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: t .can be used for maklng dependable predictlons.
uo\radionuclides is modeled: z”U and. 2Te. Uranium

/yr and an extreme average velocity of 4.5 rnm/yr.
rios are modeled. ’

f.he flow. The insensitivity is caused by the. sorp-tf“-
tive propertie the tuffs of Yucca Mountain,

(2) For' technetium, the sorption distribution coef‘f‘icient is only
slightly les than that for uranium in the repository unit, and the
results . fo technetium transport closely resemble the results for

uranim transport




o ) tions’f _,future studies _nd data aquisi
are made to better determine the significance and inportance of proce_

expected postclosure performance o' the potential'repository

.1(1) Hany more data are needed before the geochemical/geophysical model’-: .

[f;or Yucca Hountain can be: regarded as. satisfactory and a. suitable base

"jfor predictive simulations Collection of these data- should be a high ifv_if
jprxor:ty. = L :

(2)- Since radionuclide transport is 50 sensitive to sorption, more
_sorption data arz2 needed for radionuclide sorption on the various tuffs.'
of. Yucca Hountain, especially the stratigraphic units directly underly- :
'ing the proposed repository. C A '
(3) Additional simulations should be carried out coupled to ‘more: com-

- 'plex models of the flow paths and stratigraphy within Yucca Mountain.;.

IT. INTROBUCTION -

- The Nevada Nuclear Haste Storage Investigations (NNWSI) Froject is :
cnarged with studying the feasibility of placing a high-level nuclear waste
repository in the volcanic tuffs beneath Yuc aﬁMountaxn Nevada. The mined
geologic disposal system must meet the svstem performance obJectives for
radionuclide releases to the accessible environment as required by the EPA




lzo CFR Part 391 (U 5 To assess the expe

d postclosure per-

culations will serve as reference points t‘or comp ) 'uith more complex,

1ntegrated transport calculations carried out as sit‘: characterization _
proceeds :

This report des:'ribes the m°de“1'18 Of the t ansport of uranium and ,‘:1‘
technetium from. the repository to the water table i

representative of those radionuclides with ex..remely"_'long half lives and

- high values ‘of. sorption coefriclents (Kerrls.c 1985} i Technetium is

'v’representative of the most soluble and fastest movmg radionuclides (Kerrisk
16985). Estiu:ates of the transport were made under *wo f‘low conditions f‘or

both- radionuclides and two sorptlon cenditions for technetium A total . oi‘

© six scenarios were modeled. These’ calculations were made using the computer

code TRACR3D. (Travzs 19811) Input for. the computer code ‘comes from a com-'

prehensive, referenced geochemical/geophysical model (Greenwade and G Coin
Cederberg 1987); this model is discussed in bection 111. The B
geochemical/geophysical'model contains the current.stratigraph;c,

petrologic, hydrogeologic, geocnemical, and materbial, property data for the

Yucea Mountain site. Known repository data and es_ti_mated values for data

that are unavailable are given. TRACR3D and the scenarios 'that_uere modeled

are described in Section IV. Because of the unavaiiabi'lity of‘-.data and an

incomplete understanding of all the processes invol’yed, two flow scenarios

are included: a possibl'el expected vertical flow rate of 0.5 mm/yr and a
potential extreme flow rate of 4.5 mm/yr {Montazer and Wilson 1984; Wilson
1685). Also included is an additional set of calcul'ations in which zero
" sorption of *’Tc is assumed for both flow scenarios. An extreme-case
scenario for radionuclide' transport’f‘rom the repos'itory' to the water table
occurs when the higher flow rate of 4.5 mm/yr and zero sorption of "7¢ are

combined in a single simulation. The results of these simulations are



t-i,i.that fite should be: collected

:‘::' (Greenwade and Cederberg 1987)f17

" Yucea. Hountain site tiere compiled ;ahd unknoun
~ﬁf;fmated based on available data.u

= f=revised to reflect the currently»gathered information and‘ ata'

