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EQF-EQS-EQ3-EQ6 PROGRAM MANUAL FOR LBL JAN79 VER~ION 

P R 0 G R A M M A N U A L 

THIS MANuAL IS COMPOSED OF DOCUMENTATION 
PROVIDED BY T!-JE AUTHOR OF THE SOURCE CODES, 
TOM WOLERY, TOGETHER WITH EXTRA INFORMATION 
ABOUT T~E NEW DATA BAS~ FORMATS AND NEW INPUT 
FORMATS FOR THE LBL J~NUARY 79 VERSION CF 
THESE PROGRAMS. 

PAT IQBAL 
LBL, CSAM 
JANUARY, 1979 

1 



TABLE OF CO~TENTS C3/G2/79 

.. EQF-EQS-EQ3-E06 PROGRAM MANUAL FOR LBL JAN79 VERSION 1 It ~· 

- 1.1 EQF 2 
.-

GENERAL DE SCRIPT ION OF EQF PROGRAM 2 

DESCR1. PTICN OF ! 1\ FUT VAR::ABLES FOR E.QF 2 

1.2 EQS 3 

GENE.Rll_L De SCRIPT ION OF EQS PROGRAM 3 

1.3 EQ3 4 

GEN::RAL OE SCRI FT ION OF EQ3 PROGRAM '+ 

DESCF.: PT:i:ON GF INFUT VA'KIABLES FOR EQ3 8 

1.4 E. 06 12 

GEN~f.:AL DE SC;.(:! PT!ON ~F EQo PROGT<.AH 12 

DESCRIPTION OF INFUT vt..RIA9LES FOR EQ6 22 

A, DATA 2ASE 27 

GENERAL DESCRIPTION OF OCTA BASE EQOATC2 27 

OAT A SCL;:;:cE S 2'3 

UPDATING THE DATA 8~SE 3 , 
'J 

B. MANIPULATION CF DATA EASE FILES 32 



I 

1.1 

1.1 EQF 

c.M-ths;JE.a9-E~~6 ~R6tRt.~ ;$ANt!ALJFcR LSL ~AN79 VER~ION 
EO~ 

GENERAl DESCRIPTION OF EQF PROGRAM . 

THIS ROUTINE READS A PRIMARY THERMOOY~AMIC DATA FILE 0~ DEQXB AND 
CK.EATES .l SHELAR FILE <WP.!TTEI\ ON DEQXU ~t-. im!CH P.llRA~ETER.S SUCH AS 
LOG K VALUES, PRESS, t.OH, BCh, ETC. ARE REPLACED oY POLYNCMIAL FIT 
COEFFICIENTS FCR TH~S~ QUANTITIES VE2SUS T~MPERATURE !N OEG C. !F 
!:)PT::i THEN INDIV::i:DUAL SETS CF FITS M/:.Y SE t-1AOE. THE It'Sl EXTERNAL 
RLFOTW IS USED TO PERFORM THE FITS. 

OESCRIFTlON CF INPUT VARIABLES FOR EQF 

NRST::NUM3ER OF REACTIONS WITHIN THE AQUEOUS PHASE 
N~T ::NUM3E~ CF PUkE M:N~rALS 

NGT ::NUM5EF OF GAS~S 
I·JXT :NUMSEI< GF SOLID SOLUTIONS 

1/ • I 

EeF INf>uT Fuf(rr}/tTs 
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1.2 3 

1.2 EQS 

GENERAL DESCRIPTION OF EQS PROGRAM 

EQS READS TiE INPUT FILES DATAl AND DATA2. DATAl = OEQCE, JATA2 = 
DE QC 0 L AN C DE Q X L ( X= S S C 0 R 5 0 0 l • IT ~ R I T E S 0 N D t: C CD S S H 0 !':. T f 0 R ,... AT 
REACTIO~ COEFFICIENTS AND CN DEQxS CO~RESPONDING POLYNOMIAL COEFfiCIENTS 
fOR LOG K VALJES. IN AOOIT[ON, ALL'R~ACTIONS ARE ChECKED FOR CriARGE AND 
MASS BALANCE TJ FIND PCSSISLE ERRORS IN ThE R~ACTION COEFFICIENTS OR THE 
COMFOSITIONAL JATA. SUCH ERK.ORS ARE FLAGGED ON THE OUTPUT AND SHOULD 
THEN BE CORRECTED BY ThE USER. 

T.J • .iOLERY 

ADDENDUM 

THIS VERSION WAS RE:.CciJC::D ~T Lol AT THt. E.NO OF NOVEM5ER 1978, AND 
MGOIFICATIONS TO ThE DATA 24SE (EQOAT:J2) FORMAT WE~E MADE FQR Ei~HANCED 

LEGIBILITY AND ~ASI~R UPOAT~. THE R~SJLTING M~IN ChANGES IN EQS WERE TO 
ROUTINE INDATS, ALT.-H:iUGH CI-.ANGES TO A~RAY SIZES OCCUR Ti-:ROUGriOJT. NCTE 
THAT AQUEOUS SPECIES NAMES ~ERE EXPANJEU TO TWENTY CrlARACTERS. 

PAT Hl.BA:... 
LSL, GSAM 
J.A~lUA . .:<Y, 1S73 

• • • • • • • + • • • + • • • • • • • + • + & + • • + ~ • + • ~ • + 
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1. 3 EQ3 

EQFl?_ E &)s- ~iQJgE Q;~ P~ 0 &~A Ft1 Mr&U~L .1ioR LBL J t. N 7 9 VC: R S ION 
EQ3 

GENERAL DESCRIPTION OF EQ3 PROGRAH 

4 

THIS PROG~AM COMPUTES ThE FULL OR PARTIAL EQ~ILIBRIUM DISTRI3UTICN OF 
SPECIES IN A~ AQU~OUS SOLUTION AT A SPECIFIED TEMPERATURE AND A PRESSURE 
WHICH DEPENDS JPON ThE TEI"PERATLRE AND 1HE DATA FILE ~iHICH IS U~EO 
(TAPE7=0ATA2). ALL ION ASSOCIATION R~ACTIONS ARE PRESUMED TO 8~ IN 
EQUILI6RIUM. THE USER SPECIFIES WHICH GXIDATION-RtOUCTION (C~OSS-LINK~ 
REACTIONS ARE ?RESUMED TO ~E IN EQUILI3RIUM. REDO~ COUPLING IS ACHIEVED 
BY SPECIFYIN; A PH PARAM~TER AND ON~ OF ThE FOLLO~lNG IOPT1 CONDITIONS 

= (j F 02 { G , AQ) 
= 1 F 02 (A Q) ' CONC 02 ( AQ) ' OR ACT 02 ( AQ) 

= 2 EH, IN VOLTS 
= 3 CONC TOT S04-- OR ACT S04-- PLUS 

CONC T 0 T MS- JR ACT HS-
= 4 = H2 (A Q l' COiiC -i2 (A Q) ' OR. ACT '12 (AQ) 

= 5 p E-

IF EQ3 OUTPUT IS TO 3E LSED TO INITIALIZ~ ~ PATH ROUTINE, Trl~N ~ FGLL 
EQUILIBRIUM '1ClJEL t1JST 3E COMPUTED. TriiS ,"lAY BE ACCOMPLIS~EO :)Y SETT lN~ 
JFLAG EQUAL TO 7 OR 6 FOR ALL AGXILIARY BASIS SPECIES, EXCEPT FOR THOSE 
HHICH ARE US~O IN D~FI~I~G THE FUGACITY OF 02 (G,AQ) THROUGrl ON~ CF Tri~ 

IOPT1 OPTIONS. ALTERNATivELY, Trif 3ALANCE COt\STRAII'\TS FROM A PARTIAL 
EQUILIBRIUM MOJEL M~Y BE FED INTO PRO~RAM EQ~ OR EQ5 AND EG0ILI~RATt:O AT 
T~E SAME OR QI=F~R~NT CONUITIONS OF PRESSURE AND TEMPERaTuRE. 

r~ 0 T E T h A T 0 2 ( G , i'.\ Q l ( ~~ S = i-.< S 3 l I ::; .:. F I C T I tJ f. ~ ~ L. ::. 0 L: S S Pt. C I E :.l J S ~ 0 T 0 
DENOTE ThE O(Y~~N FJGACITY IN ~~~ AJU~OCS PhASE. All REDOX R~ACTIONS 
ARE hANDLED OI~ECTLY TI-:ROLGti Tri.LS P~RAMEH:.R. IF IOPT1 IS tWT 0, TnEiJ 
THIS FUGACITY IS COMP~TEO DIRECTLY UR ITERATIJELY IN TH£ PROGRAM. 

AQUEOUS SPC.CI~S ARt. ~l:2DiviO::O INTO 

NS:1,NS3 
NS=NSS+-1, NSQ 
NS:NSQ+-1,NST 

STRICT a~SIS SPECIES 
A0iiLIARY 3ASIS SPECIES 
ST~ICT J~Rrv~o SPECIES 

AN EQ3 PROBLEM IS DEFINED BY ThE C~OICE OF IOPT1 AND THE JFLAG 
CONTRGL ARRAY. EACh SASIS SP::CIES CNS=1,NSQ). IS ASSIGNED A JFLAG INDEX 
WhiCH SPECIFIE:'S ThE TYPE CF ASSIGNED COt~STRAINT 

= 0 TOTAL CONC 
= 1 LOG i.ICTIVIT'r 
= 2 LOG FREE CO 1\C 
= 3 PPM TOTAL C CNC 
= 4 cc ST P/ CC SOLN 
= 5 FUGACITY 
= 6 TITRATION ALJ<ALINITY 

= 7 Cl EPENDE NT VARIASLC. (NOT UNDER MASS oALANCE CONS T I'A INT) 
= 8 ::LIMINATED VARIA aLE <UNDER MASS SALANCE CO 1\STRA I NT) 
= 9 MINERAL ACTIVITY PR CDUC T 



1.3 

TABLE OF RECOMMENDED JFLAG VALUES 

1 H~O 

2 NA+ 
3 K+ 
4 CA++ 
5 H;++ 
c AL+++ 
7 SI02 (AQI 
e -----
s ZN++ 

10 P3++ 
11 A;+ 
12 -----
13 H+ 
14 CD3--
15 N14-+ 
16 CL-
17 S04--
18 -----
19 h:;++ 
Zu A')(:)r-;)4-
21 M'H+ 
22 FE++ 
23 CJ+ 
2 4 AJ+ 
25 02 (G,AQ) 
26 OZ (AQ) 
27 HZ (AQ) 
25 N2 (AQl 
29 Ci4 <AQ.l 
30 -----
31 HS-
32 r,:;z++ 
33 A5(0Hl3---
34 M'4+++ 
35 F::+++ 
3E: CJ++ 
37 AJ+++ 
38 -----
39 NJ3-
40 01-

0 
0 1 
0 1 
0 1 
0 1 
0 1 
0 1 
0 
0 1 
0 1 
0 1 
0 

1 
0 1 
0 1 
0 1 

0 1 
0 
0 1 
0 1 
0 1 
0 1 
0 1 

G 

1 2 
1 2 
1 2 
1 2 

0 1 
0 1 
0 1 
(j ..1. 

0 ,;_ 
G J.. 
0 1 
0 
G 1 
0 

3 
3 
3 
3 
3 
3 

3 
3 
3 

3 
3 
3 
3 

3 
3 
3 
3 
3 
3 

3 
3 
3 
3 
3 
3 
3 

3 

5 6 

? 

4 5 
4 5 
4 5 
4 

7 
7 
7 c 
7 

9 
9 
9 
3 
9 
9 

9 
9 
9 

9 
9 
? 
9 
9 

3 
9 
g 
g 

9 

7 8 s 
c g 

8 9 

6 g 

7 a 9 

FI.x.C::D 
FIXED 
FIXED 
F !XED 
FIXED 

FIX~ D 
Frx::D · 
FIXED 
FI~ED 

F !XED 

INDE:X=1 
IND::X:2 
INDEX=3 
INDE ;..:=4 
INDEX:5 

INJ::x=13 
INOEX:14 
INDEX=13 
INOEX=16 
INOEX=17 

GENERAL INDEX=NS8 
GENERAL INDEX=NSa+1 
GENEF\AL HWEx.=NSa+z 
G E N:. F<- _;:. L I i~ J:: /. = N S 8 + 3 
GEt~t.Ft:L Ii-J;J!:::/=!'~S.3+!t 

GEN~RAL INDEX~NS6+6 

GENEFAL INDEA=NSQ 

VALUES OF TME CONSTRAINING 0 ARAMETERS ARE INPUT IN THE ISP ARRAY. 
WATER (NS=U A'ND OH- (NS:t\SQ) ARE TREATED IN A PRC:-PROGI'A:1MED HHjNER, 
AND ZEROES MAY BE READ IN FOR TnEIR JFLAG AND ISP VALUES. IF IGPT1 IS 
NOT ZERO, TH~N JFLAG AND ISP INPUT FOR 02 CG,AQl IS SIMPLY IGNORED. 

TWO TREAHENTS ARE AVAILABL:. FGR SOLID SOLUTIONS. (1) THE PROGRAM 
PROCESSES HYPOTHETICAL SOLID SOLUTION PhAStS TO SEE IF ThERE ARE 
ALLOWAELE COMPJSITIONS Wh ICn ARE. IN EQUILIBRIUM rii TH THE FINAL tQLit:.OUS 
PHASE MODEL. TrlE SATURATION STATE FOR A HYPOTHETICAL SOLID SOLGTION 
PHASE MAY BE SATURATED, UNDERSATURATED, SUPERSATURATED, OR UNDEFINED. 
T HE SE S T A T E S A R E :: V A L U ATE 0 IN S 0 3 R 0 'J T I N E. r. Y P S AT X • , ( 2 l HE P R 0 ~ ~A M 
PROCESSES INPUT SOLID SOL~TION COMPOSITIONS AND EVALUATES THE SATURATION 
STATES OF THE END-MEMBERS DIRECTLY. THIS OPTION ~UST 6~ EMPLOYED If THE 
JFLAG=9 CPTIJN IS USED TO FORM ~N ACTIVITY PRODUCT CONSTRAINT JSING A 
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EQ~-::~s.:·ta~~ E~o ~RO~~A~~ ~~N~:& L 7FOR LoL J AN79 VERSION 
ca3 

SOLID-SOLUTION END-MEMBER. CONTROL SWITCH IOPT4 SPECIFIES 
SOLID-SOLUTION TRE~THENT. 

ELECTRICAL BALANCE IS hCrliEV~D BY ADJUSTING THE TOTAL CONCENTRATlCN 
OF A MAJOR ION CNANION), USi.JALLY CL-. HENCE, JFLAG<NANION) MUST BE 
EQUAL TO 0 0~ 3 ON INPUT, 0~ THE SYST:: M WILL TRY TO FINO ANOTH:: F MAJOR 
ION TO SERVE AS THE: NANIGI\. IF A SUITA!:LE NANION CAN NOT eE FOUND, THEN 
THE COMPUTATION IS TERMINAT::O. TrlE ACTIVITY OF WATER IS COMPUTED FROM 
THE EQuiVALENT STOICHIOMETRIC IONIC STRENGTh OF A SODIUM CHLORIDE 
SOLUTION <XISTEQ). THIS IS OEFmED AS THE TOTAL CONCENTRATION GF TnE 
IACTION, hMIC~ IS EITHER CL- OR NA+. IN THIS VERSION, JFLAG(IACTION) 
M U S T c E 0 0 R 3 0 N I N P U T A N 0 I S P <I ~ C TI 0 N l MU S T 3:: G i< E. A T t: R T HAN Z C. R 0 • T H:. 
PROGRAM ChOOS::S THE IACTION. IF oOTrl NA+ Ai~D CL- ARE SUITA3LE, ThE ION 
WITH TrE GREATER ISP VALUE IS CnOSEN. IF NEITHER IS SUITABLE, IACTION 
IS SET TO ZERO AND THE ACTIVITY OF WATER IS ASSUM£0 TO 8E UNITY. 

