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below is a copy of the objectives sheet written by Dr. David
Turner from scientific notebook #057. ‘ [

# »

- i
H (\/74— Sorption %Qdehng for HLW Performance Assessment - Task 2 “

A -

Obijectives: . S L

This scientific notebook contains the results of sorption modeling of
" radionuclide sorption using surface complexation modeling e
| techniques. The objectives are to ‘determine the model parameters = ———t-
" | necessary to reproduce the observed sorption behavior. The resulits

" are computer-based; the data used to determine the necessary model —
___ | parameters are from the peer-reviewed with data sources as noted. ___
Experimental conditions for the different data sources are noted as |
— necessary. A basic understanding of chemical principles and DOS- |
based computer operation are the minimum requirements for these ‘]

modeling efforts.

The computer equipment (hardware) includes: b

1 Digitizing tablet for converting graphical data to numerical values ———
IBM Personal computers.

SR General\ DOS/Windows computer codes include: SRR —

— 1 Spreadsheets (Quattro, Quattro Pro, Lotus) —
' Graphics programs (Sigma Plot, Surfer)

Geochemical codes (EQ3/6, MINTEQA2, EQMOD)
— Geochemical Parameter Estimation Code (FITEQL) —

Potential sources of uncertainty and error include:

. f Digitization error |
S ~ Experimental error/uncertainty 1
—+ Conceptual model uncertainty/error » _—
Thermodynamic data uncertainty/error —

R— —t1 L
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Sacphon Pooding st () Tables - Contened Y
}

‘
i d R SR Uranium (VI) Sorption Binding Constants
3 t
~Otanium (VI) Sorption Binding Constants ———— ; AM Solid: goethite Rel Error (pH): 0.05 Tonic Strength (electrolyte): 0.1 M NaNQ,
d : q SRR et & Agt 50 mi/g Abs Ecror (pH): 0.0 N; = 2.31 sites/nm? B i
. op . _— Vil
: : Tonic Strength (electrolyte): 0.1 M NaNG; : 3 Data Source: Tripathi 84 Rel Error (radionuclide): 0.08
! /\\\/ Solid; gocie i i;',im%%.%? N, = Pt T“mewmm i Concentration: {UCVD] = Te-7.1 M (20 ppb) Abs Ervor (cadionuclide): 6.7e-09
: Agt 50 mlg o fide): i ) |
i \ Data Source: Tripatht 94 R Error (mm?nuchge)._o.gls o8 3 20Oy DLM oM LM |
¥ Cancentration: [UCVD} = 1¢-6.7 M (50 ppb) Abs Esror (radionuclide): 1.7¢- L . ] T 2t Lon K o
: N - s—— iy "y T
dm ccM RiZ. : A ——— Los K. = 9,06 Lok - 903 Lop K. = 9.8
= i N
= = 647 LogK, =5.89 e 3 Log K¢, = -7.64
i' H: E’ _ 79.2:6 :‘_‘;: E‘ = 9.03 Log K: =-9.89 primm—— p ; S— Log Ky, = 8.3 h
- - Lo, =-1.64 i
m: ﬁ: = 8.56 . i LogK Vv Tugk Log K Vy Tk Log K Vy [
S [ORRERRRRSNR. ] | - —. ' P . ' . " ” ‘ e
LogK Vy L Log K Vy Tgr LogK Vy L ! a 4 UV S X0-U0, 1.246 1026 0.7203 3349 1028 2.947 16.00 1496
: XOH-UOR* 6.853 1048 7.737 5.363 1034 4.882 16.22 1558
x0-U0," 1176 3.635 07405 0.6519 1416 07412 -3.031 12.28 1093 —— 1 ;
7 4.846 1230 1155 ] i T | xo-vo,0n° 1.527 1061 6312 1.861 1049 -8.290 8.208 1071
| XOH-UO,H 8567 °] 6.289 07703 7.656 5.136 07510 . . ! 1
! - 36 7345 07925 i il 4 XOH-UO,0H* 3.605 1026 0.7203 3.349 1028 -4580 8.803 1095
XO-UO,OH® 6259 1.75% 07568 5370 2.070 07496 8.3 . [ ‘. o _
! -0.5580 7.135 08213 ! : - XO-UOLOH); 57124 1139 -13.36 0.9103 1093 -14.01 . 1.69%4 1066 I
| 3 XOH-UO,0H* 1.176 3.635 07408 0.6519 3416 07412 . ! | (
; 4 — XOH-UOLOH), 1.527 1061 6312 1.861 1049 6,176 1.956 1046 i
. XO-UOOH), 1372 8030 08115 -13.40 1.475 07800 -14.05 1.940 07734 MR . (OH);
\ XOH,-UO,(OH),* 3.605 1026 0.7203 3349 1028 1671 2.288 1051 :
N B XOH-UQ,{OH)? -6.259 1.755 07568 6370 2.070 07496 5235 2,158 07482 ) N
! : 1.620 2483 07646 ——— XOH-UOLOH); 5724 1139 -13.36 0.9105 1093 -12.05 2937 1244
| XOH,UO,(OH),* 1.176 1.635 07405 0.6519 3416 07412 . ¥ ? ]
; 2 7800 _12.06 5707 105089 XOH,-UO,(OH),? 1.527 1061 6312 1.861 1049 4.208 2935 1218
b XOH-UOLOH), -13.72 8030 08115 -13.40 1175 o X .
- 4232 5684 08791 Ir——— ] XOH-UOLOH)> 730 1235 2041 0.4180 1155 -18.00 8450 1500
: XOH,-UO,{OH);* 6259 1.755 07568 6370 2070 07496 ; .
s rUO,(OH); po, 9 1281 101 SR XOH,-UO(OH); 57124 1139 -13.36 0.9105 1093 -10.18 8330 1456
! XOH-UO,(OH)> 2121 5975 08959 204 7013 £ . y :
' -10.16 1.383 1136 I XOH-UO,COp ‘
' XOH, UOOH); 132 8030 08115 -13.40 178 07806 : . 2 XOH,-U0,(CO);
‘i / | xonvocor 2641 2215 04662 2753 2.625 04654 2616 2717 04660 i L U0,C0); |
] : - B XOH, UO,(CO.>
1 %_ XOH,U0,C0); -6.968 2203 103880 -5.642 2.266 03785 5.794 9.157 09508 ; -UOLCO;
! Y 404 06947 -17.48 9.036 1409 T XOH,-(U0,),CO\OH)
! 2 | X0H,U0C0)* -18.31 1.029 07026 1.2 2, [ . , !
| 09060 -4.800 2238 4130 ¥
J 6/ XOH,-(UO;COLOH); -6.397 9093 09096 6499 1.037 !

]

,U33 5% / ——— -

M /b 20.53 8.888 08520 -17.92 10.47 | 1188 ﬂ ’ ‘: f e ——
E X\ % XOH-UO,{OH),? 21.46 |7.651 | 09217 I - l 2 I I | ) 33/:5,;2 FUUTURPREUETOR— / P 0/; //Iéi / 47/;)/7 - p // 7%7/) e ~b¢/1/7// I/( / a/é /zf 5

S — Plutonium (IV) Sorption Binding Constants
t 9
. . 1 Solid; goethite Rel Ervor (pH): * lonic Strength (electrolyte): 0.1 M NaNQ,
| errors for input files numbered 1, 2, 3, and 4 - Ag: SO L Abs Error (pH): N, = 2.31 sitestm?
T Wr /\/ dion) abs error (radion abs error (radion) abs error radion R | /—7/ ﬂ D;..um'::f?.fnfan'ffﬁlm . ﬁ:‘i’:ﬁf&%ﬁﬂﬁfﬂﬂal3 ol
i . abs error (radi : e !
A 3 Fig la ceM TLM
pr— -08 4 1.7e-08 i -
- 1.7e-08 3 1.7 I LogK, Log K, = 647 LogK, = 6.00
i UO02,4s 1 1.7E 08 2 E LogK_ A ug K_=-9.03 Lo: K_=-1000 1
. . 5.1E-08 : ~ Log Ko, = -7.64
: co 1.7E-08 3.4E-08 5.1E-08 - . LogK,. = 8.78
k}www‘wmww dads # 0.0E-00 B - Logk | v, ox LogK Yy g LogK v, g
i Kt 0.0E-00 0.0E-00 0.0E-00 - — 4 XO-Put* xopu 142 | e661 02907 13.79 18.99 03335 1715 94.49 4917
N XO-PuOH™ xopul 7.197 20.44 02808 7241 17.50 03634 -4.143 87.51 03955
XO-Pu(OH),* xopu2 1.366 17.89 4 04100 8612 16.44 04014 -6.593 55.45 02711
XOH- xohpu2 7.197 2044 .02808 7.341 17.50 03634 9415 61.27 {02804
Pu(OH)**
3 N XO0-Pu(OH)," xopu3 -4.2§1 30.16 04980 -5.638 18.72 04615 -9.657 20.26 03054
% ’ R XOH-PuOH);* ]| xotpu3 1366 | 17.89 0100 | 8612 15.50 04014 2.026 211t 02936
XO-Pu(OH), xopud -11.48 38.03 06597 -12.07 22.61 05080 -13.20 20.02 04794
1 XOH-Pu({OH),” xohpud -4.211 30.16 04980 -5.638 18.72 04615 -5.562 18.26 04542
L] ’ ‘ XOH,- xoh2pud 1.366 17.89 04100 8612 16.44 04014 2,088 16.69 04280
this species was run in the presence of CO, - compare with the & Pui
. 1 ; 4 XOH-Pu(OH); xohpuS -11.48 38.03 06597 -12.07 22.61 05080 -9.753 34.07 06482
: regsent (refer to the enteries ;
resu l ts Obt aline d wit hout . CO2 .p t b 1 ) o XOH,-Pu(OH),* || xohzpus 4211 | 30.16 04980 5.638 18.72 04615 2,035 33.12 06495
following the tenth species in the table). o sveces
. E SO S—
E *. not vsed v :'wpu-/):‘/ej + ‘6//{//)//(]& %IO/

i all owd com »"67(7 en e
4 1
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“i ; /17 Uranium (V1) Sorption Binding Constants .
| ; A i i
5 Plutonium (V) Sorption Binding Constants . (_/ .’
; h 9/ ///7/ 4(7/ s L o Solid: kaolinite Rel Error (pH): 0.05 Tonic Strength (electrolyte): 0.1 M
1y a +f . 2 . = i 2
;( i { Solid: goethite Rel Error (pH): * Tonic Strength (electrolyte): 0.1 M NaNO, Ag: 11 mfg Abs Error (pH): 0.0 Nj = 2.31 sites/nm’
o e Boe Abs Entor (pH): Nq = 231 sites/om? Data Source: Payne et al 92 Rel Error I
o Ag: 50 m ) . (radionuclide): 0.1
N Data Source: Sanchez 85 Rel Error (I‘admnnchfle): 0.10 0.55 g/l Abs Error
;; Concentration: le-10 Abs Error (radionuclide): 1.0¢-13 (radionuctide): 1e-09 i
vk . TLM
0 Figlc DiMa oo fig 7.1 TEM ) ccM
' v e
K, = 7.35 Log K, = 647 Log K, = 6.00 25 mgf25 mL solid/liquid ratio |
| = 55 K =si? l-as K =903 Log k' kaolinite was modelled with 1:1 | Log K, = 6.69 Log K, = 9.08 .
k 2 - . - - Log Ko, = AIOHISIOH ratio Log §;= 1069 Log K. = 832 alpha-alumina
: K = 878 7 8 Key = 1.73
o '1/ 4 .| Los K = (/ Log Ky = 9.90 algha-alumina Log K_ = -7.05 silica
~ o Log K v, Log K v, oLix Log K Vy OLg K LogK_= 479
i 8 v Tusx b4 Lk — Log Ky = 6.22 silica , '
- ° - £ -1.414 28.11 02372 -3.944 80.08 K
' X0-Pu0y xopuo2 01758 52.68 03017 ve Log Kucn 0 Kuon Log Ksox B vy Log Kuoxt | 9Knon | Lo8 Kson | @ Keon v, h [
: h XOH-PuO,* xohpuo2 5.611 7.532 02153 5.115 6.351 02161 4.030 85.69 02173 - ‘
P \
il XO-Pu0,0H" || xopuo2l -5.282 3865 | 03997 -7.830 45.05 0258 -8.973 34.74 02429 X0-U0,* xouo2 2103 div 0* 26.00 3.465 o7220 | 1270 1372 13.33
b XOH- xohpuo2l -01758 52.68 03017 -1414 28.11 02372 -1.33% 25.40 02349 - XOH-UO?* xohuo? 6.737 div 0* -18.80 INC *
i PuO,0R " . XO-UO,0H" p4 | xouo2l -4.043 div 0* -29.00 I -4.050 .1305 -5.416 08353 | 13.10
¥ XOH,- xoh2po2] 5.611 7.532 02153 5.115 6.351 02161 6.313 1593 02275
} PuO,OH" XOH-UO0H* | xohwa2t | 1.052 diver |42 3.465 01220 | 1270 a8z | 1333
! . ' 1
.{r’ i OTHER SPECIES: XO-UO,(OH); xouo22 | 9.694 4690 -10.04 05612 | 14.03 | -12.66 1.552 | -12.34 06639 | 5,381 i
[ XOH-UQ,(0OH);° xolhlloZZ -3.876 1300 -5.270 08358 | 13.00 -4.050 1308 -5.416 08351 | 13.10 ‘
: } :
';P‘ XOH, xoh2ue22 | 1.462 07731 -.6511 1757 13.34 3.465 07220 | 1.270 1872 13.33 !
i ‘I UOOH),* g~
? XOH-UQ,(OH), xohuo23 -25.27 nc * -8.706 err# 1 * ‘
§ : XOH,-UO(OH),> | xoh2u023 | -21.90 nc * -3.7245 -4.050 1305 | -5.416 08351 | 13.10
. XOH-UQ,(OH) | xohuo24 22.57 e £ 1* 19.64 err #1 *
h
' XOH,-UO,(OH), | xoh2uo24 | -23.44 err ¥ 1* -25.20 -12.66 1.552 | -12.34 05091 | 5.351 i
i XOH-UO,COp
K: ot vsed m ,\n/duf Files B/A/D//Uéfp/

X+ Abs ecr = lg 07

2 L aa cény erj'w\g{ K aa/}au—/'
« ¢ ]

doallow <o \/er‘a en e

JAS| f

o naiomts sl gt

erc®(: #,‘ﬁleﬁa,’ékws Q&ﬂdlﬂ)éﬁ/b{)@ < eXm/,PJaa(
7 ‘ A % }Jmninn{ (VD) Sorption Binding Constanis
! Al i ng:@;

«?;’/;M;ﬁé/ |2

Plutonium (V) Sorption Binding Constants

- B iolid:l :no:jnile Ret Error (pH): 0.05 Ionic Strength
. = - - o ectrolyte): 0.1 M NaCIO i spt 1 mig Abs Error (pH): 0.0 {electrolyie): 0.1 M
Solt: garma ) atumisa 1;:: %:r‘:‘(g}ll))..%%s l;:'; Sz"g'l'u;l':cg/;;,'“ yte) ) Pata Source: Payne et al 92 Rel Error (radionuclide): 0.1 Ny = 2.31 sites/nm? ;
Agy: 120w . AbsE fonuclide): i
Ds;la Snur':::gRighullo et al 91 Rel Error (radionuclide): 0.10 s Ervor (radionuclide): 1e-09 ;
Concentration: [Pu(V)] = 2e-10 M Abs Error (radionuclide): 1.0e-13 . i fig 7.1 DLM
< 25 mg/25 mL solid/liquid ratio
fig 1 DLM ccM M : ] (L K, =82 K=96@4) K= -0
=241 | <‘|7‘
[ H LLDE i. = 55;7132 Ei E. 69.9;0 LL:: §~ ! N « Log @ Kyon Log Ky o Ksion Vy
ogK_=9. Hat - Ak
A / (modelled using delta ahumina Log K, = -1. A
7 Log Ku = 8.11 X0-U0,* xou02 2.603 05992 1173 08929 | 1048
Log K Vy ougx | LogK Vy dugx | LogK M T x XOH-UO7* | xohuo2 ne?
/N XO-Pu0;? xopuo2 | -3.154 06438 | 07878 | 334 | 06s55 ) o780 | -2.766 | 4.988 1483 : X0-UO,0H° || xouo2i 4.807 1279 3 | 5469 om0 | a7
XOH-Pu0,* | xohpuo2 | 4.628 09360 | 07685 | 4.647 od44s1 | 01688 | 5731 5.228 2214 | ﬁgl:;ﬂ' xohuo21’ 2.603 05992 1173 08927 | 1048
e 2
x0-Pu0,01 | xopuozt | -10.91 296 | 08260 | -1090 | 2408 08259 | -i120 | Vio2e 08012 o — e oo — pov
3 - -13. % 12, K 6.159¢ = le-8
XOH- xohpuo2l | -3.154 oo38 | o7e7s | 234 | oesss ] oo7ee0 | 3095 | 06366 | 07789 UO,OH);
PuO,0H° o XOH- xohuo22 4.807 1279 5.469
; : . 5. 01910 | 1347
XOH,- xoh2po21 | 4.628 09360 | 07685 | 4.647 o448 1 07698 | 5.013 03330 | 07855 { UO,(OH);*
P00 . - XOH, xoh2uo22 2.603 05992 | 1173 08929 | 10.48
OTHER SPECIES: : ] UO,(OH),*
‘ XOH- xohuo23 3166 | 4.848 -12.29 01519 | 1673
| UO,(OH),
i ] XOH, xoh2uo23 4.807 1279 -5.469 o910 | 1307
i UO,OH)y
' b XOH- xohuo24 errd
UO,(OH)*
: XOH,- xoh2uo24 -13.68 | 4.854 -12.32 07579 | 6.159 ¢ = 1e08
UO,(OH),
— XOH-UO,CO,*
BINDINGS, P2 N

U.452.
we oo 0(/"74/](,&:}‘ Rau=C ST Lo /—C’suﬂé

| i’ o= lé“q ’,/Aéﬁdpfr’ér W g r&ﬂa}(d #0 /06‘7’

