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1.0 INTRODUCTION

FMT is a FORTRAN computer code used to calculate chemical equilibrium in high-
ionic-strength geochemical systems at 25 °C. FMT Version 2.4 has incorporated the
following additional functionality:

» Fix solution pH or CO; fugacity (feoy) as specified in an input file.
» Disable any chemical species as specified in an input file.

The thermodynamic database that supports FMT calculations has also been updated.
This addendum provides additional information about the use of FMT Version 2.4. For a
complete use instruction, a user should also refer to FMT User’s Manual Version 2.3.

1.1 Software Identifier

FMT, Version 2.4 Code Prefix: FMT
1.2 Point of Contact

Code Consultant: Yifeng Wang
Sandia National Laboratories
Organization 6821
115 N. Main Street
Carlsbad, New Mexico 88220
Tel: (505) 234-0030

Code Sponsor:  Yifeng Wang
2.0 Requirements

Functional Requirements

R.1 FMT predicts mineral solubilities in the Na-K-Mg-Ca-H-C1-S04-OH-HCO4-
C0;-C0O2-B(OH);-H,O to high ionic strength at 25 °C.

R.2 FMT predicts solubility behavior of Am(III), Th(IV) and Np(V) in brines
such as those found in Castile, Rustler, and Salado Formations near the
Waste Isolation Pilot Plant (WIPP).

R.3 The “batch” simulation mode calculates chemical equilibrium for a given set
of element abundance.

R.4 FMT supports three titration calculation modes: user-specified increments,
linear increments, and logarithmic increments.

R.5 FMT fixes solution pH or fco as specified in an input file.

R.6  FMT disables any chemical species as specified in an input file.
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3.0 Executing FMT Version 2.4

The execution of FMT Version 2.4 is the same as that of Version 2.3, except that the
executable code and databases need to be replaced by:

FMT QB0204.EXE
FMT_PH_970407.CHEMDAT
FMT_HMW_AM3PU3TH4NP5_960823. RHOMIN

These files can be fetched from the SCMS.
4.0 Description of Input Files

A minor modification has been made to input files FMT_*IN in order to accommodate
functional requirements R.S and R.6. The following two examples provide sufficient
information about the modified input file format.

Example 1

In this example, FMT is used to calculate the species concentrations in the WIPP SPC
brine. The SPC brine has been used to represent the WIPP Salado brine in various
experiments measuring colloidal and dissolved actinide concentrations. In the example,
no pH or CO;, fugacity are specified, and no chemical species are disabled. The
corresponding input file FMT SPC_BM.IN is listed below:

'Benchmark BATCH Problem: SPC Brine, Appx.B SAND21-2111"
'CHEMFILE'

'BATCH' 'UNUSED'

'DISABLE SPECIES'™ 0

'nSET FC02' 0.0

'nSET_PH' 0.0

'"nMOLES' 'nEXACT!
.11084063E+02 Hydrogen
.57650233E+01 Oxygen
.00000000E+0Q Sodium
.40000000E-01 Potassium
.55989951E+00 Magnesium
.64000000E-02 Calcium
.83000000E+00 Chlorine
.36000000E-02 Sulfur
.07101504E-03 Carbon
.00000000E+00 Poslon:EL
.32000000E~02 NegIon:EL
.00000000E+00 Oxalate:EL
.18000000E-02 Boron
.09000000E-02 Bromine

HFNOOOOR OFRFEDNOGRF
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OO OoOoCcCOoO OO0 OO0 OO0

.00000000E+0D
.00000000E+00
.00CO0000E+OD
.00C00000E+0D
.00000000E+CD
-0000000CE+CO
.00000000E+00
.0000C000E+0Q0Q
.0000C000E+00
.Q0000000E+00
.000000C0E+00

00000000E+00

Acetate:EL
Th{IV)
Am(III}
U(VvI)

Np (V)
Cl04:EL
Phosphorus
U{Iv)
Lactate:EL
EDTA:EL
Citrate:EL
Electron:E

2.71310752E-15 Charge:EL

Example 2

In this example, FMT is used to calculate the speciation of a Na-K-CI-CO; solution with
a fixed pH of 8.3 and foop of 107 atm. Species NaCl (halite) and CO; (aq), represented
by numbers 171 and 14, are disabled in the calculation. The corresponding input file