IF EQ3 IS NOT 3EING USED TO INITIALIZE ANOTHER PROGRAM, SUCH AS EQS, 
BUT ONLY TO JEfERMIN~ lSTIM~T~S OF ~CTIVITI~S AND SAT~~ATION ST~TES, Stf 
TOLSAT TC A VALUE IN ACCORD kiTH ThE JNCERTAINTY Cf THE LOG K V~LUES FO~ 
THE MINERAL DISSOLUTIGt~ RcA:TIONS (I.E., AROUND 0.5-1.(}). OTHER 
TOLERANCES (fCJL, TGU:.o, T_GL;dl SriOULD t3E ON Tl-E OK.O~R Of i.C::-5-i.E-3. 

IF THE 7 JR ~ JFLAG OPTIONS ARE aEING lSED, IT IS RECOMMENDED THAT 
IOPT2 BE SET TO 1 FOR EXT~A PRINT-OUT AND FOR CHECKING OF THE MASS 
BALA~CE A~D MASS ACTIO~ CC~STRAINTS. 

MORE DETAILED CO~ME~TS Rt~AROING INPLTS AND OPTIONS MAY 3E FOGNO IN 
THE It\PUT SECTIOti AIW n-.RCL.ji-:OUT THE PROGRA~l AND ITS SUBPROGRAMS. 

ThE GASIC ST~UCT~RE OF T~IS PROGRAM CONSISTS OF TH~E~ N~ST~J 

I T C. R i; T I 0 N L C 0 P 3 • T ;-; ~ IN i < i F L 0 c; P C 0 "1? ..J T E S T: E D I S T R I 3 .,., TI 0 t,; J F S FT C E S I i: 
Tt:RMS CF LOG CJNC Vi;LLES. Tr.E rHCDLi: LOOP £-DJi..'ST::> THE:. TOT4L 
CONC~NTRATION JF {:.. 11:-JCR lC;\ <NANIONl TO i.iO~LVi:. AN t.LE'CT~ICLI.LLY 

3ALA~CEO SOLJfiON. T~E ClTER LOOP ADJUSTS T~E IONIC STRENGTH TC THE 
VALUE WhiCH IS CONSfSTENT hiTn TrlE DISTRibUTION OF SPECIES. 

T~E. INNER LOOP EiWLCYS A t":ONOTON== s;:.QUt.NCE ALGCRITr.M HniCI-1 IS PA~TLY 
DESCRIEED IN 

WOLE~V, T.J., AND WALTERS, L.J., JR., 1Si75, CALClLATION OF 
E:lJILIBRIGM OIST~I3JTIONS OF CH~MICAL SPECIES 3Y M~ANS 
OF MONOTONE SEG.LC::NCES, MATHEMATICAL GEOLOGY, V.7, ?.99-115. 

IN THIS HET~OO, EACh U~KNOWN IS SIMULTANEOUSLY APPRO~ChED FROM ABOVE 
AND E~LOk, THUS YIELDING STRICTLY DEFINED ERROR dOJNOS. 

ThE HIDOLE QNO OUTER LOOPS EACH SOLVE FOR THE ZERO Of A DEVIATION· 
FUNCTION ay FITTING THE PARAMETER TO 3E AOJUST~D AS A FuNCTION OF THE 
DEVIATION FUNCTION TO A PGLtNOMIAL OF UF TO FOURTH ORD~R AND COMPUTING 
THE VALUE AT ZERO AS THE ~E~T ESTIMATE OF THE ADJUSTED PARAMETER. IOPT3 
IS THE MAXIMJM NUM3~R OF POINTS USED IN THt FITTI~G. IF IOPT3 = 2, ThiS 
METHOD REOUC~S TO TriE SECANT METHOD. 

ThE FOLLOWING CONVE t\T I CN5 ARE EMPLOYED IN THIS PRO GRAM 

CONC H20 = 1. 0 ACT H20 = G H20 
GONG 02 (G, AQ) = o.o G 02 ( G, A Q) = 1. 0 
CONCLG 02 (;.;,AQ) = ACTLG C2 <G,AQ) = LOG FUGACITY 02 <G,AQ> 
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1.3 EQP-E9s-'~'oi1Edi ~Robkt.c~ M~~NLY~L ~}oR L8L JAN79 VERSION 
EQ3 

FOR NEUTRAL AQUEOUS COMPLEXES, Z = A MULTIPLE Of TEN. THE 
MULTIPL~ IS A SWITCH WniCH DESIGNATES HOH THE ACTIVITY 
COEFFICIENT OF THE NEUTRAL SPECIES IS TO 3E COMPUTED. 

TROLELE-S~OOTING NCTES ••••••••• 
IF 8 J T H U L G A N 0 S L G F 0 R C A R 3 0 N AT E 0 I V E R G E T G M I NU S IN F I 1\ I T Y 

UNDER THE TITRATION ALKALINITY OPTION, THEK NON-CARSONATE 
ALK~LINITY PR05A3LY EXCEEDS THE INPUT. VALUE OF TITRATION 
ALK~LINITY AND THE PROBL~M IS ILL-POSED. 

IF T~E OXYGEN FUGACITY IS EATREMELY LOW, ThEN THE FERRIC 
IRON MASS ACTIGN RELATIONS MAY NOT 3E SATISFIED. THIS 
P~JSLEM IS ·cAUSED 3Y LOSS OF SIGNIFICAI\T DIGITS DURING 
ARITr-iMET IC CPE f'ATIONS. TOL SHOULD BE TIGHTENED TO 
A VQLUE OF ABOLT 1.E-1G. THIS HAS SUFFICED TO SOLVE A 
T~ST PROSLEM WlT~ F02 = l.E-1CC. 

7 

AFTER THE CORRECT OISTPI;UTION OF SPECIES nAS BEEN COM 0 UTEO, THE 
COMPOSITION JF TH~ SOLUTIC~ IS ThEN COMPUTED IN TERMS Of TH~ MOLES OF 
TriE ELEMENTS RELATIVE TO 1000 ~~AMS OF ~20 SPECIES. THE SATURATION 
STATES OF ALL RELEV~NT ~I~ERALS AND SOLID SOLUTION COMPONENTS ARE 
DETERMINED A~D PRINTED. OPTIONAL PuNCHED O~TP~T OR DISK FILE 3TORAG~ IS 
OESIG~EO TO INT~RF~CE WITn CCMP~NION PROGRAMS. 

ThE UISK FILES DATAl A~O OATA2 ARE TAKEN FROM LOGIC~L RECORJ·S OF TAPE 
FILE EQDAT02 0~ ITS EQLIVALt~T. EQOAT02 CONT~INS TEMPERATGRE-JEPENOENT 
DATA I~ 80TH ~~ID FORM AND AS POWER- SERIES COEFFICIE~TS. ONLY TriE 
LATTER ARE REAJ AND lSED SY EQ3. 

E Q 3 iH L L P R 0 C E S S M u L T I P L E I N F J T S E T S I N A S I N G L E R UN .. 

T t-; Is v E R s I 0 ~ c L:: M i,::: D (_,? ::> y ·J c c T I 0 y 0 1--i 4 s = p T ;:: t",:,:. R l c: 7 s. T .-; Is 
PROGRAM IS WRITTEN FOR Th~ CDC b400 COMFUTE~ AND CCNFCRMS TO TH~ FORT~AN 

EXTENDED REFER~NCE ~ANLAL FOR CDC 6~00/~SOG/ 6SJQ/67CC/76JO COMPUTERS 
(IT ShCGLD 8~ :OMPILEO BY AN FTN CO~PILER). 

Tr.IS FROGR.AM WAS ~U<ITTct\ 6Y T.J. \~Olt:RY, OC:PT. CF GEOLOGICAL 
SCIE~C~S, NO~TiWEST~R~ UNIV:RSITY, EV~NSTON, ILLINOIS 6C2:1. KINDLY 
NOTIFY THE AJT~OR OF ANY ~G~S YOU ENCOUNTER AND OF ANY CORRECTIONS OR 
MODIFICATIONS YOU MAY MA~E. 

ThiS IS TrlE EXPERI~~NTAL VERSION OF 6 MARCH 1377. 
T.J. ~~OLERY 

ADDENDUM 

ThiS VERSION HAS RECEivED AT L2l AT THE END OF NOVEMBER 1978, AND 
MODIFICATIONS TO T~E DATA -E~SE (EQDAT02) FORMAT AND TO THE INPUT FORMAT 
WERE MADE FOR ~NHANCED LEGI3ILITY AND EASIER UPOAT~. Tni MAIN CHANGES 
HERE TO ROUTINES EQ3 AND INDATX, ALTHOUGH c·HANGES NEEDED TO GENERALIZE 
REFERENCES TJ DATA 3ASE ELEMENTS BY INDEX OCCUR Tr.ROUGhOUT AS DO CHANGES 
RELATED TO ALLOWING AQUEOLS SPECIES NAMES TO 6E TWENTY CHARACTeRS LGNG, 
AND THOSE DESIGNATING CERTAIN ARRAYS AS LCM (LEVEL 2). ALSO SOME ARRAY 
SLZES WERE INCREASED. 

PAT IQ3AL 
LBL, CSAM 
JANUARY, 1979 



1.3 EQrliEYs-'f::\;;.3\JEQi ~CIG~A~ Mir~u.GL ~foR Li3L JAN79 VERSION 
EQ3 

DESCRIPTION Of INPUT VARIABLES FOR ~Q3 

TITLE : FIVE CARDS OF VERBAL DESCRIPTION OF AN AQUEOUS 
SOLUTION COMPOSITION 

TEMPC = r::MPERATURE, DEGREES CENTIGRADE 

RhO = o::NSITY OF SOLUTICN IN G/CM3 
WFS = w::IGHT FRACTIO~ OF ~20 SPECIES OF SOLUTION 
SCREh = INNER LOOP CCNvERGENCE ADJUSTMENT PARAMETER 

--- s:::: C01'1f~E NTS II\ THe I 1\N~R LOOP --­
Eh = EH, OXIDATIGN-REOJCTICN PARAMETER 
PE = P E-

TOL = CONVERGENCE TOLE~ANCE FOR INNER ITERATION LOOP 
TOLXI = :;QNVERGENCt TOLE~ANCE FOR IOiHC STRENGTH ITERATIJN 
TCLEB = ~JNVi:RGi:t\C:. TGLE.R;:.i~Cc FOr< E:.L:.CTRIC~L BALANCE:. ITERATIOr~ 

NCGNV = LIMIT ON NUMEE~ OF ITERATIONS FOR INNER LOOP 
MCONV = LIMIT JN NGMEER OF ITE~ATIONS THR00Gh EL~CTRIC~L 3~LANCE 
AND IONIC STRC:NGT~ LCOPS 

IOPT1 = OPTIJN SHITCf-< FCR R::OOl COLPLING 
= 0 F C2 <G,A'Jl SFC.CIFEJ 
= 1. J2 (.4:)) PARJ;'ii:TC:R S:J::CTFIE!J 
= 2 :.. h S Pt. C .;: F r C. J I'~ V C LT S 
= 3 SJLFATE-2i:S0LFIDE SP::CIFIED 
= "' ri2 (i.Q) FA~~4HETER SPECIFieD 
= ? P E- sr~ciFIEO 

IOP12 = OPTION SWITC~ 

= D DEF~lLTS TO = 2 
= 1 PRINTS CL T ~CSIJ LTS OF INNER LOOP EV:.RY ITt:KAf ION 

A1-l0 ChECKS BALANCE AND MASS ACTION CONSTFUdNTS 
= 2 CHECKS ::ALAi~Ct: AND i·1ASS ACTION COt-STRAI0iTS (JEFAULf) 

IOPT3 = OPTION SWITC~ fCR PRODUCING INTERFACING OUTPUT 
= 0 DOES NOTr.ING 
= 1 W~ITES IMERFACING OUTPUT ON A DISK FILE <TAPE.S> 

IOPT4 = OPTION SWITC~ FOR SOLID SOLUTIONS 
= 0 IGNORES ALL SOLID SOLUTIONS 
= 1 PROCESSES HYPOTHETICAL SOLID SOLUTIONS 
= ~ ~~ADS Ik SOLID SOLUTION COMPOSITIONS AND PROC~SSES 

60Trl INFUT ANlJ t-:YPOTHETICAL SOLID SOLLniCNS. 
IOPT5 = OPTION SriiTCH 

= J DOES NCThiN;; 
= 1 PRINTS CLiT THE LOG K VALUES 

IOPT9 = O?fiDN SWITCh 
= 2,5 = MAXIMUM NC. OF POINTS USED IN FIND ROUTINE. 