erc o # I‘LCArA)({?ﬂ/tél ﬂQﬂMJ wle 5. X (ee




Uranium (VI) Sorption Binding Constants

27/ AP

- U ASL

. E—— -
| F ‘ XOH,- xoh2uo22 | 2.178 o4 | 9603
) Solid: kaolinite el Brror @H): 005 | Tonic Strength (electrolyie): 0.1 M (M U0 0H),* a 03507 | 172210
il Agt 11 mifg Abs Ercor (pH): 0.0 Ny = 2,31 sites/nm® — LM i
b Data Source: Payne et al 92 Rel Exror — V' § xonvo,0my § xohuozs | -1zs6 | 3360 | -12.43 2804 | 367409
b Concentration: 1.00e-6 M UO,*? radionuclide): 0.10
i 0, f‘ i ) XOH,- xoh2u023 | 4738 | 5905 | -5.836 4451 | 254307
k\ 5 Etror UO,(0H),
~ L (radionuclide); 1.0e* ——— ,(OH);
“ v P - o P XOH- xohuo24 NC erc#1 7
. . UOy(OH)*
1 modelled with 1:1 ———
E“,, AICH/SIOH ratio LogK, = 6.69 LogK, = 9.08 XOH,- xoh2uo2d | -12.56 | 3360 12.43 .
100 mg28 i soitquia | Log K_ = -1069 LogK_ = -8.32 alpha alumina UOOH), - - 12 2804 | 367457
ratio =173 N | SUNEUERRRR——
’“‘r‘ t:g E?: 3?](; alpha alumina ng K_ =-7.05 silica XOH-UO,CO,"
gK_ = i
: Log K. = 6.2 silica XOH,UOLCO); .
} L )y
\ﬁ: Log Kuon 3 Kuou LogKeon | o Kson Vy Log Kuow | oKaow | Log Ksow | o Ksion Vy 9 457 | / D‘/ 2 )
i X0-U0," xou02 div 0 h .7 3176 1560 | 1.046 1984 | 3.87a08 | e !
x0H-U0* | xohuoz a0 .7 10.18 06545 | 7.865 05418 | 127510 | -
W %0-U0,0H° | xouo2t ,-5.086 09868 7333 1059 | 14510 | 3945 631 | 5897 6466 | 248707 /
A s ; o "“/ ‘ /r LZQ/\,\, ()g / 7/ $/
" XOH- xohwo2l | ~2561 01026 2119 08146 | 24.42¢ | 3076 1560 | 1.046 RETEN EE AT R —— el e.x C Q?( I/) el (L M5 =<0 (=) 0. Qe Q 9 9;
i . Uo,0H* 10 /] J ’ r-
1 H -
i X0- xou022 9.047 1.376 -10.32 3838 | 2565% | -11.60 2050 | -12.5 3256 | 2919%7 i
; UO,(0H); 3 —— ;
W XOH- xoho22 | -3.760 6350 5.1 6191 | 24s6% | 3945 6387 | 5837 6466 | 298707 A
UO,(0H),” -7 ——————— [ I ———————]
§ XOH,- xoh2uo22 | 1.183 1835 -8153 1794 | 4.116% | 3.176 560 | 1.046 984 | 3.87408 . M Uranium (V1) Sorption Binding Constants
uo,Om 3 . 930
- L T bann
e XOH- xoho23 | em#1 -11.60 2050 | -12.5 3256 | 29197 f ! Solid: kaolinite Rel Error @H): 0.05 | Tonic Strength (electrolyte): 0.1 M
! UO,(OH); 3:: lslo:r':’: Payme et 212 Abs Exrar (pH): 0.0 = 2,31 sitesinm?
: : Payne et al Rel Error R PRR——
!..” ﬁg}:&n xohZuold | ne 2344 -3.806 e | 7 3.945 6387 | 5897 6466 | 248757 Concentration: 1.00e-6 M U0, (radionuclide): 0.10
. A A i b~ Abs Error
: . i (h /\) \/ (radionuclide): 1.0¢* O
il . As3 = ) W
u , % g "( fig7.3 TLM ccM
e ' ; modelled with 1:1 AIOH/SIOH .
W . ratio LogX, = 6,69 LogK, = 9.08 e—————]
Hl 400 mg/25 mL solid/liquid ratio LogK = -10.69 LogK_ = -8.32 alpha atumina
XOH- xchuo24 em# 1 -7 NC-40.30 NC-19.38 *6 Log Ke, = -7.73 b i
UOOH)* Log Ky, = 9.90 alpha alumina LogX_ = -7.05 silica premmm————
- " . LogK_ = 4.79 -
b W U0, il b *7 -11.60 2049 | -12.53 3236 | 201957 Log Ko, = 4.2 silica
UO,(OH);
Ml ‘/J‘) Xo:l ut;co Log Kyow | 0Kuon | Log Kaow | o Keon Vy Log Kuon | oKuot | Log Koo | 0 Keon vy
-U0,CO" ==
] XOH,U0,(COy; Xo-uo,' xouo2 20 *7 3.121 1615 | 1.027 05124 | 10.69%-10
- U0, 2] * 0.2
% XOH, VOGO ‘- ¥OH-UO; xohuo? 2 *7 10.18 1068 | 7.219 3699 | 375008
7 I3 *
M s XO-UO,0H" xauo2t 5,066 %018 | -7.803 1098 | 8861 K ———
hr} i XOH,-(U0,),CO{0H),° . i 5 nc-4.502 5.648 .“g - -
' 3 0.2 -
" , UAS /oj XOH-UO,0H* xohuo2l | divo .7 3.121 615§ 1.027 05724 | 10.69%-10
i X0-UO,(OH); x0u022 ne-10.52 -10.16 .7 nc-12.84 -12.36 ] ‘
; O C ) . XOH-UO,(OH),* p
Hl ‘Jé b S eqTor. rame /(_J %TM/] / Qg / A A & UO,OH)? Y xohuo22 | ned 521 5.449 *7 nc4.459 -5.605 1 m————————
) ¢
4/ 7 XOH,UOOH),* || xoh2uoz2 | nct.od0 0.8837 .7 3.121 1615 | ro27 05724 | 10.69%-10
4 f P 4 / ( ( \/\/ XOHUOLOH), § xomwo23 | errss "7 2c-28.84 1229 o
f -! > XOH,-UO,(OH), xoh2u023 erc k1 *8 err i1 *7
" N O ] -
RS Zrror JA&Q NS \/ Xonuoom: J sohoze | a0 i |ennt s —
, | O %./VV( 74 /// / RN | otonat 1 ao : il ne-28.84 -12.29 w7 .
‘Ji o L e rTor M 73 et LN oN=td (782 4. XOH-UO,CO, B —————
i pﬂ—#/ # M}M 4 M\,J&J’Wﬁ 3 e,(d@,a&a( A5 FRTR—
b r
1l vieo C 2 .
\ l N c . 7V MB /b\/( / M Uranium (VI) Sorption Binding Constants
I 1014199
1 [ | Solid: kaolinite Rel Error (pH): 0.05 Tonic Stren,
: : O gth
‘ - <3 ) 11 mig Abs Error (pH): 0.0 (electrolyte): 0.1 M
} ? / (474 ;/)M Uragium (VD) Sorption Binding Constants V /l 2 Pagne et al 92 Rel Esror (radionuclide):
Bl D O e ! pound! I Concentration: 1.00e-6 M UO,** 0.10 N =231
1' n { > { ' 14 it Koot Rel Error (pH): 0.05 | Tonic Strengih ?:izirmr (radionuclide): | sites/om?
! d: kaoli 0 -
. Abs Ertor (pH): 0.0 (electrolyte):
- Agi 11 mig Rel Esror N, =231
A Data Source: Payne el al 92 ! N - 3 fig 7.3 DLM
y 1 (L L-Goacentration: 1.0e-6 M U/ {radionuclide): 0.1 sites/nm’
”i o Abs Error K, =822 K =-96(A) K= 710
e (radionuclide): le* b Loe K
Vi 8 Kuoxs ¢ Kuon Log Kgon a Ksion Vy
DLM
fig72 o X0-U0,* xou02 2715 06732 -.07609 08080 12.62*-10
| kﬁn 100 mg/25 mL solid/liquid K, =822 K =-9.62(A) K = -1.10
|rv fatio o = 8 - XOH-UO xohuoZ it .6
i Log K, o K, v
s K:.:u @ Kaon B Faon ot X0-U0,0H° xouo21 ne-5.074 -5.135 6
1y -1 +
J . - — i ore | o6 asor | 7722010 XOH;UO,0H xohuo2l 2.715 06732 -.07609 08080 12.620-10
th x K
l (,; o T ouss ow0ss |58 1573 | 12.98%-10 r XO0-UO,(OH), Xou022 nc-32.23 2.2 b
' .
. . oot | ams | s | e w51 | 24307 XOH-UO,(0H)? || xohuo22 7c-5.074 -5.735 .5
- y XOH,-U * - 3
! x0H-U0,00* | xohwoz1 | 2178 o4 | sem 03507 | 7.722%-10 H,-UO,(OH),* | xoh2uo22 2715 06731 07611 08080 12.62%-10
al XO-UOLOH); § rowo22 | 1256 | 3360 | 1243 2804 | 36747 XOH-UOOH), § xohuo23 nc32.23 -12.23 .5
- XOH,UOKOH)? 5 p
XOH-UO,(OH)> | xohuo22 | 4.738 5905 | -5.836 4451 25431 H, UO,(OH)y mh2_u023 ne-5.074 5.735 ~ 6
W XOH-UO,(OH)* | xohuo24 err 1 6
B / /L) é‘ { ,4_5 SZ ‘0 / XOH,-UO,(OH); | xoh2uo24 ne-32.23 -12.23
T I/ /A /
B / Y4
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L%
%m L 4 i) Flag - Alkalinity ' - T
" /) Np(V) sorption data on goethite for ccm, dlm, and tlm models was (0=Total carbonate specified; I =alkalinity)
i - enerated in MINTEQA2 us ing *log K values calculated in FITEQL and QWK L~ i) Fag - i
1t experimental parameters frqgm Nakayama and Sakamoto '91. The log S — iii) Flag - Terminate if Charge Imbalance exceeds 30% K
K values calculated in FITEQL can be found in scientific notebook O=Yes; 1=No) :
i # 057, table Binding.Np, page 128. Below is 'a copy of the s iv) Flag - Print options for solids ,,
! MINTEQA2 input file for TLM, species XO-NpO,. The file is saved ©=Ppt only allowed solids; 1= '
ﬁj on a floppy disk (a:\naknp\naknp3it.tlm for input, .sst for —— v) Flag - Maximum number of iterations ¥
- spreadsheet-importable output) and on my PC at c:\FLOPPY\NAKNP\. (0=40; 1=10; 2=100; 3=200; 4=500)
3 e o vi) Flag - :
Ii
w vii) Flag - lonic stredigth option "
I y : s (O=computed; 1=fixed) [
1 ; R i) F il z
) Np(V) Sorption on Goethite, XO-NpO2, TLM : N Vi) Plag - 1L
n—,s ) - ' pOZ, b o ix) Flag - Activity coefficient option ¥ 7 4
# ’ 25.00 MOLAL 0.000 0.00000E-01 1 ! (0=Debye Huckel; 1=Iavies Equation)
i 0010300012111 ‘ " F -
f ! ACTIVITY 330 29 i . : x) Flag - Output optiond p
L 0.25 3 (O=Full; 1=Intermgdiate; 2=Abbreviated)
for I;AKNE31TéSST 552 { = xi) Flag - Sweep Op{iuns .
o 1.000E+00 50.00 0.800 0.200 81 1 : [0=No sweep; 1=Yes(-log c); 2=Yes(conc)] )
' : 330 0.000E-01 -4.00 y H+l : . xii) Flag - Numb 1
W 500 1.000E-01 -1.00 y ;Na+1 3 ©to 6)'3 mber components for spreadsheet N
N 492 1.000E-01 -1.00 y /NO3-1 . 1
g E §52 6.000E-06 -5.22 y . /Np02+1 e CEPW /dm \, xiii) Flag - Type of output to spreadsheet N
i o 813 0.000E-01 0.00 y /ADS1PSIo | [0=No file; 1=Equil mass %; 2=Equil mass conc (molal); 3=Equil
i - 814 0.000E-01 0.00 ¥ /ADS1PSIb 5 - - ; 3=Equil conc(molal)]
i 815 0.000E-01  0.00 y /ADS1PSTd No line entry if no sweep option ISWEEP = 0) -
]ﬂ; 811 1.918E-04 -3.72 y /ADS1TYP1 ! . -
? - _'4 e 7[ :
- 330 4.0000 0.0000 [He1 G Fﬁ( €< atl ' . ; - — : .
. 6 3 h Y mi o W Line Description . v
b 813 0.0000 0.0000 /ADS1PSTIo Q,O ﬂ‘ S : 7 (V.
. 814 0.0000 0.0000 /ADS1PSIb <= 2K “‘( i i i
| 815 0.0000 0.0000 /ADS1PSIA i 3 6 No line entry if no sweep option (ISWEEP = 0) -
11J ' 7 No line entry if no output to spreadsheet (N123 and NTYP123 = 0) -
Fi 2 5 .
i 8113300 XOH2+ 0.0000 6.0000 0.000 0.000 0.00 0.00 0.00 0.0000 F /- 8 No line entry if no output to spreadsheet (N123 and NTYP123 = 0) -
i 0.00 3 1.000 811 1.000 330 1.000 813 0.0060 O 0.000 0O O. ! i i ‘
i 0.000 0 0.000 0 0.000 O 0.000 O 0.000 O 0.000 3°° ° + 9 i) Flag - Model Sorption? ' 1
Uﬂ 0 0.000 ) 0.000 0 0.000 0 E (0=No sorption; 1-4 Check for model specific parameters)
; : 8113301 XO- 0.0000 -10.0000 0.000 0.000 0.00 0.00 0.00 0.0000 E ii i = jon; 1- i I
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 O 0.000 O ) ) Number of sorption surfaces 0=No sorption; 1.3 maximum)
H o oéoggo 00 0.000 0 0.000 0 0.000 0 0.000° O 0.000 0 iii) Flag - Sorption model (0= No sorption; 1-7 for specific models) !
: . 0.000 0 0.000 O : i - - -
I 8115000 XONa 0.0000 - -7.6400 0.000 0.000 0.00 0.00 0.00  0.0000 | 10 No line entry if 0 sorption model
i 060805 1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 O 11 i) Water chemistry - Component ID# (must be in COMP.DBS)
.000 0 0. g
] 0 0.000 0 o?ggo 00 oooggo 00 0.000 0 0.000 o 0.000 0 v ii) Total dissolved concentration :
. 8114920 XOH2NaN3 0.0000 8.7800 0.000 0.000 0.00 0.00 0.00 0.0000 ; ) iii) log free activity guess
}“ 0.00 5 1.000 811 1.000 452 1.000 330 1.000 813 -1.000 814 0.000 O | ' i i
\J‘; 0.000 ©0 ©0.000 O 0.000 0 0.000 O 0.000 O 0.000 0 z ‘ iv) Flag - Adjust/Tmprove guess
:‘I gllgéggo [¢] 0.000 0 0.000 ] . {N=No; Not N (e.g., blank, Y)=Yes)
; XONPO2 0.0000 -5.3100 0.000 0.000 0.00 0.00 6.00 O. ‘ : i-i
| 0.00 5 1.000 811 1.000 552 -1.000 330 -1.000 813 1.000 814 0.000 oogo : H REPEAT (i-iv) FOR N COMPONENTS
i . 0;\022" o 0.000 0 0.000, 0 0.000 0 0.000 0 0.000 0 J » BLANK LINE
' ] . 12 i) Types (3-6)
7 ii) Number of Type (3-6)
~ k 13 i) Species/Component ID (Must be in THERMO.DBS/COMP.DBS)
| Zw’\/ ii) Equilibrium constant (Log K from THERMO.DBS)
! " Next is a listing from the MINTEQA2 handbook explaining the input file. B iii) Enthalpy of reaction (From THERMO.DBS)
- 4 iv) If Type 4, concentration of finite solid

3 o . . ) e e oL . . REPEAT LINES 12-13 for Types (3-6)
; Type 3 = Fixed activity

Type 4 = Finite solids

Type 5 = Possible solids

h § Type 6 = Excluded species (e.g., non specified redox couples, infinite solids)
wa' ' Qp/\r{ble 1. Line-by-Line description of a typical MINTEQA2 input file. BLANK LINE
N Line Description v 3 -
:‘ No.
i 1 Problem Title * T W Arter the Dlank line, the species 1nvoivea in ™ thHe SUFTAtE TEAGTION &h4 The
. ) > Prontem T < ‘<’P stolch::.ome_try of their reactions are listed. Recorded (in order) is the species
" - roblem Title ID#, species name, 0.0000, log K value, seven 0.0s, # of components in the
‘ 3 i) Temperature in °C T reaction, ID# of the components and their stoichiometry, and twelve 0.000 Os.
HL i) Concentration Units E
F

. !iil Fixeq iohjq ‘sblrggg_t!l_“[ﬁe_‘ line 4, flag (viiz ISOPT)]
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Reactions considered for Np(V) sorption on Goethite -

~
protonatlon/deprotonagion, anion/cation

H

Qqu* MMCMMQIQMA'RQQJ &-Ce 5”»:/[(“/}4\14'4/@:@ A2_O. \g#«{w—m‘m‘w

?M—/

A reduced-size copy of the SIGMAPLOT graphs for sorption of
Np (V) onto goethite follows.

11

[T

value at ionic strength = 0, used in MINTEQA2 input. ) B
Irr
QWMWMWW
i
e
F
] B—

100

Np(V)—Goethite
Sorption — DLM
#

80
60 | %
40

20

F 5 6 7 8 9 1011

pH

Np(V)—Goethite
Sorption — TLM

100 T

%Np(V) Sorbed

Np(V)—Goethite
Sorption — CCM

7100 1T i :
, ~ -
80 |- i ’
60
40 -
20 -
Oﬂf';"||.|.|+
4 5 8 7 8 9 101
pH
LEGEND \
4]
—— >Fe0-Np0,

+
---- >FeOH-NpO,

------- >Fe0—~Np0,0H

0 f
>Fe0H—Np020H 1

N
>Fe0H2—Np020H

______ - >2(Fe0)-Np0,

) /6 e
O E;)x:t:rlmental % Dg{lﬁ 'ﬁd >

,7@, ol

% L
10/ (3 / 79

P :

A om v = omyt B —

e YOoH = X0 & ¢ — L

wwmmmmmww ' ——————
XOH s duvn TCM

rﬁ T 4' 4 ﬁ—C:'\CBL* = >(Cj&%'LCL XC3t+ ,10?%3Z)LJN( CLCVLY o T g

Jp——— - XOH + Na+ = XoNa + Ht T Z

T . =

wl e surface reactions a

——

L:,;WW_.WQ XoH + NpOz+ = X0Npoy +H * o0

g“; WoH +NpOT = xOHNpOL roul

! —

" ZXOH +NpO7 =(X0) 2N pD2 + 247 T 3

il &

i - 2

i XpH+ NpOd +H20= XONp0O2OH™ + 2H " — E

il , — Z

I X OW + NpOs +iHzO = X0H NpOaoH” +HY 5 _ 2

I o + N0l + Ha0 = XOH2 NpOOH"

I / *

hil

Il ] |

W““”:Q (Numbers written following reactions indicate numerical correction for log K -——

The graphs are saved on a floppy disk

. and on my PC at c:\FLOPPY\NAKNP\.

(a:\naknp\nknp3lall.sp5)
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i , . : "  Np(V)-Alpha Alumina Np(V)-Alpha Alumina
}"",&’ frose //‘
L <A . ion - tion — CCM
by AT" Np(V) sorption data on alpha alumina for ccm, dlm; and tlm models B Sorption DLM Sorp 3
;.v’ was genergted in M@NTEQAz using log K values calculated in FITEQL 100 LA Bt B S B B 100 F—r——T—T T T T
}»,,,, and experimental parameters from Nakayama and Sakamoto '91. The Tm— e F I
‘ ) log K values calculated in FITEQL can be found in scientific ,8 80 |- 7 E 80 - I
P,u notebook # 057, table Bimding.N17, page 132. Below is a copy of - - 2 L (a) { =2 - (b) 1
e the MINTEQA2 input file for TLM, species XO-NpO,. 3 eol 1 8 eof i
tv — . » 15} |
1+ L g F
b ) A % . 40 | 1 = 40 —
» (V) Sorption on Alpha Alumina, XONpO2, TLM \ % [ Z ZQ' 20
“}*"' 40/ 25.00 MOLAL 0.000 0.00000E-01 NS 20r N L » Q)@D ;O |
: A 0010300012111 . | O N
m’, ) ACTIVITY 330 29 a3 - 0 [0 I S e . Vi P
K : 0.25 - ] 4 4 5 6 7 8 9 10N
o NAKNP43t.SST 552 -
[ 3 1 6 - !
[ 1.000E+00 12.00 0.800 0.200 81 . pH ‘
it 330 0.000E-01 -4.00 y JH+1 - 1 -
I’ 500 1.000E-01 -1.00 ¥ ;Na+1
492 1.000E-01 -1.00 NO3-1
L 552 §6.000E-06 -5.22 1; /NpO2+1 - L_E.G_EEQ
b 813 0.000E-01 0.00 ADS1PSI 3 3
!':: 814 0.000E-01 0.00 z ;ADSlPSIg Np(V)—Alpha Alumina 0
o 0 815 0.000E-01 0.00 y » /ADS1PSId e - —— >Fe0-NpO,
i]ii Yy 811 4.600E-05 -4.34 vy /BADS1TYP1 . Sorption — TLM +
" £ 31 e - ---- >FeOH-NpO,
';.,1[ . 330 4.0000 0.0000 /H+1 & : 100 T T 7T 17 - i
‘ € ' : - i -t >Fe0-Np0,OH
813 0.0000 0.0000 /ADS1PSIo 3 o] ~
! 814 0.0000 0.0000 /ADS1PSIb [ 80 - T 0
I 815 0.0000 0.0000 /ADS1PSId ﬁ (C) 1 PO I— >FeOH—Np020H
r'l,t; 2 5 8 60 |- - +
8113300 XOH2+ 0.0000 §.8000 0.000 0.000 0.00 0.00 0.00 0.0000 - >FeOH2—Np020H
: 0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 [+ 0.000 0 :;\ r
Jrel 0.000 0 0.000 ) 0.000 0 0.000 0 0.000 0 0.000 o L . -
"VH 0 0.000 O 0.000 O 0.000 O . < 40 T e - >2(Fe0)-NpO,
A 8113301 XO- 0.0000 -10.8000 0.000 0.000 0.00 0.00 0.00 0.0000 : . 2 4
Ml 0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 0 0.000 O 3 ! Z O Experimental |—
m 0.000 0 0.000 0 0.000 0 0.000 0 0.000 [} 0.000 0 N
I 0 0.000 0 0.000 0 0.000 O Data
= 8115000 XONa 0.0000 -7.7300 0.000 0.000 0.00 0.00 0.00 0.0000
; 0.00 5 1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 0
,Ji:_lj 0.000 0 0.000 [} 0.000 0 0.000 0 0.000 0 0.000 0 .
'I 0 0.000 0 0.000 0 0.000 0 i
,J”[ 8114920 XOH2NO3 0.0000 10.1200 0.000 0.000 0.00 0.00 0.00 0.0000
ﬂ! 0.00 5 1.000 811 1.000 482 1.000 330 1.000 813 -1.000 814 0.000 0
i 0.000 0 0.000 [} 0,000 0 0.000 0 0.000 0 0.000 0 3
i 0 0.000 0 0.000 0 0.000 ] 3 e et et e m e v — .
8115520 XONpO2 0.0000 -4.7000 0.000 0.000 0.00 0.00 0.00 - 0.0000 i e - - - ~ )
0.00 5 1.000 811 1.000 552 -1.000 330 -1.000 813 1.000 814 0.000 O ] M " .
0000 0 s o000 o 0.000 o 0.000 o 0.000 0 1 The graphs are saved on a floppy disk (a:\naknp\nknp43all.spS)
o Jooboo o otooe o Colooe o - : : | ‘ 3 and on my PC at c:\FLOPPY\NAKNP\.
ZLA —
The file is saved on a floppy disk (a:\naknp\naknp43t.tlm for ; e
input, .sst for spreadsheet-importable output) and on my PC at 1 . el 4
¢: \FLOPPY\NAKNP\ . The experimental data were digitized from Nakayama
| ] d Sakamoto '91 (see Scientific Notebook #057 page 155
L E ) for complete reference) Figure 3a, Nat'l Goethite plot
b /l . ' - (Np (V) on goethite) and from Figure 4, «-Al,0; plot ‘
) ’(W : (Np (V) on alpha alumina) .
_-———-—3— A reduced-size copy of the SIGMAPLOT graphs for The data can be found in the FITEQL input files
: : . 3 : \'TURN AKAYAMA\TLM\ * .
i sorption of NP(V) onto alpha-alumina follows. §n<\iT* Tﬁ\FITEQL\SORPTION\N YAMA\TLM\ * . T31
i \ .
()‘”"'. \\
i
W
i
; —
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m QKM\/U(VI) sorpFion data on goethite for ccm, dlm, and tlm models was
W generated in MINTEQA2 using log K values calculated in FITEQL and
AL experlmenta} parameters from Kohler '92. The log K values

™ calculated in FITEQL can be found in scientific notebook # 057
p——— table Binding.Ul, l

file for TLM, species XO-UO,*.

0 | 20

page 184. Below is a copy of the MINTEQAZ inpyt‘

15

.22

Cmff((#%ﬂ{

T or p U P20 XoUo O Ft

XOW 4 U0 - R0 = XOHUGOH + BT —/

]

| XOH U3 2H:0 = X0 U0 (CH), +3HT T

ol

XOH © U0, +7H20= XOH U0 (OH), +21H°

9 . ;;2;2

.33

NOH A UG, - 2HL0 = X0z A0, (1), 4 |

ot FUDF' + 2H0 = XORUO, (o) +3H ™
¢ A T+ o .
XOH FUOT" 13120 = xOMar Ut (OH)y” 2t

XOH ¥ U0zt UHa0 = XOW- U0, (CH) &7 4 H*
(OM +UOL =Y Ha0= XOHL MO0, (OH) +3HY

7

-4-‘22

o

-l-'//

o

Numbers written following reactions indicate numerical cgrrectionf“””
for log K value at ionic strength = 0, used in MINTEQA2 input.

3

i

A reduced-size copy of the SIGMAPLOT graphs for

sorption of U(VI) onto goethite follows.

