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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not necessarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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1. ZQF-£QS-EQ3-£Q6 PROGRAM MANUAL FOR LBL JAN79 VERSION
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THIS MANUAL IS COMPOSED OF DOCUMENTATION
PROVIDED BY THE AUTHOR OF THE SOURCE CODES,
TOM WOLERY, TOGETHER WITH EXTRA INFORMATION
ABOUT THE NEW DATA BASE FORMATS AND NEW INPUT
FORMATS FOR THE LBL JANUARY 79 VERSION CF
THESE PROGRAMS, |
PAT IQBAL
LBLy C(SAM
JANUARY, 1979
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1.1 EQF

GENERAL DESCRIPTION OF EQF PROGRAM

THIS ROUTINE READS A PRIMARY TEZRMODYNAMIC DATA FILE ON BEQXB AND
CHEATES A SIMILAR FILE (WRITTEN ON DIOXL) IN WHICH PARAMETERS SUCH AS
LGG K VALUSS, PRESS, 4DH, BCh, ETC. 4RE REPLACED BY POLYNCMIAL FIT
COEFFICIENTS FCi# THEISZ QUANTITIES VEASUS TIMPIRATURE IN DEG C. IF
IOPT=1 THEZN INDIVIDUAL SETS CF FITS MAY St MADE. THE IVSL EXTERNAL
RLFOTW IS USED TO PIRFORM THe FITS.

BESCRIFTION CF INPUT VARIABLES FCR EQF

ONS WITHIN THE AQUEOUS PHASE -

NRST=NUM2IER COF RZACTI

N4T =NUMBER CF PURE MINCZERALS
NGT =NUMSEF OF GASZS

NXT =NUMSE R CF SOLID SOLUTIONS

/A e
7 F
EQF INAPLT  FORMATS
__DATAE ENTRY FORM .
crl2]alaisie |7/ 9101112131415 116 |17|18]19]20|21[22/23 24 25 26 27 28 28 35 4 & « 73(7417575{77|78]78 (80
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1.2 EQS

GENERAL DESCRIPTION OF EQS PROGRAM

EQS READS T+4tE INPuT FILES DATA1 AND DATAZ.  DATA1L :IDEQCEs JATAZ =
DEQCOL AND DEQXL (X=SSC OK 500). IT WRITES ON DEGCDS SHOKT FORNMAT
REACTION COEFFICIENTS AND CN DEGXS CORRESPONDING POLYNOMIAL COZFFICIENTS
FOR LOG K VALJES. IN ADUITLION, ALL'RCACTIONS ARE ChECKED FOR CHARGE AND
MASS BALANCZ TJ FIND PCSSIELE tRRORS IN ThE RcACTION COEFFICIEZNTS OR THE
COMFOSITIONAL DATA. SUCH ERRORS ARE FLAGGED ON THI OUTPUT AND SHOULD
THEN BE CORRECTEZD 8Y THE USER.

Teds WAOLERY
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ADDENDUM

O AT Lzl AT THE END OF NOVEMBER 1972, AND

THIS VERSION WAS RzCzIvel
MCDIFICATIONS TO Tm& OATA EASE (EQDATG2) FORMAT WERE MADE FOR ZINHANCED
LEGIBILITY AND £ASIZK UPDATz. TrHE RISULTING MAIN CHANGES IN EQS WERZ TO
ROUTINE INDATS, ALTAGUCAH CRANGES TO 4ARRAY SIZES OCCUR THROUSHOUT. NCTE
‘THAT AQUEOUS SPECIES NAMES WERE E£XPANDIEU TO TWENTY CHARACTCRS. '

PAT IQBaL
Lal, CSAM
JANUARY, 1573
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1.3 EQ3

GENERAL DESCRIPTION OF EQ3 PROGRAM

THIS PROGRAM COMPUTES Tht FULL OR PARTIAL EQUILIBRIUM OISTRISUTICN OF
SPECIES IN AN AQUEOUS SOLUTION AT A SPECIFIED TEMPERATURE AND A PRcSSURE
WHICH DEPENDS JPON ThE TENMPERATURE AND THE CATA FILE WHICH IS UCSED
(TAPE7=DATA2). ALL ION ASSCCIATION RZACTIONWNS ARE PRESUMED TG BZ 1IN
EQUILIERIUMs THE USER SPECIFIES WHICH CXIDATION-REDUCTION (CROSS-LINK)
REACTIONS AREZ PRESUMED TO EZ IN EQUILISRIUM., REDGCAK COUPLING IS ACHIEVED
BY SPZCIFYING A PH PARAMETER AND ONz OF THE FCLLOWING IOPT1 CONDITICNS

= 0 £ 02 (G ,AQ) -
= 1 F 02 (AQ), CONC 02 (AQ), OR ACT 02 (AQ)
= 2 tHy IN VGLTS '
= 3 CONC TCT SGC%-- OR ACT SO4=-- PLUS

CONC TOT nS- OR ACT HS- _
= 4 T H2 (RQ), COHC A2 (AG), OR ACT H2 (AQ)
= 5 P E- - S :

IF EQ3 GQUYPUT IS TO 3£ LSEC TO INITIALIZ: A PATH ROUTINE, THzN A FULL
EQUILIERIUM MOJEL MJUST 35t COMPUTED. THIS MAY SE ACCOMPLISRED 3Y SETT ING
JFLAG EQUAL TO 7 OR 6 FOR ALL AUXILIARY BASIS SPECIES, EXCEPT FOR THOSE
AEICH ARE USED IN ULZFINING THE FUGACITY OF 02 {(G4+AQ) THROUGH ONI CF Trt
IOPT1 COPTIONS. ALTERNATIVELY, TAZ ZALANCE CONSTRAINTS FROM & PARTIAL
EQUILIERIUM MOJEL MAY £E FED INTO PROORAM EQs OR EQS AND EZGUILILRATED AT
TrE SAME OR DIFFZRINT CONDITIONS GOF PRESSURE AND ToMPE KLTQ\;.

NOTE ThAT 02 (G,AQ) (N35=xS3) IS A FICTIVS AGLIOULS SPECIES U350 T4
DENOTC THE OXYSEN FUGACITY IN TrZ AJUZIOUS PRASZ. ALL RZIDOx RIACTIONS
ARE HANQLED DIREZCTLY ThRROUGH THIS PARAMETER. IF [OPTi IS KNOT Uy TrEil
THIS FUGACITY IS COMPUTED CIRECTLY OR ITERATIVELY IN THt PROGRAMH.

"AGUEQUS SPzCIES ARt SUEBOIVIDZD INTO
NS=1,4NS3 STRICT Z2ASIS SPECIES

NS=NSB+1,NSQ AUXILIARY ZSAGIS SPECIES
- NS=NSQ+1,4NST STRICT DzRIV=0 SPECIES

AN EQ3 PRIELEM IS DEFINED BY ThE CHOICE OF IOPTL AND THE JFLAG :
CONTRCL ARRAY., EACH BASIS SPICItES (NS=1,.NSQ) IS ASSIGNED A JFLAG INDEX

WHICH SPECIFIES THE TYPE CF ASSIGNED CONSTRAINT

TOTAL CONC
LOG ACTIVITY
LOG FREE CONC
PPM TOTAL CCNC
CC STP/CC SOLN
- FUGACITY
TITRATION ALKALINITY
CDEPEZNDENT VARIABLc (NOT UNDER MASS SALANCE CONST RAINT)
ZLIMINATED VARIASLE ~(UNDER MASS BALANCE COhSTRAIhT)
MINERAL ACTIVITY PRCDUCT"

[T TR T I TR T I T
WE~NOVF WO

(L T ||
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1.3 EQF-EQS-EQ3~-EQH5 PROGRAM M%N %L %¥0R LBL JAN79 VERSION 5
- £Q3 R
TABLE OF RECOMMENDED JFLAG VALUES

FIXED INDZK=1

1 H20 0
2 NA+ 0 1 3 3 FIXED "INDZX=z2
3 K+ t 1 3 g FIXED INBEX=3
4 CA++ 0 1 3 9 FIXED INDZ X =4
S M3++ 0 1 3 3 FIXED INDEX=5
£ AL+++ g 1 3 g
7 SIO02 (AQ) 01 3 Q
g ==--- 0
G IN++ 0 1 3 3
10 P3++ g 1 3 -9
i1 45+ 0 1 g
12 ===-- "
13 H+ 1 9 FIXZD  INDIx=13
14 C03-- g0 1 2 5 6 g FIXED: INDZXx=14
1S NH&G+ g 1 3 5 2 FIXED INDZX=15
16 CL- 0 1 3 Q FIXZD INDZX=16
17 S04=-- 01 3 3 FIXED INDEX=17
18 =—==-- 0
19 h3++ 0 1 3 3
20 AS(OK)4- 01 3 3
21 MN++ g 1 3 J
22 FE++ 01 3 3
23 CJ+ 0 1 3 g
24 AU+ -1 3 g
25 02 (G4AQ) : ' 5 GENERAL INDEX=NSE.
26 02 (AQ) 12 4 5 7 GENERAL INDEAX=NS3+1
27 n2 {4AQ) i 2 4 5 7 GENERAL INDZX=NS3+2
28 N2 (AQ) 1 2 4 5 7 ¢ GENZ RAL INOZ A= NSB+3
28 CH44 (AQ) 1 < & 7 GENEFAL INDEZ=zNSS+4
30 ===--- N GENERLAL INDBEa=
31 HS- 0 1 3 7 £°6§ GENERAL INDzZx=KSo+e
32 H32++ g 1 3 z 9
33 AS(OH)E==-- 6 1 3 5 9
34 . MN+++ o i 3 & 3
3 FZi+++ 0 1 3 & €
3E CJ++ i 1 3 & 3
37 AJ+++ 0 1 3 5 3
38 ===-=-- 0 ,
38 NJI3- G 1 3 7 & 3
40 04- 0 GeNc AL INDZI A=NSQ

VALUES OF THE CONSTRAINING PARAMETERS ARE INPUT IN THE ISP ARRAY.
WATER (NS=1) AND OH- (NS=NSQ) ARE TREATED IN A PRZ-PROGRAMMED MANNER,
AND ZERQOES MAY BE READ IN FOR ThnEIR JFLAG AND ISP VALUESe. IF IGPT1 IS
NOT ZERQ, THIN JFLAG AND ISP INPUT FOR 02 (G,AQ) IS SIMPLY IGNJRED.