FMT_FCO2_PH_FIXED.IN is listed below:

TSETTING CO2 fugacity and pH'

'CHEMFILE"

'BATCH' 'EXPLICIT®

'DISABLE SPECIES'

171 14

'SET_FCO2' 0.9999%e-4 1.00001d-4

'SET pH' 8.3

2

'nMCLES' "nEXACTT
111. Hydrogen
79.5 Cxygen
7.0 Sodium
4.5 Potassium
0 Magnesium
0 Calcium
11.5 Chlorine
0 Sulfur
12.0 Carbon
0.0 PosIon:EL
0.0 NegIcon:EL
0.0 Oxalate:EL
0 Boron
0 Bromine
0.0 Acetate:EL
0 Th(IV)

0 Am({III)
0.0 U(VI)

0 Np (V)

0.0 Cl04:EL
0.0 Phosphorus
0.0 U{IVv)
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ol oo o]

o000 oo

Lactate:EL

EDTA:EL
Citrate:EL
Electron:E

Charge:EL
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5.0 Appendix: List of Thermodynamic Database FMT_PH_970407.CHEMDAT

PFMT_pH_270407. shemdat '

*Added ThiCO3)5-CL[-Ha) Pagms, ssslgned Xs—Th(CO3)}S=== by analogy'
47 21a 'MNEN T' ‘nACTCOSF' 'nECHO' 'RABGDY

200 1.9-8 1.4+l

THONE' 28%€¢.15 L.d40 1.a0

"iyquen' ‘Dxygen’ 'Sedium’ 'Pokaazium' 'Magnesium' *Calelum' 'Chlorine' 'Sulfur' 'Garbon’ 'FoslontEL*

'MegIon:EL' ‘Cxalate:EL oron' 'Bromina' 'Acetate:EL' 'TR{IVIY ‘Am[ILI)* 'EuiLII]’
'Cio4:EL' Phosphorua' "W[IV]' 'Lactale:EL' 'EDTA:EL' 'Citrate:EL' 'Eleszeen:EL’ 'Charg
L.DATS 15,9994 22.98977 30,0083 24,305 40,08 35.453 6 12.011 0.0 D.0 28.84 LO.AL 79,40