' AL Stratigraphy

: from the repository to the water table) into geologically distinct uni
: Tre stratigraphy of the Yucca Hountai1 tuffs is quite complex

the tuffs and dif‘erences in material ‘composition,

l'phic. petrologic hydrogeologic 'geochemical adA

1 section summarizes thefd
reported in a comprehensive, ref'ren ed‘geochemicalf

The noun repository datiipertinent to t e

uill be continually updated?and

A stratigraphic model is used to diVlde the total transport path

“In: géneéé
there are alternating layers of welded an

d nonwelded tuffs
hydrogeologic,

and“—eochemical properties vary considerably
The variations are largely due to differences in the degree

The geologic
among unit i
of: wel‘ding of
These’ variations may

significantly affect the overall estimated ‘transport.

Figure 1 shows in a schematic form the general stra

tigraphy of Yuccai
Mountain (Greenwade and Cederberg 1987).

The stratigraphic model given in
H-5 and USW G-4 in Yucea. Hountain

This location Was selected because
aller relative error estimates associated Wwith the elev

by kriging the values for the elevations obtained fro
(Campbell 1986).

minimum-variance,

Fig. 1 is located midway between wells USW
(Fig. 5; from Ortiz et aj. 1984).,
sm ations were given
m drill hole data
Kriging is a geostatistical technique used to calculate

unbiased, linear estimates of

parameters from measured
data (Matheron 1963, 1971).

The elevations used in this report were taken
from the TUFF Data Base (TUFF 1986a) because the data base is

very easy to
access. In this case, the TUFF Data Base provides the Same values for the
elevations as those obtained by kriging (Campbell 1986).

The zero elevation



‘18 defined to be at the. static water level (SNL), and the bottom of ghe
:potential reposltory slab {s at an;elevation of 257%69 o

.(1) TCH, Tiva Canyon uelded {2): PTn.
’Spring welded‘ (ﬁ) CHn Calico Hillsl

vand sorptive properties (see Table II) :fThe CHn uni:
'subunits.” The’ flrst subunit CHniv,ris a vitrie laye

s:divlded into four o

H'CHnlz is a zeolitic .
layer._ CHn2 and CHn3 are. both assumed to be zeolitic layers having distinct
material properties. ‘ Bl "

B. Prgperties of the Geologic Media

The major propertles and characterlstics of the geologic media. that

’fect transport are saturation, porosity, and dispersxvity Thﬂ'matrlx

vulk densxty also affects transport but only through the geochenistry

;»process and the particular: definition of equxlibrium sorption used in this .
‘?report. Values for saturation, porosity, and matrix bulk density

for each -
~of the subunits. are given in Table 1.

The values listed in Table 1 are the

lunweighted means of drill hole data provided by the TUFF Data Base. (TUFF R
_1986b TUFE 1986c)

The dispersivity is often used to characterize the dispersion or

fmixing and spreading of the plume caused by microscopic veloecity variations

“within the pores {Bear 1972) in recent years, studies have suggested tnat

i'disper51v1ty is not constant but rather depends on (1) the scale of local
- heterogeneities (e.g.,

fracture spacing or the spatial variability of
* hydraulic conductivity), (2) large-scale heterogeneities {e.g
geologic units)

., distinet

» and (3) the mean travel distance and/or scale of the system
“ (Matheron and de Marsily 1980; Pickens and Grisak. 1981;
©1983).

‘Gelhar and Axness

For the Yucca Mountain site, dispersivity data and'general information
concerning dispersion do rst exist at this time.

