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.LIST OF PERTINENT REFERENCE DOCUMENTS.

NUREG/CR-2642 -:
'Long-Term :Survivability of Riprap for Armoring"-.
-Uranium Mill. Tailings and Covers: A Literature
Review, 6/82.

" NUREG/CR-2684 - Rock Riprap Design Methods and Their Applicability. "
to Long-Term Protection of Uranium Mill Tailings-
Impoundmen~ts, 8/82

NUREG/CR-2768'- Literature Review of Models for.Estima'ting Si
Erosion, and Deposition from .Wind Stresses on .Uranium
Mill Tailings Covers, 11/82.

NUREG/CR-3027:. Overland Erosion of Uranium Mil I.Ta il11ngs.
:.Impoundments, :Physical Processes and Computational
H ethods,; 3/83,

NUREGICR-3199 " u•i•dance for Disposal of Uranium Mill Tai ings.
S"Long-Term Stabilization of-Earthen Covert Materia ls

u "I. :NUREG/CR-3533-. R .At3tenuation. Handbook fourra:nium Mill Tail i ng

'Cover Design, 4/84
. .NUREGICR4076 .- Deteminationtof Compliance with Criteri-a -for: Fiy-na1'4 o"'." ;,'-

. - Tailings.Disposal Site Reclamation, 6/85 -

NUREG/CR-4118 Monitoring Methods for Determining Compli.ance Wit.
Decommissioning Cleanup -Criteria of Uranium*Recvery
Sites, 6/85

NUREG/CR-3457.-

NUREG/CR-4075 -

NUREG/CR-3747-

NUREG/CR-3397 -

Validation.of Methods for:Evaluating Radon-Flux
Attenuation Through Earthen Covers, 10/84.

Designing Protective Covers for Uranium Mill
.Tailings Piles: A Review, 5/85..

The Selection and Testing for Armoring Uranium
Tailings Impoundments, 5/85

:Design Considerations for Long-Term Stabilization of
Uranium Mill.Tailings Systems, 10/83

6>•
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NUREG/CR-3751

NUREG/CR-3752

N.URIEG/C:R-7234.0 -

Effects of Rock Riprap Design Parameters onii Flood.
Protection Costs for Uranium. Tailings .improvemenits.
7/84.

Effects bf iHydrologic. Variables +on Rock RIprap
Design for Uranium Tailings Impoundments:, 1/85 .

A landbook for the Determination of Radon
Attenuation Through Cover. Materials, i2/81

NUREGiCR-2769 - Comparison o: ,Fied-Measured Radon Diffusion
Coefficients With Labora.toryeas red Coefficients ,
:4/83

NUREG/CR.-292..44 R•don •Diffusion in Candidate ils fIor covering ., :
- ,uranium Mill• Talings, 4/83 .-

46 --
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tipMESTAKE MINING COMPANY
.. GRANTS, NEW MEXICO- =

June 1 .3 1986

CEFqTE'IEID'1VaL NO.:P1 8 6

MR.fobert D. Maxti
.Regional Administrator,
United States* Nuclezar Regulator~y

Ccmmission

61 jan.P],aza Drive , Suite: 1000 . ., - .Arlinton 7ýxAs 76011

-Re: i(ee No. SEIA-0

- ~ 22 hi lttris written: ~rsuant 'to your lete ~f
1986, 22sking.fo86a vdluntary cor0Mit4 n fon Hat~tae 0 ipar tos .:itA detaile talns~elaiW'pln H x~take. -wi.J.shes -to'..

cppperate wiwth oupresinthis miatter, and ill voluntarily ' t
-,suh "a plan. AtE thesn timerHccaak wise to iteserVeall Of its(%~)- lgalpstosi this imtter, n wl sulnt :the plan without --

preudie t an ofitsrights. Weundrtn fram our may :29
conference tathsreservation issatisfauctory. to NIK2.

Hciestake. and its contractor feel the:NW. reccvmaneded date ofO~cter -1A istoti x our operation. Romestake feels. conf ident
that a doctxrent can be provrided by- December .1, 98.We wilfuns
you ote details on the time shdl nteitrm

Sincerely _yours,.

.HOtESTAXE *MINIG COMPANY

Edward- E.. Keinedy.
Director of Environmental
Affairs'.

.EEK:SC:jg

Enclosure

cc: Harry
: J. - .
W. A.
D.'B.:
G. S.

1.

Pettengill
Parker*

Crouch:
Crout .0
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TO DAT9
J. M. Parker June 5, 1986-

E. E. Kennedy. June 13 1986
S:ubmitted to NRC

Atahdp pl.ease find A opy of h proposed cop.inc

letter 'to be ' :submitted. to: thN uclearRegula•• ho .r N . C NC. ,i oC: :.. June -5), • 198W 64
on ~June 13-98,pursuant toherltr of May:2~186 h

proposalti-cludes a -'schedule f o* ,r i-.submitting- a *:'.site decOmms sionin

and reclamaion plan, in compliance:with federa 1rt a toth

NRC on December 1., 1986. It' a includes 'fte.rn f or- HMCýre•"view of
.. the study -proposai and review of the. "competedh documentprior t

k:.•:..:•::-:;i-•,submittal. to: the .:NRC.-,. We will :be-:provided..-estimated• COosts.• or..,;-•:!.'.:-...copein h s isaay es andp reot deneraion o

•apprpiat i. - .that date ,p/r their r . , . . .

Shoul anyradCot

.": ." *'• '•g ... -. R e We" .: .- .'- d . -' - . : '- : " fox :. ...:....""
- " ' .. it~ach ent . - ' .. . i . " . i.. '- " ." "4n i I n: " . ./o ".:'" " "

Shold a ,adjustments :.to the proposal bei necesisary~
please notify me by.June.12, 1986. .

Edward Et. Kennedy

EEK jg.

Attachment

cc. e. A. Humphrey.
D. B.. Crouch
G.. .S. Crout'

•. ... .. . . . . _. . . ................ ..... "."
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C C.:
HOM ESTAKE •MINING COMPANY

P.O. BoX go
GPANTS.NEW MEXi " "

June 5,1986

CEldimIF ?ý NUN= O.: P .713. 183 06661

M"r. Hiarry Pettnil Branc6h Chief
U.S.: MIcea ReultoyCarissio n

Region I
Uranium Iioerv. Fi3eld- Of fice

Denver, C6 lorado 80225

Re: License No. SA7,08

DearW Mr.Pettengill:

This letter -is write pursuant to ldr., Roet rti. letter
of:y.. 2 982,196 concernnig a • • .,rnitirent to: sumit .for NBC review -and
approval a t plan h stanoards.

Thsccxminn to su :ta reclamation plan desgne tont
:,the NRC. standards i.not, nor should it be: d .e..d an agre-ent."or"1..
acd-...dg.".,nt that those: standards. are .lawful or applicable . .in .New
. ." ic ý or. that. Hcaustake Miinn pan co:.Ply with.. those:.... :.:...st.-..dards.. •.: H stkeMining Capany rreserves the. right: t l , in
administrative or judicial. proceedings, the. lamwduess: of the NRC..stanards and the miiosi ion of those standards i New .ico:. This.
c.x-iriitment is subject to the f'i judicial. determination in Quivera
•Mini.. g. O ny, Kerr-McGee C)emical Corporation., Hiouestake Mining. .-
:Conpany of. California, and. United Nuclear Co(rporon v. United States
Nuclear :Regulatory Ccmissic, :No. 85-2853 (0th: Cir.).

Attached, please find a schedule for submitting Homestake.M.ining .. mpanys (Is)l site .decomissioning and. reclamation plan
designed to :.cxiply with the NW. standards. You. will note .,that H1ME' s
proposed schedule shows a .submittal date of December I, :rather than the
NRC recomended. October. 1 deadline.. .. Hastake and its contractor feel
thatt...he•Octbe 1 deadline is too -tight to provide the NRC with:- a:,
Idocuret that. wo~uld dernkonstrat sufficient ccmpliance with' feder-al'

... standar.ds.. The N has expressed on .nurrous occasions the im~portance
:of subtmit6tn ccrplete and quality information so that an efficient.
high-caliberrevie.w can be. ac omplished • Hokestake feels :confident .that
such.. a doc't. be provided. for NRC review. and.approval by 'Decemer1, 1986. : . ..i..: ... •!:•:.; •. . ::" •- . • "i::•":'i"-i ' .-. . :: '> . :"
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or ...caments cocrnn' ti

" . • • : ,7•..... ... • . . . 7. :. .-' .C e r n • ~ q • 5 •' -.. . :.-lg7 : . . c

tact; me

?.ry tuyyus

If you, havekt any question s
schedule, please do•n't hesitate to ccx

i • ~ i : i• ••:ii•ii• :• • i••• ••• i !. :. •.: i: •# ..: ::. ••: V I

-EEK:jg.

Attachnent

cc: J 4
W A..
D. B.;
G. Z.

H-hre-

Crout,

H... . ..ES.AKE M h. . ..Cf.PANY..

Edward E. Kennedy
Directorof &Ivironnental,

Affairs -

- : : ': ':. ',' .• • " '::.:. ? "i '. • :,•.; :'.:':•:• • .. ;.= .• !.:T : : :.X , .•" • ..• .,.• - -t '/:.'.:::• -;

• , i ; : . .•, .. .• ; 7 ' . : ' • '. .'" ' • , • ; ' ,: ( . . . . . ..: .. : •< ' ;. " ':,- ,' , ' -, - ,. " . > .

:U : ° • : , Z . . . . ;, L . : . • : . • .. . : ." '• • • ",,• -'- ! , ' -i' :. ,. : .:• . . .. - . • • .' " . '. . ". . .. . ., .

: • : -. " ' .-: : ., .• ? :• ..• .•/ -• ' " ,. • '. -:. ,• .. ..: • T . '.. -• .• :S , ,. I• ."': :: •, .: .• : ..; :-'",•1

0
S

0
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ALAN K. KUHN, Ph.D.,P.E.
CONSULTANT IN GEOLOGICAL ENGINEERING AND APPLIED GEOSCIENCES

13212 Manitba Drive NE, Albuquerque, NM 87111-2955 505-298-9839

June 13, .1986

Mr. Ed Kennedy
" .Homestake Mining Company.
P.O. Box 98
G .rantsi NM 70.20

PROPOSED.WORK PLAN
MILL DECOMMISSIONINB AND TAILINGS STABILIZATION STUDIES'

-FOR NRC COMPLIANCE

Dear Ed:

This 1lette6r dcrestecope. o-f Workl, schedule, an
: estimated.cost.f the several ttasks thatwill be required-
to eva uat e. the: Homesta kte .decommis s i Oning n• d ."sabilition

ln orompliance w .i th R tnad In -accordance with
ourdiscussions of un4,frtsks. willbpromd

The-: foilo;Wing- .section dnesribes -these tass. La-r- sections.
lyotheProposed sied I n -the estimated co sts- 0+

V:::J.".':.i ':•:::uMLRA: Envi~ronmental "Report'.and, consequentl yi:"can ib~rinhg-i.that.:!•::.:•::ii:'.:: .:p ertiene ::to •ear on this study. will direct and- eorrsee
, l "tasks 1 :Gene wil contribute ,pr imarily to tass.:3 :a "

- ' i::":..A dril iing• contract .and. soil t esoling contrac-t wil il.be" i:SCed'.K.i.:: -:,::!•.::.i:
-. .... by HMC-for. Task I services. -For.Task 2 modefling .s.u.gge-. : that Triad .Inc. ber ontracted.. .i have confidence that they:
can 'do the workwell and cost effetively..and that theywil::
cooperae closely withe us.

Task 1I - Borrowe (Cover") Material StudY. sd " :d t d

This tsk"r ill investigaterthe quantitiesand..physical -

A dproperties ofn soils on the Homestake property northwofl theb
Smain. tailingskpile. Test.borings and possibly test. pits

willcbe made to profile the soils and to collect samples fo
testing. An area of..about 2000. by feet. willsbe studid.

ausing 15-2 borings to depthsr of 0-25 feet. dI willprepare
pa brief specification, for Homestake (HMC)ptop Use. in the.:

contracti.ng a drilling service. I or my representative wil -.
supervise the drilling,. log the.borings,. and •collect soil:
samples. Depending on the results of the borings, several
test pits might be recommended. It-is assumed that these
pits would be dug-by HMC.-
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Ed Kennedy
:Homesta.e Mining Company. :.
June i3, 1986..
page 2.

Selected samples Vwill be. tested for grain size analysi"s,
Atterberg I i mi ts,." moisture c•ontent and Standard Proctor
density. HMC. will probably perform the grain size -And,
.moisture tests,"and a commercial lab will. perform the other.,:

tests.- For..planning purposes.:we should expect -. that 40-50
grain size analyses," 30 moisture contents, •20 Atterbergs,

v and about 20 Proctor. density tests will be performed.

" Followng testing, final ogs wil be prepared and. cross
sections of . the :borrow area will be developed as the:.
documentation. for .evaluati.on of the soilIs as potential cover..--l-

::.. materialý. This' evaluatio il consider ,the types dnd
ýquanititie pfsi, avaiilabl1e, their compac t ion.

chrateitis ndcmpacted propert ies, ,(e g.; oo y
permeabilityý cohesion t.•. e i rlikely s tabi ity behavio .

Task 2 -"Radon Emanation :Modelin-i

0©:

Thi" S.task wil I consist o .s ee ra types of •modeling of.:' the
,,radon. flux f rom the pile.. Ipout Will include. HMC radon
-onitoring data, Task, i. ilproperties, site meteorolodical
dat , and Assumed thickneses of so I over The:
NRC-approved "code-RAECOM will- be used for the "forward"

Model: (pr7ediction :of Puxcoet tio based o

Y radium/radnt analysis of taiiings). .he code. HAZMAT wiill
S.also. be used in .the forward model and.will be .used -to.-

model the ." back-f it'" analysis (ptr;ediction of. emanation fh•m
perimeter riadon measurements).- HAZMAT combines AIRDOSEi"., an
NRC-appr-oved code f or modeling release rates and
d dispersi ons., with the RADMAT code, approved by NRC 4.or
radwaste package performance assessment and reviewed by NRC:
for radiation accident modeling. -FRAECOM will be run on a

: microcomputer while HAZMAT will be run onlan IBM 3600.
accessed locally..

'Both "forward" and "back-fit" modeling. wi 11require input of
HMC radon monitoring data and data from HMC testing of,
tailings. These-data and the data collection program will "
be evaluated for.stat.istical validity of sampling per the.
EPA 520 guidelines, and for comparison to the
NRC-recommended procedures for radon, fl.ux measurement (NUREG.
CR-3i66). The latter will be used to select data-for input.
to the models.

The major portion of this task will be performed by Triad,
Inc. of Albuquerque if .approved by HMC. Triad is a
rel-atively new firm but. composed of staff with extensive
backgrounds in modeling.of radiation emissions, dispersitons,

" and exposures. A statement of their capabilities is
attached to this letter..

S

0
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..Ed kennedy
Homestake Mining Company;.
June 17, 19B6
Page 3

The "forward" modeling wil -include scenarios both with and.
without a sol ci cover over the tailings.. -The .ver si.on .without
a cover wi ll :be compared:'to the, "back-fit" mode.. However- .scenarios that depict a covered pile. wilinot be 1omparable
to the i"back-fit" version and will be used to evaluate the

...ef fectivenes.s of several (probably three) different cover.
thicknesses.

.Triad"s work wi be di rected and coordinated by Alan Kuhn ,
with assistance from' 3ene Jenkins. This. wil I-assure that

V'-:.,.i :-:.the results'. o6f Task 1I-are properly 'i nclude'd in this tas. i:
and tha the oupto he mdeln i ntegrated .withth
ather tasks..-

ask' 3 Review an /va uat " o .o Exis tincg la- :' - -"-

.nthiLs** task the. sabilizati-on.adrcaainpa

c.ontained. in -the V?2UMLRA Enivi'ronmental .Rprt: (ER i~f i.l1

regul atio s This Evluaio il. c n st o sever l rs

Fir tl te ol N1EID rehgUlAtions'.,Will b e: pompar'e to
curetfederal regulations to identif ..thle diL fefencS tamn~eedý to. be addressed 8ecod, th crrntHM operational

* n ul-out plans will. be. eontr~t ed to the 1982' Tln4 n h d~eeces wil *be quantified .to _th :ex ~entpOss bl e.:. The.e : compari sons. Wi.l lead to. to e:, next s t.
idenifiatin o daa categories requirfing updating(eg

f inal total volume of ýtailings') before an accurate.
coplian~ce ass~essmen a b ae

This task will1 be performed primarily by Alan Kuhn ýand` Gene
J-enk.•inas. - They, wille* rely on input from HMC, of course, and...
will draw as needed on -assistance from Triad.

Task. 4 -Assessment of- Compliance Status and -Needs -

* Th i t ask :brings together the results. of the previ ous. tasks,,
and provides an asesetof [HMCIs status With respect to .

complying with' federal standards. Each standard wil I e
lite.,HMs evlof. compliance describ ed, and the n~eed

compliance measures, if any, identified.. Recommend ati ons-
-for actions toche. e coMl iance will provided,-as well.

The' issues most li~kely-to be in questi on as noncompliant
include the thicknessý of the soil cover, provision for mill

dec-ommis~sioning .and~decontamination, and flood pr-otection. F
The f irst- two 'tasks will Ip~rovi de* the data: and. anal yses to a
*address the soil cover-question. The :mill1 D &D *issue is
r-elati vel y straightforward and can be treated within the
revised tailings-stabilization plan,. Th' flodpotctoSissue will require :calculations of the PMP and .tPMF; -however,-,-,
these calculations are inot included in, this s wor k plan.:
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Ed 1(ennedy
Homestake Mi ning .Company
aune 13', 1986
Page 4:

@ i

.SCHEDULE

The schedule proposed for. thi s scope of work conforms ta-the
mi lest ones and due dates that we-" dil scussed on June. 4. :.The
schedule for ea'ch task is 'outlined below and ili 1bstr•at ed on
the. attached figure.

SCHEDULE OF TASK ACTIVITIES

Tak1 -BorýroW Study -0

6/20 - 6/'30. ';Prebpar drillin and'tsigses n
pan~

7/f1** Request driII ng and' testi-ng b.id.
7/ -Award. dr illi1ng and, te~s-ting cnrat

7/-1.5 -,7/2. il:..di iiling and' :."amp iwg5(test pits to

-7/17.4-../10 Sol t esti1:ng .- . -

- 8/0 -831 BorroiW.mAterI"'eaut

-Task 2-RdnEaainModeling.-

-6/2 7/ 1 P repare task descr-iptlion and. inptdt
71-/21. Pace, modeling cotrat (If' cmeItIvely
bieIssue .RFP: 7/1 Recei ve rp s1~7/15w award

* 7/21).ý If ri ad is ýsole Lo- ce 'ti tP:i
eli iated.:

7/21 . 8/ .Mod•els t-. pan eriici wit.hsample•• : s.e 4.*cat io wit- '.,,ii •
run for 'approval.

8/ 11 -38131, "Forwkard" and 'Ba~ck--f it't model ing and
reportinrg

0 ..,..

Task 3 - Review and Eval uation-of Exist ing Plan

6/20 - 7/15
7/15 - 6/31

i ssues.

Compare old and current regulations.
Evaluate plan and identify nonconformance

Task 4- Assessment of Compliance Status and Needs-

9/1 -9/15- Assemble and integrate results of tasks

.1,2,and 3.
9/15 - .10/.1. Complete assessment and prepare report.
11/1 - 11./30 Report reviewed by HMC and revised as:
necessary..

. 2/11-.Submittal. of report :to NRC.

-0
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JUNE, JULY :AUGUST SEPT OCT NOV DECS.."•"--:• --*-------.--•---------Z* -* *••-L----••L••••••-•`••:•i,:'?;

ASK 1.: .

Dr 0in~g 28--38--l5--;-22
Aspec

Abid
A'drill

Abid:

'Evaluation.8,---

TASK- 2."2

i. : : .*? :::,-, :i / ! i:. !• l~ :::: 21i ! e ii 3: • •:• :

7 ontract
sample I

-----------------
re. u jatjobnreview

p pan evalI

TASK 4

1 1i nput toTasik 41-j

I 1> (input-to Task 3,431

ian
d e Itng..

uation

integrate task' results
c compliance needs/ report

A 11-C review/
revisions

Submit to NRC

JUNE JULY AUGUST SEPT OCT NOV: DEC-I-------------- .. .. . . --.41------------------_---------.-------

FIGURE 1. SCHEDULE OF TASKS
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Ed Kenne-dy
Hamestake Mi n~ing: Comfpany
June 13, 1986 I

ESTIMATE'OF COSTSý

The scope of work 'described above is the effort that.both
you and I expect to be required. However, the actual work -
could be somewhat greater or less than aati cipted. Give.
this uncertainty in level ofeffor.t. t lhe.olowing:costs are.,.:
o nly estimates, provided for planning "and budgeting

..pUrposes. However, these estimates will be treated as upper.
limits not to :be e•xceeded without prior: approval .of HMC...
FPurthermoe IM willbe i nf ormed as: early as possible;if
an"acti vi t .% is lke ly. -tO:cSt Mrpe than h es.tiLmate

any,; CaSe,' acc.r!-:ed iýcosts vWersus progress w i be reported Co
HM ' amonth ly basi s

'e s- . ca....".he brakdown o•f etimated.costs by ategorand aski s
~ivno th atahedtae in.. -summary. ihe esiateL-d

-costS. f-or each tas are

C Task 1 ýý- 416,3 *%5100 f or :dr-lli~*ng and -testirng
* <Ta~sk' 2-E§92 -($15065 afr sideig)

Task $15 (i,3364
Tak'4 $13,948 4J

thbstimated total cost f or alt~s nldn l

cohtracted parti es,- i s $651522. -'

hI you haenques~tions .about: ths studyplnplse
contact me 1.I look forrward ýto' :w orking. with you. on these`:..-,,
taskýs.

Yours trul y,

AlAn. K. Kuh~n

attach,-,nt. ............ ................................,................
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COST ESTIMATE,
DECOMMISSi NING.AND STABILIZATION .STUDIES

TASK LABOR TRAVEL OTHER NMGRT
NO. (category/hours/cost) :.. D .. , -.. DIRECT"

COSTS .
----------------- - --------------- - - -----. - ----

TOTAL

E/25/500
530 11,430

Drillin iy Contract - sobidemob $4.0 4 drilling $2160 +
* NMBRT +: 10% contingency-
Testing Contract (Proctor and Atterberq tests)Y-
* 20 each at $65 and $25 , -NBGRT'+ Ix continency = 2

S .

2

3

4

Triad Contra

`E/25/503

A/120/9600
C/400/4500

A/100/7501
C/80/3600
E.125/5809

400

1200

lW193 4,4 -

1400-~ 790 1'5,065. ....

208 - ~ 6 159326

500 648 213,948

ATED TOTAL -$65,t22

., •J•

ESTIM

.Catenories and Rates
A - A.,K. Kuhn, $75/hir
B - Health Physics/. Rad Safety Specialist :(Triad),v :W60.hr
C - Scientist, W.E. ,jenkin5, -45/hr
D - JuniLor scientist/programmer (Tri ad), $35/hr.:.
E - Clerical! Drafting., $25/hr

Other Direct Costs ' Includes communications,.
reproduction, word processing and freight
** Includes cost of line time and run time on ..IBM 36•00
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S:ATTACHMENT TO PROPOSED WQRK PLAN OF 6/13/66-

:STATEMENT: OF CAPABILITIES
MODELING OF RADON EMANATION AND DISPERSION

TRIAD, INC,

Triad .personnel routinely .utilize -modern high-speed
computers for.the efficient, and economical solution of
engineering and scientific problems.... Triiad adapts eisting
computer programs or develops custom-made programs to.:deal
.with specific problems... Triad uses the computers of the CDC
CYBERNET , IBM, and :Westingh ouse CRAY-i systemsv for mmost
large commercial"computing r equir em ents.. .Governm ."ent
computers such as the CRAY-i :and CD CYBER 176 are used for
f ederaly I ysponsored' progra~ms.

Triad util~izes, mrfainf rame computers, linked through its,
microcomputers todo st at istical analysis and compilations.

-We have on hand a large niumber of`- vrpowerful data bas
management 'programs, and
modeling programs that cover xanextensive range of

. ' :analytical requir-ements. The .mos.t relevant to Homesta•le •
needs are: - --- .- '

HAMA -Inerraesadata-!-base managemrent systeml ~--

plotingroutine, -n a very, powerfu stistia
analysis.program for signific ant cost 'savings .in data

program models-the distributibon :.of any type of
contaminant plume, either in the air. and in. -

groundwater, using statistically -significant analysis .
...... with a minimal number of data points required.

" RAECOM - An NRC-approved program. for the determi nation-

of radon emissions from disposal. sites of.radioactive
materials. This:code allows. determination of effect.
expected or. achieved from placement of, cover materials

over tailings. . .

ACT- A program that calculates the source term,
activity. from a set of initial acti~vities"aS a function -

of discrete time steps.: .ACT also calculates: "Probable.
Release," which is the activity at a'given titme

• multiplied by both the fraction released and the.
probability of the release. The program:supports -

analysis of release from radioactive waste disposal.
sites such as those required by 40 CFR 191.
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A I RDOS-EPA.- Assesses exposure impacts from al

DACRIN - Assesses inhl a I at . on expos-re from short, tm . .t
•. .. .radio alype of condition, riieases tf radionuclides. l of

th 6rgas hat riafd u tiize hmaver benetea
bnha 6r t.d o an/D erife frmanNAi eie

reqirmen. ll

'aframes Rour noputers Alprgram
TRAes N -Assess s.eitet: Rf.O rune on e". ....x.ept written inrfe Ftr. Trads has d i "et o

: .i-: acess to. all thpe.bd aconditiompnt rs isted cange, an . . -

abe osuprtHC ih l Task' b ffeln
To prrmeet thet Tradsk t 2 oein AveqiemenL~ i tni

mniiatked thato.' yAeCO wil f e se :.omr teviecw t'ono
radon emana~tio f.romrm t e tiinsbthbfreh rooecovrin an atean tatHZMT i l be psdfr o.ralulaio of thne sourn ter inAY th9nlsso h
emntin fro 'the tailings cbas IIsed ontesn sapin/esting

<::-::::::.Y.i:i.:-:.?:.bnformationed oba ined/ f:• rom HFie .omestane. ThQA i"s eil allw-:::••' :..,:: cross!.'•:::::::::••.?••

:i ::•• ./ :':;' :..".:.abl e..to. sup!portý.HMCO .wJ•.th_-ali. Task.;: _ •.mod !.ngk:::.'-.:.:•:i•? '::,:•:,.:::.!f? ,•.'

vei cTio, ofe the result ofRECMaswlla

S~ ::..:•C'.,:•::::.anti c~ipated=: that I'RAECOM-Wii.l :.h.e se :.•or " P6:e caa. c laf•.:•••. ant of::•ii:::::.:i•:i.i,: .

i- adetermination of the magnitude of the release... Apldme
history willalso be. generated by the HAZMAT 'program. .7 :. -.

The ~th etnied taiIng base d oaam nt progr ams thatae-n-

HAZMATtas Well as-oour own+DB management systems will allow cross"for input and manipulation of the large amount of data that
wil be entered., This capability makes.very economi.cand

effective use of the information in a logical and ef-f3iient
Manner.
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HOMESTAKE MINING COMPANY
P.O. BOX 6:"0 .GRANTS, NEW MEXICO

December 1,1986

M-r. Harry Pettengill, Chief
Uranium Recovery Field Office, Lic. Br. 2
Region W.
U.SS. Nuclear Regulatory Comnissio
P.O. Box 25325
Denver., CO 80225

Re: License No. SUA-1471
Docket No. 40-8903

S Dear Mr. Pettengill:

In accordance with our ,c•mitment. dated June 13, 1986,
Homestake Mining Oapany hereby submits 6 copies of its Tailings
Stabilization and Site Reclamation , Plan for the Grants, New Mexico
Uranium Mill and Tailings Facilities.. This plan. addresses the design
criteria and cost analysis as required under Title 10 CFR 40, Appendix
A. It addresses mill decommissioning, land cleanup and. complete.
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-radiological protection criteria.. through
extensive ground water protection. programs as required under 10 CFR 40,
Appendix A, (ýriterion 6..

Shis plan addresses Hcnestake's active tailing pile, the mill
and mine ion exchange facilities, and their associated surrounding land
S areas. It does not address the Hamestake-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
advisement and Hmmestake will respond in a timely. manner.

As set forth in our letter of June 13, 1986, Hdrestake wishes
to reserve all of its legal positions related. to -this matter, and
Hcmestake's voluntary submission of the reclamation plan is without
prejudice to any of its rights. It is our continuing understanding that.
this reservation is satisfactory to NRC.

K )... ..-
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Stabilization and Site Reclamation Plan
License No. SUA-1471
Docket No. 40-8903
Page 2

Hcrestake Mining Carpany is prepared. to meet with you and.
other members of the = staff at any time to. discuss the report or any
of its sections in detail.'

Very truly yours,

HCMESTAKE MINING COMPANY-GRANTS
ORIGINAL
Signed By:

Edward E. Kennedy
Director of Environmental
Affairs

Delivered by:_

Peceived by:_ _ _ _

Date:_ _ _ _ _ _ _

• 
.

.

.. 
' . .. ___
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1.0 INTRODUCTION

HomestiAe.Mining Company (HMC): respectfully submits this Tailings. Stabiliza-

tion and:S~ite Reclamation Plan, to the Nuclear.Regulatory Commission (R)

:The plan was: developed -to meet. the: criteria contained in !NRC's:10 CFR 40,

Appendix A. (NRC, 1985 ad1986),: for* ong-term stabilityand prtetion for...

k ~1,000 Years againstreleate of radioactive material f rom. the tailings in-

,pou endndm et an associate -ilsite.: Currently,. -the, tai lings. impoundment

covers approximate ly1.170 aScres, .is 85 to 90fe 'ih, ad contains approx1-

_uately 21' millio toso Lalings..- This-, plnJs. based on the 1liae~

tof. Z)000 tons per day .(-tpd) 'production. Thi~sproducttion: rate would 'add at
toso-tailings, increasn te, ipundment....eihtb -

* :::: :: z :/:::: :::? of te t i Inde at

5.to .13 feet and the surface. area atoapoximately.179 'acres. :".The 2,000 tpd'

'productioU rateiAs, the, maximum *Possible level being use'd as .the basis lor

relicensing; ."Actual prduction is expecte to be near the. pze~seut,50on

per month,(tpm) rate.

when... miaklling operpatIons are. permanently ended, the-mill will be decommis-

.sioned., The structures and equipment will be demolished and buried~in the

southeast corner of the stabilized tailings impoundment. Ras described in".

Chapter. 3.0. The mill area and vicinity around the impoundment will be.

decontaminated b~y excavating soils :with excessive radium levels, as de-.

scribed in Chapter 3.0, and placing those. soailse As fill at the toe of the

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

receiving cleanup. has been estimated at 644 acres,: based ou a gamma survey

4J\ 6>- conducted previously by. PC. Subsequent radiological. survey, efforts,

Lic. No. SUA-147.1 R~ev. 0.. Docket Noý. 40-8903

HMCSL'...24.5, 3
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described in Chapter 4.0, will includei correlations between soil radium

contents and gamma meter readings, delineating more precisely; those areas,

.requiring soil cleanup.

The major task in this plan. is the long-term stabilization of the. tailings-

impoundment. .•This task, discussed in Chapter 5.0, will begin with the

i interim stabilization (Section 5.2) required to. limit erosion during the :

closure period. . The long-term stabilization willI consist ýof recontouring

the impoundment, covering it with soil, 'and protecting the slopes with vyege-

.taton o•rrock cover (Section S. 3). Soil and rock covers have been designed,

-to satisfy tbie criteria. of.10 7CFR%*40, Appendix. A. _As a-result: orecontour-

inthe tailings shines will becovered by &and' taili ngsg, eVffe ,ctivel'y re-

diucg the radon flux from the slimes and: the: kestn ireqre thces :

of the soil cover. The soil for th s cover, will. be obtainedid- f rom ou.site.

clay and sand deposits. -.Rock -to. protect the steepi•er. slopes:will be lie-•

stone obtained f om a". quarry, near the mill. Riprap from this quarry, as

well as diversion ditches and rechannelization of San Mateo. 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. -

thickness (Section 5.5)..

