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date: 21 April 1997 " ::J;:fi~:z· MS 1320 

from: Craig F. Novak, Org. 6832, MS 1341 

Sandia National 
Laboratories 

Operaled lor the U.S. Department of Energy by 

LOCICHiflfD MA .. RTIN~ 
Albuquerque, New· Mexico 87185-13.20 

subject: Calculation of Actinide Solubilities in WIPP SPC and ERDA6 Brines under 
MgO Backfill Scenarios containing either Nesquehonite or Hydromagnesite as 
the Mg-C03 Solubility-limiting Phase 

Actinide solubility calculations for the WIPP Compliance Certification 
Application CCCA) were performed assuming that standardized WIPP brines 
were saturated with halite, anhydrite, brucite, and magnesite (Novak et al., 
1996b). Brucite, Mg(OH)2(s), and magnesite, MgC03Cs), were modeled to be 
present because of brine interactions with the backfill material MgO(s). Ongoing 
laboratory experiments have suggested that nesquehonite, MgC03 • 3H20(s), or 
hydromagnesite, Mgs(C03)4(0H)2•4H20(s) or Mg4(C03)3(0H)2•3H20(s) may form 
instead of magnesite under WIPP-like conditions, at least at early times. This 
memorandum provides estimated total actinide solubilities by oxidation state 
when either hydromagnesite or nesquehonite precipitates instead of magnesite. 

The calculations in this memorandum repeat the CCA calculations with 
two exceptions: a revised thermodynamic data base called FMT _970407. CHEMDAT 

was used, and either hydromagnesite or nesquehonite was precipitated instead of 
magnesite. In order to have hydromagnesite precipitate, several nonactinide 
solid phases in the data base were prevented from forming, including dolomite, 
CaMg(C03)2(s), magnesite, calcite and aragonite; both CaC03(s), pirssonite, 
Na2CaCC03)2•2H20(s), and gaylussite, CaNa2CC03)2•5H20(s). In order to have 
nesquehonite precipitate, the solids hydromagnesite and labile salt, 
Na4CaCS04)3 •2H20(s), must be prevented from forming, in addition to the solids 
in the list above. Note that this does not necessarily imply that the equilibrium 
conditions are supersaturated with respect to these solids, only that the 
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mathematical path followed to reach equilibrium conditions could not allow the 
precipitation of these minerals. 

No constraints were placed on the actinide solid phases that could form; 
equilibrium principles were used to determine the thermodynamically most 
stable solid phase for each actinide. 

Thermodynamic Data Base Files 

The primary data base release accompanying this memo is called 
FMT _9711141117. CHEMDAT. The CHEMDAT files used for the calculations, based on this 
file, are called FMT _9711141117-NESQ. CHEMDAT, FMT _970407_HMAG4323. CHEMDAT, 
and FMT _97041117-HMAG5424. CHEMDAT. These files are contained with these 

' 
names under SCMS on the WIPP DEC Alpha computers. Changes made to 
arrive at the FMT _9711141117. CHEMDAT file are documented below. Information that 
has not changed since the last major release of the data base file, called 
FMT JiMlLAM3PU3TH4NP5_950823. CHEMDAT (Novak, 1996a), is not discussed here. 

The FMT _9711141117. CHEMDAT file contains an update of several Pitzer 
parameters for the pairs K+ with Th(COs)~-, Mg2+ with NpOzC03, Np0z(C03 ~-. 
and Np0t,.CC03 )~-, Cl- with Th(C03 )~-, 6~nd for the triplets Na+ with Cl- and 
Th(C03)5 , and K+ with Cl- and Th(C03)5 

The revised neptunyl carbonate species parameters are based on the 
averaged values for K+ (Novak et al., 1996a) and Na+, and are supported by a 
comparison with one Np(V) solubility measurement in a high magnesium brine 
(Novak et al., 1996c). Further documentation of this comparison is given in a 
document with the title "Solubility of Np(V) in K-Cl-C03 and Na-K-Cl-C03 
Solutions to High Concentration: Measurements and Thermodynamic Model 
Predictions," currently undergoing Review and Approval at SNL. 

The new ion interaction parameters for Cl- with Th(COs)~- and for the 
triplets Na+ with Cl- and Th(C03)~- are based on the values provided to me in an 
email message from Andrew R. Felmy of Pacific Northwest National 
Laboratories. Dr. Felmy and coworkers were performing additional solubility 
measurements for the Th-Cl-COs-HCOs system until these were suspended due to 
WIPP Project exigencies. The email message, reproduced in Table 1, serves as 
documentation for these parameters. K+ interaction parameters with Th(C03)~-
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f were assigned the same numerical values as those for Na+, by chemical analogy, 
to provide reasonable estimates. 

Finally, two hydromagnesite solids with the stoichiometries 
Mgs(C03)4(0H)z•4H20(s) and Mg4(C03)3COH)2•3H20(s) were added. For 
convenience, these solids are called HMAG5424 and HMAG4323, respectively. 
Both stoichiometries have been proposed but neither appears to be definitive. The 
analysis in the following section was used to determine dimensionless standard 
chemical potentials for each of the hydromagnesite stoichiometries; both are used 
in the FMT simulations discussed in this memo. 

The differences between F M T _ 9 7 e 4 0 7 • c HEM D AT and 
FMT JiMW-RM3PU3TH4NPS_960823. CHEMDAT are given in Table 2 by using the VMS 
"DIFFERENCES" command. The resulting file was shortened by removing the 
matching lines terminating each different block in the comparison files. Line 
numbers in the list below refer to the line numbers for file FMT _970407. CHEMDAT 
as given in Table 2. The differences include: 

• different title lines 1 and 2; 

• total number of species increased from 210 to 212 on line 4; 

• two additional solids added, lines 254 and 255; 

• new f3COl and f3Cll values forK+ with Th(C03)~- in line 339; 

• new f3(0l, f3Cll, f3(2l, and C<P values forK+ with Np02(C03)~- on lines 439 to 
441; 

• modification from the previous estimated 9 value for Cl- with Th(C03)~
from 5.5 to 2.0 in line 2409; 

• and addition of the \j1 value -0.08 for triplet N a+ with Cl- and Th(C03)~
and the triplet K+ with Cl- and Th(C03)~- in line 3270. 

The other CHEMDAT files differ from this primary file only by which solids are 
prevented from forming, as summarized in Table 3. 
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Solubility Products for Hydromagnesite and Magnesite 

The Harvie et aL (1984) data base was chosen as the primary reference for 

actinide solubility modeling, The data base contains thermodynamic parameters 

values at 25"C, including solubility product (Ksp) information in the form of 

standard chemical potentials, Until now we have added to this data base only 

those species and parameters necessary to describe actinide solubility and 

speciation behavior, However, the solid phase hydromagnesite is not included in 

the Harvie et aL (1984) data base, so we must obtain and add information for this 

solid, 

There are two stoichiometries reported for hydromagnesite, 

Mg4(C0g)g(OH)z •3Hz0(s) and Mgs(C0g)4(0H)z•4Hz0(s), which we will also refer 

to as HMAG4323 and HMAG5424, respectively, The solubility products for these 

solids can be defined by the reactions 

2-
Mg4(C0g)g(OH)z•3Hz0(s) H 4 Mg2+ + 3 C03 + 2 OH- + 3 H20 (1) 

2-
Mgs(C0g)4(0H)z•4Hz0(s) H 5 Mg2+ + 4 C03 + 2 OH- + 4 H20 (2) 

It is not clear that either stoichiometry has been settled upon definitively, The 

solubility product of HMAG4323 was reported as 10-30_2 in Langmuir (1965), This 

stoichiometry_ and Ksp were accepted in Lippmann (1973), although Garrels and 

Christ (1990) provide the value 10-35.5 for "natural hydromagnesite" with the 

same stoichiometry. On the other hand, Robie and Hemingway (1973) prefer the 

HMAG5424 stoichiometry and the Ksp value 10-37.1±0.4 in their data compilation. 

Because neither stoichiometry can be considered definitive, we have 

conducted calculations using both stoichiometries. The HMAG4323 Ksp of 

Langmuir was selected because it gives a higher solubility and thus would lead to 

higher solution concentrations than the value of Garrels and Christ (1990). 

The corresponding dimensionless standard chemical potentials for the two 

stoichiometries for hydromagnesite can be calculated using standard 

thermodynamics, Reactions 1 and 2, and the species dimensionless standard 

chemical potentials taken from the Harvie et aL (1984) data base. These 

calculations can be summarized as 
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~;(HMAG4323) 
= ln(10-30.2) + 4(-183.468) + 3(-212.944) + 2(-63.435) + 3(-95.6635) 

=-1856.103 (3) 

for Reaction 1 and as 

~;(HMAG5424) 
= ln(10-37.1) + 5(-183.468) + 4(-212.944) + 2(-63.435) + 4(-95.6635) 

=-2364.066 (4) 

for Reaction 2. Because of the use of a different round off scheme in earlier 
calculations, the dimensionless chemical potentials for HMAG4323 and 
HMAG5424 were entered into FMT _970407. CHEMDAT as -1856.104 and -2364.06, 
respectively. 

Input and Output Files for FMT v2.2 Simulation Runs 

Six different FMT v2.2 runs were performed to calculate actinide 
solubilities in WIPP brines in equilibrium with brucite+nesquehonite or 
brucite+hydromagnesite. The files following the naming convention given by the 
prototype 

FMT-<Pl>-<P2)_970407_22.<EXT> 

were <P 1> can assume the values SPC or ERDA6, and <P2> can assume the values 
NESQ, HMAG4323, or HMAG5424. The <EXT> variable has four values for each run, 
COM, IN, OUT, and FOR088. The "970407" in the name specifies that a version of 
the FMT _970407. CHEMDAT data base was used, and the "22" indicates that FMT 
v2.2 was used. The six different file identifiers thus are: 

FMT-ERDA6_NESQ_970407_22.(EXT> 
FMT_ERDA6-HMAG4323_970407-22.<EXT> 
FMT_ERDA6-HMAG5424_970407-22.<EXT> 
FMT_SPC_NESQ_970407_22.<EXT> 
FMT_SPC_HMAG4323_970407-22.<EXT> 
FMT_SPC_HMAG5424_970407_22.<EXT> 
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Each of these unique file identifiers corresponds to SCMS files with the extensions 
IN, OUT, FOR088, and COM. A "dummy" INGUESS file, the contents of which were 
ignored, was used for all runs because the flags in the IN files were such that this 
file was superfluous. 

The IN files were constructed using the Element Abundances column 
called Total Moles from the OUT files of earlier FMT runs (Novak, 1996b). These 
OUT files, contained under SCMS, are called FMT -ERDA6_8F_960823. OUT and 
FMT_SPC_8F_960823.0UT. The IN files were created in this way to more clearly 
demonstrate the continuity of the chemical conditions simulated from one FMT 
run to the next. One change to the ERDA6 files was required: 0.002 moles of 
oxygen and 0.001 moles of thorium were added, equivalent to the addition of 0.001 
moles of Th02(am), was added to ensure enough Th02Cam) solid to reach the 
solubility limit. 

The FMT source code, executable, build command, and data sets are stored 
in SCMS. The image information from the executable version 2.2 of FMT used for 
the runs is: 

image name: "FML.FMT2P€LPA96_2" 

image file identification: "P PA96_2 2.2" 

image file build identification:"" 

link date/time: 29-0CT-1996 15:16:12.48 

1 i nker i dent i f i cot ion: "A 11-14" 

Run Results 

Partial OUT files, i.e., with the echo printed data base portion removed, l!lre 
included in this memorandum. Tables 4 to 6 contain the ERDA6 runs NESQ, 
HMAG4323, and HMAG5424, respectively. Tables 7 to 9 contain the SPC runs 
NESQ, HMAG4323, and HMAG5424, respectively. In each file, the section 
following the entry "Elemental Abundance for Flash Problem" lists for each 
element the total moles in the simulation (an input, extrinsic quantity), the 
element aqueous molality and Molarity, and the corresponding element 
concentration in mg/1. Also in each file, the section labeled "Table of 
Concentrations for Batch Problem" provides concentrations and other chemical 
information by species. 
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Table 1. Email message from AR Felmy to CF Novak giving new parameter 
values for Cl-- Th(C03)~- and Na+- Cl-- Th(C03)~- ion interactions. 

• 

Date: Wed, 25 Mar !997 87:45:29 -asaa 
From: ar_felmy@ccmail .pnl.gov <Andrew R Felmy) 
Subject: Ae: Thermo Parameters for Th++++ 
To: ar_felmy@pnl.gov, cfnovak@sandia.gov <Craig F. Novak) 
Cc: rcmoore@nwer.sandia.gov, rvbynum@nwer.sandia.gov 
MIME-version: I.e 
Content-Type: text/plain; charset=US-ASCII 
Content-Transfer-Encoding: 7bit 
Content-Description: cc:Mail note part 

Craig, 

I have finished my initial analysis of the m1x1ng parameters for 
Th<CD3)5 5- with Cl- and No+. This analysis is based solely on the 
Th02(am) solubility data in mixed NaCl-Na2C03 solutions. I did not 
analyze the HC03 data. There were only a couple of points with solid phase present in the HC03 solutions and I was unsure about 
equilibrium. Unfortunately, we will not be able to do any more work on the HC03 this year. I'm sending along the original data files that I used for my analysis. If you do any fitting you will note a 
redundancy between theta and psi which leads to a numerical precision 
issue involving parameter convergence. As a result it is only possible to refine the parameter values for theta to+/- 0.2 units and psi to +/- .02 units. My recommended parameter values are therefore theta= 2.0 +/- 0.2 and psi = -.es +/- 0.2. Never the less, I think you will find an ENORMOUS improvement in the predicted Th concentrations. 

Enjoy, 

Andy 

Note that, because of a tYPographical error, the error associated with "psi" sho.uld 
read"+/- 0.02" instead of"+!- 0.2", as confirmed by telephone with AR Felmy. 
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Table 2. Results of VMS DIFFERENCES comparison command between 
F M T _ H M W- AM 3 P U 3TH 4 N P 5 _ 9 5 0 8 2 3 . C HEM D AT and 
FMT_970407.CHEMDAT . 

...................... 
Flle Ul:[CFNOVAK.FMT.OR-NESO-HMAGlfMT-970407.CHEMORTj2 

1 'FMT_9704B7.J'iESO .chemdat' 
2 'Added Th<COJ>S-Cl<-Na} Parms 1 assigned K+-ThCCQJ)5••• by analogy' 
3 
4 27 212 'nNE~ T' 'nACTCOEF' 'nECHO' 'nRBCO' ......... 

File Ul:ICFNOUAK,FMTJFMT-HMU-AM3PU3TH4NPS_900823.CHEMDRTj 1 
1 'HMW_Am3Pu3Th4Np5.CHEnDAT: AmCIIl), Pu<IIl)j Th<IUlj NpCV}' 
2 '96.09.23 Memo Release HNU/FUj Ac-Cit-EOTA-Lac-Oxj MgORU-CaORG' 
3 
4 27 210 'nNEU T' 'nACTCOEF' ' nECHO' 'nAB CD • 

.......................... ...................... 
File Ul:ICFNOUAK.FnT.QR-NESQ-HMAGlFMT-97B4B7.CHEMDATj2 

253 'CoMgCCOJ>2-DISABLED olomite' 0 G 0 0 1 1 B B 2 B B B B B B B B B B B B B B B 
254 'Mg5<C03>4<0H>2.4H20-Hydronagne5424' IB 18 B B 5 B B B 4 B B B B 0 0 9 0 0 0 0 0 0 0 0 0 a a 
2s~ 'Mg4<COJ)J<OH>2.JH20-HydroMagne~323' s 14 0 a 4 e e a J a e e a e e e e e e e e e a e a a e .......... 

Fll~ Ul:[CFNOVAK.FMTJFMT-HM~M3PU3TH4NPS-960623.CHEMORT;l 

e e e 2 999.999 -671.99 
2 -2364.95 R&H73 
2 -1655.194 Lang6S 

253 'CaMgCC03J2____0ISRBLED----Dclomite' 9 59 9 1 1 9 9 2 9 9 9 9 a a 9 9 9 9 9 B B B B 9 9 9 2 999.999 -671.99 
....................... 
......................... 

File U1![CFNOURK.FMT.QAJNESQ-HMAGJFMT-979497.CHEMORTj2 
339 1 1.31 39. .9 .e K+ Th<C03>5-.. by analogy with Na+ ................. 

File Ul![CFNOVAK.FMTlFMT_HMU_RM3PUJTH4NPS-95B823.CHEMOATjl 
337 1 .9 .9 .9 .9 K+ TMCOJ>S••• ................................ .................. 

File U1:1CFNOVRK.FMT.QALNESQ_HMRGJFMT_979497.CHEMOATj2 
439 1 • HI .34 .9 .9 Mg++ Np02COJ-
4~9 J .48 4.4 .9 .9 Mg+-+ Np02CCOJ)2•-
441 J 2.97 22.7 -48. -.11 Mg++ Np02CCOJ>J=•-.......... 

File Ul:[CFNOVAK.FMTJFMT-HM~MJPU3TH4NP~-960823.CHEMORT;l 
437 1 .9 .9 ,a .9 Mg++ Np02COJ-
438 3 .9 .9 .a .9 Mg++ Np02CCOJ>2•-
439 3 .9 .9 .a .9 Mg++ Np02CCOJ>J••-

•••••••••••• ................. 
File Ul:[CFNDVAK.FMT.QAJNESQ_HMAGlFMT-979497.CHEMORTj2 

by analogy with Na+, K+ ualues 
by analogy with Na+, K+ values 
average of Na+ 1 K+ ualues 

2499 .a2 -.996 -.95 .9J -.02 -.aDs .12 .e74 e a .166 e -.24 -.21 -.26 -.26 .1 0 e a a 2.a e a -.09 e e e e e e 0 a a e e e 
File Ul:ICFNOUAK.FMTlFMT-Hn~MJPUJTH4NPS_96982J.CHENOAT;l 
2~07 .02 -.006 -.0s .e3 -.02 -.aes .12 .e;~ e e .168 0 -.24 -.21 -.26 -.26 .1 e e e e s.s e e -.e9 e e e e a e e e e e e e ........................ ................. 

File Ul:[CFNOVAK.FMT.QA-NES0-HMAGlFMT_9704B7.CHEMDATj2 
3270 -.as -.96 .0 .e 0 .e e e e e e e e e e a e e e 0 0 e e e e e e 0 a e e e 0 a e 0 0 e 0 c1- ThccoJlS•--: AAF97BJ .......... 

File Ul:(CFNOUAK.FnTJFMT-HM~-RM3PUJTH4NP5_96BB23.CHEMOATj 1 
3268 .0 .a .9 .0 B .0 B B 9 0 0 0 0 B B B 0 9 B B 0 0 0 0 B 0 0 9 9 9 0 9 0 B B 9 9 9 B Cl- ThCCOJlS~ae: 

................... ................ 
Fll~ Ul!lCFNOVRK.FMT.QALHESQ_HHAGlFMT-970497.CHEMORTj2 
~S36 RRF97BJ26 ~~Email from ARFelmy 26Har97 

File Ul:[CFNOUAK.FMTlFMT-Hn~-RMJPUJTH4NPS_960823.CHEMOATj1 ................. 
................ 
File Ul:ICFNOUAK.FMT.QA-N£SQ_HMAGJFMT-97B407.CHEMOATj2 

5853 R&H73 Roble and Hemingway 1973 J.Aeas.US.Geo1.Suru. ulnS pp 543-547 
5854 Lang6S •• Langmuir 1965 j.Geology u73 739-754 ....... 

File Ul:[CFNOUAK.FMTJFNT-HM~nJPUJTH4NPS_959823.CHEMDATj 1 .............. 
Mumber of dlfferente ~ectlons found: B 
Number of differente retards found: 16 

DIFFERENCES /IGNOAE•C)/MEAGEQK1/0UTPUTmUI:[CFNOVAK.FMT.QR_NESQ-HMAGJOB.OlFj l
UI: ICFNOVRK .Ft1T .QA-NESQJ-1!1AGlFrtT-970407. CHEMDATj 2-
U1:1CFNOVAK.FMTlFMT-H~-RM3PU3TH4NPS_960823.CHEMORT;l 
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Table 3. Solids that are "DISABLED" (prevented from forming) in variants of 
the data base file FMT_970407.CHEMDAT. 

