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Edgemont'- |;The; purpose of L t.his report, ici to document in; summary form that.. the:
L [4

'; ,
{' Uranium millsite| andi the. tailings disposal site have beeni designed,i .

<qL p
decommissioned', constructed,; and= rectalmed 'in accordance with thel Finalg \; 1

+ ^ [- ' Environment'al StatementE(FES) and Nuclear Regulatory Commissioni(NRC): Source < qK ' ' . Material License SUA-816.i The FES was prepared:and isJued by NRC's Office of J
:'lluclear Material Safety and Safesuards (NMSS).g ,

#} .

d'
,

E M ' The principal objectives .of the Edgemont deconnaissioning project were to . '

. isolate and stabilize the tailings' to pre' rent misuse' by man and dispersal' by ' j

h Lnstural forces,'such as wind, rain, and flood waters . reduce radon. emissions ;!

from the tailings, ' an6 -to. release the millsite for unrestricted use. The'- a
~

' controls'were designed to be effective for a minimum of 200 years, but'with a .

''
>

P design objective of' 1,000 years where practical.. j'

e ..
js

'

Completion of t.he- project . entailed the excavation, transpor tation,' and - ju,
j fencapsulation of.approximately 3.03 million cubic yards (CY)'cf mixed M
J contaminated materials. 1',637,350 CY of' sand tallings., 977,350 CY of slime d
I tailings. 16,'000 CY of alli-site structures, 259,700 CY of contaminated native I

'

soil,"and 140,600 CY of organic. contaminated material.'

i* .The FES, which psovidedJthe conceptual design, was the basis used by the.
MacLaren EngineersLet al.'to develop the final, approved design. DuringL 1

~

D
13 construct lon' operations', conditions were encountered which were not. addressed '. y

! in eheiconceptual design. This resulted~in twelve modifications toithe
I re edial' action plan. The: differing conditions were:" d

. . .

)I"
. .

,1'1. TVA accepted for disposal', radioactive material associated with thet
?(V/~N) , Department'of Energy (DOE)' cleanup of the Edgemont, South Dakota,. O j

. vicinity properties.
'

<

|/ 2..'The' steep portions of the Pine Hills windblown tailings areaseast.of'the-
||R mill' site'were not cleaned because. of safety, environmental,. aesthetic,' '

radiological, and economic-reasons. 1

6

3.' = A recalculation of the Probable Maximum' Precipitation (pMP)[ event using . .

'

O,

i new hydrometeorological" data resulted:in. increases'to the. estimated
runoff 'and minor modificat. ions- to' the geometry off the south perimeterj -

p,,~ fdrainage ditch. outlets.
_.

h
. Drilling;and..in-situ testing required to con' firm the presence of .i' 4.

impermeabic= shale around:the perimeter base of.the proposed disposal-
'O ' basin. encountered an area in the southwest corner of the basin that.did - a

not meet design specifications for permeability. .The 5-foot deep .

;

p:N ' ~ perimeter _ liner key trench was realigned in the basin to exclude this i

bm 'non-specification area in the southwest corner, j
| A J

'd5. The perimeter liner placed along the sides of the disposal basin above
S the icvel of the competent shale-(constructed to ensure physical

;;h separation of the wastes from the previous strata and groundwater) was ,

,

k' designed for 10 feet but was constructed at a 13-foot average. >j
'

~

|' h
!! |

|

N, 1

: ,
,

a -1- 0221X

y . >
pmL _ _ - _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ . _ . _ . _ _

, , , ,, ,,
.. ,g

/
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d W i '(co 6."iThe disposal basin excavation' exceeded the design volume to provido-i
T" ?% a j ; additiona1L capacil'y for. more tallings/ contaminated material than 1 '

N;f . / y /
""1 ' originally planned.g_

K5
'

.

-

3',

/fi . , 7. ' All tallings' were transported dry by' trucks limited L tounitsinthe[30-35; 370, ton, range?(rather'than using a slurry option). LThe tailings'wereilayerede

' " ,with' alternating layers: of slime and: sand in the disposal' . basin to form a ,my D,

:multilnyered' system.' .|
~

:t?
->"

'8. 1The tailings were encapsulated within~the disposal basin in three cells 1 1
rather than four.

.

i
'

' .a9.' The depth of'the cap and cover over.the encapsulated layered-tailings was. ;
reduced from:10 feet to 9 feet.-.

21-
,

:10. The . construction of the- containment ' embankment was . staged over. four years,. ':; }
V Leather:than one.-

>
3

5 11. The' standard for the compacted clay mat'erial used to construct 1the'

, perimeter liner, the~ cap, and the upstream-(core), portion of thef
7 -containment dam was changed from 100 percent standard Proctor maximum. dry;
$< : density at 2-4 percent' wet'to195 percent!and -4 to +4 percent wet. ,

12. LToiprovide'for placing more layered | tailings each_ year'in each cell,Lthe.
' ~

-3-foot' impervious cap constructed over each filled cell was| delayed'one
year. To confirm that the majority of tailings 1 consolidation,hed,

.

'

' ,

occurred before~the cap construction began. settlement' monitoring plates J
,

|} (''' were installed. 1
e
'

E-
,

^ r

All of|the site work was completed in conformance with tho: specifications and l
'

; : drawings, and the.as-built drawings-reflect an accurate depiction of:the- '

. existing-site conditions.
4
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"
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. . _

%(A.z - tThe b C Source Mathrial Licenso'SUA-816..' Amendment No. 33,. License 0 ,'l

'd M ' Condition;Wo. T2,1 requires TVA as the-licensoo to' submit aifinal-

*- ' '

Ty j - decontaminat.lon: snd: decommissioning report..
- ,p ,

,_

,i i g This report.' pro / ides. a summary of.. the required ' design 'st andards and i 4
'

~ ~ ~

theLhistory ofit.he design development.. This report summarizes the- ?
3=remedialiaction taken on the Edgemont mill-site'toidecommission the a

M ; mill and the: associated contaminated materials. Finally', this: report A
'' '

-summarizes'the remedial |act.l'on taken to permanently dispose of the
, ,sWs contaminated materials in an engincered facility.-'

t

# '

11.' }'ROJECT OVERVIEW L 2 a 4

~ ,; g.e,, ac n
4 .A. ' project Description ;

'

JP ,
,

. . . . . . . . ,[, On' August.116, 1974, TVA purchased t.ho. exist.ing mill facility and J
'' ~ ,y the mineral rights to.approximaticly 99,000 acres of exploration. d' ' ' propert,les al. Edgemont,1 South Dakota. Anproximately 2.3 million( ;g

' '

tons'of>tallings were. produced at the Edgemont alli from 1956ito( i

1972.;_The mill was.never operated by1TVA.- Basedion extensive ''=,

C ,i en'gineering, economic, and' environmental ~ studies. TVA d(lided.not- , j]
,

.