0

After the tailings impoundment has been stabilized and the mill site is_

cleared, the. reclamation of the property will.be completed by Ifinal regrad-

ing and revegetation.(Chapter 6.0). The site will be.recontoured to leave

smooth, free-draining surfaces. Revegetation will. establish a plant cover

of hardy native: species. '

Lic. No. SUA-1471 Rev. 0 Docket No. 40-890 30
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The only significant non-radiological impact. will be elevated lev*els. Of -Some

Constituents inthe ground water. H-C has implemented and will continue to:::.ý

operate a ground water pro~tection program, as described in Chapter 7.0.

This program will continue, as presently planned, for up to 1.5 years after

mill-closure. The only major difference in the post-cl~osure program will be

* te construction, and use of an evaporation pond .for collection well dis-

charge.

Post-clo~sure care and monitoring '(Chapterk 8$.0) will! providi contitnuing sur-."

ve~~~~~ an. ., uiet. eai

villac of. the: stabilized ipudmet as-needed' re rs, and 'opera-tion of.

.. . . t. li ed t

"the ground. w ter protection system. The stabilization pland i ined to .....

-allow remedial c are to be -periformed :With minimal manpower 'and equipment.

The costs fora rotailngs stabilization and site reclamation, described inh..de-- 7
tail Chaperm 9.0 , a se on unit pric a hied fo m onstructio"

industry sources and on quantities derived from the. conceptual design.

..These costs are .subject to. review. annually and will be adjusted to reflect

changes in design or in unit prices.

A concept schedule for stabilization *and reclamation has"been developed.

(Chapter 1.0.0)*u . Part o.f this schedule, the completion of soil cover and

subsequent stabilization tasks, is dependent on the rate of consolidation

"and dewatering of thettailings slimes. Thesrate of consolidation• Is- impos-.

s.ible to predictewith confidence, so someaactivitiescan be scheduled ony•

in a relative sense.

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

HMCSL024575



2-

2.0 HiTORY AND.EXISTING AND FUTURE.OPERATIONS

2.1 HISTORY

The Homestake Uranium Mill is located approximately:5.5 miles north of.

Mil.", New Mexico in Section 26, Township 12 North, •a•e 10 West,jin Cibola

County. Homestake's Mine Ion Exchange (IX) plant is located In. the south-..,

eastern part of McKinley County, New-Mexico,. in the Ambrosia Lake area

(Figures 1 and 2)., The. IX plant is ,approximately18.miles northwest-of:

Grants, New Mexico in RSection 25,Towship"14 North, Range 1:0 West.

The HMC mll has been a .maoroproducer of uraniu m concentrate s 1ince 958.
,.--gHomestake' miling acities were constructed and originall operated •as

two -.di•n lnct partnerships, -ith Homesta e Mining Companya atong as. themn

aging par tner, for bohAh are fte :two mill was organizdls

iHomestake-SapinPartners, with a nominal milling capacity of The

smaller was organized as Homestake-New Mexico Partners, withb anominal `

. capacity of 750 tpd. Both mills were designed tb be alkaline leach-.cauSti

precipitation mills. The combining of these two, milling facilities :resulted.

in a mill with a nominal throughput capacity of 3,400 tpd.- _0

The Homes.take-New Mexico Partners mill commenced operations in February,

. 1958, while the Homestake-Sapin Partners mill started up in May..1958.. Both

mills operated independently, each with its own tailiugs pile, "until

November 9,'. 1961. when the partnerships were merged. Homestake-Sapin Part-:

ners was the surviving organization.*

Lit. No. SUA-1471 Rev. 0 Docket No. 40-8903:
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In January 1962, the former New Mexico Partners mill ceased.operations; as a.

complete and independent 'rill. The Sapin Partners mill1 continued to utiliz'e

aportion of the smaller mill's facilities. In April 1968, through a: change

in theldistribution of ownership, Homestake-Sapin Partners became .United

Nuclear-Homestake Partners. In March 1981, Homestake then purchased".United

.Nuclear Corporation's interest and the operation became Homestake :Mining:

Company-Gr ants. .<

Two tailings impoundments were developed on HMC's property. In-. December

i956, the U.S. Atomic Eneigy..Commission (AEC)Y and Homestake-Neww Mexico*

..Partners signed a. contract for .the deli'very of yellowcake :to the federal
government. A second contract was signed .wit the AECh in1961 for the de-•

livery of additional yelowcAke' The fists and sinmaller of the-two impound-

ments resulted from"these toticts`. with 'the f ed era government. T6h l otal - A
quantity of tailings generated and impounded in this first :impoundment wa
1 22 million tons. It is located in the-SW 1/4 of Sectiobn 26, Township 12

.. North, Range 10 est .N..P :.-.Tailings material deposited within this..

impoundment was contained entirely by an embankment.composed of .natural,

compacted soils. The embankment was compacted by heavy equipment and

brought to a height of 20. to 25 feet.. :The crest was a minimum of 10 feet.":

wide, with the base being approximately 40 feet-thick. The impoundment.

covers an area of about 40 acres.: -

The tailings within this first impoundment are not:. omingled with any corm--..

mercial materials. They were all generated under AEC contract. It is-

Homestake's contention that stabilization and reclamation of this tailings

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

Lice. No.. SUA-1471 Rev. ,0 Docket No'. -40-890.
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result, HHC has brought suit for A legal judgment.in this matter (Homestake:'

Mining Company of California,: Inc. vs.. United States, 0580-84C, 'United

States Claims Court). Consequently,• Homestake has not addressed -this first

Homestake-New Mexico Partners tailings impoundment in this plan.

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

eral government and commercial. contracts.: Homestake-Sapin Partners and the

AEC•entered into a. contract to .deliver yellow•aketo the federal government

-in April$ 1957.ý:':+ Two. other contracts were signed.wi th: he"AC i" 1960.and

.:1961. . In addition, numerous: contracts were, placed withelectric•utilities

S for nuclear reactor: fuel production.. .The to otal quantity.PUtaiX;gs gen-.. -.

ated under AEC contracts was approxmaey toI ii million tons. In addi- .;*^

tion, .'another .10. to .l:millionItoIns Of Commercial tai . ing+S" werew. generated'.

•4 + .-- and comingled with the AEC. tailngs. Thii i-mpoundment Is "ocated'i the:

N .1/2 of:Section 26,' Township 12 North,..:Range 10. West-.M.?HP. and: S is

presently being utilized for. tailings disposal at 'the Homestake mill.l.

Until 1966,. Homestake deposited tailings material into 'nly one cell of thei

impoundment. Subsequently, Homestakeý added an additional cell adjacent to:

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-

sary to maintain optimal operating.conditions.

The starter dike for the larger impoundment was constructed from natural

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

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

was borrowed from within the. tailings area., The dike was constructed. 'to a

.- Lie. No. SUA-1471 Rev. 0 DocketNo. 40-890• " :_ _ _, +- _ _
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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 HILL

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 U3 08 . The concentrate is a semirefined uranium compound

'known as yellowcake that averages 90 percentU 0 --

. " -. , , . ""." •.. 3.8.' ' .-

The mill has a nominal design throughput capacity of 3, 400 tpd of ore.. ur-

-- rently (November 1980), due! to: contractual requirementso te miligrt

-has been reduced to approx mately 3,500 tpm. in the event thire is an in-

-creased demand for yellowcake HCmyicesththougbput to the nomi-

nal capacity of 2,000 tpd averaged durin g e, h iioe, teqlyu peiodi for"the ext

. five-year time period., This..production level is the maximum rate..for li-

causing purposes over the next five, years. Therefore this plan assumes a,

2,000 tpd production rate for design purposes.

Current tailings management at the mill site consists 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.

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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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 uranitum-depleted fine and

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

:are deposited above ground on the impoundment by means of wet cyclones which

separate the material iuto coarse and fine splits. The coarse material is

"spigotted along the crest and downstream slope of the embankment of the"

• impoundment, and ..the. fine split•is discharged into either the.east or west

pond. The cyclone. travels along the crest:of t'e embankmentf buildi the

embankment by the centerline method as it moves. The clarified liquid that

is discharged:into the ponds (east or west). is recycled thbrough the decant

:towers back to the mill ifor reusein ,the tailings slurry. At: tbhe current'.

reduced miillng rate cyclone sep aration .i -not usd and: the.s l ury is s-

charged directly into the tailings pond. The present mode of operation

confi.fnes disposal to a single .pond at a time, with the -otherpond used for

evaporation as needed. To date, the tailings impoundment: currently in use

has received about 21 million tons of tailings.

0

The placement and maintenance of tailings is performed in accordance. with

the. Tailings Management Plan (D'Appolonia, 1982). This plan specifies prac-

tices which. assure compliance with NRC Regulatory Guide 3.11 and 3.11.1, as

well as New Mexico StateEngineer requirements. ..At least 5- feet of free-

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

Lie. No. SUA-1471 Rev. 0 Docket No. 40-8903
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the static and pseudostatic.factots of. safety .of the embankment are at least

1.51 and 1.0, .respectively.

In ddtin o he il ste HiC peats sall IX plant in. the Ambrosia

Lake area to recover water-solubilized uranium from the Applicant's mines.

' All of the IX tail water, without chemical additives, is recirculated back

- - underground for recovery of additional uranium. Until February 1986S some .

water which was not recirculated.ws discharged to the Artroyo del.Puerto af- -

S.- t:-r:.:tatment w:ith barium chlmoride forth'e emoval of -adium-226. A, thee-" .

back-as 6rn so utt.ons.

23PROPOSED CONTINUED OPERATION
H plas..n to continue use of t e t ixt

..five-year period.. The five-year buildout plan: of the. taii igs impoundme.t

7 .is based onthe following cionsiderations:ý

" Maximum mill production rate for the next five years
was estimated to be 2,000 tons of tailings solids per
day.

. The structural embankment will be constructed of the
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
contains less than 10 percent fines, whi-le fine split. . .

contains a-large percentage of fine sand as well: as
slimes.

. * The crest buildout, or structural embankment, must be
sufficient to maintain five feet of freeboard and a

: 50-foot beach.

* At the present and anticipated rate of production, the
required safety factors will be maintained by. this
disposal method.
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Construction of the five-ye ear buildout will be accomplished by centerline.

.method, using the same placement procedures currently in use. i:The -cyclone

will travel along the crest, spreading the coarse split ahead and downslope.

to build. the crest and outer slope. of the embankment, and discharging the -..

fine split toward the pond across the beach. Asd the slimes settle._out,.the....

clarified liquid.is decanted from the center.of the pond and is recycled.

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

fine tailings and liquid. that are discharged int'o .the.ponds. :At. 2, 000 tpd,.

.the tailings impoundment would increase in heightiby about 13 and 5 feet In
.the east and west ponds,.respectively. This increase would be.nearly

,:uniform across the slope, crest . 'beach. and pond along anysecti.oni o the

impoundment, -."enai rging the surface area of ':the impoundment ltd about "179-

acres.:

'The tailings: impoundment configuration at"the end of the.. five-yegar:period of

2,000 tpd production is illustrated in Figure: 3.

. I.

KQ:
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3.*0 MILL DECOMISSIONING AND DECONTAMINATION

3.1 MILL DECOMNISSIONING

At c losure, KHC will decommission the mill buildings and equipment. HMC

does not intend to decontaminate any buildings or material that are con-

tained within the facilities area for salvage purposes. :The mill and equip-. :

ment are considered to be too old.to have any reasonable salvage value. All

cmateial .ontained within the facilities area'will be torn down and placed

S. the- southeast toeeof the tailings impoundment, as shown in Yigutre 4, aUd -:

.coveres-'with site cleanup soils, as discussed below;. Decommissionint will

be alphased Progcess rath er thna sngle-step eventi..: 
or example, conven-

--- ionaloe-pomes sing equipment-might be decommissioned before solutioný ex -ý,

tr... actiociruits.,- The HMC mill, bshon in lan In "igure 4, contains the

following processing adoamiscellaneous :structures that will be iemoved:

Ore recei,.ving. section with receiving scale

. Crushing and sampling section, to Include grizzly,

impact breaker, rotary. dyer and.reciprocating sampler

* Fine ore storage section with four ore storage bins and..

ýone transfer bin,

a Grindiing section with ball mill and thickener tanks.

*uranium leaching section with leaching autoclaves,

leaching pachuca tanks, solution storage tanks and

tailings ion exchange facility

Precipitation section with pregnant solution tank,

precipitation and precipitate thickener tanks

e Vanadium removal section and associated roasting

furnace

a Package, storage and :shipping section with yellowcake

drying, packaging, and drum storage and loadout

L
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0 Miscellaneous, structuresi to include administrative
building, shop, .laboratory,. change house,, -etc.-

All tanks will be removed, or cut-into pieces and placed in the toe area of
- the stabilized t-ailingsimpoundment. The tanks will be filled with:tailings .f

sands or Soil material after placement so that void areas will not occur

when the final cover material is placed on the tailings impoundment,. Build.-..

ing materials, beams, Ifoundations and other flat material will bestacked

around or* on the: tanks.. 'Asphalt :from 'the' parking. Area will1 be -removed and

placed-in the disposal pile.

F oundatons :will beremoved-and the:contaminated foun aat0nn uaterial will be

paed in the same:area:.as: mill~b bilding's and equipment - onretemtra

will be tested to: determine if it:can be"cleaned for Ause.as riPrap ibI n the
Sr:edesignedl drain~age channel" ofo the :flood ptotetion of t•he toe of the

impoudme 1. it is determine tathsmterial.:cannot, be utilized as

riprap, it will be.disposed.in the ame location as the rest.of the mill's...............F

buildiug materials.-

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 impound-,

ment, will be completely covered by contaminated soils excavatedfrommill

and other site areas found, to have Ra-226 levels exceeding Criterion 6

-limits of 10 CFR 40, Appendix A.: Cleanup of contaminated soils and
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protected disposal of these materi als are discussed- in the fo1lowing s e. -

tions.

The mine IX plant will continue to operate f or an indefinite perilod.Sub.. .-

sequently, the plant might be sold if not excessively Contaminated wit

radioactive materials. Otherwise, it will be demolished and buried-in the,

tailings impoundment disposal, area,. or in the reclaimed evaporation pond at

the mine.

3. Fl AC*ILITIES:SITE CLEANUP

Af ter completion of demolition and removal of all: mIllbidnsa~ ae

rial, the f acilities. area soil.that has bten..didrmined :to exceed -the. Ra-:26

.limits of Criterion 6 will be removed. The facilities are`a -comprises 9

.acres and 'for. purposes of. cost estimating, it .is 'assumed. thaaprimty

one 'foot of- so•: material will have to be .removed from these 49. acres to
meet unrestricted ;area criteria. Approximately-79,000 cubic yards-of.con-

taminated. soil material would be removed. cOnoompletion of contaminated

soil removal , :the mill area will be regraded to blend into the contours of.- '

the entire reclaimed .property. The contaminated so~il.material will be .

utilized to fill in and around the mill demolition debris. . -

3.3 OTHER CONTAMINATED SOIL CLEANUP.

HMC conducted a gamma survey to determine areas that may contain.elevated.

concentrations of Ra-226 due to windblown tailings.. -Site-specific. corre-

lations with gamma readings and actual Ra-226 content-of the soil were not

made, but for this conceptual plan it was assumed that gamma readings above.

K;
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25 pR/hr crelt with excessive, soil 'radium levels.* Excessive levels are

Concentrations of'more than 5SpCi/g radium above-background :in. the upper:15

cm of soil, and more than 15 pCi/g in successivelý lower 15 cm.intervals

(Criterion: 6 10 CFR 40, Appendix A). Figure. 5. shows the :area where HHC.

gamma readings .indicate:excessive levels of radium in soil due- to windblown,

tailings.. HMC intends to perform an additional gamma survey with. Ra-226

correlations to define areas of soil material that have elevated levels of

Ra-226 above background. For costing purposes, the area defined in

Figure 5, containing 644 acres excluding the tailings impoundments, wil I

:requ ire* cleanup. Because the windblown talings: are distributed as ..a thin

veneer, sx c it Is estimated.that only abouft six ines o oil. 0 il •iequiie re-"

movaL. Ak total' of 520,000 cubic yards will be removed and used tco0ver.. ..

mill demolition debris and the impoundment toe.. `Its estimated cost is in-

cuded in the lOng-term stabilizationcosts.,..addr~essed in: Chapter 9.The

soil cleaned up during operations will be placed :at. or. near the impoundmnenit

toe, 'close'to its final disposal location.:
S
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4.0 RADIOLOGICA SURVEY

Radiological. surveys willbe performed in compliance with NRC regulations.:

The first s~urvey will be conducted prior to closure to delineate the areas

in which radium levels exceed allowable limits.' Soil in these areaswill: be

..removed and 'disposed as described in Section 3.3. A post-closure radiologi-

cal Survey will be conducted to determine.the. area around the mill that

still'has excessive residual:radioactive contamination. The radiological.

survey will be .conducted to delineate those areas that exceed the radium

concentration limits for .the unrestricted environment -established by NRC's

i0 OFR, 40,. Appendix As Criterion: 6. The surveywll determine the areal,

extent and depth of soils that cont6ain Ra*-226•.concentrations above-'5 pCi.A

.average In the firs 15c fsil ad 15 pCi/g inay1 cm layer of Soil*

" below the first 15 cm above established background levels In::the proxmity .

of. the :HHC operations.,

.4.1 MiILL AREA

The radiological survey in the milll area will be conducted using a hand-

carried gamma pR/hr meter, .or. equivalent type of equiment. Approximately".

.49 acres are contained within .the facilities area. Gamma measurements will:

:be made at approximate 10-meter intervals on a rectangular grid within the

'facilities area. The gamma exposure rates will be correlated with Ra-226.

concentrations taken. from selected boreholes. Additional s~oil samples: will

be.taken where the gamma exposure rates exceed the allowable pR/hr-above-

background readings, indicating Ra-226 concentrations..that exceed Criterion

6 limits.

Lic. No. SUA-1471 . Rev. 0 Docket No. 40-890..__. -..-. _

HMCSL024587



In addition to the surface gamma-survey withi, the facilities area, where"-

0 radium .concentrations exceed Criterion.6, *selected boreholes will bedrilled

to collect soil samples at 15 cm intervals for analysis of Ra-226 ocentra- "
tions. Sampling depths wiiibe limited .t those in which. gamma 'co rrelations.

indicate excessive radium. levels.. Gamma exposure rates will be measured at

15 cm intervals within the boreholes to assist in determining below-surface "

concentrations: of Ra-226. .. ... .. .

-. ."dUpon completion ofltheadiooca, survey within the facilities area,' the

locations .and .depths..of ,contaminated. soiils' will, be delinetdRsdu.

acntaminted vesoil material wi~llbe remove an ipsd owii M h of-

taminated locations to be upgraded from restricted to unrestricted"area ,

classifi • ation. . >. - -'

.4.2 MINE.IX PLANT

A ost-closure radiological'survey will be conducted inthe maine It plant

vicintye. Thi siuv wl .b :conducted in the sane.. manner as that for the,

iThe radological surveyin the vicinity of the.tailings impoundment will be •

- directed towards Identification of a reas that were affected s y.additional

windblown tailings. that have accumulated .since cleanup during operations.

SThe initial survey will be made 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 compass.directionsý.. .
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Gamma readings will be taken at 50-meter intervals. in each compass direc-

tion. Measurements will be taken until consecutive readings. indicate,

exposure rates less than.correlated readings associated with Ra-226

concentrations in surface soils greater than' 5 pCi/g-above background.

Areas containing. excessive levels of Ra-226 will be delineated. Within.

these areas, a rectangular grid system will be used for gamma measurements

:taken at 50-meter intervals and soil samples collected to a depth of 30 cm

.at selected locations for analysis of Ra-226. Correlations will be:made

between radium content and gamma exposure rates.' Upon completionof the

survey, the.volume of soil material that -must be'" emved will- be:'calculated.

4.4 CURRENT RADIOLOGICAL CONTAMINATION ESTIMATES

HMC conducted a gamma survey in 1980 to obtain informati.n on potential 1

.areas that may contain elevated levels of radium from windblown tailings..

For this reclamation plan and until 1a 'new ..radiological survey is' conducted,..

HMC is using this initial survey to outline the areas where potential ex-.

.cessive radium .concentrations may be present. The area is shown in Figure 5

and contains 644 acres (excluding tailings impoundments).. For costing it is

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

of soil will have .to be removed from this area. Removal of a one-foot-layer

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

purposes. Cost estimates for soil -removal are contained iU:ll Ch aptaer 9 of

this plan.:.,..
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5.0 LONG-TER, STABILIZATION

5.1 GENERAL APPROACH AND RATIONALE

HMC'a long-term stabilization plan has been developed-to both account for .

and take advantage of the unique characteristics of the. Grants facility, -

especially the tailings impoundment. The HMC impoundmentlis enclosed bya

full-perimeter embankment constructed of tailings sands. As a- result, the

amount of outer slope .is proportionately much greater than in the typical,

wimpoundment ith a cross-val ley. dam.'. In: Addition the..latter has to take. .
into account"the flood flows from the •upstream catchmient' area; the%.HMC

impoundment: has 'no uspstream: cathet bt is loae ihin A. signif icant

:•..i•!• i...•. •...' .•.

(Q

watershed.

These characteristics zo the Hi{C impoundment :mean that.a large -volume..of

tailings must be relocated to 'achieve the.. required:. maximum slo-pe.. gradients. -

The stabilization plan :has been designed to use these relocated tailings to

promote consolidation of slimes :and to suppress radon emanation. f:rom•.the

slimes. Lacking any flow-through runoff from upstream catchment, the drain-

age measures for the top and sides of the.impoundment can be relatively.

modest, accounting only :for runoff .from direct precipitation. However, the

toe. of the .impoundment must be protected from the San Mateo Creek Probable..-.

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

the rationale for the stabilization plan. Of course, the fundamental.re-

quirements for the plan are those contained in the criteria of Appendix.A,(...Q
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10 CFR 40. While satisfying these regulatory' requirements, HMG.! has sought

•-- also to achieve maximum cost effectivenes•s by realizing multiple benef its.

from stabilization measures. For example, :to satisfy the regulatory% ;e

quirement for maximum slope gradients. of.5:1ý (horizontal.:vertical),. a large

volume of sand.tailings on the outer embankment."slopes mus"t be.moved...:. These

tailings will be moved.inward across the pond to surcharge the. slimes (to. ..

accelerate .consolidation) and to. suppress radon emissions from the.shlimes, -

achieving three: objectives with one measure.S.. .-Similarly,,, the borrow pit f"or.

cover soil will be developed in the sane locationas the chaunelization and

diversion .of. San iiateo Creek, patof tefodprotection measuires. .The:

borrow pit. •ill.- be excavated and rec laime ::. •oeave abroa•dshalow water.

course for control6: of flood flows.. Thes"e And otherultiple-benefit.meas-

ures are. characteristic of 'the stabilization-oplanx 6esc-ibed in --the bfollowing

sections .-

5.2 INTERIM STABILIZATION DURINGý CLOSURE

.After cessation of mill operations and before final stabilization is:com-..

pleted, interim stabilization measures will be used to minimize the erosion.

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

bilization 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

principal source .of these fines is the beach area around the ponds. Coarser

fractions (sands) also become airborne in high winds but stay within a few
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feet of ground surface and are redeposited on or close: to. the impoundment.

Wind erosion has the potential for moving tailings more frequently, for::..

longer periods,• and consequently in larger volumes than .water erosiou"!.iThe

effects of the latter are restricted to the impoundment toe areas.: Conse-.

quently, .the primary objective of interim Stabilization during closure is to-

control wind erosion.

The interim stabilization measures include water spraying, covering 'ofbeach

areas with S6and tailings, and-use of. snow fences... Pond water: (as well as

collection well waterwill be run through the IX plýt to remove recover-

able uranium, then :etutned through a-systm of movable pipes to impulse

_sprinklers l.ocate~d, on the embankmenut. The locations of spraying wil cange

as stabilization progresses, but initially water will be sprayded on exposed

- " beaches and sand tailings :surfaces not being actively excavated* or:fiiled. --

Sp*raying-will maintain a moist surface. that will inhibit wind erosion:due. t

surface tension iu the-interstitial water. Spraying. will also :accelerate

evaporation of pond water; in fact, the sprinkler.system might be started at -7

some time (to be determined) before cessation of mill operations to shorten

the post-operational pond-dewatering period. Unlike cross-valley impound-

menrts, in. which a large portion of the non-evaporated spray water returns to

the pond, the infiltrating spray should seep downward -and. outward away- from

the ponds. Consequently, dewatering should be relatively rapid. ..Should

additional evaporative capacity.be desired or should the. process of impound-..

ment regrading overtake dewatering, the pond water will be diverted to the

evaporation pond, described in Section 7.4 of this, plan..
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i The period of time during which.beaches will be sprayed will be brief be-

cause one of the first steps in long-7term stabilization will be :inwar move- -

ment of sand tailings from the impoundment crest across the beach. Once

covered,. the fines on the beach will not again be exposed to wind. As

necessary, the sand tailings fill will be sprayed, both for moistU e condi-

tioning to enhance compaction and to suppress wind erosion.

Sand tailings surfaces will, be stabilized during closure with snow f ences.

until they are covered with compacted 'sOil. Snow fences :have been very

::.effective. in .. ontrolling wind erosion of sand tlings in their exidn•sive-

: use at the Grants facility.: They act as obstacles both tobeak up"and

reduce ground velocitie-* of wind and to, provide wind shadows in whieh"Sal-

tating and suspended sands are deposited.to.form ridges. These ridge•. hen

further disrupt surface-winds and promote eposition.e

The sn~ow fences provide much-needed versatility~l inintrim. Stabilization.:

They can be moved aroun tsayhea ofor f ollow behindeatmvn

equipment. The density, orientation, and pattern of fence placement can be.

adjusted to the level of protection required at each location..

Use of an interim soil cover is not appropriate for HMC's impoundment. The..

entire.impoundment surface will.be altered:by excavation and fill; no Sur- .

faces developed during impoundment buildout and operations wil: emain after

closure. Therefore, any soil cover placed. for interim stabilization would

have to be excavated -or covered by tailings during regrading to final con-

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

9 deposition, during operation, would. be covered by tailings added later as.
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the impoundment is built out::'by centerline constructi n". .:An il

placed at: the. toeýdurinj:the.operational phase of:tbe impoundment would

Interrupt the drainage.system designed to contrall.ed to'e:seepage- andwater collected f rom 06 p -back system for recyclin
UMP g bac, into the mi l-

ýing Process. Finally, the outer slopes of theimpoundment will::. be'too steep
.for cover placement.until they are cut back to 20% grade, :at which time. the
ýfinal stabilization soil coVer:will be placed, as explained in Section 5.3

5J RECONTOURING AND-COVER OF.IMPOUNDMENT 2
0

.1 Impoundment..At -End of kation*

This: .stabilization. plan Js based ý46n the impoundment zioif igura, t ion eixpec tedout. a t a.jni I u' 

me

kter f ve.years '9044' 1 1 g. rate:'of -2 000 to,, At the t

:this su*xtii s the :impoundment ebutainýd..Sýpproximaidiiý:ii'iiiiii6ii..tbT.La of;-1
solidi..ý The 00 n would add an 4ddiei6nil* -3`650

Ing 0: tod: productip

tons, of tailings: over.. the next f ive yearso' ONC P that 75% of these

tailings will be -placed. in the east pond, ý167. in the *est..-This distribu--mi

tion will result in about 13 feet'and 5 f eat of additional 'impoundment s-ur-

face height in the e**ast and west cells, respectively,, assuming uniform dis-..

tributiou of tailings over those surfakeareas. The crest elevations of the,
,two parts-of the Impoundment would differ by an average of 20 feet.. The

configuration at the end. of operations in five years is illustrated-in

Figure 3.

5.3.2 Radon Emanation

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

2limit radon release rates to not more than 20 pCi/m:s. Conservative rela-

tiouships between.radium.content and radon f lux from tat lings,, contained in
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the GEIS (14RC, 1980), indicate that radon exhalation f rom uncovered s-limes

2and sands, would be 1000,and 100 pCi/rn s, respectively, assuming radium con-
ce.ntrations of 1000 and 100 pcig,: respectively.- These radium concentra-.

tions are conservatively high compared to the values determined from,

measurements at the HMC impoundment by others (EPA, 1986).

I.... : .. HNC. recognized that the excavation required to reduce *outer sl opes: to 51: .
(H:V) could generate a large quantity.(up to 3.4 million cubic yards)O f

sadtailigs Consequently, HHC superimposed various dep0ths of sandd~

tailings on the slimes in successive RAECOM runs to see how 'ef fective the
sand tailings cý.l beq in suppressing radon emis sions..**., Using a: des-ity of

04pfand. moisr;ture content of 11% for tecmatdSand t'ailing-s f ill,.

.. the modeling showed that 8-9 feet of sand tailings would reduce radon flux "
:.from the slines to: the' allowable limit of 20 pCi/mi Sl and 15.1 eet of-this

2.. fill would reduce the radon flux from the slines to 10 pCi/imns. RAECOM . .
modeling indicated that the required.flux limit from tailings Bands over

slimes could be achieved with 10 :feet of sand tailings fill covered by less
*t 90. d. s y.i.

than one foot of sandy clay soil, as described in Section 5.3.4, compacted

to 90% density,, with 377% porosity and an average 12-14% moisture content.

The required flux limit from the tailings sands 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'

borrow pit described below. The radon emanation modeling is described in

more detail in Appendix A.

--- --- . .. .... .
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5.3.3 Recontouring

Criterion .of Appendix A, 10 CFR..40, limits. f inal impoundment slopes to 5: 1
(H:V). Slopes flatter !than 5:1 would .require extensive.excavation :uand relo -
cation of large volumes of .tailings slimes, as elil :as outward extension of
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. Figure .3)o.• Consequently,. for

final stabilization all slopes will. be recontoured to comply with regulatory.

I.

i..: •
limits.

If the outer slopes are: reduced to 5:1 along :the. cut line-rising from the:'

' existin toe, a very large quantity of sand Itailings, About: 3.4 milion
cubic yards, would have :to be excavated. Distributed across the :top of ithe
embankment as fill., additional thicknesses -of. up.to 35 .feet and 219 feeit

would be added to thie east: and west ponds, respectively. These thicknessesfar exceed thos• useful in suppressing ridon•emissions (up to 15:feit) from,-

the underlying slimes. Therefore, an alternative recontOUr surface, defin-
W .: -ing a 5: 1 gradient cutting through the embankment slopes at a higher level,,:

was selected.to balance. the volume of tailings excavation with the Usefulvolume of .tailings fill. Thiscut slope would start about one-third the

slope distance from the toe.

A separate but significant.source of contaminated material must also be dis-

posed and stabilized. This material.is the soil-around the site containing

radium levels exceeding the 5 pCi/g to 15 pCi/g limits of 10 CFR 40, Appen-
dix A, Criterion 6, which requires that this soil be covered or otherwise
.protected to control release of its radiological hazards for 1,000 years,
the same protection as that required for the tailings. Rather than cover
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the contaminated boils in place,'HMC will :excavate them and include some or

all of them with.the tailings for impoundment stabiLization. The most -

i "lent means of handling ithese soils,.is to use them as fill material .at the."". I

toe of the impoundment to fo0m "a 5:1 fill slope downhill from the 5 t cut

slope in the tailings.

he design selected for. recontouring the impoundment combines the toe fill

*of contaminated soil with the, elevated cut' slo~pe ýin* the tailings embankment

This design will geeae nuh excavated.sand tailings tolmake a fill ait-*-

lý..,east 15 feet thick across, thei pondIaeas" The sand tailngs in 1the diVider
.dike between the ponds and iun the decant "tower acess e ramp in pach -pond •wil l :"-!.:.•

provide an extra quantity.of matetial needed Afo•r"ompensting "u for :'settlement

:And for grading shallow 'slopes across tepond fills.;-

i . . The confuiguration..of thei'poundmentrecontoured for 'ong-term, stabiliza

in, i sh w in igres 6 And 7. All outer slopes will be reduc dt*0

(5:1) grade. The lowest portion of the outer slope, about 1.50 feet Vide,.

will be the contaminated soil Ifill.: This toe will be enlarged and flatt-ened.