o
232.038% 243.0 226,033 237.0462 99.4306 30,974 L0 89.07 ALK AR 1%3.1 0.0 0.0

W

420 WATER" 2 1000000000300 000000G000 1 -35.64635 HARE 4
Nat' 0 0L 000000000 0d0aRCaOR U0 1 -105.851 HHRE
Kt' © 001000004000 0H0000ADNDD T 113,087 HHWES
Catkb’ &+ PCADLIA0O0TO0DDAOONDNGDO0 G 1 -223.30 HHWE S
Mg+b! 0 000Ll0000Q200G0000C00QC0NN FETENY ] HHWE
BgOHs' 1 1001040040000 0DOBOA00NAc0 1 -381.94 HHWE L
H+' 1 0000 0AN0N0OORO00GRA00AN 1 0. HHWE L
Q1= O 60000 LO0000C00ID0DRCAR 1 Hwo4
50¢n P 40900C10000L0O0IDOCDD AN 1 Wi
THEGE- 1 4040001 0GANEAUTDOE0OGTD 1 HEL
TOH- 1 10809000 RARDO0T00C00R0 1 L]
*heoi- 1 3000000100000000Q008CTD 1 R4
‘oona- 0 30E0E00L100000C00DBLOT LA 1 HMWE
roazlag) Coifagl' 0 26 LQGOALDADOOGDOODOOCOGEOD O L -L55.E8 HMWE Y
‘cacod(ag) Catdifag]' 0 3 0D0INO010J0Q200AOG0O0G0O0GEN O L -443.5 HMWE 4
' HgTOGaq] Hgfodfagl' Q0 3001000100003 00000DANDADDNA O 1 «403.155 HMWE4
'BIOH1 3 (aq] BIGHIAtagl' 3 3100400000021 00803003009000 0 1 -390.61 el
YBIOH) 4= BIOHIA=' ¢ 40000000 GEOOLICO00C00CE00CD0ON-] -5€5.20 WG
*RI0F (O] 4= BIO3(CHIA-' 4 T0QCO000000Q3CO0LA0RO0T00Q-] Wi
TBAOS (O] 4w BIOSIOHIA=" & 0GR QU0 UG GIADIDDDELDOED0D 2 W85
'CaBIoK) 48 CaROH]44E' 4 40001000003 LO0OGRO0000D0DO0Y 1 3 FWaE
*MaE oK) 4= MEB(OHI4+' 4 40 GLO0000DCAL0AGRARNBANLOND 1 1 FWUE
- Br=' 0 QUODUODAUDINIAODLDODDOCD0D L achitrary
"elos- pecchlorate” U GO0 GO0O0DGOZE0G0N 0000060002 =] 1 CPHS50TOS
"HalH (2} to.titrate.baseenly’ 1 3110000000020 0ANDU0GO00OD0T 1 arbitrary
"HT1{ag) wo.titrateacidionly’ 3 00000 LOINROCOCOG0IDAOH0D0OE 1 arbitrary
*HElod fag) To.titrate.acidiorly' 1 00800 005 0QODOIHO0ARLIADDADY 1 avbltrary
TBsslen EOSITIVE.ZON' ¢ 006 0L 0001l O0A0L0URG00G000C0 1 ¥
"Neqlon MEGRTIWE.ZON' ¢ 00 0O0Z 000 Q1 0GO00G00T3Q00G60940D0 1 arhltracy
*PosTon (OH) laq} Te.Bifkatebase’ 1 1L DOLOOD1O000GC00300360080 1 arhitrasy
cegIon (aq} to.titrate,acid’ 1 4000000001 Q09C0ACLBOEB0ODD 1 siBiTY
HAROA {ac ) K3IPM(2q)’ 3 4 0000000000000 00D00LG0EDD0 1 -460.30 REFSZ
HZBO4- HZEOL=' 2 423000 a0DOBODO0ORDD0L00SED0 1 -455.96 REFS2
1 2300000000000 C00C00100LDD 1 -23%.367 cEngha
T 4000000000000 LAGHABLDOCRO 1 -410.847 REF9¢
Ak G 000000008 ADAGRULDOO000G0EDD 1 -241.6% THES0
* ARCOZ+ 6 ADONGUDIOB0ORDO]ODGEDORECD0 1 -472.060 FRE30
*Ami CO3) 2- U 6D0000020003000100ADGADAD 1 635,984 FRFYD
'AmICI3) dme D 3000000390020 00100400MBQY 1 -915.460 FRF90
* A+ falker CoIIIINE' 1 1000000 Cd0020001bLO00N0C00 1 -315.252
“Am{OH) 24 lafter ClII}' 2 2000000 0G0000001 080000000 L -392.281
*BmiGHI 2 Tsg) ile-3m minimumi' 3 3000000 0C0DQ0SH00L0QA0BAONDON 1 LBUd
*Bubes Fusis' B H00GO0CD00B0UROBOC0L0G0NA0DG 3 1 ~235.d ERSRES
" BuCO3+ BucOl=' 4§ 3 D00O05G1C000O00I01I0030D00GG 1} ~:635.766 amalegy W AMILIT)
BU{COd 2 PU(OOZI2-' 0 £ 09 0OCD200L00L00EA1C000G00G«] L -587,565 analegy w/AmiIIl)
" Pu{CO3 b F EufCO33=-' B 30000503504 0D00G50130030G000 -3 L 909,166 analegy w/Am{II1)
