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3\31\99
--- Distribution of Aqueous Species ---
. m¥ . . .
Species Molality Log molality Log gamma Log activity
HCO3- 2.5034E-03 -2.6015 -0.0382 -2.6396
Ca++ 2.5000E-03 -2.6021 -0.1536 -2.7557
cl- 2.4919E-03 -2.6035 . -0.0392 -2.6427
S$i02(aq) 1.0000E-03 -3.0000 0.0000 -3.0000
co2(aq) 3.3908E-04 -3.4697 0.0008 -3.4689
02(aq) 2.5171E-04 -3.5991 0.0008 -3.5983
eﬂ:wo caco3(aq) S.9956€ 6 5.9847E-06 -5.2230 0.0000 -5.2230
* cof-= 2.2793E-06 -5.6422 -0.1522 -5.7944
Lﬂw‘ OH- LLSUS E-F 1.6522E-07 -6.7819 -0.0392 -6.8211
“OF I ~7.2B813E-08 -7.1378 -0.0362" -7.1740
oofe TOMCONZ—-  S.834&-le __ 5.532/E 10 -9.2571 -0.1562 -9.4132
.Q.Ro TU02(CO3)3---- 1.]3]2E-1o T-T7U07E-I0 -9.9316 -0.6307 -10.5623
£ 039, UOZ(OMIZ(aq) _i-93ede-]] TUBGIE-IT_  -10.7020 0.0000 -10.7020
S 0% U02C03(aq) [.363f£-1I 1.3667E-11 -10.8643 0.0000 -10.8643
& o0i§3JaU02(0H)3" 4. TE-IR 4.0080E-13 -12.3971 -0.0382 -12.4352
‘2 otde UO20HT % EYEY KN 1.8710E-13 , -12.7279 -0.0408 -12.7687
© & _U02++ £ 26SHeE-IS 2.6546E-15 =14.5760 -0.1593 -14.7353
< 067 _(U02)2CO3(OH)3-2 SMREE~E  2.5171E-15 -14.5991 -0.0382 -14.6373
.p2 .U02C1+ &.L0SEIY 6.6061E-18 -17.1801 -0.0408 -17.2208
. H4 (H2S104)4---- 2.4342E-19 -18.6136 -0.6307 -19.2444
< UO2(OH)4-- 1.2235E-19 -18.9124 -0.1562 -19.0686
- (U02)2(OH)2++ 2.5235E-21 -20.5980 -0.1593 -20.7573
C103- : 5.4600E-26 -25.2628 -0.0382 -25.3010
~ Ccl04- 3.0963E-26 -25.5092 -0.0392 -25.5484
Iz Uo2+ 2.3021E-27 -26.6379 -0.0408 -26.6786
u (U02)3 (OH)4++ 5.2505E-28 -27.2798 -0.1593 -27.4391
(U02)3 (0H)5C02+ . '1.8689E-28 -27.7284 -0.0408 -27.7692
(U02)30(OH)2(HCO3)+ 1.5071E-28 -27.8218 -0.0408 -27.8626
Y cl02- ; 4 .8887E-30 -29.3108 -0.0382 -29.3490
< (UO2)4 (OH) 7+ 2.3248E-31 -30.6336 -0.0408 -30.6744
~ HC102(aq) 4.4340E-34 -33.3532 0.0000 -33.3532
S U02(C03)3(5-) 1.9402E-36 -35.7122 -0.9873 -36.6995
£ U (OH) 4 (aq) 7.8097E-38  -37.1074 0.0000  -37.1074
= U02C103+ 3.1358E-40 -39.5037 -0.0408 -39.5444
{ Formate 2.4674E-44 -43.6078 -0.0382 -43.6459
H2(aq) 4.9163E-45 -44.3084 0.0008 -44.3076
ﬁm Formic acid(aq) 8.5710E-48 -47.0670 0.0000 -47.0670
U(CO3)4---- : 1.9131E-49 -48.7183 -0.6307 -49.3490
co(aq) 1.9289E-50 -49.7147 0.0000 -49.7147
UOH+++ 5.5728E-55 -54.2539 -0.3526 -54.6065
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[~3-99

INater An/aly se <

Yp\  Poce.

