 Embankment Fill

Red silty sand fill:
Required stripping, excavation
f rom borrow area or obtainment
from a stockpile area, transpor-
tation, preparation, placement
and compaction 509,000 cy yds $

in-place
@ _/cu ydj

3 Surveying Lump Sum $

4 Piezometer Extensions Lump Sum $

_

TOTAL FIRM-PRICE BID EARTHFILL
EMBANKMENT ADDITION $

| -4-
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I
GENERAL SPECIFICATIONS

1.0 GENERAL CONDITIONS

1.1 DEFINITIONS

1.1.1 Contract. The written agreement between the CON-

TRACTOR and the buyer of the Contractor's services

setting forth the terms and conditions under which

the work is to be performed and/or material is to be

furnished. It includes all the contract documents.

1.1.2 Contractor. Party of the second part to the contract

acting directly or through his agents or employees,

hereinafter called CONTRACTOR.

1.1.3 Owner. Atlas Minerals, a division of Atlas Corpor-

ation, and party of the first part, hereinafter

called OWNER.

1.1.4 Engineer. The authorized representative assigned by

the party of the first part of the contract to

supervise and direct the technical aspects of the
' work called fo r in the contract to insure that the

work and materials are in accordance with the plans

and specifications.

1.1.5 Technician. The authorized representative of the

ENGINEER who will perform the day-to-day inspection

as directed by the ENGINEER.

1.1.6 Design Engineer. The authorized representative of

the OWNER responsible for the design and preparation

of the plans and specifications.

1.1.7 Employee. Any person working on the project who is

under the direction or control of, or receives

compensation from, the CONTRACTOR or subcontractor.
,

Employees shall be personnel skilled and experienced

in their trades.
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1.1.8 Plans. The drawings or reproductions thereof which

show the locations and detailed design of the

contemplated improvements outlined in the specifica-

tions. Part of the contract documents.

1.1.9 Specifications. The statement containing a minute

description of the WORK. Part of the contract

documents.

1.1.10 Work. (The Work). The materials and operations

necessary for the construction of the specified

improvements as indicated on the PLANS, or as set

forth in the specifications.

1.1.11 Item. A specified class of WORK on which definite

prices are set forth in the CONTRACT.

1.2 CONSTRUCTION CONTROL SURVEYING

The OWNER will establish baselines and bench marks required

for proper execution of the work. The CONTRACTOR will

furnish competent and qualified survey control during the

course of construction to assure adherence to lines and

grades. See Section 4.0 for the outlined scope of work.

1.3 CONSTRUCTION INSPECTION

Full-time control inspeccion of all construction activities

under this contract will be provided by the OWNER and

ENGINEER, at no cost to the CONTRACTOR.

1.4 WATER, 3ANITARY AND OTHER FACILITIES
;

Water for construction will be available at the Moab Mill

from the OWNER. Means of obtaining this water and conveying

it to the construction site will be left up to the CON-

.

TRACTOR with the approval of the ENGINEER. Drinking water

and sanitary facilities shall be provided by the CONTRACTOR.
Other facilities of .nt OWNER will not be available to the

CONTRACTOR. All storage and disposal areas used by the

.

CONTRACTOR shall be subject to prior approval by the OWNER's
representative.
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I
1.5 SUPERVISION OF WORK

The CONTRACTOR shall provide a competent foreman or super-

intendent, satisfactory to the ENGINEER, on the work at all

times with the autnority to act for him. The superintendent

or foreman shall give personal supervision to the work,

including coordinating, directing and expediting of all

subsequent work until completion of all work under the

contract. All directions given to such superintendent or

foreman shall be considered as given to the CONTRACTOR and

shall be binding on the CONTRACTOR.

1.6 LOCATION AND MAINTENANCE OF ROADS

The OWNER will provide a contractor's entrance located

approximately 450 yards west of the scale house gate for the
sole use of the CONTRACTC,R and his employees. All access to

the site by the CONTRACTOR shall be through this entrance.

Access to the site is available by a non-surfaced road which

joins the tailings disposal area to the entrance. Improve-

ment of existing roads and construction of new roads

must be approved by the ENGINEER. If such new roads are

constructed, they shall be done in such a manner as to be

free-draining and shall be maintained in good condition

throughout the contract period unless otherwise directed by
the ENGINEER. Moisture shall be sprayed on all roads being

used by the CONTRACTOR in order to maintain a dust-free

condition. All roads are to be considered of a tempo ra ry

nature unless designated as permanent by the OWNER at some

time during the period of tL.s contract.

