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Umetco Minerals Corporation
PO. BOX 1023 * GRAND JUNCTION, COLCRADQ 815C2
| t J I e (303) 245-3700

April 10, 1989

Mr. Edward F. Hawkins

Branch Chief - Uranium

Recovery Field Office, Region IV
Nuclear Regulatory Commission
Box 26325 -

Denver, Colorado 80226

Dear Mr. Hawkins:

Re: Cell 4 Design
White Mesa Project
Docket No. 40-8681 04008681210R

Please find enclosed three (3) copies of the response to the questions and
concerns that you addressed in your March 15, 1989, letter to Mr. D. K.
Sparling concerning the Cell 4 design for the White Mesa Project.

We would 1ike to start construction on this project during the first week of
May, 1989. , ST

If you or your staff have any questions or need further 1nforma£fen, please
contact Curtis 0. Sealy (303-245-3700). o

Thank you for your timely consideration in this ﬁ;ﬁt@ﬁ?'

Very truly

Cuﬁﬁi;

COS/sw
Enclosure
cc: Messrs. J. S. Hamrick

D. K. Sparling
Central Files
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Cell 4
White Mesa Project

Docket MNo. 40-8681 04008681210R

NRC Statement:

1. The surface water design must be included in the design package. The
design must establish sufficient freeboard in the cells to allow for
settlement and wind wave runup, along with providing available storage
capacity to store the entire inflow from a 6-hour Probable Maximum
Precipitation (PMP) event. For design purposes, you should assume that
the reservoir level at the beginning of the PMP event is at the maximum
level expected during the design life of the cells. The diversion ditch
design must also be included in the design package.

Resgonse:

We have enclosed the general drainage map for the project with
appropriate backup information from our consultant. (Letter from Western
Engineers to Umetco dated April 5, 1989.)

Umetco will operate the cell to contain the PMP event of 10 inches with
an additional 1.5 feet of freeboard to provide for wave runup due to
wind. (See attached Drawing C4-2.)




EST[R,V 7 CONSULTING ENGINEERS /LAND SUAVEYORS

(%) ENGINEERS. INC. / s 30~ iy B8 50 5 i ..can C0§1505 « 1032423202

April 5, 1989

Mr. Curt Sealy

UMETCO Minerals Corporation
P.0. Box 1029

Grand Junction, CO 81502

RE: Cell 4 Site Drainage
Dear Curt:

Following is a summary of the White Mesa Uranium Mill Site drainage and its
impact on the proposed Cell 4 - Phase A. Please refer to to sheet Cé4-6 - Cell 4
General Drainage Map.

The PMF event is based on the 6-hour PMP thunderstorm. This PMP 1is 10.0
inches.

Basin "A" and Basin "B" PMF runoff will be retained in Cell 1. Normal
storm runoff from Basin "B" 1s retained in a 14 acre-foot retention pond.
During the PMF the pond will overflow and drain into Cell 1. The Cell 1 flood
pool volume is 180 acre-feet. This is between elevation 5615 (maximum operating
pool 1level) and 5618.5 (the emergency spillway crest). Between the 180
acre-feet in Cell 1 and the 14 acre-foot pond on the mill site, there is
adequate retention volume to retain the PMF from Basin "A" and Basin "B". The
Cell 1 embankment crest is at 5620. This gives slightly over 1.5 feet of
freeboard in Cell 1. Cell 1 elevations from D'Appalonia.

A drainage channel to intercept runoff above Cell 1 is not needed. Cell l
has adequate PMF retention capacity without the diversion channel.

Basin "C" and Basin "D" PMF runoff will be retained in Cell 3. Normal
storm runoff from Basin "C" will be retained in Cell 2. During the PMF, Cell 2
will overflow through the emergency spillway into Cell 3. The PMF retention
volume required in Cell 3 is 141.5 acre-feet. This capacity is met with a 1.25
foot freeboard allowance if the normal operating level in Cell 3 remains at or
below elevation 5603.75. This assumes the east end of the cell filled with
tailings.

Cell 4 - Phase A is Drainage Basin "E". The tributary drainage area is
43.25 acres resulting in a PMF volume of 36.0 acre-feet. The normal operating
level in the Cell will be set at elev. 5595.75. This allows for the required !
foot flood pool while maintaining 1.25 feet of freeboard.



Mr. Curt Sealy
April 5, 1989
Page Two

The freeboard requirements are based on a design procedure developed by the
U.S.A.C.E. The procedure 1is summarized in the Handbook of Dam Engineering.
Wind records for 1986, 1987, and 1988 taken at the Blanding White Mesa Mill Site
were used to choose a design wind speed of 20 mph., While much stronger gusts
probably occur at the site, they are generally of short duration and will not
cause high waves. For example; an 80 mph wind over an effective fetch of 0.3
miles must be maintained for 6 minutes to result in maximum wave action (Figure
2.24 Handbook of Dam Engineering). The wave runup calculations are summarized
below:

Wind Tide (Setup) = 0.039 ft.

Wave Height = 0.733 f¢t.

Wave Period = 1.54 sec.

Wave Runup = 1.17 ft (based on smooth surface)
Runup + Setup = 1.21 fe.

Design Freeboard = 1.25 ft.

The freeboard design and the PMP calculations are attached., I have also
attached the mill site wind speed data. If you have any questions, please call.

Very truly yours,
WESTERN ENGINEERS, INC.

John M. Currier, P.E.
Staff Engineer
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Table 6.3A. —I.oca.l-scom PMP compucation, Colora.do River, Great Buin aml
California drainages. For drainage average degt:h PMP. Go td
table 6.3B if areal variarion is required.

Drainage fohaé MEA  Cone d Area _ <L /o @(hlz)
Latitude 37° 75’  lLongitude oy~ 257 Minimm Elevation $600 XD (m)

“e
.'»-.‘s

Steps correspond to those in sec. 6.3A.

1. Average l-hr l-miz (2.6-&:12) PMP for ) 8.5 in, (mm)
drainage [fig. 4.5].

2. a. Reduction for elevation. [No adjustment
for elevations up to 5,000 feet (1,524 m):
5% decrease per 1,000 feet (305 m) above

5,000 feet (1,524 m)]. 97 2
b. Multiply step 1 by scep 2a. é 28 in. (mm)
3. Average 6/1-hr ratio for drainage [fig. 4.7]. /.22

Duration (hr)
1/641/23/646 2 3 4 5 6

4, Durational variacica
for 6/1-hr ratio of
step 3 [cable 4.4]. . 24 327 95 foo um 45 N8 4P (20 %

5. l-mi’ (2.6~m’) PMP for
indicated durations

[step 2b X scep 4]. -} 77 in. (mm)
6. Areal reduction :
(£ig. 4.9]. )4

7. Areal reduced PMP
(steps 5 X 6]. 825 27 in. (mm)

8. Incremental PMP
[successive subtraction
in step 7]. in, (ma)

- } 15-ain, increments

9., Time sequence of incre-,
mental PMP according to: .

.Hourly increments b
{table 4.7]. in, (ma)

Four lugut'ls-;n. “ -
increments [table 4.8]. ‘ . - in. (mm)

.
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TARLE 3.2

FRECUENCY CFf WINDS BY DIRECTION AND SPEED

KR
JANARY THROUGH JUNE 1988
METCD - ELANDING
TIME (MOT): 0000~2400

SPEED CTASS INTERVALS(M/S)

MEAN
DIRECTION 1<1.5 1.5¢ 3 X 8 < 8 811 21l ALL SFEED
N 1.07 6.88 4.82 «30 .03 00 12.76 2.7
e 1.26 5.83 2.03 <30 .08 .00 9.20 2.8
NB 99 3.09 .80 .22 .00 .00 4.9 2.3
01 ] 44 .63 14 .16 «00 +00 1.37 2.3
B .30 77 .33 .08 .00 .00 1.48 2.4
Ess .30 1.42 .79 .19 .00 00 2.1 2.8
s .58 2.03 1.07 .74 .03 .00 .4 1.2
ssE 68 2.66 1,64 .63 .03 00 5.61 3.0
8 .88 3.4 3.04 1.92 +68 .00 9.86 3.9
S 1.07 416 2,63 1.8 .58 00 9.9 3.8
™ 99 2.05 1.9 1.10 16 .00 5.59 3.3
WS .28 1.04 94 66 16 .00 2.85 3.8
" o“ 1053 1037 b -05 -1‘ .OO ‘035 305
L 52 1.423 1.20 82 19 .00 4.16 3.7
)} 49 1,64 2,38 2.3} "9 .00 7.31 4.4
N .52 2.98 2.44 74 .3 .00 7.0 3.4
ALY 0.7 4.1 26.18 12.%4 2.93 .00 93.54 3.2
CAIN (less than metsr per seccrd) = 6.5
PERICD MEAN WD s 3.1NB
ENBCOTECH  INC.
wo 8/11/88

EneegfeEcH



TARLE 3.1

FRURCT oOF I:lbl':: DIRECTION AXD S73ED

JULY TEARCUGE DICEMEER 1900
WATCO = ALADIN
TME QT): 0000-2400

SPRED CLASS INTERVALS (M/8)

- MEAN
DIRBCTION 1<1.8 1,.5¢ 3 < 5< 8 $<1l 31 ALL S$PRRD
] 1.0 7.42 4.03 37 .00 00 12.02 2.7
1) 1.7 120 3.7% .84 .09 00 10.8¢ .9
N2 1.19 2.29 1.28 .92 a7 ,00 §.95 3.2
N3 .27 .92 27 .27 ,00 .00 1.74 2.9
B .92 1.19 .27 18 .00 .00 2.56 2.1
"' "‘ 10‘1 l°’ 0°. ooo 0°° 3.11 201
sz .82 2.4% .92 .64 .09 .00 4.98 3.0
8% .88 3.6 1.19 .00 .00 .00 $.40 2.4
s .82 4.30 .92 .18 .00 .00 6.23 2.3
L] 4] .73 4.3} 1.28 a7 .00 .00 6.50 2.3
[ ] 58 3.3 3.11 .37 .00 .00 $.41 2.9
nsw .82 1.0 1.19 13 .00 .00 3.7% 3.2
w 27 i1.47 .64 27 .00 .00 2.66 2.9
Lt .18 1.5¢ 64 Y .00 ,00 2.56 2.7
Nw .73 2.29 2.0 1.0 .09 .00 6.14 3.4
NNW 1.10 2.93 1.92 + 37 .00 .00 .32 2.7
ALL 11.90 53,48 22,53 6.50 .38 .00 94.9¢ 2.7
CALN (less than mater per second) = 5.0
FERIOD MEAN WIND SPERD o 2.6 M/8
ENECOTECR INC.
wIn 2/08/49

DA\TMETCO\WDAOSE. TBL



TABLS 3.2

FREQUENCY OF WINDS BY DIRECTION AND SPRED
ok
JANUARY THROUGH JUNR 1987
UMETCO - SLANDING
TINE (NST): 0000-2400

SPEED CLASS INTEBRVALS(W/S)

NEAN
DIRRCTION 1<1.85 1.5¢ 8 .3 § <8 $<11 >11 ALL SPEXD
N 0.64 S.29 1.28 .16 0.00 0.00 8.% 2.3
NNE 0.86 - T.48 3.18  0.34 0.10 0,00 12.11 3.8
NE 1.21 8.27 1.69 0.70 0.08 0.00 8.98 a1
e 0.61 3.01 0.38 0.48 0.00 0.00 .48 2.7
g Q.70 1.10 0.22 0.36 6.00 0.00 2.38 2.9
2SR 0.31 0.99 0.18 0.13 0.06 0.00 1.83 2.4
b ] 0.8¢ 2.52 0.9¢ 0.42 0.13 0.00 4.89 2.8
sst .73 3.07 2.01 0.89 0.23 0.00 8.93 s.2
[ ] 1.08 4.18 1.79 0.80 0.2 0.00 8.08 s.0
L1 ) 0.81 2.04 1.20 1.90 0.48 0.00 7.73 3.8
W 0.87 3.2¢ 1.90 c.88 0.1¢ 0.00 §.01 S.3
L 0.48 1.00 1.02 0.73 0.13 0.00 $.96 .8
] 0.48 1.63 1.41 e.mM 0.16 0.00 4.44 S.4
v 0.48 2.49 3.48 1.68 1.08 0.00 9.11 4.3
| | 0.588 1.98 1.487 0.38 0.1¢0 0.00 4.60 3.1
o 0.48 1.83 0.70 0.1¢ 0.03 0.00 3.8 3.6
ALL 1089 44.38 23.00 10.38 3,00 0.00 03.83 ' 3.
CALM (lsss thaz meter per second) = 7.3
PERIOD MRAN WIND SPEED » 2.9 N/8
ENECOTECE INC.
wiNo 1/33/%7
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TARLE 3.2

JULY THROUGH DECEMEER 1987

METCD - BLANDING
TIME (MST): 0000-2400

SPEED CIASS INTERVALS(M/S)

1., e

MEAN
DIRECTION 1<1.5 1.5¢ 3 X 5§ 5€< 8 8411 ALL SPEED
N .66 2.64 1.17 .08 .00 4.54 2.5
NS 1.45 8.12 2.64 .08 .00 12.28 2.4
NE low ‘-3‘ 1.40 0“ .00 10-30 20‘
m o’l 1057 o3‘ 015 .00 3022 253
B .51 .89 &0 .08 .00 1.67 2.0
48 71 23 .08 .00 1.47 2.2
SE .66 1.93 74 18 .00 3.50 2.4
 ssg J4 388 1% .53 .00 6.22 2.7
8 1.14 5.18 1.48 43 .03 8.22 2.5
SSw .09 S5.10 2.n 1.62 .08 10.63 3.1
SW .83 3.43 1.93 1.17 .00 7.16 3.2
WSW .63 1.42 +56 41 .00 3.02 2.7
W 61 2.46 1.83 Sl .08 8.46 3.0
w .(1 2013 2-0‘ 071 01. 5051 3'5
W 43 1.04 .89 .20 .00 2.56 2.9
NN 46 1.27 .76 13 .00 2.6 2.6
ALL 12.61 47.80 20.%8  6.98 .30 88.28 2.7
QLM (less than meter second) = 11,
FERICD MEAN WIND SPEED » 2.4 N/B

Pran~Tnr s
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TAMLE 3.2

FREQUENCY OF WINDS ::.DIIIC?IOI AND 8SPEED

JANUARY THROUGH JUNE 198¢
UNETCO - BLANDING
TINE (MST): 0000-2400

| SPEED CLASS INTERVALS(N/$)

