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TWO-DIMENSIONAL NUMERICAL SINULATION OF ). Youn ke

GEOCHEMICAL TRANSPORT IN YUCCA MOUNTAIN SAIC
by

B. J. Travis and H. E. Nuttall

ABSTRACT

Several physicel snl chemical piczesses can affect transport

of radionuclides in Yucca Mountain, Geometric spreading and

< °_ lateral flow will reduce the concentration of contaminated water
‘Teaching the accessible environment. Travel times to the water
table are calculated to be at least several tans of thousands of
years. Colloid transport can also enhance tramsport, but will be
important only if fracture flov i{s. - Finally, the heat lcad fron
Trepository waste <an alter the distridbution of naturally occurring
dissolved minerals. 1In particular, dissolution and pracipitation

of Si0,should lead to a region of reduced permeadility arnund

u vaste Canisters.
I,  INTRODUCTION _ ‘
The Nevada Nuclear Waste Stnrage Investigations (NNWSI) program of the
US Department of Energy 1a‘ltudy£ng the guitability of an area i: »s-uthern
Nevada as a potential fcpae&togy tor high-level radicactive wasta., The in-
vestigations {nclude eits cud vcglonel studies n»f the Mevada Test Sita (NTS)
ares to detormine whether the sits is tachnjeaily aucceptadble. Los Alamos

regearchb ra are contridbuting to these faver*igaticas through studies of the
sgeochsaistry, mineralogy, and petrol-gy of Tucca Mountain and its anvirons
and through engineering desigr For Cls ugpl_ou‘tory tast shaft., Our goal is
to ascertain whether the sits will xetard the transport of radionuclides to
the accessible environnent over the lifetime of the waste package. -

Figure 1 presents & cross section of Yucca Mountain., The potential
site lies i{n the Topopah Spring Mesber, some 300 = below the surface, and
about 200 = above the water table. Ths stratigraphy is detailed 1n a recent
report.l At the respository location Yucca Mountain has five stratigraphic
units: (1) Surficial units are alluvium and densely to moderately welded,
fractured Tiva Canyon tuff. (2) Belov this lies the upper clastic unit,
wvhich has bedded and nonwelded tutt; of the Yucca Mountain and Pah Canyon
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Paintbrush tuffs. This unit is highly porous and relatively (matrix)
permeable. (3) The npext unit down is densely welded with a thin upper and
lower vitrophyre and a thick central zone of densely wcldad_aibflow. The
matrix permeability of this central zone of the Topopah Spring member is
very low, but the rock is highly fractured. (4) Bclow‘thil lies the lower
clastic unit, which contains nonwelded ashflow, ashfall, and reworked tuffs
(the lowest part of the Topopah Spring tuff and the Calico Hills tuff).
" This unit is highly porous and relatively permeable. (5) The bottom unit
consists of several nonwelded to moderately welded tuffs with some thinner
layers of densely welded ashflow and bedded inhfnll tuffs. These rocks ap-
pear to§be mnoderately fractured. Much of this unit is below the water
-table. ' '

In a previous report,? we estimated the effects of lithology and frac-
tures on water flow and radionuclide transport in Yucca Mountain. Ve
presented a sensitivity analysis of transport along a one-dimensional verti-
cal pathway to'thg water table. The effect of waste heat on near field_
water saturation was also estimated. '

In this report, we address several qgeltibnl not treated in that last
report. ) '

1) How will geometric spreading and lateral flow affect transport?

2) Will waste-heat-induced hydrologic transients lignlfié;ntly alter

‘distribution of salts in pore water near waste canisters?

'3)  Under what conditions will colloidal transport be important?

A. Geometric Effects ) _

In a p:évious study,2 we estimated vater flow and radionuclide
transport throuxh'fractufod Yucca mountain tuffs. Travel times to the water
table without fracture flow arc-vcty large because of the lou-tqchAtgg Tate
and because of sorption retardation. With fracture flow, travel times are
less, but are still on the order of 10,000 years for nonsorbing ions such as
Technetium-99 because of diffusion from fractures into the porous tuff
matrix. In those studies, we assuped a source of infinite hqriiontal
extent. A more realistic calculation of travel time would account for the
finite extent of the source--namely, the placing and sp;cing ofiindividual
canisters. In addition, concentrations of nuclides at the canisters was not
known, so that only relative concentrations could be calculated..
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Two calculations, using the TRACRID code,3 are described here that com-
pute radfonuclide transport from discrete sources for two flot_i scenarios.
Processes included in these calculations are steady advection, molecular
diffusion, hydr.odynainlc' dispersion, udio(ct.lv, decay and equilibrium
adsorption., In the first sitnition. flow is sssumed. vertical from the
Tespository to the water table and thenm horizontal in the saturated zone.
The canisters are assumed to be in long regularly lpaced'rois.u shown in
Fig. 2. Because of symmetry, we need only calcul:ltc tranapé:t between a
vertical line through a canister and s& vertical line midway between that
canister and the next row. An average vertical recharge of 4.5 ma/yr" is
assumed. The radionuclides included in the calculation are listed in
}‘ablc A-1 with some of their transport properties. In the highly fractured
Topopah Spring tuff, transport is assumed to be primarily in fractures. For
" 100 pn fractures with a 5 cm spacing,) fracture flow rate is approximately -/