1.7 UTILITIES

All utilities necessary for performing the work shall be

supplied by the CONTRACTOR. In addition, it shall be

the responsibility of the CONTRACTOR to obtain necessary

locations, clearances, and easements with regard to crossing

or conducting work on or near the existing buried or over-

head utility lines.

-7-
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DETAILED SPECIFICATIONS

1.0 MOBILIZATION AND DEMOBILIZATION

1.1 SCOPE OF WORK

This work item covers the transportation and delivery of all

equipment and materials r eq ui r e;d for the complete construc-

tion of the earthfill embankment addition. The removal of

the aforementioned equipment and unused materials from

the site at the completion of construction shall also be

included in this portion of the work.

1.2 PAYMENT

Payment for this work item is based on a lump sum bid and is

covered under Item 1 of the Bid Schedule.

I
I

I

,

-8-
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2.0 OBTAINMENT OF FILL MATERIALS FROM ,

STOCKPILE AND/OR BORROW AREAS

2.1 SCOPE OF WORK

This specification covers the obtainment of fill from

on-site stockpile and/or borrow areas.

2.2 DEFINITION OF MATERIALS

2.2.1 Red Silty Sand Fill. This material is t' be exca-

vated from the borrow areas or obtair.ed from the

stockpile area and will be reddish-brown, fine to

coarse, sand material with 10 to 40 percent silt- and

clay-size particles and 0 to 10 percent gravel-size

particles. The areas from which this material may be

taken will be on-site and designated by the OWNER's

representative.

2.3 BORROW AREAS

2.3.1 General. It is anticipated that all the material

required for the embankment conttruction shall be

obtained on-site from the borrow area or from the

stockpile area, the location of which will be desig-

nated by the OWNER's representative.

2.3.2 Borrow Area. The borrow area is to be located
immediately northwest of the existing embankment in

an area that has previously been used as a borrow

area. The grading and elevations of the final

surfaces, after removing borrow material under

this contract, will be designated by the OWNER's

representative.

2.4 STOCKPILE AREA

Should there not be a sufficient quantity of red silty sand

fill material in the designated borrow area, additional fill

shall be available to the CONTRACTOR from an on-site stock-
pile area. It will be the responsibility of the OWNER to

_9_
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inform the CONTRACTOR of the location of the stockpile area

and to provide necessary access to the area.

~

2.5 MOISTURE
-

The earchfill material prior to and during compaction shall

be such that the moisture content shall be in accordance

with Section 3.5.3 of these spccifications. Should addi-

tional moisture be needed, it may be introduced into the

borrow or stockpile areas by irrigation or sprinkling in

advance of excavation operations. When moisture is intro-

duced into the borrow or stockpile areas, both excessive

runoff and accumulation of water in depressions should be

avoided.

|

i

.

.

i
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I
3.0 EMBANKMENT FILL

| 3.1 SCOPE OF WORK
|

This section of the specifications covers material place-

ment, spreading, moisture control and compaction require-

ments for the compacted embankment fill. The design

I engineer has estimated the dam will require a total of

509,000 cubic yards of in-place compacted embankment fill.

3.2 DEFINITIONS

3.2.1 Embankment. That portion of the construction which

comprises the compacted earthfill as designated on

the plans by " Embankment Fill to be Constructed -

(Final Ra ise) . " Embankment fill is defined as red

silty sand fill material.

3.2.2 Existing Embankment. The earthfill tailings reten-

tion structure present at the site.

3.2.3 Foundation. The existing embankment, of red silty

sand soil, the sand beach tailings, or the natural

ground surface adjacent to the existing embankment

upon which the earthfill embankment is to be placed.

3.2.4 Compaction. The mechanical process whereby the

density of the soil is increased.

3.2.5 Optimum Moisture Content. The moisture content at

which the specified amount of compaction effort will

produce the maximum density of the soil.

3.2.6 Maximum Dry Density. The dry density of the soil

obtained after a specified amount of compaction at

the optimum moisture content.

3.3 GENERAL PROVISIONS

3.3.1 Lines and Grades. All fills should be constructed to

the lines, grades and cross-sections indicated on the

-11-
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drawings unless otherwise directed in writing by the

ENGINEER. All finished surfaces shall be generally

smooth.

3.3.2 Conduct of Work. The CONTRACTOR shall maintain and

protect all fill in a satisfactory condition at all

times until all work under the CONTRACT is complete

and final. Any previously approved fill which is not

maintained and protected to the satisfaction of the

ENGINEER until final acceptance of the work shall

be replaced or reworked by the CONTRACTOR in a

satisfactory manner, and no additional payment will

be made therefor. The CONTRACTOR may be required to

remove at his own expense any fill material placed

outside of the prescribed lines and grades.