* .. at the southeast corner of the impoundment to. provide for burial of the

. demolished .mill (see Chapter 3)..; The toe fill gradient may be flattened..

elsewhere as well to accommodate more contaminated soil, if required. The

cut slope:above the fill will extend up through the former beach, above ".

which the 5:1 slope will•be continued in, sand tailings fill to the rela-•

tively flat tops of these fills above each pond.. (On Figure 7, the cross

sectional areas of fill in the ponds appear to be much larger than the.cut

areas in the cross sections. However, the cut. areas. enclose the entire - -

i. .mpoundment, so that when these cross, sectional areas are multiplied by the

Lic. No. SUA-1471 Rev. 0 Docket No. .. • ."- ... .. _ _ . •_ _ . -.._ _'.. .
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I.length of cut, the cut and If ill volumes are found to be equal bThe- filin.

the east pond will be separated from the west pond fill by a 5:1 slope .10.0

feet long, cut through the divider..dike. This cut -slope vill, connect the.

west pond fill. surface,: :elevations 6670 to 6676, with the east. pond !ill

surface where final elevations will be 6690 to about 6696. Each pond area,

will.be contoured to provide positive, controlled drainage across slopes of:. 2001 to 250:1 toward'a central swale. ...The swale in each pond area will

' channelrunoff toward the south and"down the outer:'slope t a diversion

ditch lead6ingto San Mkateo:Creek (Figure 6).

The earthwork for reqonitouring s6lopes will probably:sata n corner and

-pro eed around the' mpoundment.' Toe f ill. placement 'will Ipe cede sloe exca-.

vationp which will: be :followedi by soil cover. p acementi. -ilng of poId

.areas will be initiated by moving the crests inwar ;by dozer. As dewatering

and consolidatio..of sime s permiiit,' coarse ta g will b, le advn ced b,

dozer and scraper acros's the pon~d.

@

(7

The processes of fill placement and consolidation in the pond could be

accelerated by using the pneumatic stowage method.: This method uses a high

volume, low pressure air pumping system into which solids are .fed. Trans-

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

-into place at locations not accessible to men or equipment..if initiated.

against a firm surface, pneumatic fills can achieve densities of better. than.

70% Standard Proctor (Maksimovic and Draper, 1982). This method could per-

mit placement of several feet of tailings sands across the ponds early in.

the reclamation program,. accelerating consolidation and providing a stable.

_ working .surface for heavy equipment. HKC is .seriously considering pneumatic.

Lic. No. SUA-1471 Rev. 0 Docket. No. 40-8903
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stowage, but for cost estimating purposes the more expensive convent ional,,ý:

~ methd are assumed.

.5.3.4 Soil Cover

.:ýTo comply with the requirements of 10. CFR 40, Appendix.A, Criterion .6,:HHC.

will construct a soil cover sufficient to keep radon release rates to

acceptable limits and otherwise prevent: release of radiological hazards for

a period of 1,000 years..; The soil will be excavated from a .borrowpit

located-on HJIC property northwest .and west of the impoundment :(Figure 8)..:

AMC h&as conducted, field and labotatory Inves~tigations of the borrow soils.

'- • These soi., are alluvial sands and clays located rin the are shown in

)figure 8. At. least two distinct clay soils have been identified in the.:

borrow area.. These clays are .enerally 1medium: to low plasticity with lens.e -f

of highly plastic clay. The. clays range from less than-.2 feet to, about .10 .. .

'feet thick and occur within 1S feet of ground surface. The results of fiel,

and laboratory studies on these soils are contained in Appendix l. In the

area in and adjacent to the borrow pit, as delineated in Figure 8, the vol- •.

ume of available clay is estimated to be about 580,000 cubic yards.-. Sand

soils are at least double the clay ;volume. Although clays and sands .can be

excavated separately, HNC 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 reteution :characteristics-•-,7:.i Labor4atoty

tests show.that this mixed soil can be expected to have a maximum dry den-....

sity of about 115 pcf with 12-14% moisture content. Natural moisture con-

tents of up.to 87. in sands and 8-16% in clays indicate that a long-term re- .

i tained moisture content of about 12. Is reasonable. These soil properties
:-' " .'•" .. "-- :0

S •Lic,"No. SUA-1471 " . ev. 0 Docket No, .40-8903 .. :
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were used as input in RAECOH computer modeling of radon release from the

cover impoundment. With 10 to 15 feet of sand tailings covering the slimes,

less than one foot of soil, compacted to 90% Standard Proctor density (104

pcf) with about 377. porosity and at least 12% moisture, will satisfy NRLC

radon release rate limits..

To satisfy regulatory requirements that this soil cover thickness be main-

tained for 1,000 years, some extra soil thickness is needed•.to compensate

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

soil loss is assumed to occur. Prediction of soil loss by water erosion was

made by the Universal oi Lossquatio his soil loss0

analysis"is included in Appendix C of this plan. The calculated 1,000-year

soi losses due to water erosion from top and side slopes are 1.1 inch and

0..7- i.nch,-rspectively. Wind. erosion soii losses, calculated in accordance..::

with USDA, 1980, are predicted :.to be' 2.1 inches in 1,000 yers fro ih o

of the- impoundment, where: the: surface will be revegetated rather than rock-..

covered. Therefore, the total cover thickness required for protection

, :.t..against radon emanation and erosion is less than' lA.5feet However, for

conceptual design and cost estimating purposes, HHC has selected 2.0 feet of

soil-cove.. This greater-than-required thickness provides extra. conse-rv -

tism and also recognizes the practical constraints of large-scale earthwork;',

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

... thinner than about 1,0 to 1.5 feet.

" -To constructa soil cover of 2.0 feet over the entire impoundment, a total

of about 600,000 cubic yards is required. The borrow pit.has been designed-. . '

• ..) to yield. enough soil for the impoundment cover, as well as extra for

Lie No SA-171Rev. Docket No. 40-80
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stripping/grubbing los"ses and for fill to restore ground surface,"to rIeco eti.oi-

tour.around the mill, and to cover the evaporation pond if• soils atthat

location are not su~itable for cover.ý.

S -.

The resultant. volume. of about 800,000 cubic yards will be .obtained from the I. "

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

provide more soil if requlired.- ..The' borrow pit will have an Initial.: upstream

face: slope. of .100:1 and,,wil!.'be reclaimed after impoundment stabilization by

grading side slopes to 50.:1, fol lowed by reiegetation. 'The. floor of the. pit

will 'be graded. smoo thb and, beause it Uill already:slope downsttream at a

gradient: of less than 100021, only evegetation will bea riequired to.Stabi --

lize the soil. As part:of the site recontouring, the San Nateo Creek

-. channLel will be -diverted. through the. recl.a med pit, which will suibsequently-

di" vert all but- the. most 4xtreme:efloods away fr om the impoundment. This

fecoutouring and channeliXzation is illust .rated in -Figure 9..

The 'soils will be excavated, haulied, and placed by standard earthwork equip-

ment and methods. The pit will jbe stripped of vegetation and organic

debris, which will be stockpiled for later use in reclamation or burned.

Dozers and graders will :make initial cuts to-delineate clay lenses and sand

zones.. Scrapers will excavate and haul the soils to the impoundment (aver-

age of 0.8 miles one way), where graders will mix soil as necessary. The .

clay/sand mixtures will be moisture conditioned to: wet-of-optimum (usually

14 .or higher) and compacted by sheepsfoot rollers to-907 of maximum den-..

sity.
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5.3.5 Rock Cover0

In conformance with the requirements of 1O CFR 40, Appendix A, Criterion 4,

all relatively steep slopes will be protected 'against erosion by a..ý over , o

broken rock. In this plan, all 5'1. slopes will be.0covered.. In addition

rock will be used at other selected locations to control channel-erosion or

to armor the toe of the impoundment slopes against P lobable Maximum Flood

(PMF)..erosion....Surfaces flatter than. 50:1 will.be revegetated. The excep-

tion to this will be the- drainage swa.s on, the pond .- over;s h•ichiS although..

sloped at. about 200:1 (H..V), will be armored with graded.rock coverp i-to

one foot thick. Locatio•.s of rock: cove are. shown in FIgrs 6 and e7.

Terock for this* over -is heTodi to Limestone, a. Jurassic age formation

which outcrops at several locations near the Grants mill.(D'Appolonia, 1.982,

(i ) A..•• :"ppendix B). The mostlikely source. isloated on :private land north of the

mil a hauldistan:eof 7.5 miles one. way..:: Alternate: sources of this,

limestone and of malpais lava might also be considered.

Several rock samples'were tested for sodium sulfate soundness, specific.:,

gravity, and absorption. The test results, attached to Appendix B of this"

plan, show that sample.Nos. 1,. 2, and 5 (all Todilto Limestone) meet the

acceptability standards described in Nelson etal., 1986, Table 6.2.

The rock cover-will be a minimum of six inches thick, consisting of broken

rock up to six-inch size. The rock will be quarried by•drill-and-blast

methods, crushed and screened as necessary, loaded onto bottom-dump trucks,

and hauled directly to the placementlocation. The rock will be spread in a

Lic. No. SUA-1471 Rev. 0 Docket .o. 40-8903.
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manner that allows the-finer fractions to work to the bottom of the:rock.

layer and form a filter."one in Contact withtbe ..soil.,.

5.4 FLOOD PROTECTION.

As part of the requirement to provide :"reasonable assurance" of control. of

radiological hazards for 1,000 years (Criterion 4, Appendix A of 10 CFR.40),

H.IC will protect the stabilized impoundment against disruption.by loods*.

Although:no secific recurrence interalor design Pf!.od discharge 'is stated

i n the regulations,. :HHC :ý.il. .design against •he Probablhe Maximum Flood* (PP).

devent.

5.1 Hydrlogic Sttn

,. .:The H g:::ran. um mill "seite is located east of thei ontinental Dividein te

Rio Grande Drainage:I ystem 0f west-central New eexico. Te mil s ite ý ii-
the 'San Mateo drAinage. North :of the Mill, the San J.at•o is*an ephemerl

stream andL flows"."only in direCt response.to large precipitation or snow melt :..e.

events. There is no distinct channel near the mill', although there may ahve

been one in formerly more .pluvial times. A very large precipitation event.

could result in 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. The Rio San Jose discharges to.

the Rio Puerco, which is.a tributary0of the RioýGrande.

*1

<I

I-

I'..

The U.S. Geological Survey (USGS) has maintained stieam flow. measurement

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

evident that most flow in this region is ephemeral or intermittent

(D'Appolonia, 1982). No.definite relationship between the size of the

ý3Liic. No. SUA-1471 Rev. 0 Docket No. 40-89C
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drainage basin~s and: the mean f low or the maximumý recorded flow is evident.

Variations in watershed. characteristics such' as vegetation, slope, soil,

channel material and differences in water use apparently are great e6nough.I

that they cancel or overpower a simple relationsbip between basin size" and

flow. These differences-indicate. that it is difficult to predict flow -

regimes using regional characteristics and that each watershed must be-:

investigated separately.

~j.

I. . . . -.

The climatic characteristics 'of the area affect t.the hydroiogy of Ite region

in many ways., The liow anualpecpain most. if which. occurs ýduring

brief, intens tors s ;" . 'upports only ephemeral stream flow. Even those
ýdrainages in higher e levat ions with increased precipitation and :pring sno.-

melt are predominatly yephemeral sinee much of-..he flow is lost to the, alu'-

vium Flow ocu rmaril aareult -of:. the' f airly common- summer thun-
-ders~torms.. These intense s-torms cause 6local. flash. flooding and.::roslon.

The low precipitation-and the high. evaporation cause vegetation- insome

places to be sparse with large amounts of open ground between shrubs or

forbs. The open ground, where present, contributes. to surface runoff and-

sheet erosion during the thunderstorms..

The San Mateo drainage basin above the HMC mill ssite has a drainage area. of

approximately 291 square miles (Figure 10). Its shape is roughly circular

and contains a dendritic (tree-branch style) drainage pattern. Maximum
relief is 4,725 feet, with elevations ranging.from 6,575.feet at the outlet

to 11,300 feet at Mount Taylor, as illustrated in Figure 11.

I.

• 1
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. Channel. slopes in the basin range from nearly zero 'in the Valley :-flor near

the site to almost 50 percent at the higher peaks. The slopes on .the fianks

of the mesas and volcanic cones can vary from 5 to over .100 percent. -The

steeply sloping upper reaches of the drainage and its tributaries .- arecom:-

monly, incised from 10 to :30 feet into the valley alluvium. Where. slopes are

• W)b. . U Ik. .: LU~ .. U . A..w A.-/ ... . O l..wg S .. ,. : - 4. ..&:4
• " ..

braided.channels.

5.4..2- "lP And P, :.

The pekdiscbarge, velocity. and elevations of the flood produced.by.

Probable. Maximum Precipitation (UMP) event in the San Mateo Creek'-w.ater•aed

'were determined f"ort•hat .portin, of the San .ateo C.reek adj acent to C'.

'mill and -tailings impoundment. This determination required three .stepss

- Estimation. ofte pM
-. Generation of the PMP runoff hydrograph
-. Flo routing

Prev•ious surface hydrologic analyses were used as much as possible in these':,::

activities, described: in-detail in the following sections.

PMP Estimation ;- Hydrometeorological Report No. 55 (Miller et. al. 1984) was

used to estimate both:generai. (frontal) storm and .local (thunderstorm) storm

PMP amounts for the San Mateo Creek watershed. Table I lists the results' Of

these estimates. The general storm produces larger-PMP amounts for the -

longer .(greater than six: hour) events.

Runoff Hydrograph - The runoff hydrographs derived from the 6.0 and 24 hour

PfP events wer:estimated with the use of a computerized version of the U.S..YC ~
- Docket No 40-:8903Lic. No. SUA-1471 Rev. 0
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Soil ConserVatio Serice.s (SCs) synthetic t&ai u y ro r p e h d

This method uses basn soil .and vegetative c.over characteristics to. -derive..":.. a

curve number ((24) that represents the basin's runoffproducing potent~al. .

Parameters .of basin geometry, such as .maximum relief and longiest:dranage

path, arte used to calculate a synthetic triangular hydrograph. -The computer. .

program distributes precipitation over. time. according to the graph shown "in

Figure 2- of the U. S. ,SCS National. Engineering Handbook, Se0ction 4,
Hyrlgy(..Ss, 1972). This precipitation distribution is the apied

:.. :K -".i...< to the synthetic ,.ydrogiaph to calculate the runof'f h.

1p :uvausfor ths metho, dscribed in the 1982 Envir~onmentalRrt

iniclUde thfe basin ar~ea of 291 sqaemiles,.,maximum,'ielief .of 4,125 feet,'.
l- o n g e st ra i n a g e ,p a th o f .2 6. 0 mi l e s, a- d a. " CI o f 7 0 . T h e 6 0 X h o u r . P

.amount. Of 8. n h s ad h 4hour PM? amount o 122inches..wor '6 d -iin

th runoff hydrograph generation..

'MThe re sults .ofthe hydrograph-generation are shown in Table 1. The 6.0 hour
PM?, produced **,a peak dichagef 180,250 cubicI f•t per -s cond ( ans) and

h2 o P peak discharge of 169,800.cfs. Thelarg

discharge was used in the- flood Touting. . . .

Flood Routing The U. S. Army COrPS- Of Engineers water* surface profile c.om-

.Outer program, HEC-2, wa s used-to calculate the surface width, elevation*andý

flow velocities-of the Probable Maximu .m Flood .(PMF) near the mill site.

HEC-2 programsolves backwater curves for both suberitical.and supercriticaV

flows. Input re4uirements iriclude digitized channel and ove rbank Area cross

sections, channel.and oveTbank area. roughness coefficients, distances.

... ........
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between cross 'sections, and the stream flow (Hydrologic Engineering Center.

) 1976•). Figure 12 shows the area of.the San lMateo floodplain around :the HM.C-

mill site. 'In. general, the floodplain is a complex area of berms,, abandoned

ditches, closed drainage areas And. natural flow.braids. However, r0contour

ing of the site, especially the borrow area and the Vicinity. of the impound-

ment, will remove most irregularities and leave deeper, more :unifoprm f ow

channels.- Expected conditions were represented. in the flood: routing (HEC-2)

model by five cr•sv• sections., -as shown in.: Figure I2. Sections•A-A', B-B'•

-and C-C. eedvlpdfo the expected surf aces after recotui, shown
in Figure 9. Cros sections D-.D' ".n 9E-E.. inFigure .12, depict surfaCes Up-

" trea m fn h , re rd areas thatiln have littl cange thesehatter

• ~ a..P t' e ...ae• te cou •Sa ' Compred to:.41 .eryinicri~ rm

setosweesreyed in. Octbeir of 1980. 4nd-'inNo'vember'of .1981.

Te resistanceh to felow of 4a6r Iroi ed 0 by channel Materials, reet st•..n,.-
confi guration th

bends aa d t moeanders, and channel bottqi th foIm t b ai characterized by

manning coef ficient "n". Ati value ofer t 0.05 was choseno for bot h h- v er-

bank and channel areas of cross. sections D-D' and E-E' because the :channels:

are-quitei small compared to, and nearly indiscernible from, the overbank,

areas. The .forba and shrubs. of' the overbank areas provide the most resisto

ance to f low.. The :channtel within the soil borrow area. was* assigned, an .

value of 0.035 because. it will be relatively smooth.:

The PMF of i80,250 cfs, resulting from the 6.0 hour PMP event, was used in..

the HEC-2 program to .route the flood past the. Homestake property. Figure 12

shows the PIF floodplain.boundary at the site as calculated by -the HEC-2

program. The maximum flow velocity would reach 5.7 feet per second (fps)

and the elevation of the water in :the overbank areas near the tailings..

• ... [
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impoundment could. reach 6,592-.feet.. The flood water elevations are shown. in.

Figure 12. for ..each of. the f"ive sections analyzed. ýThese elevations arel high

enough. tosubmerge the toe of. the impoundment by.. up to about: 10 feet.

Therefore, flood protection of the stabilized impoundment is required 'ahd

." wl " -be achieved by placing. oversized. quarry rock (riprap) of one toito.

- feet diameter along that'portion of the. toe of the impoundment that wili be i

below P1P peak elevations and: adjacent to high velocity flows ,(not in slack

water)..*-

:5.4.3. Protection Measures -z7~.

* Tecrest .elevation- Of- the P4 t h in, gs impouindmeit'vill-e'xdeed the

eleVationo h ecnord .eeeae ground, surface around the to f

the *impounden ý.san in sjomeý at .th oreclaimed area of th mill. Couse-

quently, these areas U oud-indated during ,ýa flF. Ths prions of the'

'embankment toe whh e ih besbett rsive f low velocities, the torth:

andwet ides, will, be armored, wihlre ok(irap) o.f about124

inches.

in addition to thiese pro .tective measure .sl f~lood: flo ws will be'su bstant ially

diverted away from the imipoundment by the rechannelization of S an Mateo

Creek through the reclaimed borrow pit. The borrow pit for soil. cover. mate-v -

rials, described previously in Section 5..3.4,, will be initially located..and

excavated, and later reclaimed, to provide a controlled connection between

the. ill-def ined cre .ek channel north of the impoundment and' the .broad f lood--;-.

plain to the southwest. -The borrow pit will be 600-1300 feet wide and ulp to

eight feet deep. -The deeper, wider portion to. the north will divert f low

away from the impoundment and'di-rect it southwestward. The pit floor will

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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slope to the southwest. and merge with natural ground surface We.t of,,the.

impoundment. :This diversion channel should force the higher velocities and

most of the discharge volume away from the impoundment, leaving mostof t"e

toe areas. in relatively -lack water.conditions.

PMY flood waters will.be prevented from flowing around the east.and south

.. sides :of the impoundment'by placing an earthfill levee from the northeast

corner of the impoundment to the highway right-of-way.to the.east. The

levee will be constructed of.sofl excavated Ifrom the diersion dich south

.of. the impoundment aand from Ocal soi grading. The levewi-ll kep the.

east: and South impoundment toes in slak water during a THF.

The t.oe,,prote~ctio n .mea~sures and ive~rs;ion channelizati~nar illutatdi

Fgures 7 aud 9,.-respectivel.'Y.9P .. ..__ _ _...

55 WATER ANDWInND EROSIN-

5.15.1. Water-Induced Erosion.

The water-induced erosion that would occur at the :reclaimed tailings:.:.

impoundment was calculated using the .Universal Soil Loss :Equation .(USLE)

(USDA, 1978) for three distinct areas of the tailings .impoundment.. These

areas include:-

e :Top of .the impoundment, with slopes of 200-250-1 (H:V) •
an average slope length of.1000 feet, and :2.0 fet,ýof
cover material.

* East area of impoundment slope,, with slopes of 5:1 .
(H:V), average slope length of 580 feet.. Slopes will
be covered with 2.0 feet of soil and six inches ofrock.

material.,

Lic. 11o. SUA-1471 Rev. 0 Docket. No. 40-8903.
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~0 *0 :West area of impoundment-slope, with slopes of 55:1
"(H:V),average slope length ofv480 feet, 2.0 feet .of

soil cover and six inches o0f rock cover.

The soil loss equation. is.:

A = R k LS C.P

where

A = the computed
:.selected for

- t~n,.-n A *n

soil loss per unit area, expressed for the units
k and the period-selected forR. These units selected

R='.the rainf all and runoff factor.-i R-• =20

~k te oi eodability faco. Ti is the::soif loss.,.ate per

erosion index unit for.asecfic, QIl as measu.do au~
plot. k =0.34

L. S thee slope-length factor.and `ope steepness..

- Impoundmnent to'vt 'average slope length of 19000 feet and 200:1
*.:) 0 i .z..f. t.' ....... ... ... o (.57:. ; "fao 0"..12."

S i- East ope area .ith."5: (H:V) slope (207) and'average slope length

SWest slope area, with. 5: (H:V) slope (206) and average .slope ,ngth

ijk ~of 480 feet;. LS factor 8.93.i-

:•:•::'.>.•i.i:i:.:iv~i.=' t•:i..ihe cover -and :muanaement"factor." :The" cover :factor. for.:th~e three•:>•• ••••:".
Wreas is as follo+S.sO

e Imoud ent w tpith vegtaio cover. I 0.20n

- East and West slope areas will be covered with six inches of

" P Support practice actor. P'1.0

Calculations for the three areas to determine the tons per acref per yearrand

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

areas, the following soil loss can.be expected:.

S•Impoundment top: 0.2067
* East pond slope: :0.134

W West pond slope: 0.1214

Lie. No. SUA-1471-
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Converting these volumes to depths, the amount of soil 1Q88sover.a

-1000-year period will be:

p mpuudment top: 0.001 n/ro
1.1 inches. in 1000 ,years

*East pond slope: 0.0007 in/yr or
0.7 inches in 1.000 years

*West pond slope: 0.0006 in/yr or
0.6 inches in 1000.years

From-the above calculati ons, 'the cover .as.. designed il...l. protect against the

release of radioactive material' fo a: pa* o in excess of 1ý,:i00 0 years.

5.5.2 Wind-Induced Erosion

Wind-induced eiosion at "theý HHC i poundmeti o expee to be a proble

/ ~ ~ ~ ~ ~ ~ ~ T t*/ •" ' : :: . / i. i not- ,:i em,, :i:i•:i:•i!iiii:i~~,

because theý side slopes of 5:1 (1.:V) ilbe vereid with at least .'ix

ices orckma teial.: .Over~timie and With some weathering there: will be

th omto fan erosion blanket, ,and .practically no. material from these

slopes will be wind-transported. ..

Wind soil. loss was determined for the reveget~ated impoundment t~op using the

following data from USDA Technical. Note.'27, 1980. Calculations for the Soil.

Loss Equation. are contained in Appendix C. The Soil Loss Equation, where E

is potential annual soil -loss in tons/acre/year, is:

E -f (I K C L I)

where7

f Afunction of

I Soil erodability f actor. I1 86
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K Soil ridge roughness. _k: 0.i5

C W ind ýerosion. climatic. factor.-C=5

L =Unshelteeed fie~ldlenth•,• pasure•d to be, av e of 1,00N feet. -

V Vegetation 'cover, 1,400 ýpounds/acre::of flat small, grain residu ,e.ý

From Table 5, USDA Technical Note 27, 19800,it is estimated-that there will

ibe a loss of 0.4 tons/acre/year, which equates 'to a soil loss ýovetr I,000.-.

Years -of 2. ftches. .- sil equat oilmatertial. wil-I Ve- ed: n tihimpou-

ment OP. -ooteo radioac tie materi.l during'the

X1 000-ya tim peid sdscussed.: in prvious sections of this ehapttr'.

i -7-" mO - -.O
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.6.

6.*0 REVEETATION AnD FINAL SITE CONFI1GURATION

6.1 REVEGETATION

6.1.1 Contour Plan for. Affected Areas

Upon completion of mill decommis sioning and tailings a impoundment stabiliza-

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-

tion system will :continue to. operate fo r some time after mill: closure. The'.

reclamation of this. system. (ells, IX plant, and evaporation pond) will

occur later (probably 15 .yeas or more) Lthan the reclamation of the rest of

.the Mill site. H.c has t aken. care to blend the teash ave e

.affected into the -existing landscape contours. The site will be graded to -

.. .:.* .. provide natural drinae + and toý- protect. against the. development +of depresi-

As shown in Figures 6 and 7 the tailings disposal area will be contoured

with .side slopes at 5:1 (H:V) and stabilized with 2.0.feet of soil cover. and

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 Dof the reclaimed tailings, as shown in Figures 6

.and 9.

•6.1.2 Revegetation .

About 1160 acres will require revegetation. The areas to be revegetated

include the fol lowing-

- Top of tailings impoundment (70 acres)
- Mill area (49: acres)

Lic. No. SUA-1471 Rev. 0 Docket No03
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* .Borrow area(s (139 .acres)
. Contaminated •soil• removal areas (644 acres)
* 'Mine IX Plant.(5 n odres) (250 a .res): Other, including diversio.and evporation pond(250 acres)

The revegetation requirements have been developed based on species curren.ty
on-site,. on. the ability to provide species diversity, and on: adaptability `of
the species 'to the site. Both-'sod and bunchgrass species have been selected-.:

to help provide soil stability and minimize erosion. The seed mixture-will-

be planted between. mid-June and mid-September. This "time period has th*e:.:.-
most .favorable moisture and temperature conditions for germination. In sbme
cases if :'eedbed preparation is conducted. prior :to or :afterm thiA, time per-, - '
iod, a preparatory crop may be planted. Table 2 provdes-the permaen, seed"
mixture. selected and seeding rates. Table,3 provides the data on rapd-. -

grwig rearate crops', if required..-

-The soil in 'the affected areas, is of. the. PeaiistajaPriwitt-Moria'rt-y Asso-

"iation. This soil is rated good to poor depending. oný depth .(Marer -t-al.;
1974). A new soil survey, just completed by the Soil Conservation Service-

has changed the Moria•rty Series to the Vensdito and the Prewitt Series. to......:

the Aparejo (USDA, 1986a). The report: on this survey is expected to b-
published in 1987.

0

The areas to be revegetated will have seedbeds prepared as follows:

" Mill'area -. The mill area will be prepared for re-
vegetation upon completion of.demolition and building/.
equipment removal. Areas where foundations have been
cut two to three. feet belowuground surface will be -filled with soil material through grading. and recon-
touring. Contaminated soil will be removed to the
depth indicated by radiological survey. The area will
.be ripped with a bulldozerorequivalent equipment with

1.-
-I
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ripper shanks which will make parallel cuts on the con-.
tour, The area will then be .disked or harrowed to pro-
vide a surface for drill or broadcast seeding.:

a Borrow area(s) and contaminated. soil removal area(s) --

Areas that have been compacted through the use. of heavy.
equipment in the removal of soil ill :be. ripped as dsI..
cussed above. The total area affected will thený be
disked or harrowed to provide a surface for drill or.
broadcast seeding. The seedbed pteparation.will com-
mence as soon as the required amount of soil material
has been removed..

- Top of tailings impoundment -- It is anticipated that
seerl ea s io urcharige with talnsmterial will:

ýbe required before the soil cover can safely .be placed
ove the top. of te east and wes t b aes Sectio
5.3.4 discussesthee procedures-.that Vw.ll be utized
for. the placement o6fh the cover material.Upon compe-:.

ioofsoil masterial plcmet thb ra. ilb
diske-d or arodon tecontou opoid ufci.::,:: :/ ii.i..::•:"•.::i-::ii' ::,:::di ke r- t•.~ ed, on the 511t 16,.i o Pip~ vid ".ai i-u f ac e:•.. i.-.I!•:- . i::-- .i.•ii :--

for drill or broadcast. sedig

4 Mi ie -IX Plant -- The f oundation. area adprigae

ap.well as the evaporation ponds, up to five acres

total, will, be -revegetated. v .... 7:

" :Evaporation Pond -,- Revegetation will be the same as. -

useddfor the mill area.-

All seeding will follow as closely as possible after seedbed preparation. has.

'.""been: Acomlibed for each area, as discussed above, within the constraints.

S. cli ma t cconditions ... As discussed above, optimum seeding is between mid.: .

June and .mid-September. PIanting in other time periods may be limited to

the planting of a preparatory crop.

Two methods of effectively seeding the area to be revegetated I.clude drill

and broadcast seeding. For HMC'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 -

(......-... " • ..
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placement of seeds, requires fewer seeds per acre seeded, can be drilled

dirrctly: into, preparatory crop:stubble, and provides:•a.•uniform •stand: -of

seeded plants. With seedbed preparation as discussed above, drill seeding

will be well suited for HMC's affected areas. ::All seeding wlll .be conducvtd

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

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

type broadcaster. .After seediun.the area will be conditioned .y raking,

harrowing or other methods to ensure proper seed coverage with soil" -Con-ýý :

ditioning will be conducted on the contour or at. a right angle Ato, th e

prevailing wind

It can be anticipated that during.s;ome yeas t'ihe ,revegetation program' s

su"ac ess may not aceve desired leves. A yearly :evaluationt ll'••:ema:e"to' .,

determine revegetation s uccess. If revegetatio: is. not succssfulI, :the -

mixture, contained in Table 2.. If revegetatioun"is not successful, -for what-

ever reasons, undersize waste rock (minus three inches) •ill be hauled from-. .

the rock quarry (see Section 5.3.5) and mixed with the .top lift of soil to

raise the volume of 0.84: mm particles to inciease wind erosion resistance.:

6.2 MULCHING AND FERTILIZATION.

Mulch will be applied to all seeded areas to conserve soil moisture and poro

tect against erosion. Application will immediately follow seeding and fer-w

tilization. Areas that were seeded as a preparatory crop may not require

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

(Q will have to be determined on ian'area-by-area basis... All slopes within the...

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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affected area will be gentle so no.-special mulch-(e.g., cellulose wood,

fiber, burlap nettil, . etc.:): will be. required. Straw or hay mulch will be::

used, applied at 2,000 pounds per acre. The straw or hay mulch will be -

:anchored with a straw crimper.

-A soil investigation will be conducted to determine soil fertility. :Results

of the analysis. will ao•ioo determination f the amount of nutrienits co .
, ,: ained in theplant growth medium. Parameters.for determing fert:iityin•

:.- udie nitrate-nitrogen,. phosphor .us, Qganic tter and :potassium. .

6 YENCING

e..cing vill be used o cotrol" a-"to t. e tevegetated area.;. The .ene•

:gilserve to control.liv-estck-... grazing 'on the revege ad areas. -e e

fencingwill re ain :as• ngo, e I s responsible•for•monitorip.•nd_ maInte

* . nance., To enclose the property and Separate it. from public road rights-

f-way, abut "58i,000 feet of three-strand bare iewl bese

Lie. No. SUA- 1471 * Rev. .0Docket No. 40-8903
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.7.0 NON-RADIOLOGICAL PROTECTON I

7.1. CURRENT PROTECTION. MEASURES.

The only non-dooia iaads identified as resulting fro theHCml

are those related to groun wa iona

groundywater survey conductedby the ..S. Environmental Protection Agency in.

1975, HIC entered into an agreement with the New Nexico Environmental . ..

