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AEGIS METHODOLOGY DEMONSTRATION: 
CASE. EXAMPLE: IN BASALT 

F. Ha.rv.ey Dove 
Pa.c:ifi c: Northwest Laboratory 

P.O. Box 999 
Ri ch·l and:,. WA 99352 

Th~: Asses,sment. of: Effec.t.i"vene.s·s. o.f' GeoJogic. lsola:t.ion (A-EGIS.) Project ha·s 

been· devE!!lop5ng and. a:pplyi'ng: methodolo.gy. to. ev.a:lua~te the~ post-closure· perfor• 

mance• of a: geol o.gic repa.s-i to.ry for· the: deep di'sposa.l of' nuc.l ea,r· wa:S·te:. Method.-· 

o•log;y dev.e:lopment. b.e.gan a:t. the: Pa:c.i"fic. Northwes:t Laboratory (PNL) in 1972 .. 

S:i"nce' the: sununer· of T9~78,, methodo·lo.gy demans:tra:tjons hav,e: be.en· completed for 

s-ites· i·n bedded. sa:Tt:,. g_ra.ntte:,. dome· saJ t:,, a•nd ba-sa~lt.. Wh i 1 e the, repo.s itory · 

location was hypothetica:l, the geographi-cal setting was actual, introducing 

new and increasing: complexities into the: ana.lyses of each site.. The ba-salt 

assessment was. the: mos·t. comprehensive application of AEGIS technology attempted 

to date. The demanstra.t.ion in the.- Columbia. Plateau.was to accomp.lish a mo.re 

ca.reful and. deta.iled. re:lea:Se. s·cena.rio ana:lys:is., inc.lud.ing. use· of the Geologic 

S.imula.ti'on Model for ba,salt, and· a detai-led: consequ·ence analysis· commensurate 
w.i th the: ava.il ab 1 e: da:ta.,. time.,. and. funds. 

AEGIS ANALYSES 

Pe.rformance assessment of long-term waste isolation involves a number of 

d.istinc.t analyt.ical steps.. AEGIS cu.rrently has the technology for performing 

these ana.lyt.ical steps. 1 '·2· The AEGIS approach is applicable at various leve.ls 

of sophistica:t.ion,. dependi"ng: on the· analy·t·ical need and the amount of informa-· 

t.ion available. The. ana.lyt.ical methods are cont.inuously improved to overcome 

deficiencies identified. during· technology demonstra.t.ions and as the site selec­

tion and 1 i"cens·ing processes develop. A simplified diagram Qf the AEGIS analy­

ses is shown in Figure 1. 

Ava:il able i-nformation conta·ined in Federa 1 publ ica.tions, state. publications, 

Rockwell I:nterna,t.ional reports., se·lec.ted. u.niversity studjes-, local consultant: 

reports, and other· sources ha·s been u.sed. to establish the data base and initial 
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hyd.rolog·ic and geologic. interpreta.t.ions for· the. site.-specific application in 

ba:S'a:l t.. Because.· an· und:ers:tand.i ng· of· the dynamics·. of ground:-wa.ter· flow. is 

ess·enti a.l to the, dev.e·l opment of both re:l ea:Se· s·cena-ri'o.s· and consequence: ana~l yses ,. 

a key step in the: demons tra:ti on is the: sys:tems cha.rac.teriza:t:i on conta:i ned in 

the conc:eptua 1 mode·l . Re.gtonal and 1 oca.l grou.nd.-wa·ter· movement patterns· have· 

been defined with the aid: of· hydrologic computer· models. Hypothetical release 

scenarios have· been deve:loped and ev~luated by a. process of expert opinion and 

by a process involving· a. Geologic. Simulation Model for basalt. Although not 

a pa.rt: of· this analysis.,. the Ge.ologic Simulation Model can be u.sed to forecast 

future: bounda.ry cond.it.ions. for the hydro.logic simu.la.tion. Chemical reactivity 

of the· basalt with ground. water w~ll influence the leaching and transport of 

' rad:ionuclides; solubili'ty equilibria. based on available data were· estimated 

with geochemica 1 mod.e:l s·. After· the radi onu.cl ide: concentrat.i ons were mathe.­

mati ca 1 Ty introduced: into. the ground-water movement patterns, waste movement 

pa-tterns have been ou.t.l ined. over· e:l apsed. t.ime.. Contami-nant transport· resu.l ts 

were: summarized. for· s-.i'gn·if·; cant rad.i onu.cl ides tha.t were: hypothetically re.l eased 

to the~ bi'osphe.re •. Do.se· modeaing, was not included. in the· basa.lt demons.tra·t.ion;· 

however·,. computer· mode:ls are: a.va.i'lable to predict: the anticipated radiation 

dose 1 e.ve.l s for humans and. the.i r· environment. 



