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Objectives (20-1402-871) - KTI on Radionuclide Transport (01/13/98)'T7®f
&

The purpose of the research discussed in this scientific notebook is to evaluate available

—  geochemical, geological, and hydrologic data in the vicinity of Yucca Mountain to help constrain =~
radionuclide transport from the proposed repository. Uses of these data may include delineation of -

~ regional flow patterns, placing constraints on the potential for dilution of radionuclide-bearing waters
through mixing between different bodies of groundwater, geochemical information related to

* retardation (sorption, precipitation, dissolution. Computer codes that may be used include the EPA

- geochemistry code MINTEQA?2, the USGS hydrochemistry code NETPATH, GIS software such as -

. ArcView, and commercial software such as Microsoft Excel, SigmaPlot, and WordPerfect.
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R Culling‘ the Perfect et al. (1995) database

" A comprehensive source of water chemistry data is found in the USGS report of Perfect et al. (1995).

Perfect, D.L., C.C. Faunt, W.C. Steinkampf, and A K. Turner. 1995. Hydrochemical Data Base
for the Death Valley Region, California and Nevada. USGS Open-File Report 94-305. Denver,
CO: U.S. Geological Survey.

__This report includes compressed Lotus 1-2-3 (*.WK1) files with major and minor element analyses

compiled over several decades for the region surrounding Yucca Mountain. One contains the raw data for __

" over 4700 wells and springs from USGS and DOE reports and the USGS National Water Information
- Sevice (NWIS) database. A second file has been edited to remove duplicates, make chemical data entries
consistent, and calculate charge balance. The "editing" philosophy used by Perfect et al. (1995) is

— the quality of the data.

" The entire edited database (DATAEDIT.WK1) of Perfect et al. (1995) includes 3733 groundwater
~ analyses. It is necessary to cull these data and develop a more refined database for geochemical models.
- Based on criteria presented in:

described in the report. These data were not generally collected under a DOE-approved QA program, but
~ are freely used here. The sources referenced in Perfect et al. (1995) should be consulted for determining

Y

als, )65 3
YA

Itis important to note that these criteria are not mutually excluswe, and thenumber ;)‘\f\"u'c;n;lyses
eliminated for a given step is dependent on the order in which the steps were taken. For example, Perfect
et al. (1995) report that 1373 records did not charge balance to within 10 percent. These inclu(lie ;mal ses
without reported pH values as well as analyses missing major elements such as Ca Mg, Na, and C1 I};
charge balance had been the first criterion used, the number of analyses eliminated, by tile o,ther crit‘eria

would have been significantly fewer. Jula% : A
148 D N

An additional crite{‘ia that_ can be used is to lighit the study to those waters within/the YM vicinity. A 100
km x 100 km area is considered, with UTM £oordinates from 4,000,000N to 4,10,000N and 500.000Eto
600,000E. This eliminates an additional 298 analyses for a remaining total of #88. These include ,multiple o

analyses for the same well/spring, and no attempt has yet been made to select a preferred analysis or
calculate a mean water composition for a given sampling point.

'.I’hc culled databas-es has been saved as a Microsoft Excel 5.0 file called PERFCON1.XLS and is
‘gluded o? a 3 Yz-inch floppy disk in the envelop at the back of this scientific notebook.

Hitchon, B. and M. Brulotte. 1994. Culling criteria for "standard" formation water analyses.

Applied Geochemistry 9: 637-645.

CP the following series of steps were taken to eliminate water analyses from the entire database. The number
of analyses eliminated are also listed.

~ |\l Elimination Criteria Number of analyses eliminated | Remaining analyses (from 3733)
No pH; pH <5 or pH>10 1708 2025
No reported Ca 121 1904
No reported Mg 127 1777
No reported Cl 9 1768
No reported SO, 21 1747
No reported Na 44 1703
No reported HCO; or CO; 405 1298
- Not charge balanced ( 10 %) 23 1275
No collection date reported 82 1193
Collected before 1960 165 1027
Mg > Ca 72 956
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8.4 57| 93.51%
86 18] 95.39% 160 80.00% -
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9.8 0] 99.58% 60 30.00%
10.0 4; 100.00% a0 20.00%
More 0{ 100.00%
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0 RO O L] = 4 .00% B
; Mean 7.801527 ! R =
Standard E 0.015672 n =680
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Lo Mode 7.8
o Standard D 0.484571
Sample V4 0.234809 . R :
Kurtosis | 2.669227 <t h ___P.mnk @ mmwn R.Euﬁ by E
‘ Skewness| 0.473264 P.ru.r 3 Dpw ,\. Xﬁn_ S o
Range 4.4
Minimum | 5.6
Maximum 10 )
o Sum 7458.26
~z : Count 956
| W ~ |Confidence 0.030756
; _
~f Page 1 - 2/6/98 (9:34 AM)




. o ‘ j : : ; » : (. ; L
? ; H i : ; i : i i : i H V

(Wd /5:7) 86/6/2 - | 9Bed

%00°00}
El i %0000} 0000
%0000} 052°0-

0 aIo}\
0
0

%0000} |0 0060~
1
14
9

04/a8

a3

%0000} 0S.0-
%8666 000 }-
%LE'66 0S¢ |-
%yL'86  |OF 005 |-
%SG'v6 |98 0L’}
%GG'G8  |6S} 000°2-
0 %0689 b2 0se'z-
%GE'Ey 912 005'z-
%EL'0Z  |€0L 0s.'2-
%G6'6  |6S 000°€-
%98 |12 052°¢-
%99€ |/ 00S°€-
%E6'Z 0S.°€-
05tg %L¥'T 000t~
| %9€ | 052V~
16910 002 %EL 005 v~
809.¥'2- uesy %0006 %2G" 0SLb-
%0000} 052 %1€ 000°6-
%,, | (600)d 57 (S661) "[e 12 193419d - (200)d 60T %00 052'6-
%00 005'G-
| %00’ 005°G-
| %00 |0 0SL°G-

J % m\_.cm\:E:Yucm:gm 209d-ulg

R EERSERRRRaSTRRRNE

% 8Alje|nwny —}— Aouanbaid

992€€0°0 2ouspyuon| H67e R
956 Juno) PB4 (2092d) Bo
g1'L9¢e¢- wns
69.°0- wnwixe
912'G- WwnwWiuIy
L'y abuey
L1892 |- | SSauUMaS
82L6V9Y | Sisouny
20/¥.2°0 A o|dwes %00°0¥
clves0 1 plepuels %00°0S
68€¢c- 8poN %0009
VA% A uelpsiy %00°0L
+96910°0 3 Prepuelg %0008

0000

005°0-
000°t-
005°1-
000'¢-
005°¢-
000°¢-
005°¢-
000~
005°G-
0S.°S-

%00’
%0001
%00'0¢
%00°0€

0s

001

o

uanbaig

Ny

A

OO O M AN ANN©O O

] ]

| ; i : g
: : ; : i ; :
; : : : : ‘ : ?
/ ! : { 1 : } : i
H ; : H : i 1 i ! l

! 7 H i H i i : : :

‘ ; : : i

: : ; i : [ :

H i i H H

: i : :

i i i i

H

/

na]vs; \Tfmfs

-

Woin

1S

aQ99).
P

e J\l\é(i\

P

o, Th:CNURA.

d D)
xcel s

v

7

Jsla&&

Exeel Ner S0 Data A

s

N,
\ w N

~
ne . E

~

N4

1

a RYa-inch,  Ho

(‘,u.[l‘h

NTEQAS,, Verd. )

Ly

this s

v

i H\s+o%m(na?\oﬁ€ep sl
\"LDF LDQ o.N

W

calocdabe s us

cfgdfhm(’fumer,\
o

{

snucl

~

ﬂdf Usia 3
ChORA

Com]alem tor\Moa&!

