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REACTIVE TRANSPORT SIMULATIONS OF ALTERNATIVE FLOW PATHWAYS
IN THE AMBIENT UNSATURATED ZONE AT YUCCA MOUNTAIN, NEVADA

Lauren Browning', William M. Murphy2, Chandrika Manepallyl, and Randall Fedorsl * 'Center for Nuclear Waste Regulatory Analyses, San
Antonio, TX, USA 78238 * 2Department of Geosciences, California State University, Chico, CA, USA 95929-0205; email: browning@swri.edu

Abstract
Cheical composidon of gro ndwater an vary sligificandy depeadng o whether or nt th flow model indudes aera
dvei" of ilrata waters, or preferential lo pathways a varlably-somorated materials. To assist thechnical review
of a ptential application for the proposed ndeer waste repository at Yua Montaib (YM, we evaluated te eet of
atatve low pathways n simulated groundar couposio This w a by perfoerming sensitivity studies on
a calibrated reactve tranport model hr the ambieut hydrygeochoddeal systemo at Yuc Mountain (Browning et al, 203)
Two alteratve insaturated n (Z) fo pathways were applied to the calbrated, hae ase modal, and results of the 3
models were compared. Al 3 medals simlate two phase, aonterauL advective and diffusive ow and transport trough
one dlme _asoL mahsU and ture cotinna (dual perneaility) containing at toat 9 ine y reacte hydrestatigraphic
layers in te sidty of tbe SD-9 bhreble at YM.

Alternative Flow Pathways

Basic Model Prop
Code. MULTlF L lv s IS (Pahster et at. 2I)
Griddoing: a M el strctured grid with a mIned upper baundary cidlion (e spdied ps
pressre, temperature and bquld flux) and a gravity drainage ower boundary condition,
Groundwater flow: Rock _mI, sod tisectre networs In the assucrated woe (tZ) are
depted as seporate poreas condua [e aud water how between ontlns are controlled by

Darcy's tlw coopked with tattve relationships and equations
'van Geatuea hatls ith MOtens WOMptiOn for ro9sture retednWrdve peneablty
theactivefracturema( sa, 
paraueter values adopted from CRWMS M&O (2001).

Results: Simulated Water Compositions

anltclS _u srtosl. Y ~tflwhse at., 2tliK Dsowln nd Mulihy
202) Wtoen itoolagmorth ayrtt. ro aecetr~tib glasd-elto

perties (Cases 1-3)
Hydrstratgraphy: Nie (Cut 1) or one (Cases 2,3) diffee hydrotratlgrapht
ant bouded by the ptnb NW tow3g layors (CltWMS, 20). EAch model unit :
*brhoranly-rlessed with fisopic hydraulIc propertIes
'dened by chemially and hydrulically dItnct matrix ad facure continua
sccopod by different voetric proportlns of kineeically reactive pbases

Geochenkal Motdel: Al 3cassconsderth eftflowng

Al(Ot)i-, Na, K', OHaid AP, and CO)
- Idntiallyreativeaboto lw *fWte acte rbyollttegtass, amuorphos sica,

and erdloemober n, Ca, and Knet

Discussion/Conclusions
Rleaedve Tre teds are usfu tois foarprdleting thepot etes
ofalterastlveow Poithsay n nitegradtrcoupocitloos Oor
ansess Eausat the folloing tto pobetwee Aunbint UZ flow pathways
ad shnotdw groundwater ceoN iusoder quna steay state -Miedlto

to Heratisr Unit (., Vrna~

The longeorthe travel onturn pocket of water throught theoltthegreater tee
poemena bnoacti. hedwondwatrnpdtiosteeaor Case 2&3).

Wtbeaecoraryefanulatedwuondwaeereosoposltton to reactive uits iy
7hpend blrao~ ont ho acrat h oe rsetter ogeaewtdeto rthe

I
I

Case 1: Base case,
no PTn unit

' Upper modal boundary Is Top of TSw

' Infiltrating water has revised analytIcal
eoltvurn water coepostion ('abi, I)

* Frature-doe aed fow through TSw

e Travl dme through Pro: 0 yeais

Case 2:Base case,
thin PTn unit

Upper model boundary Is Top of Prn

* Infiltrating water has rosi analytical
Prn pore water oes ion (lTl, I)

* Metrix-itented flow throus 12 m
thick section of PIN not

Case 3: Base case, thick
PTn unit +/- lateral diversion

t Upper model hoondary Is Tsp of PTn

* Intltrating water has revised analytical
PTO pore water ptiton (Twl, I)

-taMtrlx-dondoated flow inarbitrarily
thick (120 m) section of Prn unt

The inl1rato nndatrtoptte r_1 oy hilave nesg _cnhspto

at 12 watrf Int Pro, Css 2&3, by a drdcls)

Metoredgru*OaereAaOsa befulforehlhrathogr
vaitdg geoel mds bt th*ebted onorn fpr tt.
groawater lsoIkOd b t gsao

* Fracture-doninaed flow through TSw Fracturnated flow through TSw

t Travel time through PTo: 1,200 years

Grounldwatter

pH
Ca (g/L)
Na (mg/L)

SiO.(aq) (mg/L)
K (ng/)
M (ng/L)

HCO;(mg/L)
C032 (19L)

(mp/L)

(Cases 1 and 3)
7."

14.00
25
5.8
8

1.3e.5
114.1
0.72
10.0

3PTn Pore w4
(Case 2)

804
22.7
53

486

8
1.3e-5

113.3

0.64
6.0

' Travel dt through PTn: 12,0Ct years

Table 1. Revised
analytical matrix pore
water composltIons
used to constrain
boundary/intbl
condItions In our model

I Browwnin et l, 200

In ioraetsror too, Irctlaff Unt t. ot of the Tw3

The composmton fiomtlltowaerhasaa rageroemeulted

pathway withIn that On'nctv nidt.
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