Improvement Division (EID) to restore water quality outside the restriced

area to background concentratios, or better, and to prevent the future

migration of tailings seepage. from th rpry hsarement with the

EDwas formalze in A ugut, 1976.. Frs ae ijcinel eei

stalled. alon the souter bodr-f HMC's-property in., June, 1917 This

system !;: of wells:. was designed primarily :to diluteand disperse elevated on- - • !'

centration's of selenium rnu n sufat in ground wae1oae W ........

subdivision to the south of..lC',s operations. Additionally, a mound of£i

: water was to be formed by fresh water injection to create, in effect,-a:

hydrologic barrier to prevent the further migration of waters containing :-

elevated concentrations from HHC's property. In :1983, a second series of -

fresh water injection wells was installed along the southeast border of

HMC's property. This system was designed to create a mound, or hydrologic

barrier, to prevent the. migration of .waters containing elevated concentra- ..

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

pushing these waters back towards the pump-back system of collectionwells

located around the downstream periphery of the tailings impoundment. The

fresh water injection rate for each of these systems has averaged approxi-.

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

K) these wells are shown in Figure 13.
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In addition to the ground water reclamation programs described above,, HMC•ý: -

installed a system of collection wells (pump-back system). on the dowustream.

aide of their tailings impoundment. This system was installed in 1978" and.
was designed to intercept all seepage from the tailings pile. The wells.o-

the collection system are designed to pump at such.a rate that an hydraulic',

gradient toward the wells from both the north and the south is created unli-v;.

formly along the downstream side of the tailings impoundment. Thisi local.

- change in gradient toward the. olection welIs-:not only creates a barnier-to

-...future seepage flow (a. tough): but pulls back and. collects past. seepage.

The collection rate of'this yte has _vae slgty greate tan30

.gallons per. minute ovrth l.ast. several years.!,

.7.2: EFFECTIVENESS OF. CURRENT MEFASURES,-

I.,n lPay, 1984 the .•EI approved. HlC.s.Ground Water Pkrtecti'ýonDischarge Plan

(Hydro-Engineering 1981, ai that gram o ih the

State,'s Ground Water Protection Regulations... A omparison of 1976 to61986

San. Mateo alluvial aquifer piezometric information sbhows*. that water•levels

and flow directions have been greatly changed by the remedial meas .sures:••:

implemented by HMC.. Collection wells around the tailings impoundment are

presently intercepting all seepage from the facility and, in fact, are draw--.!.

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.

.. the subdivisions to northward, back toward the collection wells.: The inJec-

tion of fresh water has also greatly reduced the chemical.constituent con--;

centrations in ground water to well below background levels in the subdivi-

sions downgradient of HMC's facilities.

I
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Through an extenstive moni~toring:,program,. HMC has demonstrated-tat al

ground water outside their restricted area has been retuirned, to better water

quality than background, or that allowed by the Stat' Ground iWater Prtc

ýtion Standards..

Injection of fresh water -has been found, to. be a very ef fective: Solution "for

the reduction of the elevated chemical concentrations inthe alluvial aqui-

frnaHomeata' -will. la The 4 hy lgc mound of fresh water atý the south

property :boundary, is also a verye efective hydrologic barrier w-hichlifr

-,ig a eersal of flow .d~iretionj, drfiving the elevated constituentst between

the proet boundary..A an~ h tilings ipoundment northward- backto -the

system of collection welis. Dilutin diprinAnd. absorption have been
( very effect~Ivin reducing the el evaedcnetain obrvdnth lu --

0 ývial aquif er without significantly inceain cocnrtosdonrdeI

eColeto f seepae &daett h alns impoundment ad theinjeci41

-- of fresh water have benscesu eedial measures to reduce elevated

*concentrations which had :migrated over at large area of the alluvial aquifer..

.7.3 POST-CLOSURE PROTECTION MEASURES

.In its Ground Water Protection Discharge.Plan submitted to the State of New

Mexico,. 11M has committed. to continuing Its ground water protection pro -rams.

until it can be demonstrated that, when the systems are tuirned; off, sny

future seepage from the tailings facility will not cause the. State's Ground

.Water Protection Standards to be exceeded at the property line*. The -col-

lection~ system (which includes the collection wells, IX plant, and evap-:

oraton pud)will requi .re operation for a considerable period of time
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ý (possibly 15 years) after the shut-down of the tailings facility.- ITbis is

because seepage will continue for a time after termination of operation

until storage of water in the tailings is down to, or nearly at, its spe --

cific retention. However, as the tailings are gradually dewatered,•..the

collection system discharge rate is-expected to decline to 20Q-250. gpm.

This seepage water will be piped through the, IX plant for removal. of

uranium, and the discharged water. will be. used for interim s tabillzation

during post-closure grading and reclamation of the impoundment., After.the.

impoundment reclamation has been completed and: Interim. stabilization s '.no.

longer required, the IX dis'harge-water will be placed in. an, evaporatiQiin::

pond as discussed below.

.74 EVAPORATION POND.

After mill closure, the tailings impoundment Will be dewatered'and no longer

available f or evaporation of. water from theý collection wtellsi., Consequently,

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

discharge during the post-closure, period, of active ground-water protection.ý

Thspn ilprovide storage for about 26 mlion gallons of water perW

year in excess of evaporation for about the five years when the collection

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

gpm and lower, the stored water (about,131 million. gallons) will evaporate.

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

and sides of the pond. The liner will be Derry Oil Membrane No. 6, a feltj
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(O---} ... material coated with a thick petroleum rubber. compound. The liner will be

250 mils and:125 mils thick on the bottom: adsesothpond,.rse-.

tively.. Leak detection will. be provided by existing monitoring wells. The

pond,. illustrated in Figuie.14, will be located as4 shownin .Fi-gure 13 and

Will. incorporate the existing brine pond. It will -be, r e claimed &af ter,* ces-

sation of ground water. protection measures using the. dike soils and clays .

excavated previously from the borrow pit before reclamation, ýtO construct a

: .sqil-.cap with: the necessary structural and hydrologic.properties.This $soil

'cap will be revegetated With. the seed m ixture discussed in Chapter 6:.
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8.*0, POST-CLOSURE CARE AND MONITORING

Upon completion of the reclamation activities at HKC's site, it is antici-.

pated. thata modified ground water and subsidence monitoring program will be* -

required. The following provides a brief description of the monitoring

programs that will be implemented.,

8.1 GROUND WATER MONITORING PROGRAM

During and after reclamation. of the mill and tailings impoundmentiHMCO will

perform groundc ater monitoring in conjunction with its Ground Water Dis-

charge. Plan.• Ground water samples will be itaken from selected, wells down,.i-

:gradient-of the- reclaimed tailings impoundment! and from Ahiee• wells up-

rad i ent .. As indicated in Chapter,_ 7 q c.at, HNC wi i uetopretheir

r ~ inj ec~tion/iecolectio wlsyemo uter. clean up -groud ,water in the San

Hateo alluvium. This system will operate until, itcan be. demonstrated that

the ground water' will met: New Mexico State standardsliat:,HC's property

boundary or the exemptions/alternate concentration limits established: by

NRC. Monitoring will be: conducted on'an annual basis for, a--lmited suite of

parameters that have shown elevated levels in the past.

.8.2 MONITORING AND INSPECTION

HMC will place 15 or more feet of tailings sands over.the slimes areas in

the west and east ponds.. When the sands have been placed and., the. tailings

impoundment graded to final contours, HMC will place two feet of soil over

the entire impoundment area. Because the buildout of the impoundment placed

only coarse sands in the embankments enclosing the ponds, the only potential .

for settlement due to consolidation of slimes will be in the pond areas on
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top of the tailings impoundment To determine if settlement has.occurred.

HMC will install settlement monitoring points at locations sim iar to those

ýshown in Figure 6.,

The monitoring points will be surveyed annually to.determine the. amount.of

..settlement during the year. The revegetated soil cover.: over the pond areas.

will be inspected.annually.for signs of cracking, depressions, or other

deformation which could compromise cover. performance. In additiOn to the -

embankment top survey and inspect.On, an annual inspection ofthe rock :over

on the impoundment slopes will be conducted ,to:detect-deterioration,"or ero-

sion: of the rock.. These inspections :and. restoration maintenance will c:.on-

tinue. until transfer of werhi C f s interest to the Statei or fed6eal

government upon, termination of the license.

8.3 REMEDIAL.CARE 9
SThe monitor point sureys and inspections described: above will :detect any

... conditions requiring maintenance or remediation. The most likely condition

will be excessive or non-uniform settlements of the soil cover. During soil -

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

feet thickness) will provide the soil necessary ,for redistribution and re-

grading to fill in settlement depressions, reestablish positive gradients,

or fill cracks in the cover. Extra soil and rock will be placed at. several:

locations on.the stabilized.impoundmeut for :these purposes, precluding the

need to bring in additional material, a very difficult task after recla-

mation. .
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For areas of. the site not.: on the impoundment.•remedaia -measures or mainte .

'ance will involve relatively simple repairs using had.tools Orlight

equipment. This work c an be accomplished by...the staff runni . the ground

water. collection system.: .:.

:• i, •!i~ i~~i•i~~ii~ii• i!!iilii! !•• ' •! ll-ii• •i~• •• ~ii,!ii••44 44~ ••

ý.O

Lic. No. SUA-i471 Rev. 0 Docket No. 40-8903

HMCSL024625



9-1

( 9.0oESTIMATED COSTS,

The preceding chapters of thi.s plan have described the conceptualdesign for

long-term stabilization and reclamation of :the Homestake--rants mill"i site.

Some of the stabilization measures (e.g., soil cover placement and contami-

nated soil cleanup) are based on estimated quantities or dimensions, the-.

accuracy of which can be determined only after additional .surveys. Actual

: . imill pkroduction in the future will: also. significantly influence the volumes .,

and .dimensions of the impoundment stabilization plan. Consequently, in

developing the estimates of ýcosts for stabilization,. conservatively' high

estimates of quantitiesvwere used.

.Thepricing.in this estimate is based primarily on ndependentquotes., or

unit rices poided by. outside sourcesý. The exceptions- are ýthose activi-

.ties or items: fIor, which Homeatlake has )cost data..f'rom previous ,,equisitionsoq0
*such as, piping. And 'snow fence.- The fol ilowing discussions refer to- the items

and costs enumerated in Table 4.

.9.1 INTERIM STABILIZATION

The items that are specific to interim stabilization are the water spray

system and snow fence, and the labor associated with them.. Piping already

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

piping needed for the spray system will be that to distribute water along.

the beach areas. Using one foot of pipe per. foot of beach length, a total

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 $1.54"per foot and

;$12.00 per head, respectivelyT. To maintain pressure and flow, two pumps
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(300 gpm 'at 20 psi) at .1,040 per pump :were included in the'systiem. Adding

all these costs, the system will eost about $1.91 per ofoot, or about 18,1000 -

total.

Snow fence will be used on the crests and slopes of the impoundment and :vilI--

-be moved from place to place as required. Using snow fence on half the sur-.

.face at any time, and placing one line of fence (210 feet) per:acre, A total

of 11ý550ofeet of fence at $0.74 per foot will Cost.about $8,550.

.- The interim stabiization.. efforts will gradually give tway"to lonterm sta-

biaio.Consequently labor viii :be most intense *early, in. te progam

and decrease with tAime. ::.Lab or wi1- be: required to place iand maintain fenc- -

ing, pipes, sprinklers :and!: pumps over a t rget period of: about three yeas.

Assuming an average"of.-tw man-years.per year and a total laba or.co .of

$20/ma-houri, the. estimated :total labor Mcost :is 1249,600. The total esti-

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

9.2 IMPOUNDMENT RECONTOURING

Recontouring of the impoundment will consist of two-acvitites- excavatioi-L

of the embankment crests and upper slopes to 5:1 (H.V) and placement: of this

material as fill in the pond areas, and placement.of contaminated soil as

fill at the embankment toe. -Excavation of the crest is expected to.: be per-

formed first by dozers making relatively short pushes of tailicngs'sands

across the beach areas. -Once the'dozers have cut:away the crests and cre-

ated beaches on the slopes, scrapers will flatten the slopes by longitudinal

cuts, hauling the sand tailings up to 1,000 yards to fill locations in the

pond areas, where dozers 'and graders will spread and compact the tailings.
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( ~The total olmof1850,000 i' diie qall betwieen dozers and scxapers

K) f~or estimating. purposes.. The enierlctono al0s(ecvt,~oe

fill- and compact) is a continuous operation and is estimated by -aUnit

- price of.$1.00 per cubic yard for dozer: yardage a.nd $162 per cubic yard for

scraper yardage, for totals of.$925,OOD 'and $1,498,500,.-respectively.

Fill. placed at the toe, consisting of the -contaminated: soil excavated Around

the site, is pricedc . as if the soil-will be ýdrawn. from a.-stockpile near the

fill location, ozed vino pace, and compactd:,.-ExcaVatIon -of: t)hiSsil is

pricedsepaately: iAs contaminiatd 6oil excavation $;n;ettih• •9.7 About

310,000 cubic yards. are required t•• reate a'5'1'sope'toe i-l, and Aboist:

50,000 cubic yardsadditionalso1oil will .e used to bury the mill - ebris.: :;!.-' .. .

.,under: Slope Oi. b 16oO1. •unit priceof • .1e80 dper cbic ad for -o•

.- ing acd compctionresults .in. acost. of., $481 000 forplacing. the toe fil

Total1 costs-for 'recontbu iig 'the impoundment iar etmed at slightly,,over

$3 million.

9.3 IMPOUNDMENT 'SOIL:COVER

The work items to construct the soil cover on the taiilings impoundment col--::

sist of borrow pit development (stripping and grubbing).; borrow excavation,

haulage, and dumping; and spreading and compacting., The.borrow area covers. . .

about 139 acres. An independent local contractor provided an:iestimated unit

price of $400 per acre,. or a total of $55,600 for borrow pit preparation.

The borrow material will: be excavated, hauled and dumped by":scrapers. The

average haul distance,"estimated at 0.8 miles, was used to determine'the

Lic.-No.SUA-1471'. Rev. 0 Docket No. 40-8903
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Sunit price. of 1.62 per cubic yard. Dumped in windrows across the imo4und-

ment, the borrow will be sped ad compacted by graders,- dozers:adsep

foot: rollers after moisture conditioning by water trucks,. An estimated -unit

price of $1..0 per cubic yard covers these activities. With 600,000 cubic

yards required for a two-foot cover, the total costs for excav.ate/haul/dump

• and spreadlcompact are $972,000 and $1,080,000, respectively. Combined with

borrow area preparation,"the total soil cover estimated cost is $2,107,600.:i

.9.4 IMPOUNDMENT ROCKC.OVER

R~ock: will be required to: cover the imppoundment side. slps to line the

driaeswales. against allerosion). and to ýprotect'thedieindths

and impoundent toe 1gaiut-f looderosion.; The impoundmentsloperoc

-- .cover., 0.5 fot .thck, will equie' abut 103,000 cubic yards.;.T . ,

tection using oversized irock (one- to. twoý0foot Odiameter iprap) .ill re-

" quire about 16, 000 cubic yards,. The totals for Other rock protection", s
about 5,000 cubic yards, bringing tei total to about 124,000 cic yards.

separated into six categories. Purchase oflrock. fom

the-owner was estimated, at $0.25 per cubic yard, or $31,000. The rok-will.

be quarried by drill-and-blast methods,. crushed and screened, loaded.and:.

hauled to dump :locations. on site, then spread and graded or placed. Each of

these task has been priced separately based on estimated unit prices sup-.

..:plied by contractors or industry cost data publications.. -Drilland-blast is

.... 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 per

cubic yard. Spreading is-priced at $1.00 per cubic yard and riprap place-

ment is expected to be $21.00 percubLc yard.

Lic. No. SUA-1471. Rev. '0 Docket o. 40-8903
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If Vegetation cannot dependably protect the top of the impoundment fromWind

.- rosion, the undersize. waste rock -(minus -three inches) will be.hauled to the

site and mixed in the top lift .. soil .to raise. the. volume percentage of

0.84 mm particles to increase-resistance'to wind erosion.Noadtol

costs except load/haul/dump will be involved in this measure, .which would

call for 25,000 to 30,000 cubic yards .of material. The cost of moving this

underaize rock to the site as .:"not been lincluded in, the estimate in Table 4.

-Eiccudi the undersize rock halgthe total cost for..oc protection is-

a out 41,'352 9 00.

9.5 .RAIOLOGIICAL SURVEY

The survey to be conducted after Site. cleanlup, ,to locate residualcoti

:nation, has been estimated in two parts, mill area survey., and vicinity.sur -

vey,.as lump sum items. ;.Estimatesof tfhese costs by an. independent.con

t-".dactor. are-$9,000 aud $23,000, respectively, for a, total of3000.

9.*6 MILL DEMOLITION

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

time period available for. preparing this plan. Therefore, as a.basis for

estimating, HNC used the award cost of a contract placed in .1986 for-demo-

.lition of a uranium mill: near Grants. The total estimated* cost.:of, mill

demolition is $1.5 millioni about double the cost of the aforementioned

demolition contract.

Lic. No. SUA-471 .. Rev. 0 Docket No., 40-8903
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9> 9.7 -CONTAMINATED SOIL EXCAVATION

Cleanup of contaminated, soil iksexpected to be performed in the same manner

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

•ancesi, Therefore, the Same uuit prices apply. :Clearing of 644 acres pat "

' $400"per acre will cost $257*,600, 'and excavation of about. 80j000 :cubic yads I . .

in the mill area and 520,000 cubic yards around the Site at $1.62 pir cubic..

yard will cost 4.29,600 and $42,000, respectively. This gives a total CO2t :. at.: cost

S. of $1,221.,:660 for contaminated soil cleanup.. Note 'that SoilV di sposal: is
included in impoundmen•ttoe • ill costs elsewhere in the-estimate and that no'.

cernofte49-wacre .mi11.area is: Included. (:included: elsewhere as Part of-:

:demoliti~on)

1!9.8 :SITE RECONT6lIRING

Te earthw~orkt~eono' the site.will be Accomplished by g rad ers with`-

some minor earthimoving.6 byd -rand scraper. .For. estimating proes*, the

wor k has, bee diie nosu aks.- general grading (93 acres);bro

pit gra~ding (139 ac res) San Mateo0 diversion (4 acres);V and:, impoundment

diversion ditch grading (28 acres). However, theasame unit price of:$200

per acre applies to al-l recontouring except the diversion ditch grading,

which is estim~ated by cost per cubic yard ($1.62) to excavate soil and place.

it in the levee northeast of the. impoundment. -The 'estimated: cost* for' recon-

touring is $360,400i

. .. .9.9 RE9VEGETATION

After recontouring is completed, all site areas not covered by rock -will be.

re vegetated. These ar eas inc lude the top of the impoundmfe nt, the coutaini-

nated soil removal areas, %the mill site, the evaporation pond, and,-the, bor--,

Lic. NO. SUA-14.71 . Rev. 0 .Docket No.. 40-6963.
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row and. f lood diversion areas. A total of about 1,160 acres will, be revege-.

tat'ed.. The included tasks, priced separately, are soil preparation/

f...ertilizer/mulch,i seeding, and fencing. According to an estimate.froim an

independent revegetation contractor, the costs per acre for .:the :first ,two*.-

are $420 and 480, respectively. Triple-strand barbed wire fencing Is. priced

at 40.89 per foot.

The item totals to reve getate 1,160 acres are $487,200 af soril preparationi

fertilizer/mulch-and $92,800. for seeding. Adding $51,.620 for f.encig, th.
total estimated-c..-.s-$631,620 for revegetation.o

9.10ý GR0UND WVATER RESTORATION AND MO0NITORINGq
Twomaj... or costs ate identified in the .grund water protection.p•g.•The.

first-collaection, injection, and. monitor well operatio -is pi ced P a

4. . $25000 per. year and includes replacement nd Urepair costs.basd: on actual.,,:

system operating 'costs over..a 5 .to 10 year period."*,Operatig -for-"5.year . -

this %task will cost $3,750,000.

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

port the.ground water program.. The existing five-acre brine, pond will be

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

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

.$1.90 per cubic yard, based on costs actually incurred-to construct the-....-

present brine evaporation ponds. The 85,800 cubic yards of'.earthwork will

cost $163,000. Later earthwork, priced .at $1.47 per cubic yard, will be re-.

quired for reclaiming (filling and covering) this pond. This reclamation

earthwork will cost $141,700.

Lic. No SUA;-1471 Rev. 0 Docket No. 40-8903
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The pond will be, lined with Derry Oil Membrane No. 6, the sae• linedr.used to

create the existing brine evaporation ponds. Homestake paid $4.05 per:

square yard .for this liner. Using the same -unit price. for the evaporation

pond liner, the 306,200 square yards of liner will cost $1,240,110,.

.. The total ground water restoration and monitoring.costs are estimated tobe"

about $5,295,,000..

ý9.11 COST ESTINATE SUMMARY

The total estim Ated cost•for long-term stabilization• and reclamiition is -

about $5,855,400..:This cost results from conservative,ý estimates ••f quan-

i:ties and actual or realistically I conservative unit prices based&either oni
eide endent contractor/vendor estimates,-dustry, cost-data, or Komestak

:ihd~~~~~ aet.ý` a o fs H..'

*procurement records. -

These costs 'will be reviewed annually and revised as-necessary.
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10.0 SCHEDULEw

U I"

A schedule for tailings stabilization and site reclamation has been devel- ::

oped ona conceptual. basis, relating all activities to the cloure date

year 0 in Figure 15. This' figure illustrates the scbedule:ý and l..re~tioship

of the activities outlined in this plan. No calendar date for closure of,

the mill has been set by HNC, so the schedule is based on fyears fro

closure,, ot specific dates.

The ground water protection measures, alreadyin place except for the

evaporation pond, start before closure and( ast for about 15 y.r.s after

closure, followed by a year of pond reclamationand -well plugging. All

other .activiti-es start at or after closure' and 'will be completed by the end

of year. six..

At closure, the plan will'begin in the f irst year ith interim :stabiliza -

tion, mill demolition, and initial recontouring. In the second yea:r,'a

:radiological survey will define areas for soil cleanup,. which:will. also

start that year. Impoundment recontouring will continue through the second

year, as well, with sand tailings being pushed progressively farther over"-

the pond areas to f1l land 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.....:

filled and the side slopes cut to required grade. Site recontouriug will .be

completed, allowing revegetation to start as early as the fourth year.

•e N o. .". •
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' In the fourth year the. soil 6 cover placement will start, followed as.closely) . :as possible by. rockcover on the outside: slopes. Boththese a-ctivities will

continue through the fifth year and"should be completedb.y f'thee"e"ofthe

sxth yearý..

This schedule is conceptual only.. The actual schedule will be stroIngly

influenced by the rate of dewatering and counsolidation:.ofta:lins s1iues .

7I,
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U P.P AXD PF DATA

A. PxP Amounts for San Mateo Creek Waterabed

Duration (hrs.)

General Storm

112 1 3 6 24 -72

..NA .. 3.4 iINA. 8.,6. 1-2.2: :'.15.9.

2.2 ... 3.4 5.3 6.7 N3 NA-Local Storm

(r~

. Hdro~graph'Cenerio Relt

S D .ra•P'tion (lire. ) .-6 24.. .4. .

F ek Dischag -69800

Hyror :hLength' (hs.). 13.531.5,

(CLf
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STAILIZATION SEED EIXUhU

EDING RATE (DRILL SEEDING)

GRAWTVj) LBS PURE LIVE. NUMBERDSn
HABIT S ,EED/AR SES/FTzSCIENTIFIC'NAME COMMON NAME

czrasses

Agropyron smithii Western wheatgras

Bouteloua: gracilis Blue grama

:Spoirobolus cryptandrus Sand ýoropseed

Oryiopsis hymenoides In.diaun!ricegrass

Sp6robolus airoides Alkali sacaton

hrubs

Atriplex canescens Four.wing saltbus

B NS 4.0 10.1

NB 2.0-3.

0.5,,6 .

NB 0..5.

h -- - 0.50.

S

NB - Native Bunchgrass.

NS - Native Sod.-

.C .:.
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TABLE 3.:...,

PREPARATORY CROP SEEDIGR

SEEDING RATE
LBS PURE LIVE

.SEED/ACRESCIENTIFIC NAME COMMON NAME

Hordium vulgare
or

Tri~ticum aestivuu2
or..

Avena sativa

33ar Iey
or

Whe• t:-
or

• . . . ,

25.0

Uiiii !!¸ iiiii
Oats

Seeding rateis for drill, seedidg. If b,
ing is used, the, at. will b dubed

roadcait.seed-~

0
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CATEGORY

-ESTIMATED: COSTS
LONG-TERM STABILIZATION AND RECLAMATION

HONESTAKE -MINING Co1PANY, GRANTS, NE• MExICo

CATEGORY OR ITEM/UNITS

1.0 INTERIM STABILIZATION
DURING CLOSURE

1.:1 water Spray System/Ft
1.2:. Snow Fence/Ft
11.3 Labor/Hr

UNIT PRICE QUANTITY.-ITEM COST, COST

$277,1001

$1.91
$.74

$20.00

9,400
11,550
12,480

~Th

.2.0 IMPOUNDMENT RECONTOURING.
...TAILINGS EXCAVATION,. FILL

2.1 Dozer (Crest)/Cu Yd
'2.2 Scraper .(Slope)/Cu Yd
2.3 Toe Fill/Cu Yd

3.- 0 IMPOUNDMENT SOIL :COVER
31 orrow Pi Pr-p/Acre-•~ ~~O 1.?:a;f .6 :o.P it Perp.~ •' :>-i

3. 2 :~xFc avate, Haul, Dump/Cu Yd

:3.3Spread and. Compact/Cu Yd::::

4.0IMPO MENT 'ROCK COVER.. . .....
4.1 Purchase Rock/Cu Yd
4.2 Drill and Blast/Cu Yd
4.3: Crush .and Screen/Cu Yd"..
.4.4 Load, Haul, Dump/Cu Yd
4.. 5 Spread, Grade/Cu Yd
.4,6. Place Riprap/Cu Yd

5.0 RADIOLOGICALSURVEY
5.1 Mill Area Survey,, Sampling,
5.2 Vicinity Survey, Sampling

$1.00 95000.
......$1.62 925,000

$1.80 360,000

'.$18,'$8,•

•249,4

.$925,4
$1,498,•
-. $648,4

*$55,'
.$972,

41,080,

)0o
500
600

$4001

-$1.80

$ 30.5 1!;. $1. 58,,

./$2.00 ::

1.39.

.600,000

.124,000
124, 000
124,000
124,000

1.'6,000o:

.$31,:
,$195,!

$434,
$248,9
$1.0.83,
$336,

.$9q,
$23,

~00b
500.
~000.

$3p071,500*

600 -'*`ý
000,

00

000.:

000,
000

41,352, 900.

000
000

$32, 000

$1,50:0,000

L.S.
L.S...

1

6.0 HILL DEMOLITION

7.0 CONTAMINATED SOIL CLEAN-UP
7.1 Clear Vegetation/Acre
7.2. Hill Area/Cu Yd
.7.3: Site/Cu Yd

8.0 SITE RECONTOURING
8.1 General Grading/Acre
8.2 Borrow Pit Grading/Acre
8.3- San Mateo Diversion/Acre
8.4, Impoundment.Diversion

Ditch/Cu Yd

Costs rounded to nearest $100.

$400
$1.62
$1.62

$200
$200
$200:
$1 .62

644.
80,000

520,000

930
139

4.
90,000

$257,600
$129,600
$842,400

$1,229,600

$:
186,000
$27,800-$800-: : ; "

145,8000

$360,4d0
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TABLE 4:-

ESTIMATED COSTS
XONG-TERM .'STABILIZATION AND RECLAMATION

,BOMESTAKE.IHIBING CDKPANYj GRAMS *Lil MEXICO
pp

10
- . I

OR ITEM/UNITS UNIT PRICE. QUANTITY ITEM, CbST*.'.

9-0- REVEGETATION
9.1 Soil. Prep. Fertilizer$.

Kulch/Acre.
$420 1,160 $487P206

9.4 . Seeding/AcZe.... 490 1,160
94.3 Feitclng/Ft.. r PAW

0 ýGROUND WATU.."STOUTIOX
AND MONITORING

Iuj ect ion, 15
m6nitor Will Apaslyr

aporiilýn' don.
I... Earthwbik/6'Yd r sl.io 65 800

ib i2 LineriSq. Yd 44.65 306200....
Roe amati iFill/Cu. Y(k-' ls'47,.-: 9'6 400

r OTAL COST

$92,800.

'01#600
0116 00

-$.1140 lob
$141 ý66

'80

5,855
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FIGURE I
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RAN O. .MAATION .oD.LING.
OCTOBER 1986

ThiS report is part of the results of work accomplished under Contract
Number 152772, conducted: fr Homestake"Mining Company, .rants, New ex .i.c

for the determination of radon emanation and dispersion. The mode-ling was

performed to determine the cover' requirements for .the Homestake Hill .

Tailinigs. Pile.

The results. showi that- if tbe ta iig 4ad r uhd ove the salimes, they.

would reueteemissions f rom. the sines. This, in tun educes the soilY
Cover requiemep to sightly less thannefotfover, required itoee

the radon emission .requiremenits of the NRC. This result is coservat ve.,

Toe computer pograms$ that were 'Used.for this work are documented and.veri-

fied utiliin nuei a ltos. and comparative: analysis. Teporm

-consisted of RAECON (Refe. 1),. an NRC-approved program for determInation: of

cover requirements; HAZHAt (Ref. 2),. a .proprietary. Triad program for Atatis.

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

the determinatiponof plume dispersion in various meteorological conditions•

Lic. No. S!A-1471 Rev. 0 Docket No. 40-8903

H MCSL024660



A-I

RADON ErANATION MODELINC

.10 INTRODUCTION

.Homestake Mining Company, Grants, New Mexico came under the regulatory over-

view of the Nuclear Regulatory Commission (NRC) in 1986. The NRC requested,

that a plan be developed for the stabilization.and reclamation of the

facility. Thb Is plan includes a soil cover to reduce radon flux to meet: the

.ýemission. requirements in 10 CFR 40, Appendix A.

Triad Inc' (Triad)was contracted to perform the radon emanation modeling.

Homestake also requested that Triad review their data, :..determine its statis .

tcsl .validity,-and put it into. a useful format.Th.is was done using.the

,program, "StA-PRo' .(Ref`.:'4) The initial findings' erepentdtth 
C

At an- informal meeting in S~eptme 
96 The::bon ensus f rom the KRC at

this meeting. Vas that ýth~e methods utilized 
and- results*obtained met with~

their general app.,rov al. This report contains only information on the rode,-

.ing of radon emanation related to soil icover requirements for Homestake's

tailings f acility..

2.0 COVER. REQUIUMENEWS

2.1 ASSUMPTIONS.

Radon emanation is normally calculated assuming a blend of tailings sands .

and slimes. The total combined amount of radium is. determined using the

slimes and sands :as percentages of the blend, which is used for calculation

of the cover requirements. The Homestake plan for reclamation of the pile

does not blend the sands and slimes., but calls for at least 15 ,feet of

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903.
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.tailings sands to be pushed, over the slimes ý(Ref.,,6). Thi s confI iurati on

uses the sands to reduce :the emission rate from the slimes.

I.
*0

."2.1.1 Parameters

The calculations used the Ifollowing parameters. The sands. were assumed to-

have a radium content"of 100 pCi/g and the slimes of 1,000 pCi/g (Ref. 7).

The sands were assumed .to have a diffusion coefficient of.021cm is and the-'

- 2 2
saimes cf 4.3-:o• 110 cm is (f. 8). The radon flux:- rates for the s and

2 2
we . re assumed to. be .71 pCi/jm /s and for the saturated -slimes, .032 pCi/n Is ,

(f.). These arelconser vative-numbers. The 6oosty of the tailings':

sands, is estimae at3 ihamitr otnt .f11%.. The covermae

- ilwsassumed to -have A* TOrsity of 37%. with a moisture content of12

2. CMPTAIOS FSANDS OVER SLIMES

It was necessary todeterminte the Optimized amount of tailings sands over

slimes to redu ce the radon emissions f rom. slimes. The RAECOM code was, use~d

with the following assumpt~ioS:

1.

2.

.3.

4.

5.

.6.

7.

Sands have no radium.

Sands have porosity of 37% with 117 moisture..

-5 2
Slimes have a diffusion coefficient of 4.3 x 10 cm /s.