Staahs

el Fileg
a.‘-k‘kth,z\og

ﬁhﬁalcula'l‘
__rods

:

: H l
; : :
i i ; ; ¢ :
\ld H { H : ;
- i H H
© o | | o
i ; ; ; i : ;
[ i : ] : ; |
1 : 1 : !

* ¢ H 1 i . m i £



0204/3% 9
\ 3P

(d 60:€) 86/6/2 - | 8bed

| | | |
lT/o aAeinwng —}— Aouanbeid —
19621070 POUBPJUOD (mpeqosa)is.
Juno g.-":".—‘.O.O.OP.O.O.OS'N*
e | s §5hEasBEREIsY  Twwrs =
1780 WNWIXep %00 e 0 %0000k |0 005t |
962} wnuiup | %0001 05 %0000} |0 05z}
LEL2 abuey %0002 %0000k |} 000'}
VE/8ED- | SSOUMAS %00°0€ 00} . %6866 (2 |0SL0 |
Y6810~ | SISOUNY %00°0¥ ost 8 r %8966 |0k 00§50 |
/68,00 A 8ldwes %0005 ooz§ P %9288 €08 020
$06082°0 (0 plepuels %0009 2 | %2655 [e68  [0000 |
2Lo 9po %00'0L 052 ) %9Lie logg  losgo- |
150°0- uegpfeﬂ %00°08 006 %39'.9 s oos:o- |
2G1600'0 3 piepuels %0006 | %GL ﬁv’ ~joszo-
71800~ ueap| %0000l ose | %zE € ook |
R (G661) “[e 19 109)1ad - (SWEACISLIO)IS %00 0 05z 1
(ayfeqoIsln)IS op oAgEINUN] Aouenbaid | ulg

Bin  |Frequencylumulative % N ] \
-5.250 1 0% ; ‘ | t B
| -5.000 0 10%
-4.750 0 10%
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-4.250 0 10%
-4.000 0 10%
-3.750 0 10% Sl (Calcite) - Perfect et al. (1995) Sl(Calcite)
-3.500 0 .10% 200 T 100.00%
-3.250 0 10% 180 90.00% Mean 0.0208
-3.000 2 31% 160 80.00% Standard E 0.021657
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| -2.250 3 .94% §_1oo | | 5000  |Standard O 0.669615
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Table 2. Descriptive statistics of measured groundwater chemical parameters c '
[T} 0,
pH (standard units) Croa (mg/L) Si0, (mg/L) 3 50.00%
o 40.00%
Mean 7.83 295.76 4321 e 0° S
Standard Error 0.02 24.52 0.99 zogojo B
. 0.00%
Median 7.8 245.0 . _—
e ° 130 10.00%
ode 7.8 300.0 22.0 00%
Standard Deviation 0.45 525.99 21.25 O OO0 OO0 000 00O 0o oo o 9 .
. - C O 00 & O OO0 O OO0 S O S S S O \5/
Sample Variance 0.20 276665.20 451.61 e 8 8 g B 8L 8 8 8 € ] R Y I = %ﬂ? JE—
Ku t : 1. ) ) - ™ -— — ™ ™ N )
i D 27067 130 C(total) (mg/L)
Skewness 043 15.03 0.14
| ive ©
Range 33 10133.20 78,30 | Frequency —O— Cumulative % o
Minimum 6.3 6.80 3.70 ﬁgure 2. Distribution of total carbon (C; in mg/L) for saturated zone regional groundwaters (from B
Maximum 9.6 10140.0 82.0 Perfect et al., 1995; see text for details).
Sum 3603.0 136051.80 19747.99 T
Count 460 460 457 '
Confidence Level(95.0%) 0.04 S 48.19 1.95 "~ 100.00%
90.00% T
80.00% —
70.00% i
>. O,
0 60.00% e
S 50.00% |
o
o 40.00%
. 30.00% R
10.00% R
. .00%
© © © o o o 9 9o 9 o
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Figure 3. Distribution of SiO, (in mg/L) for saturated zone regional groundwaters (from Perfect et al.,
- 1995; see text for details). o
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- suspension is of critical importance in colloid-mediated transport. The stability of the colloidal suspension ..
of charged particles varies as a function of ionic strength, groundwater chemistry, and pH. For example, at

" the colloids in solution through electrostatic repulsion. At higher ionic strengths, the double layer collaps?s, o
- and the charged particles begin to flocculate (agglomerate) and come out of suspension due to gravity ..

Calcuiétéd Transport Properties

5% Colloidal Particle Concentrations

If actinides and other radioelements can sorb onto natural colloids, the stability of the particles in

low ionic strengths, the electrostatic double-layer (EDL) expands outward from particle surfaces, stabilizing

__settling and filtration. Variations in overall solution chemistry (pH, component concentrations) and moisture
content of the medium influence the magnitude of the ionic strength effect.

With the major and minor elements provided in the analyses of Perfect et al. (1995), calculated

equilibrium ionic strength ranges from to 4.34 x 10" molal in the most dilute groundwaters to about 1.3

" molal for brines collected in playa deposits. The upper limit should be considered only as approximate since

- the Davies equation activity coefficient used by MINTEQA2 is not strictly applicable at ionic s:trength —
. greater than about 0.5 molal (Allison et al., 1991). Most of the groundwaters are dilute, however, with only

3 out of 460 samples exceeding 0.5 molal. The distribution of the ionic strength is approximately log-normal,

" with a mean value of about 8 x 10™ molal.

~ Descriptive statistics of calculated groundwater chemical parameters

Log (Equil. Ionic Strength) (molal) ! g;ull;dwaters (from Perfect et al., 1995; see text for details) calculated using MINTEQAZ2 (Allison et al.,
Mean -2.09 e
Standard Error 0.02 <oy This empirical relationship is based on observed colloid particle concentrations and groundwater ionic
. 207 ‘ strength for field sites in a variety of rock/water systems throughout the world. Applying the relationship in
Median -Z e A . . ey e . . .
@\@\ Equation [1] with the calculated equilibrium ionic strength for groundwaters in the YM vicinity results in
Mode -1.99 W <t 3 predicted particle concentration distribution. For example, the mean predicted particle concentration is
" 0.39 about 10%* and the median value is about 10°” particles/mL , comparable to the particle concentration of 1056
Standard Deviation . o ! : mL, .
particles/mL reported for the 100- to 500-nm size fraction in J-13 well water (Triay et al., 1996b). The total
Sample Variance 0.15 I predicted range in colloid concentrations is very large, but the distribution is skewed negatively towards the
Kurtosis 8.07 e upper end of the range. For example, the maximum estimated particle is about 107° particles/mL, slightly
109 | greater that the mean/median, but many orders of magnitude greater than the estimated minimum (<10
Skewness . ( particles/mL). This narrow range for the bulk of the samples is a direct consequence of the relatively
Range 348 ——""""] restricted range in equilibrium ionic strength. The relatively few higher ionic strength groundwaters (<10
— <—a——{ analyses) result in the very small colloid concentrations.
Minimum -3.36
et ]
Maximum 0.12 ! It is important to remember that the predicted distribution shown is based on a simplified empirical
S 962.54 ——+""" relationship between groundwater chemistry and colloid particle concentrations, and is restricted to only one
um ____+—_1 chemical parameter, ionic strength. Other parameters that may have an effect on log{coll], such as pH and
Count 460 e relative concentrations of alkali (Na*) and alkaline earth (Ca**) elements (Degueldre et al., 1996; Degueldre,
- 0.04 B 1997), are not included in this analysis. Additional investigation to characterize the relationship between
Confidence Level(95.0%) : ; - . ) o }
- > colloid stability and other chemical parameters is necessary to make a more quantitative estimate of
Assuming that ionic strength is the principal control on colloid stability, Triay (1998) presenteda 4 10g[coll]. .Finally, .the estimate of p.artic_le co.ncefntrgtion is only part of the_ information needed to evaluate
relationship between colloid particle concentration (particles/mL) and ionic stren gth (molal), expressedas: 4 radionuclide colloid transport. Particle size distribution and surface area estimates are necessary to calculate

log[coll] (particles/mL) = 7.0 — 34xLS. (molal) [1]