- MEAX
DIRECTION 1¢1.8 1.5¢ 3 ¥ § §¢ 8 8<11 11 ALL SPERD
X 0.65 4.12 .42 0.38 0.00 0.00 8.56 2.9
NXE 1.37 7.1% .56 0.32 0.00 0.00 11.88 2.%
NB 1.3% 5.3% 0.97 0.62 0.03 0.00 $.21 .4
INE 1.08 1.45 0.30 0.00 0.00 0.00 2.483 1.8
4 0.78 1.02 0.37 0.03 0.00. 0.00 3.07 3.0
% 1 0.83 0.94 0.30 0.08% 0.00 0.00 2.13 2.0
L) 0.67 2.23 0.86 0.30 0.00 0.00 4.07 3.1
$3L 0.7% 3.42 1,73 0.57 0.08 0.00 5.52 3.0
s 0.73 . 3.5% 2.88 1.7§ 0.11  0.00 8.9 3.5
(14§ 0.51 3.38 3.04 1.73 0.46 0.00 9.03 3.8
. 0.27 2.42 .34 1.51 0.48 0.00 7.03 4.0
1 1] 0.08 1.08 1.13 1.40 0.19 0.00 3.82 4.6
Y 0.27 1.08 0.94 1.08 0.22 0.00 3.3%5 4.2
L] 0.23 0.9¢4 0.83 0.38 0.11 0.00 2.4% 3.6
n 0.38 1.40 2.08 1.40 0.27 0.00 5.49 4.1
ny . 0.46 3.58 3.42 1.9 0.32 0.00 $.73 3.9
ALL 10.3¢ 40.9) 27.41 13.41 2.2) 0.00 9%4.32 3.3
CALX (less than meter per second) s 5.7
PERIOD NEAN WIND SPEED = 3.1 M/B
ENECOTECE INC.
7n 9/23/46
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TASLE 3.2

FREQUENCY OF WDNDS BY DIRECTION AND SPEED

JULY THROUGH DECRMBER 1966
DET ~ ALAODG
TOME (MGT): 0000-2400

SPEZED CLASS INTERVALS(M/9)

MEAN
DIRECTION 3<1.5 1.85¢3 3¢<8 5¢8 8<31 >} ALL SPEED

N 1.13 5,98 2.32 .22 .00 00 9.68 2.8
NNE 1.18 8.19 1.94 .43 .00 .00 11.70 2.8
NS 1.19 3.6 .92 39 .00 00 6.31 2.8
NE 59  1.08 .22 .08 .00 00  1.94 2.1
] .49 .86 13 .00 .00 00  1.468 1.9
£se 59  1.13 .84 .16 .00 00 2.63 2.4
s .81 3.13 78 .08 .00 00 4. 2.1
ssp 1.13  8.28 1,19 .08 .00 00 7.68 2.2
] 1.40 3.850 2.43 .84 .00 00 7.87 2.7
SsW 78 3.8 1.8 .43 .00 00 6.58 2.7
C .68  1.56 .20 .16 .00 00 3.07 2.8
WS 49 1,08 .92 .16 .00 00 2.8 2.8
W 1.08 2.32 1.87 .92 .08 00  S5.44 2.8
N 49 3,23 2,43 1.9 .27 00  7.88 3.8
MR .63 3,83 .19 .08 .00 00 87 2.4
N .89 Ss.88 1.08 .08 .00 .00 S5.61 2.3
ALL 19,18  52.51 19.98  4.42 .32 00 90.38 2.6
CALM (lems then meter per secard) = 9.8

PERIOD MEAN WIND SPEED = 2.4 M/S

DEOOTRCH INC.
WD 1/29/67

EngcoletH



Cell 4
White Mesa Project

Docket No. 40-8681 04008681210R

NRC Statement:

2. The settlement analysis referred to in the plan must be submitted. The
results should substantiate that the magnitude of the total and
differential settlement will not result in harmful cracking or dam
instability.

ResEonse:
The calculations for foundation settlement are attached.

Because of the partially saturated nature of the foundation soils,
settlements should largely occur during construction.

The type of construction proposed is similar to the other cells
constructed for the project.

Surveys and observations (see attached letter and data) show that
settiement of Cell 3 dike is negligible.

Monitoring of the new dikes for Cell 4 will be performed and evaluated
regulatory as is presently being done of the existing cell dikes.
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Determination of Equivalent Young's Modulus [n order to
use the method it is necessary to estimate the stuffness in
terms of an equivalent Young's modulus at various depths.
It is suggested that this be done using the Dutch cone bear-
ing capacity. The Dutch cone is a static-type penetrometer
which has been used in Europe for more than 30 years.
When provided with a sleeve to eliminate side friction it
provides a convenient and rapid way to measure bearing
capacity, and therefore strength, at various depths. In the
case of cohesioniess materials which have not been pre-
stressed significantly to pressures above the in situ overbur-
den pressure, the Dutch cone bearing capacity can be corre-
lated with the Young's modulus (De Beer 1965; Webb,
1970). The relationship suggested by Schmertmann (1970),
consistent with that of other investigators, is

E=2q, (4.11)

in which q. is the Dutch cone bearing capacity (usuaily ex-
pressed in kg/cm? or ton/ft?).

Because the stiffness of cohesionless materials is more
strongly influenced than strength by prestress effects, the
correlation given in Eq. 4.11 is likely to underestimate the
equivalent Young’s modulus for overconsoiidated cohesion-
less soils. Prestress is also likely to influence the strain dis-
tribution (Webb, 1971). However, the extent to which this
is true is not known at this time, and no means is presently
available for accounting on a routine basis for the influence
of prestress. _

The static Dutch cone bearing capacity is much more
reliable than the standard penetration test, which is a mea-
sure of the dynamic bearing capacity, and whose resuits are
fraught with experimental difficuities and uncertainty.
Nonetheless, it is recognized that standard penetration resis-
tance data may be available for sites when Dutch cone bear-
ing capacity data are not. To permit the use of standard
penetration data as a temporary expedient, Schmertmann
(1970) recommends the conservative correlation between
Dutch cone bearing capacity and standard penetration resis-
tance given in Table 4.5. It is of course much more prefer-
able to obtain directly the Dutch cone bearing capacity.
However, when it is necessary to use the standard penetra-
tion resistance Schmertmann (1970) suggests that as many
N values as possibie be obtained, in order to minimize by
averaging correlation errors associated with having only 2
few data.

The use of the method described is illustrated in the fol-

TABLE 4.5. CORRELATION BETWEEN DUTCH CONE
BEARING CAPACITY g, AND STANDARD

PENETRATION RESISTANCE.
(From Schmertmann, 1970.)

Soi Type q/N*
Silts, sandy silts, slightly cohesive silt-sand mixtures 20
Clesn, fine to med. sands and slightly silty sands KX}
Coerse sanch and sands with littie gravel L]
Sandy gravel and gravel 6

*Units of g are kg/cm3 or tonw/ft; units of N sre bloww/ft.
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Distributed Load at or Near the Surface of a Deep Layer
When the foundation problem can be approximated as one
or more uniformly distributed loads acting on circular or
rectangular areas near the surface of a relatively deep
stratum, the vertical settlement can be estimated by

- 43
Sq = CypB (-Ll I ) (4.2)

This expression, first given by Schieicher (1926), deter-
mines the vertical settlement of any point on the surface of
an elastic half-space subjected to a uniformly distributed
load over a circular or rectanguiar area. In this expression,
S4 is the settlement of a point at the surface, p is the mag-
nitude of the uniformly distributed load, 8 is a characteris-
tic dimension of the loaded area as shown in Fig. 4.2, £ is
Young's modulus, and u is Poisson's ratio for the elastic
medium. The factor Cy4 is a parameter which accounts for
the shape of the loaded area and the position of the point
for which the settiement is being calculated. Values of Cy
for several points on uniformly loaded rectangular areas of
various shapes are given in Table 4.1.

Equation 4.2 can also be used to describe the vertical
settlement of a concentrically loaded rigid circular or
square area, such as a concrete footing, described by the
boundary condition of uniform displacement rather than
uniform loading. Only the form of Cy4 is different for the
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Fig. 4.3 Finite compressible materisl underiain by a rigid bass.
(a) Circuiar loaded arsa; (b} rectanguiar loaded sres.

TABLE 4.2. VALUES OF THE SHAPE FACTOR Cy FOR SETTLZMENT OF THE CENTER OF
A UNIFORMLY LOADED AREA ON AN ELASTIC LAYER UNDEnLAIN BY A RIGID BASE.
{Modified from Egorov, 1968, as cited by Hare, 19686.)

Rectangle
Circte Infinite Strip
H/8 Diameter=8 L/B=\ L/8=1'S L/B8=2 L/8=3 L/8=5 L/8=10 L/8==
0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.1 0.09 0.09 0.00 0.09 0.09 0.09 0.08 0.00
0.28 0.24 0.24 0.23 0.23 0.23 023 0.3 0.3
0s 048 048 047 0.47 047 0.47 047 0.47
1.0 0.70 0.78 081 0.83 0.83 0.83 083 083
1.5 0.80 0.86 0.97 1.03 1.07 1.08 1.08 1.08
2.8 038 0.97 112 1.22 1.33 139 1.40 1.40
35 .9 1.0% 1.19 1.31 1.48 1.58 1.59 1.60
5.0 0.94 1.08 1.24 1.38 1.58 1.72 1.82 183
- 1.00 112 138 1.82 1.78 210 253 -
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March 4, 1982

Mr. Don Sparling, Mill Manager
Energy ruels nuclear, inc,
White Mesa Uranium Millsite
Poat Office Box 787

Blanding, Utah 84511

Surveying tailings management acrea, White Mésa Usanium Mill-
site, San Juan County, Utah.

Dear Mr. Sparling:

As a result of recent discussions concerning survey work

conducted in the tailings management area of the White Mesa

Uranium Millsite, I am writing in an actempt to summarize our
involvement in the past, and state the condition of the various

gikeg, slopes and embankments ag we have found them, during our
ield work,

It should be noted from the outset that survey work, for the
construction of the tailings management system, has not been
conducted on a periodic basis with a fixed time interval for the
?nrnnﬂr nf npdaring and mainraining rontral pninta: hnr rather

t has been conducted only when requested. Additionally, survey
points were never set at any location for the sole purpose of,
or with the intent of, monitoring cell dike movenment,

The initial survey work, to establish contzol points for the
purpose of constructing the tailings management system, was
commenced during July, 1979, at which time both horizontal and
vertical contzol nets were established. The work on each cell
or cell dike, progressed generally as follows:

CELL ¢1

July, 1979 - Horizontal control was set to establish
centerline alignment and stationing on cell dike #1. Slope
stakes were set to mark bottoms of slopes on the upstream
and downstream sides.
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Page 2 - Surveying tailings management area White Mesa Uranium
Millsite, San Juan County, Utah

CELL #1 CONTINUED

October, 1979 - Changes in the engineering design of the
dikes dictated that the soils be removed to a s0lid rock
layer and that the dikes be built up from those layers to
design elevations.

For this reason, after soils were removed, the centerline
alignment and stationing of cell dike ¢l was re-estab-
liched and the slope stakes were reset to mark the bottoms
of the slopes on the upstream and downstream sides,

November, 1979 - Cell dike #1 had been completed to near
design elevation by construction crews. Cut and fill
stakes were set at the crest of the dike to aid in the £inal
grading process.

March, 1982 - Cell dike #1 was checked for alignment and
grade and it was determined that, based on original control
no movement had occurred. Periodic grading of the crast
of the dike had taken place in order to maintain drainage
and this was taken into consideration when checking crest
elevations.

During surveying for the purpose Of checking for movement,
no cracks or distortions were sighted along the dike or
along the slopes of the dike.

We were not involved in the construction of the inner
portion of cell #1. This work was apparently completed by
other survey crevs.

CELL #2

July, 1979 - Horizontal control was set to establish
centerline alignment and stationing on cell dike #2. Slope
stakes were set to mark bottoms of slopes on the upstream
and downgtream sides,
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Page 3 - Surveying tailings management area, White Mesa Uranium
Millsite, San Juan County, Utah

CELL #2 CONTINUED

October, 1979 - Changes in the engineering design of the
dikes dictated that the soils be ramoved to a solid rock
layer and that the dikes be built up from those layers to
design elevations. ’

For this reason, after goils were removed, the centerline
alignment and stationing of cell dike $#2 was re-estab-
lished and the slope stakes were reset o mark the bottoms
of the slopes on the upstream and downstream sides.

November, 1979 ~ Cell dike #2 had been completed to near
design elevation by construction crews, Cut and £ill
stakes veres set at the crest of the dike to aid in the f£inal
grading process.

March, 1980 - Horizontal and vertical control was re-
established at the crest of cell dike $2 for the purpose
of establishing control at cell dike #3. It was determined
that, based on original control, no movement had occurred.
Periodic grading of the crest of the dike had taken place
in order to maintain drainage and this was considered when
checking crest elevations.

August, 1981 - Horizontal and vertical control was re-
established at the crest of cell dike $#2 for the purpose
of determining earth quantities in cell $3. It was de-
termined at that time, based on original control, that no
movement had occurred. Again, periodic grading on the
ccest of the dike had been conducted to maintain drainage
and this was taken into consideration when crest ele-
vations were checked.

March, 1982 - Cell dike #2 was checked for alignment and
elevation and it was determined at that time that no
movement had occurred. Periodic grading along the crest
of the dike had been conducted and this was a consideration
when checking crest elevations.
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Page 4 - Surveying tailings management area, White Mesa Uranium
Millsite, San Juan County, Utah.

CELL #2 CONTINUED

During survey work conducted for the purpecse of checking
for movement, no cracks or distortions were sighted along
the dike or along the slopes of the dike.

We were not involved in the construction of the inner
portion of cell #2. This work was apparently completed by
other survey cravs,

CELL #3

July, 1579 - BRorizontal control was set to establish
centerline alignment and stationing on cell dike #3, Slope
stakes were set to mark bottoms of slopes on the upstreanm
and downstrean sides. .

November, 1979 - Centerline stakes were reset at cell dike
$3.

April, 1980 - Removal of top soil for the construction of
cell dike #3 had resulted in the destruction of most of the
slope stakes originally set. Slope stakes were reset to
mark the bottoms of the slopes on the upstream and the
downstream sides. .

August, 1981 - Cell dike #3 had been completed to near
design elevation by construction crews. Horizontal and
vertical control was established along the crest of the
dike to aid in the final grading and to be used for contrel
to deteraine earth quantities in cell #43.

September, 1981 - Survey work was conducted to determine
earth quantities in cell 43, Outside perimeters of cell
#3 were marked.

March, 1982 - Cell dike #3 was checked for alignment and
elevation and it was determined that no movement had
occurred since the original control had been set in Augusst,
1981, Periodic grading of the crest of the dike had been
conducted to maintain drainage and this was taken into
consideration whan checking crest elevations.
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In conclusion, duzing the time spent on the roject by our field
crews, no cracks, distortions, seepage, sinking or any other
unusual conditions were sighted,

As you know, we are currently establishing permanent points
along the crests of the existing cell dikes for the purpose of
monitoring for movement. These points will offer a much more
precise means of checking each dike, as well as aid in futuze
survey work.