THO TREATMEINTS LRE AVAIL4BLE FOK SOLID SOLUTIONS. (1) THt PROGRAM
PROCESSES HYPOTHETICAL SOLID SOLUTION PHASES TO SEE IF THERE ARE
ALLOWAELE COMPJSITIONS WHICn ARE IN EQUILISRIUM WITh THE FINAL £(QUEGUS
PHASE MODEL. ' THE SATURATION STATE FOR A HYPOTHETICAL SCLID SOLUTION
PHASE MAY BE SATURATEU, UNCERSATURATED, SUPERSATURATED, OR UNDEFINEG.
THESE STATES ARE EVALUATED IN SU3ROUTINE KYPSATX. (2) THEZ PROGRAM
PROCESSES INPUT SOLID SOLUTICN COMPOSITIONS AND EVALUATES THE SATURATION
STATES OF THE END-MEMBERS [CIRECTLY. THIS OPTION MUST BE EMPLOYED IF THE

JFLAG=S CPTION IS USED TO FORM AN ACTIVITY PRODUCT CONSTRAINT USING A
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1.3 EQ

SOLID-SOLUTION END-MEMBER. CONTRGOL SWITCH IOPT4 SPECIFIES

SOLID-SOLUTION TREATMENT,

"ELECTRICAL BALANCEZ IS ACAIEVcD B8Y ADJUSTING THE TOTAL CONCENTRAT ICN
OF A MAJOGR ION (NANION), USUALLY CL-. HENCE, JFLAG(NANION) MUST BE
EQUAL TO 0 0R 3 ON INPUT, OR THE SYSTZIM WILL TRY TO FIND ANOTHIF MAJOR
ION TG SERVE AS THZI NANIGN. IF A SUITASLE NANIGN CAN NOT BE FOUNDO, THEN
THE COMPUTATION IS TERMINATZID. THE ACTIVITY OF WATER IS COMPUTED FROM
THE EGQUIVALENT STOICHICMEZTRIC IONIC STRENGTH OF A SCOIUM CHLORIBDE
SOLUTION (XISTEG). THIS IS DEFINED AS THE TOTAL CONCENTRATION GF TmE
IACTION, WHICA IS C£ITHER CL- OR NA+, IN THIS VERSION, JFLAG(IACTION)
MUST & 0 OR 3 ON INPUT AND ISP(IACTION) MUST Bz GREATER THAN ZctRO. THz
PROGRAM CHOOSES THE TIACTIGN. IF 30TH NA+ AND CL- ARE SUITA3LE, THE ION
WITH TRE GREATER ISP VALUE IS ChOSEN. IF NEITHER IS SUITABLE, IACTION
IS SET TO ZERQO AND THE ACTIVITY OF WATER IS ASSUMZD TO £E UNITY.

IF EQ3 IS NOT BZEING USED TO INITIALIZE ANOTHER PROGRAM, 3UCH AS E£Q5,
BUT ONLY TO JETERMINI ESTIMaTES OF ACTIVITIZIS AND SATURKATION STATES, S&T
TOLSAT TG A VALUE IN ACCGRC WITH ThE UNCERTAINTY CF THE LOG K v ALUES FOR
THE MINERAL OISSOLUTICGN REAZTIONS (Iecey AROUND 0.5-1.0)s OTHER
TOLERANCES (TOLy TOLES, TOGLAI) SACULD B85 ON THI ORDER OF 1.c=~5-1.£-3,

IF THE 7 OR 3 JFLAG OPTIOUNS ARE 3EING USED, IT IS RECOMMENDEZD THAT
I0PT2 EBE SET TO 1 FOR EXTRA PRINT=-OUT AND FGR CHECKING OF THZ MASS
BALANCE AND MASS ACTION CONSTRAINTS.

MORE DETAILED uOﬂMé\T RECAROING INPUTS AND OPTIGNS MAY 3¢ FOUND IN
THE INPUT SECTION AND ThRCLLHOUT THL PROGRAM AND ITS SUBPROGRAMS,

Tkt ©ASIC STRUCTURE OF TAIS PROGRAM CONSIS
ITocRATION LCOPS. T#HE INNMNIER LOLP COYMPUTES T:Lo {
TERMS CF LOG CONC VALULES. Trt MICOLE LGOCP i? S THL TCT&L
CONCENTRATION JF A MAJGOR ICh (NANION) TGO ACrIcVe AN pLECTFICALLY ‘
3ALANCED SOLJTION. TrRE GLTER LOOP ADJUSTS T=E IONIC STRENGTR TC THE
VALUE WRICH IS CONSISTENT wiTrm THE DISTRIBUTIGON OF SPECIES.

TRE INNER LOGOP ZHMPLCYS 4 MOWOTONI SZQUENCE ALGCRITRM wWnICH IS PARTLY
DESCRIEED IN | -
WOLERY, TeJes ANO WALTERS, LeJay JR.s 15735, CALCULATION OF
ZQJILIBRIUM DISTRISUTIONS OF CHIMICAL SPECIES &Y MIANS
OF MONOTONE SEGLINCES, MATHEMATICAL GECLOGYs V.7, P.2S-115.

IN THIS METHOD, EACH UNMKNOWN IS SIMULTANECUSLY APPQLACH 0 FROM ABOVE
AND ECLOW, THUS YIELDING STRICTLY DEFINED ERROR BCJUNDS.

THE MIDOLE AND OUTER LCCPS EACH SOLVE FOR THE "ZERO OF A DEVIATION
FUNCTIGN 28Y FITTING THE PARAMETER TO 3& ADJUSTED AS A FUNCTION OF THE
DEVIATION FUNCTION TO A PCLYNOMIAL OF UF TO FOURTH ORDZIK AND COMPUTING
THE VALUE AT ZERO AS THE MNEAT ESTIMATE OF THE ADJUSTED PARAMETEZR. ICPT3
IS THE MAXIMJM NUMBEZR OF FGINTS USED IN THE FITTING. IF IOPTY = 2, ThIS.
METHCD REDUCZIS TO THE SECANT METHGD.

THE FOLLOWING CONVENTICNS ARE EMPLOYED IN THIS PROGRAM

~CONC H20 = 1.0 ACT H20 = G H20 :
CONC 02 (G64AQ) = 0.0 G 02 (G42Q) = 1.0
CONCLG 02 (cysAQ) = ACTLG C2 (G,AQ) =

LOG FUGACITY 02 (G,AQ)



QF- ? cC3 Ed% §%OG§Aﬁ wﬁuu&L5}0R LEL JAN7S VERSION 7
EQ3

FOR NEUTRAL AQUEOUS COMPLEXES, Z = A MULTIPLE OF TEN. THE
MULTIPLZ IS & SWITCH WnICH DESIGNATEZS HOW THE ACTIVITY
COEFFICIENT OF THE NEUTRAL SPECIES IS TO 3t COMPUTED.

TROLELE‘S'{OOTING NCTESQ.OQQ..A.

IF BOTH ULG AND SLG FOUR CAR3ONATE DIVERGE TG MINUS INFINITY
UNDER THE TITRATION ALKALINITY OPTION, THEN NON-CARSONATE
ALKALINITY PROZASLY EXCEEDS THE INPUT VALUE OF TITRATION
ALKALINITY AND THE PROBLEM IS ILL-POSED.

IF THE OXYGEN FUGACITY IS EATREMELY LOW, ThHEN THE FERRIC
IRON MASS ACTIGN RELATIONS MAY NOT BE SATISFIEG. THIS
PISLEM IS CAUSED 3Y LOSS OF SIGNIFICANT DIGITS JURING
ARITHMETIC CPERATIONS. TOL SHOULD BE TIGHTENED TO
A VALUE OF AZ0LT 1.E-1Ge THIS HAS SUFFICED TO SOLVE A
TZST PROSLEM WITH FO02 = 1.5-15C.

AFTER THE CORRECT DISTRISUTION OF SPECIES nAS BEEN COMPUTED. ThE
COMPCSITION JF THZ SOLUTICN IS THEN COMPUTED IN TERMS CF Thi MOLES OF
THE ELEMENTS RZILATIVE TO 1030 OSRAMS OF 20 SPECIES. THE SATURATION
STATES OF ALL RELEVANT MINERALS AND SOLIO SOLUTION COMPONENTS ARE
DETERMINEZD AND PRINTZD. CPTIONAL PUNCHED OUTPLT OR DISK FILE STORAGZ IS
DESIGNED TO INTZRFA4CE WITrn COMPANION PRCGRAMS.

TRE DISK FILES DATAL AND DATAZ2 ARE TAKEN FROM LOGICAL RECORDS OF TAPE
FILE ZGDAT02 OX ITS EQULIVALENT . EQOATG2 CONTAINS TEMPZRATURE-JSEPENDENT
DATA IN BO0TH SRID FGRM ANC AS POUWER- arKIES COEFFICIENTS. ONLY Tric
LATTER ARE RZIAD AND LStD 3Y EQ3.

EG3 WILL PROCESS MULTIPLE INFJT 3ETS IN A& SINGLE RUN.
THIS VERSION CLEAREID LP oY YCC TIODY OGN & SIPTZNMZIR 1978, TAIS

PROGRAM IS WRITTEN FOR Tnt CDC 6400 COMFUTER AND CCNFCEMS T8 Th: FORTRAN
EXTENDED REFZRINCE PMANLAL FOR COC €©-00/7€50G/ €530/070C/7666 COMPUTERS

~(IT SKHCULD Bz ZOMPILED oY AN FTN COMPILER).

THIS FROGRAM WAS HWRITTcN BY TeJde WOLERY, DZPTe CF CGEZOLOGICAL
SCIENCZSy NORTHWESTZRN UNIVZRSITY, ZVANSTON, ILLINCIS BC201. KINDLY
NOTIFY THE AJTH40R CF ANY zULSS 70U ENCOUNTER AND OF ANY CORRECTIONS OR
MODIFICATIONS YOU MAY MAKE

TRIS IS THE EXPERIMENTAL VERSICN OF & MARCH 1377.
Tede WOLERY
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ACDENDUM

THIS VERSION WAS RECEIVEG AT LBL AT THE END OF NGVEMBER 1978, AND
MODIFICATIONS TO THE DATA -EASE (EQDATG2) FORMAT AND TO THE INPUT FORMAT
WERE MADE FOR INHANCED LEGISILITY AND E£ASIEZR LPDATZ. Tmt MAIN CHANGES
WERE TC ROUTINES £Q3 AND INDATX, ALTHOUGH CHANGES NEEDED TO GENERALIZE
REFERENCES TJ DATA 3ASE ELEMENTS 8Y INDEX OCCUR THROUGHOUT AS DO CHANGES
RELATED TO ALLOWING AQUEOLS SPECIES NAMES TO 3£ TWENTY CHARACTZRS LGNG,
AND THOSE DESIGNATING CERTAIN ARRAYS AS LCM (LEVEL 2). ALSO SOME ARRAY.
SIZES WERE INCREASED. - _ ’

PAT IQ3AL
LeL, CSAM
JANUARY, 1$7¢



O - 3 .
photRaM MENUSL FOR LBL JANT3 VERSION £
£Q3

Eaﬁl = s _Egav

m

DESCRIPTION OF INPUT VARIABLES FOR EQ3"

TITLE = FIVE CARDS OF VERGAL DESCRIPTION OF AN AQUEOQOUS
SCLUTION COMPOSITION

TEMPC = TZIMPERATURE, DEGREES CENTIGRADE

REO = DINSITY OF SOLUTICN IN G/CM3

WFS = WZISHT FRACTIGCN OF =220 SPECIES OF SOLUTION

SCREK = INNER LOOP CCNVERGENCE ADJUSTMENT PARAMETER
-=- SZI COMHMENTS IN THZ INNER LOOP ---

Et = £Hy OXIDATIGN-REDJCTICN PARAMETER

PE = P E- ' :

" TOL = CONVERGENCE TOLERANCE FOR INNER ITERATION LOOP

CONVERGENCE TOLERANCE FOR IONIC STRENGTH ITERATION
CONVZROGENCE TCOLERANCE FOR ELZCTRICAL BALANCE ITERATION

TOLXI
TCLEB

NCGONV = LIMIT ON NUMEEK OF ITERATICONS FOR INNER LDOP
MCONV = LIMIT ON NUMEER OF ITERATICNS THRO”GF ELZCTRICAL BALANCE
AND IONIC STRZ NGTH LCGPS .

