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Re: License Condition No. 52

Dear Mr. Smith:

As required by License Condition Nc. 52, five copies of our detailed
reclamation plans are enclosed for your review and approval. In addition,
it is also noted from your letter dated 9 December 1935 (Amendment No. 8)
that a full breakdown of the costs associated with this reclamation plan
should be provided with this submission. However, in the interests of a
timely submission of the detailed reclamation plan itself, the detailed cost
breakdown will be submitted within ten days and trust that this meets with
your approval.

If you have any questions or require further information, please call

or otherwise communicate.
Yours sincerely,
-
.

R. S. Pattison
Plant Superintendent

M. D. Lawton‘{i‘

President
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5.5.12 Detailed Reclamation Plan

With today's depressed yellowcake value, RAMC has no plan to con-
struct an acid circuit. A detailed reclamation plan for the long-term isola-
tion of only alkaline leach tailings shall therefore be addressed in this Sec-
tion. Also, RAMC has no current plan to siut down the mill and reclaim the
tailings impoundments, as was suggested in August 1984 (see Table 5.5-7).
Isolation of the largest foreseeable tailings volume shall be addressed:
that which would result if the mill ran continuously, at full produccion,
until the end of the current license period--30 September 1989. However, if
RAMC decided to proceed with either of the above-mentioned plans before that
date, this reclamation plan shall be revised accordingly and submitted to the
U.S. NRC, Uranium Recovery Field Office, for review and approval in the form '

of a license amendment.

Pre-Reclamation Tailings Management

Final abandonment contouring is designed to make the best use of
geologic and existing topographic features. The design provides for the long-
term isolation of tailings and is intended to meet all regulatory requirements
at a minimum cost. Recontouring of tailings to conform to final abandonment

requirements is considered extremely difficult, if not impossible; heavy

equipment easily "bogs down" in the thinnest layers of this finely-ground,
high-moisture-content “slimes" tailing material. Therefore, one of the main E
objectives in tailings management is to contour tailings slopes during their |
initial deposition so that tney conform to the final reclamation contours,
thus avoiding the need for any substantial amount of recontouring.

Tailing disposal is also managed to prevent unnecessary dusting of

- 1Al L uEMARY - L0
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beaches, ponding, and seepage to the best extent practicable. Details of
interim tailings dust stabilization are given in Section 5.5.7. To eliminate
unnecessary ponding, tailings are generally deposited to slope with the natural
valley topography in the impoundment area; that is, the discharge point is
repeatedly moved uphill and farther from the embankments. This disposal system
affords substantial economy in that it permits large quantities of tailings to
be deposited above embankment crest elevations, thus reducing the embankment
height that would otherwise be necessary. It also permits a minimum ponded
area and increases flood storage capacity. In fact, if the method had been
used earlier in the life of the operation, the upper tailings embankment may
not have been needed.

Because no seepage barrier is provided beneath the existing tailings |
area, all unnecessary ponding is aveided, especially against bare earth. Tail-
ings discharge lines are therefore provided around most of the impoundment's
perimeter. At the first sign of ponding, the line is broken at that point so
that tailings solids can eliminate the ponding. In addition, again to reduce
seepage, 100-foot beaches are maintained around the pond perimeter that is not
already protected by the main beach slope.

At its present embankment crest elevation, the upper tailings im-
poundment has essentially been filled to capacity with tailings. A new sprink-
ling system has been installed to provide almost 100% coverage of its beaches
and to prevent blowing tailings prior to reclamation of this impoundment. No
additional tailings will be run into the upper impoundment unless demanded by
an unforeseen emergency. A triple 65" x 40" culvert outflow structure will
pass major floods to the lower impcundment, thus preventing embankment over-

topping before this reclamation plan is implemented.

-
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All tailings have been deposited into the lower impoundment since
late January 1985. The method of deposition is designed to minimize blowing
tailings during operation. Tailings are generally deposited along a parallel
strike to the upper embankment alignment to create a 2% slope down and away
from the embankment downstream face. This method provides several advantages:
it reduces the riprap needed for protection of the downstream face after aban-
donment; it creates the best slopes for sheet rainfall runoff; it allows an
optimum tailings cover design in that the excess lower tailings embankment ma-
terial can be used for covering the west-end lower impoundment tailings,
affording flatter embankment slopes with a minimum need for riprap; and, it
gradually eliminates the upper embankment as a structure to be protected. A
minimum pond elevation is maintained to minimize the seepage driving force,
and 100-foot beaches are maincained around the remaining pond perimeter.
Except for the occasional rain storms and snow melt, the lower pond elevation
will remain below 6,638 feet ms] for the license period. The pond surface

area will be reduced as ihe main tailings beach advances westward.