2.3 m/yr. .
(V A = V-AA-» v, - !i = 4.5 ma/yr x 3 S8 . o228 ca/yr)
A

-2
In the Topoplh Spring layer, wve use lcoqn::nlcnt fracture water flow
Tates Vc, for conservatism. Because of diffusion into the utri_x, the ef-
fective flow rate for radionuclides must be modified. Sudicky and Frind®
have worked out an expression for this. The effective fracture transport

velocity VE in a medium with regular fracture spacing is

vE-v/{ [1+(1+ (1+p))1,2]}

where
v2 e /R°D° 1n2
Y-ID—R-’B W tanh (O/X), k‘?;z ?
D-aLV-l-D*, D” = ¢ D*, a-lg—.(B-b),
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TABLE A-1

PROPERTIES OF TRANSPORTED RADIONUCLIDES

Red fonucl ide Half-Life (yrs) Diffusivity (10 2m2/yr)
l4le, 90 | 3.15
,}?5c. 3 x 106 © 6.30

90¢¢ 28 ° 2,44

892¢ ' 2 x 105 3.15
238, 4.5 x 109 3.5
2379 ' ~ 2 x 106 s
239y 2.4 x 10 3.15
283, ~ 8 x 103 3.15
152g, - 90 " 3.5
1335 < 1.6 x 103 3.15
152 133 | 151 226

Eu and Ba are analogues for So and Ra,



‘1/2 - hglf-life; © = matrix porosity, b = fracture half-width, R” = matrix
retardation coefficient, R = crack face retardation coefficient,

V = steady fracture water velocity, D* = molecular diffusivity, a = lon-
gitudinal diapcrstvity, t = matrix to:tuoulty. B = half of the fracture
spacing. For this study, we used R=}, e- 11 for Topopah, 6= ,20 for
Prow Pass, b=5x10 -3 cm, B=2,5 cm, t=0.1, aL-IO. 7-225 ca/yr. This modifica-
tion is like a retardation factor due to matrix diffusion from fractures,
and is reflected in the retardation valuen given in Table A-2.

In the bedded tuff lnycr at the bottom of the Topopah Spring layer and
in the Calico Hills formation, ltnady porous flow is assumed, with a flux of
4.5 em/yr.

;, - For our calculations, we include the bottom 50 m of the Topopah Spring
ﬁnit, a 15 o thick bedded tuff layer, 135 m of Calico Hills tuff, and the
top 50 n of the Prow Pass unit.

Concentration of radionuclides in the uafcr‘ passing through canisters
has the time histories shown in Table A-3. Linear interpolation is used for
times between- table entries. Concentrations are determined from-;
saturation-limited dissolution model,$ assuming high-level waste storage.
Radiocactive decay of the'aoutce is reflected in Table A-3. This gives the
largest release for several possible waste conditions.

‘ The results of the numerical simulation are‘lhown in Figs. 3 through
22. Contour plots of concentration for several radionuclides are showm at

selected times.
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TABLE A-2

RETARDATION FACTORS FOR RADIONUCLIDES

Stratigraphic Unit

frow Pass

Element Topopah Spring*  Bedded Tuff Calico Hills

Mlce  2000/1.11x10% 3 x 10 7000 5000/3.93x1b“
135¢,  6000/3.29x10% 7 x 10% 4 x 10% 1200/1.2x105
90se ixoo/saes 8 x 1o% 2 x 1o* 140/3.7x103
P1e 71389 12 2 2/201

238 40/2176 40 33 16/1530

237y, 150/8288 100 - 50 40/4001

23%.,  1300/6.50x10% 540 630 480/4.632x10%

2630 2.5x10%/5.13x106 820 2 x 10 3000/2.12x105

1325, 104/ 1.78x10" 3 x 10% 2 x 10" 10%/3.67x10"
1335, 2x10%/1.61x105 2 x 10 7 x 105 4000/1.51x105

*For Topopah Spring and Prow Pass, the

ture flow with diffusion from fractures.

first nupber is matrix retardation
coefficient, the second is the effective rctardatiop coefficient for frac-

In the fault, retardation values for fractured Prow Pass are used,
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- TABLE A-3 o

SOURCE CONDITIONS: CALCULATED CONCENTRATIONS IN
WATER PASSING THROUGH canister (moles/1) _

— e

- Time (Years) After Emplacement .
Solubility .