R
160 100.00%
140 90.00%

80.00%
120
70.00%
g 100 60.00%
S 8o 50.00%
g & 40.00%
L
10 30.00%
20.00%
20 10.00%
0 .00%
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Log [Equilibrium lonic Strength (molal)]
Frequency —— Cumulative %

Figure 4. Distribution of the logarithm of the equilibrium ionic strength for saturated zone regional

the amount of radionuclides that can be loaded onto the colloid particles and the efficiency with which they
are transported through the YM fracture system. The information shown should be considered as a qualitative
estimate of the range and distribution type that may be observed for particle concentrations, and therefore
colloid stability, in the groundwaters near YM.

SR



- Figure 8. Colloid particle concentration (particles/mL) based on the empirical relationship between

colloid particles and ionic strength (molal) presented by Triay (1998). Ionic strength is based on the
equilibrium ionic strength (see Figure 4) calculated for water chemistries from Perfect et al. (1995). See
section 3.1 for details.

Retardation Parameters

Surface reactions are written for sorbing species, and mass action and mass balance relations are

" used to determine sorption at the mineral surface as a function of system chemistry. Of the different SCMs, —
- the Diffuse-Layer Model (DLM) is perhaps the simplest, using a one layer representation of the mineral- -
_ water interface. A generalized pH-dependent sorption reaction between aqueous actinides and a variably .

charged surface sorption site can be represented by Np(V) and written in the form:

>XOH® + pNpO, + nH,0 = [>X0Hq-(Np02)p(OH)n]P*‘l'“‘l + (14n-q)H [2]

~ where q is the protonation state of the sorption site (q=0, 1, or 2 for deprotonated, neutral, and protonated -
_ sites, respectively), and p and n are the reaction coefficients for NpO," and H,0, respectively. NpO," and _

[>X0Hq-(NpOZ)p(OH)n]p"“‘“’1 represent the aqueous Np(V) species and the Np(V) surface complex,

" respectively. In the SCM approach, a coulombic correction is incorporated into the mass action expressions

int int int

that are independent of surface charge. For sorption reactions of the type given in Equation

21,K it is commonly referred to as the binding constant. Similar reactions can be written

[>XOH,_ -(Np0,),(OH),]
for other actinides such as uranium and plutonium.

R

140 100.00% | -
120 90.00%
80.00%
100 70.00%
>
o go 60.00%
‘é’_ 50.00%
8 60 40.00%
40 30.00%
20.009
20 7
10.00% |-
0 .00%
(] o o o o o o (=) o o o
S a4 & © «©o o o 9~ © o O N
T} Te} 0 To) o) © © © © © N T&t
log[coll] (nhumber particles/mL)
Frequency —3— Cumulative %

i
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Sorption Modeling - DLM parameters for Np(V)- and U(VI)-montmorillonite Sb}ﬁffgh

—
The DLM has been used to simulate Np(V) and U(VI) sorption on montmorillonite (Pabalan and ...

T~ Turner, 1997; Turner et al., 1998). Montmorillonite is a common fracture mineral in volcanic tuffs in the YM
e ——yicinity (Bish et al., 1996; Vaniman et al., 1996), and is probably also present in the alluvium derived from
volcanic outcrop. The observed dependence of Np(V)- and U(VI)-montmorillonite sorption on pH and Pco, ~~——
is a consequence of mass action effects and equilibrium chemistry in the actinide-H,0-CO,-montmorillonite ...

system represented by Equation [2]. In a qualitative sense, an increase in the activity of NpO,” (or similarly

available actinide increases with increasing pH, reducing the aqueous activity of NpO,* or UO,** and driving

aqueous and surface complexes.
Sorption Modeling - DLM Parameters

Modeling for the regional groundwaters in the YM vicinity was performed for both Np(V) and U(VI)

U0,™) drives the equilibrium reaction in Equation [2] forward (increasing sorption). The presence of a
complexing ligand such as dissolved carbonate in the presence of a CO, atmosphere tends to form aqueous
actinide-carbonate complexes in competition with the sorbing clay surface. Carbonate competition forthe

the reaction in the opposite direction (decreasing sorption). This explanation is, of course, simplistic due to =~
‘ the synergistic effects between solution chemistry, sorption site protonation state, and speciation of the ...

R

sorption on montmorillonite using the DLM. MINTEQAZ2, Version 3.11 (Allison et al., 1991) was used in
the same manner as that described in section 3, with major element water chemistry from the culled data set -~

‘ of Perfect et al. (1995) formatted for MINTEQA2 input (460 analyses). Surface sorption reactions, based

Total dissolved and sorbed concentrations were extracted from the output file for ease of handling.

aqueous speciation is included in the model, the only surface reactions considered in the model are

CO,-montmorillonite system. Therefore, predicted changes in sorption behavior are limited to those resulting

SN S S .

’ alkaline pH solutions in the regional groundwater system are above the pH range for likely ion exchange for

Parameters and reference sources for the model are given. It is important to note that although full

protonation/deprotonation and radionuclide sorption reactions. No competitive sorption reactions are =~
' incorporated in the model due to a general lack of available information on sorption behavior for the HO- ...

from aqueous speciation of the radionuclide with ligands in the groundwater (Pabalan and Turner, 1997;
e Turner et al., 1998). DLM results are also dependent upon the thermodynamic data that are used In =
“ constructing the model. The thermodynamic data for Np(V) and U(VI) are taken from the MINTEQA2 __ .. ..
i | database modified at the CNWRA (Turner, 1993), with exceptions as noted in Pabalan and Turner (1997)
“..me and Tu rner et al. (1998) e r——
s T .
f, With regard to sorption, only surface complexation reactions are considered; the slightly acidto

on CNWRA experimental work (Pabalan and Turner, 1997; Turner et al., 1998), were added to the input file.

i
i

e actinides, even at low ionic strengths (Pabalan and Turner, 1997; Turner et al., 1998). A M/V ratio of 1 g/L.

range in M/V ratios (Turner, 1995) suggests that above a threshold value, there is an overabundance of

__s—__ insignificant as long as the selected value is above this threshold.

. isassumed due to a lack of information on effective M/V ratios in the YM system. Modeling overawide ... .

sorption sites relative to radionuclide concentration and further increases in M/V have relatively little effect

. . . .. eqel Lt s—— 4] . F s h a s et
f0r Surface reactions to extract the intrinsic equ111br1um constants (e.g.’ K+ , K"_ aﬂd - ) p0o( ]) n the predlcted SOfpthn maximuimn or this reason, the aCtual \ lue chosen for M may be relatlvely
XOH, - CZpCH)n )
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Effective edge site surface area assumed to be 10% of total N-BET surface area (97 m*g") (Pabalan et al., 1998).
Acidity constants for am-SiO, and «-Al,O, from Turner and Sassman (1996).
Np(V)-montmorillonite binding constants from Turner et al. (1998).
U(V)-montmorillonite binding constants from Pabalan and Turner (1997).

