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Spreadsheet Calculations of Actinide Solubilities for the WlPP Compliance Recertification 
Application 

This memo documents the method I used to perform the spreadsheet calculations of the summation 
of Molarities of thorium, neptunium, and americium from the FMT calculations in output files 
ap098-frnt_run012, ap098-fmt-run018, ap098-fmt-run022, and ap098-fmt-run028. 

Attachment 1 contains a printout of the original text output files. 
Attachment 2 contains the imported table for each run (Excel Format). 
Attachments 3,4, and 5 contain the Molarity summations for thorium, neptunium, and americium, 
respectively, for each run. 

The table below details the methodology. 



Methodology for Determining Molarity Summations 
Step 1 Print out original text output file for reference 
Step 2 Import table entitled TabLe of Batch Concentrations for Batch System into ~ i c ro so f t  ~xcel '  2000 
Step 3 Label Worksheet as Original Data 
Step 4 Create Sheets called Am, Np, and Th 
Step 5 Copy Data (as values) to new sheet named Am 
Step 6 In sheet "Am" Search Column Entitled Species for " A m  and mark row 

Step 8 1 Delete rows that do not contain Am 
Step 9 1 Separate the rows containing data for Am that is in solid form (place in separate table) 
Step I0 Sort aqueous data based on descending order of Molarity 
Step 11 Sum column titled Molarity 
Step 12 Copy Original Data (as values) to sheet named Np 
Step 13 In sheet "Np" Search Column Entitled Species for "Np" and mark row 
Step 14 Sort Table based on marked row 
Step 15 Delete rows that do not contain Np 
Step 16 Separate the rows containing data for Np that is in solid form 
Step 17 Sort aqueous data based on descending order of Molarity 

I 
Step 18 Sum column titled Molarity 
Step 19 Copy Original Data (as values) to sheet named Th 
Step 20 In sheet 'Th" Search Column Entitled Species for 'Th" and mark row 
Step 21 Sort Table based on marked row 
Step 22 Delete rows that do not contain Th 
Step 23 Separate the rows containing data for Th that is in solid form (place in separate table) 
Step 24 Sort aqueous data based on descending order of Molarity 
Step 25 Sum column titled Molarity 

File code: WIPP: 1.3.5.1.2:PA:QA-L:527285 
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WATER 
Na+ 
K+ 

Ca++ 
Mg++ 

NgOH+ 
H* 

Cl- 
S04= 
HS04- 

OH- 
HC03 - 
C03= 

CO2 lad 
CaC03 l aql 
MgC03 ( aq) 
E(OHI 3 (aq) 

B(OH14- 
8303 (OH) 4- 
840510H34= 
CaB(0H) 4+ 
MgB(0H) 4t 

Br- 

Phase 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 

Sulfur 
Carbon 
Pasfon : EL 
NegIon: EL 
0xalate:EL 
Boron 
Bromine 
Acetate:EL 
Th ( IV) 

I 
Am (111 
Pu(II1) 
NP (V1 
C104 :EL 
Phosphorus 
u t I V )  
Lactate: EL 
EnTA: EL 
CitraterEL 
E1ectron:E 
Charge : EL 

Species Name Mo1 .Wt. S t d  Chemical Potential, u/RT 
1 HZ0 18.015 -95.5635 
2 Na+ 22.990 -105.6510 
3 K+ 39.098 -113.9570 
4 Ca++ 40.080 -223 -3000 
5 Mg++ 24.305 -183 -4680 
6 MgOH* 41.312 -251.9400 
7 H+ 1.008 0.0000 
8 C1- 35.453 -52 .9550 
9 S04= 96.058 -300.3860 
10 HS04- 97.066 - 3 0 4 . 9 4 2 0  
11 OH- 17 -007 -63.4350 
12 HC03- 61.017 -236.7510 
13 C03= 60.009 -212.9440 
14 CO2 (aq) 44.010 -155.6800 

I 15 CaC03 Iaq) 100.089 -443.5000 
16 MgC03 Iaql 84.314 -403 .I550 
17 BIOH)3(aq) 61.832 -390 -8100 
18 B(OH)4- 78.839 -465 .ZOO0 
19 8503 (OH34- 148.457 -963.7700 
20 B405 (OH) 4 =  191.266 -1239.1000 
21 CaBEOH)4+ 118.919 -692.3000 
22 MgB(OH)4+ 103 .I44 -651.8900 
23 BY- 79.904 -999.9900 

( Information Only 2 
t 



v 

! 
AlTACHMENT 1 i ap098-fmt-run012 

I 

24 C104- perchlorate aqueous 99 - 4 5 1  -73.8100 i 
25 NaOH (aq) ta.titrate.base.only aqueous 39.997 500.0000 
2 6  trCl(aq1 to .  titrate-acid-only aqueous 3 6 . 4 6 1  500.0000 
27 HC104 (aq) to.titrate.acid.only aqueous 100.459 500.0000 

Z 
28 PosIon POSITTVE . ION aqueous 0.000 ~ . ~ o o ~  
2 9 Negf on NEGATIVE. ION aqueous 0.000 0.0000 1 
30 PasXon(0H) l a d  t0.titrate.bac.e aqueous 17.007 500.0000 

to. titrate. acid aqueous 1 .008  5 0 0 . 0 0 0 0  
I 

31 HNegIon(aq) 
37 H3P04(aq) H3 PO4 (aq) aqueous 97 - 995  -460 .go00 
33 H2PO4- HZ PO4 - aqueous 96.987 -455.9600 
34 HP04= HP04= aqueous 95.980 -439.3670 1 
35 P04=- P04=- aqueous 94 .972  -410.9470 
36 Am+++ Am+*+ aqueaus 243.000 -241.6940 

AmC03+ aqueous 303.009 -473.2900 

i 
37 AmC03+ 
38 Am(CO3)Z- Am(C03 1 2- aqueous 363 -018  -697.5200 
39 Am(COS)3=- AmlC03) 3=-  aqueous 423 -028  -915.5300 

I 
h 

40 -OH++ h n O H + +  aqueous 260 .007  -319.9600 
4 1  Am(OH)2+  OH) 2+ aqueous 277.015 -396.8900 1. 

42 Am(0H) 3 [aq) Am (OH 3 ( aq) aqueous 294.022 -469.5300 h 

43 AmCl++ AmCltc aqueous 278.453 -295 -2000 u 

44 M 1 2 +  AmC12+ aqueous 313.906 -345.9000 
45 Am(C03 ) 4==- Am(CO3)4==- aqueous 483 -037 -1123,4000 I 
46 Am(S04)2-  Am (S04) 2- aqueous 435.115 - 8 5 0  -9900 
47 AmS04+ AmS04+ aqueous 339.058 -549.5600 I 
48 Pu(OH12+ deactivated aqueous 272  .a44 999.9990 
49 PU(OH) 3 (aq) deactivated aqueous 289.051 999.9990 

t 

50 Th++++ Th++++ aqueous 232.038 - 7 8 4 . 2 2 7 0  
51 Th {C03 5=== Th lC03 ) 5=== aqueous 532 .084  -1411.3780 
52 Th(OHl3(COS1- Th (OH) 3 (C03 1 - aqueaws 342.069 -775.6270 
5 3  ThlOH)rl(aq) Th(OH)4(aql aqueous 300.067 -622.4700 
54 Th(S04)2(aq) ThlS04)21aq) aqueous 424.153 -911.6900 I 
55 Th(SO4)3= ThlSO4)3= aqueous 520.211 -1214 . O D 0 0  (I 
56 U++++ U++++ aqueous 242  -000  -214.1900 
57 UOH+++ UOH+++ aqueous 259.007 -308.7000 

,I 
58 U (C03 5=== V (C03 1 5 == = aqueous 542.046 -1345.3930 i. 
59 u(0H) 2 (C03) 2= W(OH)ZIC03)2= aqueous 396.033 -863 -3830 
60 U(0H) 4 (C0312== U(OH)4IC03)2== aqueous 430 .048  -998 -6620 

I 
61 U ~ O H )  4 fag) deactivated aqueous 310.024 999 -9990 
6 2  U(S04) 2 (a91 deact ivated aqueous 434.115 999.9990 

I 
999 .9990  63  'u[s04] 3= deactivated aqueous 530.173 t 

64 Mp02+ Np02+ aqueous 269.047 -369.1050 
NpOZC03- aqueous 329.056 -593.6010 

I 
65 NpOZC03- 

389.065 66 Np02 (C03)2=- Np021C03)2=- aqueous -809.8320 
I 

67 NpaZ (C03 1 3==- ~ p O 2  (C03 ) 3==- aqueous 449.075 -1020.2140 1 
68  Np020H (aq) NpOZOH (aql aqueous 286.054 -438.7300 
6 9  Np02 (OH) 2- NpOZ (OH) 2- aqueous 303.062 -506.2380 

I 
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AXTACHMENT 1 ,,ap098-f mt-r u no12 

I 
162 CaC03 Calcite solid 100.089 -455.6000 
163 CaCl2-4H2O CaCl2-Tetrahydrite solid 183.047 -698.7000 
164 Ca4C12(OH}6.13HZO,CaO~hlorfde~ solid 567.467 -2658.4500 5 
165 Ca2ClZ  (OH) 2. H20-CaOxychloride-B solid 203.096 -778.4100 I 

Carnallite solid 277.854 
3, 

166 KMgC13.6H20 -1020.3000 
167 MgSO4 - 7 H 2 0  Epsornite solid 246.469 -1157.8300 
168 CaNa2 (CO312.5H20 Gaylussite solid 296.154 -1360.5000 
159 Na2Ca lS0412 Glauberite solid 278.175 -1047.4500 
170 CaS04.2HZO Gypsum solid 1 7 2 . 1 6 8  -725.5600 
171 N a C l H a l i t e  solid 58.443 -154.9900 
172 MgSO4.6B20 Hexahydrite solid 228.454 -1061.6000 
173 KMgC1S04.3H20 Ka~nite solid 248.960 -938.2000 
134 KHC03 Kalicinite solid 100.115 -350.0600 
175 MgS04 .H20 Kieserite solid 138.378 -579.8000 
176 K 2 M g I S 0 4 ) 2 . 4 H Z O ~ e o n i t e  solid 366 -678 -1403.9700 
177 Na4Ca 1504 I 3.2H2O Labile-Salt solid 456.242 -1751.4500 
178 MgC03 Magnesite solid 84.314 -414.4500 
179 Mg2Cl (OH) 3.4H20 MgOxychloride solid 207.146 -1029.6000 
180 KHS04 Mercallite solid 136.164 -417 -5300 
181 Na2S04.10HZO Mirabilite solid 322 -189 -1471.1500 