L~

U(VI)—Goethite

" kil
b
v U(VI) Sorption on Goethite, XOUO2+, TIM
it 25.00 MOLAL 0.000 0.00000E-01
Lt 0010300012111
e ACTIVITY 330 33 |
F“ 0.25 ‘
Ak kohudit.sst 893 |
i 3 1 6 i
i 1.000E+00  50.00 0.800 0.200 81
o 330 0.000E-01 -2.00 y /H+1 b
[l 500 1.000E-01 -1.00 y /Na+1 i
ywp 181 1.000E-01 -1.00 y /€104~ i
dh 893 1.000E-06 -6.00 y » /U02+2 i
I 813 0.000E-01 0.00 y /ADS1PSIo
EUM : 814 0.000E-01 0.00 y /ADS1PSIb |
A, ¥ 815 0.000E-01 0.00 y /ADS1PSId i
);ﬁ 811 1.918E-04 -3.72 y /ADS1TYP1 .
(R r
[k 3 1 |
330 2.0000 0.0000 /H+1
[ 6 3
e 813 0.0000 0.0000 /ADS1PSIo
i 814 0.0000 0.0000 /ADS1PSIb
it 815 0.0000 0.0000 /ADS1PSId
H i
i 2 5 L
qw: 8113300 XOH2+ 0.0000 6.0000 0.000 0.000 0.00 0.00 0.00 0.0000
1, 0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 0 0.000 O
i 0.000 0 0.000 O 0.000 O 0.000 O 0.000 O 0.000 O
e 0 0.000 ©0 0.000 O 0.000 O
8113301 XO- 0.0000 -10.0000 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 O 0.000 O
0.000 0 0.000 0 0.000 0 0.000 O 0.000 O 0.000 O |
0 0.000 0 0.000 0 0.000 O |
8115000 XONa 0.0000 -7.6400 ©0.000 0.000 0.00 0.00 0.00 0.0000 !
0.00 5 1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 O
0.000 0 0.000 ©0 0.000 O ©0.000 O 0.000 O 0.000 O
0 0.000 0 0.000 O 0.000 O ;
8111810 XOH2C104 0.0000 8.7800 ©0.000 0.000 0.00 0.00 0.00 0.0000 i
0.00 5 1.000 811 1.000 181 1.000 330 1.000 813 -1.000 814 0.000 O i
0.000 0 0.000 0 0.000 ©0 0.000 O 0.000 O_ 0.000 0
0 0.000 0 0.000 0 0.000 O N i
8118930 XOUO2+ 0.0000 -3.0900 0.000 0.000 0.00 0.00 0.00 0.0000 p
0.00 5 1.000 811 1.000 893 -1.000 330 -1.000 813 2.000 814 0.000 O
0.000 0 0.000 0 0.000 O ©0.000 O 0.006 O 0.000~ O
0 0.000 0O 0.000 O 0.000 6

The file is saved on a floppy disk (a:\kohu\kohu4lt.tlm for
input, .sst for spreadsheet-importable output) and on my PC at
¢ : \FLOPPY\KOHU\ .

Sorption — DLM

- I

- -

e

Xow & W, - Xous 4

XCH U = xoHuUos T

U(VI)-Goethite
Sorption — CCM

100 . 100 MG BNE
L T~ ' r N
R R
T 8o} (a)' \ 4 9 sof \ .
\ 1
Kol L \ i el ‘\
[ \ H b \
o 60} \ 1 o 60 v
" I Y i wmn | \ i
v H
= 4wl o4 8 40 Vo
= CH\  >reon-vo,(om), ¥ = | \ ;
~ 3 Y 2 S~ 2t
! \ _ -
g 20 | ;{/>FeOH—U02(°H)3— \ :Bg 20 reOHIo0s ‘\\ ]
Ky N r >FeOH-UO,(0H), N
;" 0 L=2u 1 [N 0 P ey N
2 \ 4 6 8 10 4 6 8 10
1 pH pH
—
LM m GZ:;(-74£5§:742LJ('AAE? -2




Wy
{16 17
i
L"f o :
y . . o :
ol <A ’
Ry e ‘w/\/ ) LEGEND . (ﬂﬁ"é‘ﬂ Mﬁ/?é’)?)/) 2tV g s ﬂ@hf_ -
b U(VI)—Goethite el - 7 . 7=0)
o Sorption — TLM  SFeo-U0." J
|!’..l 4 2 - ﬂ’\_/» 3 1
“ 24 i ~;¥w 330 5.0000 0.0000 /H+1
‘ 100 Ty "= >Fe0H-T0, . ¢ 913 0.0000 0.0000 /ADS1PSI
i - k . 0 ! SN SS— 814 0.0000 0.0000 /ADSlPSIg
) E 80 I R ~>Fe0—-UO,OH e 815 0.0000 0.0000 /ADS1PSId
t o i | ¥ , ! . .
’ S 60 i = >FeOH—U0,0H R 3 : alissog XOH2+ 0.0000  6.4000 0.000 ©0.000 0.00 0.00 0.00 0.0000
-l: [75) _ 3 S 0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 0 0.000 0
- - 1 v >Fe0=UO0,(OH), B ooéoggo 00 oéoggo oo oboggo oo 0.000 0 0.000 O ©0.000 O
o = 40 n 0 : - § S R— 8113301 XO- - 0.0000 -10.4000 ©0.000 0.000 0.00 0.00 0.00  0.0000
il P - S A LA A oo - >FeOH-UO,_(0OH) ‘ : 3 0.00 3 1.000 811 -1.000 330 -1.000 813 ©0.000 O 0.000 0 0.000 O
W o=y 2 2 F 0.000 O o0#000 ©0 0.000 © 0.0060 © 0.000 O 0.000 O
&, e 20 - 4 S— 6 0.000 0 ©0.000 O 0.000 O
| Y J— >FeOH2—U02(OH)z - 8115000 XONa 0.0000 ~-7.8100 0.000 ©0.000 6.00 0.00 0.00 0.0000 pi P
[ " E . 4 0.00 5 1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 4] P
b 0 - —~ . ; re—— B 0.000 [¢] 0.000 0 0.000 0 0.000 o} 0.000 [¢] 0.000 [v]
i O Experimental Data ] 0 ©0.000 O 0.00p O 0.000 O
LR X 8111810 XOH2Cl04 A 0.0000 8.3300 0.000 0.000 0.00 0.00 0.00 0.0000
i, PH . . 4 pT— 0.00 5 1.000 8%1 1.000 181 1.000 330 1.000 813 -1.000 814 0.000 0
1 0.000 0 0.000 0 0.000 o 0.000 0 0.000 0 0.000 0
"u«l : — ] 0 0.000 0 0.000 0 0.000 )
8116420 XOPUO2 0.0000 -2.7700 0.000 0.000 0.00 0.00 0.00 0.0000
"!‘h-‘,l.._ Vd i 0.00 5 1.000 811 1.000 642 ~-1.000 330 -1.000 813 1.000 814 0.000 [}
‘,:!m ‘M . fo— 06083 [+] 0.000 0 0.000 O 0.000 0 0.000 0 0.000 o}
‘“1 ﬂ ) % 5 : ! : ) 0 .000 0 0.000 0 0.000 0
g, » The experimental data were digitized from Kohler '92 Figure 4, —
b Pcoz PlOL. The data can be found in the FITEQL input files L
‘ K: \TURNER\FITEQL\SORPTION\KOHLER\TLM\* .T41. ) . P
1M 3 | — , ; ] The ?ile is saved on a floppy disk (a:\rigpu\rigpu8t.tlm ~— "}
o (t(v\[ . 1 for input, .sst for spreadsheet-importable output) SR
MWWWMMM The grgghstare\iigggYsﬁoguiloppy disk (a:\kohu\kou4lall.sp5) and |} and on my PC at c:\FLOPPY\RIGPU\.
. on my at c: . F s
. __‘ B H
T J
TMV . '
‘ B Surfacelregctlons considered for Pu(V) sorption on .
: ! gamma alumina -
1018/99 P4 MaliZ92 Plo7  Pau(V) on ) #LOMIM  } SR |
S 5 e TN +
q?Ml?u (V) sorption data on gamma alumina for ccm, dlm, ] - Aok _t,,PuO;% e R ""'PM'OZ ,p.-‘— 'H' ' + o
and tlm models was generated in MINTEQA2 using ; ] XOH + "Q‘*D.,?‘ { A—'—:-\fﬁ~%P“0& - + Al
log K values calculated. in FITEQL and experimental j __XO0H + Pulz. +HH20 = X0-Pubz H™+2H =i
parameters from Righetto et al '91. The log K : o R
values calculated in FITEQL can be found in a XOH + PuOf +HL0 = XOH: PquOHD-r H + 7 o B
scientific notebook # 123, table BindingS . P2, i e e e R o
page 4. Below is a copy of the MINTEQA2 input ol ¥ PonF « T I 2 W\ Tha _—
file for TLM, species XO-Puo,. _ XOH t PuO’ -H20 = xOHy Pu(,0H et/ ]l
|

iy
v Qt\\/\ Sorption of Pu(V) on Gamma Alumina, XO-PuO2, TLM ] ,\/ !
-\

m” 25.00 MOLAL 0.000 0.00000%-01 . ' S?'v T w

i 10300012 : i : : . . .

fi 0010300012111 : Numbers written following reactions indicate 4
‘ 0.25 . 1 i i .

1 I s . , pumgrlcal correction for log K value at ]”
; 31 6 F 4 = i i e

i S e s 600 a1 | ionic strength = 0, used in MINTEQA2 input. SE————

330 0.000E-01 -5.0 :

W 300 1.0008-01 -1.00 ; ;g;tl 3 !

‘ 181 1.000E-01 -1.00 ¥ /clo4- . i

i 642 2.000E-10 -9.70 y /Pu02+1 ] T ‘

: 813 0.000E-01  0.00 y /ADS1PSIo 3

LR 814 0.000E-01 0.00 y /ADS1PSIb E th
e 815 0.000E-01  0.00 y /ADS1PSId ] ‘“

" 811 9.205E-05 -4.04 y /ADS1TYP1




: - - A
2 ize ¢ the | P MNTERA2 PLOT Awm(il) on YA
A reduced-size copy of the SIGMAPLOT graphs for R 1 0/24 94 3 MINTE 2 POY ' M\///, o . 10,
sorption of Pu(V) onto gamma alumi 7
na follows.
b W e ) .
) i .2'/'/(/. Am(III) sorption data on gamma alumina for ccm, dlm,
: * LSCR——— Y and tlm models was generated in MINTEQA2 using
"plfﬁ“ “\/ > log K values calcglated in FITEQL and experimental
A ‘Yv' f . B " ngigl:teri f:l:or::n glghetto et al '88. The log K
A Pu(V)-CGamma 5 = . ; : _calculated in FITEQL can be found in
i (V) : Alumina Pu(V)—Gamma Alumine ) ] scientific notebook # 057, table Binding.A3,
b : Sorption — DLM Sorption — CCM page 119. Below is a copy of the MINTEQA2 input
| o ) A file for TLM, species XO-Am**. /
| ’ 100 100 ———r— o ‘ e e i ‘
g, o] . T . 3 N
'ﬂ'n‘" "U F ," . -
Wi | o 80 80 A
W e Q g — . .
;F’Jriﬁ ;6 € L e U | H 3 e Sorption of Am(Id}I) on gamma alumina, XO-Am2+, ’TLM
i ‘I“.'" | { . 1 ——
= n 60 % 60 - . . 25.00 MOLAL 0.000 _0.00000E-01 ’ P
IE | — A ] e — o0p10300012f111
1 KL\} = 10 = 0 ) : ACTIVITY 330 25 '}
B ~— - —- ft — 0.25 .
' i | 5 \5 | /".’ . — rigaml2t.sst 4 /%5‘40
. o, A N ; 3 1 8
i 20 ol 20 L off (b) . 1.000E-02 120.00 0.800 0.200 81
: N 13N S ] R 330 0.000E-01 -4.00 y /H+1
A 1 500 1.000E-01 -1.00Yy /Na+1
0 »O e Sl R N T | 181 1.000E-01 -1.00 y 5c104-
: . 40 5.000E-10 -9.30 y Am+3
. 5 6 7 8 9 10 W1 ; §13 0.000E-01  0.00 y /ADS1PSIo
g ] 814 0.000E-01 0.00 y /BADS1PSIb
pH 815 0.000E-01 0.00 y /ADS1PSId
. T : 811 4.600E-06 -5.34 y /RADS1TYPL
: a1 )
: ' 330 4.0000 0.0000 /H+1 ;
6 3 . i
813 0.0000 0.0000 /BADS1PSIo !
E 814 0.0000 0.0000 /ADS1PSIb |
Pu(V)—C Al LEGEND 815 0.0000 0.0000 /ADS1PSId :
u —Gamma Alumina
s . 2 s
Sorption ~ TLM —— >AI0-Pu0 0 : 8113300 XOH2+ 0.0000 6.4000 0.000 0.000 0.00 0.00 0.00 0.0000
| o 100 2 E 0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 0 0.000 0
1 ; 0.000 © 0.000 O 0.000 O 0.000 O 0.000 O 0.000 O
er >AIOH-Pu0," - 0 0.000 O 0.000 0 0.000 O
i it _ 1 . . . .
T 8 2 8113301 XO- 0.0000 -10.4000 0.000 0.000 0.00 0.00 0.00 0.0000
o 80 . k _ - 0.00 3 1.000 811 ~-1.000 330 -1.000 813 0.000 0 0.000 O 0.000 0
i QL7 g N e >Al0—Pu0._OH 1 0.000 O ©0.000 O ©0.000 O 0.0 0 0.000 0 0.000 O
5 e 2 \ 0 0.000 ©0 0.000 © 0.000 O N !
0 60 |- 0 8111810 XOH2ClOo4 0.0000 8.3300 0.000 0.000 0.00 0.00 0.00 0.0000
b - >AIOH-PuO.OH ; \ : 0.00 5 1.000 811 1.000 181  1.000 330 1.000 813 -1.000 814 0.000 0
r:;\ 2 : B 0.000 © 0.000 0 0.000 O ©0.000 O 0.000 ©0 0.000 O
40 0 0.000 O 0.000 O 0.000 O
\5 - >AIOH.—PuO ou' . 8115000 XONa 0.0000 -7.8100 G.000 0.000 0.00 0.00 0.00 0.0000
A, 2 2 0.00 5 .1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 O
20 0.000 © ©0.000 O ©0.000 O 0.000 O 0.000 0 0.000 O ‘
o i ! 0 0.000 ©0 0.000 O 0.000 O !
& O Experimental 1 8110400 XOAmM+2 6.0000 -1.3600 0.000 0.000 0.00 0.00 0.00 0.0000 i
0 Data . 0.00 5 1.000 811 1.000 40 -1.000 330 =-1.000 813 3.000 814 0.000 O ‘
= : 0.000 O 0.000 © 0.000 O 0.000 O 0.000 O 0.000 O
0 0.000 O 0.000 O 0.000 O
-~ NL/ The file is saved on a floppy disk (a:\rigam\rigami2t.tlm

Qw\/’ e N . 4 fo§ input, .sst fo:< sprea<\isheetiimportable output)
] and on my PC at c:\FLOPPY\RIGAM\.

The experimental data were digitized from Righetto ‘

et al '91 Figure 8, HA = 0 plot. The data can be i : _

found in the FITEQL input files ‘ 'b‘\/\/ Surface reactions considered for Am(III) sorpti ;

K: \TURNER\FITEQL\SORPTION\RIGHETTO\TLM\*“T‘B’. T ] X gamma alumina - rption on |

Ar203\X. T2l -
| _ A 101/

v R xor F AT = X0 Am P H T

p—— The graphs are saved on a flop i :\ri i |
py disk (a:\rigpu\rigp8c.sp5) and : s T
i on my PC at c:\FLOPPY\RIGPU\. P P ! N - N
o, T XOHHAM? H20= X0 AmoH)" +2H ——77
i, ~ | |
mﬂ‘ 2
Wiy, oy I e s 5
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2+
I~ XOH thm  +72H20 = XoH Am(oH) ;" +2H*

f -~ £ " .
il v N N
L qz m @ﬁ 4‘a[ 5 g ? é * g i a 1 ’ - The experimental data were digitized from Righetto
5(}{#& . AWZV P g
) — - found in the FITEQL input files

4
N

LL

——n._\ﬁr,,a—~*””““””””““"w“

=

XKOH +A > - 2120 = X0 AmloW) S +3H* /

et al '88 Figure 1, Am(III) plot. The data can be

K :\'TURNER\FITEQL\SORPTION\RIGHETTO\TLM\AL203\*.T12.

The graphs are saved on a floppy disk (a:\rigam\rigaml2t.sp5) and }
on my PC at c:\FLOPPY\RIGAM\.

KO +Am F3H6 = xo AMCO\'Hg FHHET

P HWTERA2 PIOT. A il) sl

XOHTAM™ + 3 Hao = XOH Am (OH) + 30"

A . r
<jpﬂ4,amh(IV) sorﬂtlon data on gamma alumina for cem, dilm,
A and tlm models was generated in MINTEQA2 using / ;

log K values galculated in FITEQL and experimental ’

Xor +Amt +3H0 = XOHz AmlaM), +72.H *

parameters from Righetto et al '88. The log K
values calculdted in FITEQL can be found in

Numbers written following reactions indicate

numerical correction for log K value at,
ionic strength = 0, used in MINTEQA2 input.

',

A redgced-s%;:T%gpy of the SIGMAPLOT graphs for
sorption of ) onto gamma alumina follows.

AW

N Am (Ul) Pt 10/29/5¢/

scientific‘dgtebook # 057, table Binding.T1,
page 133. Below is a copy of the MINTEQA2 input
file for TLM, species XO-Th3*.

(r—)‘vfl//”;L(IV) sorption on gamma alumina, XO-Th+3,TLM

A

Am(III)-Gamma Alumina Am(Ill)-Gamma Alumina

il

.
S

il

im0

25.00 MOLAL 0.000 0.00000E-01
0010300012111
ACTIVITY 330 27 / .
0.25
rigthllt.sst 866
3 1 6 W
1.000E-02 120.00 0.800 0.200 81
330 0.000E-01 -0.50 y /H+1
500 1.000E-01 -1.00 y /Na+1
181 1.000E-01 -1.00 y /Cclo4 -
866 1,000E-11 -11.00 y /Th+4
813 0.000E-01 0.00 y /ADS1PSIo
814 0.000E-01 0.00 y /ADS1PSIb
815 0.000E-01 0.00 y /ADS1PSId
811 4.600E-06 -5.34 y /ADS1TYP1
31
330 0.5000 0.0000 /H+1
6 3
813 0.0000 0.0000 /ADS1PSIo’
814 0.0000 0.0000 /ADS1PSIb
815 0.0000 0.0000 /ADS1PSId
2 5
8113300 XOH2+ 0.0000 6.4000 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3  1.000 811 1.000 330 1.000 813 0.000 O ©0.000 O 0.000 O
0.000 ©0 0.000 0 0,000 O 0.000 O 0.000 O 0.000 O
0 0.000 ©0 0.000 0 0.000 O !
8113301 XO- 0.0000 -10.4000 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 O 0.000 O
0.000 0 0.000 0 0.000 O 0.000 O 0.000 O 0.000 O
0 0.000 O 0.000 O 0.000 O
8118660 XOTH+3 0.0000 2.0100 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 5 1.000 811 1.000 866 -1.000 330 -1.000 813 4.000 814 0.000 O
0.000 ©0 0.000 O 0.000 "0 ©0.000 O 0.000 0 0.000 O
0 0.000 O 0.000 0 0.000 O
8111810 XOH2CLO4 0.0000 8.3300 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 5 1.000 811 1.000 181 1.000 330 1.000 813 -1.000 814 0.000 O
0.000 0 0.000 O 0.000 O ©0.000 O 0.000 O 0.000 O
0 0.000 O 0.000 O 0.000 O
8115000 XONa 0.0000 -7.8100 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 5 1.000 811 1.000 500 -1.000 330 -1.000 813 1.000 814 0.000 O
0.000 0 0.000 O 0.000 ©0 0.000 O 0.000 O 0.000 O
0 0.000 0 0.000 O 0.000 O

5 o

for input,

The file is saved on a floppy disk (a:\rigth\rigthlit.tlm
-8st for spreadsheet-importable output)
and on my PC at ¢:\FLOPPY\RIGTH\.

/W"/L”‘* Sorption - DLM Sorption - CCM
i 100 T T T
! | =© ] {
) ot
3 80 4 o § “
[ ] &~ ]
o Q
" 60 1 @~ 7
g | E ]
< 20 41 < 1
N 1 ]
O [ | I
8 48 10 8 9 10
Am(III)~-Gamma Alumina LEGEND
Sorption - TLM
2
00— —— >A10-Am""
° - +
2 L --- >Al0-AmOH
5 - 0
7 Yo N S | >Al0-Am(OH),
—— | .
T —— >AlOH~Am(OH),"
g - T -
< >A10—-Am(0H),
o J .
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23

Surface reactions conside or sorption on o ‘7 i h
Q'ﬂ/ ganma alumm; ° defed £ Th (IV) pt | o ? ﬂ/\/* Th(IV) —Gamma Alumma LEGEND —[
: Sorption - TLM 3+
i - . ~—— >AlO-Th
Ll " §
3 m . - — - —_ +
Ykt X OH + qu“rut X OTH+3 M 4 es j g 9 >Al0-ThOH
MT:I - . e 2 2 I e >Al0-Th(0H), "
Mj XOH +Th' + H;,O = %OT)»\OH ')"ZH 1.5% z 7 / >AI0-Th(0H),°
) 7 . ” 4 — - \
KOH +Th™ + 2H20 = XOTh(oH) ™ + 317 /73 - g | I > AlO~Th(OH),
4, _ , < : | :
XOH +Th™ 472620 = X0 H T O + 24 /- 5Y . 17 eremon,”
" N ‘ ' 7 1 @] EDxp;erirnental |
| XOH + Th'Y ¥ 3H0 = X0 Th(on)y + YH* .32 |
XOH + Th™ + 3H.0 = XOHTIACOH)3 T B e !
- ot i _ Y it Theﬂ experimental data were d o
- xO H’ _)' T‘L\‘f’"' + L{ H ZO o - + — e ! et al E')88 Figure 1, Th(I‘];()a ig;tlzegefégmallégl};etgo J
3 y P XOTH (W ks 7t — BER AL R -
XOHFTW™" + U Heo @ xon Th(oW)® + 4 H* /.32 The graph -
b f ] € graphs are saved on a floppy disk (a:\rigth\rigthiid. sp5) and
M A on m at c: [EOU——
X6 +Th" Y Ho ® XOH z2Thott)y ¥ + 3HT — L 93] - I e cnmemmioT.

L

\ ' | B 4
N ufsfoe Wy Waike FITEQU faput  U(V/)ar Quacta
<) Numbers written following reactions indicate ‘
numerical correction for 1og K value at /"'“'/—‘:‘W
ionic strength = 0, used in MINTEQA2 input. Reference for Waite Data: e
Waite, T.D., T.E. Payne, J.A. Davis, and K. Sekine. 1993. Uranium
' Sorption Modeling - A Surface Complexation Approach. 5th CEC e
Wx/ : — Natural Analogue Working Group Meeting and Alligator River Analogue
Q A reduced-size copy of the SIGMAPLOT graphs f Project (ARAP) Final Workshop. H. von Maravic and J. Smellie, eds. e
sorption of Th(IV) onto gamma alumina foﬁ’liwsor — Pre-print; to be published in the EUR series. Commission of the -
. ' European Communities: 83-88. !
+ m—
: The Waite data from fig. 2, no fluoride plot, will be entered into
W . ; FITEQL files and the sorption binding constants for U(VI) on quartz (-
8 Th(IV)—-Gamma Alumina Th(IV)-Gaemma Alumina : determined. The data was digitized previously (refer to Scientific
Sorption — DLM Sorption - CCM notebook 057, p. 109) and can be found at C:\floppy\digitizd\ on my PC. —

; Copies of the FITEQL input files for species X0-U0,* and XOH-UO0,CO,’,
T , TILM model, follow.

