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he oowing UV my comment an=Ipr sbos de &M alp and the meetnS in Lu
Veasu on the subJect of pround-w=e avel time on Oct. 21.1994:

(1) He Is rih it vhatw cano "dra ound watr This bcanse dw ma is fnixed
with watr ovr ti e gm diluted gwh hat de amimt of w (Ulu= Or whbae ) in
the pund watr fs not eesaly an e Uae da was in de rnchup wam. Howeve, It Ca
be used to advana an with pr c d of hydrulics can be, used o estim dates
of aieL Nevarhass, th preene of igncfican tridum in t gound wa at depth beneath
yuca Mountailn does ice the recag of fily rent wat most voublesome pint

(2) H ao pointed out t posmna 1umeus of othK Oces Iha coud aN shold be te,
nAmely Si.32, Ar49o 1r41 aAM 0.36

IU ppoblm wl& 0-36 as pradomlindy wse of deermininsg Is od . AlthouSh Stan did
nc mention . a36 is ofts produced by nctw pweP plAt Old cae dowuwiD& It can be
prduced geolbo y. for =apl. by fission of xanl 4ad te races of Its prductionl must
be determicn d AM is Is W an ask. At Podue. we have hd problm with using
0C36 because ofit high bck d leve ad lk Of Osgf whate It is coming fro
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Athoh mm mm ca be prodced at de-h I cannot f ee that happeig with tm.
unless the va" coaew frm an au whe awlear tests we condu d u tha is not lke
the cas at Yucc Mountan.

Altbough I thic ta toe tid depth benath Yucca Mounain Is ral ad ugcan tthe
problM at the prs tme Is ,Alo what path did It ent?. Travel dme can be e

mcc Accuttaely If the pathways are bown. The trdum Indiat that recent Wae hu goten
into the systm but the question I fom wber Iis last questio is dte mast e4cal of al
bcause it crucial to determininga g what ou water can gt Io the sysmm, but also bow it
can go out

(1) Austin rdetted much of what Stan sid, so I wont epeu It hem Austin did ma sevral
petnent commnts about the piald i yn to use C14, adth mIdo atng fcos to be
considerd in doing s One of the moat sipflant is the changg of counic partides
entrinS t rth's anoophe d to chani sn ot co ue ch
magnetic fild Invsy.

He omntioed that atospberic nuclear ttng Iuaes the C-14 kevs In the mosphre.
f recharg containing this xan C-14 wase to gSu Inso the Yomc Mountain systm, which it may

have ady done, it could give a fas date, which would lil be yon than It should be.

BacrW ation (prbably not a US f r Yca MoniW MA al Afet dh. raO Of C 14
to odt carbon We also know this to be mm for sul= Isompe Qeeally, batei
conceue heavie Iopes, which under the riht conditions can prod=e an aprent cabon-
14 ag younge than reality.

Te imp=t point to member is dim uin C-14. a in the cae of H-3, c be doae to
advantae f o can eucidt Deow paohs, ad c dm find eltive chage in t
concenauioa Nleveus tvaiusplas lbrelave ao in o doncanbo used u a
lnd of alzizne ftr W hic Wi help to egm the effecm of mo-nadrCa 14 or H-3.

i assumes of courne, that vace: spiked wat found in diffort pou of the mountain all came
from te am ce. Agin, dis lkw pol cannot be acSuCnId unm eam knows, or hu s
pret good Ie about th flow pathways of IntY.