Seepage Control

Regional stratigraphy and natural groundwater regimes are discussed
in Section 2.3.1 and site-specific groundwater seepage control is described
in Section 4.2.2. Results of additional groundwater investigations conducted
at the Lisbon mill are detailed in the referenced documents at the end of this

Section. Migration of contaminants from the Lisbon mill was found to be !
|
|

largely controlled by fractures in the Dakota-Burro Canyon sandstone formation.

A fracture, trending north 60° west from the northwest corner of the upper

tailings impcundment was intercepted at well #9W-UT9 during the field test

d
4
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drilling program and was found to be the major cause of contaminant leakage
from the tailings impoundments. The well is located near the upper impound-
ment tailings and the fracture was found to provide a conduit for rapid migra-|
tion of contaminants from the upper tailings impoundment to the north property
boundary dear monitoring well #MW7. A pumpback system was therefore installed
to preclude further migration of contaminants in the fracture beyond the

pumping well (OW-UT9). Seepage not intercepted by the recovery system is

smail and is diluted to harmless concentrations when it reaches natural

groundwaters.

The existing recovery well system will be operated continucusly as

iong as chere is contaminated solution to pump. Prior to mill shutdown, this
<olytion will be returned to the lower tailings pond rather than the upper.
Also, other mill solutions will be diverted tc the lower pond in order to
help drv-out the upper pond and its beaches. Rainfall runoff will tend to
reduce contaminant levels in the upper pond. This "clean" water will there-
fore be diverted to sprinkle the lower impoundment beaches after mixing with
more contaminated solutions in its pond to prevent dissolving the beneficial l
precipitant "crust" from the lower impoundment beaches. i
Solution in the lower tailings pond will be at its normal contamination %
levels at the time of mill closure. After closure, the solution will be |
allowed to dry out. Drying will be enhanced by continuously using a spray i
field in the lower impoundment. The lower impoundment can be dried up while i
placement of reclamation cover is underway in the upper impoundment. By the

time reclamation of the upper impoundment is complete (about one year), the

|

|
lower impoundment will be ready for covering. In addition, seepage recovered '
\

by the pumpback sysiem is expected to clean-up following clean-up of the upper

|
e |

‘\ |
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tailings pond water.

The tailings consist of more than 80% minus 325 mesh particles and
tend to retain high moisture contents &< perched water tables for indefinitely
long time periods. Notwithstanding ihe dry climate and the nigh evanoration
rates in the region, only the top inch or two is actually dried out. Below

this depth the tailings retain their initial moisture content, which is ror-

|
mally more than 20%. This fact implies that the in-place tailings are rela- 1
tively impervious. In addition, it is thought that the upper tailings pond

itself is feeding the major frac:ure described above. If so, seepage from wel”
#0W-UT9 could clean up quickly. Huwever, pumpback will be continued and an
evaporative spray field shall be maintained as long as necessary; the length |

of time needed cannct be predicted with certainty. \

Cover Design and Construction

|
Estimates of cover materials required to meet NRC's 2 pCi/mz-sec
standard are presented in Section 5.5.10. The field tests undertaken to
arrive at those estimates are not too reliable for two reasons: inadequate
attention was paid to compaction of the tailing and soil cover sampi&s to
simulate in situ conditions; and, both the tailing and soil sample moisture
conditions were too low to be representative of the real situation. Both ‘
reasons give rise to unreasonably high radon flux exhalations. Furthermore,
all tests were conducted on old tailing material from the lower impoundment |
which was the waste byproduct from ores grading as high as 0.40% U308. Today's
grades are closer to 0.20%.

Criterion 6 of NRC's modified uranium mill tailing regulations in

the amended Appendix A of 10 CFR, Part 40, requires that sufficient earthen

[ 5 Sl |
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cover be placed over tailings at the end of operations to provide reasonable
assurance that the average radon-222 release rate to the atmosphere does not

exceed 20 pCi/mz-sec. The cover shall be effective for 1,000 years to the

——— e ————————————

extent reasonably achievable and direct gamma exposure should be reduced to ;
background levels.
RAMC plans to provide an earthen cover which complies with the re-

quirements of Criterion 6. No near surface cover materials such as mine waste

rock, that contains elevated levels of radium, or non-soil materials will be

i

used as cover materials. Soil used for near surface cover shall be essentially

the same, as far as radioactivity is concerned, as that of surrounding surface

1
soils to ensure that surface radon exhalation is not significantly above back-

ground because of the cover material itself. ;
A depth profile of natural soil moisture content was taken from the |
proposed borrow area for cover material. A front-end loader wac used to dig a
five foot deep trench and samples cf soil were immediately collected from one
side of the trench at one foot intervals and analyzed for moisture content.
The results indicated that the moisture content does not vary much with in-
creasing depth, averaging seven percent by weight moisture down to five feet. |
The surface two inches of soil showed a 1rw moisture content (~2%) d.: to

solar drying. Depth profiles were also taken of in situ tailings moisture downi
to five feet and the top one-inch layer was sampled separately because it had
dried out in the sun. The results also showed a relatively even moisture dis- |
tribution below one-sinch, averaging 20.7% by weight. Surface moisture averaged |
7.7%. Due to the importance of the effect of moisture content on the tailings ;
diffusion coefficient, and its consequent effect on attenuatiun of radon flux ;

and cover thickness needed, the matter was investigated further.