FMT-970407JlESQ FMT-970407-HMAG4323 FMT_970407-HMAG5424 
.CHEMDAT .CHEMDAT .CHEMDAT 

Aragonite Arogoni te Aragonite 

Calcite Calcite Calcite 

Dolomite Dolomite Dolomite 

Goylussite Goylussite Gaylussite 

Lobi 1 e Salt 

Magnesite Magnesite Magnesite 

Pirssonite Pirssonite Pirssonite 

HMAG5424 HMAG5424 

HMAG4323 
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4/21/97 16: 13 HD•Novok:NESQ/HMAG:fmt_erdo6-hmog4323_970407-22.sh 

INPUT file nome is U1: ICFNO\.I'lK.FMT.QAJ£SQJi/"f1GlFMT...ERDA6JiMAG4323..970407.22.IN; I 
INGUESS file nome is U1:1CFNO~.FMT.QAJ£SQJi/"f1GlDI.l1MI'.IffiUESS; 1 
OUTPUT file nome Is Ul: ICFNO~.FMT.QAJ£SQJit'f1GlFMT-EADA6JiMAG4323_970407.22.0UT;2 
CHEMDAT f I 1 e nome is Ul: !CFNO~.FMT.QAJ£SQJit'f1GlFMT_9704e7JiMAG4323.CHEMDAT; 6 
Temperature i s Herd Coded os 298. !5K 
Actinides in ERDA6 Soturoted with NoC1,CoS04,Brucite,Hydromagnesite FMT V2.2 
FMT_970407JiMAG4323.chemdot HYDROMAGNESITE ADDED 
Added Th<C03Js-CI <-Nal Porms, assigned K+-Th(C03l5== by onalogy 

Accuracy of reactions is 
Minimum elemental abundance Is 
Number of Aqueous Species is 

r.eeeeE-e6 
r.eaaeE-18 

126 
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4/21/97 16: 13 HD•Novak:NESQ/HMAG:fmt-erda6-hmag4323_970407-22.sh 

Actinides in ERDA6 Saturated with NaCI,CaS04,Brucite,Hydromagnesite FMT V2.2 
FMT_970407-HNAG4323.chemdat HYDROMAGNESITE ADDED 
Added ThCC03):;-CJ <-Nal Perms, assigned K+-ThCC03l5== by enology 

Pressure= 1. 000 I= I ATI1 Tempera tl.lre= 2. 98E +02 I= I Ke I vi n 

Elemental Abundances for Flash Problem 

Total Moles Aq. Molal i ty Aq. Molarity 

Using NaCI Density Correlation 
I. 13289995E+02 I. 1129 1724E+02 9. 78381090E+0 I 
6. 55755271E +0 1 5.65528407E+01 4. 97163923E+01 
7.19980915 6.19775745 5.44853516 
1. 10087747E~ 1 I. 11083132E-01 9. 76547335E-02 
2.04429362 4.59065398E-02 4.03570805E-02 
1. 01344192 1.3438746SE-02 1. 18 14189BE-02 
6.96738842 5.96774208 5.24632543 
I. 19112712 1. 9 1046897E-0 1 1.67951997E-0 1 
1.00103149 1. 0 1051302E-03 8. 88356111E -04 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
7.08491570E~2 7.21464334E-02 6.34249376E-02 
1.23704B71E~2 1. 25969957E~2 1.10741949E-02 
0.0 0.0 0.0 
1. !0000068E~2 5.98385449E~8 5.26049008E-08 
1.00041150E~3 1. 3ll96363E~8 1. 15336556E-08 
0.0 0.0 0.0 
1. 00253377E~3 5.25156921E~7 4.61672786E-07 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
7.42184763E-15 7.55774463E-15 6. 64411889E-15 

Soll.ltion Parameters, Calcl.llated 
SOLUTION MASS 1360.0598,2630088 g-ams 

g-oms 
g/kgH20 

H20 MASS 982.018842063433 
TDSCg/kgl 384.963065986703 

specified Soll.llion Density 
DENSITV 1217.54038033208 

Solution Parameters Based on Specified Density 
SOLUTION VOL 1.11705521092445 -liters 
TDS 338.4264895456 78 g/1 

Aq. mg/1 iter 

9.86ll0301E+04 Hydrogen 
7.95432447E+05 Oxygen 
1. 25260570E +05 Sodillll 
3.81813407E+03 Potassium 
9.80878841E+02 Magnesium 
4.73512726[+02 Calcium 
1. 85997976E +05 Chlorine 
5 ,3845410 1E+03 S<.~l fLr 
!. 06700452E+0 1 Carbon 
0.0 Poslon:EL 
0.0 Neg!on:EL 
0.0 Oxalate:EL 
6,85623575[+02 Boron 
8.84872468E+02 Bromine 
0.0 Acetate:EL 
1. 22063412E -02 ThC IV) 
2.80267831E-03 Am( I !I) 
0.0 P<.~CI!Il 
1. 09438703E -01 NpCU) 
0.0 CI04:EL 
0.0 Phosphorus 
0.0 UC!Vl 
0.0 Lactate:EL 
0.0 EDTA:EL 
0.0 Citrate:EL 
0.0 Electron:E 
0.0 Chorge:EL 

--Density based on TDS and NaCI solutions '<§ Percent reI at i ve error vs NaC I dens I ty 
1217.54038033208 

0.000000000000000 
g/1 

0 l! 
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TABLE OF CONCENTRATIONS FOR BATCH SI'STEI1 

Spec i es Name Molality Activity Act Coef Total Moles Molarity mg/1 iter Oeser i ptor 

H20 WATER 8.14970E-Il1 7 . 49304E -0 I 0.9194 5.45106£+0 1 4. 87985E +0 1 8.79114E+05 
Na+ Na+ 5.19775 5.05945 0.9777 5.08531 5.44854 l. 2525 IE +05 
Cl- Cl- 5.90774 5.13728 1.028 5 .• 86044 5.24633 l. 85998E +05 
CaS04 fhhydri te 1.01523 1.000 1.000 9. 96974E -0 1 8.92502E-01 l.21503E+05 
Mg<OHJ ruci te 6.80737E-Il 1 1.000 1.000 o.o8497E-01 5.98446E-01 3. 490 11E+04 
Mg4CC03J3COHJ2.3H20_HydroMogne4323 3 .38770E-Il 1 1.000 1.000 3 .32679E-01 2. 97818E-01 l. 08795E +05 
S04= S04= 1.91047E-Ill 3.56983E-03 l.B686E-02 l. 875 12E-01 l. 6 7952E -01 l. o 1331E+04 
K+ K+ 1. 11083E-Il 1 5.43624E-02 0.4894 l. 09086£-01 9.76547E-02 3.81813E+B3 
B<OHJ4- B(0HJ4- 5.39233E-ll2 5.38049E-03 9.9780E-02 5.29537E-02 4.74047E-02 3. 73735E+03 
Mg++ Mg++ 3. 90372E-Il2 7.76735E-02 1.960 3.89245E-02 3.48457E-02 8.4o924E+02 
Br- Br- l. 25970E-Il2 3. 54290E-03 0.2813 l. 23705E -02 1. 10742E-02 8.84872E+02 
Th02(am)_____Hydrous_Thorium-Dxide 1. 12014E-Il2 1.000 1.000 l. 09999E-02 9.84727E-03 2.60004E+03 
KNp02C03(sJ Np02C03(s) !. 02037E -03 1.000 1.000 l. 00202E-03 8.97017E-04 3.30241E+02 
AmOHC03(cJ mOHC03(cJ !. 01872E -03 1.000 1.000 !. 00040E-B3 8.955o8E-04 2.85596£+02 
NaCI a lite l. 12722 1.000 1.000 1.10695 9. 90957E-01 5.79142E+04 -6.99E-Il8 
Co++ Ca++ 1.08851E-02 l.21702E-02 !. 118 1. 0o894E-Il2 9.56923E-03 3.83535E+02 8.15E-Il8 
B<OHJ3(aqJ B<OHJ3(aqJ 7.90331E-Il3 7 .25114E-03 0.9175 7.7o120E-e3 o.94791E-Il3 4. 29002E +02 !.41E-Il8 
MgB<OHJ4+ 11gBCOHJ4+ 5.43293E-03 l. 04807E -02 1.929 5.33524E-Il3 4. 77o17E-03 4.92o34E+B2 l.21E-Il8 
Na2Ca(S04) lauberite 3. 33B54E -03 1.000 1.000 3.270o5E-e3 2.92792E-03 8. 14474E+02 -1. 70E-Il7 
Ca8(0HJ4+ CaB<OHJ4+ 2.44581E-Il3 2.92711E-03 l. 197 2.40183E-Il3 2. 15015E-03 2. 55094E +02 9.24E-Il8 
MgOH+ MgOH+ 4.24254E-04 1. 55072E -04 0.3555 4. 1oo25E -e4 3.729o7E-Il4 l. 5408 1E+01 -l.22E-Il7 
MgC03(aq) MgC03(aqJ 4. 12109E-04 4.12109E-Il4 1.000 4.04o99E-Il4 3.o2291E-04 3. 054o3E +01 -I. 70E-Il8 
B405COHJ4= 8405COHJ4= 3.o9277E-04 !.42321E-0o 3,8541E-03 3.62o37E-e4 3.24o3oE-04 o.20919E+B1 !.02E-Il7 
8303(0HJ4- 8303COHJ4- 3.21339E-Il4 3.45937E-05 e. 1077 3 . 15561E -04 2.82494E-04 4.19383E+01 4.60E-Il9 
C03= C03= 2.57999E-04 o.25593E-06 2.4248E-02 2. 533o0E-Il4 2.2o810E-04 !.36107E+01 l.07E-Il7 
HC03- . HC03- 2.31918E-04 7.95828E-05 0.3432 2.27748E-Il4 2.03882E-04 !.24403E+01 4.70E-Il8 
CaC03(aqJ CoC03(aqJ l.07853E-04 l. 07853E -04 1.000 l. 05913E-Il4 9.48148E-05 9.48994 l. 14E-Il7 
OH- OH- 2.37122E-Il5 1. 29o34E -05 0.5467 2. 32859E -e5 2.08458E-05 3. 54530E-Il 1 6.72E-Il8 
Np02C03- Np02C03- 4.41407E-07 4.92716£-08 0.1115 4.33470E-Il7 3.88047E-07 l.27089E-Il 1 -6.8oE-e8 
Th<OHJ3CC03l- Th<OHJ3(C03J- 5.84948E-08 Lo4519E-08 0.2813 5.74430E-Il8 5. 1423oE-0B l. 70418E-Il2 7.52E-Il8 
Np02CC03l2=- Np02CC03l2=- 4.09676E-08 8.49197E-12 2.0729E-04 4.02309E-Il8 3.60152E-08 l.40122E-Il2 . 3.47E-Il8 
C02(aq) C02(aq) 3.8o742E-08 !.34550E-07 3.479 3.79788E-Il8 3.39991E-08 l.49629E-Il3 4.9oE-Il8 
Np02+ Np02+ 3.72702E-08 7.35032E-08 1.972 3.60000E-Il8 3.27047E-08 8.81525E-Il3 -5.74E-Il8 
Am<OHJ2+ (after.J:m( IIIJ) 9. 16129E -09 l. 18486£-12 l.2933E-04 8.99o5oE-e9 8.05382E-09 2.23103E-Il3 -3.o3E-e7 
Np020H(aql Np020H(aql 4.50727E-09 4.oo708E-10 0. 1035 4.42622E-Il9 3.96240E-09 l. 13346E -ll3 -l.49E-Il7 
Am<C03l3~ Am<C03J3=- 3.42928E-09 l. 28405E-13 3.7444E-05 3.36761E-Il9 3.01473E-09 !. 27531E-Il3 l. l3E-Il7 
Th<OHJ4(aql Th(0H)4(aq) 1.28537E-09 l.28537E-09 1.000 l.26225E-Il9 l. 12998E -09 3 • 39071E -04 3.41E-Il8 
Np02(C03J3=- Np02(C03) 3=- 9.822o9E-10 4.21922E-18 4.2954E-09 9.64o07E-10 8.63527E-10 3. 87788E-Il4 1.31E-Il7 
HS04- HS04- 3.59246E-10 l. 97958E-10 0.5510 3.52786E-10 3.15818E-10 3.0o550E-Il5 -5.18E-Il8 
AmC03+ AmC03+ 2.84866E-10 8.14021E-11 0.2858 2. 79744E-10 2.50430E-10 7.58825E-Il5 -7.90E-Il8 - H+ H+ l. 29624E -10 5.82477E-10 4.494 l. 27293E-10 l. 13954E-10 l. 14855E-Il7 4.09E-Il8 

V'J Am<OH>3<aql < le-911W111 n i m1.111 l l.21905E-10 1.21905E-10 1.000 l. 19713E-10 I. 07169E -10 3. l5099E -e5 l. 70E-Il8 
~Am<C03J2- Am<C03J2- g • 575ooE-ll 2.69348E-11 0.2813 9. 40446E-11 8.41890E-11 3.05024E-Il5 4.11E-Il8 

Th(C03J5= Th<C03J5= 5.84114E-ll 7.81935E-26 l.3387E-15 5. 736llE-ll 5. 13503E-11 2.73227E-Il5 2.88E-Il7 
Np02(0H)2- Np02<0Hl2- 2. 22276£-ll 3.5o410E-13 l.6035E-02 2.18280E-ll 1.95406E-11 5.92201E-eo -l.!7E-Il7 
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Amt:l-1++ (after...Cm( IIIl J 1. 701:S0E -11 1. 26060E -13 7.4087E-03 1. 6709 1E-11 !. 49:S82E- 11 3.88923E-136 -1.8:SE-ea Am+++ Am+++ 9.:S1:S:S1E-12 3.:S3236E-13 3.7122E-02 9.34441E-12 8.36:S22E-12 2.03275E-136 -e.nE-ea ThCS04l3= Th(S04l3= 4.32204E-20 7.54809E-22 1.7696E-02 4.24433E-20 3.79957E-20 1.97658E-14 -2.27E-{!7 ThCS04l2Caql Th(S04l2(aql 9.81983E-22 3. 12841E-20 31.86 9.64325E-22 8.6327:5E-22 3.66161E-15 -8.23E-{!8 Am(0Hl3Csl m(0Hl3(sl 0.0 1.000 1.000 0.0 0.0 0.0 -9 .28E-{!1 Na4CaCS04l3 .2H20 obi 1 E!-Sal t 0.0 1.000 1.000 0.0 0.0 0.0 -7.05E-131 Ca4Cl2(0Hl6.13H20L_Ca0xychloride_A 0.0 1.000 1.000 0.0 0.0 0.0 -2. 18E+1! I K2MgCa2CS04l4.2H20 olyhal ite 0.0 1.000 1.000 0.0 0.0 0.0 -3.76 Na3HCC03l2.2H2 Trona 0.0 1.000 1.000 0.0 0.0 0.0 -6.16 Th++++ Th++++ 0.0 0.0 0.4432 0.0 0.0 0.0 -2.62E+01 K28407.4H20---K-Te\rabora\e_(30...Cl 0.0 1.000 1.000 0.0 0.0 0.0 -6.40 KB508.4H20----K-Pentabora\e_(30...Cl 0.0 1.000 1.000 0.0 0.0 0.0 -7.02 HClCaql to.titrate.acid.only 0.0 0.0 1.000 0.0 0.0 0.0 -2.49E+1!2 NaOH(aql to.titrate.base.only 0.0 0.0 1.000 0.0 0.0 0.0 -2. 9:SE +1!2 KNaC03 . 6H20 -No-Carbonate 0.0 1.000 1.000 0.0 0.0 0.0 -6.32 K8H4(C03l6.3H20---K-Sequicarbonate 0.0 1.000 1.000 0.0 0.0 0.0 -4.43E+01 K2NaH(C03l2.2H20___Po\assium_Trona 0.0 1.000 1.000 0.0 0.0 0.0 -1.25E+01 8(0Hl3 orixJicicLSol id 0.0 1.000 1.000 0.0 0.0 0.0 -2.11 K2C03.3/2H20L__Po\assium...Carbonate 0.0 1.000 1.000 0.0 0.0 0.0 -1. 10E+01 NaAmCC03l2.6H20(c) 0.0 1.000 1.000 0.0 0.0 0.0 -1.44 Th<S04l2.9H20(sl 0.0 1.000 1.000 0.0 0.0 0.0 -!. 92E+1! 1 Th<S04l2,8H20(sl 0.0 1.000 1.000 0.0 0.0 0.0 -L92E+1! 1 Th<S04l2.Na2S04.6H20(16C,sl 0.0 1.000 !.000 0.0 0.0 0.0 -L:SIE+01 Th<S04l2.K2S04.4H20CI5C,sl 0.0 1.000 1.000 0.0 .0.0 0.0 -I. 8:SE+01 ThCS04l2.2K2S04.2H20<15C,sl 0.0 1.000 1.000 0.0 0.0 0.0 -2.01E+1!1 2[Th(S04l2.7/2K2S04(16C,sll 0.0 1.000 1.000 0.0 0.0 0.0 -4. 77E+1! I Np020H (aged) p020H( agedl 0.0 1.000 1.000 0.0 0.0 0.0 -2.:54 Np020H(amorl p020H(amorl 0.0 1.000 1.000 0.0 0.0 0.0 -3.24 21NaNp02C03.7/2H20(s)J 0.0 1.000 1.000 0.0 0.0 0.0 -1.81 K3Np02CC03l2Csl----K3Np02CC03l2Csl 0.0 1.000 1.000 0.0 0.0 0.0 -5.40 C02<"' solid" ,DISABLEDl 0.0 1.000 1.000 0.0 0.0 0.0 -5.09E+1!2 NaK3(S04l2__Aph\hital ite/Glaseri\e 0.0 1.000 1.000 0.0 0.0 0.0 -4.10 CaCI2.6H20 ntcrcticite 0.0 1.000 1.000 0.0 0.0 0.0 -5.23 CaC03...0 I SABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.31E+1!2 K2S04 0.0 1.000 1.000 0.0 0.0 0.0 -3.20 MgCI2.6H2C 0.0 1.000 1.000 0.0 0.0 0.0 -4.74 Na2MgCS04l2.4H20 0.0 1.000 1.000 0.0 0.0 0.0 -2.59 Na5C03CS04l urkei te 0.0 1.000 1.000 0.0 0.0 0.0 -4.63 CaC03...0!SABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6 .31E+1!2 CaC12.4H20 aCl2_Tetrahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -6.56 Ca2Cl2<0Hl2.H2D____Ca0xychloride_B 0.0 1.000 1.000 0.0 0.0 0.0 -1.07E+01 KMgC13.5H2 arnall ite 0.0 1.000 1.000 0.0 0.0 0.0 -5.09 MgS04.7H20 psomite 0.0 1.000 1.000 0.0 0.0 0.0 -2.55 CaNa2<C03l2.5H20...0lSABLED a 0.0 1.000 1.000 0.0 0.0 0.0 -1.03E+1!3 CaS04.2H20 psum 0.0 1.000 1.000 0.0 0.0 0.0 -3.22E-132 MgS04.6H20 exahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -2.67 KMgCIS04.3H20 ainlte 0.0 1.000 1.000 0.0 0.0 0.0 -4.22 KHC03 al iclnl te 0.0 1.000 1.000 0.0 0.0 0.0 -5.65 - MgS04.H2 ieserite 0.0 1.000 1.000 0.0 0.0 0.0 -3.56 ~ K2Mg(S04l2.41W I eonlte 0.0 1.000 1.000 0.0 0.0 0.0 -:5.06 -s::.. MgC03...0ISABLEO M 0.0 1.000 1.000 0.0 0.0 0.0 -6. 13E+1!2 Q KHS04 call Ita 0.0 1.000 1.000 0.0 0.0 0.0 -1.15E+1!1 
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Na2S04 • 10H20 Mirablllte 0.0 1.000 
KBH6CS04l7 0.0 1.000 
Naf-CO 0.0 1.000 
Na2C03. 10H20 tron 0.0 1.000 
MgC03.3H20 esq.Jehon i te 0.0 1.000 
K2Mg(S04l2.6H2QJPicromerite/Schoen e.e 1.000 
Na2CaCC03l2.2H20-DISABUED j 0.0 1.000 
K3HCS04l2--SesqJipotassium_Sulfate 0.0 1.000 
Na3HCS04)2____Sesquisodium_Sulfate 0.0 1.000 
Na2C03.7H20----Na2C03-Heptahydrate 0.0 1.000 
KCl ylvite 0.0 1.000 
K2Ca(S04l2.H20 Syngenite 0.0 1.000 
Mg2CaC 1 o. 12H20 Jaci>,Jhydr i te 0.0 1.000 
Na2S04 Jhenord I te e.e 1.000 
Na2C03.H ThermonGtr i te e.e 1.000 
Na8508.5H20-----Sodium_pentaborate e.e 1.000 
NaB02.NaC1 .2H2D___Teepleite_C20_c) e.e 1.000 
CaMgCC03l2-DISABLEO e.e 1.000 
Mg5CC03l4C0Hl2.4H20-DISABUEO_Hydro e.e 1.000 
Na802.4H20 odiumJ1etaborate e.0 1.000 
CaCOHl ortlandite 0.0 1.000 
Na28407. 10H20 or ax e.e 1.000 
Mg2ClCOHl3.4H20 MgOxych 1 or i de e.e 1.000 
Na3Np02(C03)2(s)__Na3Np02CC03l2Csl 0.0 1.000 

pH C-loglaH+Il; pmHC-loglmH+J) 9.2347 9.8873 
Osmotic Coefficient= 1.271198 
Equilibrium RH (~) = 74.930375 
Ionic Strength (m) = o.oo03BS 
Density, kg/m3 = 1217.54 
fC02(gl; 1 og I fC02Cgl I= 4.0B0E-06 