Conc.eptua:l Si te:-S'pec.ific Mode] 

The AEGIS conceptual mode·l for the. ba·salt demonstration has a regional 

aspect (21,.000 square miles) cha.racteristic of the Columbia. Plateau Basalt 

( 78,.000 square: mi 1 es) a.nd. a 1 oca.l as·pect ( 2.,.000 s.qua re mi 1 es) simi 1 ar to Pasco 

Basin. Oef'i'nitjon of the. hydro:logy and geolo.gy of both a·spe.cts depends on the 

i nforma:t.ion ob.ta:i ned from· cu.rrent. and: plan ned fi e:l d. programs· of Rockwe:ll Hanford· 

Op.e.ra:tJons (RHO) and· othe.rs.. Reg.i'ona:T flow- of ground· wa:ter· tends to be sou.th-­

wes·.tward:ly a.cr.oss·. the.. made:l area:.. Excepttons to th'is genera·l flow. appear· to be::. 

• at: the; northern· perimeter· of· the:- CbTumbi'a: Plateau s·a-s-a:lt where: ground: 

wa:ter· may. be.. fTow·i'ng·. towa'.rd: the: ed.ge: of the: p:l ateau. becau.se· of patent.i o~ 

me:t.ri'c: hi:ghs: w:i'th-i'n the• ma'de:l boundary. 

•• narth o.f'. the: B'T ue· Mounta)i ns~. where· ground: wa:te.r· tends, to fl OW• northwa·rd 

toward the Snake River· 

•· in the western porti·on o.f Pas·co Ba.-sin where ground water tends to flow 

gene.r·a:.lly eastwa:rd toward: the_.· Co:Tumbi'a River .. 

Hydro:l og:i c s·i mu.l alti'on 

The: hydro.log:ic: s.imula:t.ion wa:s d.ivided. into three: major· pa·.rts.: 1) aqu.if'er 

recha:rge .. caTcuJations,. 2) a re.giona:l hydrologic model, and 3.) a· local hydrologic 

mode·l of the. Pa:Sco Ba:sin. Publis·hed· hydro·logic data used in this ana-lysis was 

gathered· in 1919 or earlier·. Interpretation of available data has generally 

emphasized a conservative evaluation. Ground-water investigations within the 

Hanford Site. a.re. sti l1 conti nu.i ng, and. the i nterpreta·ti on of more recent data 

may sugg.est changes· to the po.tent.iometr-ic surfaces, transmis.sivity maps, and 

bounrlnry cond.itions deve·loped: for· the· baS'alt demonstration. 

An es.t.ima.te of the amount of water· transmitted through the ground-water· 

system was requ.ired to bound. the. transmissivity vaJues and. to estimate the 

transmissivity d.istribu.t.ions· for the· deeper· basalts.. A stati-stical interpre-· 

ta:tion method: wa,s used. to corre:late· precipitation and. potential evapotrans·pira-· 

ti on da:ta. w.i'th· eleva:t.i'on. Howe.ve.r·,. the: Cascade· ra.i n shadow· is projected acres s 

pa:rt o.f the: r~g i.on i nf·l ueneing· the. analyt.i ca.l resu.l ts. Water ba·l ance and 

recharge- estimates- for the re.g·iona·l and Pasco Ba·sin mode:ls are shown in Table: 1. 
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TABLE. 1. Wa·ter· Ba.l ance: and Re.c.harge; Estimates, for 
the, Reg:ionaJ and p:a:sco Ba-sin Models 

Est.i"ma:tes. 

p:reci pi ta•.t.ion· 

Ac.t:ua:l Eva.pe.tra·ns.p:i"ra,t.i"on ( AET) 

Pi:Jmp:ing· 

Rech·arge:. 

Irrtga:t.i'o n 

Sa•.ge-Chea~t: 

Fores.t: 

D.ry. Land: Wheatt 

Regiona.l 
(mil·l·ion acre ft/yr) 

T2.2 

12: .•. 2. 

0 ... 20 

2. •. 66: 

T.Z2. 

0 .. 93 

o· .. 15: 

Q;_3·6: 

Pasco Basin 
(acre ft/yr) 

772.,.000 

1 ,.394·-,.000 

27",000 

28:7',.000 

Hydro.logic models of d:ifferent comp:lexity are opera·tionaJ at Pac.ific. 