e . l Tl —
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Data presented by Ford, Bacon and Davis (1981) and Mountain States

Research and Development (1982) for abardoned alkaline-leach tailings piles
near Ambrosia Lake, New Mexico, and Tuba City, Arizona, suggest that the tail-
ings will continually have a high moisture content. FB&D (1931) collected f
. composite sam>les from two drill holes at Ambrosia Lake in 1976 that had mois-‘
; ture contents of 22.7% (to #£.5 foot depth) and 21.8% (to 9.5 foot depth), |
thirteen years after plant shutdown. MSR&D (1982) similarly found an average
| moisture content of 20.7% at the Tuba City site, fifteen years after plant

|

shutdown. Hence, the average value of 20.7% at the RAMC site can be considered
!

} representative of future conditions. Further, after remaining ponded areas

. (the upper and Tower tailings ponds) have dried out RAMC believes that due to

the tailings fineness, moisture contents will remain high for an indefinite

|
1
. period of time--perhaps up to 1,000 years. A typical tailings gradation is
|

presented in Figure 5.5-1.

Although reclamation of an inactive tailings impoundment primarily
involves placing an adequate cover over the abandoned tailings, the specific ;
implementation program is dependent on the specific nature of the tailings pile’
to be reclaimed. Reclaiming a dry, coarse-grained pile is not a difficult l
proposition, and performance of the cover is relatively predictable. However,[
placing a cover over slimes tailings such as RAMC's with its perched water !
tables and high water content by conv-ntional earth-moving methods is expected :
to be difficult, if not impossible, as has already beei mentioned. Attempts
to place covers on wet, saturated tailings results in displacement of the
tailings, loss of cover materials into the tailings, and probable loss of

expensive equipment. The method of waiting long enough for a competent crust

e
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|
to form by surrace evaporation was considered, but was rejected by RAMC. It !
will take too long, and therefore not meet the intention of Criterion 6. i
| Other methods such as installation of drains beneath or through the
tailings to facilitate drainage and accelerate stabilization through lowering
the water table and consolidation may be considered because pumpback well
#0W-UT9 appears to be effectively working this way. However, there is no
indication yet that the water table is being lowered by the well, and it has

run at 30 gpm for almost two years now; it is suspected that the well is in

direct connection with surface ponded water. Besides, it is too late now to
6

inplement such a system of drainage because there are more than 3 x 10° MT of

|

|

é tailings already in place. !
Methods such as consolidation by dynamic compaction, electro-osmosis

|
i and other sophisticated techniques have been used elsewhere. RAMC has no ex-

applied at Lisbon. In the interim, with no acceptable effective plan--that

i
|
perience of those methods, but will investigate to see if any can be usefully |
E
is, one which will result in even consolidation in a reasonable period of time--z

available to dewater its tailings piles, RAMC intends to recl2in them in their

current condition; perhaps, further consolidation is unnecessary.

Cover thickness can now be determined. The calculation of the thick-

. ness of cover materials required to attenuate radon flux to near-backjround
levels is generally based upon diffusion theory. NRC uses this theory in

i
Appendix P of their Generic Environmental Impact Statement on uranium milling i

(GEIS) and, after making several assumptions, provide convenient tables of

. required depths of cover for radon attenuatiorn to meet 2pCi/m2-sec criteria. {
|
For a particular grade nf ore it is only necessary to know the expected long- |

= armae & s P I ™ ‘I
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term moisture contents of the tailings and the cover material to find the depthl

