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" ~to Long-Term Protection of - Uranium M Ta1] :
_;Impoundments, 8/82 S .

QfLiterature Rev1ew of Models for Estimating Soil
- Erpsion- and Deposition ‘from ‘Wind Stresses on Uran
,-M111 Tailings:Covers, 11/8

_;{Va11dat1on of Methods for Evaluat1ng Radon F]ux f3
N Attenuation Through Earthen Covers 10/84

ng

Radon Attenuat1on'Handbook for Uranium Wil
Cover Design, 4/84 .

Determ1nat}on of Comp11ance w1th Cr}ter

_'Tail1ngs D1sposa1 Site Reclamat1on, 6/85 ;,'*

. ,Mon1tor1ng Methods for Determ1n1ng Comp]tance W1th -
.~ .. Decommissioning Cleanup Criteria of Uranxum Recovery
e S1tes, 6/85 - ; .

o Designing Protective Covers for Uran1um M111 ,fff‘iM'
~Ta111ngs Piles: A Rev1ew, 5/85 S L
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"ESTAKE ‘MINING COMPANY:;’}_ -

_conference that fthie reserva{:lon 1s“’sat15factory bo NRC

October 1 is too- tlght 'for our operatlon.' Homestake “feels confldent
.7 " that a document .can be provided by Decenber 1, 1986.- -We w111 fummhj
you other deta:.ls on the tm\e schedule in the mterlm b

Slncerely yom:s, '::-;. “

- HomsmKE m:NING C(MPANY

Z-Edward E. Kennedy
Director of Ehv1ronmental
: ',,Affalrs :

EEK :SC: Jg
Enclosure EEE
cc:  Harry Pettenglll;',, N
o nd.. M) Parker .
.. W..A. Hunphrey
7+ - Do By Crouch™ - -
 G.S.Crout. -
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Pérkér.~

3 M."_

- June 5,_198

' June 13, 1986

E E Kennedy
. i A Submltted to NRC

. Should any ad)ustments to the proposal be neces
'prlease notlfy me by June 12, 1986 : :

Zg/p

' Edward E. Kennedy

' EEK:jg
_ Attachment
cor W.JA. Humphrey»

D B. Crouch
"G, S Crout
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o ) hlgh-cal_z.ber review.can be’ ‘accomplished., Homestake feels' confident that-'i'

jHOMESTAKE MlNlNG COMPANY
.. P.O.BOX 98 -

GMNTS. NEW MEX'OO .
87020 . o

" CHRTIFIED'MATL NO.: P 713183 661 . -

Mr. Hany Pettenglll Branch Chlef e .

. ,I\Wstanda.rdsmnot, norshouldlt.bedeened anagreeuentor
*acknowledgement _that those standards are-lawful or: ‘applicable in .
México .or- that Homestake- Mining- Campany . must ‘comply - -with. those .
standards Hanestake Mm:mg Company “reserves.the right to ul e, in
~_.admm1strat1ve ‘or Judlc.lal ‘proceedings, .the. lawfulness of the NRC "
: standards ‘and' the imposition of those standards: in New - Mexico. ThlS
L ~‘commitment. is ‘subject to the final judicial determination in. ‘Quivera R
- /Mining - cmpany, - Kerr-McGee - Chemical Oorporatlon, _Homestake - ‘Mining -7
- -Company ‘of . California, and. United Nuclear Corporatlon Ve Um.ted States e
;;Nuclear Regulatory Oarmlssmn, No. 85-2853 (10th C:Lr ). o

B Attached, please fmd a’ schedule “for” submttmg Hanestale

_-M].m.ng Carpany s - (HMC's) site decommissioning and reclamation plan -~ ... -
-, desighed to camply with the MRC standards. . You will note that BMC's - - ... % "
A ,;‘.'.prcposed schedule shows a submittal date of December 1; ‘rather than the - =

NRC has ‘expressed on mimerous occas:Lons the, mportance o
ting. ccmplete and quality mfomata.on 50" that ‘an efficient”

. -such-a document. .can be- prov:;.@d for NRC revlew.'and-appmval by Decembe.r i
1,-1986 . . »
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o f-,»If you ~have. any . quest;ons ‘or’ coments concerning «thi
schedule, please don't hesitate to con 'ct me; :
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ALAN K. KUHN Ph D., P E

CONSULTANT IN GEOLOGICAL ENGINEERING AND APPLIED GEOSCIENCES
13212 Manitobe Drive NE., Albuquerque M 87]ll~2955 505-298-9839 . -

’,June 13, 198&

_’;er. Ed hennedy : O
- Homestake Mlnlng Company
P.0. BGA 98 : : :

-Brants5 NM B?BL_

' R PRDPDSED WDRK PLAN Ry ' ' L
MILL DECDNMISSIDNINB AND TAILINBS STABILIZATIDN STUDIES;
o FGR NRC CDMPLIANCE fi.af'

5Dé§r:Ed:L~

. VEADEFIEHCE tm bear an th15 study.;_rf 11 £

o all tasks. - Eene w111 contribute prlmarlly'tn tusPs'E ar

A dr1111ng contract and- SDll testlng contract will be 155 @

© by HMC for Task 1 services. For :Task 2 nndellng I suggas

o that Triad, - Inc..be contracted. -1 have confidence that the

- can do the work well and cnst e*%ect1vely and that they w 1
' conperate clusely wlth us. -

,,?Task 1 - Bnrrow (Cnverl Materlal Qtudx

;Thlu tash” w111 1nve=t1gate the quantltle: and phy51cal
properties of soils on the Homestaks prnperty north of the P :
o main tailings pile.  Test. bcrlngs and possibly test pits *V*’,j~ Sl
.wWill be made to proflle the soils and to cnllac+ samples For. ol i
testing. An area of about i) by qmm@ feet will be studigd o
. using 1u—7m borings to depths of 20-25 feet. 1 will’ prepareff"“'
.4 brief specification for HamﬂstaPe (HMC) to use in : BN
- gontracting a drilling service.” I ar my representat1ve wlll,fi“
suparvise the drllllng, log the . b0r1ngs, ‘and collect soil::
samples. Dependlng on the results of the borings, several
. test pits might be recommended. It is assumed that ‘these
’plts would be dug by HMC.; N SR e :
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'Homestake Mxningucampany
w0 rdune 13,.1986 :
- Page 2.

- . Selected samples will be tested for grdin size analysis
o -fAtterberg lzmlts,"nulsture ccntent and: Standard. Proctor.
- density. HMC will probably perfurm the graln sxge “and
v;'_mulsture te;ts, and a commercial lab will: perform the other

“tests. For . plann1ng purposes ‘we should expect: ‘that '4@-5@

',and about 20 Proctor den51ty tests w111 be’ performed. $

._fﬂ;fnr radiation accident modeling. .. RAECOM | w111 be. run on a o
fﬂim1crocomputer whlle HQZMAT w111 be run nn an IBM 36@@
V.accessed locally. '

1Fnllnw1ng test1ng,_¥1nal logs w111 be prepmred and cros
:sect1ons of the bgrrow ar

" model the. "bacP~f1t
“perimeter radon measurements).‘ HAZMAT combines . AIRDDQE
. NRC~approved cade for model1ng release’ rates and - i
o dlsper51nns, with the RADMAT cnde,'approved by NRC 4Dr

. EFA Sz@ gu1dellnes,'and for comparison to the’
' NRC—recommended procedures for radon flux mea:urement (NUREG
" CR-%1&6). The latter w111 be used to select data fDr 1nput
to the models. ~ e - : : e

" relatively new firm but composed of staff with extensive -
'backgrnunds in modeling of radiation emlss1Dns,vd15persxuns;

“attached tu th1s letter.j-

Ed Kennedy AR

grain size analyses, 30 moisture contents, 20 Atterbergs,“

qw111 be developed as - the

bieg the1r cnmpact1on'
ted proper_1es {e: Qs g

(predlb
rad:um/radnn
also be nsed-in

'forward" madel and'w111'bebﬁséa~ O
iana1y515 (predlct1nn of emanatio

radwaste package perfnrmance asseszment and reviewed.: by NRC

Both "¥orward" and "back ¥1t" deellng w111 requ1re 1nput Df ;3--w
HMC radon monitoring data and data from HMC testing of I
tailings. These data and the -data collection program w111

be evaluated for . statistical validity nf sampllng per the .

The major. pnrtlnn of this task w111 be perfnrmed by Trlad, o
Inc. of Albugquergue if approved by HME. - Triad isa -

and exposures. A statement of their capabllltles is
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-fEd Fennedy S :
,Hﬁﬂ>HDmEStdlE Mlnxng CDmpany
Lo s dune’ 13, 1986

'ﬁj.Page 3_*

_ The "forward" modelxng w111 1nclude scenarnos both wlth and
i_w1thuut a soil” cover over the talllngs., The ver51nn thhn

'5cenar1os thmt dep1ct a covered pile’ w111 not be comparable

- to the "back*flt“ versxmn and will be used: to evaluate the:
ﬁeffectlveness of. several (prDbably three) d1fferent cnver'
.thxanesses.-- P . . : !

ITr1ad s work w111 be d1rected and cnord1nated by Alan»huh

_Veed tD be_eddressed

iand the¢d1+ference5 willjbe quant fied e
_on:smble._ These compar1suns wWille lead ti
- identification of: ‘data. categorles requ1r1n'
'eﬁflnal total" volume of ta111ng5) before an: accurat
'3c0mp11ance asse:sment €an be made.:‘;v;"

-ifiwlll draw as’ needed Dn ase1stance from Trlad.ﬂ,;«fv
fTaSF 4 - Assessment D{ CDmpl1ance Statuq and Needs
fThls task br1ngs together the results of the prev1uus tasks};

"_11=ted, HME's level of compliance described, and the’ neededieff;-”r=3

©compliance measures, if any, identified. - Recommendations' R
' {Dr acflcns tc ach1eve cnmpllance w111 prnv1ded, as well.':j--f-f'
;The issues mnst llkely to be in quest1mn as noncomp11ant '
inelude the thickness of the soil cover, provision for m111-AY
'decomm15510n1ng ‘and: decnntam1nat10n, and flood protect1nn.v-”

- The firgt two tasks will provide the data’ and analyses to

- relatively straightforward and can be treated within’ the - =700
- revised ta111ngs stabxllzatlon plan. The flood protection '

-~ these calculat1un5 are. net 1nc1uded in this WDFP plan.~

a cover will be compared to the "back-fit" ‘model . However

urrehtffederal'regula.

updat, g (e.

Th1s tasL w111 be performed prlmarlly by Alan'Vuhn and: €
Jenkins. They w111 rely on’ input from HMC, of cmurse

and provides an nssescmnnt of HMC's stafus with respect +to. .
complylng WIth federal standards._ Each standard will he

address the soil cover - questlon. The mill D & D issue . is

issue will requifre calculat1ons of the FMF and’ ‘FMFE3 huwever;;i
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'QvEd Fennedy R -
:v,fHomestaPe V1n1ng Cnmpany
S dung, 13 1”86
- Page 4 'i“f '

?SCHEDULE

sThe schedule prnposed fnr thlS‘GCDpE ofzwDrP'cnnferms
fmllestones .and due dates- that wWe- dlscussed on June. &,

Gchedule for ‘each tdsk s Dutllned below and Illustrate
the attached f:gure._g S ; : S

SCHEDULE DF TASI«. ACT'I-v?iriES":i:_f_--;_'f__'-_ R

 }Borrow Study :.e

._”el1m1nated.-;g ’.' ; _
~7/21 = 8/1@. Model set—up and-ver141cation w1t
“run for apprnval.5 P
Co8/14 - 873) "Forward" end'

' Areport1ng T wf'“

uck flt“ mcdelxng and

-:'Tash 35—'Rev1ew and Evaluatlon Df EV15t1ng Plan SR

' E/EB.f.?lluﬂ Cumpare old and current regulatlons R
- 7/13 - 8/31 Evaluate plan and 1dent1fy nuncnnfurmanceg
issues: B . . o LT

Taeb 4 - Assessment Df Comp11ance Status and Needs o

/1 "9/1u' Assemble and 1ntegrate results D% tasL
1,2, -and 3. TR
?/15 - 10/3%- Complete assessment and prepare report.fj"ﬁﬁﬁ i
11/1 '11/30 Repnrt rev1ewed hy HMG and rev1:ed as’, '
necessary.,-. S S
”g 1271 — Submlttal Df repDrt to NRC
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”_Jdﬁs; JULY‘f CAUGUST : SEPT" - OCT

Drlllxng 23--35--15———22'];;"
- M spec e
CAbide s T
'“~*dr111'

SUTLTASK 8T
1ntegrate task results R
: complxan:e needs/ repurt
: -~ HHC rev1eul’
e rev1910ns

A

.t_Smeiﬁ'tﬁ NRC":;‘?“”

_ JUNE JULY o AUGUST ' SEPT ©ooer

' FIGURE 1. SCHEDULE OF TASKS = = -
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- ,nEd Fennedy R
";_Home:take Mlnlng Cmmpany, R
- Jdune 13, . 1986 : .

3_}Page 5

S --_[‘ESTIMATE DF _CDSTS

_fThe 5cupe uf~worP descrx,ed above is the e ¥Drt tha.

5t oyou and T eapect tn be'! r=qu1red., However, the actual wor
. gould be ‘spmewhat greater or less than ant1c1pated.: Biven'
Cthis: uncertalnty in level of effort, the following. costs’

_Dnly Estlmates, provided “for plannlng and” budgeting. .-

. - purposes.  However, these estlmates will
’_11m1t5 nnt to-be EYCEEdEd wlthnut prlDrA_f

--alan K, Kuhn

. attachment

.'\,_- -

be treated al"'

- taskss
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CGBT ESTIMATE

{pEcDﬂmIéS

G- AND STABILIZAfIDN BTUDIES
TASK . . LABOR- .
ND. (categury/hours/cust)

. '_.-—-..__-.__' e ————

'»,,A/B@/bmaa
T/8B/3680
Er25/500

L Drilli Contract - mub/demob $4mn + drxll:ng $2
. NMBR -+ 101 cuntlngenc

Test:ng Contract (Proctor and Atterber

S 28 each at-$65 and $25, 4 NMBRT + 183"

A/5a1375m :

ESTIMATED TOTAL

-jCategorles and Rates :
LA = ALK. Eubn, $757he 0 T :
~ Health. Fhysics/.: Rad Safety Spec1a11st;f
- Scientist, W.E. Jeénkins, $45/hr. S
- Junior sc:ent1st/prngrammer (Tr1ad) $35/hr;
—'Cler1ca1/ Draftlng, F25/hr . e

mo oD

'IT*ADther D1re:t Costs - Includes commun1cat10n5,
K reproductlnn, word pruc5551ng “and freight -
f,** InLludes ccst uf llne tlme mnd run tlme Dn IBH ?éﬁm

SERN
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» ATYTACHMEN'T_ _fn’ 'f_F-'RDEQQE'D' " w‘txm:g FLAN OF '6/13/86-

) STATEMENT arF - CAFABILITIEQ . -
AHCIDELING OF 'RADON EMANATIDN AND DISPEF\SIDN

TRIAD, mc, . :

Tr1nd personnel routlnely utlllze mndern hlgh-speed
. camputer: fnr the eff1c1ent and’ econnmlcal gsolution of-j
T.englneer1ng and sc1ent1f1c problems., Tr1ad adapts existlng?

i N1th spec1f1c prnblems.“ Trlad uses the camputers nf
*CYBERNET, IBM, and West1nghnuse CRAY—I systems ¥nr mos

__7reduct1on,'ana1y51s ‘and reportApreparatlun.,~i”
Cprogram models the ﬂlstrlbut1cn of any type of
- contaminant plume, either in the air and in "
rtgrcundwater, using =tat1st1:a11y 51gn1f1cant ana1y515
wlth a minimal number of data pD1nts requ1red.w;f

RAECDM f An NRC—apprDved progrdm {nr the deternlnatlnn
“of . radon emissions from disposal sites of .radicactive
materials. This: code allows determination of effects ..
expected. or. ach1eved frcn placement Uf cover mater1als A
over +alllngs. - : &

AACT - A prngram that calculates the snurce tErm-V*'7“‘ s
act1v1ty from a set of initial activities“asg a +unct1an-
 of discrete time steps. ACT also calculates "Prnbable :
‘Release," which is the act1v1ty at a given time
‘multiplied by both the fraction released and the.
‘probability of the release. The program. suppﬁrts e L
analysis of release from radioactive waste dlSpD&&l e i
‘sites Euch as tthe requ1red by 4@ CFR 191, S B i

—~—
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TRIQD BAFABILITY STATEMENT
Page 2 :

_:i1QAIRDUS—EFA-- Assesses E\pDSUFE 1mpact5 {rom all.
"f}-pathways fur cont1nuou= release= of rad1mnuc11des

'_ DACRIN - A:sesses 1nha1at10n EAsture from shart term-
: releases nf FddlDﬂULlldES- . .

“,LADTRAN - Assesse= the 1mpact of - releases 04_;
?rudlnnuclldes 1n surface water systems.,

fcaver1ng and a#ter, and ‘that. HAZMAT wxll ‘be used fnr
 ca1cu1at1Gn of the spurce- term 1n'the analy51s Df the
" emanations from the ta111ngs based on the: sampllng/testlng»

1nf0rmat1on Dbta1ned from: Hcmestake.;_Thls will allmw crossf

.- verification of the results .of RAECOM as well -as el
.“'*rdetermlnatlan of the magn1tude of thefrelease. A plumel‘
'-ﬂgﬁhlstary will- also be generated by the HAZMQT program.Ag

“The extens1ve data base manauement programm that are “in ﬁ -

QHAZMQT as well as our own DB management systems will allow - -
~for input and man1pu1at1nn of the large amount of . data that ' _ E
will be entered.A This capab111ty makes . very sconomic and. . TR

7 effective use 0+ thn 1nfarmat10n in'a ngltal and ef¥1:1nnt57”
~ﬁ.manner. : : -
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’775 ﬁeaé

HOMESTAKE MINING COMPANY

P.0.8OX 98 :
' GRANTS, NEW MEXICO
’ . 87020

" Decenber 1, 1986

Mr. Harry Pettenglll, Cxuef : :
Uranium Recovery F:Leld Off:.ce, Iic. Br. 2 o
Region IV :

U.S. Nuclear Regulatory Ommmsmn

P.0. Box 25325

Denver, CO 80225 -

© Re: License No. SUA-1471 -

ocket No. 40-6903

o _,Dear Mr Pettengill-

In accordance with our ccxmu.tnent dated June 13, 1986,V
. ‘Homestake- Mining Company hereby sutmits 6 copies of its TaJ.lJ.ngs'
. Stabilization and Site Reclamation Plan for the Grants, New Mexico
" Uranium Mill and Tailings Facilities. This plan addresses the design
. cntena and oost analysis as required under Title 10 CFR 40, Appendix = |
. A, It addresses mill decomm.s_smnmg, land cleanup and conplete -
‘tailings reclamation. It includes activities for interim stabilization
~ to control dusting under 10 CFR 40, Appendix A, Criterion 8. It
- addresses the control of- non—radJ.ologJ.cal protection criteria-
.. extensive ground water protectlon programs as req\u.red under ‘10 CFR 40,‘
Appendlx A, Cntenon 6.

- This plan addresses Homestake's actlve tallmg p11e, the mill

and mine ion exchange facilities, and their associated surrounding land

. areas, - Tt does not address the Homestake-New Mexico Partners tailings

-~ pile, which has been inactive since 1962, per. our telephone:’ discussion -

© " of November 24, 1986, Your recommendation is- being- -taken under
' ._adnsenentandﬂcmestakewﬂl xespondmatlmelymanner o

" As set forth in our lette.r of- June 13, 1986, Harestake w:Lshes
,.'to reserve all of its legal positions related to this matter, and
. Homestake's voluntary submission of the reclamation plan is without
~ prejudice to any of its rights, It is our cantmulng m1derstandmg that -
-thJ.S reservatlon is satlsfactoxy to NRC.

-

) .
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Stabilization and Site Reclamtlon Plan
License No. SUA-1471

. Docket No, 40-8903
Page 2 - .

: Homestake Mmmg Campany is prepared to meet w:.th you andﬁ
othernmbersoftheNRCstaffatanytmetodlscussthereportor any

» of its sections in detail.
: ' : Very truly yours;

- HQVIES'IAKE MINING CGVIPANY-GRANTS
ORIGINAL
 Signed By:
Edward E. Kennedy
Director of Environmental
Affairs '

Delivered bys

Received by:

Date :

 EEKpel
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~ Homestake Mining Company-Grants
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TAILINGS STABILIZATION - . ..

'SITE RECLAMATION PLAK

lzPrepared by-if"”

Alan K- Kuhn Ph Do, P Eo
.-t ’Consulting Engineer -
?'_Albuquerque, New Hexico

-laﬁd‘_

- S V. E. Jenkins L o
Environmental/ﬂazatdous Vaste Consultanty*;}f
Englewood, COlorado ' '

52 )
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5.} 2 Radon Emanation . . ,; . B ;?ii Nif_;NT¥ N¢f?4afjf;35%5'i

5.3. 3' Recontouring ."J";A:.x N'.",.;?;:iﬁ . ;?f-ff;VN ;:1€5f7-:?
- 5.3_4 Soil Cover ; .1‘ _f: u N; ﬁtiNf{i'l;;:  jfi;f‘i.':é;lo;‘V

5.5.5 _gock Cover.- “:-.' . ‘f:5£f-1;;;ﬁffNji}AL‘_j-'.5-;3.;
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| Lic. No. SUA-1471. . - . " Rev. 0 . °  Docket No. 40-8903 -
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1.0 INTRODUCTIOR & - ¢

':'lnf'Homestake Hining Company (HMC) respectfully submits this Tailings Stabiliza

”7?.tion and Site Reclamation Plan to the Nuclear Regulatory Commission (NRC)

'ﬁThe plan was developed to meet the criteria contained in NRC's 10 CFR 40,
- Appendix A (NRC, 1985 and 1986), for long-term stability and protection forff

' }7-1 000 years against release of radioactive material from the tailiugs im-

1.poundment and associated mill site. Currently,

tailings impoun'men'

'irelicensi'g,

* per month (:pm) zate. .

::Hhen milling onerations are permanently ended, the’mill.will.be decommis-=
- sioned. The structures and equipment will be demolished and buried in theA
f‘isoutheast cormer of the stabilized tailings impoundment, as described in
V_lChapter 3 O.- The mill area and vicinity around the impoundment will be
decontaminated by excavating soils with excessive radium levels, as’ de-ﬁ':"'
B scribed in Chapter 3 0, and placing those soils as fill at the toe of the

- .iiimpoundment, which will be protected by a soil cover. The extent of area

_ receiving cleanup has been estimated at 64# acres, based on a gamma survey

N~ conducted previously by HHC. Subsequent radiological survey efforts, _;iT;t".
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33' described in Chapter 4, 0 will include correlations between soil radi

'f~p;contents and gamma meter readings, delineating more preciaely those areas

ﬁrequiring soil cleanup.-

The major task in this plan is the long-term stabilization_oi.the tai _ngs
:.fimpoundment. This task discussed in Chapter 3. 0, uill begin with thei

";interim stabilization (Section 5 2) required to. limit erosion during the

'ficlosure period.: Tbe long-te"'ﬁ":

lay and sand deposits.‘

fstone obtained from FY quarry.near:the mill. Riprap from'this quarry
V;7ff;2well as diversion ditches and rechannelization of San Hateo Creek, will-be
!;:used to provide the necessary protection against flooding (Section 5 4)
"The soil cover properties, thickness, and vegetative or rock protection will
'limit erosion by wind and water to a small fraction of the total cover J{k

'thickness (Section 5. 5)

i-;After the: tailings inpoundment has been stabilized and the mill site is "
:l7,cleared the reclamation of the property will be completed by finsl regrad-iw~iﬁi:;
ing and revegetation (Chapter 6. 0) The site will be recontoured to leave E f-v:'*
V;Vlsmooth, free-drainin;;surtacest_ Revegetation will establish a plant cover - : 'f;f.i:”- |

RN /ﬂs\ A . s S
S - of hardy native: ies. -
e C O AR e
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d'Ihe only significant non-radiological impect will be elevated levels off
5 *; constituents in the ground water. HMC has implemented and will continue to:

'Ljf?operate a ground water protection program, as described in Chapter 7 0.

- This program will continue, as presently planned, for up to 15 years after}
' mill closure. The only major difference in the post—closure program will be;

a;'the construction and ‘use of an evaporation pcnd for collection well dis

i"tail in Chapter 0, are based on unit prices obtainedifrom constructio
vindustry sources and on quantities derived from the conceptual design._
'uThese costs are subject to review annually and will be adJusted to reflect.

'chenges in design or inm unit prices., .

v A‘concept schedule for stabilization nnd reclamation hss heen developed’
'-i(Chapter 10. 0) Part - of this schedule, the completion of soil cover and

'subsequent stabilization tasks, is’ dependent on the rate of consolidation
‘-!and dewatering of the tailings slimes. The rate of consolidation is impos-:
sible to predict with confidence, -80 some- activities can be scheduled only

in a relative sense.
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i 2.0 HISTORY AND_EXISTING AND FUTURE OPERATIONS -

B '?sz 1 HISTORY
‘ 'l:;The Homestske Uranium Mill is locatedvapproximately ‘s 5 miles north )
..';fnilan, New Hexico iu Section 26, Township 12 North, Range 10 West;_.”

B County. Homestake s Hine Ion Exchange (IX) plant is located in the.south-

eastern part of HcKinley County, New Hexico, in the Ambrosia Lake area

f(Figures 1 and 2)

The IX plant is'approximately 18 miles northwest:of

Grants, New: Hexico_in Section’25 Township:.4 North, Range»lovuest

‘capacity of 750 tpd.-
- precipitation mills. The combining of these two milling facilities resulted
' :in a mill with a nominal throughput capacity of 3 400 tpd.’ f;
V:,The Homestake-New Hexico Partners ‘mill commenced operations in February

‘ '.‘mills operated independently, each with its own tailings pile, until

- mers was the surviving organization. -

'1958, while the Homestake-Sapin Partners mill started up in Hay 1958. Bothjik_ :

November 9,r1961,when the partnerships,uere_merged._ Homestake-Sapin Part-'inzi..;'ﬁf“
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E In January 1962 the former New Hexico Partners mill ceased operations as a’

complete snd independent mill._ The Sapin Partners mill continued to ntili
. a portion of the smaller mill's facilities.e In April 1968, through a change
.ffin the distribution of ownership, Homestake-Sapin Partners became United
: ;Nuclear-ﬂomestake Partners.: In Harch 1981 Homestake then purchased:United

3Nuc1ear cOrporation 8 1nterest and the operation became Homestake Hining

A}Company-Grants.

‘tquantxty of tailingsfgenerated n impoundedAin this first 'mpoundmen

) 1 22 million tons. It isjlocatedzin.the SH 1/4 of Section 26A.Townsh1p 12
‘North, Range 10 Hest, N. M P. H.; Tailings material deposited within this
1mpoundment was contained entirely by an. embankment composed of natural,
.compacted so1ls. The embankment was compacted by heavy equipment and ;9{

'_brought to:a-height-of-ZO to 25 feet. “The crest vas a winimum of 10 feet_fﬂ_;?o
w1de, with the’ base being approximately 40 feet thick. The:impoundment,h"i-“-

‘covers an area of about ao ‘acres.

‘“The tailings within this first impoundment are ‘not’. comingled with any com-ﬁ]ff
’ mercial materials. They were a11 generated under AEC contract. It is

- Homestake s contention that stabilization and reclamation of this tailings;&f-f~’

impoundment is the responsibility of the federal government and, as a

. © Lic. No. SUA-1471 . . - Revo 0 - Docket Ko. 40-8%03.
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: .result, HMC has brought suit for a legal judgment in this matter (Homestak’

-Hining Company of California, Inc.'vs. United States, #580 840, United
L States Claims Court) Consequently, Homestake has not addressed thia;first'

V'i Homestake-New Hexico Partners tailings impoundment in this plan.

o :The larger of the two impoundments resulted from production under both fed

“~;;era1 government and commercial eontracts.: Homestake-Sapin Partners and th

E-_-‘.53presently being utilized for tailings disposal at the Homest 'e 111

: Until 1966 Homestake deposited tailings material into only one cell of the‘

' .impoundment. Subseqnently, Homestake added. an - additional cell adjacent to ’

| B

and to~the west of.the existing cell. Since that time, tailings disposal

-~ has. been alternating between the two cells (east vs. west) whenever neces- e

: sary to maintain optimal operating conditions. v

»'The starter dike for the larger impoundment was constructed from natural

soils excavated within the immediate area. The dike was constructed in o

' six-inch lifts and each lift vas compacted by heavy equipment. The material

':was borroved from within the tailings area._ The dike was constructed to a s
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height of about 10 feet and a width of about 10 to 15 feet at the top and 25

to 30 feet at the bottom.

2.2 EXISTING OPERATIONS AT THE MILL

The mill employs the alkaline leach-caustic precipitation process for con-
centrating uranium oxide from ores that have historically averaged from 0.05

to 0.30 percent 0308' The concentrate is a semirefined uranium cempound

-known as yellowcake that averages 90 percemt”Usoa.,

The mill has a nominal des1gn throughput capacity of 3 400 tpd of ore.r‘Cur~{1E
rently (November 1986) due to contractual requirements, the milling rate

has been reduced to approximately 3, 500 tpm. In the event there is an in- .
creased demand for yellowcake, HMC may: 1ncrease the thtoughput to . the nomi-
‘nal capacity of 2,000 tpd averaged during each quarterly period for the nextj

- five-year time period. This productzon level is the maximum rate for 11-

censing purposes over the next five years. Therefore, this plan assumes 8.

2,000 tpd production rate for design purposes.

Current tailings management at the mill site comslsts of disposal of the
waste products from the milling operations in a rectangular impoundment
located adjacent to the mill.  The impoundment is divided into two‘cells
~designated the east and west ponds, contained and surrounded by an. embank-
ment (ring dike). The impoundment presently covers approximately 170 acres
and is approximately 85 to 90 feet high. The east and west ponds cover
approximately 55 acres and 40 acres, respectively, as measured from the -

crest centerline.
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‘ ’,y'Except for a small clay starter dike around the east pond (now buried by

"tailings), the entire impoundment is constructed of hydraulically—placed

= tailings. The mill tailings are transported from the mill to the impound-

"ment in slurry form. The tailings are composed of uranium-depleted

_ coarse sand fractions and slimes (minus No. 200 mesh sieve) The tailings

- .are deposited above ground on the impoundment by means of wet cyclones whichf

s separate the material into coarse and fine aplits._ The coarse material iS'?

"'spigotted along the crest and downstream slope of the embaukment of the'

;impoundment, and the fine split is discharged into either he*east"or jes :

The cyclone travels along the cresta:f th 'embankment &

charged directly intoithe tarlings pond. The present_ _”.