Elevent Limit 102 103 10" 105
83,8 1078 6.16x10"° 8.59x10"° 9.96x10"° 3.22¢10"12
14¢ 1. 3.14x10"° 2.82x107° 9.52x10"10  1.77x10714
1356 1. 2.40x10"7  2.44x10"7 2.43x1007  2.37x1077
7 31073 2.09x1077 z.qum"7 2.32x1077 2.26x10" 7
2%y 1.8x10°® 1.2x107%  1.48x107 2.88x10"%  3.78x107 -
2260, 1077 7.2x1071€ 3.65x10°2%  1sax1072 1.20x107
90, 9.4x10"% 6.06x10"3 3.02x10”Y o ° - o
e 1. 8.56x10" 7 8.54x10"" 8.26x10~7 6.18x10"7
2660 1077 2.99x1072%  2.98x10710  2.8sx10710  1.77x10710
238, 2.1x10"% 2.18x107¢ 2.18x107° 2.18x10"° 2.18x10°°
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Transport time to the water table are conufdenbl.y greater than in the
previous study?, in part due to the more reasonable fracture flov rate used
here for the Topopak Sprinmg unit. The f.astu_t moving specie 99‘:: takes
1.5x10% years to reach the water table. uo\nvor; the concentration at the
vater table is six orders of magnitude smaller than in the source. By 2x10“
991¢c ‘st the bottom of the Calico Hills is about
50 times lower than in the source. 1In addition, the chronitozuphic effect .
of the tuff is evident. Because of the varying retardation factors, the

years, concentration of

migrating radionuclides are segregated from the initial mixture ;t. the
canister. In addition, we can estimate the 'gbloluu concentrations reaching
the water table. These values are considerably less than at the canisters,
gu.e to retardation and decay and l;tctal spreading. Not all the
radionuclides were calculated, 99'1‘4: is the fastast traveling, then 2380 and
237Np, then 2392u. 203An nigrates very little because of the very high
t.turdation onto Topopih Spring tuff. The remaining nﬁclidol vere not
calculated. They would lie betwveen the results for 239Pu and 243A." Other
than 99'1':, none of the ud:lbnucl.idn will reach the water table in lcli than
100,000 years.

* Transport through the Topopah Spring unit is seen to follow a narrow
path because of the fracture flow assumption. In the remsining units (below
50 m depth), porous flow is assumed. Lateral lpfoadinz is nuch stronger be-
cause of the diffusive darcy flow,: '

' In the second calculation, lateral flow is included. The horizontal
scale is considerably greatsr, encompassing one nnd of the repository and
some distance beyond , as shown in Fig. 23. In the calculation, a vertical
section 250 m thick is considered (the dottom 50 m of Topopah Spring tuff, a
15 m thick bedded tuff layer, 135 m thick Calico th unit, and the top
50 = of the Prov Pass. The horizontal cxtcnt. 1s 250 m. We assume 32 m
spacing batween waste canister rows. The last five rows of a hypothetical
repository are included. Then a fault has been included 100 m horizontal
distance from the last rov of canisters. An add!.t_.ioul 20 m horizontal dis-
tance bcyond the fault brings us to the edge of the computed region. The
conceptual hydrologic model discussed in Ref. & includes the poulbllit} of
lateral flow at the interface between the Calico Hills and the
Topopah Spring units, and within the Calico Hills, and vertical flow down
structural pathways (faults). The spacing used hers between the and of the
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repository and.a fault is arbitrary. The ratio of vertical to lateral flow
rates and the rate of flow down faults is difficult to determine at this
time. Ve are forced to use what we hope are reasonable cltingtc:, and ex-
pect the transport behavior that results to be qnalitatively correct. Table
A-4 1lists vertical and horizontal flow rates used for each unit. 1In the
fault region, we used retardation values calculated in Table A-2 for frac-
tured Prow Pass iuff. Results of the second calculation are included in
Figs. 24 to 37 . Arrival times at the water table are essentially the same
as in the previous calculation., Concentrations show some increase
downstream in the lateral flow region between the Topopah‘Spring and
Calico Hills units. The lateral flow causes an overall shift of the con-
Jpentratlon patterns but not to a lafgo extent. In addition, in this
calculation, lateral flow is not strong enough to tranléott radionuclides
100 @ downstream to the fault. Retardation and d{ffusion and vertical flow
move species down into the Calico Hills before they can travel laterally to
the fault through the bedded tuff laycr. Eventually, however, species will
get into the fault dus to latcral govement in the Calico Hills unit. For
the parameters of this calculation, the fault actually has little impact on’
transport to the water table. Absoluﬁe concentrations at the water table .
are quite smsll, due to lateral spreading and to retardation. Travel time
to the water table for the fastest uoving specie, 99Tc, is still about
. 1.5x10% years.
It is important to remember that we are assuning & recharge rate of
4.5 man/yr, which may be high. The results shown should scale roughly
(99.rc and 238
" considered. None of the others will even reach Calico Hills layer within