of cover needed to achieve the 2pCi/m2-sec standard. To meet the 20pCi/m2-sec

! standard, equation (9) from Appendix P must be used to determine the cover

t
thickness:
|
| X, = 2.28exp(-013M,) 1n(?:13) -ln[(l + _’ig_exp(O.]B(M]-Mo)))
i J P
| 1 1
i
| + (1 - Poexp(0.13(M,-M )))( Jl) 2 | SO ()
| = 0
| P o
|
‘ where
f X, = required depth of cover in meters
; M, = weight-percentage of moisture in tailings
M] = weight-percentage of moisture in soil cover
% Jo = radon flux at the surface of the bare tailings (pCi/mz-sec) |
| |
I Jy = radon flux from the sugface after attenuation with the
f cover (pCi/mé-sec) |
Po = porosity of the tailings (dimensionless) f
and P, = porosity of the cover material |
|
The radon flux from the bare tailings, Jo’ is calculated from equa- ;
tion (14) from Appendix P: ;
1/2 .44 \
.
J, ‘Ra]P AL/ M s irnasntrabnsrsravareenenrisenie e anaia (2),
where g
i
[Ra] = concentration of radium-226 in the tailings solids (pCi/g)
|
P = density of the tailings solids (g/cm3)
. E = emanating power of tailings (dimensionless)
1 Do = effective bulk diffusion coefficient for radon in the tail-
; .NgSs (cm2/sec) |
; P0 = porosity or void fraction in tailings solids (dimensionless)
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'6sec']).

and A = decay constant of radon (2.1x10
On the assumption that no radium is removed with U308 from the ore
in the mill process, [Ra] can be determined from the average ore grade. From
the star’ of 1980 to 30 September 1985 the ore grade has averaged 0.2149% U308
and for 1985 only (nine months) it averaged 0.20367. Frcm a radiological
standpoint, future grades are expected to be no worse; and, the radium of con-

cern is that quantity which is nearer to the surface of the tailing piles.

Therefore, 0.2149% U308 will be used as the ore grade for determining the

radium concentration in the tailing solids: |

. [Ra] = K4S

| = 604.3 pCi/g |
% where ;
% G = ore grade (weight % U?08) E
% K, * 2812 pCi Ra-226 per gram tailings solids/(weight-% U308). ‘

The in-place dry density of the tailings solids was measured at
1.652 g/cm3 and, as indicated in Section 3.0 of Appendix P (GEIS;, the emanat- ;
ing power of the tailings can be assumed at 0.2. The diffusion coefficient, E
Do/Po’ can be ‘ound from equation (1) in Appendix P if the moisture content, i
M, is known. Mo was measured at 20.7%. Thus: |

0
‘ DO/pO

"

0 BB B s oo v o vvsmmnrnomnnsssins massenrras (3)

i}

0.000477 cmz/sec g
Now, the radon flux from the bare tailinc: -an be found by substi- |
tuting the above values in equation (2):

J_ = [604.3](1.652)(0.2)((2.1x107%)(0.000477))

0

/2., '

63.22 pCi/m -sec

I

|

|

. < = - PP
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With J] now fixed by regulation at 20 pCi/mz-sec, setting P°=P],
and using 7.0% for the ultimate moisture content of the soil cover (M]), the
cover thickness required to reclaim RAMC's tailing piles can be found by sub-

stituting values in equation (1):

2.28exp(-0.]3(7.0)){ln(2(63622))- ln[(l + exp(0.13(7.0-20.7))y

+ (1 - EXP(O-]3(7'O-20'7)))(%%7)2];

1.486 meters = 4,876 feet.

*

In the same manner, cover thickness can be determined for other ore

grades and tailing/cover moistures. Table 5.5-11 shows the effect of each.
However, as with the tables in Appendix P, cover porosity is assumed equal
to that of tailings (P0=P]) and no allowance is made for the effect of soil

cover type or its compaction on the diffusion coefficient. An attempt shall

be made, therefore, to allow for those parameters in the fcllowing calculations
to see if they have any effect on the amount of cover required for RAMC's

tailings piles. NUREG/CR-3533 shall be used for that purpose (Ref. 4).

|
|
| Table 5 (Ref. 4) gives a procedural checklist for calculating ade- !
|
quate cover thickness. The first step is to determine the source parameters, |
l
|
!