DEFAULT = 3. IF IOPT9 = 2 THE METHOD REDUCES TO 
TH~ SECANT METHCO. 
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IKEXP : OPTION SWITCH FOR ACTIVITY COEFFICIENTS OF NEUTRAL 
AQUEOUS COMPL~XES -- DO NOT USE IF MAKING A DECK FOR EQ4/5 

: 0 DOES NOT~INS 
= 1 SETS Z TO 0. (FOR ALL NEUTRAL SPECIES) 
= ~ s::: T S Z T C 1C. 
= 3 SETS Z TC 20. 
= ~ SETS Z TO 3D. 
= 5 S~TS Z TC 40. 
: 6 SETS Z TC 50~ 

NANICN ~AHE = NAM~ CF SP~CIES W~OSE CONCENTRATION IS TO a~ 
ADJUSTED TO ACriiEVE ELECTRICAL BALANCE 

NXRST = NO. OF AQUEOUS REACT IONS TO BE SuPPRESSED EY CARD INPUT 
NXMNT = NO. OF MINERALS TO 3E SUPPRESSED BY CARD I NPL'T 
NXGST = NO. OF GAS SPECIES TO 3E SUPPRESSED 3Y CI\R.D INPUT 
NX,<XT = N J • OF S CLIO SOLGfiOIJS TO SE SUPPRESSED :;y CARD IN FLT 

JCOUNT = NLJM3ER OF JFLAG \/~LuES TO oE SPECIFIED. 
TriOSE NOT SFECIFIEO OEFAJLT TO 0 

JFLAG = CONTROL PARA~ETER SPECIFYING TYP~ OF CONST~AINT ON 5AS1S 
AND AUXILIARY SOLCTIC~ SPECIES, AND EQ~ALS 0 ThROUGh 9 

= D TOTAL CONC IO~FALLTl 

= 1 LOG ACTIVIT 'r (-PH, Foe;;. EXAMPLE} 
= 2 LOG FREE CC~C 
= 3 PPM TOTAL CC~C 

= 4 C C S T PI C C S C L ·~ ( F C R 0 I S S 0 L V E 0 G A S E S ) 
= 5 F~GACITY 

--~EST~ICT~J L~i--

-F C02 FCF CC3--
-F uZ FOR 02 IG,AQJ 
-F 02 FOR o·' '- (A Q l 
-F l~ 2 FCR /'; -j 4+ 
-F NZ FOR l'\2 I A Q } 

= & TITRATION A LK~L INIT) IC03-- ONLY) 
= 7 DEPENDENT S FECES 

-Al~ILIARY VARIABLES ONLY 
-CO~P~T~S AJXILIARY S?~CI~S F20M CORRESPONOIN~ 

9 

= 8 

STRICT SASlS SFECIES T~ROUGH CROSS-LINK REACTION 
-OEPENOEt\T SPECIES ARE NOT INCLUDED IN A MASS BALANCE 

CONSTRAINT ON THE CO~RESPONOING STRICT BASIS V~RIAELE 

·:: L I M I N A TED S P c C I E S 
-AUXILIARY SPECIES ONLY 
-TREATS AUdLIARY SPECIES AND ALL OF ITS DERiv::o 

SPECIES AS ALL DERIVED SPECIES OF THE CO~RESPONDIN~ 
STRICT BASIS VARIA3LE 

-ELIMINATED SP.::CIES ARE INCl:t;OED IN A MASS t3ALANCE. 
CONSTRAINT ON T~E CORRESPONDING STRICT 5ASIS VARIAELE 

-EXAMPLE •• IF JFLAG(S0~-->=0 AND JFLAG(HS->=7, THE~ 

ISPCSO~-->=CONC TOT S04--
3UT If JFLAG(HS-):6, 

ISP(SO~-->=CONC TOT S04-- + CONC TOT HS-
IF JFLAG <S04--) IS NOT O, TrlEN TH:: 7 AND 8 OPT IONS 
FOR liS- PRODUCE THE EQUIVALENT RESJLT 
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= 3 MINERAL ACTIVITY PRCOUCT 
--SPeCIAL CODING--

-FOR A PU~E MINERAL PHASE, ENTER NM INDEX AS 
AS A FLOATING POINT NUMBER 

10 

-FOR A SOLID-SOLUTION ENO-M~MBER, WHER£ NX = SOLID­
SOLUTION P.-tASE, IK = COMPO~~ENT INDEX, AND NEND(IK,NXJ 
= THE CORRESPONOIN; PURE PhASE; ENTER 
50~CG + lCJ•NX + IK AS A FLOATING POINT NUMBER 

--RESTRICTICNS--
-LIMIT OF 7 SUCH CONSTRAINTS 
-NO MINERAL CAN aE US~D MOR~ THAN ONC~ 

--NOTE--
-PHASE RULE VIOLATIONS CAN Be PROGRAMMED, 

3UT THE I~N~R LOOP ~ILL NOT CONVERGE 
IF IOPTl IS NOT O, SET JFLA~(NS3l=5 AND ISP(~S8):0. 

ICOUNT = NUM5~R OF ISP VALUES TO 2E S?ECIFI~D. 

ThOSE NOT SPECIFIED DEFAULT TO 0.0 

ISP =INITIAL ~OLLTICN PARAMETER FOR 6gSIS A~D AU~ILIARY SOLGTICN 

SCCL'NT : NJM3=:R. OF SLG;j VALUES TO GE SPECIFIED. 
ThOSE NOT SFEC!FI~D o~F~ULT TO ~.~ 

SLGS = INITIAL GUESS AT LOWER 00JNO FOR LOG CONC OF EACH 3ASIS 
AND AUXILI4RY SOLLTIC~ SP~CIES 

J.CGUhT : N .... Mot:R. OF /o.:;4F~ 1/kluES TJ ;;t: SPECIFIEJ. 
TriOS~ NCT SF~CIFI~O o~FAJLT TJ ~.G 

XcAR=HOLE FRACTICN CF C:,\J MEKSER IrJ A SOL:l:D SOUJTICN 
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GENERAL DESCRIPTION Of EQ6 PROGRAH 

12 

THIS PROG~AM COMPUTES Th~ PATh OF ONE OF SEV~RAL EQUILISRIU~ OR 
P A R T I A L E Q Ll IL I 3 R I U M R E A C T I C n t1 0 0 E L S W ri I C H D £ S C R I B E S M A S S T R A NSF E R 
8~TWEcN A ~EACTANT SL::3SYSTC:M, AN EWUILI8RIU11 SUi:3SYSTEM, AND A PHYSIC~LLY 
REMOVED SU3SYSTEM. (ThiS Ft\TH t·:EED NOT 3E !SOTHER.MAL, AND TH1PERATUR.E 
ALONE MAYSE V~RIEU IF NO REACTANTS A~E SPECIFIED). FOR THE CLOSED 
SYSTE~ MODEL THE CONCEPT CF REACTION VESSEL ENCOMPASSES EITHER JUST THE 
EQUILIBRIUM SU3SYSTEM OR T~E EQUILI3RIUM SUBSYSTEM PLUS THE REACTANT 
SU5SYSTEM. IN All CASES ThE PRESSURE IS COMPUTED AS A DEPENDENT 
FUNCTION CF THE TEMPERATuRE AND IS JETE~MINED ay WhiCh SUPPORTING DATA 
ARE USED IN THE RJN. NOTC: ••• A GAS PHASE IS PRESEI':TLY NOT INLCJDED IN 
ANY OF THE CU~~ENT MODELS. TnE EGUILI3RIUM SUSSYSTEM CONSISTS OF AN 
AQUEOUS PHAS~ IN INTERNAL EWUILiaRIJM PLUS ANY NUMBER OF CTrlER PHASES IN 
REVERSieLE E1JILI2RIUi'1 WITt-. THil.T Ph.4SC:.' A t-100EL IS SPECIFIED 3Y THE 
ChOICE OF TH~ PARCMETERS ~OJEL AND ~TYPE. 

KCOE!.. = 0 Th~ 1\EhTJN-:;;APHSON ROUTIN.:. V:.t<IFIES OR RECOMPL.'TES 
TrlE STARfiNG E0LILij~IGM SJ3SYSTEM, AND COMPUTATION 
T~R~INAT~S WIT~C~T COMPLTING A REACTION PATH MCD~L. 

~ODEL = 1 REACT~NTS ARE TITRATED FROM A REACTANT SU3SYSTEK 
INTO AN EQUILI~RILM SUBSYSTEM. Th~ TOTAL SYSTEM CONSISTS 
SJLELY OF T~E ThO A30VE SU3SYSTEMS ANO REMAINS CLOS~O. 

T -i E ~ E A ~ C: T Y.. 0 C F T I 0 N S F 0 t.: ~1 0 D E L = 1 • I F M T Y P E = C 

T~E EQGILIS~IG~ SU~SYSTEM 4NO ZI IS PRCPORTIU~~L 

TJ ~EACTANT/v~AlER '<ATIC (RE:ACTEO R:::6.CTANTS/STtlRTIN.; ~l.IUEOJS 

SOLUTION). ;..LSC, Th:. Th.:.O~ETIC£:L ROCK PF.OOGC[O COi~S JSTS 
SOLELY Of PROOLCT MINE~ALS. THIS OPTION ACTlALLY PRODUCES 
A S~QUENCE OF ~CuiLIERATEO CLOS~U SYSTEMS OF INCREASING 
REA:T!INT!ri/J.T~R F:;..TIC. IF I'!TrP:.=1 Th:. R2.4CTICN v::SSEL 
INCLUDES ALSO T~E REACTANT SUBSYSTEM, AND ANY 
~EACTANTS WhiCn SATURATE WITn THE SOLUTION ARE CHANGED 
IN STATUS TO P~CJUCT MIN~RALS. ANY SU~SEQUENT DISSOLUTICN 
TiEREFORE OCCURS REVERSI3LY. THE THEOR~TICAL ROCK CONSIS~S 

OF PRODUCT MINERALS PLUS UN~EACTEO SOLIJ REACTANTS. 
(MOD~L=1, MTYP£~1 WAS WHAT TH~ CLOSED SYSTEM UF OLD ( 
PAT-II WAS II\TEHCED TO KODEL.) 1 

MODEL·= 2 ThE A2011E SYSTEM IS MODIFIED SUCH THAT ~Ll 
PR~CIPIT~T~O SCLID PHASES ARE PERIODICALLY TRANSFERRED INTO 
A PHYSICALLY REMOVED SLBSYSTEM CP.R.S.). THE 
TJTAL SYSTEM CC~SISTS OF ALL THR~E SU3SYSTEMS AND IS CLOSED, 
3JT THE SU6SYSTE:1 REACTANTS PLus· AQUEOUS PhASE IS OPEN. CTHIS 
IS THE OPEN SYSTeM OF CLD PATHI). Ti-iE CONCEPT IS TO TRAf\SFER 
MIN~RAL MASSES TO THE P.R.S. SO TrlAT ThEY NO LDNGER INTERACT 
WITH THE FLUID. THE SIMuLATION IS OF FLUID FLCWING THROLGii· 
A REACTANT MEDIUM, LEAVING PRECIPITATED PhASES B~HIND. 
IN PRACTICE, SOME FRACTION OF EACH PRECIPITATE IS L~FT 
IN THE EQUILIB~IuM S~3SYSTEM. ALSO, ThE USER MUST BE HILLIN6 
TO SACRIFICE SOME SMALL MASS (SPECIFIED BY ZKLOGU) 
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TO ~~-OISSCLUTION. THE P.R.S. TRANSFERS ARE GOVERNED IN 
S~VERAL ~AYS. ONE IS BY THE USER-SPECIFIED ARSITRA~Y 
DUMP INTeRVAL <DLZIDI':P), HriiCh MAY 3E S~T TO A QUASI­
INFINITE VALUE. OThER MECHANISMS SENSE THE ONSET 
OF ~E-DISSOLUTION (THE MAXIMUM CRITERION FOR SOLID 
P-iAS:: SPEC IE.S). THE MAXIMUM CRITERION IS NECESSARY AND 
SJFFICIENT hhE~ THE PRECIPITATES ARE PURE MINERALS (OF 
FIXED COMPOS IT IO·'l). IT IS i~ECtSSARY SUT NOT SCFFICIENT 
FJR SOLID-SOLUTION END-MEM3ER COMPON~~TS. IF ATTEMPTING 
TJ RUN AN OPEN SfSTE~ ~ODEL WITH SOLID SOL~TIONS, CHOOSE 
AN QPPROPRIATE VALUE FOR T~E 0SER-SPECIFIED O~MP 
INT~RVAL TO AID IN Th~ R::SOLUTION OF Trl:: MODEL. 

1.3 

THIS FROGRAM EMPLOYS A hiGHLY MODIFIED NEWTON-RAPHSON ROUTINE TO 
SOLVE FOR T~E ~QUIL18RIUM STAT~ OF TH:: EQUILIJRIUM SUBSYSTEM AT ANY 
POINT GF I<EA:TION PROGRES~. TriiS ROUTINE (SU3?ROGRAM NEWTOtn IS 
EOUIPPEJ TO EFFICIENTLY O~T~RMINE Trl~ CGRRECT PHASE/SPECiiS ASSEMBLAGE 
WhiCh SATISFIES TH~ ELEMENT MASS CONSTRAINT~ ~T EACH POINT. A 
SIXT~-CROER FINITE-QIFFERENCE STEPPING-GUT ROUTINE IS USED TO COMPUTE 
STARTING ESTIMATES AT SUCCEEDING FOINTS AND TC PROVIDE ESTIMATES CF 
FIRST, SECOND, ~Tc., OERiv~Tiv:.s OF T•E PRINCIPAL 1/ARIAELC:S. THE 
ACCURAC'r GF TrE STEPPING-CLT ROuTINE IS COtJSTR>'<INED TO TriE FIRST CROER 
2Y T~E SETSC~EW PARAMETER ~sc~Ewt•. AS SCRE~l IS DECREASED, TrlE 
ACCURACY OF T~E SH.PPII\'G-CLT ROUTHE (:JF PRi:OICTOkl IS INCF..::AS::J, 5C:T 
T f-4 E S T E P- S I Z ~ I S 0 E C P. E. AS t. [ • J.., E A C C i.J '-< A C Y 0 F T ri E F IN A L FE S G L T S .C\ T A 
PARTICULAR sr::;, OF .\EACTI0f'< PROG~ESS IS DET~RMINEO 5Y Tt-:E tJEviTON-RAFriSON 
ROUT I N E. ( W HI C H A C T S A S A C C R F(:: C T 0 R ) A N 0 ITS T 0 L ERA t-;C C: P A R .J M::. T:: R S + T C L N R"" 
AND +TOLES+. 

ThE EQ6 INP~T- Ct:CK IS GIVIUC::LJ If·iT!J T~·iG P~~~TS., rr.:. TOP t;:..Lf-J~CK .~\\0 

T H C: E 0 T T 0 r HALF- J C: C (. IN T -d S ,:, E G 4 =::. J, h 0 TE T ;-.:: F C L L 0 til N G • i 0 lid T l ALL Y 
HODEL AN AQU::OJS SOL~TICN L~ING VARIOJS INPcT DATA FO~ PH, TOTAL 
CONCENT~ATIONS, EQLILIERIL~ CONSTR~INTS, ~TCQ, YOU MUST FI~ST JSE 
PROGRAM EQ3, W~ICh PRODUCtS TH~ 60TTO~ n~LF-OECK OF THE FJLL EJ6 INFGT 
DECK. LSERS JO NOT PLNCH LP 30TTCM nALF-DECKS (ALTHOLG~ THEY MAY OF 
COGRSi MODIFY THEMJ. 30TTCM ~~LF-D~CKS ARE NORMALLY PGNC~EO UP 8Y 
MACHI~ES. INSTRUCTIONS FCR INPGT DECKS ARE DISCUSSED IN SUJRJUTINE 
R E A 0 Z • A PIC K- UP 0 E C K , A F u L L 0 E C K T 0 RE-S T ART A RUN A T S Oi·1 E V A L U f 0 F 
REACTION PROG~::ss G:;:C.ATER TnAN z:::r:;.o, CAt\ SE WRITTEN BY SL3F:OUTiiE 
ESCRITZ. SE:: THAT ROUTINE: FCR AN £.•,PLANATION OF Tr-E OPTIONS. 

+++++ W A R N I N G +++++ 

IT IS THE U'5ERS R::.SPONSI3ILIT1' TO O~T~RMINE WHICH, IF ANY, OF THE 
ABOVE MODELS ARE APPLICABLE TO HIS PARTICLilAR PROBLEM. SEE HELGESON ET 
AL. (1969) FJR EXAMPLES CF REASONABLE APPLICATIONS. IT IS ALSO THE 
USERS RESPONSI3ILITY TO ChECK THE SJPPORTING DATA FILES TO INSJRE THAT 
CORRECT AND NECESSARY DATA ARE PRESENT. USERS SHOULD NOTE THAT 
COMPARISON OF THED~~TICAL PKEDICTIONS WITh 'REAL DATA (EXPERIMENTAL CR 
FIELD) MAY PERMIT. JSERS TO MODIFY THE THEORETICAL RUNS TO BETTER FIT 
REALITY. 