.Qconfines disposal to a. single pond at a time, with the othe_ pon_psff__“
evaporation as needed. To date, the tailings impoundment currently in use_

_ has received about 21 million tons of tailings.

lThe placement and maintenance of tailings is performed in accordance with _

the. Tailings Management Plan (D Appolonie, 1982)', This plan specifies prac-‘h o
._ tices which-assure compliance with NRC Regulatory Guide 3.11 and»3.11.1, as éf

well as New Mexico:State Engineer requirements; At least 5 feet of free-.f‘

-board and - 50 feet of beach are maintained at all times.: The piezometric

levels and movement monitoring points of the embankment are surveyed on a '

.regular basis. Stability analyses are routinely performed to ensure that

. Lic. No. SUA-1474 - . . Rev. 0 . . Docket No. 40-8903
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v--pﬁthe static and pseudostatic factors of safety of the embankment are at least

7ff1 5 and 1 0, respectively. :-

-.ann addition to the mill site, HMC operates a small IX plant in the.Amb'
B Lake area to recover water-solubilized uranium from the Applican:is m nes*
1VA11 of the IX tail water, without chemical addztives, is recirculatediback

?_underground for recovery of additional uranium.

Until February

HHC plan

18 based on the following considerations' S

Lic.'ﬂot

five-year period.-

SUAl1471. T "ff, -b'i_f;Kevf:o - o f'bdcketluo,ldbfa903‘_;

to continue!f”f'

The five-year bu'ldout

'Haximum mnill production Tate for ‘the next five years B
was estimated to be 2, 000 tons of tailings solids per v

) The structural embankment will be constructed of the. Ce

, coarse-split tailings, which. constitute about 40 per- - .
cent of the solids in the tailings slurry. Fine-split
tailings will be placed in the ponds.. Coarse split Co

. contains less than 10 percent fines, while fine split S

"contains a large percentage of fine sand as well as

"alimes. ’ ; S -

'The crest buildout, or structural embankment, must’ be
' sufficient to maintain five feet of freeboard and a
'50-foot’ beach. _;3__.~ :

'At the present .and’ anticipated rate of production, the'
required safety factors will be maintained by this
disposal method.. : .




Construction of the five-year buildout will be eccomplished by centerline

- }:method, using the same placement procedures curre“tly 1n use JThe cyclone

- will trevel along the crest. spreading the coarse'split ahesd and downslopel'

- _to build the crest and outer slope of the embenkm _t,'and didcharging.t e

: jfine split toward the pond across the beach. As the slimes _ﬂ;§1¢;5g¢,,£he;
u'clarifxed liqu1d is decanted from the center of the pond snd 13 recycled

g back to- the mill for use’ as process water. The structure will contain all

k fine tailings and liquid that are discharged into the pond“

A 2 ooo tpd

-f2 000 tpd production 1s illustrsted in Figur :

o
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.0 MILL DECOMMISSIONING AND DECONTAMINATION

‘3. 1 HILL DECOHHISSIONING

B ;iiAt closure, HMC will decommission the mill buildings and equipment‘
| {fidoes not intend to decontaminate any buildings or material that are con-
E~”tained within the facilities area for salvage purposes. The mill and equip-
‘t;:nent;arenconsideree,to be'too;oid?to‘ha?epanyfreasonsblefSalnage'vaine.»

%material ontained within the facilities area will be torn down and placedﬂ

”t‘-he ou heast toe of the teilings impoundment,-as shown in ig;

th ite cleanup,soils,:as discnssed below.'»Decommissionin' will

”;iCrushing and sampling section, to include grizzly,-~
. impact breaker,‘rotary dryer and . reciprocating sampler

>“_fo'.Fine ore storage section with four ore storage bins and
:-one transfer bin .

) rinding section with ball mill and thickener tanks i

"o'.Uranium leaching section with leaching autoclaves,
' leaching pachuca tanks, solution storage tanks and
tailings ion exchenge facility

‘e Precipitation section with pregnant solution tank,;
jprecipitation and precipitate thickener tanks .

. Vanadium removal section and associated roasting
";furnace , : .

® Package, storage and Shipping Section uith yellowcake L
dryinz, P80k8ging, end drum stozage end losdout ~
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o o Hiscellaneous st uctures, to include administrative ;'
building, shop;:laboratory, change house, etc.’f

j.pAll tanks will be remove__dt cut into pieces and placed in the toe'.rea of'

g'the stabilized tailings impoundment._ The tanks will be filled with""tailings

: Lsands or soil material after-placement s0 that void areas will_not occur
';.when the final cover material is placed on the tailings impoundment. Build--"
- ing materials, beams, foundations and other flat material will be stacked

Z@Haround or on the tanks,' tron l » “eillbe. ;

placed in the dispos

ﬁFoundations_

'placed in he

in the same.location as the reatfof?tbe:mill;

;- building materiala._::p':

. The mill IX plant will continue to operate until ground water restoration is

: complete, after which it will be demolished and buried in the impoundment

toe or the reclaimed evaporation pond. - .

' The demolished mill, placed at the southeastern toe of- the tailings 1mpound-.
ment, will be completely covered by contaminated soils excavated from mill
© and other site areas found to have Ra-226 levels exceeding Criterion 6

- limits of 10 CFR 40,.Appendix Af‘ Qleanup of contaminated_soils ‘and -
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Jprotected disposal of these materiais are discussed in the followi'

“ij%w)L-:Ti-tions.

‘:,'The mine IX plant will continue to operate for an indefinit ;perio

' sequently, the plant might be sold if not excessively contaminated with

» radioactive materials. Otherwise, it will be demolished snd buried in the

Vﬁtailings impoundment disposal area, or in the reclaimed evaporation pond 't

‘ﬁ‘the mine.l:

s "3 2 FACILITIES sm CLEANUP

. After completion'of demolition nd’ removal [

15@111.bn1161ngs*énd_ma£
rial, the facilities area soil that has bee {

i_limits of Criterioi 6 will.be jemoved. The facilities ar a compri

,acres snd for purposes oi'cost_estimating,vi is assumed that pproximatel

_bzone foot of soil msterial wil_ have to be removed from_t'

- ‘meet unrestricted area criteria.3 Approximately 79 000 cubic yards

,tamrnsted soil msterial would be removed. On completion of contaminated

i soil removal, the mill area will be regraded to blend into the contours of:
"'5.the entire reclaimed property.: ‘The contaminated soil material will be_i-lf

' utilized to £il1 in and around the mill demolition debris. ST

'3 3 OTHER CONTAHINATED SOIL CLEANUP

HMC conducted a gamma survey to determine areas that mey contain elevated ;11:
’concentrations of . Ra-226 due to windblown tailings.. Site-specific-corre-,,:f
lations vith gamma readings and actual Ra-226 content- of the soil were not':,

'made,‘but for this conceptual plan'it was assumed that gammajreadings above_

: . ‘Ldc. No. SUA-1471 . . . - Revi0 . "  Docket Noi 40-8903
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lcm of soil, aud more than 15 pCi/g in successively lower 15 cm intervals
-(Criterion 6 10 CFR 40. Appendix A) Figure 5 shous the ‘area where HMC
Aﬂ 7gamma readings indicate excessive levels of radium in soil due to windblown

.'tailings., HHC 1ntends to perform an additional gamma survey with Ra 226

?25 pthr correlate with excessive soil radium levels. Excessive levels are

,..concentrations of more than 5 pCi/g radium above background in the uppe

: iRa-226 above background.; For costing purposes, the area defined in '

’”Figure 5, contarning 644 acres excluding the tailings impoundments, wil

“i'ﬁftoe, close:to_its final disposal location;_;-*‘.'“

'-_correlations to define areas of aoil material that have elevated levels of ;5'"
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| 4.0 RADIOLOGICAL SURVEY -

o Radiologicalvsurveys will be‘performed in compliance with NRC regulations
fc:The first survey will be conducted prior to closure to delineate the areas
'iin which radium levels exceed allowable limits. Soil in these areas will be;p
,removed and disposed as described in Section 3 3. A post closure radiologi-;t*l

' a1 survey will be conducted to determine the area around the mill that

l still has excessive residual radioactive contamination.j The radiological

-,,“1 below the first 15 cm above estahliyhed background levels:in the proxi“ity

*-Ti_of the HHC operations.

- 41 MILL AREA’ ’

Nh-The radiological survey in the mill area will be conducted usrng a hand-

,carried gamma pR/hr meter, or equivalent type of equipment. Approximately
:49 acres are contained wrthin the facilities area._ Gamma measurements uilla;flﬂ'”l
-~ 'be made at apptoximate 10-meter intervals on a rectangular grid within the |
'\fecilities area. The gamma exposure rates will be correlated with Ra-226
concentrations taken from selected boreholes.: Additional soil samples will -
" be taken where the gamma exposure rates exceed the allowable pR/hr-above-.'l-ilf

background readings, indicating Ra-226 concentrations that exceed Criterion'?

6 limits.,
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~f31n addition to the surface gamma survey within the facilities area,

xﬁ.;radium concentrations exceed Criterion 6, selected boreholes will b :drille
to collect soil samples at 15 cm intervals for analysis of Ra-226 _oncent

. itions. Sampling depths will be limited to those in which gamma correlation

'f;findicate excessive radium 1eve1s. Gamma exposure rates will'be measured

n_-concentrations of Ra-226. '

‘V*yicinity.‘
szacilities area. It is estimated that approximately five acres will_“eed to

" be surveyed.

4, 3 TAILINGS rspommsm VICINITY "SURVEY

15 cm intervals uithin the boreholes to assist in determining below-surface'

This survey will be conducted in the same manner as that for h_

o The radiological survey in the vicinity of the tailings impoundment will be jd.{""

directed towards identification of areas that were affected hy additional

windblown tailings that have accumulated since cleanup during operations.:-.
'The initial survey will be mede using a hand-carried gamma pR/hr meter or

meter .of equivalent type.- A radial grid system will be developed emanating

from the center of the tailings disposal area in- eight compasa directions. xﬂi..
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_f.Gsmma readings will he taken at 50-meter intervals in each compass direc

.vtion._ Heasurements will be taken until consecutive readings indicate

“A'Mconcentrstions in surface soils greater than 5 pCi/g above background

'*ftsken at 50-meter intervals and soil samples collected to a depth of 30 cm

Jhbetween radium content and gamma exposure rates.

fsurvey, the volume of soil material that must be‘removed uil'

:'1HMC conducted a gamma survey in 1980 toﬁ bta
_Tareas that may contain elevated levels of 'adium from uindblown_
: *;.;ZFor this reclamation plan and until a'new radiological survey is condu'_ed

'1 HMC is using this initial survey to outline the areas where potential ex=

exposure rates less than correlated readings associated with Ra-226

“ﬁ Aress containing excessive levels of Ra-226 will be delineated._ Hithin

. these areas, a8 rectangular grid system will be ‘used for gamma measurements i

3at selected locstions for analysis of Ra-226.v Correlations will be made

.- Upon completion of“the

i-.k b CURRENT RADIOLOGICAL CONTAHINATION ESTIHATES L

.nformation on potential;

Lcessive radium concentrations may be present. The area. is shoun in Figure 5::

and contains 646 acres (excluding tailings impoundments) For costing it is

estimated due to the nature of windblown tailings, that six inches (15 cm)

of soil will have ‘to be removed from this area. Removsl of a one-foot layer :_3-:

over the 49 acres within the facilities area will be’ assumed for costing

. purposes. _Cost estimates for soil removal are contained in»
fthis’plan,u,
L Lic. No. SUA-1471 - . . . Rev. 0. _ Docket No. 40-8903
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-HHC s long-term stabilization plan has been developed to both account fo

o and take advantage of the unique chatacteristica of the Grent f

__full-perimeter embankment constructed of tailings sands._ ‘As a result,'the .

’-_fimpoundnenm has no upstreamf_atchment but. is

o watershed.
-j'These characteristi S

f.The stabilization plan hasﬂbeen designed to use these relocated tallings-to
‘promote consolidation of slimes and to suppress radon emanation Tom.
'. alimes.i Lacking any flow-through runoff from upstream catchment,vthe{drai
age ‘measures for the top and sides of the impoundment can be relatively :

. modest, accounting only for runoff from’ ditect precipitation. Bowever, the_,

-quirements for the plan are those contained in the criteria of Appendix A,_Hfﬂ

Lic. No. SUA-1471 ~ - Rev. 0 . . Docket No. 40-8903 .o

© 5.0 LONG-TERM STABILIZTION =

5 1 GENERAL APPROACH AND RATIONALE

especially the tailings impoundment. The HMC impoundment is enclosed by a

amount of outer slope is proportionatel 7much greatet than in the typ

of the HHC impoundmen wmean that a large olume of

:tailings must be relocated to achieve them equired maximumpslnp“

toe. of the. 1mpoundment must be protected from the San Mateo Creek Probable g:;'""'

‘Maximum Flood (PMF),,which would pass directly,along,the~north_and west

sides of_the impoundment.

The foregoing considerations have guided the general approach and underlie,rgif- .

'_the rationale for the stabilization plan._ Of coutse, the fundamental re- ;f?; et
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'Et"io CPR 40. Hhile satisfying these regulatoty requirements, an has ‘oug te

5fa1so to achieve maximum cost effectiveness by realizing multiple benefits

f.from stabilization measures. For example, to aatisfyithe regulatory: e-

'»tailings will be moved inward across the pond to surcharge the slimes (t°,;

'b accelerate consolidation) and to suppress radon emissions from the slimes,

5 2. INTERIH smaruzurou DURING cx.osxmr

:_After cessation of mlll operations and before finalkstabilization is
pleted, interim stabilization measures will be used to minimize the erosion

. of tailings; These measures will provide a transition from interim sta-»-

: 1bilization during operations (described in a separate submittal) to long—‘
term. post-closure stabilization and will include some measures from both

programs.

’Homestake has - found that the tailings that escape from the impoundment as
-airborne particulates are primarily fines (minus #200 mesh sieve).- The

'fA-principal source of these fines is the beach area around the ponds. COarser

: fractions (sands) also become airborne in higb winds but stay within s few

" Lic. No. SUA-2471 . .° ' Revo 0 . - . Docket No: 40-8903 . .- .
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_feet of ground surface and are redeposited on orf close to. the impo ndment

'%'Vwind erosion has the potential for moving tailings more frequently, foA
17;longer periods, and consequently in larger volumes than water erosion.
effects of the latter are restricted to the impoundment toe areas

. _quently, the primary objective of interim stabilization during closure is to,

control wind erosion.

"}TThe interim stabilization 'easures include water spraying, covering on'bea

areas with sand tailings,'and use of snow fences.xrrond wateru(a_Awell'as

l;able uranium, then returned through»aisystem of movable-pipes-

:sprinklers located Jr?The locations_of spraying

"jlas stabilization progresses, butninitiaily water wilﬁ'be s'

f:g{f>\3_;;.ibeaches and sand tailings surfaces not being actively ‘excavated o

s JSpraying will maintain a moist surface that will inhibit'win

:-surface tension An the interstitial water. Spraying will also accelerate
evaporation of pond water- in fact, the sprinkler system might be started at-
some time (to be determined) bafore cessation of mill operations to shorten :

'the post operationai pond dewatering period. Unlike cross-valley impound-
ments, in which a large portion of the non-evaporated spray water returns tojg’i

' 'the pond the infiltrating spray should seep downward and ontward away from l_ijer'

‘tbe ponds.- COnsequently, dewatering should be relatively rapid.- Should Ei;ﬂl;i*f

additionai evaporative capacity be desired or should the process of impound—.;{:ﬁzl'

'ment regrading overtake dewatering, the pond water will ‘be diverted to the {;w

‘evaporation pond, described in Section 7. 4 of this plan.
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';, The period of time during vhich beaches will be sprayed will be brief

iicause one of the first steps in long-term stabilization will be’ inwar ‘move

*c"ment of sand tailings from the impoundment crest across the beach.
--covered the fines on the beach will not again be exposed to wind3
"”necessary, the sand tailings fill will be sprayed both fo: moxsture cond:

tioning to enhance compaction and to suppress wind erosion.-. -

B j-'”_Sand teilings surfaces will be stabilized during closure w;th snou fences

12 until they are coveted w;th compacted soil.' Snow fences have been very

_ating and suspended sands are deposited to form ridges.,;These'ridge

iThe snow fences provide much-needed versatility in interim stabiliz ti
: They can be moved around to stay ahead of or follow behind eartbmoving :
- _equipment. The density, orientation, and pattern of fence placement can e

adJusted to the level of protectioa required at each location._'sqj

;:»closure. Therefore, any sorl cover placed for interim stabilization would

tours. In addition, any soil cover placed prior to cessation of tailings

Use of an interim soil cover-is not appropriate for HMC s impoundment. The"
L entire impoundment surface will be altered by excavation and fill' no sur-.fjf N

faces developed during impoundment buildout - and operations will remain after;~ L
have to be excavated or covered by tailings during regrading to final con-l .

_deposition, during operation, would be covered by tailings added later as o
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‘nthe impoundment is bnilt out by centerline construc

placed et the toe during the operetional phase of the impoundment_would
1nterrupt the drainage system designed to carry controlled toeAseep e

V fr:water collected ftom the pump-back system for recycling back into the mill-

'~ing process. Finally, the outet slopes of the impoundmen L lﬁbe too steepe
”-for cover plecement until they are cut back to 20% grede, at which time the

-»final stsbilization soil cover will be placed as explained in Section 5 3

s, 3 RECONTOURING AND covm OF"" upounnur.m:

';:5 3 1 'Imp undmen et:End o Operations

Itailings solids. : oul an’ lona. IV VS ’
N 2 : s . & o
”:_‘;tons of tailings : f_ B

L tailings w1l be’

':tion will result

'face height in the east and west cells, respectively, assuming uniform dis--

tribution of tailings over those surface areas. The crest elevetions of the:}if7'" 5
‘two parts. of the impoundment would differ by an’ average of 20 feet.; The

e configuretion at the end of operations in five years is illustreted in 7f3:-

Figure 3.

l, 5. 3 2 Radon Emanation

Criterion 6 of Appendix A 10 'CFR 40 requires that a soil cover be used to

limit redon release rates to not more than 20 pCi/m 5. Conservative rela-

“'tionships between radrum content end radon flux from tailings, contained in e
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'-'the GEIS (NRC, 1980), indicate that radon exhalation from uncovered sl'"es

‘ and sands would be 1000 snd 100 pCi/m s, respectively, assuming rsdium con

E_centrations of 1000 and 100 pCi/g, respectively. These radium concentra-

tions are conservatively high compared to the values determined'from

:messurements at’ the HHC impoundment by others (EPA, 1986)

?175J__HMC recognized that thevexcavation required to reduce outer_slopes'm

:'.(H V) could generate a large quantity (up to. 3 4 million ‘cubic yards) of

Consequently' HHCVs

'sand tailings. Verimposed various‘

"tmodeling indicated that the requrred flux limit from tsilings sands ove_
"slimes could be echieved w1th 10° feet of sand tailings fill covered by“less
_jthen one foot of ssndy clay soil, as described in Section 5. 3 4, compacted

. ‘to 90% density, with 37% poroszty and an sverage 12 14% moisture content. ;ii_i

The required flux limit from the tailings sends alone can be achieved by |

less than one foot of this soil cover. However, as discussed in Section

5.3.4, a 2.0 foot:cover is planned; This soil is available in the on-site .
A borrov pit descrioedibelov.ftThe_radon emanation modeling-is-descrihed in‘

‘more detail.in Appendir A,
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"i5 3.3 Recontouring t;ﬂ'“'

ICriterion 4 of Appendix A, 10 CFR 40, limits final 1mpoundment slop

L (H:V) ‘ Slopes flatter than 5 1 would require extensive excavatlonj'“

’ 1cation of large volumes of tailings slimes, as well as outward extension of

’1 the impoundment. The outer slopes of the impoundment at the end of opera

-tions will range from about 2. 5 1 to 3 1 (see Flgure 3) Consequently,iforl

i flnal stabilization all slopes will be recontoured to comply with regulator:

k i{ing a 5 1 gradlent cutting through the embankment slopes at & higher 1 vel,
Ajwas selected to balanee ‘the volume of tailings excavation with the useful
'”'volume of tailings fill. This cut slope would start about one- third the ;ii?a R

slope distance from,the toe._ __}'

'_'A Separatelbut signlfieant source of contaminated materielvinst also be.disepfrfz'”d
'_posed and stabilized.: This materlal 1s ‘the soil- around the site containing ,ii*l'>>
: radium levels exceeding the 5 pCi/g to 15 pCi/g limita of 10 CFR 40, Appen_.l_v,j o
::'dix A, Criterion 6, which requires that this soil be covered or otherwise

1?protected to control release of 1ts radlological hezsrds for 1, 000 years,-ﬂ'

: ,the same protection as that requlred for the teilings. vRather than cover>:=:ﬁf“A

\ " Lic. No..SUA-1471 . - . Rev. 0 = Docket No. 40-8903 . b
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S cient means of handling these soils is to use them as. flll material at' h

L toe of the 1mpoundment to form a 5 1 flll slope downhill from the 5:1 cut

o -slope in the tailings.A»fw:

ﬁ'tion, is shown in Figures 6 and 7.

- (5 1) grade.

“'will be the contaminated soil fill,

‘i; ell of them vlth the tailings for impoundment stabllization tn

f.The design selected for reco:Aourrng the 1mpoundment combines the toe fill

of_conteminated soil with the elevated cutislope in the taillng “emban

All outer slopes will he reduced to;20

The 1owest portzon of the outer slope, about 150 feet wide,

8t the southeast corner of the 1mpoundment to provide £or burial of the e

demolished mill (see Chapter 3) The toe fill gradient ‘may, ‘be flattened

elsewhere as well to accommodate more contaminated soil if required.

','cut slope above the fill will extend up through the former heach, shove

'_lwhich the 5 1 slope will be continued 1n sand tailings f111 to the rela-ll

'tively flat tops of these fills above each pond.-

:sectional areas of flll in the ponds appear to be much larger than the cut

-areas 1n the cross sections. However, the cut areas enclose the entire

1mpoundment, 8o that when these cross, sectional areas are multiplled by the_f' :

Lic. No. SUA-1471 -~ © - Rev. 0
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This ‘toe will he enlarged and flattenedf=
The f}'

(On Figure 7, “the’ cross ;.{f
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T the east pond will be separated from the west pond fill by e 5-

ﬂ“l.'west pond fill surfsces elevations 6670 to 6676’

' feet long, cut through the divider dike. This cut slope will connecti'h

h surface where final elevations will be 6690 to about 6696.__Each pond area

B =200 1 to 250 1 toward s central swale. The swale in eech’pond area will |

‘]:dozer and scraper across the pond.

_The processes of fill placement and consolidation in the pond could be’ :_

into place at Iocations not accessible to nen or equipment.*

length of cut, the cut end fill volumes are foun

slope_lOO

ith t.he’enst ) _:_d £ :_1

will be contoured to provide positive, controlled drainage across alopes of'

5 a diversion

accelerated by using the pneumatic stowage method.f This method uses 'S high;:; S ,,T

volume, low pressure air pumping system into which solids are fed., Trans-”;jf"“

ported by air pressure through pipe to a nozzle, the solids can be blown

f“initiated

against a firm surface, pneumatic fills can echieve densities of better thanngf‘V;i"
'701 Standard Proctor (usksimovic and Draper, 1982) This nethod could per-'

: mit plscement of several feet of tailings sands across the ponds early in

the reclamation program, accelerating consolidstion and providing a stable

A'uorking.surfece for heevy equipment. Hﬂclis:seriously consideringApneumstic,f"“
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: :stowage, but for cost estimating purposes the .more expensive conventional

hmethods are assumed..v L

“;ﬂe5 3 4 Soil Covet }f ,Jff"‘

i f;To comply with the requirements of 10 CFR 40, Appendix A, Criterion 6 HMG .
‘-i;jwill construct a soil eover sufficient to keep radon release rates to L

'_acceptable limits and otherwise prevent releaae of radiological hazards forf

ha_period of 1 000 years.? The soil will be excavated from a8 borrow pit

'located on HHC property northwest and west of the impoundment (P':ure -8

'of bighly plastic clay.. The clays range from less than 2'feetsto bou

'.iarea in and adjacent to the borrow pit, as delineated in Figure 8, the vol-
iiume of available clay is estimated to be about 580 000 cubic yards.: Sand '
-jsoils are at least double the clay volume._ Although clays and sands can bed?-~ S

excavated separately, HMC intends to excavate both soils and mix them to
form a sandy clay to clayey sand soil (USCS classification of sc) which will

'.have good workability and moisture retention characteristics

.tests show. that this mixed soil can, be expected to have a- maximum dry den-ﬁfjf":'”':
_sity of about’ 115 pcf with 12-14% moisture content.x Natural moisture con—i"HA'
»tents of up to 81 in sands ‘and 8 161 in clays 1ndicate that a. long-term re-"“"

kfii>”f~: . tained moisture content of about 12% is reasonable. These-soil propertiesa:,?“

- Lie.'Ne. SUA-1471 . .. Revi 0 . . Docket No. 40-8903 . .
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| U P

l were used as input in RAECOH computer modeling of radon release from the

‘less than one foot of soil, compacted to 901 Standard Proctor density (104

.’pcf) with about 371 porosity and at least 121 moisture, will satisfy NRC

radon release rate limits.."'

- _To satisfy regulatory requirements that this soil cover thickness be main-_ o

5‘tained for 1, 000 years, some extra soil thickness is needed to compensate'r"”

A';.for loss by erosion. Despite rock cover protection on the 5:1 slopes, some

o ;'soil loss is assumed to occur. Prediction of soil loss by water erosion wasy_.

.made by»the Universal Soil Loss Equation (USDA, 1978) This soil loss

analysis is included in Appendix C of this plan,

'soil cover.__',thj? 4t an-required thickness:prov des extra conserva:

'ism and also recognizes the practical constraints of large-scale earthwork,}'f IR

fa,it is not feasible to. control the depth and properties of a soil cover

:.fthinner than about 1.0 to 1 5 feet.,_{"

”To construct a soil cover of 2 0 feet over the entire impoundment, a total

jto _ielv,enongh soil for the impoundment cover, as well a8’ extra for

5-11

ﬂ;'cover impoundment. With 10 to 15 feet “of sand tailings covering the slimes,,

The calculated 1 OOO-year ]T y

iabou 600 000 cubic yards is required.- The borrow pit has been designed o

Lic. No. SUA-1471. . -~ . ‘Revo © ' - Docket No. 40-8903 -
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':al'stripping/grubbing losses and for fill to restore ground surfsce,
{tour around the m111, and to cover the evaporation pond if soils at th

location are. not suitable for cover.;Af”"A

-5The resultant volume of about 800 000 cubic yards will be obtarned from the -

,:borrow area, illustrated in Figure 8. The borrow area can be “nlarged to

:,The soils will be excavated hauled, and placed by standard earthwotk quip

'7}:ment and methods.” The pit will be stripped of vegetation and organic

debris, which will be stockpiled for later use’ 1n reclamation or burned.

Dozers and. graders w111 make 1nitial cuts to delineate clay lenses and sandigff igfd:
"zones. Scrapers will excavate ‘and haul the soils to. the 1mpoundment (aver-fvf'"
vv_age of 0.8 miles one. way), where graders will mix scil as necessary. The
; clay/sand mixtures will be moisture conditioned to wet-of—optimum (usually ‘

]_ df :z.c *>'141 or higher) and compacted by sheepsfoot rollers to 901 of maximum den-

g |
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: '"._'(PMF) erosion.

(s

[5 3. 5 Rock Cover

-:to armor the toe of the impoundment slopes against Probable Haximum Flood

. limestone and of maipais. lave ‘might also be considered.

- In conformance with the requirements of 10 CFR 40 Appendix A, Criterion A s

_all relatively steep slopes will be protected against erosion by a cover*”f%
',;broken rock. In this plan,_all 5 1 slopes will be covered:_bi ’:“u ion

‘lrock will be used at other selected locations to control channel erosion or

Surfaces flatter than 50 1 will he revegetated,

~Severa1 rock samples were tested for sodium sulfate soundness, specific

;gravity, and absorption. The test results, attached to Appendix B of thisﬁv’
"plan, show that sample Nos. 1 2, and 5 (all Todilto Limestone) meet the-ft

, acceptability standards described in Nelson et al., 1986 Table 6 2

‘,.The tock cover will be & minimum of six inches thick, consisting of brokennf:"dw
'Virock up to aix-inoh size.; Thc rock will be quarried hy drill and-hlast
' methods, crushed ~and screened ‘as necessary, loaded onto bottom—dump trucks,

:and hauled directly to the placement location.: The rock will be spread in a

Lic. No. SUA-3471 . Bev. 0 Docket No. 40-8s03
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'\ . manner that allows the finer frsctions to work to the bottom of the rock

' layer and form a filterdzone in contact with the soil.

. . . - [ ———

5 4 FLOOD PROTECTION

;_'As part of the requirement to provrde reasonable assurence 'of control of
radiological hazards for 1 000 years (Criterion 4, Appendix A of 10 CFR 40

T HMC will protect the stabilized impoundment against disruption by floodS'

-lug}stream and flow, only in direct response to large precipitation or_

: events. Tbere is no distinct channel near the mill, althougb there may have

a been one 1n formerly more pluvial times. A very large precipitation event'

could result iu flow from the San Mateo drainage entering the Rio San Jose ;;

drainage.’ The Rio San Jose is itself ephemeral and floWS only in direct

response to local rain storms or snow melt. Ihe Rio San Jose dischsrges to o

the Rio Puerco, which is a’ tributary of the Rio\Grande.

',The u. s. Geologicel Survey (USGS) has maintained stream flow measurement ‘

'gages on. several streams in this region. From the nscs records it is '

o evident that most flon in this region is ephemeral or intermittent

-'-:(D Appolonia, 1982) No definite relationship between the size of the R
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';;drainage basins and the mean flow or the maximum recorded flow_is evider

".f Variations in watershed characteristics such as vegetation, slope, soil

'Etchannel material and difference”‘in water use apparently are grea eno h

L that they cancel or overpower a simple relationship between basin size

' flow. These differences indicate that it is difficult to- predictlflow:
regimes using regional characteristics and that each watershed must be

;f:investigated separately;"l_ i

ﬁderstorms._ These intense storm cause {

‘ ':places ‘to be sparse with large amounts of open ground between shrubs oz
'i’f:"forbs._ The open ground, where present, contributes to’ surface runoff and‘

g_sheet erosion during the thunderstorms.-

ArThe Sau Hateo dra1nage basin above.the hHC nill site hasva drainage area of”7°'iﬁt.ft . o
approximately 291 square miles (Figure 10) Its’ shape is roughly circular
‘and contains a. dendritic (tree-branch atyle) drainage pattern.: Haximum ::ﬁ{'f
-p}relief is 4, 725 feet, with elevations ranging from 6 575 feet at the outlet‘"ﬁi;':h

_to 11 300 feet at- Mount Taylor, as illustrated in Figure 11.
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1'steep1y sloping upper teaches of the dreinage and its tributaries.ar:;com-
"_-_nonly incised from 10 to 30 feet into the valley alluvium. where slopes s e'
low, such as near the mill site, flow follows shallow, poorly-defined,.; mf

:S'braided channels._,‘

Estimation of: the PMP
Generation of " the PMP runoff hydrograph
Flood routing ; . _

'Previous surface hydrologic analyses ‘were used as much ‘as possiblesin these

'activities, described 1n detail in the following sections. SRR

'PMP Estrmation - Hydrometeorological Report No. 55 (Miller et al., 1986) was'

: ;- Z-’,~'._:used to estimate both general (frontal) storm and local (thunderstorm) storm’i{fhﬂ's'
: PHP amounts for the San Hateo Creek watershed. Tahle 1 lists the results of if:gh
these estimates.f The general storm produces larger PMP amounts for the

longer.(greater_than-six;hour) euents.