7n .to use the mill for processing uranium ore. Basei on this . ' , "~

M decision and because the mill site'did not, meet.NJC. criteria'for-
'

*|3. -
m sitingsof~ uranium mills :NRC amended TVA's Source Materlat License >,4s ,

ft to: require TVA to decommission tho mill and the associated' '<

|,%[
,. t,

LQ - cont.aminat~ed materials. : During' decommissioning' activities which ' N
began-in 1986L.and were completed in 1989, TVA~ removed

~]*% approximately'4.5 million. tons of tailings, contaminat.ed nativo
' .soll,' building equipment,:and,'dobris'from t.he Edgemont processing. js

"
.

site'- This material was deposited >approximately two; miles away inJ 'j.

S a-repository designed:and engineerod'for.long-term. disposal +of a1 T,
,.

W
M', , minimum of 200| years butJwith a dosign' objective ~of-1',000 years,

.

- - '

*

where'practicablel,
'

Q'' . .
. . . . .

. .

'

The contaminated material was transport.ed by truck: to the ayJ, -repositorf.-2 Alternating layers,of slime'and sand tallings wero j,

.M . placed in theidisposal basin to7 form a multilayered system.' The
'

, '

g. ' debris.and building equipment ~were placed'in the bottom of the- j
'

s

basin and encased with sand-tailings. Either sand tailings, !
'm

C .contamlnated native soll, or shale backftll,was placed betwoon the j"
-

y slime tailings; and the bot tom of: t.ha clay cap. '

W:

h'' A perimeter linor was placed along the sidos-of the disposal basin |,o

/W ; -and keyed'into compet.cnt shale'to provide a physical separation of
,

.;M y, the contiminated wastes f rom the nativo strata and groundwater. W.
O The perimet.or liner was extended boncath the upstream toe of the '

a
{g cont.ainment dam and also keyed into competent shale. "

M The basin face of the containment dam was also lined with clay. A }
i s|4 , ; clay cap cover, compacted fill material, and topsoll was then
i /O placed-over the contaminated material with the clay cap Llod to

,if the porimeter liner. The disposal basin, with sides lined with |
<

| |:( '

. ,

'

;,

[W <

-3- 0221Xna; kg -Kfy," , i .
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:cicy,kcompe,tentishale'on-the,bsttoCeclay11nsd.ccntainmentdsm,t- .

r 3MW i
W ~C |andLa clayicap'with-cover.n-completely; encapsulates the

'

N

< contaminated matorial'..LThe permability;of.~the clay;and"sh' ale _ ;)
.

M| m n ~

-

I.Q | encapsulating the! contaminated' material;isilx10-7cm/ssCor" ,j'
'

"less. .Because'of_the bulk' dry transportation'of the materia 1 Land: A4W W6 ;o 3 .

Ei!M )J)
'.the;300Ltoi700jfoot thick competent shale: underlying the basin.' a l

~j'

.

bottom; liner was not necessary. 4

Ae
. , ,

jym 4

The! clay cap ' and cover will minimize, surface precipitation L !'
'

*

,

infiltrating _the. disposal basin. _The cover was constructed with - ;
>

2: percent ~ slopes from.the.. basin crown .to a maximum of: 5 percent = d* ' ' '

y, leading.to perimeter ditches. ' Surface runoff will moveracrossithe H
*

'

basin at-non-erosion velocities'to the perimeter diversion
.

'd
'

y+ channele[This perimeter _ ditch isolatesLthe' disposal-basin:from; '!4

4 , ,

the surrounding area and has been designed to carry the surface gji

run'off from'a PMp~ event-at non-erosion ~ velocities. ;
4

.c
%:, .

.

'''

B.< Deconnaissionint Centractor4
.

N.; y .

.In'1978; TVA ent.ered into a-management services contract with? a,

SilverjKing Mines, Inc.'(SKM), for'the Edgemont uranium / vanadium h
. . ,

@ mill site and' properties. In 1979,.the services contract was' |--

modified to . include the decomissioning work on the existing >]
'

uranium / vanadium mill and stabilization of'the existing uranium H

mill tailings and. associated contaminated' materials within'a 1
'

w
frepository designated by TVA. ]'

-

'|

' ' 4 0. TVA Matkan'ement Overview of project ?
,

, , .
'

kfS .
.

.

c11 As' the.WRC .lleensee,. TVA had overall responsibility for assudng( )f
*

'

44 ithatithe decommissioning activities were conducted-in-accordance- ~ia

with' that license conditions. TVA monitored the work activities _of .]
-

g
r : SKM, provided assistance, as necessary,' and ~ conducted evaluations ( -"

cof the procedural.. operational,-and radiological aspects of the. j
.4

-

(
.

work conducted by SIM. j
1,

=mb* & 'TVA maintained a direct 1 enforcement link with SKM, by-virtue of [,
the contract 'between TVA and SKM. : TVA designated a| project "1"

g
'pJmanager who' served as TVA's direct technical contact with SKM and' .

y.7 '

, E had overall' operational responsibility |forithe project. The-.s

(p onsiteLeontrol of the- deconunissioning- project was' vested:in the -'

SKM Resident Manager.|Z <

Q' p
n

'

\
< III'. ' DECOMMISSIONING' DESIGNi

q,4

A. Desinn' Development History
7. .bg'

7. ,

hO, 'The: decommissioning design for the Edgemont Uranium Mill and Mill
Site was_an evolutionary process that began before TVA's decisionn

M to decommission the. uranium mill. 'As outlined in section III, TVA

|C purchased the mill and mining properties with the intentlon.of
~

;

producing U 0 -ao a part of its nuclear fuel supply.le 38
-

y,

a!