Auxtin did meke a good PoWnt about te variab of H-t ov du an sace On di Wfa.
aNd pad out tg its vaa ty was am mr notable da dat of C-l14 But it should be
pointed out that utium Is mouch me consavave AS A truff underSrund than Is C-14, becae
of th i ntercang of tt= ca with cabate minals

The USOS has lo known, am in continuiWn study oftutim In prec ion that we U.3
wrn u out or wou thi o Sbfas to h owf befoundl LawaW OiCAIL e r s
will fal out is. This wi also gv an appart date younge than mma If this war eS into
the gound war 9ys
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Nl poitd t wo vory impo poi that the PCVIOUS two skm did am u is, (1)
tM iMPO Of Sthe 1012W Vda of C14in ana q ferbfi oae can = it for
daftS. This - CUt at if not bmouable at Yoa Mountain because of the lack of
informadon about wht the C.14 levels wr afwr t rchrgp, whenve th was. An eddldona
midPting faor I the C-14 levS In the AMophm and in th. soDl mce dtig te pluvX
period of the lat ice age (14.000 yo bp). Oviously, aol emg had to have boen forzd with
the added war. Pam a michial activity must have sreaty added to the carbon load in the- watr

(2) WhbAd in e reio s iavolirl C-14 aloS the VkM PUhwas7 Again- this aught not be
POUIbl to fully deand because of the dflfc-* of ob s hg& ad ephmeral

a with C02 at depth. When om a a sample tu pIa pss of CCO2 is vy
otno understanding th reactions takins plc (Groundwater. Map. 7; Frze and

Cry, 1979). lb. me act of drling Io a deep aquif or fatc may cause C to Clega.
thus precipitating QCaC out of moluo beo aL Wa Ampkecn be Wou to the swfac

The w USGS modl NBTPAT is pwp&W to Include all cabm forms and reactions in hX
syqm If ma, then It wil be a usul tool in pes decrbd d quantIfying the guIMuS
carbon ractin that Could or Mit take place u war Is rcarged tD the ground war
sse m in Yu Mountain. Hoever. no model is any good at all unless one has ptdut to

put Into ii

My majo cc hen is th It ay be impossible to adequately dawmine th WU
concentrations of cabon. especially of C14 In do system In orde to adequately model the
ce I rctions It adh be possible, ftm observations or modn carbon con tratdon
and ussed reactions. to bck alu in an iewemoeIns sheme, t Initial ccm a s
However. oe would ha to be somewhat suspect about dts numbero au t
af etioned peturbatons to de carbon cyl q

Finally. it is no W to me dwthatog beckgound war awA damn is av be or cvem
binabl to adequay caoe tie modd =u.

Neil p o ut the pousit of u chlinted _CI U$ mental
UaSM Ti IS a ma tat shud be mtese 7hu athropgs wpousdoo mm
fo t aa 404 yo isave ben used to a dvantage In uWrall WU0m i stdies (Icam

rf ceforyou). Teem fanalysis (IS m sn) ad low ca of aaly Ad the
sensitivitY ( i 1015Ii . adot as Vd is Uli wh Is In 1011) make thse substances wia1
U trACC under dt rgh condti T Mmajoradv&atasu to sng tdes asU
trw is Y:Cwy am a tiar as wehzow. unauwrL Tus weknowwhen teystarted to appa
in dte au pher and e as bow thicr pesent cand hav FM SOo
esomates, abou ther --noenatroo isuoy widh tIo
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They ate cocwvarivg A ad" doa see Nueat with Mineral MeY much adthoug hs Cngh be
som ActivftY In th p ce of W cs (robably not a big probleU at Yua Mu wn.

I hea Don Thmsenso of te USOS desaibe rmu of usng cpCs in tho unuwat o .
Evidently, they fee ta It can et an upper limit on avl dm= an ode of mgde shor
thn tat of C-14. his obvioudy beaube of the half Hf of C.14 (5000+ yrs).

At leut in this cam, It has been and to good advanut with Cm14 In the muu zoe.
FPo the rests In the UZ te, It wul aom appae t t av, an be nsd to Adata in
sturated pound water environaentL

Jon endaed someth of pat I anoe o d wu that in th begnn of the Yu=cc
MotAin sUdy. bolas we ot dd primuily frotc Is, nd AM e&for may not
yield dt right kind of onfcmcAn neessy. The an qualm ab contaminaton from
pipe dope, pues, cment dt ult upon C14. Sr d Cl r eotdvely. It aper In lam casem

at hs may be e, but keepingd aw bole clean dwinSl gd Is not easyk.