I il 
k 
'11 

182 K8H6 (S04)7- M i s e n i t e  solid 991.237 -3039 - 2400  
183 NaHC03 Nahcolite solid 84.007 -343 -3300 
184 Na2C03.10HZO- N a t r o n  solid 286 -141 -1382 -7800 
185 M g C 0 3 . 3 H 2 0 d e s q u e h o n i t e  solid 138.360 -695.3000 

i )  
186 X2Mg(S04)2.6H20-Picsomerite/Schoen solid 402.708 -1596.1000 
187 Na2Ca (C03) 2 - 2 H 2 0  Pirssonite solid 242.108 -1073.1000 
188 XZMgCa2(504)4.2H20 Polyhalite solid 6 0 2 . 9 2 2  -2282.5000 

1' 
189 Ca(OH32 Portlandite solid 74.095 -362.1200 
190 K2C03 .3 /2?320-Potas s i~Carbonate  solid 165.219 -577.3700 
191 K8H4(C0316.3H2OJ-Sequicarbonate solid 730.919 -2555.4000 

,\ 
192 KNaC03.6H20 K-Na-Carbonate solid 230.188 -1006.8000 
193 K2NaH(CO3J2.2H2O-Potassium-Trona solid 258.243 -971.7400 
194 K3H ( SO4 ) 2Sesquipotass ium_Sul£ate  solid 310.418 -950.8000 

I 
195 Na3H(S04)2Sesquisodium_Sulfate solid 262 -092 -919 - 6000  
196 NaZCO3.7HZO-Ha2C03-Heptahydrate solid 232 - 095  -1094.9500 
197 KC1 Sylvite solid 74.551 -164.8400 
198 K2Ca(S04)2.H20 Syngenite solid 328.407 -1164.8000 
199 MgZCaC16.12H20 Tachyhydriee solid 517.590 -2015.9000 

< 1 
200 Ma2S04 Thenardi te solid 142.037 -512 -3500 
201 Na2C03 .H20 Thermonatrrte solid 124.004 -518.8000 
202 Na3H (C03 ) 2.2H20 Trona solid 226.026 -960.3800 
203 Na2B407.10H20 Borax solid 381.367 -2224.1600 
204 B(OH13 BorixAcid-Solid solid 61.832 -390.8800 
205 KBS08.4H2O-K-Pentaborate,13O-C1 solid 293 -204 -1770.2600 

1 
206 K2B407.4H2D-K-Tetraborate-(30-C) solid 305 -493 -1663.4700 

I L 
'1 

207NaBO2-4H20 Sodium-Metaborate s o l i d  137.859 -761.4200 

Information Only $ 6 a 
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I 

I 
AlTACHMENT 1 

I I ap098-fmt-run012 

- Preventing F o m t i o n  of SOLID Species Mg4/C03)3(OIt12.3H20-HydroMagne4323 
Preventing Formation cf SOLID Species OH-/H2O(solid) to-set .M+ 

1 Solubility Product Violations, adding M g 2 C L I O H ) 3 . 4 H 2 0 2 g O x y c h l o r i d s  

AQ VIOLATION, Estimated Cone= 1.06E-24 Th++++ Th++++ 
Preventing Formation of SOLID Species MgCO3 Magnssi tc 
Preventing Formation of SOLID Species CaMg(C03)2 Dolomite 
Preventing Formation of  SOLIn Species Hg5g5(C03)4FOH)2.4HZO-HydroMagne5414 d 

Preventing Formation of S O L I D  Species OH-/HlO[solid) to. set.aH+ 

nonconvergent elemental abundances 
Mu(ttl)= 0.100223533933463 x I 

134.500489367874 Hydrogen 
129.794726810469 Oxygen 

I 
13.9046759199647 Sodium 
1.51389125613328 ~atnssium 

I 
11.1220333103347 Magnesium 
11.0109652359741 Calcium 
15.1824035399441 Chlorine 
10.1916125989379 Sulfur 
2.00000000000000 Carbon 

0.000000000000000E+000 Pas1on:EL 
0.00000000000~000E+000 Neg1on:EL 

i 
i: I 

2.423591950322903E-002 0xalate:EL I : 
0.173915163101875 Boron 
2.917286606870161E-002 Bromine I 

5.6662682171901223-003 hcetate:EL 
1.00000000000000 Th ( IVI 
1.00000000000000 AmIIff) 

I 
o . o o o ~ o o o o o o o o o o o ~ + o o ~  PUIIII) - 
1.0P000000000000 Np (V) 

0.0000000P0000000E+000 C104:EL 
0.000000000000000E+OOO Phosphorus I 
0.000000000000000EtOOQ UIIY) 
0.000000000DOOOOOE+O00 Lactate:EL 
4.342268910995193E-006 EDTA:EL 1 
4.297387578581813E-004 Citrate:EL I 
O.OOOOOOOOOOOOOOOE+O00 Electron:E 
0.000000D00000000E+000 Cbarge:EL, 

AQ VIOLATION. Estimated Conc= 1.21E-24 Th+++4 Th++++ 
Preventing Formation of SOLID Species MI-/H20lsolid) to. set. aH+ 
Preventing Formation of SOLID Speciks Mg5(C0314(OH)2.4H20-Hydromasne5424 
Preventing Formation of SOLID Species C a M g ( C 0 3 ) 2 D o l o m i t e  

Information Only 12 
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ATTACHMENT 1 I ap098-fmt-run012 
SOLUTION MASS 1297.19989217616 grams 
H20 MaSS 919.370610689967 grams 
TDS 1g/kg) 410.965150607373 g/kgHZO 

Specified Solution Density 
DENSITY 1230.28363765684 kg/rnA3 = g/ l  1 

Solution Parameters Based on Specified D e n s i t y  
SOLUTION VOL 1.05439091642864 l i Eers 
TDS 358.338900306493 Q'/l 

Density based on TDS and NaCl  solutions 1230.28 g/ l  
% Relative difference vs NaCl density 0.00 % 
Calculated Ratio of molality to Molarity 1.147 

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM I 

Species Name Molality Activity A c t  Caef Tatal Moles MolariEy mg/liter i. 
Descriptor 

H2O WATER 8.129803-01 7 -32777E-01 0.9013 5.10331E*01 4.8400513+01 8.71945E+05 
CaSOI-ydri te 1.087673*01 1.00000Et00 1.000 9.99970E+00 9.48387Et00 1.29111E+06 
MaCl Halite 1.01559E+01 1.00000Et00 1.000 9.337043+00 8.85539EtOO 5.175343+05 
Mg IOHJ 2 Brucite 8.996813+00 1.00000E+00 1.000 

I t 

8.27140E+DQ 7.84472Et00 4.57501E+05 
C1- C1- 6.22Q93E+00 8.06472E+00 1.295 5.726693+00 5.43128Et00 1.92555E+05 
Mg2C1(OH~3.4H2O-MgOxychloride 1.216776+00 1.00000Et00 1.000 1.118673+00 1.060963+00 2.19773Et05 
Tho2 (am) Hydrous-Thorium-Oxide 1.08570E+00 1.00000E+00 1.000 l.OOQOQE+OD 9.484153-01 2.50417E+05 
-(OW3 ( s )  Am(OHl3 ( s )  1.087703+00 1.00000Et00 1.000 1.OOOOOE+OQ 9.484153-01 2.78855E+05 
KQJpOZCO3(sF mp02~03  ( s 1 1.087TOE+00 I. OOOOOEt00 1.000 9.99999E-01 9.48414E-01 3.491633+05 

i 
CaC03 Calcite 1.08728E+50 1.00000E+00 1.000 9.996133-Dl 9.48047E-01 9.488933+04 L 

K+ K+ 5.58C613-01 2 -419363-01 0.4328 5.138323-01 4.87383E-01 1+90558E+04 
S04=  SO4 = 2 -087403-01 4.449603-03 2 -1316E-02 1.91909E-01 1.82010E-01 1.748343+04 
MgB (OH) 4 +  MgBIOH) 4 +  7.36C72E-02 1.405553-01 1.911 6.76723E-02 6.41814E-02 6.619943+03 
Br - Br - 3.173133-02 8.579943-03 0 -2704 2.917293-01 2 -766803-02 2.2107&E+03 I 
Mgm(aq) MgOx ( aq ) 2.586853-02 3.27361E-02 1.265 2.37827E-02 2 -255593-02 1.198733+03 

I 

AC - Acetate- 3.108676-03 1.72726E-03 0.5556 2.85802E-03 2.710593-03 1.600443+02 
M g C i C -  MgCi t - 4.53252E-04 7.80549E-05 0.1722 4.16707E-04 3.952113-04 8.434003+01 
MgmurA= MgEDTh= 4.585573-06 5.96992E-07 0.1302 4.21584E-06 3.998373-06 3.651283+00 
Na+ Na+ 4.96822&+00 4.61126E+D0 0.9282 4.567636+00 4.332013+00 9.95919E+04 -3.803!09 
Mg++ Mg++ 5.620173-01 9.98313E-01 1.776 5.157023-01 4.90048E-01 1.19106E+04 -7.863;09 
B 1 OH) 4- BIOH) 4- 5.51524E-02 5.61813E-03 0.1019 5.070553-02 4.80899B-02 3.791373t03 -9.11E-Q8 
3 (OH) 3 lag) B(On) 3 (aq) 2.537933-02 2-714403-02 1.070 2.33330E-02 2.212943-07 1.368303+03 -5.80E-08 
Ca++ Ca++ 1.026643-02 9.76394E-03 0.9511 3.438603-03 8.951718-03 3 -5878531-02 -5.6QE-09 
B40S(OH)4= E ~ O ~ ~ O H )  4= 5.75024E-03 2 .43095E-05 4 -2276E-03 5.286603-03 5.01389E-03 9.589893+02 1 .67E707 
B30310H14- B 3 0 3  (OH) 4- 3.305203-03 5.412033-04 0.1637 3.03870E-03 2-881953-03 4.278473+02 -1.753-07 