Runoff Hydrog_nph - The runoff hydrogrephs derrved from the 6 0 and 24 hour ,;.;

"g PMP events vere estlmated with the use of a computerized version of the U.S.Q

. ‘Lic. No. SUA-1471° -~ Reva 0 . . - . - Docket No. 40-8903
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“,path, are used to calculate a synthetic ttiangular hydrograph.; The computer

5 program distributes precipitation over- time according to the graph shown in

’ . ;Figure 21-2 of the U S.; CS Netional Engineering Handbook,

Section_a,

) "__Hydrology (u .. scs, 1972)

to the synth 'ic hy rograph'to calculate the runof hydrograph

The' results of the hydrograph generation are shown in~Tab1e 1. The 6 0 hou

'_1 PMP produced 8 peak discharge of 180 250 cubic feet per second (cfs),

the 24 hour PHP produced a: peak discharge of 169 800 cfs.‘ The larger peak

: discharge was used in the flood routing.-.m

”f Flood Routing The U s. Army Corps of Engineers weter surface profile com— ;i.--

‘puter program, HEC-Z, was used to calculate the surface width, elevation and= -

:flow velocities of the Probable Haximum Flood (PHF) near the mill site. The'%

, HEC-Z program solves backwater curves for both subcritical and supercriticalfii;‘ﬁ-d"-

'-flows. Input requirements include digitized channel and overbank area cross“
-(‘rﬁﬁ - sections, channel and ovetbank area roughness coefficients, distances
© Ldc. No: SUA-1471 . . ¢ Rev. 0 .
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L between cross sections; ond the stream flow (Bydrologic Engineering Center;

f1976) Figure 12 shous the area_of'the San Heteo_fl dplainvaroun_ the I

A 5f5mill site.l In general, the floodplain is a complex area of berms

_ditcbes, closed drainage areas and natural hlo'n raids.: However,

‘are qulte smsll compared to, end nearly indiscernible from, the overbsn;'
';: areas. The forbs and shrubs of the overbank areas provide the most resist
" ance to flow. The chennel within the soil borrow area wes assigned an ng"

':value of 0.035 because it nill be relatively smooth.ip

iiThe PHF of 180 250 cfs, resulting from the 6 0 hour PHP event, was used in

" the HEC-Z program to route the flood past the Homestake property. Figure 12f&f'1v e
' shows the PMF floodplain boundary at the site as calculated by the HEC-2'~ =
program. The maxlmum flow velocity‘would reach 5 7 ieet per second (fps)

: (tf}li_ . and the elevation of the water in the overbank arees near the tailings
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ﬁuvimpoundment could reech 6 592 feet.,

'if"will be achieved by placing oversized quarry rock (riprap)
j'-,=feet diameter along that portion of tbe toe of the impoundment that will be

'i;fbelow PMP peak elevations.and adjacent to high velocity flows (not in 'lac

‘The crest elevation: of th

A;and}westvsid§§r

. inches;- | .

.In addition to these protective measures, flood flows will be substantialgy

: eight feet deep. The deeper, wider portion to the north will divert flow

‘away from the impoundment and direct 1t southwestward. The pit floor will

The flood water elevation

r3i'Protection eastires

MF .at- the tailings" impoiindment

diverted away from the impoundment by the rechannelization of Sen Hateo

Creek through the recleimed borrow pit. The borrow pit for soil cover mete- R

'1r1a1s, described previously in Section 5. 3.4, will be initially located and el

excavated and later reclaimed to. provide a controlled conne 'ion between g

--the ill defined creek channel north of the impoundment and the broed flood"' .

_plein ‘to the southwest. The borrow pit will be 600-1300 feet wide and up to";il,'
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.slope to the southwest and merge with natural ground surface wes

;i:imP°undment. This d1version channel should force':' X

'fmost of the discharge volume away from the impoundment, leaving most of the:

. :toe areas in relatively slack water conditions.AJ,f"

JZPHF flood waters w111 be prevented from flowing around the east and_s'uth

‘f”sides of the impoundment by placing an earthfill levee from the northeas

f-j-s 5 1 Water-Induced Erosion

”.The water—induced erosion that would occur at the reclaimed tailing__
' impoundment was calculeted using the Universal SOil Loss Equataon (USLE)

'-f“(USDA, 1978) for thxee distinct areas of the tailings impoundment. These

areas include-‘

. Top of the impoundment, with slopes of 200-250 1 (

- an -average slope lengtb of 1000 feet, and 2 0 feet,
cover material._f"_ : _ - :

-ot'East area of impoundment slope, with slopes of 521 . g;f
" (H:V), average slope length of 580 feet. Slopes will ;'

' be covered with 2.0 feet of soil and six Anches of rock._-“
' material.” : : . - :
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e Vest area of impoundmeut slope, with slopes of 5 1 -
.. (HsV),- -average slope length of 480 feet; 2.0 feet of
. soil covet and six inches of rock cover.-“,

The soil loss equstion is'l,

A=RELSCP -

T where ﬂ,{“_

' A = the computed sozl loss per unit srea, expressed for the units
stelected for k and the period. selected for R. These unlts selected}
'*compute A 1n tons per acre. per year.>:>1._A .o :

rosion index unit fori
lot. k = 0.34%

eas is as follows“

"iImpoundment top with vegetation cover.'f RUNES
~East - and West slope areas will. ‘be covered with six inches ©
f~durable rock cover. C = 0 002 .- E S :

P = Support prectice factor., P.f lgO'? -1 figft

v _” Calculations for the three areas to determine the tons per scre per year and :

1nches per year of soil loss ere contained in Appendix C. For the three

srees, the following soil loss ‘can be expected-

o jImpoundment top.'fo 2067 tons/acre/yearﬁ,f S
‘East pond slope: 0.134 tons/acre/year - - -
¢ West pond slope: '0 1214 tons/scre/year O
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Converting these volumes to depths, the amount of sorl loss over.a

1000-year period will be--

"._,_jlmﬁoun&ment'top:aao 0011 1n/yr or ..
TR '"531 1 inches ln 1000 years

e ‘East pond slope: f'o 0007 1nlyr or
S T 0, 7 lnches in 1000 years;

‘e West pond slpfe:?_o 0006 in/yr or ::;;-i SN
o e 230 6 1nches in 1000 yearsf‘A”'

:-'_lFrom the ebove caleulations, the cove as'>.

:pfgtegtiagaiﬁs “the

ithe formation of a. erosron blanket, and

fislopes will be wind transported.;ﬂf;:

."Wind so:ll loss was determined for the revegetated impoundment top using the-
. following data from USDA Technlcal Note 27 1980. Calculations for the Soll_
:lLoss Equation are- contained in Appendix C. The Soil Loss Equation, where E

is. potential annual soll loss in tons/acre/year, ist.‘

CE=sE(IRCLV)

" where.
£ = A function of

I = Soll erodebillty fattor. 1'5 86T_ '
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viloss of 0 4 tons/acre/year,

Table 5, USDA Technical Note 27 1980, it 1s estimatedat
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© 6.0 REVEGETATION AND FINAL SITE CONFIGURATION

K 6 1 REVEGETATION

6. 1 1 Contour Plan for Affected Areas L

vUpon completion of mill decommissioning and teilings impoundment stabilize—

tion, the site will be graded to the final site configuration, as shown in :

-Figure 9.. As explained in Chapter 8 of this plan,_the ground water protec- N

and 7, the tailings _Hsposal area willzbe contour,

. with side slopes at 5 1 (H V) end stabilized with 2 0 feet of soil cove an

' .0 5 of rock cover. The top of the tailings disposal area has slopes from
200 1 to 250:1 (H v) A drainage system has also been designed to direct
'the runoff from the top of the recleimed tailings, as shown in Figures 6

.and 9.

6.1.2 Revegetation:*
. About 1160 acres will require revegetation. ~Ine areas to be reuegetated:?'
include the following. | |
L .- Top of tailings impoundment (70 acres)
A\ : ) Hill area (49 acres) . ,

Lic. No. SUA-1471. = . . Rev. 0 . Docket No. 40-8903 .

HMCSL024613



D

e The revegetation requirements have been developed based on species cur ntl

. ~Qon-site, on the ability to provide species diversity, and on adaptability of

:'"f.to help provide soil stability and minimize erosion.. The seed mixture will

o 1974) A new soil survey, just completed by the Soil Conservation Serv

: - has chenged the Moriarty Series to the Venadito and the Prewitt Series‘to

_Borrow area(s) (139 acres) Lo
_ Contaminated soil removal areas (644 cres
"Mine IX Plant (5 acres) : el
:Other, including diversions and evaporation pond (250 acres)_

. the species to the site.f Both sod and bunchgress 5pecies have been selecte

__be planted between mid J‘ne and mid September.' This time period has,t &

most favorable moisture and temperature conditions for germination. In ‘some -

a-Prewitt-Moriart'

ciation.A This soil is reted good to poor depending on depth.(Harker

: the Aparejo (USDA, 1986&) The report on this survey is expected to be

'published in 1987. '

'The areas to be refegetated will have seedbeds prepared'asAfollows::

- o Mill area -- The mill _area will ‘be prepared for ‘Te-.
_.vegetetion upon completion of demolition and’ building/
-equipment removal. Areas where foundations have been
cut two to three feet below ground surface will be .
filled with soil material through grading and recon-
touring. Contaminated soil will be removed to the:
~ depth 1ndicated by radiological ‘survey. .The area will T
;be ripped with a bulldozer or’ equivalent equipment with . :p_f;j? s ey

“Lici No. suA-1’471i'.,jy . "Rev.0 - " Docket No. 40-8903 .
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o ibeen accomplished for each area, as discussed above,_mithin the'
- of climatic conditions.} As discussed above, optimum seeding is'between mid-
"June and mid‘September.. Planting in other time periods may he limited to R

- the planting of a preparatory °f°P' . j'.

1”’J;3ripper ahanks which will make parallel cuts'on the con-
‘_%'__tour. The area will ‘then be disked or" harrowed to'pro-
*ﬂ:bvide a surface for drill or broadcast seeding.-‘-

:.ﬂ'-o;nBorrow area(s) and contaminated soil removai area(s) =
. Areas that-have been compacted through the use: of heavy.
“equipment in the ‘removal of soil will be. ripped as dis"
.-cussed above.’ The total area affected will then be-
" disked or harrowed to’ provide & surface for drill or

- broadcast seeding. - ‘The seedbed preparation will" com= -

" mence ‘as soon as the required amount of aoil materiali‘

has been removed. . : S

® Top of tailings impoundment - It is anticipated that
"%_several years of surcharge wrth tailings materiai uillv

:Evaporation Pond --_Revegetation w
"sed for the mill area.<;yhdu

Two methods of effectively seeding the area to be revegetated include drill

and broadcast seeding. " For HHC's site, drill seeding will be the primary

» method of seeding. Broadcast seeding is not considered as effective as

:.drill seeding because of uneven seed distribution and seed desiccation if

proper,depth placement is;not accomplished. Drill seeding offers uniform

‘Lic. No. SUA-1471 % - Reve 0 . . --  Docket No. 40-8903 . - .
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| \ will have to be determined on an’ area-by-area 'basis. All slopes vithin the .

placement of seeds, requires fewer seeds per acre seeded, can be drilled

directly into preparatory crop stubble, end provides a: uniform atan of:
' ._seeded plants.. with seedbed preparation as discussed above, drill seeding
L vill be well suited for HHc's affected areas._ All seeding will be conducted

: along the contour or. at a right angle to the prevailing wind.

If broadcast seeding is used, seeding will be accomplisbed using -a cyclone-

_type broadcaster. After seeding the area vill be.conditioned'byiraking,

'l mixture, contained in Table 2. If revegetation is not suce

ever reasons, undersize waste rock (minus three inches) will be hauled from-

. the rock quarry (see Section 5 3 5) and mixed with the top lift of soil to

Araise the volume of 0 84 mm particles to. increase wind erosion resistance.'g; L

-f'6 2 MULCHING AND FERTILIZATION

,_Hulch will be applied to: all seeded ‘areas to conserve soil moisture and pro{"i,?,*f? -
__tect-against'erosion. Application will immediately follow seeding and fer-,},_zni .
. tilizetion. Areas that were seeded as a preparatory crop may not require

mulching when perennial species are seeded due . to the stubble stand. This _v"

i
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_effected area will 'be gentle 50° no. special mulch (e g., cellulos A

A"Tlfiber, burlap netting, etc.) will be required., Straw or hay mulch "11: be

" f_"'used, applied at 2 000 pounds per acre.v The straw or hay mulch wiv;"

=" -A soil investigation will be conducted to determine soil fettility. Resul_

"of the analysis will allow detemination of the amount of nutrients con-

"» To enclose the ?

of-way, about :58,000 feet of__three-strand __barbed wire will be use

. (\
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. 7.0  BON-RADIOLOGICAL PROTECTION .~ = =~

7 1 CURRENT PROTECTION HEASURES

HThe only non-radiological hazards identified as resulting from the HMC
. 1:are those related to ground water quality. As the result of a regional
'f ground water survey conducted by the U S. Environmental Protection Agency:in _
1975, HHC entered into en agreement with the New Hexico Environmental .

'*:'Improvement Division (EID) t ‘restore water quality*outside*the restr‘ t

d;fwatet wss.to.be formed hy freshxwater injection to create, in effe
5”.hydrologic barrier to prevent the further migration of waters contain
*elevated concentrations from HHC s property. In 1983, a second series o:
_ fresh water injection wells was installed along the southeast border of
'[uuc s property. This system was designed to create a mound, or hydrologic
barrier, to prevent the migration of waters containing elevated concentra-it;:.f_,l}{ﬂ

: tions beyond the property boundary, as well as to accelerate the process of

pushing these ‘waters back towards the pump-back system of collection wells

: locsted around the downstresm periphery of- the tailings impoundment. The ;ﬁ]iW'"*vz .
,fresh water injection rete for ‘each of these systems has averaged approxi- fii.ﬁ

mately 300 gallons per minute for the -last several years. The locations of

4 these wells are shown in Figure 13.-
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'vside of their tailings impoundment.; This systemvwas installed in 1978"and

‘Discharge.

o f.State s Ground hater Protection Regulations.i A comparison of 1976 to--1986
”'1§San Hateo alluvial aquifer piezometric informetion shows that water levels
vand flow directions have been greatly changed by thevremedial measurec
implemented by HHC. Collection wells around the tailings impoundment are.
"t'presently intercepting all aeepage from the facility and, in fact, are. draw-_tfﬁi

‘ ing water far out in the aquifer back towards the pump-back system._ The

injection systems have reversed the direction of flow from southward toward‘}*ffzf*ﬁ =

':ﬂthe subdivisions to northward back toward the collection wells. The injec-3 .
'jtion of . fresh water hes also greatly reduced the chemical constituent con--*"-
o centrations in ground water to well below background levels in the subdivi--'

.(}9 - sions doungradient.of-hnc's_fecilities. - '
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ilfThrough an- extensive moni 'ring;program, HHC has demonstrate'

’ ground vater outside their restricted area has been returned;to better water

» *ltrquality than background, or'that allowed by the State s Ground’ﬂat

Li~tion Standards. ,?ffﬁl!

InJection of fresh water has been found to be a very effective solution for»

;:of fresh water have been successful remedial measures to reduce el ated

,]concentrations vhich had migrated over a large area of the alluvial-aquifer.

',7 3 POST-CLOSURE PROTECTION HEASURES

.gIn its Ground Hater Protection Discharge Plan submitted to the State of New |
‘Hexico, HHC has committed to continuing its ground water protection programs;:’~'i
'until it can be demonstrated that, when the systems are turned off, any V'
.;1future seepege from the teilings facility will not cause the State 8 Groundv
V ApWater Protection Standards to be exceeded at the property line.. The col-f
‘lection system (which includes the collection wells, IX plant, and evap-idf”:::ﬁ

_f((fe\' T oretion pond) will require operation for a considereble period of trme
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'fﬁni(possibly 15 years) after the.shut-down of the tailings facility
"because seepage wrll continue for a time after termination of ope tion
'l _until storage of water in the tailings is down to, or nearly ‘at its spi
ﬁr'cific retention.‘ However, as the tailings are gradually dewatere

. collection system discharge rate is expected to decline to 200 250 gpmr

3-This seepage water will be piped through the IX plant for removal of

YT7¥ availahle for evaporation of water_:rom t_e-collection We_ls

A“»discharge during the post-closure period of active ground water protectio
N This pond will provide storage for about 26 million gallons of water per
.. year in excess’ of evaporation for about the f:.ve years when the collection

.'system will operate at 250 gpm. Subsequently, as’ discharge declines to 200

pond as discus.ed fe

{7 4 EVAPORATION POND

fAfter mill closure, the tailings

a 66-acre evaporation pond will be constructed to receive collection well

gpm and. lower, the stored water (about 131 wmillion gallons) will evaporate s]

until the pond is dry.

,This pond will be constructed by excavating sufficient soil to create a
rectangular retention dike system, then placing a liner across the bottom L

and sides,of theVPOndp' The liner will be Derry Oil Hembrane No. 6, a felt f"

‘Lic. No. SUA-1471 . . Rev. O . . - odékejt_}'r:o;_’aofaso';
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- _tively..-

Leak detectlon will be provided by existing mou:ltoring. el'ls.

"fwill incorporate the existing brine pond.,

It w111 be ureclaime _‘_afte ces :
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5.0 POST-COSTRE CRE AN HoRTTORING

Upon completion of the reclamation activities at HMC s site, it is antici
:.f pated that a modified ground water and subsidence monitoring program wil “be:
required. The following provides a brief description of the monitoring :

: programs that will be implemented.:

L.E'8 1 GROUND WATER HONITORING PROGRAH

ThiSFSYStem*ﬁill operateiunti it can . be. demonst ated ‘that

" Mateo alluviim

}73>the ground water . w111 meet New Mexico State standardsva anc's property.

boundary or the exemptionslalternate concentration limitslestablished by
‘7NRC. Honitoring will be conducted on ‘an- annual basis for a limited suite of

fparameters that have shown elevated levels in the past.

‘V,B 2 HONITORING AND INSPECTION.J

".AHMC will place 15 or more feet of tailings sands over the slimes areas in T;J’d
"g.the west and east ponds. When the sands have been placed and the tailings
'}impoundment graded to final eontours, HMC will place two feet of soil over

the entire impoundment area.: Because the buildout of tbe impoundment placedj:;x

'only coarse sands in the embankments enclosing the ponds, the only potentialv'f

for settlement due to consolidation of slimes will be in the pond areas on jff“"”

‘ ' _Lic._ N_o_..SUA_-éllﬂi,, N . Rev. 0 . o ‘Docket No. 40-8903 - S
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Tj'top of the tailings impoundment. To determine if settlement has e
b’ﬂ._'HMC will instsll settlement monitoring points at locations simi ar “to those

'inshown in Figure 6..

' vwill be inspected annually for signs of cracking, depressions, or other

S The ‘m’onitér‘_ 'p_oint S,urw( ,y_“s ‘and 'inspjeﬁéiqﬁé 'descr1hed""}_if:boue.."ﬁill : _"e'_t"éct' »fany'

~;The monitoring points will be surveyed snnually to determine the amount of .

_settlement during the year. The revegetated soil cover over the pond aress'”

: ficonditions requiring maintenance or remedistion.1 The most likely condition:

'i?will be excessive or non-uniform settlements of the soil cover.{ During soilf

cover placement, some extra thickness of soil (included in the nominal two

feet thiCknesS) will provide the soil necessery for redistribution and re- ;:.'T’"° '
- grading to fill in settlement depressions, reestablish positive gradients,
0T fill crscks in the cover.v Extra soil end rock will be pleced at several f N

,locations on. the stabilized impoundment for these purposes, precluding the o

_need to bring in additionsl material, a vety difficult task after recls-‘

mation. .

e, No. SUA-1471 . - . - Rev. 0 - . Docket No, 40-8903 = .
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equipment. This work can_ be sccomplished by the staff 'tunn:l.ng-'-the
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o The preceding chapters of this plan have described the conceptual design for

r_ﬁ{'accuracy of which can’ be determined ouly after additional surveys.: Actv 1

1and costs enumerated in Table 4.‘

'9 1 INTERIM STABILIZATION I

"VThe items that are specific to 1nterim stabilizetion ‘are the water spray

‘Lic. No. sm-ian o L Reve O 'bockeﬁt’:ﬁ°"-.i-_"°43995'-'.Z

9.0 sstomrm oosrs

nated s01l cleanup) are based on estimated quantities or dimensions,

SYStEN and snow fence, and the labor associated with them.. Piping-elready_'ﬂf7w o

' exists to. bring water from the mill (slurry line), so the only additional Jj?

piping needed. for the spray system vill be that to distribute water aleng ;

- 7the beach areas. Uszng one foot of pipe per foot of . beach length, a totalis.nug'= ‘

‘A:of 9400 feet of pipe, plus one sprinkler head per 80 feet (or 118 heads)

will be required. The unit price of pipe and heads is $1 5# per foot and

$12. OO per head, respectively. To maintain pressure and flow, two pumps ;J};ff5
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» ?fﬁ(300 gpm at 20 psi) at $1 040 per pump were lncluded in the system.

1.311 these costs, the 3YStem will cost about $1 91 per_fbot,ﬁ“

,thotal.

E Snow fence will be used on’ the crests and slopes of the lmpoundment

V3.be moved from place to place as requrred.v Using snow fence on. half the .sur

mated.cost of interim stabilization is about $275,000.

9,2 IMPOUNDMENT RECONTOURING

iﬂRecontouring of the 1mpoundment will consist of two activitles-f”ekcaoations:
'i_ of the embankment crests and upper slopea to 5 1 (H V) and placement of thrs:5
material as £i11 in the pond areas, and placement of contaminated soil as.

£i11 ‘at the embankment toe. Excavatiou of the crest is expected to be per-'i‘f:f"'

.JA formed first by dozers making relatrvely short pnshes of tarlings sands .
b,across the beach areas. Once the dozers have cut away the crests and creel_
ated beaches on the alopes, scrapers w111 flatten “the- slopes by longitudinalfffb'
cuts, haullng the sand tallings up to 1, 000 yards to fill locations in the

>K<:z>f"¥' pond areas, where dozers ‘and graders will spread and compact the tailings._;' SRAE
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'$3 million.
9.3 mpounnnmrr son. covm

" sist of - borrow pit development (stripplng and grubbing), borrow excavetion,:
o haulage, and dumping, nnd spreading and compacting. _The. borrow area covers
'ebout 139 acres. An independent 1ocal eontractor provided an estimated unit

"_price of $400 per acre, or ‘a totel of $55 600 for borrow pit preparation. d?

: everage haul distance, estimated at 0.8 miles, was used to determine the

:'for estimating purposes. The entire relocatio: _ -

The work 1tems to construct the soil cover on the tailings impoundment co

~ The borrow meteriel will be excavated hauled and dumped by scrapers. The,ﬁn :

Le.No. siAs47r. © 0 mew o i Mtuaoma
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. ‘l'iunrt price of $1 62 per cubic yard.;__ Dumped in windrows across the impound

' d’ment, the borrow will bel.pread and compacted by graders, dozers
»foot rollers after moisture conditroning by water trucks.» An estimated uni
dprice of $1 80 per cubic yard covers these activities.f Wrth 600 006 cubic

liie yards required for a two foot cover, the total costs for excavate/haul/du:

’and spread/compact are $972 000 and $1 080 000 respectively.- Combined wit

af_pvborrow area preparation,_the total sorl cover estimated coat is $2 107 6003

9.4" IMPOUNDMENT ROCK COVER

ftection using »

erSiied7rock?(on to two oot diameter ri‘:ap) wi

quire about 16 000 cubrc yards

' The total_for other rock'prote tio

:about 5 000 cubic yards, bringing the total to about 1 !

- The cost of rock was separated into srx categories. Purchase”of rock from

'::f'the ‘owner was - estimated at $0 25 per cubic yard, or. $31 000. The rock will

':be quarried by drill-and blast methods, crushed and screened. 1oaded and

h}hauled to dump locations on site, then spread and graded or placed Each ofﬂ;?:.f;}:h
_ these tasks has been priced separately based on estimated unit prices sup-

u;plied by contractors or industry cost data publications. Drrll and blast is'f'~
h-f~estimated at $1 58 per cubic yard and crushing and screening at $3 50 per
~ cubic yard. To load haul about 7 5 miles, and dump is priced at $2 00 perii..”

cubic ‘yard. Spreading is priced at. 31 00 per ‘cubic yard and riprap place-b-f o

- ~ ment is expected to be $21 00 per cubic yard.
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”??If vegetation cannot dependably protect the top of the impoundment rom‘win;
”11erosion, the undersize waste rock (minus three inches) will be hauled ‘to ‘the

,Qsite and mixed in the top liftj‘f_soil to raise the volume percen

;:call for 25 000 to 30 000 cubic yards of material. The cost of mov R

-va:tractor are $9 000 and $23 000, respectively, for a total of $32 00

: 9 6 HILL DEHOLITION

‘A detailed estimate of mill demolition costs could not be obtained in the

"3'time period available for preparing this plan; Therefore, as a basis for

estimating, HMC used the auard cost of a contract placed in 1986 for dem-ﬁ-7d'

;lition of a uranium mill near Grants. The total estimated cost of mi11 L'”

demolition is $1 5 million, about double the cost’ of the aforementioned

- _demolition contract._
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e CONTAMINATED son. EXCAVATION

”f)*~Cleannp of contaminated soil is expected to be performed in tlh'same”manner

.'as borrow pit preparation'and excavation, and with comparable haul dis-

'-'fﬁ?tances. .Therefore, the same unit prices apply._ Clearing of 644 acres t.

'f$400 per acre will cost $257 600 and excavation of about 80 000 cubic yards<

. in the mill area and - 520 000 cubic yards around the site at $1 62 per cubic T

'.'f_yard will cost $129 600 and $842 000, respectively. ~This_gives a.total;cost;

A.'of $1 229 600 for contaminated soil cleanup.,

generalfgrading 930 acres),i’i

“f;work has been divided into.four tasks~'

'izPit grading (139 acres), San Hateo diversion (4 acres), and impoundment-i
diversion ditch grading (28 acres) : However, the same- unit price “of $ZOO)£{5”

' ’per acre. applies to a11 recontouring except the diversion ditch grading,.zt5;:77

.”'Which is- estimated by °°5t pex cubic yard. ($1 62) to excavate sofl and placei* .

)fit in’ the levee northeast of the impoundment., The estimated cost for recon-?

.r__touring is 3360 400;

9 9 REVEGETATION
. After recontouring is completed, all site areas not covered by rock will be ﬁl'~t
- revegetated. These areas include the top of the impoundment, the contami- -

nated soil removal areas, the mill site, the evaporation pond, and the bor-‘fjif'

e "“6-“.3“1*-14,71. o - i'.Rfei# 0 Docket No. 0-8903 . -
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~-fertilizer/mu1ch, seeding, and fencing. According to‘ o estimate from :n
:Hindependent revegetation contractor, the costs per acreifo
:“are $420 and $80, respectively._ Triple-strand barbed wire fencing i"pric

: at $0 89 per foot. uﬁ,_f‘"

‘TOW and fiood diversion areas.. A total of about 1 160 acres will.be reve.

:ftated. The included tasks, priced separately, are soil preparation/

. The item totala to revegetate 1 160 acres ‘are $h87’200 for soiltpreparatio

; fertilizer/mulch and $92 800 for seeding.-

5f$250 000 phr year and includes replacement an_vr a
"”system operating costs over a 5 to 10 year period.

'__"this task will cost $3 750 000. C

An evaporation pond, the second major cost item, will be constructed to sup-:_

Addingi$51 620. for fencing the

"-port the. ground water program. The existing five-acre brine pond will be w;ﬁ SR

incorporated into this new pond. The cost of the 66-acre pond inclndes

earthwork (excavation of pond ‘area and fill placement to build dikes) at

- $1. 90 per cubic yard based on costs actuaily incurred to construct ‘the .

present brine evaporetion ponds. The 85 800 cubic yards of earthwork will B

cost $163 000. Later earthwork, priced at $1. 47 per cubic yard, will be re-: g: }-

'quired for reclaiming (filling and covering) this pond. -This_recIamation '

*: earthwork will cost 31&1 700.
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c;The pond will be 11ned with Derry 011 Hembrane No. 6, the same liner 1sed " to
:create the existing brine evapoxation ponds. Homestake paid $4 05 per'
':; square yard for this 11ner. Using the same unit price for the evapo

'iralpond linet, the 306 200 square yards of liner will cost $1 240 110.

.*The total ground water restoration and mon1tor1ng costs are estimated to

iabout $5 295 ooo.:a-7'“"

9,11 COST ESTIMATE SUMMAR

procurement records.

| These costs will be reviewed anmually and:-Tevised as necessary..
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tA schedule for tailings stabilization and site reclamation has bee de

' fg_oped on a conceptual basis, relating all activities to the closur
year 0 in Figure 15.v This figure illustrates the schedule a A
- of the activities outlined 1n this plan.v No calendar date for closure

’the mill has been set by HHC, so the schedule is based on’ years from

'biclosure, not specific dates

'tion, mill demolition, and initial recvontouring.v
' ;tadiological survey will define areas for soil cleanup, which uill.also i
,-start that year. Impoundment recontouring will continue through the second

hyear, ‘as well, with sand tailings being pushed progressively farther over
B the pond areas to fill and surcharge them._ The top of the impoundment

~ should be recontoured by the end of the fifth year.

. In the third year and through the fourth, the impoundment toe areas will be. L
ifilled and the side slopes cut to required grade.- Site recontouring will be

completed, allowing revegetation to start as early as the fourth year._
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STABILIZATION SEED MIXTURE

iy, LBS PURE LIVE
%  + SEED/ACRE

© SCIENTIFIC NAME -

- Grasses

‘Agropyton smithii’

Bouteloua gracili

_§§b£5501ﬁ§‘cfy§£§ndrus

Oryacpsis hymenoi

ali sacaton

) Sporobolus alroldes

. Atriplex canescens

Dy -ANati#e nﬁpehgféés.. .
© NS - Native Sod.. .o .-

- 'Lic. No, SUA-1471
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SEEDING raz()
_LBS PURE LIVE
SEED/ACRE

riticum aestivum’

- Lic. '”VNoV.'VSVUA-1471. o o - m, o - 'VA,'DOAél_t:é‘t_,Nt?'-viil;o?ééb? -
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R T RN i e R AT e 84 O bt

',.CATEGORY OR ITEM/UNITS'.,V. T'.ff“uniT‘PRICE.{guANTITY_fITEM‘COSTﬁt

- ?;“~1 0 INTERIM STABILIZATION
. 1.2 Snow Fémce/Ft .. .+ . 5-74.“1 111,550 - $8,500

" 2.0 IMPOUNDMENT RECONTOURING,f*‘:'\

e 2 1 Dozer (Crest)/Cu Yd -

' 5 0 ‘RADIOLOGICAL SURVEY -

© 6.0 MILL DEMOLITION

 Lic. Mo. SDA-1471 - Rev..0 . . - Docket No. 40-8903° =

.:;‘:TABLE 4

- ESTIMATED- cosws N
LONG-TERH STABILIZATION AND nzcnanariou
HOHESTAKB MINING COHPARY. annrs, L] umxzco

" - DURING CLOSURE - 'g,_ -
‘1.1 Vater Spray’ System/Ft

9,400 . $18,000.