Northwest Labo.ratory .. The· mu.lt.i'p·le: layer· two.-dimensional Variable· Thickness 

Transient: (VIT') code,~ wa:s se.,lec.ted: a·s appropr-ia:te for the amount of data avail­

able: a:nd for the: co.nd.i tJons: exd s.ting: i:n: the: re.g:i ona:l sys·tems... Th·i s. mede:l uses 

a: fi'ntte: d~i·fference~ formu:Ta:ti'on- to·· rep.resent. the·· pa:rtia:l dtff'erent.i"aJ flow· 

equa:tton. The: reg,iona~l s:tudy area. a:S defined. for· the· VTT mode:l wa-s divided. 

into a 5.5 by. 55· s·qua·re: pa·.ttern· w~·th· each· gr·id. 3 miles. ( 15,840 ft.) on a s·i d.e .. 

The reg i ona.l sys·tem was modeled as a: he:l d potential surface 1 ayer and two under·-

1 yi ng ba-s a 1 t 1 aye.rs. The regiona:l model estab 1 i shed the boundary condi ti ens 

for the hydrologic mode:l of Pasco Basin. 

The· locaJ mode:l simu.la:tes in grea:ter· de.ta·il a subreg·ion of the ~gional 

hydro·log.ic. mode:l. S.imu.la.t.ion o.f· th·is· sma:ller· re.g:ion a-llowed for· grea:ter res·olu­

t.i on to be· obta-i ned· around. the: rep.osttory and: a:l ong the potentia 1 ground-water· 

pa·thways from the· repository to the: po in·t of d.i scharge into the· biosphere. 

The Finite: E1 ement Thre~D.imens·i ona:T G'round.:...Wa.ter· Mode-l ( FE3DGW·) 4 was se.l ected 

for mode:l i ng. the: local regton.. The: FE3DGW· model uses the· Ga:lerk in· finite e 1 e-· 

ment method w.i th deformab:l e· quadril a:teral e:l ements·. The fi n'ite: element grid. 

was constructed. usiing: the. s-truc.tura'l and. potent.i"ometrtc surface· contou.rs from 

each of fou.r· layers,.. The- resulta-nt. two:-dimens·.iona:l grid: cons.i sts· of: 606 sur• 

face. nodes and. 555 surface e-lements· .. Afte.r ca~libra:tion,. water·-table: leve:ls 

for the, 1 oca.l mode:l were, in c:1 ose:. agreement. w:i'th the: observed values within 
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the Mabton· Flow. Tha a.verag.e. d.i ff'erence~ a:t· 10 wells is 46 ft. The Rattlesnake 

Ridge Flow· shows a better· comparison w-ith the. average· difference for f'ive· we.lls 

be,; ng 30 ft. 

GeoJ og i c s·; mu.l a.tJo n 

The: p.e.rf'brmance· ana~ly.si's. of a, repo.s-itory system whose behavior must be 

s~tud.i'ed. over· subs~tant.i'a:l. peri'ods of t.i'me· needs a. g,eologic s;iinu.Ta,tton mode:l to 

quant.i fy potent.i a:l sys·.tem changes. and the:i r .. p.roba-b.i 1 i ties:. CompleX' phenomeno­

logtcaJ codes~ are. t'oo expens:i v.e: and unw-i'e:Tdy. to: be- u.sed. to. exp·l ore, the conse.-­

quenc:es of ev.ery. n·s:c:ena:r'i'a·11 of· und·es'Jrab:le: sys.tem: changes. de.v i s·ed: i'n· s;i te~ char•· 

ac:teri'za:t.i'on· and: qua:Ti'f'i'ca:t.i on· s·,tudies;.. The: geologi-c s i mu 1 a·t.i'on· mode:l musit. 

i'nc:lude· s'.imp'l e: v.ers>i'o:ns, of' the: mare: complex .. phenomena 1 og·i cal codes· so tha:t. it 

ca·n act as· a> filter·,, allow·i'ng: the~ comp'Tex·. codes, to be: applied. to modeling those 

changed states of' the system which have·the greatest: combina-tion of probabilities 

and consequences. Such an ana.lysis endeavors to describe the behavior· of the. 

repository sys·tem, the 1 ike 1 y. and pos·sib:l e changes of that .beha.v i or over the 

ti'me: per·i od· of.- interest.,. a.nd. the probab.i 1 i ties and uncerta:i nti es a.ss-oci a':ted 

w.i th bo.th the: i·npu.ts; and: ou.tpu.ts. of the ana:Ty.s:is... ln de.v.e·l op.i ng· the~ Geo.l ogi·c. 