Ho so bout ot a point disueW ab m ely th mixing of C-14 with dad carbon from
calcie in te ml ad In th frmatios which may ma e appan ages too old. The ecesu
dead carbon would give the Impesion that mot of the C-14 has decayed a this may not be

ue at SU.

Pahaps the mom i a talfl his fltdilp wee that Sri C-1, U-series and ote methods has
pyweUls wwn tbltwaterhasdsrgd lO0m Wowein topastthdn at pne ThalUof
per conr In thee tofa c ac chag wbichcoldan riste e we be. This
is apolnt thatm=st not be avulooksd.

In addidon antw petinent point be mia was dtat ta vel timay not be the am In
the can of a clmatic cL Th point may be ovalooked, but It should be arefully

What Al rvale an updae on lat Deem s presentstio. wu scay. He ha docmmtend
wow entering not only uinisa l bholeas ZN2, A UZN-, dun spins snow melt (which
can be undertoox), but also seepa t a depth of 1,300 feet hadon p hdw walt at a
deh of cvra 1.000 foet In hole orofe cca blc wau rcp o Themost boerome
disoveres wet wa in UZ- 14 at 2,206 ft which trw fir 100 days; a Tddum at 100 1 an
C-14 at 90% mod inUZ16 at 1400 ft In tho Clico Hs econ
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IagmoWO~daIf thep Phed water coulfbe due to matrix chargefroaie wfsce, u
amelnaicd Watby Aai linL U o% MUldthe f=i thtambe m sa lkd wimame kind of
pment? It MY acm far-fethed, bt it ghould be coxided.

Both C-14 and H-) w3 hh which I1 pobaly a dad te for rpid infltrntion of trcent
wam-FROM WV BR? Tom is obviously a pdway or.pathwys which no ome knows, but
only suspects u teo its veL This mt be delt with bo the Yucca Mountain asio Is
apmrc (if er). If th bole has hih trlum: uad C-1 with depth. and otlers such as UZ-4
has a C-14 go of *1.000 yeas u well as a wat cntent of 30% a depth, then obviously, wate
is baing down thm frm omewhe and It is very likely that additiotal holes will show
imilar findinga

I believ e Al and his colletas may be rIght In thir m en t tha frcm and aterl flows
In the bedded and Calico Mls units dominate tie hydro c flow qsym in Yucca Mountain.

Fin~ally, if wawe Is getting in. then ft gtand to measo that it s geuLng out, SOMEWHBRI The
question Is WHEE That Is die 64-dolla question ad nothi g that I he fnd In the
e x redns about the aa nd rct neseu h thr or in this recent eeting has aly
addressed tis questio This question sould, be th pamot quetion Uaked,'ev excedlq
i ceptho q t q iw of wch mm Udie bc or hotwfix cm die thuWtrlLbe &Uk

Yang amid woh se to think that msidence dme is the most o, evea superseding
travel dm in slgnficance. bevae both their Ys5 PFW modal dter uWerllwMlxd

odel (for itrium) seems to hit at a mean resden of rougly 2 to 36 yen. It should
be noe that the. calculations wc for oY one hole, UZ-16, and hs Is a very peat
possibility that dt esults could be diff nt for ote holes, epeially If tee am dffret Cow
pathways of diffrm t cooducdtvity in epted by the hole Ths results Iro just one bole ae
probably not signficant alone, aoh ty m probably good ore d aa availabled but dam
frotm Weral hales would have to be aalyzed to d mlnthe scda l dsgic of their
cocuion.

