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Figure 4 - Atlas Mill Tailings Impoundment Commingled Uranium Tailings Study Technical Report, Vol. II, 1982 A-107
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Tailings Material Prrop

The tailings material types are now as follows:
• Sand tailings

3% finesý '(-74 microns)

S s in Unified Soil Classification System [USCS])

Seai pronately 2.70

Tintina (slimey sands and sandy slimes)

Ian SwastiGstM
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Tailings Material Properti

-Slimes tailings

Aween 70% and 100% fines

pl..stci......ty (ML) or low plasticity clays
• • ai.t••'( ih, _C••-- ,.. [.•" . . . ...

of the slimes tailings have sufficient
la$ssify as8-high plasticity silt (MH)

"r " 'I ';,.,

,[ .,40
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________________________________________________________________ I
Residual Radioactive Materi

Volume In-Place

Tailings Pile In Bank Cubic Yards

Sandy Tailings and Alluvial 2,798,400

Transitional Material 3,916,800

Slimes 3,176,300

Other RRM
Interim Cover Material 452,800

Off-Pile Material 700,000

Vicinity Property Material 120,000

Subpile Material 774,400

Total 12.0M

10.



C=7 C7 r r7 Ct- 9-- C::r r-_ I= t= r= t73 1177 C-7z

In-Place Volume of Tailing
and Other RRM

- r F p - -

Material
In-Place
Volume

(yd3)

In-Place Wet
Density

(pcf)

In-Place
Moisture
Content

In-Place Total
Weight (tons)

In-Place
Water Weight

(tons)

Solids Weight
(tons)

Tailings

Sand
Tailings 2,798,384 109 10% 4,117,821 374,347 3,743,474
Transitional
Tailings 3,916,789 115 25% 6,080,814 1,216,163 4,864,651
Slimes
Tailings 3,176,326 114 50% 4,888,366 1,629,455 3,258,910

Subtotal 9,891,498 15,087,001 3,219,965 11,867,036

Other RRM

Interim
Cover 452,800 109 9% 666,295 55,015 611,280
Off-Pile
Material 700,000 105 9% 992,250 81,929 910,321
Vicinity
Property 120,000 105 9% 170,100 14,045 156,055
Sub-Pile
Material 774,000 115 20% 1,201,635 200,273 1,001,363

Subtotal 2,046,800 3,030,280 351,262 2,679,019

11 18.117.281 3,571,227 14,546,054
I _______________ a - a * J

11
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Final Volume of RRMM in"

Material
Final Final Water

Moisture Weight
Content (tons)

Final Total
Weight
(tons)

Final Wet
Density

([)cf)

Final Cell
Volume (yd3)

Volume
Change (yd3)

Tailings
Sand
Tailings 14.3% 535,317 4,278,791 109 2,903,606 105,222
Transitional
Tailings 17.5% 851,314 5,715,965 115 3,676,985 -239,803
Slimes
Tailings 25.0% 814,728 4,073,638 111 2,712,368 -463,958

Subtotal 2,201,358 14,068,394 9,292,959 -598,539

Other RRM

Interim Cover 12.9% 78,855 690,135 115 443,053 -9,747
Off-Pile
Material 11.0% 100,135 1,010,456 113 659,796 -40,204
Vicinity
Property 11.0% 17,166 173,221 113 113,108 -6,892
Sub-Pile
Material 12.0% 120,164 1,121,526 114 725,783 -48,217I

316,320 2,995,339 1,941,740 -105,060
- - 4.. .. 4

M7 1,06,73311,34,69 -03,59 1

129 R17 A7A 17,063,733 11,234,699 -703,599
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Final Volume of RRM in E

* Total mass .of10,165,000 tons (dry weight)
Lepjrted processed through the mill; calculated

is 11! 867,036 tons
a iafiP I r, een weight of material reported

s ymill ,nd weightý of material-
miouetrnc estimates most likely

,10" a- used in t.he,., berms
lib

PA- .4.Su.~-
13
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Disposal Cell Layout

* Cover parallel to ground surface to

assists ground water
itegy.
into weathered Mancos Shale;
edJ by' balance of materials

tWest

I't-A

14
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EXISTING GRADE = 2%
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Disposal Cell Cover

* Cover is most important design element for
compliance with 40 CFR 192 standards

demonstrating

on-site materials or nearby borrow sources

ya'ir••aVayer to help control infiltration

lancos Shale or silt/sands for infiltration/

$studie edto determine need for biobarrier

,iI 0 .. n•g- u n-t," (..ney)disposal cellVqn-prinon,*,j

-Ib,
*1

17
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I

Grand Junction (Cheney).Q

D.6 •BEDDING LAYER
FROST

PROTECTION
DEPTH

FROST PROTECTION

- -- -

21 --- _'--RADON BARRIER: CLAYISILT -- -

--- - -- -

GRAND JUNCTION COVER

18
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UMTRA Checklist and Mc

I
A4 COARSE SAND OR .- :

! *4 ROCK MULCH 4,
n,, , -o .-.#

.q. ' - o . 5 . AA

4 44 ROCKMULCH ' .%4 .