ICPT1 = GPTION SWITCH FCR RZQ0X COUPLING

= 0 F G2 {(G,A3) SFECIFIED

= 1 D2 (A40) PARLMETER SPICIFIEN

= ? Sh O SPECIFIED IN VOLTS

= 3 SOLFATE-SISULFIDE SPZCIFIED

= 4 42 (LQ) PARAMETER SPECIFIED

= 5 P E~- SP-CIFIfD
IOPT2 = OPTION SWITCk ‘

= g DEFALLTS TG = 2 ' -

= 1 PRINTS CLT RESULTS OF INNER LOOP EVERY ITERATICN

AND CrECKS BALANCE AND MASS ACTION CONSTRAINTS

= 2 CHECKS ZALANCE AND MASS ACTION CONSTRAINTS (JEFAULT)
ICPT3 = OPTION SKWITCr FCR PRODUCING-INTERFACING CUTPUT

= 0 DOES NOTRING

=1 WRITES INTERFACING OUTPUT ON A DISK FILE (TAPES)

I0PT4 = OPTION SWITCH FOR SOLID SOLUTIONS
IGNORES ALL SGLID SOLUTIONS
PROCESSES HYPOTHETICAL SOLIO SOLUTIONS
RZADS IN SOLID SOLUTIGN COMPOSITIONS AND PRGCCEZSSES
50Tr INPUT AND KYPOTHETICAL SOLID SOLUTIONS.
I0PT5 = OPTION SWITCH
: DOES NCTHING :
1 PRINTS CUT THE LOG K VALUES
I0PT9 = OPTION SWITCH o ' =
= 245 = MAXIMUM NC. OF POINTS USED IN FIND ROUTINE.
DEFAULT = 3. 1IF ICPTS = 2 THE METHOD REDUCES TO
THZ SECANT METHCD.

"ounou
[AVIN S ]
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IKEXP = OPTION SWITCH FOR ACTIVITY COEFFICIENTS OF NEUTRAL

AQUEQUS COMPLEXES -- DO NOT USE IF MAKING A DECK FOR EQ4/5
=0 DOES NOTRING
=1 SETS Z 10 0. (FOR ALL NEUTRAL SPECIES)
= 2 SITS Z TC 1t. '
=3 SETS Z TC 20.

‘ = 4 SETS Z TO 30.

= 5 SITS Z TC 40.
= 6 SETS Z TC 50

NANICN VAMZ = NAME CF SPZICIES WHOSE CONCENTRATICN IS TO B:

ADJUSTED TO ACHIEVE ELECTRICAL SALANCE

NO. OF AQUEOUS REACTIONS TO BE SUPPRESSED EY CARD INPUT

NXRST =

NXMNT = NO. OF MINERALS TO 3t SUPPRESSED BY CARD INPLT
NXGST = NO. CF GAS SFECIES TO 3E SUPPRESSED 3Y CARD INPUT
NAAXT = NJ. CF SCLIO SOLUTIONS TO ZE SUPPRESSED oY CARD INFUT

JCOUNT = NUM3ER OF JFLAG VALCES TO 8B SPECIFIED.
TH0SE NGT SFECIFIED DEFAJLT TO ¢

JFLAG = CONTRGOL PARANMZTER SPECIFYING TYPZ OF CONSTRAINT ON 5AS1S
AND AUXILIARY SCLUTICN SPECIESs AND EQUALS 0 TrRROUGH 3 .
TOTAL CONC (D FLAULT)
LOG ACT IVITY - {-PH 4 FOR EXAMPLE]}
LOG FREE CCNKNC
PPM TOTAL CCND
CC STP/CC SCLA ({FCR DISSOLVED GASES)
FUGAZITY
-=-RESTRICTZO ULac=--
-F CC2 FCF CC35~--
-F G2 FOR 02z (G,41Q0)
-F 02 FOR G2 (AQ)
-F N2 FOR hAbt+
-F N2 FOR Nz (a3)
TITRATION ALKALINITY (C03-- ONLY)
DEPENDENT SFECIES
~AUAILIARY VARIABLES ONLY
~COMPUTES LUXILIARY SP=CIzS FrOM CORRESPGNDING
STRICT BA4SIS SFECIES TrHROUGKE CROSS-LINK REACTION
-DEPENDENT SPECIES ARE NGOT INCLUDED IN A MASS BALANCE
CONSTRAINT ON THE CORRESPONDING STRICT BASIS VARIAELE
<LIMINATED SPZCIES :
- -AUXILIARY SPECIES ONLY
.. : =-TREZATS AULXILIARY SPECIES AND ALL OF ITS DERIVZD
SPECIES AS ALL DeERIVED SPECIES OF THE CORRESPOND ING
. STRICT BASIS VARIAZLE
v -ZL IMINATELD SPZCIES ARE INCLUDED IN A MASS BALANCE
CONSTRAINT CON TAEt CORRESPONDING STRICT EASIS VARIAELE
~EXAMPLE..IF JFLAG(SO0%--)=0 AND JFLAG(HS=-)=7, THEN
. _ ISP(SC4e--)=CONC TOT SO4~--
. 3UT IF JFLAG(HS-)=%,
ISP(SQO--==)=CONC TOT SO&=- + CONC TOT HS-
IF JFLAG(SO4--) IS NOT 0y THEN TH:Z 7 AND 8 OPT IONS
FOR #S- PRUDUCE THE EQUIVALENT RESULT
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=3 MINERAL ACTIVITY PRCDUCT
--SPECIAL CODING--
‘ -FOR A PURE MINERAL PHASE, ENTER NM INDEX AS
AS A& FLOATING POINT NUMBER
-FOR A SOLID-SOLUTION END- MLHSCR, HWHERE NX = SOLID-
SOLUTICN PAASE, 1K = COMPONENT INDEXs AND NEND(IK,NX)
= THE CCRRESPONDING PURE PrHASE, ENTER
50000 + 10U0*NX + IK AS A FLGCATING POINT NUMBER
~=RESTRICTICNS-=- : - ‘
~LIMIT CF 7 SUCH CONSTRAINTS
~NJ MINERAL CAN SE USZD MORZI THAN ONCt
~=-NOTEL -~
-PHASE RULE VIOLATIONS CAN B8c PROGRAMMED,
3UT THE INNzZKR LOOP WILL NOT CONVERGE
IF IOPTL IS NOT 0y SET JFLAG(NS3)=5 AND ISP(NSE)=0

ICOUNT = NUMczZk OF ISP VALUEZS TO i SPELCIFIZO.
TrOSE NOT SPECIFIED DEFAULT TG 0

ISP = AL SOLUTICN PARAMETER FOR EASIS AKND AUXILIARY SOLUTICHKN
£s )

NITI
-y
CI

I
SP
SCCUNT = NJUMSER OF SLGo VALUES TO cE SPECIFIED.

' TROSE NOT SFECIFIZD D=FAULT TO L.4
SLGEB = INITIAL GUESS AT LCWER 50UND FORK LOG CONC OF EACH 3ASIS

AND AUXILILRY SGLUTICN SPcCIeS

2 CCUNT = NuMSEr UOF xgéR VALUES T3 3E SPIZCIFIE].
T=052 NCT SFoCIFISD DoFA&ULT TO L.&

o]
wn
<
—~
[
-
i
o

XEAR=MCLE FRACTICN CF END MEMBER IN & 3S0CLII
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1.4 EQ6

GENERAL DESCRIPTION OF EQ6 PROGRAH

THIS PROGRAM COMPUTES Th: PAThH OF ONE OF SZWzRAL EQUILIBRIUM OR
PARTIAL EQUILI3RIUM REACTICHN MCUELS WHKICH DESCRIBES MASS TRANSFER
BZTWEEN A REACTANT SUBSYSTEMs AN EQUILIBRIUM SUSSYSTEM, AND A PHYSICALLY
REMOVED SU3SYSTEM. {(TkIS F4TH MEED NOT 3E ISOTHERMAL, AND TEMPERATURE
ALONE MAY BHE VARIZU IF NO REACTANTS ARE SPECIFIZO). FOR THE CLOSED
SYSTE ™ MCDEL THEZ CONWCCEPT CF REACTION VESSEL ENCOMPASSES EITHER JUST THE
EQUILIBRIUM SUSSYSTEM CR Thi EQUILI3RIUM SURSYSTENM PLUS THE REACTANT
SUBSYSTEM., IN ALL CASES ThE PRESSURE IS COMPUTED AS A DEPENDENT '
FUNCTIGN CF THZ TEMPERATURE AND IS DETERMINED 3Y WHICH SUPPORTING DATA
ARE USED IN THE RUN. NOTE...A4 GAS PHASE IS PRESENTLY NOT INLCJDED IN
ANY CF THE CURRENT MODELS. Thf EGUILISKIUM SUSSYSTEM CONSISTS OF AN
AQUEOUS PHAST IN INTERNAL fWUILISRIUM PLUS ANY NUMBER OF (CTHER PHASES IN
REVERSIRLE EQJILIBRIUM WITH THAT PHASE.® 4 MCDEL IS SPECIFIED 3Y THE
CHOICE OF THZ PARAMETERS MOJEL ANQ ™MTYPE.

MCDEL = 0 Thc BMZnTON-RAPHSON ROUTINz VixIFIES OR-RZCOMPUTES
THZ STARTING E£GLILISRIUM SUBSYSTEM, ANC COMPUTATION
TIRMINATZS WITHCLT COMPULTING A REACTION PATE MCDIL.

MODEL = 1 KEACTANTS ARE TITRATED FROM A REACTANT SU3SYSTEM
INTO AN EQUILIERIUM SUBSSYSTzZMe Thz TOTAL SYSTzM CONSISTS
SOLELY OF THE Tw3 A30VE SU3SYSTEMS ANO REMAINS CLOSZD.
"THERE ARE TwO CPTIONS FOR MODEL=1 IF MTyYPE=¢p
TH2 **LCT:C\ WuThoi IS C:N:iQTbH;IZEJ 4S5 CONTLAIHING INL
THE QUILI;hLb SUZSYSTEM AND ZI IS5 PRLPORTIOWAL
T) REACTANT/WATER RATIC (RIACTED REIACTANTS/STERTING £GLUES
SOLUTICN)e 2LSCy Tht ThzOQORITICAL ROCK PROOUCED CONS ISTS
SOLZLY OF PRODOLCT HWINEKRALS. THIS CPTICON ACTULALLY PRODUCES
A SZQULNCE OF _CUILIERATED CLGSEU SYSTEMS OF INCREASING

RIACTANT /WATER RaTIC. IF flTYPZ=1 Th: ~:AuTICN VISSIL

INCLthS ALSC Trt KCACTAAT SUBSYSTEM, AND ANY

REACTANTS WHICHr SATURATE WITh THE SOLUTION ARE CHANGZD

IN STATUS TG PRCGIULCT MINZRALS. ANY SUSSEQUENT DISSOLUTICN

THEREFORE OCCUKS REJtRSIJLY. THE THZORZTICAL RGCK CONWSISZ

OF PRODUCZTYT MINCZRALS PLUS UNREACTED SOLID REACTANTS. #

(MODEL=1, MTYPZ=i1 WAS WHAT THc CLOSED SYST=ZM OF OLD

PAT%I WAS INTENCZD TG MODELS)

g

JS

(.")