A
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$pMSUN |On January ~28,119 76,:. TV At appliedLfor'a renewal of! Source Materiall' + . ''* <

N
,

? | License SUA-816p Subsequent:to tho'' application,' TVA conducted; f j-}i.pk : extensive engincoring,' economic, and: environmental! studies'atithe!
]"

p

E d j[h M
'

f . existing mill that led-to'the decision-not.toiuso the'Edgemonti,

.7 (facility'for millingTuraniumLore. As'airesult of TVA's decision, tQA B' :thelNRC; amended the: source reteriaIflicense to require TVA tol f:|
3 ' f im W | prepare a decomissioninsi pian' and; a supportlng environmental : 1

i

$W report)for.the mill. The engineering and environmental' data' 1
>

'n ,
'

.bs Ldeveloped.in previously completed studies were.used in t.he. , j.,

.. decomissioning. plan and environmental: report. : These ' include
.d"

' studies by, Francis-Meador-Gelhaus:-(Ref. No. 1).' Solution . m M4,* 'Engineerini (Ref. No. 2),.and Hazen Research (Ref. No.'3).= "

. c -

t .'; ) !
.

.. .

~

r,
.. . .

M
?, I

AdGtional. studies, . specific: to the decomissioning plan, were4

prepared'to'. supplement,the' earlier-data base. -The TVA
_. . . .

,l

,
'' ii Decommissioning Plan Environmental Report 7 was submit. Led to the NRC

,

<

g| ! on" Februar,, 26, ; 19 79 ( Ref . : No . 4 ) . . . r |.

,

,1

NRC evaluated the TVA Decomissioning Plan Environmental Report ;- *

* , '
,;,. and?other alternatives and reported their results'in the " Final
i , Environmental = Statement", June (1982.(Ref. No. 5). In the'FES, the;

~

4

.'NRC found;TVA's proposal to be " generally-satisfactory.._. ..[."2 j1
' ,

%
. .NRC',s;FES,;and subsequent license conditions,' required'that.TVA' ',

'" perform and' submit /for NRC r.eview and= approval. detailed+

g <

[f~
. engineering studies . .'.' .": ,To meet t. hall obligation SKM,' on

,
+

'behalff of'TVA,) contracted MacLaren Engineers et al. to' perform the' [j
* required engineering' studies.

.i
; "

' c , ' n-i
,

i

1 .,; HF,,

4 Ne
, 'MacLaren submitted the firot oftwhat:was to be 12 reportshin the i

' fall of 1982.. With ono significant exception,>the pleN proposed j
C '

by TVA.and' accepted by the,N3C was followed. (That exception
< '

'

, ' dealt?with slurry / mechanical, transport of thettailings.) The, j,

MacLaren' reports are: ;
. ' .

; N o '. Subject! Date-,

a

,"[ 'l Prelim. Geotech.1 Disp. Site Oct. 1982 i>,

23 Materials Handling-
.

,

coct.'.1982 '. a"
,b 3 Maintenance Shop- 'Dec.-1982- .[1

' ,>' "
4 Structure Decommissioning Jan. 1983' '|s

4- 5 Haul LRoad &- Ancillary Struct. 'Jan. 1983 i
* 6 Open. Land Rad Assessment. ..Feb. 1983 jJ 7- Geotechnical - Disposal Site Feb. 1983

'

,

#, '8 Geotechnical - Mill Site Feb'. 1983 ,d~
kbi **' 9 Decommissioning Desig'n Aug. 1983^ 10 Disposal Site Design Aug. 1983'

3

. a# . 11 Ceotechnical.Recommendallons Feb. 1983 'I
g' W t.;v 12 . Rad Safety Requirements ~May 1983 'i

*
'

+, f'
' i, 1 B. Desinn Standards iym

, ;

:m,
^N

-

!

j' M
| . ic, The design prepared by MacLaren Engincors was fundamentally based j

on the NRC FES. The FES, in turn, was prepared in accordance with i
'

>

%v
-

O 10 CFR, Part 51.

$s% N,.

tv i1

5 ;h ' y '
"3Qsj \
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3 . Design objectives used by, MacLaren wore taken from the 'FES (Ref.- q'||
i No J S),i the, Source & L By-Product Materials License (Ref.i No. 6),4- ;

D[; ;a
4

].E --thE Safety Evaluation Report (Ref.,No./7),aEngineering Assessment %
'

o

f '''of: Inactive-Uranium Mill'Tallings (Ref.;No.18),'NRC, Position Paperl'

,

Q41
K ~ J*' < Uranium Mill'Tallings management (Ref._No..9)', and|NRC Position-

9]
'

- ' Paper Guidelines for Decontamination ~ of: Facility' and EquipmentE-
$ , iPrior to. Release for Unrestricted Use (Ref. 10). ?

' 'U
- .

y,
'

.

IV. - HILL SITE / VICINITY REMEDIAL ACTION }: :
'

u
hN A .' Description of Areas / Facilities Requiring Deconunissioning.

;
.

.
.

,.

1i
:t

1. Tails (Areas and Open Areas,, q,
, ,

The 'Edgemont Uranium processing site -is a '2S4-acre plot' of
..

!O land situated on the east side of the-City of Edgemont, South:,

,,

' Dakota (attachment 1). The property is, bisected by Cottonwood;* '<;s ,
,

Lj, Creek,: bordered on the north by the Cheyenne River. the westi .:
-

,

by the.Burlington Northern Railroad, the east byLa,.localL, f?