I 
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AlTACHMENT 1 1 ap098-fmt-run012 
1 

H+ (solid) ta.set.aH+ WAF El .OOOOOE+OO 1.00000E+00 1.000 D.OOOOOE+OO 0.00000E+00 0.00000E+00 -8.69Et00 
OH-/HZ0 (solid) to.set.aH* NAF 0.00000E+00 1.00000E+00 1.000 0.00000E+00 O.O0000E+00 0. DOOOOE+00 8.693+00 
NaOH ( ag to.titrate.basa.only O.OOOOOE+OO O.O0000E+OO 1.000 0.00000E+00 O.O0000E+00 O.OOOOOE+OO -2.95E402 
H C ~  (as1 to.titrate.acid.only 0.00000E+00 0.00000E+00 1 .OOa 0.00000E+00 0.00000E+OO 0.00000E+00 -2.48Et02 
H4EDTA (aq) H4EDTA (aq) 0.00000E+00 0.0000~E+00 1.000 O.O0000E+00 0.00000~+00 0.000OOE+00 -2.81E+Ol 

pH (-log(aH+lJ; pmHI-loglmH+IJ; pcH(-log[Mn*I) 8.6899 9.3368 9.3963 
OsmoticCoefficient= 1.351548 
Equilibrium RH ( 8 )  = 73.277712 
Ionic Strength (m) = 7.539364 

r; 
Density, kg/m3 = 1230.28 
fCO2 (9); 3aglfCO2 (g) I =  3.295E-06 -5.482 

NOTES: - Water "molaLityn is mole fraction H20 i n  aqueous phase 
- "Descrigtor" means: 
*dG/RT/lnlO for species with nonzero concs. {convergence criterion) 

! .  

1 
'Saturation Xndex for minerals, SI=loglO(IAP/Xsp) 
'loglO(activity) for aqueous species with very small concentrations 
*log10 (activity for aqueous species Not Allowed to Form 

1 
W A F  signifes that the species wax Not Allowed to Form . I 

Total G/RT= -1.88434219E*04 ? 
Total Diagonal Inversions 301 

I 
Total Stoichiometric Reoptimizations 27 

Il I' 

t 
E' 
I: 

I 1 
1 

1! 

i 
I 
I 

Information Only 18 

\ 



INPUT file name i s : ~ ~ 0 9 8 $ ~ ~ 0 ~ : [ 0 0 0 0 0 0 ~ ~ ~ 0 9 8 ~ + ~ 0 1 8 . I N ; ~  
INmTESS f i l e  name ~ ~ : A P ~ ~ ~ ~ P R O D : [ ~ ~ ~ ~ ~ O ~ ~ P O ~ ~ ~ ~ R U N O ~ ~ . I N G U B S ~ ; ~  
OUTPUT file name ~ ~ : A P O ~ B $ P R D D : ~ O O O O O O ~ A P O ~ ~ ~ F M T ~ R U N O ~ S . O U T ; ~  
CHEMDAT f i l e  name is A P ~ ~ ~ $ P R O D : [ O O O O O O ) A P O ~ B ~ ~ ~ C H E M D A T ; ~  
Temperatuxe is Hard Coded as 298.15K 
CRA GWB recine. calc I FMT-OZIIZO.&B~~)C  
ERG update of FMT-4i'0407.chemdat (PAW dbl 

Accuracy of reactions is 1.0000E-06 
Minimum elemental abundance is I. 0000E-18 
Number of Aquenus Species is 1 2 5  

PITZER Data Base NOT Echoed in this ~ u n  
using PITZER ACTIVITY COEFFICIENT model 
Charge Balance replaces element Oxygen 

Sgecies CaC03 pragonite prevented from forming in DISABLE 
Species CaC03 Calcite prevented from forming in DISABLE 
Species CaNa2(C03)2.5H20 Beylussite prevented from farming in DISABLE 
Species MgC03 Magnesite prevented f r o m  forming in DISABLE 
Species MgC03.3H20 Nesquehonite prevented from forming in DISABLE 
Species NaZCa(C03)2.2H20 Plrssoni te  prevented f r o m  forming in DISABLE 
Species CaMg(CO312 Dolomite prevented from forming in DISABLE 
Species Mg44CO3)3(OH)2.3HZO-HS.droMagne4323 prwented from forming in DISABLE 
fC02lg) n o t  specified in the INPtrr file 
Target pH not specified in the INPUT file 
this is a BATCH problem 

FOR088 file name i s  ~~098$~~0~:[000000~~~098-~-RUN018-DATi~ 

Ideal Gas Constant is Unity (Dinensionless) 
Temperature = 298.15 I = )  degree Kelvin 

I 214 Species 27 Elements I 
Element Name 
Hydrogen 
OxYQen 
Sodium 
Potassium 
Magnesium 
Calcium 
Chlorine 

Molecular Weight 
1.00790 

15.99940 
22.98977 
39.09830 
24.30500 
40.08000 
35.45300 

Information Only 



Species Name 
1 HZ0 
2 Nat 
3 K+ 
4 Cat+  
5 Mg*+ 
6 MgOH+ 
7 H +  
8 C1- 
9 504= 
10 HS04- 
11 OH- 
12 BC03- 
13 C03= 
14 caz (aq~ 
15 CaC03 (aq) 
16 MgC03 laq) 
17 B(OH)3(aqJ 
18 B(OK)4- 
19 B303 (OH)4- 
20 B405 (OH) 4= 
21 CaB(OH)4+ 
22 MgB(OH14+ 
23 Br- 

gulf ur 
Carbon 
PosIon: EL 
NegIon: EL 
Oxalate: EL 
Boron 
Bromine 
Acetate :EL 
Th (IV) 
Am(II1) 
P l l ( I I 1 )  
NP (V) 
C104:EL 
Phosphorus 
U (TVI 
LactaCe:EL 
EDTA : EL 
Citrate:BL 
Electron:E 
Charge : EL 

AITACHMENT 1 

32.06000 
12.01100 
0.00000 
11.00000 

28.84000 
10.81000 
79.90400 
59 - 0 4 4 0 0  
232.03810 
243.00000 
238.02900 
237.04820 
99.45060 
30.97400 
242.00000 
89.07000 
888.88800 
189.10000 

o. ooaoa 
0.00000 ,; # 

a! 
Phase Mu1 .Wt . Std Chemical potential, u/RT 

WATER aqueous 18.015 -95.6635 
II 
t 

Na+ aqueous 22.990 -105.6510 1 
K+ aqueous 39.098 -113 -9570 I 

Ca++ aqueous 40.080 -223 -3000 
24.305 -183.4680 ~ g + *  aqueous 

I 

MgDH+ aqueous 41.312 -251 -9400 
H +  aqueous 1.008 0.0000 
C1- aqueous 35.453 -52.9550 

S04=  aqueous 96 -058 -300.3860 
1 

RSO4- aqueous 97.066 -304.9420 
OH- aqueous 17 .a07 -63.4350 

61.017 -236.7510 HC03- aqueous 
C03= aqueous ' 60.009 -212.9440 

COZ laq) aqueous 44.010 -155.6800 
CaC03 (aql aqueous 100.089 -443.5000 
MgC03 laq) aqueous 84.314 -403.1550 
B ( OH) 3 (aq3 aqueous 61.832 -3 90.8100 

B(OH)~- aqueous 78.839 -465.2000 
s303 {OH) 4- aqueous 148.457  -963 -7700 
B405(OH)4= aqueous 191.266 -1239.1000 

CaR (OH) 4+ aqueous 118.919 -692.3000 
MgB(On)4+ agueous 103 -144 -651 .a900 

a 
ax- aqueous 79.904 -999 -9900 1 2 

Information Only 
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24 C104- perchlorate 
25 NaOH(aq1 to,titrate.base.only 
26 HCl{aq) to.titrate.acid.only 
27 HClO4 (aqE to.titra~e.acid.only 
28 Pos~on PQSITIVE.IIIN 
29 NegIon NEGATIVE. I ON 
30 ~osfon(PH) tag) to.titrate.base 
31 HMegIon (aql to. titrate.acid 
32 H3P04faq) H 3 ~ 0 4  (aq) 
33 H2P04- H2P04- 
34  BP04= HP04= 
35 P04=- P04=- 
36 m+++ m+++ 
37 m 3 t  h C O 3  + 
38 AmlC0312- Am(C0312- 
39 Am(C03 1 3 ~ -  Am(C03)3=- 
40 ATOH++ AmOH++ 
41 Am(OH)2+ AmtOH)2+ 
42 Am(OH)3 lag) Am(OH) 3 (aq) 
43 MI++ AmCl++ 
44 AmC12+ m 1 2 *  
45 Am(CO3)4==- Am(C03 1 4==- 
4 6  Am(SO412- Am(SO4)2- 
47  ~ m s 0 4 t  AmS04+ 
48 Pu(OH12* deactivated 
4 9  Pu(OH) 3 (aq) deactivated 
5 P  Th++*+ Th++t+ 
51 Th(C03)5=== Th lC03 ) 5=== 
52 Th(DH)3(C03)- Th(OH)3 (C03) - 
53 'Ph(OE1) 4 taql ThlOH) 4 (aq) 
54 Th (SO4 2 Eaql Th(S0412 taql 
55 Th(S04)3= ThISO4)3= 
56 U+++* . U++++ 
57 UOHtt+ WOW++ 
58 U(C03) 5=== U l C 0 3 )  5=== 
5 9  U(OH)2 (C03)2= U(DH) 2 tC03) 2= 
6a 3(0~)4(~03)2== U (OH) 4 (C03) 2== 
61 UtOH) 4 1aq3 deactivated 
62 U { S Q 4 ) 2 ( a q )  deactivated 
63 U(S04 )3=  deactivated 
64 Ng02t Np02 + 
65 NpO2C03- NgO2C03 - 
66 Up02 (C03)2=- Np02 (CQ312=- 
67 NpOZ{C0313==- Np02 ICD3) 3==- 
68 AlpOZOH {aq) Np020H Iaq) 
6 9 Np02 (OH) 2- Np02 (OH) 2- 

aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
agueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueaus 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 
aqueous 