UZ163y2.31

|Version level= 7.2 (xcon3)
|EQ3NR input file name= UZ163Y2.31

I
| Yang, WRIR 96-4058, 1996

UZ well: UZ-16/163.5-163.9: 49.9 meters

|
|
[
I
| NOTE: Log f02(g) set to atmospheric, scaled to P(tot) of 850 mbar
| NOTE: Temperature (T) estimated from data in Sass
| & Lachenbruch (1982), by

| T = (Depth in meters + 1093.47)/56.31

|
|
|

|
[
I
|
!
|
1
Yang Approach |
[
|
|
|
Computations by Lauren Browning December 30 1998 |

|

| Temperature (C) | 20.3 |Density(gm/cm3)| 1.00000
R T TP D R R R I

[Total Dissolved Salts | } mag/kg | mg/l |*not used

| = rmm oo oo oocooosooooooooo- |
|Electrical Balancing on | | code selects |*not performed|
[ == m oo ooooooooooooosoooooooooo- !
| SPECIES | BASIS SWITCH/CONSTRAINT| CONC/ETC | UNITS OR TYPE |
R |
| redox | |-.7706 | Logf02 |
| H+ | ] 7.6 | pH !
jCat++ | |42.5 img/L |
| Mg++ | |13.4 jmg/L |
| Na+ | |21.5 |mg/L |
|Si02(aq) | |77.5 |mg/L

JAl+++ | ] 0.5 Img/L !
| HCO3 - . | |114.70 | free mg/L |
|C1l- i 132.4 |mg/L |
| NH3 (aq) | NO3- 16.338 | mg /L |
| 504 -- | 172.3 |mg/L |

|______________________________________________;_____: _________________________ |
|Input Solid Solutions [

| - SOLID SOLUTIONS - |
| ignore solid solutions |
| * process hypothetical solid solutions
| process input and hypothetical solid solutions |
| - LOADING OF SPECIES INTO MEMORY - |
| * does nothing
| lists species loaded into memory |
| - ECHO DATABASE INFORMATION - |
| * does nothing |
| lists all reactions |
| lists reactions and log K values |
| lists reactions, log K values and polynomial coef. |
| - LIST OF AQUEOUS SPECIES (ordering) - |
| * in order of decreasing concentration |
| in same order as input file |
| - LIST OF AQUEOUS SPECIES (concentration limit) -

Page 1
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Yo\ Poce.

I
I
I
I
|
I
I
I
I
I
I
I
I
I
I
I
I
I
I
|
I
I
|
I
I
I
I
I
I
I
I
|
I
I
|
I
|
|
I

OO OCO

. Uz163y2.31
all species
only species > 10**-20 molal
* only species > 10**-12 molal
not printed
- LIST OF AQUEOUS SPECIES (by element) -
* print major species
print all species
don’t print
- MINERAL SATURATION STATES -
* print if affinity > -10 kcals
print all
don’t print
- pH SCALE CONVENTION -
* modified NBS )
internal
rational
- ACTIVITY COEFFICIENT OPTIONS -
* use B-dot equation
Livies’ equation
Pitzer’s equations
- AUTO BASIS SWITCHING -
* off
on
- PITZER DATABASE INFORMATION -
* print only warnings
print species in model and number of Pitzer coefficients
print species in model and names of Pitzer coefficients
- PICKUP FILE -
write pickup file
* don’'t write pickup file
- LIST MEAN IONIC PROPERTIES -
* don’t print
print
- LIST AQUEOUS SPECIES, ION SIZES, AND HYDRATION NUMBERS -
* print
don’t print
- CONVERGENCE CRITERIA -
* test both residual functions and correction terms
test only residual functions

generic debugging information

print details of pre-Newton-Raphson iteration

print details of Newton-Raphson iteration

print details of stoichiometric factors

print details of stoichiometric factors calculation
write reactions on RLIST

list stoichiometric concentrations of master species
request iteration variables to be killed

NN

N

[

residual functions | 11.0e-10 tolbt
correction terms | |]1.0e~-10 toldl
saturation state | 10.5 tolsat
number of N-R iterations | 130 itermx
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# React script, saved Wed Aug 18 1999 by lbrowning B
—datsa = "C:\Program-F11&5\Gwb\Gtdata\thermoEQ6V8.dat" verlfy

work_dir = D:\

temperature = 25

swap 02(g) for 02(aq) .