MODEL'= 2 ThE ASOVE SYSTEM IS MODIFIED SUCH THAT aLL
PRICIPITATED SGLID PHASES ARE PERIODICALLY TRANSFERRED INTO
A PHYSICALLY REMOVED SUBSYSTEM (P.R.S.). THE
TOTAL SYSTENM CCNSISTS OF ALL THR:ZE SUSSYSTEMS AND IS CLOSZD,
3JT THE SUBSYSTEM REACTANTS PLUS AQUEOUS PHASE IS OPEN. (THIS
IS THE OPEN SYSTEM OF CLD PATHI). THE CONCEPT IS TO TRANSFER
MINIRAL MASSEZS TO THE PeReSe SO THAT THEY NO LONGER INTERACT.
"WITH THE FLUID. THE SIMULATION IS OF FLUID FLCWING THROUGH-
< A REACTANT MEGIUM, LEAVING PRECIPITATED PhASES BEHIND..

| IN PRACTICE, SOMI FRACTION OF EACH PRECIPITATE IS LIFT -‘
IN THE EGUILISRIUM SUSSYSTEM. ALSCy ThE USER MUST 5E WILLING
TO SACRIFICE SOME SMALL MASS (SPECIFIED BY ZKLOGU)
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TO RI~-DISSCLUTION. THE PeReS. TRANSFERS ARE GOVERNED IN
SEVERAL WAYS. CNE IS BY THE USER-SPECIFIED ARBITRARY
OUMP INTZRVAL (DLZIOMP)y WAICH MAY B3 SZT TO A QUASI-
INFINITE VALUE. OThER MECHANISMS SENSE THE ONSET .

OF RE-DISSOLUTION (THE MAXIMUM CRITERIGN FOR SOLID

P4ASE SPZICIES). THE MAXIMUM CRITERION IS NECESSARY AND
SJFFICIENT wWHEN THE PRECIPITATES ARE PURE MINERALS (OF
FIXED COMPGSITICN). IT IS NECESSARY BUT NOT SCFFICIENT
FOR SOLID-SOLUTION END=-MZIMBER COMPONZINTS. IF ATTEMPTING
T) RUN AN CPEN 'SYSTEM MODEL WITH SOLID SCLUTIONS, CHOOSE
AN QPPROPRIATE VALUE FOR THE ULSER-SPECIFIED DUMP
INTZIRVAL TC AIC IN Tht RISOLUTION OF THz MODEL.

THIS FROGRAM EMPLOYS A rIGHLY MCOIFIED NEWTON~RAPHSON ROQUTINE TQ
SOLVE FOR TkRE ZQUILIBRIUM STATEZ OF THZ EQUILI3ZRIUM SUESYSTEM AT ANY
POINT GF REAZTION PROGRESS. TAIS ROUTINE (SUZPROGRAM NEWTCON) IS
EQUIPPED T0 EFFICIENTLY DITZRMINE THZ CCORRECT PRASC/SPECIcS ASSoMBLAGE
WEICH SATISFIZS ThHo £LEMENT MASS CONSTRAINTS AT £ACH POINT. A _
SIATh-CREER FINITE-OIFFERENCE STEPPING-CUT ROUTINE IS USED TO COMPUTE -
STARTING ESTIMATES AT SUCCEZDING FOINTS ANO TG PROVIDE ESTIMATES CF
FIRST, SECOND, ETC., DERIVATIVEIS OF THAZ PRINCIPAL VARIAELZS. THE
ACCURACY GF TAZ STEPPING-CUT ROUTINE IS CONSTRAINED TO THE FIRST CROER
3Y THE SETSCREW PARAMETER *5CRZwWi*. AS SCRowWi IS DECREASED, THE
ACCURACY OF THz STEPPING=-CLT ROUTINzZ {JF PRZDICTOR) IS INCRZASZO, BUT
THE STEP-SIZZ IS DECREASEL. ToE ACCURACY OF THE FINAL RESULTS AT A
PARTYICULAK STZ? OF REACTION PROGRESS I35 DETEIRMINED BY ThE NCWTON-RAFASON
ROUTINE (WHICH ACTS AS A CCRRICTOR) AND ITS TOLERANCE PARAMZTIRS *TC(LNR*
AND *TCLEB*. ' :

- ThE EQ@E INPUT DoCK IS5 SIVIusD INTS THO PaRTSs TrD TO0P fALF=-3:20K 4NKD
THE EGCTTONM HALF-DECK. IN T+IS rEGAZDy KOTE Tof FOLLOWING. TO0 InITIiaLly
MODEL AN AQUZO0JS SOLUTICN ULING VYARIOUS INPUT DATA FOR PH, TOTAL
CONCENTRATIONS, EQUILIERIUVYM CONSTRAINTS, ZTC.s YOU MUST FIRST JSE
PROGRAM EQ3sy WEICH PRODUCES THz 30TTOM nALF-DECK GF THE FULL EJ6 INPUT
DECKs USERS D0 NOT PLNCH LP Z0TTCM RALF-DECKS (ALTHOUGR THEY MAY CF
COURSE MGDIFY THEM). SOTTCOM ~4&LF-D=CKS ARKE NORMALLY PUNC=ED UP BY
MACHINES., INSTRUCTIONS FCR INPUT DECKS ARE DISCUSSED IN SUSRJIUTINE
READZ. A PICK-UP DECK, A Full OECK TU RE=START A RUN AT SGME VALUE OF
REACTIGN PROGRZISS GHchTER TrmaN ZZRG, CAN £2 WRITTEN BY SUSROUTINE '
ESCRITZ. SEZ THAT ROUTINE FCR AN EAPLANATIGCN OF THRE OPTIONS.

#5%¥% W A R NI NG #v*3»

IT IS THE USERS REISPONSIZILITY TO DETEZRMINE WRICH, IF ANY, OF THEZ
AS0VE MODELS ARE APPLICABLE TO HIS PARTICULAR PROSLEM. SEE HELGESON ET
AL. (196G) FOR EXAMPLES CF REASONABLE APPLICATIONS. IT IS ALSO THE
USERS RKESPONSISILITY TGO CreCK THZ SUPPORTING DATA FILES TO INSJRE THAT
CORRECT AND NECESSARY DATA ARE PRESENT. USERS SHGULD NOTE THAT
COMPARISON OF THEORZITICAL PREDICTIGNS WITk REAL DATA (EXPERIMENTAL CR
FIELD) MAY PZRMIT JUSERS TGO MCDIFY THE THEORETICAL RUNS TO BETTIR FIT
REALITY. ' :

~ A REACTION PATH IS DESCRIEZD IN THIS PROGRAM B8Y THE FOLLOWING
PRINCIPAL VARIABLES OR DESCRIPTORSs WHICH ARE TREATED IN LOGARITHNIC
FORM. : '
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THE MASSES OF A BASIS SET OF AQUEOUS SPECIES. (MOSS)

THE FUSACITY GF CxYGEN IN THE AQUEOUS PHASZI (fF02)

THE ZQUIVALENT STCICRIOMETRIC ICNIC STRENGTH (XISTEQ)

THE IONIC STRENGTH (XI) _

THE MASSES OF ANY PuURE MINERALS PRESENT (MCMN)

ThE MASSES CF ANY SCLID-SOLUTION ENO-MEMSERS PRESENT (MOMX)

ThE CrHIEF REDOX PARAMETER JS£D IN THE PROGRAM IS THE FUGACITY OF
OXYGEN IN THZI AQUEOUS PRASZ. A FICTIVE AQUEOUS SPECIES, 02 (Gs+AQ)s IS
ASSOCIATED WITH THIS VARIAELEs AND IS NOT TO SE CONFUSED WITH 02 (AG),
THE SPECIES JISSOLVED CXYGEN. 02 (GsAQ) IS MASSL=SS, CDORLEZSS, AND
TASTELESS.,

THE ACTIVITY OF WATER AND SEVERAL 3ULK SOLUTION PROPERTIES MAY 3&
COMPLTED AS FUNCTIONS OF ThZ EQUIVALENT STOICHIOMETRIC IONIC STRENGIH GF
A SCOIUM CHLORIDE SCLUTICHe THIS IS DEFINED AS THt TOTAL DISSOLVED
CONCENTRATION OF THz IACTIOH, WnICH IS ZITHER NA+ CR CL-e NOTZ THAT
THIS TREATMENT IMPLIES TrAT THE AQUEOUS PHASE IS TITRER VERY DILLTE OR
IS SASICALLY 4 SODIUM CHLORIDE SOLUTION. TrE LOG ACTIVITY OF WATER IS
STORED AS THI FIRST CDLEMENT IN THAE ARRAY GLGy WHICH CONTAINS LOGARITHMS
OF Tkt ACTIVITY COEFFICIENTS OF AQUEQUS SPECIES. :

A KEACTION PATH I5 INITIALIZED 8Y COMPUTING A4 MODZL FOR THZ
EQUILIERIUM SU3SYSTEM., EITritk OF PROGRAMS EG3 AND EQ& IS SUITAELE FCR
THE PURFCSE (WHICH ONE OEFENDS ON TaE SITULATION). THE INITIAL MCDEL IS
VEIRIFIED BY ZALLING Trz NIWICN-rRAPHSON SUSRUOUTINEZ, WrRICH IS CAPAaELC CF
REDUCING RESIDJALSs EUUILIERATING PARTIAL EQUILISRIUM STARTINS SYSTEiMS,
AND ALTERING TEMPERATURE ALND PRESSURE CONDITICNS. THIS STARTING CALL
MAY FAIL BECAUSE STARTING ESTIMATES W&RE POCOR IF Trmz LScP MAKeS "4 LARGE

INITIAL JUMP ON ZI OR NHAKZS 4 LARCE CHANGE IN TLWDraATLmE/PQLQS-&E.
RARELY, THE 3TARTIMe CALL MAY Fwil SECALSD HowTIN #aAS UNAZLI DeTERMINE
THE CCRRZLCT 2HASZ ASSeMilAlz GR TO 3JPPLY L0030 ZWNCuEn JT~5T~NU TSTIMATES
UPCON ALTERING THE ASSU¥MED FrAST ASSZHMILAGL. SEE COMMINTS IN SUSRCUTINE

NEWTON ON POSSISLE COULRSES OF A4CTIOHN,. IF TwE PRINZIPAL CESCRIPTORS
(34SIS VARIASLZIS) axe RIGrLY SanSITIVE TC Thg DIFINITION CF ThI IMPCSLG
MASS CCNSTRAINTS WITHIN SCME REGION OF REACTION PROCGRESS, THIl NEWTCHN
WILL EXPERIENCZ OIFFICULTY IN CONVERGING CN A STARTING CALL WITHIN SUCH
A REGICN UNLZSS THEZ STARTING ZSTIMATES AKE VERY, VZIKY GOCJ. AN EXAMPLE
OF SUCh A CRITICAL REGION IS THAT IN WAICH ThE OXYGEN FUGACITY DROPS 306
TO OVER 70 CRIZRS OF MAGNITUDE IN TrmI REDUCTION OF OXYGENATED ScA WATER
3Y REACTION WITr B3L4SALT CR PERIDOTITE.