linearly with the recharge rate. Only two nuclides U) are

105 years; it would be meaningless to calculate those.
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FLOW RATES USED IN SIMULATION (mz/yr)

Unit Vertical Horizontal
Topopah Spring* 2250 0
Bedded Tuff 3.5 3.0
Cﬂ.lco H‘-ll. * 3.5 1'0
..)_ -,
Fault* 3000 0
Prow Pass* : 0 5000

*Fracture flow assumed

B. Salt Deposition

In our previous study,? we ex_aiincd numerically the effects of waste
heat on near-field hydrology. We found that a dry reglon developed around
1n'div£dual..un£suu, lurfoundcd byi shell of elevated saturation. This
condition persisted for several decades. There were major uncertainties,
however, in material and hydrdl.ogic properties at that time. This heat load
effect is being re-examined because A\n_ now have a more accurate picturo of
the hydrologic properties of Yucca Mountain tuffs and of the waste décay
curve. | .

We are participating in a computer code Abcnchnarking exercise coor-
dinated by Sandia National Labs in which the heat load effect is the target
problem. We present some results from that benchmarking exercise here be-
cause we are considering an additional procc'u--th‘c variation in mineral
concentration and deposition patterns due to heat-induced hydrologic

changes.
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Water from well 'J-13 has the composition listed in Table B-1. One of
thf.nain constituents s Sioz 8102 can exist in several forms--quartz and
cristobalite are two examples. In a annplc of Tcpopah Spring tuff used in a
heat alteration ntudy,’ the mineral conunt vas f.ound to be 80-90X glass,
5-10% alkali feldspar, and 5-10% 8102 (crhtobaun). . The solubility of
510, is strongly temperature dependent® (about 1_.0'3 M at 23°C and about
10'} Mat 150°C). In the heat alteration study described 4n Ref. 7, a great

amount of S10, had dissolved ai elevated temperature (1sz°c) and then

precipitated :pon cool down. In addition, a great amount of clay vas
deposited. Placement of wasts canisters will lead to the development of a
temperature gradient in the luttound!.h; Topopah Spring rock. This will
4nduce a solubility gradient. 1If water also flows, _8102 will be
redistributed. Depending on the magnitude and duration of the heat induced
flow, 8102

pore size which v111 1ouer pcrncnbility. At lats times, a region of reduced

may accumulate in some region. ADeponition will result in reduced

permeability around a canister will tend to isolats the canister from 1n-_
filtrating wtt.r, & beneficial effect.

Whether this will happen in Yucca Mountain, however, is not clear. VWe
have made a numerical study of this scenario using the WAFE code.?
Figure 38 shows the problem geometry. )

First, a simplified analysis is made using a numerical solution for 1l-D
radial flow from a heat source (canister). Material properties for the cal-
culation are given in Tables B-2 and B-3. We assume a uniform initial
saturation of 87X and teaperature of 23°C and air proslufc of 1.0 bar, We
also assume a uniform concentration of smz in the pore vater of 10"3 M.
The heat source has a radius of 63.6 cz and is centered at radius = 0. A
no-flow boundary is imposed at radius = 16 m, the assumed midpoint between
waste canisters. 1In addition to 5102. s relatively llnplc ion, €17, has
peen {ncluded. It will not adsorb and is not to any significant extent,
present in the tuff minerals. Its source is from the surface.