DLM parameters used in modeling Np(V) and U(VI) sorption on montmorillonite. TSN
Model Parameter/Surface Reaction Mineral/Surface Parameters TN
Solid concentration (M/V) 1g/L T~ —
Site density 2.3 sites/nm’ T~ ——
Surface area, 9.7 m%g T N——
Total site concentration >AIOH® =1.69 x 10°° mol sites/L Tr—ee
>SiOH® =2.03 x 10”° mo sites/L S —
Ionic strength Calculated by MINTEQA2
Pco, Calculated by MINTEQA?2
c‘;'B\Edge-Site Reactions: LogK e
Np(V) U(Vh
]
Total radionuclide concentration 1x10%m 1x10~°m '
P e Sy
>AIOH® + H = >AIOH,* 8.33 8.33
2 b b . W_w_\/‘j
>AIOH" = >Al0~ + H* 9.73, 9.73, W
]
>SiOH® « >Si0~ + H* -7.20, -7.20, .
]
SAIOH’ + NpO,” + H,0 = >AI0-NpO,(OH) + 2H* -13.79, -
P
>SiOH’ + NpO," < >SiOH-NpO,* 4.05, -
B
SAIOH® + UO,* & >Al0-UO,* + H* - 2.70, :
>SiOH® + UO,* < >Si0-UO," + H - 2.60,
SAIOH® + 3U0,* + 5H,0 = >AIO-(UO,),(OH){ + 6H* | -- -14.95, o
>SiOH° + 3UO,* + SH,0 = >Si0-(U0,),(OH) + 6H" | - -15.29, T

Modeling Results - Np(V)-Montmorillonite

Frequency

o
<
o]

Log (Kd) (ml/g)

Frequency —1— Cumulative %

Frequency

Frequency —3— Cumulative %
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MANSE SPRING NESESW 3-21S-54E NYE ;SampID=492-SPRING ;ArcID=492 ., I f[
T30, JTM=4000644.3 North; 599584.8 East; Date=10/28/64 ' T 3 ek ""x,f(; ]3 ZUCI / 0
| \-}) ’23 90 MG/L 0.000 0.00000E—Ol — J ’Fg‘r P' ! 154D 7 7 (i (&%X’é/ " 670, lL.‘ . f "';
001 11000 - ; . % ‘ 3.20xI06% !
¢ 1°2°0° DN\t [pahded: | Sorbed = 326x10%,, - T 212 33 WA
1.000E+00 9.70 0.000 0.000 81 =~ _ " < \\‘S\) Ak be. : — ‘
330 0.000E-01 -7.30 y e R >h=1.5 /H+1 . B i B e 33 Q
150 0.500E+02  -2.90 y \sp[%, /L /Ca+2 s =708 i
460 0.220E+02 -3.04 y /27 B oy Dbk | -‘H <3+.5
500 0.470E+01 -3.69 y / /Na"l“ F R
410 0.900E+00 -4.64 y | B+l INEELY )
180 0.310E+01 -4.06 y km ; /C s — HEHL
732 0.270E+02  -3.55 y \ [yl puxd oo R S — | Mt =y ma L.
140 0.240E+03  -2.41 y | o - /coB—1 , |95 T
492 0.800E+00 -4.89y | (g-19) o — | ;\‘ q} o - |
770 0.813E+01 -3.87 y | ‘ N Eages Vin tnente
281 0.200E-01 -6.45 y /Fe+3 < ()@‘ SEEERRE K™= 04 MAJM st "L
552 2.690E-01 -6.00 y~ /npo2+ :E] T o
813 0.000E-01 0.00 y /ADS1PSIo | B ke Ll =23y
811 1.687E-05 -4.77 y /ADS1TYP1 ’ goggg
812 2.033E-05 -4.69 y /ADS1TYP2 F ;s;;": . [ < 23D
WELEEE Z |
2 4 e gy Ny COL™ = 24b3% (23 U_as H g \) ,;
5523300  -10.0000  10.501s /npoz (oh) ) Y NEEEE T |
2521400 4.0000 12.7951 /mped fead) -1 [ &s-t(_ » HOh oy [TTEEEEE Nﬁg 0.4 |
5521401 7.0000 7.1390 /npo2 (co3)2-3 ¢ _ ﬁ;\), , i ,NW,Q i r ,
5521402 8.5000 6.2630 /npoz(co3)3 5 \J.kcm T ol.L 153 Iy e 'HS‘& g, (B D s J\ZB |
3 1 - TR ~~—— —
330 7.3000 0.0000 /H+1 2\ VAN L s
6 1 N- % 1 gd’g[zg
- 4.00 0.00  0.0000 —— | /T5ER ﬁ( LL,tL.)A Q b" S:( é" ; In f Cé/{/&/ mL UML\ ufﬂ?dglmf Cﬁz[(&/d‘) S
5523301 npo2 (oh)2- 0.0000 -22.4000 0.000 0.000-1.00 4. : e 4| A \) i
0.00 3 -2.000 330 1.000 552 2.008 oog 8.008 008 8.008 008 8.000 [T - | = |
0 .000 0 0.000 0 0.000 O . ; ) ol o :
8113300 »alo- 0.0000  -9.7300 0.000 0.000-1.00 0.00 0.00 0. | - — /
0.00 3 '1.000 811 -1.000 330 -1.000 813 0.000 0 0.000 0 0.000 o0 L |, | LL(L “ 7:@ gq[(, gx\[’ ) XL /
0.000 0 0.000 0 0.000 0 0.000 0 0. 000 0 0.000 O ‘ 06
9 0.000 0 0.000 0 0.000 0 —q S (5
Y 8113301 >alom2+ 0.0000 8.3300 0.000 0.000 1.00 0.00 0.00 0.0000 !
i 0.00 3 '1.000 811 1.000 330 1.000 813 0.000 0 0.000 0 0.000 0 4
o 2:000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 O "
0.000 0 0.000 o 0.000 0 —~ |3 L | | - | | o | |
) 8115530 ~ -13.7900  0.000  0.000-1.00 0.00 0.00 0.0000 Bl ) ‘
"y >A10NpO20H 0.0000 7‘ Tl | = 5/
?‘3[' 0.00 5 '1.000 811 1.000 552 1.000 o2 -2.000 330 -1.000 813 0.000 0 E— T __/ et L m)NTEQAQ mp‘jf p‘k oo F/PL’L(E » f)aajri/
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Modeling Results - Np(V)-Montmorillonite

Perfect et al. (1995). Derived using

3/3p/0%
Cp

DLM with model parameters given above.

Descriptive statistics of predicted Np(V)-montmorillonite sorption for groundwater chemistries reported in

Np(V)-Montmorillonite Log (K}) (mL/g) Log K, . (mL/m?)
Mean 1.85 0.86
Standard Error 0.02 0.02
Median 1.89 0.90
Mode 2.07 1.09
Standard Deviation 0.44 0.44
Sample Variance 0.20 0.20
Kurtosis 24.53 24.53
Skewness -3.45 -3.45
Range 524 5.24
Minimum -2.27 -3.26
Maximum 2.96 1.97
Sum 851.15 397.23
A Count 460 460
' 0.04 0.04

Confidence Level(95.0%)

1000
C(total) (mg/L)
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Descriptive statistics of predicted U(VI)-montmorillonite sorption for groundwater chemistries reported in
Perfect et al. (1995). Derived using DLM with model parameters given above.