Minimum values for lon-
gitudinal and transverse dispersivity were chosen based on fracture spacing

- {Montazer and Hilson 1984), a scale of local heterogeneities, The effects




. of flow and sorptionxare being investigated in’ this report, thererore, mini-j, ndf
mm dispersivity: alues‘uere chosen s0 that the effects of dispersion uould -'d

/ _eterogeneous anisotropic,?t‘ﬁn
fractured tuff. Little is known about the ; ural groundwater flow in the -

"f Fluid flow at Yucca;MountainA ceurs thr

unsaturated zone and investigations in this area are- only in the prelimi-»
’f,nary stages (Montazer and Wilson: 198& Roulon et al 1986) Analyses _'« .
"aindicate that the dzstribution ‘of the vertical percolation is nonuniform in :75- -

- :re unsaturated zone (Hontazer and Wilson ’98“} _'Preliminary calculations
(2oulon et all. 1986) indicate that because of the dip of- the: stratigraphic

hurits and because of their hydraulic properties. a 51gnxf1cant proportlon of.v
tre- rlou above and/or below the proposed reposxtory horizon may be diverted
_laterally into a permeable fault zone The magnitude and location of the
calCJlated lateral flou depend upon uhether matrix-flow or fracture flow
conditions are assumed for the highly fractured units, upon the flux 7“
specified at the ground surface, and upon- the hydraulic properties assigned
to the fault: zone. The results of these calculations are’ controlled by
poorly known: hydraulic parameters such as the characteristic curves (Roulon
et al. 1986). ' |

Although the stratigraphic analyses 1ndicate the presence of. tipped '

beds and early hydrologic studies indicate that the tipping may affect fluid

flow, too little 1s known about these effects.to incorporate them into our .
rodel at the present time. In this report, it is assumed that the recharge

rate is applied as a constant vertical velocity field over the entire

mountain. A simplest case scenario for simulating radionuclide transport

occurs when a constant vertical velocity field is assumed. These prelimi-

nary calculations will serve as reference points for comparison with the

more complex, integrated transport calculations carried out as site charac-

terization proceeds and the hydrogeology is better understood. For all the

stratigraphic units, the flow is presumed to be matrix dominated with
insignifieant lateral or fracture flow. An expected value for U, the

1



-390 3 3.5

'The larger the value—of K

For both aqueous- and . solid-phase concentrations
C = (K C)(D/co) Sl

‘the fluid be- -

ca W.domain as

use each solute has its own pathline thh respect
unll as- its oWn velocity along that’ pathline;ﬂ“
points of interest

small so that

ime between

‘relatively
enough time exists for a significant;

radzonuclide to diffuse into the fluid in the surr’
in thls_report; constrictlvity,is consideredftogb
factors. the ‘measure of the deviation of the pa lj T
s:raxght path (the standard definition of tortuos( y

the pores, usually called constrictivity,

is impossible to separate the two factors (Satterfield 19

70 -1t is also
this combined Quantity that is determined experimentall

12



E. Sourcé-Téfm”

a source terw for

principally being don

diffusion- cell experiments_(Rundberg 1986).
0.037, and .fp’rjp

Another;area

-Details areigiven in a recent report (Greenwade and

ofmined (Thomas 1986) and extrapolated values

. 1987) for apparent distributien coefriclents, 'y
kithe radionuclides MTe ang Py,
frielents to acknouledge the.

b have reached a state of reve
II

fact that the reactiony;

rsible equilibrium
» Values based on the experimental devgta ,
ate thermal/mechanical ‘unit by correlating the
; omas 1986) uith the stratlgraphic inrormation

:*first approximation,

the unweighted mean was
ra particular unit rebardless of the ' drill hole
.foriginated

Where ‘data were unavailable,’ dis- _‘: o
L were assign.d to stratigraphic units based on the‘~“?7
’f(Thomas 1986) and material type (Broxton 1985,

fu

Cederberg 1987)

ons of. the
eing done at. Los Alamos (Broxton 1986).

tfthe distrlbution coefficzent for techne
flgraphxc unlts

er characterlze the mineral composzti

an. obserév"
tium is.

This 1s important beeause it is
hnetium exhibits little sorption, much less than
In th» TSw2 unit (Tlen et al, 1385), :
cular diffusivity coefficients for uranium and tech-

rom the results of. current Los Alamos
mdberg v986) or from the literature.