1.3 Labor/ur : . f,-ﬂ;,:;~;;j”$20,00 - 12,480 . $249,600 .

‘TAILINGS EXCAVATION, PILL: - R
. $925,000
~'$1,498,500

2.2 Scraper (slope)/Cu: Yd 1y 4°
. .'f-$64§,00

;2.3 Toe Fill/Cu Yd

3'0_ IHPOUNDHENT SOIL COVER :
W1 ‘BorTow: Pit’ Prep: JAcre - s
,2 'Excavate, Haul, Dump/Cu d

3.3 Spread and COmpactICu Yd oo

- asss 600
7 $972,000
-xs;_oso 000

IHPOUNDHENT ROCK COVER
1_‘Purchase Rock/Cu Ya -
2 prill’ and Blast/Cu Yd

4.3, ‘Crush and Screen/Cu Yd

4.4 Load, Haul, Dump/Cu Yd_
.5 Spread, Grade/Cu Yd -~
6_ Place Riprap/Cu Yd

5.1 Mill Area Survey, Sampling;”“:‘L;S. 149,000
5_2 ‘Vicinity Snrvey,VSampling_T:; L.S.r 1.7 423,000

©$1,500,000 -
7.0 CONTAMINATED SOIL CLEAN-UP .~ ~°-° . Lo R
.7.1 Clear Vegetation/Acre o %400 644 -  $257,600 - . -
7.2 Mill Area/Cu Yd~ 7 $1.62 ° . 80,000 - $129,600 - ..
7.3 Site/Cu Ya - - $1.62 /520,000 $842,400. . U ¢
: ' : o R o S $1,229,600 ..

SITE RECONTOURING =~ - . Co
1 General Grading/Acre 7 $200 - . 930 . $186,000 . . -0 ¢
2 Borrow Pit Grading/Acre -~ -$200 . . 139 - $27,800 . . -7 o ol
3. San Mateo Diversion/Acre . - $200. & T - §800.
4 Impoundment Diversiom - :$1.62 90,000 -  $145,800 _

Ditch/Cu Y4 S e I -
o 1 $360,400

Costs rounded to negregtiSIOO._. -
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I.Oﬂc-ml‘l ,.s;fABILIZATION AND kﬁi:uuumu
BOHESTAKE MINING ooupm, G’RANTS, m HEXICO
i -(Continued) R

'-;?thédefoRﬁiiEﬁ]ﬁNiT§ n_

UNIT BRICE QUANTITY ..

9 0 REVEGETATION S e
9.1 Soil Prep., Fert1lizer, R $420'“;Afﬂ"1,160‘:” $487'200_

" . . . MulchfAcre - __' B I R

_“,.Seeding/Acre

‘ Fencing/Ft T

$9z soo

OTAL COST _

© lie. Wo. SUA-WTT . mevio Docket No. 40-8903. ..
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- "Radon Emanation and Dispersion Modeling"

Lic. No. SUA-1471

Condensed from the Report,"'

- October 1976

By Triad Inc., Albuquerque, New Hexico -
: ‘, For Homestake Mining Company '

‘Rev. 0 . Docket No. 40-8903
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1,0 INTRODUCTION S

2.0 ¢qv$R‘RﬁQ01§EM$NT5v5::“-

/2.1 ASSUMPTIONS .

3.4 'CONSERVATISHS

" REFERENCES -

Rev. 0 ~ . ' :Docket No.40-8903 ' . -
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-

.:fied'ntilizing numeric

:oonsisted of RAECOH (Ref. 1), an NRC~approved program for determinatio

- cover requirements, HAZHAT (nef 2), a proprietary Triad program for tat

o the determination of plume dispersion in various meteorological conditions;

T Lie. Wo. SUA-471 . Rev. 0 pocket No. 40-8903 ¢

© aBsTRACT
mon EMANATION' uonm.mc
SO ocronm 1986 -

The»computer programs that ere used vo t

_ alcnlations and comparative_ nalysi'_

tical analysis and numeric modeling, and AIRDOSE (Ref. 3), a DOE program fo

HMCSL024660




| naooN mTION WDELTRG

1 0 IRTRODUCTION

“-fﬂHomestake Mining Company, Grants, New Hexico came under the regulatory ov
lﬁfview of the Nuclear Regulatory Commission (NRC) in 1986. The NRC requested

'that & plan be developed for the stabilizetion and reclamatlon of the‘

’lfeclllty._ This plan includes a soil cover to reduce radon flux to meet th

_their general approval.} lnle';eppfclcpntepn
Ifﬂlng of radon emenetion relaced.cc:solljccvet‘tequlremenes'fdisﬁcmeStnke'sj

- tailings faclllty,pg

" 2.0  COVER REQUIREMENTS -
| 2.1 ASSUMPTIONS S
Radon emenation is normally calculated essuming a blend of tailings sands A

’-and slimesl The total combined amount of tadium 1s determined using the';éf

'slimes and sands as percentages of the blend, which is used for calculetion
" of the cover requirements.A “The Homestake plan for reclamation of the pile '"'““5 -

does not blend the sands and slimes, but calls £or at least 15 feet of

:'bllc.ANp.-SUAe1471 oo S Rewa 0 dnoége;’golviglégogfﬁ:'=

HMCSL024661



;é::>51 .:itailiugs sands to be pushed over the slimes (Ref 6) - Th

' uses the sands to reduce the emission rate Erom the slimes. ; =

'i*2 1. 1 FParametérs-;

_The calculations used the followzug parameters._ The sands were as umed t

“have. & radium conteut of 100 pCi/g and the slimes of 1 000 pCi/g (Ref' 7)

.:.The sands were assumed to have a diffusion coefficient of..021 cmzlf’and the

-,,dAfollowing 3ssumpt10ns._:'

o 1;'Sands have no radium...; ff37'

ZQ'Sands have porosity of 371 with 111 moisture._;

-5

'_3~ Slimes have a diffusion coefficient of 4. 3 x 10 cnzls. ‘

4, The . flux rate for the saturated slimes is .032 pCi/m /s.

: 5. Saturated slimes have a porosity of 371 with a 24 81
oo " ‘moisture content. . ‘

6. SIimes have 1 000 pCi/g radium concentration.t -

7,~Sliues are assumed to be infinitely thick.

‘Lic.vﬂo;'SﬁA414i1f'ﬁf SRR if’gev;'o'i - '=I.,7; Docket:No.5€9?8963r; S
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The Tesults of these computations: are:

.. AMOBNT EHISSIOE RATE -
 (feet)

(pCilm /s)

’i{40;:4bbeﬁai* A:ﬂ.f;f» ;Ii

»2 3 SANDS VITH RADIUM

A determination of the cover requirements was then necessary for the

.rtailings_sands; The RAECOH code was used with the following assumption3° : ﬂ_' .

1. Sands have 100 pCi/g.v.- o

.2, Sands have. porosity of 377 with 111 moisture. I

3. Sands have a’ diffusion coefficient of .02} cm’ Ise

4. The flux rates for the sands is .71 pCi/m“/s. - ST
5. Cover material has porosity of 371 with 12%. moisture.' R

Lic. No. SUA-1471 . Rev. 0 . - Docket No.°40-8%03
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amourT Eulssmg RATE '
- (feet) - - (pCilm '/8)

. _:..j S0
02
.03

04

05

. Sands have 100 pCi/g, with a porosity_of 371:and a moistu
,1>content ‘of 11%. SR S

4. Cover. matetial has a porosity of 37% nith a moisture cont
- of 121.-' _ ; - _- v
5. Sands have a dgffuiion coefficient of .021 cm /s, and slimes :

“have 4.3 x. 10 em” /s. S ) _ S

- 6. Sands have a tadon flux rate. 05 .71 pCi/m /s, and the_3ﬁﬂ
saturated slimes of .032 pCi/a”/s. : '

N Slimes are assumed to be infinitely thick.

AAMOUN»T. R EHISSIO§ RATE.
(feet) =~ - - (pCi/m /8)

0. £11zij
04 .. .05

LN e ez

Lic. uo,‘3ﬁ551471_}.” f._ >‘ B 'Rev.fo_- ... Docket Nog 40f8§O3i ; S
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-;EfThese results indicate that less than one - foot of cover materiali v_
"Vto be placed on the tailings pile to comply with the NRC radon emission .

3fre1ease limits.;dfgg.}ff3~°fsa

g 3.0, CONCLUSION . :

3. 1 COVER REQUIREHENTS

' L The cover requirements for the Homestake Hill Tailings Pile are base'

”3

12 HETEOROLOGICAL EFFECTS
V_strometric pressure affects the radon emissions from the Homesta :
V‘and influences the area's background significantly.. The barometric . pressur
'causes measured changes in background concentrations from 0 98 pCiIl to 6383
ApCiIl Rn-222.: All other meteorological conditions combined produce less

: than a 11 difference in emissions (Ref._9).

3 3 BACKGROUND RADON -

.Background radon concentrations for the Ambrosia Lake area are significantly}“i*c""

higher than normal.' The readings taken at the Homestake facility are

greatly influenced by this backgrounda The background radon subtraction L

Lic. No. SUA-1471 -~ . - Rev. 0 . . Docket No, 40-8903 ' ..
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-~

_: K'

R n-222 present at the mill site (Ref 9).

.'The following conservatisms are 1ncluded for information an are not used

ffany of the calculations- 5;

';:foot of cover material is adequate with a significant margin of conserve-v

ﬁtism. :,

shows that over the past three years there is norm

CONSERVATISHS

1. The radium content of the’ sands is assumed to. be 100 pCi/g
.the actual amount is approximately 90ipCi/g;(Ref

mode'ed 1n RAECOH, consequentl 5 ¢
’flow paths and resultant flow retardati

Lic. No. SUA-1471. - . " Reve 0 ' ° ° . ' Docket No. 40:8903 . % . .
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" APPENDIX A - REFERENCES - -

:Refr_ivh "Radiation Attenuation Effectiveness and Cover Optimization-vith
1. 4 "Moisture Effects," RAECOM, The RAECOH Code._ NUREG/CR-3533, PNL
' 4878, RAE-18-5, RU. fu-' S S

»~ARef.v2.a~"HAZHAT" A Proprietary 2-D and 3-D Hodeling Code Developed by
’ e Triad Incorporsted. Prepared by G S Hihaiovich December 198

 Ref. 3 -t"AIRDOSE", An’ airborne release program for determination oflﬁ '

©. .. 7 .dispersiom integrating meteorological conditions. ‘Resident" s
. .Westinghouse Computing Center, Advanced Systems Technology,;
Pittsburgh, QA.;Vlg LT o

'"STAT-PRO", A Proprietary Statistical ‘and Data Base Hsnag
-tem Developed by Hass. Institute of -Computer Technologies

.#HMC-86-045.”

_Heeting Hinutes, Homestake Hining-Company. Edward Kenned' fe.
.. Minutes #HMC-86-023. ‘Data: ‘obtained  for calculations of both f
g Hsrd and backfit model August 1986.__ : . .

' Ref,zd - "Radon-222 Emissions and Control Practices for Licensed Uranium
e Mills and Their Associated Tailings Piles," by ?EI Associates, June
' 1985. ; . _ RS . s

- Ref. 9. = "Computer Hodeling and Data Analysis of Uranium Hill Tailings:?
© . . .. Cover;" TRIAD:086:HMC:002, prepared by G S Hihalovich and S “ov,ff
WOolfolk, November 1986. N _ , i

“Lic. Fo. SUA-1471 - . . ° Rev. 0 . - Docket No. 40-8803 - -
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'soil cover over the tailings impoundment in accordance with 10 CFR 40,_

-ii.Appendix A, Crite' of

'and west of the tailings impoundment.
"'l‘used to explore these areas and obtain samples for identification and; es
.ing. Laboratory tests were conducted on selected samples to determine soil

classification and properties important in cover design.'}}_r-

. The field and laboratory investigations show that the potential borrow areas_"'v
. contain mostly fine to medium grained alluvial sands. -However,-significant
f_amounts of clay also exiat at shallow depths. Uhen used separately or: mixedfvE e

~with the sends, the clays will be easily workable and uill provide a suit- v

‘Lic. Bo. SUA-1471 . Rev. 0 ' Docket No. 40-8903 . . i

| | mmxxn»i"’” ST
mon'r or nonnow SOIL ImsucAnonsi"‘ _
- noursmm MINING COMPANY .. =+
cnms, m nnxxco

Upon closure of the Grants mill Homestake Hining Company (HMC) will place a

iTh:"reclamation plan de

Auger test‘borings and test ‘pits. were

’able cover: materiai for the tailings impoundment. Available quantities of

r',
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'clay, sand, or a sand/clay mixture are sufficient for the impoundmen

,as welﬂ as any other possible use in site reclamation.

‘fcluded in the stabilization and reclamation plan.

“To- accomplish these.objectives, a;two-phase field exploration:_ro xa

't.laboratory testing program were used._ The first phase of the exploration
program consisted of drilling and sampling 20 test holes. After initial
.laboratory testing and evaluation of samples from these test holes, the ;&
»second exploratory phase was performed. In this second phase, nine test

pits vere dug at selected locations betneen test borings.f Additional lab—

'oratory testing was performed on selected bulk samples of test pit materialap:i o-f“'

B.2.1 TEST nonmcs AND smm.mc

' In the first phase of . exploration during July 15 17, 1986, twenty test

L€ Hou "sm_mi, 0 Reveo -:nack.t_u.z._}ao'-‘sg‘osﬂf:_i_-,_-

’ - | | . HMCSL024672



'vhorings were drilled at locations shown in Figure Bl.

vers. d’illed to 21 5 feet~ Two, BA17 and BA18, were drilled to 26-dd{r“

1and BA11 was drilled to 36 5 feet.. Eech boring was advanced by 4 0 inch
I D. hollow stem auger with Standard Penetration Tests (SPT) perform
mfive-foot intervals, starting at five feet depth. SPT samples were nsed‘for
visual soil clessification in the field and then preserved in glass jarsiff

A_vwith airtight lids. L

'The;iocations

:.property nort

v ‘isuitable,‘could be obtarned; Other locations on the-property were
ﬂconsidered because of proximity to the highway, residences, or mill fa
._ities.. The location of each boring was selected by a field engineer andv

later surveyed by.HMC. L :

~ All test borings encountered relatively uniform fine to medium sand, and
most borings encountered clay as well. Two distinct areas of ciay exist,
one to- the north and west of the impoundment and the other off the northeast

_ coTner of the " impoundment. The latter occurs at the bottom of BA11 and

' BA1S, below 21 feet, and is the clay of the Chinle shale. The.major area-ofi-'tu f>¥: .

clay, north and west of. the impoundment, conteins atiff to very stiff

Lic;-no.'sur-iz71l .»'-'?“' . Rev.0 i,'D°¢keFvN9'-§°*89°3;{"f14,' S

|
S
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“alluvial'clays'intetbeddedfﬁitn?eande. The clay which occu:s at relatively

ﬂ"?shallow depth, less than 10 feet, is most accessible and = ;_;'

.:interest in this investigation. A significant volumeio shallow cla

’Figure Bl.

‘B 2.2 TEST PITS

isnrveyed; -

B. 2 3 LABORATORY TESTING

Standard soil testings using ASTQ procedures were used.to chatactetizebthe "
vfpropertiesiimportant to the evaluation of. the soils for the impoundment
"cover._ In the reduction of radon emanation, the long—term retained moisture VIL~T:1
.fand density/porosity of the soil 15 -most important. Grain size distribution e
_.and. plasticity characteristics affect the workability, compaction character-uf ;5:"

' ﬂistics, and erodability of the sail.~

‘Lic. No. SUA-1471 - " Rev. 0 ' .. Docket No. 40-8903. -
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.1,€,Hauskins and Beckwith (SHB) tested m01sture contents in samples fromvflnr

"~.,_3 and 161 in clays. R

f:_ rence and distribution of clays.v

'Q;Hoisture Content - All SPT samples were tested for natural moisture content

fHost of this testing was performed by HMC in its mill lab but Sergent,

“ffborings. The natural moisture ranged from less than 81 in sands to bet e

: Grain Size Distribution.- Because most soils were clearly eith”r sands or

fines (minus No. 200 mesh) asedvon visual classification, grain siz'

The seven test pit samples tested lat

fjconfirmed continuity of clays and provided a broader data base for valu-

1ffating the’ properties of the clsys.

1.Compaction Tests - Hoisture—density relationships for compacted soils were

; determined for 18 samples of" borrow soil using the Standard Proctor Test “‘:5:"*'

:: Hethod A of ASTH D698. This test, used to determine the relattonship be-l{~} S

f:tween moisture content and compacted density, yields the optimum values of

:b°th' Eleven tests were performed on auger-mixed sand- and-clay grab samples:_>“”

and seven . tests were performed on bulk samples of clays taken from the test_f}lj S

'_pits. .

Lic. No. SUA-14T1 . Rev. 0 - " Decket No. 40-8903 - -
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’ Permeability Tests - Four constant-head hydraulic conductivity tests

-:?ﬁperformed to determine the intrinsic permeability of compactedlsoi'
::f_The samples tested ‘were four auger-mixed sand-and clay samples thatA
'.;?sented a reasonable range of cover s011 mixtures, based on visual dnspec=
Lrtions.» The samples were first compacted to about 95% maximum dry‘density at
moisture contents slightly wet—of-optimum amounts, similar to the expected

field compaction specifications._ Each was then saturated and placed

’~constant head of 11.5 feet of water, and the amountﬂof flo ”thr g tim

fmeasured..:f T

0 'RESULTS OF THE INVESTIGATION.

;;dinate 400 OOOE (see Figure Bi), a large amount of clay exists at sh
'Adepth within the alluvium._ The natural moisture contents and Atterberg

*limits of the clays indicate that there may be two distinct clays present

thisnarea.A Clay A has. medium to low plasticity and natural morsture content

below 51. Clay B is medium to high plasticity with natural moisture content f";1~?;

-of 101 or higher. The two clays are also distrnguishable in Standard Proc- ;f.

“tor- testing, where optimum moisture content of clay B is higher than Clay A;?;lifrﬁ.‘

.(19 to 22% versus- 13 to 181) ‘and the. maximum dry density of B is lower thaniyﬁ fi
A (100 to 102 pef versus 109 to' 112 pef). The di‘stinction'~between the two. RER

clays is readily apparent based on the properties tested but might not be o

}statistically supportable.

'h Lic,:No;.SUA-lajl'h- S Rev;”O_ L E Docket No.;40-3903~'
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he distribution of shallow clay is shown in Figure B1.v Deeper: ay

.south and east of the clay area shown, but _are not being considered at“this

' etime for use as borrow material._ The aree of clay is irregular but‘appear

d'iﬂ:to be continuous. The A and B clays occur together in this“area
: apparent spatial separation, although there is some indication that the B

=-clay is concentrated in the deeper. more central parts of the cIay depo i

B.3a2 SUITABILITY_ FOR covsa SOIL

}[fThe evaluation of the borrow soil for cover auitability must refer o
fperformance requirements of the cover. The cover must._ (1) reduce radon
L flux to not more than 20 pCiIm s} and (2) resist erosion and infiltration

'and otherwise remain stable for 1 000 years.: -

For the first requirement the lowest possible effective porosity and a

s long-term retaiued moisture content of at ieast 101 are desire,. “For the
second requirement, maximum density and cohesion and minimum permeability
are desired.’ The clays soils have more of these desireble properties than :

o the'sands. However, and compacts to higher densities and is generally moreijl=§-'

- Lic. No. SUA<1471 = - Rev. 0 -~ . Docket No. 40-8903 . .
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- workable than clay. Consequently, 8 mixture of clay;and aand is best fo

‘ lfsff the cover soil although either the A or B clay alone‘would be satisfactory

; ;:'—Tbe mixed soil obtained from the auger, uhich effectiveiy blended the clay:
- and sand tbat it penetrated has been evaluated as’ the design soil mix for
_the impoundmentucover. This clay/sand mix contains up to 401 clay and is:f

o classified as a clayey sand (SC)_according to the Unified Soil classifi-

 Lic. No. SUA-1471 - . . - Rev. 0 - - Docket No. 40-8903 . -

. am order of magnitude. fiiiuA "

: :Achieving these properties is well uithin both the characteristics of thev;;:f

mixed soil and the capabilities of atandard earthwork practice._ Natural

:~_moisture contents of 9 to 151 indicate that it is reasonable to expect 121f~ B

retained moisture over the long term if the soil is moisture conditioned to

- 14-181 during compaction. With that moisture content the soil should be

: compactable to at least 100 pcf, a dry density sufficient to make the cover

durable over a long period of time. Should further analysis indicate that

.increesed clay content (above 401) uould improve cover performance, the soil

HMCSL024678



_y:mixture can be easily enriched with clay, which will decrease dry ensi_y

ftibut also increase retained moisture and reduce effective porosit

iB 3. 3 DELINEATION OF BORROW PIT

ewiiiibeoneeded, Conceivably, then, the estimated 580 000 cubic

ﬂis defined by straight boundaries, for simpiieity in conceptual'design, end

‘-follows the general pattern of the clay deposit. It sterts at th _northeast‘
'end with a 11 grade sloping to a.cut up to 10 feet deep.. The pit trends _'{r’”
southwestward for about 3 000 feet to the county road, then south~: NI

: southwestward for another 2 000 feet, becoming progressively more shallow i_

: until it merges with existing grade. The width north of the county road is.;f.'

. 'about 1 300 feet, narrowing south of the road to 600 feet at the south end

of the pit.

iic. Wo. SUA-1471 - ° . .. Rev 0. Docket No. log-_'8"9<'>_3.';'

,...f..,.
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: 'cover design thickness changes, and for borrow soil requiremen,s elsew,er

_"on site.i The layout and gradient of the pit create & large diversion chan-

':fvery little reclamation.

%clearing and spoil of soil with too much organic'content, for impoundment.

,gnel uhich can redirect flood waters around the impoundment.

o Heffectively control radon emanation with relatively modest compacted hick~
. nesses (about two feet) . Standard earthwork methods and equipment will
'”nadequate to excavate these soils from shallow depths end to placeAa_q;T_:-

’ﬁ;pact them to required density and moisture.. The volumes of available soil

" Lic. No. SUA-1471 . Rev. 0. . - -__"A_Dockét'"1.10-'-50-1,8993::_"_

The capacity includes allowance f

Only small

_mdisture' n_

are more than enough to satisfy required quantities. .
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REA CONTAINING AT LEAS
TWO FEET-OF GLAY IN TOP

0 FEET ‘OF SOIL (SEE NOTE 3)

JREV. 0 . 1ojzazee .

1 TEST BORING LOCATIONS ESTABLISHE) _

2, BORROW, PIT BO

-.3.’ ESTIMATED YOLUME OF QtAY 18-

_|oEsianeD By ALK KUHN

: . JORAWN BY: T.M. BOND

BY SURVEY; TES PIT' LOGATIONS AHE
K APPROXIMATE.

ARY MAY BE SHIFTED
" TO OBTAIN MORE_CLAY i NEEDED -';

'340,000 YD.2'SOUTH OF COUNT nom
240,000 YD.? NORTH OF. HOAD. I
‘,TOTAL OF 580 000 ms o

s o

. .SCALE -

FIGURE B1

BORROW AHEA TEST BORING
AND TEST PIT LOCATIONS

HOMESTAKE MINING COMPANY
GRANTS NEW MEXICO
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MOISTURE-DENSITY RELATIONSHIP TEST-METHOD DATA
AASHTO 199 end ASTM D498 (Stondard Proctor) :

o eaar b MOLD NO,OF | BLOWSPER | .WaAMNER HEGHT OF . | COMPACTIVE EFFORT
1= | METHOD | MATERIAL DAETER W | LAYERS |  LAYER |  WEGHT - FALLY “of CFT.LOS/CUFT, 5
A Y 2 a.50"" s 28 585 LBS. . T 12.378
. -4 ' 488 | 3 .. Be. 5.8 LBS. | - sat. . 12,817
-6 . =374, f. et ] ase 3 .} se. 8.8 Les. b . ... yzec I X1
-] 38 s PR 3 _»¢ 8:2.L8%. 12°" ] 13,317
g ’ o "AASHTO T180 ond ASTM D1557 (Modified Proctor) - .
| B ’ __MOLD NO.OF | BLOWSPER | NAMMER HEIGNT OF COMPACTIVE EFFORT. | .
.“:“”. WATERUL e HEIGHT LAYERS | LAYER - WEIGHT . FALL FT.ALBS8/CU.FT. | '
A -=a 4 .58 B s 2s 10.0 LBS. 8 ) - 8,250
B w4 | . e 488" B Be 10.8 L.BS. T T T
[ s X 8" 4.88°° L] e 10.0 L&s. . . 187 88,986
) ~3/ 8. Y a.58° | s 88 ‘] 10.9 Les. 18" ) 98,988,
S~ SERGENT,HAUSKINS & BECKWITH - .
’." sl CONSVLYING GEDTECHNICAL ENGINERAS -
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PROJECT _

" SUMMARY OF MOISTURE DENSITY RELATIONSHIP.TESTS
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‘BA2-a1 13.6.1117.2 | ASTM D698 | A | ~13-2
' MOISTURE- DENS\TY RELATlONSHIP TEST METHOD DATA
. AASHTO T99 cnd ASTM D598 (Standard Proctor) )
WETS : MOLD NO.OF | BLOWSPER [ WAMMER uzx; 0 T
METHOD | WATERIL [~ “LAYERS LA'Vtﬁ WEIGHT r:u. £ co::“fas'.’/c:uﬁ;o”
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[ -3/ 4 . e 3 Rl S5 LBs. o A0 SRy
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" SUKMARY. OF MOISTURE DENSITY. _RELATIQNSH,I,P:.:TESTS :
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MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 cnd ASTM D598 (Standord Proctor)
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1] “3/4 - [ . anmpr | - 8 se 83408, -} 2 I I e
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_C -3r4 T et a8 |- [ 8o 10.0 LBS, . TS §s.080
-] -3/ 4 e ) 4,38 5 T Be - . 10,9 LB5. 19+ . - $9.980 B A
(s )  SERGENT, HAUSKINS & BECKWITH
-1 .3 C :onluume GEOTICHMNIEAL ENGINEERE -
d * BANTA FE - 5ALY LAKE CITY

N
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sfieripeafisendli
rp redd &1
GHEDIERT
IR
- ':—nA PEAR] o
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4, 4 paant o1zl -i T
4 4 L300 oid
<3 ~adihed
1 o+ 14 .y
R
) st
:IK_I'_T 5yl 1 =8s) (
3t v = -
MOISTURE CONTENT _-% DRY WEIGHT
. R OFTIAM :
. . . . TAOISTURE MXMWDRY . EST
. . NSITY
i . BouRcE © | B | S . | pesioNaTIN
BAS-AL - . 1 12.3° ._117,'.4 _ ASTM D698
MOISTURE DENSITY RELATlONSHIF TEST METHOD DATA
i B AASHTIO 199 end ASYM D598 (Standord Proctor)
s I RE iy WoLb NO.OF | BLOWSPER | - HAMMER OMPACTIVE EFFORT
T METHOD | MATERMAL [T wewer | LAYERS | LAYER |  WEIGHT - FT.LES/CU. FT.
a | -4 - & - 4,88 3 | 28 8.5 LBS. 12,373
» -4 1 e “4.88°" 3 Y 5.8 LBs. TR . 12,877
[ o8/ & - [ .-4.88°° - 3 se - ‘S.8 LBS, - 12 - 12,817
-3 Y R 488" 3 88 8.3 LBS, e b 12,97
: ] AASHTO T180 and ASTM D557 (Modified Proctor). . . g
. s ) : - MOLD NO.OF | BLOWSPER | ' waMumER "HEIGHT OF COMPACTYIVE EFFORT
?ETNOO_ MATERIAL DIAETER | - HEIGHT LAYERS | LAYER - .. WEIGHT i FALL - FT.LBYCU.FT,"
iy FTE 488 - N 23 -1 0.0 Les. - 190" 88,280
LN -4 [ S 4.88°" s 8e { 10.0 LBS. 18 . 25.908 .
c YF) ' a8 ). i ‘5e 10.0 Les. |- R § B 85,908
[} e | e ] aee s 26 1 soores. | - - 88,988
oo s A SSRGENT HAUSKRNS& BECKW[TH
R s - BULTING GEDT CAL ENGINEERS
R Tl ._,'_. PHOENIX - ALBUOUERDUE - MFE-MULAKEUN }
N .

'HMCSL024691



‘SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

- PROJECT_Homestake Mining Company  — ~ . JOBNO__E86-1113

14 PUSRE SHRGE PERES SPUts paeee

iR i3]

viggte

b

2 RS

23

vefra

s

o8 HPSS0 MOS0y POwEY 31

EE

souagg S _ - DENSITY 'oasunm,

BAS-A3 ”13.6_ | -116.6 | AsTM D698

. . . MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA

"AASHTO 199 ond ASTM D598 (Stondord Proctor)

: _ —WOLD TH0.0F | BLOWSPER | WAMMER |  HEGHY.0F. | CONPACTIVE. :rrom
METHOD | MATERIAL Foren | weren | LAYERS | LAYER - | ‘WEIGHT | “ " F " FT.LES/CU. T,

A ] -ni .4 |1 a.msc kX 28 5.8 LBS, w2 0 e 12,278

Y] e | asec 'Y B8 8.8 LBS. TN S S 1k 5

»
€ | -3 | e ] 4w 2 88 . 5.5 LES, " 12 b ¥2:317
[ <) _ -3/4 e | a.mp 3 58 5.8 LBS. | 12" 1 12.317

© AASHTO T180 ond ASTM Dl557 {(Modified Proctor)

e X L. MDLD NO.OF BLOWS PER HAMMER N NEIGHT OF COMPACTIVE EFFOﬁT
| METHOD | MATERIAL oo | woee | LAYERS | -LAYER |  WEIGHT CUFALL - FT.LBS/CU.FT.

s ] A .4.80" " |- [] : a8 10.6 LBS. 18°" - 86.280 . .