U(VD)-Montmorillonite Log (K},) (mL/g) Log K, . (mL/m?®
Mean 0.96 -0.03
Standard Error 0.05 0.05
Median 0.99 | 0.002
Mode 0.83 -0.16
Standard Deviation 0.98 0.98
Sample Variance 0.95 0.95
Kurtosis 12.93 12.93
Skewness -2.32 -2.32
Range 9.41 9.41
Minimum -5.85 -6.84
Maximum 3.56 2.57
Sum ’ 439.35 -14.56
Count 460 460

: o~

Confidence Level(95.0%) :\\% 0.089 0.089

Incorporation of Predictive Distributions in PA C.é\}’

The predicted Np(V) and U(VI) sorption behavior represents a means of constraining the
development of PA PDFs. Descriptive statistics such as those given for Np(V)- and U(VI)-montmorillonite
sorption represent the type of information that can be indirectly incorporated from predictive sorption
models, including distribution type, mean values, upper and lower limits, and standard deviations. For
Np(V)- and U(VI)-montmorillonite sorption, K, can be calculated by multiplying K, by the effective surface
area of 9.7 mzlg, a constant (Bertetti et al., 1998; Pabalan et al., 1998). For this reason, although the
magnitude of the values is different, the distribution type and descriptive statistics such as standard deviation,
sample variance and skewness are the same for the two sorption parameters (e.g., compare columns two and
three in the DLM results tables). As demonstrated in Bertetti et al. (1998) and Pabalan et al. (1998), Np(V)
and U(VI) sorption on aluminosilicate minerals exhibit a similar pH-dependent behavior that is independent .
of mineral type. Absolute sorption is instead a function of surface area. This suggests that the distribution
developed for sorption on montmorillonite is valid for other aluminosilicate and silicate minerals. The
magnitude of K, for PA transport calculations can therefore be determined for a given mineral by
multiplying the distribution in Figure 9 by the effective surface area for that mineral. For example, for quartz,
the effective surface area is typically small [A’ = 0.03 m%/g (Bertetti et al., 1998)]. Assuming that the
distribution shown in Figure 9 is valid for Np(V)-quartz sorption, the mean K, ,, = K, *A’= (7.2 mL/m®) *
(0.03 m*/g) = 0.2 mL/g. This value compares well to the low values (K}, 5, < 1 mL/g) reported for Np(V)
batch sorption studies with crushed tuff and J-13 well water (Triay et al., 1996a).

25

BN
— The application of a calibrated sorption model for other radionuclides such as U(VI), Np(V), Pu(V),
-] _—and Pu(IV) also offers a means of correlating among sorption coefficient distributions that is missing in the
current Iterative Performance Assessment code (Wescottetal., 1995). For example, calculating adistribution ‘
“\1”‘/ for U(VI)-montmorillonite sorption for the same set of water analyses used to generate Figure 9 can provide 9}5 & }Q%

T ~y—"a direct means of testing the correlation between Np(V) and U(VI) sorption that takes into account at least %\@K\

e some Of the observed ranges in ambient chemistry. For Np(V) and U(VI) sorption on montmorillonite, the

S calculated correlation, defined by:
— ‘ N COV(X,y)
o - [3]
e 0,0,

. Cov(xy) = — PO CAENTR VAENTE [4]
| =1

e ig about 0.5, indicating a positive correlation between calculated sorption coefficients. It is important to

remember that these models were calibrated in end-member experimental systems (Pabalan and Turner,
1997; Turner et al., 1998), and do not take into account possible competition among radionuclides for
available sorption sites.

— 4.00
[— 5.00
] | 2.00
| E 100

3
- g 0.00
B 3 -1.00
e} -c

¥ -2.00
s ————— g
————1| 9 -3.00
T -4.00
T -5.00
e

-6.00

et
P -3.00 -2.00 -1.00 0.00 1.00 2.00 3.00
o L Log (Kd, neptunium)

__—_ Figure 15. Corresponding Np(V)- and U(VI)-montmorillonite sorption coefficients (K}, in mL/g)
calculated with MINTEQA2 (Allison et al., 1991) using a Diffuse-Layer surface complexation model
Wwith parameters given in Table 4. Water chemistries are for saturated zone regional groundwaters (from
e Perfect et al., 1995; see text for details).
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Developing a Response Surface for Np(V)-montmorillonite sorption (5/98)

A summary of the DLM parameters used in generating the Np(V)-montmorillonite response surface is given

. in the Table.

The model parameters (i.e., binding constant and surface reactions modeled) are based on a limited number

———

of Np(V) sorption experiments conducted over a limited range of PCO,, M/V, and Np(V) concentration. The ™~ p—"
model is also limited to surface complexation reactions only and does not consider any ion exchange
reactions. Ion exchange is not considered because the experiments on which the model is based were .. S
conducted at relatively high ionic strength in an effort to suppress ion exchange in the montmorillonite at
low pH. Thus, the extent of chemical and physical conditions over which the model can be applied should =~~~
be carefully considered. ]
Conditions and reaction constants used for the Diffuse-Layer Model in this study. I
Site density 2.3 sites/nm> D
Surface area, 9.7 m%g ]
Edge-Site Reactions: Log K
»—-—-.“N»_,___..—-J
>AIOH® + H* = >AIOH,* 8.33,
>AIOH® = >AlO0~ + H* -9.73,
>AIOH® + NpO," + H,0 =>A10-NpO,(OH) + 2H* -13.79,
>SiOH° = >Si0O~ + H* -7.20, _
>SiOH’ + NpO,* = >SiOH-NpO,* 4.05, ]
Aqueous Speciation Reactions: Log K et
NpO,* + H,0 = NpO,OH’ + H* -10.0, ]
NpO,* + 2H,0 =« NpO,(OH), + 2H* -224,.
NpO,* + CO,* = NpO,CO, 4.6, S
NpO,* + 2C0O,> = NpO,(CO,),* 7.0, S
NpO,* + 3CO,> = NpO,(CO,),> 8.5, e
NpO," + NO, = NpO,NO,’ (aq) -0.5, -

a. Effective edge site surface area assumed to be 10% of total N ,-BET surface area (97 m%g). See text for detailed discussion.
b. Acidity constants for am-SiO, and &-Al,O, from Turner and Sassman (1996).
c. Np(V)-montmorillonite binding constants from Turner et al. (1998).

d. Lemire and Garisto (1989)

¢. Fuger (1992)

f. Lemire (1984)

g. Lemire et al. (1993)

h. Danesi et al. (1971)

Simulations were conducted over a range of pH, PCO,, M/V, and Np(V) concentration. A summary of all
MINTEQA?2 model runs is provided. In general, for each model simulation PCO, was held constant while
pH was varied throughout a range from 2 to 11.75. MINTEQAZ2 reports percent Np(V) remaining in solution
and percent Np(V) sorbed on surface sites. These values are then converted to K, and subsequently, K, s by
applying the known conditions (Np(V) concentration, M/V, and surface area of the mineral) of the model
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run. Following the simulations, generated data was analyzed to identify important variables and evaluate
significant trends and consistencies. Surface plots of results were generated. An effort was then made to

evaluate the best approach to reproducing sorption coefficient or response surface.
Summary of MINTEQA?2 simulations.
Run pH range PCO, (atm) NP(V)otar M/V (g/L)
1 2t0 11.75in 0.25 | no CO,, 107 through 10%atm | 89x10°'M |4
increments in 10%3 atm increments
2 210 11.75in 0.25 | no CO,, 107 through 10%atm | 2.0x 10"'M |4
increments in 10%° atm increments
3 2t011.75in 0.25 | no CO,, 107 atm, 10”° atm 89x10'M 40
increments
4 2t011.75in 0.25 | no CO,, 107 atm, 10™* atm 8.9x10'M 400
increments
5 210 11.75in 0.25 | no CO,, 107 atm, 10>° atm 89x10"M | 2000
increments
6 2t0 11.75in 0.25 | no CO,, 107 atm, 10 atm 1.0x10"*M 4
increments
7 210 11.75in 0.25 | no CO,, 107 atm, 10°* atm 1.0x10%M |4
increments