We are making a number of assumptions here and no interactions between
the various water components is perhaps the most important. Solubility is

assuped to vary according to

. .
1n§ - %— (1 - =2) vhere T_ = 23°C (296%) and A = - 1o i° .
° (355 - 223)
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Figures 39-44 show the calculated transient pressure, ‘temperature, and
saturation, and concdnt_ution distributions. The total 51.02 (st0
tion plus precipitated) is also shown.

2 in a.élu-

" Pressure and .tcnp'eraturc go .through an initial bufldup. A nu:row‘
elevated saturation region develops. After several decudes, the pressure
and tesperature fields deuy and the saturation returns to nnbient. Si.O2
dissolves in & region near the canister and moves outward whete it condenses
when it teaches a cooler environment., There is some return of S10, to the

2
initially hot region, but a net outnrd flux of S10. has occurred.

Chlorine concentration ineuaul initially :n thc hottut region be-
cause of decreasing water saturation due to boiling. Conccntra tion in the
<levated saturation region decreases, howc\ror, due to thov addition of
distilled water as the steanm condenui. At late time as the utuution
returns to ambient, so too does the chlorine concentration profile.’

Significant changes in the amount of S10, dissolved or precipitated can

2 i
lead to large permeability changes. If we assume that permeability is Te-
lated to the pore diameters and that 8102 precipitate will pore walls
uniformly, we can write an cxpteuion for permeability change as a function

of poro:ity change.- One pouible relation is

"

T, &
2
0 o

vhere Ko is ambient s;tuutcd p_u'nen'bi.l.ity, Kz is permeadbility after

precipitation or diuolutlon,»to' ‘ds initial pore radius and r, is pore

2
radius afut'prcclplution or dissolution. The value of r, is deterained

from n(sxo )=c¢c (r - r3), vhare Aflis a volume of rock, is.the am-

0 3 (]
bient porosity, an:l:e Q(Slo ) 1s thc volune of smz diuolvod or prccipiuted
in that volume. of rock.

Figure 45 shovs the permeability change we would expect ba_ud' on our
WAFE cal_cuhti‘on by ﬁhe end of the h&at decay period. The 3.102 precipitate
distribution leads to an elevated permeability region in close to the
canister with a reduced permeability region imcdhuly' outside the elevated
permeability region. These regions are .fai.rl.y thin, only a few cm. The
presence of these regions can have a significant effect on late time:

near-field hydrology. A reduced permeability shell around the canisters -



~ will tend to dgflect-dpﬁward .fldvlnz. water around instead of through the
canister region. In Ad-dition; the high pergelbilit'y ring inside will tend
to channel vater that penetrates the low permeability shell around the
cinlsut rather than through it. The exact quantitative magnitude of this
effect depends of course on the details of the hydrologic behavior of
Topopah Springi, in plrticulaf on the presence or ibunce of fractures,

Our numerical simulation cannot tfut the full complexity of the water -
composition and reactions. Instead, we greatly simplify by considering only
Si.o2 dissolution, transport, and precipitation and neglect chemical
reactions. Other details of the benchmarking exercise referred to can be
found in Ref. 10.
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COMPOSITION OF J-13 WATER?

Concentration (mg/1)

45.2
5.47

11.5
1.73

0.026
64,2

0.04

0.0023

0.0011 -
10,044

0.0425

6.4

18.1

2.1
10.1

0.10
143,



MATERIAL PROPERTIES

Property

tuff permeability, sat./(cm?)
tuff porosity
tuff grain density (g/cc

- tuff specific heat~(¢rz/gooc)

15

TABLE B.2

~ tuff thermal conductivity (erg/cn0°C-s)-'

canister density (g/cc)

canister specific heat (crglg-oc)

canister heat production history (ergs/s/cm)?

Value
1.925 x 10714
0.11
2.58
0.84 x 107

(1.75 + 0.60 x Sat.)x 105

2.533

0.325 x 107 ° |
-5

107 x (31.7¢72:82x10 7 €

48,6 ¢TI0

. =1,76x10 "t -
543‘3.-.02 ¢ +

2123 e :
+ 43150720033 € 4
321.9¢7°%* %)/s05., t 1o

years.



Property

Water Rel. Permeability

Afir Rel. Permeability

Matric Potential

TABLE B.3

HYDROLOGIC PROPERTIES

. ROUGH ppaey

"Expression

' /5, (1o = (1. - s, 1/hyAy2

lin (1., max (00’ 10"100.

x (5-0.99))
-p [S 1,’. ](1’1) :

=1 26 bars

(s - s /(1 - s o)
= ,0801

= ,4438

P
P
s
s

oe

A
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Radionuclides released from waste canisters can travel in a variety of
forms~--as simple rows, as complexes, cltpcr with other 'chunts or a
polymers (colloids), or embedded in orm_adlo:pcd on inert particles
(pseudo-colloids). - Ionic transport has been studied much more-than the '
other forms. In ionic form, most of the radiocnuclides of intarest strongly
adsorb to the tuffs of Yucca Mountain. In colloid form or attached to par-
ticulates, sorptive properties may be considerably different.