Should you require additional information concerning survey
work conducted by our firm, please feel free to contact us at
your convenience.

erely yours,

Richard L. Johnston,
Land Surveyor

RLJ/ms



Richard L. Johnston

Land Surveyor

14201 County Road 20
Cortez, Colorado 81321

CELL DIKE MONITORING SYSTEM

APPROXIMATE
R
0+00 (23)
0+50

1+00
1460
2+00
2+50
3+00
3+50
4+00
4+50
5400
5+50
6+00
6+60
7+00
7460
8+00
8450
9+00
9+50
10+00

10,00" LEFT OF
oI RUBER
66 #¢

665K

675%

685k

694

7

n

7
73
Tk
7%
76
7k
8%
"
%
8
8
8
84

CELL #3 DIKE

DISTANCE

49.96
49.88
50,20
50.09
49,95
50.01
49,84
49,87
50.03
50,16
49.78
$0.06
50,00
49,92
§0.07
50.04
50,01
49.92
49.98
50.22

8/88
PAGE 1
MOVEMENT

ELEVATION k%EITOR

$607.42

5607.69

5608.25

5608.50

5608.76

5608.38

$608.03

§608.18

5608.29

5608.11

5607.92

5607.96

5607.58

5§607.54

5607.67

5607.56

5607.80

5607.78

5607.98

5607.98

5607.92

** (Original point obliterated - replaced with new monitoring point



Richard L, Johnston
Land Surveyor
14201 County Road 20

Cortez, Colorado 81321 8/88
CELL DIKE MONITORING SYSTEM CELL #3 DIKE PAGE 2
APPROXIMATE 10.00' LEFT OF MOVEMENT
CENTERLINE CENTERL INE- LEFT OR
STATION POINT NUMBER DISTANCE ELEVATION RIGHT
10+00 8s 5607.92
49,62
10+50 86 5607.89
49,95
11+00 87 5607.74
50.16
11450 88 5607.57
50,00
12400 89k 5608.09
50.00
12+50 90 5608,24
49.96
13+00 9Pk 5608.41
49,63
13+50 92 5608,33
80,46
14400 9% 5608.13
49.76
14+50 94N 5607.94
50,58
15+00 954¢ £607.81
49,38
15450 %% 5607.76
49,96
16+00 97k 5607.83
. 50,07
16+50 98 5608.31
49,85
17+00 99 5608.72
50,04
17+80 100% 5608.53
49.99
18+00 101 5608. 40
49,98
18+50 1024¢ 5607.89
50,17
19+00 103% 5607.98
| 49,74
19+80 104k 5607.99
50,73
20+00 108 5608.13

** Original point obliterated - replaced with new monitoring point



Richard L. Johnston
Land Surveyor
14201 County Road 20

Cortez, Colorado 81321 8/88
CELL DIKE MONITORING SYSTEM CELL #3 DIKE PAGE 3
APPROX IMATE 10,00 LEFT OF MOVEMENT
CENTERLINE CENTERLINE. LEFT OR
STATION POINT NUMBER DISTANCE ELEVATION RIGHT
20+00 105 5608.13
49.48
20+50 106 5608.2%
50,07
21+00 1074« 5608.02
50.21
21450 108k 5607.74
49,52
22+00 109 5607.74
49.82
22450 110 §607.77
50.20
23+00 11 5607.98
50.12
23+50 112 5607.98
49.“ ’
24+00 113 5808,06
49,98 _
24+50 114 5608.21
50.77
25+00 115 , 5608.23
49.35
25+50 116 4 5608.09
49,87
26+00 117 5607.79
50.06
26+50 118 8607.78
£0.09
27+00 119 §607.77
80.16
27+50 120 5608.17
"I‘Z
28400 121 5608.15
§0.17
28+50 122 5608.23
. §0.08
29+00 123 5608.11
: 49.63
29+50 124 §608.10
$0.78
30+00 125 5607.64

**  (Original bo'lnt obliterated - replaced with new monitoring point



Richard L. Johnston

Land Surveyor
14201 County

Road 20

Cortez, Colorado 81321
CELL DIKE MONITORING SYSTEM

e
STATION
30+00

30+50

31400

31+50

32+00

32+50

33+00

33+50
33+91.8 (24)

10,00' LEFT OF
CENTERL INE-
POINT NUMBER
125

126X

12}
128%
129
1305
131%
132%
133y

CELL #3 DIKE

DISTANCE

49.04
50.13
50.10
49.92
$0.00
49.99
49.97
42.68

ELEVATION

5607 .64
5607.84
5608.06
5608.18
5608.12
5607.82
5607.63
5608,16
5608.11

8/88
PAGE 4
MOVEMENT

LEFT OR
RIGHT

** Original point obliterated - replaced with naw monitoring point
A!{_‘; 5L,04.00 ¢ 23
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CELL DIXE MONITORING SYSTEM CELL #3 DIKE PAGE 1 3/82

APPROXIMATE 10,00 LT

CENTERLINE OF CENTERLINE-

STATION POINT NO. DISTANCE ELEVATION

o+00 (23) 65 5607.60
30,02

0+50 66 5607.79
49.9%

1+00 67 $608.39
50,13

1+50 68 5608.,71
50.04

2+00 69 5608.80
49,96

250 70 5608.239
9,98

3»*00 ! 5608,04

. , 49,86

350 72 $608,19
49,89

4+00 73 5608.29
50,01

4+50 74 5608,.25
50.17

5+00 75 5607,93
49,77

5+50 76 $607,.97
$0.06

600 77 5607.58
49.97

50 78 5607 .85
49,94 )

»*00 19 5607.69
50,06

»30 80 5607.59
50,03

800 8l 5607.81
30,02

850 82 %607.79
49,92

9$00 83 5607,96
50.00

%50 84 $607.99
50.23 ’

10+00 35 5607.92
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CELL DIKE MONITORING SYSTEM CELL #3 DIKE PAGE 2 3/82

APPROXIMATE 10.00' LT

CENTERLINE OF CENTERLINE~

STATIOR POINT NO. DISTANCE ELEVATION

10+00 8s 5607,92
49,62

10+50 86 5607.89
49,98

11+00 87 $607.75
50.15

11+50 88 5607,57
50,08

12+#00 ‘ 89 $608,11
49,98

12+50 $0 5608,26
49,96

13+00 9 5608,44
49.63

13+50 : 92 5608,3%
S0.47

14+00 93 8608,16
49.77

14+50 9 5607.96
50.42

1500 95 5607.89
49,48

15+50 96 $607.79
49,94

16400 97 5607,87
50.05

16+30 98 5608,33
49,86

17400 59 $608,74
50,03

17+50 100 5608,71
49.98

1800 101 5608.42
50,11

18+50 102 5608.07
30,12

19400 103 5608,11
49.70

19+50 104 5608,09

- $0.73

20400 105 5608,12
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CELL DIKE MONITORING SYSTEM CELL {!3 DIXE PAGE 3 3/82

APPROXIMATE 10,00' LT

CENTERLINE OF CENTERLINE=-

STATION POINT NO. DISTANCE ELEVATION

20+00 105 5608,12

‘ 49,48

20+50 106 $608.26
50.06

21400 107 $608,05
50,21

21+50 108 5607.77
49,51

22+00 109 5607.76
49.84

22+50 110 $607.79
50,23

2300 111 2607.98
50,11

2350 112 5607,99
49,83

24+00 113 $608,05
49,99

2u+50 114 5608.21
50,77

25+00 115 5608,22
49,34

25+30 116 5608.17
49,86

26+00 117 $607,80
50,04

26+50 118 5607.76
50.13

ax00 119 3607.77
30,17

2% 120 5608,17
49,88

20+00 121 3608.14
50.14

28+30 122 : 5608,23
50,09

29400 123 5608,10
49,62

29+30 124 5608,10
80,76

30+00 - 125 5607,62
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CELL DIKE MONITORING SYSTEM

APPROXIMATE
CENTERLINE
STATION
30400
30+50
31+00
31+50
32+00
32+50
3300
33+50

33+91.8 (26)

10,00' LT
OF CENTERLINE-
POINT NO.
125

126

127

128

129

130

131

132

133

CELL #3 DIKE

DISTANCE

49.07
30.05
30.10
49,96
49,98
49,91
50,08
42,68

TELEPHONS
801.878.4748

PAGE 4 3/82

ELEVATION
5607.62
5608.01
5608,20
5608,27
5608,10
$607.78
5608,11
5608,40
5608,55



Cell 4
White Mesa Project

Docket No. 40-8681 04008681210R

NRC Statement:

3. The liquefaction analysis that determined the potential for liquefaction
was "nil" - must be included in the Plan.

Response:

The foundation soils are partially saturated (i.e., have negative in-situ
pore pressures). For liquefaction to occur, an excess hydrostatic
pressure build-up due to application of cyclic shear stresses from strong
ground motions would have to occur approximately equally to the applied
confining pressure. Because of the absence of a water table,
Tiquefaction is not deemed a problem at this site. However, we have
provided computations assuming the water table to be at the surface and
conservatively neglecting the confining effects of the embankment. The
analysis is based on the following:

a) Seismic Risk Assessment - A Seismic Risk Assessment was
performed by Dames & Moore in 1978. The assessment was
updated by Dr. James Johnson of Mesa College in 1988 for
the White Mesa Reclamation Plan. A copy of the Seismic
Risk Assessment is enclosed.

b) Soil profiles developed by Dames & Moore, D'Appolonia and
Chen & Associates.

¢) Procedures developed by Seed & Adriss (1982) in "Ground
Motions and Soil Liquefaction during Earthquakes".
Earthquake Engineering Research Institute, Berkeley,
California.

The attached computations show that liquefaction at the White Mesa Project
site is not a problem.
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A layer of Quaternary to Recent reddish-brown eolian silt and fine sand is
spread over the surtace of the project site. Most of the loess consists of
subangular to rounded frosted quartz grains that are coated with iron oxide.
Basically, the loess is massive and homogeneous, ranges in thickness from a
dust coating on the rocks that form the rim cliffs to more than 20 feet (6
meters), and is partially cemented wth calcium carbonate (caliche) in
light-colored mottled and veined accumulations which probably represent
ancient immature soil horizons.

2.6.2.3 Structure [2.4.2.3]

The geologic structure at the project site is comparatively simple. Strata of
the underlying Mesozoic sedimentary rocks are nearly horizontal; only slight
undulations along the caprock rims of the upland are perceptible and faulting
is absent. In much of the area surrounding the project site the dips are less
than one degree. The prevailing regional dip is about one degree to the
south., The low dips and simple structure are in sharp contrast to the
pronounced structural features of the Comb Ridge Monocline to the west and the
Abajo Mountains to the north,

Jointing is common in the exposed Dakota-Burro Canyon sandstones along the
mesa's rim. More often than not, the primary joints are virtually parallel to
the cliff faces and the secondary joints are almost perpendicular to the
primary joints., Since erosion of the underlying weaker Brushy Basin mudstones
removes both vertical and lateral support of the sandstone, large joint blocks
commonly break away from the cliff leaving joint surfaces as the cliff face.
Because of this, it is not possible to determine if the joints originated
after the development of the canyons or if the joints influenced the
developmment of canyons and cliffs. However, from a geomorphologic
standpoint, it appears that the joints are related to the compaction of the
ungerlying strata and, therefore, are sedimentary and physiographic features
rather than tectonic in origin. Whatever the original cause, two sets of
joint attitudes exist in the resistant sandstones adjacent to the west side of
the project site. These sets range from N.10-18%E, and N.60-859E, and

nearly parallel the cliff faces.

2.6.3 Seismic Risk Assessment
2.6.3.1 General

This review utilized the environmental assessment completed in 1978 for the
White Mesa Uranium Project by Dames & Moore (1978b). Information has been
updated and procedures have been modified to conform to current requirements.

2.6.3.2 Seismic History of Region

Because of the region's late settlement, the record of earthquake occurrences
in the Colorado Plateau and surrounding regions dates back only 135 years.
Documentation of the earlier events was based solely on newspaper reports that
frequently recorded effects only in the more populated areas which may have
been some distance from the epicenters. Not until the late 1950's was a
seismograph network developed to properly locate and evaluate seismic events
in this region (Simon, 1972).



I N B B O B I Ul B O O O A B O

The project area is within a relatively tectonically stable portion of the
Colorado Plateau noted for its scarcity of historical seismic events.
Conversely, the border between the Colorado Plateau and the Basin and Range
Province and Middle Rocky Mountain Province some 155 to 240 miles (249 to 386
km) west and northwest, respectively, from the site is one of the most active
seismic belts in the western United States.

The epicenters of historical earthquakes from 1853 through 1986 within a
200-mile (320-km) radius of the site are shown in Figure 2.6-3. More than
1146 events have occurred in the area, of which at least 45 were damaging;
that is, having an intensity of VI or greater on the Modified Mercalli Scale.
A description of the Modified Mercalli Scale is given in Table 2.6-3. Al
intensities mentioned herein refer to this table. Table 2.6-3 also shows a
generalized relationship between Mercalli intensities and other parameters to
which this review will refer, Since these relationships are frequently site
specific, the table values should be used only for approximation and
understanding.

Only 63 non-duplicative epicenters have been recorded within a 120 mile (200
km) radius of the project area (Figure 2.6-4). Of these, 50 had an intensity
IV or less (or unrecorded) and two were recorded as intensity VI. The nearest
event occurred in the Glen Canyon National Recreation Area approximately

38 miles (63 km) west-northwest of the project area. The next closest event
occurred approximately 53 miles (88 km) to the northeast. Just east of
Durango, Colorado, approximately 99 miles (159 km) due east of the project
area, an event having local intensity of V was recorded on August 29, 1941
(Hadsell, 1968). It is very doubtful that these events would have been felt
in the vicinity of Blanding.

Three of the most damaging earthquakes associated with the seismic belt along
the Colorado Plateau's western border have occurred in the Elsinore-Richfield
area about 168 miles (270 km) northwest of the project site. All were of
intensity VIII. On November 13, 1901, a strong shock caused extensive damage
from Richfield to Parowan. Many brick structures were damaged; rocksliides
were reported near Beaver. Earth cracks with the ejection of sand and water
were reported, and some creeks increased their flow. Aftershocks continued
for several weeks (von Hake, 1977). Following several weeks of small
foreshocks, a strong earthquake caused major damage in the
Monroe-Elsinore-Richfield area on September 29, 1921, Scores of chimneys were
thrown down, plaster fell from ceilings, and a section of a new two-story
brick wall collapsed at Elsinore's schoolhouse. Two days later, on October 1,
1921, another strong tremor caused additional damage to the area's

structures. Large rockfalls occurred along both sides of the Sevier Valley
and hot springs were discolored by iron oxides (von Hake, 1977), It is
probable that these shocks may have been perceptible at the project site but
they certainly would not have caused any damage.
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TABLE 2.8-3
‘ MODFIED MERCALLI SCALE, 1958 VERSION®

lateanry Efecn v.t am/s
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Not feit. Marminal and loag-penod eects of large earthquakes (far
dewils ive taxt}

Falt by persons at rese, 0a upper floors. or favorably pleced.

Felt indoors. Hanging objects swing. Vibration like passing of light truciks
Duredon estimated. May aot be recognized a3 an earthquake.

Hanging abjecs swing. Vibraden like passing of heavy Tucks or 0.007-3.013
4 sanmdon of a joit lika a heavy ball seriking the wails Sanding moter cars
rock, Windows, dishes. doors rattle. Classes cilnk Crockary ciashas In
the upper range of [V wooden wails and [nae cuk.