{ (AILETER: JM@W,LWM@A 7

100

“00

80 -

80

60 - 60 I

Mmz,w £ .

] _ ,, K \TUR NL’?Z\ E 17 EQUN 502PT/DN N wh i TEN
7 C,CH\k.(_Dz,

. ,, DU N ¥ DDZ
[ TCHN\ x. 1Dz

% .Th(IV) Sorbed
&
T

% Th(IV) Sorbed
~
(@]
T




Xovwo2.7TNZ

00001
00160
00161
00162
00032
00140
00033
00050
00003
00005

5.49e-07
7.18e-07

8.0le-07
9.14e-07
9.64e-07
9.82e-07

-3.
-4,
-4.
-4.
-4.
-4.
-5.
-5,
-5.
-5.
-6,

0.
-1
-0
-0.
-6.
-3,

0

[s]
-1
-1,

cooounoruON

-12.37
-16.25
-31.49
-22.83

-8.,77
-19.35
-30.81
-51.09

33
50

coooOWrOOORK

NEHHERBHEBR

140
140
140
140
140
140
140
005
050
050

1860
160

HFRHFRPEHRREPLUNR WRHEAWWLWN

3 1
XOH
2510
PSIB
PSID
o242
co2g
Coz2ads
He
R+
NO3-
050 -1
050 -2 -
050 -3
050 -4
050 -1
050 -2
050 -4
050 -5
050 -7
050 -7
1 050 -2
2 050 -4
3 050 -6
6 050-12
6 050-24
1 050 -5
1 050 -5
1
-2
-1
1050 1
1161 -1 050 1 005 1

160 -1 050 -1
160 -1 161 1 050 -1 003 1
1160 -1 161 2 050 -1 032 1 033 1

.0 0.2

1.0E-09
0.0E-00

quaztz00 0 quartz00 ! |
waited3o 1 waitesao Solid: quanz Rel Error (pl1): 0.05 fonic Swrengih (electrolyte): 0.1 M KCIO, i |
1.0E-600 0 1.0E-600 Agt 003 mify Abs Error {pH): 0.0 Ng = 2.31 sites/am®
gégggtl)?g : 363333'5"3 Data Source: Waite 93 Rel Error (radif)nucliflc): i
00000060 s 00000080 Concentration: [U(VI = le-6 M Abs Ecror (radionuclide):  1.0¢9 | ]
00000070 6 3 00000070 TLM
00000080 00001 0.2 1. xon 00000080 A ] DLM oM 1 J
00000030 00160 -1.0 O. PSI0 00000050 < vartz iz LogK, = op K Log K, = 0.79 '
00000092 00161 .5 0. 2518 00000092 LogK = 7.10 E LogK_ = -4.79
00000094 00162 1o, PSID 00000094 R = R Log K, = -6.22
00000097 00032 0 1. o242 00000097 00 g . L 2 Keu = 0
00000098 00140 -3.5 3. co2g 00000098 | L 08 Do 7
00000100 1 o6 o, Cozads 00000099 .
00009102 gggga o o. uo2ads €0000100 g K Vy ik Log K vy g LugK Vy Sk
00000104 ‘e o, He 00000102
00000106 oooas 1.0 0. K+ 00000104 X0-U0, Xouo2 1631 3.785 0531 {7917 | 1544 02830 -10.40 1427 1047
00000110 NO3- 0000010
00000120 00005 -1.0 0. w3 0000011 XOU-U0 X0HUO2 5,741 20.50 o149 | 6379 | 3m0 02705 7.607 142.7 1047
00000122 0000012 LAJ 4
00000224 oSl b 00000129 XO-U0,011" XoUo201E 9545 | 1406 | ove | 953+ | 6012 04042 | 1028 20.16 02663
00000160 000
00000126 FES H G00001e8 XOI-UO,0H* XOHUOZOH | 7.631 3785 j sl | em fusas o283 | 7795 59.59 01984 # y;
00000128 o 00000126 :
00000130 02202 1 0% 00000128 X0-UO,(OH); xouodonz -11.48 3731 omes | -11.09 | 1781 03191 12,32 1515 02988
00000134 93202 T %0 88888{33 XOH-UOOH)” xoiuborz | -9.545 1,406 o161 | o513+ | s012 04042 -9.533 1.510 02950
00000136 2 050 00000134 E 7.9M 1.544 02830 -6.743 1.518 02982 i
00000138 93208 2 osn 00000138 XOH,U0,01D,* xGovonz |26 |31 | osn : 54 ‘
00000140 3 050 * 00000138 R . XOHUQOH3 -11.48 3.731 03465 | -1.109 1781 03191 -11.54 11:53 04440
00000142 peedd 3 o%0 00000120 XOH-UOO); ‘
00000144 03209 3 050 00000142 XOIL-UOLOH); XOIRUOH3 | 9.545 1406 | ost61 | 9573+ | e0n2 04042 8755 1150 442 |
00000146 03210 2 050 00000144 J '
00000248 03211 1 140 050 -2 00000146 XOII-UO,0H),* XOlUOOH4 -13.39 6.791 03976 -12.58 1.528 03442 -13.62 21.61 06092
00000150 03212 1140 2 050 00000148
00000152 b 03213 1 140 050 -6 60000150 XOH,-UO,0H), XOH2UOH4 -11.48 3731 03465 | -11.08 1.781 03191 -10.83 21.58 06098
00000154 | 03214 3 130 6 050-12 00000152
00000156 | 03215 11 140 6 050-24 00000154 XOH-UO,CO. XOHUC! 6.043 1319 02235 | 6037 1.539 02077 -6.018 1.428 02113
00000158 | 0321e 2 140 1 050 -5 00000156
00000159 ™ 03217 3 140 050 -5 00000158 XOH,-U0,COy); XOH2UC2 5.017 35.75 02271 -4.569 27.16 02055 -5.759 24.12 01908
00000161 03218 1 00s 00000159 : =
00000162 01401 1 oso 00000161 XOH,-UOCO,),* XOH2UC3 6947 |'08.31 ousl | 4669 | s6.61 02304 -8.273 48.89 01740
00000163 1 050 00000162
00000166 01403 1 00000163 ' XOlL,-(110,,COq0H) || XoH2UCo a7k | s 05515 | 8975 | 1.904 1816 -8.656 18.96 04576
00000167 01050 1 160 050 1 00000166
00000168 01055 1 160 1 161 -1 00000167
00000170 00000168 i
00001 1
00000171 01200 1 160 -1 050 -1 00000170 B/A/D //\/éz/Bé
xouo2 01103 1 160 161 1 050 00000171
00000180 03301 1160 0 161 0 050 -2 032 1 033 xohuel S
00000182 00000180
00000184 00000182 [/’)
00000185 00000184
00000190 g0c04 1.0 0.2 ! 00000185 -'\!V * ERROR FOR RADIONUCLIDE = 1E-8
00000195 : ' 00000190 *%* ERROR FOR BOTH RADIONUCLIDE AND CO;ads =1E-8
00000230 00000195
00000240 1 00000230
00000250 = 00000240 -
00000260 _ ¥ 00000250
00000270 e oe * 00000260
00000280 1.91e-07 00000270
00000250 3 e 00000280 5‘ '/ S U \/ ) :
00000300 . _ 00000220 r W
00000310 ‘é:igg_g; 00000300 T % (R W_{ / (AN < o/ QA
f%ggf tAA‘ﬂﬁf: 'S v1a{é,z;¢i>éi LAl /; -/s
PLUS e 40 O :
00000330 7.18e-07 00000320 mA)CM( N ‘5 2SS T e S
00000340 8.0le-07 50000330 75
00000350 9.14e-07 00000340
00000480 9.64e-07 00000350
00000490 9.82e-07 00000360
00000510 5.430-20 00000370 ;7—-
' 00000380
00000520 6.20e-08 " 00000350 IAA M /A) 4
000005304 1.91e-07 20000400
00000540 2.72e-07
00000410
00000550 4.12e-07 00000420 t
00000560 5.49e-07 00000430
00000570 7.18e-07 00000440
00000580 5.01le-07 00000450
00000590 9.14e-07 00000460
00000760 9.64e-07 00000470 A —
00000770 9.82e-07 00000480 2
00000790 20000490 XOH + UO," + €O, + H,0 = XOHUO,COL + 2H* .22
-3.39
-4.04 24 N
-4.36 95000320 KOH + O™ + 2C0, + 2H,0 = XOHUO,(COy), + 3m* +.11
-4.48 00000530
2+
-4.72 00000540 XOH + U0, + 3CO, + 3H,0 = XOH,U0,(C0,),? +
2 + SH -,
-4-86 00000550 33 11
T2 00000560 24
-5.18 00000570 XOH + 2UO™ + CO, + 4H,0 = XOH,(U0,),(CO,) (OH),® + 4H*  +.44
-5.43 00000560
-5.79 00000590
-6.22 ooooo7sg
0000077
1. 0E0s 00000780
& oB-00 00000790 q
L
B—

Uranium (VI Sorption Binding Coustants

'\F/T'EQL aasle

In the procedures section of Waite's paper, the mixtures used

were mixed and monitored in open polypropylene tubes. This wa

accounted for in the FITEQL input files by considering CO,(g)

at 0.03 m’/g.

and setting the CO,(g)

concentration equal to 3.16E-4 M.

Pyro- Sio2 site density, capacitance, and log K values were
used in the quartz model. The specific surface area was set

(VI) sorption data on quartz for ccm, dlm,

P L

and tlm models was generated in MINTEQA2 using
log K values calculated in FITEQL and experimental

parameters from Waite et al '93. The log K

values calculated in FITEQL can be found in
the above table BindingU.36.
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54 ma
. t . 8111810 xoh2clod 0.0000 ~ 4.6600 0.000 0.000 0.00 0.00 0.00 O.
:,P/"LBelow is a 'copy of the MINTE+QA2 dll’lpU.t . e ’n’yvl/_o?.)ogo_g 1.000 811 1.000 181 ~ 1.000 330 ' '1.000 813 -1.000 814  0.000 ooge
; . - ‘ » . . 0 0.000 0 0.000 . )
file for TLM, species XO-UQO,” and specles + 0 0.000 O 0.000 0 ©0.000 O ¢ 0.0000 0 0.000 0
XOH-TO.CO.0 . T = 8114100 xoK 0.0000 -6.2200 0.000 0.000 0.00 0.00 0.00 0.0000
,CO;4 . 0.00 5 1.000 811 1.000 410 -1.000 330 -1.000 813 1.000 814  0.000 0 |
) : 0.000 0 0.000 0 0.000 O 0.000 0 0.000 0 0.000 0
» ) R . SR N 0 0.000 ©0 0.000 0 0.000 O {
. ‘ 8118931 xohucl 0.0000 12.3600 0.000 0.000 0.00 0.00 0.00 0.0000 | ]
DM_U_‘_‘E) sorption on quartz, XO-U0Ze, TLM ) 0.003  1.000 811 1.000 893 1.000 140 0.000 0 0.000 ©0 0.000 0
ot _. i - ; ( 0.000 0 0.000 0 0.000 O 0.000 0 0.000 0 0.000 0
25.00 MOLAL 0.000 0.00000E-01 * 0 ©.000 0 0.000 0 0.000 0

0010300012111
ACTIVITY 330 20

0.25 i
waitet.sst 893 ‘o ) ] SRR " ———
3 16 MeTe £ . . . , T
1.000E+02 0.0300 0.800 0.200 81 : ] Q he file is saved on a floppy disk (a:\walte\waltet .t1lm ;
330 0.000E-01 - -3.00 y /H+1 ] S e ol . : ——— o
410 1.000E-01 -1.00 y K41 3 or input, .sst for spreadsheet-importable output)
181 1.000E-01 -1.00 y /C104- 4 . .
893 1.000E-06 -6.00 y /Uo2+2 f JTRRRIRRRRIRINNSNS Y al’ld on my PC a.t C: \FLOPPY\WAITE\ . ’ P Ry
140 0.000E-01 -16.00 y /C03-2 . ) K
813 0.000E-01 0.00 ¥ /ADS1PSIo i
814 0.000E-01 0.00 y /BDS1PSTIb ‘ ¥
815 0.000E-01 0.00 y /RADS1PSId . ] A
811 1.660E+00 0.22 y /ADS1TYP1 i .
. . CO ﬁ, ) %v (\ - ﬁ) ” O P -
3301403 21.6603 -0.5300 /coz (g) T [ 2 G772 TV mmg'm C -2 /éd/.m . ‘
330 3.0000 0.0000 /H+1 ' . - !
. 3% ‘ To convert the surface reactions involving CO, to a 1
813 0.0000 0.0000 o /ADS1PSIo : )3 -JEorm useable by MINTEQaz2,- the following procedure is
814 0.0000 0.0000 /ADS1PSIb : *” - |
- 815 0.0000 0.0000 /BDS1PSTd - |
. 1 Take equation to be converted: ‘
8113300 xoh2+ 0.0000  0.9000 0.000 ©0.000 0.00 0.00 0.00 0.0000 | ‘ }
0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 O 0.000 O ' XOH + UO* + CO, + H,0 = XOHUO,CO + 2H*
0.000 0 0.000 0 0.000 O 0.000 O 0.000 O 0.000 O
0 0.000 O 0.000 O 0.000 O i N N )
8113301 xo- 0.0000 -4.9000 0.000 0.000 0.00 0.00 0.00 0.0000 : ; 2 Add carbon dioxide / carbonate reaction so that the
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 O 0.000 O ] €O, is canceled (multiply stoichiometric coefficients
0.000 ©0 ©0.000 0 ©0.000 O 0.000 O 0.000 O 0.000 O if necessary) :
0 0.000 O 0.000 O 0.000 O
8111810 xoh2clod 0.0000  4.6600 0.000 0.000 0.00 0.00 0.00 0.0000 2 B 0
0.00 5 1.000 811 1.000 181 1.000 330 1.000 813 -1.000 814 0.000 0 . - XOH + UO,™ + COp + HO = XOHUO,COY + 2H'
0.000 0 0.000 O ©0.000 ©0 0.000 O ©0.000 O 0.000 O o -+ CO™ + 2H = H,0 + CO,
0 0.000 0 0.000 0 0.000 O L
8114100 x0K 0.0000 -6.2200 0.000 0.000 0.00 0.00 0.00 0.0000 g XOH + U0 + COF- = XOHUO,C07
. 0.00 5 1.000 811 1.000 410 -1.000 330 -1.000 813 1.000 814 0.000 0O o 2=
0.000 ©0 0.000 0 ©0.000 O 0.000 O ©0.000 O 0.000 O < . ;
0 0.000 ©0 0.000 0 0.000 o0 y 3 Find the associated log K value by correcting
8118930 xouo2+ 0.0000 -10.0700 ©0.000 0.000 0.00 0.00 0.00 0.0000 the surface reaction's log K value to ionic strength
0.00 5 1.000 811 1.000 893 -1:000 330 -1.000 813 2.000 814 0.000 O = 0 and adding the carbonate / carbon dioxide log K
0.000 0 0.000 0 0.000 0 0.000 O ©0.000 O 0.000 O \

value (remember to multiply the co,* / CO, log K

. .000 0 0.000 O i i ichi i
0 0.000 0 0.0 value as well if the equation 's stoichiometric

U(VI) sorption on quartz, XOH-UO2C03, TLM coefficients were multiplied):
25.00 MOLAL 0.000 0.00000E-01 ‘ ’ (CCM) log K for XOHUOLOS @ I = 0.1 = -6.04
0010300012111
Acgw'_'\zrgry 330 20 . . . e T-0.0- .58
waitet.sst 893 - . " " CO32' @I =0.0=18.16 +
3 1 s . -
1.000E+02 0.0300 0.800 0.200 81 , ‘ s
330 0.000E-01 -3.00 H+l . ) X
410 1.000E-01  -1.00 § /R+1 Using this method, the other three carbonate equations
181 1.000E-01 -1.00 y /C104- become o .
893 1.000E-06 -6.00 ¥ /Uo2+2 XOH + UOZ* + 2CO7 + HY = XOHUO,(CO;);, log K = 31.86
140 0.000E-01 -16.00 y /Co3-2
i\ 813 0.000E-01 0.00 v /ADS1PSIo XOH + UO2* + 3002 + HY = XOH,UO, (CO,) 52, log K = 49.70
;:’:‘Tlll A— 515 3 oo0m-01 388§ 5232152?; ! XOH + 2U0* + CO” + 3H,0 = XOH,(UO,),(CO,) (OH), + 2H*, log K = 9.62
\mm!!!(i ! 811 1.660E+00 0.22 vy /ADS1TYPL .
W 3 2
fm..nm 3301403 21.6603 -0.5300 - /coz (g) ” W .
o 330 3.0000 0.0000 JH+1 .
T 6 3 - . A reduced-size copy of the SIGMAPLOT graphs for
'|“[mll»} 813 0.0000 0.0000 /ADS1PSIo -
Wi 814 0.0000  0.0000 /RDS1PSID ' sorption of U(VI) onto quartz follows.
Jl 815 0.0000 0.0000 /ADS1PSId . ok |
it |
m,i‘ﬁ’ 2 s . , . |
il 8113300 xoh2+ 0.0000  0.9000 0.000% 0.000 0.00 0.00 0.00 0.0000 ] .
0.00 3 1.000 811 1.000 330 1.000 813 0.000 O 0.000 O 0.000 O ]
e 0.0060 0 0.000 O 0.000 O 0.000 O 0.000 O 0.000 O . qu,/..
it 0 0.000 0 0.000 O 0.000 O i . ) . ) N
) 8113301 xo- 0.0000 -4.9000 0.000 0.000 0.00 0.00 0.00 o.oogo The graphs are saved on a floppy disk (a: \walte\wa:l.tec . Sp5) and
W 0.00 3  1.000 811 -1.000 330 -1.000 813 0.000 O 0.000 0 0.000 .
Wyl 0.000 © 0.000 © 0.000 © 0.0006 © 0.000 O 0.000 O . on my PC at c: \FLOPPY\WAITE\ . . i
Lw' 0_0.000 0 0.000 0 0.000 \

o

i . - —

il | Lo Ko wed next fa - 5 . | ' ]
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A

ﬁﬂ///\ . > ’?vaxperimental data are from Lieser '88, Fig. 1, f

U(VI)-Quartz ) U(VI)-Quartz : no NaCl plot (Ionic strength = 0). & See uézuc¢£4
Sorption — DLM Sorption — CCM : —T T T p 31/ Hois B

100 WM’g

<Z- Ti0, anatase specific surface area and protonation/
deprotonation K values were used to model the hydrous
TiO,.

) ) kagbi___‘ T -

AY2All FITEQL input files for this data can be found
T at K: \TURNER\FITEQL\SORPTION\LIESER\CCM\* Cl2 g 7
= ! DLM\ * .D12
}%;,f TLM\*.T12.
A copy of the FITEQL input file for species

80

‘(2, g

60

40

20

% U(VI) sorbed
% U(VI) Sorbed

LEGEND .. XO0-UO,*, tlm follows.
U(VI)—Quartz M
i - w 2+
Sorption — TLM SI0H-UO, B g .
100 . ] A file X0UO2.T12
---- SiOH-UO,0H ‘ — .
o I 0 <
o sof (e) fiFi A | e SiOH-UO0,(0H), : /
,.8 X . yy 4@ - _) i
............... i — - ) A - 0 7102
S 60 S10H-U0,(0H)q L5 ) sy
| . o_ v/ 9./ A 1 géggéégg
= | 4 i | SloH_UOZ(OH)4 90 00000060
> 40 j(" L3 00001 -3532 4 79E1-4 XOH ! * 09090080
< . _U0.(COo 3- 4 O JW ﬁ 00160 -1.0 0.00E00 PSIO 03000050
UL T I /A B S10H,~U0,(C04)q Lol soier o3 poomoo eemm
0 -+ Ao v -9 -00E0 SID 00000094
e S0, (00,),0,(0H) . Y 7 EHLEEE i
0 : Vot . . * 00000102
O Experimental Data R 11 e soocouze
0! ! ! 03202 -10.54 032 1 030 -3 00000137
/ [ 03203 -19:22 432 1 050 -3 gggggig;
sy 1 03204 -32.5% 032 1 050 -4 00000129
L\{” 03205 -2.49 032 2 050 -1 00000130
03208 -5.42 032 2 050 -2 00000131 i
03208 |16.25 033 3 030 -8 90000233 :
. . . . . 03209 -31:49 032 3 050 -7 gggggi;: ‘
The experimental data were digitized from Waite et 00100 1350 0% -1 o e
al '93 Figure 2, no fluoride plot. The data can be ‘ %g éég%iiﬁ&iﬁﬁi 00000145
—— found in the FITEQL input files e 03301 2.90 001 i 160 -1 161 2 050 -1 032 1 033 1 ogggg;so
b ’ N 00000174
K : \TURNER\FITEQL\SORPTION\WAITE\TLM\*.TDZ. goooonrs
| ‘t—w‘mmw 0.1 1.0 00000185
I. 1 00000150
N i 3301 00000195
» . ; 15 1 1 o 00000230
4 1,395.0733 00000240
N . . -‘ 3‘612:07
Ve e/HA S r phra (] (V) VA = — ,
//: L/ LS a g1 Y M [/ A /ré 2 e
<"/ / 7/ e
ﬁ: _ ,;if 1/9 ' X/ 975 06
. . 1.84E-06
/ff'/,?L €5 (o A (XN d i’ Ja 7%_. . 1.725-06
{ E 1:10E-06
'5.1047150 00000680
' . - i R - :51204
"EEE Lieser data (see notebogk 057, p. 154 for ; i ‘
j - . . ] . : i
L ~ journal reference) will be entered into FITEQL : 2i5eess
o input files and the associated sorption blndlng ] //*”mz
b - constants determined. ' /Zmﬁ -8-01290
i : ; Tol1258
TMV ] -9.81008
,th Tiols013
i - L 1 00001170
i , Bt ol st
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Utaniuu (V1) Sorpiien Binding Cunstants