-4- CA * 1. 4A

FROST
PROTECTION

DEPTH

FROST PROTECTION
(EOLIANISHEET WASH SILTS AND SANDS)

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

.-. DRAIN: CLEAN SAND INFILTRATION BARRIER *
.- -. - - -' " " -" " - I-. -

- - -:RADON BARRIER: CLAY/SILT: - - - - -

• = •• ... . .. 4.

• 4 4
• 4

S .* * FROST

•ALLUVIAL FILL AN ANS PROTECTION
• (EOLIAN/SHEET WASH SILTS ANDSNS) ,• AD

- a C

MOT R LRADON
BAR4 RI

S A S - A

* a• C 4

4 ::. " AILR BARRIERARRIER
*. ".' ' :. (CARS AD E RVL ", . .

IFT.

MonofiU ~C-over
19
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RRM Placement- iD......

. Soil materials placed at a minimum of 90% of
mum density and +3% of optimum moisture
-ant,(Standard Proctor)

rial sized to maximum of 10 feet-

firi
I-

q,.

i-h.
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RRM Placement in Dist

* Cut.or crushed as necessary to reduce voids

* Placed in layers and voids filled with soil

.o) Layrs of debris/oversized material must have
5 e tof vertical separation

uto•la'o psl-aced iintact; interior grouted and

*

21



=z =z =z C= I= K rý K= Fr= F= r= r K r= r= K= = z = =

Settlement and Crackli

* Differential settlement is the primary cause of
cover cracking

rential settlement is caused by uneven .... ,,
t geneous materials, and/or varying
mure eontents

j: settle•ment acceptable, with
•@Ij •inegsetfl[ng time

.'. . .. .' . ' . . " • . .. •' - _I .

22
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Settlement and Crac i

* Material Placement Plan written to address the
causes of differential settlement

placed in even layers . .

a ntent and compaction specified
fred in, accordance. with the

on, Plan --

jreyaZt .,ia_ placed in.lifts

,23-
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Liquefaction

* Compacted tailings are unlikely to be. susceptible
to. iqluefaction for several reasons, including

turation predominantly, less -than A100%

e ryhig ....t ..vr.hg

matmterial has adequate cyclic strength
eriem•'Oinand settlement

ssesthat
gt .J -,- than

24
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Slope Stability

* Cell slope stability evaluated at highest cross section along
perimeter of cell

ity evaluated under critical static and seismic conditions
iticrconditkons at end of construction and long term

s nons,, pseudo-static, strength loss

s afealated using SLOPE/W and.infinite.
mths fre failure surfacesO

t oa a,,e a alues compared with
is e•,fa o•- --f,.•~f~{ . • .

conditrons~ for ~afjJ -

eRw~w'

25
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I• " |

Slope Stability

IMinimum Factor of 'Results of
Loading Condition, Safety From TAD Stability Analysis

End of Construction

Static 1.3 1.9

Pseudo-Static 1.0 1.2

Infinite Slope (static) 1.9

Infinite Slope (pseudo-static) 1.2
Long Term

Static 1.5 2.5

Pseudo-Static (kh = 0.15 g) 1.0 1.2

Infinite Slope (static) 2.8i

Infinite Slope (pseudo-static) 1.2
I I

27
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Radon Attenuation

* Emanation rate of Rn-222 estimated with the.
RADON model

:e yative parameters used in modeling,.
- ngterAwater content in tailings and cover soils

a one SEM above mean to bottom of cover
a u2'26 in cover materials
TAhe t and monofill coversystems.

eiY er.M' -tma )iv, v r likes
aue ,A•ql CO-b 'TI " m' v "" "r-V a ' g , e "' p •-2 , 2" ... .. " x... .:1 . 8 S1

28
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UMTRA Checklist Cover r

S.

Ra-226
ACTIV1TY

(pcrg)

WATER DEGREE OF RADON-222
CONTENT SATURATION FLUX

N% N% (Pchvi tln)
I

.r €.4. . --:•, _..ROK .. C~.. ." "" " ""0.5 " " .': "R,.,°, m ~.• 1: ' . ," . •". ;

.- :o ' .. ,.• ' .A,. " .* .... :-.'.'4 , *, .. 4M. - y..6  ..

FROST ' A... .

PROTECTION ....... *A..