Felt outdoors, directicn estimated. Sleepers wakened. Liquids disturbed. 1-3 0.015-0.03%
same spilled. Smail unmabie obyects dispiaced or upset Doors swing
close, open. Shuntars, pictures move. Pendulum clocks sop, start, change
rate,

VL Felt by all. Many “ghtened and run outdoors. Persons walk unxesdily. 3.7 0.038-0.07
S Windowa. dishes giassware broken. Knickimacks, booka, stc.. off sheivea
Pletures of walls. Furniture moved or overturned. Weak piaster snd
masoary D cracked. Small beils ring {church, schooi) Trees bushes
shaken (visibly, or heard to rustie—CFR}

DifScult 1o stand. Noticed by drivers of :otor cars. Hanging objects 7-20 0.97-0.1$ R
quiver. Fumniture droksn. Damage 1o masoary D, including cracks Weak I
chimneys brokea at roof line. 7all of plaxar. loces brcks, stones, dles, g
comnicas (also unbraced parspets and architectursl arnaments—CFR)
(] Some cracks {n masonry C. Weves on ponde water turdid with mud.
Small sildes 1nd caving in along sand or gravel banka Large beils ring.
Concrets Urigadioa ditches damaged.

VIL Steering of motor cars sflected. Damage 10 masonry C: partial collapee. 20-80 0.18-0.38
Some damage 10 masoary B: none (o masoary A, Fall of stucss snd some
masoary wsils. Twisting, {all of chimaeys, factory stacks, moauments
towers, elevated tanks, Frame houses moved on foundetons if aot bolted
down: loose panel walls thrown out. Decayed pillag broken off, Branches
brokes from rees. Changes in flow or temperanire of springs and weils,
Cracks in wet ground and on steep slopes.

IX.  Generai panic. Masonry D desroyed: masoary € hesvily damaged, .00-200 0.33-97
somedmas with complete collapse: masonry B seriously dassged. )
b4 {Cenersl damage 1o loundations—CFR.) Frame structurss, if not bolted,
shifted off foundations. Framens racked. Serious damage 10 reservoirs
-~ Underground pipes broken. Coaspicuous cracks in ground. [n slluvisied
aress sand snd mud ejected. santhquake {ountaina sand astens

X Most masonry and [rame structures destroyed with their foundadons 200-300 07-12
Some well-buill wooden srucnures snd bridges destroyed. Sesious

L} damege 0 dams. dikea smbsnkments. Large landsiides. Water Uvown on
beaks of canals, rivers, lakas, o1c. Sand and @mud shifted horizontally on
besches and 2at laad. Rails beat siighdy. .
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XL  Rails beat greatly. Underground pipelines completaly out of sarvice. >12
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level dimerted. Objects thrown into the air.
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Seven events of intensity VII have been reported in the area shown in Figure
2.6-3. Of these, only two are considered to have any significance with
respect to the project site. On August 18, 1912, an intensity VII shock
damaged houses in northern Arizona and was felt in Gallup, New Mexico, and
southern Utah. Rock slides occurred near the epicenter in the San Francisco
Mountains and a 50-mile (80 km) earth crack was reported north of the San
Francisco Range (U. S. Geological Survey, 1970). Nearly every building in
Dulce, New Mexico, was damaged to some degree when shook by a strang
earthquake on January 22, 1966. Rockfalls and landslides occurred 10 to 15
miles (16 to 24 km) west of Dulce along Highway 17 where cracks in the
pavement were reported (Hermann et al., 1980). Both of these events may have
been felt at the project site but, again, would certainly not have caused any
damage. '

2.6.3.3 Relationship of Earthquakes to Tectonic Structures

The majority of recorded earthquakes in Utah have occurred along an active
belt of seismicity that extends from the Gulf of California, through western
Arizona, central Utah, and northward into western British Columbia. The
seismic belt is possibly a branch of the active rift system associated with
the landward extension of the East Pacific Rise (Cook and Smith, 1967). This
belt is the Intermountain Seismic Belt shown in Figure 2.6-5 (Smith, 1978).

It is significant to note that the seismic belt forms the boundary zone
between the Basin and Range - Great Basin Provinces and the Colorado Plateau -
Middle Rocky Mountain Provinces. This block-faulted zone is about 47 to 62
miles (75 to 100 km) wide and forms a tectonic transition zone between the
relatively simple structures of the Colorado Plateau and the compliex
fault-controlled structures of the Basin and Range Province (Cook and Smith,
1967). '

Another zone of seismic activity is in the vicinity of Dulce, New Mexico, near
the Colorado border. This zone, which coincides with an extensive series of
Tertiary intrusives, may also be related to the northern end of the Rio Grande
Rift. This rift is a series of fault-controlled structural depressions
extending southward from southern Colorado through central New Mexico and into
Mexico. The rift is shown on Figure 2.6-5 trending north-south to the east of
the project area.

Most of the events south of the Utah border of intensity V and greater are
located within 50 miles (80 km) of post-Oligocene extrusives. This
relationship is not surprising because it has been observed in many other
parts of the world (Hadsell, 1968).

In Colorado, the Rio Grande Rift zone is one of three seismotectonic provinces
that may contribute energy to the study area. Prominent physiographic
expression of the rift includes the San Luis Valley in southern Colorado. The
valley is a half-graben structure with major faulting on the eastern flank.
Extensional tectonics is dominant in the area and very large earthquakes with
recurrence intervals of several thousand years have been
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projected (Kirkham and Rodgers, 1981). Mountainous areas to the west of the
Rio Grande rift province include the San Juan Mountains., These mountains are
a complex domical uplift with extensive Oligocene and Miocene volcanic cover.
Many faults are associated with the collapse of the calderas and apparently
have not moved since. Faults of Neogene age exist in the eastern San Juan
Mountains that may be related to the extension of the Rio Grande rift.
Numerous small earthquakes have been felt or recorded in the western
mountainous province despite an absence of major Neogene tectonic faults
(Kirkham and Rodgers, 1981).

The third seismotectonic province in Colorado, that of the Colorado Plateau,
extends into the surrounding states to the west and south. In Colorado, the
major tectonic element that has been recurrently active in the Quaternary is
the Uncompahgre uplift. Both flanks are faulted and earthquakes have been
felt in the area. The faults associated with the Salt Anticlines are
collapsed features produced by evaporite solution and flowage (Cater, 1970).
Their non-tectonic origin and the plastic deformation of the salt reduces

their potential for generating even moderate-sized earthquakes (Kirkham and
Rodgers, 1981).

Case and Joesting (1972) have called attention to the fact that regional
seismicity of the Colorado Plateau includes a component added by basement
faulting. They inferred a basement fault trending northeast along the axis of
the Colorado River through Canyonlands. This basement faulting may be part of
the much larger structure that Hite (1975) examined and Warner (1978) named
the Colorado lineament (Figure 2.6-6). This 1300-mile (2100-km) long
lineament that extends from northern Arizona to Minnesota is suggested to be a
Precambrian wrench-fault system formed some 2.0 to 1.7 billion years before
present. While it has been suggested that the Colorado lineament is a source
zone for larger earthquakes (m = 4 to 6) in the west-central United States,
the observed spatial relationship between epicenters and the trace of the
lineament does not prove a causal relation (Brill and Nuttli, 1983). In terms
of contemporary seismicity, the l1ineament does not act as a uniform earthquake
generator. Only specific portions of the proposed structure can presently be
considered seismic source zones and each segment exhibits seismicity of
distinctive activity and character (Wong, 1981). This is a reflection of the
different orientations and magnitudes of the stress fields along the
Tineament. The interior of the Colorado Plateau forms a tectonic stress
province, as defined by Zoback and Zoback (1980), that is characterized by
generally east-west tectonic compression. Only where extensional stresses
from the Basin and Range province of the Rio Grande rift extend into the
Colorado Plateau would the Colorado 1ineament in the local area be suspected
of having the capability of generating a large magnitude earthquake (Wong,
1984). At the present time, the well defined surface expression of regional
extension is far to the west and far to the east of the project area.

Recent work by Wong (1984) has helped define the seismicity of the whole
Colorado Plateau. He called attention to the low level (less than = 3.6)
but high number (30) of earthquakes in the Capitol Reef area from 19/8 to 1980
that were associated with the Waterpocket fold and the Cainville monocline,
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two other major tectonic features of the Colorado Plateau. Only five
earthquakes in the sequence were of M_ greater than 3, and fault plane
solutions suggest the swarm was produced by normal faulting along
northwest-trending Precambrian basement structures (Wong, 1984). The
significance of the Capitol Reef seismicity is its relatively isolated
occurrence within the Colorado Plateau and its location at a geometric barrier
in the regional stress field (Aki, 1979). Stress concentration that produces
earthquakes at bends or junctures of basement faults as indicated by this
swarm may be expected to occur at other locations in the Colorado Plateau
Province. No inference that earthquakes such as those at Capitol Reef are
precursors for larger subsequent events is implied.

2.6.3.4 Potential Earthquake Hazards to Project

The project site is located in a region known for its scarcity of recorded
seismic events. Althought the seismic history for this region is barely 135
years old, the epicentral pattern, or fabric, is basically set and appreciable
changes are not expected to occur. Most of the larger seismic events in the
Colorado Plateau have occurred along its margins rather than in the interior
central region. Based on the region's seismic history, the probability of a
major damaging earthquake occurring at or near the project site is very
remote. Studies by Algermissen and Perkins (1976) indicate that southeastern
Utah, including the site, is in an area where there is a 90 per cent
probability that a horizontal acceleration of four per cent gravity (0.04q)
woula not be exceeded within 50 years.

Minor earthquakes, not associated with any seismic-tectonic trends, can
presumably occur randomly at aimost any location. Even if such an event with
an intensity as high as VI should occur at or near the project site,
horizontal ground accelerations would not exceed 0.10g but would probably
range between 0.05 an 0.09g (Coulter et al., 1973; Trifunmac and Brady, 1975).
These magnitudes of ground motion would not pose significant hazards to the
existing and proposed facilities at the Project Site.

In addition to general estimates of earthquake hazards, such as those offered
by Dames and Moore (1978b), a more detailed analysis of the relationship
between the project area and regional seismicity was performed. As can be
seen in Figure 2.6-3, a map based on the seismologic data base from the
National Geophysical Data Center of the National Qceanic and Atmospheric
Administration (NOAA 1988), many events occur within the Intermountain Seismic
Belt and within the Rio Grande rift. Since the Colorado Plateau Province, and
particularly the Blanding basin portion, in which the project site lies, is a
distinctly different tectonic province, the historical sample chosen for

magni tude/frequency estimates was limited to a radius of about 120 miles (200
km) from the project. This sample included a region which is more
representative of the seismicity of the Colorado Plateau.
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The map in Figure 2,6-4 shows a plot of earthquake epicenters within 124 miles
(200 km) of Blanding. In comparing this map with Figure 2.6-3, it is apparent
that the project site is located in an area of very low seismic flux compared
to the marginal areas to both east and west. Using a sample of 46 events
ranging in magnitude from 2 to 5.5 and covering a time span of 135 years, the
calculated yearly rates for e%ch magnitude range were normalized to an area of
6,823 square miles (17,671 kme¢) [47-mile (75-km) radius]. A Poisson
distribution was assumed and a linear regression produced the best fit line of
magnitude vs., frequency shown in Figure 2.6-7. The form of log {n) = b + aM
(where n is the expected number of events per year of magnitude M) was used.
The sample of 46 events included all non-duplicative epicenters with reported
magnitude or intensity. Intensities were converted to magnitudes where
necessary using the equation M = 2.1 + 0,51 as recommended by Krinitsky and
Chang (1975). The resulting recurrence intervals of events of a specific
magnitude are considerably longer than for the same size event in the more
active zones to the east and west but are more realistic of the Blanding area
(Arabasz, Smith and Richins, 1979; Kirkham and Rodgers, 1981). The
magnitude/frequency relationship determined is not intended to represent true
rates but is only a conservative estimate based on samples which are
representative of only the area near the White Mesa project site.

The historical records from both NOAA and Utah data sources 1ist only five
events which have occurred within 62 miles (100 km) of the study site. The
largest of these relatively near events was a magnitude 4.0 event on July 22,
1986, that occurred 61.5 miles (95 km) west of the site. In the 124 miles
(200 km) radius data set the largest event is one of magnitude 5.5 on
October 11, 1960, at a distance of 112 miles (180 km) from the project.

The nearest fault to the site identified on maps by Andersen and Miller (1979)
as youthful and therefore presumably potentially active is 25 miles (57 km)
north of the project site (Figure 2.6-8). The fault, as mapped, has a well
definea length of about 1.9 miles (3 km) and a possible total length of 6.8
miles (11 km). The fault is identified by Anderson and Miller as a suspected
Quaternary fault, but may not be the result of tectonic activity. The
evidence for Quaternary movement on this fault is not strong and it appears to
be a discrete extension of the South fault of the Shay graben. No other part
of the surface expression of the Shay graben structure gives any indication
that the fault's traces are anything other than erosionally produced
fault-1ine scarps. Nevertheless, it is appropriate to use this mapped
suspected Quaternary fault for estimates for seismic design criteria since it
is the nearest fault or fault segment to the project area that has been mapped
as young. Additional discussion of the faulting in the Shay and Verdure
grabens (Figure2.6-8) is included below.

Estimates of the maximum credible earthquake from this fault 35 miles (57 km)
north of the project assuming rupture of 1.9 miles (3 km) and 6.7 miles (11
km), as well as a one-half total length ruture 3.4 miles (5.5 km) have been
made using the relationships discussed in Slemmons (1977)., These are
summarized in Tables 2.6-4 and 2.6-5. Determinative assumptions included the
expected length of surface rupture, type of fault movement, and regional
location. This least squares approach to the regression analysis was well
validated by the studies of Bonilla et al. (1984).
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Table 2.6-4

Maximum Fault Displacement (D)

of

North Fault (Figure 2.6-8)

Parameter  a b D =3km 0 =5.5km DO =11 km
NA -4,270 1.036 0.08 m 0.14 m 0.29 m
A -4.375 1.014 0.4 m 0.26 m 0.53 m
A+C -2.898 0.705 0.36 m 0.55m 0.89 m
Relationship: Log D =a + b LogL
From: Slemmons (1977)
Table 2.6-5

Maximum Magnitude (M)

of

North Fault (Figure 2.6-8)

Relationship - Parameter a b M =3km M =5.5km M =11 km
| NA -0.146 1.504 5.08 5.48 5,93
M=a+blogl A 1.845 1,151 5.85 6.15 6.50
A+C 2.042 1.1 5.94 6.23 6.57
NA 6.745 0,995 5.65 5.90 6.21
M=a+bLloghD A 6.827 1.050 5.93 6.21 6.54
A+C 6.757 1,226 6.21 6.44 6.69
NA 3.510 0.701 5.18 5.53 5.97
M=a+bloglD A 4.551 0.530  5.94 6.22 6.55
A+C 3.691 0.707 5.84 6.15 6.51
NA 4,808 0.420 5.3% 5.66 6.05
M=a+blogld? A 5.568 0.299 6.10 6.34 6.6
A+C 4,752 0.459 5.94 6.23 6.56
MEAN 5.7% 6.04 6.39
MAXIMUM MAGNITUDE (MEAN + S) 6.1 6.37 6.66
NA = North America From: Slemmons (1977)
A = Normal Movement
A +C = Combined Normal and Oblique Movement
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The maximum estimated magnitude of this fault assuming a 3.4 Miles (5.5 km)
rupture length is 6.4, This is consistent with estimates of maximum magnitude
for the Colorado Piateau by Kirkham and Rodgers (1981) and by Andersen and
Miller (1979). Based on the estimated historical magnitude/frequency
relationships, this maximum earthquake would have a recurrence interval of
about 1000 years. Because the historical magnitude/frequency relationship
estimated was not constrained at its upper right limit (say to a value of M
6.5), it is reasonable to deduce that recurrence-intervals determined are
shorter (more conservative) than their actual rate of recurrence.