- R E’Ft’ 9¢s Pys» @, and by where the subscript t refers to the tailings:
|

R = 604.3 pCi/g
| E = 0.2
l
% Pt = 1,652 g/cm3. the in-place dry bulk density

g, * 2.800 g/cm’, the tailing-particle density
: pt s | - & i

9% {
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| TABLE 5.5-11 1
REQUIRED DEPTHS FOR RADON ATTENUATION (FEET)
|
Mo Cover Moisture (%)/Diffusicn Coefficient (cmzlsec) I
Tailings Diffusion )
Moisture COefficient M)% 3.0 5.0 7.0 9.0 11.0 13.0 15.0
(%) (em?/sec) O/P 0484 0267 0171 0101 .0060_.0036 _.0021 |
0.05% U308 Ore Grade
5.0 .0287 9.38 6.77 4.82 3.36 2.29 1.52 0.96
9.0 .0101 7.58 5.54 3.99 2.82 1.95 1.30 0.83
13.0 .0036 5.13 3.79 2.77 1.99 1.40 0.96 0.63
17.0 .0013 1.54 1.16 0.86 0.63 0.46 0.32 0.22
21.0 .0004 0 0 0 0 0 0 0
25.0 .0002 0 0 0 0 0 0 0
0.10% U308 Ore Grade
5.0 .0287 12.90 9.48 6.89 4.96 3.52 2.46 1.69
9.0 3101 11.22 8.31 6.10 4.43 3.17 2.24 1.54]
13.0 .0036 9.14 5.83 5.06 3.71 2.69 1.¢., 1.34
17.0 .0013 6.53 4.92 3.68 2.73 2.00 1.45 1.03
21.0 .0004 3.05 2.32 1.7 1.32 0.98 0.72 0.52|
25.0 .0002 0 0 0 0 0 0 0
| 0.15% U504 Ore Grade
5.0 0287 14.96 17.06 8.11 5.90 4.24 3.02 2.1
| 9.0 .0101 13.29  9.90 7.32 5.37 3.8 2.79 1.97
. 13.0 .0036 11.29 8.47 6.32 4.67 3.42 2.47 1.76
L 17.0 .0013 8.91 6.74 5.06 3.77 2.79 2.04 1.47
21.0 .0004 6.00 4.56 3.45 2.60 1.94 1.44 1.05
25.0 .0002 2.15 1.64 1.25 0.95 0.72 0.54 0.40
0.20% U308 Ore Grade
5.0 .0287 16.42 12.18 8.98 6.56 4.76 3.41 2.42
9.0 .0101 14.76 11.03 8.19 6.08 4.41 3.19 2.28 |
13.0 .0036 12.78  9.62 7.20 5.35 3.94 2.87 2.07
17.0 .0013 10.49 7.94 5.98 4.48 3.33 2.45 1.78
21.0 .0004 7.82 5.95 4,51 3.40 2.55 1.8 1.39
25.0 .0002. 4.47 3.42 2.61 1.98 1.5 1.12 0.84
0.25% U308 Ore Grade
5.0 .0287 17.56 13.06 9.65 7.08 5.15 3.72 2.66
© 9.0 .0101 15.89 11.91 8.87 6.55 4.81 3.49 2.5]
13.0 .0036 13.93 10.50 7.87 5.87 4.34 3.18 2.31
17.0 .0013 11.68 8.85 6.68 5.02 3.74 2.76 2.02
21.0 ,0004 9.12 6.94 5,27 3.98 2.99 2.23 1.65
| 25.0 .0002 6.06 4.63 3.53 2.66 2.03 1.53 1.14
0.30% U;0g Ore Grade '
5.0 ,0287 18.47 13.77 10.20 7.50 5.48 3.97 2.85
9.0 .0101 16.82 12.62 9.41 698 5.13 3.74 2.1
13.0 .0036 14.86 11.22 8.43 6.29 4.67 3.43 2.50
' 17.0 .0013 12.63 9.59 7.25 65.45 4.07 3.02 2.22
' 21.0 .0004 10.14 7.73 5.87 4.44 3.36 250 1.85
% 25.0 .0002 7.25 5.55 4.23 3.22 2.44 184 1.37
- 1
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- o ]
|
|
|

[ =
1

. ]04.RPtE(A Dt)]/ztanh(A )'/th .................. (4)

D¢

€5.29 tanh0.049159x, pCi/m?-sec

where
Xy = tailings thickness in cm.
If equation (4) is evaluated for different tailings thicknesses, the effect

of tailings depth on flux emanation can be seen--as shown in Table 5.5-12:

TABLE 5.5-12
TAILINGS THICKNESS vs BARE TAILINGS FLUX

| .
‘ Thickness, %E Flux, Jt Thickness, Xy Flux, Jt |
1 - ft.  pCi/ml-sec  cm ft.  oCi/me-sec
| 3.05 0.1 12.69 60.96 2 84.87
| 6.10 0.2 24.82 91.44 3 85.27
| 9.14 0.3 35.95 121.92 4 85.29
| 12.19 0.4 45.77 152.40 5 85.29
15.24 0.5 54.13 304.80 10 85.29
30.48 1.0

The proposed earthen cover shall consist of a six-inch thick layer

|
|
l
77.18 2133.60 70 85.29
|
i
I
|
of fine- to medium-grained sand overlain by on-site soil. The purpose of the |

sand layer will be to act as a capillary break between the tailings and soil i

. cover. This capillary break will prevent the flow of moisture and contami-

! nants from the tailings to the soil cover, thus precluding long-term contamina-|
. tion of the cover. Sand to be used for the capillary break will be obtained |

. from the Keystone-Wallace copper tailings pile located approximately two
miles southeast of the Lisbon plant site. Figure 5.5-1 shows the gradation

! ange for this sand, which may be compared against that of RAMC's slimes
i tailings. The figure also shows the average gradation for typical on-site

earth fill which is proposed as the mair cover material. The on-site so0il

Pt | ; |
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is a reddish-brown silty clay and clayey siit which is derived from the

residual slope wash and alluvium soils in the site vicinity.