& REACTION PATH BEGINS . AT ZI=0e. NO REACTANT MASS IS UESTROYED AT
THIS POINT., HOWEVZRs TRLD INITTIAL VALUE OF ZI MAY B3E GREATEZR THAN ZERC
IF TEE RUN IS A PICK-UP RUN OR AN INITIAL JUMP USING THE NEWTON=-RAPHSON
CAPABILITY IS DESIRED. NCTE THAT ZI IS A STRICTLY INCREASING FUNCTION.
IF CNE OR MORZ REACTANTS IS A MINERAL THEN UNIT CHANGZ IN ZI IS USUALLY
EQUATED wWITK THZ DISSCLUTICHN OF ONE MOLE OF ONE OF THESE. FOR A SPECIAL
REACTANT, IT IS CONVENIENT TO AR3ITRARILY CHOOSE 1080 G AS ONE MOLE. IF
THE TEMPERATJRI IS CHANGEC WITH REACTION PROGRESS =UT THERE ARZI NGO
REACTANTS, IT IS CONVENIENT TO EGQUATE UNIT CHANGE IN ZI WITH UNIT CHANGEL
IN TEMPZRATURE (DEG C). SGCME. OF THE PROGRAM DEFAULTS ASSUME THESE
CONVENTICNS.

A SET OF ZZR0O OR MORE KEACTANTS IS thCIFIEDy ALONG WITH A
CORRESPONDING SZT OF RELATIVE REACTION RATE COSFFICIENTS WHICH RELAT_
THE RATES OF INPUT TO THE EQUILISRIUM SUBSYSTEM TC THE REACTION PROGRESS
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VARIAELE, ZI. ALTHOUGH PROVISICN IS MADE IN THE PROGRAMMING FOR SECOND
AND THIRD ORDER RATE COEFFICIENTS, IT IS RECOMMENGDED THAT THEY NOT
ORDINARILY BE JSED. EACH REACTANT FALLS INTO ONE OF THE FOLLOWING
CATEGORIESses : ' o

1. SPICIAL REACTANTS

2. AQUZOUS SPECIES . .

3. STOICHIOMETRIC NMINERALS (FIXED COMPOSITIONS)

4o SILID SGLUTIONS :

S. GAS SPECIES

A SFECIAL REIACTANT MAY EzZ ANY €SPZICIcS OR PHASE WHOSE COMPOSITION 1S
PROVIGEG 3Y THZI USERe POSSIBLE EXAMPLES INCLUDBE ROCKS GF KNOWN '
ELEMENTAL COMPISITION SUT ULNCERTAIN MINERALOGY, A GLASS, ANOTHER' ﬂQLtObS
PHASE, OR A MINERAL WhICh IS NOT IN THZ DATA SZT. TO MODEL EVAPORATIOCN,
DECLARE WATER TO BE THAE REACTANT AND CHGOSE A NEGATIVE RATE CONSTANT.
REACTANTS MAY Bt ExAAUSTEU OR, IF TrnEY ARE PURE OR SOLID-SOLUTION
MINERALSy REZACH STATES OF SATURATION WITH THZ EQUILI3RIUM SUBSYSTEM. IF
THE LATTERs THZY NOrRMALLY REMAIN FORMALLY IN THE KREACTANT SUBSYSTEM AND
CONTINUE TO SE TITRATED INTO THE EQUILISRIUM SUBSYSTEMe HOWEVER, UNDER’
MODzLl=1 AND MTYPE=z1 TrhoY ARz TRANSFZIRRED TO PRODUCT MINERAL STATUS AND
RE-DISSOLVE REV=RSIZLY IF AT ALL. (NOTE THAT ThEIR DISSOLUTION
PSEUDC-KINETICS AR: THEN CONTROLLED 3Y EQUILISRIUM AND nCT 3Y TAE
USER-SPIZICIFIZ] RELATIVE RaTz CONSTANTS.)

THE REACTION PAT~ TERNMINATES NORMALLY WHZN ONE OR MORE OF THE
FOLLOWING CONDITIONS RAVE EZEN MoTe.s
1. A SPECIFIED LIMIT- O REACTION PROGRESS IS ACHIEVED (ZISTCP)
2. EXECUTIGN APPRCACFES THE COMFUTING LIMIT '
'(J:: OF TmIS FZATURZI REQUIRES ADBAPTATIGON TO
EACH LOCAL INSTALLATION WHFRE THE PROGRAM IS
TO 32 RUy 4 FICK=L? DECK I5 ThiIx WRITTEN LTV ﬁriuaLLY
8Y SUBSROLTINGE 1SCRITZe) :
3. EACH REACTANT IS . ExHAUSTED OR SATURATECD

TRE ZRKOR IS MIASURED =Y COMPUTING RESIDUAL FUNCTIGNS (22TAY OGN Thi
CONSTRAINTS AND DEFINITICONS WHICH APPLY TO TsE SYSTEM DESCRIPTIORS,
SEVERAL SFECIAL RESIDUAL FUNCTICONS ARE EMPLOYED s evee

EZTARMS ROOT MEAN SQUARE RESIDUAL

cETAMAX = GREATEST A3SOLJTE VALUE OF ANY RE SIDUAL

ALPHA = ARRAY OF AESOLUTE MASS BALANCE RESIDUALS
(COCRRZSPCNDING BETA VALUZS ARE REILATIVE)

ALPHMAX MAGNITUDE CF. GREATEST ABSOLUTE PMASS IMEALANCS

EETAMAC MAGNITUCE OF CGREATEST MASS ACTION RESIDUAL

ceTACHB = CrnARGZ IMSALANCE PER KG H20

BETA(XS3) = ASSOLUTE CHARGE IM3ALANCE

THE LAST NEWTON-RAPHSCN CORRECTION TERMS (DEL) BOUND THe FIRST-ORDER
ERROR IN THE BASIS VARIABLES THEMSELVESe. DELMAX IS THE LARGEST :
MAGANITUDE OF ANY ELEMENT CF UEL. BOTH BSETAMAX ANC DELMAX ARE JSED IN
DETZRMINING CONJ"RG‘VC: IN SLDQOUTIRE NEWTON.

GTth BOOKKEEPINu IS RANDLED THROUGA THE FOLLOHING;....
KCT NO. OF ELEMENTS IN THE SYSTEM

KSB <CT+1, KCOL INDZIX OF THEZ CHARGE BALANCE RELATION
KXIST=ZJ = KOT+2y KCOL INDEX OF THE EQUIVALENT STOICHIOMETRIC

0o
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IONIC STRINGTH RELATION _ :

KXI = XCT+3, KCOL INDEX OF THE IONIC STRENGTH RELATION

KM1L = KXI+i, KCOL INDEX GF THE FIRST PURE MINERAL IN THt
SYSTEMNM

KMT = <COL INDEX CF THE LAST PURE MINERAL PREStNT IN T#E
SYSTcM, = KXI IF NONE ARE PRESENT

KX1 = {MT+1, KCGL INDZX OF THZ FIRST SOLID-SOLUTION END-MEMBER
PRESENT IN THE SYSTENM

KXT = <COL INDEX CF THE LAST SOLID- SOLUTICN C GMPONENT PRtSENT .

PRESENT IN THE SYSTclM, = KMT IF NONE ARz PRESENT
KDIM = NO., OF DESCRIPTORS USED = DIMENSION CF ThE JACO&IAN
MATRIX.

VINDEK(KCOLs = STORAwE ARRAY WHICH CONTAINS INDICES OF

TAE PRINCIPAL ZASIS VARIABLES USED TO CESCRIBE THE

EJUILIBRIUM SUESYSTEW
JSFLAG(NS) = COCNTRCL ADDAY nHICH SP CIFIES THE STATUS OF

THE AQUZOUS SPzCIES

JMFLAG(INM) = CONTRCL ARRAY #HICH SPECIFIES THE STATUS of

THZ PURE MINERAL PrASZS

JKFLAG(IK,NA) = CCNTROL ARRAY WrICH SPEICIFIZS THZI STATUS
OF SOLID-SOLUTICN THD-MEZM3ER COMPONINTS

JXFLAGINX) = CCARTACL ARRAY WHICH SPECIFIES ThE STATUS OF
T4Z SOLIG-3SO0LUTION PHASES

“JGFLAG(NG)Y = CCNTKCL ARRAY AHICH SPECIFIES THE STATUS OF

THE GAS HSPECIES

"JREAZ (NRC) = CCNTROL- ARRAY AHICH SPECIFIZS THE STATUS OF

THE REACTANTS

H
-
1=

Z1(1) TEST VALLE OF REACTION PROGRESS
2I(2) = PRIVICOLS #CINT OF RZACTION PROGRLSS ,

MTE(NC) = HMCLES CF tiLib™ENT PRISENT IN T=c EQUILIzRIUM SUSSYSTENM
MTE A(NC) = MOLES OF ELEMENT DISSCLVED IN THE AGUEQUS PHASE
LOSS(NS) = LOG CF MASS (IN MOLzS) CF AQULIOUS SPIZCIES
LOMN(NM) = LOG OF MASS (IN MOLES) OF STOICHIOMETRIC MINERAL
LOTX(NX) = L0OG OF MASS (IN MOLES) Of SOLID SOLUTION
LOMA(IK,NX) = LGG CF #ASS (IN MGOLES) OF SOLID-SCLUTION

END=-MEMSLR

XL = TRUE IONIC STRS

AISTZQ = EQUIVALENT STOICHIOMETRIC IONIC STRENGTH CF 4 SCOIUM
C4LIRIDE SOLUT ICHN '

MCSS(N3) MGLES OF AN AQUEQUS SPECIES

MCMN(NM}) = MOLES CF A STOICHIOMETRIC MINERAL

MOTA(NX) = MOLES (F A SCLID SOLUTION

MOMX (TKyNX) = MOLES OF A SOLID-SOLUTION END-MEMBER

MPRMN{(NM) = MOLES CF A STOICHIOMETRIC MINERAL TRANSFERRED T0
THZ PHYSICALLY REMOVED SuUBSYSTEM

MPRMX (IK4NX) = MOLES OF A SOLID-SOLUTION END-MEMBER TRANSFERRED
TO0 THE PHYSICALLY RcMCVED SUBSYSTEM : : '

XLKS(NRS) = LOG K FOR AN AGQUEOUS REACTION

XLKM(NM) = L0G K FOR A MINERAL CISSCLUTION REACTION

XLKG(NG) = LOG K FCR A GAS SPZCIES DZSTRUCTION KEACTION

GLG(NS) = LGG ACTIVITY COEFFICIENT FOKR AN AQUEOUS SPECIES

LAMLG{IK,NX) = LGCG ACTIVITY COEFFICIENT FCR A SOLID- SOLUTION
END=-MEMEER

XBAR(IK,NX) = MOLE FRACTION OF A SOLID SOLUTIGN ENO MEMSER

XBARLG(IK,NX) = LOG COF ABOvc
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AFF(NM) = AFFINITY OF A MINERAL TO PRECIPITATE
AFFLCX(NX) = AFFINITY OF A SOLIU-SOLUTION TO PRECIPITATE
FUGLG(NG) = FUGACITY OF A GAS :