Si'mu.l a.ti'on Mode:l ( GSM') for· ba:sa:l t,.5 numerous potentta,·ll y di'srupt.ive.- na:tura:l 

phenomena: were i-dent.ified. and: ana:lyzed.. These· phenomena. form two groups,. ba·sed 

on the-ir potent.ia.l for· affecting the repository, as shown in Table 2. 

TABLE 2. Potentially Disruptive Phe.nomena 

Group L 

Rock De:formati on 
Ma,gma~t.i c Ac:t.i v:i'ty 
Me .. teari te· Impact. 

Group IT 

} 
Cl ima·t.ic: Change-
Gl aciat.i on 
Sea.-Le:v.e~l Fluctuattons: 
Ge.omorphic Process-es 
Hydro·l o.gy 
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Could: Di rec.tl y Disrupt Repos i to.ry 

1. Probably Cause s·ign·if.-ica·nt· 
De.grada.ti on or Disruption 

2.. Affec.t Hydrologic and Geolog·ic: 
Bou.nda·ry Conditions 



The: completed AEGIS GSM' was. used to genera:te. 500 Monte. Carlo simu.lations· 

of· the· behavio.r· of' the: geologtc/hydrolog~ic. sys.t·em affec.t.ing a hypothetical 

repos.itory in the Pasco Basin av.er the. next million years. These simu.lations 

used da:ta. which· were· not subj,ec.ted. to a review' adequate. for the requirements 

of' a rea] performance· as:sessment.. However·,. the generacl care u.sed in gene.ra:t.i ng 

the: da:ta:, and the, ov.eraJT beha:v-i·o.r- o.f the GSM· suggest that the resu.l ts are· 

p-rau.s.i'b:l e: a:t: th·i s t.ime· •. 

Ev.oJu~ti:on• of. the: sJmplfffed: hyd.ro:log~k: s~s·.tem· in: the GSW resuJ ted primar·i'ly 

from· the eff:ec:ts; of climait.i:e: chang;es: and~ of mo,vement on loca·l fau.lts~.. Thus .. ,. 

the: tjme: htstortes·;· of' Da:rc:y. v.e:TocJty. and. tra.v.e:l time: depend· upon the: accura.cy 

of the' Mtlanko.v,i:tch· c:l:i'ma!te: d.r·tv.er- a'nd: anc:i'n.ary dalta and: subrou.t.i'nes (for· 

examp:l e·,, ra\i'nfaTT ra:tes·.,. gJac:.taJ ad.v:anc.es:,, Mfsisou.Ta: floods.,. and. r·iver· erosi-on·),. 

and: upon the: data. a·nd: cod.e. of the: Deforma:t.i on S'ubmode'l which resu.l ted. in 

insigntficant folding.,. fau.lt offse-t., or- re~la:tive· elevation changes between 

the Pasco Ba·.s in a.nd. the· ground,-wa:ter· recharge area-s. None of the 500 s imu 1 a.­

t-ions produced substantial changes. to e:ither Darcy velocity or· trave:l time in 

the: fi rs·,t. 20,.000 years of' s.tmua a:ted. t.tme: ( beg:i'nntng, TOO yea.rs after c:l osure:) .. 

A· threshold: v.a:Tue: of: Da:rc:y v.eToc:ity of' an order· of ma·.gnttude: grea:ter· than· 

the: s.tart.i ng: v-a:l ue: was: u.s-ed: fn the: GSM' a·na:lyses. to flag· s i gni'fi cant:ly. i'nc.rea:S"ed· 

flow- ra'.tes. 6. Fi gu.re· 2. shows. tha·t. this thresho 1 d was. not exceeded unt.i 1 abou.t 

a qua.rter· of· a mi 11 ion yea·rs·. of s·imu.l ated. time had passed.. However, a demon­

stration of' the AEGIS technology would have be.en incomplete w.ithout conside.ra.­

t.ion of some und.esirable. altered state of the geologic/hydrologic system. 

Fault.ing· (p.robability of less. th~n 10-T) appears to be the· most probable of 

the: un·like:ly natura:l mechantsms by which the: hypothet.ica:l repository could be· 

disrupted. i'n the. first 20,.000 years .. 