NOTES: - Water "molal i ty" is mole fraction H20 in aqueous phase 
-Gas "molality" and "activity" are gas partial presscres 
- "Descriptor" mecns: 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

-5.39 

*dG/RT/lnle for species with nonzero cones. (convergence criterion) 
+saturation Index for minerals, SI=log10<IAP/Kspl 
*1og10(activity> for aqueous species with very small concentrations 
+logl0(partial pressure) for gases 

Total G/RT= -7.84388104E+03 

Total Diagonal Inversions 427 
Total Stoichiometric Reoptlmizations 43 

e.e 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 e.e 
e.e e.e 
0.0 0.0 
e.e e.e 
0.0 0.0 
0.0 0.0 
e.e e.e 
e.e e.e 
e.e 0.0 
e.e 0.0 
0.0 e.e 
e.e e.e 
e.e e.e 
e.e 0.0 
e.e e.e 
0.0 0.0 
0.0 e.e 
0.0 0.0 
0.0 0.0 
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0.0 -9.0BE-I! 1 
0.0 -7.19E+01 
0.0 -2.91 
0.0 -4.07 
0.0 -1.52 
0.0 -4.96 
0.0 -9.02E+02 
0.0 -1.44E+01 
0.0 -1.10E+01 
e.e -4.06 
e.e -1.38 
0.0 -2.02 
0.0 -l.B3E+01 
0.0 -5.95E-I! 1 
0.0 -4.25 
0.0 -6.33 
0.0 -1.52 
0.0 -8.09E+02 
0.0 -1.4!iE+03 
0.0 -2.07 
e.e -o. 50 
0.0 -1.51 
0.0 -!i. 34E -1! 1 
0.0 -1.01 
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INPUT file name is Ul: ICFNOVAK.FMT.QALNESQ-HMAGIFMT-ERDA6-HMAG5424-970407-22.IN; l INGUESS file name is Ul: ICFNOUAK.FMT.QALNESQ-HMAGIDUMMY.INGUESS;l OUTPUT file name Is Ul: ICFNOVAK.FMT.QALNESQ_HMAGIFMT-ERDA6-HMAG5424-970407-22.0UT;3 CHEMDAT file name is Ul: ICFNOVAK.FMT.QALNESQJjMAGIFMT-970407-HMAGS424.CHEMDAT;4 Temperature is Hard Coded as 298. 1SK 
Actinides in ERDA6 Saturated with NaC!,CaS04,Brucite,Hydromagnesite FMT V2.2 FMT_970407-HMAGS424.chemdat HYDROMAGNESITE ADDED Added ThCC03)5-C! C-Na) Perms, assigned K+-ThCC03)5== by analogy 
Accuracy of reactions is 
Minimum elemental abundance is 
Nunber of Aqueous Spec i es i s 

1.0000E-06 
1. eeeeE-18 

126 

Page 1 
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Actinides In ERDA5 Saturated with NaCI,CaS04,Brucite,Hydromagneslte FMT V2.2 
FMT-970407-HMAG5424.chemdat HYDROMAGNESITE ADDED 
Added Th(C03)5-C1 <-Na) Perms, assigned K+-Th<C03)5= by analogy 

Pressure= 1.000 1=1 ATM Temperature= 2.9SE+02 l=l Kelvin 

Elemental Abundances for Flash Problem 

Total Moles Aq. Molality Aq. Molarity 

Using NaCl Density Correlation 
I. I3289995E +02 I. 11291584E +02 9. 78385549E+01 
5. 55755271E +0 1 5.55S2!148E+01 4. 97 160035E+0 1 
7.19980915 5.19765660 5.44864965 
I. !C087747E-ll 1 1. !10B3S00E-0 1 9. 76555468E-02 
2.04429362 4.5703B304E-02 4.01790773E-02 
1.01344192 l. 34 147538E-02 !. 17931566E-02 
6.96738S42 5.96781223 5.24641341 
l. 19112712 l. g 10376 !IE-0 1 l.57944575E-0 1 
1.00103149 7.77233695E-04 6. 83280425E-04 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 . 
7.0849 1570E-ll2 7.21466708E-02 6.34254543E-02 
l. 23704871E -ll2 l. 25970371E-02 I. 10742869E-02 
0.0 0.0 0.0 
1. I0000068E-ll2 4.62894405E-08 4. 06938979E-08 
I. 00041150E -1!3 l.44943642E-08 !.27422619E-08 
0.0 0.0 0.0 
!. 00253377E -ll3 5.27808841E-07 4.64005452E-07 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 · 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

-l.51S27455E-14 -1.54302491E-14 -1.35650155E-14 

Solution Parameters, Calculated 
SOLUTION MASS 1360.03977930042 9"'0inS 

grams 
g/kgH20 

H20 MASS 982.015610558398 
TDS<g/kg) 384.947209267957 

Specified Solution Density 

Aq. mg/1 iter 

9.85114896E+04 
7.9S426226E+0S 
1.25263202E+05 
3.81816587E+03 
9.76552474E+02 
4.72669718E+02 
1.8600 1095E+05 
5.38430628E+03 
8.20688!19 
0.0 
0.0 
0.0 
6.85629269E+02 
8.848798 17E+02 
0.0 
9.44253475E-03 
3. 09636965E -03 
0.0 
I. 09991894E-01 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

DENSITY 1217.53254524176 kg/m~3 = g/1 

Solution Parameters Based on Specified Density 
- SOLUTION VOL I. !1704593410303 ·1 i ters 
~ TDS 338.414166509250 g/1 

Hydrogen 
Oxygen 
Sodi Ll1l 

Potassil.UII 
Magnesium 
Calcium 
Chlorine 
Sulfur 
Carbon 
Poslon:EL 
Negion:EL 
Oxalate:EL 
Boron 
Bromine 
Acetate:EL 
ThCIV> 
Am<IID 
Pu<IID 
Np<V) 
CI04:EL 
Phosphorus 
U<IV> 
Lactate:EL 
EDTA:EL 
Cltrate:EL 
Electron:E 
Charge:EL 

-C)"' Density based on TDS and NaCl solutions 1217.53254524176 g/1 
Percent relative error vs NaCI density 0.000000000000000 0 ~ 

'. 
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TABLE OF CONCENTRATIONS FOR BATCH SYSTEM 

Species Name Molol ity Activity Act Coef Total Moles Mol Ql' i ty mg/1 i tel' Descriptor 
H20 WATER 8 .14972E-01 7. 49308E-0 l 0.9194 5. 45 l04E +0 l 4.87987E+0l 8. 79118E+05 No+ No+ 6. 19786 6.05965 0.9777 6.08639 5.44855 l.25263E+05 Cl- Cl- 5.96781 6.13707 1.028 5.85048 5.24641 l. 8600 IE +05 CaS04 FH'>ydri te 1.01527 1.000 1.000 9.97012E-0 l 8.92543E-0l l. 21509E+05 Mg<OHJ ruc.i te 7. 65344E -01 1.000 1.000 7.51579E-0l 6.72828E-0l 3.92390E+04 Mg5(C03J4(0HJ2.4H2D-HydroMagne5424 2. 54137E-0l 1.000 1.000 2.49566E-0l 2.234!6E-0l l. 04478E+05 S04= S04= !. 91038E -0 l 3.56959E-03 l. 8585E -02 1. B7502E -0 1 l. 67945E-0 1 l.61324E+04 K+ K+ !. 11084E -0 1 5.43636E-02 0.4894 !. 09086E-01 9.76555E-02 3.81817E+03 8(0H)4- B<OHJ4- 5.39422E-02 5.38237E-03 9.9780E-02 5.29721E-02 4.74215E-02 3.73868E+03 Mg++ Mg++ 3.95413E-02 7.74957E-02 1.960 3. 88302E -02 3.476!5E-02 8.44879E+02 8r- Br- 1.25970E-02 3.54304E-03 0.2813 1.23705E-02 l. 10743E -02 8.84880E+02 Th02(oml_____HydrouS-Thorium_Oxide l. 120 14E -02 1.000 1.000 1. l0000E-02 9.84737E-03 2.60007E+03 KNp02C03<sJ Np02C03(sl !. 02037E -03 1.000 1.000 1. 00202E-03 8. 97e23E -04 3.30243E+02 AmOHC03(cJ AmOHC03(c) 1. e l872E-03 1.000 1.000 l.00040E-03 8.95574E-04 2.85598E+02 NaCI al ite 1. 12718 1.000 1.000 l. 10690 9. 90920E -0 l :5.79121E+04 -6.93E-08 Co++ Co++ 1.08850E-02 l.21711E-02 l. liB 1. 05892E -02 9.55917E-03 3.83532E+02 8.08E-08 B<OHJ3(aql 8(0H)3(aq) 7.89708E-03 7.24:S36E-03 0.917:5 7.7:s506E-03 5. 94247E-03 4.29266E+02 l.41E-08 MgB<OHJ4+ Mg8(0Hl4+ :S.42215E-03 1. 04604E-02 1.929 :5.32463E-03 4.76571E-03 4.915:S8E+02 l.23E-08 No2Ca(S04) lauberite 3.31543E-03 1.000 1.000 3.25678E-03 2.91553E-03 8. l1027E +02 -l.69E-07 Co8(0HJ4+ Co8(QH)4+ 2.44674E-03 2.92833E-03 l. 197 2.48273E-03 2, l5097E -03 2.:S5792E+02 9.14E-08 MgOH+ Mg()-1+ 4.23741E-04 l.:S4894E-04 0.3655 4. 16121E-04 3. 725!9E-04 l.53896E+0l -l.21E-07 840:S < OH J 4= 8405<0HJ4= 3.68923E-04 1.42190E-06 3.8542E-03 3.62288E-04 3.24327E-04 6 • 21l328E +0 l l.lllE-07 B303(0HJ4- 8303(0HJ4- 3 .20945E-04 3 • 4550 IE -05 0.1077 3.15173E-04 2.82!48E-04 4.18870E+01 4.57E-09 MgC03(aql MgC03(aqJ 3. l6:;93E-04 3.16593E-Il4 1.000 3. l0899E-04 2.78322E-04 2 • 34665E +0 l -1.69E-08 C03= C03= 1. 98533E -04 4.8l699E-06 2.4251E-02 1. 95061E-04 !. 74622E-04 l.04789E+el 1.06E-07 HC03- ·HC03- !. 78369E-04 5. l2081lE-05 0.3432 l. 7:5 l62E-04 l.56808E-Il4 9.56796 4.65E-08 CoC03(oql CoC03<aqJ 8.30509E-05 8.30509E-05 1.000 8. 15573E -05 7.30 ll6E-05 7.30757 l. 13E-07 OH- OH- 2. 37387E -05 1. 29783E -05 0.5467 2 .331l8E-05 2.08591E-05 3. 54928E -0 1 6.66E-08 Np02C03- Np02C03- 4.41397E-07 4.92705E-08 0.1116 4.33458E-07 3.88040E-07 !. 27687E -0 l -6.81E-08 Np02+ Np02+ 4.B3999E-08 9 .o4581E-08 1.972 4.7:s294E-08 4.25492E-08 l. 14477E-02 -5.66E-08 Th<OHJ3(C03J- Th<DHJ3(C03J- 4 .49883E-08 l.26534E-08 0.2813 4.41793E-08 3.95501E-08 1. 35684E-02 7.45E-08 Np02(C03l2=- Np02<C03J2=- 3. l5409E-08 6.53857E-J2 2.0730E-04 3,09737E-08 2.77282E-08 !. 0788 JE -02 3.41E-08 C02(aql C02<aql 2 . 97ll2E -08 1. 03355E-07 3.479 2.91769E-08 2.5ll97E-08 J. l4952E-03 4.92E-08 Am<DHJ2+ (after_cm(I I lJ J l. 19128E-08 l.54056E-l2 1.2932E-04 l. l6985E-08 1.04727E-08 2. 90 l HIE-03 -3.60E-07 Np020H<oql Np020H(aql 5. 86043E -09 6.06806E-!0 0. 1035 5.7:s:S03E-09 5. l5201E-09 l. 47375E-03 -l.48E-07 Am<C03J3~ Am<C03l~ 2.03029E-09 7 .60420E-l4 3.7454E-05 l. 99378E-09 !. 78487E -09 7. 55048E-04 1. l2E-07 Th<DHJ4<aql Th<OHl4<aqJ l. 28538E-09 l.28538E-09 1.000 1. 26227E-09 !. l3000E -09 3.39077E-04 3.38E-0B Np02(C03J3~ Np02<C03J3=- 5.81997E-l0 2.50144E-l8 4.2980E-09 o.71530E-l0 5. l1544E-l0 2.29765E-04 1.30E-07 HS04- HS04- 3.58838E-l0 l.97719E-l0 0.5510 3.52385E-l0 3.15451E-10 3.05204E-05 -:;, llE-08 AmC03+ AmC03+ 2.84533E-l0 8. l3088E -ll 0.2858 2.79416E-10 2.50!39E-l0 7.57943E-05 -7.83E-08 -- Am<OHJ3(aql < le-9nwnlnlmuml 1.59684E-l0 !. 58684E -10 1.000 1. 55830E-l0 1. 39502E-IB 4.10167E-05 !.69E-08 o(l H+ H+ l.29471lE-l0 5. 8l813E-le 4.494 l.27142E-l0 !. l3820E -10 l. l4719E-07 4.07E-08 ~Am(C03)2- Am<C03l2- 7. 36533E -ll 2.07l57E-ll 0.2813 7.23287E-ll 6.47500E-ll 2.35054E-05 4.07E-08 <::) Np02<0HJ2- Np02(0Hl2- 2.89335E-ll 4.53929E-l3 l.6034E-02 2.84132E-ll 2.54360E-ll 7.71l858E-06 -l.15E-07 AmOH++ (after_cmCIIIJJ 2.20969E-ll !.53717E-l3 7.4091E-03 2.15995E-ll 1. 94257E -ll 5. 05084E-05 -!.81E-08 ,. 
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ThCC03lS=- ThCC03lS= I. S7103E -11 2.10671E-26 I. 34l0E-IS I. S4277E -11 I. 38ll2E-11 7.34872E-e6 2.86E-ll7 
Am+++ Am++-+ I. 23407E -11 4.58230E-13 3.7132E-ll2 1.2ll88E-11 I. 08489E-11 2.63629E-e6 -6.64E-es 
ThCS04)3= ThCS04)3= 4.30122E-20 7 .5ll55E-22 I. 7597E-02 4.22385E-20 3.7812BE-20 1.95706E-14 -2.2SE-e7 
ThCS04l2Caq) Th(S04)2(aq) 9.77330E-22 3. 11371E-20 31.86 9.59754E-22 8.59189E-22 3.64428E-16 -s.0sE-ee 
Na3Np02CC03)2(s)__Na3Np02CC03l2Csl 0.0 1.000 1.000 0.0 0.0 0.0 -I. 13 
Mg2CTCOH)3.4H2D MgOxychloride 0.0 1.000 1.000 0.0 0.0 0.0 -6.35E-1l1 
Na28407. 10H2 0.0 1.000 1.000 0.0 0.0 0.0 -1.62 
CaCOHl 0.0 1.000 1.000 0.0 0.0 0.0 -6.50 
NaB02.4H20 odium-Metaborate 0.0 1.000 1.000 0.0 0.0 0.0 -2.07 
CaMgCC03)2JDISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -8. 10E+02 
NaB02.NaC1 .2H20L__Teepleite_C20-C) 0.0 1.000 1.000 0.0 0.0 0.0 -1.52 
NaB508.5H20-----Sodi~m_pentaborate 0.0 1.000 1.000 0.0 0.0 0.0 -6.33 
Na2C03.H20 Thermonatr i te 0.0 1.000 1.000 0.0 0.0 0.0 -4.35 
Na2S04 Thenardite 0.0 1.000 1.000 0.0 0.0 0.0 -5.95E-e 1 
Mg2CaC 1 5. 12H20 T ac:h,)hydr i te 0.0 1.000 1.000 0.0 0.0 0.0 -1.83E+01 
K2CaCS04)2.H20 ngeni te 0.0 1.000 1.000 0.0 0.0 0.0 -2.02 
KC\ ylvite 0.0 1.000 1.000 0.0 0.0 0.0 -1.38 
Na2C03.7H20____Na2C03-Heptahydrate 0.0 1.000 1.000 0.0 0.0 0.0 -4.17 
Na3HCS04)2____Sesquisodium_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1. 10E+01 
K3HCS04l2--Ses~lpotassium_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1.44E+B1 
Na2CaCC03l2.2H20-DISABLED i 0.0 1.000 1.000 0.0 0.0 0.0 -9.02E+B2 
K2MgCS04)2.5H2Q_pic:romerite/Schoen 0.0 1.000 1.000 0.0 0.0 0.0 -4.95 
MgC03.3H20 esq..~ehon i te 0.0 1.000 1.000 0.0 0.0 0.0 -1.54 
Na2C03. 10H20 at ron 0.0 1.000 1.000 0.0 0.0 0.0 -4.18 
NaHC03 hc.ol ite 0.0 1.000 1.000 0.0 0.0 0.0 -3.03 
KBH5CS04)7 0.0 1.000 1.000 0.0 0.0 0.0 -7.19E+01 
Na2S04. 10H20 0.0 1.000 1.000 0.0 0.0 0.0 -9.08E-ll1 
KHS04 0.0 1.000 1.000 0.0 0.0 0.0 -I. 15E+01 
MgC03-DI SABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.13E+02 
K2MgCS04)2.4H2 eonlte 0.0 1.000 1.000 0.0 0.0 0.0 -5.06 
MgS04.H20 ieserile 0.0 1.000 1.000 0.0 0.0 0.0 -3.55 
KHC03 alic.lnite 0.0 1.000 1.000 0.0 0.0 0.0 -5.75 
KMgCTS04.3H20 ainite 0.0 1.000 1.000 0.0 0.0 0.0 -4.22 
MgS04.6H20 exahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -2.58 
CaS04.2H20 yp~m 0.0 1.000 1.000 0.0 0.0 0.0 -3.22E-1l2 
CaNa2CC03l2.5H20-DJSABLED 0.0 1.000 1.000 0.0 0.0 0.0 -1.03E+03 
MgS04.7H20 0.0 1.000 1.000 0.0 0.0 0.0 -2.55 
KMgC13.5H20 arnall i te 0.0 1.000 1.000 0.0 0.0 0.0 -5.09 
Ca2C12COHl2.H2G____CaOxyc:hloride_B 0.0 1.000 1.000 0.0 0.0 0.0 -l.07E+e1 
Mg4CC03)3(0H)2.3H20_HydroMagne4323 0.0 1.000 1.000 0.0 0.0 0.0 -3.44E-e 1 
CaCI2.4H20 aCI2-Tetrahydrlte 0.0 1.000 1.000 0.0 0.0 0.0 -6.55 
CaC03-DI SABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.31E+B2 
Na5C03CS04) ~rkei te 0.0 1.000 1.000 0.0 0.0 0.0 -4.75 
Na2MgCS04)2.4H20 I oedi te 0.0 1.000 1.000 0.0 0.0 0.0 -2.50 
MgCI2.6H20 ischof i te 0.0 1.000 1.000 0.0 0.0 0.0 -4.74 
K2S04 coni te 0.0 1.000 1.000 0.0 0.0 0.0 -3.20 
CaC03..DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.31E+02 
CaCI2.6H20 Antarctlcite 0.0 1.000 1.000 0.0 0.0 0.0 -5.23 § NaK3CS04)2..Jlphthltallta/Glaserlte 0.0 1.000 1.000 0.0 0.0 0.0 -4.10 
C02C"so1 id" ,DISABLED) 0.0 1.000 1.000 0.0 0.0 0.0 -5.09E+02 