H sc topographic feature knownLas "the Pine Hills " and the south:. ,,"
~ by a Fall River County all-weather road. /is >

b< . . . I
'

l The processing. site contained several sand tailings | plies and )
.

silme tailings ponds.. The extent of contamination.was- 1
2f ,

fK S m : investigated and reported by Solution Easineering *a

(September 1980, Ref. No. 2). Franc is-Me ad o r- Ce lhaus | ( January -
,,y, 1982 Ref. No. 1),;and MacLaren Engineers et al.-(January-

.

,
.

. M
'

- d/"~N , February 1983, Ref. No. 11). The MacLaren reports,were the- w" jc

] ;most detailed and provided the basis for the: decommissioning . ' l
gh idesign..

.

' j>

\w 1As reported by MacLaren, the' contamination generally covered
L

-

'the entire alll site ~and ranged;in depth from'6 inches to

(% 77 feet. Additional investigations-showed that'some' areas'.,,

y?. = peripheral to the processing' site-were contaminated by;
. M@ windblown tailings. Documentation of the construction lines ,

L .and grades is shown on:the allisite As-Built Cross Sections j. 7
n (attachment'2), millaite topographicimaps (attachment 3) and!

f the millaite aerial; photographs (attachment 4)'. d
<Q +

M', 2. Buildings i
a
'' The processing complex consisted of a three-story main'steoli

structure of approximately 44,000 square feet and seven- s ,

ancillary buildings. Thece additional support buildings were- )
constructed at the southern-most portion'of the control area 4

1 to facilitate docommissioning operations, y1

o

7> - Structure contamination was studied and coported by MacLaren j
WJ Engineers. Subsequent Lo'the investigation,-the buildings. O

were classified as candidates for in-situ decontamination or ~t

- designated to be dismantled and buried in the disposal basin'

with the tallings. ;
.A t
A t

a
,

. .
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# , = . 1 - ar.

3 > n 4,1
' '3L : Pine H1'llsi*h 2 nj

,- - ,

N, [" . : southeast,:., consists of e steep,' tree-covered slopes; valleys;;
Pine Hills,iwhich is adjacent!to the millisite~.to.the'-east ~and -

4
. j. ;

.

"' c/
l : andLdraws.

' ~ ~' '

,Q, mA[ M
;'

,

. , .

'!~ {. , . _ . . .

M4 J, A large area'ofaPine Hills (approximately 41 acres) was .;
J ' ' contaminated by a thin veneer of. windblown material.: -The' .!
O contamination was primarily|' located in the valleys and,drawst (4

. - nearest the mill' site.' The extent of. contamination was-' ''

'46'
, '

(outlined ~in TVA's February 5, 1988, submittal to'the NRCI ,j*
4

,

( Re f . : No . ' 12) . - _ ,jss > 4 '

'' '

,; , ],

,

4' DOE Properties DT >
.<

y E 1
4 . .. q

The U.S.' Department'of_ Energy (DOE):was responsible.for .|>,, 4

L. : ' vicinity property cleanup. This, included properties' adjacent- N
'

+ 4
,

jNg ' t'o the.millaite in the town of-Edgemont, and in the -

']~' Cottonwood Community. The cleanup.on these properties was; q
'

# conducted.by DOE's contractors, Bendix Field Engineering: '

3
# . Corporation and the United Nuclear Corporation.' TVA/ DOE = Nj'' '

k;%'
responsibilities.are outlined in the TVA/ DOE | cooperative!

_ ,
cy

'

agreement dated _ April 24,31987.(2ef.LNo.'13). <1
, ,

5a" ,

;g .B.- Radiolonical' Cleanup }1
,

y . (

y{
.

.In : Land Cleanup. ' '

p- ,
,

.: e 7 The cleanup criterialestablished for areas wheretcover was:to.

y( Nf ,
beiudded to_ a minimum-depth of 6 inches was:17: pCi/g1 averaged 1-

.

'" '
over 100 square meters. This; figure was'obtained by adding;

.
the established 2 pCi,g background soil radium content-for the.- ~

$ project area;to the NRC criteriaLof_15 pci/g (10 CFR Part 40) [
~

[ zAppendlx A). .For areas wherc_less.than 6-inches of' cover-4 4' - would be added, a cleanup criteria'of-7 pCi/g (NRC. criteria of- 1

'
, ]5'pCi/g + 2 pCi/g background) was) established.' r

.

9.

Detailed cleanup methodologies were described in onsite b
'' '

s

procedures, (HPP/22, 4/8/88, HPP/25,;9/15/88 Ref. No.>14.and it '

Ref. No.~15, respectively)._ Following removal''of bulkt

4 . tailings, the processing site was :gridded 'into 20--foot by .
jy 50-foot blocks andisurveyed with a shielded micro-R meter.- "

,

L Based on onsite testing.(Ref. No.-16),_it was establishedithat I

.b a. correlation existed between the content of radium in the>

f ?r. oil;and the difference in reedings obtal'ned with and without. .l

Y . a lead shield placed directly under the-detector. Where ..

' .1 - conditions prohibited direct gamma readings.due to wet or- U
,

j@ frozen conditions and as a check on the correlation procedure, j
soll. samples were taken for an accurate assessment of the4 :

,

YN4 . block.
'

l'j% l

' |{,

! |?- t

wb 'l

M |
w- :

-|
..w . .

'n -

]
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JJ T 2 iFor soil-. analysis of a block, a composito sample ofc1000 gramst )!,

swas required. Thel sampic was. desiccated f and counted . in. a : low; i!h'pp w
,

: o.-- i background" chamber. A correlation-formula determined'the
([T + pCi/g'radlum content of the: block. One out.-oflevery 40'soll! Y d

-. . -
~

>

[h j f (samples was' analyzed'by.'an independent outside~1aboratory-fori !

g, W 9 ~ control' purposes. _?

mg t.

< m. . .
,

. a
t >0ver,14,000 blocks were surveyed,Jencompassing more than =

'
4

{ .iG 321facres. As required by,the'FES,1 a post-decommissioning: d
" '

f, soil" sample program was conducted across the former. processing: !