AA = THE JACOEIAN MATRIX (IDENTICAL TO PATH GRAND MATRIX)

GG COPY OF THE JAZOBIAN MATRIX

ZLG1(KCOLs1) = LGCGARITHMIC 3ASIS VARIABLE AT THE LATEST
SJILVED POINT

ZLG2(KZ20Ly2) = SAME AT THE PREVIOUSLY SOLVED POINT

F1(KCOL,J) = FINITE DIFFERENCES FOR TrmE J-TH.ORDER
AT THE LATEST SOLVED POINT

F2(K20LsJ) = SAME AT TrI PRIVIOUSLY SCLVED POINT

CALG(KCOL,Jb = FINITE-JIFFERENCE ESTIMATES OF ThHE J-TH ORDER
DERIVATIVES AT TmE LATEST SJILVED POINT

THE U©SER MAY INPUT UP TC SIX ACTUAL ROCK COMPOSITIONS (IN TZRMS GF
OXIOUE PERCENTAGES OF MAJOR ELEMENTS) WHdICH ARE TO 5t COMPARED IN THEZ
LEAST-SQUARES SZNS:t TC Trnco TRZORETICAL ROCK AT ZACH PRINT POINT. IGPT7
IS THE NUMZER 3F SUCh ROCKX COMPOSITIONS TG BE. ENTERED. ‘

BLL SCLID SOLUTIONS CUREFEZNTLY IN THIS PQuGhAd ARZ *CONVENTIONAL®
SCLID SCLUTIONS,. IDcCAL SCLLTIONS ARE INCLUDED IN THIS CATEGORY. THESE
SOLID SOLUTIONS HAVE EACESS FREZE TNERGY AND ACTIVITY CCEFFICENT
FUNCTIONS WRICH ARZ (MULIVARIASLZ) POLYNOMIALS OR POWER SIRIES IN THE
MCLE FRACTIONS Of TrE END-MEMSERS. IMPCORTANT TrHECREM..s.s.SUCH A4 SCGLID
SOLUTICN IS PRESENT (HAS 4 POSITIVE MASS) IF AND CNLY IF ALL ELIGIZLE
END=MEM3ERS ARZ PRESENT. ALL IND-MIM3ERS ARE ELIGIBLE EXCEPT THOSE THAT
ARE SUPPRESSZID OR REGUIRE AN ELEMENT WHICH IS NOT PRESENY. IF A
SOLID=-SOLUTION ZIXHISITS A MISCISILITY GAP (Eegss NA=K FELDSPAR) s THEN
EACh SIDE OF THEZ GAP MULST £ TREATED AS A SEPARATCI SOLID-SCLUTICN (2
POTASSIC ALSIT:Z AND SOUIC X-FIL3SPAA). ThoSe ARZ DISTINGLUISRHED
SEPARATE INDICIS AND DIFFEFEINT UPPER LIMITS (X3ARLIM) Oh THE MOLE
FRACTIGONS OF THE ENJ=-MEM3ERS e *SITE-MIKING® MODELS (HeGey OATES, 1%63)
HAavE NCT YET 3Z:iN INCORPGCGrRATED INTO TAIS PRCLK&M. ,

J
m o
<

HELGZSINy HeCos 1%65; EVALUATION OF IRREVERSIELE REACTIONS 1IN
GEOCHEMICAL PROCESSES INVOLVING MINERALS AND AQUEOUS
SOLUTIONS. I. THERMODYNAMIC RZLATIONS, GZOCHIMICA £T
CGSMOCHIMICA ACTA, V. 32y P. 853-877,

HELGESONy HeCey GARRELS, ReMsy AND MACKENZIZ, FaT.y 1359,
SVALUATION OF 1RREVERSIBLE REACTIONS IN GEOCHEMICAL
PRGCESSES INVCLVING AQUEOUS SCLUTIONS. II. APPLICATIONS,
GZOCHIMICA ET CCSMOCHIMICA ACTA, V. 33, Pe 455-451,

HELGZSONy HeCesy BROWNy TotHes NIGRINIy Asy AND JONESy Teher
1970y CALCULATICN OF MASS TRANSFER IN GEOCHEMICAL PROCESSES
) INVOLVING AQUEOULS SOLUTIONS, GEOCHIMICA ET COSMOCHIMICA ACTA,
: Ve 3‘41 P. 569'592. o ’

HELGZISIN, HaCas ET Ale, 1963, PATHI (COMPUTER PROGRAM FOR ThE
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COMPUTATION OfF IRREVERSI3LE GEOCHEMICAL MASS TRANSFER
INVILVING AQUEOLS SOLUTION), DEPT. OF GEOLOGICAL SCI*ACES;
NORTHWESTERN UNIVERSITY, EVANSTON, ILLINOIS.

. (SIGNIFICANT MODIFICATIONS WERE MADE B8Y CLAUDE HERRICK

ET AL. AT LCS ALAMOS SCIENTIFIC LASORATORIES CA. 1S875)

: . OQATESy HeAs.y 15869, IDCEAL SOLUTIONSy Je CHEMe EDws
Ve 46, Po_ 501"50‘40

WOLZRYy Tadey 1872y SOME CHEMICAL ASPECTS OF HYDROTHERMAL
PROCESSES AT MIL-OCEANIC RIDGES--A THEZORETICAL STUDY,
PdeDe ThzSISy NORTHWISTERN UNIVERSITY, EVANSTON, ILL.

Teds WOLZRY

» 44;4444&44;4#4;4;&44;4;4¥¢‘+4444¥;44*44#44#44&44%4#4;#4¥¥&+4¥¥&44»

----- PROGRAM STATUS AS CGF 12 OCTO3ER 187¢ ===-=-

A SEPARATZI WRITE-UP ON THE COMPUTATIGNAL METHOGS OF THIS PROCGRAM IS
GIVEN IN PART II OF Tre ALTHCOR2S PrieDe THESIS (WOLZKY, 1978). THKIS
INCLUDES THE NICESSARY MATREMATICAL DEZRIVATIONS AND A OISCUSSION CF
PRGGKAM PHILISCPHY. THEIS INFCRMATION WILL ALSO SOCN EE AVAILASLE IN A
UCRL DCCUNMZNT . :
MCST OF THZ 3ASIC FEATURES OF ThE PROGRAM H&VE NCOW &N DOCJHE NT
4 HOWEVER, NO SUARANTEES CANM 3B MADE THAT USERS WILL NOT EAPERIENCE
. TROUELES. FIRST, TmIS PROGRAM CONTAINS MANY OPTIONS, AND IT IS EA
TRY TC RUN A COMBINATION WHICH IS S:LF-INCONSISTONT OR UNREALIbTIC
SECONDLY, TEZ SJUCCESSFLL OCPERATION OF ThE PROGRAM DEPENDS Tn0 SOME EXTENT
CN The VALUES OF CG ‘TRCL PARAMETERS (TOLERANCESy ETCs} WRICH ARE
AJCPTcC, “*“OSTHJ JELuLS an:: Trad Trac DIFALLTS MAY 32 ~I5KY.

TZD.

Sy TG

THE AUTRCOR AOULD APPRECIATE COMMINTS CONCERNING ThHIS PHOGRAM,
ESPECIALLY ANY ZRRIRS THAT ©SIRS MAY UNCOVER,., SUMZ KKROWR PROgLEMS TC
WrICk THE CURRINT VERSICON MAY 3¢ SUSCEPTISLE AREe.. '

1+ THERE IS PRESENTLY 4LMOST NO USEFUL DATA. OGN SCLIG SOLSTIONS
TO USE WITH THIS FROGRAM. SITE-MIXING MOGELS HAVE NOT
YET 3ESN INCGRPORAYcD INTO THIS CODE.  IT IS PRESENTLY
RECCMMINDED THAT ThI USER INPJT IOPT4=0 TC IGNORE SOLID
SOLUTIONS. MUCH OF THE COCDE FOR TREATING NON-IDEAL PHASES
RAS NOT BEEN SUFFICIENTLY TESTED. DIFFICULTIES WITH
SUCH HIGHLY NCN=-IDEAL SCLID SOLUTIONS WRICH EARIBIT MISCIBILITY
GAPS HAVE YET TO 5E SATISFACORILY RESOLVED. USE SOLID. SCLUTION
AT YJJR PERIL. -

t.o- 2+ THERZ IS CURKENTLY NO PROVISION FOR A GAS PHASE, ALTHOJGH
THE STRUCTURE OF THEZ PROGRAM WAS DEVELOPED WITH. THE IDZA
CF ADDING SUCh A FROVISION LATER. FUGACITIES RELATIVE 10
- THZ A4QUEZOUS PHASE ARE NOW- CQLCUL&TCDy HOWEVER.

3« EQ3 AND EQB CURRENTLY USE OLD STYLz ACTIVITY COEFFICIENT
' FUNCTIONS (SELGESCNy 13€3) WHICH ARE NOT SUITABLE FOR
! KIGH IONIC STRENGTH (I .GT, A30UT 1) 3RINES. IT IS ANTICIPATED
- THAT THESE WILL 82 REPLACED SOMETIMEL IN TH: FUTURE.

4e A PRIBLEM MAY OCCUR IN SOME RUNS IN WHICH TRE GXYGEH
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FUGACITY MAKES A EIG JUMP IN THAT THE RESIDUAL FUNCTIONS HMAY
DECAY TO A LEVEL CCNSISTENT WITH ROUND-OFF/TRUNCATION

ERROR WHILE THE UNKNOWNS IN THE BASIS SET BECOME

RANDOMLY INACCURATE. THIS PRO3LEM nAS BctN NOTICED IN

AT LEAST ONE RUN (N A CDC MACHINE AND WOULD BE MORE

OF A PROBLEM ON AN IBM. THZ ONLY RECOMMENDED SOLUTIONS

ARZ TO GO TO DCUBLE-PRECISION OR TO SKIP OVER THE REGIOJN

GF REACTION PKCOGRESS IN WHICH THE JUMP OCCURS.

THE PROGRAM MAY HAVE TROUELE CONVERGING IF THE MASS COF ONE
CF THEZ AQLEOUS £ASIS SPECIES IS VERY SMALL RELATIVE TJ THAT
OF 4 COMPLEX OR A SIMPLE SPzCItcS IN AN ALTERNATE OXIDATION
STATZ. THE CURRENT CHCICE OF 5ASIS ELEMENTS IS FIXED IN
TRE STRUCTURKE CF Tret DATA EASE. COODING TC PERMIT BASIS
SWITCAING IS PLANNED FOR THEZ FJUTURE. PROZLEMS OF THIS

SORT ARE MOST LIKELY TO 3E ZHCOUNTERED WHEN MODELLING

THE 3ZHAVIOR OF TKRACE METALS WHICH COMPLEX EXTREMELY
STRONGLY OR GCCUR IN DIFFERINT CXIODATION STATES OF

WIDELY DIFFZRING FOGTENTIAL. '

1

FAYE SEEN 44DE SINCE TrAE LAST WIDELY-
4

THE INPUT FCRMAT 45 SEEN CrRANGED. SEE THE INSTRUCTIONAL
COMMENTS IN SUSROUTINE READZ.