No practicable method is known to effectively dewater and/or con-

solidate the present tailing piles. In addition to the difficulties of
operating heavy equipment on the tailing piles, this fact forces RAMC to use
¢il unorthodox method of emplacing the cover material. RAMC proposes to
reciaim the piles by slurrying the cover material with clean water and
piacing it over the tailings in the same way that the tailing is deposited.
The sand will be hauled by self-loading scrapers or road-trucks

to a convenient nearby location. A slurrying system comprising of a feeder,

agitator and tank, and slurry pump and associated piping will be used to
place the sand blanket. The sand blanket cover slope will be controlled by
controlling the slurry density and discharge poirts in the same manner that

is used during operation for forming tailing beaches. Slopes can be adjusted

this way to account for such factors as particle size separation and asso-
ciated radon attenuation factor changes.
Following completion of the sand blanket capillary break, the pro-

posed slurrying system will be moved to the on-site borrow area shown in

Figure 5.5-2. However, in order to ensure that no disturbance of cultural
resources occurs, an archaeological and historical artifact survey of the
borrow area shall be performed prior to disturbance of the area. These surveys;
will be submitted to the USNRC and no such disturbance shall occur until the |
licensee has received authorization from the USNRC to proceed. In addition,

all work in the immediate vicinity of any buried cultural deposits unearthed ,
1

during the disturbance of land shall cease until approval to proceed has been

o y I

. i . )
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granted by the USNRC. After clearing the borrow area of plant growth and top
s0il, self-loading scrapers and a front-end loader will be used to haul the
fill to the slurrying system. The soil slurry will then be pumped, up to a
maximum distance of 4,000 feet, to where it is needed. The same methods of
control used for placing tailings and as described above shall be employed.
Although there are convenient on-site deposits of such impervious materials
as Mancos Shale and the slurrying method permits the easy emplacement of
thin layers of such materials, no allowance will be made for them in this
reclamation plan. (Clay layers could effectively increase soil cover long-
term equilibrium moisture, thus greatly reducing the overall cover diffusion
coefficient and cover thickness needed.)

In-situ densities of typical on-site soils were taken when it was
necessary to determine the collapse potential of the natural earth at the toe
of the lower tailings embankment (Ref. 5, Table 2). Those measurements indi-
cated that undisturbed dry densities of naturally compacted earth could
average as high as 98.38 Ib/ft3 (1.577 g/cm3), or 81% of maximum dry density.
It may, therefore, be reasonable to assume that 70% of maximum dry density
could be achieved shortly after (say, two years) emplacement by the slurrying
method; especially when the material is deposited at higher moistures than
optimum. Therefore, for this particular reclamation plan, 70% and 80% of
maximum dry density shall be used in calculations for "initial" (afte: about
two years) and "ultimate" (after about 1,000 years) values, respectively, for
both the capillary break sand and the cover soil. However, before proceeding
with the implementation of the actual reclamation plan, RAMC plans to conduct

additional in-place density and moisture tests of the actual borrow material

to be used.

1
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|
|

The second step (in Table 5, Ref. 4) is to determine the cover mater-

|
ial parameters. The same terminology shall be used as in the first step with
the subscript s representing the sand layer and the subscript ¢ the main soil |
cover. The required soil thickness shall be calculated for two conditions: |
the “initial", and the "ultimate".
Since the long-term equilibrium moisture content is so important to

the long-term (ultimate) thickness of cover required, additional in-situ

testing of borrow soil must be conducted rather than relying upon one “crude"

test for moisture (7.0%). Therefore, instead of using that moisture content,

equilibrium moisture shall be estimated from the empirical relationship

(equation (16), Ref. 4):

M=3.1P72 _ 0.03 + 3.9F 0 = 10 (5) |

= 3.1(12.4)2.0.03(40.3)+3.9(0.65)-1.0

= 11.24%
where 3
M = the dry weight percent soil moisture
P = annual precipitation (in.) - See Table 2.2-1
. E = annual lake evaporation (in.)- See Table 4.2-3 |
fcm= soil fraction passing a No. 200 mesh. - See Table 5.5-1 |

From the foregoing, al cover material parameters are summarized as
shown in Table 5.5-13.

For Xy > 120cm (~4 ft.) tanh btxt"'] and simplifies equation (4)

of Reference 4 to:

: Js . 2Jtexp(-bsxs) -

r K |
[1+(?t/as)]/2] + ;J-(at/as)]/z] exp(-2bs§s)

1

f"‘ " :
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Particle density
. (estimated), g

Maximum dry density
(measured) , P max

Packing density
(estimated), p

In-situ dry porosity,
pe(1-p/9)

Dry wt.-% moisture, M

|

Fraction of saturation,
(1)
| g

!