Therefore D is set
s based on an expected value of 1,46

1073 cmz/s
echnetxum (Rundberg 1986).

This is consistent with
"as diffusion coeffzcientv for substances diffus-
€ normally around 10™% cml/s (Reid et al. 1977).

tivity coefficients were obtained from the results of

For the welded units, Tc =
= 0.030.

ctive fnvestigation in the NNNSI Project is estimating
dionuclides based on factors such as waste package
ter intercepting the waste package.

This work is
t Laurence Livermore National Labora

tory (Oversby

13




or . te hnetlum and‘uranlum

‘7_coordinates. Verificatzon of the TRACR3D transpor

: demonstrated by comparxng slmulatlon results with he results of seferal

Vﬂ experiments. Two experiments that have application to transport athucca

-*Hountain are

H1) diffusion of a sorbing tracer from a: well~stirred solution'
“into a thln wafer of tuff and (2) migration of radioactlve tracers from an

underground nuclear test to a nearby well as. a result of pumplng in the

uell The model and experimental results were 1n very good agreemen'
'(xravis 1984). ' '

_For the simulations presented in this report the equation'df-ﬁassfﬁ';

transport for each radxonuclide is given by

3 (eooc) + ¥ (ouC) V (EOT DpVC)

. v-(:oBV('oc')] - ehooC

oomkd('a'tc_’ + 1c), (2)

W




-respect to time;

3 E'partlal de‘ir

/total volume'

"."mechanical disper
. this report th”

uz. Therefore D _: uLuz, ’and

-1and 11 nge the values for €, 0, om, and-

.90

characterized In the horf

were used to model th‘vdist 6 Oﬁ the line source to the water table,
265.4 m. This-number of A

subdivisions per strat graph
imately 2.5 m. The actual
direction were 2.416 m apd

tzones was chosen so that the number of

;it provided a vertical cell size of approx-

m'and maximum zone sizes in the vertical

QTE; respectively. Test problems were run on



CRA¥ XHP computer to znvestigate-the

p,.en'ial extreme_velocity,,ﬂ 5 mm/yr.; Because ofwthe unavaiiability of
~dataiand an incomplete understanding of the tec netx‘: orption process,
ditional calculations were made which neglected ”Tc sorptio dn’ all'the

tratigraphic units (1. e.; K, ("Tc) 0], Table III 1ist “the sii'transpor:,,'

,ceses’examined ln this report B The results from Case 3 are compared with
t“ose of Case 5 and ‘the results of Case H are compared with those or Case 6
'investigate the effects of sorption on transport The results from Case
are ‘compared. uith those of Case 2, the results. from Case 3 are- compared 2
with those of Case 4, and the results from Case 5 are compared with those of’_"
Case 6 to investigate the effects of flow on transport Case 6 represen ]
an‘extreme -case scenario for. radionuclide transport from the .-repository to

the water table. The extreme-case scenario has the. higher flow rate of 4.5
mm/yr and zero sorption of Mre.

V;‘RESULTS

fﬁ.:Uranium Transport

Figures 2 and 3 show the results of simulating the. Case 1 scenario
("'U transport; u = 0,5 mm/yr) Figure 2 presents’ the logarithmic con-
'centration profiles of aqueous- phase 134y, Figure 3 shows the logarithmic
iconcentratlon profiles of solid-phase 2"U (i.e., the concentration of iy




>ﬁuapproximat y H ) m n]iO 000 yr.
,rsorbed phase "'U remained contained 1n th
.1"to the Tuff of Calico Hills

':Case 2 where the flow velocity 13 set at a potential extreme value

~than inCase 1. The increase in the flou by a factor of § (almost an; order

At 10 000

o Figure 6 presents a comparison of the ”_su ts.of'the f
calculations at 10 000 years for both rlou scenarios (Casesi

leading edge of th__plume has migrated through the repository only 20 m more

of magnitude) resulted in- only a factor of 2. increase in the distance the
leading edge of the 2"U plume migrated. The simulated distance the plume
migrated was only sllghtly sensxtive to the magnitude of the average flow.
In the case of uranium transport, equilibrium sorption had a more signif-:f
icant effect in controlling the long-term transport In the TSw2 unit |
K (”'U) vwas estimated to be 2.84 cm /g This implies that for every 10

units of uranium in the aqueous phase, there wil 1 be approximately 60 units '

of uranium sorbed onto the tuff (see Eq. 1).