Ground motions at the White Mesa project site resulting from an maximum
credible earthquake (MCE) on the fault discussed can be estimated from
attenuation curves established by Seed and Idriss (1982). The graph in Figure
2.6-9 indicates an estimated peak horizontal acceleration at a distance of 57
km from the epicenter would be 0.07g.

Note that conservative estimates were used by assuming an estimated magnitude
of 6.4 based on the mean plus one standard deviation and assuming the
earthqake would initiate at a point on the fault closest 35 miles (57 km) to
the project site.

The MCE and possible horizontal acceleration estimate have a very low
probability of occurrance but would be used for seismic design parameters for
a worst case scenario based on this mapped fault.

Faults associated with the Verdure graben are even closer to the White Mesa
Project than the fault discussed above but they show no evidence of recent
surface displacement. These faults are shown on the map on Figure 2.6-8 in
spite of not being shown on the Quaternary Fault Map of Utah because of their
surface expression and similarity in trend and structure to Shay graben to the
north (Anderson and Miller, 1979; Woodward-Clyde Consultants, 1982). Ouring
micro-seismic monitoring from 1979 through 1982, Wong (1984) recorded only two
events associated with these east-west grabens. Both of the micro-earthquakes
(M_ 0.6 and 0.7) were in the Abajo Mountains near the western end of

the southern fault trace of the Shay graben. Data resolution did not permit
these very small events to be assigned to the south fault and they may well be
related to the old intrusions. However, this is the only indication found
that any of these structures may be active. Detailed field study and mapping
of the Verdure graben show Quaternary pediment gravels and alluvium overlying
the graben in several places and Witkind (1964) indicated that the south fault
was in igneous contact with the Rocky Trail laccolith with no slickensides
present (Woodward-Clyde Consultants, 1982). Stream courses cross the faults
of the graben with no deflection or gradient change. The implication is that
these faults are old and may be of Oligocene age and related to the period of
laccolithic intrusion. It is also possible, as many authors believe, that
these fault structures are the result of salt flowage in underlying formations
and not produced by tectonic stresses (Kirkham and Rodgers, 1981). Since the
regional stress field in this area is approximately east-west, it is difficult
to see how the normal faulting of the Verdure graben or the Shay graben and
its possible extension that forms the small fault north of Monticello could be
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Interestingly, all of these factors affect the cyclic loading char-
acteristics of sands and the penetration resistance in the same
general way. Changes in the factors that tend to increase the
cyclic loading resistance also tend to increase the penetration
resistance. Thus it is more meaningful to use penetration resis-
tance directly as an index of liquefaction resistance than to use
an individual factor such as relative density. More recent corre-
lations of field data have recognized this fact and used penetra-
tion resistance directly rather than some other property. It would
seem to make little difference whether the test used were the
Standard Penetration Test (SPT) or the Cone Penetration Test
(CPT) since either is likely to be a good indicator of cyclic load-
ing liquefaction characteristics. However, because of its wide-
spread use in areas where earthquakes have occurred, the Stan-
dard Penetration Test has provided virtually all the field test
data available for field liquefaction studies.

Since the standard penetration resistance, N, measured in the
field actually reflects the influence of the soil properties and the
effective confining pressure, it has been found desirable to elim-
inate the influence of confining pressure by using a normalized
penetration resistance N,, where N, is the measured penetration
of the soil under an effective overburden pressure of 1 ton per
sq. ft. The value of N, for any sand can be determined from the
measured value N from the relationship

Ni.=Cy N

where C, is a function of the effective overburden pressure at
the depth where the penetration test was conducted. Values of
Cv may be read off from the chart shown in Fig. 47, which is
based on studies conducted at the Waterways Experiment Station
(Bieganousky and Marcuson, 1976; Marcuson and Bieganousky,
197,

In principle there is no reason why other index characteristics
(such as possible electrical properties, shear wave velocity or
other in-situ test data) can not be correlated with cyclic loading
characteristics determined in the field. However, there is very
little field test data available to establish good correlations of
field performance with any soil characteristics other than the
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Cell 4
White Mesa Project

Docket No. 40-8681 04008681210R

NRC Statement:

4. As only one cell will be constructed initially, the structural stability
of the outside embankment curve should be addressed separately.
Conventional analyses assume that the modeled section is supported on
both sides.

Resgonse:

We have enclosed a letter from Western Engineers addressing this
statement.

Please also note Figure 3.4-1 of the Cell 4 design package. The
stability analysis assumes that the synthetic liner has completely failed
and that a phreatic surface (steady state seepage conditions) has
dev$loped within the embankment, adding to the conservatism of the
analysis.



ESTERN / CONSULTING ENGINEERS / LAND SURVEYORS

) ENGINEERS. INC. | 2150 riwy 6 & 50. Grara uncron. CC 81505 » 303 242 5202

March 22, 1989

Mr. Curt Sealy

UMETCO Minerals Corporation
P.0O. Box 1029

Grand Junctiom, CO 81502

RE: Blanding Cell 4 Stability Analysis
Dear Curt:

In the NRC's cursory review of the Cell 4 design the following comment was
made:

As only one cell will be constructed initially, the structural
stability of the outside embankment curve should be addressed
separately. Conventional analyses assume that the modeled
section is supported on both sides.

For the sake of conservatism, the stability analysis that was performed
ignored the effects of side friction on the critical slide mass. Therefore,
with respect to sur evaluation, a change in the dike geometry laterally bounding
the analyzed section would have no effect. This means that, using the same
methods of analyses the only change in safety factor would be due to differing
embankment geometry such as height and slopes. The embankment slopes around the
curve are identical to the rest of the dike. The height at the curve 1s less
than at the section analyzed which will result in an increase in factor of safety
at the curve,

Very truly yours,

WESTERN ENGINEERS, INC.
7
G'W
A Gt
ohn M. Currier, P.E.
Staff Engineer
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1.0 SUMMARY OF TAILINGS CELL 4 DESIGN

1.1 Cell 4 Description

This document presents Umetco Minerals Corporation's design of proposed
tailings Cells 4-A and 4-B. These cells will be constructed adjacent to the
existing Cell 3. The Project Site is shown on Figure 1.1-1,

The configuration of Cells 4-A and 4-B and their location in the Tailings
Management System are shown on Drawing C4-1. Umetco will defer construction
of Cell 4-B until conditions appropriate to phased disposal dictate its
construction. Cell 4-A construction will commence as soon as possible in
1989. References to "Cell 4" in this document shall mean both Cells 4-A and
4-B. The analytical results and engineering studies are applicable to both
cells.

Cells 4-A and 4-B have been sized to each have a volume of approximately 1150
acre feet with a phased final surface area of 40 acres each. Each cell will
be in compliance with 40 CFR Part 61. Cell 4 has been designed as a
below-grade repository similar to the previous cells in the Tailings
Management System. The impoundment will be contained on the downstream side
by a homogenous earth dike. Groundwater protection has been provided for by
use of a synthetic liner system in conjunction with a leak detection system
and a slgmgs drain. Groundwater monitoring will be provided as described in
Section 5.3. .

1.2 Report Organization

A brief description of the geology, subsurface conditions and groundwater is
given in Section 2.0 Site Characteristics.

Additional information on site characteristics is given in Appendix A.

Section 1.0 "Regional Geology" and Section 2.0 "Blanding Site Geology" were
reproduced from the Environmental Report (Dames & Moore, 1978b) with minor
changes in syntax. Section 1.3 "Seismic Risk Assessment" is a new study
prepared for this report by Dr. James B. Johnson, Professor of Geology, Mesa
College, Grand Junction, Colorado. Section 2.0 "Surface Water" and Section
3.0 "Groundwater" were reproduced from the Final Environmental Statement (US
NRC 1979) with minor changes in syntax. Recent information on groundwater
(Section 3.3) and archeological sites (Section 4.1) is included in Appendix A.

The design of Cell 4 is presented in Section 3.0. Design Criteria (Section
3.1), Site Preparation (Section 3.2), Embankment (Section 3.3), Stability
Considerations (Section 3.4), and Impoundment Features including the synthetic
1ining and leak detection and slimes drain systems are given in Section 3.5.
Construction is covered in Section 4.0. The Plans and Specifications are
given in Attachment I and the Quality Plan for Quality Control/Quality
Assurance is given in Attachment II.

Cell 4 operations are presented in Section 5.0. Tailings management (Section
5.1), health physics (Section 5.2) and monitoring (Section 5.3) are described.

Cell 4 closure is covered in Section 6.0.
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2.0 SITE CHARACTERISTICS

2.1 Geology

The original geological studies of the area (Dames & Moore, 1978b) have been
reviewed by Dr. James Johnson of Mesa College. In addition, Dr. Johnson
updated the seismic history of the region, assessed the relationship of
earthquake to tectonic structures and performed a site seismic risk
evaluation. The original geological studies and Dr. Johnson's recent work are
presented in Appendix A.

2.2 Subsurface Conditions

Extensive geotechnical investigations have been conducted in the area of the
ta%]ings management cells and surrounding area by various consulting firms as
follows:

Dames & Moore 29 Borings January 1978
Chen & Associates 75 Borings July 1978
Chen & Associates 53 Borings January 1979
D'Appolonia 12 Test Pits May 1981

The logs of the borings and test pits are presented in Appendix B of this
report with summaries of the geotechnical data. The location of the borings
and test pits in the vicinity of Cell 4 are shown on Figure 2.2-1. The
subsurface conditions in the Cell 4 area consist of fine silty sand to sandy
to clayey silts mixed with silty to sandy clays (eolian and alluvial
materials) overlying bedrock. The following paragraphs briefly describe the
subsurface conditions within the project area.

2.2.1 Overburden Soils

Two general soil types comprise the overburden soils. They are sand-silt
soils and moderately plastic clays and silts which are described as follows:

Sand-Silt Soils

These soils typically contain 26 to 70 percent passing the No. 200 sieve.
Atterberg Limits performed on the silty materials in the vicinity of Cell 4
indicate 1iquid 1imit values of 19 to 28 with plasticity index values ranging
from 2 to 6. The sands are siightly silty to silty and are non-plastic. A
sample of the silty soil from test boring 19 (Chen and Associates, 1978) at a
- depth of 0 to 3 feet indicated a permeability of 3.4 x 10-8 cm/sec (0.035
feet/year) when compacted to approximately 94 percent of maximum Standard
Proctor Dry Density (ASTM D-698). A sample of silty sand to sandy silts from
boring 19 (Dames & Moore, 1978a) at a depth of 4 feet has a remolded
permeability of 6.8 x 10-5 cm/sec (70.1 feet/year). This sample was also
compacted to approximately 95% of maximum Standard Proctor Dry Density.
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The materials have only moderate strength characteristics when compacted and
tested under saturated conditions (Dames & Moore, 1978a).

These soils are slightly calcareous to highly calcareous with CaC03 content
varying from 1.7 to 29.7 percent (see Table 2.2-1).

Moderately Plastic Clays and Silts

The second broad category of overburden soils in the project area is
moderately plastic clays and silts. These soils also include the severely
weathered portion of the upper claystone bedrock.

In the project area, these soils were found to have moderate to high liquid
limits (26 to 60) with plastiscity indices varying from 9 to 30. A sample of
sandy clay from test borigg 49 at a depth of 5 to 7 feet had a remolded
permeability of 3.2 x 10~/ cm/sec (0.33 feet/year) (Chen and Associates,
1978). This sample compacted to 95% of maximum Standard Proctor Dry Density
represents the upper 1imit of permeability expected for this type of material.

A sample collected from Test Pit 4-1 indicated the weathered claystone at a
depth of 10 to 10.5 feet to have a CaCO3 content of 9.5 percent (see Table
2.2-1) (D'Appolonia, 1981).

2.2.2 Bedrock

The depth to bedrock is variable and ranges from approximately 3.5 to 13 feet
below the existing ground surface.

The bedrock found in the area of Cell 4 is predominantly sandstone of the
Dakota Sandstone Formation. However, claystones and claystone sandstones
lenses and layers were found dispersed intermittently within the sandstones.
The sandstones are soft to moderately hard at the surface and are only
slightly cemented. The cementation with corresponding hardness generally
increases with depth but poorly cemented zones occur within the Formation.
The upper portion of the claystone bedrock is highly weathered and has the
characteristics of a plastic clay.

Two sets of joints were found exposed in the bedrock in the cliffs west of the
site. The joint sets range from N100-180E to N600-850E. The joint
sets approximately parallel the cliff face.

Losses of drilling fluids occurred randomly in some of the drill holes
indicating that permeable Zones exist within the Bedrock Formation.



Test Pit No.

TABLE 2.2-1

Calcium Carbonate Content of Soils

Depth (Feet)

Note:

4-1
4-1
4-2
4-3
4-4
4-5
4-6
4-7
4-8
4-9
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Soil or Bedrock Type

Sandy Silt
Weathered Claystone
Silty Sand
Silty Sand
Silty Sand
Silty Sand
Silty Sand
Silty Sand
Silty Sand
Silty Sand

Data from D'Appolonia (1981).

% CaC03

3.8
9.5
2.3
21.6
1.7
2.9
3.0
29.7
7.2
24.0



Twenty-five in-situ packer tests performed by Dames & Moore (1978a) in the
bedrock formation shows a permeability range of O to 79 feet per year with an
average value of about 6 feet per year. Two tests showed extremely high
permeability values. One packer test in boring B-3 at a depth of 30 feet
showed a permeability value of 568 feet per year. The other test (boring B-19
at a depth of 45 feet) showed a permeability value of 943 feet per year. The
former value is probably the result of near surface weathering while the
latter value shows the results of secondary permeability (effects of joints)
within the formation.

2.2.3 Groundwater

The movement of groundwater that occurs at shallow depths in the Dakota
sandstone and Burro Canyon Formation at the mill site is believed to be
perched water and confined to isolated zones within White Mesa. Water quality
data and phreatic elevations tend to support this hypothesis.

Beneath the shallow isolated water-bearing zone is the Brushy Basin Member of
the Morrison Formation which is an aquiclude. There are also locally
impermeable lenses in the base of the Burro Canyon Formation.

Borings and monitor wells indicate that the depth to the true groundwater
table varies between 70 and 110 feet below Cell 4,

The gradient is to the south southwest. Based on a gradient of one foot per
100 feet, the shallow groundwater movement below the tailings site was
calculated to be approximately 0.0025 to 0.01 foot (0.08 to 0.3 cm) per year
toward the south-southwest (Dames & Moore 1978b, Section 2.6.1.3). The
indicated gradient under the tailings cells along this 1ine based on current
data is 1.6 feet per 100 feet. Additional discussion of groundwater is given
in Section 3.0 in Appendix A.

Perched water conditions may exist locally at various depths due to lenses and
layers of claystones present within the sandstones. However, these perched
water conditions should not affect construction of Cell 4.

3.0 DESIGN

3.1 Design Criteria

Cell 4 has been designed in general conformance to the other containment
structures comprising the White Mesa Tailings Management System. The
following documents supplied the ¢riteria and basis for design.

- Environmental Protection Agency, 40 CFR Part 61, National Emission Standards
for Hazardous Air Pollutants; Standards for Radon-Z222 tmissions from Licensed
Uranium M1T1 Tailings.