COMMON 3SLOCKS HAvVe EZZN CLZANZOD UP AND REGRGANIZED SINCE

THE LAST VZRSION. VARIAZSLES 3EGINNING WITHA L UR M ARE NOW
IMPLICITLY ReAL IN NEARLY ALL SLcPROGRAMS. A NUMZEZR OF FLAG
ARRAYS THAT FORMERLY oEGAM WITA L GR ™ NOW BEGIN HNITH J.

NEWTINzS PRASE SELeCTION ALLORITHMS RAVE 2N IMPROVCED.

THE OPZN SYSTEM NCh APPEARS TO WORK RzASONASBLY WELL., 2JT
LCOK OVER Tat CUTHELT CAREFLLLY IF YOU SELEZT THIS OPTION,.

PHASZ 3O0UNDARIES <Kt NOW ACCuRATELY LOCAT=D IF YOU SELECT
IOPT13=2 (ACTOMAT ICALLY SEL=CTEZD IF MODEL=2)e IF YOU
SELZCT I0PT13=1y ThiN PRINTZ3 A3VISURIES COF PHASE BOUNDARY
LCCATIGNS ARE GIVENy; BUT COMPJTATIONS OF THE STATE OF TAfE
SYSTEM AT SUCA PCINTS ARZ HhO7T PERFORMED® I.Ces THE
EOUNDARIES ARE SKIPPED OVERe 4S WITH IOPTL3=0.

THE NAMES OF MOST.OF T4t FLAS ARRAYS KWERE CHANGED TO BEGIN
WITH J* E.Gey MFLAG IS NOW JMFLAG.

VARIABLES BEGINNING WITH >G> ARE IMPLICITLY OF TYPE LOGICAL®
THOSZ BZGINNING WITA >L> GR >M> ARE IMPLICITLY REAL.

ThE PROPOSED BASIS SWITCHAING FEATURE TO PERMIT USER OR
PROGRAM SELECTICON GF THE SEZT OF AQUEOUS SPECIES WHICH SZIRVE
AS BASIS ELEMENTS HAS NOT £ESN IMPLEMENTEC ON ThIS VERS ION
OF E3b. THIS VERSION WILL ~OWEVER READ EG3 INPUT FOR
SWITCHING INFCORMATION AND TZRMINATE WITH A WARNING MESSAGE

i

IF SWITCHING ‘IS INDICATED.
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$4933 NOTES TO NEW USERS 33333

THIS PROGRAM HAS MANY CPTIONS AND IS NOT NECESSARILY EASY TO OPcZRATE.
READ THE MANJAL OR SE PREPARED TO SUFFZIR THE CONSEQUENCES. READ IT
SEVERAL TIMES B3EFORE YOU TRY TO RUN THIS PROGRAM. THE RIGHT STRATEGY
USING TrHE MANY OPTICNS THI1S PROGRAM OFFEZRS MAY MAKZ Thi DIFFERENCEZ IN
SOLVING YGOUR PROBLEM. : : '

THIS PROGRAM WAS WRITTEN EBY THCMAS J, WOLERY, FORMZRLY OF THt
DEPARTMENT OF 3Z0LOGICAL SCIENCES, NORTHWESTERN UNIVERSITY, EVA MSTON,
ILL. ©0201s NOW AT L=-224s LAWRENCE LIVERMORE LA3CRATGRY, P.0e 50X ¢E70y-
LIVERMCRZ, CALIFORNIA 34558, :

THIS PROGRAM WAS WRITTEN FOR THE CDC FTN4.5 COMPILER AND CDC 6400,

6600y AND 7€00 COMPUTERS. CONVERSION OF THIS PROGRAM TO RUN ON &

MACHINE WITH A SMALL WCRED LENGTH (I.E., IEM) MAY ZE VERY DIFFICULT. IF
YOU ELECT 7O GJ ArZAD AND 0O THIS, I RZCOMMEND SUYING A LARGE SUPPLY CF
CANDLZS (B60T4 FOR WUKRKING LATE INTO THE NIGHT AND ALSO FOR THEOLOGICAL
GUIDANCE)., NEARLY EVERY FLOATING PJIINT VARIABLE WILL mAVE TO BE MADE
GOUELE PRECISION. 30Mc DCULSLE PRECISION.IS ALREAQDY USED IW SUBROUTINE
SHIFT &ND IN THE IMSL (INTERNATICNAL MATHZMATICAL AND STATISTICEL
LISRARY} ROUTINES WrICh Tr-1iIS PRCGKAM EMPLOYS. R

APPROXIMATE FIELO LENGTA TO COMPILE(OPTZ2)eesse
MCST SJB3PROGRAMS 633505
NEWTON 1503008

" APPROXIMATE FIELD LENGTh.REQUIREO TO RUNeavas
SCH 1450062

LCH KEVETR IS

NCTE ThAT THIS ROUTIME CUES WOT CONTAIN AN IMITIALIZING
DISTRIEUTION-OF-SPZCIES RULTINE. YOU MuST FIRST USE THE COMPANION
PROGRAM £Q3 TO DO T=IS. IG3 W2ITSS INTERFACING OUTPUT ON & FIL:Z CALLZID
FPICAT, WFICK IS USUALLY PUNSRED, AND THE USER. TREN AODS TAIS TO TwE E£G6
INPUT DECK. HOWEVER, IT MAY BT LEFT ON DISK ANJ READ BY IQo DIRECTLY.

a

t

DISK FILES USED 5Y EQBseses

TAPES (OATAZL) AND TAPE7 (DATAZ) CONTAIN SctLECTED FILES

FrROM A SUPPUORTING CATA LIBRARY AND ARE JSEO TO INPUT '
COMPISITIONAL ANJ THERMCGYNAMIC ODATA (CF. SUBROUTINE INCATZ).
FCR :’R\OGRAM EQE)-.« * :

DEQCE + DEQCDS (MERGE TWO FILES)
DEQSSCS (STZAM SATURATION CURVE), OR
DEQSU0S (560 S5ARS) SR

DATAL
DATAZ

TAPES (PICAT) IS AN CPTIONAL FILE WHICH MAY SUPPLEIMENT

INPUT (TAPEBOL) (CF. SU3KOUTINE READZ) AND/OR GUTPUT

-(CFe SUBROUTINE ESCRITZ). THIS . FILE IS USED TO INTERFACE
. EQ- SERIES PROGRANMS. THIS FILE IS REWOUND BEFORE READING

AND SOMETIMES BEFCRE WRITING.

OTHER UNITS MAY BE USEO FOR SUPPLEMENTAL I/0, PLOTTING,
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ETC. CHECK THcz PRCGRAM CARD.

THIS FROGIAM PRODUCES ITS OWN INTERFACING I/0 FOR PICK-UP RUNS AND
OTHER PURPOSES. THE USER SHOULULD ACQUAINT HIMSELF WITH THIS FACILITY BY
EXAMINING SU3PROGRAMS REALZ AND ESCRITZ.

THIS VERSION USES SUSROLTINES FROM THE IMSL PROPRIETARY LIBRARY TO
SOLVE LINEAR SYSTEMS IN THE MAIN PROGRAM AND ALSO IN SUBROUTINEZS
HYPSATZ, NEWTON, SHIFT, AND RESCALE, SUBROUTINE LUDATF CREATES THE L-U
DECOMPOSITION OF THE GIVEN MATRIX AND SETS THE FLAG VARIABLE *IZR* TO
ZERO IF THE COMPUTATICN IS SUCCESSFUL. SUBROUTINE LUELMF SOLVES FOR A

GIVEN RIGHT-HAND-SIDE VECTOR USING THE L-U DECOMPCSITION FROM LUDATF.
SUBROUTINE LJRIFF ITERATIVELY IMPROVES AN APPROXIMATE SOLUTION TO
MACHINE ACCURACY GIVEN THE MATRIX, AN APPROXIMATE L-U DECOMPOSITION, AND
THE RIGHT-HAND-SIOE VECTOR, AND RETURNS THE FLAG VARIABLE *IER* AS ZERC
IF SUCCESSFUL. IF YOU CAN NOT FIND THESE ROUTINES IN YOUR INSTALLATIONS
IHSL WRITE-U®, LOOK UNDER =LEQT2F*,

LOCAL EXTZIRNALS MAY BE USED TO ELAMINE THE NUMEBER OF COMPUTING UNITS
PCMAININGe AT NUCC (NCRT=WESTERN UNIVe) THE EXTERNAL *SECOND* RETURNS
Trme NUM3ER OF I)HAUGSTED CCMPUTING ULNITS AND MUST 2z COMPARED WITH
*CPLIM*y THE USER-DEFINEC AND USER-INPUT VALUEL OF THE CCOMFUTING LIMIT.
AT BKY (LAWRENZE ZERKELEY LABORATORY) THE EXxTEIRNAL *STATUS*® IS CALLED,
AND TrHE PARAMETZR IKAY(3)s whICn CONTAINS Trt NUMzzR CF REMAINING
MILLI-CCOMPUTING UNITS, IS RETJRNEE JIRECTLY. TntSz ROUTINES ARE
EMPLOYED ‘IN SUSPROGRAMS *cl+* AN) *5CRIPZ®, WHEN THE COMFUT INS LIMIT IS
APPROACRED THZ PROGRAM TrrV'NATcS NORMALLY AFTER WRITING INTERFACING I/0
FCR A PICK-UP RUN BEGINNING AT THE LAST VALUE COF ZI. THIS FEATUPE is
NOT CURRENTLY JSED AT LLL {LAWRENCE LIVERMORE LA3CRATIRY).

A WORD OF WARNING. Tz ZATZRENAL ®*ScOOND™ USED AT KRUCC IS & GTANDARU
COC NOS EXTEXINAL WHICH REITULRHNS THE NUM3ER OF CP SECONDS LSEds AT NLCC
THEZ JOE COMPJTING - LIMIT IS DEFINZD IN TERMS OF CP SZCONDS. THIS
EXTERNAL CAN NOT 3E USEC CVEIN AT ANOTHER COC INSTALLATIGN WAICH SUFPGKRTS
IT IF ThE JO3 COMPUTING LINMIT IS DEFINED IN A DIFFERENT MANNER (£ <G,
3KY)e 3E VERY CAREFLL WFHEN IMPLIMENTING THIS FEATURE AT NEW

INSTALLATIONS,.

4¥4¢¥¥4¥¥¥4¥¥4¢&¥¢%&¥+4¥4*¥4l¥¥¥4¥4+¥é‘h4&%4%##‘##¥¥¥¥#¥¥‘*4&&464#
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A DDE KDUM

THIS VERSION WAS RECEIVED AT LglL AT THE END OF NOVEMEER 1378, AND
MODIFICATIONS 'TO THZ DATA EASZ (ZQDAT22) FORMAT AND TO THE INPUT FORMAT
KERE MADE FOR INHANCED LECIBILITY AND EASIER UPDATE. THE MAIN CHANGES
WERE TO ROUTINES EQcs REACZy, INDATZ, AND ESCRITZ, ALTHOUGH CHANGES
NEEDED TO GENZIRALIZZ REFEKENCES TO DATA BASE EZLEMZNTS BY INDEX OCCUR
THROUGHOUT AS DO CHANGES RELATED TO ALLCWING AQUEOUS SPECIES NAMES TO 2t
TWENTY ChARACTERS LONG, AND THOSE DESIGNATING CERTAIN ARRAYS AS LCM
(LEVEL 2). ALSO SOME ARRAY SIZES WEREZ INCREZASEZD.