LAYER . 4... "t . ... ,

3,5' . "0 EOLA/S$EE T SANDSANDS, . •

. -DR..".. . ,L : .: .... .

oS" DRAINAGE"..' LA;: ••UX~XYER-': :.",)'... .

NOT ANALYZED

NOT ANALYZED

NOT ANALYZED 20

- -. -- -_- -..- _ - •- ;-_-. - _- - _ _ - _ - -_- _- -_•
-_ • - - - -- - " - -_ -_ _- _- .- -_ -_ • - _ - _- _- _- _- _"
- --_ • -_ -_' - _- - _- _ - _-_- - _- _- _- - _- _- _- _- _

- - -• -.r -_ _ - _-• - _• _ _ -- -- _- _- - -- -- -_ -- -

- -(COMPACTEDY MANCOS)::: ...

-_-_ _- _ --_- -:-_: '- _--_-_-_-_- - -_- -_

-_•-- _ •-- -_•--- - -_-_-_-_-_-_-_-_
-_-_-_- ;-_- - ;-_-_ -_-_-- -_-_-_-_-_-_-_-_

2.3-3.0 10-12 51-65

314-415
1.0' /'INTERM COVER" /1.017 (RANDOM FILL)! ////TAILINGS

Flow

1.9-2.0

868-954

7-8

15

30-35

54
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Monofill Cover

Ra-228 WATER DEGREE OF RADON-222
ACTIVITY CONTENT SATURATION FLUX

(pCVg) M. M) (pc•I•m-..)

05' ' - OCKMUICH, .:". "4 NOTANALYZEDF .. ...... , .. ... t.,~.... . . .2
.~ 20. *... -.. ... :, .:..i..•. .•. .,....:.,.

2 ,.• .id%. .. • .5. .~'. • .... "

• ,./..:•.,-::• ... ,.:.:.*..^', ...... .,
. ... *.f..,..* '........:... :..:...': , o-.

. ",;"~~~~~~.. .. " ... " .,:.".",:'; "•.. ,.( "
•., . ,' .:': .. ".i- .o -..'• .:' ;.'. '."

-".•: 7,:,.d..:..'-"-..'.:.' .. £. .. •,'s ... •

FROST I--, *." I<:, . '"
PROTECTION I "% ."" '""" " ••""• ""

LAYER " '"•.. : : '
AND

RADON , "
BARRIER .... " ... •. .

(EOUANISHEET WASH SILTS AND SANDS)."
.1 . , • .. 1.9-2.0 7-8 30-35

TOS :...•,CAPILAR B..RRE" (CORS , S.ANG. -'.: PE ., GRVL
TO

136 .. • , .* .. ';,. •:' .;• :" .: .,. • :•."~ .
• •'. .; •:,•.. . .. '.." .. :, ."...,....... . . .. ..

,..4......:

... ....... .... *..,,•.. . •.. ..... r .

.. ,.......•..-, .

....... 4..:.. .....

0' :CAPJ.LARY BARRIER (COARSE SAND PEA GRAVEL) ":0 0 0

IV0423-497
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A

Infiltration Modeling

* Infiltration and water migration throughý
with VADOSEI/W.

cell modeled

0

II

mensional column through cell and weathered •SSMhaleiodeled for UMTRA and monofill.

i a afrom Bryson, Utah, used in model,
ead e (precipitation, humidity, and temperature)

'age) .anln ua, a.Precip iti•
-4l*I ill

A- L r ~-a

cover, syte -toI ý

eOvents

31
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Monofill Cover Seepage Rate Versus Time
16-Year Time period (seepage rate shown on 30-day intervals)

3.0E-06

2.5E-06

2.0E-06

1.5E-06

1 0E-06

5.0E-07

On.oO

-5.0E-07
0 a 10 12 14 16

Tim. (Y.ar)

UMTRA Cover Seepage Rate Versus Time
16-Year Time period (seepage rate shown on 30-day intervals)

3.06-06 1 -__ I" I

ý- Seepage Rate at Ground Surface

--- Seepage Rate at Bottom of Cover

-- &- Seepage Rate at Bottom of Tailings T2.OE-06

___ ___ _ff _ ] ___ I ___ L ___ I ___ I ___I1.5E-06

1.0E-06 I I IT

I I ill A I t Il ~L f5.OE-07

m

Lin ljý It 111AT 1 U V1rJj
O.OE,00- A! li lt 11 11 111T| | 111 It( A .] • ( l• M |

WIN~s ON ~-~~ ~--c 4 d~F ~IM-
-v --- ~-

- 4F- -&

1 -7
4 1p

-5.0E-07
0 2 4 6 8

Tim. (Year)

10 12 14 16
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Monofill Cover Seepage Rate Versus Time
32-Year Time period (seepage rate shown on 30-day and 1-year intervals)