-»d . e ‘458" 86 . -10.0 L8S. T

ojn|ol»

g ]
-3/a | e 488" [ 88 1 1.0 Les. R
s

-3/ 4 L |- 480" 38 10:.0 LBS. ) 198

-«

| 8 CONSULTING GEOTECHNICAL ENGINEERS
ALy « SANTA BE « SALY LAKE CITY

===y SERGENT, HAUSKINS & BECKWITH -

HMCSL024692
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'SUMMARY OF MOISTURE DENSITY :'ﬁﬁLATtoﬂsﬂlP 'Ts-srs |

aeences I
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-
sipaaietetieye
as e~ —
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T
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h‘- 13:38
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13 sghgal
. fneak
GHIG:S
=hHibt
15 BER!
Re e e ik
[3oagpasaas bpSs s
' 3 pags Py B
FHETEY
3 :
-4 e 3Ls
+ PR
MOISTURE CONTENT % DRY WEIGHT
- MOIS s HAXNWDRV . TEST TesY . |
. _.;’9"?55 R ngg . osumnm * {meTHOD
"BA6-AL . . - | 12.4 | 114.8 | ASTM D698 | A
i
3
MOIST_UR'ELDENSITY RELATIONSHIP TEST METHODDATA = . |- < '
AASHYO 199 cind ASTM D398 {Standord Proctor) N IR
o ares , . WOLD. NO.OF | BLOWSPER |  HAMMER & 'r.'wztrroa-r
A . | wETHOD 'IIA-'I'E_RIAL TDWMETER | WewHT LAYERS LAYER | . WEIGHT OléT LBS/CU.FT.
A P R . -aa T €80 | .3 as. ©5.9 LBS. 12,878
' ’ . -4 i 480" YN C 8.5 L85, 12,317
C . R RO ] aess 3 - 88 -] 8.5 LBs, - 12,317
.. | - o °," ] EY2N 4.88°" I 86 5.5 LAS. . 12.3v7
o L e » AASHTO T180 and ASTM, D157 (Modified Proctor) I )
! o remalL - WOLD _ NO.OF | BLOWSPER | MAMMER WEIGHT OF ' | COMPACTIVE EFFORT |. . . !
METHOD | MATERIAL [ | wen ] LAVERS |- Laver - | WEIGHT ©OFALL - FT.LBS/CU.FT. C
Iy “wa’ et | asp s 28 10.0LBS. | e . 36,250 ;
[ .l .- 4.89°° 8 . se 10.6-LBS, TREESE 53,908 - .
3 374 e | a8 8- T 10.0 LBS. 9% - 53,08
) -3/ 4 R Ca.80t° s se BEIXITTY W ] saees 5
- - ) ' ; |
(s =1 SERGENT, HAUSKINS& BECKWITH j
- B © COMSULTING o_to"!cn-ucAL ENGINEERS |
Heyanmed - ALBUOUERQUE » BANTA FE » SALT LARE CITY \
o S |
|
- i
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'SUNMARY OF MDISTURE DENSITY RELATIONSHIP TESTS

E86-1113

PROJECT_

K Honiésfakef’ﬁ:lnin_g Company

-

4

e

-t o rd

—tved

vt o4
ST

MOISTURE CONTENT % DRY WEIGHT

B B . Wﬁw OMXNWDRY . w. S0 vest
o soumee B0 | L e, | - oeenon  |wEvn]
BA7-AZ 13.4 | 115.8 | ASTM D698 |- A |
MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA
: AASHTO T99 and ASTM D598 (Standard Proctor)
M BV ‘ . : MOLD ‘ND,OF .| BLOWSPER | - MAMMER
METHOD MA.T_E.R._IAvL. DAETER | et | LAYERS, LAYER = | ~ WEIGHT
A T 4. .4.88°" 3 2s 5.5 LB8S.
8 TR e 4.30"" 3 Bs { =.5 Les.
[ 3/4 s T 4,30 - ) 88 8.8 LBS.
) T XS PETI 3 56 5.3 LBS: "
] “AASHTO T180 and ASTM D557 (Modified Proctor) _ ,
y IE Ctal WOLD - NO.OF | BLOWSPER | WAMMER | MEIGHTOF" CTIVE EFF ]
METHOD | MATERIAL inre | weom | LAYERS | LAYER WEIGHT - e c%:fﬁs%si;fv :
A omd & PR [} ) 2% 10.0 L85, . 197 ©86.,2%0
] ~-a e 4.30°° e se 0.0 LBS. '} Loasn
< -3/ 4 s | a.sa' 8. 8¢ 10.0 LBS. . 1R
i) -3/ 4 r £.98°" . 5 K 10.9 LAS. Y
s A4 SERGENT, HAUSKINS & BECKWITH
"l 7’8 . CONSULTING GEOTECHNICAL ENGINEERS :
— .MMNIX-M\‘WE-W'A‘E-WV'M C"'V,»_A . -

HMCSL024694




PROJECT,

SUMMARY OF MOISTURE DEN SITY RELATIONSHIP TESTS -

Homestake Mining Company

EB6-1113

_JOB NO.

J STINE Caky
] 5

Pa.2 POPhe

MO!STURE CDNTENT % DRY WEIGHT

L e | MaxmnoRy : TEST
: NSTY : v L
'”‘fncz oBAR | esscu: Fr. m‘“’" | METHOD
.. BAB-=Al 14.8 | 114.4 | ASTM D698 | ‘A .
MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA
_ AASHTO T9% . end ASTM D498 iStandord Procior)
i ; __MOLD ND.OF BLOWSPER | - MAMMER. - "o'unc'nv FFORT"
METHOD | MATERIL ot ot NeRs | CTaver | welowT FT. ;.as:gu!r'r
A =T 2 ] asee ) .28 8.5 LBS. 12,378
] S 7 N B 1 4,58 3 £1) .58 LAS. . 12,312
[4 © eB/d B R 4.58' -3 S8 3.5 LBS.. 12.3v7
[ Y™ . 4.38°" 3 X 5.5 L.BS. - © 12,317 -
AASHTO T180 ond ASTM D1557. (mModified Procton) , o .
; TER MOLD %0.OF | BLOWSPER | WAMMER | MEGHTOF | COMPACTIVE EFFORT
HETN?P MATERIAL u»mu gt | LAYERS LAYER " WEIGHT - FALL 1 FT.LBS/CU.FT, . -
A  emd. | 4 480" 3 28 10.0 LBS. 187" 58.280
-8 -4 . .8 4.80°° .2 86 10.0°LDS. T 85 958
[ T epl& [ 3 4:.98°" L] 36 10.0 . 85. e iR .
0. ~3/4 [N .4:88°" s 86 m.ov.x.us.' TEE ‘85,908
* {'s 4 SERGENT,HAUSKINS & BECKWITH ~
- B CONSULTING GEOTECHNITAL ENGINLERS

» SantaFE -SAL]LAI!C“'

HMCSL024695
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38

_-©_ . MOISTURE CONTENT - % DRY WEIGHT

T pInge | waxmmiony | vesr
Bl souRer SR | esves. . | vESoNATEN
| BA10-A1 12,0 | 117.2 |. ASTM D698
MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA -
. AASHTO 799 end-ASTM D598 (Stondard Proctor).
. a2 e MOLD 0.0F | sLowsp - HAMMER ]
METHOD | “MATERIAL [~ .:szus' B ver | Weent. o ‘Téﬁ’c‘u‘;ﬁ?"?
A ma 4 3 a8 5.5 LBS. 13,88
[ _ema 6 - 3 ‘88 5.5 LBS. .- 12,317
G I [ 3 (0 [E Y TSN 12 2.y
D -3/4 - e 3 - L] 3.3 LBS. 127 12,317
‘ AASHTO T1B0 and ASTM D1557 (Modified Proctor) v _
arrauan | o ___MoLD : NO.OF | BLOWSPER | uamMER | WeignToF TiVE :
METHOD | MATERIAL oo™ T wom | LAYERS | © LAYER | - WEIGHT 7O Rt AL
A -4 4 .5 28 10.0 LBS. N ! 10 88,250
.- o4 ' s e 10.0 L8S. | . ase 33,986
[ 374 [ s - ¢ 10.0 LS. . . e
o -3/4 [ 'y [ 10.9 LBS, s
s A SERGENT.HAUSKINS & _BECKWITH_- R
. 1__ 11 iA ..»."'1“'-"-‘0?.}.;‘...“::'.'@ufs'éw..;- o

HMCSL024696




PROJECT.

SUMMARY OF MDISTURE DENSITY RELATIONSHIP-TESTS -

= Hom_éé’t-ake Mining - Comp_ényv v
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poe
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Je e dsts
s3p=2rhedd
13
b &] JI l“—{

T
jp2e

H
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b

s

it
A
MO!STURE CONTENT “% DRY WEIGHT
. - A.umsfﬁ MaxsmDRY | Cresy :
s_ou-ncf'g_: o ioﬂvvlt i LB?_.EICNST‘;PT. DB'GN‘W
BAMe-ml 0 o0 | 13.3:] 111.0 | ASTM D698

MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA

‘AASHTO T99 cnd ASTM D398 (Stondord Proctor) R - [ B -7
- . ’ MOLD - NO.OF | BLOWS. FER HAMMER ACTIVE EFFORT :
METHOD [ MATERIAL [gre—es oot ] LAYERS LAYER WEGHT - | ] 5/CUFY.
_A -ea a4 ] amee 13 25 8.8 LBs. Tt 12,378
.- -q - L6t 1 amer 3’ . 6. S.8 LBS. 12 12,317
[ Y YN 458" F) . 3 5.5 LBS. EYH _1amT
) 374 C et Y i Be 8.8 LBS. 12 - 12,317 i
' ) AASHTO T180 ond-ASTM D)557 (Modified Procror) - B - ’ R B
¥, e MOLD NO.OF | BLOWSPER RAMMER HEIGHY OF COMPACTIVE EFFORT | . -
v METHOD | MATERL oo | e | LAYERs |  LaYER - WEIGHT _FALL  FT.LBYCU.FY. . -
L a e YO [] 23 10.0 LB5. K © 808.230
( L Y Y - ] P a8 10.0 LBS.. " fa3.08¢
RVAAE [3 -3/ 4 e 4.88"" ] se 10.0 LBS. : 8% ehe
} . 2] -3/4. e A4.80°° K] B8 looLes. 19" 84,908
. a_l -
. {s A SERGENT HAUSK!NS & BECKWITH
. -1 By - TING ORO7 RS

OEmn - uauov:nuu:-umﬂt sAu WRECTY |
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MOISTURE CONTENT % DRY WEIGHT

‘SOURCE

S maxmimory | T ool
01 S -
: DENSITY .
~ e | m“‘“‘

ALBSJCU. FT,

1 rest | .
mET™HOD

'BA19-Al

©12.8

116.2

{asTH pess

'MOISTURE- DENSITY RELATIONSHIP TEST METHOD DATAK-_'.--"

“AASHTO T99 ond ASTM D498 tS1andard Proctor)

e [ e o e T Bl ol
A e’ 4 488" ) 28 'S5.8 LBS. 12,378 .
N -4 e | 4amer 3 - B8 EXITTH 12,317
£ -3/ & (3 - 4.88" L] ‘86 8.6 LBS. 12,07
[ -3/ 4 s _a.B8°" -3 Be . 5.3 LBS. 13 12317
, ‘ B i - AASHTO T180 ond ASTM D1557 (Modified Procter) - s |
weTHoD | maTEmAL oS e N OL | PiSven | eER | MESUOR F"'é"w"ELZEEi‘T"'“ ‘
A Y P RTINS 35 10.0 LBS, 187 . 806,290
L -»4 (- 4.30"°° .8 -1 10.0. LBS. Y 0 as. 908
. € -374 8"’ - 4.88"°% 8 i1 10.0 LBS. 18 L3R 11}
[ 314 .8 .. PRY L [ - 88 10.9°L8s. [ 25.9%6¢
. '_"_
{s, SERGENT HAUSKlNS & BECKWITH
-" 5 | CONBULTING DEOTECHNICAL ENGINEERS
AL

£ - BANTA € » ST LAKECITY . .

HMCSL024698



SERGENT HAUSKINS & BECKWITHN |

APPLIED SO)I. NECHANICS ‘e ENGINEENING GEOLOGY . HATERIALS ENGINEENING v. Q‘YDR

"m-

8. DWAINE SENGENT. #.E. . JOHNB MAUSKING P E = °. GEONGE H. BECKWITH, P.E. T MOBERT D.BOOTH S
" LAWRENCE A MANSEN: Pr. D ; rE - DALE V.BEDENKOP, P.E ... ROBERT W. CROSELEY, B.E - . NORMAN H .WETZ
RALPH E WEEKS, PG ° ' DONALOL CURRAN.PE - - ' DONALD G. METZGER, P.G. NOBERT L. FREW.

. DARREL L BUFFINGTON. KK € - .. J DAVID DEA‘YNERAGE L E MATNAN A CQ_V'TAL ?2 = Al .
boruuav:m-usnnx.vc - ; . SR Rt DA :

'"“*;.Alan K. Kuhn, Ph. D., P.E. |
-~ 13212 Manitoba Drive, N.E. .
"fAlbuquerque, Newlﬂexlcc 87111

Contract Drilling & Laborator]” esting
Homestake Minlng COmpany
‘Grants,

:.iIf you- ‘have "z te: :
',‘those transmltted in our letter of July 28, please
.he51tate to contact us._ P : A

'_tRespectfully submltted P : .
Sergent Hauskins & Beckw1th Engineers

| .COPiész 74ddré55¢é,(2)5}f'h

REPLY TO 4700 LINCOLN ROAD N E ALBUQUERQUE. NEW MEXICO 87109

Pnozmx T Auunuznouz © BANTAFE ' BALTLAKECHY '- ELPASO

‘ - (002)272-6“8 . (505).04-0959 - (B05)471-7836 3 (nonzss-mzov B (915)778-3369. . - )

HMCSL024699



 -Contract Dralling & Laboratory Testlng
Homestake ‘Mining. Company R S
_Grants, New Mexico - .
=;SHB Job No. £86-1113' E

‘*TBA2-31' 56.5"
-Q'BA2-52f3.${10-11 5
vUBAMiS2

BAG-S1 - -

Depth,
ﬁf(feet)v
©10-11.5.

o 10- 1. 5

( "n SERGENT, umsxms . escanu

L] w-unmm ;:
- JERGLE - SAMTA PE - uumm nnlo L

HMCSL024700



’}’;SERGENT HAUSKINS & BECKWITH

. CONS ULTING GEDT!CNNICA

A Domu.nv‘u

.U°fdensity

‘H Sample i
TPJi BfT

- TP2, B-1

TPH, Bt -
- TP, Ba2

- RALPH E. WEERS. P G. .
- DARRELL BUFFINGTON. P.E.

iAlan K Kuhn, Ph_Df'
'3212 Manlt D1

L APFLIED sou MECHANICS L
.. B DWAINE BERGENT, p k. :

UU!KIRK F

compaction

"bbfiaua*‘

Moisture
Content %

Lcurves ‘are: attached. -

'J"Maximum'

Dry .

Dénsity (pcf):fj L:

'SHB“Job No. I

- 19 L

S f R
';22 S
16

110. 5
‘112

109 G
100

7102 fV*'

L B 102 )

. REPLY TO: 4700 LlNCOLN ROAD N E ALBUQUERQUE. NEW MB(ICO 87109 '

: v " PHOENIX:
‘ .. (e02)272-8848

nauouznouz
" (B05) 884-0950 -

| sos)avi-7ess .'

'SANTAFE

. BALTLAKEGHMY .
(801) 266-0720

R ‘_!LPA_SO -
© (915)778-3369.

HMCSL024701



'Homestake Mlnlng Company
,Grants, New Mexlco
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JOB'NO._E86-1113

MOISTURE CONTENT - % DRY WEIGHT

ame| sou_nés'...' EE MAXMTORY.
: o St | Lesic, FT.
“TP1, B-1 - | 19.3 | 101.9 '

' MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
- 'AASHTO T99 end ASTM D598 (Stondord Proctor)

) ; P Morb “NG.OF | BLOWSPER | HAMMER | WEIGMTOF - COM PACTIVE. erron-r'f
METHOD | MATERIAL DRETER LAYERS LAYER WEIGHT -} . ’ © ET.LBS/CU.FT,
A . - -wa 4 s ] s 5.3 LBS.. 12,378
8 -4 e ] ame 3 D 8.8 Les. 12,917 .
) , € X . 4.88°" B 86 8.3 Les. S 12,317
. R B -3/ 4 - .- 4.99°° S e . 5.5 LBS, . i 1:.:"-
: . : .- AASHTO T180 ond ASTM D1557 (Modified Proctor), . . ’
: y S A TIY) "N0.OF | sLowsPER | mMaumeR HEIGHTOF | COMPACTIVE EFFORT .
n;TNDD MATEMAL o o | LAYERS LAYER . WEIGHT FALL . FT.LBS/CU.FT,
A _m4 ] a PXTR [ 28 | 6.6 Lms. 1o RE - $6,280
® C md - [ S 4.88°° . s se 16.0 LBS. 19 - | 55,080
- - -3/ 4 8Tt 4.88"" 8 Be . 10.0 LBS. 85,008
[ 374 Ce &.88°" [y . B8 ] 10.9 L@s. - 88,988
: e WITH
S SERGENT HAUSKINS & BEC
) ) -1 0.5 TING GEOT ENGINEERS
L L . . e S e mDENIl-muoumooE SANTA FE smu-cm i

HMCSL024703



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

EB6-1113

-.Bo'me_st_a_k_é Mining Compény -

_-__JOB NO:

vy

jisd

4 er vt

131

pey] boepy
-

MOISTURE CONTENT % DRY WEIGHT

v»souRc’E' ﬁvmy\:i :;gg«g?renv na?gzm
TP4, B-1 - 15.6 1 112.0 | D698

MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA

" AASHTO 799 end ASTM D598 (Standord Proctor) -

CONPACTIVE EFFORT .

5 y R NO.OF | BLOWSPER | HAMMER
-METHOD | MATERIAL LAYERS | LAYER - WEIGHT FT,LBS/CU. FT.
TR ey Y 28 8.5 LBS. C 12,378
L) -4 3y 88 5.8 LBS. 12,217
L o -a74 -} 3 B8 ] 8.8 Lms. Y IS
) TN . 8 388" 3 - e s.5 LBS. ] 12,312
o ) ~© AASHTO 180 ond ASTM D557 (Modified Proctor) R
o s MOLD NO.OF. BLOWS PER HAMMER - NEIGHT OF COMPACTIVE EFFORT
NETHOD MATERIAL . oMETER | et | LAYERS LAYER WEIGHT FALL - ) FT.LBS/CU.FT,
A a4 4 408" o - - 28 10.0 LBS. [T . 56,230 o !
8- ~ad [ 4.80°° L] 88 .- 10.0 LBS. - [T g8, 088 D '
[ -3/4 [ 4.58°° ) 86 - 10,0 LBS. 1 88.008 s
) -3/ 4 33 4.58°° Y se 10,0 LBS. " 88,988
s | SERGENT HAUSKINS & BECKWIIH
-| 8l TING BLOT L ENGINZENS -
e ot

* AUBUGUERDUE - SANTA £E » SALY LARE CITY

HMCSL024704



Hém‘es_také Mining Company :

'PROJECT.

T

. ) o
asas t‘.-"!“ b4 21¢{
1 bt
i

13

oe
e

131
S and

MOISTURE CONTENT /% DRY weucm'

- ot | paxmompRY | . yesr
SOURCE - - [ DENSITY : . -
B . b zonlw{ LBS./CU, FT. bes) ,‘Tc :

TP4, B-2 .- . | 21.6{ 101.7 | : D698

MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 cnd ASTM D598 (Stonderd Proctor)

; i AL b MOLD NO.OF . aLowsP:n “‘HAumER [ "ﬁé'iabivbr COMPACTIVE EFFORT .
METHOD | MATERIAL [ | vavess |-  WEIGHT - FALL .. | - FT.LBS/CU.FT, -
- A P -3 i gp 8.8 LBS. 12°° - L. V2,378
: ) Y3 s oV se ] ssids. f - e fT cipsiy T
= ‘€ -3/ 4 3 : [ 8.5 L6s. [ 2 12.317
) 374 - 3 ) - ae 8.8 Lms. . ]. T - 12.317
N ' _ v AASHTO T180 and ASTM D1557 (Modified Proctor) L
oo c | MOLD - NO.OF | -BLOWSPER HAMMER -HEIGHTOF | COMPACTIVE EFFORT.
< . © . JMETHOD [ MATERIAL oo T mem | LAVERS | LAYER | wEIGHT FALL FT.LBS/CU.FT.
- A e ] e - 4.858"" -8 { - 20 - 10.0 LBS. [T ) 86,230 :
b - T ‘e a.88°° 8 se [ vo.0 Les. . - 58,900 |
e 34 . T8t L 4.88°" 8 a6 . ¥10.0 LOS. -
- -3/4& S gt - 4R’ Y T pe 10.0. LOS. 88, ou‘
" aabom
s A - SERGENT HAUSKINS & BECKWITH
-‘ . 1 YING GEOTE ! !Nl‘.mctls

. POENIX - ALBUDUERDUE + BANTA FE « SALT LAKE CITY,
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MOISTURE CONTENT % DRY WEIGHT

ot - Hu"'ﬁ  MAXMUM DRY vest. | Test:
souRce zwvvn. LB, FT. 'a_sm_m\_l_nl- - [METHOO)

21.0| ‘102.0{ ‘D698 | &

1 ‘ . MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
N D - AASHTO T99 cnd ASTM D498 (S1ondord Proctor)

 METHOD ' L . MOLD ! wND.OF | mLowsPeER | HamMmeR ] .coumcnv::rront
(METHOD | MATERAL oo | wmn ] LAYERS | LAYER | “WEIGHT . FY.LBS/CU. FY, -
A ] eme a4t | dmeer -y . 2s 8.5 LBS, 12,378
_» . wa -} e L amer | 3. | sa .| soses. . BTN TE SRS
s - T8/ 4 . 4.88°° - -8 L] - 8.8 LBS, 12,317
©. 1 - -3ae . am> | .3 [T 8.3 LBS. - 12,387 .
) ) “ . AASHTO T80 ond ASTM D1557 (Medified Proctor) L L S
‘METHOD . . MOLD NO.OF uowsna " HAMMER - | wEGHTOF. | coMPACTIVE EFFORT
u:'r_nop. MATERAL e T ron LAYERS LAY WEIGHT FALL ~ FT.LBS/CU.FY. -
A “-ma 4 490" 8 il . 10.0 L85, [T . _pe.280
B -4 8 630" -8 Y 10.0 LBS. . [ LD
< . - o3/a ] e 4.50"° s - . B8 - 10.0 LBS. BT 55,080
) /4 S e 4.88"° $ 56 ] r10.0 LOS. N t-- - b 83,008
rep ssncsm HAUSKINS & BECKWITHV T
'-1 8L r.ousuume GLOTECHNICAL tncm::us .

SANTA ‘6 s AM( ary

[
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| ‘suu_hk\r "b.t-" .'u_bl,sTURE DENSITY RELATIONSHIP TESTS

Homestake Mining Company
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Tory

Fo e o

MOISTURE CONTENT % DRY WEIGHT

_SOURCE

i Y
Al uaselun DA
wt ‘§ Les/cu. FT.,

Test
- DESIGNATION

- TP7, B-1

16.3

108.8 .

D698 -

MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA

AASHTO T99 end ASTM D598 (Stondord Proctor)

PR WOLD. v0.0F | BLOWSPER | - HAMMER ;
METHOD | MATERIAL [~¢ i T LAYERS LAYER ' | WEIGHT EAL U FT.LBS/CU. A ,
‘A TR 2 ETE 3.5 L'BS. 12 B 12.378 !
- ® .l 3 e 5.8 LBS, i 12.317
. o3/ 8- 3 36 .5 LBS. 12°° - 13,317
[ Y2 ‘a.p8’" 3 se 8.3 LBS, - S 2 12,317
o o . AASHTO nso and ASTM D1557 (Modified »P'roctbr-) R
v ¢ - MOLD - "NO.OF . m.owsnﬂ HAMMER | - HEIGHT OF COMPACTIVE EFFORY .
METHOD | MATERIAL oo T st | LAYERS | LAYE WEIGHT FALL “FT.LBS/CU.FY. -
A -od ) 4 4.B8"" 3 28 .. 10.0 LB5; 1* 50,280 )
B S [ -4.50°" 8. 86 10.0 4, BS. [T
[4 -374 .’ 4.88' ‘|° "n 88 - 10.0 LBS. IS
D -3/ [ 18 4.80° [ X} 10.0 LBS. 194 B
b -
s A SERGENT HAUSKINS & BECKWIIH
b] [ NSULTING GEOT L ENGINEERS

vaL

» SANTA FE »SALT LAKECITY .~

|
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MOISTURE CONTENT % DRY WEIGHT

o souuc: ;.‘5335 ::geum:ws:a;rv ] oesaisarvm 'MHQD :
Te8, Bl 208 | 1002 | D698 . f A |

MOISTURE DENSITY RELATIONSHIP TEST METHOD DATA
’ AASHTO T99 and. ASTM D158 {Stondord Proctor)-

’ 1, — [ jo___MOLD NO.OF. | BLOWSPER.| ~MAMNER cbﬂﬁéf‘rhie::'ﬂo‘af ]
METHOD. | MATERL [ e “LAVERS | T LAYER | wewHT . FT.LASYCU. FT.
A ] .eq- D4t 488" 3 25 8.5 LBS. C 12,378 ¢
.8 -8 - TR | 2 - 88 5.5 Les,. S 1207
e | sara NN LR B IEEE N S.3 Les, 12.217
L) -3/ 4 - 4.88°" 3 i “Be 5.5 LBS, . 12,317
o ___- - AASHTO T180 ond ASTm D1557 {Modified Proctor) . L
| ME  MATERLA _MoLD NO.OF ‘| BLOWSPER | waAMMER uz»cuvor COMPACTIVE EF FORT.
METHOD MATERIAL DINALTEN ey, | LAYERS | - LAYER _WEIGHT | FALL FT.LBS/CU.FT.
A ! 4 R s 4.80°" ‘8 28 10.0LBs. | s 86,280
L B =d 6 | a.sa N 28 .| 0.0 Les. - 18 . 88,908,
: I,‘ €. ] - -3/a [ 450" |- g ;88 0.0 LB, R IR
N ‘D -3/ 4 e a.98°" » ) [T $0.0 LBS. [T B8,
s ‘-_ .
A SERGENT HAUSKINS & BECKWIIH
- S . T o : o R 8. L TING GEOY

»ALE R « SAWTA FE + SALT LAKE £17y
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. Dw:uu: s:lc:m »
% LAWRENCE A HANSEN,
S L MALPH E. WEEKS, PG .-
.. DARREL L BUFFINGTON. P’
C DONALD\MN BUSRINK, ro

':”iSQPﬁémﬁe§?§}.igssiﬂ

g to testing. ; “

) Dry ;.EOisiuré‘: : e
SRR Dens1ty Content ':_:x.-'cO;ppaetion*
_ Samp1e~ o _Apef) - (%) e ()
©BA1-A1: - 1125 '--7;-'-'”?” 9 . 9500 ¢
BA3-A1 . 109.0 - - 4.2 L9
. BA5-A3 ;‘1,1,0,8"_'__ WMo 9500 0
- 'BA19-A1 T ."3-111é,»'5' . --:--"13-.0 o .-._-.--_9'6__,:3_;‘_

Relétivé to maximum dry density as determined An.. accord-; ;
anee wlth ASTM D698. . ffq3f;v,j3:E g'; 3'52]];7;f;2f'1

REPLY TO 4700 LINCOLN ROAD N E ALBUOUEROUE NEW MEXICO 87109 :

. L . PHOENIX - | ABUGUERQUE - sANTAFE o SALT LAKE CiTY . Eleaso 53:': B
: . (002726848 (50)B84-0950 - (505)471-7836 . .. (801)266-0720 - . ‘(9137783380 - .. . .
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B »APPLOED SOIL MECHAN!CS e ENG!NEEGING GEOLOGV

.:‘: .. D\NAIN[ ‘!RGEN? P C - JOMN B! ﬂAUSKINS P €.
fes LAWIIENCE A. HANSEN, Pu.D., " E. “ICHAEL L “UCK[R; K.
 RALPH € WEERSE. P.G. - . .- ROBERY W. CROGSLEY, P.E
. DARREL L. DUI’FINGTON PE: A . JONATHAN A CRYSTAL, P.
. DONALD VAN BUSKIRK. P.G. L PAULY. BMITH. P.G..
. DALE V. BEDENRKOFR, BE.- . . .NORNAN H. WEY! P | ST

‘= Massive Limeéiéne;*surféde_ ,
,+3Laminar L1mestone, Surface R
="Bluff Sandstone- -
 7Red Sandstone, Recapture
= Limestone at. 100 feet -
:-A.San.dst‘o_n_e at 1-09. fe_et

. .- f ;N§;»
 Sample Mo..

" Sample No..
. Sample No:
“SamplégNo:f

R ASTM c-127 .
- R _f; Specific Grav1ty & Absorption S
Sampleiiw"ifDry T _'SSD AT '”'*-.Qﬁi' Absorption

No._,;_ Bulkff:T jaBu1k-gf;f Aggarént’- }.___£§l____
S 2,68 0 20690 2.1 oan

REPLY TO: 4700 LINCOLN ROAD NE. ALBUOUERQUE NEW MEXICO 87109

. PHOENIX ... TUCEON ° . ALBUGUEROUE . _SANTAFE L SALT LAKEGITY .
' 1802)272-6848° ' ' 1602)792-2779 - ($05)884-0950 150518717836 - . +1801)266-0720..

C 19151 778-3369 .
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.. Neo,

g Company

Qualltatlve Examlnatlon .
Number of Particles"”

Crumbled B
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I:_'_"'Homest.ake Mining Company
~..Grants, “New Mexico "
. SHB Job No. E86 1113

S fH;l SERGENT, HAUSKINS &BECKWITH _
‘ e . . o : :._.:_'_. L _;r—'g mhmm :‘mumuz mvmmva.m o
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R son. !.oss BY VATER Ann nlm—nmoczn 'mosmu

8 Calculations were'mede to determine the J

o -ment cover that wouldfoccur over time (1f

terosion. Calculations in Section c.1 contain the amount of wate: erosioti

:these are currently the only tools available to estimate aoil losstover

7ftime.

-c 1 UATER son. Loss usmc muvmsn. son. LOSS EQUATION (USLE)

C 1 1 Embankment Top

_LSOil loss from the top of the embankment was determined by the following.
. - Average alope = 200 1 (H: V) - ‘ .

: ((ifi._t_' “f’j Avetage slope length - 1 000 ft.-~ :
o) t; L T P

Lie. __N_o.,_'_ su4;1i._71: DRI ._-"‘..::'i-nev'.' 0 . . 7 " Docket No. 40-8903 - .
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Sbilfto;s'$§ﬁatlo§;;fA.%;R_kaSf¢_f_;f

”-iComputed soil loss per unit ‘area:

:ﬁiRainfall and tunoff factor.‘ For HHC & 20 (Figur
. o. 537, 1978) A

-~k =sofl erodability factor. Soil matex_'ial in the HMC site cl
T .-as follows, ‘with' ass1gned k factor- TRV N

‘:I-VPgnistgja:kav=_°-32
- Prewitt: "~k = 0,32"
' vk = 0, 37

(Marker e

Support: practice factor'
Conservative factor due. to. slope lengths
through disking oz harrowing and s'eding

SR e s e R
a A = 20 x 0 34 x 0. 152 X 0 20 x 1 = 0 2067 tons/acre/year.:

' Vest pond area = 1,250 1,080 = 1, 350 000 sq £t

31 acres.

1,650 x 1,000 = 1, 650, ooo sq ft RIS
38, acres._v~ S

L Bdst“ﬁondAgteo

'(1)A tecent soil sutvey has been conducted 4n the HHC area.; The Penistaja
" series ‘remains Penistaja. Moriarty has: been: ‘changed. to. 'Venadito, ‘and -

Prewitt changed to Aparejo. k' factors remain essentially the same.»3 a

Lic. No. SUA<1471 - - . “Reveld . ... " Docket No. 40<8903 . .

HMCSL024715



Soil Loss From Hest Pond

1;acres x 0 2067 ton/screlyear = 6 41 tons/yesr

: Soil'Loss From East Pond

38”scres X 0 2067 ton/scre/yesr - 7 86 tonslyear,

) '-'c 1 2 Embankment sides

',Soil:loss from’ the sides of - the embankment ‘that have side"slopes C
(H:V) and covered with six inches of,;ock material. Area. divided into

=.Cover and. management'fsctor.v- {
‘1 Handbook No. 537 for 100% cover undisturbed fotest
Factor 0. 001 to 0. 003, use 0. 002.-;.;;-

P, ‘the support practice factor, is not :eelly spplicable,due 0 'Tock
cover and no contouring. . :
A conservative factor of 1 0 is used.