Colloids are a class of extremely small particles which were first
studied early in the nineteenth century by Michael Faraday and other
lchntists.u They are characterized as particles continuing several
4tndred to several thousand atoms, ionl,-dr molecules and having dfameters
ranging from ten to ome thousand angstrons. '

Matter in the colloidal state has a large surface area (300 square
meters per gram), thus it is not surprising that the most important
properties of colloids are those uh_'ich are dependent on surface interactions

12 discusses ‘the nature and geochemistry of col-

such as adsorﬁtion. Drever
loids with emphasis on the charge surrounding colloids and its effect on
suspension stability. ) )

Olofsson et al.n.ls.cluufy radiocolloids as true colloids and pseu-
‘docolloids depending on their formation pfoccu. True colloids are formed
by condensation of molecules or ions as a result of hydrolytic or precipita-
tion processes. They consist mostly of hydroxides or polymers formed by
hydrolysis. They have a very rapid formation rate and are favored at high
pH values. Pseudocolloids, ‘on the other hand, are formed as a result of ad-
-sorption on impurities in the soiutlon and t..cnd to be much larger than true
colloids (up to 5000 angstroms). Puudocol.loids can be of two types,
reversible and irreversidble. The formation rats of pseudocolloids is basi-
cally determined by the sorption Tate on collofdal inpuriticl.n

Radiocolloids are colloids contalning radionuclides. They possess all
the properties of normal colloids but in addition are radiocactive. They may
migrate in the ground matrix by virtue of groundwatar and may also be cap-
tured by existing colloids. Radiocolloids are believed to be a significant
vector for the transport of radionuclides from failed waste repositories,

16,17

and might actually accelerate this transport. Radiocolloids may arise

from a variety of sources. Leaching of the wasts fore with groundwater may
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Calculated pressure distribution st selected times.

Calculated temperature di{stribution at selected times.

Calculated saturation distribution at selected times.

Calculated chlorine distribution at :cloét.d times. .

Calculated 510, distribution at selected tizes. ° '
Calculated total 5102 (dissolved and precipitated) at selected times.
Calculated permeability assuming relationship between pore volume and

(-'-.

perseability. _
Distribution of pore sizes by X volume for a sample of Topopah Spring
tuff, '

Distribution of pore sizes by X volume for a sample of Calico Hills
tuff,
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2—d yucca mountain, -89 10050.0 years
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2~d yueca mountain, -89 20050.0 years
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2—d yucea mountain, np—237 100250.0 years
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2—d yucca mountain, np=237 100250.0 years
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TRACER 9 FLUID CONCENTRATION - X2 PLANE AT Y-LEVEL = 0.800 *'M TIME = 35100.00 YEARS
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TRACER { SOLID CONCENTRATION X-2 PLANE Al Y-LEVEL = - 0.500 €M TINT « 15100.00 YLARS
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cememecnw (AR AL RS LR AR RS LR R LR L TR L T X R I T N W Sy Ay e up ey ey vap iy g i sy csmsccvecsnacsncwa vsesccscowaveans AR R R R R R I R i

00
nnouooooouunoounounoounuunuouou
00000235787%3200000002337873320000000235787%32000000023%787%3200000C00235787%32000000000000000000000C DOOOOO0OO00000000V0000N00
000002451815‘20000000245707542000000024570754200000002457875420000000245707542
00001243787342 100000 1243787542 1000001243787342 100000 1245787542 100000 1245787542 1000000000 00000000000000000000000000000000000000
00001346707043100000!:M6707013100000'346701643'00000!34618764310000013«3187643l
0000134078784310000013401076431000001340701843'00000134670704310000013401010431. 000
0000234.7.704320000023461876432000002346707043200000234870704320000023481878432
00002340101643200000234070704320@00234870704320000023‘078164320000023461878432 DOO0000000
m:a‘ﬂ"a"ﬁ‘32m23‘07370432@000?3‘07'78‘32m23‘67376‘32m73457.75432
00002:“010184320000023‘618764320000023‘6787843200000234610104320000023461010‘32
0000234070104:l2000002346707043200000234818784320000023‘018164320000023461818‘32