2.E-OS

1.5E-06

1.0E-06

5.OE-07

O.OE+OO

-50OE-07
0 5 10 15 20 25 30 35

Model Y.-a

UMTRA Cover Seepage Rate Versus Time
32-Year Time period (seepage rate shown on 30-day and 1-year intervals)

2.OE-06

1 .SE-06

-i- Seepage Rate at Bottom of Cover

-a-- Seepage Rate at Bottom of Tailings

1.OE-06

I
f31•-t•7

0 OE--0O

W

-5.oE-07
0 5 10 15 20 25 30 35

Model Year



UMTRA Cover
Volumetric Water Content Versus Vertical Distance

1 0initial --

-1 month

82 month

3 month
Protec Dn

ME4month Lyr Rock

- 0e - 5 m onth Drai

6 month
- mnt Cover

-8 month

10 month

11 month

~12 month

Q 6

X _ _ _ _4 4

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50

Volumetric Water Content
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Long-Term Seepage R

Long-Term Seepage Rate
(end of 32nd year) (cm/s)

Description
Bottom ofBottom of Cover Tailings

Monofill Cover System 1.2 E-7 1.5 E-7

UMTRA Cover System 9.7 E-8 1.5 E-7
I I

.1[

t,÷
V

35I.
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Erosion Protection Di•

. Based on flows generated by PMP

ium D5o rock sizes calculated for.

p slope at2%

eat 5H:IV

To.

4

,~pi.

36'
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Typical Section Showing So
Required Erosion Protection6,

6" MINIMUM THICKNESS
OF Dso = 2.2 IN. ROCK MULCH

16" MINIMUM THICKNESS
OF D50 = 8.2 IN. RIPRAP

VARIES 41" MINIMUM THICKNESS
OF D5 = 13.7 IN. ROCK

6' MINIMUM THICKNESS
OF FILTER LAYER

EMBEDDED MINIMUM
OF 1 FT. BELOW

NATIVE GROUND

.37
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Required D5 0 for Side Slope with No Cont•
Top Slope Assuming Side Slope of 20% (•

300

250

200
0.0
u)
C,

%- 150
0
:E

S100

50

04-
1.0 1.5 2.0 2.5 3.0 3.5

Required D50 (in)

38
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Required D 0 forSide Slope with Contributed-
Assuming Variable Top Slope and Top Leng,

and Side Slope Length of 150 ft (Abt-Johmnse

2400- 2400 Top Slope of

0.5% Top Slope of 1% Top Slope of 2%

2200"

2000

1800
a.
0
Cr)

0L 1600
I--

1400
a,-

1200

1000

800

39
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Required D50 for Top of Disj
(Safety Factor Method)

2400

2200

2000

1800
CLa.

CL16000

0,

1400

1200

1000

800

600

0.0 0.5 1.0 1.5 2.0 2.5 3.0

Required D50 (in)

40
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~71

Erosion Protection Resul

. Minimum D50 requirements

p slope: 2.2 inches

rib, ea:S~t and west side SlOpes: 1.6 to 2.4
. .. . " a• '-.o. -

inches

1iope: 8.2 inches

ýt aprons: 3.9 to 4.5 inches

13c7 inches

-1

41
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0

Diversion Channel Desj•
North: Side Disposal Cel

* Purpose: Divert flows from 0.6 square mile upland area
* System

Ot v-channel to divert flows from events less
n20...OOyea, 2L,4-hour flows

,1-dh4 't el daverts and provides scour protection from PMF

A* ~:-

R Uqtl ,j, p A Le... in,

42
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Diversion Channel Cross Se
North Side

30' PILOT "V" CHANNEL
(TO CARRY OPERATIONAL FLOWS)

EXISTING GRADE

REPOSITORY SIDE SLOPE
EROSION PROTECTION II 4

DIVERSION CHANNEL EROSIONAL
CONTROL RIPRAP

43
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Riprap Sources
.1K

. Rock cover for the cell would be in two forms:

arry operated by Cotter Corporation,,
Hm Honaker Trail Formation, approximately

on Stt ad otourzite
~~~in~~ Fiwnatjoa,~pnoirn

~ site
44



I -- : = =, I -- : ni~~~~ =z =zr z zr z rz= r= r-, t= I= I= 1-- =z =

Riprap Sources

* Aggregate sources
- L~-eGrand Johnson Pit, gravel from Pack Creek in

•.6anish Valley, approximately 38 miles to site

[ry on State land, gravel terrace above
(er, approximately 24 miles to site

U.

.• .,. .• • •.*

45
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TOP SLOPE = 2%

)E SLOPES = 5H:tV
ALL SID