2
The flux.rate for the :saturated slimes is .032 pCi/m /as..

Saturated slimes have a porosity of 37% with a.:24.8%.

moisture content. -

Slimes have 1,000 pCi/g radium concentration.

-Slimes are assumed to be infinitely thick.

Lic. No. SUA-1471: Rev. 0 Docket Do..- 40-8903,
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The results of these computations:are:

A•MOUNT
(feet)

02
03:
04
051
.06
07
08
09
10
11
12
13

S14.

EMISSIO RATE,!:(pCi/rn a) .

93
82

•" • ' ".. 62 -

48
.36
27
122
.17

15,
14.
13
11.

-.. i .: :. .17.:In ! :?i .

16,. 09 .

17 09 .

18 08
19 .. 08
20: 08

these results indicate that when nine feet of sands are placed on the

slimes, radon emissions are reduced to below thel-required limits of- 10CR

.40, Appendix A.

2.3 SANDS WITH RADIUM

A determsination of the, cover requirements was then niecessary for, the

tailings sands. The RAECOM code was used with the following assumptions,

1. Sands have 100 :pCilg.
p 2. Sands have porosity of 377. with 1.1% moisture.

3. Sands have a diffusion coefficient of .021 cm Is.
4. The flux rates for the sands is%.71 pCi/in /s.
S. Cover :Material has porosity of, 377. with 127. moisture.

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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AMOUNT
(feet.).

01
02
03..
.04
.05

E"ISSIOJ.RATE
(pCi/mi Is)

09
08
04
01

The results indicate that one foot of .the soil cover described will meet the.'.-,.

2
10 CFR 40. requirements for radon emanation limits of 20-pCi/rm- s.

2.4 MODELING OF SLIMES, SANDS, AND COVER SECTION

The" muodels described 'in 2.2 and 2.3 were -combinedin..a subseque •-,RABCO1

model!ng run that.combined the slimes, Sands* and cover material, i-n -One .

section: with. all the following assumptions:

.1. Slimes have j,000,pCilg,. sands hate10 pCi/g.

Slis2. Sies hava porosity of :377.with a 24.81: moisture content. 7 7.

3. Sands. have 100 :pCi/g, with-a porosity of 377. and a moisture
0 content of 11%..

4. Cover material has a porosity of 37. with a-moisture content

of 127..

2
5.- Sands have a diffuiion coefficient of .021 cm /s, and slimes

have 4.3 x 10 cm is.
.2

6. Sands have a radon flux rate. o .71 pCi/im /s, and the
saturated slimes of .032 pCi/m Is.

7. Slimes are assumed to be infinitely thick.

AMOUNT
(feet)

01
02
03
04
05

EMISSI0o RATE
(pCi/r m/s)

12
10
.09
05
.02.

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903.
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These results indicate that less than onetfoot:of cover •material is required.

to be placed on the tailings pile to comply: .vith the. NRC radon emission

release limits. .

-3.0. CONCLUSION-

3.1 COVER REQUIREMENTS

The cover requirements for the Homestake, Mill Tailings Pile are based o'nithe

results of the radon emanation model (Attachment 1). Input t the model.

requires at least 15 feet of sands being placed on shines. The result -.o

tha th *nislos fom heshiesbecome negligible. The sands hav .a

or0zder of magnitude less radium than sithemsies. This allows for a signifi-

cantly reduced amount of soil cover material thickness. Specifkally, less,

than one foot is- required for radon release protection. - ,,,

.36.2 .METE.OROLOGICAL EFFECTS 4

-Barometric pressure. affects the, radon emissions f rom. the. Homiestake f acility:

and influences. the area's backgroiundsignificantly. The barometrice pressure-...

causes measured 'changes in background concentrations from .0.'98 pCi/I -to 6.8

pCi/l Rn-222.' All other. meteorological conditions combined produice less:

than a 17. difference in emissions (Ref. 9).

3.3* BACKGROUND RADON

Background radon concentrations for the Ambrosia Lake area are significantly

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

greatly influenced by this background. The background radon subtraction

Lic. No., SUA-1471 Rev. 0 Docket No. 40-8903
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shows that over the past three. years there is normally less than 1 pCi/iof

Rn-222- present at the mill site W(Ref. 9)

3.4• 0 S •"..VATISMS

The following conservatisms are included for information and are not usedin:

any of the calculations:

A...". The radium content of the-sands is assumed: tb be 100 pCi/g; -
the actual amount is approximately 90 pCi/B (Ref. 7).

. The 'radium content .:of the slimes is assumed to be ,000
OCi/g; the actual amount, is approximately 9006 pCI/
(Ref. 7).4

3.eth der h. of osavds"ovexr,.lies will be at least 15 feet;,
thr.will. be som location (Ref. 6).

4. The actual cover requir~ement is 0.6 feet, whereas 10fe
is atuAll Le~mne. ~

J.5. The imall size,'of the tailings partiCles. as not accuratel
modeed i RAEOH;consequently, the tVortuoiyo ao a

flwpaths and resultant f low retardatio i~.s' uVderestimated

by RAECOM.

6. The influence of background is not consideried.

these conservatisins clearly indicate with a great deal. Of certainty :that. one'

foot of cover Imaterial is adequate with a significant margin of conserva-

tism.

Docket No. 40.-903.Lic. No. SUA-1471 Rev. 0
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APPENDIX I

REPORT OF BORROW SOIL INVESTIGATIONS :
D0NMSTK MINNGCDNPANY

I.1.0 INTRODUCTION

Upon closure of the Grants mill,. Homestake Mining Company (HMC) will place: a:

soil cover over the tailings impoundment in accordance with 10 CFK 40,

Appendix A,. Criterion 6.--: The reclamation plan developed-in 1982
(D'Appolonia,"1982)-identified two borrow: areas on HNC propertys from J hich::: -

cover soil could beobtaeined.e Howeverbno detailed investigations had been

per ormed.on these areas. In order. ton etermine specifically theproperti es .

and Quantities of ooetilbrrow materials, informationu needed in part to

sup ort radon emanation podelis oand .over den iCndute i.vest" a-

Tiot o of the potential borrow Areas,.

"The. potential borrow sourceis are those portions of RHO property to the north

and west of the tailingsj ipoundmn. Agrtsbois and test Pits were.

used to explore these areas and obtain samples. f or identif ication ýand test-

ing. Laboratory tests were conducted on selected samples to determine soil.

classification and p roperti es important in cover desi gn.

The field and laboratory investigations show that the potential borrow areas

contain mostly fine to medium grained alluvial sands. However, significant.

amounts o.f clay also exist at shallow depths... When used separately or mixed

with the sands, the clays will be easily workable and will provide a suit-.

able cover material for the tailings impoundment. Available quantities of

Lie. No. SUA-1471 Rev. 0 Docket No. 40-8903
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clay., sand, or a sand/clay mixture are sufficient .for the impoundment cover

as well as any other possible use in site reclamation.

This report describes the investigations that •twere performed and the ration-

ale behind them (B. 2. 0) :and the results of the investigations (B.3.0)- sup-

'porting data, including -logs :.andtest Teports, are.included as attachments:,:,,,

to this report..

B. 2. 0 METODS OFIVSIAION .

~The objectives of theinestigation were to:

i IdentIfy .the types and 'volumes of soils availableý in
the potential borrow areas~., .~s.

9 Dete .rmine thos'e physJical properties which would af fec~t
. placement and pe rformance of the soils as cover, o6n the -

S, Delineate a borrow pit in appropriate soils to be in-
cluded in the: stabilization and reclamation plan..

'To accomplish these objectives, &a two-phase field exploration program and a

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 hol1es, -the.

-second-exploratory phase was performed. In this second phase, nine test

pits were dug at selected locations between test borings. ...Additional: lab-.,

oratory testing was performed on selected bulk samples of test pit material.

B.2.1 TEST BORINGS AND SAMPLING,

In the first phase of.exploration during July 15-17, 1986, twenty test

Lic. No. SUA-1471 Rev. 0 Docket No!. 40-8903
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. boringsi were drilled at locations shown in Figure,11. -All but three bor ing"s

were drilled to :21.5 feet. Two, .BAi7 and :BA18, .'were drilled to, ;26:.5: fee t,

and BA11 was drilled to 36.5 feet.. Each boring: was advanced by 4. in"ch

I:D. hollow.stem auger with Standard Penetration Test (SOPT) performed at

five-foot intervals, starting at five feet' depth. SPT samples were used for-

visual soil classification in the field and then preserved in glass jars

with aiýtight lids.

Grab samples of auger.cut:tingsvee;also obtained atiriregularintervals

, rom each boring.A sampl e of 10 to 20 pounds was usually collected when-

ever a ch ane ofsioil-:was encountered or when clay, was penetrated. The
- mixig .of iay and sand so ison :the au•ger lights provided. a reasonable .-

analog•of the. soil Mix..ture t at .cou be used for " ! .theipoundment cover.,

-The locations, of the borings were chosen to. provide..coverage of all HMC

property north and west of theAipudetfo which borrow soil,, if

• suitable, could be obtained. Other locations on the property-were not

considered because of proximity to the highway, residences., :or mill f -acil-

ities. The location of each boring was selected by a field engineer andI.:..,." -. • . .. . . . " . : . ." ' " . i ' :. .. •.i ..: .- .

later surveyed by .MC. .

All test borings encountered.,relatively uniform fine to medium sand, and

most borings encountered clay as well. Two distinct areas of Clayexist,

one to-the north and west of the impoundment and the other off the northeast."

corner of the impoundment. The latter occurs at the bottom of BAll and

BA18, below"21 .feet, and is the clay of. the Chinle shale.. The.major area of

clay, north and west of the impoundment, contains stiff to very stiff

Lic. No. SUA-1471 Rev. 0 Docket No.. 40-8903
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alluvial clays interbedded with sands.. The clay which occurs at relatively

:shallow depth, less than 10 feet, is most accessible and itherefore, of most

.interest in this investigation. A significant volume of shallow lay9,

estimated to be about 580,000 cubic yards, was found in. the area outlined in

Figure Bl.

B.2'.2 TEST PITS
Af ter the test borings were completed and results were obtained.from the

initial laboratory tests, nine.. test pits •ee.dug. by backhoe. The-test pits

were located between-bori ngs and beyond the boring pattern to. conftrm. the

continuity and eXtent of ;the clay deposits. The pitser dg toa mnaximum

depth of 10 :feet.., Bulk samples were obtained of Individual soil ~strata for-

!,additional testluing

The. test pits. were located by aL field engieer relative to the test boring

locations and nearby referencepoints..The locations *of the pits were not*

surveyed.

B.2.3 LABORATORY TESTING

Standard soil testings using ASTM procedures were used to characterize the.....

properties important to :the evaluation of the soils for the impoundment

cover. In the reduction of radon emanation, the long-term retained moisture

and density/porosity of the soil is-most important., Grain size_ distribution
and plasticity characteristics affect the workability, compaction character-

istics, and erodability of the soil.

Lic. No. SUA-1471 Rev. 0 Docket No. .40-8903
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Moisture Content - All SPT samples were tested for natural moisture content.

.Most of this testing was performed by HMC in its mill lab, but Sergentf-

Hauskins and Beckwith (SHB) tested moisture contents in samples from f•our

borings., The natural moisture ranged. from less than 87. in sands to between

8 and 167. in clays.

Grain Size Distribution- :Because most soils were clearly either sands or..

fines (minus No. 200 mesh) based on visual classification, grain size

an-, .alysiswasrunonly on those 11 bulk saplaes of mixed soils taken from the

augers. These analyses made it possible to relate compaction test results

to the grain size distribution..

Atteiberg Limits A total of 22 Atterberg iis(iudadpatcImt

an platct Ind ex) were run, in accordance i with ASTD: ID4318 .to properly-

classify 'and predict behavior-of the fine grainhed soils. .*-Fif teen of•the

samples were from SPT tests and provided a: initial assessment of the-occut

rence and distribution of clays. The seven test pit samples-tested later

confirmed continuity of clays and provided a broader, data base for evalu-

ating the properties of the:clays.

.Compaction-Tests -. Moisture-density relationships for compacted soils were.

determined for 18 samples of borrow soil using the Standard Proctor Test

Method A of ASTM D698. This test, used to determine the relationship be- .

tween moisture content and compacted density, yields the optimum values of

both. Eleven tests were performed .on auger-mixed sand-and-clay grab samples 0

and seven tests were performed on bulk samples of clays taken from. the test

pits.

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903.
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Permeability Tests -. Four constant-head hydraulic -conductivity .tests were

performed to determine the intrinsic permeability of compacted soil 'covers.

The samples tested were four auger-mixed sand-and-clay samples that repre-

sented a reasonable range of cover.soil. mixtures, based on visual inspec-

tions. The.samples were first compacted to about 957. maximum.'dry .denstty at

moisture contents slightly wet-of-optimum amounts,. similar to the expected

field compaction specifications. Each was then-saturated and placed under4a

.constant head of 11.5 feet-of .water r and the amount. of flow'through time :wasi

measured..

3.Io uESULTS OF~~ ThE INVSGATION

B.3. 1 DESCRIPTION.OF SOILS.PRESENT

Oi ' i .'The designated borrow area contains.alluvial soils'to 1depths"o at Least.21

feet, all above the g.round .water table. These.soils ar- primar il, i'y-ineo to

medium sands, but in the portion of tbe area west *of about departure coor-

. .dinateA400,OOOE (see Figure. BI), a large amount of clay exists at shallow

depth within the alluvium. The natural moisture contents and Atterberg-, .-. .....

limits, of the. clays indicate that there may be two distinct clays present in

this area. Clay A has. medium to low plasticity :and natural moisture content:

below 9%. Clay B is medium to high plasticity with natural moisture content

of 10% or higher. The two clays are also distinguishable in Standard ,roc-

tor testing, where optimum moisture content of Clay B is hIgher than"Clay A.

• (19 to 227. versus-13 .to 18%) and the. maximum dry density of B is. lower.tthan

A (100 to 102.pcf versus 109 to 112 pcf). The distinction between the two

clays is readily apparent based on the properties tested but might not be

statistically supportable..

Lic.-No. SUA-1471 Rev. 0 Docket No..40-8903
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- The distribution of shallow clay is shown in Figure Bl.. Deeper claysMiexist

south and eastof the clay area shown, but are not being considered at this

time: for use.:as borrow material, .. The area of clay is. irregula r but appears

to be continuous. The A and B clays occur together in this.,area:without

apparent spatial separation,. although there is some indication that the. B. -----

clay is. concentrated in the deeper, more central parts of the clay deposit,

while the"A clay is more common toward the edges of the deposit. It is -ot

-:.. .. : .":£.. BB .2.3 U TA I IT2 SUITABOILITY : • :..:" /:: :+;Z::•:OR COVER SOIL: •:•:-:!:•ii•'!:•.

": :.: :..i./The evaluation of the: borrow :soil :for :cover suitability must r~efer :to" the*.++:q:{•.!:•iiiperformance requirements ofthe cover.'A' The cover must: (1)rideduce radon

flux tO not more than 20 C/ s; : and (2) resist erosion and. infiltration
and otherwise remain stabile.forr 000 years.soil ." m xe "" ":fer ,o t"e..... rma .. req re t of t" coe.Tecvrms

flu to no "oeta 20 .~/m . 2'

For the first requirement the lowest possible effective porosity and at

long-term retained moisture content of at least O7 are desired., Fotr the

second requirement, maximum density and cohesion and minimum-permeability.

are desired. The clays soils have more of these desirable properties than

the sands. However, sand compacts to higher- densities and is generally more .

Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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workable than clay. 'Consequently, .a mixture, of. clay and sand is best for

.the cover. soil, although either the.A or B clay alone would.be satisfactory.
(

The mixed soil obtained from the auger, which effectively blended the clay

and sand that it penetrated,' has been evaluated as the,,design: soil mix f.or

the impoundment cover... This :clay/sand mix contains up to .407.clay and is

classified as a.clayey sand (SC)..according to the Unified.Soil Classifi-

cation syst em. aximum dry density should be 111,; to: 117 pcf with. optimum

moisture contents of 12 to about .15•'.ý fPlaced at 90-95 %idensity, inital'

moisture contents.ca be raised to 14-8.s tha logte r aie mois

ture'of about,127 is reasonable. With a mean maximum d•"ydensity of about

115 cfj, 90%7 compaction will produce about 104 pf dry. Adensity and total

porosity of about37. ih a s~ignificant clay content,. theefective

porosity, should- be 'aigniificantly less. At 957. compactioni, the hydraulic

conductivity (intrinsic permeability)of this mixed soil should2 býe :10- 6 to

1'0 -•.cm/sec, while- at 90% compaction the value will probably increase about

an order of magnitude.

Achieving these properties is well within both he characteristics ,of the

mixed soil and the.capabilities of standard earthwork practice.. Natural

moisture contents of 9 to 157 indicate that it is reasonable. to expect 127.

retained moisture over the: long term.if the soil is moisture conditioned to

14-18% during compaction.. With that moisture content theý 'soil should be,.

compactable to at least 100 pcfi a dry density sufficient to make the cover

durable over a long period of time. Should further analysis indicate that

increased:clay content (above 407.)would improve cover performance, the ,soil

( t i. . ,• . ' . . • '. . . • .. . • . .
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mixture canbe'easily enriched with clay, which will decrease" d density

but also increase retained moisture and reduce effective porosity.

1B.3..3. DELINEATION OF BORROW PIT
" " • : • ~~~............". ................. "--:".""". , . . . ........... " •.."../.'." ...... :......:. .-.... :

The 'design cover soli: a 8and./clay .mixture, can be obtained from relatively

shallow excavation in the area in the clay. deposit, shown in Figure B1.-Fo"

a nominal two-foot thick cover, about 570,000 to 600,000 cubic .Yards of-s..oil.

willbe needed. Conceivably, .then, the estimated 580,o00 .cubic. yards of
- - shallwlayw could provide all.I the wover'soil ueeded. However, some borr I .

soil might-be, required for site. recoutouring eva oruio pon t-c lamation,-i

-or oerproesaborwptocacity is desIrable. n

-Addition. because the, pit wil jb octd: In:teSnMtoCekfodl
its location', :hape and reclamation should enhance"flooddiversioii aUd

proteo tin to the extent possible-.•

The location, size, and configuration of the borrow pit delinaedin::.-Fii4 ` .: :;.i "

BI take into account the considerations discussed above. The pii llTbe

located.west and north of the areas of suspected excessive radium.ont.ami

nation of soil, so noborrow soils should be contaminated. The borrow pit -

is -defined by straight boundaries," for simplicity in conceptual design, and

.follows the general pattern of the clay deposit. It starts at theinortheast

end with, a l.-grade sloping to a.cut up to 10 feet deep.: The pit .trends.

southwestward.for about 3,"000 feet to the county road', then, south-.

southwestward for another 2,000 feet, becoming progressively more shallow

until it merges with existing grade. The width north'of the county.road is

about 1,300 feet, narrowing south of the road to 600 feet at the south end:*

of the pit.

.~~o 40-.4003.. '
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Thisdonfiguration will yield au t 8000 cbi y s i re qi re

very little reclamation.' The capaicity.includes .allowance for.losses due to

clearing and spoil of l.soil with too much organic content, for impoundment:ýý'.'.

cover-design thickness changes, and for borrow soil requ6irements•- elsewhere '

on site. The. layout-and gradient: of the pit create a large diversion: chan-

..inel which can redirect flood waters around the impoundment. O:nol sm .all

amounts of regrading and' t y revegetation wilbe required to reclaim :th

pit'to Its post-closure function a: f flood channiel.

This....investigation o.has esta-blis t• .att-he.nothWest.portion. ofthe C

prperty: c•-cont a lay and san.d •sol i 'ufficient:quant ty and with sut -'

able propert esý .o provide ood cove soiv : " or the mpoundmen-tand other

possible uses. These' soais will have. the necessary moisture."and density.t-

effectively control radon emanation. with. relatively modest:compac~ted thýick-

nesses (aout two feet). Standard earthwork methods a.nd equipment whilb

": ,adequate to excavate these soils from shallow depths and to. place and. com-

pact them to required density aindmoisture. :-The volumes of available Soil

are more than enough to satisfy required quantities.
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SUMMARY. OF NATURAL MoIsTURE CONTENTS

OF BORROW SOIL SAMPLES

.FROM TESTS BY HMC;M.ILL LAB' 17/1786.
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: 1. ..'..5 .(../::;;,? :i ;i: .•:
1 5 :;..!."!:;;:"÷.;.;;;: ; i'.-i

SAMPLE KNO.. S-

2
!3
4ý

2

4
1

4

2 ", .h . . ...... ." ."" •"

2

4

,1

2.

3
4

2

-3 .

4

-2

4

7
2

4

'2
3
4

.2

4
1
2

4

*MOISTURE SO IL T.YP!E -
2.55
8.94 C

13.27 CH
13.7

13.71 CL
2.67
2.07,.
2.*36
1.84
0.94
1.16_
4.48
14.20 CL.

2.02
5. 575
3. 10
2.21
.2.09

12.04CL
2.42

217
9.96. CL
1 2. 2. CL-CH
2.4
1. 67-

2.:26
1 " 59

1. 42
- 0.48
1.16
2.21

1.57:
1.17
3.26:
.6.3
3.•6 :.
14.64. :', CH
14.14 CL

" 16.93 CH
4.79
0.76
3.17
0.79

2.02
5.70
1.77
0.96 -

1. 7B
0.58

•"0.8B0 "" " "
3.40
ý2.91
0.29
1.45"

- I

HMCSL024685



____L IN GE __.._CA

SERGENT, HAUSKINS & BECKWITH O5LTN

SOIL~ 
iAotUG OL G 6 # TIERIALS EN4GINEIRIING * tYDROLOG5Y

___ 3. OWANE SERGEN. P.C1.JO NS MAUSKINS. P G. GOG U EKIt. E OE!0.SOH

APPLIE S) S I #4CC H .. EN I E R N .~T L PH. E ? - ALLO _ . OWEN E

R a . P D C . EE S V O A L E V S E UO E NK O P PO A D 0 E ~ Z E . P R O B E R T L -F R E W C

DONALD VAN UKR.P0

July.28,..19B 6 -

•SHB" Job N0. 6-1113
Alan K. Kuhn, PhD, P.E-.•

13212 Manitoba Drive, NE...

Albuquerque,.New. Mexico. B7111

Re: Contract: rill'ing-& Labor~ato~ry TestIng.
iri. ,.k M n.

0. . . 1o m 1,• ý : , i •.. .1 . ;."C • ~ t j ' ' x; .:.. .. : 1 : i:.. ... : 1 ". i•:" -:: i :!

Dr. Kuhn.

The .lo ing t..al lists result's O moisture-de'nity rela-.:. • •:•: : e " O l l o w in g .: t , . ý .- . I.. ... .. ... . : ". -db u -I t e ." o.n." ":.:.i.."! ..

Thn s " " on samples frequested iyl-.1. , y.ttr to

this f , ate J69B 21, 1986. -,tO sieve analyseSl dbt 
-u."

an omatiofl .Ur~ are: attache.0,

Optimum Mosur Maximum Dy

Cotn'% ý.ýDensity -P -6f)

:?" ".:,." . .. . .P .. -: " '. ;• ' " ::• ' 19 6 . --;ae - •t .... ..:.... ... :. -.-.. - ;-•';'.:•.-:;;;..;.SiI.

':." . .. .- i m d a t e d ... J u l ... . . ..- . ... ... •, .. ..• -,:.... .. . .~ I...,..... •.... ••,,;...

I.

BA 1-ýAl1

BA2-A1

BA3-Al

BA5-A3

BA6-A1

BA7-A2

BA8-A1

BA10-Al

BA1g-Al

-BA 19-Al

13 6

12.1

12.3

13.6

117.2-

- '.. 115 . *4 " " ... " :/ "
117.4

114.8.

15 -0 8:'1• .o . " . .'.1••4.4

116.2

13.4
14.8

12.0

13.3

1.2.8

Respectfully :submitted,

Sergent, Hauskins "& Beckwith Engineers

By

yo
REPLY TO: 4700 LINCOLN ROAD. N.E.. ALBUQUERQUE. NEW MEXICO 87.109

PHOENIX
1602) 272-45A8

AL,9UdV2RQUE
ISMB) 864-0950 (505)471-'S36 (So 1) 66-0

7 20 ý ý EL PASO

to 15) 7'ie-3369

HMCSL024686



job No. Drili . a Testin-

• Proic Contrtact Dri•l:litg &:L!Tabbratory/ Testing;
I I

Homeatake Mininhg Company.,5- Grants'.q.. NW

Material'__________________________________________________

UN IF Ft ED SIEVE ANAILYSIS - ACCUM. % PASSING LAD.
LOCAtION DEPIH ASS. LL P - - - NO.

NO. CIL 3_0 1 MA1. 114/2 200 100 _40 _0 : 3 112 310 M ST.

.A. -Al ... 13 35: :198 100 . - 2

.. A2-AIý 32 56ý 99 100 _0_ 
.

,..-A1 ..".. .. •. "1•0"

.- Al Z_•_"25 45 97 100 13'4

.A... ..._,"30 50 98 100 2 .. •

BA6-A1 • __.__ 179 8.-A : 991 100 3-_,

BA7-A2 369 55. 94. -100 5 13-2

25 :50- 98. 00 13-8

BA10-Al 18.42 9 100 ... _. -.9- .

BAlA-Al .4".4 103

BA19-A1 26 6 :99, 100 - - --"5 13-11

..- - , • - - I
-.. - - -i ... - - -": -iii•• "- -

-( SEROU4T. fAVSKINS -&:,BECKWITH



I- ý.

SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PIOJECT Romestake Mining Company JOB No. E86-1113

((

-
-S -S.. ~ ~

-i-S 
--- - -

.,~. -

LA-

jam:

!'T-

OR! UZ; iý ~a I.4-.a;-
IaI.

T7

(0 .. : 4 6 8 10 12

MOISTURE CONTENT - %•DRY WEIGHT

MAXIMUM DRY TES W 7.TO L IAD

%,yWT CU. FT. .
, -

BA'-Al 7.9 118.4+ ASTM D698 A i

MOISTURE-DENSITY RELATIONSHIP 'TEST METHOD DATA

AASH7O 199 entd ASTM D678 (Standard Prouctr

MET1400 MATERIAL MN O.OF T LOWSPER IHAMMER CEG.TF WPACTIVE EF FORT

_____ EamMs Sc LAYERS jLAYER WEIGHT ,ALJ FT. LOSSCU. FT.

AS 
3~I1" ___1 3 515 LOS. 15".153

AZJ-L.2.4 L o l ' ___ 
5.5L" '2 iS." ' 1 "1"7-

.314 .] a s s _______ 6 J 5.5 LBS. 
131

. • . .. 
O . S. 

2. 7

AASRTO 180 and ASTM D6157 (Modified Proctor)
- -. 

..

MDMAE LNO.OP . SLOWSPER N. HAMMER I HEIGHTOF COMPACT'IV EFFORT

A .__"__,__ J J " !JLAYERS j LAYER we, HT FALL FT. • SC.F,.

A -. a I~''~J ____ is 10.0 LBS. *i. £

* [ .a.' J I J 5 j 56 J10.0 LOS. 15
I- 1050

$
- SERGENT, HAUSKiNS & BECK WITH

t#~~eI, ~0N5VL7lN0 060TI~HBICL

- ALBUOUEAOIJ! . MSJi. 56. 545.7 LAOS CIIY

1-

HMCSL024688



SUMMARY OF MOISTURE DENSITY RELATiONSHIP TESTS'.

omestake Mining compan". y JOB No.: EB6-1113
.PROJECT R

.4J..LL.~44iLiJ4~4..4-44.~444J*44.-..-.4-.44 
t4~4-4~4-~ ~7 im~-~~~:

w

• . .. : . •m0 .

• 'I-L

•: '7. : ,): ''

.1; .. j. -4- 7

*:T

ju:
Z :7a

"al

Ln 
=4=

ti rt
+114;

N: :,li s5z

ell .. .... .... .

j-

44 r4. 4

110
4-.4; o.•

r!91..I- 4-j

#.- 4 = ±44

LJ .L4 . :1
14 1 lb1 .. • '4.'

2"

MOISTURE CONTENT - % DRY WEIGHT

MAXIM WDRY TEST TEST LAS

Cumm SORC 
LE49TY DMGATOI METHOD NO0.

.BA2-Al 13.6. 117.2 ASTM D698 A 13-2

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA-

AASHTO T99. -nd ASTM 0698 (Stondord Proctor)

METHOD MATERIAL MOLD 0.NO.OF SLOWS PER HAMMER I. .I16mHT)F. ,OoPACTIVE EFFORT

________ATE IA&mTER ME4¶ LAYERS L LAYER WEIGHT r"m FAL .: FT.-LBS'CU. FT.

:A -@a 4- .4.59"" a is s.a" Los. 72.27

4.* .. a , be , , ' to j 6.6 ,.6S. 
12,337

, .31- A A116- 3 Do 5.5 LOS. ] . . ' 3.13•

AASH70 T 10 and .ASTM D1557 (Modified Proctor)

METHOD. "ATERIA ' MOLD NO.OF I BLOWSPER HAMMER HEIGHTOF COMPACTIVE EFFORT

1___o _ WATER ILAYERS 
LAYER WEIGHT FALL 1 FT.LSf.CU.FT..'

.A 1 .4 V.d " d.5'" I 5 I "A 10.0 LI'S. I

. . 4 ..- so-. I 6 56

6 J - 65

1 II

I Ic
II 55.250

'S ___________________

'SS. I

0
SERGENT..HAUSKINS r 8E.CKWITH

CONSUL1TING OCOlKCM'33C51. 2.613INUM

HMCSLQ24689



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

.PROJECT Homestake Min.ing Company
JOB NO E86-1113

I-

- 1

All lal" 10-1-Ell: 1
.,L• •4 4 b*4. 4.• 4.4.

LA.

-J.

.z
clu

j!0

-14 # ý -

116 ;;- . 1

.%VR
M

Wr,112

. .. ...........

iiFl..ýI_
7

U-T-l"T NkT

lu- 
.

.3--7m

B 12 . 14 :16

MOISTURE CONTENT - .1 DRY WEIGHT.

ADI

M, MAXPAUM OR* TEST TEST LAD

CURVE SOURCE n....T. OESIGNATW.. METHOO D.

A1 1. .. 98 A 1-.3 -

;, BA3-A : 12.1 .11.5.4 AST14 D698 ""A "13-3

SERGENT, HAUSKINS & BECKWITH.

eas..u..r..... O t1 u C ..... rL

HMCSL024690



.. ...... ......

SUMMARY OF MOISTURE DENSITYý RELATIONSHIP TESTS

Ul, Amtgne9 Mininfn C(nmn;%t - JOB NO.
PROJECT

E86-11 13-

..:I..
Jr

4 4;. 7--4

W47R k ~
um

LU

9z

118

PH 

:4 ý** t17

T

14
Kit

Nlil

7!=

4

Z
ýz 

T7,'

..........
4- -ý4

mt -
=;-z

L 47-

t
7,

;* ::: - 1 4 . ý ý:ýL H

i MIl , " %

r

8 10 i2 14 16

,MOISTURE CONTENT - % DRY WEIGHt

MAXIMUM DR TEST TMS A
cml."!DESIC~GNATION METHOD0 NO.,

BA-A. "12.3 117.4 ASTM D698 A. 13-4

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA

AASHIO 199 cnd .ASTM.t68" (Statndord Proctor)

"HD A A MOLD NO.OF 8LOWSPER HAMMER 4NEIGMTOF T COMPACTIVE EFFORT

METHOD MATERIAL, OwiJrTIt W[IT LAYERS LAYER WEIGHT FALL I-: .FT.L9Si/CU. FT..

A 425 
'S.5 LBS. J 2"..: %2.575

• -.14 5", 4 55"- 3 so I.s LOS. 12..3""* ,

C 9214 S 4.54', 3 so 5. Las 12.317

'a .3t.4 • 45 " 3 55 , .5 LOS.. - 12.317

AASHTO TI80 and ASTM D1557 IModified Proctor)

L TH60 -MATERIAL •ggO.L'g; O.OF I SLOWSPER HAMMER 'IHEIIGHTOF I COMPACTIVE EFFORT

-. . I LAYERS LAYER I WEIGHT I FALL - FT.LBSCU.FT.