00002346787843200000234878784320000023467876432000002346787643200000234678764320000000000000000000000000000000000000000000000 DO

000023487878432000002346878764320000023467876432000002346787643200000234678786433000000000000000000000000000000000 00.0.0.0.000.0000000
0000234678784320000023467876432000002346787643200000234678764320000023467876432000000000000000000000000000000000000000000000000
oooo::ll87"0432000002310701"3200000234070704320000023481078432000002:!481016!32 DOOOCOO0000000000000000000000000000000000000000
000023467876432000002346787843200000234678764320000023467876432000002346787643200000000000000000000000000000000000000000A DOOOOO
©0000234878784320000023487876432000002346787864320000023467878432000002346787643200000000000000000000000000000000 DOOOO0O000000000
000023487876432000002346787643200000234678764320000023467876432000002346787643200000000000000000000000000000000000000000000000C
000023487878432000002346787843200000234678764320000023487876432000002348787643200000000000000000000000000000000000000060000 DOOQ
000023467876843200000234678764320000023467876432000002346787643200000234878764320000000000000000000000000000000 0000000000000
00002336787633200000235678765320000023567878653200000223678765320000023587876532000000000000000000000000000000000000004 000000000
oooonscn1oa:l:oooooz:lscnns:noooooz:!sannss:ooooo::sannsazoooqo::sauus:: DO00O0000000000000000C0O00000000000000000000000
00002336787653200000238678765320000023567876583200000239878785320000023%8787653200000000000000000000000000000000000 0000000000000
m!:IU07.16832m23807.70532m23567.18532(!!)00238678785320000023567.76632 DOOVOOCO000000CO00000000000000000000000000000000
000023367876544333322386787654433332235078765441333223367876544331722336787654433332222 1 1 1 1000000000000000000000000000000000000
00l234507.0771680855888!7!l171000G5555581!!711808055555070017108065555507!077768605555444403333222| 1 1 10000000000000000000000000
001334507.!77171680085507lI77717000858887!!7171166685550188711118686585070077717886655555‘44433332221 1 {1 100000000000000000000000
00l234507777177778600680711777711008006611171711766886667777777178666680711777117886605555544443333222 1

(]} l23486777777117770606017117777111600001771771117108688177177111170088677771717177&60685855444‘33332222l 1
0l233480!7777717777106001717777771110866177177777177868877777177717766661777177771776668655558444‘3332222| 1 10000000000000000000
0l23345007177777177110600177717777171‘06011717171711166601177117111118680111771771117808605555544443332222 1 1 1000000000000000000
0|2334!l00777777777777708.77777777717770007117777717777!6077777777777770607771771771717886805655544443333223' 1 100000000000000000
Oi233458807171117177771007717777117111700711717777117718071111111771117687717111111177108088855584444333222 1 1 100000000000000000
01 '23445800007177'8.0!“0&!0.77710000060606601711060668880660111700660086866071176666686855555444443332222 { 1 1000000000000000000
O'22344550600.777...0“.083.0.777.06060068066877760688680888867770668888688080?7160060068555555‘4443332222| 1 1000000000000000000
012234 4BBO!060.7.0000000060608.71080086060BGOGC778650888088866077086666668638607780666668856555444433332221 { 1000000000000000000
0l2334l8“688!8!00000000000“8“008080808000860880686866006868680668686668606686868680088868588444433332221 1 1000000000000000000
O'23344BBGGGOOCGGOOCCOOBGGO'006008666606860806806668666668088GOGOBBSBGCBBBGGOBBO060088868658555444433332322' 1 100000000000000000
02233"SBGO00000.88880000006060680886880080806606066868866868800880666668888666808000006008558554‘443332222' 1 100000000000000000
022334488068888!80800006000000068660006868888808688688086688888668086688866868866868686886855588444433332221 1 100000000000000000
02233‘4BBSG008600"0'0'“080066006660600063886068886656868066666608806865066880686“666088055555444‘3333222' 1 100000000000000000
022334435500606030000008608300380068606886088800808088666668806066688868866866605666666668055555‘44433332221 { 100000000000000000
02233445880GGG0006008800088080300606606868000800080068868600888680666686088666666868668686655555444433332222l 1 10000000000000000
02333‘4BSBBBGGC8880880!00888808880868666668886888808668008886588066086868880888068888686866558584‘4443332222l 1 10000000000000000

0233344S58000600000000"0080008008008066003606600086868868886868600866686688666680686666688555555‘444 33232221 1 10000000000000000