1 
ATTACHMENT 1 ! ap098-fmt-run018 I 
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162 CaCO3 Calcite 
163 CaC12.4HZO CaC12-Tetrahydrite 
164 Ca4Cl2(OH)6.13H20-CaOxychloride_A 
165 Ca2CT2(0~)2.H20-CaOxychloride,B 
166 KMgCl3.6H20 Carnallite 
167 MgSO4.7H20 Epsomi te 
168 CaNa2(C03)2.5H20 Gaylussite 
169 Na2Ca(SO4)2 Glauberite 
270 CaS04.2H20 Gypsum 
171 NaCl Halite 
172 MgS04.6H20 Hexahydri te 
173 KMgC1S04.3H20 Kainite 
174 KHC03 Kalicinite 
175 MqS04.B20 Kieserite 
I76 KZMg(504)2.4H20 Leonite 
177 NaBCalS04)3.2H20 Labile-Salt 
178 MgC03 Mamesite 
17'9 Mg2CI(OH)3.4H20 MqOxychloride 
180 KHSOll-ercallite 
181 Na2S04.1OH2O______M~rabilite 
182 K8H6 1 SO4 ) 7 Misenite 
183 NaHCOJ Nahcolite 
184 Wa2C03.10H20 Natron 
185 MgC03 .3BZO Mesquehonite 
186 K 2 M g  (SO41 2.6H20-Picromerite/Schoen 
187 Na2ca (C03 ) 2.2H20 Pirssonite 
188KZMgCa2(S04F4.2HZO Polyhalite 
189 Ca(OH12 Portlandi te 
190 K2C03.3/2820Potassiwn-Carbonate 
191 K8H4 (C03 ) 6.3H20-K-Sequicarbonate 
192 KNaC03.6H20 K-Na-Carbonate 
193 K2NaH(C03)2.2H20-Potassi~Trona 
194 K3H(S04)2-Sesquipotessium_Sulfate 
1 9 5  Ma3HIS04)2Sesquisodim-Sulfate 
196 Wa2C03.7H2O__Na2CO3-Heptahydrate 
197 KC1 Sylvite 
198 K2Ca (SO4 ) 2 .  HZ0 Syngeni te 
199 MgZCaCL6.12HZO Tachyhydrite 
200 Na2S04 Thenardi te 
201 Na2C03.H20 Themonatrite 
202 Na3H(C03) 2 -2HZO Trona 
203 Na2B407.1QH20 Borax 
204 B(OH)3 Borix2ciLSolid 
2 0 5  XB508.4H20-K-Pentaborate-(3O-C) 
206 KZB407.4H20-K-Tetraborate-130-Cl 
207 NaB02.4H20 Sodium_Metaboxate 

solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
s o l i d  
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
s o l i d  
solid 
s o l i d  
solid 
solid 
solid 
solid 
solid 
solid 
solid 
solid 
s o k i d  
solid 
solid 
solid 
solid 
solid 
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ATTACHMENT 1 

1 Solubility Product Violations, adding ~gZCl(OH)3.4H20-MgMcychloride 

AQ VIOLATION, Estimated Conc= 
Prwenting Formation bf SOLID 
Preventing Formation of  SOLID 
Preventing Formation of SOLID 
AQ VIOLATION, Estimated ConC= 
Preventing Formation of SOLID 
Preventing Formation of SOLID 
Preventing Formation of  SOLID 
AQ VIOLATION, Estimated Con.== 
Preventmg Forntation of SOLID 
Preventing Formation of SOLID 
Preventing F o ~ t i o n  of SOLID 
# inversians far batch pblrn 

~ C R A  GWB recioe. calc 

1.06E-24 
Species 
Species 
Species 
1.063-24 
Species 
Species 
Species 
1.06E-14 
Species 
Species 
Species 

75 

!I%++++ Th++++ 
MgC03 Magnesite 
CaMg (C03 ) 2 D o l o m i  te 
OH-/HZO{solidJ to. set - aH+ 
TI-'++++ Th++++ 
OH-/820[solid) to. set .aH+ 
CaMg (COT 1 2 Dolomite 
M g C 0 3  Magnesi te 
Th+*++ Th++++ 
~ g c 0 3 M a g n e s i t e  
CaMg (C03 2 D o k m i t e  
0~-~~2o{solid) to. set .aH+ 

- - -  - - 

FMT-021120 .;hemaat 
ERG update of FMT-970407 .chemdat ( P A W  db) 

pressure= 1.00U00E+00 [ = I  ATM Temperature= 2.983+02 [= ]  Kelvin 

Elemental Abundances for Plash Problem 

Total Moles Aq. Molality Aq.  Molarity Aq. mg/liter 

Using N a C l  Density Correlation 
1.445004893+02 1.11655071E+02 
1.44?94727E+02 5.702280476+01 
1.39046759E+Ol 4.968434223+00 
1.51389126E+00 5,58982614E-01 
1.61220333E+01 6.67200133E-01 
1.00109652E+Ol 1.26453527E-02 
1.61824035E+Ol 6.228558105400 
1.01916126Ec01 2.0914719BE-01 
5.00000000E+00 4 -02003686E-04 
0.00000000E+OO 0.00000000E+00 
0.00000000E+00 0.00000000E+00 
2.423591953-02 2.636244383-02 
1.73915163E-01 1.89174944E-01 
2.91728661E-02 3.173257133-02 
5.65626822E-02 6.163441733-03 
1.00000000E+00 1.35599508E-08 
1.00000000E+00 3.519816803-07 
0.0000OO0O~+00 O.QOOQOOOOE+OQ 

Hydrogen 
oxygen 
Sodium 
Potassium 
Magnesium 
Calcium 
Chlorine 
Sulfur 
Carbon 
Pos f  on : EL 
NegIon : EL 
Oxalaee: EL 
Boron 
Bromine 
Acetate:EL 
Th ( IV) 
Am(III) 
PUt 111) 
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ATTACHMENT 1 

Np (YJ 
C104 :EL 
Phosphorus 
'JtIV) 
Lactate :EL 
Em'A:EL 
Citrate:Et 
Blectren:E 
Charge : EL 

Solution Paramet 
SOLUTION MASS 
H20 MASS 
TDS(g/kg) 

.ers,  Calculated 
1297.18031836799 grams 
919.335083608783 grams 
410 -998395132870 g/kgH2O 

Specified Solution Density 
DENS1 TY 1230.29979213581 kg/mn3 = g / l  

Solution Parameters Based on Specified Density 
SOLUTION VOL 1.05436116168057 liters 
TDS 358.364143608009 g / l  

Density based on TDS and NaCl solutions 1230:30 g/1 
% Relative difference vs NaCl density 0 . 0 0  % 
Calculated Ratio of rnolality to kolarity 1.147 

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM 

Species Name Activity A c t  Coef Total Moles 

H20 WATER 
CaS04 Anhydr k t e 
NaCl Halite 
Ms (OH) 2 Bruci te 
C1- C1- 
Mg2Cl(OH)3.4H20 ~gOxychloride 
ThOZ(am) Hydrous-Thorium-Oxide 
A m ( O H ) 3 ( s l ~ I O H ) 3  l s )  
mp02~03 ( 5 )  KNp02C03 ( s S 
MgS(C03)4(OH)2.4H20-HydroMagne5424 
K+ K+ 
SO4 = S04= 
MgB(OH) 4+ MgB(OH3 4t 
Br - Br - 

Information Only 
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AlTACHMENT 1 41 
INPUT f i l e  name is:APO9B$PROD:[000000lAP098~~~RUM022.IM;1 

* INGUESS file name is:APO98$PROD:[000000~AP098~FMT~RWN022.INGUESS;1 
OUTPUT file name isrAP098$PROD:~000000lAP098~FMT_RUN022.OUT;1 
CHEMDAT file name is APO9B$PROD:I0000001AF098-FMT.CHEMDAT;1 
Temperature is Hard Coded as 298.15K 
CRA ERDA-6 recipe, calc 
FMT_021lZO.chemdat: 
ERG update of  FMT-970407.cherndat (PAVT db) 

Accuracy of  reactions is 1.0000E-06 
Minimum elemental abundance is 1.0000E-18 
Numher of Aqueous Species is 126 

PLTZER Data Base NOT Echoed in this Run 
using PITZER ACTIVITY COEFFICIENT model 
Charge Balance replaces element Oxygen 

Species CaC03 Aragonite prevented from foxming in DISABLE 
Species CaNa2 (C03 ) 2 . 5 ~ 2 0  Gaylussite prevented from forming i n  DISABLE 

ap098-frntrun022 

k 

Species MgC03 Magnesite prevented from forming in DISABLE 
Species M g C 0 3 . 3 H 2 0 ~ e s q u e h o n i t e  prevented from forming in DISABLE 

! 
I 

Species Na2Ca(C03)2.2~20 Pirssonite prevented from forming in DISABLE 
Species CaMg(C0312 Dolomite prevented from forming i n  DIShBLE 
Species Mg5(C0314(OH)~2.4H20-HydroMagne5424 prevented f r o m  forming i n  DISABLE 
Species Mg4(C03131QH)2.3HZO-HydroMagne4323 prevented from forming in DISABLE 
fCOZ(g3 not specified in the INPUT file j 
Target p H  not specified in the INPUT f i l e  
this is a BATCH problem I 