A I -R I A" I gii"I 5 .I as .1 10.0 Los. I I V. 1 $.5

C
-9'

-9" IZiW'~
L *1~E~t

5 se 1 0.0.LOS.

5 se 10.0 LOS,

5 56 100o =B.

15 5.335

15 5.335ii- -I,

-~SERGENT, HAUSKINS, & BECKWITH
COSLTN ao5TEC14HICAL SWN5IN253S

mm .- Amml3 oul0U -SonIA -5 SA1~ ASS cm% e

HMCSLO24691



~- .. A -. .. -

SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT Haompstake m¶ining Cnrmpany - JOB NO E86-1113

I
&-

uIj

lz

-'U~i•:!i

:0.: . !

-I= qz=t

g%.q
77 Auj

t
-4 U:_

11 7!7: 7:
;izl:

aim
114 

H
Tliwt

Film Fffý.

.7"w-.... .... ... ...tt+ 14v
T

14i 4- 1.1==
M.:

4 n ý:T 14-
4_4

10- U. Z_ t=T

- . I

10 12, 14 lb .-:18.!

iMOISTURE CONTENT- % DRY WEIGHT

-I" " M.X. oA- DRY TEST TEST LAD

O...! . "SOURCE i L DESIGNALm./cu. IT.Or C NATH, METHOD NO .• ... T g r F. . ..

BA5-A3 13.6 116.6 ASTM D698 A 13-5

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASMTO T99 and ASTM D698 (Standard Proctor)_________

MOLD .O.oF SLOWSPER HAMMER . . r COMPACTI. E. F FORT
M Oo . .ATERIAL- . LAYERS LAYER ,EIGHT FT..LISSCU. FT.

A 4.5S 3 is BA5 LOS. I V. 12.37S

* ~ ~~ ~ Be 4S*' 5 5.5 LOS. i" j 12.317

. .V. 6- 4..S R S T 5.IS H LOS.T ET O D 12. 2 •. -

AASHTO T180 and ASTM D1557 (Modified Proctor)

-MOLD HO.O .BLOWSPER HAMMER HEIGI4iOF COMPACT WE.EFFORT

MLETHOV MATERIAL DOIAETER IWI LAYERS LAYER WEIGHT F .ALL J FT.LSSICU.FT.

AS." 5'" ... 1 0._L" L82. 1 . 230

•I d 9- • "8° 55 . -1 .0 BS . I ,l . II".. , 55.55 " "

S -C . 45' 1
a .5V4 * .8 5

1 96 - I to.* Los. I .. Im.. 1 55.900
!0.0 LBS3. I S 8.5

100LBS. SS 5.986

SERGENT.HAusmIS & BECKWITH

0,-0&.0 . A"&SUEOUE5 . SAA FE~ . SAL,1 LAKIE CITV

I.•

HMCSL024692



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

P0nn rT " Homestake Mining Company 'JOB 4NO. E86-1113...

I
..... -----

IL .. 1-;

.* . ."...... *--.-

.... .io8: - __

-.4 .:.' IT

- - T 1.. H IT" : . "

W- r 1.. 1ý :1" -4
M O t ISTuRE CONTENT-%DRYWEIGHT

. ... . • .%•TKU DENSlTY O • TO Lro O
-. a ... A.. ..•. .N ..

412.4 114.8 : 0 D68 . A -136

. ~ ~ ~~ L 4, --. •,.. •:.

MOISTURE-DE COTY TELATIONHI TEST MEITHODT•ASHTO .9. . DESIASTMIO9 •Stondor P )..BA Al1. .114. .T D69 A 3

• ~~MOISTURE-DENSITY RELATIONSHIP TEST M•ETHOD DATA -

"" AASHT0. 99 indASTM, D6•98 fStandoird Proctor)"

A

METHNOD MA*TERIAL M OLL NO.Or S LOWS PER AAMME.R Al~iGHT~z_,C" 1 -' .O~~rV. tf7PRT
_____bulmmit we4T LAYERS J LAYER W EIGH . FAL>' ,T _' /C.

A-4 4 4 sa8* 3 1 25. 5.5 L.85. 2'. -. 12.111?

It04 5 6 3 Be 5;B3. Lbil. 3*- 1.t

o~ o * 4 S 3 5 . B. 1" .1.~

AASHTO T180 and ASTM D1 557 (Modified F46ctor)

1 TO A MOLD, $4O.OP G LOWS PER 1 NAMMER KEI4GHT OFf COIAPACTIVE EFVOL CT

MENO 1. MAEIAL owti mem LAYERS LAYER L WEIGHT J *FALL FT.LBS'CU. FT.

A g0 " 4.66" * . 26 110.0 LGS. . 6"50.250

.34 .j S 4. 1" .. .a se 10.6 LOS .

is." ' 11.1166

-~SERGENT..HAUSKINS &, BECKWITH

P.t.O'o. - "SMRUuOUS 46NT 5M fl PSALT LAKE CM?'

HMCSL024693



SUMMARY OF MOISTURE DENSITY RELATIONSHIp TESTS

~4flThP~tAk~ MThin2 ComtanvPROJEC V. JoB 140. E86-1113
Hoetk Mining Compa.

0

I-.

K azLý r: : --I LEI44

m q f

40-

-j

z ,

":'. w

i 41

+ T
!144 ;:Iý :r aa7

lift.-5.

112 m
+ fl;

i4 4

fi3iins, 
A:

.0fl

4~!- j:,t~

~ .I94L4+4I
+F4 =_=

10l *J.. .J. J.O

:MOISTURE CONTENT - % DRY WEIGHT

MAXIMUM NDRY TEST 'TEST LAB

R' SOURCE .,,Tl ,qS.TY . FT. DI ATE , MNATN OET .
7. DRY wtL.CUFT

BA7-A2 13.4. 4 115.8 ASTH D698 A -13-7

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 end ASTM D698 fStondcrd Proctor)

MOLD NO.OF BLOWSPER HAMMER HEIGHTOF.. >COMPACTIVE EFFORT
.METHOD MATERIAL 0l .MrnP .t 'rHZ . LAYERS, LAVER WEIGHT . FLL....:........LAWCU. FT.

- ,.- ** 4. 3 3 5. LB$. ,,8" . 12; . "1.

c . . . 450". .. 55 LBS. 12 12,317

" "."- "4 *" 3sbe . " 55 5.. L.BS. .12 " . 1 ,7

AASHTO TI80 and ASTM D1557 (Modified. Proctor) __"_-

METHOD ": .= MOLD
MATERIAL .1. O.OF I BLOWS.PER 1 HAMMER HEIGHTOF " COMPACTIVE EFFORT

LAYERS LAYER WEIGHT I- FALL I VT. LBS/CU. FT.+

I - -A~ -I I.-a 1 &.501, 1 5 I . e 1s 1g.0 LB8S. I If~ I .5.5
I -A' ..SI.. I z

'0 .3/4 J
.3/4

0 LBS.. ... ...... . .." " " " .s

8G

SERGENT. HAJSKINS II BECKWITH

HMCSL024694



SUMMARY OF MOISTURE :$NSITY RELATIONSHIP TESTS

Homestake Mining Company

Ilk
.PROJECT

JOB NO. "E86-1113JOB • No.

11
. . -.'

U"-'-![." 'i' • . ..

-"J'F.i"i!:. ;••."(

4l . N

_ . . ..V ~ FL- z-1-V-j ; 1z

Vtl N
1,10.

'if-It Illm 11-ir

izz_

14'4- .7-

7. 2
:....

_____ ___ _....:f5~~j~4

4.4

12 14. .16. 48 20
.... ::
"'!•.::.ii¸ .

MOISTURE CONTENT - % DRY WEIGHT

MAXIMUM4ORY TE ET LS
OJNVE ORE rj DENSITY TaCIAu ESTh LA.•04 .. • T LBS./CU. FT. .... A -METHOD

BA8-Al 14.8 114.4 ASTM D608 A 13-8

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 and ASTM D698 'Standard 0roelor)

.METHOD IMATERIAL MOD D. osrOF LOWS PER .. HAMMER 14EIGHT f-. '.OMPACTIVE EFFORT
"O4u. twroofi LAYERS LAYER . WEIGHT FLrFT. SCU..FT.

A " A-" 3 11. I L S, 1 ".. ' 12,175

a J . a 1 ." 4 1'- 3 5.1 1.5 LB S. • • 12,317

C .• 1A ' -1 '"" 5i- 3 so *.s LOS.$- .. 122 -

.314 S" A.311.' 3 $e 5.1 LBS. 1 - 12.; 17.

AASHTO T180 and ASTM D1557 (Modified Proctor).

MOLD NO OF BLOWSPER "AMMeR HNEiG4TOF €COMPACTIVEEfFORT
MEHO. MATERIAL I wT LAYERS LAYER WEIGHT I FALL FT.LSS/CU.rFT. -I•

A I -C I ýd" 1 4.50" 1 S 1 1 26 .. 1 10.0 LOS. I I is- 1 56.250

o - 4 [ S' .4,8 j S j 1 1 .0.0 LBS.

I Is. 51.813

SERGENT, HAUSKINS & BEC1WITI4

HMCSL024695



SUMMARY OF; MOISTURE DENSITY RELATIONSHIP TESTS

-ibfIlr- .. "Fnn•-s .c, M4., -n . 'inM
r i*.~j 6~ I

1.

U-

_j

'La

18

. . . . , . . • • . . . . . • ,....
f74

-1- 11.- 1 ... - ý i, I . m i - 4_

*1*
-:: 2ý 1 =" -----------HL

g

4
+ !i ý: -I

N: - .. : :! .

IN
.4 41E IT-11

IV U41, ...... H9a;ý 3
rt 41-1 4l: .1 7-7.

+ T-. 
HZ 4

% E*
.... ..... .... .... ..

"'T :="1:

T
-4ý

4r.

=4

? •i i B••: 8 10 12 14 ••i•:• !

MOISTURE CONTENT - %DRY WEIGHT

I MAXIMJ4 DRY TEST * TEST LAD .

ojmv I sou RCE
&"0,M I MAXIMLiMDRY
ComWwy , DENSITY

%0" .WT. LIVM. + PT,.
DESIGAT[ION .TEST,"METHOD

BA•LO-Al 12.0 .117.2 A.TM D698 A :139

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
• " .. .•,~ASHTO T99 and ASTM D,698 (Standard Proctor).. .

METNOD MATERIAL M • 0 * .. or 9LOWSPER HAMMER HEIGHTOF COMP.ACTIVE EFFORT
O•I, mmof.EI6M LAYERS LAYER WEIGHT• '!'EA L•:•.: F••• gS'Cu• .••

A ., 4 4.11 3 as .1LO$. l: " Ils ? "

• ./4 "4.1l51" 3 a1 011 Los.". 12.* 43.317

a i.- 4 - I.. 4.5s . 1a se.5.L S. L" 1..317

AASHTo TI80 and ASTM D1557 (Modified Proctor)
MOHO • NO.OF BLOWSPER HAMMER . HEIGHTOF COMPAC ErE EFFORT

METHO I•MATERIAL [liE7J' LAYERS LAYER WEIGHT FALL FT.LBS/CU.FTý

A I -4 A" 4.0" • 21 10.0 LIBS. IS "1.250

C
O ~ ~ ~ ~ S -4 1 11 3 1 1 0.1

.O" IS. I. I t * I 11.116
I.. ) hill-

SillS

-~SERGENT. HAUSKIN S & BECOWITH.

HMCSL024696



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT Homestake Mining Company JOBNO. .E86-1113

I
LL.

>-08

104

_7

2A T' .4-
t -_- -M.T., ---.

4 --- - , . , 7 41Zipil ..rr 1_.ý _z FA.. .... .... p ElE

RE

aiff MR -. :r:Z'Zr.T

MUM

+T "lm=::

. . ........ a . r.

10. 12 :14 16 18

ITMOISTURE CONTENT - . DRY WEIGH

O~Rv SORCEMOIST~M XLdY TEST TEST LAB
C~lrV " . . SOURCE D . " .• I t ENSITY DESGA--- TC ' . .N ...

'DRY Wt Le.CU. PIT. D~GA1N METHODO

BA14-A:1 13.3 111.0 ASTM D698 A 13-1o0•-

MOISTURE-DENSITY .RELATIONSHIP TEST METHOD DATA
AASH7O 799 and ASTM D698 (Standard Proctor)

METHOD MATERIAL MOLD NO.OF .I LOWSPER HAMMER T EIHQr *< CONMPACTIVE EFFORT
ULIArL' 041T. LAYERS LAYER WEIGHT FALL. ,,.•,V. LS5/CU rFT.'

A , 4.8 3 525 . 0. LOS. . "" ' " "_.

a,' .. 4.If 3 3 5 .5 LOS:.

c;Sd 41 !IA 5.- LOS. 12.. LI• + -'¢ "' '' .5I" Be 5- 15 LOS. I " " " 12.317

AASHTO Ti80 and ASTM D1557 (Modified Proctor)
HMOLD NO.OF BLOWSPER HAMMER I IEIGHT OF COMPACTIVEEFFRT

METHOD MATrlERIAL 4 1 ••LAYERS LAYER . WEIG14T " FALL FT.LNS.CU.FT.

A k . 1"" 4""" 4.59" 5 28 10.0 LBS. " _ I" 1 10.250
ý4

C _.S/A
56 0.0LES. Is as

ge 0. IOL.33. I

.Ale

SERGENT., HAUSKINS t SECKWITH
CONSULTING 0COT9cHNIC0I. 9NOIN(EERM

- - B(...S- A.IBtUOVEUE - SANTA$[ -SALT LAKE CITY

HMCSL024697
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SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS:..

.PROjECT Homestake. Mining Company JOB NO. E86-1113JO NO.- .. •..

1 zt _7

I.

-. I

116

.- ,-112

108

1444

tA

• :!.:!;•ii"ii:!:I:S•!I•

-CJ
10 12 .. :•! :14 1-6. ... .:. .18 .;

MOISTURE CONTENT- % DRY WEIGHT

SORESM MAXPAW DRY TEST TS A

CURVE SOURCE DENSTY DESIGNATION METHOD N0.,
%DPYWT L.Ow . FT.

BA19-All .12.8 116.2 ASTH _D698 A 13-1.1

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA'.
._AASHTO T99 cnd ASTM D698 ISiandrd Proctor) . .

METHOD MATERIAL MOLD NO.OF SLOWSPER HAMMER HEIGHTOF CIOMPACTIVE EFFORT

__•__M__ OWIETIR NCEI; LAYERS LAYER WEIGHT, FALL FT.LBS4/CU. PT.

a V.. 3 4.56" 3 50 .5-5 LOS., 1"-1.1

C .3/4 so s 8 S5 .11 LBS 12.317

AA5HTO 7180 and ASTM Dl1557 (Modified Proctor)

METHOD [MATERIAL t0.OF BLOWS PER . HAMME .R . IfEIGlITOF COMPACT IVE UE.FFORT
[Diol f4LAYERS_ LAYER. WEIGHT__ FALL *._FT.LBSSCU.FT.

.1

A I -'s 4I - I . ". I IS a5
I ~ I'

a

-314 al 4.62*

I

j~se

10.0 L. B It.. { 53.:E#

10.0 LBS. 115I" [ 5.0181

10.O LOS. I '" ' 55.*06 'I

C_/

( SERGENT. HAUSKINS.& EKWT

- ~ m Asoliu -A-f 0401LAEM5v

HMCSL024698



!i• ••••___ _-__• - I SERGENT, HAUSKINS & BECKWITH CONSULTIINo rETCHNICAL IENGNIt R5

*APPLIED SOIL MIC04AN1CS 41 ENSINEEFRING, GEOLOGYI 0* MATIERIALS v:NrINEEIN 0 VDOL
: 11. DWAINE £RCGrNT.0.1, JOHN S HAUSIINS..P E GEORGE M. OECKWITH, P.E. P.CO.rr . |OOTh P.
LAWRENCE A. NANSEN. P~..O P.C, DALE VAOCOENKOP. P.C ROSERT W; CROSSLEY. P-9: NORMAN 1H WEYX. P f
RALPH 1. WEEKS. PG " : DONALD L CURRAN. P E - DONALD G. MET1GEA. P.G.- ROBERT L. FRIEW

ODARREL BSUFFINGTON. P: J DAVID DEATHERAGE. P I JONATHAN A. CRYSTAL. PEt ALLON C. OWEN. JR.. P :
SDONALJDVAN OUSKIRIMP- 0 0 "••:... . :.•

July 31, 1986

SHB Job bNb 0'-E86-1113 -*1Alan K.. Kuhn, Ph.D., P.EL.
13212 Manitoba Drive,N.E.
Albuquerque, New Mexieo.: 87 11.1

/

Re: Contract .Drilling & Lboratory Testing
Homestako ining os. y ..C..o...
Grants, Iewei '

Dear Dr. Kuhn:

T ra nsAm.it ted :herewith I s a tabl~e listin g res ult s ~of liquid,~~-
limit and pasticity -Index te sts. performed in ,a cc or da n ce

wihASTM D4 3 18, as requested in yourletter of Juy 21,L

1986,. Also s ho wn are t Ihe, soil ,type s o f ;the sampl1es ac'
cording to the Unified Soil :Classification 'System.

if yu hae any :questions: regarding these test results or%

those transmitted i n :our letter of July 28,please, do n ot

hesitate. to ntact us.

R:espectfully :submitted

Sergent, Hauskins & Beckwith Engineers

Copies: Addressee (2)

REPLY TO- 4700 LINCOLN ROAD. N.E.. ALBUQUERQUE. NEW MEXICO 871OW

PHOIENIX " AL.UQUERQUE SANTA FE " SALT LAKE CITY EL PASO
4602)"2-611411k 005)804-0950 (505)471-7636 .. 4501) 28";0720 .(Sl1) 778-'369.

HMCSL024699



.Contract Drilling &'LabOratory Testing
Homestake Mining Company.:.-•"...:
Grants o New Mexico
SHB Jo; No.l E86-1113

Plasticity-Depth i U.;S..• Liquid
Sample (feet) -Class. Limit Index

BA1-s2 01. CL :32.- 1

BA2-Si1 5-6.5 CH 52.- 31

BA2-S2 10-11.5 ýCL 4828'

BA4;-S2 10-1 1.5 CL '82

BA631.: 5-6.. ýCL 1727

BA7-S1 565. L14222

BA7-S2 "i-11.5' CL-CH 50

BAB-si 5- v5" CHi 71 5

BAll-S1 20-21.5 CH . 56 3

BA 11 -S5 25-26.5- CL 412 21
B1-6 315 . CH -56

BA16-S! 5-66.5 CL . 30 ~ 13-

BA 18--S14 (3) ?0-..21 CL *33 A4;

BAi9-S1 5-ý6.5 CHi 52 ', 32

BA2O-SI 6 565 CL 39 ... 0.

KQ

- ~ SOERGN. HAUSKINS & BECIKWfITM.

- ~ ~ ~ OM -UWW^0 O~n1if*E~tIAS iUm y

HMCSL024700



SERGENTCHAUSKINS &BE.CKWI H~ icONS~ULTING OEOTIECHN'iCAJ. ENOG XINEER

APLEC OI MCHNIS I6INEERING NECOLOGY *0 MATtRJALS5 KNOINEERING 0 Ji46OLOGY -
* WINE kEoEiN*. P.C. JOHN 8 NAUSKINS. P-1.. GOG.N EKIN .. O~osoh .

LAýWRENCE A. HANSEN, P".O.. P.EC. VALE V. SEDENIKOP. P.C. ROBERT W. CRO5SLEY. PC-' jIORAN .WI P-tRALPH E. WE EKS. PCG. DONALD L. CURRAN. P.C 00NALD 6. METZGER. P.G. ROBERT L- PRIEWCARRELL. ISUVFNGTON. P.C. Jý DAVID DEATHERAGE,.P.E.: - JONATHAN A. CýRYSJTAL. P.C ALLON C.QWEN.JRP
DONALD VAN SUSKIRK P....

August.22,. 1986

Alan K. Kuhn, .Ph.D., .P . b. o No....... ,!'13
ý13212ý Manito"ba Di ve,ý E4,
Albuqu4erquie ',.New Mexico 8711

Rie: LCon ractrilling aboat. estin
Mý.`omestake: Mining Company .,

Grants, --New. Mex i co

" • •ar Dr Ku n • .• . '. . :':=:..,. .... : :) . . :

f Th abe eowpesebts 'resut o f oitrdensit Yrz e la*- ý
tions ips, as te~rmined byASTMD9,onamlseie-d

by you toou abAgust 15,1986 -Al~so. lISed are, reut
of plastic ...and liui limi tssASKD38 oture
density compaction ~cre r ttached.

:optimum Maximum
Moistur : r . . Liquid *.. Patc* ample Content % .-Density (pcf ti Lii iit%

j 1B-1 19' 102 4 .2

* 7P2, B- 13 11.523-1
7PMB- 16 112 24. 19
*TP'I, D-2 .22 102 37 .1

T 5, B-i 21 102 145 . 18
TP7, B-1 16 109 25 1
TIP8, B-1 2 100 35: 19

REPLY TO. A700 LINCOL. N ROAD. N.E.". " ALBUQUERQO NEW MEXICO 87109

PHOCN1EIX .ALBUQJUERQUE SANTA FE ,SALT LAKE c .rry EL PASO

i,.102 ".-: .7"2 -* .. _ - 8 8 -7..6 w .• '. . :• .. .. ' .. .. .- , ::,•. ,., . - -. : :. ... .' I

4S2)7~6SS 505)S66"950 4305)471-e~ 1861) 265-0720 t9 IS) 778-9369.

HMCSLO24701



ioestake .Mining Company..
Grants, flew Mexico .age 2
SHB Job :o., E86-1113 . . Page 2

K o If you::. have any ,quesitions readn hs etrsults

please:, d~o not. hesitate to contact ýus'.ý:

.Re~speotf.ul:3y,3 smitted,i,,

Siergent. Hauskins. .&".: Bckwith Engineers

KCopie~~sý: Addres3' (2 c.. I

. -.... .- -

: " - ". . . .". . . ; . .. - - 2 7 -. ... .'.•... . .•' i.l " ..."...""." . i.

o- SERGENT.HAUSKINS & BECKWITH .:

... " . . . . . . ._ _. . ... , .,__L

HMCSL024702
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SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT Hoinestake Mining Company JOB No. Z86-1113,

I
•102

U-
S" LI " "

..

~98

94

4.w

t

t
w.41 4- 

T:
C

44t.

+ - -4
4"X

I ý44, 
,114 1' Z= iPl

Ono wiýWHO T

-- +I zr 4

4

::7.: zvil
4tjT ii"3=

'T V,

':#VM 7t w.-41-

1~

Sr

I

1
Vt

1.

4

'I

14 16:i 18 .20 :22

MOISTURE CONTENT - %DRY WEIGHT

OJR ,E SOURCE LA,-.SDrY TEST TT LAO
LaIS./Cu. FT. DESIGNATION METHOD NO..

"*"P1, B-1 19.3 101.9 D698 A

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 and ASTM D598 (Standard PrOctor)

MET6OD MATERIAL MOLD • NO.OW .LOWSPER HAMMER .HEIGHTOF. COMPACTIVE.EFFORT.;2
•am[TI moofT LAYERS LAYER WEIGHT FALL pFT. LBnCU. '..

A 4 W .i 4 ,.50! I 3 as 3.0 LBS. 123.X7.5

a -3 5 6 5.5 LeS. i *. . . 3, "

C So .t .5 Les . 22.S17

""1. " 4A SI ] ""3• " " . 6 o.5 L o S . :" 15.51 ?

•AASH1O T180 and ASTM D1557 (Modified Proctor).

METHOD MATERIAL MOLD NO.OF BLOWS PER HAMMiER HEIGHT OF ICOMPACTIVE EFFORT
M M Al___ OE___ " LAYERS LAYER WEIGHT FALL FT.LDS/CU.FT.

A .04 4"* I .SI" B .5 1 0 .0_ LES. " 1*" 1 00.2O
V V -a I e-! I 4.s. I

0 C
1)

a

56

~zl us

*.. I 'BOSS]

-. SERGENT, HAUSKINS & BECKWITH

HMCSL024703



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PRJC oeake Mining Company .JOB No E86-1113
r I t

:I-ii•

oi

L12

,41Z ~i::T #UN
z
4U
0

-I,

('>1

] 1+$ j4 4. 1

(

108,
†'?m -'T~ ei t. I g- a

: "

J,...

, i.

I.
I.

,:,• ,,.,,i-• ,-•!:.•,
S12¸ 14- 16 18.

MOISTURE CONTENT - % DRY WEIGHT
MAXA5IU DRY ITS TEST LAS

cumml~l S OURCE.• "• " n'', DENST,,rY 
.8s,•''0• I EI•'• " N*

Wi S.I1T M DIMINATICM M"~OD NO.

T P 4 B _- 1 1 5 .6 1 1 2 . 0 D 6 9 8 A . .. .__ - _ _

-~SERGENT. HAUSKINS & BECKWITH
LJ4 CONSULYII4C 6967eceSNICAL NI"se.w.AWJDUEOUEftU - SAW1TJ FI Sw~ LAXI Cffy

HMCSL024704



SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT omiestake Mining Company JOBo NO__E86-1113
. ... • , - .. . .. . .

102

V -. 1L

-j

Y.-

i
4T~7~

I'1 I I I I II IINI11111.1 II+t'I~I 1 -- 1 .+ I +41 I I I. *.~ II ~
1,1.111 ii I i I 4

I99~ I 4 *111.111 'I I I .:*~~:-~ **. II I .1 I LI II.I.I,.~.J

IL..'
- 22 :=

91-4 4I. 1:' wgur

t.qiý 9$ 9. I119..9r9 .449. t9]
4
+j7~J . II Il II1ILII]71~ 4.4 2. t ~

4g ~ 4
- . >4 :1- :ii . . ...

16 .18 -_20 .-22 .24
MOISTURE CONTENT - % DRY WEIGHT

"014% MAXIMUM DRY TEST TEST
.&9NTOUNC DENSIU.TY DDIGNATKWN ME'THOO 4O.

- TP4, B-2 21.6 101.7 D698. A

BLOWS PER THAMMER ttiGHY or COMPACTIVE I FFORT.LAYER IWEISHT FALL FT.LESJCU.FT.
as 16.0 LBS. 56 3.290 m
30 10.0 LOS. 56 3.940
Be so1.0 Los. uI*-- S99
Be 6 $0.9. LOS. 1855.044

SERGENT. HAUSKINS & BECKWITH

Can BOLTINGO f(OThICHIWCL EN INKrlrS

- R019.I - ALuOUSBOUS . SN1fe -SALT L"I Ci~x

HMCSL024705
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SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT Uomestake Mining CompanyPR.OJEC ,T , . " - JOB NOE86-1113JO NO- '" "":i''7 O

E
.44.4 Bit

4-- *4 .4 -5

i " tf4 t.

-l- 4 1 t i I i ji i -_; a f in i Q .1 -ý il i U 7 ý'
LL

ujiB

CC-

z4

I,

4-H

.4

:4M +

ij 4 
ixr.

q.
:4ý-- t 77;i T5:

_,It 7-r. z

I T fuzvl F ;1.09
+I g o ;-* 

'i3 T

r 1::'.

jr Ts. t= nt! i4:-:- .441ý -- -4 t ;9ý1 +1
+4444 

v
=4 '7 174A

18. 20 22 il:24 -26:

MOISTURE CONTENT - % DRYWE IGHT

CURVE SOURCE MIS A DNSITRY V T 1eMr LABCO! N•E NL.CU F D EIGNATION METHOD NO.'.~R WE. n ,, V• C.. ..T.

TP5, B-i .21.0 102.0 D698 A

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 end ASTM D698 (Siondoi'd Proclor]

NET"ID A+TEAIAL 0O D NO.OF -LOWSPER HAMMER MEiGEITOP COMiCt IVE FORT+Dw"IImC Nt1. V F LAYERS LAYER WEIGHT F ' ALL " T. LBS/CU. FT.". 0.4 " 55• "" n. LBS. 1S" :, . • 12."575*.S.- O 1 1 .-- 5a.se . '- g . "... 5.. LOS,. . . 4". "'.

a oil Ii Sl S 5 0.5. LOS.:. 32- 551

_____ AASHTO TISO and ASTM D1557 (Modified Proctor)
THO E MOD NO.OF .SLOWS PER HAMMER + NEIGHToF. COMPACTIVE EFFORTMETHO _ MATR OALL ' i`y LAYERS LAYER WEIGHrT F ALL I FT. LS/CU. rT.
A' 

. ,L s ,
l -04 'I w.

€ .
' .D

__._ ". IB Io.O LOS. W. - ns951
4.56 6 Be 10.0 LOS, so. as.; 0__ _ _ __ __ _

-456 ___so____ 10.0 LOS.9.

'So

-~SERGENT. HAUSKINS & BECKWITH
.coSIsuL¶ims crorcUNICAL LAON6IERS

NAO .BOIROUS SANTA FESALT41 LAKE City

HMCSL024706
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SUMMARY OF MOISTURE DENSITY RELATIONSHIP TESTS

PROJECT.omesta.ke. Mining Company JOB No.: E86-1!3

14 I I m +4 
- -,4 ., . A." ý , - -4

*1
I.-
U.

Li

"-1'
1-

z
,MJ

~.. . j ...

.1.

10 +: 4-J -~ 1 1.....

02t M'. J.* -..

4 1.4 -
4, 44. ..

ý :

4.~~~~ ;ej'. 
.,. .

TI

.14 16 18 20 22 ,

MOISTURE CONTENT - % DRY.WEIGHT
MI UA XiuW DAY TEST TET L;A 9

OuJR•E SOURCE • :.- . i4Ton LD•-m'- . •1,NAT ' ME'THOCr" NO. ..

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASHTO T99 e'nd ASTM D698 IStandard PrOctor) w

METHOD IMATERIAL MOLD WO.OF. BLOWS PER A "AMMER HEtIGoý,` c ., ,PAC~V EFFORT._______ __A____IA -•TERl• E1Kof LAYERS LAYER WEIGHT FALu . FT. LS.ICU.FT.A 
ad as55 3 5.5 LBNS. W!1237

a 4.0 3. s .5. LOS, 12 1f 2.317"- " " 1 "'.5 5. It- 12"111
.-

3/ 1.. 3 5.5 L.S. 1 " " I2.317
AASHTO TIBO ond ASTM D1557 MAodified Proctor)

METHOD MATERIAL " O.LO uo.oF. IDLOWSPER HAMMER "EIOHTOF COMPACTIVE EFFORT___ __gI. IT•, ,6•' LAYERS "LAYER WEIGHT . "FALL FT.L .S'CU. FT.A . " 4 .4* " 4,51" 1 5 28... 10.0 1- L; a--" 50.250K- a B -e4 1 a-"

,.Ft

-4.5 , • - so 10.0 Lo,4.5* 'll" 5e, - 0.0 LAB
A-.5s** g 56 0'.0"1.1

s. I Iv 1 955.90

M9.,
3.9'

- 7iSERGE.NT. HAUSKINS & BECKWITH
CONSULTING CIOTteMNICAL ENGVNCERS

- ~ ~ ~ "uua t -ýn aCI .AwsWJROI IA- sCn L Sl *v

HMCSL024707



SUMMARY OF MOISTURE DENSITY RELATIONSHIPTESTS

PROJECT Homestake Mining Company
. .. . .. . JoB N0_E86-1113

'0
"T-ýTZM=_ .,

7,~.
4

lil 1 1 ... ......... --- _ _ ==I!- .- ++-. ý_i - I - 11 - 4-:4

m h

4

.102

-u

.. .... . 114 1V 34-'* . A-- 7

*1 *'~~f'*~ I,. -- . I ?.. ~ *~-

4

~I~i
I

4z
Hýr:- !-

14~.;;1 ti:ii:i,V..t-

Z,

:h'i•
!• .•

,% ý..,r
''-4

41

-4

~, .- Ii
16 18 20 2 2Z .: 24•!