Geochemica:l s·;mu.l ati on 

The.- chemi"ca·l reacti v-i'ty of the.- bedrock w.i l1 i nfl u.ence the· transport of· 

so·lu.tes in ground. wa:ter·. The: ton sp.ec:ia:t.i"on--so.lubility WATEQ2: mode:l was 

u.t.i'li'zed.· to de.t·ermine· the: so'lubtl i ty cons·,tra.i'nts. for· pub.l i shed wa:ter· ana:lyses J · 
The: grou.nd;-wa:te.r· s·amples. from· transmi's'S'.i've: zones o.f the: Columbfa Plateau. basa:lts 

compu.te: to be: a.t equ.i 1 i bri'um· w.ith ca:l c:i te .. wh·i ch prov.ides both a. so 1 ub il ity con•· 

trol for.- d.is-solved: ca:ldum and a· pH buffer·. Most of' the· ground:-wa.ter samples 
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compute·. to. be· a:t equ.ilibr·ium· w-ith amorphtc sili'ca: (g·la.ss·),. a.re· sa-turated. to 

oversaturated: W·i th respect·. to a 11 opha·ne:,, an· amorphi c· al umi na-si Ti cate:, and are: 

variably oversatura-ted w-ith regard to secondary day minerals. These solubility 

equilibria· are important factors W·ith· re.gard tO chemical-retention processes 

associated with the· possible migration of nuclear waste stored in the earth•s 

crust. Specifii:a.lly,. the occurrence. of secondary minerals, particularly amor•· 

phic p.hases.,. will enhance.- the sorption of disso·lved radionuclides. 

The ana:lyses su.ggest. that the· processes of d.i ssol u.ti on of bas a 1 t:i c g.l ass 

and formation of meta.stable seconda.ry minerals are continuing even though the 

basa:lts a·re o.f Mtoc.ene- age and. presumab-ly have .. undergone a long history of con­

tact w.i th ground. wa·ters·. The ov.ers-atu.ra ti on with respect to the c1 a:Y minerals 

i nd.i ca.tes that. the:i r· fonna .. ti on ra.te: 1 ags· the: di"ss·o 1 u.ti on rate of the. bas a 1 tic 

g.las:s. The mode:1ing: re.su.lts ind.icate: that: meta .. stable amorphic solids limit. 

the. concentra-tions: of djs·solv.ed alumi-num,, iron and. siHcon. 
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Source Te.rm 

A simple source- te.rm for spent. fue-l based on uranium solubility constraints 

and congruent leaching wa-s· used in this. technology demonstration. The- assumed 

b;reach s.cena.ri o is· that·. of a new- thrust fauJ t i ntercept.i ng the. repos·ttory. 

Cha·.racterist.ics interpreted. from fault data: ind.icate. that: 1) the· majo.r· fo·lds 

a:nd: fau.l ts. in the.- P·a:s·co· Bas-.i n· a:re· o.riented. no.rthwes~t:--southea-s.t to east.-west., 

2:) Umta.num Ridge:,. Ga:b:Te: Maun~tadrr,. Ya.k.ima·. Rid.ge:,. the: Ratt~lesnake. Hill~s,. a:nd the. 

S:a·d:d:le:·Mounta:ins: a:re.- a;ssocta:ted: w~i'th· rev.erse/thr.u-s,t fa·ults: or po.ss:i'ble: revers:e/ 

thrust: faults:,. 3:) the rev.er-se/thrus,t. faults. a.s·.s·ocia~ted: w.i th· Umtanum: Ri·dge:-,. 

Glllb:Te: Mt:>unta:i'n and the· Ra:t.tlesnake: Hills. di'p to: the' south, 4-) · reve.rse/thru.s;t 

faua t: dtps: g,enera!ll.y rang:e: from: nea:r.· ho.rtzo.nta~l to nea:r vert.i'ca:l ,. S) at: and' 

n·ea:r· Ga~b le· Mt:>unta:im-Gil:ble.·. Butte: the: faults: dtp· betwe~an l0° and. 4~5°, and. 6'·) 

tectoni c. breccia. zones· range- up to about 1 00 m Weide:,. but. as we.· as·sume: that 

a 11 new!' fau 1 t w-i 11 d·.i srup.t the: rep as itory ,. a na:rrow ( e:. g. , 2 m wide-) fau 1 t 

zo.ne: wa·s se.l ected .. 

In the.- repos·.itory," spent. fiJ.e:l wa:ste: pack.a.ges. are assumed to. sit in a: 

T2.-·ft. by. 120.-ft: gri·d. o.f ho1es-. in the: fl cor·,. w.i th· ea:ch· ho 1 e- 4- ft i'n d.i ameter· by 

19-.5 ft. d.eep. The: 12.-ft centers 1 i e no.rth-south. I.n- this· ana:lysi s., no: credJt: 

h-a:s been taken for· engineered: ba·rri ers i nc:l u.de.d. in backfi 11 , overpack,. or· 

waste package· design other· than geometry. The: fault strike. is assumed to 1 i e 

north 60° west, and the d.ip is a.ssumed to be 30°. It is also assumed that· the 

interception of a ho 1 e anywhere a 1 eng its 19 .S:--ft depth w-i 11 breach a waste 

packa.ge. (Actua.lly, the- waste packages are. shorter than the hole depth.) 