Th Piston Flow Model (rm Ya' handot

The W*U-YWzed Model (om Yeang's handou

dC(tt d QinC'n(tW QoumtV - k(t)

C0output C O n
Ci pntw coflontiltOdt

T -a d te
k a tiim decay cosant (.693/tip

ti 2 sal lfe
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Iwtdo m heanyp pob lemwfthgheitc>iouo , but Idoqwetw whethetrnot
resdence is mm Import than tral tme. i will be e xcialy aitical In dmes of
reaty Ieased p itation mg Icrsed recharge.

Iho mm ct h w wr in d e (at last in theWe saWd ) fd )-odd yean says
that ere I an ecape pathway ftm which It leaves the re The mjo r question then )u
WHM and HOW MANY patways ae dOe, &Ad HOW CONDUCVE ae aty? TW Is a
question I few h not being adequaely addesedc for f thm U wu w a long rsd e dme for
wate, it has to be laving the ie to maItan in equilizdum between rechare and discharge.

An imporant IsU fr risk assesment and fects on hie envtonment I the actual tuvel dme
duinS exitIn of th de. and in what diecton or directons i It moi4 This Info tdon
seems to be ackig And no amun of sophistca modein will anwer thes quetions
wito ut some r submaw swrn dam and mou-cabrz= daa aout ea pathway.

I mus cofeu tt I do naotha poisn hue A stm U bo w t O p bwt flndl thus
norma othr dt ntsive AMd e nve d n Peha as an ue*lrat e y pophycIs
you may havene Ieas.

He concludon about wr she and Ala Fit are doing coacemIng the 1021azim rM
dewmned with a-36 ame lnewti. They aint dat tc s 7 mm/yr a In t rootinj
me, and tie 0.01 to .O mm/yr ra below dw rooig me as due pdmarily to the

o effe of plat which draw waer down fom the *uL

I l w l0 &Ot tosulgl dt ads mI&asobedue to w efai that intheMMzone, ft S
often mm permeable thn below. Th could also be a factor.

Ther evidece for f transpott Include thed sy tha e det mineds by cloide
mawbalance methad exceed maimum posie maDh ilow for ovalyg welded wffs.

My dImdia quesftnsabout the possbility ceswichunttww rfasdan
mWLx flw. Mm ne question I pose Is th; Would It be an fadble to UN ce models
for fth waotpoassil cas cenaios of =qMnsorad ecalew tha tryin to Work with double
porosty modls which Mlde both facures and mati flow. Eothr Is diicult enouth in iN
oa" 4ht, but combining to maks it ee mR diffIlowe , in sa cases double
poroeqt model may be necesary due to inumrhange of wawe between Meudx and 68ac0re.

Finally, the rdenc tim edsImes of nywhe fom 100 to 700 ha are orcd and the
real as are x crWi

One ImpWa piece c work that should be done IJ oD det ic w om of Incoss s
between td e dates go a by C.364 044, a1 l W3. Th is ca ba kd of twearch which should
be undertake In odr so Imo the &c'Wacy a confidence in the vaious Methods
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UMC Uspotsa mnthauma Umle

I di Mo SW wh mm4ot of this talc than I Sto at the llgdA I= Deeber. It sftmg gm in
tho naL be has run mm models tMWe the pawat o a bit mm. I wil have to say
that the project Is ambious, nd I = pleased it his Admittano of the folowin unca~ntis:

A. Hydrologc chracterzaonoft h mq fau:

Although the sbilldes of the 71va Caonn ToPah Spin amd Calico Hs
mmben ar 1. Iand 10 lod Pectively, they wi have w le ad4ustog tohe
prlence of Wults and frcUr dia MAy now be ow= o dia may be diwoveed in the tfm.

I asked him If his model could take Into cosieato "heWUi Crd6 apperanes of fauts and
fiactues yet to be discovered. Mis answer was . Its IS clar to me that this Is entimly
Possible.