East slope cslculations.

Rk Ls ¢ e '
A= 20 x 0. 3& x 9. 82 x 0. 002 x1= 0 134 tons/acrelyear

West slopc calculations.;

. Rk LS tx_c‘ ;_,P- . . o R
A = 20 x 0. 34 x 8 93 x 0. 002 x1l= -0. 1216 tonslacrelyear

M. Wo. SUA-147L - ° Rev, @ ' .- . Docket No.'40-8903 * .
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“1 3' 1' 8011 Loss Calculations for 1"000 Years

For depth of soil loss, the following eonvers:

o _Inches/year = -

ubs/ft% (o) | (1 £1) (43,560 £t)
o - (2000 1b). (12 fn) 7 :

¥otune weight, 1bs/£t> was measuréd to be 104 1bs/ft3,.

c 2 wnm EROSION cu.cmnou L

- c.2. 1 Impoundment 'l‘l [

'Refetence.. U s. Department of Agricultute, USDA, 1980, Soil (:onservation

and attached hereto are taken from this puhlication. :

- Service, New Hexico, “Technical Note No. 27, Re: Wind Erosion-wind Erosion s
Equation, Revised February 1986. All" tables and f:lgures referenced below ]

" Lic. No. SUA-1671 .~ - Rev. 0 .. -° Docket No. 40-8903 ..
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’ ',"uing_--_g_tb_éi-ﬁpf zdﬁgfiéﬁz ; Blf frxeLv) o

3grama, sand dropseed, Indian ricegrass, -and alkali sacaton
.. 'be seeded. * Using Figures & and -5 and Table 4 {attached)j;:
" estimated that 1,400+ pounds of flat small-gtain Tesidue pe'
""acre would remain.-fﬁ'.. o IR . L

~._,:Using Table 5 with C - 50, I = 86, k = 0 5, 1 000-ft slopes{'f
' ﬂizand 1, 400 1b residue, soil 1oss = 0.4. t/a/y. ﬂ~”.- L

Data used were confirmed on November 6, 1986 by Ken nalker, scs, Grants, New‘
. Mexico. _SCS had just completed a soil survey of the area on the two main.~
- series;. the Penistaja and Venadito. Ken Walker stated that the Penistaja
. would fall under WEG~-3 or 1=86.  When the two series were mixed, I=86" vas 3
;perhaps conservative due to the _percentage of clay in the Venadito. K fac-
tor and C factor were OK. At imitial reseeding with 2, 000 1b. mulchlacte.
here ‘would be no-wind erosion. As the vegetation becomes established with

'vﬁ;;the seed mixture to be used, 1, 400 lbs/acre residue plus standing crop would'T'sil-:'

. Lic.ﬂo.SUA-llﬂl o | Rev. 0 . kS Vl.)q‘ck'e.t No. 40_§903

:_be a: good figure, again, perhaps conse:vetive.ii-5

HMCSL024718



y Ceoms)  (£) - (43,560 £t
( 2000 1b) (12 n) .-(ai'::e)-_

Lic. .ﬁo.'sné-ib51' - S e ‘:,"‘_‘ev;i,Q;"f}ﬂ;.‘:;'-' --.'.i.'l_loéké.'t.' No, 49?5993 . o
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“(from USDA

;;ﬂlnd [rodtbxi\ty Groups (H(G)

' 'fPredomwnant Sorl Texture
Class of Surface Layer

E Very flne sand frne sand sand or coarse;

..Loamy very flne sand )oamy flne sand Tfﬂ
loamy sand ]oamy coarse sand S

noncalcareous clay loam w1th less than 35
] percent clay content L .

j5§J1t nonca1careous sxlty clay loam wrth
_Tthan 35 perceut clay content s .

'._fSowls not suitable for cultlvatlon due to -
-~ .coarse fragments -or wetness, wind erosion -
u_;not a problem B L

, 1f slev1ng shows a d\fferent percentage of dry sorl aggregates arr;
at "l" from Table 2 on. page 5 : s .

?/ The 1" factors. for wEG A will vary from 160 for the coarse sands to 3]0
g "' ‘for the very fine sands: Use an I of 220 as an average figure. .Use common™ T I
7.7 ‘sense in selecting the factor. If _you have a coarse sand- with- grave\ use T
T : lower: frgure lf you have no gravel and very flne sand use a h}gher Lo
: 1gure . _ , S ,

HMCSL024720



Conparability of Range Grasses Used to locate.Dat, on
iC o flat- Small_Gra1n Residue [quivalent‘

Big Slué;tem

Switchgrass .
3.7 Little bluestem U Silver bluestem
- Western vheatgrass“ “4. " Sand dropseed- -
o . Blue grama - . - . . 5. Sand lovegrass, -
: Buffalograss o 6." “Weeping: lovegrass -
7. Plains.muhly . C
‘Perennial threeawn o

" October 1980 .

HMCSL024721
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L __woTs_ 50 qoss of LE38 THAL D1 YON/ACAE/YEAR IS NOY MECORDED

. = : SURFACE = % = 1, )
wy— 1"- F‘u“t ] L nnu u’ﬁoﬁ!" ‘Wuﬁis—ﬂ‘i

| UNSHELTERED
Elf'mt:. B “0 ’ IOO i ﬂi i 5 \Ino IIO‘

ﬂ‘T 'iﬁ lT.'a 1‘6.‘5' '3.9
30,4, 25,0_11.8 10,6 S
§3.47725.07 1T.8 . 10,6
3.8 23.0 T4
3.7 34,0 AT
N R 235 1656 _ 9.8
; «.s TR

AC_IE'

0 moo 760 moﬂ

23-0 IT.' . IZ-‘ 7.0 . 3.1
22,0 17,9 12,4 V.0 3.1
. 3.0 1Te® 1244 . T0 e
~22:2  17.3 11,9 6.7 ~ 3,5 1,
9. 2hebd L6eT 315 - 4e4 3,30

20,3 15,7 '30.1

- ._L SDII. LOS FRON !Nﬂ EROSIN‘ l!l YMS !!l ACI! PER YEAI

- - smnu -gk =,
e 'Wf— FLAT SRALL omA

TTOISTANCE o -T '2‘60 ,-nu“"u""‘ 50Tt 1600 -

In FEEY ) Coo- - . . . s

10660 - Shes 0T VAITTITOT T Hon 4.0 1.9 0.9 0.4

2000 _ - u.s 4957 1%5,8 11,2 . 7.4 4.0 1.9 0,9 0.4
TTaa0e T T 187 “180d K142 . Teh a0  1e9 0.9 . 0od

) _ )4e0 10,3 8.9 3.6 1.V Q.8 0.3
6.5 3.6 1.6 0.8 -
8.8 3.0 1.4 0.8
8 2.3 1.0 0.8
821 2.0 0,9 0.8

3.8 1.7 G.8 .

2,7 1.3 0.3

.27 0.9 . :
1.3 0,3 o L
Qe 0.6 T ;
51 l.! Ok

1.3 0.8 Oud
ad: 0,9 0.4
Gl Ge3
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L FIGURE 2 -SOIL RIDGE ROUGHNESS 'i'j,";v'
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] 75 7
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1.0 1.0
JRA RN
. of:;_

1 0
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- .Smooth = 1.0 B K
. Table for. determfning whether a tield 1s “smooth, seM\ridged or rfdged
C Developed from Agriculture Handbook No 346 and Chi . Page -

_ S‘mvrldged 15




IXTURES

(from USDA

FLAT SMALL GRAIN m-:snoue Lb/Ac

Figure 4 Converting ungrazed range grass mixture &

to equiva]ent quanttty of flat sma11

grain residue.- B
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Q-

_'SOD FORMING = GRASSES

f*sur_e' '5.

FLAT SMALL GRAIN RES!DJE Lb/Ac 3

C°'W¢“f-1"9 Properly grazed blg bluestem, "
wheatgnss. Ind buffa'lograss to equ 1valent'_

quantity of flat sman grain residue -
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“(£rom ‘USDA,

| TECHNICAL NOTENO.27.

" _FEBRUARY, 1986 .
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' CERI'IF]ED P475754998

. Mr. Harry J. Pettenglll ChJ.ef
. Licensing Branch 2 .. S
* -Uranium Recovery Field Offlce R
U.S. Nuclear Pegulatory Comm.ssmn
' P.O. Box 25325
- Denver, Co.. _802_2_5_ .’

.MarCh 9, 1987 conoemmg Nuclear Regulatory‘fcmmlss“_ staf it
, . : “Stabilization and ‘Site:Rec

.. this time; bemg mcorporated as. rev:.smn 1 , ) Pl
.77’ Homestake proposes to make a single, -final rev1s1on to ‘the-Plan

it be found necessary, when all of NRC's concerns have. been ‘addressed

andageneral cmsensuslnsbereached :

' ; Should you have any other comments or-.ques" ’ g

: Reclamatlon Plan or these responses, please don't hes:l.tate to contact
me.  Also, should it be felt a meeting on- t_hese matt:ers - may"- be of
benefit, please notlfy e, =i :
avallable.. - .

Very truly yours, o

L DJ.rector of Envu:onmental
,Affalrs : :

xc:' T.G. White .




f Cf°'tfli'if UNHEDSTAIES ' ‘T}f (ff'
NUCLEAR REGULATORY COMMISSION A

: - REGIONW
URANIUM RECOVERY FIELD omce
BOX 25325
 DENVER, COLORADO 80225

Vi

) URFD PJG
Docket No 40—8903

Homestake M1n1ng Company
~ ATTN: ‘Mr. Edward Kennedy

~ .- P.0. Box 98
”.jiarants New Mex1co 87020

_dGent1emen

- We are 1n recelpt of yo'r .etter dated Apr1] 28 1987 prov1d1ng a.
"response to .our March 9,ﬁ1987 request for’ lnformatlon regarding. your
proposed reclamation’ p]an “We conclude that the ‘information presented 1
‘not_adequate .to .enable us ‘to evaluate the: ab1l1ty of ‘the proposed: design
o meet the requirements of Criterion-6 ‘of. Appendlx Ato-10 CFR Part 40.
We also d1sagree with statements made regardlng the 1eve1 of deta11
,_necessary L R R T .

'-R;sCr1ter1on 9 of Append1x Aﬂto 10 CFR Part 40 states that "F1nanc1al surety;

. arrangements must be estab11shed by each m1]1 operator .to assure that
sufficient funds will be ava1lab1e 1o carry-out...the: rec]amat1on of .any

tailings -or waste disposal areas. - The amount of funds...must be- based ‘on,

_ Commlss1on-approved cost estlmates ina Comm1ss1on-approved plan -
. for...the reclamation of ta111ngs and/or waste areas in-accordance with:
techn1ca1 criteria’ "delineated in Section I of the Appendix." - Criterion 6

of Section I, in turn, states that a tailings impoundment shall be c]osed_;

~in accordance. w1th a design which provides reasonable assurance of

- control. of radiological hazards for 1000 years, to the extent reasonabiy }i_

achlevable but for-at least 200 years, and- l1m1ts releases of radon-222

from uranium byproduct materials to an-average release rate of 20 pC1/mzsf"

to the extent practicable. The proposed design must therefore contain’

sufficient detail to enable the staff to conclude that the proposed p]an,',

L as. rev1sed meets the technlcal cr1ter1a d1scussed -above.

Criterion 9 further states that the surety must be . "at least suff1c1ent
~ to cover the ‘costs of decommissioning and reclamation of the.areas. that
- are expected to be disturbed before the next license renewatl: LE The '
*,vprogected t1me of m111 c]osure is not a cons1derat1on

HMCSL024728



o We conc]ude that the nformat1on prov1ded in. your Apr11 28 1987
".-.submittal does. not contain:the level of detail: -required. for us-i
- +technical Judgments regarding the -adequacy of the proposed:plan or th
. v associated. costs Spec1f1cs are prOV1ded in the enc1osure to.th1
a letter. 'xa;. T P R . e

o _"__We have a]so determ1ned that the 1nact1ve ta111ngs p11e located south“

- . ‘the main piles although originally designated as a Titie III site: has -

-+ since been declared the responsibility of Homestake under it's Title- II

s Jnllcense Therefore the inactive pile must be addressed and. included ‘in.

' .‘Lweebelieve the most’ env1ronmenta]1y sound ande
-

*fL1cens1hg Branch 27
.+ Uranium Recovery Fleld Offlce
~1::,Reg1on v - .

- Ené]qéureﬁ3eA515tated
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ff:Reooest"for'Informetionlfj-~ |

The number1ng of the comments be]ow corresponds to that used 1n your
Apri] 28 1987 response to 1n1t1a1 NRC comments i

'.T_I Geotechn1ca1 Issues rfjfo

3v]=B.'j-A more detailed sett]ement mon1toring program js- necessary to
.. .assure that differential settlement ‘does not affect the '
-~ jntegrity of the raden barrier.  We must, therefore, be able
~ to conclude that the proposed monitoring program is adequate'to
.. -determine when at: least 90. percent. of the total sett]ement ¥

i the- slimes .areas has ‘occurred, so placement: of “the radon-
-barrier can beg1n.w Informat1on to be submitted must 1nc1ud
" specific. mon1tor1ng locations mon1tor1ng ‘methods; and -
.frequencies. ~In addition, -an annual. frequency- for~sett]ement
‘mopitoring is not. suff1c1ent toestablish the time-settleme
-curves which-will :be necessary ‘todetermine when:-90 percent
gsettlement has occurred.- ‘The annual. ‘inspection frequency
_discussed in Criterion 12 of Appendix A to 10 CFR 40, which yo
“reference in your response, has noth1ng to-do with the period-’
- of time during which-the license is in effect. Crlterlon 12
" discusses post-c]osure requ1rements which app]y to the
.. governmental entity responsible for: long-term surve1]1ance
'hﬁthe site fo]]ow1ng term1nat1on of the 11cense - .

"The comp051t1on of . the radon barr1er 1ayer is - extreme]y
gcr1t1ca1 to est1mat1ng long-term-moisture contents for ‘the.
. radon barrier which, in-turn, are a major factor in determihi
.. 'the thickness of the radon barrier. You state on page. 6 that -
© a1l clays are cand1date so11 cover, mater1a]s a]ong w1th th _
‘sands over1y1ng them ' L o B

.- The RAECOM ana]ys1s performed by Homestake ut1]1zed a 1ong term'
" . moisture content of 12 percent for the radon barrier. Th1s s
. 'value appears. to be the average in-situ value for 12 clay.”

" samples. . Based on in-situ moisture contents for over1y1ng
. sands, we cannot concur-at this time that the 12 percent. va]ue£ Lo o
is reasonably conservative for a composite radon barrier layer:: - .. -~

Ha]f of. the so11 samp]es exh1b1ted mo1sture contents less. than.--'
3 percent - : -

;'.A spec1f1c mix for the proposed radon barrier is’ necessary to3'«

. enable an accurate determination of the required radon barrier - .
- thickness to be made. The 1nformat1on requ1red must_1nc1ude L
~ the foT]ow1ng S ‘ R A

1. The: composztlon of the radon barrier based on the o
percentages of- clay and sand. A _
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'fGra1n size ana]yses of the typ1ca1 compos1te sample as
i“wel] as “the c]ay and sand fractlons S

. An’ eva]uat10n of the ava11ab1]1ty of suff1cf i
”f_.ach1eve the proposed mix. 2

:j4.1f'An eva]uat1on of the dlSpEPS1V1ty of the clay so115

' ‘é““”mSpec1f1cat1ons for construct1on and the qua11ty control’ pro ra'

:areinecessaryétOuestimate-costs associated with constructi
-5uch as .equipment and personnel ‘requirements and’ ‘enable U
‘conclude -that:the as-placed ‘cover-will meet design .
requirements.. Please. prov1de the requ1red spec1f1cat1ons for
Hall materla] types ; A R

urface Water Hydro]ogy

Z'_Deta1]ed des1gns are necessary for severa] features of the

‘proposed plan before we -can. conclude that the proposed plan
“will prov1de reasonable assurance of control .of - radiological,
© “~hazards in accordance ‘with Criterion .6 of Append1x A to
.10 _CFR -40. “The features for wh1ch.spec1f1c des1gns are
—ag”requlred are 11sted be]ow : ST

f,7fthe levee at the northeasticorner of the 1mpoundment

-“f”b;m.fthe rock ‘cover. a]ong the north and west $ides of the pile
o specifically, toe protect1on de51gned to prevent scour an

'undercutt1ng of the riprap, . .

f‘; e. _'the rock check dams and b]ankets located south of the .
e ._-p11e =

’ }1f;A “'the d1vers1on ditch on the ‘south. and east sides. of the

~ impoundment (include all information used in determining e

" the dra1nage area wh1ch will contrlbute to flows 1n the
d1tch) : . . _

2 - How were the cross%sections‘used ih;the:HECFZ PMF_anaiyses‘

.~ 'developed? .Was.a topographic map used or were the séctions .. - iﬂ?iflf_-
.-surveyed? If a'topographic map was used,.please provide .it.: =~

HMCSL024731



Ia.oensing Branch' 2. o
‘U.8. Nuclear Regulatory “Ccmnlss:.o
Uranum Recovexy Field Office

,““don‘t hés:.tate to contact me.

Commpel

o '}":_"':Very truly"yours, :

" Director of f:hv1rom1enta1 AR

Edward E Kennedy : el

: 'Af fa:.rs
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;"ThE:B respenses have been prepared 1n prellmlnary draft forv

" sScheduled for 7/29/87. They respond to the letter from NR
“to Homestake of June-. 17 cnntelnlng cemments on Homestahe s
. reclamation plan for ‘its Brants waniuvm mill. - The: letter of

| the first set of NRC comments was transmitted to-
‘Homestake on March® Dy 1987.. Both sets of cemments ralse
3vquest10nsff0r Homestqbe ‘about some technical i ;
“about the. level of deta11 needed-in the plan, cens;der1ng
jHenestete s 1ntent10n ‘to contxnue operation of the Grants
Cimill. - To help resclve its. quest1ons, Homestake will meet-
Cowith NRC en 7/29.  In’ preparatlnn for that- meetlng, NRC '
»»asked Hemestake tu prepare these draft responses E=To) that

'f;As stated 1n the Aprll 48 responses,
‘;settlement in 98 feet. of slimes.is up to .7 feet.-,ﬂ_‘
o s1gn1f1cant pnrtinn hae probably alreadv occurred due tn
- downward seepage pressure, and most of the rema1n1ng

" sand tailings surcharging. Therefere, ‘we expect that . °

Lo

' ! PRELIMINARY DRAFT O

RESPDNSES TD NRCVS CQMMENTS OF - JUNE 17, 1987
DN HDHESTAKE S RECLAMATIDN PLAN

for discussion: between Homestake and the NRC at a. ‘meeting

June 17 ‘contains “the- second set of NRC comments on theipl

the

settlement will probably eccur durlng and very sdgon afterA

settlements will: pose less trouble for the cover than

; perceived by NRC. - Nevertheless, Hemesteke will. 1nsta11

. settlement monumuents in: each pend area . after placement of .
"the te111ngs surcharge. “Each will be a brass cap set ina -
: cencrete base, cast in plece in the tailings two. feet’ below - .
'--telllngs surface. The caps will .He entended to the top-of

- the soil cover when the cover is placed, but eventually mustff :
be removed to the base of the cover to ellmxnate pesslble R

release pathways through the cover. Menltering will be by

. precision Tand survey methods tied to control- polnts
-established hear to but off the 1mpoundment. During :
- surcharging and early. censol1dmt1en the settlement monuments
~-will be surveyed monthly. 1n1t1a11y, reducing to querterly
- when . two success1ve mDnthly readings show changes: of -

" one-third or less of the ma}1mum menthly :hange prev1eusly
‘recorded.:. : - . e
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.fDraft Response«i.e‘Jupe~1i:Ce@mente‘,,3”,](7
,.Faqe 2 o e s DT - -

1iji.D, Sp1l Cover

"NRC comments dp nct 1nd1cate what data or ferm uf:anal 5
it would can51der adequate ta support eVuluat1on and
n_-select:on of & dee1gn moisture content of the zail CDVer.
. Homestake’ 5 f1rst resppnse on' th1s questlpn 1nd1cates tha
- testing-to. epec1fy ‘the cover soil prppert1es fas- been
" performed, -and. that! the clay ‘content of the soil’ can b
increased if necessary tn ‘achieve the hlthF 1ongs:
"moisture or to. Dtherwxee satlsfy all Crlteriph
' requlrenents._ Both sand and clays soils are available-

. -excavation. The: approh1mate s0il miy proposed for the
cis descr1bed Dn page B 8 af the plan.

“1placement methude,
~. - thig has been’ dnne,
'-;*qreat extent. Unreselved however, is. the fprm and’ degree
- of spec1f1:at10n requxred.u While spec1fy1ng techn:cal

_formel 5pec1f1cat1pns would be- premature at’ th15 t1me.1 .

the same borrow pit and with- about the same amount of

Thle 5011 15 a

: Clearly, mpre clay tha
an - be ach1eved.,hﬁA“3f”

the plan and ﬁprll pai=] reeponse
standards within the plan” is apprnprlate, preparing separate

II} Surface Nater Hvdrology

The follow1ng respenees are numbered in the same way as, the j'h
.~surface wdter hydrnlogy comments of June 17 e

1.a. The levee at the nurtheaet corner of the embankment has'*
been realigned to run E 16 5 to take better adVantage of
e%1§t1ng tppography”andvto‘mlnlmlze o ellmlnate"ff—slte )
cut and: fill.: The podriy'deflned course of the: bat Lanyon
drainage will be rechannelized north of the impoundment. -
These chanqes are shpwn on the attached sketch of the F1g. 9

"revision, in which pink. highlights the scrub-oots, green the
‘levee crest, and solid blue the revised contours. '’ Figure_lZ‘
- will also be revised to reflect these changes, as.shown on
‘the attached eheet._ ‘The flood routing will determine what

crest slevation is. needed, but at this’ tlme the levee is

"being des1gned for 3t (H:W) -slopes and a 2@ foot w1de crestfv
cat elev. 6&6@85. Fill will be” eandy soil excavated for Lobo
-Canyon dralnage rechannellzat1nn and campacted tD at leaet

- (‘957. /w‘#‘
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HDraft Respanse=_'s}Jﬁﬁéf17,CbﬁmEﬁ_S“

Pagefuﬁﬁ“~

¥ b.-Dther than draw1ngs shnw1ng deta1ls,n 1 )
”i,caver and r1prap has “dlready been addressed 1n the Apr1‘
.5responses, 1nc1ud1ng calculatlnns.m The draw1ngs to be
”‘prepared wWill shmw the approxlmate gradatlens of . rock :
. used in’ the cover. (1nc1ud1ng the fllter ‘blanket of crushef
 5$1nes), a typlcal sec on D+ the slbpe and toe,.

.”of r1prap placement K

. e.«& {.. Because of’the redesxgn of the Lebo Lanyo
'udra1nage d1vers1nn and 1evee, the runoff. ared tribu _ S
- the south diversion has been reducsd.=wﬁs aresulty the*:hfﬁ
discharge and - velnc1ty ‘of the PMF-flow in the: snuth ditch:
will be lower, ‘and- the- check dams w;ll_not be necessary.
.'-Dst&11s ef the dltch design are bexng 'repared to-show the
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oy, e

. },13212 Manitoba Dr1ve, N E mi,.;}”_ e
5’[3;A1buquerque, New Mex1co .8711113__:“_

- Cross Section Orlg'l ti
: Homestake Mi 1_’

' ”‘?H ‘Gra t New Mexico -

hyDear A1

“*;_.“Sect1ons 227, *‘-.“ :
:*. composite map made from USGS 7 5 m1nute topograph1c ap
© " Bluewater, Dos- Lomas, ‘Milan, and'Grants, New Mexico. T_'h E
-~ “posite was used as the base map for Figures 8 and 12'~v-f i
.. and E-E' -were. surveyed in either 1980 or 1981 by Homestake personnel: tsing
~ laser surveying equipment. The sections for B-B’ and C-C’ were modified;
- include the rec1a1med borrow p1t conflgurat1on as: shown on F1gures 8

and 9.

A1 p]ease check F1gure 8 to make sure that th1s f1gure shows the borrow
_p1t conf1guration. Gene s copy of the rec]amat1on copy is m1ss1ng 3
- ‘Figure 8, .- . . o A . _ S

:P1ease ca]] 1f you have any quest1ons :
vVery tru1y yours,;}>>:‘»_v_: |
' Mlchael J T1mmer -

Project Superv1sor

MIT/K1g
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S v NnEoSTAves’ffj;"'” L
NUCLEAR REGULATORY COMMISSION

st REGIONIV _' L

URANIUM necovsmr FIELD omce e T
BOX.25%26 . S

oenvzn cownApom

R Aiugi__s 01937 '

_ LURFO ROG S
T;::Docket No. - 40 8903

'-.'QHomestake M1n1ng Company ﬂ,
'ﬁjATTN.. Mr Edward Kennedy

5Desxgn deta1ls and genera] construct1on spec1f1 ations (QC) fof
. major- de51gn features'(1 e., radon barrier,
ﬁw111 be provided O

-5011 test1ng of proposed radon cover (manufactured samp]es) from
. borrow area and a complete set of index testing along with
ST moisture- dens1ty relationship. determination, permeability and
© . - dispersive. ‘testing will be submitted. The radon attenuation w111 ‘be
" :reconsidered -using these values and an appropriate long—term S
-qp_mo1sture to determwne the requ1red th1ckness of cover.ma

A“}3;7*The October 1986 Trlad Inc. report "Radon Emanat1on and D1spers1on
- Modeling" will be submitted. - The emanation coefficient will be set-
T at 0 35 un]ess a d1ffer1ng va1ue is substant1ated by test results

R N The method that w111 be- used to determ1ne~when suff1c1ent settTement”
- has -occurred so that the radon cover can be placed, will be ..

. submitted.- ‘Also, the pioposal to further. reduce surveymg... )
- . annually will be cons1dered after rev1ew1ng severa] sets of L
o ssett1ement data T R -

]-5?5"In des1gn1ng r1prap, Homestake used 4 1-hour PMP = 3, 4 1nches (See,ﬂ?’ffh,j
T page 2 of Attachment IIB of 4/28/87 submtted and Tab]e Tof . ...
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'.[3*we also want to rem1nd you that the 1nact1ve ta1]1ngs p11e ]ocated south

]fTherefore a rev1sed PMF ana]ysxs is’ requ1red and des1gn off i
. " on north-and. west s1des of pile has-to be reevaluated to ass
' 1s adequate - 1

pile (between the old
D1tch d1mens1onsep1us flow- depth

7f,u Des1gn basis for d1tch located south of the
- . and.new. p11es) will be provided.
]d1scharge and f]ow ve1oc1t1es'

_1n1mum requ1rements:for ‘roc
rov1ded S

An'eva]uataon of the potent1av for.}
of the pile will be made.. ~If there 2N
~-..of the toe of the armored s1ope the rlprap ll”be extended
- est1mated scour, depth R
12, A d1scuss1on of how the cross—sect1ons a1ong the north: s1de of .the
pile were determined.. (It appears that the 7%-minute quadrangle -
~ . 'maps used have a 20- foot contour 1nterva1w It?15‘nor c]ear how
"]these maps were used ) o " i o

e

" of the main pile has to be addressed and included in-your reclamation..

- . plan. This requ1rement was prev1ous1y stated 1n a 1etter to you dated
' June 17 1987 , . .

S1nc1y

_ “L1cens1ng Branch:1 .. S
" Uranium Recovery F1e]d Offlce JQ‘Q-?
"tReglon v el '
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-’:" :HOMESTAKE MINING COMPANY
S " P0.BOX.B8 -
GRANT‘S NEW IAEXm

. Mr. Michael J. Timmer ﬁ, :

..~ Canonie Env1ronmenta1

", 6551 South Revere Parkway
Suite 155 | :

3;Eng1ewqod_ Cplpr

Add1t1onal Hyd olog1c/Hydra 11c"Ana1ysi
Homestake M1n1ng Comp;_y- .

"ﬁft:beet_yrt'Timher:f:fiv'

' tasks, please don t hes1tate to contact me o; Alan Kuh'

.~Very truly yours,,:‘iﬁ .

uomzsmm MINING COMPANY-GRANTS

| f’j‘f}’i

Edward E: Kennedy ' S
: Dlrector of Environmental Affalrs -

EEK/bgl

xc: Alan Kuhn

HMCSL024743



s l}iAugu§t,25,:1987d k

. Mr. Edward Kennedy .
... Homestake Mining Company

- P.0. Box 98 T
j Grants New Mex1co 87020

AdditioniH rologic/Hydraulic Analy
: ﬂomest ake Mining Company M' 1
Grants, New Mexico -

'?ijear Mr Kennedy

’ﬁijr. A1an Kuhn - has indicated the néed for' addi hy ,oiogic
““hydraulic analyses for the reclamation plan; for omestake Mining. €
. .(Homestake) at Grants, New Mex1co.v Mr.oKuh sked:
;' Environmental Serv1ces Corp (Canonie) P
o _for thls work ‘ R

1. Determination of rev1sed one- hour and smx hour PMP “amount s fire
: -the Bureau of Reclamation or NOAA

2. Recaicuiation of the PMF for both San Mateo Creek and -obo -anyon
"~ .drainage u51ng rev1sed PMP. amounts : .

| 3. ‘Routing the PMF through both San Mateo Creek and Lobo Canyon using
existing HEC2 1nput f11es e S

_4.v3Ana1ys1s and exp]anation of effectszof converging peak flows on
f]ood heights in. Lobo Canyon : '

5. "Exp]anation of channe1 cross section determination and.effec
- 20-foot contour intervals on accuracy of,fi

~-6; Determination of 100 -year rainfaii amount; lOO-year flood‘
" hydrograph, and loo—year flood heights and ve]oc1t1es in Lobo
~Canyon drainage R R _ S

7 Determination of PMF and loo-year flood fiow veiocities aiong ;
- dikes and Yevees and 5121ng of riprap, if needed, on Homestake
property ,' : : e _ s
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‘!ﬁ--The'expéctédnéhst'fdflpeﬁfbfmaﬁéé of thesé tasks i
started on Task 1 because of ‘the “importance .of.
-amounts; . i L :

~Michael 3. Timmer.
:,E‘;ﬁproje;t $upgrvisor*
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and

John P Turner

November 12, 1981



TABLE OF CONTENTS
List of Figures

Introduction

A. Ore Handling and Preparation
1. Ore

Ore Receiving

Crushing

Drying

Sampling

Fine Ore Bins

Grinding

. Preleach Thickening

O WN

B. Extraction
1. Theory
2. Leaching
a. Pressure Leach
b. Atmospheric Leach .

C. Liquid-Solid Separation
Filtration

Clarification

Tailings Disposal

Tailings Pond Ion Exchange

W WK R

D. Precipitation and Purification
Precipitation

Recarbonation

Purification

Vanadium Removal

Sodium Removal

[o g VIR VEIN N 3 2

E. Product Preparation

F. Acknowledgment




List of Figures

Ore Handling and Preparation (A)
Ore Handling and Preparation (B)
Extraction

Liquid-solid Separation

- Tailings Disposal

Precipitation, Purification, and Product

Preparation

Precipitation, Purification, and Product

Preparation’

*



Introduction

Homestake Mining Company is a major uranium mining and milling
operation near Grants,.New Mexico.