B. Technetium Transport

Figures 7 and 8 show the results of 51mulating the Case 3 scenario
(”Tc transport; u,= 0.5 mn/yr; sorption), Figure 7 presents the logarith-
mie concentration profiles of aqueous-phase ''Tc. -Figure 8 shows the
1ogarithmic concentration profiles of solid-phase ”Tc. Profiles at times
of approximately 5,000, 10,000, and 15,000 yr are shown. The leading edge of

17
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30335

_':”'-_‘_’_logarithmic concentration
w[,of‘ approximately 5 000, ki

'*'115 ooo yr.

At15000y,,the

em /g Compared mn the lou i‘lou scenario where the resul,
3y transport -closely: resembled each other, in the extreme flow
”Tc plume migrated 25 m farther than d.\d the f"U plume.

transport.

Figure 11 presents a. companison of the results oi‘ the ”Tc. tk"

sidered (Cases 3 and 4}, In Case 4 where the flow’ velocity is set a
potentially extreme value the leading edge of the plume has migrate
through the repository 40 m more than in Case 3. An increase in the £l
.a factor of 9 (almost. an order of magnitude) resulted in an increase
distance the leading edge of the M7 plume migrated by a factor of- thr
The simulated distance the plume migrated was moderately sensitive to th
magnitude of the average i‘low. _' S

Figure 12 shous the results of simulating the Case 5 scenario (”Tc
transport; u, = 0.5 ma/yr; no sorption). Although Cases 5 and 6 may no't




N 3_ 8 ;6'.’;'if

-3

 lg;represent actual system behav

-thére is still‘uhcertainty'as-
~Te. in the TSw2 unit (Thomas 1986)
ults from Case 6 are : : .
_tive.,nonsorblpg‘radionucliﬁes L
orption on. tfahspéft. Figure 12'f
ofiles of aqueous-phase "Tc. ' -
0,000, and 15, 000 yr are shown

e'migrated out or the ,
pr ‘ximately 100 m belou the

groundwater at 10 000 yr. For one
. The allouable cumulative
.04000 yr after disposal is 10, 000
' ; avy ‘metal) exposed to a burnup
batueen 25,000 and NO;OOO‘imég:a—Lva‘t' MTHM (U.S. EPA 1985). If there are

3_EPA 1985) or 27,000 canisters -
‘each containing 2.59 HTHH‘in“the po al- repository, then the EPA allow-

able cumulative release uould 'be . 700,000:Ci of *’T¢ in 10,000 yr.
conditions of Case 6, assuming ‘on

‘assuming all the 27,000 canisters -in:the rep051tory were to be breached, the
total curie load to the water' table would:-be 3.8 x 107’ Ci, less than 10~°

{or one hundred milliontb) of the 1llowable EPA containment requirement,
Figure 14 presents a comparl

Given the
linegsource represents a canister, and

e results of the ’Te transport
caleculations at 10,000 yr for both;f}q scenarlos when sorption {s neglected




‘tor of H) farther than didAthe plune in Case 3_f
vlateral spread1ng in Case: 5,

which is due to lateral dispersion.

approximately 10 000 yr for Cases u and 6 The same flow scenario A4
mm/yr, is used in the two - cases but in €ase 6 zero sorption of "Tc 13
assumed. In Case 4, the 1o plume migrated 60 m and remained uithin
TSw2 unit. In Case 6, the: leading edge of the plume reached the static

water level, migrated into the CFUn unlt traveling 230 m: (a ractor or u
farther than did the: plume in Case L,