B. Relative p b[ties oft :actu-s:

bM1sUoMOf odiemstdituofpoblems. Idonoot besthatoocandogdo tot3bof
detunining pem:=bWtles of fres unless iIs done k-gisx This rquirs testing of
boholei, and consring theim eseiay fx thi task

Mme quipment exists, o I und4rsmz for riing vay clean holes and air pe: abfty ms at
bde urn uwe saw om the fil, u*l Butl takea lot of dam ofthis kWdmtobe ri
for amodel.

Another Problem I o is the certainy about climate-Indwed chaps in fmrane prm blty
that eou tak plce at some a mL I do not believe dig thy ha good feing about this
question at this dmc.

C Rlativermeabildesoftock mai:

his question can be Answered much an, easily than the pre ous Labotoly testing, ek
tha being doe by Al Flint. cn help to sv thiUs pobem, boen cany sch sm can be
wt in the A lotm ore dc ul be d ooe I his aml ita Is fthtix
pmeab Wy throtghout the mountain is sufficienly know. This will tab dm

D. Continuia of ler ad baers:

This is the bWst poem . How wel connecd and how pameabk e th decowct pws
This goes beck to w I discussed above about the aucla nur of knowing mm than is
Imown now about the loaon, m ad hy)*ullc paraots of potenti cap pathways
bdfe X modeliW c be truly cv
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My W 00= 6 ds W h he ~e oddrauts illbe o b 6mtoe qualhyof the
dama pu~t bw L Aip* Ow mdel ma t be Ilexibloe b am to om t folr dw pjp &
ma~w faults, and t pedic pousile sites fo now wells, te act values of puztMs suh u
hydranlic cond vity and giund'wawrfcow pathways, now an under turn climadc
conditions, am t MM cessary.

usaWe In the cleanest mawo possible, seems to radize die ~wacy of dw dima repated In ZeUrg
tlk. FPoc wawe, hay meals and cemen In th ell U 14 caused obvious dimculies.
M*e talk gave a VWo descrlpdon of how Sr in Calcite ('a a substitution) can give a pictur of
the stondum caunem adon when the calche was preipMd It ao discussed bow both
Uranium and Stuidum an be used is taers In pound wa. Mo wtk should be daoo with
these isotopes, ad I was la to oon t both bakgound Sr and U values at te Tea Six and
vicinity had been obtned over a period of dm

Even though the Sr values in terday wam as about 35% Iowe tan In cal10 and VZ-14
wa, adU-234/U-238 vuyby semdm Ituncla tomeuatspoinutJusthow fcien
theeisotopes would be k mcen who canped to etM a odhr subc es. Uanium.
234 is yefmntnt~ly dissolved In ozidzing water, and It seemns to me diat ths is a Problem aot
unl the nonconsvatsm of cain othr man what th actual amount In solution vares
ans the now pubs.

I beve maw work is needed to answer mm baic quesdons before rch reliUbility ca be
place on these methods alow. Ph pvs they ca be used In coqjuncdon wft oe mhds. In
Wuc ffa t al possible, seug reliable metbod shouldbe NsW on the me smples Inorder to
check consistency of rsults, and to alibreo tde vao methods wish each other.

(1) Alan Flint ave an adhoc premetaon abou rechag & his swme t "ax it Wtakes luge
peipautet pshwa I teraa tb a" asn as farusIsown. I

bullewhe, knM vatb I& ulk&gabout. H als sad that at denoitnd Of the blO~o dck~
lnfllmatonm rue Is o due to maulz flow alowe zqSudless of fth fratumes, but the volume Is

It w t me thads stM & ls g qucsoe.And a additogalqueszloe ishbow mueb gets
into fte mounuain Even if Hula gets in due to surface vacharge ther Is the biS queston Of
subsuface flwImt the ftunmain hrum odher places sw~oundng the Mwunain