' The Mill, originally built in 1958, had a capacity of 1650 tons
per day. With subsequent improvements and the addition of the adjacent
Homestake New Mexico Partners mill, the HMC mill is currently rated at
about 3500 tons per day.

An alkaline type leach process ié‘utilized by the mill. Milling
éonsists'of five basic steps:

A. Ore handling and preparation

B. Extraction
C. Liquid—solid separation
D. Precipitation and purification
E. Product preparation
A. Ore Handling and Preparation
1. Ore

The primary source of ore for the HMC‘mill is from its four
under-ground mines located in the Ambrosia Lake Bed area. Lesser
amounts of ore are received from the United Nuclear Corporation and
Cobb Nuclear Corporation. These mines ‘are all within thirty miles of
the mill site. o ) |

Two basic types of ore are processed by the mill. Sandstone
accounts for approximately 80% to 85% of the mill feed with the
balcnce being limestone. The principle mineralization of these ores
includes coffinite [U(Si0,) , U°) 0
ideally UO,, tyuyamunite [Ca (UO,), (VO,), 5 - 8 H,0]l , and carnotite [K,

+4

(OH) ,.l, uraninite [U"

1—x 2+x /!

(UO,), (vO,), 3 H,0]. This mineralization generally occurs as an

impregnation,




—2-

a pore filling, or as a cement between sand grains. In the ore there
"is often the presence of carbonaceous materials in association with
the uranium mineral, In addition to the uranium in the ore, there are

trace amounts of molybdenum, selenium, titanium, gold, and silver.

2. Ore Receiving _

Trucks hauling 22 to 28 tons of ore deliver their load to the
mill from the mines. When a loaded truck arrives at the mill from the
mines, it is weighed and the ore is sampled for moisture. The moisture
determined from the ore in the trucks is used as the basis to
calculate the number of dry tons of ore for metailurgical accounting.
Each mine’s ore is kept separate in lots for control purposes throdgh
crushing and sampling. Lots vary from 200 to 2000 tons each.

' The ore grade ranges between 0.04% and‘0.30% U,0,. To minimize
fluctuations in the grade of the feed to the mill, the ore lots are
selectively crushed. '

3. Crushing

An 18 inch grizzly covers a sub—grade hopper on the ore pad. Ore
is discharged from this hopper onto an apron feeder. This ore then
discharges through an anchor chain curtain onto the crusher iced belt.
As the ore discharges from the crusher feed belt onto a rotating
wobbler the minus 2 inch fraction is allowed to by—pass the crusher.
The crusher discharge and rotating wobbler undersize are combined and
sized ‘to plus or minus 3/4 inch by the use of vibrating screens. The
' 3/4 inch screen oversize is recycled no the crusher and the 3/4 inch

under51ze is transferred to the sample plant
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Introduction

Homestake Minihg Company is a major uranium mining and milling
operation near Grants, New Mexico.

The Mill, originally built in 1958, had a capacity of 1650 tons
per day. With subsequent improvements and the addition of the adjacent
Homestake New Mexico Partners mill, the HMC mill is currently rated at
about 3500 tons per day.

An alkaline type leach process is utilized by the mill. Milling
consists of five basic steps:

A. Ore handling and preparation

B. Extraction
C. Liquid-solid separation
D. Precipitation and purification
E. Product preparation
A. Ore Handling and Preparation
1. Ore

The primary source of ore for the HMC mill is from its four
under-ground mines located in the Ambrosia Lake Bed area. Lesser
amounts of ore are received from the United Nuclear Corporation and
Cobb Nuclear Corporation. These mines are all within thirty miles of
the mill site.

Two basic types of ore are processed by the mill. Sandstone
accounts for approximately 80% to 85% of the mill feed with the

balcnce being limestone. The principle mineralization of these ores

includes coffinite [U(SiO,) ., (OH) ,(], uraninite [U" ,, U*) o,
ideally UO,, tyuyamunite [Ca (UO,), (VO,), 5 - 8 H, 0] , and carnotite [K,
(Uo,), (VO,), 3 H0]. This mineralization generally occurs as an

impregnation,
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a pore filling, or as a cement between sand grains. In the ore there
is often the presence of carbonaceous materials in association with
the uranium mineral, In addition to the uranium in the ore, there are

trace amounts of molybdenum, selenium, titanium, gold, and silver. -

2.  Ore Receiving _

Trucks hauling 22 to 28 tons of ore deliver their load to the
mill from the mines. When a loaded truck arrives at the mill from the
mines, it is weighed and the ore is sampled for moisture. The moisture
determined from the ore in the trucks is used as the basis to
calculate the number of dry tons of ore for metallurgical accounting.
Each mine’s ore is kept separate in lots for control purposes through
crushing and sampling. Lots vary from 200 to 2000 tons each.

The ore grade ranges between 0.04% and 0.30% U,0,. To minimize
fluctuations in the grade of the feed to the mill, the ore lots are
selectively crushed. -

3. Crushing

An 18 inch grizzly covers a sub—grade hopper oh.the ore pad. Ore
is discharged from this hopper onto an apron feeder. This ore then
discharges through an anchor chain curtain onto the crusher iced belt.
As the ore discharges from the crusher feed belt onto a rotating
wobbler the minus 2 inch fraction is allowed to by-pass the crusher.
The crusher discharge and rotating wobbler undersize are combined and
sized to plus or minus 3/4 inch by the use of vibrating screens. The
3/4 inch screen oversize is récycled no the crusher and the 3/4 inch

undersize is transferred to the sample plant.
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4. Drying

Ores containing more than 8 to 9% moisture generally require
drying. When required, a 10 foot diameter by 80 foot co-current fired
fotary dryer is used. The burner has a capacity of 70 million BTU per
hour. Firing can be either natural gas or light fuel oil.

The feed to the dryer is the rotating wobbler undersized (minus 2
inch) and the crusher discharge. Ore discharges the dryer at about 5%
moisture. A conveyor belt returns the ore to the vibrating screens in .
the crusher plant.

5. Sampling

A representative sample of each ore lot is obtained by using four
Stages of samplers. The first stage operates on the entire crushing
plant output and discharges the sample into a small surge bin. A load
sensing device is mounted in the surge bin to control the speed of the
belts feeding the remaining samplers. This insures a éteady stream of
falling ore for each sampler. A roll crusher is in the sample stream
between the second and third sampler to reduce the particle size to
minus 1/4 inch. The fourth and final stage of sampling cuts a quantity
equivalent to one pound of sample for each four tons of ore crushed.
After the final sample is cut, the ore is continuously dried and
crushed to minus 10 mesh. With further sample preparation, chemical
and metallurgical testing data is obtained from this sample for
metallurgical accounting.

6. Fine Ore Bins
Four concrete silos comprise the fine ore bins, with each being 35
feet in diameter by 50 feet in height. At full capacity tine ore bins
contain approximately 6000 tons of ore. Since each lot of ore must

retain its identity until the ore reaches the ore bins, there is very
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little blending of the ore prior to milling. A conveyor belt
traﬂsports the ore from the sample plant to the too of the ore bins. A
belt tripper in used to discharge the ore into anyone of the four ore
bins or into a truck hopper for return to the ore pad.

The ore bins are used to segregate different types of ores in
order to process the refractory ores such as limestone ore that
require a finer grind and a longer retention tire during leaching to
maximize the uranium recovery. The mill utilizes two parallel circuits
in grinding, thickening, and leaching. These circuits are referred to
as the north and south circuits. A majority of the mill’s sandstone
ores is processed in the north circuit while the south circuit uses a
'secondary grind and a longer atmospheric leaching time to process the
limestone and other refractory type ores. These ores are directed to
the two ore bins that feed the mill’s south circuit.

The feed to the grinding circuit is withdrawn from the ore bins
by means of two belt feeders under each ore bin. A collecting belt
transfers the discharge from the feeder belts to the ball mill belt
feed. .

7. Grinding - »

Each primary grinding circuit consists of a ball mill which is
operated in closed circuit with a spiral classifier.

The grinding circuits utilize 10 feet by 66 inch Hardinge Conical
ball mills. The ball charge in each mill is approximately 22 tons.
Equal weights-of 2 aﬁd 2 1/2 inch forged steel balls are used for
charge make up. Each ball wmill is driven by a 400 hp, 4160 volt,
motor geared through a pinon shaft to the ball mill. Operation of the
ball mills is maintained at 20 rpm or 83% of critical speed. The ball

discharge
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density is maintained at 65% solids in a sodium carbonate and sodium
bicarbonate mill solution containing 37 grams Na, CO, pér liter and 7
grams Na HCO, per liter. . |

A 72 inch Wemco spiral classifier is operated in closed circuit
with the ball mill. Overflow from the classifier is controlled at 20%
solids. The overflow produét of the classifier is about 10% plus 48
mesh and 35% minus 200 mesh.

The north circuit spiral classifier overflcx.goes direétly to the
north thickening circuit. As compared to the south circuit containing
limestone and other refractory'ores the overflow is fed to a 20>inch
cyclone which is in closed circuit with a regrind ball mill, this mill
is a Denver 6 feet diameter by 6 feet long mill. A 200 hp, 480 volt,
motor is connected to a'coﬁventional belt drive system that provides
the drive to the mill. The mill contains approximately 4 tons of 1
inch forged steel balls.

The regrind cyclone overflow product is about 5% plus 65 inch and

50% minus 200 mesh. This product then goes to the south thickening

circuit. ' ’ .
8. Preleach Thickening : )

The HMC mill has two thickening circuits. Overflow from each

grinding circuit is pumped to its respective 20 inch'cycloné‘in the
thickening circuit. The cyclone overflow advances to the thickener
where a polyacrylamide flocculant is used to aid in settling and
clarification. Both thickeners overflow by gravity to a common mill
solution storage tank for fecycle to the grinding circuit. The
thickened slurry from the Ehickener is removed at about 40% solids.
The thickener o . |
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underflow and the cyclone underflow are recombined in their respective
preheat tank of the leaching circuit. '
B. Extraction

1. Theory ) ) _

The chemistry of the alkaline leaching system requires the
oxidation of tetravalent uranium to the hexavalent state, Oxygen
available in the air is the most common oxidant used. The hexavalent
uranium dissolves in the presence of carbonate aikalinity to form a
uranyl tricarbonate complex‘ion according to the following reactions.

2 UO,+0, & 2UO,
2 UO,+6 Na, CO,+ 2 HO e 2 Na, UO, (CO,), + 4NaOH

The uranium will not dissolve in a sodium carbonate solution

3

because the hydroxide alkalinity formed with the complex ion causes
the ion to decompose. In a solution containing sodium bicarbonate, the
hydroxide alkalinity is neutralized immediately, and the reaction
proceeds as follows:

U0, + Na, CO, + 2 Na HCO, e Na, UO, (CO,), + H,0

2

2. Leaching -

The extraction of the uranium from the ore is accomplished in a
two stage circuit. The first stage consists of a pressure leach where
the pressure is maintained at 60 PSIG and the temperature is
maintained a 200°F. Retention time of the slurry in the pressureAleach
is 4.5 hours. The second stage consists of an air agitated atmospheric
leach at a temperature-of 170°F. The atmospheric leach slurry has a
retention tire of 12 hours for the slurry ¢oming from the north leach

circuit -and of 24
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hours for the slurry coming from the south leach circuit.

a. Pressure Leach '

Pressure leaching is accomplished in two separate circuits each
containing eight autoclaves. The autoclaves are 12 feet diameter by 16
feet high, domed, pressure tanks equipped with a top mounted
‘Lightnin’ mixer. Each tank has two, turbine type, 42>inch diameter
impellers mounted on a 14 foot, 4 inch diameter shaft. Oxidation air
is fed into the bottom of the autoclaves ‘through a 30 inch bubble-cap
diffuséer. Pressure in an autoclave circuit is maintained by an
automatic bleed—off valve on the Pipe header connected to each
autoclave, Heat for leaching is supplied by steam coils. Temperature
and pressure in the autoclave circuit is maintained by automatic
controls. . .

Each of the two circuits is operated as a series of eight
autoclaves. The ore has a retention time about 4.5 hours in the
circuit. The first unit in each leaching circuit is a preheat tank in
which the thickener underflow and the cyclone underflow are recombined
and heated to 150°F. This preheated slurry at about 55% solids is
pumped to the first autoclave leaching tank of its circuit. The flow
through the autoclaves is by gravity, and the féed to each autoclave
enters the slurry surface and discharges from the bottom through an
internal riser. A six inch drop between autoclaves provides the head
for flow through the piping in the circuit. The operating volume of
each aﬁtoclave is approximately 11,000 gallons. The discharge from the
last autoclave in each circuit‘flows into a letdown tank. From the
letdown tank, the leached slurry discharges through é concentric tube
heat exchanger that cools the slurry from 200°F to 170°F. The pressure

of the system provides
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the enexrgy to push the partially leached slurry through. the heat
exchanger to the atmospheric leach.

b. Atmospheric Leach

Atmospheric leaching also consists of o separate circuits. The
north circuit pressure leach discharges to the first of three pachuca
tanks with a retention time of 12 hours. The south circuit pressure
leach discharge, is split where half the flow goes to the first of-
another three pachuca tanks and the other half of the flow goes to the
first of another three pachuca tanks. Retention time for the south
. circuit is 24 ‘hours. Each pachuca tank is 19 feet in diameter by 38
feet tall. Four, ten inch air 1lifts provide agitation for each '
pachuca. Heat for the circuit is provided through steam jackets on the
air 1lift pipes. Additional air for oxidation and agitation is supplied
through five pipes that are suspended from the top of each tank. The
air enters the slurry approximately 3 feet from the bottom of the
tank. o . »
' _The slurry from the pressure leach circuit is added to the.top of
the first paéhuca tank of its circuit. and flcxs by gravity through the
tanks and discharges. into a sump where the slurry is pumped to the
liquid—solid separation circuit. '
C. Liquid-Solid Separation

1..Filtration_ . ,
The leached slurries from both atmospheric leach circuits are pumped
to the fitter feed tank in the liquid—solid separation circuit. This
leached slurry is pumped to each of the first stage of filters, where
the soluble uranium values are removed by three codified stages of
counter current filtrations. A dilute solution of flocculant is pumped
into the tuber feed line where the filter feed and flocculant are

mixed. A
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thorough mixing takes place as the filter feed slurry and flocculant
flow through the pipes, the filter feed valves, and a small mixing
chamber on each filter tub.

Each filter stage contains five, 650 square foot and two, 570
square foot rotary drum vacuum filters. The filters are 11 % feet in
diameter and are equipped withApolypropylene grids. A heavy duty nylon
filter cloth is used to cover the filters. A 14 gauge stainless steel
wire is wound on the filters to retain the filter cloth.

The first stage filter cake is washed with a hot filtrate
solution from the third stage of filters. The filtrate is sent to
clarification, and the first stage filter cake discharges into ‘
repulpers for repulping with third stage filtrate. The repulped slurry
flows by gravity through an agitated sump and into the second stage of
filters. Flocculant is added to the repulper solution to aid in the
second stage of filtration. The second and third stage of filters are
operated in much the sane manner as the first stage; except that
recarbonated barren solution from the precipitation circuit is used as
a filter wash and in the repulpers on the second stage, and tailings
pond solution or water is used as a wash and in the repulpers on the
third stage. The wash solution for each séage of filters is maintained
at 100°F, The second stage filtrate is sent to the mill solution
circuit, and the third stage filtration is used as a wash and repulper
solution on the first stage of filters. The filter cake from the third
stage of filters is repulped with recycled tailings pond solution and

slurried for tailings disposal.

2. Clarification
The filtrate produced by the first stage of filters is the

pregnant




uranium solution for the precipitation circuit. The solution must be
clarified before precipitation to remove slimes that have penetrated
the filter cloths. Clarification occurs in a thickener where a major
portion of the silica and shire contaminants settle out. The pregnant
solution for precipitation is then pumped from the thickener through
heat exchangers to heat the solution from 125°F to 180°F before

flowing into the precipitation circuit. The heat is obtained by

cooling the pressure leach discharge slurry from 200°F to 170°F.

3. Tailings Disposal

The filter cake from the third stage filters is repulped with
recycle solution from the tailings pond ion exchange system and
transferred through launders to a tailings slurry tank. Disposal of
the tailings slurry is handled by three Ash pumps in series and a
cyclone truck. The pumping capacity of these pumps is rated at 1500
gallons per minute.

Tailings disposal encompasses an area of.110 acres. Construction
of the pond is done by pumping the tailings slurry at about 40% solids
through two, truck mounted, 20 inch cyclones. Underflow from the
cyclone is‘deposited on the dike that surrounds the pond and the
cyclone overflow is directed into the pond where the slimes settle out
of the tailings solution. Recovery of the tailings solution is through
two centrally located decant towers. The reclaimed tailings pond
solution flows underground to a pump basin and is returned to the mill

where it is processed in'an ion exchange circuit for uranium removal.

T 4. Tailings Pond Ion Exchange

Prior to the reclaimed tailings pond solution being returned to
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the third stage filters, the solution is treated in a NIMCIX system to
remove the soluble uranium.

The NIMCIX plant is rated to treat 1200 gallons per minute of
solution yielding a tail of less than 10 ppm U,0,.

D. Precipitation and Purification

1. Precipitation

The pregnant solution from clarification after being heated to
180°F is pumped to the precipitation circuit. The precipitation is
conducted in two stages. First the pregnant solution is mixed in the
dissolving tank with recycled yellow cake to increase the soluble
uranium content. Second, caustic soda is added to précipitate the
“uranium. The uranium in the pregnant solution exists as a uranyl
tricarbonate complex. When the pH is raised above 12.0 with caustic
soda, the complex ion decomposes to form carbonate and sodium
diuranate. The latter salt is a yellow precipitate commonly called
yellow cake. '

2 Na, UO, (CO,) + 6 Na OH e Na, U20, + 6 Na, CO, + 3HO :
The technique of recycling yellow cake was developed to achieve a ‘

more complete precipitation of the uranium in the original pregnant
solution. The dissolving tank operates with a yellow caké recycle
equivalent to 500% to 700% of the uranium in the incoming pregnant
solution. In five hours of contact with the' pregnant solution, a
portion of theAyellow cake dissolves; and the soluble grade of uranium
in the solution increases. The precipitation efficiency of the circuit
will vary with the level of soluble uranium in the feed. The
undissolved yellow cake in circulation does not appreciably effect the
precipitation. .

The precipitation circuit consists of nine agitated tanks in a
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series. The solution has a retention tine of about 12 hours. A
solution of 50% caustic soda is metered into the first tank of the:
precipitation circuit of sufficient quantity to neutralize the sodium
bicarbonate and also to maintain an excess of 5 grams per liter
caustic soda in the barren solution. The caustic soda may also be
added to the pipeline feeding the tank to change the characteristics
of the precipitated yella cake and the efficiency of precipitatioh,
which are affected by the-point of addition. _

The yellow cake slurry from the precipitation circuit flows ihto'
a 40 foot diameter by 12 foot deep thickener. The thickener is '
insulated with a floating two inch Styrofoam 1lid and two inches of:
Fiberglass insulation on the sides. Because the thickener operates:at
170° to 180° F, the cover insulation is necessary to minimize o
evaporation and heat loss which create thermal currents.that hinder
settling. The thickener underflow is pumped at about 35 - 40% solids
to the vanadium -removal section or to the yellow cake dissolving tank
for recycle. The thickener overflow is pumped through three plate and
frame filter presses for final clarification and then to caustic :

barren storage.

2. Recarbonation

The .caustic barren solution produced in the precipitation circuit
contains sodium carbonate-and a small gquantity of sodium hydroxide. To
reuse the barren solution, the caustic»must he converted to sodium
carbonate and sodium biparbonate. This conversion is accomplished in
two packed towers in which the caustiqibarren solution is contacted
with boiler flue gas. The CO, in the flue gas neutralizes the sodium
hydroxide and converts some of the carbonate to bicarbonate, the

recarbonated
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barren solution is pumped to the liquid-solid separation circuit for
use as a wash and repulping sclution on the second stage of filters.

3. Purification ) ‘

The primary precipitatién of yellow cake produces a product
which, when washed and dried, will assay around 75 to 77% U0, 5 to 6%
v,0,, 2 to 2.5% CO, and 7.5% Na. Although thé uranium content is
satisfactory, the vanadium, carbonéte, and sodium content of the
precipitate exceeds contract specifications. Removal of these
contaminants is .required before the yellow cake is acceptable to the

upgrading process plants. '

‘a. Vanadium Removal

The removal of the vanadium and, quite incidentally, carbonate
from the yellow cake is accomplished by roasting followed by water
leaching. The yellow cake thickener underflow is pumped to a disc
filter to dewater the slurry. The filter cake is agitated with a small
quantity of sodium carbonate before being fed to the yellow cake
roaster. » '

Yellow cake roasting is accomplished in an 8 foot 6 inch

"diameter, six hearth, Pacific furnace. The yellow cake is dried at

around 1600°F. The calcined yellow cake aischarges into a water cooled
screw conveyor which cools the yellow cake to approximately 200°F
before discharging into a ball mill conveyor. Water is used to
dissolve the vanadium and carbonate contaminants in the yellow cake.
The leached yellow cake slurry is collected in a 16 foot diameter by
10 foot deep thickener. The thickener overflow, containing the
vanadium, is filtered and sent to vanadium stbrage. The vanadium

solution is concentrated and cold to a carry vanadium producer.




b. Sodium Removal

Vanadium solution contained in the yellow cake siurry in the
sixteen foot yellow cake thickener underflow is removed on a four and
one-half foot diameter by six foot long, vacuum, drum filter. Then the
yellow cake is washed and fepulped with water. This yellow cake
containing approximately 7.5% sodium as sodium diuranate is dissolved
with sulfuric acid at a pH of around 2.2. Next, ammonia is added to
maintaiﬁ a pH of around 7.4. The uranium reprecipitates as yellow
cake, ammonium diruanate and basic sulfate, generally containing less
than 0.5% sodium. This proauct is filtered and washed with ammonium
sulfate solution on two six foot diameter by'eight—foot long, vacuum,
drum filters in series before being dried in a four hearth Pacific
roaster and packaged as described under the section on Product

Preparation.

E. Product Preparation
'The filter cake from the second yellow cake filter discharges
into an agitated sump, from where it is pumped to the yellow cake -
dryer. Yellow cake drying is accomplished by an 8 foot 6 inch
_ diameter, four hearth, Pacific furnace, which is fired to about’
1000°F. By the time the yellow cake reaches the bottom of thebyellow
cake dryer, the moisture and ammonia have been removed. The yellow
cake is discharged from the drier through a pul&erizer into a hopper,
where it is held until packaging. '
- Yellow cake is packaged in 55 gallon open head drums. A vibrator
under toe drum loading station is used to settle the contents or each .
drum. After the drums are sealed, sampled, and weighed, the drum is

cleaned and placed in storage until it is shipped.
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Each drum contains a maximum of 1000 pounds of yellow cake and about

45 drums comprise a shipping lot.
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INTRODUCTION

This appendix is intended to present relevant data about the hydrogeologic units at the site that are -
impacted by seepage from the LTP or are involved with the operation of the CAP. Table C-1 describes
the hydraulic and transport properties of the local aquifers. Table C-2 describes the characteristics of the

hydrogeologic units in the region.

. . Homestake Mining Company
Appendix C.doc _ : C-l March 2012



Updated CorrectivelAction Program — Appendix C

Table C-1: Hydraulic and Transport Properties of Local Aquifers

San Andres-

Glorietta
A Regional
Aquifer Alluvial Aquifer Chinle Formation Aquifer Aquifer
Depth Uppermost Upper, Upper Middle Lower --
' Middle & Chinle Chinle Chinle
: ~ Lower Aquifer Aquifer Aquifer
Aquifer Type | Unconfined | Unconfined | Unconfined Each one of these three aquifers bounded by an Confined

overlying and underlying low

Composition | Quaternary Alluvium and Quaternary Very low Laterally | Laterally Shale with Two regional

andesite and basalt flows interbedded | permeability, | continuous | continuous enough aquifers in the
into the alluvium, located on the massive sandstone, | sandstone | developed San Andres
unconformably eroded surface of the shale average permeability | Limestone and
Chinle Formation . - thickness ) to behave as Glorietta
of a limited Sandstone,
sandstone aquifer considered a
is 35 feet single aquifer in
: the Grants area -
Thickness | Aquifer 95 -- - 850 15-65 10-80 -- --
(ft) | Average | (saturated ' v (saturated | (saturated :
-and thickness) | thickness)
unsaturated
-zones)
Near Site 35 .- - - 35 44 -- --
' (saturated : (saturated | (saturated : '
thickness) ’ thickness) | thickness)
Hydraulic | Aquifer | 10-200 -- - - 0.1-100 - 0.1->50 615
Conductivity | Average ' '
(ft/day) | Near Site -- -- - - -- 25 - --
Hydraulic Gradient 0.0025 -- -- -- -- -- 0.01 ft/day 0.00086
(ft/ft) :
Effective Porosity -- -- -- -- -- -- -- 0.1
Transmissivity 500 - -- -- -- 100 to 500 to 100 to 1,000 222,000 to
(gpd/ft) 40,000 2,000 7,000 460,000
Dispersivity (ft) | 21026 - -- -- -- -

, : Homestake Mining Company
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San Andres-
Glorietta
Regional
Aquifer Alluvial Aquifer : Chinle Formation Aquifer Aquifer
Retardation Factor Uranium = 3 - -- -- -- -
Molybdenum =4.5t0 5 '
, Selenium=1to0 1.2 :
‘Specific | Aquifer | 0.038 - -- - - -- - 0.1 -
Yield | Average 0.28
At Site 0.2 - -- -- 0.1 - 0.1 --
Storage Coefficient - - - - 5x10° 3x10° | 3.4x10°- 42x10™-
' ' 1.2x10* 1.4x10°
Notes:
ft = feet

ft/day = feet per day
ft/ft = foot per foot
gpd/ft = gallons per day per foot

Homestake Mining Company
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Table C-2: Description of Hydrogeologic Units

Alluvial Aquifer : Chinle Formation Aquifer San Andres-
Upper, Upper Middle Lower Glorietta
- Rio San Middle & Chinle Chinle Chinle Region
~ Aquifer San Mateo Jose Lobo Lower Aquifer Aquifer Aquifer Aquifer
Groundwater Near t}}e site Southeast ' ‘
Flow predominantly B _ _ _ B _
Direction southwest, but
highly variable
From direct From alluvial
infiltration is aquifer along
Recharge very limited -- - -- subcrop on -- -- --
east side of
the East Fault
Northeast Northeast East, at East and
locations northeast
north of the '
Dipping _ N B _ residential
subdivisions
and south of
the residential
subdivisions
Serves as an Permeability
aquitard of aquifer not
between the consistently
surficial high enough
alluvial aquifer to serve as a
Notes -- -- -- and the -- -- viable aquifer --
underlying San
Andres-
Glorietta
regional
aquifer
. Homestake Mining Company
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INTRODUCTION

This appendix is-intended to present relevant data about the surface water and groundwater interactions in
the proximity of the site. Table D-1 describes the recharge and evaporation rates applied to the site.
Figure D-1 presents the mean daily streamflow for the San Mateo Creek from 1977-1982. Figure D-2
presents the mean monthly streamflow for the San Mateo Creek from 1977 to 1982. Figure D-3 presents
the mean daily streamflow for the Arroyo del Puerto from 1979-1982. Figure D-4 presents the historic
peak streamflow for the Rio San Jose from 1968 to 20110. _
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1.0 SURFACE WATER BODIES

The natural land surface gradients of the site are usually less than 1 percent; the average grade is 0.1
percent. Surface drainage across the site is predominantly directed to the southwest, although there are
generally no established drainage courses or signs of active erosion. Ponding occurs after significant

precipitation events, but this water either evaporates or infiltrates the alluvium.

The site lies partially within the broad floodplain of the San Mateo Creek, which is part of the Rio Grande
drainage basin. There are 291 square miles of upstream watershed. The San Mateo Creek drains into the
Rio San Jose near Milan. The Arroyo Del Puerto is an ephemeral tributary stream to the San Mateo
Creek drainage, which is also ephemeral at their confluence; this confluence is located approximately lb

miles north of the site. A drainage map of the site is provided as Figure 3.2.1-1.

The San Mateo Creek watershed drainage covers approximately 76 square miles and is part of the Rio
Grande drainage basin (Byrd et al. 2003). The headwaters of the creek are on the north flank of Mt.
Taylor, where it receives runoff from precipitation. Springs maintain a small perennial flow above San
Mateo Reservoir, which is an on-stream reservoir on upper San Mateo Creek used for irrigation purposes
(Roca Honda Resources 2009).- However, San Mateo Creek is intermittent over its middle reach, which is
normally dry in the summer with the exception of high rainfall events, and ephemeral in its lower reach.
Some of the flow i‘s diverted for irrigation just below the San Mateo Reservoir during summer months.
The remainder infiltrates into the allu;/ium of the stream bed within a few miles. During peak runoff from
snow melt in the late spring or during heavy summer and fall rain storms, San Mateo Creek may flow
west for a few miles, but it rarely reaches the Rio San Jose (Brod and Stone 1981, Stone et al. 1983).
Proposed discharge related to future mine operations at the Roca Honda mine near the headwaters of the
San Mateo Creek may create surface flow that could reach the Rio San Jose, which would change the

ephemeral nature of the flow regime (Roca Honda Resources 2009).

An investigation of the streamflow in San Mateo Creek was conducted in thé early 1970s by the New
Mexico Environmental Institute (NMEI) as part of the environmental baseline study of the Mt. Taylor
area associated with the permitting of the proposed Gulf Mineral Resources Company (GMRC) Mt. ‘
Taylor uranium mine (NMEI 1974). NMEI concluded that the mean annual runoff from San Mateo
Canyon was 1,800 acre-feet per year (acre-ft/yr), and that of this voluxﬁe, about 0.5 cfs (approximately

360 acre-ft/yr) was contributed by spring and groundwater discharge, all of which entered San Mateo

Creek in its upper watershed above San Mateo Reservoir. The NMEI concluded that the .perennial section .

of San Mateo Creck was limited to the reach above the reservoir (NMEI 1974). Additionally, NMEI

Homestake Mining Company
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distinguished between upper elevations (higher than 7,950 feet above mean sea level) that generally

contain snowpack for most of the winter and contributed snowmelt to the stream in late April and early

May, as compared to lower elevations (below 7,950 ft-amsl) that receive runoff in mid to late March.