, A REACTION PATH IS OESCRIE~D IN TrliS PROGRAM BY THE FOLLOWING 
PRINCIPAL VA~I~8LES OR DESCRIPTORS, WiiCH ARE TREATED IN LOGA~ITHMIC 
FORM. 
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THE MASSES OF A BASIS SET OF AQUEOUS SPECIES (MOSS) 
T HE F u :; A C I T '( G F 0 X Y G E N IN THE A Q U E 0 U S P H A S:: ( F 0 2 ) 
T HE :: QUI V A L E N T S T C I C t-. I 0 ME T RIC I C N I C S T R E N G T h < X IS T E Q ) 

THE IO~IC STRENGTH CXI) 
THE MASSES OF ANY PJRt. MINERALS PRESENT (~CMN) 
ThE MASSES OF ANY SOLID-SOLUTION Etl0-11EMaERS PRESENT (MOMX) 

ThE Ct-IEF REDOX PARAMETER JSED IN THE PROGRAM IS ThE FUGACITY OF 
OXYGEN IN TH:: AQUEOuS PhA ~E. A FICTIVE AQUEOUS SPECIES, 02 <G, AQ), IS 
.ASSOCIATED rHTH THI5 VARIAELE, AND IS NOT TO SE CONFUSED WITH 02 (AGJ, 
THE SPECIC.S JISSOLVC.D CXYGEN. 02 (G,AQ) IS t1ASSL::SS, ODORLESS, AND 

TASTELESS. 

ThE ACTIVITY OF ~ATER A~O SEVERAL 3ULK SOLUTION PROPERTIES MAY oE 
COMPLIED AS FUNCTIONS OF Th:: EQuiVALENT STOICHIOMETRIC IONIC STRENGlrl OF 
A SCOILJM CrlLJRIDE SOLUTICf~. THIS IS D.EFINEO AS THE TOTAL DISSOLVED 
C 0 N C U~ T R A T I G N 0 F T t:::. LC: C T I 0 U , l·l h I C h I S ~ IT rl E. R N A + 0 R C L - • ti 0 T :. T .-; A T 
THIS TREATHE~T ~MPLiES ThAT TriE ~QUEOlS PriASE IS EITHER VERY DillJE OR 
IS 3ASICALLY A SODILM CHLORIDE SOLUTION. T~E LOG ACTIVIT~ OF WATER IS 
STORED AS TH~ FIRST ELE~E~T IN T~E AR~AY GLG, WHICH CONTAINS LOGARITriMS 
OF Tl-:t ACTIVIT'( COEFFICIEt·~T.:> OF LIQUEOuS SPECH:.S. 

A REACTION PATH IS I~ITI~LIZEO aY COMPUTING A MOD~l FOR THE 
EQUILIBRIUM SJ3SYSTEM. EITriER OF PROGRAMS EQJ AND £06 IS SUITAELE FCR 
T ~ E P lJ R F 0 S E { W rl I C ri 0 N E 0 E F E N 0 S 0 N T n E S I T L A T I 0 N ) • T H E I N IT I A L 1·10 D E L I S 
VERIFIED BY :ALLING TH~ ~~hfC~-~APhSON SU3ROUTINE, ~MICH IS CAPASL~ Of 
REDUCING RESIDJALS, fQUILI6kATING P~RTIAL EQUILIBRIUM STARTING SYSTEMS, 
AND ALTERING TEMPERATURE A~D PRESSU~E CONDITIONS. THIS STARTING CALL 
HAY FAIL BECAUS~ STARTING ESTIMATES W~RE POOR IF TME LS~R MAK~S A LARG~ 
INITIAL JUMP JN ZI GR MAKES A LARGE C~ANGE :N TEMPERATLRE/P~ESSLR~. 
i< 4 R 2: L T , T H :: ~ T ~ =?, T I l· lL~ C ;: L L.. f~ .~. 'r r ~.-. :L l _;E :~ .!4 G S ::. i·~ C. d T J f ~ ·.·; ~. S L !\ ;._ ~ L ~ lJ i T :C R ;~ I i'-J E 
ThE C C F< K. c C T => ~ 4 S:. ""S S i:. ;v, c L,:.. G.:.. 0 .~ T 0 S J? P L Y 0 u G J ':. i~ C ~ G h S T;:; ;.:: T I i~ G :: S T H', ~E. S 
UPON :.LTC:RING T~E ASS..;f-'ED Fr.ASC i:<SSi::i-1-?LAG[, SEE CJ1-1!1:=NTS IN SU3RCUTH~E 
NEWTO~ ON POSSI3LE COLRSES OF ACTION. IF T~E PRI~:IPAL DESCRIPTORS 
(8ASIS VARIA3L~3) A'-:t:. hiGi.LY S::.I~SITiv:: TO T.;t.. o::FHdTION CF Th:: Hi?CSCO 
MASS CG~STRAINTS WIT~!~ S~~E REGION OF REACTION PRDGR~SS, T~EN NEWTON 
WILL EXPERIENCE DIFFICULTY I~ CON~ERGING ON A STARTING CALL WITMI~ SUCrl 
A R E G I C N t; N L:: S S T h:: S T ART ll\ G C:. S T I M A T E S ~ RE V E R Y , \1 E F< Y G 0 0 .) • AN E f.. A 1".? L E 
OF SL;CI-1 A CfUTICAL REGIOt-. IS T~AT If~ \~:HCh TilE OXYGEN FUGACITY DROPS 30 
TO OVER 70 O~J~~S OF MAGNlTJDE IN TnE REOUCTIQN OF OXYGENATED SEA WATER 
BY REACTION ~ITH 3ASALT CR PERIDOTITE. 

' 
A REACTION PATH 5EGINS AT ZI=D• NO REACTANT MASS IS DESTROYED AT 

THIS POit-.:T. riJWEVC:R., T~E: Il\ITIAL VALUE OF ZI MAY BE GREATER THAN ZERO 
IF THE RUN IS 'A PICK-UP RUN OR AN INITIAL JUMP USI~G THE ~EWTON-RAPHSON 
CAPABILITY IS JESIRED. NOTE TrlAT ZI IS A STRICTLY INCREASING FUNCTION. 
IF CNE OR MOR~ REACTA~TS IS A M:NERAL ThEN UNIT CH~NG~ IN ZI IS USUALLY 
EQUATED hiT!-: THC: DISSCLUTICN OF ONE MOLE OF ONE OF THESE. FOR A SPECIAL 
REACTANT, IT IS CON~ENIENT fO AR3ITRARILY CHOOSE 100 G AS ONE MOLE. IF 
THE TEMPERATJ~~ IS C~ANGEC ~ITH REACTIO~ PROGRESS SUT THERE AR~ NO 
REACTAI\'TS, IT IS CONVENIEl\T TO EQliATE UNIT CHANGE IN ZI WITrl UNIT CHANGE 
IN TEMPERATU~E (OEG CJ. SGME OF THE PROGRAM DEFAULTS ASSUME THESE 
CONVENT ICNS. 

A SET OF ZE~O OR MORE REACTANTS IS SPECIFIED, ALONG WITH A 
CORRESPONOIN:; S~T OF RELATII!E REACTION RATE CO::FFICIENTS WHICH RELAT~ 
THE RATES OF INPUT TO ThE E~~ILIBRIJM SUBSYSTEM TC THE REACTION PROGRESS 



EaFCJEQq_J639c:a~ P~oG;JAM) M~~u;t PoR LBL JAN79 vERSION 
EQ6 

13 

VARIABLE, ZI. ALTHOUGH PROviSION IS MADE IN THE PROGRAMMING FOR SECOND 
AND ThiRD ORDER RATE COEFFICIENTS, IT IS RECOMMENDED THAT THEY t-OT 
ORDINARILY BE JSED. EACH REACTANT FALLS INTO ONE OF THE FOLLOWING 
CATEGORIES ••• 

1. SP~CIAL REACTA~TS 
2. AQU~OUS SPECIES 
3. STOICHIOMETRIC MINERALS (FIXED COMPOSITIONS) 
4. SJLID SOLUTIONS 
5. :;AS SPECIES 

A SFECIAL R~ACTANT M~'l' E:::. ANY ~P::CIC:S OR PHASE WHOSE CJMPOSITION IS 
PROVIDED 3Y TH:: USER. POSSIBLE EXAt~PLES INCLLJOE ROCKS OF KNOI~N 

ELEMENTAL COMPJSITION BUT LNCERTAIN MINERALOGY~ A GLASS, ANOTHER AQUEOUS 
PHASE, OR A MINERAL WhiCh IS NOT IN Tri~ DATA S~T. TO MODEL EVAPORATION, 
DECLARE ~ATER TO BE TriE REACTANT AND CHOOSE A NEGATIVE RATE CONSTANT. 
REACTA~TS HAY BE EXriALSTED OR, IF THEY ARE PURE OR SOLID-SOLUTION 
MIN~RALS, RE~CH ST~T~S OF SATU~ATION ~ITH Th~ EQUILI3RIUM SUBSYSTEM. IF 
TriE LATTER, Trl~Y NORMALLY REMAIN FO?~ALLY IN T~E REACTANT SU3SYSTEM AND 
CONTI~LE TO 3E TIT~ATED I~TJ THE EQUILIBRIUM SJ3SYSTEM. HOWEVER, U~OER 
MGO~l=1 AND MTiPE=l Th~Y ~R~ TRANSFERRED TO PRODUCT MINERAL STATUS AND 
RE-DISSOLVE ~EV:.RSL:lLY IF i\T ALL. CNJTE THl:.T ThEIR DISSOLUTION 
PSEUDO-KINETICS AR~ ThEN CCNTROLLED 3Y EOUILI3RIUM AND ~OT 3Y TriE 
USER-SPECIFEO ~~Li\TI~·c:. RKT::. CCNSTAHTS.l 

THE REACTION PATh TERMIN~TES NORMALLY WH~N ONE OR MO~E OF THE 
FOLLOhiNG CONDITIONS hAVE E~EN M~T ••• 

1. A SPECIFltO LI~IT· o;~ REACTIOI\ PROGRESS IS ACHIEVCD CZISTCP~ 

2. E(ECUTION APPRCAC~ES T~E COHFlTING LIMIT 
(J3:: OF ThiS F~~fUR: RcOUI~cS AO~PTATIGN TO 
EQC~ LOC~L INSTALL~TION ~HERE Trl~ PROGR4M IS 
T :J 3 :: ;; U h , J F 1 Ci<- .... ? CJ E C K I S T h C: :1 H R I T T E r-.J ~ L.; T 0 ~·;.::. T I C ::. L l Y 
6 'r' S ._; 3 R 0 ;.. T ::. ~' i:. :... s..: R IT Z. l 

3. EACH R~ACTANT IS E~H~0STEO OR SATURATED 

Tt-:E ::RROR IS M:::ASiJRE.D :;y C0'1PUTING R::SI00AL FUNCTIONS (SeTAl GN Thi:. 
COtiST~AINTS AND DEFINITIC:·;S i\~ICh APPLY TO T01E SYSTEM OESCR.IPT::JRS. 
SEVERAL SFECIAL RESIOLAL FLNCTICNS ARE EMPLOYED ••••• 

EC:TA~M3 = ROOT ME~N SQ0ARE RESIDUAL 
EETA~A( = G~E~TEST ~3SOLJTE V~LUE OF ANY RESIDUAL 
ALPhA = ARRAY OF ASSOLJTE MASS 6ALANCE RESIDuALS 

<CORRESPO~DI~G BETA VALU~S ARE RELATIVE) 
ALPHMAX = MAGNITUDE OF GREATEST ABSOLUTE ~ASS IM3ALANC~ 
EETA~AC = MAGNITLCE OF GREATEST MASS ACTION RESIDUAL 
cETAC:-!B = CMARGE lt-;SALANCE PER KG ri20 
8ETA<KS8) = ASSOLUTE CrlARGE IM3ALANCE 

ThE LAST NEWTON-RAPHSG~ CORRECTION TERMS (DEL) BOUND THE FIRST-OR.OER 
ERROR IN THE BASIS /ARIA8LES THEMSELVES. OELMAX IS THE LARGEST 
MAG~ITUDE OF A~Y ELEMENT CF DEL. BOTH BETAMAX AND DELMAX ARE USED IN 
DETERKINING CONVERG::NCE It\ SUBROUTINE NEWTON. 

OThER BOOKKEEPING IS 1-:ANJLEiJ ThROUGrl TrlE FOLLOWING ••••• 

KCT = NO. OF ELEMEKTS IN THE SYSTEM 
KSB = <CT+1, KCOL INOSX OF THE CHARGE B~LANCE RELATION 
KXIST~J = KCT+2, KCOL INDEX OF THE EQ~IVALENT STOICHIOMETRIC 
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IONIC STR~~GTH RELATION 
KXI = <CT+3, KCOL INDEX OF T~E IONIC STRENGTH RELATION 
KM1 = KXI+1, KCOL INDEX OF THE FIRST PURE MINERAL IN T;E 

SYSTEM 
KMT : <COL INDEX CF THE LAST PURE MINtRAL PRESENT IN THE 

SYSTEM, = KXI IF NONE ARE ?RESENT 
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KX1 : <MT+1, KCOL IrWEX OF TH=: FIRST SOLID-SOLUTION END-MEMBER 
P~ESENT IN THE SYSTEM 

KXT = <COL INDEX OF THE LAST SOLIO-SOLUT!CN COMPONENT PRESENT 
P ~ E S f. NT I N THE S 'f S T c. ~, = K :1T IF N 0 N E A R i:. P R E S E NT 

KOIM = NO. OF DESCRIPTORS USED = Dit1ENSION OF ThE JACOB IAN 
M~TRIX. 