Again th. above conclusion may not be tre for results of climac change

(2) The questiou about amno bans surounin dat point tha was rased by Man~y was
answered well,, I thik. Ralston DaBard of(Sandia, Al Yang and Zel PO==wa Of the USOS all
stAtd tha thei daa that was presened, were the esUlat VOf eWa anaY"&s
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(3) The question, ofinagradion of wodr, datm and ultis amon al participants wau naWe a~gan
u in dhe December tmeefti. Laz Hayes defanded the U303 efforts at Integration, as he did
thenm I sl wonder how much pressure the USGS is gettingborn DO which povides the
funding. I bard rae oblUqudy tat DOE was pressuring USOS and lookin down on their
publicadoo inJourals, ostesibly Impying tha sch activides were a wase of tma and only
amrv to 'pad the USGS investigawes' publication records. Another coacnen I beard was tha
dho contractor are now callng the shoo, a dw hat hy have littl Interest in the mmr scientfac

Ido flakn hoW h t atmnts alm butIbamp gm gIsamem bul forthe m It
seezs to me thaS theU Sisdongthe be entifc w of e ai p, but lso
somewhat hampered by DOE breaueway.

An omple fs de awo frMWudq the C hoe w wovldx an do fl trip. Hemo thie
investigtorsat=Wup. bt haingto w~aftormmthan ayear to etstated bemau e a pun
ws not wird up correctly. is sounds Uk. puwe nonsense to me I ca apreciate the
frmadon of USOS bmiga u a otbedf In having to dac to DOs te-I have bn
them~

Mally, yom question, Oh the twavel'tme Investfgdon dol was not really awewred If it
is n "do-ablew, then no valid imccumt ca be mcde aout the ulqty of the epodstory, and I m
sure tha it will not fly unless thm quection ca be answered.

(1) jie visit to the two faults was quite 1ingb and ft em apa that ittle water If any
SeUng Into block via then Th M ig quesaion is wetherornothefawn llevea

move and what damathatcouldcau Ifatt Iamotqualifiediod icus thisquestio
us w11h oltke a v to X saud e peopleuweluatthelkse d u .

(2) Jusztareto aze I Wuvusydisaponedoaeedi.UKSG acrxlm thedtoo la
bOcausI of the M&lnoapI This M MM Uke Wat moy. Ido noo know why this is
being dam* puthaps DOE thinks odr work is mm oreI Tan doaly. the DOE has
taed the U3GS people I, w and boy, a d given at od teoodes in, the national labs.

(3) The oly other oWcsm I have is doe eploraory zWn. Maps It wiM ea hute VAd
other waserIladi pathw~as Into the wposwry ao, but ca dhee fa and ter Chemiwy be
adequately dommined with the mwhau sev* they are uoW? Im not m about thi Wsi
one activity of boringdw thnd m Mmneik expense exrie whoe dhn Is
so much mom scienfic data at should be o .

(4) 1 am wocrled about the omm and upshot of the PPA. Wl DOE now caydo te b aone
on this project Ibe question must be ae of DOE If they Itd to Wmo t advice nd
needs of fi otheraor ndtdiepubll ad goahead with the prjt at Ns J Im

0e real ble brewing for DOE from coMplaints fow the scientific commnity, ad
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Wil ticy Pt w pF Of 0 o400apU to o ahead and devel die npemW Th needs to be
hahed Out

(3) FPnalY, MY Own oPUInIo for what II If worth. IS digt Ymuc MoWunfa Is mDit £good place to
put bsh-level radloscdve waste I pointed cut my upment In my is to you afe the
Dember mectIng. may rn out dmt the em cff and cqenm involved in deamlning the
travel dm and pathways of gcae may be too eapevt o continue coaudemn the st
aloyedw epcipally conaide4S dwhe at that amo SE-bIon hal &alay be sen I tl

If you ha any questions, or wan ad&Wa cocnm, pleUs cal Me at work
(317) 494-3699, oratbom at (317) 367-2578.

Davell L Leap

cc: Lynne DwlngACNW FAX: (301)4154589
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