A comparison of the SCM generated data with experimental data collected under similar Np(V)

concentration, M/V and over a range of pH and PCO, confirms that the model reliably reproduces the data
on which it is based. F;;a, 1) pa-30

Sensitivity of the Model Results to pH

The DLM used in this study reproduces the pH dependency well. In general, Np(V) sorption follows a trend
similar to the hydrolysis of the NpO," Species in solution (Bertetti et al., 1996). For any set of additional
variables (e.g., PCO,, M/V, Np(V) concentration) there is a distinct increase in sorption with increasing pH
starting at pH-6. For simulations where CO, is present, Np(V) sorption continues to increase with increasing
pH eventually peaking between pH 7.5 and pH 10. Under CO,-free conditions, Np(V) sorption continues to
increase throughout the simulated pH range up to pH 11.75. For PCO, greater than zero, Np(V) sorption
decreases with increasing pH after reaching its maximum until it finally reaches a calculated value of zero
at high pH values. The actual value is dependent on the PCO, used in the model run. '!—’.[),2 , %.ZD

F\%- g ) FX) ~ SL
Sensitivity of the model to variation in PCO, ‘

The pH range of the sorption envelope (region where sorption of Np(V) increases, rises to a maximum and
then decreases) decreases as the PCO, increases. The peak (maximum magnitude) of Np(V) sorption occurs
at progressively lower pH values as the PCO, increases. The sorption peak shifts from pH~10.5 or PCO, =
107atm to pH~7.5 for PCO, = 10”atm. In addition, the magnitude of the sorption maximum decreases from
about 40 mL/m? for PCO, of 107 atm to less than 5 mL/m” for PCO, of 10? atm. In fact, for any given pH

i%’féﬂ%
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. j within the sbrption envelope, the Np(V) sorption decreases exponentially with an increase in PCO,. This
'“\‘/behavmr is not surprising because the PCO, is increasing exponentially and Np(V) sorption is linked to

~~—Np(V) speciation, including the formation of Np-carbonate species in solution. The results are consistent .~

«w\__/-J with previous experimental results (Bertetti et al., 1998; Turner et al., 1998).

" Sensitivity of the model to variation in M/V

The model does not appear to be sensitive to changes in M/V when data is represented in terms of K A~ That

-~ impossible, to determine. Fi%.'—\lﬁ) +h (B) Py 33
e Sensitivity of the model to variation in Np(V) concentration
]

——-—_.— Neptunium concentration was varied over a range of 12 orders of magnitude from 10° M to 10"® M.

10"

free conditions. Np(V) ~

Comparison of DLM output versus expenmental data for Np(V) sorption onto montmorillonite under CO

1x 10°M,M/V=4g/L.

log PCO,

—e— CO2-free
—_— -7

- —=— -65
—0— -6

—a— 55
—0— -5

—e— 45
—v— -4

—a— -3.5
—o— -3

-2.5

DLM results of Np(V) sorption plotted over a range of PCO, and pH. Np(V),ou ~ 1 X 108 M, M/V =4 g/L.

model results agree with experimentally derived results of Np(V) sorption at varying Np(V) concentrations

- (eg., Righetto et al., 1991; Bertetti et al., 1998). A lack of model sensitivity to changes in Np(V) ~~
-4 concentration is significant because it implies that the sorption model does not have to be modified to -~ -
account for loss of Np(V) due to sorption. Therefore, no re-evaluation of Kps would be required in the TPA
code due to changes in Np(V) concentration. Only changes in pH and PCO, would need to be considered.

J%BH

w4 Comparison of the Sorption Model to Experimental Data

W\\M\\M\»w««—""‘/\ww‘w;,\ e

Np(V) concentration, and PCO,. F.S b Fs
3 D) s/2z/0e

surface area need be known to produce a comparison between experiments. However, even mineral surface
area may vary significantly depending on the methods used to determine Surface area. Data from several

conditions is given here. Fi o. xS Py 3 < @
Summary of experimental conditions for data used as comparison to DLM. R
Investigators Conditions
st
Beall and Allard (1981) Np(V)~2 X 10" M, quartz
et e
Allard et al. (1984) Np(V)a~2 X 10" M, montmorillonite
e
o Torstenfelt et al. (1988) Np(V)uu<107 M, illite and bentonite, pH~8 and ~10, 143 ppm HCOy
___~~|| Righetto et al. (1991) Np(V),,u<10"* M, colloidal silica, pH 2-10, no specified CO, conditions (appear CO ,-free)
—~!| Legoux et al. (1992) NP(V)u~5 x 107 M, mix of quartz, smectite, glauconite, kaolinite. Measured N,-BET
surface area, 2.1 - 52.4 ppm CO,* :

e,

.. Data from Legoux et al. (1992) contain BET surface area measurements and correlate well with the model

studies (Beall and Allard, 1981; Torstenfelt et al., 1988; Righetto etal., 1991; Legoux et al., 1993) are plotted
with the model curves for CO,-free conditions and PCO, of 10°* atm. A summary of the experimental oo

is to be expected since calculation of K, and subsequently K, normalizes data for differences in M/V. This o
has significant implications for application of this approach to field conditions where M/V is difficult, if not

Nevertheless, the predicted Np(V) sorption was similar over the range of pH and PCO, modeled. These

Comparisons to data generated in experiments conducted at CNWRA using a variety of minerals (Bertetti -
et al, 1998; Turner et al, 1998) reveal that the model performs favorably over a limited range of pH, M/V, =~

Assuming that the model presented here is correct in its representation of independence with respect to -
———="changes in Np(V) concentration and M/V, and since pH is generally reported, only the PCO, and mineral
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R &.\ ..... o. PH : 100 L —O— M/V=400 g/L ]
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\ O.. [Np] = 2x107"' M F m%=:°g/EJL/L I

[Np]= 1x10 M, no CO,
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T
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15 +

,. 5
K, (mL/m°)

107
10 i

SRR 100 L

<~ —T ‘;0_7 105 105 1 04 1 0-3 102 ‘ T B 10-

PCO, (atm)

DLM results showing a decrease in Np(V) sorption as a function of PCO, for given pH values. Np(V) g ~ o
2x 10"M, M/V =4 ¢g/L. 12 —————

I (b) |
_— —e— M/V=2000 g/L

10 —O— M/V=400 g/L
—v— M/V=40 g/L
—— M/V=4g/L

[Np] = 1x107® M, CO,(g)=107* atm ]

K . (mL/m?