~K3Np02CC03)2(s)~CC03)2(s) 0.0 1.000 1.000 0.0 0.0 0.0 -5.52 
<:) 21NaNp02C03.7/2H20Cs)J 0.0 1.000 1.000 0.0 0.0 0.0 -1.81 
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Np020HCamorl Np020H<amorl e.e 0.0 1.000 1.000 0.e 0.0 Np02DH<agedl Np020H<agedl e.e 0.0 1.000 1.000 0.e 0.0 21Th<S04l2.7/2K2S04<16C,sll e.e 0.0 1.800 1.008 0.0 0.0 ThCS04l2.2K2S04.2H20C16C,sl 0.0 0.0 1.800 1.088 0.0 0.0 Th(S04l2.K2S04.4H20(16C,sl e.e 0.0 1.000 1.880 0.0 0.0 ThCS04l2.Na2S04.6H20(16C,sl 0.8 0.0 1.000 1.008 0.0 0.0 Th<S04l2.BH20<sl 
0.0 0.0 1.000 1.000 0.0 0.0 Th<S04l2.9H20(sl 
0.0 0.0 1.000 1.000 0.0 0.0 NaAmCC03l2.6H20Ccl 
0.0 0.0 1.000 1.000 0.0 0.0 K2C03.3/2H20___potassium-Carbonate 0.0 0.0 1.000 1.000 0.0 0.0 BCOHl oriX-Acid-Sol id 0.0 0.0 1.000 1.000 0.0 0.0 K2NoHCC03l2.2H20---Potassium_Trona 0.0 0.0 1.800 1.000 0.0 0.0 K8H4CC03l5.3H20-__K-Sequicarbonate 0.0 0.0 1.808 1.000 0.0 0.0 KNaC03.5H20 -No-Carbonate e.e 0.0 1.000 1.000 0.0 0.0 NaOHCaql to.titrate.base.only 8.0 0.0 0.0 1.000 0.0 0.0 HCJ(aql to.tltrate.acid.only 0.8 0.0 0.0 1.000 0.e 0.0 K850B.4H20----K-Pentaborate_C30-Cl 0.0 0.0 1.000 1.000 0.0 0.0 K28407.4H20---K-Tetraborate_(30-C) 0.0 0.0 1.000 1.080 0.0 0.0 Th++++ Th++++ 0.0 0.0 0.0 0.4434 0.0 0.0 Na3HCC03l2.2H2 Trona 0.0 0.0 1.000 1.800 0.0 0.0 K2MgCa2(504l4.2H20 olyhal ite 0.0 0.0 1.000 1.000 0.0 0.0 Ca4Cl2COHJ6.13H20L_CaOxychloride_A 0.0 0.0 1.000 1.000 0.0 0.0 Na4CaCS04)3.2H20 abile_Salt 8.0 0.0 1.000 1.000 0.0 0.0 Am<OHl3(s) m(0Hl3Csl 0.0 0.0 1.080 1.800 0.0 0.0 

pH <-loglaH+ll; pmHC-IoglmH+ll 
Osmotic Coefficient= 1.271189 
Equilibrium AH <~l = 74.930812 
Ionic Strength <ml = 5.660117 
Density, kg/m3 = 1217.53 
fC02Cgl; loglfC02Cgll= 

9.2352 9.8878 

3. 135E-06 

NOTES: -Water "molality" is mole fraction H20 in aqueous phase 
-Gas "molality" and "activity" are gas partial pressures 
- ''Descriptor·· meCilS: 

-5.50 

*dG/RT/lnlB for species with nonzero cones. Cconuergence criterion) 
+Saturation Index for minerals, SI=Iogl8CIAP/Kspl 
+Jogl0Cactivityl for aqueous species with very small concentrations 
+logl0Cpartial pressure) for gases 

Total GIRT= -7.84414422E+83 

Total Diagonal Inversions 589 
Total Stoichiometric Aeoptimizations 56 
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-3. 13 
-2.43 
-4. 77E+e 1 
-2.0 IE+e I 
-1.8SE+01 
-1.51E+01 
-1.92E+e 1 
-1.92E+e 1 
-1.5S 
-1. llE+e 1 
-2.11 
-1.2BE+01 
-4.50E+01 
-6.44 
-2.93E+02 
-2.49E+02 
-7.02 
-6.40 
-2.62E+e1 
-6.39 
-3.77 
-2.18E+el 
-7.0SE-lll 
-B. 13E-ll 1 

,. 
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INPUT file name is Ul: lCFMOUAK.FMT.QALNESQ....Ht'f1G1FtlT...ERDfY5JIES0..970407..22.IN; 1 
INGUESS file name is Ul: lCFMOUAK.FMT.QALNESQ....Ht'f1G1DUMMY.INGUESS;l 
OUTPUT f i 1 e name i s U 1: l CFNOUAK. FMT. QALNESQ..HMAG 1 Ftlf ...ERDAOJIES0..970407 ..22. OUT; 6 
CHEMDAT file name is Ul: lCFNOUAK.FMT.QALNESQ..HMAG1Ftlf_970407JIESQ.CHEMDAT;B 
Temperature is Hard Coded as 298.15K 
Actinides in ERDAo Saturated with NaCl,CaS04,Brucite,Nesquehonite FMT V2.2 
FMT_970407JIESQ.chemdat 
Added Th<C03)5-Cl (-Na) Perms, assigned K+-Th<C03)5== by analogy 

Accuracy of reactions is 
Minimum elemental abundance is 
Number of Aqueous Species is 

1.0000E-06 
1.0000E-18 
126 

.. ,. 
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4/21/97 16: 14 HD•Novak:NESQ/HMAG:fmt_erda5-nesq_970407-22.short 
Actinides in ERDA6 Saturated with NaCI,CaS04,Brucite,Nesquehonite FMT U2.2 FMT-970407-NESQ.chemdat 
Added ThCC03l:5-CI C-Na) Perms, assigned K+-ThCC03>S== by <>1al 09J 

Pressure= 1.000 1=1 ATM Temperature= 2.98£+02 1=1 Kelvin 
Elemental Abundances for Flash Problem 

Total Moles Aq. Molality Aq. Molarity Aq. mg/1 iter 

Using NaCI Density Correlation 
1. 132S999SE+02 1. 11305737E+02 9.77567721E+01 9.SS290S06E+04 Hydrogen 5. SS7SS271E+BI 5.55727172E+0 I 4. 977409 IBE+0 I 7.953SSS92E+0S Oxygen 7. I99S0915 5.17SISI75 5.4251010 I l.24744814E+05 Sodil.fTI 1. 10087747E-ll I l. 15105322E-0 I l. 02024812E-0 I 3.98899572E+03 Potassium 2:04429352 7.74238037E-02 5.79992004E-02 1.5S272057E+03 Mtrg1esium 1.01344192 1.50879510E-02 I. 41295143E-02 S.55314940E+02 Calcium 5.9573SS42 5.9SS05841 S.232S07SS 1. ass IS737E +as Chlorine 1.19112712 1. 93110373E-0 1 I. 59503S37E -0 1 s. 4374S939E +03 Sulfur 1.00103149 3.5443SSS7E-02 3. 11293940E-02 3.7389SI52E+02 Carbon 0.0 0.0 a.a 0.0 Poslon:EL e.a e.a 0.0 0.0 Neglon:EL 0.0 a.a a.e 0.0 Oxalate:EL 7.B8491S70E-ll2 7.4750SB14E-e2 5.S55009SIE-02 7.0978S528E+02 Boron I. 237B4S71E-ll2 1.30S34202E-02 I. 1404460SE-02 9. 160S6249E+02 Bromine 0.0 0.0 0.0 0.0 Acetate:EL 1. l000006SE-ll2 1. IS5S20S4E-03 I. 0423S !SSE -03 2.4185S3SIE+02 ThC !Ul 1. 000411SBE-ll3 2.440344S2E-05 2. 1432S7S3E-06 S .20SIS943E-0 I AmCllll a.0 a.a 0.0 0.0 PuClll) 1.002S3377E-ll3 8.91914272E-07 7.S3343809E-07 l. SS590240E-0 I NpCVl a.a 0.0 0.e e.e CI04:EL 0.0 e.a a.a 0.e Phosphorus a.0 0.0 0.0 0.0 UC!Vl 0.0 0.0 0.0 0.0 Lactate:EL 0.0 0.0 e.0 0.0 EDTA:EL e.e 0.e 0.0 0.0 Citrate:EL 0.0 0.0 a.0 0.0 Electron:E 1. 53072073E-14 1.51522559E-14 1.41850924E-14 0.0 Charge:EL 

Solution Parameters, Calculated 
SOLUTION MASS 1315.3754117134S g-ams 
H20 MASS 947.581572924009 g-ams 
TDSCg/kgl 387.992S7703324S g/kgH20 

Specified Solution Density 
DENSITY 1219.03602412117 kg/mh3 = g/1 

~ So 1 uti on Pcrameters Based on Spec i f i ed Dens i ty 
~ SOLUTION UOL !.079029155S5721 ·1 i ters ...S:, TDS 340. 76348807S488 g/1 

C) Density based on TDS and NaCl solutions 
Percent relative error us Noel density 

1219.03602412117 
0.00000000aaaaaa0 

g/1 
e il 
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TABLE OF CONCENTRATIONS FOR BATCH SYSTEM 

Spec i es Name Molality Activity Act Coef Total Moles Molarity mg/1 iter Descriptor 

H20 WATER 8. 14652E-01 7. 48604E -0 1 0.9189 5.26046E+01 4. 87518E+01 8.78273E+05 
No+ Na+ 6.17815 6.05934 0.9808 5.85492 5.42610 1.24745E+05 
Cl- Cl- 5.95807 6. 13739 1.030 5.64635 5.23281 1. 85519E +05 
MgCOHJ ruci te 1.06310 1.000 1.000 1.00748 9.33689E-01 5. 44524E +04 
CoS04 Fnhydri te 1.04283 1.000 1.000 9. 88271E-01 9. 15889E-01 1.24687E+05 
MgC03.3H20 esquehon I te 1.01663 l. 000 1.000 9. 63442E-01 8.92879E-01 1. 23539E +05 
S04= S04= 1.93110E-01 3.56996E-03 1.8487E-02 1. 83007E-0 1 1.69604E-01 l. 629 17E +04 
K+ K+ 1.16165E-01 5.69985E-02 0.4907 1. 100BBE-0 1 1.02825E-01 3.9B900E+03 
Mg++ Mg++ 5.5B333E-02 1. 06894E -01 1.915 5.29122E-02 4.9036BE-02 l. 19 184E+03 
8(~)4- B(OHJ4- 5.29445E-02 5.23525E-03 9.B882E-02 5.0 1745E-02 4.64997E-02 3.66600E+03 
Br- Br- 1. 30534E -02 3.6249BE-03 0.2777 1. 23705E-02 1. 14645E-02 9. 16056E+02 
Th02(omJ_____Hydrous_Thorium-Oxlde 1.04205E-02 1.000 1.000 9.B7528E-03 9 • 15200E -03 2.41647E+03 
No3Np02CC03J2(s)__Na3Np02CC03J2Cs) l.05699E-03 1.000 1.000 1. 00 169E-03 9.28324E-04 4.25205E+02 
NaAmCC03J2.6H20CcJ l. 05320E -03 1.000 1.000 9.98099E-04 9.24997E-04 4.57040E+02 
NoCI ol ite 1.39397 1.000 1.000 1.32104 1.22428 7.15504E+04 4.90E-08 
MgC03CaqJ MgC03CaqJ l.37617E-02 l.37617E-02 1.000 l. 30417E -02 1. 20865E-B2 1. 01907E+03 3.63E-08 
Co++ Ca++ 1. 10770E-02 l. 21698E -02 1.099 1. 04975E -02 9.72866E-03 3. 89925E+02 -6.24E-08 
Na2CaCS04) lauberite 1.04722E-02 1.000 1.000 9. 92430E-03 9. 19744E-03 2.55B50E+03 1. 14E-07 
BC~J3(aqJ BCOHJ3CaqJ 9.01155E-03 8.27681E-03 0.9185 8.54008E-03 7.91460E-03 4.89375E+02 8.25E-08 
MgBCOHJ4+ MgBCOHJ4+ 7.32427E-03 1.40342E-02 1.916 6.94108E-03 6.43271E-03 6.63496E+02 3. 17E-09 
HC03- HC03- 6.66303E-03 2.26325E-03 0.3397 6.31443E-03 5.85196E-03 3.57069E+02 -3.35E-08 
C03= C03= 6.46438E-03 1. 51800E-04 2.3482E-02 6. 12618E-03 5.67749E-03 3 • 40702E +02 -1.02E-07 
CaC03(oq) CaC03CaqJ 2.61694E-03 2.61694E-03 1.000 2.48003E"e3 2.29839E-03 2.30044E+02 -7.63E-0B 
Ca8COHJ4+ Ca8(0HJ4+ 2.39398E-03 2.84800E-03 1. 190 2.26873E-03 2. 10257E-03 2.50035E+02 -6.90E-09 
ThCC03J5= ThCC03J5= 1.1B514E-03 1. 24342E-18 1.0492E-15 1. 12313E-03 1.04087E-03 5.53832E+02 -2.74E-07 
Mg~+ 'Mg~ 5.04543E-04 1. 819 17E-04 0.3606 4.78146E-04 4.43126E-04 1.83066E+01 1.06E-07 
8405COHJ4= 8405COHJ4= 4.64666E-04 1. 76378E-06 3.7958E-03 4.40356E-04 4.08104E-04 7 .80565E+01 2. 15E-07 
8303COHJ4- 8303COHJ4- 4.09188E-04 4.39789E-05 0.1075 3.87780E-04 3.59379E-04 5. 33524E +0 1 2. 15E-07 
OH- ~- 2.05179E-05 1. 10504E -05 0.5386 1.94445E-05 1. 80203E-05 3.06477E-01 -7.54E-0B 
AmCC03J3~ AmCC03J3=- 2.43703E-06 8. 59478E-ll 3.5267E-05 2.30953E-06 2. 1403BE-06 9. 05439E -0 1 -5. 14E-0B 
ThCOHJ3(C03J- ThCOHJ3CC03)- 1.68323E-06 4.67439E-07 0.2777 1. 59517E-06 1. 4 7B33E -06 5.07171E-01. -5.53E-0B 
C02CaqJ C02CaqJ 1. 28627E -06 4.48887E-06 3.490 1. 21898E-06 1. 12970E-06 4.97178E-02 -1.07E-08 
Np02CC03J2=- Np02CC03J2=- 4.34636E-07 8. 76385E- 11 2.0 164E-04 4. ll897E-07 3.81729E-07 1.48518E-01 -1.03E-07 
Np02CC03J3==- Np02CC03J3=- 2.66756E-07 1. 05657E-15 3.9608E-09 2.52799E-07 2.34284E-07 1. 05211E-01 -2.17E-07 
Np02C03- Np02C03- 1. 89796E-07 2.09558E-08 0.1104 1. 79866E-07 1. 66693E -07 5.48512E-02 -1.62E-09 
AmCC03J2- AmCC03J2- 2.67550E-09 7.42995E-10 0.2777 2.53552E-09 2.34982E-09 8.53026E-04 2.56E-08 
ThCOHJ4CaqJ Th<OH>4Caq> 1.28297E-09 1. 28297E -09 1.000 1. 21585E -09 1. 12680E -09 3.38115E-04 -2.43E-08 
Np02+ Np02+ 6.59088E-10 1. 28835E -09 1.955 6.24606E-10 5.78859E-10 1. 55740E-04 1.37E-08 
HS04- HS04- 4.20334E-10 2.32019E-10' 0.5528 3.98343E-10 3.69168E-10 3.58335E-05 4.47E-08 
AmC03+ AmC03+ 3.25030E-10 9.25398E-ll 0.2847 3.08025E-10 2.85465E-10 8.649B4E-05 1.36E-07 

~ AmCOHJ2+ (after...CmC liD) 3 • 07084E-10 4.03367E-14 l.3135E-04 2.91018E-lll 2.69704E-10 7.47119E-05 3.1BE-07 
H+ H+ 1. 53880E-l0 6.82675E-10 4.460 1.45071E-10 1.34446E-10 1. 35508E-07 -7.03E-09 

~p020HCaqJ Np020HCaqJ 6. 70973E-ll 6.97322E-12 0.1039 6.35868E-ll 5.89297E-11 1. 6B571E-05 5.87E-08 
0 Am(OH)3(aq) ( le-9m..mi ni m1.111J 3 • 53765E-12 3.53765E-12 1.000 3.35257E-12 3. 10702E -12 9. 13532E-07 2.04E-08 
Am~ Cafler...Cm< liD> 6. 86043E-13 5.03444E-15 7.33B4E-03 6.50150E-13 6.02532E-13 1. 56663E-07 8.83E-08 
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Am+++ Am+++ 4.6Sil7E-13 1.6S493E-14 3.SS81E-02 4.40783E-13 4.08S00E-13 9. 926S4E-ll8 1. S4E-ll7 Np02COHl2- Np02<DHl2- 2.8S392E-13 4.S3938E-1S l.S905E-02 2. 'Xl461E-13 2.50652E-13 7.59630E-ll8 9.82E-ll9 ThCS04l3= ThCS04l3= 8 .27354E-20 1.44594E-21 1.74nE-02 7 .84069E-20 7.26643E-20 3.78007E-14 2. 19E-ll7 ThCS04l2CaqJ ThCS04l2Caql 1. 8669 1E-21 S.91433E-20 31.68 1. 76923E-21 1. 63965E -21 6.9S465E-16 1. 28E-ll7 Mg2CJCOHJ3.4H20 MgOxychl or ide 0.0 1.000 1.000 0.0 0.0 0.0 -5.67E-ll1 Na2B407. 10H20 0.0 1.000 1.000 0.0 0.0 0.0 -1.52 Ca<OHJ 0.0 1.000 1.000 0.0 0.0 0.0 --£.64 Na802.4H20 odium-Metoborate 0.0 1.000 1.000 0.0 0.0 0.0 -2.08 Mg5CC03l4<0HJ2.4H20-DISABLED-Hydro 0.0 1.000 1.000 0.0 0.0 0.0 -1.45E+B3 CaMgCC03J2-DISABLE 0.0 1.000 1. fJfJ9 fJ.fJ 0.0 0.fJ -8.fl6E+B2 Na802.NaCI .2H2D___Teepleite_C20_Gl 0.0 1.090 1.000 0.0 0.0 0.0 -1.53 Na8508.5H20-----Sodium_Pentaborate 0.0 1.000 1.000 0.0 0.0 0.0 --£.11 Na2C03.H20 Thermonatrite 0.0 1.000 1.000 0.0 0.0 0.0 -2.86 Na2S04 Thenardi te 0.0 1.000 1.000 0.9 0.0 0.0 -5. 95E-ll1 Mg2CaCJ6. 12H20 T achyhydr i te 0.0 1.000 1.000 0.0 0.0 0.0 -1.80E+B 1 K2CaCS04l2.H20 yngeni te 0.0 1.000 1.000 0.0 0.0 0.0 -1.98 KCI y!vite 0,0 1.000 1.000 0.0 0.0 0.0 -1.36 Na2C03.7H20____Na2C03-Heptahydrate 0,0 1.000 1.000 0.0 0.0 0.0 -2.67 Na3HCS04l2____Sesquisodium_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1.09E+B1 K3HCS04)2__Sesquipotassium_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1.43E+B 1 Na2Ca(C03J2.2H20LDISABLED i 0.0 1.000 1.000 0.0 0.0 0.0 -8.99E+02 K2Mg(S04l2.6H20LPicromerite/Schoen 0.0 1.000 1.000 0.0 0.0 0.0 -4.78 Na2C03. 10H20 at ron 0.0 1.000 1.000 0.0 0.0 0.0 -2.69 NafC03 c.ol ite 0.0 1.000 1.000 0.0 0.0 0.0 -1.46 KBH6CS04l7 0,0 1.000 1.000 0.0 0.0 0.0 -7.13E+01 Na2S04. 10H20 0.0 1.000 1.000 0.0 0.0 0.0 -9. 12E-ll1 KHS04 0,0 1.000 1.000 0.0 0.0 0.0 -1.15E+01 MgC03-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 --£.11E+02 Na4Ca(S04J3.2H20-DISABLED ab 0.0 1.000 1.000 0.0 0.0 0.0 -1.20E+B3 K2MgCS04l2.4H2 eonite 0.0 1.000 1.000 0.0 0.0 0.0 -4.88 MgS04.H2 ieserite 0.0 1.000 1.000 0.0 0.0 0.0 -3.42 KHC03 al icinite 0.0 1.000 1.000 0.0 0.0 0.0 -4. 17 KMgCJS04.3H20 ainite 0.0 1.000 1.000 0.0 0.0 0.0 -4.06 MgS04.6H20 exahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -2.54 CaS04.2H ypsum 0.0 1.000 1.000 0.0 0.0 0.0 -3 .30E-ll2 CaNa2CC03J2.5H20-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -1.02E+B3 MgS04. 7H20 0.0 1.000 1.000 0.0 0.0 0.0 -2.42 KMgCI3.6H20 crna!JI te 0.0 1.000 1.000 0.0 0.0 0.0 -4.94 Ca2CJ2(0Hl2.H2o____Ga0xychloride_B 0.0 1.000 1.000 0.0 0.0 0.0 -1.08E+01 Mg4CC03l3(0Hl2.3H20-DISABLED-Hydro 0.0 1.000 1.000 0.0 0.0 0.0 -1.24E+B3 CaCJ2.4H20 aCJZ-Tetrahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -£.56 CaC03-DlSABLED 0.0 1.000 1.000 0.0 0.0 0.0 --£.29E+B2 Na6C03 ( 504 l urkeite 0.0 1.000 1.000 0.0 0.0 0.0 -3.25 Na2MgCS04l2.4H20 1oedite 0.0 1.000 1.000 0.0 0.0 0.0 -2.46 MgCI2.6H20 ischofite 0.0 1.000 1.000 0.0 0.0 0.0 -4.60 K2S04 canlte 0.0 1.000 1.000 0.0 0.0 0.0 -3. 16 CaC03-DISABLED 0.0 1.000 1.000 0,0 0.0 0.0 --£.29E+02 <u CaCI2.6H20 Antcrct i c: i te 0.0 1.000 1.000 0.0 0.0 0,0 -5.24 ~ NaK3CS04J2--Aphthital ite/G!aserite 0.0 1.000 1.000 0.0 0.0 0.0 -4.04 ~.C02C"solld" ,DISABLEDl 0.0 1.000 1.000 0.0 0.0 0.0 -5.07E+B2 ~ K3Np02CC03l2CsJ----K3Np02CC03J2(sl 0.0 1.000 1.000 0.0 0.0 0.0 -4.33 KNp02C03CsJ KNp02C03(s) 0.0 1.000 1.000 0.0 0.0 0.0 -3. 51E-lll ,. 
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21NoNp02C03. 7/21-120(s) 1-----
Np020H<amor) p020H(amor) 
Np020H(aged) p020H(aged) 
2 I Th(S04)2. 7 /2K2S04( 16C, sl I __ _ 
Th<S04l2.2K2S04.2H20(16C,s) __ _ 
Th<S04l2.K2S04.4H20(16C,s>--
Th<S04l2.Na2S04.6H20( 16C,s>--
Th(S04l2.8H20<s>------
Th<S04l2.9H20(s>----,..,-,..,-,..,-
Am<OH>3<s> m(0Hl3(sl 
Am0HC03(c) m0HC03(c) 
K2C03.3/2H2Q___potassium_Garbonate 
B<OH> orix..llcicLSol id 
K2NaH(C03)2.2H2Q___potassium_Trona 
K8H4(C03)6.3H2D---K-Sequicarbonate 
KNaC03.6H20 -No-Carbonate 
NaOH(aq) to.titrate.base.only 
HCl(aql to.titrate.acid.only 
KB509.4H20----K-Pentaborate_(30_G) 
K28407.4H20---K-Tetraborate_(30_G) 
Na3H(C03)2.2H2 Trona 
Ca4C12(0Hl6.13H20--Ca0xychlorlde_A 
K2MgCa2(S04)4.21-120 olyhal ite 
Th++++ Th++-t-+ 