1 kg free H20

balance on Na+

total molality Na+ = le-7 R

pPH = 7.96

total molality Cl- = 00776247117 e
total molality HCO3- = .00169824365

total molality SiO2(aqg) = le-4 —
fugacity 02(g) = .158489319

total molality Cu++ = 2.51188643e-21

react 5 mol of Atacamite _—
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:master species for controlling time stepping

D BKyohr( | Akrohel  GEM \l* =
—_ " R —
— E—— » e ,
//4g reactive transport of Cu phases at Akrotiri N
June 25, 1999
: geometry nx ny nz mode iprint idebug iwarn
GRID XYZ 52 1 30 2 1 1 3
DBASe ;
/home/wmurphy/databaseAGUZ
method iops ifor iflxlim itmax ihalmax ndteq loglin istepdt
OPTS 1 1 2 1 32 16 1 0 1 i
isurf iact isst wtup cournr dtcutf delcmax gkmax tpulse _
1 1 -1 0 l.e4 .500 ,03 500
: isync ipor iperm perm-fac. porfac icksat slcutoff
COUPle 0 -1 0 3. 1. 0 0
. —
PLTFiles !
:iplot a4 s t msisf v z bin e ex ti g itex err
1 1 11 1 0 1 1 0 1 0 0 0 o0 1 0 1 *,m_%
: tol ttol tolneg tolpos tolstdste tolc - ‘
TOLR 1.d4-7 l.e-1 l.e-0 1l.e-2 1.e-6 l.e-12
: mecyc cc ¢ flx r sp gk pk rk al a2 a3 eeememonre
DEBUg 0 1 1 1 1 1 1 1 1
isat isothrm iread por0 phir sat w lambda toldelt tolpor R
ISYStem -1 0 0 0.52 0. .01 1. 1. l.e-3 l.e-3
vx0 wvy0 wvz0 vgx0 vgy0 vgz0[m/yr] alphax alphay alphaz[m]
FLOW 0. 0. .010 0. 0. 0. c. 0. 0.
d0[cm~2/s] delhaq[kJ/mol] dgas[cm”2/s] dgexp tortag tortg idif
DIFF 7.5d-6 12.6 2.134-1 1.8 1.4-1 1.40 0
: p (Pa) temp flag a b c. d x0 xlen
PTINit 101325 25. 0 25 300 250 125 1000. 2.d43 T
: “"‘"“"“ﬁ

:MASTer all

DXYZ

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.20.2 0.2

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.20.20.2

0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2 0.2

0.2 0.2

0.2

0.2 0.2 0.2 0.2 0.2 0.13 0.07 0.05 0.05 o0, 05
0.05 0.05 0.05 0.04 0.05 0.05 0.05 0.05 0. 05 0.08
0.13 0.2 0.2 0.2 0.2 0.2 0.3 0.3 0.4 0.5