Water flows a.l eng the.- fau.l t p 1 an e. from transmi ss.i ve. zones be 1 ow the repository, 

throu.gh the- repository,. a:nd· to uppe.r transm-fss·i ve· zones.. Shear a·t the fau 1 t 

p.l an e. is assumed to cut. sp.ent fue-l wa-ste packa.ge.s. in two,. 1 eavi ng two remnants, 

ea.ch open on one end.,. into. which wate.r can flow.. Therefore, the fault. can 

breach waste, packa.ges·. over· this T9·. 5-ft range: of' e:l evat.i ons, which· corresponds 

to a-. w-idth in the: hort:zontaJ direction of 33.8 ft. The· repository is assumed. 

to ex-tend. 1 0,4-oO ft. ea:s:t.~we·s:t and· 7',.650 ft north---south,. such tha:t. the· ma"X.imum 

length· of the. fault. i'ntercep.t.i ng- the· repository is 12.,.000 ft. The frac.t.iona T 

repos-itory a-rea: over· wh-fch was:te packa.ges can be: breached. is 0. 005. 
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--5 2 Reported uranium re:lea·se: ra:tes from spent. fue.l range. down to 10 · kg/m 

da:Y at 25°C, and a typical spent fiJe,l surface are~. is 0.2 m2/kg. Based on this 

a.lone:, the release duration would not exceed 1400 yea.rs. At 1400 years,. the 

wa·s.te: packa.ge: tempe.ra:ture: wou.ld. be over· l10°C, and the a.c.tual release· duration 

would be. much shorter a·t the hi'gher· temperature:. Assuming a volumetric ground· 

wa~te.r· flow rate: per· meter· w,fd.th· of f·ault .of 0 •. 1 to 1 .. 0 m3/yr, and a wa.s:te. pack­

age· hole diameter· of T .. 22. m; .. thee v.o 1 umetri c flow ra~te: a:.va:i 1 ab 1 e to wa·s·te pack-· 

a~ge, remnants; ~ou.ld: be 0:. 2.4.: to:. 2: •. 4: m~/y.r·.. Us·Jng: the: predicted. equ.i 1 i bri urn 

u:ranium· concen\tra~tton: in• a: wa1s:t:e: pa:~~age .. a:t the: pred.i"cted. was,te package: temp.era~­

tu.res:, .. a:nd: a. 1300. kg ur.antum: i'nv.en:tory per wa,s.te: pa'cka.ge,. the. re:l ea·se: dura:tion­

rang.es·, from: 1300. years: ( fault.i'ng· a:t. lOO yea:rs.,. 2 . .4- m~/yr-) to 16,.000 yea·rs 

( f'auJting· a.t 10, Q(%l y.ea:rs>, .. 0 .. 2.4: m~Jyr·). The, effect~i'v.e" dura:t.i'on is· ha.l f· as. 

1 on9:' for· a package. sheared: i'nto: remna.nts: of: equal s.iz·e·. Considering ha.l f of 

1300 years a-nd that 1/200 of the wa.ste· packages leach, then based on repository 
inventories,. the· release. ra:te.· is less· than 10-5/year. 

Transport ModeJing 

The: o.ne.-dimens;iona:T Mu.l ti'c:omj:>onent Mas--s~ T~ans.por.t (MMTTD.) mode:l ,.8 based: 

on the method. of: d.i'scre:te, pa:rce:l random· wa.l k, was u.sed to· si mu 1 a·.te· the: movement 

and· to p.red.i'ct. the· concentra,t.i ons of rad-i o·i'sotopes re:l eas·ed by the. was·te reposi'­

tory. The· hypothet.i ca 1 reposttory was assumed. to be· located beneath the 

Hanford Met·eorologica:l St·ation (lat·.itude 46° 33"' _47'', longitude 119° 35' 54·11
) 

in the center· of the Umtanum flow at about 3,.700 ft be·low ground surface·. This 

places the repository a:t approximately 3TOO ft be.low mean sea. level. A surrana·ry 

of' the: s tream·l i ne cha·rac.teri s tics for· a re:l ease· from the· repository and. trans-­

par~. north to the· Columb.i'a. River is fnc:luded. in Ta.ble· 3.. 