- United States Nuclear Requlatory Commission Rules and Regulations,
itle 10, Chapter 1; Part 40, Code of Federal Regqulations

- Regulatory Guide 3.11, Design, Construction, and Inspection of Embankment
Retention Systems for Uranjum Mills, Revision 2, 1977
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In addition, gquidelines and concepts established in the “Engineers Report,
Tailings Management System" prepared by D'Appolonia (Report No. RM78-682)
dated June 1979 were utilized in the Cell 4 design.

3.2 Site Preparation

The foundation for the embankment will consist of the existing natural soils.
Topsoil, vegetative matter, etc., will be removed from the entire embankment
footprint prior to construction. The exposed surface will then be inspected
to detect presence of any soft, loose areas, sand lenses or highly calcareous
soils. If found, these materials will be removed and replaced with properly
compacted soils approved by the Engineer.

The entire embankment footprint will then be scarified to a depth of 8 inches
adjusted for moisture and compacted to at least 95 percent of maximum Standard
Proctor Dry Density (ASTM D-698) within +2 percent of Optimum Moisture Content.

3.2.1 Impoundment Area

The excavations for the impoundment will be placed on a 3(H) to 1(V) slope.
Excavations will be made by conventional earthmoving equipment where

possible. Areas that cannot be removed in this manner will be blasted using
Tow velocity explosives. Blasting will only be performed when the Engineer is
present to inspect the resulting excavation. Overbreak areas will be removed
of loose material and replaced with compacted siltly soils.

The bottom of the impoundment will be prepared by removing topsoil and
vegetative matter from the subgrade. The exposed surface will be constructed
to the lines and grades shown on the plans. Proof-rolling with heavy
equipment will be performed over the entire bottom to detect soft or loose
areas. These areas, if found, will be removed to depths as determined by the
Engineer and replaced with ML or CL soils compacted to at least 95 percent of
maximum Standard Proctor Dry Density (ASTM D-698) within + 2 percent of
optimum moisture content. Any fill required to achieve the desired grade
within the impoundment will also be compacted to this criteria.

3.3 Embankment

The embankment will be built using on-site soils or soils obtained from the
nearby borrow sources. Materials for use in the embankment will classify as
CL or ML soils under the Unified Soil Classification System.

The side slopes of the embankment will be 3(H) to 1(V) and the top width will
be a minimum of 18 feet. Where the embankment exceeds a height of 25 feet, a
stablization berm will be constructed as shown on Drawing C4-2.

The embankment (see Plans and Specifications, Attachment 1) will be
constructed in 12-inch loose layers and compacted to at least 95 percent of
maximum Standard Proctor Dry Density (ASTM D-698) within + 2 percent of
optimum moisture content.

Highly calcareous soils (containing visible white material) will not be used
in the construction of the embankments.



3.4 Stability Considerations

3.4.1 Embankment Stability Analysis

The dike stability analysis was performed using the "STABR" computer model
developed by Guy LeFebre at the University of California, Berkely.

The program calculates factors of safety by the Ordinary Method of Slices and
Bishop's Modified Method for circular slip surfaces tangent to any horizontal
level or through a specified point. The program can also search for the
critical circular slip surface with the minimum factor of safety. Seismic
forces can be introduced to pseudostatically analyze the effects of the
earthquake ground motions.

For this analysis, Bishop's Modified Method was used and three horizontal
tangent levels were examined. The automatic search feature was also used to
determine the critical circular slip surface.

A factor of safety of 1.0 indicates that the slope would be at incipient
failure. For this analysis a factor of safety of 1.5 or more under static
conditions indicates an acceptable level of stability along the analyzed
circular surface.

The acceptable factor of safety under seismic loading conditions (maximum
credible earthquake 0.10 g) is 1.0. The maximum seismic loading of 0.10g was
assumed to occur at the center of the slice.

The stability analysis assumes that the tailings are saturated and are
completely fluid. It also assumes that the cell liner has completely failed
and that the steady state seepage condition has been reached. Under actual
operating conditions it is highly improbable that these conditions could
exist. Therefore, the stability analysis produces results that are considered
to be extremely conservative. '

Two embankment sections were analyzed for static and dynamic stability.
Material properties used in the analyses are shown in Figure 3.4-1 and are
those used previously by D'Appolonia in their analysis of Cell 3 Embankments
(D'Appolonia, 1981).

Figure 3.4-1 is a section through the highest portion of the Cell 4 dike. The
maximum height is 31 feet. A 15-foot wide bench has been added on the
downstream side of the dike to improve the stability. Using this embankment
configuration in the analysis, the minimum factor of safety under static
conditions is 1.5. Applying a seismic loading of 0.10g to simulate dynamic
co?ditions, the analysis produces a minimum pseudostatic factor of safety of
1.1.

Figure 3.4-2 shows a dike section with a maximum height above the stripped
surface (prepared subgrade) of 25 feet. The dike has 3(H) to 1(V) faces and
an 18-foot crest width. The results of the analyses indicate a minimum static
factor of safety of 1.5 and a minimum pseudostatic safety factor of 1.1 for a
0.10g lateral loading.
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The results indicate the Cell 4 embankment tc be stable during operating
conditions even under loadings induced by the Maximum Credible Earthquake
(MCE).

3.4.2 Foundation Settlement

Settlement analysis indicates the foundation soils will settle on the order of
one to two inches due to the weight of the embankment. The majority of this
settlement is expected to occur during construction.

3.4.3 Embankment Settlement

The embankment will settle under self-weight loading and due to compaction.
It is anticipated that embankment settlement will be on the order of two
inches and that approximately 90 percent of this settlement will occur during
construction.

3.4.4 Liquefaction Potential

The potential for foundation or embankment materials to experience
liquefaction under the long-term predicted seismic loadings is nil. Tailings
placed within the Cell could liquefy as a result of severe seismic shock.
This condition is similar to the state of the tailings immediately after
deposition from the slurry line. The disposal cell is an engineered earth
structure and is designed to contain any liquefied tailings.

3.4.5 Erosion Potential

The downstream face of the embankment will be placed on a 3(H) to 1(V) slope.
Erosion protection will be maintained by active intervention as needed. Daily
inspections are conducted on the Tailings Management System. Any signs of
erosion will be reported on the daily inspection form and any deter1orated
areas will be repaired as required

3.5 Impoundment Features

3.5.1 Leak Detection System

A leak detection (underdrain) system will be installed beneath the synthetic
liner and will consist of 4-inch diameter perforated HDPE or PVC pipe in the
configuration shown on Drawing Nos. C4-4 and C4-5. The pipe will be embedded
in granular material (crushed sandstone) in trenches in the clayey base with a
nominal depth of 12 inches and with a 40 mil HDPE or 30 mil PYC lining. The
openings of the drainage pipe will be compatible with the size of the granular
drainage material. Filter criteria will be used to size the openings. The
drain will connect to a 12-inch diameter HDPE or PYC access pipe as shown
Drawing Nos. C4-4 and C4-5,



3.5.2 Lining System

A synthetic lining system will be constructed on the sides and bottom of the
impoundment. The lining will consist either of 30 mil PYC (the same lining as
Cells 1, 2, and 3) or 40 mil HDPE.

The bottom of Cell 4 will have a nominal 12-inch thick clayey base. The
sub-base of the side slopes of the impoundment will be rolled to provide a
smooth surface prior to construction of the liner.

If a PVC lining is constructed, a 12-inch soil layer will be placed over the
liner for protection against ultraviolet light and operational traffic. If
HDPE lining is used, no soil cover will be provided prior to deposition of
tailings. However, earth covering and protective earth ramps will be
installed as needed for operations.

3.5.3 Slimes Drain System

A slimes drain (overdrain) will be installed on top of the synthetic liner as
shown on Drawing Nos. C4-4 and C4-5. This drain will consist of a series of
HDPE or PVC pipes embedded in granular drainage material (crushed sandstone).
The drain will connect to a 12-inch HDPE or PVC access pipe at the location
shown on the plans.

4.0 COMSTRUCTION

4.1 Construction Material Sources

It is anticipated that all materials will be obtained from on-site. Soils
classifying as CL-M. materials are available from within the impoundment area,
as well as sandstone to be processed for drainage material. In addition,
stockpiled materials from construction of the previous cells are available, if
needed. It is expected the construction will generate approximately 800,000
excess cubic yards of random fill and 1,000,000 cubic yards of rock which can
be used in the reclamation of the facility.

4.2 Plans and Specifications

Plans and Specifications for the construction of Cell 4 have been prepared for
this project and are presented in Attachement I.

4.3 Quality Control/Quality Assurance
4.3.1 General

The "Quality Plan for Construction Activities - White Mesa Project, Blanding,
Utah" (referred to as the Quality Plan), given in Attachment II, describes how
the Construction Quality Control/Quality Assurance (QC/QA) activities are
implemented.
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This Quality Plan includes the following:
1. QC/QA objectives, definitions, methodology and activities.

2. Organizational structure including duties and qualifications of personnel
and information flow.

3. Surveys, inspections, sampling and testing including methods and
procedures, frequency and type and qualifications of personnel.

4. Changes and corrective actions includes authority of personnel and
methodology.

5. Documentation requirements, including personnel and forms.

4.3.2  Quality Control

Quality Control ensures that the construction proceeds in accordance with the
Plans and Specifications approved by the Lead Agency and shall be provided by
the Quality Control Officer or his designated representative.

4.3.3 Quality Assurance

Quality Assurance consisting of audits and cross checks on the Quality Control
functions shall be provided by the Quality Assurance Officer or his designaged
representative.

The Quality Assurance Office shall implement the program by performing the
following functions:

1. Prequalify Quality Control personnel.
Quality Control Technician training.
Verifications of effectiveness of Quality Control personnel.

Verification of test procedures and results by spot retest.

n L) w ~N
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Equipment checks.

6. Review of calculations and documentation.
5.0 CELL 4 OPERATIONS

5.1 Tailings Management

Cell 4 will follow the "final grade" method that is currently being used in
Cell 3. During initial operations, tailings will be discharged into the
bottom of the cell in a manner that will maintain liner integrity, either by
discharging on the earthen work pads or on other suitable materiails.

Discharge points around the periphery of the cell will be used as necessary so
that complete coverage of the cell bottom is achieved during this initial
operational phase. This layer will be saturated or remain covered by liquids.
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Tailings will then be discharged in the east end of Cell 4 until the tailings
surface is at final grade. The final grade surface will then be advanced
towards the middle downstream corner of the cell. Discharge points will be
likewise employed in other areas of the cell, working the final grade surface
towards the slimes pool area. Cell 4 will be operated with sufficient
freeboard to contain the PMP event.

The final grade method allows the maximum amount of solution to drain from the
sands, thus stabilizing the sands in the shortest amount of time, As the sand
surface at final elevation stabilizes, the first layer of the final cover will
be applied. This will 1imit exposed tailings surfaces as per ALARA principles.

When the cell is full, the slimes drain system will be activated and solutions
will be pumped to Cell 1-I for evaporation. The dewatered Cell 4 will then be
subject to final reclamation activities.

During the operational life of the cell, solutions will be recycled via the
pond return pumping system. This sytem consists of a floating pump barge and
pumps. Pond solutions will be pumped back to the mill for maximum practical
use. At the end of operations for Cell 4, tailings will be placed to top of
the synthetic liner. Provisions will be made to handle the PMP event.

Cell 4 will be covered by the operational procedures, inspection programs, and
ALARA activities as specified by the Source Material License.

5.2 Health Physics

Personnel (Umetco and contractors) will be monitored and protected during the
Cell 4 construction work as follows:

1. Badges - All personnel working at the construction site whether directly
concerned with this project or not, will be provided with and required to
wear TLD badges. Badge recordings and filings will be in accordance with
10 CRF 20.101 and 10 CFR 20.202(a). If records show any personnel
exposed in excess of 25 percent of CFR 20 limits, they will be reassigned
to work in low exposure areas and conditions causing the exposures to
exceed the 25 percent level will be investigated.

2. Programs and Procedures - The programs and procedures for the monitoring
and protection of persons will be in accordance with License Conditions
11, 36 through 40. At the end of shift or before leavidng the restricted
area, persons working in the area will be required to monitor themselves
with an alpha survey meter. If alpha contamination on skin or clothes
exceeds 1000 dpm/100 cm¢, decontamination by washing, showering or
vacuum cleaning will be carried out before leaving the restricted area.




5.3 Monitoring

The monitoring program required by the Source Material License will be
followed with any changes resuiting from the addition of Cell 4.

6.0 CELL 4 CLOSURE

In addition to requiring an impermeable liner for protection against liquid
migration, compliance with EPA standards (U.S. NRC 1985) requires the
following:

. Free 1iquids must be removed from the tailings.

. The pile must be stabilized to a bearing capacity sufficient to support a
final cover.

. The surface impoundment must be covered with a final cover which will:

- Provide long-term minimization of migration of liquids
through the impoundment.

- Function with minimum maintenance.

- Promote drainage and minimize erosion or abrasion of the final
cover,

- Accommodate settling and subsidence.

- Have a permeability less than or equal to the permeability of
any bottom liner system or natural subsoil present.

Cell 4 will be closed and reciaimed upon cessation of operations to meet the
above requirements. A Reclamation Plan approved by the U. S. Nuclear
Regulatory Commission will be implemented.
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1.0 INTENT OF SPECIFICATIONS

The Specifications presented in this document cover the construction of the
Cell 4 tailings impoundment, including the embankment, leak detection system,
the synthetic liner and the slimes drain system for the White Mesa Project
Tailings Management System, Blanding, Utah.

2.0 ENVIRONMENTAL QUALITY PROTECTION

2.1 General

The Work shall be carried out in compliance with applicable statutes, rules
and regulations, licenses, and permits.

2.2 Land

During construction, care shall be exercised to preserve the natural landscape
and to prevent any unnecessary destruction, scarring or defacing of the
natural surroundings in the vicinity of the Work. Temporary diversion
ditches, berms, silt fences, etc., may be required to prevent erosion and
sediment transport from the construction area.

2.3 Water

Construction activities shall be performed by methods that will prevent
entrance or accidental spillage of pollutants into nearby gullies, washes and
underground water sources.

2.4 Air

Reasonablie and practicaI efforts shall be made to operate construct1on
equipment to minimize emissions of air contaminants.

Fugitive dust from unpaved haul roads and other areas of heavy vehicle use
shall be controlled by sprinkling, dust suppression agents, or by vehicle
speed limits. If due to unusual circumstances, sprinkling and/or dust
suppression agents are not fully effective in controlling excessive fugitive
dust emission, vehicle speeds on unpaved haul roads shall be limited to 20 mph.

Storage and handling of flammable and combustible 1iquids and provisions for
fire prevention shall be in accordance with local and State regulations.

2.5 Archeological Clearance

The archeological sites in the project area are shown on Drawing B-1 in
Appendix A. If any construction activity is going to impact within 100 feet
of any of these sites, the following steps will be taken:

1. For an undetermined archeological site, a determination will be made as
to whether the site is contributing.

2. Contributing sites will be excavated in accordance with License
Condition 15,



3.0 SITE PREPARATION

3.1 Clearing, Grubbing and Stripping

The area of Cell 4 shall be cleared of all existing vegetation and the root
systems removed by grubbing.