" BudH++ [aftef Cm(IID)I* | 10U BOCRO0D000QO0GDII005 0030 2 ) -157.068 analagy wrANIL)
ThuColl 24 fafter EmlIZ10)' 2 200 0QGOOGQUO00OUROlE0RUTNOT0 1 1 ~389,987 analogy w/hm{IZ1]
'EU(OH) 3 (ag) [le-fm mindmumi' 3 3000000000 N0UORNIDAGEDO DG & 1 463,208 analogy wrikmi ]
IThests Totbd' 0 0O B0OD0DO00DA0O0LOUO00D0L0O0 TN 1 1 -zHl.EEY FRMIL
"Th (G03) Smmm TRICOA]Sm==! 015 000000500 000¢L00G0ANLAAODG -6 1 -1411.378 Fas)
"Th(OH] 21£03) - Th [OH] 24C03] 3 8000000100000 A0D00O0DGED -} 1 -T75627 FREVHTIE
“Th (O] 4 (ag) Thioid(ag)' 4 4 000000NDCCRGAGLO0000GO0GCCE 0 1 -22.840 CENIEOLLY
Pth{SG 12 (ag) ThiSoiZ(aa)! 0 O DLAODZOUD0GORNLONQDOCOOGD B 1 -S1L.69 Fagz
"TRISO4)3u THISOA3MY Q1200000300500 0100030DOMD -2 1 -1714.9 FRIZ
L Ustsd! 0 00 0000UDARC000G00000 20000 4 1 -214.19 RESHMN
TUGH UoHe++! 1 1 00000CDODRO0GOOD02020000 J 1 -308.7 RESMMN
"U{CO3] Smun VICONS===" (1500000350 000300800001 04006 1-1385.485  Ral9b
*U4OH) 2(03) 2= UIOHIZICO32=" 2 3002005200000 0020000104000-2 L -B63,38) AayfE
*U{OH} 4 [CO3) 2=m UIDHI4 (00 2e=! 4 10 00 Q80 L2 NDBA0DTGO0BG0ID0D000-4 1 -996.662 #alse
"U{OH) 4 [ag) U{DHI4Magl' 4 4N DO B0 0ADONAI0GIDG0BITAND O 1 999.999
Uis0a] Z{ag) UIS04i2[ag)’ 0 BAOA DG Z0DODODOOOO0I0DON1IODLD @ 1 599,538
"UiSDa] G UI$od13=' 012000003008 00000360002 a000-2 1 399.998
"HpOZY MpORE' 0 2000000005000 00302000aMnR 1 1 -369.108 FKSS
*HROPCOA= NPpOZCU3-' 0 50000021 08000000 04%0000000-1 1 -593.635 FNKBE
"NpOZ{Lod ] im HED2Z[Z6III-=" 1 FHLOD6I2000Q0IDB00210000000 -3 1 -809.895 [ELEH
*NpQZ { COT} 3==n NpOZ €031 3m 0L O0I00IIOCLO0040DAN1II000000-5 1 -l020,306  FAEIS
“NpOZCH [2g) MpOZCHIAGH' 1 1002 000G CL0U0T00001aR0d000 0 L 435758 K
THpQZinili2- NpOZ LOH] 2 400300CO00006GE 00201300500 a-1 1 -506.228
"KAriagh BoericAsia’ 1 00 OLAGCUDDAOCLOE0OC002000 O L -l52.3 HBCIE
"Re- Seebate=' T BOO0DG000000ODL0 OLOO N0 U -1 L -idi.347 NECEE
'HICLEgate Lo h Cleclehcid' 3 000 COOGOARDADBDRACDOOEHQCEO1D O 030, GO0 RoM9g
'H2CItrate~ HiCitrate=' 2 CQOROGDOOGOOO0O0DOGCO0GD0QC0L-] 1.245 K96
‘Keitrata= HOltrates! 1 00600 GOOG000O0000LO00BOORDLA-2 1 183 RCMIE
reicrares- Citrate=—' © C0QCODO0GO00G0QQDAGLAGDOOCA10=3 L 33.088 REM3E
'H4EDTA {2} H4EDTA{ag)' & CAODUBOOOGOIGOOOLOO0000CEL00 0 L ood.on RCMIE
IIEDTR- MIEDTA—' 3 COO00Q0GOOOGO000000L00BA0RTI00-1 1  5.360 ATHIE
'H2EDTR= HZEDTAs 2 6000000000000 AD000DTO0A=2 &% 11.658 RCMIE
“HEDTAm= WEDTA=—' | QO0O00GGOGUAODOADOGE0EET00-3 L 26700 RIMIS
*EDTR== EDTA==' & UDOROBDOCO0DOCOCDO0AC00L)0M-1 nZ.o08 ROHGE
‘K20 1ag) Oxalicheid' 2 00 QDOGCOGUIOGBAOUROODO0CR00 0 L 0,000 ATHIE
*HGx- Bicxaian 1L 0004806 RA0DLOCRGEDY S 00300 1 a.08z ACMIG
"0 Oxalal 9 9003006080100 00CE00ED0RDD L2780 REMEE
“Hiagtatelag! LagtdaAeld' 1 000 G000LAUCO0800C0G0200L000 0 1 0O0LO0C RCHIE
*Lacrtate- Lagtate=' 41 40006020 600¢200ED0E0O01 800 -1 4,008 RMOE