W(k ,
~ ,

: site:and the samples sent to anx independent'outside laboratory |

for: radium analysis. The results were presented in the. J
<

$' report. Post Decommissioning Radiological Surveysk Novembert ' "
'

Y '1989-(Ref. No. 17). -None of the samples exceeded 3.0 pCi/gi _j
[, for areas cleaned by,TVA.' %:~ ,,

q - 2. Structure; Cleanup |$
1 \

(my0 y ,

s

vi m ,

M' The decocaissi6ning of-onsite structures'was a'ccomplished
', y

i ~ d.us ng a proce ure developed for. building clearance |(HPp/24', i;
''8/18/88,|Ref. No. 18)',', EPA release criteria:(Ref.<No. 19)+;

gag ~, stateszthat for gamma radiation, no building'.shall' exceed. ,

(20'uR/hr above background.. The established background samma. y
b rate :was :12?uR/hr' for..t e project area. Radon. levels' were ~ '*

f
' 'following criteria applied:'

~

~ also monitored within each remaining. structure and the;
f, '

y v,

iQi;.. 7
. 1

.

.

'I

$| O , The radon. decay product concentration should not' exceed 'y -

, '5% 0.02 working levels ~for an; average, and infany case,Lthe. '

WA. : radon decay product concentration could not exceed |
~ "

'

O.03 working. levels.~ To assure no alpha contamination' ,

'remained-on external or internal' surfaces .the followingL,

,

limits |were used: surface alpha. concentrations;could not. t,

, ,,
'

' exceed an average greater than 5000 dpm/100|cm2 over'anL , -

2area great'er than 1 m nor could the. surface alpha '<*
concentration-exceed 15,000 dpm/100 cm2 over an area'not|- o

2
|1 ,

more'than 100:cm ,'
,

s s -

b' ~The mill structure, along with all but'three of.the adjacent? ' j
y ancillary bui10.ngs, was removed and bueled in'the? disposal '

,

L'' basin.- The three ancillary buildings,.:along:with"the three. l

' support st.ructures were thoroughly cleaned and radiologically ?
'

cleared..

S- ,

No arens.within the six cleared structures exhibited reading ~ h
M* , ' background). Radon. levels were determined to be below.

.

in' excess.of 32 uR/hr (20 uR/hr criteria + 12-uR/hr
,

O'02 working icvels at. all-times and no structure exceeded.the ;{.

surface alpha concentration limits.
'"

YA

<

ay
!:D j ,

*i.

[b
&

i

?
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:3.2 . Pine Hillsi ' '
j

ss% '

% i.;D 5, Cleanupbtandards and criteria' for the accessible areas of the i*

Ky']}* Pine = Hills,wereithe same as;that used|for the'processingL
.,Q ~ ite O In' areas;whereTeleanup;was not practicable fan?

.

9sg .

@- 3 alternative proposalgwas approved that provided a' practical j+
Sf| ;' -equivalent to the requirements of 10.CFR,:Part'40, Appendix'A.- '

c; w ..

NRC cleanup criteria'were applied.to Pina Hills in' areas thall
' " - '.omprise level, areas . valleys,;and"denws. Steep.treci covered. l<

1_ >Sopes with:a thin' veneer of windblown tailings were not i
claared because of safety.and environmental considerationsLast ;_3: t

X( 1 outlined in a February 5, 1988, submittedLfrom TVA to the NRC
--(Ref. No. 12).

. :.qq w Li
,1,

7, Methodologies used in ~ cleaning the proet . ing site were alsoi {,

7, Japplied,to Pine' Hills cleanup. Approximately 29 acres _were'. M
'

,9 cleared |in Pine < Hills, while approximately.12 acres that x d
'

,

4 M- contained slightfamounts.of contamination were left
P undisturbed.= The average c'alculated levellof 8.6 pCi/g- H .

!!
' ' '

,

residual Ra-226 in the' area not' cleaned is only 1.6 pC1/g' y'4
#y! above the cleanup standard'of.7.pCi applied to the'proenssing- ;j'

N, site.,

, , ..
. . A4. rDOE Properties ~ -)

, m.

[h
IL In:accordance with:the_TVA/ DOE cooperative agreement- , *

{' .(RefiiNo. 13), contaminated material, remove 6 by DOE'from' ?
? vicinity; properties. was ttvekedz to-the TVA mill' site. 'This >;,

.

j $L ' material wasslater removed to the disposal basin by TVA for 3
L, burial. The last DOE material.was' received in October 1988.'.,
tx ,

|>

| C. Groundwater Monitoring Program*

i 3

M : TVA conducted - groundwater quality monitoring, at _ tho' Edgemont mill' '

@ site, beginning in: August;1986~, and continuing until January a
f* .1990. .The original monitoringLeonsisted of nine (9)' wells whicht ;f
U '< "

were measured' for water levels and sampled | monthly.' : The samples,

collected were analyzed'for eight-(8): parameters. ..On March 28,
,

s

1988, TVA| submitted a'new' groundwater monitoring plan in J
accordance with 10 CFR, Part 40. Appendix'A.- NRC issued a license-s ,

. 4
amendmentLon Apell 12,:1988, thatcincorporated tho' plan submitted j

by TVA.:'Under this plan, six:(6) potential compliance wells 'and-
m .three (3) proposed background wells were to be sampled and

~

)analyzed for 41. parameters. , Sampling was initiated.on Juno'15, _.
1988. :During this program, 26. sample events were collected until-.

, t

h January 199_0. 'The results of this groundwater monitoring-and the" geohydrologic' data collected by TVA showed that there was noW- .significant continuous aquifer across the mill site. Only 2
.

compliance wells initially produced sufficient water for sample J
["g analysis. Within 6 months of initiation of-the new program and- I

'

Mi after the'tallings piles and slime ponds were removed from.the--
,

mill site, only 1 of the potential compliance wells would produco '

, , _ . 4

Cy a sufficient quantity of water for lab analysis. Data collected1

,d .by TVA wore reported in semiannual reports and other submittals to
J %- NRC. ia

Y
,

.' $ { i]
'*j
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Thi groundwatof moni$oringLlicense requirementL(SUA-816f
c|[ g.aM } L

'7 (condition;28)!was deleted by'NRC" license amendment No/ 33-datedt
.