pH <-loglaH+I>; pmH<-loglmH+I) 
Osmotic Coefficient= 1.272623 
Equilibrium RH (~l = 74.960425 
Ionic Strength (ml = 6.723099 
Density, kg/m3 = 1219.04 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

. 0.0 

g, 1659 

1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
0.0 1.000 
0.0 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
1.000 1.000 
0.0 0.4076 

9.8151 

fC02(gl; loglfC02(gll= !.361E-04 -3.87 

NOTES: -Water "molality" is mole fraction H20 in aqueous phase 
- Gas "molality" and "activity" are gas partial presst..res 
- "Descriptor" mec:ns: 

+dG/RT/lnla for species with nonzero cones. (convergence criterion) 
+saturation Index for minerals, Sl=log10(!AP/Kspl 
+log10(actiuity> for aqueous species with very small concentrations 
+log10<partial pressure) for gases 

Total G/RT= -7.94040976E+03 

Total Diagonal Inversions 539 
Total Stoichiometric Aeoptimizations 52 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

'i' 
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0.0 -2.55 
0.0 -5.07 
0.0 -4.37 
0.0 -4.69E+01 
0.0 -!.97E+01 
0.0 -!.82E+01 
0.0 -!.48E+01 
0.0 -!.89E+0l 
0.0 -!.90E+0l 
0.0 -2.47 
0.0 -!.36E-02 
0.0 -9.53 
0.0 -2.05 
0.0 -9.66 
0.0 -3.56E+0l 
0.0 -4.92 
0.0 -2.95E+02 
0.0 -2.49E+02 
0.0 -6.78 
0.0 -6.27 
0.0 -3.32 
0.0 -2.22E+0l 
0.0 -3.59 
0.0 -2.59E+0l 
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INPUT f i I e nClllle is U 1: ! CFNOVAK. FMT. QAJ£SQJit'FIG J FML..SPC..H1AG4323_970407 -22. IN; 1 INGUESS file name is U1: !CFNOVAK.FMT.QAJ£SQJit'FIGJDU1MV.INGUESS;1 OUTPUT file name is U1: !CFNOVAK.FMT.QAJ£SQJit'FIGJFMT_$PC-HMAG4323_970407....22.0UT;2 CHEMDAT fi Ia name is U1: !CFNOVAK.FMT.QAJ£SQJit'FIGJFMT_970407-HMAG4323.CHEMDAT; 6 Temperature is Hard Caded as 298. 15K 
Actinides in SPC Saturated with NaCJ,CaS04,Brucite,Hydromagnesite4232 FMT V2.2 FML970407JiMAG4323.chemdat HYDROMAGNESITE ADDED 
Added ThCC03J5-C1 (-Na) Perms, assigned K+-ThCCD3J5= by cna[ Og,j 

Accuracy of reactions Is 
Minimum elemental abundance is 
Number of Aqueous Species is 

~ .......__ 
<§ 

1.0000E-06 
1.0000E-18 
126 

Page 1 

--) 
~ --
~ 

.y 
',' . ' 
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Actinides in SPC Saturated with NaCl,CaS04,Brucite,Hydromagnesite4232 FMT U2.2 
FMT-970407-HMAG4323.chemdat HYDROMAGNESITE ADDED 
Added ThCC03l5-C1<-Nal Parms, assigned K+-ThCC03l5== by analogy 

Pressure= 1.000 1=1 ATM Temperature= 2.98E+02 1=1 Kelvin 

Elemental Abundances for Flash Problem 

Total Moles Aq. Molality Aq. Molarity 

Using NaCl Density Correlation 
1. 36 76 71S0E +02 1. 11125029E+02 9. 69571705E+0 I 
7. 9909863oE +el 5.58605885E+01 4 • 87386562E +0 1 
5.69295395 4.68478928 4.08743340 
1.04775026 1.06745730 g. 31362090E-01 
6.80724482 5.09375430E-01 4. 44432732E-01 
1.03305403 3.29234186E-02 2.87258553E-02 
g,S!438839 6.67598166 5.82482899 
1.06024227 6.06495690E-02 5.29170668E-02 
1.0010408 I 5.37821567E-04 4.69252136E-04 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
2.7!882500E"""2 2.77261605E-02 2.4!912204E-02 
!. 3594 l250E """2 1. 38630803E-02 1. 20956102E-02 
0.0 0.0 0.0 
!.00497956E"""3 1. 74893178E-08 1. 52595214E-08 
!. 00438590E ....,3 a. 311286 77E-08 7.25164126E-08 
0.0 0.0 0.0 
1. 00263669E"""3 1. 23214086E-07 1.07504936E-07 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

-8.80070450E-15 -8.97482352E-15 -7.83058056E-l5 

Solution Parameters, Calculated 
SOLUTION MASS 1381.58270717752 9"'0ffiS 

g"CffiS 

g/kgH2D 
H20 MASS 980.599170279779 
TDSCg/kgl 408.916863332991 

Specified Solution Density 
DENSITY 1229.28734709803 

~ Solution Parameters Based on Specified Density 
~ SOLUTION VOL 1.12388914637331 ·1 i ters 

-.....:,;._ TDS 356.782106306194 g/1 ""'. 

Aq. mg/1 i ter 

g,77231321E+04 Hydrogen 
7.79789256E+05 Oxygen 
9.39691537E+04 Sodium 
3.64!46744E+04 Potassium 
1.08019376E+04 Magnesium 
1. 15133228E +03 Calcium 
2.06507662E+05 Chlorine 
1. 696521!6E +03 Sulfur 
5.63618741 Carbon 
0.0 Posion:EL 
0.0 Ne9Ion:EL 
0.0 Oxalate:EL 
2.61507092E+02 Boron 
9.66487636E+02 Bromine 
0.0 Acetate:EL 
3.54079036E-03 ThCIVl 
1. 76214883E-02 AmCIIIl 
0.0 PuCIIIl 
2.54838515E-02 NpCVl 
0.0 Cl04:EL 
0.0 Phosphorus 
0.0 UCIUl 
0.0 Lactate:EL 
0.0 EDTA:EL 
0.0 Cl trate:EL 
0.0 Elec:tron:E 
0.0 Charge: EL 

C) Dens 1 ty based on TDS and NaCl so 1 uti ons 1229.28734 789803 g /1 
Percent relative error vs tiaCI density 0.000000000000000 0 ~ 
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TABLE OF CONCENTRATIONS FOR BATCH SVSTEM 

Sp~ies Name Molality Actiuity Act Coef Total Moles Molarity mg/1 iter Descriptor H20 WATER B. 09536E-{l I 7. 29339E -e 1 0.0009 5.4431BE+01 4.84316E+BI 8.7250SE+05 Cl- Cl- 6.67598 8.18249 1.226 6.54646 5.82483 2.05508£+05 Na+ No+ 4.58471 4.54489 0.9702 4.59382 4.08743 9.39692E+04 Mg2CI <OHl3.4H20 Mg(Jxychl or ide 2.21170 1.000 1.000 2. 16879 1.92972 3.99734E+B5 K+ K+ 1.06746 4. 84416E-B I 0.4538 1.04675 9.31362E-01 3.64147E+04 CaS04 ydri te 1.02057 1.000 1.000 1.00077 8.90452£-01 I. 21224E+05 Mg<OHl ucite 6.51460E-e I 1.000 1.000 6.38821£-01 5. 6B402E -0 I 3.31490£+04 Mg4<C03J 3< OHl 2. 3H20.JjydroMogne4323 3.39421£--{ll 1.000 1.000 3. 32836£-0 1 2.96146£-01 1.0818SE+05 S04= 504= 6.05496£-{)2 I. 2054BE -03 !.9876£-02 5.94729£-02 5.29171£-02 5.08309£+03 Br- Br- I. 3B631E-e2 3. 79232£-03 0.2736 I. 35941£-02 I. 20956£-02 9.65488£+02 MgB<OHl4+ Mg8(0Hl4+ I. l6306E-e2 2.56341E-02 2.204 I. 14049£-02 I. 01477£-02 I. 04668£+03 Th02<aml-----Hydrous_Thorium-Oxide I. 02485£ -{)3 1.000 1.000 1.00495£-03 8.94183£-04 2.36097E+02 Am0HC03(c) OHC03(c) I. 02417E -03 1.000 1.000 I. 00430£-03 8.93597£-04 2.85965£+02 KNp02C03(s) k'.Np02C03< sl I. 02235E -03 1.000 1.000 1. 00252E -03 8.92006£-04 3.28396£+02 NaCI cl i te I. 12088 1.000 1.000 1.09913 9. 77972E-0 I 5.71554E+e4 -3. 12E-e9 Mg++ Mg++ 4. 95582£-0 1 1.00696 2.032 4. 85967E-B 1 4.32398£-01 I. 05094£ +04 3.61E-e9 Ca++ Co++ 3. 16324E -02 3.60402E-02 1.139 3. 10 187E-e2 2.75994E-02 I. 1061BE +03 -5.30E-09 8(0H)4- B<OHl4- 9.9306eE-03 1.0 1510E-03 0.1022 9.73794E-{l3 B.6645BE-03 6.B3102E+e2 -2.91E-e7 8(0H)3(aql B<OHl3Coql 4.81580£-03 4.92564E-03 1.023 4.72237£-03 4.201B1E-03 2.59B06E+B2 2.42£-07 MgOH+ M90H+ I. 73931£-03 5.58347E-04 0.3210 1 • 70556£-03 1.51755£-03 6 • 26936£ +0 I -2. 14E-09 CaB<OHl4+ Ca8(0Hl4+ I. 26574£-03 1.63535£-03 1.292 J. 2411BE -03 I. 10436£-03 I. 31330£+02 3.0!E-e8 MgC03(aql MgC03(oql 4.23390£-04 4.23390£-04 1.000 4. 15176E-e4 3.69410£-04 3. 11465E+e 1 -1.04£-{)9 HC03- HC03- 6.B7667E-e5 2.21029£-05 0.3637 5.9SB78E-05 5.30192E-05 3.23508 -J.B2E-e9 C03= C03= 2.82196£-05 4.9576BE-07 I. 7568E-02 2. 76721£-{)5 2.46217£-05 1.47753 -6.64E-09 CaC03<aq) CaC03(oq) 2.53109£-05 2.53109£-{)5 1.000 2.4B19BE-e5 2.20B39E-05 2.21036 -4.07£-{)9 8303<0Hl4- B303(0Hl4- 1. 96779£-{)5 3. 26574E -06 e. 1660 1. 92961E-{l5 1. 7 1600E-05 2.54887 -5.61E-e9 OH- OH- 7.7!536E-06 3.60038£-06 0.4667 7.56567E-06 6.73169£-06 I. 144B8E-e 1 -2.70£-{)9 8405(0Hl4= B405<0Hl4= 6. !0041E-06 2.6754SE-BB 4.3B57E-03 5.9B206E-06 5.32264£-06 1.01804 -J.B9E-BB Am<oHJ2+ (after...Cm< III l) 8. 10022E-0B 4.15249£-12 5. 1264£-05 7.94306£--ea 7.0674BE-0B I. 957B0E -02 -B.03E-09 Np02C03- Np02C03- 7.23B31E-08 5.5293BE-09 7.6391E-02 7.097BBE-{l8 6. 31546E-08 2.07B14E-e2 -3.70£-{)9 Np02+ lip02+ 4.72672E-08 I. 040BBE-07 2.202 4.63502£-{)8 4. 12409£-08 I. 10957E-e2 2.44£-{)9 C02(aql C02(oql 4. IIB7BE-BB 1.34550E-07 3.267 4.03BBBE-eB 3.59366E-BB 1. 58 156E-e3 1.57E-e9 Th<oHJ3(C03)- Th<OHJ3(C03l- 1. 62582£ -0a 4.44752E-09 0.2736 I. 59428E-0B I.41854E-0B 4.86657E-e3 -I. 15E-09 Np020H<aql lip020H<oql 2.32016E-09 !.B3555E-10 7.9113£-02 2.27515E-e9 2. 02435E-09 5.70075E-e4 -2.45E-09 Np02(C03l2=- Np02<C03l2=- !.21969E-09 7.55224E-14 6.1920E-05 !. 19602£-{)9 1.06418E-09 4. l4037E-e4 -J.B6E-eB Th(OHJ4<oql Th<0Hl4<oql 1.21778£-09 1.2177BE-09 1.000 I. 19416£-{)9 1. 06252E -09 3. 1BB28E-e4 7.94E-10 AmC03+ AmC03+ I. 1261BE -09 2.93093£-10 0.2603 !. l0426E-09 9.82532E-l0 2.97716£-{)4 -4.05E-10 H+ H+ 4.30229E-10 2 .04137E-e9 4.745 4.21BB2E-10 3.75377£-10 3.7B343E-07 3.40£-{)9 Am+++ Am+++ 3.68946E-10 I. 60490£ -ll 4.3500£-02 3.617BBE-l0 3.21908£-10 7. B2235E-e5 2.41E-09 ~ HS04- HS04- 3.07434£-10 2.3427SE-IB 0.7620 3.0147BE-10 2. 6B23BE-10 2.60367E-e5 6.23E-{l9 l Am<C03l3~ Am<C03l3=- 2. 82206E -10 2.90354E-15 1.0289£-05 2. 76731£-10 2.46226£-10 I. 04161£ -{)4 -1.18E-BB ~AmOH++ (cfter...Cm(IID> J.86704E-10 1.59071£-12 B.52B0E-03 1. 831lB2E -10 1. 62900E-10 4.23552£-{)5 6.54E-e9 ...s;.:_ Am<DHl3<aq> < le-911wn in I miAill J. lB657E-10 1.18657E-10 1.000 1.16355E-10 1.03529£-10 3.0439BE-e5 1.83E-10 0 Am(C03)2- Am<C03l2- 2. B0949E -ll 7.68549£-12 0.2736 2. 75498£-11 2.45129£-11 8.89864£-{)6 -2.37E-09 Np02(C03l3==- Np02CC03J3~ 2.0437BE-Il 2. 97363£-21 l.455BE-l0 2.00413£-ll 1. 7B321E -ll 8.00794E-e6 -2.59£-BB 



 

 Information Only 

4/21/97 16: 14 HD•Novak:NESQ/HMAG:fmt_spc-hmag4323_970407-22.shor Page 4. 