!

Diffusion coefficient,

D=0.07exp(-4(m-mp2+m°)) 0.018125 0.021437 0.012435

a=p20(1 - 0.74m)°

TABLE 5.5-13
COVER MATERIAL PARAMETERS
Sand Layer Soil Cover
Initial Ultimate Initial Ultimate Units
2.550  2.550  2.550  2.550  g/em°
1.948  1.948  1.948  1.948  g/cm’
1.364  1.558  1.364  1.558  g/cm®
i
0.236 0.389 0.236 0.389 Dimensionless
12.00 8.57  15.00 .24 %
(est.) (est.)
0.352  0.343  0.440  0.451  Dimensionless

0.000552 0.001806 0.000315

0.014082 cmzlsec

0.000946 cm?/sec

b=( A /0) /2 0.010764 0.009898 0.012995 0.012212 cm™!
; : 81.54pCi/m2-sec for the initial condition, |
;and = 82.98pCi/m2-sec for the ultimate condition, giving the radon

fluxes expected from the sand blanket surface.

|

|

|
In order to calculate the thicknesses of cover required, it is first

necessary to calculate an equivalent source diffusion coefficient, Dtl’ from

Fquation (7):

!
} p— " -
30 September. 1985 ‘

G ensosmniitg i E

LICENSE UPDATE

PAGENO.  §.10)



Rio lgom Mining Corp. - Lisbon Mine

- SOURCE MATERIAL LICENSE NO. SUA-1119, NRC DOCKET NO. 40-8084

r
|

l D4y = Dtexp(-bsxs) + Ds(l - exp(-bsxs)) ........................... (7)
’ = (0.000869)(0.8487) + (0.018125)(1 - 0.8487)

|

| !
| = 0.003480 cm’/sec for the initial condition |
. and Dy = (0.000869)(0.8600) + (0.021437)(1 - 0.8600)

0.003749 cm2/sec for the ultimate concition.

Dtl is now used to analyze the second layer (main soil cover). Since the

cover consists of only two layers, J_ .ay be used as Jt and Dtl as Dt to

3
calculate the required thickness of this second layer (Ref. 4, page 2-14).

The new source term thickness is x_ + Xt and Dtl is us2d to compute new

)

values for a, and bt’ say ay and byy

i t
ey 2
‘ agy = Py Dyy(1 - 0.74m,)
} = 85.74)&10'6 cm2/sec for the initial condition
and a * 92.37)(10'6 cmzlsec for the ultimate condition
. 1/2 |
| = 0.024565 cm”' for the initial condition
| i
. and btl = 0.023667 cm L for the ultimate condition.

I
The required cover thickness for the two conditions can now be computed by
{

using the similarly simplified (xt7 120, tanh atquvl) equation (8) of Ref-

| erence 4: |
. ln[_ - j72,”_2_"_5/% o _?] ..... (8)
¢ 1+ (ayy/a) €]+ [0 - (agyra) €] r9g) |

| = 127.7 c¢cm = 4,19 ft. for the initial condition
and  x¢ = ]49.2¥cm = 4,90 ft. for the ultimate condition. R—
| EE.ESEEfTE?r,]98§V -iwﬁ, uceuseupofre ff?ff?n___éj}?f_‘ _j
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The differences in cover material required by each condition may be

better related by the weight of material required per unit area of tailings

surface: l
that is.  4.19 ft. x 121 1b/ft3x0.70 = 355 1b/ft2 = 1.73 MT/m°
and 4.90 ft. x 121 I1b/ftx0.80 = 474 1b/ft° = 2.31 MT/m®

However, if just one parameter is changed, the resuiting thicknesses
required are drastically affected. For example, assume that the estimated
specific gravity of the tailings, Iy s is changed from 2.800 to 2.600 and only
the parameters that depend upon 9y are altered. The tailings moisture satura-

tior , m,, would be increased to 0.938 (may be closer to actual), the tailings

diffusion coefficient, Dt’ would drop to 0.000148 cmzlsec and the source

flux would drop from 85.29 to 35.20 pCi/mz-sec. The resulting thicknesses
of soil cover required to meet the 20 pCi/mZ-sec standard would then be 2.00
ft. and 2.40 ft. for the initial and ultimate conditions, respectively. Thus
illustrating that a more thorough study of tailings and cover material para-
meters is needed to make effective use of NUREG/CR-3533 (Ref. 4)--otherwise
the exercise is only academic. Therefore, until more reliable information

is available, 5 ft. shall be used for the soil cover required in this reclama-

|

l

|

!

