
Reactive Transport Model for Fracture and Matrix Geochemistry at Yucca Mountain, Nevada 

Lauren Browning1, William M. Murphy2, Chandrika Manepallyl, and Randall Fedorsl 'Center for Nuclear Waste Regulatory Analyses, 
San Antonio, TX, 78238 Department of Geological and Environmental Sciences, California State University, Chico, CA, 95929; contact: lbrowning@swri.edu 

Abstract 
Reactive transport models for the potential nuclear waste repos~tory at Yucca Mountain (YM) provide information on evolving water chemistries and 
secondary mineralogies, which may affect engineered barrier system performance, radionuclide releases, and radionucl~de transport. Although reactive 
transport models permit explicit analysis o f  coupled thermal-hydroiogical-chemical processes important to estimation o f  long-term repository performance, 

these estimates have uncertainty that is difficult to quantify. Confidence can be gamed i n  reactive transport models by demonstrating their capability to 
represent natural conditions. 

Site characterization studies at Y M  have revealed significant differences between the hydrogeochemical properties o f  fracture and matrix materials i n  the 
unsaturated zone (UZ) overlying the potential waste emplacement setting. A quantitative evaluation o f  the most significant hydrogeochem~cal processes that 
caused these differences is helpful to develop detailed estimates o f  the quantlty and chemistry o f  water contacting engineered materials i n  a thermally- 
perturbed repository setting-a risk-significant component o f  performance for YM. Developing a reliable explanation for observed differences between UZ 
matrix and fracture materials at Y M  provides a good test for the reactive transport models that may be used to evaluate performance o f  a potential repository 
at YM. 

We developed a ID, dual conhnuum, reactlve transport model o f  the amb~ent U Z  mamdfracture system at Y M  In  order to evaluate the o n g n  and evolut~on 
o f  groundwater composlhons and secondary mlnerals In  fracture and matnx materials overlytng the locat~on o f  the potentla1 repository Senslhvlty tests were 
conducted to gauge the m p x m c e  o f  data and model uncertalnhes. 

- -- - -. . - - - -- - - .  

Basic Model Properties 
Groundwater flow: Rock matrix and fracture networks in the unsaturated zone Gridding: a 56 cell structured grid with a mixed 
(UZ) are depicted as interacting porous continua. Heallwater h w  hetween continua are upper boundary condition (i.e. specified gas 
controlled by: pressure, temperature and liquid nur) m d  a gravity 
' Darcy's law coupled with constitutive relationship and equations drainage lower boundary condition. 
' van Genuchten function wilh Muaiem assumption lor moisture retent~on/relative ~ ~ ~ ~ h ~ ~ i ~ ~ l  ~ ~ d ~ l :  ~h~ model 

permeability 
* the active fncture model &iu et al, 1998) 

parameter values adopted from CRWMS M&O (2001). 

*dissolved saries and ens: CI; Ca2: Hi, HC0,-, 
COt(aq), Cq'; SiG(aq), HSiOi. AI(OH),; Na: K', 
OH.. and AP. and CO,(e) .-. 

Code: MULTIFLO version 1.5.2 (Litchner and Seth, 19%; Pa~nter et aI, 2001) " kineticallv reactive ohases: low albite, calcite, 

Gmdvua(2 d y r )  
rhyolitic glass, amorphous silica, and endmember Na, 

~d~$Sd"~ , l  F i g u r e  1. General ca, and K-smtites 
structure dual Hydr0stratigraphy:Ten different hydroslratigraphk 
prmability units bounded by the ptn26 and tsw38 byers (CRWMS, 

C showing infiltration of 2000, ~~~h model 
SiO,(am~undersaturatd . horizont.lly+riented with isotropic hydraulic properties 1 T o 7  1 1 1 w 0 a d  de" by chemically and hydraulically distinct matrix 
SiO~(amHsuper)saturated m d  fracture continua 

nrmF- 
waters into the fractures occupied by different volumetric proportions of 

Msmr Connnuum I- F r a c w  Cananuum Oftbe ptnZ6 unit. kinetically reactive phases. 