i

Monodeatue, mononucleat compounds

(!
) s - e
uhid: hydrated Ti0, Rel Ertor (pH): 0,05 . lanic Sueagth (electrolylcy: 0 7W/ ‘
rm...! -t Ayt 1250, » : - i 3 3 1 K
“ | ( Data s.,u:::l,wm wtal, 8§ ::I,EE-”?;r’((rz:ali’un(:::ndcj:u.lu Mo 230 st 330 2.0000 0.0000 /H+1
' . . E -Gms&nunixm: (U3} = 216 M i Abs Error (radionuclide): 2, le-09 -
¥ ’ 6 2
HH = = = 813 0.0000 0.0000 /ADS1PSIo
I ol LL::: .li = 55.3;12 3 LogK, =524 o~ LegK, =400 ™ i
=5, K_ = 6.9 - .
ﬁ*h PN Lok = 69 S 815 0.0000 0.0000 /ADS1PSId |
| LogKu= * - i |
i Log K \ [ Log K v, Gy Log K vy P ' 2 3
| I X0-Uu," xwue 2.966E+00 LINE+O1 1917E-02 2.791E+00 1UISE+ 01 S01E02 1.982E+00 1.016E+01 3.395E-02 8113300 x0h2+ 0 N 0000 4 M 1000 0 . 000 0. 000 0 * 00 |
- XOH-U0, xohuo? 7.BI10E+00 2.293E+01 ]‘*JJEM BAHE+00 8. B 0.00 0.00 0. 0000 ‘
- ; . . AHE+ 715E+00 | 350602 7.3186+00° | 30858401 3257602 0.00 3+ 1.000 811 1.000 330 1.000 813 0.000 0 0.000 !
, I [ X0-U0,01° - xoua2i -1.199E+00 1.488E+0) 6.033E-02 “4.931E+00 2A65E+01 T.865E-02 -3.091E+00 1:236E +01 4.733E-02 l l‘v 0 0 . 0 00 0
,
ujmm XOH-UO,01" achuozl 2966E+00 | 13nesnr | sose 2790E+00 | 1.018E+01 | s.or9Em 3257801 4.838E+00 1911E02 ' 0 808&0 0 0 0.000 0 0.000 0 #.000 0 0.000 0
-;,l | . ] 0 0.000 0 0.000 0 0.000 O ’ -
XO-UG,{OM); x0u022 TAO2E401 [ 27878401 [ 8192602 | -1assE+0 | 2986E+01 | 833802 | -Lz15E40 | 3omE+or | suisEo2 . 8113301 xo- 0.0000 -8.1000 0.000 0.000 0.00 4
it . ! . ; 0.00 0.00§  0.0000 !
W ; XOU-UO40M) xohuo22 AANEHW0 | tassEeo | 002602 | 4901E+0 | 2465E+01 | 7865E02 | s2205v0 | 2avsEror | 7.c4amon - § : OO.Og 800}1-800 811 -1.000 330 -1.000 813 0.000 0 0.000
. [) 0 .
-
WP XOHUOLOH),"  fI xoh2uo2z 29668400 | LINE+01 | 3918E02 | 2790E+00 | 1oisE+o1 | somweor | 2se1Ev00 | LossEvoi | soze ’ 0 8080%;/0 0 0.000 0 0.000 0 0.000 0 0.000 0 i
H*}L.JI XOH-UO,{OH), xohuo23 LI02E+01 | 2787E401 § 8.192E02 | -1185E+0 | 2986E+01 | 8.333E02 | -1.264E+0 | 3.311E+01 7.625E-02 ; . 0 0.000 0 0.000 0 0.000 0 ‘
d : ]
i
) XOH,UOLOH);  §| xoh2uwo23 RAEH0 [ 1488E+0L | 6.053E02 | 4931E+0 | 2465E+01 | 7.865E02 | -S.616E+0 | 2781E401 | 8108802 —?VM\/ 8118930 xohuo22 0.0000  -5.2200 0.000 0.000 0.00
‘ ° , _ 0.00 0.00 0.0000
lei XOH-UOOH); rohuo24 LI8SE+0) | 1923E+01 | 7260E02 | -1879B+0 | 3428401 | 612802 | 1232640 | resoe+os | sssoEoz 00'08 300 1'800 811 1.000 893 -2.000 330  2.000 002  0.000
; .
‘.,-Jm'_l F : 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
i o XOH,-UOOH), xoh2uu24 LI2E+0 | 2.787E+01 | 8.092E02 | -1.18SE+0 | 2.986E+01 | 8333802 | -1.285E+0 3.628E+01 9.022E02 . 0.000 0 ;
)r ; ; ! 1 : 0 0.000 0 0.000 0 0.000 0
| Ll-«i i XOH-UO,CO, 1
|” ! 5 XOH,-U04CO,); l .
M XOl,-UD(COp> *

. g//Z/D//VéC/ 3 o ‘ TV BC NoTE: " |
(

My 486 66Mhz IBM compatible will not run MINTEQA2

i . ' ] . from inside a WIN DOS window; Windows must be exited |
nrs 7 / - 74‘\ s to free up enough memory for the I/O record buffer. |
%WLZ%Z&L%WWWKAMZEMQ Z/0 A7 Litser D , !

T A In WIN, the free conventional mem = 449 X
\ ! total = 1473 K.
[HI L -
e \_U(VI) sorption data on hydrated TiO, for ccm, dlm, T Out of WIN, the free conventional mem = 457 K
and tlm models was generated in MINTEQAZ2 using _ total = 21,931 K. 1
log K values calculated in FITEQL and experimental . :

parameters from Lieser ‘88. The log K

values calculated in FITEQL can be found in the -y ?/,?M%m
above table.

Because this experiment was run with no Lieser '88 Data: v

background electrolyte, the MINTEQA2 input M ) .

files for the Ti0-UO;(®H),, TiOH-UO,(CH),’, and Given that the g/L concentration = 1.0
TiOH,-UQ, (OH),* were modified to exclude the

and the A, (from TiO, anatase) = 125.0 m*/qg,
charge component ADS1PSIb, component #814;

. then .
without this change, the program cannot » ]

converge on a value for ADS1PSIb and the 2.31%125.0%1.0+*(lexpl8)
MINTEQA2 run is aborted for these species’ ] , [TioH] =

. 023exp23
calculations. 6 *P
Below is a copy of the MINTEQA2 input [TiOH] = 4.794e-4, and log([TiOH] = -3.319.
file for TLM, species TiOH-UO,{OH),0.

To transform the Lieser '88 data for use in

U(VI) Sorption on hydrous Ti02, XOH-UO2(OH)2, TLM ]
:l FITEQL, the following equation was used:

25.00 MOLAL 0.000 0.00000E-01

. C,
0010300012111 C KK e % C
ACTIVITY 330 37 . : ! 471000 ot
0.25 ! : S= =
liesert.sst 893 7
N 3 1 6 1+ (Kd*—___)
il 1.000E+00 125.00 0.800 0.200 81 1000
g | 330 0.000E-01 -2.00 y /H+L
[
'w,‘““l 893 2.100E-06 -5.68 y /U02+2
i 3
o 813 0.000E-01  0.00 /ADS1PSIo ; _%_)0
i Y | : P KL —=
!'L i 815 0.000E-01  0.00 /RADS1PSId | — K A A 4 g
811 4.794E-04 -3.32 y /ADSLTYP1 &l
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w82 33
i I : !

Il o o £ 7 B Kes (7ER L pups -

o W |
EL!J.... ¢A. This is used to calculate the total U(VI) sorbed : ]
ik ) from the log of the sorption ratio values (R,)- E—— S
- _.Vi?// plotted in the source paper. M
F,ﬁ. { R, is assumed equal,to K4 K4 = S/Ceqr/, mmmmmm—$— =1 C £ i
iy S = concentration of the metal that is — ! The Lieser (1988<)i 1I:h0 inpu; fl}es w?gi I@ﬁglgiiganaﬁangavm ; |

f bound t = r»-/"‘"’“”‘ Turner readjuste e log K values r ‘

1” ’ metag ag ;hﬁisggf'?’ce, Cm& (o} tf’tal dlSSOlV'Ed Y deprotonation reactions for TiO, anatase, CCM, which now 4 i
W - ed um, an s —_concentrat:.on of | are set to 6.75 and -5.71 for I=0. Also, the log K values
i the solid (hydrous TiO,, here)in g/b. Y for the chemical reactions were rechecked and corrected
‘ﬂw to I = 0 as necessary. The CCM and DLM input files now
ﬂ,- m\w g]_ve 2997???? as convergence values. The TLM files still
- give actual numerical values, as listed 1n the table below.

- i W
o ¢ I
[ e
T )3/95 VX7 :

e o )

i . m——T P .

! i ’

L :II}'L——--. . i TLM /

\ﬂ ! The MINTEQA2 files are saved on a floppy disk ~ ' Log K, = 4.10
[y e (b:\lieser\t\liesert.tlm or ...\d\*.dlm or ...\c\*.ccm : % Log K_ = -8.10
7 for input, .sst for Spreadsheet 1mportab1e output) Tm— e Log K. = not used
w and on my PC at c:\floppy\lieser\t\ or ...\d\ or ...\c\. Log Ky =

' e g,

= ' ?'v L= Log K1 __Vy LETE
IW “PM A reduced-size copy of the SIGMAPLOT graphs for ; ) X0-00,” 3.49 12.81 0493
pl‘}“; sorption of U(VI) onto hydrous TiO, follows. L XOH-UO,** 7.43 24.4| .0974
[[}Jw The graphs are saved on a floppy disk (a: \lleser\lleseral,spw) : X0-U0,0H° -5.20 25.0) .0772

and on my PC at c:\floppy\lieser\. ‘ XOH-UO,0H* 0.97 24.9] .0808

o - X0-U0, (OH)," -11.25 24.9| .0795

! .
wﬁ oy XOH-UO, (OH),° -2.65 8.9| .0485

VI) Sorpti H j . . ) Y

. SPI p l;: 1\?1“ ydrous TiO, U(vI) Sorptgg I::In Hydrous TiO, . XOH,-UO, (OH) 0.05 2.9 L0795

‘:” ! 0 S . XOH-UO, (OH) " -11.23| 24.9] .0808
! *

HH_’I . y XOH, - UO, {OH) ,° -5.20 25.0| .0772
iy, R 2 XOH-UO, (OH) " -16.97 | 24.4] .0973
h = i =
. & 80n 3 XOH,-UO, (OH) " -11.15 24.8| .0847
i > b s
LLI ok 2 %

i S 20f S
Ly : Thid
n’ ° Ty
l 2 4 6 8 10 Due to memory allocation problems, my PC cannot run FITEQL . i
g using the FIT2DIM executable as the FORTRAN Compller when S |
! u pH installed keeps Windows from loading. I ran the Lieser I=0
i CCM input files with the compiler installed and with FIT2DIM,

} i U(VT) Sorption on Hydrous TiO, and got the following error message:

3 et .

ﬂ | M NDP error - invalid number, INTEGER overflow, or 0/0 (See Sectio:
| 4.2.1 in
g 100 ) LEGEND Lahey Programmer's Reference) in simg
I ! g0 4 | —— —— TiOH-UO,* Called by solvex
b 3 // / N\ o TiOH-UO.OH' Called by fiteqli2 : .

| = N - " |

'!Ll ’ @ 60 ) /', //// \\ ——- TIOH-UO,(OH),” S FIT2 will be used for future FITEQL input until FIT2DIM
[“' | E 40 )/// W ——— TIOH-UO,(OH); is accessible through my PC.

=) i A

al 2 5 i 1 e TIOH-UO,(OH),> -

.,r*r ///\ . \ O Experimental Data S 2!.&.” colec 4,57 K /@Zu W T %Y e ot o 4 ’
Wl 0 " — 3
I Lo L
hﬂt 2 4 6 8 10 ‘b W@MW
I g
J“'] pH ] a/— id/4e, f/z ‘




i 34 | | 1 | | 5

L -~ U(VD Sorption on Hydrous TiO, U(VI) Sorption On Hydrous TiO,
i |1,'Im — /i M/\ ‘ TLM - corrected :

S

W 100 T - 100

TLM ) \ A . :
‘ - _:gﬁ: A copy of the FITEQL input file for species ——
| | i XOH,-UO,(OH),", tlm follows.

[o2]
o
T

, |
E’Tﬁm ’ ] 07 ]/ R o | file XOH2U022.T15
ik | / ] N ;
] 8.5 ’// / \\ o

S —
% U(VI) Sorbed

==
-
%U(VI) Sorbed
oY [+2]
(] o
T T
— U

T \\ A! : e |
" ) a4 Liesergs
] 40 H , // \\ 0 2.10e-64 |
F e H 0 2.3si/nm i
i P 5 ] i , \ \ . 1 ¢ 00000050 I
[ ® H I// - % 1 3 1 ' 238338?3 !
o 20 | 20 - / / 00001 -3.32 4.798-4  XOH 00000080
L . 00160 -1.0 0.00E00  PSID 00000090
- / 00161 -0.5 0.00EQ0  PSIB 00000092
ikt / / gt\xsz -0.1  0.00E0C PSID ” 00000094
L. /s 0032 -5.68 2.10E-6 UO2+2 00000098
v ] ! | | s
i o | I | I | 00033 0.0 0.00E00 UG2ads 00000100 B
! o 00050 0.0 0.00E00 H+ 00000102 ! 4 ”
B 2 4 6 8 10 00003 -0.3  0.00E00 Na+ /
L 2 4 6 8 10 00005 £0.3 0.00E00 Cl-
|]”| o . B R f 00000110
000s0 ' 0.00 050 1 00000120
b pH 00032 § 0.00 032 1 00000134
S PH 03201 *-5.51 032 1 050 -1 00000126
. || ; - . 03292 -10.62 032 1 050 -2 00000127
il “ by £320y° -19.22 032 1 050 -3 00000128
I 3208 -32.43 032 1 050 -4 00000129
! L) 03205  -2.41 032 2 050 -1 00000130
i 03206 -5.94 032 2 050 -2 00000131
i 03207 -12.53 032 3 050 -4 00000132
A ‘ \ 03208 -16.49 032 3 050 -5 00000133
Tl ! / 03218 3353 033 ¢ ose S8000135 ‘
) . )
iy S AN oy 03211 -0.4¢ 032 1005 1 .
) ’ ¥ AW [ i 03212 -203 032 1005 2
| ~ 00200 -13.70 050 -1 00000139
i A / M 01200  6.83 001 1 050 1 0051
1! it E A \ L. GEND VaY/de) 01300 -4.59 001 1 003 1 050 -1
“[ 01050 3.95 001 1160 1 050 1 00000140
u L'dw ; . —_ ‘ /4 OLife  -7.s5 001 1 160 -1 050 -1 00000145
" o . ! .00 003, 1 00000130
J ' : TiOH-UO, 2+ ‘ Vo) 3 2 03307 1.00 opf 1160 1161 ©0 050 -1 032 1033 1 xoh2uo22
k E —_— 3 ‘ P . 00000174

00000175

B N
e . — — TiOH-UO,OH' BZ o g o oo et

. 1 00000190
J]?; 00000195

o —— 1 - Y | : Yy — ) F 1 1 “ o 00000230
e TiOH UOZ(OH)2 / / '/‘ / / ‘0 o oo 00000240
———- TiOH-UO,(OH),” i r ‘
........... TiOH.UOZ(OH)42' : o | B 2loes'oc

(O  Experimental Data : - - poateoe

4.498-07

50
~2.66811
-3.86925
-5.39494
~5.50664
-5.71913
-6.46766
+7.23684
-7.43017 \
-7.81362
-8.12716

-9.60241

-10.01416
1 1 00001170
3 0.10  2.1£-09 00001180

;//’;/9;‘ L. tSseq ¥ ?’/5 // =05 FITEG ,I\;,_'p,ﬁ/

The Lieser data for fiqure 1, I = 0.5 M plot
(see notebook 057, p. 154 for journal reference)

! will be entered into FITEQL input files and the ’ / /?,—)
W“* associated sorption binding constants determined. 2%5[ S Y Notes for Lieser FITEQL input files:
?l;‘:'?hw“l . . . : ' ;
wmi All FITEQL input files for Fig. 1, I = 0.5 M can be . TiO, anatase specific surface area and protonation/

found at K;\TURNER\FITEQL\SORPTION\LIESER\CCM\*-CEV/D, deprotonation K values were used to model the hydrous
DLM\*.D3%¥ 4 TiO,. NOTE: New values for the CCM log K, and log K. .|
TLM\* . T3b /5~ were extrapolated; log K, = 6.60 and log K. = -5.56 |

and at C:\floppy\lieser\c\figli5\.cl5 Z??”L——"‘“ for I = 0.5 M.
\d\ \.d15 e |
\EN 0\ td5. ' , The sorption binding constant table for figure 1,
‘ I = 0.5 M (BINDING.U38) follows. It has been saved T——

~—— — ‘ - at C:\floppy\lieser on my PC and on the K:\ drive.




P !
i 36 |
| . '
jn . 37 ‘
il
' i
e . y, . . . ‘
| | Loy , | 20022, T332 o —
s HlE B D8 O3 . ~ | - [ '
I— . : '
| b " N 00050 0.00 050
1 [ | ) - ' - o0z oln 03 h Saoeoie
,,.H{_ Uraniumi (V1) Sorption Binding Constants . “ ; 0140 0.00 140 1 |
u 03201 -5.51 032 1 050 -1 00000126
‘ 03202 -10.62 032 1 050 -2 20000127 |
: 03203 -19.22 032 1 050 -3 00000128 ‘
ol byated T30, Rel Ervor (ptl): 0.05 tonic Strengih (clecirolyte): 0.5 M NaCl - G338 243 D12 1os0 20000129 ‘
As 125 milg # | Abs Eqor (pH): 00 Ny = 2.31 sites/nm? 03206 -5.94 032 2 030 -2 Soogo1a0 ]
Data Source: Licskr ct. al. (968) MV = 1009, 03207 -13.33 o33 5 o302 20000131 ‘
Concentration: |U(VD)] = 2.1e-6 M : 03208 -16.49 032 3 050 -5 000122
niration: [L(VD)] = 2.le. K3 Abs Error (radionuclide): 2.1¢-09 — - 20000133
03209 31.65 032 3 050 -7 20000134
03210 -23.15 032 4 050 -7 M 30000135
No €O, DLM oM M 03212 8.41 032 1140 1 ,L’L 50000139
fig 1, I = 05 plot un : . g;gﬁ 3il 2 Lo 2 20000140
g K, =537 Log K., = 664 - Lo K, = 410 ‘ 03313 " 3i30 033 3 146 1 o0s0 -3 S—d0000144
Log K_ = -5.92 Log K_ = -5.60 log K_~-8.10 P 3;33 2:.3; 032 11 140 6 050-12 9 / 20000144
0, A i -1.09 032 3 14 -
(TiO, anatasc) Log K, = -4.59 | 03311  -0.44 032 1 oog } 050 -3 ’0 . 90000144
Log K,, = 7.i3 ' g;i;g -2.03° 032 1 005 2 J
. +13.70 050 -1
LogK ¢V, o Log K v, P LogK 01200 583 001 1 050 1 005 1 00000139
2 v g K 8 v tog K g Vv Tk ; . o100 -4.59 001 1003 1050 -1 /"/0 J
VO . 1160 1050 1
X0-U0, 334 ns| oses ne. 430 247 | 0665 01200+ -7.95 001 1 160 -1 030 -1 333:3::2 1
- — » 00001 0.00 001 1 1000130 ‘
H-UO; 180 235 0604 ac. 738 s18| o615 . 03307 1.00 001 1160 1 161 0 050 -1 032 1 033 1.
. x td 00000274
X0-UO,0H° ’ E #
‘ X 384 129] osm ne. a7 19| 0563 0004 1250 1ooo 0.8 0.2 20000105 1
S XOIL-UO,OH 334 ns| oses nc. 431 245 | 0664 : 1 50000135 “ ‘
e : 3307 00000195 { ’ |
“ W \ -UOLOH), 1189 23| o ne. . -n.54 214 0409 ; : ] q 1 ? 0 00000230 !
. - 2.058-07 20000240 |
T XOH-UO,(OH); -3.84 129 0544 ne, -1.80 121 0556 5.528-07 § | ¥
» 8.03E-07 |
IH} | ' Ll XOH,-UOOH),’ 334 s} .ose6 ne. 434 243 | 0672 : i h ?3“32 | |
H 1, L¥9E=]
il XOH-UOOH), 18| 23| om ne. ase | s | ows Lia3e-06 \
W B 1.94E-06
" XoM,-Uoot)y’ 384 129 | 0544 ne. -181 123 | 0559 ! ] 2.01E-06 ‘
' ")t 4 2.05E-06
Wi‘"‘ XOH-UOOH) -20.01 802 | 0366 nc. 2135 8126 | 0463 So%el0s "
mhen - L O7E~
| L’ r XOH,-UO,(OH), 1189 23| 038 ne. 1156 24| 0410 . {ioE-0e
H My = 1,986-06 il
o I nc. : FITEQL optimization did not converge. 11336 06 ‘ ‘
[ ] log K values are at I = 0 i 1753E-06 i 1
! . table binding.u38 i ‘ 173806 )
» - ! 3! i
" o B -2.26353 20000680 i
iy : : oo i :
a -1.04042
uJ'J« ™ N -3.9745¢ !
; ‘ -4.08256 il
-4.33589 i
} -4.37746 “ ¥
o y )
‘ Xt/ o les srts i o O Jonmers €r5 conp 7% -
%"ﬁ -5.10104
+5.64784
X -5.75014
Ugu,u e L2 executeble. T
-7.32142 ;
= 0 f- 1 MEHt
n o1 @& 7 a. %Z i} -6.38533 : !
¢ / " '8.90083
e -9.5894
ﬂi S— wo o #{ *\ i f 1 . 00001170
?&W o> 33 2,10 2.1E-09 8333}%38
50 9.05 0.0E-00
The. Lieser data for figure 3, plot b will be ,OM 5 -y, ‘
entered into FITEQL input flles and the V . \ . .
pt—The sorption binding constant table for figure 3b D ———

associated sorption binding constants determined. .
P g - 67¢’ (BINDING.U39) follows. It has been saved

at C:\floppy\lieser on my PC and on the K:\ drive. T ~

.. All FITEQL input files for Fig. 3b can be
JpPL found at K:\TURNER\FITEQIL\SORPTION\LIESER\CCM\*.C3Db

DLM\* D3b. | X \
3b ? _,‘M,\ * ., T3b. ] w 'ium (V1) Sorption Binding Constants !