1 

FOR088 file name is AP098$PROD:[0000001AP098~FMT~RWOZ2.DAT;I 

Ideal Gas Constant i s  Unity (Dimensionless) 
Temperature = 298.15 [ = I  degree Kelvin I 

214 Species 27 Elements 

Element Name Molecular Weight I 

Hydrogen 1 . 0 0 7 9 0  
oxygen 1 5 . 9 9 9 4 0  r 
Sodium 22.98977 
Potassium 39.09830 
Magnesium 24.30500 1 

Calcium 4 0 . 0 8 0 0 0  
Chlorine 3 5 . 4 5 3 0 0  
Sulfur 32 .06000  

I 
t 

Information Only 1 I 
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AlTACHMENT 1 'I , apO98-frntrunO22 
. 73 H 2 C i t r a t e -  HZCitrate- aqueous 191.116 7.4760 

74 HCitrate= Witrate= aqueous . 190.108 18.6200 
75 Citretes- Citrate=- aqueous 189.100 33 .a100 
76 H4EDTA{aq) H4MYPA t ag) aqueous 892.920 0.0000 
77 H3EDTA- H3EDTA- aqueous 891.912 5.7610 
78 HZEIYPA= B2EDTA= aqueous 890.904 12.8700 
79 HEDTA=- HEDTA=- aqueous 889.896 28 -7100 
80 EM'A== EDTA== aqueous 888.888 5 3 . 0 5 a 0  , 

81 H2Ox(aq)  OxalicAcid aqueous 30.856 0.0000 
82 HOx- Bioxalate- aqueous 29.848 3.2090 

I 8 3  Ox= Oxalate= aqueous 28.840 13.0170 ' 
84 HLactate lag) L a c t i c k i d  aqueous 90.078 0.0000 

1 

85 Lactate- Lactate- aqueous 89.070 8.7980 1 86 m c + +  AmAcetate++ aqueous 302.044 -395 -3560 
87 AmCit (aq) AmCitrate(aq) aqueous 432.100 -228.5430 I 
88 AmEIYTA- AmEDTA- aqueous . 1131. B88 , -232 - 3 2 4 0  
89 Amox+ AmOxalate* aqueous 271.840 -241.8530 

I 
I 
I 
F 
I 

I '  

I 
90 AmLac++ -actate++ aqueous 332.070 -241.43 60 
91 ThAc2++ ThAcetateZ++ aqueous 350 .I26 -604.8000 

i 
91 P u C i t  (aq) deactivated aqueous 427.129 999.9990 11 
93 NpQ2H2EDTA- NpOZHZEDTA- aqueous 1159.951 -364.0980 
94 Pu0x-t deactivated aqueous 266.869 999.9990 
95 ThLac2++ ThLac tateZ++ aqueous 410.178 -292 -4000 
96 TkAc+++ ThRc+++ aqueous 291.082 -448 -5250 
97 ThCit* ThCit+ aqueous 421.138 -285.8980 
98 ThEIYTA{aq) ThEDTA ( aq 1 aqueous 1120.926 -285 -4190 

4 
' \ 99 ThOx++ Th (C204  1 ++ aqueous 260.878 -297 -4280 

100 ThLac+++ ThLac+++ aqueous 321.108 -291.1520 
101 UAc+++ deactivated aqueous 301.044 999.9990 

;r 

102 UClt+ deactivated aqueous 431.100 999.9990 : I 
10 3 UEDTA ( aq ) deactivated aqueous 1130.888 999.9990 
104 ULac+++ deactivated aqueous 331.070 999.9990 
105 UOx++ deactivated aqueous 270.840 999.9990 
106 MpO2Ac laq) ~p02~c(aq) aqueous 296.092 -519.6150 

I $ 
107 NpOZCit= NpOZCitrate= aqueous 458.147 -343.7470 1 
108 NpOZEDTA=- Up02EDTA=- aqueous 1157.935 -335.7080 
109 NpOZOx- Np020xalate- aqueous 297.887 -365.8510 
110 NpOZLac (aq) NpOZLactate(aq1 aqueous 358.117 -364.8330 
111 MgAc+ MgAc+ aqueous 83.349 -333 - 3780  1 [ 
112 MgCkt- MgCit- aqueous 213.405 -162.2610 
I13 MgEDTA= MgEDTh= aqueous 913.193 -153 -7340 
114 MgOx(ag1 HgQx ( aql aqueous 5 3 . 1 4 5  -179.1850 

! 9 
115 MgLac+ MgLac+ aqueous 113.375 999.9990 
116 Cat+ (Mg-analog) aqueous 99.124 -373.2100 
117 CaCit- IMg-analog) aqueous 229.180 -202.0930 
118 CaEIYPA= (Mg-analog1 aqueous 928.968 -193 -5660 
119 CaOx(aq) {Mg-analog) aqueous 68.920 -219.0170 

- 1  
9 

Information Only 4 





AlTACHMENT 1 
167 MgS04.7H20 Epsomite solid 246.469 
168 CaNa2 (C03) 2.5H20 Gaylussitre solid 296.154 
169 NaZCa(S04)2- -Glauberite solid 278.175 
170 CaSO4.2H20- Gypsum solid 172.168 
171 NaCl H a l i t e  solid 58.443 
172 MgS04.6H20 Hexahydrite solid 228.454 
173 KMgClS04.3H20 Kainite s o l i d  248.960 
134 KHC03 KaLicinits solid 100.115 
175 MqS04. H Z 0  Kieserice solid 138.378 
176 K2bfg(S04)2.4H20 Leonite solid 356.678 
177 Na4Ca (SO4 ) 3 -2H2O Ubi1e-Sal t solid 456.241 
178 MgC03 Magnesite solid 84.314 
179 M g 2 C 1 ( O H ) 3 . 4 H 2 0 ~ g O x y c h l o r i d e  solid 207.146 
180 KHSO4 Mercallite solid 1 3 6 . 1 6 4  
181  Na2SO4.10820 Mirabilite solid 322 . l a 9  
1 8 2  K8H6 (S04)  7 n i s e n i t e  solid 991.237 
183 NaHC03 N a h c o l i t e  solid 84.007 
184 Na2C03.10H20- Natron solid 286.141 
185 MgC03.3H20- esquehonite solid 138 -360 
186 K2MgES04)2.SH2O~Picromerite/Schoen solid 402 - 7 0 8  
187 NaZCa(C03)2.2H20 Pirssonite solid 242.108 
188 K2MKa2(S04)4.2H20 Polyhalite solid 602.922 
189 Ca(OH)2 Portlandite solid 74.095 
190 K2C03.3 /2H20-PotassimCarbonate solid 165.229 
191 K8H4 1C03 1 6.3H20-K-Sequicarbonate solid 730.919 
192 KNaC03.6HID K-Na-Carbonate solid 230.188 
193 KZNaH lC03 ) 2.2H20-Potassium_Trona solid 258.243 
194 K3H(S0432-Sesquipotassium_Sulfate solid 310.418 
195 N a 3 N ( S 0 4 ) 2 S e s q u i s o d i u m _ S u l f a t e  solid 262.092 
196 NaZC03.7H20-NaZC03 -Heptahydrate solid 232 -095 
197 KC1 Sylvite solid 74.551 
198 K2Ca(S04)2.H20 Syngenite solid 328.407 
199 Mg2CaC16.12H20 Tachyhydrite solid 517.590 
200 NaZSO4 Thenardite solid 142 -037 
201 NaZC03. H20 Themonatrite solid 124.004 
2 02 Na3H (C03 1 2.2H20 Trona sol id 226 -026 
203 Na2B407.10H20 Borax solid 381.367 
204 B(OH)3 Boriocid-Solid solid 61.832 
205 KB508.4H20-K-Pentaborate-(30-C) solid 2 9 3 . 2 0 4  
206 K2B407.4H20-K-Tetraborate-(3O-C) solid 3 0 5 . 4 9 3  
207  NaBO2.4H20 Sodium_Metaborate solid 137.859 
208 NaBSOB.SH20-Sodium-Pentaborate solid 295.111 
209 flaB02.NaC1.2H20-Teepleite-!20-C) solid 160.272 
2 1 0  CaMg(C0312 Dolomite solid 184.403 
211 Mg5EC03)4(OH)2.4H20-HydroMagne5424 solid 467.637 
212 Mg4 (C03 3 (OH) 2.3H20JydroMagne4323 solid 365.308 
213 H+ (solid) to.set.aH+ solid 1.008 

Information Only 
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ATTACHMENT 1 
Preventing Formation of SOLID Species CaMg(C03)2-olomite 
Preventing Pormatfon of SOLID Species MgC03 Magnesi te 
AQ VIOLATION, Estimated Conc= 8.633-23 ThAc+++ ThAc*++ 
Preventing Formation of SOLID Species M g C 0 3 A a g n e s i t e  
Preventing Formation of SOLID Species CaMg(CO3)2 Dolomite 
Preventing Formation of SOLID Species OH-/H20(solidJ to. Set. aH+ 
# inversions for batch pblm 97 

1CRA ERDA-6 recipe, calc PMT V2.4 
FMT-021120, chemdat 
ERG update of FMT-970407.chemdat ( P A W  db) 

Pressure= 1.00000E+00 [ = I  ATM Temperature= 2.983+02 [=]  Kelvin 

Elemental Abundances for Flash Problem 

Total Moles Aq. Molality Aq. Molarity Aq. mglliter 

Using NaC1 Density Correlation 
1.344247963+02 1.11282634E+02 9.78179042B+01 9.859066573+04 Hvdroaen 

Potassium 
Magnesium 
Calcium 
Chlorine 
Sulfur 
Carbon 
PosIan :EL 
NegIcn :EL 
Qxa1ate:EL 
Boron 
Bromine 
Acetate:EL 
Th(IV) 
A r n ( I I X 1  
P I l ( I I 1 l  
NP (V) 
C1OQ : EL 
Phosphorus 
utm) 
Lactate:EL 
EDTA:rn 
Citrate:EL 
Electron: E 
Charge :EL 