3.4 MATERIALS

3.4.1 General. The suitability of materials and their

deposition in the fills will at all times be subject

to the approval of the ENGINEER. The compacted dam

embankment shall be constructed using the red

silty sand borrow material. All material shall be

free from any perishable o r o therwise undesirable

materials. Should any undesirable mated el 5e hauled

onto the fill, it should be removed prior to compac-

tion operations.

3.4.2 Source. Suitable fill material shall be obtainedI from the desig:2ated borrow area and stockpile area.

3.5 CONSTRUCTION

3.5.1 Foundation Preparation. The entire surface of the

dam foundation areas, with the exception of the

tailings sand beach area, shall be stripped and

leveled where ne:essary, scarified to a depth of at

least six (6) inches, moistened (if required), and

compacted as herein specified for the compacted

-12-



fill. All topsoil containing vegetation shall be

completely removed from the area.

3.5.2 Placement and Spreading. Embankment fill shall be

placed in approximately horizontal layers not to

exceed eight (8) inches in loose thickness. Fill

materials shall not be placed and compacted until the

exposed foundation areas have been inspected and

approved by the ENGINEER. From Station 19+00 to

76+00 (approximate), embankment fill will be placed

on a foundation of sand tailings. In these areas,

the initial embankment fill may need to be end-

dumped in a thickness of up to 24 inches in order

to construct a working pad on which to place the

subsequent 8-inch layers of fill.

The CONTRACTOR shall keep the foundation area free

from ponded water or unacceptable material after

filling operations have started. Fill shall not be

placed upon a frozen surface nor shall snow, ice or

frozen material be incorporated in the fill.

Unless otherwise directed, fill material shall be

maintained at approximately the same level. The
distribution of materials throughout the fill shall

be such that there will be no lenses, pockets or
I streaks of material differing substantially in

texture or gradation from the surrounding material in

the fill. Af ter placement of each layer of material,

the fill shall be spread by motor grader or other

approved equipment. Compacted fill shall not be

placed against a slope steeper than one horizontal to
I one vertical unless otherwise shown on the plans or

approved by the ENGINEER.

Where the embankment abuts the natural surface soils

near the downstream toe of the western embankment,

the existing steep surfaces should be benched and the

-13-



I fill material should be well keyed into the slope for

each lift so that no loose zones remain and that anI adequate tie is provided between the natural soils

and the new construction. Where the embankment abuts
the sideslopes of the existing embankment, the fill

should likewise be well keyed into the slope. Care

must be given to the existing sand and gravel drain

at the toe of the existing embankment near Station

21+00 (see Plot Plan, Plate B-1).

Care must be exercised to adequately mark , protect,

and prevent damage to all existing piezometer pipes
which project from the existing embankment.

3.5.3 Moisture Control. During the compaction operations,

the surface of the fill and the materials being

placed shall be maintained within the moisture

content range required to permit compaction to the

specified density with the equipment used. The water

content of the earthfill material prior to and during

compaction shall be distributed uniformly throughout
each layer of the material. Allowable ranges of

placement water content are based on design consider-
I ations, but the required degree of compaction can be

secured with a reasonable effort within 4% of optimum

moisture content or in the uoisture range defined by

the ENGINEER.

The optimum water content is defined as the water
content which will result in a maximum dry unit

weight of the soil when subjected to the ASTM * D-698
method of compaction. Compaction tests will be made

by the TECHNICIAN under supervision of the ENGINEER
during placing of the fill. Water, if required, may

* American Society for Testing and Materials
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I be added to the material at the borrow or stockpile

areas or by sprinkling on the placed earthfill.
The water shall be uniform throughout the layer

immediately prior to compaction.

3.5.4 Compaction.

3.5.4.1 Equipment. Compactors of sufficent size and

number to maintain the progress of the work

may be required to obtain the specified

compact ian and should be made available.
All com ction equipment used shall be ine

good working order, of a capacity, weight,

and/or power necessary to perform the
required operations in a workmanlike manner
and must be approved for use by the ENGINEER.

3.5.4.2 Compaction Methods. After each layer of

fill material has been placed and spread and

contains the required moisture content as

specified in Subsection 3.5.3, it shall be

compacted by making a sufficient number of

passes with the compaction equipment over
the entire surface of the layer to obtain

the density specified for compacted embank-

ment fill.