!

tion plan. |
The attenuation of external radiation (mainly gamma-rays) can be ;

|
l

determined various sources. EPA (1976) and Bear Creek ES (NRC, 1977)
quote that one-foot of 1.6 g/cm3 density soil cover will reduce external
3

radiation by 90%. Using the estimated electron density of the 1.6 g/cm

(100 1b/ft3) soil cover, it can be calculated that one-foot thickness of this
soil will reduce external radiation by about 95%. And by assuming the most

4
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conservative case, which is a reduction factor of 30% per one-foot of
1.6 g/cm3 soil cover, it can be shown that a 2.3-foot cover over the tailings

will reduce the external radiation dose to about the background rate.

Erosion Analysis

An erosion analysis shall now be undertaken to show that the pro-

|
) posed cover materials will provide long-term isolation of tailings. The

basic factors which directly affect sheet erosiun are rainfall, soil prop-
erties, slope length, slcpe steepness, and type and condition of cover. !
The Universal Soil Loss Equati~n (USLE) is the standard equation which is ;
| used to predict the potential for and quantity of erosion from a given area. |
The complete USLE equation is: i
| % RRIE - o o s v snna s v inr st bosEaEIPEsRRIRS (9) |
where

A = the computed annual soil loss (sheet and rill) in tons per
acre. A is not the sediment yield.

R = the rainfall factor: the number of erosion index units in a
normal year's rain,

K = the soil erodibility factor: the erosion rate per erosion
index unit for a specific soil in a cultivated continuous
fallow on a 9% slope 72.6 feet long. The resistance of a
soil surface to erosion is a function of the soil's physical
and chemical properties.

L = the slope length factor: the ratio of the soil loss from
the field slope length to that from a 72.6-foot length on
the same soil type and gradient.

S = the slope gradient factor: the ratio of the soil loss from
the field gradient to that from a 9% slope on the soil type

and slope length. '

|

C = the management factor: the ratio of soil loss with speci-

; fied crop or vegetative cover to that of fallow condition
L‘ from which the K factor is evaluated.

i

- _ . : _
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The R factor for the La Sal area is less than 20 (Wischmeier, 1976).
However, to be conservative,a value of 20 will be utilized.

The scil erodibility factor for a sandy, silt loam can range from

e ————

a low of 0.20 to an extreme of 0.49. The erodibility factor is totally de-
pendent cn the physical ind chemical properties of the soil. An average value
of .43 will be used to represent the K factor.

The combined slope length and steepness factor is 0.402. This

factor is available from nomographs developed by the USDA, Soil Conservation
Service (Figure 5.5-3). This factor is based on 1,000-foot slope lengths

and 2% slope steepness.

The C factor was determined for permanent range and idle land with
tall grass, weeds and short brush having an average drop height of 20 inches
and 75% permanent cover. The grass cover which contacts the ground surface
. would be approximately 40%. For these conditions, the C factor is 0.06.

Using the above outlined factors and the USLE, the average annual
soil loss due to sheet and rill erosion is projected to be 0.207 tons per
acre per year. Even though this amount may erode, the sediment yield from the
site would be significantly less (i.e., some of the eroded sediment will Le
redeposited on site). However, to be conservative, it is assumed that the
actual sediment yield is equal to projected soil loss. Over a 1,000-year
period, this would amount to approximately 207 tons being lost from a one-acre
area,.

Assuming an in-place density of 96 pounds per cubic foot, the
average soil loss is 4,310 cubic feec .er acre over a 1,000-year period. This

1
is equal to an erosion rate of approximately 0.1 fuot or soil from each acre

| over the 1,000-year design life of the cover. Thus, it is not anticipated

b , . , ghon
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Slope Length (Feet)
*The dashed lines represent estimates for slope dimensions beyond the range of
lengths and steepnesscs for which data are available. The curves were derived
by the formula:
m 2
LS = ( 72A6 ) 430x ; 5?:1* 0-‘3) where A=field slope length in feet and
; ' 5 m=0.5if s= 5% or greater, 0.4 if s=4%,
and 0.3 if s=3% or less; and x=sing.
@is the angle of slope in d2grees.
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that sheet and rill erosion will negatively affect the long-term stabilization
of the reclamation project.

Gully erosion of the reclaimed cover will be prevented by placing
all permanent drainages in riprap lined channels. Because of the gentle
broad slopes associated with the tailings piles, the precipitation which does
fall on the piles themselves will either infiltrate into the soil or flow as
sheet flow across the reclaimed surface.

Wind erosion is not considered to be a significint problem associated
with the long-term stabilization of the site. The site sets on a low, pro-
tected drainage and is not readily accessible by the prevailing winds. This
condition, plus the use of a vegetative cover for final reclamation of the
piles, suggests that wind erosion should not pose a significant problem to

long-term stability of the site.

Flood Protection

The flood protection plan will be similar to that outlined in l
Section 4.2.1 and as illustrated in Figure 4.2-9 after abandorment. How- |
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