,
'

i

y

Ehs 9anuary-2,,I N ,

u=

s D.: R$clamation Plan' Overview and Deviations from Oriainal Plan-
fi ,

;

. ._
. - ., .

.

,. * . .,-
Su '

- The objectives''of the mill site reclamation were to: 11) stabilize;
,

W - soll, 2):make'the| site"available for productive,use, and 3) >

j
7,I restore the riparian connunity- of the rechanneled portion of-
! W 1 Cottonwood Creek'(FES section 2.2.2.?);
y[

%' .'The entire site was recontoured before. reseeding.: Potential-'

offsite borrow areas were not disturbed because sufficient'"

material was available on the mill site and' disposal site for-''

| fill. ~ Areas were graded to promote positive drainage, with-
,

minimal' slopes to decreaseLerosion potential'. Water spreading bars-

Jwere constructed below drainages originating on-the^ hills east of.' a >

the site.to minimize: gully-formation and toLeetain moisture for o

K,'
vegetation establishment. The channel of: Cottonwood Creek wasa
reconstructed to approximate the predevelopment configuration,-

,

with banks graded to. slopes of SH:lV or'less.

) LTopsoll was appliAd'over the entire site to a depth.of 15 to 20_cm? 3
~

6 -(6-8 in'.). The area was then ripped;to a depth'of!26-31 cm ' <
,

(10-12:in.) to break the' interface between the. topsoil and x

y;n . subsoil. The recontouring and topsolling were completed,in early-
March 1989.s

'y ~

.. . .. .

.

Fertilit.ee was applied at a rate of approximatelyJ40 pounds /per-
acre nitrogen and 34-pounds.per acre phosphorus in a 34-40-0'

fo- - 1 fertilizer mix'at approximately 115' pounds per acre. This3
reduction in'fcettlizatlon rate from that suggested'in the'FES:

i (100-120 pounds per acre nitrogen and1200 pounds per acre
phosphorus) was based on topsoil samples taken following.
placement. Use of this reduced fertilization rate will result in
less competition from weed-species and' reduce-runoff:of-excess.
nutrients into Cot'.onwood Creek an$ the- Cheyenne River.1 Seeding4 of the mill site was completed by'May 10,fl989."'

'

kh 0The originally; proposed seed mix;for the mill site included the
~

;

; ' shrub, Louisiana Sagewort (Artemista' ludoviciana). Initially, |

y |: - seed of this species was.available for approximately 19 acres; a

f' however, in 1989 seed of this species was not available and
Winterfat'(Eurotia lanata) was substituted.- This change was

ip' . -coordinated with the South Dakota Department of Game, Fish, and
parks '(Rof. No. 20) 'and .the NRC was notified.

% ., . . .

Shrub and tree species were obtained-from the local Soll
Conservation Service (SCS) office and wore planted in the spring- {

,

f[[ of 1989. This. reduced competition for available' moisture that<

gjy would have resulted if shrubs and trees were planted after grass

& establishent . Because the trees and shrubs were obtained froms

K,'

e'

c . . - ,

!
'

y
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,, g- s|6daphica'11y' adopted'to the Edgemont area,1it"
=-U!,4

* '' L was; noL\ necessaryf to ovetvinter them in' anionsite lathe house;
H |,1 0- iTheitreesrand shrubs were planted-in-clusters'or short rows rather 1,

'y f% than-in-two band asiproposed. 1This plantingccreated a more)>

b.( > natural appearance' and eliminated the need - for plowing -strips - .. LI''
~

"along;the banks-to pihnt the seedlinge- The. trees and' shrubs were H
'

*

--watered. and woodifiber mulch (sawdust) was pbaced around their :jm
l' base.:, ,

' ,
1

ji
. . . b

'

i >some-areastof-the mill site.andia; temporary haul road were, y q
< - +

Q' redisturbed during.the summer of 1989 t to: facilitate cleanuplof,
,

| organic material located under the office building and water :1
'

I tower.:-These areas were recontoured, topsolled . ripped,. |
T, fertilized,|and" seeded during.0ctober 1989.~ l
,o ;> >

~

.
,

,
'

:The'e'ntire area was mulched with native' hay at a rate ~of 2 tons
~|[,4 per acre and was' anchored by.use of,a' crimper to prevent blowing. t-

-
,

f 'During the summer,iweed growth-(primarily fireweed' Kochia; 1
|;j americana);was controlled by mowing.

Following=the first growing season, visual inspection showed
goodHto-excellent grass establishment and' growth th'at'should he' l

j ' sufficient.to allow quantitative evaluation in 1990'.
d . '

,

L# Tree and shtub survival is fair to' good with some growth being:
~

,

shown by some individuals. Survival- will:again be evaluated J q

,

"during 1990. R

A *

-3 m, >'

N 'V. ' DISPOSAL SITE

~A.- 'Desinn' Features
,

| '

1. Seismic-Stability - Containment Dam

Regulatory Guide:
. .u,, .

.

3.11 (Ref; No. 21) states that, "in areas- .i.

1where embankments-are subjected totseismic disturbancesi- O
' analyses should be made ofLthe'scismic effects on dams'." ~!AA- #

.

<

. indicated in;the Environmental. report ~(Ref. No. 4),'the
. !)

* '

disposal site.is located'in a' low-risk seismic. zone. ~This '1'

fact,-coupled with.the unsaturated ~ character of the wastes and~
't.he' maximum final' reclaimed slope 'of S:1 across the'-

,

containment dam' face, combine' tot produce a design which has-
,

|

essentially no risk of failure due to. seismic activity. The w!
,

calculated " critical" maximum-ground accelerationifor the H9containment < dam-was about 0.2g,'which is some four times ''

)
greater than the design acceleration for the-Edgemont; aron d

'
,

'

, -(0.05g).
D
:

-

e i

, ',-p i

|

+ ,
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' , ,Contalnment Dim Design.-" 2 .x

'

gjytd ,7, v Theiloc' tion |of;the disposal,si.tetat'the head of an ephemeral-
b. n (; s ' '

1;. a

. .. | drainage 1 required construction;of.a containment dam to enclosef
( - (Np...