" RmAT O A00ANOC0D0DD001L0L00RO0D000 & L -195.3508 RCMIE
*AmCiziaq) 9 A00006206000ID0LO0ABTABLN 0 ) -uIRERT RCMIE
' AmEDTA= 0 000A60D08C000001N0AG0D0L 001 L =332,577 ACHIE
' AmGx 0 000000A0UDT1004G100A0000600 1 L -243.483 RCHSE
tAmlacts U d0B000IROCO00H0LO0AO0 L NHEa ¥ L -pd4z.388 RCHOE
*Pudce+ PuRcetatert! 0 000000400 LUBO10010A00 8GO0 2 1 analogy wiBmillly
'PuCit (ag] PuCitratefaqt' 0 A4 CUBO00B030090G01000008L0 O analegy wilmiIT1}
' FuEDTA- FuIDTA-' 0 00000 QAD0C00000AL0ABDALED-1 1 analagy w/Am{IIL)
*Pucx+s Budzalaze+! 0 00000000 UDI00000L00A0GH00 1 L -235182 analegy wilmiIIT}
'Pulaets PuLactatet+! 0 26 0A0DA0O0G00000AL 00601000 2 L -231.045 analogy wikmiII1}
‘Thacs++ TRBEHHY 0 4000000 00000C1140000000600 3 L -445,.637 ACHIE
PTRCItH THCLE+! 0 300 L0000 DODI01AG000000L0 1 L -205.706 RCHIE
'ThEDTA 2] TREDTA(AT}' 4 A0 DA002300006301$003008L 00 4 i =285817 RCMIE
*Thizee TRLZOAI*4T 0 00030000 G0L0I01ENBLDOIB0D 2 ~287.476 ATMIE
*ThLack++ Thlace-+' 4 O 0GO0BCLOGGAURR1500CA0L0Q0 3 L -291.182 ACMIE
TUncrer VIT)Act=+! 1 1503000000060 L0CO0ED0LED0DO0A A 5 =374.602 amalogy wiThesad
fUcits WIIVICLES' 5 D003 0Q000GCQAGCL0OOLABRN1G010 1 3 -2l6.658 aralogy wiTht+as
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"UEDTA{ ag) ULIVIENARG) B G0 A0GI0DGE00A 000 [ 08 o0 1 -zl5.780 analegy w/Thet e
‘ULaceet UiIVilagtie' @ 000000000 00ADOUO0LANG] en 3 1 145 analoqy with++s
Uonck UIIViGz+s' & @ 0OH0ADOA0100000000C0 00 2z 1 -227.03% analogy wiThrtr
"HpGzac(ag: HpOZAciaq)’ 0 0000040030030 200010600 90 0t =519.50% HECHG
PG L f 2000090030020 0000)1HEA 10 - 1 -313.086 ROMEA
TMpC2ELTA=- 0 2C0AGVADOGUOAORDILOO0LO0D 00 -3} -337.03 FCM38E
TP Kpo20xalata-' & 2 040 0G000D1CG000GOLR00 00 -1 & -3§6.452 REMES
upo2Llac (aq) NpOZLactateiaq)t 0 Z GO0 03DO0B0O0G00IHOLO0D 09 0 1 -364.266 ROM96
THgho+ Mghc+! 0 004100000 AGEG1D00C00000A0G | | -333.348 RCMBEC
THgEik- Mgiit-' 0 00C1d0BU0DADBDAADAEZH0AROLCE-1 1-161.973 RCMEES
'MGEDTA MgEDTA=! 0 00216000600 6G000009CO0L0140-2 1 -l160.325 RCMEGT
" Mgox | ag) Mgtxlagi® 0 $Q L LOODODOLO0OCCL0OGLOORA0AD 0 1 -1TE.HE ROM 96
*MgLae+ Mglac+' 0 00CLGOOUODAOAUADROODDO0L GG L 1 28980
'Canct (Mg-snalog)' 0 000010000060 0100000000G0E0 L 1 -373.378 analagy wiHgre
*CaTine Mg-analegl' 9 240 0010200C00UO0DAYDAODA0L0-1 1 -20LELL analogy wikght
'CAERTAR My-zmalog)' & £ODLHLUBOODODEDGDRDNIBGILG0-2 1 -200157 analeqy wrtige+
‘A (aq) (Mg~amalog)’ 0 D005 1 OC0GOLOCO00000Z00aBNG 0 1 =218.712 analogy wikgte
‘Calac- fMg-analogh! € 20 QL1 OROOQCOIOCOOE0OBOLIR0G 1 1 899.998
"Unucackl- L COODDODDL00R0OCH0OCOALDO0A 1 493,595
unuand - 000G 00G00010B0AGHONEORD0DD -1 EEPNETEY
WAl 2- 0 G00000000IEV0AOLA0EBAD D00 ] 995, 98¢
"nuAai3- 0 LOOGDOOOOIBITOONGA0GC00C 00D 935,355
"Unubnd - 0 0000 0d0OGLE00AGDOULA0D0A] -1 3 595,985
"inuNeukl lag) Ui#liag)' © SO0 DIONDOLISEN0O0DA0D Q000D 2 1 535,394