ThCC03l5= ThCC03l5== 1.33218E-ll 3.89163E-29 2.9212E-18 1. 30634E -11 1. 16234E -11 6. 18461E--06 -6.42E--08 
Np02COHl2- NpC2COHl2- 3.50704E-12 3.89315E-14 1. 1101E-02 3.43900E-12 3.05991E-12 9. 27341E--07 -4 .54E--09 
ThCS04l3= Th($04)3= 8.31974E-21l 4.68935E-21 5.6364E-02 B. 15833E-20 7.25902E-20 3.77622E-14 5.26E--09 
ThCS04l2Caql ThCS04l2Caql 1. I8237E-20 5.68030E-19 48.04 l. 15943E-20 1. 03162E-20 4.37566E-15 l. 13E--08 
Th++++ Th++++ 0.0 0.0 0.3873 0.0 0.0 0.0 -2.40E+01 
K2MgCa2CS04l4.2H20 ol yhal i te 0.0 1.000 1.000 0.0 0.0 0.0 -1.72 
CaCOHl ortlandite 0.0 1.000 1.000 0.0 0.0 0.0 -7.14 
K2NaHCC03l2.2H2DL--Potassium_Trona 0.0 1.000 1.000 0.0 0.0 . 0.0 -1.24E+01 
K8H4CC03l6.3H20---K-Sequicarbonate 0.0 1.000 1.000 0.0 0.0 0.0 -4.12E+01 
No8508.5H20-----Sodium-Pentaborate 0.0 1.000 1.000 0.0 0.0 0.0 -7.81 
Na2C03.H20 Thermonatrite 0.0 1.000 1.000 0.0 0.0 0.0 -5.61 
Na2S04 Thenardi te 0.0 1.000 1.000 0.0 0.0 0.0 -1.32 
Mg2CaC16. 12H20 Tachyhydrite 0.0 1.000 1.000 0.0 0.0 0.0 -l.50E+01 
K2CaCS04l2.H20 Syngenite 0.0 1.000 1.000 0.0 0.0 0.0 -5. 99E--01 
KCl ylvite 0.0 1.000 1.000 0.0 0.0 0.0 -3.02E--01 
Na2C03.7H20____Na2C03-Heptahydrate 0.0 1.000 1.000 0.0 0.0 0.0 -5.49 
Na3HCS04l2____Sesqulsodlum_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1. 17E+01 
K3HCS04l2--Sesquipotassium_Sulfate 0.0 1.000 1.000 0.0 0.0 0.0 -1. 19E+01 
Mg5CC03l4(0Hl2.4H20-DISABLED_Hydro 0.0 1.000 1.000 0.0 0.0 0.0 -1.45E+03 
CaMgCC03l2-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -8. 10E+02 
Na2CaCC03l2.2H20-DISABLED i 0.0 1.000 1.000 0.0 0.0 0.0 -9.04E+02 
K2MgCS04J2.5H20-Picromerite/Schoen 0.0 1.000 1.000 0.0 0.0 0.0 -2.96 
MgC03.3H20 esq..u:hon i te 0.0 1.000 1.000 0.0 0.0 0.0 -1.55 
Na2C03. 10H20 otron 0.0 1.000 1.000 0.0 0.0 0.0 -5.54 
NaHC03 hcol i te 0.0 1.000 1.000 0.0 0.0 0.0 -3.50 
K8H5(S04l7 0.0 1.000 1.000 0.0 0.0 0.0 -6.43E+01 
Na2S04. 10H20 0.0 1.000 1.000 0.0 0.0 0.0 -1.75 
KHS04 0.0 1.000 1.000 0.0 0.0 0.0 -l.05E+01 
MgC03-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6. 13E+02 
Na4CaCS04l3.2H20 abll......Sal t 0.0 1.000 1.000 0.0 0.0 0.0 -2. 17 
K2Mg<S04J2.4H20 eonite 0.0 1.000 1.000 0.0 0.0 0.0 -3.03 
MgS04.H20 i eseri te 0.0 1.000 1.000 0.0 0.0 0.0 -2.93 
KHC03 al icini te 0.0 1.000 1.000 0.0 0.0 0.0 -5.25 
KMgClS04.3H20 ainite 0.0 1.000 1.000 0.0 0.0 0.0 -2.54 
MgS04.5H20 exahydri te 0.0 1.000 1.000 0.0 0.0 0.0 -2.10 
CaS04.2H ypsum 0.0 1.000 1.000 0.0 0.0 0.0 -5. 57E--02 
Na2Ca<S04l lauberite 0.0 1.000 1.000 0.0 0.0 0.0 -7.21E--01 
CaNa2CC03l2.5H20-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -l.03E+03 
MgS04.7H20 0.0 1.000 1.000 0.0 0.0 0.0 -1.99 
KMgCl3.5H2 arnall i te 0.0 1.000 1.000 0.0 0.0 0.0 -2.73 
Ca2CI2COHl2.H2D----Ca0xychlorideJB 0.0 1.000 1.000 0.0 0.0 0.0 -1.06E+01 
Na802.NaCl .2H2D---Teepleite_(20_c) 0.0 1.000 1.000 0.0 0.0 0.0 -2.37 
CaC12.4H20 aC12-Tetrahydrite 0.0 1.000 1.000 0.0 0.0 0.0 -5.88 
CaC03-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.32E+02 
Na5C03CS04J urkeite 0.0 1.000 1.000 0.0 0.0 0.0 -7.43 

~ Na2MgCS04l2.4H20 1 oedi te 0.0 1.000 1.000 0.0 0.0 0.0 -2.72 
MgC12.6H20 ischofite 0.0 1.000 1.000 0.0 0.0 0.0 -3.45 

-'Sl K2S04 canite 0.0 · 1.000 1.000 0.0 0.0 0.0 -1.77 
-CaC03-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.32£+02 
~ CaC12.6H20 AntarctIc i te 0.0 1.000 1.000 0.0 0.0 . 0.0 -4.58 
<:/ NaK3(S04)2--Aphthital lte/Glaserite 0.0 1.000 1.000 0.0 0.0 0.0 -2.32 

C02C"sol id",DISABLEDl 0.0 1.000 1.000 0.0 0.0 0.0 -5.09E+02 
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K3Np02CC03l2Csl----K3Np02CC03l2Csl 0.0 1.000 
Na3Np02CC03l2Csl--Na3Np02CC03l2Csl 0.0 1.000 
Np020HCamor) Np02CHCamorl 0.0 1.000 
Np020HCagedl Np020HCagedl 0.0 1.000 
21ThCS04J2.7/2K2S04C16C,sll 0.0 1.000 
ThCS04l2.2K2S04.2H20(16C,s) 0.0 1.000 
Th(S04l2.K2S04.4H20(16C,sJ 0.0 1.000 
ThCS04l2.Na2S04.6H20C16C,s) 0.0 1.000 
ThCS04l2.8H20CsJ 0.0 1.000 
ThCS04l2.gH20CsJ 0.0 1.000 
NaAmCC03J2.6H20Cc) 0.0 1.000 
AmCOHJ3CsJ mCOHJ3CsJ 0.0 1.000 
8(0H)3 orlxJicicLSol id 0.0 1.000 
KBS08.4H20----K-Pentaborate_C30-CJ 0.0 1.000 
K2B407.4H20---K-Tetraborate_C30-CJ 0.0 1.000 
Na28407. 10H20 orax 0.0 1.000 
NaOHCaql to.tltrate.base.only 0.0 0.0 
HCI Caql to.titrate.acld.only 0.0 0.0 
Na3HCC03J2.2H2 Trona 0.0 1.000 
NaB02.4H20 odiumJMetaborate 0.0 1.000 
K2C03.3/2H20---Potassium_Carbonate 0.0 1.000 
Ca4CI2COHl6. 13H20__caoxychloride_A 0.0 1.000 
KNaC03. 6H20 No-Carbonate 0.0 1.000 
21NaNp02C03.7/2H20CsJJ 0.0 1.000 

pH <-logloH+Il; pmHC-loglmH+J) 8.6901 9.3663 
Osmotic Coefficient= 1.341477 
Equilibrium RH C~J = 72.g33903 
Ionic Strength Cm) = 7.409130 
Density, kg/m3 = 1229.29 
fC02Cgl; log!fC02Cgll= 4.080E-06 

NOTES: -Water "molality" is mole fraction H20 in aqueous phase 
-Gas "molality" and "octivityM are gas partial pressures 
- "Oeser i ptor" mecns: 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

-:;.39 

*dG/RT/Jnl9 for species wJth nonzero cones. (convergence criterion) 
*Saturation Index for minerals, SI=logl0CIAP/Kspl 
+toglBCactivity) for aqueous species with very small concentrations 
*logl0Cpartial pressure) for gases 

Total G/RT= -1. 0070:;329E+04 

Total Diagonal Inversions 630 
Total Stoichiometric Reoptimizatlons 60 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

-4.61 
-3.44 
-3.6:; 
-2.9:; 
-3.52E+01 
-1.60E+01 
-1.59E+01 
-1.46E+0l 
-1.80E+01 
-1. 81E+01 
-2.18 
-9.40E-01 
-2.28 
-7.42 
-6.25 
-3.68 
-2.95E+02 
-2.48E+02 
-8.22 
-2.94 
-1.02E+01 
~2 .31E+0l 
-6.67 
-4.04 
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INPUT file nome Is Ul: ICFNOUAK.FMT.QRJNESQ-HMAGlFMT_5PC_HMAG5424_9704B7-22.IN;2 
INGUESS file nome Is Ul: ICFNOUAK.FMT.QRJNESQ_HMAGIDUMMY.INGUESS;l 
OUTPUT file nome Is Ul: ICFNOUAK.FMT.QRJNESQ_HMAGlFMT_5PC_HMR05424_9704B7-22.0UT;3 
CHEMDAT file nome Is Ul:ICFNOUAK.FMT.QRJNESQ_HMAGlFMT-97B4B7_HMAG5424.CHEMDAT;4 
Temperature is Hard Coded as 298.15K 
Actinides in SPC Saturated with NoCl,CaS04,Brucite,Hydromagnesite5424 FMT V2.2 
FML970407_HMAGS424.chemdat HYDROMAGNESITE ADDED 
Added Th<C03)5-Cl <-Nal Porms, assigned K+-Th(C03l5= by analogy 

Accuracy of reactions is 
Minimum elemental abundance is 
Number of Aqueous: Species is 

vV -
~ 

d 

l.BBBBE-Bo 
l.B000E-18 

125 

Page 1· 
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Actinides in SPC Saturated with NaCl,CaS04,Brucite,Hydromagnesite5424 FMT V2.2 FMT-970407-HMAG5424.chemdat HYDROMAGNESITE ADDEO Added ThCC03l:s--<:1 C-Nal Parms, assigned K+-ThCC03l5== by analogy Pressure= 1.000 1=1 ATM Temperature= 2.98E+02 l=l Kelvin 
Elemental Abundances for Flash Problem 

Total Moles Aq. MolalIty Aq. Molarity Aq. mg/1 iter 
Using NaCl Density Correlation 

1.36767180E+02 1. 111250 ISE +02 9. 69574659E+01 9.77234299E+04 Hydrogen 7. 99098636E +01 5.58601996E+01 4. 87394715E+01 7.79785301E+05 Oxygen 5.59295395 4.58471257 4.08744924 9.39595179E+04 Sod i LITl 1.04775025 1.05745883 9.31355380E-01 3.54148421E+04 Potassium 5.80724482 5.09252502E-01 4. 44335511E-0 I l.07995770E+04 Mognesium !.03305403 3.29195802E-02 2.87225974E-02 1. 15120 170E +03 Calcium 9.81438839 5.57599572 5.82485973 2.055e8752E+05 Chlorine 1.05024227 6 .05457599E-02 5.29139199E-02 1. 69542027E+03 Sulfur 1.00104881 4. 13187987E-04 3. 505e9828E-04 4.33008354 Carbon 0.0 0.0 0.0 0.0 Poslon:EL 0.0 0.0 0.0 0.0 Neglon:EL 0.0 0.0 0.0 0.0 Oxalate:EL 2.71882500E-02 2. 77251999E-02 2.41913315E-02 2.515e8293E+02 Boron 1. 35941250E -02 1. 38531000E-02 1.20956657E-02 9 .66492075E+02 Bromine 0.0 0.0 0.0 0.0 Acetate:EL 1. 00497956E-03 1.37114570E-08 1. 19533648E-08 2.77595643E-03 ThC!Vl 1. 00438S90E -03 1. 07633709E-07 9. 39 112728E-08 2.28204393E-02 Am(!!!) 0.0 0.0 e.0 0.0 PuC! II l 1.00253659E-03 1. 37882922E-07 1. 20303954E -07 2.85178358E-02 NpCVl 0.e 0.0 0.0 0.0 C104:EL 0.0 0.0 0.0 0.0 Phosphorus 0.0 0.0 0.e 0.0 UC!Vl 0.0 0.0 0.0 0.e Lactate:EL 0.0 0.e e.0 e.0 EDTA:EL 0.0 e.e 0.0 0.0 Ci trate:EL e.0 0.0 0.0 0.0 Electron:E 5.7S362954E-15 5.85747153E-15 5. 11941590E-15 0.0 Charge:EL 
Solution Parameters, Calculated 

SOLUTION MASS 138 1. 57083223157 c;rams 
H20 MASS 980.597777461594 g--ams 
TDSCg/kgl 408.906754620580 g/kgH20 

Specified Solution Density 
DENSITY 1229.28242702512 kg/mh3 = g/1 

1 ~1 So 1 ut i on Parameters Based on Spec i f i ed Dens i ty r...,• SOLUTION VOL 1.12388398455654 -1 i ters .......__ TDS 356. 774418249356 g/ 1 -c;: 
C) Dens i ty based on TDS and NaCl so 1 ut i ons 1229. 2824271!2612 Percent relative error vs NoCl density 0.000000000000000 

g/1 
0 J 
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TABLE OF CONCENTRATIONS FOR BATCH SYSTEM 

Spec: i es Name Molality Activity Act Coef Total Moles Molarity mg/1 iter Descriptor 
,· 

H20 WATER 8 • 09537E -ll I 7. 29341E-01 0.9009 5.44317E+01 4.84318E+01 8. 72508E+05 
Cl- Cl- 6.67600 8. 18246 1.226 6.54647 5.82486 2.06509E+05 
No+ No+ 4.68471 4.54491 0.9702 4.59382 4.08745 9.39695E+04 
Mg2CI COHJ3.4H20 gOxychloride 2.21170 1.000 1.000 2. 16879 1.92972 3.99734E+05 
K+ K+ 1.06746 4.84418E-01 0.4538 1.04675 9.31366E-01 3.64148E+04 
CoS04 ydri te 1.02057 1.000 1.000 1.00077 8 . 90459E -0 1 !. 21225E+05 
Mg<OHl ruci te 7. 36289E-ll 1 1.000 1.000 7.22004E-01 6.42418E-01 3.74656E+04 
Mg5CC03l4COHl2.4H20-HydroMogne5424 2.54597E-ll1 1.000 1.000 2. 49657E-0l 2.22138E-01 1.03880E+05 
S04= 504= 6. 06458E -02 I. 20540E -03 1.9876E-02 5.94691E-02 5.29139E-02 5. 08278E+03 
Br- Br- I. 38631E-ll2 3.79233E-03 0.2736 I. 35941E -02 !. 20957E -02 9.66492E+02 
Mg8COHl4+ MgBCOHl4+ !. 16305E-ll2 2.56340E-02 2.204 I. 14048E-02 !. 01477E-02 !. 04667E+03 
Th02Caml_____Hydrous_Thorium-Dxide !. 02485E-03 1.000 1.000 !. 00497E -03 8.94190E-04 2.36099E+02 
AmOHC03Cc) mDHC03Ccl I. 02415E-ll3 1.000 1.000 !. 00428E-03 8.93580E-04 2.85960E+02 
KNp02C03Csl Np02C03Csl 1.02234E-ll3 1.000 1.000 !. 00250E -03 8.91997E-04 3.28393E+02 
NaCI ol ite !. 12088 1.000 1.000 1.09914 9. 77979E-01 5.71558E+04 8.62E-12 
Mg++ Mg++ 4 , 95568E -01 1.00695 2.032 4.85952E-ll 1 4 . 32387E -0 1 !. 05092E+04 2.80E-10 
Ca++ Ca>+ 3. 16343E-02 3.60426E-02 !. 139 3. 10205E-ll2 2.76012E-02 I. 10626E+03 !. 70E-ll9 
8(0H)4- 8COHJ4- 9,93069E-03 1.015 10E-03 0. 1022 9.73801E-ll3 8.66460E-03 6, 83110E+02 4.49E-ll8 
8C0Hl3Caql 8<0Hl3Caql 4.81580E-03 4.92564E-03 1.023 4. 72236E-ll3 4.20182E-03 2. 59807E+02 -1.86E-ll8 
MgOH+ MgOH+ 1. 73928E -03 5.58344E-04 0.3210 I. 70554E-ll3 1.51754E-03 6.26929E+01 2.18E-11 
Ca8C0Hl4+ Ca8COHl4+ I. 26582E -03 1.63548E-03 1.292 1. 24126E-ll3 I. 10444E-03 1. 31339E +02 l.09E-ll8 
MgC03Coq) MgC03Caq) 3.25260E-04 3.25260E-04 1.000 3. 18949E-ll4 2.83792E-04 2.39277E+01 1.44E-ll 
HC03- HC03- 4.66829E-05 1.69802E-05 0.3637 4.57771E-ll5 4.07312E-05 2.48530 -4.31E-11 

C03= C03= 2. 16791E-05 3. 80867E-07 1. 756BE-02 2. 12584E-ll5 !. 89152E -05 I. 13508 3.03E-10 
8303(0H)4- 8303(0H)4- I. 96779E-05 3.25575E-06 0. 1660 1. 92961E-ll5 1. 71691E-05 2.54888 5.04E-ll8 
CaC03Caq) CaC03Caq) !. 94460E -05 1. 94460E -05 1.000 1. 90687E-ll5 I. 69668E -05 1.69819 !. 18E-ll9 
OH- OH- 7.71540E-06 3.60040E-06 0.4667 7, 55570E -06 6.73175E-06 1. 14489E-ll 1 1.42E-te 
8405(0H)4= 8405COHl4= 6, 10040E -06 2.67546E-08 4.3857E-03 5.98204E-ll6 5.32265E-06 1. 01804 6.95E-ll8 
AmCOHl2+ Cafter...CmCIID) 1. 05442E -07 5.40525E-12 5.1263E-05 1. 03395E-ll7 9. 19988E-08 2.54850E-ll2 -3. 15E-te 
Np02C03- Np02C03- 7.23830E-08 5.52936E-09 7.5390E-02 7.09787E-ll8 5.31548E-08 2.07815E-ll2 -2.50E-11 
Np02+ Np02+ 6, 15251E -08 1. 35488E -07 2.202 5. 03324E-ll8 5.35820E-08 I. 44430E -02 7.24E-ll 
C02Caql C02Caql 3.16419E-08 1. 03355E-07 3.267 3. 10280E-08 2.75078E-08 I. 2150 IE -03 9.09E-ll 
ThCOHl3CC03)- ThCOH)3(C03)- !. 24901E -08 3.41674E-09 0.2736 1. 2247BE-ll8 1. 08977E-08 3.73857E-ll3 5.58E-ll 
Np020HCaql Np020HCaql 3.02013E-09 2.38932E-10 7.9113E-02 2. 96153E-ll9 2.63S09E-09 7. 53779E -04 -1.30E-te 
ThCOHl4Caql Th<OHl4Caql 1.21779E-09 1.21779E-09 1.000 1. 19416E -09 1. 062S3E-09 3. 18831E-ll4 5.83E-11 
AmC03+ AmC03+ 1.12610E-09 2.93092E-10 0.2503 !. 10425E-ll9 9.82S27E-10 2. 9771SE-ll4 3.42E-11 
Np02(C03l2=- Np02CC03)2=- 9.37009E-10 5.80189E-14 6.1919E-05 9 . 18829E -10 8. 17548E-10 3. 18080E-ll4 5.00E-10 
Am+++ Am+++ 4.80231E-10 2. 08906E -11 4.3501E-02 4, 709 14E-10 4. 19005E-10 !. 0181BE-ll4 5.86E-10 
H+ H+ 4.30225E-10 2.04136E-09 4.745 4.21878E-10 3.75375E-10 3. 78341E-ll7 1.35E-10 
HS04- HS04- 3.07416E-10 2.34259E-10 0.7620 3.01452E-10 2.68223E-10 2.60352E-ll5 -1.32E-ll9 

li\J AmOH++ <after ...em< III> l 2.43029E-10 2.07059E-12 8.5200E-03 2.38314E-10 2. 12045E-10 5.51331E-ll5 1.00E-10 
W AmCC03l3~ AmCC03)3=- 1.66549E-10 I. 71353E -15 1.0289E-05 I. 6331BE-10 1.4S315E-10 6. 14725E-llS 5.29E-10 
-...;.,::._AmCOHl3Caql C le-9m..ml n I mLITI) 1. S4456E-10 1.54456E-10 1.000 1.51459E-10 1. 34754E-10 3.95235E-ll5 4. 37E-ll 
~ .AmCC03l2- AmCC03l2- 2.15833E-ll 5.90424E-12 0.2736 2.11645E-11 I. 88315E-11 5.83623E-ll5 2.76E-ll 
0 Np02CC03l3=- Np02CC03l3~ 1.20619E-11 I. 75499E-21 1.4550E-10 I. 18278E-11 1.05241E-11 4.72610E-ll6 2.24E-ll9 



 