022334 4885006000606800680880880080000608880886668868866066668666068666666660668666668806880558555‘44‘3333222' 1 10000000000000000
03233‘488856860808066606866666600086688680868668886608665666866668806666565666866866666686855855544‘Q33332221 1 {0000000000000000
0223344SBB80066860050063B0888808866666666668668068668688866686066G666066QBGG866666866668656655555444433332221 1 100000000CO000000
022334455850606666666866666666666860886666666666606866606666686686686856666866668666666666666655558%4 444233322211 1 1000000000000000
02233444585680006806660088668868608606866688888666668688666606868686G6666665660666886666666555555‘444333322221 1 1000000000000000
D?233444BBBBBOBC806066666686868800866806668666686666666608688666088686666606666666666666868555555"44333322221 1 1000000000000000
02233444585586006660686066680668666B868666686G666866686686666666666666666666688688866666666555555444‘33332222 t 1 1000000000000000
0223344455558006088066066686008866066866666666686868606666'l66666Gﬂ865660066666666866606666655558544!443332222 1 1 {000000000000000
022334448B5556666888688066668666686686066666666688668866606666666868G60686666666666666686685555584llll3332222 1 1 1000000000000000

C

..;-...-.-o----o-...----o.oo--.-----.-.d----..-.---..-.--.-...-.-.-s--o---..---..--..--.-----.-..-.--..-......-----;-.-.-. ssc e cone




Ce 'Y d

. r.-&"v -

022934448'835.0.00'80..CCQOOOOOOCQOOOGéIBOBBOOOOGGOOOOG8060060000.0ﬂiﬂﬂﬁ06608OOG06000668806855685444443332322li|000000000000000
0223334448533506088080606684888485488884448668CCEE8CEBE686888835808088888886866G866666666686853%53335444443332222 11 1000000000000000 ¢

£ 0122333444485553535558055833535333533383555555555555558533533555555385535588555555355855353%53544444433332222 1 1 1000000000000000

01222233444438530553358558885555888385853845538855555585555535555535583355585555583555858555588534444433333222 1 1 1 t000000000000000
0122233344445358333933355538355355553535555385853959850556565588355855358555555858555535559588555554444442333332221 1 1 1000000000000000
$1222333444445930853338935353583553555355535553555555585455358358553895435535553583533538808855444444333322221 1 1 1000000000000000
011223332444445335335353353553533535353339555535555355533555553395355839533535555349555355553553595%54444444333322221 1 10000000000000000
01122233344444553395333533353583553535335555385355555355555555355535533353535555558535595953%55444444333332222 ¢ 1 t0000000000000000

19222222222222222222222222223322222222222222332222222222222233222222222222223222222222222 1
949222222232222222222222222222222222222222222222222222232223233222232222222222222222222221
$1199222222222222222222222222222222322222222222222232222222222222222222222222232222222222
) 12222222222222222222222222232222222222222222222222222232222223222222222232222222221
1 2222322222222222222222222222222222222222222222222222222222232222222222222222221 1
12223222222222222322222222222222222222222222222222222222222222222222222222214 1
2222440 ¢140999922232294909000090222222900044419492222229400910¢99122222111¢

1
1M1
1ty
1444
1
1"
1

-d ob b e o

!l

40 HINOY

)
1
1"
1"t
1
1

\
y

)
t
]
]
]
\

14

)
1
1
1
1
1

- o b o o

1"
"
1"
1"
1"t

-b b ab ah o
-lh ab afh o b
-lh ab b ab ob
- e b ab o
- e b al b
- uh b o o
- e o e o
-b ab ubh ab oD
- ab o ab b
-l o o b o
b ab ab ab oh
-y wp b b b

() ab b - > - >
oR R ¥ K _X_ K J
() > ab =t o W b
() = ab ab bt ab o
) = wb alh wh o =
- e b b uh
- b b b b
- el abh e =
- ab ab ab o
b ab ab ab b

1
1
1
1
1
U




-

e

e

¢ 'S L
, ..‘ql;’o

.
.
L

M ¢

XXX PR R R R LR R AL X R R LR R R R AL AR LR L R L AL R R X A LAl Al Al L R R L L A A A LR L E ISR R A RN R N I ]
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YRACER 1 FLUID CONCENTRATION X-Z PLANE AT Y-LEVEL ~ Q. 500 ™ YNIE = 50283.09 YEARS
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distribution at selected times.

Caclulated chloriﬁe
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Calculated Si02 distribution at selected time
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Calculated total SiD2 (#issolved'

at selected times.
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assuming relationships

between pore volume and permeability.

Calculated permeability
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