Solution Parameters, Calculated 
SOLUTION MASS 1390.73348656624 grams 

Information Only 



AITACHMENT 1 / ap098-tmt-ru no22 
H20 MASS 1003.87942839125 grams 
TDS {g/kg) 385.359085199040 g/kgH20 

Specified Solution Density 

1 j 
DENSITY 1217.73603507538 kg/mA3 = g / l  

I f  

Solution Parameters Based on Specified Density 
SOLUTION VOL 1.14206482070652 l i t e r s  
TDS 338.732137757003 g / l  

Density based on !IDS and NaCl solutions 1217 .74  g / l  
% Relative d i f f e r e n c e  vs NaCl  density 0 .00  % I 
Calculated Ratio of molalicy to Molarity 1 .138  

TABLE OF COFaCENPRATIONS FOR BATCH SYSTEM 

Species Name Molality Activity A c t  Coef T o t a l  Moles Molarity mg/liter 

i 
~escriitor 

H 2 0  WATER 8.156753-01 7 -477223 -01  0 .9167 5 .53240Bt01 4 .87923Et01  8.79004E+05 
C a S 0 4 h y d r i t e  9.93453Et00 1.00000E+00 1 . 0 0 0  9.97307EtOO 8 .33249&+00 1.188823+06 I 
Mg (OH1 2 Brucite 9.81712E+00 1.00000E+00 1 . 0 0 0  9 .85520Et00  8 . 6 2 9 2 9 ~ t 0 0  5 .03257E+05 
NaCl Halite 9 . 4 0 4 6 5 ~ + 0 0  1.000ODE+00 1 . 0 0 0  9 .441148+00 8 . 2 6 6 7 3 ~ + 0 0  4.831308+05 
Na + N a +  6.02273E+OD 5 - 8 2 8 8 7 ~ t O O  0.9678 6.04609E+00 5 .294003400 1.21708E+05 i 
CaC03 Calcite 1.01406E+QD 1.00000Et00  1 . 0 0 0  1.01800E*PO 8.91364E-01 8.92159E+04 
Th02laml Hydrous-Thorium-Oxide 9.96136E-01 1.000POEt00 1 .000  1.00000E*00 8.75607E-01 2 .31193Bt05 

', 
Rm(OH)3(sl AmIOHl3 (s) 9.961353-01 1.00000E+00 1 .000  1.0000OE+OO 8.75607E-01 2.57448E+05 
ICNpO2C03 (9)  KNp02C03 ( s 1 9.961113-01  1 .00~00E+OD 1 . 0 0 0  9.999763-01 8.75586E-01 3.22351E+05 

I' 

S04= 504= 2 .00245E-01 3-857843-03  1.9266E-02 2 .01012E-01 1.76016E-01 1.69077E+04 
Mg*+ Mg++ 1 .266743 -01  2.421613-01 1 . 9 1 2  

!! 
1.27165E-01 1 .113473 -01  2 .70629Et03  

K+ R+ 1.0925SE-01 5.224533-02 0 -4782 1.096783-01  9.60351E-02 3.75481E+03 
BCOH) 4- B(OH) 4- 4.208993-02 4.205813-03 9.9925E-02 4.2253kE-02 3.699713-02 2 .91683Et03  1 
M$Ox l a q l  MgOx ( ax) 2.26344E-02 2.835573-02 1.253 2.272223-02 1 .989573 -02  1 .057363+03 
B r -  Br- 1.238693-02  3.463123-03 0 .2796  

11 
1.243503-02  1 -088823 -02  8.70008E+02 

Ac- Acetate- 3.990313-03 3 -017453-03 0 . 7 5 6 2  4.00579E-03 3.507503-03 2.07097E+02 
F l g C i t -  MgCit- 4.013583-04 8 .013073-05  0.1996 4 .029153-04  3-527953-04  7 .52883E+01 
MgEDTA= MgEDTA= 4.07175E-06 1 .052013-06  0 -2584  4 .087553-06  3.57908E-06 3.26839Et00 1 
C1- C1- 5.96192E+00 6.38005E+D0 1 . 0 7 0  5.98504E*00 5.24055E+00 1 .857933+05 1 . 0 6 ~ L 0 9  
MgB(OH)4+ MgB (OH)4+ 1.346LIE-02 2.55418E-02 1.897 1-351333-02 1.18324E-02 1 .220443+03 -3.75E;Pg 
B(OH) 3 (aq) g(OH) 3 (ad 1 -05362E-02 1.00081E-02 0 .9499 1.05771E-02 9 .261363-03  S.72648E+02 6.68E-09 
C a t +  Ca++ 1.04548B-02 1.126163-02 1 . 0 7 7  1.04954E-02 9 . 1 8 9 8 1 ~ - 0 3  3 .683283+02 -3.96E-08 
Na2Ca ($04) 2 Glaubesite 9.00726E-03 1.000DOE+00 1 . 0 0 0  9.04220E-03 7.91742E-03 2.202433+03 -2.29E-08 
CaB (OH) 4+ CaB (OH) 4+ 1.79779E-03 2.11724E-03 1 . 1 7 8  1 .804763-03  1 .58026E-03 1.879233+02 -4 .17E-08 
MgAc+ MgAc+ 1.620553-03 9.480743-03  5 .850 1.6268SE-03 1 .424473-03  1 .18728E+02 7.58E-09 
C a m  (aq ) (Mg-analog) 1.052603-03 1 .31868E-03 1 .253 1.05669E-03 9.25243E-04 6.37678E+OZ -3 -56E-08 
MgOH+ MgOH+ 7.64482E-04 2.738106-04 0.3582 7.674473-04 6.719828-04 2 .776113+01 -4.37E-09 

Information Only i 13 



ox= 
B303 (OH) 4- 
8405 (OH) 4= 
CaAc+ 
MgC03 ( aq) 
N p O 2 k -  
AC03- 
C a C i  t - 
C03= 
OH- 
C i t r a t e = -  
CaC03 l aq) 
Ng02 + 
NpOZC03 - 
NpO2Ac laq) 
CaEDTA= 
HAc (aq) 
AmlOH) 2+ 
AmEDTA- 
Np02UH l aq l 
GO2 (aq) 
ThIOH13 (C03)- 
NpOZ (C03) 2=- 
NpO2Cit= 
HOx- 
Th (OH) 4 (aq) 
Am(OH) 3 laq) 
AmOHt + 
HS04- 
%Zitrate= 
Amox+ 
R + 
Np02 IOHF2- 
Wit (aq) 
m*+ 
mc03t  
Am(C03) 2- 
ArnSO4+ 
EDTA== 
Np02 IC03) 3==-  
HEDTA= - 
Am+++ 
Am(SO412- 
Np02 E m = -  
Am(C03)  3=- 
AmCl++ 
w 1 2 +  

Oxalate= 
8303 (OH) 4- 
8405 (OH) 4 =  

{Mg-ana log) 
MgC03 cad 

NpOZOxalate- 
HC03 - 

(Hg-analog) 
C03 = 
OH- 

Citrates- 
Cam3 ( aq) 

NpO2 + 
Np02C03- 

ElpO2Ac (aq) 
(Mg-analog) 
A c e t i c k i d  
Am(OH) 2+ 
AmEDTA- 

NpOZOH (aq) 
CO2 IaqJ 

Th(OH)3 ( C 0 3 ) -  
Np02 (603 ) 2=- 
UpOZCi trate= 

Bloxalate- 
Th (OH) 4 (aq) 
Am (OH1 3 (aq) 

AmOH++ 
BS04- 

HCitrate= 
AmOxalate+ 

H+ 
NpO2 [OH) 2 - 

AmCitrate (aq) 
AmACetate+* 

M 0 3  + 
Am(C03)2- 

AmS04 + 
EDTA=- 

Np02 (C03 ) 3==- 
H m =  - 

Am+++ 
AmISO412- 
Np02 EDTA=- 
Am IC03 ) 3=- 

M1++ 
m 1 2 +  
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ATTACHMENT 1 1 apQ98-f mt-run028 
INPUT file name is:APO9I$PROD:[000000]AP098-~-RUN028.fN;1 
INGUESS file name ~ S : A P D ~ ~ $ P R O D : I ~ ~ ~ ~ ~ ~ ] A P ~ ~ ~ ~ ~ ~ R ~ ~ ~ ~ . I N G U E S S ; ~  
OUTPUT f i l e  name is:APO98$PROD:[0000001AP098~FMT~RUN028.OUT;1 
-CHEMnAT file name is AP098SPROD: IOOOOOOlAP098~F~.CHE~AT;1 
Temperature is Hard Coded as 298.15K 
CRA ERDA-C recipe, calc 
FMT-0221120 .chemdat 
ERG update of FMT-970407.chemdat (PAVT dbF 

Accuracy of reactions i s  1.0000E-06 
Minimum elemental abundance is 1.0000E-18 
Numher of Aqueous Species is 126 

PITZER Data Base NOT Echoed in this Run 
using PITZER ACTIVITY COEFFICI!dNT model 
Charge Balance replaces element oxygen I 
Species CaC03 Acagonite prevented from forming in DISABLE 
Species CaC03 Calcite prevented from forming in DISABLE d 

Species CaNa21C03)2.5H20 Gaylusxite prevented from forming in DISABLE 
Species BgCOJ Magnesite prevented from forming in DISABLE 
Species MgC03.3H20 Nesquehonite prevented from forming in DISABLE 
Species Na2Ca(C03)2.2H20 Pirssonite prevented from forming in DISABLE 

I. 
Species CaMg (C03 1 2 Dolomite prevented from forming in DISABLE 
Species Mg4 (C03 1 3 1 OH) 2.3H20-HydroMagne4323 prevented from forming in DISABLE 
f C O Z ( g )  not specified in t h e  INPUT file 
Target pH not specified in the INPUT file 

I 
t: 

this is a BATCH problem 

FOR088 file name i s  APD98$PROD:[000~001AP098-FMT-R~O28.DAT;1 

Ideal Gas Constant is unity (Dimensionless) 
1 .  