 Information Only 

4/21/97 16: 14 HD•Novok:NESQ/HMAG:fmt_spc-hmog5424_970407-22.shor Poge 4 
Np02C0Hl2- Np02COHl2- 4.56510E-12 5.06768£-14 1. ll01E-02 4.47653E-12 3.99309E-12 1. 20712E-1l6 -1.45E-10 
ThCC03l5== ThCC03l5= 3.5640SE-12 1.04136E-29 2.9218E-19 3.49490E-12 3. 10966E-12 1.65460E-1l6 4.59E-1l9 
ThCS04l3= Th(S04l3= 9.31790E-20 4.69934E-21 5.6365E-02 a. 15651E-20 7.25743E-20 3.77540E-14 -3.19E-1l9 
ThCS04l2Caql ThCS04l2Caql 1. 18219E-20 5.67945E-19 49.04 1.15925E-20 1.03146E-20 4.37499E-15 -2. IIE-1l9 
Th++++ Th++++ 0.0 0.0 0.3973 0.0 0.0 0.0 -2.40E+01 CaCOHl ortl andi te 0.0 1.000 1.000 0.0 0.0 0.0 -7.14 K2NaHCC03l2.2H20---Potassium_Trona 0.0 1.000 1.000 0.0 0.0 0.0 -1.27E+01 K9H4CC03l6.3H2D___K-Sequicarbonate 0.0 1.000 1.000 0.0 0.0 0.0 -4. 19E+01 Na8508.5H20-----Sodium_Pentaborate 0.0 1.000 1.000 0.0 0.0 0.0 -7.91 Na2C03.H20 Thermonatr i t e 0.0 1.000 1.000 0.0 0.0 0.0 -5.72 Na2S04 Jhenardite 0.0 1.000 1.000 0.0 0.0 0.0 -1.32 Mg2CaCI6.!2H20 Ta&i,jhydrite 0.0 1.000 1.000 0.0 0.0 0.0 -1.50E+01 K2CaCS04l2.H20 Syngenite 0.0 1.000 1.000 0.0 0.0 0.0 -5. 99E-1l I KCI ylvite 0.0 1.000 1.000 0.0 0.0 0.0 -3.02E-1ll Na2C03.7H20----Na2C03-Heptahydrate 0.0 1.000 1.000 0.0 0.0 0,0 -5.60 Na3H(S04l2----Sesquisodivm_Sulfate 0.0 1.000 1.000 0.0 0.0 0,0 -I. 17E+01 K3HCS04l2--Sesquipotassium-Sulfate e.e 1.000 1.000 0.0 0.0 0.0 -1. 19E+01 Mg4CC03l3(0Hl2.3H20-HydroMagne4323 0.0 1.000 1.000 0.0 0.0 0.0 -3.44E-1ll CaMgCC03l2-DISABLE 0.0 1.000 1.000 0.0 0.0 0.0 -8.10E+02 Na2CaCC03l2.2H20-DISABLED i 0.0 1.000 1.000 0.0 0.0 0.0 -9.04E+02 K2MgCS04)2.6H2QJPicromerite/Schoen 0.0 1.000 1.000 0.0 0.0 0.0 -2.96 MgC03.3H20 esq.Aehonite 0.0 1.000 1.000 0.0 0.0 0.0 -1.66 Na2CD3, 10H20 at ron 0.0 1.000 1.000 0.0 0.0 0.0 -5.65 NaHC03 col ita 0.0 1.000 1.000 0.0 0.0 0.0 -3.71 K9H6CS04l7 0.0 1.000 1.000 0.0 0.0 0.0 -6.43E+01 Na2S04. 10H20 0.0 1.000 1.000 0.0 0.0 0.0 -1.75 KHS04 0.0 1.000 1.000 0.0 0.0 0.0 -1.05E+01 MgC03_DlSABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6. 13E+02 Na4CaCS04l3.2H20 abi I e..Sal t 0.0 !.000 1.000 0.0 0.0 0.0 -2.17 K2Mg(S04l2.4H2 eoni te 0.0 !.000 1.000 0.0 0.0 0.0 -3.03 MgS04.H2 i eseri te 0.0 1.000 1.000 0.0 0.0 0.0 -2.93 KHC03 alicinite 0.0 1.000 1.000 0,0 0.0 0.0 -5.37 KMgCIS04.3H20 ainite 0.0 1.000 1.000 0.0 0.0 0.0 -2.54 MgS04.6H20 exahydri te 0.0 1.000 1.000 0.0 0.0 0.0 -2.10 CaS04.2H20 psum 0.0 1.000 1.000 0.0 0.0 0.0 -5.57E-1l2 Na2Ca(S04l Jauberite 0.0 1.000 1.000 0.0 0.0 0.0 -7.21E-1ll CaNa2CC03l2.5H20-DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -!.03E+03 MgS04.7H20 0.0 1.000 1.000 0.0 0.0 0,0 -1.99 KMgCI3.6H20 arnall i te 0.0 1.000 1.000 0.0 0.0 0.0 -2.73 Ca2CI2C0Hl2.H2D____Ca0xychloride_B 0.0 1.000 1.000 0.0 0.0 0.0 -1.06E+01 NaB02.NaCI .2H20_Teepl ei te_(20...C) 0.0 1.000 1.000 0.0 0.0 0.0 -2.37 CaCI2.4H20 aClZ-Tetrahydrite 0.0 !.000 1.000 0.0 0.0 0.0 -5.88 CaC03_DISABLED 0.0 1.000 1.000 0.0 0.0 0.0 -6.32E+02 Na6C03CS04) urkei te 0.0 1.000 1.000 0.0 0.0 0.0 -7.54 Na2MgCS04l2.4H20 loedite 0.0 1.000 1.000 0.0 0.0 0.0 -2.72 MgC12.6H20 ischofite 0.0 1.000 1.000 0.0 0.0 0.0 -3.45 K2S04 rcanite 0.0 1.000 1.000 0.0 0.0 0.0 -1.77 v.; CaC03-D I SABLED A 0.0 1.000 1.000 0.0 0.0 0.0 -6.32E+02 ::-->., CaC12.6H20 Antarc:tic:ite 0.0 1.000 1.000 0.0 0.0 0.0 -4.58 ~NaK3CS04l2-.flphthl tall te/01 aserite 0.0 1.000 1.000 0.0 0.0 0.0 -2.32 · C02C"sol id",DISABLED> 0.0 1.000 1.000 0.0 0.0 0.0 -5.09E+02 (:) K3NP02CC03l2Csl----K3Np02CC03)2Csl 0.0 1.000 1.000 0.0 0.0 0.0 -4 .• 72 ,. 
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Na3Np02CC03)2(sl--Na3Np02CC03)2(s) 0.0 1.000 
21NaNp02C03.7/2H20Csll 0.0 1.000 
Np020H<amor) p020H(amor) 0.0 1.000 
Np020H(agedl p020H(agedl 0.0 1.000 
21Th(S04l2.7/2K2S04(15C,sll 0.0 1.000 
ThCS04)2.2K2S04.2H20C15C,sl 0.0 1.000 
Th<S04l2.K2S04.4H20C15C,sl 0.0 1.000 
ThCS04l2.Na2S04.5H20(15C,s) 0.0 l.llB0 
ThCS04l2.8H20Csl 0.0 1.000 
ThCS04l2.9H20Csl 0.0 1.000 
NaAmCC03)2.5H20Ccl 0.0 1.000 
AmCOHl3(s) COHl3Cs) 0.0 1.000 
8(0Hl3 orixJ\dd....Sol id 0.0 1.000 
KB508.4H20----K-Pentaborate-C30-Cl 0.0 1.000 
K28407.4H20---K-Tetraborate-C30-Cl 0.0 1.000 
Na28407. 10H20 orax 0.0 1.000 
NaOHCaq) to.titrate.base.only 0.0 0.0 
HClCaql to.titrate.acid.only 0.0 0.0 
Na3HCC03l2.2H2 Trona 0.0 1.000 
Na802.4H20 odiumJ1etaborate 0.0 1.000 
K2C03.3/2H20---Potassium-Carbonate 0.0 1.000 
Ca4Cl2COHl5. 13H20--Ca0xychloride_A 0.0 1.000 
KNaC03 . 5H20 --No-Carbonate 0.0 1.000 
K2MgCa2CS04l4.2H20 olyhal ite 0.0 1.000 

pH C-loglaH+D; pmHC-loglmH+)) 8.5901 9.3553 
Osmotic Coefficient= 1.341479 
Equilibrium RH (~) = 72.934080 
Ionic Strength Cml = 7.409085 
Density, kg/m3 = 1229.28 
fC02Cgl; loglfC02Cgll= 3. 135E-06 

NOTES: -Water "molality .. is mole fraction H20 in aqueous phase 
-Gas ··molal.lty" and ··activity .. are gas partial pressures 
- "Descriptor" mec::ns: 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

-5.50 

+dG/RT/ln10 for species with nonzero cones. (convergence criterion> 
+Saturation Index for minerals, Sl=\og10CIRP/Kspl 
*logl0(activity) for aqueous species with very srnal 1 concentrations 
+log10(partial pressure) for gases 

Total G/RT= -I. 00707952E +04 

Total Diagonal Inversions 1098 
Total Stoichiometric Reoptimizations 98 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 

'!·· 
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0.0 -3.55 
0.0 --4.04 
0.0 -3.53 
0.0 -2.83 
0.0 -3.52E+Bl 
0.0 -l.50E+Bl 
0.0 -l.59E+Bl 
0.0 -1.45E+Bl 
0.0 -1.80E+01 
0.0 -I. 81E+01 
0.0 -2.29 
0.0 -8.25E--e 1 
0.0 -2.28 
0.0 -7.42 
0.0 ~.25 
0.0 -3.58 
0.0 -2.95E+02 
0.0 -2.48E+02 
0.0 -8.45 
0.0 -2.94 
0.0 -l.03E+Bl 
0.0 -2.31E+01 
0.0 ~.78 

0.0 -1.72 
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INPUT file name is Ul: ICFNDVAK.FMT.QALNESQ-HMAGIFMT-SPC-NESQ_970407-22.IN; 1 INGUESS file nome is Ul: ICFNDVAK.FMT.QALNESQ-HMAGIDUMMY.!NGUESS; 1 OUTPUT file nome is U1: ICFNOVAK.FMT.QALNESQ..H1'11GIFMT-SPC_NESQ._970407_22.DUT;6 CHEMDAT file nome is U1: ICFNOVAK.FMT.QALNESQ..H1'11GlFMT-970407_NESQ.CHEMDAT;8 Temperature is Hard Coded as 298. 15K 
Actinides in SPC Saturated with NoCI,CaS04,Brucite,Nesquehonite FMT U2.2 FMT-970407-NESQ.chemdat 
Added ThCC03)5-CI (-No) Porms, assigned K+-Th(C03)5== by analogy 

Accuracy of reactions is 
Minimum elemental abundance is 
Humber of Aqueous Specjes is 

t.eeeeE-06 
t.eee0E-18 
126 

Page 1 

'',· 



 

 Information Only 

4/21/97 16:14 HD•Novak:NESQ/HMAG:fmt_spc_nesq_970407-22.short 

Actinides in SPC Sclurated with NaC1,CaS04,Brucit@,Nesquehonite FMT V2.2 
FMT_970407_NESQ.chemdat 
Added ThCC03l5-CI C-Na> P<rms, assigned K+-ThCC03l5= by atalogy 

Pressure= 1.000 l=l ATM Temperature= 2.9BE+02 l=l Kelvin 

Elemental Abundances for Flash Problem 

Total Moles Aq. Molal i ty Aq. Molarity 

Using NaCI Density Correlation 
!. 35757180E+02 !. 11131305E+02 9. 58401518E+01 
7. 99098535E +01 5.59371744E+01 4. 87438263E+01 
5.59295395 4.55052408 4.05128220 
!. 04 7-r.l026 1.10984588 9. 57123126E-01 
6.80724482 5.30417100E-01 4. 52207097E-01 
1.03305403 3.33990592E-02 2. 9 !040432E-02 
9.81438839 6.59353414 5.83285344 
1.06024227 6.22252109E-02 5. 42241121E-02 
1.00104081 2.25651750E-02 !. 95633540E -02 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
2. 7 1882500E -02 2.88271523E-02 .2.51200782E-02 
1. 35941250E -02 1. 44135812E -02 !. 25600391E -02 
0.0 0.0 0.0 
!. 00497955E-03 7.22041910E-04 6.29189547E-04 
!. 00438590E-03 3.63740149E-07 3. 15954287E-07 
0.0 0.0 0.0 
1. 00263559E -03 1.36328953E-07 1. 18797479E-07 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 
0.0 0.0 0.0 

-1.22725890E-14 - !.30123828E-14 -1. 13390305E-14 

Solution Parameters, Calculated 
SOLUTION MASS 1332.51559529897 grams 

g--ams 
g/kgH20 

H20 MASS 943.146941901155 
TDSCg/kg) 412.947055385272 

Specified Solution Density 
DENSITY 1231.24542240165 

~ Solution Pa-ameters Based on Specified Density 
~ SOLUTION VOL 1.08233142533693 ·I iters 
~ TDS 359.843338445578 g/1 

Aq. mg/1 iter 

9.75051991E+04 Hydrogen 
7.79871975E+05 Oxygen 
9.33579437E+04 Sodium 
3.78128701E+04 Potassium 
!. 12339435E +04 Magnesium 
1. 16549005E+03 Calcium 
2.06792153E+05 Chlorine 
l. 73842503E +03 Sulfur 
2. 35175555E+02 Carbon 
0.0 Poslon:EL 
0.0 Neglon:EL 
0.0 Oxalate:EL 
2 . 71548045E +02 Boron 
!. 00359736E +03 Bromine 
0.0 Acetate:EL 
!. 45995947E+02 ThC!Vl 
7.70223218E-02 AmCIID 
0.0 PuC III> 
2.81607285E-02 NpCU) 
0.0 CI04:EL 
0.0 Phosphorus 
0.0 UCIU> 
0.0 Ladate:EL 
0.0 EDTA:EL 
0.0 Citrate:EL 
0.0 Electron:E 
0.0 Charge:EL 

Q Density based on TDS atd NaCI solutions 1231.24642240165 g/1 
Percent relative error vs NaCl density 0.000000000000000 0 ~ 

._... 
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4/21/97 16: 14 HD•Novok:NESQ/HMAG:fmt_spc_nesq_970407-22.short 

TABLE OF CONCENTAATI ONS FOR BATCH SYSTEM 

Spec i es Name 

H20 WATER 
CJ- GI-
Na+ Na+ 
Mg2CI <OH)3.4H20'--...JMgOxychl or ide 
K+ K+ 
CaS04 ydri te 
MgC03 .3H20 esq.~ehoni te 
MgCOH) ruci te 
S04- SC4= 
Br- Br-
Mg8(0H)4+ MgBCOHl4+ 
Ama-!C03(c)· mOHC03(c) 
KNp02C03(s) Np02C03(s) 
ThCC03)5=== ThCC03)5=== 
NaCJ al ite 
Mg++ Mg++ 
Ca++ Co++ 
MgC03Caq) MgC03(aq) 
BCOH)4- BCOH)4-
BCOHl3Caql BCOHl3(aql 
HC03- HC03-
Mg0H+ MgOH+ 
CaBCOHl4+ CaBCOHl4+ 
C03= C03= 
CaC03Caq) CaC03(aq) 
Th02 (am) __l-lydrous... Thor i um_Qx i de 
B303COH)4- 8303COH)4-
0H- OH-
B40SCOH)4- 8405C0Hl4= 

"-' C02Caq) C02Caql 
~ ThCOHl3(C03)- ThCOH)3CC03l-
~ AmCC03l3~ AmCC03)3=-& Np02C03- Np02C03-

:..£! Np02CC03l2=- Np02CC03l2=-
~ Np02CC03)3==- Np02(C03)3==-

AmCOHl2+ Cafter_cm(lll)l 
, Q Np02+ Np02+ 

>r)ThCOH)4(aq) ThCOH)4(aq) 
/ AmC03+ AmC03+ 

AmCC03l2- AmCC03)2-
(Jjl H+ H+ 
~ HS04- HS04-

W Np020HCaq) Np020HCaql 
~Am+++ Am+++ . 
-1::: AmOH++ Cafter_cm(llll) 
C) 

Molality 

8. 08781E-01 
6.69363 
4.66062 
2.33687 
1. 10985 
1.06193 
1.03669 
9. 76748E-01 
6.22262E-02 
1. 44136E-02 
1. 2B960E -02 
1. 06457E-03 
1. 06294E -03 
7.21467E-04 
1.37550 
5.01618E-01 
3. 12405E-02 
1.49410E-02 
1. 03236E -02 
5.02573E-03 
2. 15044E-03 
1. 76232E-03 
1. 285 70E -03 
9.91290E-04 
8.71815E-04 
3.43518E-04 
2.21857E-05 
7. 70090E-06 
7. 15108E-06 
1.44907E-05 
5.73827E-07 
3.59244E-07 
7.00723E-08 
4. 12118E-08 
2.36899E-08 
2.35014E-09 
1. 29 115E -09 
1. 21454E-09 
1. 13274E -09 
9.94246E-10 
4.30789E-10 
3. 14B96E-10 
6. 36930E-ll 
1.06161E-Jl 
5.27987E-12 

Activity 

7.28367E-01 
8.19070 
4.54033 
1.000 
5.05594E-01 
1.000 
1.000 
1.000 
1. 22438E -03 
3.91477E-03 
2.67696E-02 
1.000 
1.000 
2.05954E-21 
1.000 
1.01573 
3.5483BE-02 
1. 49410E -02 
I. 05092E-03 
5. 12159E-03 
7.7557BE-04 
5.60771E-04 
1.66693E-03 
1. 73442E -05 
8.71815E-04 
1.000 
3. 66999E-06 
3.58482E-06 
3.12104E-08 
4.7417BE-06 
1.55853E-07 
3. 569 llE-12 
5.2977BE-09 
2.53144E-12 
3.48702E-18 
I. 18182E-13 
2.85063E-09 
1.21454E-09 
2.94366E-10 
2.70040E-10 
2.04750E-09 
2.38663E-10 
5.00528E-12 
4.50739E-J3 
4.54690E-14 

Act Coef 

0.9006 
1.224 

0.9742 
1.000 

0.4555 
1.000 
1.000 
1.000 

1.9676E-02 
0.2716 
2.213 
1.000 
1.000 

2.8685E-18 
1.000 
2.025 
!. 136 
1.000 

0.1018 
1.019 

0.3607 
0.3182 

1.296 
1. 7497E-02 

1.000 
1.000 

0.1654 
0.4655 
4.3644E-03 
3.272 

0.2716 
9.9351E-06 
7.5604E-02 
6.1425E-05 
1.4719E-10 
5.0287E-05 

2.208 
1.000 

0.2599 
0.2716 
4.753 

e. 7579 
7.8584E-02 
4.3400E-02 
8.6118E-03 

Total Moles 

5;23528E+01 
6.31308 
4.39565 
2.20401 
1.04675 
1.00155 
9. 77752E-01 
9.21217E-01 
5.85885E-02 
1. 35941E -02 
1. 14083E-02 
1. 00404E-03 
1. 00251E -03 
6.8044\JE:-04 
1.29730 
4. 73099E-01 
2. 94644E-02 
1.409 15E-02 
9.73569E-03 
4.74000E-03 
2.02818E-03 
1. 66213E -03 
!.21354E-03 
9.34932E-04 
8.22250E-04 
3.23988E-04 
2.09244E-05 
7.26308E-06 
6. 74452E-06 
I. 36668E -06 
5.41203E-07 
3 • 38820E -07 
6.50885E-08 
3.88688E-08 
2.23431E-08 
2.21653E-09 
1. 21775E -09 
1.14549E-09 
1. 06834E -09 
9.37720E-10 
4.06298E-10 
2.96993E-10 
6 .00719E-11 
J.00125E-1J 
4.97969E-12 

Molarity 

4.83704E+01 
5.83285 
4.06128 
2.03535 
9.67123E-01 
9.25367E-01 
9.03376E-01 
8. 51141E-0 1 
5.42241E-02 
!. 25600E -02 
1.05405E-02 
9.27667E-04 
9.26249E-04 
6.28688E-04 
1.19852 
4.3711!E-01 
2.72231E-02 
1.30196E-02 
8.99603E-03 
4.37943E-03 
1. 87390E-03 
1.53569E-03 
1. 12123E-03 
8.63813E-04 
7.59703E-04 
2.99343E-04 
J.93327E-05 
6.71059E-06 
6.23147E-06 
1. 25272E -06 
5.00034E-07 
3. 13046E-07 
6. 10612E-08 
3.59121E-08 
2.06435E-08 
2.04792E-09 
!. 125l!E -09 
1. 05835E-09 
9. 87069E -18 
8.66389E-10 
3.7S391E-10 
2. 74401E-10 
5.55023E-11 
9.250B6E-12 
4.60089E-12 

mg/1 iter 

8.71403E+05 
2.06792E+05 
9.33679E+04 
4.21821E+05 
3.78129E+04 
1.25977E+05 
!. 2499 1E+05 
4.96382E+04 
5.20864E+03 
!. 00360E+03 
1.08719E+03 
2.96869E+02 
3.41003E+02 
3.34515E+02 
7. 00505E+04 
!. 06240E +04 
!. 09 li0E +03 
!. 09774E+03 
7.09240E+02 
2. 70789E+02 
1. 14340E+02 
6.34431E+01 
1. 33336E+02 
5. 18367E+01 
7.60380E+01 
7.90375E+01 
2.871308 
1. 14129E-01 
1. 19187 
5.55722E-02 
1. 71546E -0 1 
1. 32427E -0 1 
2.00926E-02 
1. 39722E -02 
9.27046E-03 
5.67304E-04 
3. 02709E-04 
3. 17577E-04 
2. 9909 1E -04 
3. 14515E-04 
3. 783S7E-07 
2.66349E-05 
!. 58767E-05 
2.24796E-06 
1. 19627E-06 
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Descriptor 