INDEK(KCOL) = STORAGE ARRAY WHICH CONTAINS INDICES OF 
TrlE PRINCIPAL ~ASIS VARIABLES USED TO DESCRIBE THE 
E~UILIGR!l.iM ::;ut:SYSTt::i' 

JSFL~GCNS) = CCNT .~.CL ARRAY WHICH SPECIFIES THE ST A T'JS 
THE AQU 7:: Ol: S sP:::cr.::s 

JMFLAGCNM) = CONTRCL AR.R.CI Y 'iiH I CH SPECIFIES THE ST A TJS 
T~E PU~E MINERAL PMAS~S 

OF 

OF 

JKFLAGCIK,Nh) = CC~TROL A~RAY W~ICH SP~CIFI~S TH~ STATUS 
OF SOLIO-SOLJTICN ::rlO-ME>13ER C0'1PON::NTS 

J X F L C. G ( N X > = C C J\ T .~; C L A K R A Y \-j rl I C rl S P E C I F I E S T h E S T A T J S 0 F 
T~E SOLIO-SOLLTlON PH~SES 

JGFLA;(NGI = CCNT~CL ARRAY ~HIGh SPECIFIES THE STATUS OF 
TiE GAS SPECIES 

JR~A~(NRC) = CC~TRCL· ARRAl ~HIGH SPECIFI~S Th~ STATUS OF 
T-tE REACTANTS 

ZI(1l = LATEST VALL~ OF REACTIO~ PROGRESS 
ZI<2l = PR.::viO~:) <JC,\T OF f<C:A::;TION Pi:;;J-:;t::~C.SS 

ME(NCJ = 11CLES CF C.Lc'·iU,T D~::SEI~T IN T-:t: t'QuiLl0.:.:IJ'·1 SVSSYSTC.i-i 
MTEAQ(NCJ = MOLES Of ELEMENT DISSOL~EO IN THE AOLEOUS 0 HASE 
LOSS(NS) =LOG CF t-'i\SS (IN MOLC:.S) OF AO.L::JL.:S SP~CIC:.S 

L G M N ( tH1l = l 0 G 0 F K f. S S ( I i\ M 0 L E S J 0 F S T 0 I C H I 0 t1 E T R I C i1 ItJ ERA L 
LOTX(N:O =LOG OF M~SS (IN !10LES) OF SOLID SOLUTION 
LGMX(IK,NXJ =LOG U r~:..ss (IN ,.,ICL::S> OF SOLlO-SCLJTIO:~ 

END- MU1S[ R 
XI = TRUE IONIC STR~hGTH 

XIST~Q = EQCIV~LENT STCICrliOMETRIC IONIC STRENGTh CF ~ ~ODIUM 
C-iLJRIDC: SOLLJT ICN 

MOSS(N5) = MOLES OF AN AQUEOUS SPECIES 
t':GMN(NM) =MOLES CF A STOICHI0t1t:TRIC MINERAL 
MOTX(N.:l = MOLES CF A SOLID SOLUTION 
MOMXCrK,NX) = MOLES OF A SOLID-SOLUTION ENO-MEM6ER 
MPRMN(NM) = MOLES CF A STOICHIOMETRIC MINERAL TRANSFERRED TO 

TH~ PHYSICALLY ~£MOVED SuBSYSTEM 
MPRMXCIK,NXJ = MOLES OF A SOLID-SOLUTION END-MEMBER TRANSFERRED 

TJ THE PHYSICALLY RcMC~£0 S0SSYSTEM 
XLKS(N~S) = LDG K FOR AN AQUEOUS REACTION 
XLKM(NM) = LOG K FO~ A MINERAL DISSOLUTION REACTION 
XLKG(NGt = LOG K FOR A GAS SP=:CIES D~STRUCTION REACTION 
GLGCNS) = LOG ACTIVITY COEFFICIENT FOR AN AQUEOUS SPECIES 
LAMLG(IK,NX) = LOG ACTIVITY COE~FICIENT ~CR A SOLID-SOLUTION 

E'lD-MEHBER 
XBARCIK,NX) = MOLE FRACTION OF A SOLID-SOLUTION END-MEMBER 
X8ARLGCIK,N.O = LOG OF Ai30V~ 
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A F F ( N H ) = A F F I N IT Y 0 F A M I NE RA L T 0 PRE C I P I T A T E 
AFFLCXCNX) = AFFINITY OF A SOLIU-SOLUTION TO PRECIPITATE 
FUGLG(NG) = FUGACITf OF A GAS 

AA = T~E JACOEiiAN KATRI.X (IDENTICAL TO PATh GRANO MATRIX) 
GG = :OPY OF TH~ JA;08IAN MATRIX 
ZLG1(KCOL,1J = LCGARITn~IC 3ASIS VARIABLE AT THE LATEST 

SJLVEO POINT 
ZLG2CK:OL,2> = SA~E AT THE PR~VIDUSLY SOLVED POINT 
F1CKCOL,Jl =FINITE DIFFERENCES FOR Trlt J-TH ORDER 

AT THE LATEST SOLVED POINT 
F2CK:OL,J) = SAM~ ~T Tr.E PR~VIOUSLY SOLVED POINT 
OXLG(KCOL,JI = FI~ITE-OIFFE~ENC£ ESTIMATES OF ThE J-TH ORDER 

DERIVATivES AT THE LATEST SJLVED POINT 
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THE USER MAY INPUT UP TC SI/ ACTL:AL ROCK COMPOSITIONS <IN ERMS OF 
OXIDE PERCENTAGES OF MAJO~ ELE~ENTSJ ~rliCH ARE TO SE COMPARED I~ THE 
LEAST-SQ~ARES S~NS~ TO Tn~ T~EORETICAL ROCK AT :ACH PRINT POINT. IGPT7 
IS THE NUM2ER JF SUCh ROCK COMPOSITIONS TO BE ENTERED. 

ALL SCLIO SJLUTIONS CLRP~NTLY IN THIS PROGRAM ~R~ •CONVENTIJNAL• 
SOLID SCLUTION5. IDEAL SCLLTIONS ARE INCLUD~D IN TriiS CATEGORY. THESE 
SOLID SOL~TIONS HAVE E~CESS FREE ENERGY AND ACTIVITY COEFFICENT 
FUNCTIC~S WHICH AR~ {MULI\ARI~3L~J POLYNOMIALS OR POWlR SE~IES IN ThE 
MOLE FRACTIONS OF TriE EhD-MEMSERS. I~PCRTANT TnECREM ••••• SUCH A SGLIU 
SOLUTION IS PRESENT (riAS A POSITIVE MASS> IF AND CNLY IF ALL ELIGidLE 
ENO-MEM3ERS ARE PRESENT. ~LL ~NO-M~M3ERS ARE ELIGIBLE EXCEPT THOSE THAT 
ARE SUPPRESSED OR REQUIRE AN ELEMENT WriiCH IS NOT PRESENT. IF A 
SOLIO-SOUJTION ::x:·il::JITS i.< t--.:.SCI.:>ILITY GAP (t:e~., NA-K FE.~GSP4~J, TrlEN 
E A C h S I 0 E 0 F Tri:: G A P !-H .. ::; f :: i: L( E Cd E :l :4 S A St.. P;.. ~A T C: S 0 l ID- :; 0 LU T I C ;~ c: . G. , 
POTASSIC AloiT:: ANJ SOOIC K-F~LJSPI<!.J. Th::S~ i4R.:: D ISTH~G:.... ISnt:J cY 
S E PAR A T E I N 0 I C :: S A N D 0 I F F c F i:: NT U P P E R L I M ITS C X 3 A R l It-1 ) 0 t' T ri l /-W L E 
FRACTIONS OF T-iE Er,U-t .. t:ri:3EF.:>. "~-SITC:-!HXING..,. i100ELS (E.G., CJI4TES, 1So::J 
H~V£ NCT YET 3~~N INCGRPO~ATEO INTO T~IS PROGRAM. 
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HELGESON, "'i.C., GARRELS, R.:'1., AND MACKENZIE, F.T., 1969, 
:.vALUATION OF lRREVERSIBLE REACTIONS IN GEOCHEMICAL 
PROCESSES INVOLVING AQUEOUS SOLUTIONS. II. APPLICATIONS, 
G~OCHIMICA E.T CCSMOCHIMICA ACTA," V • .33, P. 455-481. 

HELGESJN, H.C., BROWN, T.h., NIGRINI, A., AND JONES, T.A., 
1970, CALCULATICN OF MASS TRANSFER IN GEOCH::MICAL PRDCESSES 
INVOLVING AQUEOLS SOLUTIONS, GEOCHIHICA ET COSMOCHIHICA ACTA, 
V. 34, P. 569-5~2. 
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COMPUTATION OF IRREVERSI3LE GEOCHEMICAL MASS TRANSFER 
I~VJLVING AQUEOLS SOLUTION), DEPT. OF GEOLOGICAL SCIENCES, 
NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS. 
<SIGNIFICANT MODIFICATIONS WERE MAOE BY CLAUDE HERRICK 
ET AL. AT LOS ~LAMOS SCIENTIFIC LA80RATORIES CA. 1S75t 

OATES, ri.A., 1969, IDEAL SOLUTIONS, J. CHEH. EO., 
V. ~6, P. 501-SG-.. 

WOLERY, T.J., 1'37c, SOME CHEMICAL ASPECTS OF HYDROTHERMAL 
PROCESSES AT MID-OCEANIC RIDGES--A THEORETICAL STUDY, 
Pri.D. Th::.SIS, 1'-0i<.THv-lcSTER.N UNIVERSITY, E::VANSTON, ILL. 

T .J. WOLERY 
~ ++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

----- PROG~AM STATUS AS CF 12 OCT03ER 197& -----

A SEPARATE ~RITE-GP ON THE COMPUTATIONAL METHODS OF THIS PROGRAM IS 
GIVEN IN PARr II OF Tr.E A'-LiORtS Pri.O. THESIS (i10L::F<Y, 1976). ThiS 
INCL~DES THE N~CESSA~Y MAT~~MATICAL DERIVATIONS AND A DISCUSSION CF 
PROGR.L.M PhiLJSOPHY. TriS INFC.~~ATION iiiLl ALSO SOON S::: AVAIL4oLE Ii'l 1-\ 

UCRL OCCUt"ENf. 

MOST OF T~E 3ASIC FEATGRES OF ThE PROGRAM h4V~ NOW biEN JOCJH~NTED. 
HOWEVER, NO 3UA~ANTEES CA~ SE MADE THAT USE~S WILL NOT EXPERIE~CE 

TROUELES. FIRST, TniS PROG~AM CONTAINS MANY OPTIONS, AND IT IS EAS) TO 
TRY TO RUN A COM3IN~TION h~ICH IS S~LF-INCONSISTE~T OR UNREALISTIC. 
SECO~OLY, TH~ SJCCESSFLL OPERATION OF ThE PROGRAM DEPENDS TO SOME ExTENT 
ON Tr.t:: vALUES OF CGUTRCL CltJ,;;;AMETERS (TOLERANCt:S, ETC. l hr.ICrl A~E 

i< :J 0 P T c. C • C r 0 0 S n;::, v ;:. L v:. S C T h.:. F:. T r'. !.< i'; T n C: D i:: F .:\. L L T .3 ~~ C:. Y o.:. :·. I S K Y , 

T~E A~THC~ ~00LO ~PPRECIATE COKMENTS CONCERNING ThiS P~CG~AM, 

ESPECI~LLY ANY ~R~J~S ThAT ~S~RS ~AY UNCOVER. SOM~ KNOW~ PROcLt~S TO 
Wr.ICI-: THE CURR~NT VERSION t·IAY .3[ SLSCEPTI3LE ARE ••• 

1. ThERE IS PR~SE~TLY ~LMOST NO uSEFUL DATA ON SCLIG SOL~TIONS 

TO LSE WITH THIS F~OGRAM. SITE-MIXING MODELS HAVE NOT 
YET SE~N INCORPOR~lc.O INTO THIS CODE. IT IS PRESENTLY 
REC0t1M.::No::o TrlAT Tl-:::: 'JSE.R INPJT IOPT4=0 TC IGNORE SOLIJ 
SOLUTIONS. MUC~ OF THE CODE FOR TR~ATING NON-IDEAL PHASES 
HAS NOT BEEN SLFFICIENTLY TESTED. DIFFICULTIES WITH 
SUCH HIGhLY NGN-IOE~L SOLID SOLUTIONS WHICH E~hlBIT MISCIBILITY 
GAPS ,AVE YET TO SE SATISFACORILY RESOLVED. lJSE SOLID SOLUTION 
AT YJ.JR PERIL. 

2. THERE IS CuRRENTLY NO PR.OVISION FOR A GAS PHASE~ ALTHOJGH . 
THE ST~UCTURE OF TH~ PROGRA~ WAS DEVELOPED WITH THE IDEA 
CF ADDING SUCH A FROVISION LATER. FUGACITIES RELATIVE TO 
THE ~QUEOUS PHASE ARE NO~ CALCULATED~ HOWEVER. 

3. EQ3 AND EQ6 CURRENTLY USE OLD STYLE ACTIVITY COEFFICIENT 
FuNCTIONS (riELGESCN, 1-3E3J \tHICh ARE NOT SUITABLE FOR 
hiGh IONIC STRENGTH (I .GT. A30UT 1) 3RINES. IT IS ANTICIPATED 
THAT T~ESE HILL B~ REPL~CEO SOM~TIME IN TH~ FUTURE. 

4. A PRJBLEM MAY OCCL:R IN S0!-1.£ RUNS IN WhiCH ThE OXYGEtl 
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FUGACITY HAKES A EIG JUMP !N TH~T THE RESIOU~L FUNCTIONS KAY 
DECAY TO A LEVEL CCNSISTENT HITH ROUND-OFF/TRUNCATION 
ERROR wHILE THE Uf\KNOWI~S IN TriE BASIS SET oECOME 
RANDOMLY INACCURATE. THIS PR03LEH HAS BEEN NOTICED IN 
AT LEAST ONE RUN CN A CDC MACHINE AND WOULD BE MORE 
OF A PROBLEM ON AN IBM. THE ONLY RECOMMENDED SOLUTIONS 
AR~ TO GO TO DOUBLE.-PRECISIOrl OR TO SKIP OVER THE REGI:H~ 
CF REACTION PRGGRESS IN WhiCH ThE JUMP OCCURS. 

?. T~E ?RDGRAM MAY HAVE TROUELE CO~VERGING IF THE MASS OF ONE 
OF HiE AQUEOUS i:ASIS SPECIE3 IS VERY SMALL RELATIVE TJ THAT 
OF Q COMPLEX OR A SIMPLE SPECIES IN AN ALTERNATE OXIDATION 
STAT~. THE CURRE~T CHOICE OF 3~SIS ELEMENTS IS FIXED IN 
ThE ST~UCTJ~:E OF Tt-E DATA cASE. CODING TC PERMIT BASIS 
SHITCrliNG IS PLANNED FOR Tri~ FuTURE. PR02LEMS OF THIS 
SORT A~E MOST LIKELY TO 3£ ~NCOUNTEREO WHEN MODELLING 
THE 3EHAVIOR OF T~~CE METALS WrliCH COMPLEX EXTREMELY 
STROr~GLY OR OCCi.;f<. li~ DIFFEE.C::H GXI0.4TION STC.TES OF 
WIDELY DIFFERING FGTENTIAL. 

T~E FOLLOWING C~ANGES ~AVE 2EEN ~'DE SINCE TrlE LAST hiDELY­
CIRCI.JLATEO V::RSION (EQE.124J) ••• 

1. THE INPUT FCK.t-~AT i-AS oEEN c,::.NGEO. SEE ThE INSTRuCTIONAL 
COMMENTS IN S~dROLTIN£ REAOZ. 

2. COMMON 3LOC:KS HAVt. E:~:.N CL::..::,;;::o UP AND REC2GANIZED SINCE 
THE LA5T VERSION. VARIABLES 3EGINNING WITrl L OR M ARE NOW 
IMPLICITLY R~AL I~ hEARLY ALL SL~PRGGRAMS. A N~M2ER OF FLAG 
A R R A '( S THAT F U F: ME f' L 'I' 6 E G i\ I' ;,' : T.-i L G R M N 0 1-i 5 E GIN ;-JI T ri J • 

3 • N E H T J N t S P r. ;:. S E S E l t. C T I 0 U A L _, J .~ I T h tt; S ~ A V E :: ~ E N HiP ? (J V E G • 

4. THE JP~N SYSTEM ~Ch AP~EARS TO WORK R~ASO~ABLY ~ELL, 3JT 
LOOK OVeR T.-,E OUTFLT ::;AREfLLLY IF YOU SELE:;T THIS OPTIJiJ. 