*AnGHCEd {e) ARGHCG3e]' * 409008001 00C0U0001IA0G0 a0 LA0OT § F -36Y.90  FRESO
*AmLOH |3 (5] AmMGHI3IE)' 3 3000000000 DADCEOIN00000D005 3 2 -452,294
"HaRm {00312 GHZ0I 1 "1 1210000022 0000301090000000C1 2 I -1396.460  RRTENIG
"hnpOdteh ARFRATET" 0 400000060600 0DD0IO100B0LO0ADDE & F -700.750  KPFSZ
* PUORCO3 o] PUGHCO3IE]' 1 48602001 0B00UTN01 000 0000E & 2 -5E1.686  analegy w/Am(IID}
TEuiOR) 3 [a] PUtOHII[S]' 3 3L 00D00DA0OD0G0GO0L00ID000GC § 2 -464.000  anslogy wAm(ILI)
"Habu 10031 2 GHIGTE 12121 60000200000 E0C¢L 00000000 & 2 -13BE.174  analogy w/AM(IIL)
'PuRLd i) PoRQI[e]l’ 0 42 0000000000020 01001 80300 0 ¥ =T31,455 analoqy w/Am(TIT]
"ThoZ [am} Hydrous Thoriur Oxide’ © 20 COOD L AADBIODIONISGEOINNAHOD O 2 -451.408 FRM5L
*Th{50412.9HzDla - - *1E170 LOML 20O000ACO1C00A00aI00 0 7 -1975.90 FRYZ
'Thisod) 2. IEEO[a) D OCOG0 2O00O0CE01000C0000RD0 0 g -l680.00 FROZ
*Thiso1)3. 2 D0O0 300008001 LLOUTEAT00D0 O 2 -2011.29 FR92
*Thi504]12. K280, dK20L1 €2, 5) L oZO00r 200000001000 C0O080G0D0 O 2 -l631.57 Pz
"Thisnd]2, 2K2SQ4. ZHZO1L16C, 5 ) D 4000 400000001000 CODOCODN A 2 181.81 FH32
P2[Th (S04 2. T/ IK2SOAL16C, a) | DLMOGOLOD0I000ZD 00D BAEALI 0 2 -55AL,EE =2[~ZT0. 435 FRuz
ez tam) JHydrous ®(IV] Ozide’ 0 Z D OMLAODO0O0GO0C0000000L 0000 G 2 -389.87 RESMME
*HpUZOH {aged) NpOZ 1 3000000000020 094010D00D00 O 2 -454.373  FHEDS
HPOZOH {amor | B 1L 300060000D00030000010000000 0 2 -482.761  EML94
TEINBHpOZCO3T/ZHZ0(s)] ______ " 3417 200000290000 0000280 00000 0 2 -209.324  =2¢[-l0¢8.082) FNKIS
NAINpUR (CO33i[s)_NeINPOEICOSIE(s)' 0 630000022005 0000010000000 0 2 -L144.601  PHKSS
L T ¥NPO2DOI(9)' D S 0L 00001 5L00D000B0L000G000 0 2 -727.33 Hp (VIM51946
THIHMpOZ{COT)E =] KINPO2ICO3I2ts)' 4 803100 00Z 0000000010000 000 O 2 -1173.58 Hp VIS LESE
*K2Ox. 2H2O!S) M2C204.2HZOMal! 5 2 0 CO1ENUA00TA0D00000 ¢ 2 -191.370 CIH1SARREE
| KaHox. H20{2) HaHCZod . H2Oal' 3 11 COLEO0OG0086030000 0 2-202.24% CRILEAERIG
“KaZOx (5} Ha2CiOdis)' 0 0% CO100QE0GI 000000 0 I -rdEEh GENLGRPRYE
1062 ["a=11d%, DLSABLLD) ‘nozo COBOOUCO0EO0LEO0DA0 0 2 399.999 {-159.082 HMR)
' CaBd Anhydrite' 0 § 0 CUBDUCROADBGE 600 B 2 -533.73 WG4
"NaE3(E0{]3_Rpbthitalite/Glaserite’ U &1 CO0AD00OOGLOUL 000 & 2 -lDGT.0S e
rCat12, H2a_ Aptarcticite’ 17 & 0 0OPCOCOOBDAALANTD O 2 -393.BB w4
] Aragonite' 0 3 0 COODO0OGOOUDOADRATD O 2 45517 RS
2504 Arcanite' 0 & G 300NN LABDAGDO0 0D O 2 -53E.3) wed
*MQCLZRHED, Blachoflke' 12 & 0 UO3RO00GOO0O0OR000CE O 2 L
*MaZtg (S04) 2. THZ0_ Blosdite' & |2 % 3000000000000 BGLD D 2 R
Mg (OH1Z__ Brucite 2 2 4 U000 C0AL0ANDAEDG O 2 R
"HabC03 (50412 Burkelte' 0 11 § CB00A0DU00O00OG0D0 O 2 R4
‘Cactl Calelte' 0 234 CLOGRO00B0NDA00RNGD O 2 e
‘Cacl 2 AHEG, CaflZ Tetrahydrita! B 1 4 OD0050OIDODIVADDO O @ MW
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UCLE+ NpozCitm
UCLte HpOZEDTAms~
UCLts Npoiox=