The entire area to be occupied by Cell 4 shall be stripped to a sufficient
depth to remove all unsuitable materials. The unsuitable materials to be
removed by stripping shall include all debris, topsoil, and vegetative matter,
" including stumps and roots. All perishable and objectionable materials that
are unsuitable for use in permanent construction, or that might interfere with
the proper bonding of the embankment with the foundation or the proper
compaction of the embankment, shall be removed., Any boulders or large rocks
which interfere with achieving the desired rough grade or with placement of
fill materials shall be removed.

Materials from clearing, grubbing and stripping shall be separated into
topsoil, combustible matter including stumps, roots, etc., and rubble
including boulders, rock, etc. The Engineer shall determine locations for
stockpiling and/or the disposition of these materials.

3.2 Topsoil

Topsoil is defined as that material having a significant organic content which
will readily support vegetation and is approximately 12 inches thick at this
site. Previous areas stripped only need to be removed of vegetation. All
topsoil in the area of Work shall be stripped to its full depth, where
appropriate, and stockpiled. Topsoil shall be reused in reclamation work.

4.0 EARTHWORK
'4.1 General

The required earthwork for Cell 4 consists of excavation, preparation of the
Cell 4 bottom, preparation of the foundations for the embankment, and
placement of the earthfill for the embankments. The earthwork shall be
performed as shown on Drawing Nos. C4-1 and C4-2 in accordance with the
Specifications.

4.2 Excavation
4,2.1 General

Excavation for Cell 4 shall be made to the lines, grade and dimensions shown
on Drawing Nos. C4-1 and C4-2. The alignments and excavation lines on the
drawings are subject to change as may be found necessary to adapt the
foundation for the embankments to the conditions disclosed by the excavation
and as approved by the Engineer. Accurate trimming of the slopes of the
excavation for the embankments will not be required. The excavation shall




conform as closely as practical to the established lines and grades. The
finisned foundation contours against which the embankments are to be placed
shall be cleaned of all loose, soft and disintegrated materials including
removal of all such materials from pockets, and depressions of the
founadation. Sharp irregularities shall be reduced to provide satisfactory
foundation contours.

A1l necessary precautions shall be taken to preserve the material below and
beyond the lines of all excavations in the soundest possible condition. Where
required to complete the Work, all excess excavation and overexcavation shall
be refilled with suitable materials acceptable to the Engineer as specified
herein.

Rock excavation shall be achieved by mechanical means unless blasting of hard
lenses or areas of rock is approved by the Engineer. A detailed blasting plan
must be submitted to the Engineer prior to issuance of approval for blasting.
Blasting will be permitted only after adequate provision has been made for the
protection of persons, the work, and public and private property.

Furthermore, all blasting shall be conducted in accordance with applicable
Federal, State, and local laws and regulations.

The excavated surface in areas to be covered by a synthetic lining shall be
free from all loose earth and rock fragments over 6 inches in size, roots,
vegetation, or other foreign material. The excavated surface shall also be
free from sharp breaks in slope and shall be fairly smooth with no pieces or
fragments protruding more than 4 inches from the general plane of excavation.

4.2.2 Excavated Materials

Materials from excavation shall be separated as far as practicable into
materials that meet the specifications for fills, sandstone for crushing,
synthetic liner cover, and reclamation cover and into unsuitablie materials.

Excavated material which will be suitable for dike construction or other fills
when dry, shall be taken from the excavation, dried, and then placed in the
fill area. Material excavated as rock which breaks down rapidly so it does
not meet the requirements for rockfill material shall be considered soil and
stockpiled accordingly. Materials for lining bedding or cover may be
temporarily placed in approved stockpile areas during excavation and later
removed for use as required.

Materials to be used as reclamation cover shall be placed in stockpile areas
designated by the Engineer.

Where practical, suitable materials shall be excavated separately from
unsuitable materials. All materials removed from all excavations which are
considered unsuitable shall be disposed of as follows.



Excavated materials shall be considered unsuitable for use in fills or as
synthetic lining bedding or cover if they have expansive properties, are
highly calcareous (contain visible white material), or have other unsuitable
properties. Materials with these properties may be mixed with other material
and used as suitable material only with the approval of the Engineer.
Unsuitable materials not mixed shall be stockpiled separately from suitable
materials. These materials shall be considered suitable for use as
reclamation cover.

Excavated materials containing rubbish or other foreign material shall be
considered unsuitable for any use and shall be disposed of as directed by the
Engineer.

4.3 Preparation of Foundation

After the topsoil has been removed, the exposed surface shall be proof-rolled
with heavily loaded pneumatic-tired equipment. Any soils found to be
deflecting excessively under the moving wheel l1oads shall be removed.

Prior to the placement of any fill, the stripped areas shall be inspected by
the Engineer for wet materials, soft spots, small local zones or pockets of
soft silts or clays, or other unsuitable materials. Areas of unsuitable
materials shall be overexcavated. The determination of unsuitable materials
shall be made by the Engineer.

A1l cavities, depressions and irregularities found within the area to be
covered by the embankments and within Cell 4 and which extend below or beyond
the established lines of excavation, shall be filled with embankment materials
compacted as specified for the embankment.

The foundation for the earthfill shall be prepared by leveling, moistening,
scarifying, and compacting so that the surface materials of the foundation
will be stable and will provide a satisfactory bonding surface with the first
layer of earthfill as specified for the subsequent layers of earthfill.

Where fill is to be placed on natural slopes steeper than one vertical to
seven horizontal, the existing slope shall be benched prior to placing fill.
The width of any bench should not be greater than 25 feet or less than 10
feet. The width of each bench should be maintained within the specified
1imits, and the height of the cut face varied in accordance with the slope of
the natural ground surface. The height of cut at the face should not exceed 5
feet. The slope of the temporary cut face should be no steeper than one
vertical to one horizontal. All benches should be sloped at a minimum of one
percent away from the cut face to maintain proper drainage.

The fills shall be constructed to the lines, grades, and cross sections
indicated on Drawing Nos. C4-1 and C4-2.

The surface in areas on the bottom of Cell 4 to be covered by a clayey base
and synthetic 1ining shall be free from loose earth, ruts, sharp breaks in

slope, roots, vegetation or other foreign material, and all cobbles or rock
fragments protruding from the final smooth surface.
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A1l areas that do not met these requirements shall be corrected to the
satisfaction of the Engineer before construction of the leak detection system
(Section 5.0).

4.4 Embankment
4.4.1 General

The embankment shall be constructed to the lines, grades and cross sections
indicated on Drawing Nos. C4-1 and C4-2.

No brush, roots, sod or other perishable, unsuitable materials or frozen soils
shall be placed in the embankments. The embankments shall be maintained, in
an approved manner, including maintaining surfaces free of weeds or other
vegetation, until final completion of the Work.

4,4,2 Materijals

The earthfill embankment materials shall consist of silt and clay earth
materials excavated from the construction area or imported from the Borrow
Area. Cobbles and rock fragments having maximum dimensions of more than 12
inches shall not be placed in the earthfill. Should cobbles or rock fragments
of such a size be found in otherwise acceptable earthfill materials, they
shall be removed and be placed on the rubble stockpile or may be placed on the
downstream faces of the embankments.

A1l materials for use in embankment construction shall be approved by the
Quality Control Officer or his designated representative.

4.4.3 Placement and Compaction

No earthfill shall be placed until the preparation of the foundation has been
approved by the Quality Control Officer or his designated representative. The
embankments shall be constructed as shown on Drawing Nos. C4-1 and C4-2 in
accordance with the Specifications.

The distribution and gradation of the materials throughout the earthfill shall
be such that the fill shall as far as practicable be free of lenses, pockets,
streaks or layers of material differing substantially in texture, gradation,
or moisture content from the surrounding material. Successive loads of
material shall be dumped on the earthfill so as to produce the best practical
distribution of material.

Particles larger than 6 inches, but less than 12 inches in maximum dimensions,
shall be worked into the fill in such a manner as will disintegrate friable
material and orient and distribute resistant particles to effect a compacted
well-knit mass with spaces between larger particles thoroughly choked with
compacted finer materials. To aid in accomplishing this, material containing
more than 20 percent (by volume) of particles exceeding 6 inches in maximum
dimensions, shall be spread in 1ifts not exceeding 12 inches in thickness



(loose measure), and tracked with at least four passes of the treads of a
crawler type tractor which, by means of sufficient overlap, will assure
complete coverage of an entire layer by the tractor treads. Second and
subsequent passes of the treads shall not be made until each pass, as defined
above, is completed. If the size and content of resistant particles in the
fill material precludes proper compaction, the material shall be disposed of
or mixed with finer materials before placement.

The materials shall be placed in the earthfill in continuous approximately
horizontal layers not more than one foot in loose thickness. The earthfill
shall be compacted to at least 95 percent of maximum Standard Proctor Dry
Density (ASTM D-698). The embankment shall be constructed continuously and
approximately horizontally for the entire width and length of the embankment.
Difference in elevation between any cross section shall not be greater than
two feet.

Upon placement and compaction of a 1ift of fill material, the surface shall be
scarified to a depth of two inches prior to the placement of the next lift
unless the compaction equipment leaves a surface sufficiently roughened to
bond the two 1ifts.

For uniformity, a minimum of three passes of a sheepsfoot or segmented wheel
roller in the 20- to 30-ton class shall be required on each lift. If the
surface of the prepared foundation or the compacted surface of any layer of
earthfill is too dry or smooth to bond properly with the layer of material to
be placed thereon, it shall be moistened and/or reworked with a harrow,
scarifier, or other suitable equipment to a sufficient depth to provide a
satisfactory bonding surface before the next succeeding layer of earthfill is
placed. If the compacted surface of any layer of earthfill in place is too
wet due to precipitation for proper compaction of the earthfill material to be
placed thereon, it shall be removed; allowed to dry; or be reworked with
harrow, scarifier, or other suitable equipment to reduce the moisture content
to the required level. It shall then be recompacted to the earthfill
requirements,

No materials shall be placed in the embankments when either the materials, the
foundation, or the embankment on which it is to be placed is frozen or when
ambient temperatures do not permit the placement and compaction of the
materials to the specified density without developing frost lenses in the
fill. The side surface of the embankment which forms the sub-base for the
synthetic liner shall be rolled smooth with steel wheel rollers.

4.4.4 Moisture and Density Control

As far as practicable, the materials shall be brought to the proper moisture
content before excavation or moisture shall be added to the material by
sprinkling on the earthfill, and each layer of the earthfill shall be
conditioned so that the moisture content is uniform as far as practicable
throughout the layer prior to and during compaction. The moisture content of
the compacted earthfill shall be within the limits of 2 percent dry and 2
percent wet of the standard optimum moisture content. Material that is not
within the specified 1imits after compaction shall be rejected and shall be
reworked until the moisture content is between the specified 1imits.
Reworking may include removal, reharrowing, reconditioning, rerolling, or
combinations of these procedures.



Density control of compacted earthfill shall be such that the compacted
material represented by samples having a dry density less than 95 percent of
its maximum Standard Proctor Dry Density shall be rejected. Such rejected
material shall be reworked as necessary and rerolled until a dry density equal
to or greater than 95 percent of its maximum Standard Proctor Dry Density is
obtained.

To determine that the moisture content and dry density requirements of the
compacted fill are being met, field and laboratory tests shall be made at
specified intervals on samples taken from the embankment as specified in
Section 4.4.5 Frequency of Quality Control Tests.

4.4.5 Frequency of Quality Control Tests

The frequency of the Quality Control Tests for earthwork shall be as follows:

1. The frequency of the field density and moisture tests shall be not less
than one test for each 1,000 cubic yards of placed fill material.

Z. There shall be at least one field density and moisture test for each
1ift of fill material placed.

3. Gradations and Atterberg limits of compacted fill materials shall be
performed at a frequency of not less than each 5,000 cubic yards of
compacted earthfill.

4, Frequency of laboratory standard Proctor compaction tests shall be such
that maximum densities are determined for the range of materials being
placed in the fill; however, frequency of compaction tests shall not be
less than one test for each 10,000 cubic yards of compacted fill

material. ‘
4.5 Clayey Base
4.5.1 General

The clayey base shall be a minimum of 12 inches compacted thickness placed on
the bottom of Cell 4. The clayey base shall be placed to the approximate
surveyed lines and grades.

4,5.2 Materials

The clayey base shall consist of uncontaminated earth materials excavated from
the construction area or imported from the Borrow area. Cobbles and rock
fragments having a dimension of more than 6 inches shall be removed from the
earthfill. The clayey base material shall have at least 30 percent by dry
weight passing the No. 200 sieve. That portion of the clay base material
passing the No. 40 sieve shall classify as either a ML, CL or CH under the
Unified Soil Classification System.

A1l materials for use in the clayey base shall be approved by the Quality
Control Office or his designated representative.



4.5.3 Placement and Compaction

The foundation shall be approved by the Quality Control Officer or his
designated representative prior to placement of the clayey base.

The clayey base shall be placed and compacted to at least 95 percent of
standard Proctor maximum density (ASTM D-698). The same requirements/
procedures for placement and compaction (Section 4.4.3) and for moisture and
density control (Section 4.4.4), as the embankment earthfill in Section 4.4,
shall be used for the placement and compaction of the clayey base except the
moisture content of the clayey base shall be within the limits of 1 percent
dry and 3 percent wet of the standard optimum moisture content.

The integrity of the clayey base shall be maintained prior to instailation of
the synthetic liner. This will be accompliished by sprinkling and rolling as
required.

4.5.4 Frequency of Quality Control Tests for Clayey Base

The frequency of the Quality Control Tests for earthwork shall be as follows:

1. The frequency of the field density and moisture tests shall be not less
than one test for each 500 cubic yards of placed clayey fill material.

2. There shall be at least one field density and moisture test for each
list of clayey fill material placed.

3. Gradations and Atterberg limits of compacted clayey fill materials shall
be performed at a frequency of not less than each 5,000 cubic yards of
placed clayey base.

4. Frequency of laboratory standard Proctor compaction tests shall be such
that maximum densities are determined for the range of clayey materials
being placed in the fill; however, frequency of compaction tests shall
not be less than one test for each 10,000 cubic yards of compacted
clayey fill material.

4.6 Work Area Drainage

To protect the surface of the fill, the top of all fill areas shall be crowned
and sealed at the end of each working day to minimize the infiltration of
water in the event of rainfall.

As interim protection of the cut and fill slopes, adequate surface drainage
shall be provided at both the top and bottom of slopes to intercept and
conduct runoff from the developed areas and to reduce saturation and erosion
of the slopes.



5.0 LEAK DETECTION SYSTEM
5.1 General

A leak detection system (underdrain) shall be constructed below the synthetic
liner. This underdrain shall consist of 4-inch perforated pipe embedded in
granular materials in trenches excavated into the clayey base and lined with
30 mil HDPE or PVC., 1Items of work included in this section include providing
materials, excavating trenches, installing the HDPE or PVC lining, and placing
drain pipes and drainage materials. The leak detection system shall be
constructed to the approximate grades and dimensions shown on Drawing Nos.
C4-4 and C4-5. The nominal 24-inch width of the drainage trenches shall be
adjusted to accommodate the placement of the HDPE liner according to the
manufacturer's recommendations.

5.2 Materials

5.2.1 Lining

The leak detection trenches shall be lined with a minimum 40 mil1 HDPE or 30
mill PVC as shown on Drawing No. C4-3.