-

i the' disposal 1 basin. Thistdem was designed to; meet NRCi
!

'

(Regulatory Guide 3.11 (Ref. No. 21)( |~ 4 '

7 w* ~ ;
i m: :The key, elements;of the dam included the following: j,

g|.4
3'' * An upstream " core" zone ofjhighly compacted;

r

' '

: low-permeability. silty clay to minimize: seepage. .:4

,
-

a,y,
n
u

.

* A downstream shell of compacted weathered shale for a
D ''

'

stability.

!<

'
<

* An dncline' ' contir.uous1 chimney drain to intercept any jd,<

n, seepage which might. occur through the core zone. ',i., ,
o,

'

. * A series'of horizontal finger. drains extending'from;the? :

, chimney drain.to the. downstream toe of the dam.; j
l

C" ,' * A'too col' lector drain. 'l
.

"
,

. l.

s' -* Riprap facing on the downstream slopc for erosion -

< protection.. '

..

* A cutoff trench to allow extending'the clay' core zone downE l
|?

,
iinto the impervious shale. l

I.'d ~* A series of-gravity relief wells designed to relievefany-:
.5 .

< . .
-

,p^ ;
q

H potential artesian' pressures that'may. develop under the1
downstream portion,of'the| dam II

j

3.-- Geotechnical Engineering / Clay Liner. 'a

'1.The docommissioning plan presented.'in the FES (Ref.'No.t5), ;

.provided for disposal of e .aminated' wastes in a "partia11yc
below-grade"/ facility and for:" encapsulation" of the wastes ,

. qm;
with natural or engineered materials having'.a perme 64 '' of n

,
'1x10-7 icm/sec.or less. The; resultf of the: detailed

. .. j
"O geotect nical . investigation conducted on the ' site d ermined''

.

that low permeability,' competentishale'(permeability 1x10-7; }
W cm/sec.or:less)'was present across the base of the' site,-and- ;

'

'4 that this material was overlain <by.relatively more parvious' !

M weathered shale and soils. ;s.

Based on.these; findings and on calculations of seepage and' dty y.

GM contaminant migration rates, thefsite was developed with the.'

e

hic .following major. features:
,

'

;gw
'

M''
s

t

[ . :;

! ;(//
:y ;

.

h ,
,'

,y', '
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'}
_ I ( ' , .m |*.A compactod; clay porimotheUinor was keyed intoithe

. .hMg -competent ~ shale and extended up tho= sides'of the disposaE
"

4
'

*

.

basin;to:provido physical, separation of-the-wastes'feori:<'
R;- ., 4

9 V'S - the previous |strat.a. and' tho . shallow groundwater and to; '

pf k ret.ard< tho' release of contaminants. E,q,~ c .'
, ..

.* A clay-lined containment dam was's nstructed^across.the- 3
,' / * . .

, ,

,

e. -

-downstream end of;the basin ti en ise the disposal area. :ij g>
>

# ' * An encapsulation system consist. ins of a' clay cap and cover : 'l,,

' tied t.o the perimeter liner:was placed over the wastes-to:,
.,

reduce surface-infiltration into the t.allings. C,

$:)

Since t.he clay perimeter ~ 1iner (including the lining on the - ' ?o s

~upst. ream. face of the containment. dam) was7" keyed" into:, ,

,

W impervious shale,and formed a continuous seal around/the t
- perimet.er of the be. sin, excavation of the centra 1. portion of j

the basin to'the 'mpervious shale was not considered- ';ig'
F necessary.- n yj

a'

, s

4..- Bottom Liner Exemption d

y . -Geotechnical data o s collected to determine the physical,
.

;A n
!characterist| s of the material 1under and around the disposal:- .

basin. ' This dat.a showed that t.he material underlying the; 4 4
. disposal area was unweathered shale that rangedLin" dept.h from

n3i 300 to 700 feet.. The permeability.ofm thisLmaterial was found. ,Q
, y ,k. to be'1x10-I cm/sec or les.;.. TVA provided.thiriinformation . l'M,

;( s along with a 'detallod angineering justificatic.. _and;a request - ;, ,

(i for4an' exemption to the epa. liner requirement; tor- M
>

impoundments,ito the NRC on April 13, 1984 (Ref. No. 22)'. NRCO
'

i concurred with the above justification;and request, with an . dr ;

approval' for a liner exempt. ion for the Edgemont. disposal basin & H
y on November 16, 1984 (Ref. No. 23). u
|h ,
|

|' . 5 .- perimeter Drainage Design- '''

dThe perimet.cr drainaga system consists of ditches along the ^

perimeter of t.he disposal site to intercept overland. flow and il
1 m

IQi convey storm water around and away from the area. The dit.ches
E were designed with a maximum gradient. of 0.5 percent. and

'

i' N sufficient hydraulic capacity to' convey the flow from the pMP '

$ event.. The channels are designed'for non-erosive' flow [
(t | velocit.Los during the design storm. '

,

Q The portmeter drainage systems dischargo into the natucal'
g ,: drainage syst. cms to the northwest , southeast, and sout.hwest, of

;
' '

Lthe' disposal site. These t.hroo dit.ch outlets required specialm

erosion prot.cet.lon treatment. Tho' design of riprap protection
1[

,

of the channel outlets was based on the pMP event wit.h a
' '

return period in the 1:10,000 to 1:30,000 year range
(Ref. No. 24). (

4

;

'1> i

h\
.

E

[w
'
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s.' piSposal Sit 7 C*nstruction-

- 1. ' Changes from Original Design

if ' Eight operational and construction changes were made from the
i original MacLaren designt

a. MacLaren revised the alignmenc of the southwest' portion of
the perimeter' liner because of unexpected geotechnical
conditions.

,

'

b. The perimeter _ liner was designed for.a thickness of .