In these expected- and extreme -case flow scenarios, the estimated 76
transport was very sensitive to the degree of scrption.” In both com- -
parisons when sorption was zero the leading edge of the plume traveled

factor of & farther. Sorption can be a significant retarding mechanism when
the flow is at either a relatively low or high level

20



ionuclides can be summar:zed
wlth Case H (Fig 11), and
ns.were described in detall in

lyr to 4.5 mm/yr._ In Fig. o
uited in-a factor of 2
”'U plume migrated The
In Fig. 11, the leadihg
mately a factor of 3) uhen
ed. In Fig. 14, the

{a factor of 3) when the

ﬂwas neglected As the

My , mparison (’3'0 Fig 6

v:‘ ;;”;; Ji _»;’ e T »Fxg IU). the actual dif—
7 .‘ i 8 ' : ﬁmévmigrated increased When
< A

o o

: . VI. DISCUSSION

m .

o A. Geochemical/Geophysical Hodel

o~

‘\

(Ortiz et al. 1984) of the ‘tuffs andA_ _
to be included so a more accurate mo 1

aults.

Ceologic faults need
21 él‘transport pathways can
1986) it was shown that

be provided. In a recent report. (Ro o1

lateral flow caused by the tipped beds

under both matrix and frac-

ture flow conditions, The tipped bed§- og c“faults were not included

‘éta concerning the natural

at this time because of the unavailabilit

groundwater flow and fault parameters. -

he sorption was held constant T




Flgure 17 shous a hypothesized model ot‘“the
ologic units at Yucca Mountaln.-vlf,l deed a
’laterally around’ the Tuff of’ Callco'Hflls
ault zone"?the groundwater travel time t
be decreased and radlonuclide releasesn

bility of data for most of the parameters

a,- Much’ of the. avallable data is extremely
s where the core samples were collected

b as kr‘ging, should be- done on parameters
nd_bulk density Values for those parameters
ocations away from the drill holes and

£

ould e.coll ted

e e s s, i,

3 N3 86

ata related to the unlts dlrectly underlylng the ;~;_n'

the modynamic formation constants ror aqueous
and lfern

gathered In some ca
within the next ayer

B. Transportvcalculatlon

As the geochemlca geophysical model s updated and revised,
baseline transport ‘calculat ons;will also be updated.
set of transport estimatesv

‘the

The best available
needed as a baseline from which to further
investigate the effecta and’significance of the geochemical and geophysical
processes controlling ransport.



n5particular, as the natural grounduater riow becomes

ood, more complex rlow”models ne
port calcuiations.

ed té Vbe' ?i'n‘cor’ orate

the examples presented
”ﬁ(Ortiz et al 1984)
radionuclide release should"
'j:Dispersion is responsible for the mixing and spread- »
ing-of the:plume caused by_microscopic velocity variations u
and:by- 13 ge-scale heterogeneities w1thi1 tha