-4 Solid: hydrated TiO, Rel Error (pH): 0.05 lonic Sueng'lh (elecrolyte}: 0.5 M NaCl
f o nd a‘t C \flOppy\lleser\e\flgﬂz-rS\ C3b Agy 125 mig Abs Error (pH): 0.0 Ng = 2.31 sites/nm?
o Data Sources Lieser ct. al. {1988) Rel Error (radivnuclide): 0.10 MIV = 1.00g/L
N m‘v»-] q \d\ \ . d3 b C ion: [UCVI)] = 2.1¢-6 M Abs Error (radionuclide): 2.1e-09 )
i i ; ™M™
‘Inr il _.I \t\ \ .t3b. _ s— ';m](‘:,o, —10c-4 M DLM ccM ‘
il ' ' Log K, = 5.37 Log K, = 6.64 Log K, = 4.10
\‘"iM P . : Log K_=-592 Log K_ = -5.60 log K_=-8.10
g i i i (Ti0, anatase) Log Koy = -4.59
JL A copy of the FITEQL input file for species Log Kom 713
o - * s v Log K v
mw’wmmwwmwmm XOH,-UO,(OH),", tlm follows. en | v | one | toek | v | or | tee " | o
I J X0-U0, 1271 45| 0514 ne. 1406 45| 0544
N'“ . i 1 Fm— XOH-UO," 17.29 23 0398 ne. 17.14 89| .0358
i M file XOH2U022.T3b X0-UO,0H° 794 14| o617 ne. 1083 84| om
i
XOH-UO,0H" 1221 45| os1a ne. 1406 16| osa
"W 1 XO0-UOOH); 3.08 93| 0844 ne. a2 169 | 2014 ‘
Ill';l‘” y /M / . XOH-UO(OH)? 794 74| 0em ne. 1083 8s| om |
i y [ Ti02 ' XOH,-UO,(OH),' 1271 45 0514 ne. 1409 45| .0543 |
Lieser8s -
I:}LP ) : . I XOM-UOOH); 308 93| o844 nc. 42 169 | 2003
[ . .
!’ % Sa0a0080 XOH,UO,(OH),? 794 74| o617 ne. 1086 84| om ‘
. 20000070 ]
: -l oz! ’ : rosa00es XOH-UOO) 436 168 | 1008 ne. 029 70| 29 :
e 00168 ‘1’ blaokad rero 30000090 (O,
W B s oo i 20000094 ] XOH,-UC,(OH); 3.08 03| 0843 ne. an 169 | 2025
HJ wier ol g e pEX Y |
0. -5. L 10E- N N
. 00%is -4.00 Liaoe-4 co; 2 > 5 30000100 . XOH-U0,00; ne ne. ne v
3 0.0 0.00ED! UQ2ads
"’| 00030 5 DloEe0 0990102 : XOH,-U0LCO,); ne. ne. ac. . |
00003 -0.3 0.00EQO Nﬂ# /
" ) ll P000s 0.3 0.00%00 €l °°°°°1¥“ XOH,-UOLCO,),* ne. ne ne. I
}&U i 'l J XOH,-(U0,),CO(0H), ne. ne. ne. |
N op K valucs are st = 0 fi.c.  FITEQL oplimization Gid nOL CONVETgE. Table bindingU.39
Y A K Y
.




" ag D a9

jin i . ‘ \!
i f%‘ ; : ; -2 . ! J — |
N ~:~ o - ‘ . m;'
at + Ty 0 '
ks : Notes for Lieser FITEQL input files: SPM/jmg ‘ : W
b . . y “ . > g -5.09563 : i
- Total carbonate was reported in the journal article, e | |
e and so CO,"? was used as a component, and the . : ?Eﬁ | r}
e associated reactions wére written in terms of CO0,°?, : g | W
1 e.g. ’ i | /! I
l |4 ¢ N : 1 1 00001170 \' !ﬂ
i [} 0 N i : R 2 oBa01130 | ll“;
wH U0,*" + CO,*" = U0,C0,°, not U0,* + CO, + H,0 = UO,CO,° + 2H % IW

p———

"',m ‘ W' - :». ﬁﬂ/ . T .- i F{
R The Lieser data for figure 3, plot c will 5 “— The sorption binding constant table for figure 3c W
‘ ]

i be entered into FITEQL input files, and the J __ (BINDING.U40¥ follows. It has been saved at

I 2 . — : . : . i ’ Vi i
¥ { associated sorption binding constants determined. ¥ C:\floppy\lieser on my PC and on the K:\ drive. 1
S : ' 1 5,

) [ P4 i
i H All FITEQL input files for Fig. 3c can be found t E%Lﬁmmmmmzmmmm ‘ b
L L L) 1T at K: \TURNER\F ITEQ L\S ORPTI ON\L IES ER\CCM\ * . c3c Soid: hydruted TiO, Rel Ertor (pH): 0.05 foaic Stzength (clostrolyte); 0.5 M NaCl "uh
W \ 4 } I/ / qﬂ 5 DLM\ * . d 3 C é;:a lszusn:‘c‘el:gulcijs:{' lu;] al. (:93:)M . EEZ ér:r:;'(:;ﬂ;:iﬁn%glliuc)z moﬂ9 ﬂ’n? f'ﬂxf;éfi’"m ! "‘,
T b : ‘oncenlcation: =2.1le- or (radionuclide): 2.1¢ )
Jal d TLM\* ’t3c’ : ot COy = le-3 M M ccl i |
“‘LW;:J v ° and at C : \flOPPY\lieser\c\fig3c\* * C3c :g]((::O] Log K,-5.37m' bug K, = 6.64 : Log K.-4.I0TLM ”‘%
i - \gé\ s:-ggc ‘ T ‘ : e pstom s ﬁgﬁﬁ§ | m
1+ .t3c. : : 8Ky m 7
; J[ml . Log K vy O Log K vy ik Log K vy Ok :
h ;“I . . . X0-uo,’ 6.99 79.8 0458 . n.c. .94 513 0460 l ’,‘1‘
- A copy of the FITEQL input file for species XonuoF na| ee| om | e 05| s2| oms i

u“m XOH2 = U02 ( OH) 2+ 7 tlm follows. _ XO-U0,0H 10971  ama| 01 ac. 2.04 862 | 0566 l '
|

‘i iy XOH-UO,0H* 699 798 0458 n.c. 11.90 51 0451

file XOH2UO22.t3c — - XO-UOOH); 61|  289| 0w ne. 146 %04 | 079 II Q

i p XOH-UO,0H)? 91| 2| 0w | ae 201 863 | 0550 :“;
i o : 3 T XOH,-UO,{OH)," 699 798| 048 ne. 191 516 | o457 lw
) Si y 1 Ti02 ‘ XOH-UO,(0H); 611 289 | 0845 nc. -7.48 905 | 0785 il
H Lieserag .
} | Lm ? gcéss,:: X0, U001 1097 27.1 0679 ne. 2,02 86.2 | 0566 “I
- [ 050 |
B 5 X , \ 00000060 XOH-UO 01, 138 58| L1834 ne. -16.63 920 | 1059 '
H‘.\ i 00001 -3.32 4.79E-4 XOH 00090088 . ,j
L 00160 -1.0 0.00E00 PSTO 00000050 XOH,-UOL0H), s 00| o84 hid ne ‘
s e Do shassos \ : it
i e e KO0 i
Mt 00033 0.0 0.00808 Gozads 00000100 XOH;U0LC0); s L s
et ggggg gAg g.oo:oo He 00000102 ) XOH,-UO,(CO,),* ‘
-0. .0 3
Ty 00005 -0.3 o.ogggg g;f s - - = — I
o w0so 500 050 1 doonoz10 L xon.wopcoqom; ne. ne. ne. l
T gggig ggg 22: i 00000124 .. FITEQL optimization did nol converge. Table binding. U0~ Log K values comecied 10 1 = U, " |‘
. ;
i GIn -ioe on 1om Sovgo1ze ) I
03203 -19.22 032 1 050 -3 20000130 K
03204 32.43 032 1 050 -4 00000129%" Ji
i 03205 -2.41 032 2 050 -1 00000130 4
Y 03206 5.94 032 2050 -2 # 00000131
at 03207 12,53 032 3 050 -4 00000132 f
‘} 03208 16,49 032 3 050 -5 00000133 !
. ot 33 82 Je Ob000135 The Li d i i
% 93210 : - 00000135 e i i
il N B Saaueiss 2//5/4 & ’ ieseg .ata for figure 3, plot d will Il
") 1.58 032 1 140 3 00000141 - en i i ‘
03215 -2. - 1
i T R e gaatniiy .eied into FITEQL input files, and the i
:1. % 032 3 140 1 050 00000144 \ ! ‘ a S S i i
i R R ‘ A oclated sorption binding constants determined.
ﬁ i 01300 R "I oso 10053 00000139 I> \ .
i 01300 '4:59 001 1 003 1 050 -1
' 01050 3.95 001 2160 1050 1 00000. - A I i i i
Aﬂ m a8 R LD s A All FITEQL input files for Fig. 3d can be found
I‘I 03307 1:00 001 1 160 1 161 © 050 -1 032 1 033 1 ) \ q \
i Sonaiare ) y at K: TURNER\FITEQL\SORPTION\LIESER\CCM\* .c3d
00017
- 00004 125.0 11,0000 0.8 0.2 00000180 p
. n” 0.5 ‘-g 00000185 IL & - DLM\* . d3d
- 107 20000158 7
n B e st 71 TLM\*.t3d.
2.07E-07 . i i
I e and at C:\floppy\lieser\c\fig3d\*.c3d

i ) 4§ ﬂ \d\ \*.d3d
I e . ' \t\ \*.t3d.

11 ?%ﬁ _ A copy of the FITEQL input file for species
1 ’ ety ; XOH,-UO,(OH),*, tlm follows.

1.11E-06

50
WM‘ -2.25817 00000680
il -2.67041
H ~3.04231
u‘)ﬂ -3l98
-4.08625
b m ' -4.33585




!

bt
bagt

40

: file XOH2U022.t3d

The Lieser data for figure 3, plot e will
be entered into FITEQL input files, and the _
associated sorption binding constants determined.

All FITEQL input files for Fig. 3e can be found
at K:\TURNER\FITEQL\SORPTION\LIESER\CCM\*.c3e
DLM\*.d3e
TLM\*.t3e.
and at C:\floppy\lieser\c\fig3e\*.c3e
) \d\ \*.d3e
# \t\ "~ \*.t3e.

«
2 102
Fhi 1 Lieseres
~ ¢ » 08~ 6K
[k ) 31 /om
“ 1 00000050
] , i
5 o
A 32 4M7sE-4 xoH 00000080
| 0.00E00  PSID 00000090
l ' 0.00200 P58 00000052
Y G.00E00  PSID N 00000094
by 20m6 w03z 50000098
b looz-3  co3-2 -
LY 0.00z0 2ads - 00000100
! Iw 9:00z0 (o 00000102
00K a+
’lhl 0.00£0¢ 1-
o 00000120
! 050 00000130
1 0 032 00000224
- 40
%2 1050 -1 00000125
had 9, 050 -2 00000127
- I3 050 -3 00000131
' 9; 050 -4 0000022
o 050 -1 00600131
- o: 050 -2 8000013
-, [ 050 -4 0000013
o o 030 -5 da0o13
" 0 050 - 3
I I3 050 -7 0000013
- I3 1o 2 2000013
o o 0 2 000001¢
7 9 e 3 0000024,
: 9; 149 1050 -3 0000014;
oy 032 11 140 & 050-12 0000014,
y o: 140 1050 -3 0000014
I 005 1
- I3 005 2
[ 050 - [T EH
i, o 050 1 005 1
i 1050 -1
| ui 160 1050 1 0000014
r H 160 -1 050 -1 ouan014
I 160 1161 0050 -1 032 1033 1 xah3ua2:
jise
. 17
Lk 00004 125.0 1.0000 0.6 0.2 00000180
j"”'; 0.5 1o 00000185
il 1 0000030
b 3307 00000195
) 2 1 1 o 00000230
pﬂ 3 00000240
8
1ML 7 ]
- | 5 i
i P 7
L - 2
e L3 $3
' Zo
[
L :
A :
6
#t s
5
) g
! 3
l B
-7
l it 7
il ;
N 5o 00000680
- -1.90878
- -2.40713
'
i
I
i
L. :
“
Ml
wil
P
o
it
)it
“ : pe
3 13 0.10  2.18-08
! ﬂm 50 0.05  0.0£-00 co001190

Df""‘\

table BINDING.U41l for plot 3d

Jrnium (V1) Sarptiun Binding Constants Monodentate, mononuclear compounds

Qﬂ&»

)
Al Solic: hydrated Ti0, Rel Ervor (pH): 005 fonic Strength (electrolyte): 0.5 M NaCl
Flo Ay (25w Abs Brror (pH): 0.0 Ny = 230 sites/om?
- Data Source: Licser et. al. (1988) Rel Exror (radionuctido): 0,10 MV = 1.00gL
0 B Concentration: [U(VD) = 2.1e-6 M Abs Brror (cadionuclide): 2.1e-09
M
It Tot €0, =263 M DLM ccM M
LI fig3d
bt Log K, = 537 Log K, = 664 Log K, » 4.10
i Log K_= 592 LogK_ - -5.60 LogK_=-8.10
I Mq (Ti0, anatasc) Log Ke, = -4.59
! Log K, = 7.13
|
i togk | v | o | tax | v, Gy | Lagk vy gk
. X0-uo, 743 269 | oms ne 1224 594 | 63
N3
! XOH-UQ," 15.00 60| 0315 e 21.05 19| 063
! m! XO-UG.OH* nsz| ol ons ne. 202 78| o
mﬂ XOH-UO,0H 143 769 | o285 ne. 1222 595 | o8
y XO0-UOL0H); 654 | 1124 .osss ne. 8.25 920 | .06
|7 ]
i * | xonuosomy usz| ol oms fc. 2.00 89 | 0420
i
| &) XOH,-UO,(OH),* 743 769 | .05 ne. 12.23 595 | me2
E
e XOH-UOLOH), 654| 24| o8 ne. -828 920 | 0634
i XOH,-UO,OH), 1252 | 1mo| ams ne. 201 878 | oa
L Lrll . XOH-UO,(OH)* 156 | 133| Lose ne. -18.40 92| o8
. XOH, UO(0H); 6541 v124] .osss e 826 919 ] w63
"
| 5 XOH-UO,00," ne e ne.
, fl;l XOH,U0,(00,); nc ne. ne.
L]) " XOH,-U0(C0,),* ne ne. ne.
XOH,-(U0,),00,{0H),* ne. ne. ne.
] ll‘r’ o imization & nof coavergs.  Table Gding W4l — Log K values comciad 0 T 0

’ [
. .
A copy of thel FITEQL input file for one of the
. 0 ) 0
carbonate-lqcbrporatlng species, XOH Uthcoy/
tlm follows.
e XOKVC/. €3
1 [ € . e’
{ ,
w/\___ R o
* |
° 2.3s1/mm |
1 . 000CCe50
30
§ 2 3 1 00000070 !
00001 . 4.79E-4 XOH 00000080
00160 0.00E00 PSID 06006090
00161 0.C0E0D PSIB N 00000092
00162 0.00E00  PSID ‘ 00000094
00032 2.10E-6 U02+2 00000058
00149 1.00£-2 €03-2
00033 0.C0E0D U02ads 00062100
00141 0.00E00 CO3ads 0C2GL101
00050 0.00E00 H+ 00000102
00003 0.00E00 Na+
00005 0.00EQ0 ci-
00600110
00050 050 1t 00000120
00032 03z 1 00000124
00140 140 1
01401 140 1 050 1 00000146
01402 140 1 050 2 00000147
01403 140 1 003 1 00000146
01404 140 1 050 1 003 1 00000147
03201 032 1 050 -1 00000126
03202 032 1 050 -2 00000127
03203 032 1 050 -3 00000128
03204 032 1 050 -4 00000129
43205 032 2 050 -1 00080130
03206 032 2 050 -2 000C0131
03207 032 3 050 -4 00000132
03208 032 3 950 -5 00000133
03209 032 3 050 -7 c0ceoL34
03210 032 4 05¢ -7 00880135
03212 032 1 140 1 00000139
03213 032 1 140 2 00000140
03214 032 1 140 3 00000141
03215 032 2 140 1 050 -3 00000144
03216 032 11 140 & 050-12 00000144
03318 032 3 140 1 050 -3 00000144
03319 032 1 005 1
03320 032 1 005 2
00100 050 -1 00000139
01200 001 1 050 1005 21
01300 001 1 003 1 050 -1
01050 001 1 160 1 050 1 00000140
01100 001 1 160 -1 050 -1 00000145 '
00001 001 1 00000130 i
03312 001 1 160 0 161 0050 0 032 1033 1140 1 341 1 xohuoicl i
00000174
00000175
00004 125.0 1.0000 0.8 0.2 00000180
0.5 1.0 ©C200185
1 00000190
3312 oooCe19s
11 2 1 o 00000230
00000240
1.68E-07
3.6E-07
1.42E-06
2.02E-08
1.92E-06
i 1.48E-06
1.03E-06
3.42E-07
1.87E-07
2,11E-07
2.9E-07 i
0Ce00250
1.68E-07
3.6E-07
1.42E-06
2.02E-06
1.92E-06
1.48E-06 k
1.03E-06
3.42E-07
1.87E-07
2.11E-07
‘
. 12.95-07
50
=2.17973 . !
=2.53659
~3.73766
-5.49672
-6.19244
+6.80131
~7.48989
-8.17757
-B8.74449
-B.99383
-10.0968
1 1 00001170 N
33 0.10 2.1E-99 00001180 ap
141 0.10 1.2E-0% 00001180
50 0.05 0.0E-00 00001190 r
by
18
Al
&




”
" 42
43
ip’
b N
. , o _ [l KOMUIC[ A3 cmbhmur
- Th t
o ) = e sorption binding constant table for figure 3e / : M
, n ' - 00050 0.00 050 1 00000129
L .~ Al '\ .
Lo (BINDING.U42) follows.- It has been saved at .ﬁtfﬁg oo s 1 ooagoias
N 273 140 1050 1 00000146
- :\ \1li : :
s C:\floppy\lieser on my PC and on the K:\ drive. ouos i A oo i S000014e
01404 $.18 140 1 050 1 003 1 00000147
m"m 03201 -5.51 032 1050 -1 00000126
'I “}‘ . . 03202 1 050 -2 00000127
! ; i ¥ E i
N X
) 03205 -
| _!ﬂ! - T v 03206 ; ggg % gggggi:g
i ) Usanium (V1) Sorption Binding Constants 03207 3 050 -4 00000132
Jl : r , 0330 3 0% 7 00000134
| Solid: hydrated TiO, Rel Error (pH): 005 i clectrolyte): 0. ' Errerr
Il LI ot ot procin i VR oyt s fo sononss |
:W Data Souree: Licsor et. al, (J98K) Rel Error (radionuclidc): 0.10 MV = L00g/L 93213 1ue 2 00000140
gl C on: U(VD] = 2.1e-6 M Abs Eor (cadionuclide): 2.1¢-09 03215 210 1050 -2 00000144
‘rr ||1 Yo COmorea b gggig ; i.lo 6 050-12 - 00000144
! o0 e g cou L saiie A
- LogK, = 5.37 Log K, = 664 Log K, = 4.10 3%
- LogK_ =592 Log K_ = -5.60 Log K_ = -8.10 §§§§ Toso 1005 1 poeon®
- : o 1003 1050 -1
(o Log Korm 213 B He saaeeres
N ks 8 M - -
a3 0001 1 4 00000130
[ logK Ve Gryrc Log K vy O log K Vy Ok 03312 1160 © 161 0 050 0 032 1033 1140 1 141 1 gggsgi?:
r " X0-U0;" 8o71| 1| o ne. 13.61 576 054 00004 125.0 1.0000 0.8 0.2 bbaoorsy 7
| M‘ M o ; R 0.5 .0 00000185
by XOR-Uo* 16.10 7010 | 0297 ne. 2244 217 | 0313 : : 00000190
- e § 0o it
1, X0-UO,O 7 874 0500 ne. 356 867 | 0487 ) e 00000240
! WH XOH-UOOIF* 897 6.1 | 083 ne. 13.60 s11| 032 238405
) e 13E-
J X0-UOOH); 729 | 2163 | L1495 ne. 676 904 | 005 B
- . !
i l: XOH-UOL01), 1258 | 24c43] L1580 ne 354 867 ] 0485 J— §:§:§$§;
’ ) .5E-
,}.,»:; XOH,UOOH),' 8.97 69.1 | 0283 ne. 13.60 s11 | o3 - 8.3sE-07 00000250
i
L_”w - XON-UOLOH), 729 2.1e43 1495 e ne. -6.11 90.4 0701 RPN+ 9= NU——— ki iségfos
it b : -
.‘; u‘ I XOUL-U0,08), 12.58 2ic43 1580 nc. 3.54 86.7 {487 ééig‘gg
ik —_— e
’}:n} - XOH-UOO11)] 209 2led | 525 ne. 1694 W07 | 0904 | e e HEr4 ;
| nﬁ;. XOH,-UO,(OH); 729 | 21es3| 1495 ne. 677 904 | 0705 335 . ‘
N 0
= ‘*” XOH-UO,CO," ne ne. ne. t N —— 13-2001
il o
w XOH-U0,(CO)); n.c ne. nc. '
s XOH, UDLCO,); ne ne ne. R
il XOH, (U0,),CO(OH),* ne. ne. ne. BRI
il T T o TR UL RIS DUV S— e -8.2893
il .. FITEQL optimization did not converge. . Table binding.U3Z  Log K valucs corecied 1o 1 = U, ~9.18963
i -9.99621
B 1 1
. — SIS s
/ : 59 0.05 0.0E-00 86001350
z ;
t—the Li - ;
- e Lieser data for figure 3, plot f will ———
. A - p
be entered into FITEQL input files, and the lhwtwwhe sorption binding constant table for figure 3f
L] L] ] [l [T SIS W V———— t
assocliated sorption binding constants determined. 2 J e
(BINDING.U43) follows. It has been saved at
EU— . .
. . . C:\flo \lieser on my PC and on the K:\ drive
All FITEQL input files for Fig. 3f can be found ) PPY 4 ’ ’
at K: \TURNER\FITEQL\SORPTION\LIESER\CCM\* .c3f ‘ i
g ?',L/D LM\ * d3f v S ‘(\.l 2 L—.‘:mnium (V) Sorption Binding Constants M P |
Solid: hydrated TiO,
TLM\* .t3f. A,,f e m':/; 10 Rel Ervar (pH): 0.05 Tonic Strength {electrolyte): 0.5 M NaCl
and at C:\floppy\lieser\c\fig3&*.c3f | - e
. py d g \ .C Concentration; [U(VD)] = 2.1e-6 M Abs Ercor (radionuctide): 2.16-09 o
\ \ * Tol COy w3c-2 M ’ .
\ . d3 f fig 3 © DLM ccM M
\t\ \* .E3f. Log K, - 5.37 Log K, - 6.64 Log K, = 4.0 N
. ’ ! —— Logk- - 522 Log K_ - -5.60 Log K. - 810 2
ll HH (TiO, anatase) ll:”g ::““ - 459
. ' 2 Kpw = 713 1
n A copy of the FITEQL input file for one of the e sk | Vo | e sk | v [ ome [ tax | v | a i
; X . . s v i x i
i carbonate-lncorporatlng species, XOH-UOJX%O, Xouo. ne, ne, "
el e ————T . .C.
n tlm follows. Xoi-vo; ne. ne. o
|| il X0-UO,0H° ne ne.
Lo ee— <. e
i . XOH-UO,OH' ne. e
. nc.
K file XOHUC1.t3f . X0-U0,0M); o, e y
i ey ne,
- [’ ! XOH-UO,(OH); ne. e -
) L1} o i
I ' é Y ” |
‘3ai/om B ’ ‘
} ‘[, :_ . 00000050 __) XOH,Uoon), nc. ne. :ﬁ
t 3 €. ne.
X 3 00000070 - B
f o 00001 -3°32 4794 xom ! 00gagoa0 XOt-Uo,0h),” ne. ne. ne.
e -1, 0.00E00O 0 —
i - 0ol -013 00000 D Iy XOH,-UD0H), ne. e,
W 00162 -0.1 0.00E00 P5ID 00000094 — nc. 3
00032 ~3.68 2.10E-6  UO2+2 00000098 XOH-U0,CO,” i
. LM 00140 -1.52 3.00E-2 C03-2 oo000100 | =2 ne ne ne.
J__ ‘ 00041 610 0000 Cozads 00000101 XOH,I04CO,); ne. ne. )
e 00050 0.0 0.00E00 K+ 00000102 XOI4, 1D, N . e ¥
i joss 193 g e OO, i
}r" IA’” cononne ! _—X()'Iz’(l’(),),m!(()l I))‘ nc. ne. ne. [ it
5 1] ________) ¢, FITEQL oplimizaiion did not converge, — Table Ginding ing.Ua - | 3
i . g