S. P~AS~ 30LNO~RIES ~~~ NOW AC~u~~TELY LO:ATcO IF YOU SELECT 
IOPT13:2 (A~TOMATICALLY SEL~CTED IF MODEL:2). IF YOU 
SEL~:T IOPT13=1, Th~N PRINT~J lJVISURIES OF PhASE 6JUNO~R~ 

L C C A T I 0 I~ S ARt. G I V U\, a ;..JT C 0 ~~ => J T A T I 0 N S 0 F T i-: E S T A T E 0 F T ,., E 
SYSTE:,"1 AT SlJCri PCJt,TS ARc ;·,::JT PERFORMED' I.E., ThE 
80UNOA~IES ~RE SKIPP~D OV~R, 4S WITh IOPT13:0. 

6. THE NAMES OF MOST OF T~E FLA~ ARRAYS HERE CHANGED TO aEGIN 
WITH J" E.G., MFLhG IS NOW JMFLAG. 

7. VARIABLES BEGINNING WITH >G> A~E IMPLICITLY OF TYPE LOGICAL" 
ThOS~ 3~GINNING WITrl >L> OR >M> ARE IMPLICITLY REAL. 

b. ThE PROPOSED BASIS SWITCHIN~ FEATU~E TO PERMIT USER OR 
PROG~AM SELECTION OF THE SET OF AQUEOUS SPECIES WHICH S~RVE 
AS BASIS ELEMENTS hAS NOT SEEN IMPLEMENTEC ON ThiS VERSlON 
OF El&. THIS VERSION WILL ~o~EVER READ EQ3 INPUT FOR 
SWIT~HING INFORMATION ANO T~RMINATE WITH A WARNING MESSAGE 
IF SWITCHING IS INDICATED. 
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EQ/d E ±~-EQ3YE Q~ P~oikA ~) Htrl~u£t ~OR L oL J A N7 9 VERSION 
EQ6 

. . . . . 
' ' . , " 1\0T£ S T 0 NEW USERS ' ..... 

' ' ' ' ' 

2D 

THIS PROG~AH HAS MANY CPTIONS AND IS NOT NECESSARILY EASY TO OPERATE. 
READ THE HANJAL OR SE PREPARED TO SUFF~R THE CONSEQUENCES. READ IT 
SEVERAL TIMES 3EFORE YOU TRY TO RUN THIS PROGRAM. THE RIGHT STRATEGY 
USING Tt-:E MANY OPTIONS TH lS PKO\;RAM OFFERS MAY MAK:: THE DIFFERENCE IN 
SOLVING YOUR PROBLEM. 

THIS PROG~A~ WAS WRITTEN BY THCMAS J. WOLERY, FORM::RLY OF TrlE 
OEPART~~NT OF :;~OLOGICAL SCIENCES, NORThWESTERN UNIVERSITY, EVA ~STON, 
ILL. 60201, NOW AT L-224, LAWRE!HE LIVERMORE LA30RATORY, P.O. SOX c!JO, 
LivERMCR~, CALIFORNIA 94550. 

THIS FROG~AM WAS WRITTEN FOR THE CDC FTN4.6 COMPILER AND CDC 6~00, 
6600, AND 7EOO COMPJTERS. CONVERSION OF THIS PROGRAM TO RUN ON A 
MACHINE wiTH A SMALL 1-ICRD LEt\GTH (I.E,, I5Ml MAY 3E V:.RY DIFFICULT. IF 
YOU ELECT TO GJ AH~~O AND CO THIS, I ~ECOMMENO SUYING A LARGE SUPPLY OF 
CANOL~S (60T~ FOR WORKING LATE INTO TriE NIGnT AND ALSO FO~ THEOLOGIC~L 
G U I D A N C E I , N ;: 4 R L Y E V E R Y F L 0 A T I N G P J I!H VA R I A 8 L E h I L L h A V E T 0 S E t~ A 0 E 
DOUBLE PRECISION. :30Kc OCL3Lt: PRECISION IS ALREADY USED IIJ SUBROLTINE 
SriiFT MJO IN Trit_ IM.SL <INT~;;;;NATIONf.IL :-1ATt-::::'1i.T:CAL ;.,No STATlSTICt:L 
L I a R A i< Y> R 0 U T I \1 E S ~~ r I C :--: L- IS P .~ C G R A ;"1 E M P l 0 Y S • 

APPROXIMATE FIELU LE.NGfh TO COI"PIL~(OPT=2) ••••• 
~":CST SJSPPOG~4MS 

1\EWTJN 
6JC~C3 

-15 0 Q 0 0 8 

APPROXIMATE FIELD LENGTh REQLIREJ TO RUN •• , •• 
SCM 14SOGG8 
LCM 3~0C6 

NOTE: ThAT THIS ROLiTWE GJES I\OT CONTAIN £d·l INITIALIZlt~:; 

OISTRI8UTION-OF-SPECIES ROLTINE. YOU M~ST FIRST LSE THE COMPANION 
PROGRAM i03 rJ DO T~Is. C"Q3 h.:J.IT'::S INTeRFACING OCTPUT ON A FIL::. CALL.::o 
PICAT, ~~ICh IS USUALLY Pu~~hEJ, AN1 TrlE 0SLR ThEN ADOS TniS TO THE EQb 
INPUT DECK. rlClWEVER, IT ~AY 8~ LEFT ON UISK ANJ R~AO BY ~Q6 DIRECTLY. 

0 IS K F IL E 5 J SE 0 3 Y E Q 6 . , ••• 

TAPE& (JATAU AND TAPE? (0ATA2> CONTAIN SelECTED fiLES 
FROM A SUPPORTING DATA LIBRARY AND ARE JSED TO INPUT 
COMPJSITIONAL AND ThERMOO~NAMIC DATA <CF. SUBROUTINE INDATZ). 
FOR ~ROGRAM EQ6 ••• 

DATAl : DEQCE + DEQCDS (MERGE TWO FILES) 
OATA2 = OEQSSCS <ST~AM SATURATION CJRV~), OR 

= OEQ500S (5u0 5ARS> 

TAPES CPICAT> IS AN OPTIONAL FILE WHICH MAY SL;PPLEMENT 
INPUT (TAPE6Gl <CF. Su3ROLJTINE REAOZ) AND/OR OUTPLJT 
(CF. SUBROUTINE ESCRITZ). THIS FILE IS USED TO INTERF4CE 

' EQ- 5E~IES PROGRAt-:S. THIS FILE IS REWOJNO 6EFORE READING 
AND SOHETH1ES BEFCRE WRITING. 

OTHE~ UNIT5 MAY BE uSED FOR SUPPLEMENTAL I/0, PLOTTING, 
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ETC. CrlECK TH~ PRCGRAM CARD. 

THIS FROG~AM PRODUCES ITS O~N INTERFACING I/0 FOR PICK-UP RUNS AND 
OTHER PURPOSES. THE USER SriOULO ACQUAINT HIMSELF WITH THIS fACILITY BY 
EXAMlNHJG SU3PROGRAMS REA [Z AND ESCRITZ. 

THIS VERSION USES SUSROLTINES FROM THE IMSL PROPRIETARY LIBRARY TO 
SOLVE LINEAR SYSTEMS IN THE MAIN PROGRAM AND ALSO IN SUSROUTIN~S 
HYPSATZ, NEWTON, SHIFT, At\0 RESCALE. SliBROUTINE-lUOATF CREATES THE L-U 
DECOMPOSITION JF THE GIVE~ MATRIX AND SETS TH~ FLAG VARIABLE •I~R• TO 
ZERO IF THE COMPUTAfiCN IS SuCCESSFUL. Sli8ROUTINE LUELMF SOLVES FOR A 
GI~EN RIGHT-HAND-SIDE VECTOR USING THE L-U DECOMPOSITION FROM LUDATF. 
SUBROUTINE LJREFF ITE~ATIVELY IMPROVES AN APPROXIMATE SOLUTION TO 
MACHINE ACCURACY GIVEN THE MATRIX, AN APPROXIMATE L-U DECOMPOSITION, AND 
THE RIGHT-HAND-SIDE VECTOR, AND RETURNS THE FLAG ~ARIA8LE +IER~ AS ZERO 
IF SUCCESSFUL. IF YOU CA~ NOT FIND THESE ROUTINES IN YOUR INSTALLATIONS 
IMSL ~RITE-U 0 , LOOK UNDER ~~EQT2F•. 

LOCAL EXTERNALS HAY SE ~SED TO E~AMINE THE N~M8ER OF COMPUTING U~ITS 
RC.M/<INING. AT NUCC (UORT:wESTERN UiliV.) THE. EXTERNAL ... SECOND"" RETURNS 
T~E NUM3ER OF ~~HAJSTEC CCMPLTING GNITS ~NO MUST a~ COMPAR~O ~ITH 
ll'-CPLlii•, THE USER-OEFINE:.C A1W LSER-INPUT VALL;[ OF ThE CCI~FUTING LIMIT. 
AT BKY (LAWRE~:E SERKELEY LASORATORYl THE EXTERNAL •STATUS~ IS CALLED, 
AND TriE PARAMETER IkAY(3), ~ihiCM CONTI:.INS ThE Nlit1::ER OF REI'i!dNING 
MILLI-COMPUTINS UNITS, IS RETURt~EC JIRECTLY. T:;ESE ROLiTii'lES A~E 

EMPLOYED IN 5U3PROGK.AMS .:;:.c_G~..,. A~D •SCRIPZ'~'-. riHEi~ THE COl'lFUTIU:; Lii1IT IS 
APPROAChED T~E PRO~R4M TE~MI~AT~S NORMALLY ~FTER WRITING INTERFACING l/0 
FCR A PICK-UP RUN S~GINNING AT THE LAST ~ALUE OF ZI. TrliS FEATURE IS 
NOT CURRENTLY JSEJ AT LLL (LAi~R.ENCE LIVERMOKE LA30RC..TJRY>. 

A hO;:o OF yjARNHil::e 1:-::: ::..;.T:::FN;::L "'S::CONJ"'- l..!SEJ AT NUCC lS A SH-I!~OARLi 
CCC NOS EXTE;:rJAL w!-;ICi: RE:TLKiiS T:iE i~Ui13E:R OF CP SECONDS L'SEO. Ll.T NLCC 
THE JOE COMPJTING LIMIT IS DEFINED IN TERMS OF C? S~CONOS. THIS 
EXTERNAL CAN NOT SE ~SEC CV::..N AT ANOTHER CDC INSTALLATION WriiCH SUPPORTS 
IT IF ThE J03 COMPUTING LI~IT IS UEFINEO IN A JIFFERENT MANNE~ {~.G., 

3KYl. 3E VE~Y CAREFLL W~~~ IMPL::MENTING ThiS F~ATGRE AT NE~ 

I N S T A L LA T IO t·4 S • 
~~ ... ·········~··~··~···~··+~·-······••++~+++++•++++++•~··•¥++~···~· 

T. J. W OLE R Y 

A DOE llOUM 

THIS VERSION WAS RECEivED AT LaL AT THE END OF NOVEMSER 1976, AND 
MODIFICATIONS 'TO TH.:: DATA EASE C=:QDAT02) FO.~MAT AND TO THE INPUT FORMAT 
io;ERE MADE FOR ENHANCED LEGIBILITY AND EASIER UPDATE. THE MAIN CHAI\GES 
WERE TO ROUTINES EQS, REAEZ, INDATZ, AND ESCRITZ, ALTHOUGH CHANGES 
NEEDED TO GE~~RALIZE REF£~ENCES TO OATA BASE ELEMENTS BY INDEX OCCUR 
ThROUGhOLT AS DO CHANGES RELATED TO ALLGWING AQUEOUS SPECIES NAMES TO Be 
TWENTY ChARACTERS LONG, AND THOSE D~SIGNATiNG CERTAIN ARRAYS AS LCM 
(LEVEL 2). ALSO SOME ARRA 'l SIZCS wERE INCREASC:O. 

PAT IQBAL 
L6L, CSAM 
JAN U A R Y , 1 g 7<:: 

~ ~ • ~ • • • • • ~ • • • • + • ~ • • • ~ + • + ~ • ~ • ~ + + + 4 + 
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DESCRIPTION OF INPUT VARIABLES FOR tQ6 
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TME TOP HALF-DECK IS USER-PREPAR~D OR CREATED SY A PREVIOUS EQ6 RUN 
AS PART OF A PICK-UP RUN CECK. 

TITL~ = FIVE CARD IMAGES OF VER6AL DESCRIPTION FOR THIS RUN 

JT~M~ = T~MPERATURE TRACKIN; CODE 
: 0 POWER SERIES TRACKIN; 
: 1 FLUlO MIXING TRACKING 

TEMP:O = INITIAL TEMPERATURE, OEG C 
<TE'1PC AT ZI=G.) 

TK1tfK2,TK3 = T~MPERATURE T~ACKING COEFFICI~NTS 
JTEMP=O TEMPC=TEMPCO + TKi•ZI + TKZ•zr•+z • TK3•zr••3 
JTE'1P=1 TEM?C= (TEMPCD~TK1 + ZI*TK2)/(Zl+TK1) 

TK1 = /":ASS OF FLUID .IN ;1Glt:S, WHC.RC: 1 MOLE 
n ;\ S T t-;E S C: t''i E D ~ F UJI T I 0 N A S F 0 R T ME R E A C T A NT F Ll.i I 0 
Ai~O Ui'H T CI-:ANGt: UJ ZI ME;l:;S ONE t-10LE OF 
R~ACT~NT FLUID MAS 3E~N AJQ~D 

uSU~LLY T~IS IS 1:J~ G, SJ ~suALLY TK1 = leG 
TK2 = TEMPERAT~RE OF T~E REACTANT FLUID 

ZIST4RT = STARTING ll·ilLGE CF K.EACTIOiJ PROGR::SS FOR TriiS f;UN 
ZISTJP = ~PP~R LIMif FOR ZI FJR THIS RUN 

(f~~MINATES THE RUN) 
OELZIP~ = PRINT I~C2EMENT I~ TERMS SF ZI 

0 :::> E ~~ S Y S H:. t~ 11 C C E. L ( :·; 0 DEL= 2 l 

TOLE~~NCE PARAMiTER5 (OEFA~LT V~LLES ARE ~IGhLY RECOMMENDED} 

TOLA = S~ARC~/FIND TOLER~N~~ = S~TURATION TOLERANC~ 
TOLNR = NEWTON-RAPHSON CJNVERGENCE TOLERANCE 
TJL~S = CONVERGEkC~ TOLE~'NC~ ON iLECTRICAL SALANC~ 

SETS:R~i'l PARAMETERS <DEFAULT JALUES ARE HIGhLY RECOMMENDED} 

SCR~Wl = MAXIML~ ESTIMATE OF ERR8R IN LOGARTHMIC 
'VARIABLE UPON STEPPING OUT, BOUNDS THE STEP SIZE 
(FUNCTICNS SIMILARLY TO EPS IN HERRICK PATHI, BUT 
CAN BE GREATER IN MANY CIRCUMSTANCES IF THE ACCURACY 
OF ThE STEPFING-OUT NEED NOT GE TIGHT> 

S:REW2 = MAXIML~ ~AG~ITLJ~ JF N~~TON-RAPHSON CORRECTION T~RM 
PER ITERATICN 

S:REW3 = MAXIMLM INITIAL VALLE OF BETAMAX AT W~ICH 
NE-WTON WILL NOT TRY TO JECRC.ASE THE STEP SIZC. 
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SENSITIVITY PARAMETERS FOR LOG MASS OF SOLIDS (DEFAULT VALUES 
ARE HIGhLY ReCOMMENDED> 

Z<LOGU = A ThRESHhOLD FARAMETER FOR THE LOGARITHMIC MASSES 
~F SOLID SPECfES. AT OR BELOW THIS LIMif TAYLORtS 
SERIES ACCURACY IS NOT REQUIP..ED FOR A SOLID 
SPECIES LOG K~SS, AND UNDER ThE OPEN SYSTEM MODEL, THIS 
MUCH SOLID MASS MAY BE DESTROYED WITHOUT NEWTON CUTTING 
THE STEP SIZE. RECOM"'IENOEO VALUES. LIE IN TrlE RANGE 
OF -6.C TO -1~.0. 