Temperature = 298 .15  1 =1 degree Kelvin #I 

I 214 Species 27 Elements 
11 
1 

Element Name Molecular Weight 
Hydrogen 1.00790 
Oxygen 15.99940 

i 
Sodium 22.98977 
Potassium 39.09830 
Magnesium 24.30500 
Calcium 40.08000 
Chlorine 35.45300 

I 
X 

Sulfur 32.06000 

~nformation ' only 1 . I  

i 





ATTACHMENT 1 ap098-f mt-run028 

25 NaOH(aql to.titrate.base.only aqueous 39.997 500.0000 
26 H C l  (aq) to.titrate.acid.only aqueous 36.461 500.0000 
27 HClOl(aq) to.titrate.acid.only aqueous 100.459 500.0000 
28 PosIon POSITIVE. ION aqueous O.OQ0 0.0000 
29 Neglon Nl3GATIVE.ION aqueous 0.000 0.0000 
.30 PosIonlOH) (aq) to.titrate.base aqueous 17.007 500.0000 
31 HNegIon lag) to.titrate.acid aqueous 1.008 500.0000 
32 H3P041aq) H3 PO4 ( aq ) aqueous 97.995 -460.9000 
33 H2P04- H2P04- aqueous 96.987 -455.9600 
34 HP04= HP04= aqueous 95.980 -439.3670 
35 P04=- P04=- aqueous 94.972 -410.9470 t ]  
36 Am+++ Am+++ aqueous 243.000 -241.6940 I 

37 M 0 3 +  AmC03f aqueous 303.009 -473.2900 1 
38 Am(CQ312- ArnlC0332- aqueous 363 .Dl8 -697.5200 I ;  
39 Am(C03)3= -  h ( C 0 3 ) 3 = -  aqueous 423.028 -915.5300 1 .  

i 
4 0  RmOH++ ArnOH++ aqueous 260.007 -319.9600 d 
41 Rm(OH12+ Arn(OHJ 2+ aqueous 277.015 -396.8900 

. . 42 Am(OH13(aql Arn(OH)3(aq) aqueous 294.022 -469.5300 '; 1: 
43 W1++ AmC1++ aqueous 278.453  -295 -2000 
4 4  BmClZ* AmC12+ aqueous 313.906 -345.9000 
45 AmlC03)  4==- . Am(C03 1 4==- aqueous 483.037 -1123.4000 
46 AmIS04)2- Am(S04)Z- aqueous 43 5.115 -850 -9900 

li 
47 AmS04+ AmS04t aqueous 339.058 -549.5600 

; 
48 PU(OH)~+ deactivated aqueous 272.044 999.9990 
49 Pu(0H) 3 (893 deactivated aqueous 289.051 999.9990 
50 Th++++ Th*+++ aqueous 232.038 -284 -2270 
51 Th (C03) 5=== Th(C03 1 5=== aqueous 532.084 -1411.3780 
52 Th(OH)3(C03l- Th (OH) 3 (C03 ) - aqueous 3 4 3  -069 -775.6270 
53 Th(OHl4 (aq) Th (OH) 4 Iaq) aqueous 300.067 -622.4700 

1 54 Th(S0412 laq) !RI (SO4 ) 2 {aq) aqueous 424.153 -911.6900 

I 
5 5  Th(S04)3= Th ( 504 ) 3 = aqueous 520.211 -1214 .QPOO 
56 u++++ W++++ aqueous 242.000 -214.1900 
57 UOH+++ UOH+++ aqueous 259.007 -308.7000 
58 U(C03)5=== U (C03 1 S=== aqueous 542.046 -1345.3930 
59 U(OH12 (C03) 2= U (OH) 2 IC03 )2= aqueous 396.033 -863 -3830 
60 U{OH)4(C03)2== U(OH)4(C03)2== aqueous 430.048 -998.6620 
61 U(OH) 4 [aq) deactivated aqueous 310.029 999.9990 
62 U(SOQ)2{ag) deactivated aqueous 434.115 999.9990 
63 U(S04)3= deactivated aqueous 530.173 999.9990 
64 NpOZ+ Np02+ aqueous 269.047 -369.1050 
65 Np02C03- Np02C03- aqueous 329.056 -593.6010 

n; il 
66 Np02 (C03)2=- EJp02 1C03 1 2=- aqueous 389.065 -809 .a320 
67 NpOZ(C03)3==- Np02(C03)3==- aqueous 449.075 -1020.2140 
5 8  Np020H lag1 NpO2OHtagJ aqueous 286.054 -438.7300 
69 Np02 (OH) 2- Np02(OH)2- aqueous 303.062 -506.2380 

. : j  
TO HAc laq) AceticAcid aqueous 60.052 -158.3000 

Information Only I I/ 3 i If 
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ATTACHMENT I ap098-f mt-run028 
I 

117 C a C i t -  (Mg-analog) aqueous 229.180 -202.0930 
119 C a W A =  (Mg-analog) aqueous 928.968 -193 - 5 6 6 0  

1 
119 CaOx(ag) tMg-analog) aqueous 68.920 -219.0170 I 
120 CaLac+ (Mg-analog) aqueous 129.150 999.9990 I 
121 UnuCat#l+ UC#1+ aqueous 0-000 9 9 9 . 9 9 9 0  
122 Ng02HEDTAz NpOZAEDTA= aqueous 1158.943 -351.8520 
123 UnuAn#2- UA12- aqueous 0.000 999.9990 
1 2 4  UnuAn#3- UA#3 - aqueous 0. 000 999.9990 
125 UnuAn#4- UA#4- aqueous 0.000 999.9990 
126 UnuNeu#l(ag) Will Iaq) aqueous 0.000 9 9 9 . 9 9 9 0  
127 AmOHCOJ l c ) ~ A C 0 3  ( c )  solid 320.017 -570 - 3 4 0 0  
128 Am(OH13 ( s ) h ( O H ) 3  (s) solid 294.022 -495 -3200 
129 NaAm(C03)2.6H201c) solid 494.099 -13 96.47 00 
130 Amp04 l c l h P O 4  ( c )  solid 337 - 9 7 2  -709 .?SO0 
1 3 1  PuOHC03 (cJ deactivated solid 315 -046 999.9990 
132 Pu (OH) 3 (3) deactivated solid 289.051 999.9990 

I 
133 NaPu(C03)2.6HZO(c) deactivated solid 489.128 999.9990 
1 3 4  PuP04(c) deactivated solid 333.001 999.9990 

i 
135 T h O 2 ( a m ) H y d r o u s - T h o r i u u x i d e  solid 264.037 -451.4080 
136  Th{S04)2.9H20(sl s o l i d  5 8 6 . 2 9 0  -1775.9000 
1 3 7  Th(S04J2.8H201s) solid 568.275 -1680.0000 
138 Th(S04)2.Na2S04.6H20(16C,s) solid 

1 
674.282 -2011.2900 ? 

139 Th(SOll)Z.K2S04.4H20(16C.s3 solid 670.468 -1837.5700 
1-40 Th(SO4)2.2K2SO4.2H20(16C.s). solid 808.692 -2181.8100 1 

1412[Th(Sa412.7J2K2S04(16C.s)l solid 2068.086 -5581.6600 
142 V02(arn) Hydrous-U(IV)-Oxide solid 273.999 -399.6700 I 

143 NpOZOH(aged1 NpO2OH(aged) solid 286 -054 -454.3690 ! 
144 NpO2OH(amor) Np02OH(amor) solid 286.054 -452.7570 
145 ZINaNp02C03.7/2H20(s)j solid 830.198 -2096.1160 
146 Na3NpO2 ( C 0 3 1 2  (s) d a 3 N p 0 2  (C03) 2 ($1  salid 458.035 -1144.5930 
147 JaJpOZCOS(s) KNpOZC03 ( s) solid 368.155 -727.3300 
148 K ~ N ~ O ~ ( C O ~ ) ~ E S ) K ~ N ~ O ~ ( C O ~ ) ~ ( S ~  solid 506.360 -1173.5460 
1 4 9  H20~.2!420(~) H2C204.2H20 ( S)  solid 66.886 -191.3460 
150 N a H O x . H P O ( s ) / a H C 2 0 4 . H Z O ( s )  solid 70.853 -202.2530 
151 N a Z O x ( s ) ~ a 2 C 2 0 4 ( s )  solid 74.820 -203.8230 
152 CO2("solidU,DLSA8LED) solid 44.010 0.  0000 I 

153 C a S 0 4 h h y d r i t e  solid 136.13B -533 -7300 
154 N a K 3 ( S 0 4 1 2 2 p h t h i t a l i t e / G L a s @ r i t e  solid 332 -400 -1057.0500 
155 CaC12.6H20 Antarcticite solid 219.077 -893.6500 
156 CaC03 Aragonite solid 100.089 -455 .I700 
157 K 2 S 0 4 A c a n i t e  solid 174 - 2 5 4  -532.3900 
158 MgC12.6HZO Bischofite solid 203.302 -853.1000 
159 NaZMg(S04J2.4820 Bloedite solid 334.461 -1383.6000 
160 Mg(OH)S-mcite solid 58.320 -335.4000 
161 NaSCOS(S04)2 Burkeite solid 390.063 -1449.4000 
162 CaC03 Calcite solid 1oo.os9 -455.6000 i 
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5 
ATTACHMENT 1 

H20 MASS 1003.56133696475 grams 
TDS (glkgl 384.938790995855 gJkgH2O 

Specified Solution Density 
DENSITY 1217.5283855899j kg/mA3 = g/l 

9 
Solution Parameters Based on Specified Density 
SOLUTION VOL 1.14155122883041 liters 
TDS 338.407666677552 g / l  

Density based on TDS a n d N a C l  solutions 1217.53 g / l  
% Relative difference vs NaCl density 0.00 % 
Calculated Ratio of mclality to Molarfty 1.138 

ap098,f rnt-run028 

TABLE OF CONCENTRATIONS FOR BATCH SYSTEM I 
Species Name Molality Activity A c t  Coef Total Moles Malarity mg/liter 1 

Descriptor 

H20 WATER 8.15610E-01 7.480233-01 0.9171 5.57064E+01 4.879883+01 8.791213+05 
C a S 0 4 ~ h y d r i t e  9.96388E+00 1.00000E+OO 1.000 9.99937Et00 &.75946E+00 1.192493+06 
Mg(OH) 2 Brucite 9.81579E+OO 1.00000E+00 1.000 9.85075B+00 &.629263+00 5.03255E+05 
N a C l H a l i  te 9.404213+00 1.00000E+00 1.000 

i 
i. 