/' What is the Origin of SiO,(am) in the TSw Fractures? Model Results \ . Conclusions/Discussion 
* L - . 2- . . I \ . mh* ' i :I Revised analytical pore water compos~tions 

TSw Un i t s  

Ch U n i t s  

: I ( ~ r o w n i n ~  etal., 2 b l )  f rom SD-9 ;MI other 
borebole cores indicate that matr ix waters 

1 f rom Yucca M t  are undersaturated i n  SiO1(am). 

There are no measured fracture water 
I 

compositions f rom Yucca Mt, but  the occurrence 
ofSi$(am) i n  the TSw fractures indicates that 
fracture waters are (super)saturated i n  Si02(am). 

Log a SO2 

F i g u r e  2. Revised analytical pore water compositions from the SD-9 borehole (Browning et aI,2001); dashed 
lines show solubility curves for qua&, beta cristobdite, and SiOl(am) with depth in the FTn, TSw and CH units. 

H igh  Si02 concentrations and precipitation o f  SiO,(nm) i n  Yucca M t  Fractures may be explained by: 
1) a i r  flow and evaporation o f  water i n  fractures, 

... but, DOE mountain scale thermal hydrological models indicate no significant a i r  flow i n  TSw 
fractures (CRWMS, 2001). 

2) Si02-rich waters inf i l t rat ing into fractures f rom the overlying al luvium o r  colluvium (Meijer, 2002), 
... but, the geochemical consequences o f  high-silica inf i l t rat ion waters have not been considered 
i n  the context o f  dual permeability flow and transport models. 

1 . Reactive transport simulations of fracture and matrix geochemistry 

1M 
IWk YC." j The chemical rompositlon of fracture waters percolating inlo TSw 

units may be very similar to the composition of measured pore 
water compositions in the overlying PTn units. 

tbe TSw fractures is undersaturated 
with resped to Sio2(am) and will dissolve, rather than 

Observations ofSiO1(am) in TSw fractures cannot bc 

i 1 / 1 i ' explained by inmtration of~io2(a*"ch waters into the F-Tn 1 I.OPrl I.OE*a I . IE t l  I.OEl2 I.OE+3 I1W IOU 
LW LBn units from the overlying dlunum or colluvium. 

Water Rlux (kg/m'*yr) VoL Fraction SK),(am) in Fractures i 
i . blow and transport acnns matrix-fracture interlaeu pbys a 

F igu re  3. Simulated "ux of water in and between the F i g u r e  4. Comparison bawren initial volume fractions I dgarK.nt mk coolrolling water mmporitiOas. 

matrix m d  fracture continuum with depth in the ofSiO,(m) in the fractures with depth and those 
PTn and TSw units of Yucca Mt, NV, wbere the depth at predicted to occur after lOOk y e a 4  wbere the depth at 

Further evrluation of assumptions inherent within the active 

/ the top of the ptn l6 is defined as zero. the top of the ptn 26 is defined as zero. 
fracture model &iu et al, 1998) is needed to determine their 
effects on geochemical modeling results. 

6 

I Water flows slowly f rom the fractures in to  the matrix, Simulations show Si02(am) dissolution i n  

1 except i n  portions o f  the ptn26 and tsw37 units. the TSw fractures, beeruse fracture water , 8 
compositions i n  the TSw are largely I : Simulated fracture-matrix interaction is most inherited f rom the overlying matr ix PTn  ' significant a t  the base of  the PTn, where a permeability ,,its, and the model evaporation. 

1 barr ier may force large amounts o f  PTn matrix waters 
I to pour into TSw fractures. '\ 

Hydrologk procnm that redistribute water in matrix and 
fracture mtenals (i.r adveetion, vapor -sure lowerinb, and 
espcnally evaporation) may be required to explain SiOAam) 
and other secondary minerah observed in TSw fracturrr 
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