m
v,

' N
]
ant

"The Lieser data for figure 3, plot g will

~ L -
e Z | - (e KO ve ,
Ll be entered.into FITEQI® input files, and the 74? S h
) associated sorption bindihg constants determined. i
- Jb | W"‘; iy N : 00000680 ¥ ‘
hl 2.88066 i
K u All FITEQL ipput files for Fig. 3g can be found R ' i
3.63265 |
[ m hit at K:\TURNER\FITEQL\SORPTION\LIESER\CCM\*.c3g g ‘ ‘l
19 \ . DLI\*.d3g. | !
’ " * | 498895 Wi
rﬂ Al and at C: \floppy\lieser\c\fig3g\*.c3g R [ F
il ! 6.41718 | :
A s \a\ \*.d3g san, | 1
06125
i
- \E\ \*.t3g. B s | 1
; :
- Wwwm«m—.\ - a !
o , B # " : [(‘
b 1
¥ A copy of the FITEQL input file for one of the S — 2o o Sobaiias P H
' 50 : ‘05- 00001180 I & )
by carbonate-incorporating spe01es, -XOH- UO(K% ’ 0.05  0.0x-00 go001iso : V
. S—— ;
P tlm follows. 1 'ﬂ
s ; ‘
1l B /
" file XOHUCI.t3 /,,,Mwmjac The sorption’*Pinding constant table for figure 3g ;
o 11le -t2d —_— (BINDING.U44) follows. It has been saved at M
[ ‘ . ) : !
J: Q— e ————1 C:\floppy\lieser on my PC and on the K:\ drive. M
' . . b : ;
ulli' 00001 332 47984  yoH : 20000080 i 'E,l
“[W e 00160 -1.0 0.00EQD  PSIO 00000090 Uranium (V1) Sorption Binding Constanis I
e ser toe Sasmr erm T — T— i i
s . 1 id: hydrated TiO, r : 0. onic Strength (electrulyte): 0. I
i S0 o3iee Taome s e TO: Pt ot v PR (et b
i 00033 0.0 0.00E00  UO2ads 00000100 Data Source: Lieser et. al. (1988) Ret Error (radionuclide): 0.10 M/V = 1.00g/L i
il ggs;é g: g g.ggggg CO3ads gggggig% Concentration: [U(V1)] = 2.lc-6 M Abs Error (radionuclide): 2.1e-09 n}
J KRR ‘
- 00005 0.3 0.00E00 - 20000110 g:;;o,’-lc-lm DLM i ccM TLM Eil
00050 0.00 050 1 00000120 Log K, = 537 Log K, = 664 Log K, = 4.10 .
00032 0.00 032 1 00000124
- i LogK = -592 Log K_ = -5.60 Log K_ = 8.10
i " oli00 9179 1%b Ioso 1 00000146 (T,i%), anatase) ® Log Koy = -4.59 \
i} 01402 15.78 140 1 050 2 00000147 - ll)g KA. - 713
P 01403 0.67 140 1 003 1 00000146
b 01404 9.18 140 1 050 1 003 1 00000147
. -'.' 03201 -5.51 032 1 050 -1 onoaou_ﬁl LogK vy Ok Log K \ L Log K Vy Tiogx ﬁ
_jln!w" 0330 [19:53 633 1080 3 3355533 X0-U0; wss | s19| oes2 nc. 15.53 904 | .os03 ‘ i
! 33203 341 035 2 030 -1 20000330 : d
‘ ) 03206 -5.94 032 2 050 -2 uoogglg; XOH-UO,* 17.86 922 0767 ne. 2422 538 0274 di
I 03208 15:43 03z 3 030 -8 00000133 HOUOOIT PP R B ” ol ms ] o
iy e shanet ; : ; < i
. 8 * X K K .C. 15.52 90.4 0503
, N B o wis| oof ow | e oy w
=y R I AR ssouiss x0-uoom; | 206ee| omm | one as| o) 1’
03316 2103 037 3 140 1 0% 3 o000014s XOH.UO0H); 1641 | 206ea| amo sw| 9s| on "‘
“‘UT 0333 13063 o 1aos 3 XOH,-UO,(0H),* 10.85 919 | o682 ne. 1552 904 | 0504 il
00100 -13.70 050 -1 00000139 " 0999 \I
nl 01300 -i% oor 1053 Tom . XOH-UO,(OH), 1129 | 2064 | 0831 ne. -464 926] ;
M'“"' 01350 7135 oo I 1eo -1om -1 00000145 XOH,-UO,(OH), 1641 | 206ea| 0710 ne. 539 25| 03 ”|
00001 0.00 001 1 00000130 ) |
“W' 03312 5.00 001 1 160 0 161 0 050 ©¢ 032 1033 1 140 1 141 1 zg::gg;]: XOH-UOL(OH) ne. ne. -14.67 926 120
M| 00004 125.0 1.0000 0.8 0.7 gggggi;g XOH,-UO,(OH), 11.29 2.06e4 083t ne. -4.65 92,6 .1000
4 ot N o oc0f . w e
1‘ 3 00000195 " Saia i) il - —
! T ooz X0 04C0
i 3 6ez-07 XOH,-UO,(CO,),> ne. ne. ne. \
L71E-07
’hlm §i§§E§§Z XO11;:(U0),CONOH),° ne. ne nc. | )
1.37E-06 A.c. TITIKL oplimization did nol converge.  labic binding.U44 Log K valacs correcied fo 1= 0 "
1.55E-06 1%
i 147 08 i
_‘||| 195E-06 L ;,,
) 11955-08 , 124 4 {
\..-1| e E— e—— . X i
-4 e 3/1/95 Preparation of Data Folders v
. = M | ki
nnn} 1.265-06 |
!
i i _ _ ‘ I
i Rt Folders are being prepared for the following data j P
—r 0 : sources: %
r W )0!&»-95: 06 ‘ ‘ ;‘
g R 4
B g
9.89£-08 » b
i s 1) Righetto et. al. (1988), Am -yAl,0,, Th -YyAl,0,, F!
Al 9.67E~ . I
o e ) and Np -Al,0;Y; : - lai
1t PR [
will A i
! pa 2) Righetto et. al. (1991), Np -Si0,, Th -SiO 7
' 195-06 g . . 14 P 27 27 e I |
1.94E-06 - . - H
~ e Am -SiO,, and Pu -7YAl,O,; ’ k
A i | CoT
W 1dgE-0s 3) Waite et. al. (1993), U -quartz; fh
Iy L ' T
gl e l i
l“ml % ?gz 06




} ilkw 46

b

o o . g T(v*“-/binding"‘ . ~a§ i
T o ] binding”.~1i ' I
Qﬁ w—" 4) Sanchez et. al. {1985), Pu -goethite; | _ binding”.~14 /
M : ] binding”.~1ij w j
i 5) Venkataramani and Gupta (1991), U -magnetite; - binding”.~im : :
i ! . binding®.-ip )
ﬂﬂ 6) Lieser et. al. (1988), U.-hydrated TiO,. - i
$W: ] i - QMetc.,

o i } ' : I will rename them in my system and shorten |
fj ?%V’The folders will bontain: -3 the file names so that they will remain

o i ‘ izable when I call: them up. . 1
~A 1) a Xerox copy of the relevant graph from the recogniza P , j
. article, labelled with the author and year, the : " :

iy ‘ concentration of the radionuclide, the \ y i
O concentration of the mineral solid, and the K B R

}m ionic strength of the electrolyte; ' E;yﬁt3728/95 List of Renamed Tables i
ﬁ% 2) a data table listing the pH value, % species _ . h
| adsorbed, and the concentration in moles of the’ The new file names are bindRM.#, where R E
3] - species adsorbed at each data point: ‘ is the first letter of the radionuclide

Al i P P ’ — (e.9., a for americium) and M for the first t
b : 3) one example of the FITEQL input file from -each ‘ n letter of the mineral (e.g., s for silica) l
‘,,.r«‘ ‘ 8 ‘ 1 -

M of the three models (CCM, DIM, and TLM) for each : ¥ and the # sFaEgsaigiiggimngTﬁzg ogotﬂﬁeflle i
3 data set, labelled with the figure number, I 2 N ;hérg are ?%%e names run 1 thro& h 8 Note W
hw characteristic that is being varied (e.g., pH or SE— R ’ iﬁeilc}gﬁ. * radionuclide/minergl rou the

¥ solid concentration), model type, and relevant . g{%t ‘ gl wi ln,i umbered in an artigulailorder !
WW chemical equation for the sorbed species; ' % (&, ables aren n Y p : f
i

“% - 4) the log K table with the FITEQL results corrected } NN

o to ionic strength = 0; ' ’ J SN |
g 1 13 | P The - ktables\ktable2\ | “
Jv 5) the plot of the MINTEQA2 results, if complete. M § i g?idiﬁningdf;ieg'i§§o;;y§ké§giggrén ;Y §§§ able2\ P
'me' \ 8;\;\\ v /27/27 ey to names: . ‘ &
3 ' . , ‘ A RN T

ﬁw <;;DVA§717/95 The completed folders were given to T | {- \é; / R = M = _ k
his Dr. David Turner. , | WA a americium, # = 1-8 a alumina |
HW : ' _KQ;\'fw; ¢ carbon, 1 , b boehmite MM_M“k
»T)fw" WY \t n neptunium, 1-13 f ferrll:lydrlte

I Py o NN p plutonium, 1-5 g goethite E—
T% ! ' REAREL t thorium, 1-3 k kaolinite |

ey 3/23/95 Renaming of Log K Tables - — T %k u uranium, 1-40 1 lepridocrocite ]
Tl ' L m magnetite —
m% The log K tables from the shared computer QM vS s silica . . .

mm drive K into my Windows system appear to be % t hydrous titanium dioxide r
byl named like this: :

P s ss————]

Y o ) , —
Wﬁ —Binding~.~a2 ] A listing of the renamed files is on the next page. WMM"“E
HWHL' o binding”.~a5 s T
M binding”.~ah : ~— i ‘
1o - binding”.~ak — R ——
A , binding”.~an R —— iy
o ' binding”.~aq ‘ \ W
L2 binding~.~at o — . ‘
iy binding~.~aw ‘ . \

W ‘ = <

1% L




File List - c:\floppy\ktables\*.*

(..1]

bindaa.
bindaa.
bindaa.
bindaa.
bindaa.
bindas.
bindas.
bindas.
bindcf.
bindna.
bindna.
bindnb.
bindnb
bindnfx
bindnf.
bindnf.
bindng.
bindnk.
bindnl.
bindnm.
bindnm.
bindns,
bindpa.
bindpg.
bindpg.
bindpg.
bindpg.
bindta.
bindts.
hindts.

CONAUINWNRERRPONOUTIE WN -

by
i

"

[DIR]
14,203
11,022
14,113
14,201
33,936

9,730

9,727

8,594

6,814

9,030
26,133
35,883
29,369

8,179

8,179

8,254
26,086
10,949
26,215

8,811
26,103

8,419

7,672

9,812

7,657

7,656

9,868

8,738

9,087
10,021

it
IIn.‘

me

§ |“>ﬂu

s Ifﬁ'mﬂ

Print Fjle

3/29/95 10:
12/2/94 bingduf.
3/23/95 binduf.
3/23/95 binduf.
12/2/94 binduf.
2/22/95 binduf.
3/23/95 binduf.
3/23/95 binduf.
3/23/95 binduf.
3/23/95 binduf.
12/2/94 binduf.
3/23/95 binduf.
2/17/95 binduf.
3/23/95 binduf.
3/23/95 binduf.
3/23/95 bindug.
12/20/94 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 bindug.
3/23/95 binduk.
3/23/95 bindum.
3/23/95 bindum.
2/13/95 bindum.

. ,
PJ Ei@“ﬂl index file listing the filename.ext, radionuclide-mineral,
mu concentration of the radionuclide,
solid conecentration,
pertinent variables is presently at k: \turner\ktables\

WM tblindx.1lst and at c:\floppy\ktables on my PC.

author reference,
ionic strength,

List
25AM

16,400
10,534
10,795
27,840
16,620

10,548

10,514
30,553
10,547
10,071
10,515
30,937
10,426
10,766
12,496
10,708

9,276
12,306
13,697
11,005
10,592
10,356
10,501
12,436

9,974
10,598
23,767

9,290

9,307
11,462

3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
2/8/95
3/23/95
3/28/95
3/23/95
2/8/95
7/11/94
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/23/95
3/27/95
3/23/95
3/23/95
3/23/95
3/23/95
11/18/94

bindum.31
bindum. 32
bindut. 33

bindut. 34
bindut. 35
bindut.36
bindut.37
bindut.38
bindut. 39
bindut.40
tblindx.lst

9,270
9,278
8,421
9,726
11,577
11,577
11,570
11,566
11,322
11,571
44,344

3/23/95
3/23/95
3/10/95
3/28/95
3/28/95
3/28/95
3/28/95
3/28/95
3/28/95
3/28/95

.;/28/95

and any other

S
>

tmnw

hmm
s
e

\
[

7}’/‘// 74 (DM

v

liE

i
T

[,

L{mw
Ll'm; :

7he Kotsen Lollr 3b * ﬁ;&ﬂﬁldkluzafiza/’ Jowtaiaa—
2 / /

’ - *
Mg

4 -

|| N

”n N

' ‘u::”
O

A Y A




1 050

) - log KI-0 log KI0-5
~N Co> + H' <=> HCOj 10.33 9.73
\/”Wmﬂm )
. CO0,*" + 2H" <=> H,COy 16.68 15.78
.\F/"""""'”’”'”" CO;* + Na* <=> NaCO;’ 1.27 0.67
/Www - =
B CO,>" + 2Na* <=> Na,CO, 10.08 9.18
i S
- r/’wwwm - These correctlons were used in all Lieser files.
P T,
B Previously, *only the files describing systems
~V— | with carbonate incorporated into the surface p
4 i sgpecies 1nclu§ed these equations.
- A
\ .
| V>LéL ﬁ?//é:CZL/ H“ﬁly’r‘ LJrIAZLM !
T 01401 9.73 140 1 050
b TR 002 1578 140 1 ong 4
o - 01403 0.67 140 1 003 1
— 01404 9.18 140 1 003 2

L)

o 11/25” P 4 x?/ﬂ/ )%- Keokd [ole s

AZf/ VW) Wl —.ad’{, A S ii,‘u (H ’ Z
] ﬁ A ST e f L0270 208 sk 4 Yol . P
i a_tod Prtec Nlo b gilen fo DE

%

/ t

ihie -

H//w; M7 Mol

L | between 107'¢

To gauge the
MINTEQA2 was
radionuclide

applicable range of a given K value,
used to model a system where the
(U(VI)) concentration was varied
and 10° mol/L as the pH was held
constant at 6, 7, or 8. ’

\\Z\\




mu

[
4] ||

50

>

ﬁ%wuan;féigudhﬂ/

o1

. 180 5.000E-01 ~0.30 y /Cl-1
893 1.000E-16 -16.00 v /002+2
140 1.000E-02 ~2.00 y /C03-2
L~ 813 0.000E-01 0.00 y /ADS1PSIo
811 1.918E-04 -3.32 y /ADS1TYP1
3 1
330 7.0000 0.0000 /H+1
6 1
813 0.0000 0.0000 /ADS1PSIo
2 3
8113300 xoh2+ T 0.0000 7.3500 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 1.000 330 1.000 813 »0.000 0 0.000 4] 0.000 0
0.000 o] 0.000 0 0.000 4] 0.000 0 0.000 0 0.000 0
0 0.000 0 0.000 0 0.000 [] s Fcl
8113301 xo- 0.0000 -9.1700 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 -1 %00 330 -1.000 813 0.000 0 0.000 0 0.000 0
0.000 [o] 0.000 Ov' 0.000 ] 0.000 0 0.000 0 0.000 0o
0 0.000 0 0. 000‘ 0 0.000 0
8118931 xuo2oh2- 0.0000 -10.1900 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 5 1.000 811 1.000 893 2.000 2 -3.000 330 -1.000 813 0.000 0
0.000 0 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
0 0.000 0 0.000 0 0.000 0
U(VI) sorption on goethite, DILM, X0-UO2(0H)2-
PH = 8
25.00 MOLAL 0.000 0.00000E-01
0010300012211 ‘
TOTAL CONC 893 12
1.000E-15 1.000E-14 1.000E-13 1.000E-12 1.000E-11 1.000E-10
1.000E-09 1.000E-08 1.000E-07 1.000E-06 1.000E-05
uvari.sst 893
4 1 7
1.000E+00 50.00 0.000 0.000 81
330 0.000E-01 -8.00 y /H+1
500 5.000E-01 -0.30 vy /Na+1
180 5.000E-01 -0.30 y /Cl-1
893 1.000E-16 -16.00 y /U02+2
140 1.000E-02 ~2.00 y /C03-2
813 0.000E-01 0.00 y /ADS1PSIo
811 1.918E-04 -3.32 y /ADS1TYP1
3 1
330 8.0000 0.0000 /H+1
6 1
813 0.0000 0.0000 /ADS1PSIo
2 3
8113300 xoh2+ 0.0000 7.3500 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 1.000 330 1.000 813 0.000 0 0.000 0 0.000 0
0.000 o] 0.000 0 0.000 0] 0.000 0 0.000 0 0.000 0
0 0.000 0 0.000 0 0.000 [o]
8113301 xo- 0.0000 -9.1700 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 0 0.000 0 0.000 0
0.000 o] 0.000 0 0.000 4] 0.000 (4] 0.000 0 0.000 0
0 0.000 0 0.000 0 0.000 0 .
8118931 xuo20h2- 0.0000 -10.1900 0.000 0.000 0.00 0.00 0.00 0.0000
0.00 5 1.000 811 1.000 893 2.000 2 -3.000 330 -1.000 813 0.000 0
0.000 (o] 0.000 0 0.000 0 0.000 0 0.000 0 0.000 0
0 0.000 0 0.000 o 0.000 ]

3
gﬂ \The sorbed spec1es considered was XO-UO,(OH), ,
| with the following. parameters: ,
” M“—_‘-.\
i
model DLM g-“\7
N, 2.31 81tes/m
A, 50 m?/g '(goethite) - —
log K -10.19 I=0
K 7.35 .
Y + . %
7“ K. -9.17 ~
% C, 0.01 M total carbon ——
) M/V 1 g/L
o : [XOH] 1.918e-4 B
Jnj.’u H
* '’ '—\
LM the MINTEQA2 input file follows:
ﬁu' e
i-“‘
i
iy I/ ‘
P
%L? . AR U/é«;- Ihiﬂu
3IU »""p
#y| g
ﬂw 'U(VI) sorption on goethite, DILM, X0-U02(0OH) 2~ . R
w"J| O!L“’ﬁ; 6
y a 25.00 MOIAL 0.000 0.00000E-01
w 0010300012211
o TOTAL CONC 893 12
- 1.000E-15 1.000E-14 1.000E~13 1.000E-12 1.000E-11 1.000E-10
i 1.000E-09 1.000E-08 1.000E-07 1.000E-06 1.000E-05
EJ uvari.sst 893
n 4 17
’”J 1.000E+00 50.00 0.000 0.000 81 .
i 330 0.000E-01 -6.00 y JH+1 —
. . 500 5.000E-01 -0.30 y /Na+1
Wy 180 5.000E-01 -0.30 y /C1-1 SO——
. 893 1.000E-16 -16.00 y /U02+2
il 140 1.000E-02 -2.00 y /C03-2 U——
! 813 0.000E-01 0.00 ¥ /ADS1PSTIo »
i 811 1.918E-04 -3.32 y /ADS1TYPL :
il I 3
uh 3 1 4
ﬁf7 330 6.0000 0.0000 /H+1 5
! 6 1
) 813 0.0000 0.0000 /ADS1PSIo
13300 1 0.000 0 06 0.00 6.00  0.0000 '
8113300 xoh2+ 0.0000 7.3500  0.000 . . . 00 0.000
0.00 3 1.000 811 1.000 330 1.000 813 0.000 O 0.000 0 .
0.000 0 0.000 O 0.000 O 0.000 O 0.000 O 0.000 0
0 0.000 0 0.000 0 0.000 0
8113301 xo- 0.0000 = -9.1700- 0.000  0.000 0.00 0.00 0.00  0.0000 i
0.00 3 1.000 811 -1.000 330 -1.000 813 0.000 0 0.000 O 0.000 (0 ;
0.000 0 .0.000 O 0.000 0 0.000 O 0.000 O 0.000 O
0 0.000 0 0.000 O 0.000 0O
8118931 xuo20h2- 0.0000 -10.1900 0.000 0.000 0.00 0.00 0.00 0.0000 .
0.00 5 1.000 811 1.000 893 2.000 2 =-3.000 330 -1.000 813 0.000 0
0.000 0 0.000 0 0.000 O 0.000 O 0.000 O 0.000 0
0 0.000 0 0.000 O 0.000 0O