10 feet, but because of operationa1' efficiencies was built j
12-14 feet thick.-

f'
c. .The ultimate capacity of the basin exceeded the MacLaren t

design tweause of additional excavallon to allow for more i

. tailings and contaminated material. {
s ,

d. . MacLaren _ planned the basin construction to be in four i
seasons using four " cells." The_ basin was-built in trree- '

seasons using three " cells." |
. - I

e.- To allow more t!.me for placing layered tailings in each of
7the three cells, the construction of the 3 foot impervious-

cap over each filled cell was delayed 1 year. To confirm [,

that the majority of tailings ccusolidation had occurred 4

. _ .

before the cap construction began, settlement monitoringu
'

y' 's plates were installed. j'

L!
-

s

\ f. The-depth of the cap and cover over the encapsulated' ;

-layered tailing was reduced from 10 feet to 9 feet -|
(Ref. No. 25). ,

S. The construction of tha containment embankment was staged !

over 4 years rather ',ha's 1 year because of logistical .

'
considerations.

?h. The standard for the' oompacted clay material used to
construct the perimet9r liner, the cap, and the upstream i [

o - (core) portion of the containment dam was changed from ;.
100 percent standard proctor maximum dry density at |
2-4 percent wet to 95 percent and -4 to +4 percent wet. |

5

2. As-Built Const.ruction
J

Actual construction of the disposal site was conducted in !
'accordance with the plans and spec fications in MacLaren

34' Report 10 (Ref. No. 11), with the above noted exceptions.' *

f

;

s

n |

3-(
,
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p' i . ~ Documentation of tho' construction lines and graw'en is shown on '!
' i "

'

the Disposal Bas 1*: As-Built Cross Sections (attachment. 5), j
p

.
<

,19"6 Disposal Basin Topographic map (attachment 6), and the !,~ i bisposal Basin Aerial-Photograph (attachment 7). LPermanent- [
'

( ) QA/QC records for t.he project. document the results 'of 1,736 {-U' density tests, 286 laboratory tests, and 153 flexible wall. '

parameter tests.
!

g 3. Settlement Monitoring
'

Ii

settlement. monitoring of the final tailings surface was !

conducted in disposal basin Cc11s 1 and 2 prior to clay cap . !
1

and final cover const.ruction. The result.s of this monit.oring ;
program showed that primary consolidation was complete prior j:.

n to clay cap construction and that the rate of. consolidation *

could be reasonably well predicted using standard geotechnical :
engineering techniques. ~ <1

?

4. Post Construction Radiological Assessment |
|

As required by the FES A.2.2.7, Site Surveya, radiological .!
surveys were conducted prior to and after deconnissioning at i
the disposal basin area for radon flux, samma dose rates..and i
radium-226 soil content. Two 3000 met.ce transects crossing at -!
the approximrate center of the disposal basin were estabitshed, 3

L and testing was conduct.ed at prescribed intervale along'each-<

) transect.- Testing-results indicate background levels of samma
|? [N dose rates'and radium-226 while radon flux rates were near

V) those obtained ducing the 1983 baseline test.ing. . A completei s ,
'

summary of the radiological assessment. can be found in the
.

report. Post Decommissioning Radiological Surveys, )
November 1989. (Ref. No. 17) ;

5. Ceclamai:.lon of Disposal Basin and Other Areas
" L Tha objectives of the reclamation plan for:the disposal sit.e',-

hrul road, and clockpile areas were tor- 1) st.abilize t.he
' allings and.provido livestock forage on all other disturbed - i,

ureas (FES 2.2.2.9).

Following placement. of the cisy' cap and cover material, [
stockpiled topsoll was applied and ripped and mixed to a depth i
of 26 to 31'cm (10 to,12 in.) to provide a topsoll growth'
medium of 1 foot. The haul road and atockpile area were-
topsoiled with 15-20 cm (6 to 8 in.) of material and ripped
and mixed to a depth of 26-31 cm (10-12 in.) af t.or i

recontouring to blend with surrounding tor *ain. -!

d Final contouring and placement. of topsoil woro completed in ;f
September 1989. Fort 11txing (115 pounds por acro of a 34-30-0
mix) and final scoding woro accomplishod during Detober 1989. i,

All-.scoding was dono with a rangoland delli witt. depth cont. col :
bands and double disc furrow oponers. '

d!

L

.!
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Because of a'misinter; station, the seed mix originally;
.t proposed (ER Table'4.6-7 and FES Table 2.5) was-actually.

): planted rather'than tho' mix recommended-in-Table 2.7 of thet
- <

f FES. . Although some of the species in the recommended mix have
: advantages, it is believed that the species planted.will.u
provide for the establishment of a self-perpetuatingn
maintenance-free. stand of vegetation.~ The reclaimed area will
be monitored and additional species may_be.interseeded, if,
nocessary, to supplement the stand establishment.,

o

No trees.or deep rooted shrubs were planted on the disposal
basin, stockpile or haul road areas. All disturbed areas

-have been fenced to prevent / minimize grazing.:while vegetation
is becoming established. Fencing will' remain'around thel
disposal basin'to prevent livestock grazing. Following
vegetation. establishment, quantitative. data will be collected.
and statistically analysed to ensure that cover ard density of

' ~ perennial species equal the cover and density of. perennial-
sps tles at control areas for two consecutive growing seasons.

,

'

VI . - CONCLUSIONS<

'- The congleted' condition of the alli site is shown in the M111 site
Lg As-Built Cross Sections (attachnent ' 2) . - As documented ~in Section V.
'f A., B., C., and D., the Edgemont mill site was cleaned to meet ,

criteria discussed in Section IV..B.

. /'~'s ~ .A total of approximately 3.03 million CY of mixed contaminated
[ I< material:- 1,637,350 CY of sand tailings, 977,250 CY of slime

!'
y)j\-/ - : tallings,16,000 CY of alli site structures and dabris,. 259,700 CY of-'

cen* aincted-native soil and 140,600 JY of organic contaminated
r e engineered disposal basin.isl were encapsulated withit. a.

?*

.The comp 4eted condition-of the disposal basin'and containment dam ir.
'shown.in the Disposal Basin As Built Cross Sections (attachment 5).
-As documented in Section VI. A., B., and C., the mixed contaminated
material,is completely encapsulated within the disposal basin.

q;

1

_q-_

t

O
.
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