DLM results for Np(V) sorption at various M/V values under (a) CO,-free conditions, and (b) atmospheric
" CO, (PCO, = 10 atm). Np(V) o ~ 1 x 10° M.
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K, plot. The minerals used by Legoux et al. are mixtures of quartz and clay minerals. Data from Righetto

et al. (1991) were collected at Np(V),,,~10™ M on colloidal silica. No surface area measurements are

available for the colloid, but Righetto et al. (1991) report 1 um-sized aggregates of particles. Assuming the T
average spherical particle size was 50 nm, a reasonable calculated surface area for the colloids would be 20 ;51\22)%‘ .

k/""ﬁ m*/g. This would result in a favorable comparison of their data to the model data. Data from Beall and Allard

N —
e e E(a)

)

Co .
. no 2 ) Ty 1 (1981) include experiments using both montmorillonite and quartz at Np(V),,,, ~ 2 x 10" M. Datafromthe =
o 10% ¢ —o— {“Pr} 3:31MM . quartz experiments have high K, and it is difficult to assume a surface area that might result in K8 - -

*'/’N. equivalent to the model. However, there is little information on the mineral preparation for quartz used in

L— their studies. If the quartz surfaces were contaminated with Fe-oxides, even in small quantities, the resulting

|__—{ Kps would be larger than those expected for a pure quartz sorbent. Beall and Allard (1981) also report ~

bicarbonate concentrations of 90-275 mg/L. However, no effect of reduction in sorption due to presence of -

carbonate is revealed in their Np(V) sorption results. Data from Allard et al. (1984) for montmorillonitealso

"1 show high Ki;s and little or no influence of the presence of carbonate. If a surface area of 100 m%g is assumed

(A’ of 10 m%/g) for their montmorillonite, their data correlate better with the model used here, althoughK,s

10| i are still greater than the model prediction at high pH and significant sorption is present, possibly due toion .
: ] exchange, at lower pH. To use data from Torstenfelt et al. (1988), a surface area for the clay must also be

| — assumed (surface area = 100 m*/g or A’ = 10 m’/g). When converted to K, and including the presence of CO,

reported in their experiments, their data correlate well with the model. A 8) Py 37

—v— [Np]=10‘}g M
—— [Np]=10" M

J J

10° |
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;
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10.2 ' 1 ) 1 s 1 s 1 " 1

The model performs adequately when compared to experimental data collected by different researchers under

a variety of chemical conditions and with a mixture of montmorillonite, quartz and other clay minerals. ~

When the model does falter, it generally predicts K, values that are lower than values measured - - -

experimentally, which is considered to be conservative with respect to PA model results. Broad applicability

' »] of the model is limited by: 3\}‘ o

ey F PCO,(g)=10* atm : — _ o . ' _ ‘. BQ’

, - R . a consistent underestimation of Np(V) sorption at high pH when PCO, is greater than zero

g . . difficulties in comparing data among experiments in order to validate the model over a wide range

B of conditions due to incomplete information

. an underestimation of sorption for some experimental data, although the problems listed abovemay .. . . .
contribute greatly to this problem

" e a general lack of Np(V) sorption experimental data at high M/V.

s i

1000 3 v T T T Y T T T T T v T ¥ T T T T T

T
K ,(lemz)

11 qg

pH

DLM results for Np(V) sorption at various Np(V) concentrations under (a) CO,-free conditions, and (b)
atmospheric CO, (PCO, = 10> atm). M/V =4 g/L.
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:\ e S-/ZZIQg o 103 9 T { v T M T M 1 T 1 T ! T T o l I t l t d S l.f
o G s e montmorillonite, no CO, o) 4 - Leok-up Table or Interpolated Surface
i ©  montmorillonite, 10°*¢ atm CO,  The modeled Np(V) sorption surface is a non-interpolated mesh consisting of only of model generateddata - -
U 102 | m quartz, no CO, - | (mesh intersections). Because of the large range of data generated, especially for PCO,, interpolations of the g[zz}% ;
||PJT*‘*‘: : i O quartz, 10°% atm CO, ] surface, regardless of the methods used (e.g., linear interpolation, kriging, etc.), resulted in inadequate "\

R & resentations of the response surface. Interpolations failed to accurately represent the model surface, even

‘ —— DLM, no CO, repres= ) . C N :

Wil - £ as ] with limited data sets. The only disadvantage of this method of data generation is that it is more time
I‘ - o 3 LT DLM, 107 atm CO, o | consuming. The data used to create the response surface can be organized into a look-up table format in a

j:f é 10 3 - - Tt form such as the one shown. The primary disadvantages of the look-up table are that it requires some form

A ‘ < © ] 4 of interpolation for both pH and PCO, since the data is based on discrete indices and that it requires - -
tlw X & o2 1 - - — regeneration and replacement of data if a more suitable model for K, is found. : R
k‘“ﬁ“‘ &@\ 10° o E V" Three-Dimensional Mathematical Representation CT
l]‘w’ e %/ L——“ A second approach to incorporating the K, model would be to generate a mathematical representation of o

. , ] the DLM response surface. The mathematical model would have the advantage of utilizing a continuous

Mot 107 _—  TTTVY""mange of data without the need for interpolation. A 3-D curve fitting application (TableCurve 3-D, Jandel =~~~
. 3 4 5 6 7 8 9 10 " 12 d i Scientific) was used in an attempt to mathematically model the response surface. The curve fit routine was - -

: . H ] unable to generate a function or set of functions that adequately reproduced the response surface. The range

" P of values to be modeled is too large for accurate reproduction over the entire data range considered. In

i DLM results for Np(V) sorption versus CNWRA experimental Np(V) sorption data (Bertettietal.,1998) for ] general, the sorption maximum was underpredicted by the mathematical expressions. To improve the fit, the ~—

. -~  montmorillonite and quartz. — surface was first segregated into components to model only the range in PCO, from 107 to 10% atm, and - - -
W L ‘ ‘ o ; further reduced to only the sorption range of pH 6 to 10.5. However, these attempts were also unsuccessful o
vt ] in improving the results.

i T ~ ® Beall and Allard (1981) Ftsfq’ ] I A 103 — ' . r . . . T . T . : , T . . — o e
- SN O  Allard et al. (1984 ] ~ - -\ s ]

o \}§ O Torstenfelt e(t al. (1988) 2 © A a, ! O Allard et al. (1984) ;5'%

o A N 103 + A Righetto et al. (1991) 4 5 ' i O Torstenfelt et al. (1988) o o

N E v Legoux etal. (1992) A® ] [ A Righetto etal. (1991)

i - —— DLM, no CO, ‘ 102 | v lLegoux etal. (1992) 2N 3

o - I DLM, 10°*% atm CO, . - f —— DLM, no CO, ]

- - . < DLM, 10°*% atm CO, 1

o E w § © o o4 R0 3 § — — DLM, 107 atm CO, T e

¥o a® § — g 100 \ 3 @\FN\

) b— . (X% \

107} '-. : .. x \\

i : —— 10° \ ;

i ~.

Lo 00 1 [l L 1 It 1 L (] L 1 L 1 L 1 I 1

s 1 3 4 5 6 7 8 9 0 1N 12 — -, \

} o] H o 3 4 5 6 7 8 9 10 11 12

L DLM results for Np(V) sorption plotted versus data from other experimental studies. Minerals include: *“"\“‘“D K e Tae Fro NI f TN i pH L e N

o Quartz (Beall and Allard, 1981); montmorillonite (Allard et al., 1984); illite and bentonite (Torstenfeltetal. LM results for Np(V) sorption plotted versus K, data from other studies. Data from Allard et al. (1984)

‘h 1988); colloidal silica (Righetto et al,, 199 1); quartz-clay mixture (Legoux et al., 199 2. and Righetto et al. (1991) are based on an estimated A’ for montmorillonite of 10 m%g (10 percent of a total

e N,-BET surface area of about 100 m’g).
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PCO,). This technique would offer the advantage of producing results over a continuous range of pH values

\#/ while using information for discrete PCO, values. The similarities in the shape of the pH curves for PCO,