9.437703*00 8.267433+DO 4.831723+05 
Na+ Na+ 6.04608E+00 5.86556E+00 0.9701 6.06761E+00 5.315243+00 1.22196E+05 I 
Mg5CC03)4(OH)2.4H20-HydroMagne5424 1. QQ083E+00 1.00000E*00 1.000 1.004393*00 8.798463-01 4.11449E+05 
Tho2 (am) Hydrous-Thorium-Oxide 9.96451E-01 1.00000Et00 1.000 1.00000E+00 8.76001E-01 2.31297E+05 
A m l O H ) 3 ( s l A m ( O H )  3 ( s )  9.964513-01 1.00000E+00 1.000 1.00000Et00 8 .T6001E-01 2.575633+05 
KNp02C03 ( 3 1 KMpO2C03 ( S  ) 9.96446E-01 1.00000Et00 1.000 9.99994E-01 8,759963-01 3.22502Et05 

I 
S04= S04= 1.92124E-01 3.68404E-03 1.9175E-02 1.928083-01 1.6890CE-01 1.62241Et04 
Mg++ Mg++ 1.107583-01 2 -12855E-01 1.922 1.11152E-01 9.73696E-02 2.36657Et03 
K t K+ 1.09271E-01 5.251803-02 0.4806 1.096603-01 9.60622E-02 3.755873+03 
BFOH) 4- B(0H) 4- 4.35256E-02 4.350083-03 9.9943E-02 4.36806E-02 3.82642E-02 3.016723+03 
MgOx (aq) MgOx (aql 2-240313-02 2 -807163-02 1.253 2.248283-02 1.9695QE-D2 1.046693+03 

! 
Br - Br - 1.23909B-02 3.47180E-03 0.2802 1.243503-02 1 .OB931E-02 8.70400E+02 
AC - Acetate- 4.121333-03 3.14997E-03 0.7643 4.13601E-03 3.623158-03 2.13925E42 
MgCit- MgCit- 3.97229E-04 7.97748~-05 0.2008 3.98644E-04 3.492136-04 7.452373+01 
MgEDTA= MgEDTA= 4.04226E-06 1.07241E-06 0.2653 4.056663-06 3.55364E-06 3.24516!3+00 
C1- C1- 5.967233+00 6.340143+00 1.062 

I 
5-98848Et00 5.24592&+00 1.859833+05 - 7 . 3 6 ~ - 1 0  

MgB (OH) 4t M g 8  (OH) 4+ 1.21800E-02 2.32209E-02 1.906 1.222333-02 1.07077E-02 1.10443E+03 1.75E-09 
Ca++ Ca++ 1.083203-02 1.17929E-02 1.089 1.08706E-02 9.52266E-03 3.81668E+02 -1.08E-09 
B(OH) 3 rag) B(OH) 3 lad 1.02774E-02 9.70483E-03 0.9443 1.031403-02 9.03510E-03 5.586573+02 -1 .PZE-09 
CaB (OH) 4+ Ca8 (OH) 4+ 1.938773-03 2.293183-03 1.183 1.945683-03 1.704423-03 2.026883+02 -1.763-09 
M@c+ MgAc+ 1.484703-03 8.69937E-03 5.859 1.48999E-03 1.305233-03 1.087903+02 -1.533-09 
CaOx (aq) IMg-analog) 1.241213-03 1.55526E-03 1.253 1.245633-03 1.091173-03 7.52034E+01 -8.973-10 
MgOH t MgOH+ 7.11798E-04 2 -56708E-04 0.3606 7.143333-04 6.257563-04 2.585143+01 9.89E-10 

Information Only I f3 
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ATTACHMENT 1 

Preventing Formation of SOLID Species C a C 0 3 A a g o n i t e  
Preventing Formation of SOLID Species CaC03 Calcite 
Preventing Farmation of SOLID Species M K 0 3  Magnesite 
Preventing Formation of SOLID Species CaMg(C03)2"lomite 
Preventing Formation o f  SOLID Species OH-/HZD(salld) to. set.aH+ 
# inversions for batch pblm 84 

lCRA ERDA-6 recipe, calc FMT V2.4 
FMT-021120.chemdat 
ERG update of FMT-970407.chemdat (PAVT db) 

Pressure= 1.00000E+00 [ = I  A m  Temperature= 2.983+02 [=I  Kelvin 

Elemental -dances for Flash Problem 

Total Moles Aq. Molality Aq. Molarity Aq. mg/liter 

ap098-fmt-ru no28 

Using NaCI. Density Correlation 
1.44424396E+O2 1.112830903t02 9.783127013+01 9.86041371E+04 Hydrogen 
1.44527221E+02 5.654787933+01 4.971241233+01 7.953687693+05 Oxygen 

I 
1.550531263+01 6.04508136E+00 5.315235403+00 1.22196039E+05 Sodium 
1.10965407E+00 1.09270720E-01 9.60621539E-02 3.755866913+03 Potassium 
1.50214786E+01 1.48255804E-01 1-303347493-01 3.167786083+03 Magnesium 
1.001356553+01 1.41458510E-02 1.243591073-02 4.984313003+02 Calcium 
1.54261808Et01 5.96723038E+00 5.245915863400 1.85983455E+05 Chlorine 
1.01921772Et01 1.921237963-01 1.68900010E-01 5.414934326+03 Sulfur 
5.01808727E+00 5.31825667E-04 4.675389633-04 5.61561049E+00 Carbon 

I 
i 0.00000000E+00 0.00000000EtO~ P.O0000000E+00 0.00000000E+00 PosIonrEL 

0.00000000E+00 0.00000000E+OO 0.00000000Et00 0.00000000E+00 NegIonrEL 
2 -44178136E-02 2.43311622E-02 2.13900288E-02 6.16888430E+02 0xalate:EL 

1; 
i 

I 
I 

7.12186231E-02 7.09658896E-02 6.23875839~-02 6.744097823+02 Boron 

i 1.24349977E-02 1.23908696E-02 1.08930702E-02 8.703998813+02 Bromine 
I 5.708794393-03 5.68853560E-03 5.00090950E-03 2.95273701Et02 Acetate:EL 

1.00000000E+00 2.80870855E-08 2.469193883-08 5 -72947D57E-03 Th (IV) 
I 1.00000000E+00 1.924512693-07 1.69187898E-03 4.111265923-02 NnlIII) 1 

0.00000000E+00 0.000OOOOOE+00 0.00000000E+00 0.00000POOE+00 Pu(II1) 1 
1.0000OOOOE+00 5.77881302E-06 5.08027426B-06 1.20426987E+00 Np(V) 
0.00000000E+00 0.00000000E*00 0.00000000E+OO 0.00000000Et00 C104:EL 
0.00000000E+OO 0.0000000~E+Oo 0.00000000E+00 0.00000000Et00 P h o ~ p h ~ n s  
0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 U (IVI I 

0.00000000E+00 0.00000000E+00 0.00000000E+00 0.00000000E+00 Lactate:= 
4.374858276-06 4.35933322E-06 3-832380153-06 3.406556733+00 EDTA: EL 
4.32964010E-04 4.31127551E-04 3.79276899E-04 7.17212616EtOl Citxate~EL I 

0.00000000E+O~ 0.0000000DE+00 ~.~0000000E+00 0.OOOOOOOOE+00 E1ectron:E f 
2.346595933-15 2.33826857E-15 2.055620353-15 0.00000000E+00 Charge:EL I 

Soluticm Parameters, Calculated 
I 

SOLUTION MASS 1389.87102470614 grams 

Information Only i i 
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AlTACHMENT 1 
1' 
1 ap098-f mt-run028 
IJ 

H4 ( so l id )  to-set .aK+ NAF O.O0000E+[JO 1.00000E+DO 1.000 
k 

0.00000E+00 0.00000E+OO 0.00000E+00 -9.02Et00 
OH-/H20!soLidl to.set.aH+ N W  ~.00000E+O0 1.00000E+00 1.000 0.00000E+00 0.00000E+00 0.00000E+00 9.02~400 
H4EDTAIaq) H4EDTA ( aq) 0.000DQE+OO 0.00000E+00 1.000 0.00000E+00 0.00000E+00 0.00000E+00 -P.BSE:O~ 
Th++++ Th++++ 0. DOOOQE+OO 0.00000E+00 0.5481 0.00000E+00 ~.00000E+00 0.0000~6+00 -2.53~j01 

PH I-log[aH+l); pmHC-loglrnH+lJ; pcHI-loglMH+lJ 9.0166 9.6640 9.7200 
Osmotic Coefficient= 1.284178 
Equilibrium RH ( $ 1  = 74.802264 
I on i c  Strength (m) = 6 . 7 2 9 8 7 6  
Density, kg/rn3 = 

i 
f 

1217 - 5 3  
f C O 2 l g ) ;  logIfCOZ(glJ= 3.1353-06 -5.501 

NOTES: - Water "molalityn is mole fraction HZ0 in aqueous phase 

I 
- 'Descriptor" means: 

*dG/RT/lnlO for species with nonzero concs. (convergence criterion) 
*Saturation Index for minerals, SI=loglO(lAP/Ksp) 
*LoglO(activity) for aqueous species with very smll concentrations 
*logl~(activity~ for aqueous species Not Allowed to Form 

I 
*NAF signifes that the species was Not Allowed to Form 

Total G/RT= -2.05821101E+04 

Total Diagonal Inversions 84 
' Total Stoichiornetric Reoptimizations 

I 
I,( 
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