MOISTURE CONTENT- ,%.DRY WEIGHT

MOISTURE-DENSITY RELATIONSHIP TEST METHOD DATA
AASITO T99 and ASTM D698 (Standard Proctor)

MOLD NO.OF; ILOWSPER, " AMMER 1 HE CD94 ACT vE EFFORT
IM.4KR .- l•~c1 - LAYERIS LAYER WEIGHT LGSCU FT

at 6.5LIST-F.LVU T
• •) . • ; : . 5.5 Los,' •"l .t

AASHTO T180 and ASTM D1557 (Modified Proctor)
MOL WO.OF OLOWSPER HAMMER IHEIG647OF COMPACTIVE EFFORT.zMED M16 .e. LAYERS LAYER WEIGHT FALL FT LBoCUoFT"' I- ,,o :I ;A11586.e.'U,.,

as 45 
" Los $i 188

SSERG£T. HAUSKINS & BECKWITH
S R'" ONUL: CECTI¢HcNICAL ENGINEERS

PO W LLMSI UE -O 9 i ff.1 V. $ALI LAKE CMY

0

HMCSL024708



7.

SERGENT, 1AUSKINS & BECKWITH. ..':ON 5LTIN ,T U"LTICIN ENGINE ••!CAL.: ENGINEERS
APPLIED SOIL. MECHANICS S INEERING GEOLOGY 0 MATEnIALS NI NEERING S., 4 No LDGY

S9 DWAINE SERGtNT. P. OHNII4ASICDNS. PC GEO6t6RGr.E . EKWIFN. P.R. - *SRIC Oh P £.. :k. LAWRENCE WAHiANSEN' Pi.D. P E. DALEV SEDENKOP.1 P "O 11rR0w.'CROSSLEY. P•E. ,O TMAN WET " - ".,,.!RALPH .WEEKIk,.P. PG . DONALD L CU•PRAN. P E DONALD Q-. MtRERI.l P.-.- ROMET;L OREW
DARREL L BUFFINGTON. PE C . DAVID DEATHERAGE ,P £ JONATHAN A. CRYSTAL. P.R It ALN WN. JIR. P,DONALD VAN SIUSKiRK. PG-

September.3, .1986
_p, '-jr

F

Alan K. Kuhn, .Ph. D. P E.SBJbN.E613
13212 Manitoba Drive, N.E.-
Aluquerque, New Mexico 871.11; - .

.R.e: .ot:tDrli.&LaoaoyTesting, . .,~

* HomesAtake. -inng Company <' ,.

- Grants, Ne W eio

Dear 'Dr. Kuhn:" .~"

The:tblebelow list rslso cnstant-head perme~abi Ity
te~sting -pe rfo rmed. A. constant-water h~eadI of 11 5 jet ̀ Ws
used to: detlerinef . the nydraulioc. nu~v~xs'As pre!

setd are dry. -densities and water contents .ac i..ved, prior
to testing.

Dry MosueHdaulic.
.Density Contn Com action* Coniductivity

Sample

BAI-Al

BA3.-A
BA.5-A3

(pct)

1'll i09. 0";:

110.. 8
.112.5

(-%).

114.2

1J4.0
.13.0

.95. 0

94.5
95.0.

96.8:

( ::::•.€cm/se c)'. .

.44.7x :10-8

T..."s.i• 6*x ... ob-S. .

41 .. Relative. to maximum dry density, as determined ,in. acord-

.ance with ASTK D698.

REPLY TO: 4700 LINCOLN ROAD. N.E.. ALBUQUEROU. ,NEW MEXICO 87109

SPHOENIX
(8.02) 272-6948

ALEUQUEROUE
(SOa) 894-0950

SANTA FE
(505)471-7836

*SALT LAKE CITY ELPA6O ::"
913S) 778-3589

HMCSL024709
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(5~i

Homoestake Mi*n Company .Se'p tem~ber 3, 96
Grants, New Mexico a Pag~e 2
-ýSH B Job No E 8 6-111 . .

I you h ave. any questions -regardingthse. res 1 s pea'se do

not, hesitate ':to contact -us.

Respectully. submitted,

Sergent., 'Hau ski•n s & Beckwith Eng ineer s .

y. Smith, Staff -Enginder2

copis Addrese (2

I.J.: -

:.::-:•-:7••:- re o~ y • ':Sm th , :. ta f .- Eng ne i•,.-::,/.":.:.. ;:: -.i'::•..:--/: : .:.: .,.i"i.?..ri~i/i.:i•!+!:.:•:ii.=i:;i •i• '22i.

!..1 ... . .... • .., ..... : :. .. .& . . : '!• ':/ -; ... : . : :• ' ',• ,• • •"-;' .• F' ":-;" - •'.. . ";:": •: • •• •S ": • " ;: :• .. : .. .... • ..I

,'....::"..?" .••). •.:•';...,.. ,.::.:.: .. '.." ." . ":•-. .. :":..:":•".,.•:;.•" : .• :- 7 "v•-• . :,,.: .5 • • :•• • f"-I ,'2 2'-% ::.-- ,:? .. :. :- > -. >

g•..:-,.•.f!.:i .:,;.:].::g:,-::•:• ".:;,:••.:•.:.• ::.',i:-.• ?..::,'•••::•!:i % ••:+,:t,-.:!•?.'• ,•."• ai • ••••i..',.¢• ":"!!i!;•:i;:.i< ::.ii";:?'-• "•II •-:

:;:..-:,• ?r.•..::.-::.•.•:>. ••:-• .>?:.•e : • ;•• •: :?.•• - v:• ••:•••:'• • .:..••,:: ,:.•:/-'•::"'•-:"::.•,::.•.:>•g::;' .: # -.; • '-. ?:• C'{2.."•A .. "-:

S SERGENT. HAUSKINS & BECKWITH

HMCSLO2471 0



SERGENT, HAUSKINS & BECKWITH CO.N .oSULTI. NG 0.4EOTECHNtIC.AL - ;NIaAPP.LIED SOIL MECHIANICS ENGINEEIRING GEOLOGY., * *4ATERIALSJENGi EEAING.' * HYDROLOGY.
D WAINE SRE. P jomN a: "AusKiNs. P.c. aGEoarO H Bý!ECXWi7H. P.C. '-SOwrES 0soOTH P
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Ak. PAU KAPLAN. P.k..

November 6, 19086

Alan K. Kuhn, Ph.D., P.E. . SHB Job No.-E86-11-13
1321 :Manitoba 'DriveN.
A:ýllbuquerque,, New -Mexico 87111.

Re. Labo.ratory Testing. ... .
G rantsoNerey co
Homestake 'Minn opn:.;.~

-e ar -Dr. Kuhn:

"est resul .or spe.ii ::gravity absorptiionand Sodium v'
-Aoun'dns 'ae ecoe -T'hese analysis: were petrmdo

the Tojliwoing ýSample g hiS wer;e submiýtted .n October 10

Sample No. 1 ' Massive Limestone Surface

Sample. No.. 2 -Lami nar- limestone, Surf-ace

Sample No.

Sample No
Sample No.

Sample. :No.

3
4
5

.6

-Biluff Sandstone

. Red, Sandstone, Recapture

-Limestone at: 100 feet
- Sandstone at 100 feet-

Sample
No.

2.
.3

--SpI

Dry
Bull
2.6

2. 6

2.0

ASTM -C-1 27

ecif ic -Grav ity & Absorption

SSD Abso' pt
k Bulk Apparent - ($)

8 .2.-69 2.71 0..4

9 2.70 2.72 . 0.2
4" 2.24. - 2.54 9.9

ion,

K.0
PHOENIX

S460) 272-66.48

- -.

REPLY TO: 4700 LINCOLN ROAD. N.A.. ALBUQUERQUE. NEW MEXICO 67109
TUCSON SALBUOURQUE SANTA FE SALT LAKE CITY.

- 6o21792-2779 (sos) e84-o0SO 1505)471.7936 • .01) 266-0720.
L-. E PASO

15iS 5 776-3359
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G orntestk Mining Compan ,y"GrantsNew. Mexico
SHB .Job No. E86-1111

3

ovember• 6b9, 1986
.... • ...

PageI:: i•.. 2::::•:•.

.S.Ample
NO-

'4 Sample

.5

ý6

ICC

I.

SaOple

ASTM C-027 -.'
Specific G ra viy & Absorpt ii0oDry S DA 

s r t oB44l- Bulk Apparenti(%
.very weathered p, decomposed duringperao~
2.614 2.66 2. 0.9 :

2.11 2.282."5.5 *

Soiu SoUfldnes (5 dyles)

Sieve t'ýIhdivjidua Loss AeaeL~i •: " s • -e , .: i ..> : ! •. .. ? i• .{ :• :) • :: i .:? ;.... ....

6," 0to+•.0" 0.2 '0;b.2. -.-' to 20.7 5" . : .- .

"t 10"014 
02

",to +. 1 " 0 3,, -4

"t 0475" 5.01
Y. weathered, decompsd during preparation.`

to +1. 1.0
to "+ 0 .7 . .- 60 0. 6

I.

**1

I

*1

• ... N ... 2 : .
- 2

3'

-A &

-15

-15

"-:4 .sample. verr

.5 1-.5.. •. : "':."-1.0'

6 -1.5'

- Sampl :Before-

2 - est

:. 2 :-.: -34 .-"

to +1.,"
to +0.75" 143.8 '116.8

QUalitative:Examination

Number of Particles..

ýSpl it :Crumble Cacd

"~~~~~~ "Ia " " " . 7...

.2 .ked
Sound

30
22

*1

:.SERGENT, HAU SKiNS & .BEC : :, .

"CPU .
MY -E P.AW.. . . • , _. . ;._ C . - . , . .

HMCSL024712



Homestake Mining. Company:".:.'.""
.....:Grants,. -New Mexico
S:SHB Job No. E86-1113

N ov emib~er' 6, 1956

Page 3

om at ionQu~a 1litative :Exa~

Sample
No.!

3
4. ýSam

5
6,

nothj

Aespectf

~.ergent,

C "opi es:..

Number of Particles -

Before 
-

Test Split.€: Crumbled "Crracked -lake&d 'Sound

3.1 ... .... 13' 35
nple very weathered,:. decomposed. during prepiratio .

214 1......
23 5. 2 14

have any .uestions- regard.ing.. these res.lts, plese..
tae. to contact .us.

uluysubmitted,

Hau ski ns &.-Beokiithbý Engineers S 2

.. . . .• .' ... . . .. .. .: . . : . . . .. . : . . .. : . ., -, ., ,• • -, • -. .' -- .:• .:• : : . .;i • ." • :; .•!.. . . .... . .-.. .-.. A .-.. . , A: ! "

ant Laboratory &.Field Supervwsor -.

Addressee.:.(2)

.1

0
Ji SERGENT, HAUSKINS &"BECW"""

B . -. . ,ML "so

HMCSL024713



SOIL LOSS: BY TRADMN-INDUCED EROSION

Calculations, were made. to. determine theamoun SOf slloss onteipnd

ment cover that would occur over time,: (1,000 ye rs) ir' from ibt arndi nd

erosion. Calculations in Section CA contain thes amoun .t of water erosion!

soil loss that can: be: expected from the impoundment, top with. vegetative

~o~~gnl lopes'(200H.: 4n an lope length &averagizig 41,000 -feet. In_

additio'niii clain weemd for aide -slopes at 5:-O{:V)j -580 tnd:480

'slope lengths (east 'ind" weis pondsxsetvl)adsxice frc

I. coer.

Sectionu C.:2 cronta'iUs -the eOstimated amount of Soil loss due-to wind'eirosion

,• ?• i•.• • ikted: iri il"Aý Udmh- i? ;l •. ...iii !!•~ •ii~~i~•

tat can be expete fmteIpoundettpwt gentl sopesý. (20HgiV)r

ýridge roughness, and veeai e oe 'onverted. topoun ds of fatsAl

grin xesidue' or.eu. aet

It should be noted that the.Universa~l Soil Loss Equation (MSE) :And ..Wind

Ero s ion Equation were developed for crop land and not range-.land.: .However,

these are curren l the only toois ava i lable to estimate soiloloss over::

time.-

CA1 WATER SOIL LOSS USING. UIESLOIL LOSS EQUATION (USLE)

CAA. Embankment Top

Soil loss from the top of the embankment was determinedi by the .following;.

Average slope m -200:1 (H:V)

Average slope length M' 1,000.ft.

Lit. Wo. SUA-1471 Rev. 0 Docket No. 40-89D3
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C -2

-Soil. Loss Equationu A i-R k LS CF -

whee

A -ti Computed soil los pe-Unit area.

R=Rainfall a nd runoff factor. ForAIiMC 1 0 '(Figure 1,UD dbook~
Wo. 537, 1978).

'k Soil .eodability factor. Soil material in the MfC.sitef"lassiied-
-as follows, with assigned k factor;

-PenistaJa: k =0.32
IF..e.".t.0..2.(.: ::(Marker -e-t al., 1974;:'and USDA,. .1906a) (1)

-MýOriarty k -. 0;.37 77
-.Average: k = 0.34

, L, S •.Slope Iength factor and slopetsteepness -1factor.

Slope length 1,000 feet ,- - - --!:•<

- lope, steenss =200;1 :(H:V) '0.5%: Bope. - ' -

~s~vi~:(Table- 3, USDA Handbo o . ;3,i98. "

C Covde•rand maagement fictor•.
'-,i. :Tall .eeds"orshort••-shori brush, 27• .cover wit 0 go cover,

".. i:'C'•6 102 (Table. USDA Handbook .o..'. 9 .

Support practiee- factor*.. P 1 .0- "
Cons ervat ive factor due. to. a.lope Ilengthsj.sos 1i-16 'contoured
thrtough disking oharrowing and seeding.: .-

R k LS cI.A=:20 x 0.34 x 0.152 x 0.20 x 1 0.2067 tons/acreya

West'pond area =1,250 x 1,080 =1,350,000 sq f t'
S31 acres..

East pond area 1,650 x 1,000 - 1,650,000 sq ft
38 acres.

A. recent soil survey has been conducted in the HMC area. .The Penistaja
series remains Penistaja. Moriarty has been changed. to Venadito , andPre.it. changed to Aparejo. kfactors remain essentially the s ame.

Lic.. o. SUA1471 .Rev. 0' Docket .o. 40 -8903-

HMCSLO24715



C-3

((-i
K]

:'.Soil Loss Fromn. West Pond

31 acres. x 0.2067 ton/acre/year:!n 6 .41 tons/year.-

S0ol lLoss From East Pond

8 acres x.:0.1067 ton/acre/year. 7.86 tons/yeark.:

C.1.2 :Embankment Sides

:Soil loss fom °the sides. of the embankment-that have side slopes 4of .4..:
(H .V) and covered with s ix inches of rock material. Area .divided into 'East
area •ith &average slop eiengths of 580 feet, and West atre~a vith.average
:sOpe" lengths of 480 feet-. . - .

Soil Loss. Equation: A =R k ýLS C.: .

where .alL. factors are; defined as in C.1.,.and :.A and k.values are the same
Aa. .t os~e :I~n C11aoe

L-" ",.S.- Slope engthe s :factor and blope steepnessator. --

Sope steepnes3 -0.fo ohEast and Vest 5~ HV

Eat sIpe 5ý80feta 207 slope 04982.-

West slope,_ 480feet at 207. slope 89
(Tableý3, USDA Handbook No. 537, 197)

C Cover *and management-factor-.!Six inches rock cover, .use Table '11
Handboo NO.' 537 for. 1007. over undisturbed forest.

Fatr0.001 to .0.003; mse 0.002..

Pthe support practice factor, Is not reall y applic~able:.due ýýto. rock
cover and no cotuig
..A conservative, f actor. of 1.0 isused..

East slope calculations.:.
*1

R k LS C
A 20 x 0.34 x 9.82 x 0.002

West slope calculations:.

A k LS C0

A a.20.x 0.34 x 8.93 x 0,002

Lic. No. SUA-1471

P .
x 1 .0.134 tons/acre/year

x 1 -zO.1214 tons/acre/year.

Rev. 0 Docket-No. i40-8903
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, . % . .. - W1. -.'.;.j",' ........... .......

C-:C.1.3 S:oil Loss Calculations, f:or 1,000 :Years

For :depth of soil1 oss, the following':conversion wAs.:
Z ..

I,

Inches/year tons/tacre/yeari

• . .• .:. .. .. ... . . . .

(lbs/ft 3) (iton) (1 ft) (43,560 ft

(200011b).(12 in) (acre)

Then: -

1. SilLssTop of 'Embankment:.

0.07-0.0011 In/yr or 1.1: inches in '000 yrs.

(104) 1 (43,560
(00) (12)

at.side slpm 014 =0.0007 in/yr or 0.7 inches in ,00 yrs .

3. eVst, Side is'lope ~ .2 0.0006 in/yr ~or 0.6, inches in 1,000 YXsLL
- 188.6845

3'3~~Volume weight, lbs/f t was measured .to be 104 lbs/f t

C.2 WIND EROSION CALCULATION -

C.2.1 Impoun4mentc Top

Reference: U..S. Department of Agriculture, USDA, 1980, °Soil Conservation
Service, New 'iexico j: "Technical Note No. 27 Re: Wind Erosiou-Wind Erosion
Equation, Revised February 1986. All tables and figures referenced..below
and'attached hereto are: taken from this publication.

0
Lic. No. SUA-1471 Rev. 0 Docket No. 40-8903
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C-5.

:The follo~wing provides the wind ýerosion equation and the Input. parametergs

sed or. eachparameter.

Wind.Erosion Equation: E ..-. f(I k C L V)

where:

E The potential annual soil loss in tons/acre/year (tia/y).

f mA function of

I. M The erodability of a soil by wind. From. Table 1 (attached), a wiand":..
.,. . ... . .. . . .....

eroýý:tidability index of. 86 was -selected for a soil: coer 
that. bet

f its. WEG-3.

.. hThe surface roughness. actor. .hen reseeding, will put furrow

. -.. spacing 8 .incsto12inches with ridge heights 2.56 inhes to 3.5

inches;: Use a111.3 uroswl be at lright angle to-pe'
: v aiig wi~ nd (see .ue2 for saoil ridge roughness).

-. ...C- iClimatic factor. :::,.C value map dated February 1986 (attached) •"h••ws'

:a vo ueof 50.,..

L m The:unsheltered distance across a. field along'the direction of th,
-.-.most erosive' winds.-., Averageslpe -lengths .were :measured and _e"

1,000 f eet

V Vegetation. cover. A seed mixture of .western uwheatgrass blue .- .
.grama, snd dropseed, Indian ricegrass, and alkali sacaton will
be seeded. Using Figures 4 and.-5 and Table 4 (attached).- 'itisis
estimated that 1,400+ pounds of flat small-grain r"esidue. per.

'Acre would remain.

Using.Table 5 with C. 50, I = 86, k:- 0.5,.1,000-ft slopes-," .... i ...
and 1,400-lb .residue,. soil' loss 0.4 t/a/y.

Data Used were confirmed on November 6, 1986 by Ken Walker, 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 Pesistaja
would fall under WEG-3 or 1=86. When the two series were mixed, -186: was.'
v perhaps conservative due to the .percentage of clay in the Venadito.: K' fac-

tor and:C factor were .OK•. At initial reseeding with. 2 ,000-lb. mulch/acre,,.-:- "
here would be no.wind erosion... As the vegetation becomes established with
the..seed:mixture to be used, 1,400 lbs/acre residue plus standing..crop .would
be a good figure; again, perhaps conservative.,

Lic. No. SUA-1471 Rev. 0 Docket No. 4,0-8903"
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g.

Psing the equ atio:.

C-6

Inches Iyear. tons/acre/year-

(2000 ib) (2 n) (acre)

Inches/ear . .0.4.002

'1-4/ft 3 ) (1)' (1) (43,5..)...........: '- '
(2000) .(12)

104 lsftiji was measured. ---

- ~ Lsdu'ring 1,000 year s =2.1 inches. ~"-
-. 3-.:.ii~• i •.-,..- .• .;:.i: . •,-i• . ' • '

••'• • •: •" •: • • •:•: ...... •':"•' • " : ••'•-• ••'•- ., -r

. I

Docket No. 40-8903LiL. a o. SUA-1471 Rev. 0
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TABLE IfoiUDA 90
Winird Erodibilit G0op (EG) --

Wind
-. . ry Soil rodibility'

Aýggregates- 1ndek"
:Predominant Sail :Texture ýOver 0. 84 'mm- '01

N EG :Class ofSurface Layer - Percetnt 1' /Ac/Yr

1. Very fine sand, fine sand, sand., or coa~rse 131 " 7

2 Loamy very finesand loamynfine sand, "' 10 134
p, loamy sand, loamy coarse sand

Very fine sandylo'am, .ipe sandy loam, <" "2... 86
sandy loam, :or coarse sand loam

-4 Clay*, silty Cltay, noncilcareous clyloam, 2 86 .

orsilty clay.loam with More than. 35prent
claiy content

Caclayeouoa I an d sit 4ca1la
0L .acrou omand ,slt loam, obr calcareous:25 86 -ii

Noncalcareous loam And silt laom with les 40 5

-- 4than 20percent clay content, or sandy cla'y V

Noncalca~reous am: and silt loami with More 45e.~I

pecncycontentlomwt eshn3

If Ijt noncalc~areous silty clay loam with. 50, 38
.. than 35 perceist clay content

8 Soils not. suitable for cultivation due to . -

carse fragments or wetness-, wind erosio
* ~not a problem

If sieving shows, a different percentage of dry soi~l aggregates, arrive
at "I" from Table 2 on-page S.

21 he,"I" factors for WEG1 lwill-vary f rom 160 for the coarse sands..to '31.0
for the very fine sands. ase an I of .20 as an average f igure. .-Use common
sense in selecting the factor. If.you have a coarse sand with g

a lower f igure.. If you have no gravel and very -fine sand, use a higher
.. . figure.

':October 1960

H MCSL024720



TABLE .4

C'1omparability of Range Grasses. Used to
Conversion .to Flat Small Grain Residuu

DATA ON* NO DATA.-ON

(from USDA, 198O

ocate Dta -on

Elquivailent.

MOST, LIKE

1_.. Big, bluestem - . IndiangraiS
2'". Si chgruss .s . Sand bluestet -

3. Li..tt le bluestefi3mile igse 3 -

4. Western vieatrass - .- 4. Sand dropseed."- 3

5i Blue grama .- . Sadl egraiss..3
6. Buffalograss . . 6. :Weeping lovegrass . 3

7. Plains muhly
8. .Perennial threeawn -

Sl.acky grama>5
. .. 11. Sideatsgra~a .

12. Needl eandthread 3.

-i '13, Al kali -s iacaton ;i 3
14' 'Inland'saltgrass

S - , -"- . 5 . urrograss
17. ibreadl~eaf sedge-SKi ~18. Sacaton.1 H

19. Gant sndreed -

20. Bottlebrush squ i rrJei .
*.2:New. Mexico. fethrgass 3

22. Cne buestem

October 1980

<0•

HMCSL024721



.rc

.(f rom USDA, 180

: TABLE: 5 -•l OtIL LOSS FROM WnNO t6os0 1 IN TONS Pti ACm' PER V" 1R ---- ------

• 0000 FE T +. : - '. , T. '. .. " - -• ' ' , : ' ,: . '. :-: . .. . +. •,..? ./: :., :+:-!.:•:.:

t" FEE !197
4000 43.0 - .1E.4 1,., 1•.0 1T.E 10.6 5. 1 3. 3._ . -- :-0.:3.

4000 403.10 36,.4 3.4 23.5 I.* 10.6 * 2.9 3.3. A 0.6 0 .3

zoo* 3 6.. le., 26.1. 0. .. .5 3.4 5 2.4 ,. 0.o 0.3-

• ooo .. -j1.- 3I. .3 u.a " T.9 4.2 .2 1.1 0.4

600 32.2 23.3 .1.0 1 3S*9 .16 1.0 ;Ii7 1.9 0.9 0.3

400 26.1 J.C 1. 3 ~ -j~ 57.29 I1 9 0.5 ______________

'- • " i "• i~:i , i 1.2 .6 . .4.6 2.4....0.4

200 .214.. 6.1 j. .6 13.1 1.3. 3.9 '1.9 0.9 0.3

*, *. * .I . 2* . *.L* 5.9 .* 5.1 1*.* U.7

]0 14M6 J.1' -9 7- 3 4.4 2.3 10 _________________

60 13.3 11.5 6.6 4W.47.0

9. 10.4. .9.0 .6.6 4.9 3.0 14 0.5 ________________

50 .?1.35. 4. 24 1.1 04
s0 1.7 . 4. 5 . . 0.1
360 - 4.6 4.1 3.0 2.0 1.-1 0.5

-240 13.3 . . . .

1 1.3 1.26. 04
M,. . OIL LOSS FROM NINO EROSIONm 'iN iSni Pt 4-E 010 YEAR*-

ILI PEAT .. . .U. .... . .. . . .I... ..S....c.

1 .0 400400 g•o..1000 10oo 1400 :100, &1sa 000 .200 2400 0

0000 32.3I. •2•.•23.0 17 1 7.4 1.0 ".7 1., 0.9 0.. "

.6000 ý32.3 A0.6 M3 I P1.9 2.V 1.0 31 1.9 d0.910. '
00*32i.3 :21.1. 22.0 -17.9 125. 7. 3. 1. 0. 0.

-2000 26. 25.4 '0.3 ".1531 " - .0. 8I: 0: .3

S1.6 96.41. 4.42.
24.10 1 .5 1 61 2.6 9.6 1 G.k Ali " 0..

, Oft 32 10.94 -. .1 .3 8.2 1.4 2 . .. -

2;: .00 1.3'''11 116.3 16.6+ 61.0 4.0. 2 .0+ 0.?I :', - :Ol '• : -•:." :'.:". ____________ ".'• -*• .'+

.&Go -Y.ib -- A-y T .4 0.6 *

100 6. . J1 . . . 71., _ _ _ _ _

-10 .1.1 6.1 . 3.L 1.9 01

6 . 3.0 . . .

40 2;6~19J~ __

30. .0A 1.o 1. O.5.

mot.... olý From ITN1L GRAI RSIOUROf IONPOS PER ACRe t EA

otsNETatsdO -- .~ 000o 520 140 l40 1600 2000 2200 4020
*~09 ag eii-oo .4,400o

I FEET ______________________

1* 0 ..2 O. 1. 6 L6 ..2. 1.4. 4.0 -1.19 G.9 0.4
-0OO 21.5 16.9 1j.1 t11.2. 1.X4 4.0 1.:,.I 0.

4000 20~.411. 14.0 10.5 4.9341.0. 0.
300Q 91.j ~~ . . . .

20 00 11.1 15.S 12.0 9.0 9.4 3.0 3.4. 0.5
7 W.1 . 2.3' 1.0 0.4

600 33.3 It.?~ 6.9 45* 4.1 2.0 0.9. 0.5

606i ii; 1.9 O -! 7 3.5 .1.7 0.6I

4009 . . . 4. 2. 1.3 0.3 5________________
U.!o N. . 0.9

200 S5ýl 4.5 3.3 2.2 1.3 0.5

16-T.2 Ei-a 0.98 0.4

1.-3 IJ3! 
0

L' 0.4

40 .9.0.4 0.2
30 .0.?0.3 0.2

20

NOTE SOMl LOSS if LOSS IMAM 0.1 1UNIACRIMflkA IS NOT RECORDMb

HMCSL024722



FIGURE 2 -SOfL RIDGE ROUGHNESS j

Furrow Spacing, Inches::
3 6 6 8 10. 12 14 16 18 20 4 30 36 40 ,r 48 54 50

½ 1. 1.0 C,0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.0 .1.0 1.0 1.0 .-

.75 .7S .75 .75 1.0 1.0 1.0 1.0 1.0 1.4 1.0 1.0 1.0 1A0 1.0 10 1.0 1 .0
1½• ., .75 .75. 75 .7 .75, .- .75 .75" .5 1.0 1.0 1.0~ 1. 1.0 1.5 7. 0 1.•0.

2 .75 .5 . 7 7 7 75 .75 .75 .75 ý.75 . 75 JS~ 1.0 1.0 1.01.0 1.0

2½ .5 .5 . . 5 .7 5 .7 75 .5 .7 7 775 75: 77 .775 5 !.7 1.0
2 10 .5 .5 75 -5 . 7 7 7 7 5 .5 .5.75 .75ý 75 .5.75

.~3 .0 1.0 .7 .5 .75 . .5 .75 7 7 75:..75; 75, 7 5 .5 . 7 7 .75,.7

34 1.01.0. 1.0S .75 .75 .75 .5 3 5 . 5S .5,.75 .75 .75: - .75, .75 : .75 .75

3h4½ 10 .1.0 1.0 .75 .75 .7 5. .5' .75 .5' .75.. 75 .5 .75. .75 .75 .75 .75 J

S 1.0 1-.0 1.0 1.0 1.75 .75 .75 A7 .7 .75 75 5 ?5 -75 .75! 75 .75 .75:

o5 1.0 10 101.0 1.0 1.0 . 75: ..75 75.75 .5 ý.S .5 . 5 .75 .75. :75:

7 1.0 1.0 1.0 1.0 1.0 1.0 1.0 1.07 .5 . 74 5 5 5 5 .75 ..5 ..5 5

8 1.0 1.0 1.0 1.0 1.0 1.0 1.00 1.0 1 0.0 . 75 .75t.75 .75 .75 .75 .5

10 1.0 1.0 1.0 1.0 1.0 L. 1.o0 1.0 1.0 1.0 710 .75 .75 .75

91. 1.0 1.0 1.0a 1.0 1.0 1.0 1.0 .1.0 1.0 1.0 1 .:, 1.'0 .7 1 .0 5 1 .0 5 1 .071. .75 .75:0

12 1.0 1.0 1.0 1.0 1.0 1 .00 1. 0 1.0 1.0 1.0 1.0'1.0 1.0 10 1.0 1.0 7. 75

5•mooth = 1.0 Semiridged= .7. Ridged .5
Table for determining whether a field Is smooth, semiridged, or rfdged.
Developed from Agriculture Handbook No. 346., and Chart 1 on Page 7. "

•0 N•obe.

• i .. . " ' , ::;, •::.- :. -.. :::, ' " :" '.I" .N -i:;.i "
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April 28, 1987

CEMrIFIED- P475754998

Mr. Harry J. Pettengill, Chief
Licensing.Branc.h 2
Uranium Recovery Field Office
U.S9. Nuclear. Regulatory Cantinssion
P.O. Box 25325
Denver, Co. 80225

Re: License: No.. SUA1471
Dockcet Ib.40-m8903

Dear Wr. teni:

flis suhniwwttalis writte~n i response: to youc lttro
march 9, 1987 concenn Nuclea ReuaoyCu~sinsaf~u s oný7
Hazneste Mining Company' S Tailing. ýStabiliainadSt -liain~~
Plan -

Attached.,. please find the OeQiested responses, !,,:for each
:specific comme~nt itemized by` t:he MRC. Ekwn~stae's. responses 'arie not, atI'
this tirre, being incorporated. asý revisions :.to the Reclamat3On Plai .

Ecriestake proposes to make a ýsingle, f1inal revision to the Plasol
it be found necessarywe all of NW-qY s concerns have. beenadrse
and a general consensus has be reached.

Should you have ayother comments or qetoscnenn h
Reclamation Plan or, these. responses, please don't hesitate'tocntt
me. Also,. should it be felt a meeting on these m Jatter mab of
benefit, please notify xne,: and Hcinestake' s contractor fanbe ad
available..

Very truly yours,

Den er . o;:" .8 0 25 . : . .i .. :• .. . " ..".: HaV.. I E. S•TA. KE. /. I...i -- CC.! I AP.A.. ... -G RA.N. I S;i.iii:~ i':.!ii!•.iI:

1. 0

Director of &ivironmental
Affairs

EEK/bgl

xc: T.G. White.
" .D.B. Crouch
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A ( UNITED STATES

NUCLEAR REGULATORY COMMISSION

REGION IV

URANIUM RECOVERY FIELD OFFICE
•OX325.

DENVER, COLORADO 8022 .:

JUN '1.7 1987

URFO:PJG
Docket No. 40-8903

C

ilomestake Mining Company.
ATTN: Mr. Edward Kennedy
P.O. Box 98
Grants, New Mexico.. 87020

Gentlemen:"..

We are in receipt of your letter dated April 28,S1987, providing a
response to0 ourMarch 9, 1987 request for. information regarding.your.....
proposed reclamation plan..ý We conclUde -that. the -information presented iS
not adequate to .enabe us to evaluate. the, ability of the- proposed design:;

:to meet the requirements of: CrIterion 6:of..Appendix A-to10 CFR 'Part 40.
We also di'sagree with statements: made regarding the level of-detai ..
necessary.