uCitd U[OH]41C03] 2=m
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ULsi+=+ OH-

ULac+++ HOOZ-
ULlac+ss T03=
ULacei+ BIOH)a-
ULac+i4 B3I05{OH} 4=
PLac+++ BLOS{OH) 4w
ULmc+ss Br-

ULaghdd Am(D03)2-
ULac+++ Am(007] 3=
ULac+++ S104~-
ULac+44 HROZ{OH] 2-
ULaz+++ NpOZEOT-
ULac+t s NpOZYCOI}2Zmn
ULac+++ HRpOZ {003 ) d=o—
ULac+++ HZPO4-
YLat+++ HPO4~
Ulack+s POA=-
ULagkks ThiSed)a=-
ULaetdd ThIOH!3(C03)~
ULass+t ThiCod)s-—-
ULage++ HOn=
ULagrt O
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ULacs++ Lac—
ULagt+e H2SLE-
Ubacr++ HOLtw
VLacs++ Cleu-
Ulacs## HIETTA~
Ulac+++ HZEDTRE
Ulzcs+o JIEDTA=—
Ulacr+t EZCA--
ULagr#é AmENTR=-
ULagr+i Npd2eite
Vkazst+ NPpQZEDTR==-
ULac-++ Hpo2on-
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Ubagst+ U(Z03) Smmm
Ubagas+ Y(S04) 3=
ULac+t+ Pu(C03)2-
Ulacie+ T [COB) 3mm
ULac+++ FUECTA-
Ulas+++ CaCit-
ULac+++ CaEDTHA=
Ulag+bs Unubni2-
ULac+#+ Unuhnd3-
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ULazter HgCLL—
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UDx++ Th{S04)3=
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UGx++ NROZCIT=
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ThAb++ 504=
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ThAc++ CO3=
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ThAc+++ AMEITR~=
ThAct+r NpQZCAT-

‘ThAge+:

o4+ HPOZENTAwn=
hacs++ NpozOm-

U[OH) 4503 ==
ThAn+++ U[CC3)E

Thaerbe UL§0413=
ThAc+++ PalC0a}z-
Thacd++ BufCO3) 3m-
ThacH++ PuEDTA-
ThAGHH CaCLE—
Thic+++ CaEDTAu
Theckts Lnnanlz-
Thict++ UnuPnfi-
Thig+es Unubnbd-
ThAces+ UIORIZ[C03)2-
ThAck=+ MgCit=
Thict++ HQEBTA=
TnRot++ UnuAnpl-