TABLE. 3. Sunmary of the Mi'nimum,. Maximum,. and Average 
Va~lu.e-s:. for· the, Streamline. Length,. Trav.e:l Time·, 
and: Velocity for· Eleven Streamlines 

De:s:crtet.ion· Mi'n·imum· Maximum Average 
Length (ft.) 40,.000 5:1 ,,000 4-5,000 
n·me: (yr-) 13',.000. l7,.000. 15,.000 

Ve:l oci't:Y (ft/yr-) 2 .• 82. 3 .. 29· 3.03 
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The· transport. a:nalys·is: was d.ivi'ded. into. two· case.s, long:-- and. short·-tenn 

predicti-ons·. The' long-term ana~lysts· was used. to. pred.ict which nu.cl i'des·,. if 

a.ny,. wou.ld escap.e. to the biosphere. in the.· two million years after the fault 

i ntersecti'on event. Th:i s ana·ly.si s wa:s. used to determine the maximum rate of 

arr·ival (C:i/yr') ,. time of maximum arrtval rate:,. and the. total amount of activi·ty 

re~le·a-sed to· the: env·tronmen·t. durtng; this·. two-miTHon·-year· per·iod.. The: short-· 

· te:nn: anaJy.sJs. pred:fc:tecl. the· dis,tances·. trav.e.l ed. and the: radJonu.c.l ide concentra-· 

tions: a.fter· TOOQ· year$ and: l.O:,.om.o ye:a:rs;,, because· thes·e. appea:r· to. be· emerg.ing· 

a;s·: the: times: of partJcuJa.r· i'nteres;t to· the: propo;s:ed. r.eg.u.l a:tory cri'teri'a for· 

geo~logj·c: di'spos·arl .. 

The: transpo.rt. ana:Tys<i:s, fo.r the• f'i'rs·.t lOoa· yea:rs: fo:lTow,i'ng: intti'atti'on: tnd.f­

ca,ted: z:er:o: re•lea1se: to: the: ae:ces>s:tb:le: env.i'ro.nmen•t. For· purpo:ses· of thts. s,tudy, 
. . 

the: 11 a'cces:s·,i b:l e.· env:i ronmentn· i'nc-1 udes. the• ba•s:al t a·nd: a TTuv'i a•l ground-wa:ter· 

system: at a· one-mi'l e~ dts.tance from the: repository boundary in the· X-Y or p Tan 

d:imensi o.n. In this·. firs.t: 1000 yea·.rs, the: ma·ximum d.i stance. any contaminated 

wate.rs. mi'gra;te.d. from· the· repos.i to.ry. wa.s- 1300 ft. This maximum mi gra.ti on was 

for· the: TeadJng: dispers:tv.e: ed:ge· of the· contaminant p 1 umes. for the: non retarded: 
. t T4:C d T2:9.~r· Th k t t. f. th t ded . t 1 s·o opes: . a:n : . .. e~ pea conc:en· ra: .Tons· or e: nonre· a.r . 1 s:o opes· 

were: lo.ca:ted: a:pp.roxdma:tely zoo· ft: from· the: repo .. si'tory .. The. maximum· migra:t:ion· 

distance, for the· rest. of the i·s·otopes:,. aJl of_. which· are· retarded, was on the· 

order· of 1 00 ft.. ln a.ll ,. 16 is:otopes- had .concentration peaks i'n excess of 

the maximum· permissible: concentratoi'on (Mpc·), but this contami-nant plume repre:­

sents on 1 y 0. 021 gpm and is 1 oca ted approx imate·l y 3000 f't be·l ow ground surface 

a:nd W·i thin· the.· 1-mi 1 e· buffer zone: around the repos·itory. Assuming a 1 00-gpm 

we·ll aS" a: prac.tical minimum· for· a. we.·ll drilled. to. this depth,. the d:i1ution 

fa:ctor· of 4-7'00 would. reduce: the· ra-.d:i'onuc:l ide.· concentra:t.i ons in a.l1 W·i thd.rawn 

waters be:l ow. MPC v a.l ues .. 

For· the· 1 O,.ooo,....yr ana;1y.s-i s: tt. is not: e:1 ear· whether any of' the nuc.l ides 

wou.l d ac:tu.aJTy 1 eave; the: 1-mi 1 e: buffer· zone: around: the· repos.i tory and enter· 

the: acc.es-si b:l e: envi-ronment. Peak grou.nd:-wa:te.r· co.ncentra:t.i'ons for 14c and. 129t 
(the: nonreta:rded: radio:i'so.tope.s-,) were: loca:ted: 5000 ft from· the· repos.i tory. The. 

peak: ground:-water· concentra'.t.i ons: for· aJ1 the: other· isotopes were· I ess than 
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100ft from the repository. In a11, 16 isotopes had peak ground-water concen­

trat.ions. in excess of' MPC:. As ind.icated for the 1000-yr analysis, the dilution 

factor of 4700 provided by a. 1 00-gpm we] 1 would reduce a 11 withdrawn ground­

water concentrat-ions well be:low. MPC. For the· sake· of conservatism we. assumed 

that the access i b 1 e envfronment. was reached.. The cumu.l ati ve arrival for l4-c 

· a-nd; 129t a're· we:ll W·i thin· EPA dra:ft standards as shown· in Tab 1 e. 4-. 