Criterion 9 of Appendix.A to 1. CFR Part 40 states that.0'Financial surety
) arrangements must beestablishedby each mill operator... to-assure that.-

sufficient funds wi1lbe1 available to carry out..Athe reclamation o•any,,,'-
tailings or waste disposal areas. The amount of funds.. must be based.on

Commission-approved .cost estimates in a Commission-approved plan.

for...the reclamation of tailings and/or waste areas in accordance with.ý -7.1
technical criteria delineated in Section I of the Appendix." ýCriterion 6:
of Section I, in turn, states that a tailings impoundment shall be closed.
in accordance with a design.which provides reasonable assurance of
control of. radiological hazards for 1000 years, to the extent reasonably
achievable but for.at least.200 years,-and limits releases of:radon-222.,
from uranium byproduct materials to an average release rate of 20 pCi/m 2s-*
to the extent practicable. The proposed design must therefore contain.
sufficient detail to enablethe-staff to conclude that the proposed plan,
as.revised, meets the technical criteria discussed above.

Criterion 9 further states that the surety must be "at least sufficient
to cover the costs of decommissioning and reclamation of the..areas.that
are expected to be disturbed before the next license renewal.•"• Th
projected time of mill closure is not a consideration.
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We conclude that 'the infdormation provided in. your April28,-1987
.::.submittal does not contain :thet level of detail required for us to aake.'technical judgments regarding the adequacy of the proposed plan- or..the

associated .costs. .Speci.fics are provided in the enclosure :to. :this.
letter.

We have also determined that the inactive tailings pile located south of,:.
' the main piles although originally designated as a.Title III -:site has..
s ince been declared the respon sibility of Homestake under. it's Title II
license. Therefore,: the inactive pile must be addressed :and included 'in..._your reclamation plan. We beieve the most environmentally sound and
technically-feasible plan for ýlong-term stabil ization: of the, -nactive'
pile. would ivlerovntbmarIa fro ts currentlc, in n..using i.t •to surcharge• shines.areas .of the active .pilesto:, achieve:,ý.

wecoe contours.o I arspns;ýt'
-.thInte interest.-of cooperation, rwe request: thatyou providea response to

:•-thi S•etter by-August~-1987.,-. Shoul d you have any. questions, please.
contact :Mr. Pete"Garcia of my staff on .(303). 236-2820.

Sincer.ely'

Li ensi ng Branch .2.%:.
Uranium Recovery. Field Office

SRegion IV

Enclosure: As stated

. __m_
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Enclosure.": :

:© Request for Information

Thenumbering of. the comments.below corresponds to that used in your
ýApril 28, 1987 response to initial NRC comments.

I.:Geotechnical Issues

B. ..A more detailed settlement monitoring program is necessary to "
.assure that differential, settlement does not affect the
integrity of the radon barrier. We must, therefore, be able
to conclude that the proposed monitoring program is adequate to.:
determine when at -east. 90 percent of the total settlement.in
the-slinesareas has occurred, so placement of-the radon
barrier can begin.. information to be. submitted must i ncl ude:
specific monitoring l1ocations,.. monitori ng methods; and'
frequencies. In addition, an annual. frequency:for settlement.:---:-
monitoring is not :sufficient:to establ.ish the. time-settlement-
curves which.will ;be necessary.. to' determine when-90 percent.
settlement: has :occurred.. :The annual inspection frequency
discussed in Criterion 12 of Appendix A to 10 CFR 40, which you

-- reference in your response, has nothing to do with the peri.od
of time during which the license is in effect. . Criterion 12

: discusses poSt-closure requirements which apply to the -

governmental entity responsible for: I ong-term surveillance of
the site following termination of the license.

D.1 The Composition of ,the radon barrier layer is.extremely
critical to estimating long-term moisture contents. for the
radon barrier which,- in .turn, are a major factor in determi nig.•.
the thickness of the radon .barrier. 'You state on page.6 that
"all clays are candidate soil cover materials, along with the
sands overlying them." .

The RAECOM analysis performed byM Homestake utilized a long-term
moisture content of 12 percent for the radon barrier. Ths .
value appears to .be the average in-situ value -for 12 clay .
samples. Based on in-situ moisture contents for overlying _
sands, we cannot. concur at this time that the 12 percent value".
is .reasonably. conservative for a composite radon barrier layer-; .
Half of the soil samples exhibited moisture contents -less.than.
3 percent.,

. A specific mix for the proposed radon barrier is necessary to o
enable an accurate determination of the required radon barrier
thickness to be made. The. information required must include
the following:

1. The.composition of the radon barrier based on the
percentages of clay and sand.

:0
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2. Grain size analyses of the typical composite sample as
well as the clay and sand fractions. il

3. An evaluation of the availability of.. sufficient. clay... to
achieve the proposed mix.

4. An evaluation of the dispersivity of the clay soil s..

E. Specifications for.. construction and the quality control program.:
S are. necessary-to estimate costs associated with construction

such as equipment and -personnel: requirements and enable :'us.,to.•-""-i- -€conclude that lthe as-placed cover-will meet design
requirements. Please provide the required specifications for
all material types.,

[ -.-Surface Water Hydrology

C

J. ,Oetailed designs, are necessary for several features:of the
proposed plan before we %,can. concl ude that.the proposed plan
will provide 'reasonable ssurance of control .of radiological -'hazards in accordance with :Criterion 6 of Appendix A to - -10 CFR 40. The features for which specific designs are
required are listed below,.
/ a•. /the levee at the northeast corner of the impoundment,

. b. the rock cover along the north and west sides of the pile
specifically, toe protection designed to prevent scour and
undercutting of the riprap,.

e. the rock check dams and blankets located south of the..
pile.

i) i;i

f. the diversion ditch on the south and east sides. of the
impoundment (include all information used in determining
the'drainage area which will contribute.to flows in the
ditch).

2. How were the cross-sections used in the HEC-2 PMF.analyses
developed? Was a topographic map .used or were .theý.sections
surveyed? If a topographic map was used, please provide it. :

H MCSL024731
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July 21liii

Mr. Pete Garcia
Licenrsing ranch 2
T7 Q WK I Innfly

Uanium goveyField.Office. i

p Bo. Box *2535x -1 --

Re: * a' b DiIsc6us s 16 oft 0: Onen Taln

Pile Pecannion Pa.-

Dear Mr. Garcia: .~

Please fin attadh~d prelinrydaf mnt for. discussrion
bjetween Hmstake and the: NR at: te. mrninq meeting sceue CrJl
25, 1987.

If you have any questions in advance, of th .etnpes
don't hesitate to contact-me.

Very- truly youFrs

EHCERAKE VUEMG GP~

Edward E. Remnedy
Director of ivxnnna
Affairs.

0

EEK/bg

C
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PRELIMINARY DRAFT (i

I.... i

IRESPONSES TO NRC"S COMMENTS OF JUNE 17, 1987
ON HOMESTAKE"S RECLAMATION PLAN

-These responses have been prepared in prel i mi narydraft fom rm
-for discussion.between.Homestatke and the NRC at a. meetino
scheduled. for 7/29/87. They respond to the letter. fromNRC -.

to Homestake of June 17. containing comments on Homestake"s
reclamation plan for its-•Grants-uranium mi lI. : . The! letter of
June 17 c6€ontains. -the second set of., NRCG comments on- the' plan
--. the -first set -of NRC comments was transmitted. to" -.
Homestake on March 9., 1987. Both sets of .comments raise
questions for Homestake about some technical i"s-ses and"I. .:;....

: about .the, level of detail needed.. i~n the plan,. considering
Homestake's intention to continue'operation of the Grants.
mill. I To help resolve. its questions, Homestake will meet,

ý ..with NRC on 7/29. In preparation for that meeting, NRC has. "
asked Homestake to prepare these draft responses sR that-NRC
staf f :can. review them and be prepared for. more substanti ve
discussjono on ý7/29.'""'~~~ ~~~ " "dl ."" n I "e .. e• nu .. b -t :" " "''the ' ." •i. ... .: :.';>.-:•..•..

The following responses are numbered in accordance with the

system established in N] RC:' s , transmit tai" 'March 9.• :Some of
-Hmestake"..'responses of Apri 28.to those "(March :. NRC.
-comments apparently were satisfactory- because .NRC has made
.,no menti on f them in the June 7 -transmi ttal.." Therefo,
the following r-esponses use the. originl comment. num-bo in q,.system but address only the 'sub jects irncuded haaiin the
June 17 letter from NRC.

DRAFT .RESPONSES -

1.8.- Settlement Monitoring .:.-: .. .

As stated in the April 28 responses, the predicted"total
settl ementI in 90 feet of slimesis up to 3.7 feet. A
significant portion has, probably already oc curred due to
downward seepage pressure, and'most of the remaining
settlement will probably occur during and very soon after
sand t.ailings surcharging. Therefore', 1we expect that
settlements will pose. less troubl.e for the cover than
perceived by NRC. Nevertheless, Homestake will install
settlement"'monumuents in each pond. area.after placement of
the tailings surcharge. "Each will be..a brass cap set in a
concrete base,. cast in place in the tailings two feet below
tailings surface. The caps will be extended to the top :of
the soil cover when the cover' is placed, but eventually must.

be removed -to the base of'the cover 'to e l-iminate' pros le
release pathways through the cover. Monitoring"'will. be by.
precision land .survey methods tied. to control points

• established near to but of.f the impoundment. During.
surcharging and early, consolidation the settlement monuments.

..wil:l be surveyed monthly. initially, reducing to quarterly
when .two successive monthly readings show changes of
one-third or less of the maximum monthly change previously-
recorded.

0
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Draft Responset, . June 17 Comments
Page 2

.(

I.D. Soil Cover

NRC's comments do not indicate-what data or.ý form of analysis
i t woul d consider. adequate to support evaluation ,and
selection of a design moisture content of- the soil cover.
Homestakes {first response on this question indicates that
testing -.to "specify the. cover. soil propertiies Lh.as ,bee
perf ormed, and. that the clay content of. .the soi can be

increased if necessary. to achieve the higher.long-term
moisture or too.therwise.satisfy all Crterion ',
requirements. Both sand and clays soils are available in.- -

the same borrow pit and with about the same amount of
excavation. The approximate soil: mi x proposed. for the cover:'
is described on page ,B-8 of -the plan. -This :soil is .a.
representative blend oof sand : andclay obtained from the:,
augers during. test dr illi ng.i Clearly, more, clay than.,

contained in :this mix..(410%) can be achieved. Secti on "B3.3
App ,B of the. pl an, states that enough clay, is :availabie in -. .
the borrow area to construc.t '.the cover entireiy with lay, if

ncssary, and wi th .no. igifcatosdifrnil

Knowing this, i .Homesta-ke hais.. not consi ered addiotinal
.testing or anaiysist.obe- necessary at this .time., iomestake,
believes that. a covr _soil of sutalepropertie-s: ca5L
designed u6sing-e eit*.ng dAta.ý to provide NRC wihthe
assurance they. seek. the borrow ..piit. wilI be re'confi gured t

-expose. m1ore clay, -.and: the cliay content-of the cover soil
wil be iancreased.< '- --

Homestake does 'not _objecct to specifying ,material properties", "
pla emen t methods, 'and iqLality control procedures. ..In f"act, .

this has been done in"the plan and April retsponses to a :
:.great extent. Unres'olv ed, however, is the. form .and degree.

of specification required.. While specifying technical
standards within theý plan is appropriate, preparing separate -

formal specifications would be premature at this time.

9

0 .

II. Surf:ace Water Hydrology

The f ol lowing responses are numbered in the same way as the
surface water hydrology comments of. June. 17.

I. a. The levee at the northeast corner, of the embankment has
been realigned.to run E i6 S to take better advantage -of
existing topography and to minimize or. eliminate.off-site
cut and: fill..: The 'poorly defined course of the:.:Vbbo-Canyon
drainage will be rechannelized.north of the impoundment..
These. changes are ••shown on the attached sketch of the Fig.:. 9
revision, in which pink-highlights the. scrub-outs, green the
levee crest,, and solid blue the revised contours..' Figure.12
will also be revi.sed to reflect these changes, as shown on,
the attached sheet. The flood routing will determine what
crest elevation is-needed, but at this time the levee is ..
being designed.f or 3: (H:.V) slopes and a 20 foot wide crest.
at elev.. 6605. Fill will. besandy soil excavated for Lobo
Canyon drainage .rechannelization and compacted to at least
i€ ,fdr iy

t~ .. ••

0

0
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Draft, Response.. o .. une 17 Comments (
Page 3

1..other than d r awi ngs showIn details the 'design of roc k

cover and riprap: has :•lredy been addressed .in the April- 20
responses, inuding. calcutions.:. The :drawings to be

prepared. wil1l shOw" the approximate :gr:adations of rock tobe
used., in. the cover.:(including the fi lter., bl.anket of Crusher
flines), a typical se•tion of the.slbpO> ad .toe,"and a.>plan.
of riprap =p1acement.: the ..:p. n toe" . nda plan

i~..~f ecueof, the-redesig of the .Loo Canyon.

.. drainage diver.sion and levee, ..the runoff. area tributary.:.to
the soUth diversion-has been reduced.: As: a result.,' the-
discharge. and-velocity:of the PMF-flow in the south ditch:
wil 1. be -iower'..and the check dams :wili. nobt be necessary,..
Detai I s of the ditch desi gn. are. being prepared to show the-
panandtypical.crbss sections, the..onfluences with the
impoundm. n t.: drainage.. chAnnels, erosi on ,protection .wnhere !,4

-..needI•dandappopiate: details-ý -. ý:,..Support ing •.aculatl u a i .I ons .
-will include, drain~age;a~rea mea4sr~ements _Ratoa ttod

*~~~ small; bai~u fetmts eoI~ty -and* desig n'. shear of

2.The attache letter eli ns:., the deeopmentobf tAh'e ý&os's
ýioc ti on'suseq.., haly-eý,,.. Te.: topo maps. 'used are
dare avail f h U n De

4 -.
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Canoniev hnironmental1..

C. n

.July 6, 1987

:1A 86-065

Q

Dr. Alan.Kuhn
13212 Manitoba .Drive, N.E.
Allbuquerquej,fNew Mexico 87111.1

cross Section Oricination'...
Hoesakeill

•Grants. New Mexico

Dear Al:4

.1 have wri ttI.en a' shorLt paragraph. expl.a in ing the origination of ,t he c r oss
.sections Used in the. PMF floodplan .determination f• j •he Honmestake Mill. ! -.i-!I' ' "

near Grants, I New Mexi co...:.I The paragraph fo lo ws: -i .

"Sections Z-Z', A4A', and C-C' were: devel oped.from .an 'enargement.of a...-
composi.te map made from USGS. 7.5-minUte.topogr4.ph icmap -s .heets of--..
Bluewater, Dos Lomas, Milan, and'Grants, New Mexico F:.. -*This: enlarged .mCo
posite was'used as the base map for Figures 8 and 12.: Sections B-B',ID Q !
and E-E' were surveyed in either 1980 bor 1981 by. Homestake personnel using-
laser surveying equipment. The sections for B-B-' and C-C' were modified.to"
include the reclaimed borrow pit configuration as shown on .Figures R
and 9."

A1

Al, please check Figure 8 to make sure
pit configuration. Gene's copy of the
:Figure 8.

Please call if you have any questions.

Very truly yours,..

Michael J. Timmer
Project Supervisor

that this figured.shows the borrow
reclamation copy is missing

MJT/kl g

Q
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(.::_ . UNITED STATES

NUCLEAR REGULATORY-COMMISSION

REGION IV

URANIUM RECOVERY FELD OFFICE

DENVER. COLORADO 2.

k4,Ii.

~fl. . . . 7. 1987

URFO:.ROG( . - -
Docket No. .40-8903 .

Homestake Mining Company
ATTN: Mr. Edward Kennedy:P..O. Box 9 - '. " . ....g.. .

Grants, New.Mexico 87020.

8entlemen:

At the meeting you atended in. our officeon 6Juy: 29, 1987, agreement was .
-reached on several issues,-'and commitments were made for providing
addi•tonal infoation needed *in *our review of:,the Homestake. Reclamation-i:i:.!:.:-:{ :}•....,
P lanh. .It w*as -agreed. that you woud: provide us the Informati on when'
available and:a. least.Within .60 'days, unless testing y",esu1 ts are ono

:"i .Caommitmeints tmade: tforprovidddtional. informati on: are. as fol Iow s•-

- 1= Design details and general construction speciications (QC) for .

Major design featur~es (i e., raidoin barri er.rokamrlve-et)
. " .will. be: provi ded'. roc armor, leee et-

2.::2 Soil testing. of. proposed'radon cover:(manufactured samples) from thei
borrow area and. a complete, set of index testing along with
moisture-density relationship determination, permeability and
dispersive-testing will be submitted. The radon attenuation wi I be-
reconsidered-using these values and an appropriate longterm.
moisture. to determine the required thickness of cover.

-3. The October 1986 Triad Inc. report,:"Radon Emanation and Dispersion
Modeling" will be submitted. The-emanation coefficient will be set.:
at 0..35, unless a differing value is substantiated by testt results.

4. The method that will' be :used to determine when sufficient settlement
has occurred so that the. radon cover can be placed, will.,be
submitted. Also, the proposal to further reduce surveying'.to i'
annually will be considered after reviewing several sets of
settlement data.

5..:.. Indesigning riprap, Homestake used a 1-hour.PMP =:3.4 inches.
page 2 of Attachment IIB of 4/28/87, submitted and Table 1 of

(See

C
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Reclamation. PlIan.:) 'Staff, be1i eve's PI4P 'shoul d be 11-12.inches.. Therefore Homestake wiwl provide basis fo, the 3.4-inch PMP value

or recalculate u'sjing apprprate.. (defe~ndable) value.
6. Additional drainage. wIl ibe-diverted to-the north of the Ile.

Therefore, a revi sed. PMF. analysis- is "requi red, 'rand design of ri prap
.,on north and. west sides of pile hasý to be.-reevaluated to ass ure iT,
is adequate.

7.. Design basis for ditch .lOcated South of the pile (between the oldand .new piles) will be. prýovided. Ditch dimensions plus flow-depth -
discharge and.fl.ow velocities Wil.l .be provided..

8 Swales on top of pile o wil be armored wit rock. -Homestake willI!
provide, des i gn details. of the swal es and. rock to be.used for

oarmori ng.- e
9.Design -details- of levee to be cntrce to divr oo ayna

: northeast torner of pi.e will be providd.1 A 10 ood.event
MwIll be considered to :determi~ne potential for sc,:our ad ersion of
di~versionlevee during low fl eets.-

.1.0. Minimum requiremenits for rock _oreto be .used for riprap will be ~"
provided.d

11. An evaluation of the potential for scou, on the nort had west ,ides
of the pilIe wi ll be made.. -If. there -is", a potential -for undercutt.ii

• of the toe of the armored slope,. the. riprap :wil l :be extended4 to the
estimated scour depth.

12. A. discussion of. how the cross-sections along-the north. side of.the
pile were determined-. (Itt appears that the 7½-minute quadrangle
maps used have a. 20- foot contour interval. It is no.. cl ear how
these maps were used.)

:We also want to remind you that the inacti.ve tailings pile located south.
of the main pile has to be addressed. and included in your: reclamation....
plan. This requirement was previously stated in a letter to you dated
June 17, 1987.

0

Sincerely,

Edward F. akins, Chief
Licensing Branch: 1
Uranium Recovery Field Office
Region*IV

C
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.HOMESTAKE MINING COMPANY : .:
P.O. Box 96

GRANTS. NEW MEXICO
67W2O,

August .28, 1087'

Mr. Michael .J. Timmer
Canonie Environmental
6551 South Revere. Parkway!,
Suite 155
.Englewood, Colorado*. 80111

Rke: :Additionial Hydri~logic/Hyrai ~A aysis
I-omesta-ke M~ini .ng Coipany ...

Dear Mr. Tiimmer:.... .

.We..are in' rcipt of 'your letter of. A~ugust.25, 1987 .oncerning thOabove. referenced, matter' Th ref ne items'are hereby* Apprvd~o
analysis a.s directed. byAa un lae'ilioet syu have jin
the past for work do .ne P. No-. 1403

If you. have. any questions or comments conicerning the identified.
tasks,. please on't-hesitate to contact me or'Alane u:o.hn

'Very truly Youxr S

HOMESTAKE MINING COMPANY-G.GRANTS

Edward E. Kenneidy.
Director of Enviýonmental Affairs

EEK/bgl

xc: Alan Kuhn

AL

C

HMCSL024743



- f CanonleEnvironme:nrlal :.
C

Cipioie Envirlonmenta Si ice o
6551 South~ Aevere -Pa4kway

En~1wood Colra ; 8011

Vhone 303-790-14

28-0

August.25, 1987

0©

Mr. Edward Kennedy
Homestake Mimilng Company
P.O. Box 98
Grants, New Mex~ico 87020

Addi ti onal Hvdrol ogic/Hvdraul i c.Analysi s
Homestake Mining Cftianj Mill%

Grants. New Mexico ..

..Dear Mr. Kennedy:

% Mr. Alan Kuhn has indicated"the n:d.. for addit:..:i.nl .h.?yologic an.d..:iii.hydraulic analyses for the reclamation .plan fo;-r fHo.m:.H":.es take Mining.Co y.r(Homestake) at Grant, New Mexico. Mr.. K.hn,:.-. .ha asked that. CannieEnvi ron..ental Services Corp. (Canoloie) /rovid..e . .the. . ..sc.ope ::.nd: expected costsfor this Work..

The tasks involved include -the following:,.: 
- 7

.. Determination of revised one-hour and :sixhour " PP amounts from.
the Bureau of Reclamation or NOAA.

2.: Recalculation of the PMF for, both ýSan Mateo o Creek. and -Lobo Canyon
drainage using revised PMP.amounts.n

3. :Routing the PMF through both San Mateo Creek and Lobo Canyone-" us
existing HEC2 input files.

4. Analysis and explanation of effects of. converging peak fiows on.
flood heights. in Lobo Canyon.:

5. ExplEanation of channel cross: section- determihnatJ ohs., and :effectsx• ý,of20-foot contour intervals on. accuracy! of flood moeln.
6. Determination of. 100-year rainf-a allmount*, i.,:aflood.hydrogeaphl , and 100-year floodheights and velocities aniLobo yCanyon drainage.

7;- Determination of
dikes and leveesCproperty.

PMF. and 100-year flood flow velocities along
and sizing ýof riprap., if needed, on Homestake

L

HMCSL024744



Mr. Edward Kennedy .2 i'. .g.i.

8.- RevisIons And additions to exitst i recamation plan
The expected cost fOr pOrforrmance of these tasks' Is ý$3, 80e'.ji e'started on Task 1 because of the importance:e . acquiring the revi sed P!amounts . . . . ., . ,i i i

.Please cal'I -if you have 'any questions. •7}2} '

-MichaeI J. Timn er. . .. '.-
Project Supervisor ' .

.. -. :M JT/bk + :.::+!:+.:-i:+:.::.:::..!.:: 
.,

cc .:: Alan Kuhn, Albuquerque. .... 
...

,. -.-
" . C-i .; + : i +.. : :. -: :: : :::-:+=!. "., :;-C 
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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 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(SiO4) 1- (OH) J4 , uraninite [U*"4., U".) 0',
ideally UO=, tyuyamunite [Ca (UO) 2 (VO4) 2 5 - 8 H20] , and carnotite [K.

(UO))2 (VO4) 2 3 H20]. 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% U3 0,. To minimize

fluctuations in the grade of the feed to the mill, the ore lot~s 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

undersize is transferred to the sample plant.
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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 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) J9 , uraninite [U"4
1', U".) 02,x,

ideally U0 2 , tyuyamunite [Ca (U0 2 )2 (V0 4) 2 5 - 8 H20] , and carnotite [K2

(U0 2) 2 (V0 4 ) 2 3 H20] . 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% U3 08 . 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

undersize is transferred to the sample plant.



-3-

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

rotary 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 steady 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

transports 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 and 2 1/2 inch forged steel balls are used for

charge make up. Each ball mill 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 2 C03 per liter and 7

grams Na HCO3 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 product of the classifier is about 10% plus 48

mesh and 35% minus 200 mesh.

The north circuit spiral classifier overflcx-goes directly 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 conventional 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 cyclone 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 recycle to the grinding circuit. The

thickened slurry from the thickener is removed at about 40% solids.

The thickener
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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 alkalinity to form a

uranyl tricarbonate complex ion according to the following reactions.

2 U0 2 +0 2 0 2UO3

2 U0 3+6 Na 2 CO,+ 2 H120 e 2 Na 4 U02 (CO) 3 + 4NaOH

The uranium will not dissolve in a sodium carbonate solution

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:

U03 + Na 2 CO, + 2 Na HCO3 , Na 4 U0 2 (CO,) 3 + H30

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 0 F. Retention time of the slurry in the pressure leach

is 4.5 hours. The second stage consists of an air agitated atmospheric

leach at a temperature of 170 0 F. The atmospheric leach slurry has a

retention tire of 12 hours for the slurry coming 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

diffuser. 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 0 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 feed 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 autoclave 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 a concentric tube

heat exchanger that cools the slurry from 200OF to 170 0 F. The pressure.

of the system provides
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the energy 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 lifts provide agitation for each

pachuca. Heat for the circuit is provided through steam jackets on the

air lift 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.

The slurry from the pressure leach circuit is added to the top of

the first pachuca 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 M feet in

diameter and are equipped with polypropylene 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 stage of filters is maintained

at 100 0 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



-10-

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 0 F to 180°F before

flowing into the precipitation circuit. The heat is obtained by

cooling the pressure leach discharge slurry from 200OF to 170 0 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.

" 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 U308 .

D. Precipitation and Purification

1. Precipitation

The pregnant solution from clarification after being heated to

180OF 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 precipitate 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 4 U02 (CO3) + 6 Na OH * Na2 U20 7 + 6 Na2 CO3 + 3H 20

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 cake 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 the yellow 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 precipitation,

which are affected by the point of. addition.

The yellow cake slurry from the precipitation circuit flows into

a 40 foot diameter by 12 foot deep thickener. The thickener is

insulated with a floating two inch Styrofoam lid and two inches of

Fiberglass insulation on the sides. Because the thickener operates at

1700 to 1800 F, the cover insulation is necessary to minimize

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 quantity of sodium hydroxide. To
reuse the barren solution, the caustic must he converted to sodium.

carbonate and sodium bicarbonate. This conversion is accomplished in

two packed towers in which the caustic barren solution is contacted
with boiler flue gas. The CO2 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 solution on the second stage of filters.

3. Purification

The primary precipitation of yellow cake produces a product

which, when washed and dried, will assay around 75 to 77% U3 08 , 5 to 6%

V205 , 2 to 2.5% CO3 and 7.5% Na. Although the uranium content is

satisfactory, the vanadium, carbonate, 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 0 F. The calcined yellow cake discharges into a water cooled

screw conveyor which cools the yellow cake to approximately 200OF

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 storage. The vanadium

solution is concentrated and cold to a carry vanadium producer.
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b. Sodium Removal

Vanadium solution contained in the yellow cake slurry 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 repulped 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

maintain 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 product 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 packiged 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 0 F. By the time the yellow cake reaches the bottom of the yellow

cake dryer, the moisture and ammonia have been removed. The yellow

cake is discharged from the drier through a pulverizer 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.
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Table C-i: Hydraulic and Transport Properties of Local Aquifers
San Andres-

Glorietta
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 Unconfimed 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 (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) 2 to 26 ......

Homestake Mining Company
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San Andres-
Glorietta
Regional

Aquifer Alluvial Aquifer Chinle Formation Aquifer Aquifer
Retardation Factor Uranium = 3 --

Molybdenum = 4.5 to 5
Selenium= I to 1.2

Specific Aquifer 0.038 -.......... 0.1 --

Yield Average 0.28
At Site 0.2 ...... 0.1 -- 0.1 --

Storage Coefficient ........ 5 x 10- 3 x 10- 3.4 x 10- - 4.2 x 104 -
__ 1.2 x 104 1.4 x 10-3

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
Near the site SoutheastFlow predominantly

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
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
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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 2010.
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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 10

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 is diverted for irrigation just below the San Mateo Reservoir during summer months.

The remainder infiltrates into the alluvium 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 the 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 volume, 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 Creek 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 Evaporation 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 peak

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 the 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, local and one-hour PMP/PMF event 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 reduce 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 required protection against potential erosion caused by the regional PMF (approximately 8

feet thick layer of sand and rock covering) (HMC 1988; Hydro-Engineering 1993)]. For the rest of the

site, cover placement and recontouring in the mill area were designed to keep surface gradients

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 impoundments. 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).
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INTRODUCTION

This appendix is intended to present relevant data about the groundwater 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).
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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
Site

Constituent St
Aquifer of Concern Standard Location(s) of Exceedance

Exceeded?

Sulfate Small localized areas east of Valle Verde
Chloride Yes In close proximity to the LTP and STP

TDS
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

4Three wells in Section 35 south of Felice Acres
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

Nitrate Yes LTP and STP
East'of the tailings piles
Southeast of Valle Verde

Radium-226 + Yes Immediately underneath the LTP
228

Thorium-230 Yes Immediately underneath the LTP
Vanadium Yes Immediately underneath the LTP

Sulfate
Chloride Yes Wells CE7 and CE 13

TDS
Uranium Yes Twelve Upper Chinle wells
Selenium Yes Six wells in the mixing zone

Myeme Three wells near the tailings7a Molybdenum Yes
Six wells south of the Collection Ponds

Nitrate No Not applicable
-. Radium-226 +-d.+No Not applicable

228
Thorium-230 No Not Applicable

Vanadium Yes One well near the LTP
Sulfate Yes Wells CW24 and WR25

a- Chloride Yes Well ACW
(4 ,Three wells in Felice Acres

TDS Yes One well west of the West Fault

U u YWells WR25, CW17, CW35, and CW1Western portion of Felice Acres

Homestake Mining Company
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Site
Cons tituent St

Aquifer of Concern Standard - Location(s) of Exceedance
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
4TDS

Four wells, two of which are near the subcrop of the
Uranium Yes Lower Chinle Aquifer with the alluvial aquifer south of

_Felice Acres
Selenium No None

Molybdenum No None
Nitrate No Not applicable

o Radium-226 +228 No Not applicable
Thorium-230 No Not applicable

Vanadium No Not applicable
Sulfate No Not applicable

Chloride No Not applicable
• TDS No Not applicable

Uranium No Not applicable
Selenium No Not applicable

Molybdenum No Not applicable
Nitrate No Not applicable

Radium-226+228 No Not applicable
Thorium-230 No Not applicable

Vanadium No Not applicable
Source: HMC and Hydro-Engineering 2011

0
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PLUME MAP WELLS

Table E-2 below identifies the wells that were used to generate the plume maps.

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

1J 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 L1O

L6 L8
L9 M5
MO MQ
NC P
P2 Q
R S2
S3 S4
SA SS
ST SUBI

SUB2 SUB3
SV T
TA TB
W WCW

WR25 X

Homestake Mining Company
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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 population distributed i 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 for 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 [1986]

and Adams and Gelhar [ 1992]).

The zeroth spatial moment (M0) represents the total solute mass in the dissolved-phase plume. For fully

screened wells, Mo is calculated by:

Mo bAiCi•xY (1)

where bi is the aquifer thickness, Ai is the area (or weight) associated with each well, Ci is the measured

concentrations at each well and 0 is the total porosity at each sampling location.

Thiessen polygons were used to define the individual regions of influence, or representative areas for each

sampling point (monitoring well). Thiessen polygons divide a plane, assigning the representative 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 results 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 uranium concentration data for sample years 2000 to 2011. Well

locations with continuous yearly sampling limited the number of wells 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
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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 create "synthetic" uranium concentrations for the mass removal analysis. If

multiple samples were available for a given year, the maximum dissolved uranium concentration was

used. The final selected well locations and maximum yearly dissolved uranium concentrations are

detailed in Table 4.2.4-1. A plan 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 percent, representative of a typical porosity for mixed sand and gravel sediments,

was used for 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 total of 73 polygons were used in the mass reduction analysis. The area of each polygon in

square 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 approximately

49,600,000 :square feet.
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