Table D-1: Recharge and Evaboration Rates

Water Body Recharge Rate | Evaporation Rate
San Mateo Creek 0.5 in/yr 54.6 in/yr
Arroyo Del Puerto 0.5 in/yr 54.6 in/yr
Rio San Jose 0.5 in/yr 54.6 in/yr
Source: Hydro-Engineering 2011
Homestake Mining Company
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2.0 SITE STORMWATER CONTROL

Protection against erosion by surface water has been designed for the runoff that would be caused by the
greatest possible precipitation event, the Probable Maximum Precipitation (PMP) storm for San Mateo
Creek. For the Homestake Site; tWo PMP events are applicable — the regional or general PMP storm that
affects the entire San Mateo watershed and the local PMP that affects the mill site (Hydro-Engineering '
1993). | The former determines the parameters of the flood, the Probably Maximum Flood (PMF) that
would originate upstream and pass across portions of the site, while the later determines the maximum
rainfall (PMP) directly onsite and the resulting PMF runoff originating on the site itself (Figure 3.2.1-1).
Hydrologic analyses conducted for the general storm or regional PMP/PMF event show that the peék
PMF discharge would be 169,800 cubic feet per second (cfs) resulting from a PMP of 12.2 inches over a
storm duration of 24 hours (HMC 1988). Consequently, the erosion protection designs took into account
two different and separate PMP/PMF events. The other PMP/PMF event that affects potential erosion is
the local one-hour PMP/PMF,-‘the rainfall and resulting runoff from fhe site. The local one-hour PMP
would result in rainfall totaling 9.94 inches (Hydro-Engineering 1993). The details of the resulting
velocities and discharges of runoff determined for the regional,I local and one-hour PMP/PMF évent' are

reported in the 1993 Reclamation Plan Volume 1 (Hydro-Engineering 1993). '

To keep the potential erosion due to onsite precipitation to a minimum, several design measures were
used in the reclamation plan. To feduce the potential for erosion of the tailing impoundments, the top
surfaces were contoured to minimize slope gradients and flowpath lengths to the extent possible without
compromising other design objectives. Hydrological analyses of the regional or general storm of the San
Mateo watershed indicated that the toe portions of the north and west side slopes of the large
impoundment re(juired protection'égainst potential erosion caused by the regional PMF (approximately 8
feet thick 1ayér of sand and rock covering) (HMC 1988; Hy&ro-Engineering 1993)]. For the rest of the
site, cover placement and recontouring in the ‘mill area were designed to keep surface gradiénts '
sufficiently flat, so that PMP runoff will produce shear stresses less than allowable shear stresses for the

cover materials used, i.e. gravelly sand (Hydro-Engineering 1993).

In addition, surface water discharges from the Lobo Canyon portion of the San Mateo watershed follow a
drainage course that cuts across the northeast comer of the mill site. The channel of this water course is
poorly defined during flood events, some of this discharge would flow across a portion of the mill area
and between the tailing irhpéun@ents. A flood diversion levee was constructed to divert not only San

Mateo flood flows and Lobo Canyon floods to the north and west of the mill and the reclaimed tailing

‘ Homestake Mining Company
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embankments, but also a large portion of what would otherwise be the upstream end of the onsite ‘
watershed (Hydro-Engineering 1993). ’

- Homestake Mining Company
Appendix D.doc ) D-5 ) March 2012 ‘



PREPARED BY: JC

K:\AO000120-Grants\lllustrators\Figure D-1 Mean Daily Streamflow for the San Mateo Creek 1977-1982.ai Q 11/07/2011

40

30 A

Streamflow (cfs)

USGS Gaging Station 08342600

1 T

|

| : San Mateo: Creek Near S;l,in Mateo, NM
| |

: | (May 1977 through October 1982)

lLL&\ J ul

Source: Roca Honda Resources, 2009

from Johnny M and Mount Taylor Mines

I

|

| | |

/ Gaged streamflow influenced by discharge |
|

May 1977 to February 1978 :

|

1 980
Date

1982 1983

GRANTS RECLAMATION PROJECT
Updated Corrective Action Program (CAP)

FIGURE D-1
MEAN DAILY STREAMFLOW FOR
THE SAN MATEO CREEK, 1977-1982




PREPARED BY: JC

K:\AO000120-Grants\lllustrators\Figure D-2 Mean Monthly Streamflow for the San Mateo Creek 1977-1982.ai @ 11/07/2011

Streamflow (cfs)

San Mateo Creek Near San Mateo NM —~— 1977
(USGS Gaging Station 08342600)
. S SRR SER | SSRGS SR A IR s et TR I DR KR o —— 1978 | ...
—— 1979
—e— 1980
(8 SRRl Gaged sfreamflow influenced by discharge """~~~ """ ——1981| T
from Johnny M and Mount Taylor mines —— 1982
- 4 PO R, SRS GRS May. 1977 taFehruary 1978 n - - o e e e e e C e eeeeaasaa-

Source: Roca Honda Resources, 2009

GRANTS RECLAMATION PROJECT
Updated Corrective Action Program (CAP)

FIGURE D-2
MEAN MONTHLY STREAMFLOW FOR

THE SAN MATEO CREEK, 1961 982




PREPARED BY: JC

K:\AO000120-Grants\lllustrators\Figure D-3 Mean Daily Streamflow for the Arroyo del Puerto 1977-1982.ai @ 11/07/2011

40 T [ |
[ | I | |
I | Arroyo del Puerto Near San Mateo, NM
; : USGS Gaging Station 08342700
| ;. (September 1979 through October 1982)
e 30 4 — | | - | e
/)] | |
e | !
3 | |
| |
g | |
E 20 + -~ == e : —————————— e e
I 1
[ | |
8 | | |
b | | |
a | | |
10 | | ——— - '
| |
| |
| |
| | |
0 , | i | A
1977 1978 1979 1980 1981 1982 1983
Date

Source: Roca Honda Resources, 2009

GRANTS RECLAMATION PROJECT
Updated Corrective Action Program (CAP)

FIGURE D-3
MEAN DAILY STREAMFLOW FOR
THE ARROYO DEL PUERTO, 1979-1982




l
e
W
>
D

USGS 08343000 RIO SAN JOSE AT GRANTS, NM

O
o & o
P o o o® o : o
O O Q O Q
00000000 O™ o 0 %% 2% 0 O I
1952 1964 1978 1976 1982 1988 1994 2808 2886

2000
]
D
L]
G
o 1500
g
Q -]
5 i
3
¢ .o 1066
b= =
- (=T =}
g - 0
S =
e g
ot 0 L
: 58 508
% iy}
- Q
;,;; -8
® o
2 o 8
5 -
3 g
: T
4
g -500
%
b
(a]
g Source: USGS, 2011
2
8
-
X

GRANTS RECLAMATION PROJECT
Updated Corrective Action Program (CAP)

FIGURE D-4
HISTORIC PEAK STREAMFLOW FOR

‘

THE RIO SAN JOSE, 1968-i010




Updated Corrective Action Program — Appendix D

References

Brod, R.C., and Stone, W.J., 1981, Hydrogeology and water resources of the Ambrosia Lake-San Mateo
area, McKinley and Valencia Counties, New Mexico: M.S. thesis, New Mexico Institute of Mining and

Technology.

Byrd, D., Allen, H.R. and Montano, M. 2003. Water Resources Data, New Mexico, Water Year 2003.
Water Data Report NM-03-1.

Homestake Mining Company (HMC). 1988. Response to NRC Comments of August 12, 1988 on
Homestake Reclamation Plan, 10/31/88.

Hydro-Engineering. 1993. Reclamation Plan, Revision 10/93, Homestake mining Company of California

Grants Operation, Volume 1. Consulting Report for Homestake Mining Company of California.

Hydro-Engineering. 2011. E-mail from Tom Michel to Lee Christoffersen Re: Recharge and Evaporation.

November 2.

New Mexico Environmental Institute (NMEI), 1974. An Environmental Baseline Study of the Mount
Taylor Project Area of New Mexico, prepared by Whitson, M.A., and Study Team for Gulf Mineral

Resources Company, March.

Roca Honda Resources, LLC. 2009. Baseline Data Report. Phase II Permit Application for a New Mine
Application. November 20.

Stone, W.J., Lyford, F.P., Frenzel, P.F., Mizell, N.H., and Padgett, E.T. 1983. Hydrogeology and water
resources of San Juan Basin, New Mexico: New Mexico Bureau of Mines and Mineral Resources

Hydrologic Report 6.

Homestake Mining Company
Appendix D.doc . D-6 March 2012



GRANTS RECLAMATION PROJECT
UPDATED CORRECTIVE ACTION
PROGRAM (CAP)

APPENDIX E — GROUNDWATER QUALITY



Updated Corrective Action Program — Appendix E

TABLE OF CONTENTS
INTRODUCTION ....ccooiiiitniierertrreeesie et sssase s ........ 1
Site Standard Exceedances ................. et e e s 2
PRINE MAP WELlS.... oo s s b
Detailed Summary and Approach Supporting Mass ReMoval Analysis.......cccceeveiecvernireeenrenvennnns SOSTON 5
Mass Removal Analysis..........cccooerveneenen. e verreereeens S 7
. _ LIST OF TABLES :
Table E-1: Exceedances of Site Standards for COCs by AQUifer........cccccveemrererrnvinrcenrenrereesseesseserenes . E2 |
Table E-2: Wells Used to Generate Plume Maps E-4
Table E-3: Well Network and Data Inputs for Mass Removal Analysis .....c..cccoceeevreerieninrennvennrrnersesnnees E-7

‘ Homestake Mining Company
Appendix E.doc - ] i o V March 2012



Updated Corrective Action Program — Appendix E

INTRODUCTION , | ‘

This appendix is intended to present relevant data about the groundwatér quality at the site that is
involved with the Corrective Action Program (CAP). Groundwater monitoring at the site has been
required in some capacity since the late 1950s. This appendix will provide data summarizing the site
contaminant of concern (COC) standard exceedances (Table E-1) and Wells used to create site COC
plume maps (Table E-2). Additionally, a summary of the approach supporting the mass removal analysis

completed at the site, and the mass removal analysis itself are also provided (Table E-3).

. " Homestake Mining Company .
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SITE STANDARD EXCEEDANCES

The following table identifies exceedances of standards for site COCs by aquifer.

Table E-1: Exceedances of Site Standards for COCs by Aquifer

Constituent Site '
Aquifer Standard Location(s) of Exceedance
of Concern
Exceeded?
glﬁf:itge Yes Small localiz_gd areas east of Valle Verde
TDS In close proximity to the LTP and STP
Collection area near the tailings
Four wells in Felice Acres
One well in Murray Acres
Uranium Yes Seven wells in Section 28
Seven wells in Section 27
= Eight wells in Section 3
f‘é‘ Three wells in Section 35 south of Felice Acres
g‘ Selenium Yes Collection area near the LTP and southeast of the STP
= Collection area near the LTP and STP
= ' Southeast of the STP : :
% Molybdenum Yes West of the LTP
Two wells in Felice Acres
West of the LTP
. LTP and STP-
Nitrate Yes East of the tailings piles
Southeast of Valle Verde
Rad1u1;12—§26 *- Yes Immediately underneath the LTP
Thorium-230 Yes Immediately underneath the LTP
Vanadium Yes Immediately underneath the LTP
Sulfate : ’
Chloride Yes Wells CE7 and CE13
k> TDS - -
5. Uranium Yes Twelve Upper Chinle wells
< Selenium Yes Six wells in the mixing zone
% Molvbd v Three wells near the tailings
= olybdenum ©s Six wells south of the Collection Ponds
g Nitrate No Not applicable
Dg: _RadluI211£§26 *- No Not applicable
Thorium-230 No Not Applicable
Vanadium Yes One well near the LTP
Sulfate Yes Wells CW24 and WR25
@ % oy Chloride Yes Well ACW
B Three wells in Felice Acres
E 5 g“ TDS Yes One well west of the West Fault
_ Uranium Yes Wells WR25, CW17, CW35, and CW1
Western portion of Felice Acres

Appendix E.doc
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Constituent Site
Aquifer Standard Location(s) of Exceedance
of Concern ]
Exceeded?
: Western portion of Broadview Acres
Selenium Yes Wells CW28, 493, and CW17
Molybdenum | Yes Wells CW17 and 482
Nitrate No Not applicable
Radium-226 +228 No Not applicable
Thorium-230 No Not applicable
Vanadium No Not applicable
Sulfate
Chloride Yes | Far downgradient areas
k> TDS
g_ Four wells, two of which are near the subcrop of the
< Uranium Yes Lower Chinle Aquifer with the alluvial aquifer south of
ﬁ . Felice Acres
= Selenium _ No None
2 Molybdenum No None
4 Nitrate No Not applicable
S Radium-226 +228 |: No Not applicable
Thorium-230 No Not applicable
Vanadium No Not applicable
Sulfate No Not applicable
& Chloride No ' Not applicable
5‘5 TDS No Not applicable
g‘ Uranium - No Not applicable
@ Selenium No Not applicable
< Molybdenum No Not applicable
i Nitrate No Not applicable
g Radium-226+228 No Not applicable
@ Thorium-230 No Not applicable
Vanadium No Not applicable
Source: HMC and Hydro-Engineering 2011
Homestake Mining Company ‘
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PLUME MAP WELLS

Table E-2 below identifies the wells that were used to generate the plume maps.

Updated Corrective Action Program — Appendix E

Table E-2: Wells Used to Generate Plume Maps

0490 0491
0493 0494
0496 0497
0531 0532
0647 0649
0688 0802
0844 0845
0846 0861
0862 0869
0910 0920
0921 0929
0934 0935
0942 0999
1 B
Bll BC
BP C6
CW17 CW18
CW2 CW24
CW28 CW29
CW3 ~ CW32
CW33 CW35
CW37 CW42
CW43 CW44
CW45 DI
DC DD
F FB
I K4
K5 KZ
L L10
L6 L8
L9 M5
MO MQ
NC P
P2 Q
R S2
S3 S4
SA SS
ST SUBI1
SUB2 SUB3
SV T
TA TB
W WCW
WR25 X
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DETAILED SUMMARY AND APPROACH SUPPORTING MASS REMOVAL ANALYSIS

A mass removal analysis was performed to assess the effectiveness of a full-scale flushing program at the
site in removing dissolved uranium mass from groundwater within the alluvial aquifer. Specifically, the

analysis was completed using the method of spatial moments.

A spatial moments analysis evaluates the spatial distribution of the dissolved-phase contaminant mass
within a plume. Spatial moments are statistical descriptions of a pobulation distributed in space where
each monitoring well location is defined by a location vector. For a distribution in two dimensions (i.e.,
samples collected from monitoring wells with unique x- and y-coordinates), spatial moments can be used
to estimate the total contaminant mass in the dissolved-phase plume and other characteristics of the
contaminant mass distribution. When these statistics are calculated fdr plume configurations observed at
different times, they can be used to quantitatively determine total contaminant mass removal (for
additional discussion on the use of spatial moments to analyze groundwater plumes see Freyberg [1936]

and Adams and Gelhar [1992]).
The zeroth spatial moment (M) represents the total solute mass in the dissolved-phase plume. For fully
screened wells, M, is calculated by:

Moz biAiCigh(x, y) | 1)

where b; is the aquifer thickness, 4; is the area (or weight) associated with each well, C; is the measured

concentrations at each well and ¢ is the total porosity at each sampling location.

Thiessen polygons were used to define the individual regions of influence, or representative areas for éach
sampling point (monitoring well). Thiessen polygons divide a plane, éssigning the representati\}e area to
each point in the set such that any location within a particular polygon is nearer to that polygon's point
than to any other point. Mathematically, a Thiessen is defined by the perpendicular bisectors of the lines
between all points. ,

For the mass removal analysis, a database of geochemical sample fesults was used based on site
groundwater sampling. A data query was performed to segregate individual groundwater well locations
with greater than 6 years of dissolved uranivm concentration data for sample years 2000 to 2011. Well
locations with continuous yearly sampling limited the number of wélls available for the mass removal
analysis, which excluded sampling years 2000 and 2011 from the analysis. The groundwater well network

used in the mass removal analysis was then reduced to locations within an estimated composite plume

: : Homestake Mining Company
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boundary representative of the maximum spatial extent of dissolved uranium concentrations greater than
0.16 milligram per liter (mg/L) during the 2001-2009 timeframe (Figure 4.2.4-1).. Data were then further
reduced to only include individual sample locations with no more than two missing (non-consecutive)
sample years. Values for missing sample years were estimated from the arithmetic mean of previous or
preceding yearly data to createA “synthetic” uranium concentrations for the mass removal analysis. If
multiple samples were available for a gi-ven year, the maximum dissolved uranium concentration was
used. The final selected well locations and maximum yearly' dissolved uranium concentrations are
detailed in Table 424-1. A i)lan view map of the selected well network and “composite” plume

boundary is'shown in Figure 4.2.4-2.

Other data inputs for the mass removal analysis include a total porosity value, saturated aquifer thickness
in feet, and the estimated area of influence for each individual well location (Table 4.2.4-1). The total
porosity value of 20 perc‘ent, representative of a typical porosity for mixed sand and gravél sediments,
was used fd? each well location (Fetter 2001). The saturated aquifer thickness in feet at individual
sampling points was estimated using Environmental Visualization System (EVS) modeling of the
saturated extent of the alluvial aquifer. Thiessen polygons were then generated using ArcGIS and used to
define the individual regions of influence associated with each individual sampling point (monitoring
well). A tofal of 73 polygons were used in the mass reduction analysis. The area of each polygon in
squnre feet was then estimated using ArcGIS (Figure 4.3.4-2). The Thiessen polygons used in the
analysis had an average area of approximately 679,000 square feet and a total area of abproximately
49,600,000 square feet. '

- Homestake Mining Company
Appendix E.doc E-6 March 2012



Updated Corrective Action Program — Appendix E

MASS REMOVAL ANALYSIS

Table E-3: Well Network and Data Inputs for Mass Removal Analysis

Estimated Area of Dissolved Uranium Concentrations
Well ID Well Type Porosity '?‘:tilclll;?:s‘: Influence 2001 max U | 2002 max U | 2003 max U | 2004 max U | 2005 max U | 2006 max U | 2007 max U | 2008 max U | 2009 max U | 2001 max U | 2002 max U
(feet) (square feet) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
0482 Collection 0.20 22.8 3546922 | 02970 | 0.2970 0.3260 02530 0.1800 0.2360 0.1500 0.1440 0.1240 0482 Collection
0490 Collection 0.20 19.7 1,891,836.3 0.2450 0.2540 0.2880 0.3237 0.2300 0.3160 0.2800 0.3370 0.3160 0490 Collection
0491 Collection 0.20 26.3 672,755.9 0.6600 0.8980 0.9660 0.8600 0.7770 0.6010 0.5220 0.3280 0.3180 0491 Collection
0496 Collection 0.20 22.8 1,277,438.2 0.5200 0.4330 0.3260 0.1730 0.1130 0.0985 0.0940 0.0629 0.1240 0496 Collection
0634 Collection 0.20 23.2 620,253.6 0.2170 0.3960 ~ 0.3095 0.2230 0.2660 0.2260 0.2790 0.2150 0.2020 0634 Collection
0653 Collection 0.20 15.9 211,420.3 1.1200 0.9680 0.9500 1.0170 0.8970 0.7350 0.6260 0.4710 0.4540 0653 Collection
0659 Collection 0.20 254 574,873.7 0.2000 0.2340 - 0.2250 0.2160 0.1680 0.2780 0.2860 0.2180 0.2510 0659 Collection
0802 Domestic 0.20 27.3 237,731.6 1.9600 1.0300 0.9240 0.8230 0.8730 0.5760 0.4890 0.4320 0.3330 0802 Domestic
0862 Collection 0.20 22.7 1,130,672.6 0.4800 0.6000 0.7320 0.8320 0.6640 0.5940 0.6250 0.4620 0.4800 0862 Collection
0864 Unassigned 0.20 9.1 564,529.5 0.6500 0.5310 0.4810 0.3030 0.4100 0.3500 0.3880 0.3020 0.2540 0864 Unassigned
0869 Collection 0.20 14.7 356,368.2 0.0290 0.4270 0.4310 0.4310 0.2280 0.2530 0.3150 0.3120 0.3370 0869 Collection
0881 Collection 0.20 23.5 569,999.9 0.2370 0.2420 02___3___45 0.2270 0.1900 0.1920 0.3470 0.4350 0.4120 0881 Collection
0884 Unassigned 0.20 4.0 528,942.3 0.5540 0.2820 - 0.3780 0.4740 0.1520 0.0451 0.0385 0.0254 0.0228 0884 Unassigned
0886 Collection 0.20 18.9 801,004.2 0.4840 0.4950 ~ 0.5185 0.5420 0.4080 0.6070 0.3960 0.2440 0.3180 0886 Collection
0888 Unassigned 0.20 12.0 3,527,304.8 0.5410 0.5420 (.5 ____B_ 0.5640 0.4390 0.1300 0.1540 0.0924 0.0830 0888 Unassigned
0890 Collection 0.20 21.8 490,977.2 0.1650 0.1320 _ 0.1465 0.1610 0.1550 0.1560 0.2030 0.1960 0.1790 0890 Collection
0935 Domestic 0.20 37.3 4,650,836.1 0.2750 0.2470 0.1260 0.1370 0.1250 0.1010 0.1070 0.0859 0.0848 0935 Domestic
1K Unassigned 0.20 13.1 1,697,856.4 2.5800 2.1200 3.6100 2.3900 1.4700 - 1.6600 1.8500 7.6500 1K Unassigned
B Reversal 0.20 29.1 201,733.9 0.3903 0.4900 0.3930 0.3657 0.0832 0.1640 0.0249 0.1060 0.0285 B Reversal
Bl11 Collection 0.20 33.9 1,218,358.9 13.1200 14.5000 10.1000 5.0600 3.4200 9.0600 8.3200 5.6000 5.6000 Bll Collection
B3 Collection 0.20 35.7 874,417.1 13.3300 12.7650 12.2000 12.7000 23.3000 16.9000 26.3000 30.3000 30.3000 B3 Collection
BC Unassigned 0.20 37.5 1,445,210.1 0.2208 0.2630 0.1900 0.2926 1.1000 1.8300 0.0730 1.3900 1.4800 BC Unassigned
BP Monitor 0.20 31.8 403,768.3 1.3000 1.1500 1.0330 0.9160 0.8490 0.8080 0.4820 04330 | 0.3840 BP Monitor
Cl Unassigned 0.20 33.1 128,876.3 1.4000 0.5090 0.2600 0.2650 0.2400 0.2430 0.2030 0.2350 Cl Unassigned
C10 Collection 0.20 26.5 133,927.3 40.8100 29.3000 24.4000 19.5000 14.9000 12.1000 12.7000 | 12.3500 12.0000 C10 Collection |
Cl1 Collection 0.20 28.3 209,753.0 37.1000 19.3000 14.8000 16.6000 11.2000 9.6000 7.5600 . 6.7200 5.8800 Cl1 Collection
Cl12 Collection 0.20 26.0 231,787.1 17.5000 11.3000 8.4000 6.5500 32.5000 4.6400 3.3400 2.7200 Cl12 Collection
c2 Unassigned 0.20 36.0 537,634.0 0.4820 0.4410 0.2600 0.2000 0.1660 0.6940 0.3060 0.5610 C2 Unassigned
C5 Monitor 0.20 30.8 176,288.6 0.9200 0.6290 - 0.4215 0.2140 0.2000 : 0173;@_ 0.1460 0.1860 C5 Monitor
C6 Collection 0.20 29.2 118,082.4 16.7000 9.5800 4.4600 2.8000 1.6600 1.8800 1.7500 0.9160 Cé6 Collection
C7 Collection 0.20 27.6 174,020.7 13.2000 13.0000 13.6000 10.8000 11.1000 12.4000 14.8000 17.2000 C7 Collection
C8 Collection 0.20 25.9 173,372.3 11.0000 10.2000 8.9600 7.0900 8.3400 9.1200 9.4200 C8 Collection
C9 Collection 0.20 254 133,258.3 18.9000 12.7000 13.5000 10.5000 8.8200 7.8800 6.2900 8.1800 C9 Collection
CW44 Collection 0.20 22.6 617,272.3 1.0100 0.8460 1.0500 0.7970 0.6360 0.6620 0.6770 0.4920 CW44 Collection
Dl Unassigned 0.20 34.5 201,171.5 1.3700 1.1500 1.0900 1.1800 1.1000 1.1500 0.9550 1.3400 D1 Unassigned
Tailings Tailings
EDI1 Pond 0.20 27.2 4,322.347.6 44.2000 34.0000 35.5000 20.0000 17.8000 20.7000 12.3000 2.3100 0.9060 ED1 Pond
Collection Collection
K10 Collection 0.20 29.6 115,355.6 13.6400 4.3400 2.6400 2.1400 2.1200 1.2100 2.9200 3.1000 2.8600 K10 Collection
K11 Collection 0.20 29.4 121,649.9 11.0100 4.9700 1.8400 1.5900 1.2200 0.9690 1.4400 1.3000 0.9880 K11 Collection
K4 Unassigned 0.20 27.9 606,907.4 5.3800 3.5700 2.7300 1.2600 1.2000 0.7220 1.4900 1.2400 1.0100 K4 Unassigned
K5 Collection 0.20 29.2 208,298.4 4.2660 1.6200 0.6510 0.5760 0.5300 0.4430 0.4445 0.4460 0.5640 K5 Collection
Homestake Mining Company
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Estimated K 60 Dissolved Uranium Concentrations
Well ID Well Type | Porosity '?‘:ti‘cll:?l?s(: Influence 2001 max U | 2002 max U | 2003 max U | 2004 max U | 2005 max U | 2006 max U | 2007 max U | 2008 max U | 2009 max U | 2001 max U | 2002 max U
(feet) (square feet) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L) (mg/L)
K7 Collection 0.20 28.8 221,263.6 2.3500 1.4900 1.3400 2.0700 2.2500 1.3900 1.5800 1.1200 0.9890 K7 Collection
K9 Collection 0.20 29.5 127,341.7 8.4060 3.6700 2.1000 1.6100 1.0900 1.3500 1.4200 0.9050 0.8340 K9 Collection
KF Unassigned 0.20 35.9 112,286.5 0.2258 0.1240 0.0590 0.0703 0.0977 0.1160 0.0879 0.0772 0.0674 KF Unassigned
KZ Reversal 0.20 32.7 136,819.8 0.6100 0.4200 0.1080 0.0940 0.1260 0.0743 0.1250 0.0825 0.1020 KZ Reversal
L Unassigned 0.20 18.7 101,384.0 1.7300 1.5500 1.1800 0.7690 0.6900 0.7580 0.5100 0.7740 0.5220 L Unassigned
L10 Unassigned 0.20 16.8 174,551.9 1.5100 1.2200 0.6440 0.3950 0.4450 0.5500 0.3240 0.3560 0.3170 L10 Unassigned
L5 Unassigned 0.20 23.6 181,654.7 2.3200 1.0300 0.4010 0.4350 0.3580 0.2650 0.2310 0.3740 0.3630 L5 Unassigned
L6 Unassigned 0.20 19.8 750,029.3 1.2100 0.4660 0.3750 0.3840 0.2200 0.1490 0.1800 0.1730 0.1940 L6 Unassigned
L7 Unassigned 0.20 15.9 342,381.3 2.4880 1.1200 0.4900 0.4500 0.2690 0.3310 0.2260 0.2320 0.2280 L7 Unassigned
L8 Unassigned 0.20 14.7 208,733.0 1.5200 0.8090 0.3930 0.3880 0.2190 0.1740 0.2250 0.2240 0.1810 L8 Unassigned
L9 Unassigned 0.20 14.2 217,218.3 1.4660 1.0100 0.3970 0.3170 0.2350 0.2270 0.2540 0.2580 0.2020 L9 Unassigned
M3 Collection 0.20 54.2 327,430.7 11.2000 6.5100 6.5500 __6.8700 7.1900 8.3600 6.9700 7.1800 10.4000 M3 Collection
M5 Unassigned 0.20 50.9 488,311.9 2.3000 1.9700 _1.6450 1.3200 0.6990 0.6065 0.5140 1.0900 0.2410 M5 Unassigned
MO Collection 0.20 16.4 1,285,623.1 0.2840 0.3360 0.4080 0.4100 0.4450 0.7260 0.5020 0.4740 0.5640 MO Collection
MQ Collection 0.20 21.6 1,294,322.2 1.5500 1.8800 2.2450 2.6100 2.1600 2.3100 2.7100 2.0100 2.1800 MQ Collection
MR Collection 0.20 24.8 1,242,427.2 0.4990 0.4580 - 0.5020 0.5460 0.5090 0.4630 0.7570 _0.7160 0.6750 MR Collection
MT Unassigned 0.20 6.8 626,616.4 0.3060 0.1480 10.1405 0.1330 0.0955 0.0729 0.0441 0.0461 0.0480 MT Unassigned
NB Monitor 0.20 32.3 1,476,236.3 62.1000 67.5000 63.3000 16.4000 40.0000 41.5000 43.0000 21.0000 NB Monitor
S2 Reversal 0.20 53.1 750,568.2 15.0000 15.8000 12.1000 7.8700 4.9500 7.8800 9:3000 7.1800 12.6000 S2 Reversal
S3 Unassigned 0.20 63.6 384,773.0 9.0000 7.7000 7.0750 6.4500 3.6000 2.9000 4.1000 2.7450 1.3900 S3 Unassigned
S4 Unassigned 0.20 50.7 177,834.1 3.3800 2.5300 2.0200 5.7200 4.4100 2.8500 1.0100 0.8400 0.5790 S4 Unassigned
SA Collection 0.20 58.7 125,003.7 10.8000 9.0850 7.3700 8.5700 10.1000 5.9300 40.1000 9.5000 1.7900 SA Collection
SQ Collection 0.20 50.6 92,686.7 22.3000 10.7000 16.7000 9.3800 10.5400 11.7000 14.1000 16.5000 17.0000 SQ Collection
Ss Collection 0.20 54.0 72,026.1 14.6000 13.0000 10.2000 10.2000 12.5000 5.6500 4.1000 2.8800 0.8010 SS Collection
ST Collection 0.20 57.5 63,471.5 5.3340 3.4200 4.0500 4.9350 5.8200 4.1800 4.6000 2.6800 2.9900 ST Collection
SUBI Domestic 0.20 30.2 596,568.7 0.2597 0.1740 0.2160 0.1831 0.1630 0.1120 0.1050 0.1160 0.1060 SUBI Domestic
Y Monitor 0.20 44.4 839,416.4 19.6000 23.2000 23.3000 24.6000 9.5500 12.9750 16.4000 11.9000 SV Monitor
T Collection 0.20 24.1 321,008.4 11.6000 3.9600 2.4600 1.7200 1.4600 1.3600 1.4900 2.3200 3.0100 T Collection
T2 Monitor 0.20 56.7 553,957.9 13.6100 14.9000 13.2500 11.6000 9.2200 9.5700 11.1000 9.0600 21.8000 T2 Monitor
TA Collection 0.20 23.1 300,926.4 2.5440 1.6000 1.0900 0.6760 0.7390 1.0800 1.1400 1.3100 1.3200 TA Collection
TB Collection 0.20 21.0 880,496.6 4.4430 0.4200 _0.5190 0.6180 0.8640 0.7970 1.0600 3.2000 1.8500 TB Collection
WD3 Monitor 0.20 40.4 2,323,167.6 ! 0.0003 29.3000 15.2700 1.2400 6.3000 7.7100 10.7000 2.5700 WD3 Monitor
X Unassigned 0.20 30.2 263,596.2 0.0523 0.0290 0.0407 0.0820 0.1200 0.1620 0.1270 0.0511 0.0920 X Unassigned

Legend:
* indicates preceding year value (“synthetic” U concentration)

W indicates average value of previous year and preceding year (“synthetic” U concentration)

indicates previous year value (“synthetic” U Concentration)

Assumptions:

1) Initial data query segregated individual sample locations at the site with greater than 6 years of dissolved uranium concentration data.

2) Data from 2000 and 2011 were eliminated from the spatial data set due to lack of continuous (yearly) sampling at individual sample locations.
3) Data points were reduced to locations within an estimated “composite” plume boundary indicating the maximum spatial extent of dissolved uranium concentrations > 0.16 mg/L during 2001-2009.
4) Data were then further reduced to only include individual sample locations with no more than 2 missing (non-consecutive) sample years.

5) If multiple samples were available for a given year, the maximum dissolved uranium concentration was used.
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