Z<LOGL = AMOUNT BY W~ICh LOGARITHMIC MASS OF A SOLID IS 
DECREMENTEC ~y A TRANSFER TO THE P.R.S. ~NOER MOOEL=2. 
ZKLOGL=2• M[AkS TnAT ~9< OF THE MASS IS TRANSFER~cD, 
A VALUE OF 3. MEANS TriAT S9.9< IS TRANSFERRED. 
IT IS RECOMME~OEO THAT VALC~S LI~ IN Trl~ RANGE OF 
2.0 TO 4.0. ZKLOGU DETERMINES THE ACCURACY 
JF TH::: OPEN SY'STEI" MO:;::L, 8L'T ZKLOGL ONLY 

6FF~STS Thi CJ~PLT~TIONAL G~H~VIOR OF THl RUN. 

OLZI>1A,.;(1}-= IrdTLAL STili<.Tif,G STEP SIZE (NORD=O), HE STil~TING 

ST~P SIZ~ ITS~LF MAY ~~ J~C~i~S~O ~y Tn~ PkCGR~M 

OLZILI:1 = AF;C:ITR{:(t;Y l.J??;:.;;, LI:-iiT Oii STC:? SlZE FOF, Cr~JEk 

G~E~T::.~ Tt-;AN 01\C: (USLALLl' :'~ONE IS i~EEDECJ, SO TAKE Tri::: 
o:::FA..;Lf, hniCH I:) QIJ..i.SI-INFINIE.:l. 

IFILE:: SUPPLEI'ENTARY INPL!T FILE, 60:INPUT, 8=FICAT 
HOO::L = MODEL SWITCH (S!:.t. Mf;NUAL s::CTION OF ::Oo) 

: G COMPUTE STARTING SYSTEM GNLY, THEN QLIT 
:: 1 COMP~T~ ~ CL;SEJ ~YST~~ MODEL 
= 2 C0~ 0 LTE AN CP~N SYST~M ~CO~L 

~TYP~ :: REACT ION ··Jt:SSEL OEFHJIT ION FOR CLCS:. D SYSTE'·l 
( 3 :::: M A t.u A L SECT I C i~ CF E J 6) 
= 0 CO~PUT~ A S(~L~NC~ OF CLOSED SYSTE~S IN ThE FINAL STATt 
:: 1 C: 0 r1P L' T E A T R J E S ~ t j G L t: C L 0 S E 0 S Y S T E ~ 

CPLIM:: LSt.~,-DEFU,E.O COMPLTING LIMIT (Tt-:IS PAF..At-k.T:::K IS 
I N S T ~ l LA T I C N 0 E P E N 0 E iH A r JD N E ED N 0 T S E G S E 0 E V E F.. YiH·::: R E o 

ITS PU~POSE IS TJ PERMIT SENSING Th~ APPROACH CF TH~ J08 
C~MPUTING LI~IT BEFORE ABNORKAL TERMINATION OCCURS. IT 
I~ NEEDED AT NCRThWE:.STERN UNIVERSITY, BuT NOT AT LAriRENCE 
BE~KELEY LAGORATORY.J 
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EQ6 

OPTIJN SWITCHES 

IJPT2 = PRINT l£1/EL 
= 0 NORI'IAL, SriORT (DEFAULT) 
= 1 NORMAL, LONG 
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= 2 EXTENDED, PRINT A COMPLETE LIST OF RESIDUAL FUNCTIONS 
PLUS VAL~ES AND DERIVATIVES OF BASIS ELEMENTS AT EACH 
PRINT POII>lT 

= 3 El.TENOEC, DEBUGGING LEVEL 

IJPT3 = INTERFACING l/0 
= 0 NOTHING ~RITTEN 

= 1 WRITES 3CTTOM rlALF-OECK ~SSUMING ZI WILL 3E REDEFINED 
= 2 WRITES FLLL OECK FOR PICK-UP R0N 
- 3 WRITES ~ SEQJLNCC OF BOTTOM HALF-DECKS FOR 

ZI VALUES AT wHICH SCRIPZ IS CALLED 
IF NOT = 0 A FLLL DECK FOR A PICK-UP RUN IS ALWAYS 
riRITE.N ON STJPPI;~G. IF Thi::. TI~:. Lit-liT IS SE.NS::O, IOPT3 
IS RESET INTERNALLY TO 2. 

IJPf-, = PERMIT SOLIJ SOLJTIOt\ PRODUCTS IF :. 1 

IDPTS = PRihT till LOG r<. vALiJES IF = 1 

IJPfS =PRINT HERATION STEPS IN HYPSATZ IF= 1 
(0~3uGGI~G PUPPOSES ONLYI 

IOPf7 = r·W. CF INPUT OAIDE ROCK CO/';POSITIONS FOR 
COMPARISON hiTH THEOR~TICAL ROCK, = D-6 

I J P T :; = S L- 0 P R F.. 5: S:. S ;.; L L S OL I 0 S I F = 1 
(SEE ALSG ICFT12=3J 

IJPf3 =~;A;;. /\j(. CF POINT:; JSEO IN FINO ROLTIN::: 
= 2-S {2=SECAiH i1t:fr.Ou, 3=0t:FAULT} 

IJPfiG = CONvE~T PICK-~P DECK TO NEW 3GTTOM hALF-DECK IF 
GR.Et:.T:.F:: ThAt 1.. IF= 2 ALL SOLIDS ARE ~HFEO FR0~1 

T,E SYSTE~ PRIOR TO WRITING. 

IJPT11 = PRINT EASIS VARIABLES AND DERIVATIVES AT ~V[RY 
POINT IF = j (M00El=2 ONLY) 

(0E6UGGI~G PURFOSES ONLY) 

IJPf12 = TRANSFER MINERAL MASSES TO PHYSICALLY 
~EHOVED SUBSYSTEM AFTER STARTING NEWTON CALL 
= 0 DOES NOT~IN~, STARTING MINERALS ARE ~ETAINED 
= 1 STARTING t-IN~RALS REMAIN IN THE SYSTEM 8UT 

WITH TRIVIAL 11ASSES (I.E., REMAIN IN ThE MATRIX) 
= 2 STARTING MINERALS ARE TOtALLY WIPED 
= 3 ALL SOLIDS ARE SUPPRESSED AFTER TH~ STARTING CALL 

IOPT13 = PREDICT PHASE BOUNDARIES 
= -1 SUPPRESSES ThE SEARCH FOR MINERAL MAXIMA 

WHICH IS ~ORMALLY ENABLED UNO~R MOO~L=2 
= 0 0 OE S N 0 T t: 1 N G . 
= 1 THE LOCATION OF PhASE BOUNDARIES IS ESTIMATED FROM 
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TAYLORtS S~RIES AND PRINTED, THE STEP-SIZE IS UNCHANGE 
: 2 THE STEP SIZE IS CONSTRAINED BY THE LOCATIONS Of 

TH~ PREDICTED PHASE 30UNOARIES 

I:lPT14 = TURN CFF POTENTIALLY UNSAFE OPTIMIZATION OF STA~TIN 
~STIMATES UPON AOOI~G A NEW PHASE TO THE MATRIX. 
IF NEWTON PERSISTS IN TRYING TO ADO A NEW PHASE AND 
THE ITERATICN KEEPS DIV~RGING, T~Y THIS. 
= 0 THE OPTIMIZATION IS PERFORMED 
: 1 TnE OPTIMIZATION IS SKIPPED 

IOPT15, IOPT16 = NOT CURRENTLY USED 

NART = NO. OF AQUEOJS SFECIES REACTANTS 
N~RT = NO. OF FIXED-COMPOSITION MINERAL REACTANTS 
NGRT = NO. GF GAS SPECIES REACTANTS 
tD.RT = NO. OF SCLID SO Ll.J T I ON ReACTANTS 
NSRT = ~~ 0. OF SPECii.L Ri:.ACTANTS 

MOO~ = STA;;(T Ir~G F-E ACT A IH MASS rr~ MOLES 
RK = =( E ACT At~ T TRACKIN:.:. COEFFICIENTS CR RELATIVE RATE CONSTANTS 

RXBO.R = MOLt. FKACTICNS FCR SOLID SOLUTION REACTA:ns 
VREAC = MOLAR VOLLME OF THE SPECIAL REACTANT IF A SOLID, 

CTH::RWISt. ZERO 
NUM = NUMBER OF c.CMPONENTS IN CESR 
CES~ =ELEMENTAL COMPOS!TION ARRAY OF SPECIAL R~ACTANT 

NROC< = TWC CARD !~AGES OF V~?S~L DESCRIPTION OF 
ACTJAL RCCK CC~FJSifiJNS (OXIDE SJ INP0T FOR 
COMP4RISON ~ITr TH~ TrlE.O~~TICALLY GEN~RAT£0 kOCK 

OXID~ : O~IOE PERCENTAGE FOR A:T~AL ROCK 

ThE BOTTOM HALF~DECK IS ALWAYS CREATED BY A PREVIOGS RUN OF EQ3 
OR EQ6. 

--------- USERS DC NOT PUNCH UP 30TTOM riALF-OECKS ----------
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GENERAL DESCRIPTION Of DATA BASE EQ04T02 

OEQREM, REM~RKS FILE FOR TrlE ~QOATG2 DATA FILE PACKAGE 

DATE OF LAST ~EVISION = JANUARY, 1973 

THIS EQOAT03 PACKAGE CO~SISTS CF T~N FIL~S =10 LOGICAL RECORDS••••• 

1. DEQC:: 
COMPJSITION DATA FOR ELEMENTS, AQUEOUS SPECIES, MINERALS, 
GASES, AND SOLID SOL0TICNS. ALSO INVARIANT PROPERTI::S OF 
AQUEJUS SPECIES SuCn AS ELECTRICAL CHARGE. 

2. DEQCJL 
CO::FFICENTS FO~ DESTRUCTION/DISSOLUTION REACTIONS OF 
AQUEOUS SPECIES, MINERALS, AND GASES, WRITTEN IN TERMS 
OF AN EXPANDED ~ASIS SET OF AQUEOLS SPECIES. 

3. CEQ CCI S 
CO::F=ICIENTS FC~ QESTRUCTION/DISSCLUTION REACTIONS OF 
A Q J :: J ~ S S Pt.. C I E. S , M l fE k. ~ L S , .C. N C G A S E S , w R I T T E N I N T E R 11 S 
OF A STRICT SASIS SET OF AQJECUS SPECIES. 
<C~E~TED FROM O~Q~OL SY ~TILITY PRO~RAM EQS) 

DATA FO~ TH~ 1 ATM.-ST~~K S~TURATICN CURVE ••• 

4. OEQSSC3 
TEMP::RATGR~-DEP~~OENT 04T~, INCLUDING LCG K V~LUES FOR THE 
REACTIONS AS WRITTEN IN T~E Ei.PANOEO 3ASIS FORMil.T, 
AT TEi1PERATliRES CF C, 25, SJ, 100, 150, 200, 25G, AND 300 
D~~~~~S C~NTIG~~o~. ~LSC CC~FFIC~~~TS FOR TH~ ~~CESS 
GI33S ENERc;y FUi\CTIOi·JS OF SJL ID SOL\.:T IOt~S. ThiS FIL:: IS 
MEANT TO 3E REAC ONLY SY Trl~ LTILITY PROGRAM EQF, NEVER 
BY Th:: 1'1Air~ \~Or.<KH<G P.~OGr\·H1S i:.Q3 0~~ ::U.6. 

5. OEQSSC:... 
POLY~OMIAL CGEFFICIENTS FOR ALL TEMPERATURE-OEP~NDENT OATA 
(INCLUDING LOG K FUNCTIONS FOR REACTIONS WRITTEN IN fME 
EXPANDED 6ASIS FCRMAT) PL~S COEFFICIENTS FOR THE EXCESS 
GI33S ENEf<.GY' FLt,CTIONS CF SOLID SOLUTIOi\S. 
CC~EATED FROM D~QSSC5 5Y UTILITY PROG~AM EQF) 

c. DEQSS:S 
POLYNOMIAL COEFFICI~NTS FOR ALL TEMP~RATURE-OEPENDENT DATA 
CINCLUDING LOG K FUNCTIONS FO~ REACTIONS WRITTEN IN ThE 
ST~I ::T SASI S FC ~M4 J) PLUS CO:.:FFICIENTS FOR THE EXCESS 
GI36S ENERGY FUNCTIONS OF SOLID SOLUTIONS. 
CC~EATEO FROM OEQSSCL oY uTILITY PROGRAM EQS) 



A. 

DATA AT A CONSTANT PRESSURE OF 5CO BARS ••• 

7. O£Q5iJOS 
ANALOG OF OEQSSCE 

6. DEQ500L 
ANALOG OF OEQSSCL 

-::. DEQSOOS 
A~4LOG OF DEQSSCS 

SOURC:: INFORMATION ••• •• 

1G. OEQR.C:M 
RE~A~KS CONC~RNING THE STRUCTURE OF THE DATA FILE PACKAGE, 
ITS APPLICATICN, AND THE SOURCE OF THE DATA. 
CYJJ ARE READING IT NCW.) 

DATA FIL:: CONSTRvCTlCf'; FOR SUPPORTED PROGRAMS ••••• 

2~ 

DATAl A~O OATA2 ARE JISK FILES ~hiCH ARE CREATED AT THE ST~RT CF 
A JOG. THESE ARE READ 3Y TH~ INOAT- SU9ROLTINES. INCLUJI~G 
JEQR::M IS OPTIONAL--IF INCLUO::J IT WILL 3:: P~INTcD AS PART OF 
EITriER PROGRAMtS C~TPUT. 