3.5.5 Density Requirements. All embankment earthfill under

these specifications will be classified as compacted

fill. Compacted fill shall consist of and include

all fills deposited in layers and compacted by

rolling and tamping. Embankment fill will be com-

pacted under these specifications to at least 95

percent of the maximum dry density obtained from the
performance of a compaction test in accordance with
the ASTM D-698 method of compaction. In-place

density tests will be performed by the TECHNICIAN to

-15-

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



insure that the compaction procedure as outlined in

Section 3.5.4.2 is to achieve the required densityI specifications for embankment fill. The number

of density tests to be performed is detailed in

Section 5.0. The percent compaction of the compacted

fill will be determined by comparing field densities

to the densities obtained by compacting the same type

of soil in laboratory compaction tests described

above. If density tests indicate the fill to be

of insufficient compaction, modifications to the

procedural compaction method as outlined in Section

3.5.4.2 must be made by the CONTRACTOR. Each layer

of fill will be accepted by the ENGINEER before

additional layers are placed. Acceptance or rejec-

tion of any portion of the compacted embankment fill

shall be based on tests conducted during the actual

fill placement.

3.6 PAYMENT

Payment for placement, spreading, moisture control and

compaction of the embankment fill is based on a unit priced
bid and covered under Item 2 of the Bid Schedule. Pay

I quantities will be determined by surveying, as described
under Section 4.2.

!

!

i

!

!
i

|

!
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4.0 SURVEYING

C
*T

4.1 SCOPE OF WORK'"

This specification covers the surveying required to commence

construction, to maintain the progress of the work and deter-

mine the final in-place compaction earthwork quantities andI excavation volumes.

4.2 REQUIRED SURVEYING

The OWNER will establish baselines and bench marks required

for the proper execution of the work. The following sub-

sections outline the minimum required surveying services to

be provided by the CONTRACTOR.

4.2.1 Initial Layout. This portion of the work covers the

coordination of existing survey control and the

initial layout of the embankment addition. The

" downstream" or outer edge of the bench at the

approximate elevation 4,058 feet shall be the
reference for the survey along all but the western

segment of the embankment. Along the western length

of the embankment, the " upstream" or inner edge of

the existing embankment crest at the approximate

elevation 4,058 feet shall control.

4.2.2 Determination of Foundation Grade. After completion

of the foundation area stripping and leveling work,

and prior to scarifying the foundation, the founda-

tion area shall be surveyed for grade at the station

sections to determine pre-construction cross-

Sections.

4.2.3 Sectioning the Completed Embankment Addition. This

portion of the work covers the surveying of sections
of the embankment at the same 100-foot stations
after fill placement as those surveyed before fill

placement.

-17-
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4.2.4 Determination of Borrow Material Volumes. Survey

services will be required to (1) survey all areas

designated as borrow areac before any material is

removed and (2) survey sections of the embankment at

the same 100-foot station intervals after removal of

all required borrow material. An appropriate shrink

factor will be applied to this volume to determine

the compacted in-place quantity of embankment fill.

From the survey performed under Sections 4.2.2 and

4.2.3, volumes of fill not a part of this contract

will be determined. The preceding survey will form

the basis in determining payment under Item 2 of the

Bid Schedule.

4.2.5 Miscellaneous Surveying. Additional surveying

services may be required to maintain the progress ofI the work and is the responsibility of the CONTRACTOR.

This said additional surveying service shall be

I supplied by and at the expense of the CONTRACTOR.

4.3 SUPERVISION OF WORK

The above outlined scope of work performed by the CONTRACTOR

or his subcontractor shall be supervised by a qualified and

licensed surveyor. Required surveying and related volume

determinations will at all times be subject to review and

I approval of the ENGINEER.

4.4 PAYMENT

Payment for the required surveying services outlined above
shall be based on a lump sum as part of the bid and is

covered under Item 3 of the Bid Schedule.
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5.0 CONSTRUCTION INSPECTION

5.1 SCOPE OF WORK

The ENGINEER will be responsible for field inspection and

testing, final quality of earthwork and foundation soil

preparation, and advising the OWNER of inadequacies in the

event they are not or cannot be corrected during the course

of work.

5.2 GENERAL

The ENGINEER will provide all labor, material, and testing

equipment, technical and supervisory services necessary to

perform all the soil tests, inspections and certifications

required by the specifications.

The ENIGNEER and the TECH;'ICIAN will have copies of:

The project plans and specifications..

The applicable ASTM specifications..

The results of pertinent laboratory tests previously.

made on the construction materials.

In addition to performing all required field tests and

inspection during placement, the TECHNICIAN will also

conduct any tests necessary to confirm that the material

within the specified borrow area and stockpiles meet the

appropriate project specifications for soil type, gradation,

or limits on deleterious materials.

The TECHNICIAN will be present each day before any earthwork
is started,and remain on the site during the course of the

work. He will also make himself available at all reasonable
times as requested by the CONTRACTOR.