U(VI) sorption on goethite, DLM, XO-UO2(OH)2-
pH = 7

25.00 MOLAL. 0.000 '0.00000E-01
0010300012211

CONC 893 12 .
TOE%EOOE§15 1.000E-14 1.000E-13 1.000E-12 1.000E-11 1.000E-10
1.000E~09 1.000E-08 1.000E-07 1.000E-06 1.000E-05

uvari.sst 893
4 1 7
1.000E+00 50.00 0.000 0.000 81

330 0.000E-01 -7.00 y /H+1

500 5.000E-01 -0.30 y /Na+1

%M/Aﬂ“/f/?// s /A)Qf cin W/C—//M

2l v pledled vs UL/
.
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i,
P

-
P « -
sorption of U(VI) on goethite, pH = 6,7,8
W\/ [0] = 1E-16 to 1E-5
L »
‘ wol
P Fesrh JULs UL oo morss
5 92.3 | 1.00e-16 | 9.23e-17
s ! 92.3 | 1.00e-15 | 9.23e-16
6 92.3 | 1.00e-14 | 9.23e-15
6 92.3 | 1.c0e-13 { 9.23e-14
’ 3 §3.3 1.00e-12 9.23e-13
6 92.3 | 1.00e-11 | 9.23e-12
. 6 92.3 | 1.00e-10 | 9.23e-11
6 92.3 | 1.00e-09 | 9.23e-10
6 92.3 | 1.00e-08 | 9.23e-09 -
' 5 92.3 | 1.00e-07 [ 9.23e-08
6 92.1 | 0.000001 [ 9.21e-07
3 90.3 0.00001 | 0.000009
7 72.1 | 1.00e-16 | 7.21e-17
7 72.1 | 1.00e-15 | 7.21e-16
7 72.1 | 1.00e-14 | 7.21e-15
v
7 72.1 | 1.00e-13 | 7.21e-14
L 7 72.1 | 1.00e-12 | 7.21e-13
. 7 72.1 | 1.00e-11 | 7.2le-12 ,
v
7 72.1 | 1.00e-10 | 7.21e-11
7 72.1 | 1.00e-08 | 7.21e-10
7 72.1 | 1.00e-08 | 7.21e-09
7 72 | 1.00e-07 | 7.20e-08
7 71.7 | 0.000001 | 7.17e-07
7 68.4 0.00001 | 0.000007
8 39.2 | 1.00e-16 [ 3.92e-17
8 39.2 | 1.00e-15 | 3.92e-16
‘ 8 39.2 | 1.00e-14 [ 3.92e-15
8 39.2 | 1.00e-13 [ 3.92e-14
8 39.2 | 1.00e-12 [ 3.92e-13
[ 39.2 | 1.00e-11 | 3.92e-12
8 39.2 | 1.00e-10 [ 3.92e-11
' - .92e-10
‘]ﬂ"n ! 8 39.2 1.00e-09 3.92e
i
““”” - 5 39.2 | 1.00e-08 | 3.92e-09
-07 | 3.91e-08
HM"]"’"L. 8 319.1 | 1.00e
‘ ; L, 8 39 | 0.000001 | 3.90e-07 -
4 ﬁ : 8 37.2 # o0.00001 | 0.000004
il ‘~|<
iy
it
I % ~
i (
“"‘““’-H A - -
i
il | ) ; ‘
1 5111/ 25 PAC_ s b s
e {-tbf V! 1 ‘)

WP faghu s

/wms/a /57)

noé& M)'{/z/é /M@ netl :éé,éﬁcm 00 Wb\a

p(r/ JM_@__/
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/4494«/
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W m,t/u

rvellow disk

[dtatabls]
lriqpul
-1

ntbkfldr txt
rig88am.thl
rig88np.tbl
rig88th.thl
rig9lam.thl
rig9lnp.tbl
rig9lpu.tbl
rquth tbl
san85iva.thl
san85pu.tbl
sanB5vh.thl
san8Sve.tbhl
tablead.num
ven.dat
ven.dta
ven.prn
ven.gat
ven9lhi.tbl
wai.prn
wai9l.tbl
wait.prn
.1
rig8.dta
rigp8e.cem
rigp8c.sps
rigp8c.sst
rigpudd.dim
rigpusd.sst
rigpu8t.sst
rigpust.tlm

yellow disk

{text)
[waite)
(.

firdir.exe
montprep. txt
qarefs.wp
steve.nts
wkflcon. ext
(.1

c

d

t
binding.u36
qtzascii.prn
gtzexpt.dta
qtzexpt.prn
quartz.prn
read.me
ref.txt
tripl.bat
waitec.cem
waitec.sp5
waited.dlm
waitet.tlm

3m disk

minteqal
minteqa2
gpro
[
unnoo0__c
mn05_
unnos_c
1nn05_c
1nn05_sb
annv6__
unno6_:
unn06_c
10n00__s

23

IBIR]
2,195 3/29/95
21.670 3/1/95
23,337 3/1/95
21,929 3/2/95
22,510 3/2/95
22,496 3/2/95
21,026 3/2/95
21,824 3/2/05
21,796 3/6/95
22,109 3/6/95
21,199 3/6/95
21,923 3/6/95
6,995 125,95
5.958 3/7/95
405 377795
570 3/7/95
2,363 3/7/95
25,158 3/8/95
110 3/8/95
21,543 3/8/95
318 3/8/95
[ IR]
231 10/17/94
9}571 10/13/94
32,760 10/24/94
1020 10/13/94
571 10/31/94
6.750 10/21/94
6.750 10/21/94
12,721 10721794

(DIR)
777 5/11/95
7.840 5/11/95
42,947 8/19/94
1,086 5/11/95
25,505 5/11/95
(DIR]
[DIR]) 5/11/95
(DIR) 5/11/95
{DIR] 5/11,/95
11,787 11/17/94
162 11/4/94
383 10/27/94
291 11/4/94
4,292 5/18/94
1,239 5/11/95
2.935 11/17/94
40 11/16/94
23,626 11/23/94
49.912 11/28/94
23,625 11/23/94
39,692 11,22/94

(DIR] 12/13/94
(CIR) 12/13/94
{DIR] 12/13/94
[DIR}

%, 0’5 /12792

9,9’5 7/9/92
1.312 7/14/92
10174 6/25/92
1.450 6/26/92
%.075 7/9,92
3.075 7/12/92

9:35AM
1:52PM
2:56PM
9:13AM
1:20PM
10:47aM
1:53PM
9:57AM
11:23am
11:07AM
12:41PM
1:20PM
1:22pM
l:31pM
1:13PM
1:31PM
1:22pPM
10:01AM
1:33pM
1:42PM
1:38pM

12:33PM

11:18AM
11::19aM
10:41aM

3:03pM
1:04pPH
S:O1PM

JiileM

Pl

uon00__c . wp
uon05__
uon05__c
uono0s_c
uon06__
uon6__c
uon06_c
plnlo__
plall__
ploll_a
pdnll__
p4nli_a
p4nll_b
pénil_c
pénil_d
pinll_e
t4n13__
t4nll__c
u2nl5-2
u2nl5-3
7 u2nl5__
u2nl6-3
u2nlé__
uco2d1m3. inp
unnoo__
unn00__c
unno5__
wan05_c
unno6__
unn06_c
uon00__
uon00__e
uon0s__
uono5_c
uon06_c
uphco0l16
upheol51
upheo256
{..]
analyze.wql
csna0lm.wql
flamme2b.wql
flamme2c.wql
hsifigl.wkl
hsifigl0.wql
hsifigll.wql
hsifigl2.wql
hsifigld.wql
hsifigl8 . wql
hsifig2.wkl
hsifig20.wql
hsifig25.wql
hsifig27.wgl
heifig28 . wql
hsifig29.wql
hsifigl0.wql
hsifigdl.wql
hsifigd2.wql
hsifig3s.wql
nsifigl6.wql
hsifig37.wql
hsifig38.wql
hsifigd7.wql
hsifigd8.wql
hsifigd9.wql
hsifig6l.wql
hsifig62.wql
hsifig63.wql
huntf-la.wkl
huntf-1b.wkl
huntf-2a.wkl
nuntr-2b.wkl
huntf-3a.
huntf-3b.
huntf-d4a
huntf-db.

ishihf-4 .wql
ishihf-5.wql
ishihwp.wql
kataytls.wql
ksatl.wql
ksat5080 .wql
lieserl.wkl
lieserl.wks
lieserl.wql
lieserl.wrk
master.wql
nakayf3a.wql
nakay£3b.wql
nakayfd .wql
notaure.wql
optimizr.wqgl
register.wql
righf-1.wql
righf-2.wql
righf-3.wql
righf-5.wql
sample.wql
sancfla.aci
sancfla.wql
sancfle.wgl
sancfda.wql
sancféb.wql
sancqlb.wql
sanch.wql
sanfla.wkg
sibwtas.wql
srna_005.wql
srna_05.wql
srnal_0.wql
srnaiso.wql
vochtf4 .wql
7ocht £5.wql

23,398 7,12/92
1.174 6/26/92
1.450 6/26/92
5,058 7/9/92
1,174 6/25/92
1,450 6/26/92
2,068 7,/9/92
[DIR]

587 6/18/92
587 6/18/92
5.032 6/19/92
587 6/18/92

5,032 6/18/92

1,258 6/19/92
551 6/19/92
629 6/19/92

5,032 6/19/92
587 6/18/92
725 6/19/92
656 6/18/92
556 6/17/92
587 6/17/92
556 6/18/92
587 6/17/92

1.837 6/15/92
715 7/6/92
853 7/6/92

1,174 6/26/92
8,803 7/6/92
1.174 6/25/92
2,074 6724792

716 7/6/92
863 7/6/92

1,174 6/26/92
9,076 7/6/92
8,874 7/6/92
9,304 8/25/92
1,391 8/13/92

29,419 8/11/92

[DIR]

4,270 11/16/93

5,475 7/1/92

18,134 6/5/92

8.463 6/5/92

$,853 5/27/92

5,672 5/28/92

6.362 5/28/92

5.669 5/28/92

5,314 5/28/92

4,286 5/28/92

7,075 5/27/92

4,799 5/28/92

11,186 5/28/92
20,341 5/28/92

5,109 5/28/92

65,193 5/29/92

5,119 5/29/92

4,906 5/29/92

4,788 5/29/92

12,935 5/29/92

4,417 5/29/92

4,562 6/4/92

5.518 6/4/92

11,517 5/29/92

1,519 5/29/92

3.878 5/29/92

8,360 5/29/92

3,161 6/2/92

10,097 6/2/92
3,005 5/26/92
5,535 5/27/92

3.049 5/27/92

>.544 5/27/92

.142 5/27/92
3,526 5/27/92
3,432 5/27/92

12,117 673792
239 6/11/92

ThE 9/27/91

T.923 672792

4:40PM
3:52PM
4:47PM
3:35PM
3:28eM
4:34PM
3:38PM

1:55PM

11:03AM
11:13AM
11:37aM
4:14PM
2:14PM
11:21AM
5:01PM
11:22aM
11:38AM
2:58PM
10:06AM
11:02aM
11:21aM
4:04PM
9:22AM
3:06PM
10:56AM
11:26AM
11:28aM
3:52PM

1l:31aM

3:56PM
9:12aM
2:40PM
2:55pPM
1:01PM
8:48AM
8:54AM
9:07AM
9:11AM
9:16AM
1:10PM
9:25AM
2:40AM
5:06PM
4:10PM
9:00AM
9:06AM
9:13aM
10:07am
1:36PM
3:4lPM

5,479 6/2/92
4,191 6/3/92
12,694 673792
7,902 6/2/92
16,910 11,/11/93
16,910 11/11/93
5,137 11/29/94
5,137 11/29/94
S,137 11/29/94
5,137 11/29/94
69,500 2/12/92
19,511 6/26/92
11,060 6/26/92
9,418 6/26/92
5,354 6/26/92
6,215 2/12/92
5,537 2/12/92
15,585 6/5/92
11,494 6/5/92
13,959 6/8/92
7,427 6/8/92
5,084 2/12/92
748 3/6/95
10,496 6/2/92
9,892 6/2/92
4,968 6/2/92
4,859 6/2/92
9.215 6/2/92
28,294 6/4/92
4,868 3/6/95
4,999 12/30/93
10,769 6/26/92
17,583 6/26/92
11,636 6/26/92
28,328 6/26/92
5,938 6/2/92
4,393 6/2/92

11:16aM

[ ——————
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orange disk
analog (DIR] 5/8/95  11:24aM
fiteql {DIR] 5/8/95  11:28aM
i3 (0IR]
analogl.123 33,807 5/31/94  1:59PM
analogl.inp 48,145 5/31/94  B:54AM
analogl.spS 45,208 5/31/94 10:22aM
analog2.123 46,981 5731794  2:00FM
analog2. inp 54,995 5/31/94  1:56PM
3nalog2.spS 57,656 5/31/94  3:16PM
2nalog5.123 17,400 5/20/94 10:14AM
analogs. inp 38,509 5/27/94  8:49AM
analogl .spS 54,824 5/26/94  9:10AM
analogd.spw 127,494 2/1/95  11:53AM
(.. [DIR]
£it2.exe 129,072 12/12/87 6:15PM
vellow disk
kohu 5/8/95  11:05AM
ktables 5/8/95  10:47aM
.
xohudl.dta 10/14/94  1:56PM
kohud lc.ccm 10714794  1:29PM
> %ohudlc.spS 10714794 2:18PM
*w‘:" e .sst 10/14/94 1:39PM
ﬂWﬂlﬁ %snudld.dlm 10714794  2:33PM
o, 1ol xohud ld.spS 10/17/94  §:17AM
il & kchudld.sst 10/14/94 2:43PM
ﬂu .spS 10719794  2:22PM
i .sst 10/17/94  9:00AM
i tlm 10/17/94 8:50AM
Q'H”H 10/24/94 10:10AM
10/12/94  9:56aM
. 10/18/94 2:50PH
B
W 12/2/94 :56PM
3723795 8:56aM

[l

W”Lf

i

T

-

<§;£)£AJ’\-—”"_—7

bindaa.
bindaa
bindaa
bindas.
bindas
bindas
bindef.

DN W

binding.am3

binding.n|
binding.pi
binding.p:
binding.t
binding.ul
bindna.l
bindna.2
bindnb.3
bindnb.4
bindnf.5
bindnf.6
bindnf.7
bindng.8
bindnk.9

PSS
ud
us
hd
6

bindnl.10™

bindnm.11
bindam.12
bindns.13
bindpa.l

bindpg.2
bindpg.3
bindpg.4
bindpg.5
bindta.l
bindts.2
bindts.3}
binduf.1
binduf.10
binduf.11
binduf.12
binduf.13
binduf .14
binduf.2

binduf.3
binduf.4
binduf.5
binduf.6
binduf.7
binduf.8
binduf.9

bindug.15
bindug.16
bindug.17
bindug.18
bindug.19
bindug.20
bindug.21l
bindug.22
bindug.23
bindug. 24
bindug.25
bindug.26
binduk.27
bindum. 28
bindum. 29
bindum. 30
bindum.31
bindum. 32
bindut.33
bindut.34
bindut.3S
bindut.36
bindut. 37
bindut.38
bindut.3?
bindut. 49
tblindx.l

maroon di

lieser

st

sk

14,113 3/23/95
14,201 12/2/94
33,936 2/22/95
9.730 3/23/95
9.727 3/23/95
8,594 3723795
4,814 3/23/95
14,998 3/8/94
9,635 3/8/94
14,921 3/8/94
14,638 3/8/94
14,945 3/8/94

£ 10,112 3/28/95

9,030 12/2/94
26,133 3/23/95
35.883 2/17/95
29,369 3/23/95

8.179 3/23/95

3,179 3/23/95

8,254 12/20/94
26,086 3723795
10,949 3/23/95
26,215 3/23/95

8.811 3/23/95
26,103 3/23/95

8.419 3/23/95

7,672 3/23/95

9.812 3/23/95

7.657 3/23/95

7,656 3/23/95

9.868 3/23/95

8,738 3/23/95

9.087 3/23/95
10,021 2/13/95
16,400 3/23/95

0,534 /23/95
10,53 i/23/95
27,840 3/23/95
16,620 3/23/95
10,548 3/23/95
10,514 3/23/95
30.553 2/8/95
10,547 3/23/95
10,071 3/28/95
10,515 3/23/95
30,937 2/8/95
10,426 7/11/94
10,766 3/23/95
12,496 3/23/95
10,708 3/23/95

9.276 3/23/95
12,306 3/23/95
13,697 3/23/95
11,005 3/23/95
10,592 3/23/95
10,356 3/23/95
10,501 13/23/95
12,436 3/23/95

9,974 3/27/95
10.598 3/23/95
23,767 3723795

9.290 3/23/95

9.307 3/23/95
11,462 11/18/94

9.270 3/23/95

9.278 3/23/95

3,421 3/10/95

3,726 3/28/95
11,577 3/28/95
11.577 3/28/95
11,570 3/28/95
11.566 3/28/95
11,322 3/28/95
571 3/28/95
14,344 3/28/95

iCIR) $/8/95

10:23aM
5:56PH
10:15aM
8:48AM
9:20AM
9:22aM
9:55aM

1:00PM

naknp
payne
rigam
rigth
..

t
figlclo.
figicls.
figlclo.
figiclo.
figlelo.
£ig3b.pr
tiglc.pr

pro
pra
wkl
wkq
wql
n

n

£ig3d.prn
£ig3d.wkq
figle.prn

figle.wk

q

fig3f.prn
fig3f.wkq
figlg.prn
£fig3g.wkq

form.wks

1ie05.wkq
liel5.spw
liel5.sst
lielS,xfm
liel5d.inp
liel5t.inp
lielS5t.sst
liedb.prn
lie3b.wkq
lielbt.spw
lie3c.prn
lielde.wkq
lieled.inp
Alielcd.spw
lieldct.inp
liedct.sst
lieldd.prn
1ie88l.tbl
1ie882.thl
lie883.thl

liesedat.wkq
liesedta.wkq

lieser.prn

lieserl.wql
lieseral.spw

liet.spw

rs.sp5

utio2.wp

{DIR] 5/8/95

{DIR] 5/8/95

[DIR] 5/8/95

(DER] 5/8/95

[DIR}

[DIB] 5/8/95
339 11/30/94
390 8/19/931
339 11/30/94
339 11/30/94
339 11/30/94
570 8/19/93
600 8/19/93
720 8/19/93

7.669 2/1/95
228 2/3/95

4,651 2/3/95
182 2/6/95

4,189 2/6/95
521 2/7/95

8,130 2/7/95

1.527 1/26/95

4,784 1/16/95

61,957 3/22/95
20,201 3/22/95

30 2/15/95
18,854 3/22/95
27.984 3/22/95
20,196 3/22/95

392 1/17/95

6,268 1/16/95

7.232 2/24/95
406 1/26/95

5,951 1/26/95

19,613 2/22/95

58,955 2/27/95

28,749 2/28/95

20,206 2/28/95
485 2/1/95

23,554 3/17/95

29,155 3/17/95

31,738 3/17/95

7,469 2/13/95

7,469 1/12/95
376 1/12/95

5.137 11/29/94

78,326 3/10/95
7,232 2/16/95

L

[G3]
datallec.sps
datac3l.dta
naknp3le.cem
naknp3lc.sps
naknp3lc.sst
naknp3id.dim
naknp3ld.sp§
naknp3ld.sst
naknp3lt.sp5
naknp3lt.sst
naknp3it.tlm
naknpd3c.cem
naknpddc.sp5
naknp43d.dlm
naknpd3d.sp5
naknpd3t.sps
naknpd3t.sst
naknp43t.tim
nknpllal.sps
aknpd3al.sps
.1
xao.bat
xohluo22.473
xoh2uo23.d73

“onuol3.dTl

(DIR)
2,820 10/10/94
3,200 10/10/94
10,285 10/14/94
22,212 10/14/94
9,396 10/14/94
10,285 10/14/94
22,180 10/14/94
9.396 10/14/94
22,180 10/17/94
3.396 10/17/94
15,241 10/17/94
10,302 10/13/94
22,572 10/14/94
10,285 10/13/94
22,964 10/14/94
22,136 10/17/94
9,396 10/17/94
15,253 10/17,/94
41,196 10721794
41,416 10724794
{(DIR]
373 1073794
5,494 10/3/94
492 10/3/94
494 10/3/94
492 1073794
192 10/3/94
493 1/25/94
5,492 10/3/94

l:41PM
1:35PM
10:17aM
10:43AM
10:22aM
11:06AM
11:26AM
11:12aM
10:49aM
10:18AaM
10:32aM
2:26PM
10:46aM
3:04pM
10:53aM
11:13aM
11:07aM
1:02aH
B:23aM
9:41aM

xohuo24.473

xouo2.d7?

3

z0u021.473
xouo22.473

[ S5Y!
raml2dta

.8p5
rigamile.
rigaml2e.
rigamlad.
rigamlad.
rigaml2t.
rigamilt.
rigaml2t.
rigamlat.
[

cem
8st
dlm
sst
dta
sp5
Sst
tim

rigthll.dta

rigthllc.
rigthllc.
rigthlld.
rigthlld.
rigthlld.
rigthllt.
rigthllt.

green dis

lieser

1
-1

fan -

cem
sst
dlm
sp5
sst
sst
tim

k

black disk

model
oldrig
[G
amgif$s
ccm
dlm
npsif5
thsif5
tlm
.1
acdz.bat

athedzl.go

axoh2thd .cgo
axohth2.cgo
axohthl.cgo
axohthd.cgo

axoth.cgo
axothl.cgo
axoth2.cgo
axoth3.cgo
axothd .cgo

rdlamel.sp5
r9lamec2.sp5
r9lamdl.sps
rilamd2.sp5
r9lamel.sp5
r3lamt2.sp5
riq91thl.sps
rigsio2.wql

5.493 1/25/94 4:47PM
5.493 1/25/94 4:47pH
5.493 1/25/94 4:47pM

5.493 1/25/94  4:47pM

[DIR]

2,628 10/26/94 11:36AM
11,999 10/26/94 1.48pM

9,450 10/26/94 1:53pyM
11,999 10/27/94 9:31aM

9,450 10/27/94 9:36aM

1,231 10/26/94 11:34aM
35.188 10/31/94 9.44aM

$.450 10/26/94 11:14AM
17,809 10/26/94 11:07AM

(DIR}

1,723 10/28/94
15,425 10/28/94
13,122 10/28/94
13,711 10/28/94
41,264 10/31/94
11,664 10/28/94
11,664 10/28/94
20.353 10/28/94

[DIR] 5/8/95 11:41aM

{DIR]

[DIR} 5/8/95  11:45AM

(DIR] 5/8/95  11:50aM

(DIR] 5/8/95  12:56pM
’

(DIR] 12/13/94 10:08AM
[DIR}) 5/11/95 9:11amM
[DIR)

[CIR} 12/13/94
{DIR}] 12/13/94
{DIR] 12/13/94
IPIR}I 12/13/94
(DIR] 12/313/94 10:09aM
{DIR] 12/13/94 10:09aM
[DIR)

301 2/8/94 12:00AM
27,006 2/7/94 3:31PM
5.988 2,/8/94 11:04aM
5,988 2/8/94 1:37PM
5.988 2/8/94 11:06AM

988 2/8/94 1:39pM
5,989 2/8/94 11:08AM
5.988 2/8/94 11:19aM

5,988 2/8/94 1:41PM

5.388 2/8/94 11:18aM

5.988 2/8/94 11:22AM
18,228 6/1/94 2:27PM
15,340 6/1/94 2:49PM
20,276 65/1/94 2:58PM
16.440 6/1/94 3:01PM
17,924 6/1/94 3:03pM

17.340 3/29/%4 2:48PM

252 3/25/94 8:47aM
5,951 2/9/94 10:36AM

-

o

7,012 11/29/94

4,849 1/12/95

11:25AM




06

Peoect 20-530Y-H7 9 - Sr;ro%mr\ maﬂéf’hm “@a(\ HLLD

%VA’R&\ Pectremance Ag%pssmm*l’ /‘JAQQAp due 17 CNLEA
(‘PDF\A)AM-?»/H—IAH - ellectine l/Qo,k)/g

e

g,
. .\wl”'ur-,

i

W
Wl' }
: Wmﬁ,"{

i
STy

i

HMUD |

aj
m m:}

‘.’m]

llllm

R T A Y U U VL U R

i

Jh
'ﬁ‘"h I

ﬂﬂlh;ﬁ

W

ual? Iif

,“““”H

i