~Q3 ••••• 
Ot:.TA1 = OEQCE 
DATA2 = DC:~ COL, LJLJ:SSCL( ,OEQ:;;. ~1) FOR SSG PKESSLRES 

= o::QCCL,Dt.,1_5GCLC,O:::QR M) FOR 5CO oARS PRESSUR:: 

EG 6 •• • •• 

J t. T 4 2 = J.:: Q S S C 5 ( ~ t~ 0 J::. Q R ~ M i F G ;;_ S S C P R:: S S U F; E S 
= OEQ500S U:.t~C Oi:QPEf1l FOR SOO oA~S P~:ESS·JRE 
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DATA SOURCES 

ALL USERS S~OULD EXAMINE THE DATA FILE PRIOR TO RUNNING THE PROGRAMS 
TO INSURE TH~T ADEQUATE SLPPCRTING DATA ARE AVAILAaLE. MOST MINERAL 
DATA ARE TAK~N FROM HELGE~CN, DELANEY, NES3ITT, AND BIRO (1978, AMER, 
JOt..,~ .. SCI., IN PRESS). Tt-'.E FREE ENERGIES AT 25 DEG C AND 1 ATM OF 
MINERAL~ Whi~H riAVE A +w+ SuFFI~ED TO THEIR SOURtE INDICES WERE 
ESTIMATED 3Y T.J. WOLERY LiSINS A MODIFIED TARDY- GARRELS t1ETHOD. A •ww• 
Sl:FFIX It.OICAT~S THAT T.J. WOLc.RY ALSO ESTH1AEO TH~ VOLUME AT 25 OC:G C 
AND 1 ATM. USING A MODIFIED TARDY- GARRELS METHOD AND THE REMAINING 
THERMODYNAMIC FUNCTIONS USING ALGORITHMS DISCUSSED BY HELGESON £T AL. 

AGil.JE:OUS :iP~CES 

6400 OLD PATi-:I DATA FILES <AS MODIFIED 3Y C. HERRICK, LASLl 
6~00 iiSCELL~~~OLS AilJifiONS ~ND MODIFIC~TIONS SY T.J. WOLERY 
cO-- At!ONUWJS, PERSJNAL COM.'IUNICATION 
~6-- SwPCr<T UATA 51'<NK (SUPC~f INDE/) 

NCTE ••• NGN-S~PCRT JOTA FOR AUUEOGS PtACTIO~S FOR 500 BARS 
~ERE JE~IVEJ FROM STEAM SATURATION PRESSuRE DATA USING ThE 
DIEL~:TRIC CONSTANT APPRC~IMATION OESCRI5EC 6Y ~ELGESON 
< 1969). THIS RE.Su l T:> IN ESSE NT IA LLY NO CORRECTION liT 
TE~PE.=<.ATLJRL.S LESS T:--A·i'i lGJ OE:G C, HENC=. NO CORF..ECTIONS 
wERE COMPUTED FGR. DATA AT O, 25, AND 60 DEG C. 

MINERALS 

1 0 - - , 1 1 - - , 1 5 - - S ;J PC K T 0 J.. T A 3 .S. t~ K ( S U P C R T I N J :: >'. l , I N C L v 0 I N G 
ThE SUPPL~~~~fARY DATA PRCVIDED 3Y T.J. WOLERY AS NOTED 
Asov:_ 

GOOG FROM OLD FAT~l FILES 

Gc..s::s 
13-- SUPC;:;;T JI'<TA Sht~K (SGPCRT INDEX) 

SOLID SOLJTIONS 
OOOD NJ DATA--ICcAL SOLUTION 
3011 H .c. HELG:::SCN (!JNiv. OF CALIF., BERKELEY) 
g 0 12 R • c E A N E CU IH V • 0 F A R I Z 0 N A ) 

LEAST-SQUARES POLYNOMIAL FITS ARE GENERATED FOR TWO TE~PERATURE 

RANGES •••• 0-100 ANQ 1~0-3GO DEG c. THE 100 DEG C DATA POINT, IF ANY, IS 
WEIGhTED SO AS TO MINIMIZ~ ThE DISCONTINUITY IN ThE TWO FITTED LOG K 
FUNCTIONS AT T~E 100 DEG C TEMPERATURE. THE FUNCTIONS WERE SMOOTHEC BY 
TAKING THE O~DEK TO BE ONe LESS THAN TnE POSSIBLE MAXIMUM IF MORE THAN 
THREE PCINTS H~KE AvAILABLE. IT IS POSSIBLE FOR A SPECIES TO BE 
SUPPRESSED 6t LACK OF DATA IN ONE TEMPERATURE RANGE BUT NOT IN THE 
OTHER, WhiCH HAY LEAD TO A TROUbLESOME OISCONTI- NUlTY AT 10D OEG C. 
USERS ARE REMINDED THAT T~E BASIC DATA FROM WHICH THE POLYNOMIAL FITS 
WERE DERIVED COVER ONLY THE TEMPERATURE INTERvAL (AT MO~T) FROM 0 TO 300 
OEG C. EXTRAPOLATION oEYCNO 350 DEG C IS UNWISE. 
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A full description of 
found in DEQREM. In brief 

Record Filename 

1 DEQCE 
2 DEQCDL 
3 DEQCDS 
4 DEQSSCB 
5 DEQSSCL 
6 DEQSSCS 
7 DEQ500B 
8 DEQ500L 
9 DEQ500S 

10 DEQRE1·1 

UPD~TING THE DATA BASE 

the structure and contents of EQDAT02 can be 
this structure is -

Type 

Primar~ 
Primar~ 
Sec 
Primar~ 
Sec 
Sec 
Primary 
Sec 
Sec 
Prirnarv 

read by EQSABS to produce DEQCDS 

read by EQFABS to produce DEQSSCL 
read by EQSABS to produce DEQSSCS 

read by EQFABS tp produce DEQ500L 
read by EQSABS to produce DEQ500S 

Cf:AT~O 0~ CHANGED BY T~E USE~ 
C~E~TED 9Y P20GRAMS EGF OR EQS 

3u 

::T ::Z3 ::.XP::CT::o Tr-.::..T HE USi:.r~ HILL UP04 E THE PF.:~1ARY fECOROS 1-liMSELF 
~h~N:V~F N~H ~L~H~NTS ~UST 3~ ADDEO T~ TH~ DATA 5~S~. THE~ USE PRCG~AMS 
=:Q:F ~NO EQS TC .. p~·>..;O!JCE ~~~h CC...F·:::t.S?uU~)i~~:G \t:_::::;:or~S CF THE ~2:CO;·iD~~f~Y 

~~ E CC·F: 0 S. 

T H E R U L :: S F 0 p :.. 0 J I i 4 G i·E:Y;. ~ L C: t-1::: i·i T S T 0 T !-'.E. D 4 T l. S A S E A R E - -

1. UPDATE THE TOTALS ( i·;UH 8 EFS AT THE TCP OF FILE DEOCEl 
NCT:TOH.L NUt~ Sf R OF E·llSIC ELE!·lEiHS IN THE DA. T A Et.St:. "'l~X IS ~ ~ 

~ u • 
NS C:TOTAL NU:·iBi:T GF a£:. sr c SPECIES I t'-l THE OAT A EASEe ~1A X :;:s 60. 
NST:TOTAL NUr-lSEr ')F AQUEOUS SPECIES :N THE DATA BAS£. MAX IS 25C. 
NMT:TOTAL NUMBER OF MINERALS It~ THE OAT A 8ASto MAX IS 150e 
NGT:TOTAL NUMSE~. (:F GASES IN THE OAT A BASE* MAX , ...... 

•• .:::1 10 • 
NXT:TOTAL NUMt?EP CF SOLID SCLUTICNS IN THE OAT A BASE. MAX IS 2\1. 

2. IF ANY NEW BASIC ELEMENTS ARE TO BE ACOEO, ADO AS MANY CAPOS AS 
YOU NEED, WITH 24 NAHES/L!NE, EACH A LEFT-JUSTIFIED 3-LETT~R NA~E 
FORMAT IS 24(A3J. THEN FILL IN THEIR CORRESPONDING ~TOMIC HEIGHTS 
AND ADO NEW CARDS IF N~CESSARY, WITH 7 ATOMIC WEIG~1S P::R LINE. 
FORMAT !S 7F1C.5. THE MAXIMUM NUMBE~ OF NEW BASIC ELEMENTS YOU 
CAN ADO IS 6. 

3. FO f EACH BASIC ELEMENT AODEC IN STEP 2t YOU MUST AD r A NEW 
CORRESPONDING STRICT BASIC SPECIE. THESE MUST BE AD(EO IN THE 

~ SAHE ORDER AS THE NEW BASIC ELEMENTS AND MUST SE AOCED 
IMMEDIATELY PRECEDING THE SPECIE LABELED NS8 WHICH JS 02 CG,AQ). 
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4. ALL NE~ }lux It I tJR Y;;JBA~I CJ S f..tct.k s=..~u t T BE A ODED !HHEOI AT E.:L Y 

PRECEDING THE SPECIE LABELED NSQ, WHICH IS OH-. THE 
HAXIHUH NUHBEP OF NEW AUXILIARY BASIC SPECIES YOU CAN ADD IS 14. 

5. ADO NEW NON-BASIC SPEC!ES AT THE ENC OF THE AQUEOUS SPECIES SEC­
TION. THE MAXIMUM NUMBEF OF NON-BASIC SPSC!ES YOU CAN ADO IS 90. 

ALL OF THE AQUEOUS SPECIES (STEPS 3 THROUGH 5) HAVE THE SAME 
FORMAT. FOR EACH NEW AQUEOUS SPECIE A[DEDt THE FORMAT IS-
A. LABEL OR INDEX, LEFT-JUSTIFIED SPECIE NAMEy NUHEER OF 

COMPCNENTS,MOL~CULAP WE:GHT, CHARGE, TITRATION, AND AZE~O ON 
THE FIRST CARD, IN FORMAT (A5,2A10tiS,4F10.5l 

8. COMPOSITION CARDS, EACH CONT~INING UP TO S PA!PS OF VALUE­
BASIC ELEMENT NAME, IN T~E FORMAT (5X,5(F1Q.Q,A~1l 

6. TO ADO NEW MINERALS TO THE DATA SASE, JUST FILL IN All ENT~IES 
MARKED VACA~T. TH~N CONTINUE TO ADO AT THE END OF T~E MINERAL 
SECTION. THE MAXIMUM NUMEER OF MINERALS YOU CAN HAVE IS 15C. 
FOR EACH NEW MINERAL, THE FORMAT IS-
A. LABEL CR INDEX, LEFT-JUSTrFIED ~!NERAL NAHE, NUHEER OF 

·COMPONENTS. t:cu:CULAi~ W=:iGHT, AND VOLUr1E ON THE F!P.ST CARD, 
WITh THE FORMAT- (~5,2A10,I5,2F10.5) 

B. COMPOSITION CARDS, EACH CONTAINING UP TO 5 PAIRS OF VALUE­
BASIC ELEMENT NAt1Et !~THE FCE:-1AT (5X,5CFlG.C,AS)} 

7. ADO ALL NEW GAS~S AT THE END OF THE G4S SECTION. THE MAXIMUM 
NUMBER OF N~W G~SES YOU CAN ADD IS 2. 
FOR EACH NEh G~S, THE FCPMkT IS-
A. LABEL CR !NOEX, LEFT-JUSTIFIED GAS NAME, NU~EE~ CF COMPONE~TS, 

AND MOLECULAR HEIGHT ON THE FIRST CARD, IN THE FOR~AT 
(A5,A10,1GX.,I5,F1J .5) 

8. COMPOSIT!ON CA~OS, EAC~ CONTA!N!NG UP TO 5 PAIRS OF VALUE­
S A S I C E l : ~E: NT N ~ :-' ~ , :: t.: r H:: F Cl F<)'!Li T ( 5 >< , 5 ( F 1 t: .. C ~ f.. 5 i } 

B. ADO ALL NEW SOLID SOLUTIONS AT THE END G~ THE SCL!D S~LUTION 

SECTION. TH~ M'XIMU~ NUMEE~ OF NEW SOLID SOLUTIONS )0U CAN ADO 
IS 8. THE FORMAT FOR EtC~ NEW SOLID SOLUTION IS-
A, LABEL OR I~O~X, L~FT-JUST!F!ED SCLlD-SOLUTZCN NA~E? NUMEER OF 

COMPONENTS AND INDEX OF SCLID-SOLUTION LAW ON THE FIRST CARD, 
IN THE FORMAT CAS,2A1u,I5,I5! 

9. COMPOS!T:ON CAPOSf EACH CONT,IN!NG UP TO 2 PAIRS OF VALUE-
tHNERAL NAME, :N THE FO:<MAT (5X~2(f10.U,2A1C}} 

C. WHENEVER YOU ADD N~W ELEM~~TS TG THE COMPOSITION RECC~D, DEQCE, 

I· 

( R 1 ) CF T HE D A T A S;: S E , A S I N S T::: P S 1 T H R 0 UGH 8 A 8 0 V E , Y 0 U M U S T 
CCF-'.P.E.SPONQ!NGLY UPDATE RECCFOS DEOCDL CR2l, DE.QSSCB CF'4), AND 
OEQ5CCB CR7). THE STRUCTURE OF T~~SE IS SIMILAR TO THA1 OF OEQC£ 
AND YOU MUST 02S~RV~ TH~ SAME ruL~S OF ORDEP (STEPS 4-€) AS FOR 
o::oc E. 

THE FORMATS FOR DEQSSC9 ANC DEQSOGa HAV~ NOT CHANGED. 

ALL T ~EEE SECTIONS OF D::Q C DL ~AVE THE ~A t1:: FOP.t1A T­
FO~ EACH NEW ~l~MENT ~OO~D TH~ FC~MAT IS-
A. LABEL OR INDEX, LEFT-JUSTIFIED ELE~~NT NAME AND ~UM3ER OF 

COMPONENTS ON THE FIF<Sl CARD, IN THE FCRMAT (A5,2A1J,I5} 
B. COEFFICIENT CARDS, EACH CONTAINING UP TO 2 PAI~S OF VALUE-

AQUEOUS SP~ClE NAM::, I~ THE FORMAT (5X,2(F1t.0,2AlC)) 
-EXCEPT THAT THE FIRST PAIR NEED NOT CONTAIN AN ELEMENT NAME, 
AS THE f!KST VALUE MUST BE THAT OF THE CCEFFICIEKT OF THE 
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-EQF-
It\ PUT 

DEQXB=D~Q500S<R7J 

-EQS-
I l\ PUT 

JA T/.li: D~QCE ( ;~:._ l 
OATA2=0~~CJL <;.:z l+uE:C:SSCL iR5) 

0 A T A 1 : 0 ~ Q C E ( r: 1 1 
OATA2:0EQCOL{~2l~OfG500LIRtJ 

-EQ3-

JATAl=OECCE (R:1 l 
OATA2:0EQCOL(K2l+C~GSSCLIRS> 

UAT.A1=0EQCEC;;;::1) 
JAT~2=0~~COL(~2J+C:CSGCLIR6l 

INPUT 

OATA1=~EQCECR1J+DEJCDS(R3J 
DATA2=DEQSSCS(R6) 

DATA1=DEQCE<R1 )+0EQCOSCR3) 
OATA2=0EQ50CSCR9l 

-EQ6-

.32 

OUTPUT 

OEQXL =DEQSSCL(R~) 

DE~XL =DEQ500LCR8) 

OUTPJT 

Ot: QCD$ ( F:3) 
Dcl1AS =DEQSSCS(,o) 

OEQ,CiJSCR3) 
DEQXS :OEQ5GOS(R3l 

FOR ~SC P~~SSURES 

FOR SOG 8~~S PR~SSU2~ 

FOR SSG PRESSURES 

FOR 500 BARS P~ESSuRE 
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This report was done with support from the 
Department of Energy. Any conclusions or opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable. 
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