TABLE. 4--. s·ummary of CumuJa:t.i've~ Arr·tv.a,r Quant.it.ies and. Maximum 
Krr·iov.a~l Ra:te.s· for· All rsotopes. Reach·ing: the· Accessi b 1 e· 
Env.i:ro·nment. tn· the: Fi'rs.t·. TO.,.OO.O Yr· for the Ba:s·e: Cas.e: 

Ma:x.imum: Ma;x.imum· Cumul a:t.iv e EPA 
Ar r·tv.a~l Arri·v,a;l · Arriva:l O.ve.r Proposed 

Ra.:te: . Ra:te Fi:rs.t: TO ,.000 Yr 
Is:otOQe. ( f·ra.c.tt:lr·} (a!) { cu.r·iesl ~r·}. {cu.rtes} 

S:ta.nd·~·rds.( b .. c.) 
{ curTes:.} ' 

14c 1. T X 10-T 5 .. 9 X lo-·3· 1.6 X 101 2.0 X 102. 

129!. 5.5 X lo-·7 8 .. 2. X ro-4 2 ... 0 X 10° 9.0 X 102 

(a:) Fr-a-ct'i'on of· the· to.ta:l reposoi'tory i nv.entory (for· that isotope:) per· year·. 
The: ra:te' i'n· cu.ri·es· per yea:r- d.i'v-ided· by the i'ntt.i aJ repos·i tory i-nventory 
(for tha·t isotop.e) a·t: t =· 10 yr·. 

( b ) Per 1 000 metr·i c. ton of hea:v.y me,ta 1 ( MTHM') . 
(c) Proposed standard for· iod:ine. remov.ed from· ea·r·l ier· drafts. 

The long:-term simu.la.tions predict the rates that radionuclides would enter· 

the biosphere following the: fault intersection event. Most of the fission and 

a·c.tivat.ion produc.ts are· too short:-·1 ived or are. so greatly retarded that they 

will never· ente.r the· biosphere:. However, some nuclides (226Ra, 229Th, 230Th, 
232Th, 233u~) ha.ve more. to.ta·l curies exiting than· were· present in the original 

i-nventory. This·. is due- to the. effect of cha;i n decay. 

CONCLUSIONS 

The· AEGIS: technology has. been suc.ces.sfully demons·trated.. For the same. 

data.,. s·imila.r· unpublis;hed· resu.l ts. ha.ve· been obtained. by RHO and INTERA Env-iron­

mental Consu.l ta,nts:,. Inc:. for· contaminant transport. ln add i t.ion to establish­

ing. the: u.til ity. of ·c.ompu.te.r codes- and assessment methodology, the AEGis· 

11 



-----·-- ---------------. --

techno1o.gy demonstration in basalt. has also produced. some pract.ica1 gu.idance· 

for· future, fi e·1 d data gatheri-ng· prog.rams. 

The· resu.1 ts of this ba·saJt demonstration indicate that the geohydro 1 ogic. 

sys·.tems separating. the nuc:l ea:r· wa=-s.te; from the na:tura-1 biosphere· d.i scharge. s'i'te 

m·i'tiga:te' the~ consequ.ences. of the postu.lated· fault inte.rs.ect.ion event. This 

ana:lys:ts:, sug:ges·ts tha.t the basa!lt. sy-s:tem sattsftes the· TOOO-- an~. 10 ,000-yr· 

propased: s·.ta:ndards; for re:Tea:se:· to~ the: acces,s·i'b:1 e·· envti'ronment ( 1 im:ited· re'1 ease: 

o.f 1Z9t a:nd: T4'c:). The: re·ader,· s-hould: be:: cau.ttoned, however·,. tha:t. the: results. 

il!re va!Ti'd: on:1y for one:: pa:rt.i·cuJa:r se:t· of· pa:rameters·. a:nd one: postu:1 a:ted: reJea=se 

s:cena:ri·o;.. A complete. sensJttv.:fty! ana~1 ys·.ts. must be: performed. to e.vaJ ua:te: the· 

rang:e o.f effects- tha:t: miig:ht~ be• sa$er,v.ed: unde.r· different re-lea·se: condit.1ons and\ 

for· the- dtfferent. rang:es, in· parameters ... 
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