isolv level north nitmax idetail rmaxtol rtwotol smaxtol

3 1 4 100 0

SOLV l.e-12

l.e-12

l.e-12
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M rer—ry L pr————y
:initial and boundary conditions: l-conc., 2-flux, 3-zero gradient —
4 COMP
:11 i2 31 j2 k1 k2 —
1 52 1 1 1 30
:species itype ctot mineral diffusion ——
cu+2 1 2.2887e-21
na+ -1 1.0e-2 —
h+ 8 6
cl- 1 7.7363e-3 T
hco3- 1 1.7033e-3 —
sio2(aq) 1 1.0016e-4
BCON —
:ibndtyp ifacx tmpbc dist area vell velg por sl borm slm imtx
1 3 17. 0.02 1.6e-3 3.17e-10 0. .6 0.08 .6 .08 1
i1 i2 j1 j2 k1 k2 P—
1 52 1 1 1 1
:species itype guess ctot mineral N
cu+2 1 2.2887e-21
na+ -1 1.0e-2 T
h+ 8 6
cl- 1 7.7363e-3
hco3- 1 1.7033e-3 e
sio2(aq) 1 1.001l6e-4
:ibndtyp ifacx tmpbc dist area vell velg por sl porm slm imtx T
1 4 17. 0.04 1.6e-3 3.17e-10 0. 0.52 .08 .52 .08 1
il i2 j1 42 k1 k2 R
1 52 1 1 30 30
:species itype guess ctot mineral S
cu+2 1 2.2887e-21
na+ -1 1.0e-2
h+ 8 6 —
cl- 1 7.7363e-3
hco3- 1 1.7033e-3 e
sio2 (aq) 1 1.0016e-4
AQCK ;
co2(aq) i
co3-2 ;
hsio3- "
oh- I
cuco3 (aq) i
cuoh+ ﬁ
cucl+ f
cu(co3)2-2 ﬁ
MNRI,

atacamite
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L —— ) ey
:GASEs
:co2(g)
:02(g)
MNIR
:mineral npar fkin delh tau
atacamite 1 1. 35. l.e-3
: itypkin npri sec sig rk
20 0 0 1. -10.00
25 28 1 1 8 13 0.1 1. o. 1.
/
BRKP 1
111
DTSTep[y] 5 1l.e-16 l.e-6 l.e-5 1.e-3 1.e-2
l.e-15 l.e-4 l.e-3 l.e-2 1l.e-1 1.e+2

TIME({y] 10 1. 5. 10. 25. 50. 100. 200. 300. 500.
510 )

ENDS
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A LauresBrownin
| Subject: FW: TPA5.0: Lower Cl-, F-, and pH
Y A Original Message-----
S From: Lauren Browning [mailto:Ibrowning @ cnwra.swri.edu]

Sent: Tuesday, February 04, 2003 4:58 PM

To: Ibrowning @cnwra.swri.edu; Ronald Janetzke”, 'Osvaldo Pensado’
Cc: Roberto Pabalan’

Subject: TPA5.0: Lower Cl-, F-, and pH values

All:

The DOE examined the impact that different combinations of high vs low temperature repository design and high versus low CO2
(g) would have on the in-drift chemical environment. For any given combination, they used constants to describe chemical
conditions for 6 different time periods: preclosure, boiling, cool down, extended cool down, transition to ambient, and ambient. Of

the various combinations, the high temperature and high carbon dioxide case produced the highest concentrations of F- and CI-.
Those values were provided to you in an earlier note (see below). Those values represent the upper limits of Ci- and F-

concentrations from the DOE's SSPA analysis of seepage water compositions. The ambient conditions, provided below, represent
the lower limits of the DOE analyses of CI- and F- concentrations from the SSPA. The following ambient temperature values (T =
23.20C) were extracted from the same Table as before, i.e. Table 6.3.1-6.2:

[F-]=2.97e-4 molal
[Cl-] = 3.31e-3 molal
pH =8.41

Thus, we now have information to bound F- and CI- concentrations in the sub-boiling regions of our own model. | hope that this
addresses your comments, Ron and Osvaldo. Because the most corrosive conditions are expected to occur at higher
temperatures (i.e. during the Epochs), | think that we should focus our future efforts on refining the Epochs data, rather than the
data used to characterize chemical conditions in the sub-boiling portions of our model. Please let me know if you have other ideas
or suggestions.

TPAG.D

Thanks,
Lauren

3 I - Original Message-----
/ . From: Lauren Browning [mailto:Ibrowning @cnwra.swri.edu]
QJ Sent: Tuesday, February 04, 2003 3:12 PM

To: Ibrowning @ cnwra.swri.edu; Ronald Janetzke; Osvaldo Pensado
Ce: Roberto Pabalan -
Subject: RE: TPAS5.0: Cl-, F-, and pH values

3.

ps. The values that | provided below were estimated/calculated/abstracted by the DOE for a temperature of 95.80C.