-2.87E-10 
-2. 73E-10 
-3.27E-10 
-1.85E-10 
-1.89E-tl8 
5.82E-08 

-3.26E-1e 
-4. 16E-10 
3.77E-08 

-1.57E-09 
1.88E-09 
1.26E-tl8 
!. l!E-07 

-7.46E-10 
1.48E-07 
!.64E-10 

-1. 76E-08 
-2.63E-09 
-5.43E-10 
-1.68E-09 
-3.61E-09 

2.34E-10 
-!.05E-10 
-1.70E-08 
-1.09E-10 
-5.79E-10 

5.97E-11 
-1.43E-09 
-2.96E-12 
-1.28E-10 
4.06E-10 



 

 Information Only 

4/21/97 16: 14 

AmCOHJ3CoqJ Cle-9m_minimum) 
Np02COHJ2- Np02COHJ2-
ThCS04J3= ThCS04J3= 
ThCS04)2(aq) ThCS04J2Coql 
Th++++ Th++++ 
K2NaHCC03l2.2H20---Potassium-Trona 
K8H4CC03)6.3H20-__K-Sequicarbonate 
Na8508.5H20-----Sodium-Pentaborate 
Na2C03.H20 Thermonatrite 
Na2S04 Thenard i te 
Mg2CaCI6.12H20 Tachyhydrite 
K2CaCS04)2.H20 &jngenite 
KCI ylvite 
Na2C03.7H20----Na2C03-Heptahydrate 
Na3HCS04J2____Sesquisodium-5ulfate 
K3HCS04)2__Sesquipotassium-5ulfate 
Mg4CC03l3C0Hl2.3H20-DISA8LED_Hydro 
Mg5CC03l4C0Hl2.4H20-DISABLED_Hydro 
CaMgCC03l2-DISABLED'-----
Na2Ca(C03l2.2H20-DISABLED i 
K2Mg<S04J2.6H20-Picromerite/Schoen 
Na2C03.!BH20 atron 
NaHC03 hco I .it e 
K8H6CS04J7 isenite 
Na2S04. IBH20 irabll ite 
KHS04· ________ n 

MgC03-D!SABLED-------.Jl 
Na4Ca(S04)3.2H20-DISABLED ab 
K2MgCS04J2.4H20 eonite 
MgS04.H2 ieserite 
KHC03 al icinite 
KMgCIS04.3H2 ainite 
MgS04.6H20 exahydrite 
CaS04.2H20 ypsum 
Na2Ca(S04) lauberite 
CaNa2 < C03) 2. 5H20-D I SA BLED'-----"' 
MgS04. 7H20--------"i 
KMgCI3.6H20 arnal I ite 
Ca2CI2(0H)2.H20____£a0xychloride_B 
NaB02.NaCI .2H20_Teepl ei le_(20....C) 
CaCI2.4H20 aCI2-Tetrahydrite 
CaC03-D!SA8LED _______ _ 

Na6C03CS04l"'-------'"urkei te 
Na2MgCS04l2.4H20 loedite 
MgCJ2.5H20 ischofite 
K2S04·---------rll"cani te 
CaC03-D!SABLED--------l1 

vJ CaCJ2.6H20 Antarctic I te 
~ NaK3CS04)2__Aphthltal ite/Glaserite 
-._C02("sol id" ,DISABLED>-----
~ K3Np02CC03)2Csl____K3Np02CC03l2Cs) 
C) Na3Np02CC03)2(s)-lia3Np02CC03)2(sl 

HD•Novak:NESQ/HMAG:fmt_spc_nesq_970407_22.short 

3.36245E-12 
9.671B5E-14 
8.34029E-20 
!. 22515E-20 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

3.36245E-12 
!. 0570 IE -15 
4.9B600E-21 
5.94539E-19 
0.0 
1.000 
1.000 
1.000 
1.00B 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

1.000 
!.0929E-02 
5.97B2E-02 

48.54 
0.3707 

1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 
1.000 

3.17128E-12 
9.12198E-14 
7.85612E-20 
!. 15550E-20 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

2.93005E-12 
8.42808E-14 
7.26776E-20 
!.06760E-20 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0_0 
0.0 

8.61498E-1l7 
2.55423E-138 
3.78077E-14 
4.52825E-15 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0-0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 
0.0 

5.20E-ll 
--4.01E-10 
-2.43E-138 
-2.12E-138 
-2.40E+01 
-9.32 
-3.18E+01 
-7.73 
--4.07 
-1.31 
-l.50E+Bl 
-5.56E-1ll 
-2.83E-1ll 
-3.95 
-!.l7E+01 
-l.l9E+01 
-!.24E+03 
-!.45E+03 
-8.07E+02 
-9.01E+02 
-2.91 
--4.00 
-2.05 
-6.41E+01 
-I. 75 
-!.05E+01 
-6. 11E+02 
-!.20E+03 
-2.98 
-2.92 
-3.69 
-2.51 
-2.10 
-5.58E-132 
-7.15E--1l1 
-!.03E+03 
-1.99 
-2.71 
-1.05E+01 
-2.35 
-5.89 
-6.30E+02 
-5.87 
-2.71 
-3.45 
-1.73 
-6.30E+02 
--4.59 
-2.25 
-5.07E+02 
-3.02 
-1.92 

. :, 
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4/21/97 16: 14 HD•NoVQk:NESQ/HMAG:fmt_spc_nesq_970407-22.short 
21NaNp02C03.7/2H20(s)l 0.0 1.000 Np020HCamor) p020H<amor) 0.0 1.000 Np020HCagedl p020H(agedl 0.0 1.000 21ThCS04l2.7/2K2S04(16C,sll 0.0 1.000 ThCS04l2.2K2S04.2H20(!6C,sl 0.0 1.000 ThCS04l2.K2S04.4H20(!6C,sl 0.0 1.000 Th<S04l2.Na2S04.6H20(!5C,sl 0.0 1.000 ThCS04l2.8H20(s) 0.0 1.000 ThCS04l2.9H20Csl 0.0 1.000 NaRm(C03l2.6H20Ccl 0.0 1.000 Am<OHl3Csl mCOHl3(sl 0.0 1.000 B<OHl3 or i x.Jlc: I d...So I i d 0.0 1.000 KB508.4H20----K-Pentaborata_(30_c) 0.0 1.000 K2B407.4H20---K-Tetraborata_(30_c) 0.0 1.000 Na28407. !eH20 orax 0.0 1.000 NaOH<aql to.titrate.base.only 0.0 0.0 HCI Caq) to.titrate.acid.only 0.0 0.0 Na3H<C03l2.2H20 Trona 0.0 1.000 Na802.4H20 odium..11etaborote 0.0 1.000 K2C03.3/2H2D___Potassium_Carbonate 0.0 1.000 Ca4CI2COHlo. 13H20--Ca0xychloride_A 0.0 1.000 KNaC03 . 6H20 -No-Carbonate 0.0 1.000 Ca(OHl ortl andi te 0.0 1.000 K2MgCa2CS04l4.2H20 olyhal ite 0.0 1.000 

pH C-loglaH+ll; pmHC-loglmH+ll 8.6888 9.3557 Osmotic Coefficient= 1.340579 
Equilibrium AH (~) = 72.836675 
Ionic Strength Cml = 7.458238 
Density, kg/m3 = 1231.25 
fC02Cgl; I ogl fC02<gl I= l.438E-04 

NOTES: - Water "molal i ty" is mole fraction H20 in aqueous phase -Gas "molality" and "activity" are gas partial pressures 
- "Descriptor" means: 

1.000 
1.000 
!.000 
!.000 
1.000 
1.000 
1.000 
1.000 
!.000 
1.000 
1.000 
1.000 
!.000 
1.000 
1.000 
1.000 
!.000 
1.000 
!.000 
!.000 
1.000 
1.000 
!.000 
1.000 

-3.84 

+dG/RT/lnla for species with nonzero cones. (convergence criterion) +saturation Index for minerals, SI=logl0(!AP/Ksp) 
+JoglaCoctivity> for aqueous species with very small concentrations +Jog10<partial pressure) for gases 

Total G/RT= -1.00009938E+04 

Total Diagonal Inversions 375 
Total Stoichiometric Reoptimizations 40 

0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
0.0 0.0 
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0.0 -4.08 
0.0 -5.21 
0.0 -4.51 
0.0 -3.48E+01 
0.0 -!.59E+01 
0.0 -l.58E+01 
0.0 -1.45E+01 
0.0 -!.80E+01 
0.0 -!.81E+0l 
0.0 -6.36E-0l 
0.0 -2.49 
0.0 -2.26 
0.0 -7.32 
0.0 -6.15 
0.0 -3.62 
0.0 -2.95E+02 
0.0 -2.48E+02 
0.0 -5. 13 
0.0 -2.93 
0.0 -8.59 
0.0 -2.32E+01 
0.0 -5.11 
0.0 -7.15 
0.0 -1.67 

':' 
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$ csh "' 2:2.ir. 

History of CMS L~brary wP$NONPA_CKSROOT:{FMT] 

21-APR-1997 15:08:35 CFNOVAJI; CREATE ELEMENT FMT_ERDA6_HKAG4323_ 970407_22.IN ~APRIL 97 MGO RUNs~ 
21-APR-1997 15:08:36 CFNOVAX Cl<EATE ELEMENT FHT_ERDA6_HMAG5~24_970407_22.IN -APRIL 97 MGO RUNSn 
21-APR-1997 1s1 oa: 37 CFNOVAit. CREATE ELEMENT FMT_ERDA6_NESQ_970~07_22.IN nAPRIL 97 M.GO RUNS .. 
21-APR-1997 15:08:38 CFNOVA,K CREATE ELEMENT FMT_SPC_BMAG4323_970407_22.IN -APRIL 97 l"'GO RUNs-
21-APR-1991 15:08:39 CFNOVAK CREATE ELEMENT FHT_SPC_HMAG5424_970407_22.IN ~APRIL 97 MGO RUNs• 
21-APR-1997 15108140 CFNOVAK CREATE ELEMENT FMT_SPC_NESQ_970407_22.IN ~APRIL 97 MGO RUNSM 

$ csb •_22.inguess 

tCMS-H-NOBIS, no history records found 
S cfe *_22.in 
Your CMS library list consists of: 

WP$NONPA_CMSROOT:{FMTJ 

%CMS-I-FRTCBED, 
ICKS~I-nTCBED, 

generation 

9eneration 

1 of element wP$NONPA_CMSROOT1[FRT]FMT_ERDA6_BaAG~323_970~07_22.rN fetcbed 
1 of 

%CKS-I-PETCBED, generation 1 of 

element WP$NONPA_CMSR00Tf[FMT)~_ERDAG_BMAG5424_970407_22.IW fetched 
element WP$NONPA_CMSRoatt[PMT]F.MT_ERDA6_NESQ_970407_22.IN fetched 

tCMS-1-FETCHED, generation 1 of element WPSNONPA_CMSROOT:[FXT}FMT_SPC_BMAG4323_970407_22.IN !etched 
ICKS-1-FETCBED, generation 1 of element HP$NORPA_CMSROOT:[F.MT]PMT_SPC_HMAG5424_970407_22.IH fetched 
%CHS-I-FETCBED 1 generation 1 of element HP$.NOBPA_CMSROO'I':(PMT]PMT_SPC_HES0_970.f.07_22.IN fetched 
%CHS-!-PETCBES, G elements fetched 
$ dir 

Directory Uli[CCCRAFT.KARCYJ 

PMT_ERDA6_~323_970407_22.IN;l 

RKT_ERDA6_NESQ_970407_22.IN;l 
rMT_SPC_HKAG5424_970407_22.IM;l 

Total of 6 files. 

PMT_ERDA6_RKAG5424_970407_22.IN;l 
FMT_SPC_BKAG4323_970407_22.IN;1 

FHT_SPC_NES0_970407_22.IR;l 
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File=FMT_SPC_HMAG5424_970407.IN 

'Actinides in SPC Saturated with NaCl,CaS04,Brucite,Hydromagnesite5424' 

'CHEMFILE' 
'BATCH' 'EXPLICIT' 

'nMOLES' 'nEXACT' 
1.36767180E+D2 Hydrogen 
7.99098638E+01 Oxygen 
5.69295395E+DO Sodium 
1.04775026E+DO Potassium 
6.80724482E+00 Magnesium 
1.03305403E+DO Calcium 
9.8!438839E+00 Chlorine 
1.06024227E+00 Sulfur 
1.00104081E+DO Carbon 
O.OOOOOOOOE+DO Poslon:EL 
O.OOOOOOOOE+DO Neglon:EL 
O.OOOOOOOOE+DO Oxalate:EL 
2. 71882500E-02 Boron 
1.35941250E-02 Bromine 
O.OOOOOOOOE+DO Acetate:EL 
1.00497956E-03 Th(IV) 
L00438590E-03 Am(ill) 
0.00000000E+00 Pu(ill) 
1.00263669E-03 Np(V) 
O.OOOOOOOOE+DO Cl04:EL 
O.OOOOOOOOE+DO Phosphorus 
O.OOOOOOOOE+OO U(IV) 
O.OOOOOOOOE+DO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE+DO Citrate:EL 
O.OOOOOOOOE+OO Electron:E 
0.0 Charge:EL 



 

 Information Only 

File=FMT_SPC_NESQ_970407.IN 

'Actinides in SPC Saturated with NaCI,CaS04,Brucite.Nesquehonite' 
'CHEMALE' 
'BATCH' 'EXPUCIT' 

'nMOLES' 'nEXACT' 
1.36767180E+02 Hydrogen 
7.99098638£+01 Oxygen 
5.69295395£+00 Sodium 
1.04775026£+00 Potassium 
6.80724482£+00 Magnesium 
!.03305403E+00 Calcium 
9.81438839£+00 Chlorine 
I .06024227£+00 Sulfur 
!.00!04081E+OO Carbon 
O.OOOOOOOOE+OO Poslon:EL 
0.00000000E+00 Neglon:EL 
O.OOOOOOOOE+OO Oxalate:EL 
2.71882500E-02 Boron 
1.35941250E-02 Bromine 
O.OOOOOOOOE+OO Acetate:EL 
1.00497956E-03 Th(N) 
I .00438590£-03 Am(lll) 
O.OOOOOOOOE+OO Pu(lll) 
1.00263669E-03 Np(V) 
O.OOOOOOOOE+OO CI04:EL 
0.00000000E+00 Phosphorus 
O.OOOOOOOOE+OO U(N) 
O.OOOOOOOOE+OO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE+OO Citrate:EL 
O.OOOOOOOOE+OO Electron:E 
0.0 Charge:EL 

.· 
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File=FMT_ERDA6_HMAG4323_970407JN 

'Actinides in ERDA6 Saturated with NaCI,CaS04,Brucite,Hydromagnesite' 
'CHEMFILE' 
'BATCH' 'EXPLICIT' 

'nMOLES' 'nEXACT' 
1.13289995£+02 Hydrogen 
6.57555273£+01 Oxygen 
7.19980915E+OO Sodium 
1.1008774 7E-Ol Potassium 
2.04429362£+00 Magnesium 
1.01344192E+00 Calcium 
6.96738842£+00 Chlorine 
1.19112712E+OO Sulfur 
I.00103!49E+00 Carbon 
O.OOOOOOOOE+OO Poslon:EL 
O.OOOOOOOOE+OO Neglon:EL 
O.OOOOOOOOE+OO Oxalate:EL 
7.08491570E-02 Boron 
L23704871E-02 Bromine 
O.OOOOOOOOE+OO Acetate:EL 
11.00000678E-03 Th(IV) 
L00041150E-03 Am(ill) 
O.OOOOOOOOE+OO Pu(III) 
1.00253377E-03 Np(V) 
O.OOOOOOOOE+OO CI04:EL 
O.OOOOOOOOE+OO Phosphorus 
O.OOOOOOOOE+OO U(IV) 
O.OOOOOOOOE+OO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE+OO Citrate:EL 
O.OOOOOOOOE+OO Electron:E 
0.0 Charge 



 

 Information Only 

FiJe~FMT_ERDA6_HMAG5424_970407JN 

'CHEMFILE' 
'BATCH' 'EXPLICIT' 

'nMOLES' 'nEXACT' 
1. 13289995E+02 Hydrogen 
6.57555273E+Ol Oxygen 
7.19980915E+OO Sodium 
I .I 008 77 4 ?E-0 I Potassium 
2.04429362E+OO Magnesium 
LOJ344192E+00 Calcium 
6.96738842E+OO Chlorine 
1.19112712E+00 Sulfur 
1.001 03!49E+OO Carbon 
O.OOOOOOOOE+DO Posion:EL 
O.OOOOOOOOE+DO Negion:EL 
O.OOOOOOOOE+DD Oxalate:EL 
7.08491570E-02 Boron 
I .23704871E-02 Bromine 
O.OOOOOOOOE+OO Acetate:EL 
I 1 .00000678E-03 Th(IV) 
L00041150E-03 Am(ill) 
O.OOODOODDE+OO Pu(III) 
1.00253377E-03 Np(V) 
O.OOOOOOOOE+DD Cl04:EL 
O.OOOOOOOOE+DD Phosphorus 
O.OOOOOOOOE+OO U(IV) 
O.OOOOOOOOE+OO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE+OO Citrate:EL 
O.OOOOOOOOE+DO Electron:E 
0.0 Charge 

• 
• 
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File;FMT_ERDA6_NESQ_970407.IN 

'Actinides in ERDA6 Saturated with NaCl,CaS04,Brucite,Nesquehonite' 
'CHEMFILE' 
'BATCH' 'EXPLICIT' 

'nMOLES' 'nEXACT' 
1.13289995E-tD2 Hydrogen 
6.57555273£-tDI Oxygen 
7.199809!5E+00 Sodium 
1.10087747E-OJ Potassium 
.2.04429362£+00 Magnesium 
1.01344192E-t{)O Calcium 
6.96738842£+00 Chlorine 
1.191127!2E+00 Sulfur 
1.00103149E+00 Carbon 
O.OOOOOOOOE+OO Poslon:EL 
O.OOOOOOOOE+OO Neglon:EL 
O.OOOOOOOOE+OO Oxalate:EL 
7.08491570E-02 Boron 
1.23704871E-02 Bromine 
O.OOOOOOOOE+OO Acetate:EL 
11.00000678E-03 Th(IV) 
1.00041150E-03 Am(III) 
O.OOOOOOOOE-tDO Pu(TI!) 
1.00253377E-03 Np(V) 
O.OOOOOOOOE+OO C104:EL 
O.OOOOOOOOE+OO Phosphorus 
O.OOOOOOOOE+OO U(IV) 
O.OOOOOOOOE+OO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE-tDO Citrate:EL 
O.OOOOOOOOE+OO Electron:E 
0.0 Charge 
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File=FMT_SPC_HMAG4323_970407.IN 

'Actinides in SPC Saturated with NaCI,CaS04,Brucite,Hydromagnesite4232' 
'CHEMFILE' 
'BATCH' 'EXPLICIT' 

'nMOLES' 'nEXACT' 
1.36767180E+02 Hydrogen 
7.99098638E+Ol Oxygen 
5.69295395E+OO Sodium 
1.04 775026E+OO Potassium 
6.80724482E+OO Magnesium 
1.03305403E+OO Calcium 
9.81438839E+OO Chlorine 
1.06024227E+OO Sulfur 
1.00 10408IE+OO Carbon 
O.OOOOOOOOE+OO Poslon:EL 
O.OOOOOOOOE+OO Neglon:EL 
O.OOOOOOOOE+OO Oxalate:EL 
2.7!882500E-02 Boron 
1.3594!250E-02 Bromine 
O.OOOOOOOOE+OO Acetate:EL 
1.00497956E-03 Th(IV) 
1.00438590E-03 Am(III) 
O.OOOOOOOOE+OO Pu(III) 
l.00263669E-03 Np(V) 
O.OOOOOOOOE+OO Cl04:EL 
O.OOOOOOOOE+OO Phosphorus 
O.OOOOOOOOE+OO U(IV) 
O.OOOOOOOOE+OO Lactate:EL 
O.OOOOOOOOE+OO EDTA:EL 
O.OOOOOOOOE+OO Citrate:EL 
O.OOOOOOOOE+OO Electron:E 
0.0 Charge:EL 

.·.·. 
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