ithin the pores‘
geologic media. The disper-

P However, as the
~~~~~~ ?,one might expect an increase in the cumulative

caused by a greater Spreading_of tne radionuclides in tne direction

n sumnary, the caiculations presented in th

nd Serve- principally as one example of ho
nyestigated;

is paper are preliminary in
W radionuclide transport N

Before results of these calculations ‘can -be: used in

g .he suif‘Bility of the site for nuclear waste dis

eed to be addressed.; First an accurate and referenced foundation for

‘o transport calculations should be compiled,

. 'The availability and
bility of the data should be assessed.

Areas where more data are re-
should be brought to the attention of- other investigators.

. Finally,
13 sults of ‘many scenarios should be exam

ined to isolate the effects of
ne physical or geochemical process afrecting transport

_is report presents the results of a first set of calculations of

xradionuclide transport from the disturbed zone to the water table.

sport pathway is the unsaturated zone,

sed in these caleulations is a »

The -
The geochemical/geophysical

rreliminary one; much more information
eeded before the geochemical/geophysical model can be regarded as suffi-

ciently complete so that it can be used for making dependable predictions,

23

posal, several fac--‘ibsu




"The transport of tud_téﬁ{@ndéildés“t;;modéiedf*”’uﬂand'"T
' is representative of raqibnuélidéﬁ.ﬁithiquggbélff‘

1ives and high va]ue§f§
":_ascrp;10n>coeff:clentsggqqq-tgﬁﬁn bmlis?teéh§§ent;tng‘§r the most soluble

-andrfastéit movlng.radiébﬁé; de ,Tqé?{lékf?élbb@ti;;zthfeugh'the>tuft_éééi

ff Q3¢d.fo; eagh.radithbLidegép for gé@hg;dpp§jbqj¢§h@i§ioﬁ:-yaﬁ expected
~average velocity of 0.5 #a/yr . ai an_extreme average velooity of 4.5 mm/
'ThUS}'Stg ﬁP?HSPPfEfSééﬁéyiOS; r:;méaé;éd e Co

c.

J“»A;-Conéltsibnsif

 5Tﬁélfd1i5§1n8f¢§J6f;¢9ﬂélyﬁi9h$f§¢f§fmédefffbﬁ_th§s§ simulaﬁibns;
(1) For uranfum, th§ é§tibé§§df£bah$po;t is onl

o the magnipudexoffthétf;pﬁ

y_mbderately.Sensit{GQ‘ﬁ; .
The néénsiﬁiyipx;i§¢caused,by“thggébﬁbl o

;tfveapfopertiés bfu;hgffuftszéﬁgfdcééfﬂohn
(2) For technetium, ‘the sorption.

;aiﬁ;? i1» R
.distribution coefficient is only.
slightly iesSitHéhiﬁhé{ foffuténih

m:fﬁffhg'gép§$itory unit, and the
results for technetium transport o

lose}y»réﬁemble the results for:
"4ukaﬂiUh tréhspof;.‘v: L ..‘,;i f'j:,f'_' 2 ,‘i‘ff ._}; s )
(3) 'Elou dominates.thé;traﬁspdétlwhéh sofptiop‘{s_negligisie;fEﬂ;T“"f
Baﬁéd,on'the‘pbélimihafy gébcheﬁical/gedpﬁysicalﬂ_;”.,,uu
sported beyond. the éﬁratigfébhié'ﬁhit 1n:uhich-ihgﬁ; .
répoéi;ory is tovated in bothvthe'expectéd‘and extr
(5) The technetium, '

 ’(R) The u}anium;
modei. is'ho;,tran

eme flow scenafibﬁ;; .
based on the preliminary geochemical/geophysical- -

model and preliminary sorption data, is not transported beyond the

stratigraphic unit in which the repository is located in both the |
expected and extreme flow scenarios.

{(6) If technetium sorption is negligible, a measurable amount of it

moves to the water table under conditions of high flow rate
Nevertheless, the amount of_techneti

um transported to the water téﬁlé;_v'A
based on the preliminary geochemical/geophysical model,

is still within
the EPA-defined limits for a nuclear waste repository,

B. Recommendations

The following recommendations for future studies and data aquisition

are made to better determine'the significance and importance of processes
affecting transpert, to more fully characterize the site, and to assess ex-
pected posteclosure performance of the potential repository,
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Figure 1. Schematic representation of Yucca Mountain stratigraphy (not to
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r PAINTBRUSH. NONWELDED UNIT
TS TOPOPAM SPRING. WELDED UNIT
CH - CALICO HILLS NONWELDED UNIT

PERCHED WATE

s HYPOthesized model of the flow regime through the hydrogeologic
units at Yucca Mountain (Motazer and Wilson 1984, Fig. 14; repp
permission} » it
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