Thlits Cl= ROMYS
ThTiL+ SO4=

ThZit+ HECE~

ThCiE+ QH-

TrCiE+ KOOI~

THELL+ CO3=

k4=

ThCLes BIOII0HI4-
THCSt+ HIOG(CH) 4m
THELL+ Br-

THC1k+ Am{0O3)2-
ThCLith AMICO3) d=-
ThCite Clod-

ThCit+ NpOZ{CHIZ-
ThEits NpOZEod-
ThCite HpOZ (CO3)2-m
Theit MBOE (D03 ) 3=
ThCit+ H2BOE-
Thedte Hpod=

Choits pOdu-

Thiit+ Th[S04) 3=
ThELt+ Th[OH}3(200)—
Theits ThICO3| Se=u
ThOLT+ HOn=

Thit+ k-

TUCit+ ho-

ThEit+ Lae-

ThCit+ H2oit-
THOIt+ HCit

ThC:

+ Cita-

Theit+ MIEDTA=
THhCit+ HIEDTA=
Thiit+ HEDTRAm=
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ThEit+ AMEDTRm=
Thtitk HpG2Tit=

ThCiz+ HpPGZEITA.

ThCiT+ HEOZOR~
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ThCit+ U{CO3) Smen
Thoits UIS04)3=
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ThCite PLEDTA-
ThOLits Catie—
Thoits CaBitra-
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ThCit= UruAnka-
ThCite UruAndd-

Tholes UlOHIZead)

Thil tr HgC1L—
Thtlts HoEDTAm
ThGlt+ Unulnfl-

ThLace++
TaLacs s+
Tabaz4rr
Thiac+t+
ThLac++
ThlLaztis
ThLac+++
ThLac+#s
ThLac+++
ThLas+es
ThLac+#<
ThLa:
ThLaztér

ThLag++e
ThLaz#++
ThLac#+s
ThLact++
ThLagt+s
ThLact++
ThLaw++4
ThLackts
ThLac+++
ThLac+++
Thiagke+
ThLac+++
Thiagss+
Thips+++
ThLac+++
ThLan+++
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ThLac4++
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Hewe-

Gz

An=
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HIEOTA-
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B (CO3) 3=m
PEBDTA~
CaCik-
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HYEDTA=
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AnOHe+ SG4m

AMOH++ HS0A-
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AmOHE+
AMOH++

AR+
ATOH4
FmOH4
RO+

An[aH] 2+ Cl=
12+ So4=

Am|

B0~
BIGI(CH} 4=
BA05{GH A
Br-
AmiC0a}b 2=
AMiCDd) 3=
c1e4-
NpO2 (6K 2=
Hpo2003—
NpO2 {203 ] gmm
NpO2 GO3] 3ma-
H2 P04 =

A

FO4=—
Thi504) 3=
ThiOH] 21005} -
TH{TO) 5=
HOx-
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Ac-

Lac-

H2oit-

Heit=

Cik=-

HIEDTA=
H2EDTA=
HEDTA-—
EDT/==
AREDTR=
Hpo2C:
HpOZEDTh:
HE020m—
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V{003 | Gamm
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Pufcoa)z-
PUICO3] 3=
PLEDTA-
caniL-
CaEDTAw
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Unuhn#¥l-

FEBRHI4
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AMICH}ZS HPOZ [OH) 2~
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AmiOH 2+ FrEDTAs-
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An{OH) 2+ MELTA=
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BuCnI+
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Cod
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NpOZEO3~
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PO4=—
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BLEO3H
PUCO3+
PuCO34
PuCO3+
PuGO3+
PuCo3+
FuColt
PuCO3+
PuCOd4
PuCO3+
PuCod+
PUCOIH
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PudH++
BUQH++
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Budti++
BuDH -
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PUDHE+
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FUGH++
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PuCH#+
TUOHE +
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Fuicod) 2=

Fu 1601 3=
PuEDTA-
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Pu{OH]Z+ COlm
PulOH] 2+ BIGH) 4=
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PuiOHIZ+ B4OS{OHI 4=
Puioil}Ze Br-
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PUCOHIZ¢ CIO-
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PuiOH)E+ BOJ=-—
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PU{OH)Z+ HCitT=
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BuRctt
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