Lauren

————— Original Message-----

From: Lauren Browning [mailto:lbrowning @cnwra.swri.edu]
Sent: Tuesday, February 04, 2003 2:19 PM

To: Ronald Janetzke

Cc: Roberto Pabalan

Subject: TPA5.0: Cl-, F-, and pH values

Hi Ron,
I suggest using the following constant values to depict water composition before and after the Epoch periods in TPA:

[CI-] = 6.65e-3 molal
[F-] = 4.08e-4 molal
pH =8.37

2/4/03
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- These values were taken from the SSPA, page 6T-4, Table 6.3.1-6.2. The reference is given below, for your viewing
convenience. :-) The data came from a Table listing abstraction results for high temperature and high carbon
dioxide partial pressure in the Tptpll lithology for seepage at the crown of the drift. If we obtain information indicating
that these values should be modified, | will let you know.

I hope that helps.

Lauren

Supplemental Science and Performance Analyses Volume 1 Scientific Bases and Analyses. Rev. 00 U.S.
Department of Energy TDR-MGR-MD-000007 Las Vegas, NV: June 2001

L\ 107
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| REACTIVE TRANSPORT SIMULATIONS OF ALTERNATIVE FLOW PATHWAYS IN THE AMBIENT UNSATURATED

e

1

J
1

ZONE AT YUCCA MOUNTAIN, NEVADA.

Lauren Browning (1), William M. Murphy (2), Chandrika Manepally (1), and Randall Fedors (1).
(1) Center for Nuclear Waste Regulatory Analyses Southwest Research Institute, San Antonio, Texas,
(2) Department of Geosciences, California State University, Chico, California.

Ibrowning@swri.edu/Fax: (210) 522-5155

Uncertainties in simulated ambient system unsaturated zone flow could have a significant impact on performance evaluations of
the proposed nuclear waste repository at Yucca Mountain, NV. In addition to determining variations in the quantity of water
available to corrode engineered materials and transport radionuclides, model assumptions regarding flow pathways may
significantly affect predictions about groundwater chemistry. The manner and extent to which groundwater compositions evolve
along a flow pathway is determined mainly by thermohydrologic conditions, the types of reactive materials encounicred, and the
interaction times with those materials. Simulated groundwater compositions can thus vary significantly depending on whether
or not the flow model includes lateral diversion of infiltrating waters, or preferential flow pathways in variably—saturated materials.
To assist a technical review of a application for a geologic repository, we developed a reactive transport model for the ambient
hydrogeochemical system at Yucca Mountain (YM). The model simulates two phase, non-isothermal, advective and diffusive flow
and transport through one dimensional, matrix and fracture continua (dual permeability) containing ten kinetically reactive
hydrostatigraphic layers in the vicinity of the SD-9 borehole at YM. In this presentation, we describe how the model was used
to evaluate alternative ambient UZ flow pathways proposed by the Department of Energy and Nuclear Regulatory Commission.

This abstract is an independent product of the CNWRA and does not necessarily reflect the views or regulatory position of the
NRC.
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ADDITIONAL INFORMATION FOR SCIENTIFIC NOTEBOOK NO. 300

Document Date:

12/15/1998

Availability: Southwest Research Institute®
Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road
San Antonio, Texas 78228

Contact: Southwest Research Institute®

Center for Nuclear Waste Regulatory Analyses
6220 Culebra Road

San Antonio, TX 78228-5166

Attn.: Director of Administration

210.522.5054

Data Sensitivity:

O Sensitive
O Sensitive - Copyright

HW“Non-Sensitive”
0“Non-Sensitive - Copyright”

Date Generated:

05/25/2004

Operating System:
(including version
number)

Windows NT OS

Application Used:
(including version
number)

MS Word; Multiflo; MS Excel

Media Type: 1-CD
(CDs,31/2,51/4

disks, etc.)

File Types: Various

(.exe, .bat, .zip, etc.)

Remarks:
(computer runs,
etc.)

Media contains: Input/output files for EQ3/6; individual files
referenced in the scientific notebook; and text files.