, suggested that the same type of equation might be capable of representing each curve. pH-sorption curves .
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were fit using TableCurve 2D (Jandel Scientific) to generate equations over a pH ran ge appropriate for each
—"""| PCO, (i.e. for PCO, of 10 atm the model was fit from pH 6 to pH 10; likewise, for PCO, of 10 atm, the
| model was fit from pH 6 to pH 8.5 - essentially the pH range of the sorption envelope at a given PCO,, K,
| { below pH 6 and above some pH for a given PCO, are effectively zero). A relatively simple equation: :
‘ spal5%
— ] In(y) = a + bx + cx* +dx’ + ex* + fx° (\@ (DQ}V
I F'5~|a,\01\8.‘~\\ -
— (where a, b, ¢, d, and e are constant coefficients) was found to adequately reproduce the model predicted
sorption over the desired pH range for each PCO, (including the CO,-free curve). Coefficient values and
goodness-of-fit values for each curve are shown, and sample output is shown graphically for selected values
of PCO,. The equations used here are an example only and alternative equations could be used to improve - -
the fit for each curve, but use of one form of equation would simplify the incorporation of the model into
a TPA code by requiring only a matrix for coefficients (i.e., a set for each PCO, value) and one equation.
Since pH is commonly reported, and PCO, may need conversion or calculation depending on the available”
data, PCO, was left for interpolation and/or adjustment here. This method has the advantage of using a -
] | continuous range of pH data while reducing the number of discrete points needed for the look-up table.
; . "
——————1 Parameters and summary of results for rpodel curves at discrete PCO,. Np(V), ., = 10° molal; M/V =4 g/l
Coefficients: {In (K., in mL/m’) = a+bx+cx“+dx +ex*+x]
PCO,
e ey P b c d e f P value | pH range
- used for fit
107 -3237345029| 151.4136753| -17.3990293|  -1.7541185]  0.4728224 -0.0247745| 0.9999] 6-9.25
102%]  -441.4872516] 226.8171288] -37.7488848]  1.2089255] _ 0.2378357 -0.0167447] 0.9999] _ 6-9.25
BT 10':-;’ 148.2265595| -173.8278793|  69.4791195] -12.8694017] __ 1.1394455 -0.0390727] 0.9999]  6-9.50
| 10771 604.4445148] -474.5177627] 147.2075461] 22.6668262] 17364614 -0.0529354] 0.9999] " 6-9.50
i 10771 847.1361569] 62015448041 180.5362481| -26.2031203]  1.8992944 -0.0549789] 0.9999] 6 - 10.00
. 1071 925.7298724] -652.8079406] 183.1897645] -25.6433576] 17939710 -0.0501685] 0.9999]  6-10.25
- ! 10791 923.2318767] -632.0905821|  172.1420527] -23.3803904] __ 1.5872876 -0.0430961] 0.9999] 6 10.50
10%°]  6727843206] -452.9837012]  121.1472289| -16.1548188] _ 1.0777544 -0.0287889] 0.9999] 6- 11.00
10:“’ 393.8474607| -258.6708687|  67.3400912]  -8.7496479]  0.5711094 -0.0149989 | 0.9999] 6-11.25
1075 722.6946490| -436.2310889|  104.2139278] -12.3723844] 07340464 -0.0174653| 0.9978]  6-11.50
10701 2202.1902289| -1290.5774270]  299.2738666| -34.3781522] _ 1.9602212 -0.0444424] 0.9816]  6-11.75
e |_00CO,| 1211.3978170] -705.8275247] 161.4080394] _18.1364167] __ 1.0036927 -0.0219067] 0.9996] 6-11.75
s«m‘\ —
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(= Example: Using the Response Surface with YM Site-Specific Data I ‘ :

b e A ot Surfac'e o K]? WI'H " ult'lmately D loed with sie-specific information One. means of \4/ where £ is jointly normal with zero mean and covariance matrix Q. Using the correlation coefficient between )
e E}lZ)L}‘Z incorporating this information is sampling of PDFs for pH and log PCO, that are based on site-specific , H and the logarithm of PCO, and the standard deviations estimated from the raw data, the covariance N7 A%
ambient groundwater chemistry data. Because pH and log PCO, are linked through the carbonate aqueous ~—~—""P ta.n is & z ’ N bﬁ S

- chemistry, selection of one parameter provides constraints on the value of the other. e matrix s

. gl o’ p O Opce
Descriptive statistics of measured groundwater chemical parameters (from Turner, 1998). ‘\r/ 0- pH PCO,,pH “pH "PCO, =( 0.1985 _0'2007]
pH Log PCO, (atm) T 0. vco.Oc0s O ooy -0.2007  0.2943
(standard units) T—— e P
Mean 7.83 -2.50 wwm\r/ where the actual numbers will vary slightly depending on rounding. By definition
Standard Error 0.02 003 |~ E(E ET) - E(L v VTLT) = LE(V vT)LT =Q, 'vFN\
Median 7.8 245 | —+—] RN
Mode 7.8 -2.34 “““\(#/ but O
Standard Deviation 045 054 | 7" E(V VT) =1,
rt 1 1 ] . S S
Kurtosis L&} 3.3 — the identity matrix, therefore
Skewness 0.43 -1.30
e T_
Range 33 4311 R LL"=Q,
Minimum 6.3 -5.08 . where L is the lower triangle of the Cholesky decomposition (Atkinson, 1978) of the covariance matrix Q. - - -
Maximum 9.6 -0.77 Once L is determined, jointly normal random values of the pH and the logarithm of PCO, are constructed
Count 460 460 T by first generating the vector of independent standard normal deviates, v, and performing the transformation -
—— S—
: . . . 30 522198 I E=Lv+p,
For the purposes of this demonstration, the sampling routine in Mic%gsoft zﬁk Version 5.0 was used to |
- sample 460 values of pH based on the distribution statistics defined i %e 2 The correlation between e or

- l g 2 (I LDEPCOZ,PH ) c lLlE f:I l:g PCCZ' ’ |©. l ' (QS ‘LB s —

A simple procedure for sampling jointly normal random variables was implemented toﬁaemonstrate o

- how correlation between pH and the common logarithm of PCO, can be used to preserve correlation among -.ed——— EPCOZ -0.4504 0.3024/ | Vpco, -2.50

y ; ~ sampled Ki, values for selected radionuclides. The vector of mean values for the pH and the logarithm of | - -

| ‘§§\C02 . Comparison of sampled values with measured values indicates that the sampled ranges for both pHand PCO,
1 RN ] are slightly narrower than the observed ambient groundwater chemistry, particularly at lower values of log

u | <§ Hon 7.83 ~e—""""" PCO,. This may be due in part to the assumption of a log-normal distribution of lo.g PCO,, when there are
IS - Mpco, :( —2.50) ’ e T @ small number (5 12) of lowFPC(%;{vaters ilii] tae 460 measured groundwaters investigated by Turner (1998).

. | | Y - o

e SRR m Sorption coefficients were esti%nated )ffrs Np(V) sorption on montmorillonite (A’ = 10 m”/g) by interpolating
e - and the vector of sample standard deviations for the pH and the logarithm of PCO, is ,,_J\j the K, response surface defined by the polynomials given above. As might be expected given the narrower - -
“n‘: o o WJ\_.. ranges in sampled pH and log PCO, relative to the rpeasured values, the K, range estim.atefi using the
e | Opn 0.45 M)\H response surface is narrower than the range calculated directly from the measured water chermstqeg (Turner, .
ﬂﬁ% o= o, *l 0.54] e 1998). A 3-D representation of response surface-calculated K, versus pH and PCO, shows a similar trend

by 0 AT tothat estimated above. The K5 estimated using the response surface tend to be lower than those calculated

) o . ) _ _ . /)\ directly by the DLM, and in this sense the use of a response surface in PA would be a conservative approach. -

Fa where bold symbols indicate vectors or matrices of appropriate dimension. Consider a column vector v - Larger numbers of sampled pH and PCO, might provide more sampling of extreme conditions, but the
fe - - - consisting of a pair of independent standard normal deviates and a fixed transformation matrix L such that . assumption of a normal distribution does not take into account observed extremes. T?-’vq, 3 3{"&!
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