5.2.2 Drainage Pipe

Drainage pipe shall consist of Schedule 40 PYC (ASTM D-2241) or HDPE pipe
(ASTM D-3034). The pipe shall be provided with openings designed according to
standard filter criteria., See Drawing No. C4-5.

5.2.3 Access Pipe

The access pipe shall be constructed of 12-inch diameter HDPE or PVC pipe
with a minimum wall thickness of 0.5-inch (nominal dimen51ons)

5.2.4 Drainage Material

Suitable drainage material shall consist of crushed sandstone meeting the
requirements shown on Drawing No. C4-5, In addition, suitable bedding
material shall contain no highly calcareous soils (contain1ng visible white
mat?r1a1) rubble, frozen and foreign materials or pieces three inches in size
or larger.

5.3 Excavation of Trenches

The alignments and excavation lines shown on the drawings are subject to
changes as may be found necessary to adapt to conditions disclosed by the
excavation and as required for the HDPE or PVC liner installation. Trench
excavations shall be made to the lines and relative grades shown on Drawing
No. C4-4. Prior to installing the trench 1inings, the leak detection trenches
shall be graded to a surface tolerance of plus or minus 0.1 foot over a
10-foot distance and sharp protrusions shall be removed.



5.4 Installation of Synthetic Liner

Prior to placement of HDPE or PVC pipe and drainage material, a 40 mil HOPE or
30 mil PVC liner shall be placed in the drain trenches as shown on Drawing No.
C4-3. At locations where the PVC pipe penetrates the synthetic liner, the
liner shall be sealed with a boot and clamp in a manner consistent with the
manufacturer's recommendations.

5.5 Placement of Drain Pipe and Drainage Material

An approximate 2-inch layer of drainage material shall be placed in the lined
trench to provide bedding for the drain pipes. The drain pipe shall be
centrally placed in the lined trench to provide bedding for the drain pipes.
The drain pipe shall be centrally placed in the trench on top of the bedding
with the slots facing down.

The drainage and access pipes shall be installed as shown on Drawing Nos. C4-4
and C4-5, The HDPE and PVC pipes shall be joined together with manufacturer
and Engineer approved methods and procedures. Appropriate fittings, including
end caps and T-sections, shall be used as required to join pipe sections
together.

The drainage pipes shall be placed so that they slope to the drainage pipe
access pipe.

The drainage material shall be placed to minimize segregation and facilitate
compaction. Placement of the drainage materials shall be performed in such a
manner to avoid damage to the drain pipes.

6.0 SYNTHETIC LINER
6.1 General

This specification covers the design, supply, fabrication and installation of
synthetic liners as shown on Drawing Nos. C4-3 and C4-5. The liner is to be
delivered to and installed in the new Cell 4 impoundment and in the trenches
for the leak detection drains.

6.2 Performance Requirements

1. The liner shall resist both the chemical action of the liquids and the
physical action of the tailings stored in the ponds as well as the
effects of the environment, including but not limited to, extreme
temperatures, ultraviolet radiation and variable wind conditions.

2. The sources of constituents in the liquids are from the processing of
uranium ore. The composition of the aqueous 1liguids which will be
pumped to the cell with the tailings are expected to have the typical
concentrations given in Table 6.2-1.



3. The ponds shall perform at any degree of fullness from near empty to 1C0O
percent full,

4. Liners shall be suitable for a design ambient temperature range of minus
300 F to plus 1109 F. Liner materials shall withstand the higher
Liner temperatures resulting from exposure to sunlight.

5. The service life of the Liners shall be at least 22 years.

6.3 Service Conditions

The Liner shall be suitable for installation in an unprotected outdoor
location.

The Liner will be in service 24 hours per day, 365 days per year. The only
time the ponds wil be completely empty will be at the start of operations.



TABLE 6.2-1

TYPICAL CELLS LIQUIDS COMPOSITION

Cell 1-1
Grams/Liter

0.27
0.105
9.7
7.8
8.0
190.0
0.74
0.63
0.79
2.30
0.14
1.20
0.24
0.70
0.44
N.D.

Cell 3

Grams/Liter

0.21
0.115
5.9
13.9
5.1
180.0
0.40
0.64
5.40
2.30
0.08
0.59 -
0.05
0.82
0.22
N.D.



6.4 Design Criteria

1. The Liners shall be installed in Cell 4 for which the subgrade has been
prepared and in the leak detection trenches for which the earthwork has
been prepared by Owner., The dimensions of Cell 4 are given on Drawing
Nos. C4-1 and C4-2.

2. The tailings slurry will be introduced into the ponds by pumping and by
gravity flow through HDPE piping laid over the berms and upon the
interior pond slopes. The Liner shall be reinforced at inlet points to
prevent wear, puncture, and/or other damage. Where earth berms are
constructed to provide a working area, no reinforcing is required.

3. Discharge of liquids to other cells may occur by pumping or by gravity
flow. Liquids may also be recycled to the Mill.

4. The methods and standards of joining and sealing the Liner sections to
form a watertight Liner shall be specified by the Seller in the quotation.

6.5 Materials

Seller shall warrant that the synthetic liner material supplied and that the
thickness meets the requirements of the Specifications.

6.5.1 HDPE Liner

The Liner shall be of high density polyethylene (HDPE) with a minimum
thickness of 40 mils on the bottom and on the slopes of Cell 4. Liner
thickness in the Specifications are nominal thicknesses. Actual thicknesses
shall be within the manufacturer's tolerances.

6.5.2 Alternative Liners

An alternative PVC synthetic Liner with a minimum thickness of 30 mils may be
proposed in lieu of HDPE lining materials. Alternate Liners shall meet
Performance Requirements, Service Conditions and Design Criteria in accordance
with these Specifications.

6.6 Liner Quality

1. The synthetic Liner shall be manufactured of new, first quality products
designed and manufactured specifically for the purpose of tailings slurry
containment.

2. The Liner materials shall be so produced as to be free of holes,
blisters, undispersed raw materials, or any contamination by foreign
matter. Any such defect shall be repaired using the extrudate welding
technique in accordance with the manufacturer's recommendations.



3. Seller shall submit Certification from the Liner manufacturer documenting
that the Liner meets all the physical property specifications for the
intended application. In addition, the Seller shall certify that the
material meets the minimum requirements for the properties presented in
Table 6.1-2 for HDPE liners. If alternate Liners are proposed, the
Seller shall submit minimum property requirements of the Liner proposed
for review and approval.

6.7 Items of Work

Work by Seller shall include but not be limited to the following:

1. Fabrication of one (1) Liner for the Proposed Cell 4 and liners for the
leak detection drains, including all hardware and accessories pipe and
reinforcing of the Liner for the inlet piping. See Drawing Nos. C4-1,
C4-2, C4-3, and C4-5.

2. 8e1ivery of the Liner material to the Owner's Plant Site near Blanding,
tah.

3. Review and acceptance of Owner's earthwork and Liner installation
drawings.

4. Inspection and acceptance of Owner's earthwork prior to Liner
installation.

5. Furnishing of equipment, materials, supervision and labor for the Liner
uncrating, handling and installation, including joining of the Liner
material to form a continuous Liner covering the sides and bottoms of the
impoundment and backfilling liner anchoring trenches.

b. Repair of any holes or blemishes detected before filling.

7. A1l required Quality Control per Section 6.9 of these Specifications.

8. The Liner installer shall provide Umetco with layout drawings of the
proposed Liner placement pattern and seams prior to project
commencement. The drawings shall indicate the panel configuration and
locations of seams.

9. The Liner installer shall provide data on installation details for
compensating for expansion and contraction due to temperature
fluctuations (minus 300F to plus 1100F).

6.8 Items of Work Not Included

Owner shall perform the following:
1. Cell earthwork including excavation.

2. Construction of embankment.



TABLE 6.1-2

Material Properties

for

HDPE Liners

Property

Gauge
{Nominal)

Thickness, Mils
(Minimum)

Specific Gravity
(Minimum)

Minimum Tensile Properties
(Each Direction)

1. Tensile Strength at Break
(Pounds/Inch Width)

2. Tensile Strength at Yield
(Pounds/Inch Width)

3. Elongation at Break
(Percent)

4. Elongation at Yield
(Percent)

5. Modulus of Elasticity
(Pounds/Square Inch)

Tear Resistance to Soil
(Pounds Minimum)

Low Temperature, F
Dimensional Stability
(Each Direction, Percent Change Maximum)
Resistance to Soil Burial
(Percent Change Maximum in Relation to
Original Value)
1. Tensile Strength at Break and Yield
2. Elongation at Break and Yield
3. Modulus of Elasticity

Environmental Stress Crack
(Minimum, Hours)

Test Method

ASTM D1583
ASTM D792

ASTM D638

ASTM D882

ASTM D1004
Die C

ASTM D746
Procedure B

ASTM D1204
212 F 15 Minutes

ASTM D3038
(As Modified in
Appendix A)

ASTM D1693
(As modified in
Appendix A)



3. Placement of the prepared subgrade.

4. Excavation of liner anchoring trenches and trenches for the leak
detection drains,

5. Supply and installation of inlet piping and safety ropes.

6.9 Quality Control

The Seller shall provide the Quality Control functions for installation of the
Liner. Quality Assurance will be provided by Umetco.

6.9.1 Field Seams

6.9.1.1 Destructive Tests

1. Field Fabricated Startup Seam - Seller shall provide a representative
seam fabricated from the same sheet material and using the same seaming
methods as those recommended by the synthetic Liner manufacturer. The
startup seam shall be no less than 20 feet (3 m) in length and shall be
provided at the start of each day's or shift's seaming. Random samples
for shear and peel testing shall be cut from the startup seam. The
startup seam shall be allowed to cure or age properly before testing in
accordance with manufacturer's directions.

2. Field Cut Out - A minimum of one 2-foot (0.61 m) long section of the
fabricated seam per 500 feet of seam shall be cut from the installed
Lining. The cutout section shall be wide enough to accommodate peel and
shear testing. Random specimens for peel and shear testing shall be cut
from the sample. The resulting hole shall be patched with an oval-shaped
piece of sheet material and shall be seamed in accordance with the
manufacturer's instructions. The cutout seam shall be allowed to cure or
age properly before testing in accordance with the manufacturer's
recommendations.

3. The integrity of the field seams shall be determined in accordance with
applicable methods in ASTM D-4437-84 Standards.

4. The location of the seams, the machine used, the operator, weather
conditions and any problems shall be logged on a shift basis.

6.9.1.2 Nondestructive Tests

A Quality Control Technician employed by Seller shall make a visual inspection
of all field seams. In addition, the following test method shall be employed
by the Seller.

Vacuum Box Testing - A1l field seams shall be inspected for unbonded areas by
applying a vacuum to a soaped section of seam. This nondestructive test shall
be performed in accordance with the method given in ASTM D-4437-84 Standards.



6.9.1.3 Repairs

A1l defective field seams as detected by both destructive and nondestructive
tests shall be marked and repaired in accordance with manufacturer's
recommendations.

6.10 Quality Control Reports
6.10.1 Material

The test reports, material properties sheets and Quality Control certificates
required in Section 6.6 shall be supplied to Umetco by the installer and
reviewed by Umetco prior to commencement of Liner installation.

6.10.2 Field Installation Reports

The installer shall provide Umetco with reports of the following:
a) Changes in layout drawings.

b) Results of test seams.

c) Welding data.

d) Nondestructive tests results.

e) Destructive tests results.

f) Repair data.

6.10.3 As-Built Drawing

Upon completion of the project, the installer shall provide Umetcd with a
reproducible original of the drawings showing the panel location number and
seam location number, patches and destructive test samples.

6.10.4 Warranty

The Liner installer shall guarantee the Liner to be free of defects for a
period of 22 years after installation. These warranties shall be provided to
Umetco upon completion of the project.

6.10.5 Acceptance

The installed Liner shall be accepted by Umetco when:
a) The Liner installation is complete.

b) A1l Quality Control documentation is submitted.
c) As-built drawings are received.

d) Warranties are received.



7.0 SLIMES DRAIN SYSTEM
7.1 General

A slimes drain system shall be constructed above the synthetic liner. The
slimes drain shall consist of 4-inch perforated pipe embedded in granular
material as shown on Drawing Nos. C4-4 and C4-5.

7.2 Materials

7.2.1 Orainage Pipe

Drainage pipe shall consist of Schedule 40 PYC (ASTM D-2241) or HDPE pipe
(ASTM D-3034). The pipe shall be provided with openings designed according to
standard filter criteria. See Drawing C4-5. '

7.2.2 Access Pipe

The access pipe shall be constructed of 12-inch diameter HDPE or PYC pipe
with a minimum wall thickness of 0.5-inch (nominal dimensions).

7.2.3 Drainage Material

Suitable drainage material shall consist of crushed sandstone meeting the
requirements shown on Drawing No. C4-5, In addition, suitable bedding
material shall contain no highly calcareous soils (containing visible white
material), rubble, frozen and foreign materials or pieces three inches in size
or larger.

7.3 Installation of Drainage and Access Pipes

The drainage and access pipes shall be installed as shown on Drawing Nos. C4-4
and C4-5. The HDPE or PVC pipes shall be joined together with manufacturer
and Engineer approved methods and procedures. Appropriate fittings, including
end caps and T-sections, shall be used as required to join pipe sections
together.

The drainage pipes shall be placed on the completed cell surface so that they
slope to the drainage pipe access pipe.

7.4 Drainage Material Placement

The thickness of the drainage material shall be at least 12 inches when placed
in a compacted condition. Material shall be placed in one 1ift and rolled
with four passes of a 10-ton vibratory roller or its equivalent. Care shall
be taken not to damage the perforated pipe.



The drainage material shall be compacted to 65 percent relative density
(ASTM-D2049) as defined by:

Dp = (E7 - EN)/(Ey - Ep) percent

where:
Dp = relative density in Percent
E1 = void ratio of the granular soil in its
loosest state (minimum dry density)
Ep = void ratio of the granular soil in its
densest state (maximum dry density)
EN = void ratio of the soil in its natural state
8.0 DRAWING LIST
Drawing No. Title
C4-1  Cell 4 Plan
CR-2 Cell 4 Cross Sections
CR-3 Typical Cell Liner Details
CR-4 Leak Detection and Siimes Drain Plans

CR-5 Leak Detection and Slimes Drain Details
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e NOTES:
S R R (1) A 12-inch soil cover or tailings shall be placed over entire liner (except
/,"O X in the area of the slimes drain) if PVC is used, otherwise, in selected
7 ’ work areas if HDPE is used.
H—'L~ (2) Liner to be reinforced with an additional layer of liner beneath entry
GEOTEXTILE FABRIC pipes anchored to top of berms.
MIRAFI 140N OR 4" HDPE OR PVC PERFORATED 3
it Mt FERFORATED PIPE DETAR SHEET C4-5 (3) a1l bedding and drainage material (crushed sandston) shall classify as SX S — 1 VAV e
: or SP in the Unified Soil Classification System and have a maximum size of L.
3/4% inch. m Umetco Minerals Corporation
(4) Geotextile shall be non-woven and have a minimum fabric weight of WHITE MESA URANIUM MILL SITE
| 4 oz/yard. Geotextile shall be MIRAFI 140N or approved equal.
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