5.3 INSPECTION DETAILS

5.3.1 Frequency and Location of Tests. Visual inspection

of the work and field testing of the soils are the

primary means of assuring proper materials and

I
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I
adequate density in controlled fills. Frequency of

tests and the test locations are at *he option of the.

TECHNICIAN unless additional tests are requested by

the ENGINEER, CONTRACTOR or the OWNER.

Density tests will be made in the following areas:

Where the degree of compaction is doubtful..

Where embankment construction operations are.

concentrated.
3For every 1,000 yd of embankment when no doubt-.

ful or concentrated areas occur.

5.3.2 Verification. The TECHNICIAN will notify the CON-

TRACTOR's personnel, directly, of any fill material

that is below the required density, of improper

moisture content for efficient compaction, unapproved

borrow materials, or fills that have been improperly

placed so that immediate corrections will be made

during the course of work.

It will be the responsibility of the TECHNICIAN to

notify the ENGINEER and OWNcR if the fill material,

the placement method, or the soil density or moisture

consistently fail to meet the require 3 specifications.

His report will include the reasons for such condi-

tions. The TECHNICIAN will report such problems both

verbally and subsequently in writing.

On each day in which any earthwork is performed, the

TECHNICIAN will submit to the OWNER and to the

CONTRACTOR a daily report which will include, but

not be limited to, the following information:

Areas and elevations of completed earthfill.

placements.

Type of earthfi J a'erials placed..

on.;ined.Test densi*4 o.

Soil moistuse cu..v.tions..

List of all constructicn equipment used..

-20-
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Deviations from specifications..

Final disposition of problem areas..

The TECHNICIAN will maintain a personal field file

with the above information, plus any unusual condi-

t !. o n s , suggestions or recommendations made to the

CONTRACTOR and will have such a file on the site at

all times.

The ENGINEER will visit the job with sufficient

frequency to be thoroughly familiar with:

The earthwork, excavation, backfill, and founda-.

tion construction of the CONTRACTOR.

The quality and scope of testing and inspection.

by the TECHNICIAN, during the course of
work.

5.3.3 Testing Methods. The ASTM methods that will be used

in performing the required tests are as follows:

Type of Test ASTM Standard Method

Compaction Test D-698

Gradation Test D-422

Density Test D-2922 and D-1556

Moisture Content Test D-3017 and D-2216

:

It should be noted that ASTM methods D-2922 and

D-3017 involve the use of nuclear methods. The

purpose of the ASTM D-1556 and D-2216 tests are to

provide a check on the accuracy of these nuclear

methods.

|
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6.0 PIEZOMETER EXTENSIONS

6.1 SCOPE OF WORK

Eight piezometers exist within the area to be covered byI fill under this contract. This specification covers extend -

ing the piezometers upward through the new fill as it is

being placed.

6.2 GENERAL DESCRIPTION

Eight piezometers have been established along the existing

embankment at the locations labeled as piezameter locations

B-7, B-10, B-13, B-15, B-28, D-1, D-2, and D-3 on the Plot

Plan in the PLANS. The casing and piezometers shall be

extended upward to where the top of the eight-inch PVC

casing is at least eight feet above the existing embankment

surface at the piezometer location. At most piezometer

locations, compacted fill must be placed adjacent to

the piezometer. In these areas, hand-compaction using

mechanical tampers will be required to obtain the necessary

densities and to prevent damage to the casing and piezo-

meters by heavy compaction or other construction equipment.

Along the first bench of the existing embankment, eight

additional piezometers (the locations of which are shown on

the Plot Plan as A-1, A-4, A-5, B-1, B-2, 3 -- 4 , B-5, and B-8)
have been established and are functional. Care must be

taken by the CONTRACTOR not to damage or cover these

piezometers.

6.3 MATERIALS

Casing used to protect the piezometers shall consist of

nominal 8.0-inch diameter section 40 PVC pipe. Piezometer

pipe shall consist of 0.75-inch ncminal diameter section 40

PVC plastic pipe.

I
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6.4 INSTALLATION

Piezometers above grade shall be installed and extended

in advance of compacted fill placement by the addition of

casing and piezometer tubes. Special care shall be taken to

| achieve a watertight seal when joining PVC pipe sections.

Fill placed adjacent to the casing sections shall be hand-

iI compacted within 24 inches of the casing. Riser tubes shall

be fitted with removable caps which shall be kept in place

at all times to prevent dirt or other debris from entering

the piezometer riser pipes and tips.

6.5 PAYMENT

| Payment for extending the piezometer including all labor,

materials, and supervision incident thereto is covered under

Item 4 of the Bid Schedule as a lump sum amount.

.

4
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