' PAT IQBAL
\ o i ’ . LBLy CSAM
JANUARY, 1G67¢<
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DESCRIPT ICN OF INPUT VARIABLES FOR EQ6

: THE TOP HALF-DECK IS USER-PREPAR:ZD OR CREATED B8Y A PREVIOUS EQ6 RUN
AS PART OF A PICK-UP RUN [ECK.

TITL:

FIVE CARD IMAGES OF VEREAL'DESCR;PTION FOR THIS RUN

JTEMP TEMPERATURE TRACKINS ZODE
= 0 POWER SERIES TRACKINS
= 1 FLUID MIZING TRACKINSG ,
TEMPZ0 = INITIAL TEMPERATURE, DEG C
(TEMPC AT ZI=g.)
TKL14TK2,TK3 = TIZIMPERATURE T“A KING COEFFICIENTS
JTEMP=( TE.PC TEMPCO + TX1*ZI + TK2*Z1I>*2 + TK3*ZI**3
JTEMP=1 TEMWMPC= (TEMPCO=TKYL + ZI<TK2)/(ZI+TK1)
TK1 = MELSS OF FLUID - MGLES, WHEZRZ 1 MOLE
RS THE S&ME DE FIMITICN 4S5 FOR TrE REACTANT FLUID
AN0 UNIT CHANGE In ZI %EAiq “N: MGLE COF
RZACTANT FLUID nmA
USUALLY TAIS IS 1:
TK2 = TEMPERATURE QOF

ZISTARY = STAKRTING VALUE CF REACTION PROGRISS FCOR TAIS FRUN
ZISTJIP = UPPeR LIMIT FOR ZI FOR THIS RUN
(TZIMINATES TrE RUN) :
QELZIPR = PRINT INCREMENT Ie TE,:S
B

FZI
T\T L

[V

vt

DLZIJ"’Q = FT}'.:E:’ Pnf"o)n I"H s .
OPEN SYSTEM MCLEL Lbth C)

FCRE THZ

|'(A)

(]

TOLERANCE PARAMCcTCRS (OEFAULLT VALLES ARE RIGHLY RECOMMEINDED)

TOLA = ScARCH/FIND TOLERENZZ = SATURATION TOLERANCE
NEWTON-RAPHSON CONVERGENCEI TCOLERANCE

TOLNR
TOLZ3 CONVERCGENCEZ TOLEXLNCI OW cLECTRICAL EBALANCE

SETSZRIW PARAMETERS (DEFAULT JALUES ARE HIGRLY RECOMMENDED)

SCRZW1 = MAXIMULM ESTIMATZ OF ERROR IN LOGAKTHMIC
‘VARIABLE UPON STEPPING OUTs BOUNDS THE STEP SIZE
(FUNCTICNS SIMILARLY TO ZPS IN HEIRRICK PATHI, BUT
CAN BE GREATER IN MANY CIRCUMSTANCES IF THE ACCURACY
OF Tht STEPFING-0OUT NEED NOT 5E TIGHT)
‘ : SCRIWZ = MAXIMUM MASNITUDZ O9F NIWTON-RAPHSON CCRRECTION TZRM
) PZR ITERATICN ' '
SCREW3 = MAXIMUM INITIAL VALUE OF BETAMAX AT WRICH
NZWTON WILL NOT TKY TO DECREASEZ THE STEP SIZt
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SENSITIVITY PARAMETERS FOR LOG MASS OF SOLIDS (DEFAULT VALUES
ARE HIGhLY RECGCMMENDED)

Z<LOGU = A ThRESHKOLD FARAMETER FOR THE LOGAKRITHMIC HASSES
JF SOLID SPE£CIES. AT OR B8eLOW THIS LIMIF TAYLORgS :
SERIES ACCURACY IS NOT REQUIRED FOR A SCLID
SPECIES LOG MASS, AND UNDER T+& OPEN SYSTEM MODEL, THIS
MUCH SOLID MASS MAY BE DESTROYED WITHOUT NEWTON CUTTING
THE STEP SIZE. RECOMMENDED VALUES LIE IN THE RANCE
OF =640 TO =-1C430.

Z<LOGL = AMGCUNT 3Y WrICk LOGARITHMIC MASS OF A SOLLD IS
DECREMENTELD t£Y A TRANSFER TO THE P.ReSe UNDER MOBEL=Z2.
IKLOGL=2« MEANS THAT 59< OFf Trt MASS IS TRANSFERRED,

A VALUE GOF 3. MEANS TAAT ©9.3< IS TRANSFERRED.

IT IS RECOMMENBGED THAT VALLZS LIZ IN THZ RANGE OF
2.0 7O 4.0. ZKLOGU DOETERMINES THE ACCURACY

JF THEZ COPEN SYSTENM MODEL, BUT ZKLOGL ONLY
AFFZCTS TrE COMPLTATIONAL BEHAVIOR OF TH t FUN.

DLZIMAR{L) = INITIAL STARTING STEP SIZE (NORD=()s THE STARTING
STZP SIZZ ITSEZLF MAY 32 DSCREASEID =Y Tmi PKOCRAM

DLZILIM = AREITRAVY UPPZs LIMIT OW STEP SI17F FOR GRUER
GREATZIR TRAN ONE (USUALLY NONE IS NEEDEU, 50 TAKE THS
DIF&GULTy WrICH IS QUASI-INFINITZ),

IFILE = SUPPLEFMENTARY INPUT FILE, 60=INPUT, &=FICAT

MODZL = MODEL SWITCH (Sfr MANUAL SEZCTION CF ZQ6)
= § COMPUTE STARTING SYSTEM CGNLY, THEN QUIT
= 1 COMPULTE A-b-vss) SYSTZM MOGEL
= 2 COMPLTE AN CPEN SYSTEM MLDEL

MTYPZ = REACTIGCN utSSEL DQEFINITION FOR CLCSED SYSTEH
(3EZ MANUAL SECTICN CF E08)
= 0 COMPLTE A SLQUENCI OF CLGCSED SYSTENS IN ThE FIWAL STATE
= 1 COMPUTE A TRUE SINGLE CLOSED SYSTEW

CPLIM = USER-DEFINED COMPLTING LIMIT (THIS PARAMZTZIR IS
INSTALLATICON DEPENDENT AND NEED NOT 28 USED EVERYWRIRE.
ITS PURPQOSE IS T2 PERMIT SENSING Thi APPROACH CF THI JCs
COMPUTING LIMIT BEFGRE ASNORNMAL TERMINAT ION OCCURS. iT
IS NEEDED AT NORTHWESTERN UNIVERSITY, 2UT NOT AT LAWRENCE
BERKELEY LABORATORY.)
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1.4 . EQ -é S=EQ3~-EQ6 PROGRAM MANUAL FOR L3L JAN7S VERSION 2
EQB

OPTIJN SHITCHES

IOPT2 = PRINT LEVEL
’ 0 NORMAL, SHORT (DEFAULT)
1 NORMAL, LOGNG
2 EXTENDED, PRINT A COMPLETE LIST OF RESIOUAL FUNCTIONS
PLUS VALUES AND DERIVATIVES OF BASIS ELEM:NTS AT EACH
PRINT PCINT
3 EXTENDGEC, DE3UGGING LEVEL

IOPT3 = INTERFACING I/O
' 0 NOTHING WRITTEN :
1 WRITES ZCTTOM HALF-DECK ASSUMING. ZI WILL 3E REDEFINED
2 WRITES FLLL DECK FOR PICK-UP RUN
= 3 WRITES & SEQULNCE OF SOTTOM HALF-DECKS FOR

ZI VALUES AT WHICH SCRIPZ IS CALLED
IF NOT = 3 A FULL DECK FOR A PICK-UF RUN IS ALWAYS
WRITTZN ON STOPPINGe IF Thz TIMz LIMIT IS SENSZD, IOPT3
IS RESET INTERNALLY TO 2.

it

IJPT PERMIT SOLIOJ SOLUTION PRODUCTS IF = 1
I0OPT5 = PRIKT &LL LCL K VALUES IF = 1

I0PT5 = PRINT IJTERATION 3TEPS IN HYPSATZ IF = 1
{D=3SUGECING PUPPQSES ONLY)

I0PT7 = HNC. CF INPUT OxIDE ROCK COMPOSITICONS FOR
COMPARISON KWITH THEQRZTICAL ROCKy = D= :

[ anad
w
©
~t
9]
1

SUPPRZSSZS ALL SOLIDS IF = 1

ALSG ICFT12:=3)

—
[%]
m
m

IJPT2 = MAX. NC. OF POINTS JUSED IN FIND ROLTINE
= 2-5 (2=SE¢C A T METROUy 3=DEFAULT)

I0PT1G = CONVERT PICK-ULP DZCK TO NEW S3CTTOM hALF-DECK IF
GREATLR That 1. IF = 2 ALL SOLIDS ARE WIPED FROM
THE SyYSTEM PRICR 71O HRITINGr

IJPT11 = PRINT EASIS VARIABLES HNO DERIVATIVES AT EZVEIRY
POINT IF = 1 -~ (MCBEL=2 ONLY)
(DEBUGGING PURFOSES GNLY)

IJPT12 = TRANSFER MINZRAL MASSES TO PHYSICALLY
REMOVED SUBSYSTEM AFTER STARTING NEWTON CALL
= 0 DOES NOTHING, STARTING MINERALS ARE RETAINED
= 1 STARTING PMINZIRALS REMAIN IN THE SYSTEM BUT :
WITH TRIVIAL MASSES (I.E., REMAIN IN ThE MATRIX)
= 2 STARTING MI N&QALS ARE TOTALLY WIPED
= 3 ALL SQLIDS ARE SUPPRESSEO AFTER THE STARTING CALL

I0PT13 = PREDICT PHASE BOUNDAKIES
-1 SUPPRESSES. ThE SEARCH FOR MINERAL MAXIMA

WHICH IS NORMALLY ENABLED LND:R MOD:ZL=2

0 DOES NOTRING )

1 THE LOCATION OF PHASE BOUNDARIES IS ESTIMATED FROM

-
1]
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EQ6

TAYLOR#S SZRIES AND PRINTED, THE STEP-SIZE IS UNCHANGE
= 2 THE STEP SIZE IS CONSTRAINED B8Y THE LOCATIONS OF
THz PREDICTED PHASE 30UNDARIES

I0PT14 = TURN CFF POTENTIALLY UNSAFE OPTIMIZATIGCN OF STAFTIN
- © ISTIMATES UPGON ADDING A NEW PHASE TGO THE MATRIXK.
: ‘ IF NEWTON PERSISTS IN TRYING TO ADD A NEW PHASE AND
THE ITERATICN KEEPS DIVZRGING, TRY THIS.
0 THE OPTIMIZATION IS PERFORMED -
1 TnE CPTIMIZATION IS SKIPPED

I0PT15, IOPT1ie = NOT CURRENTLY USED

NOe. GF AQUECJS SFECIES REACTANTS

NART =

NMRT = NOe. OF FIXED-COMPOSITION MINERAL REACTANTS
NGRT = NO. GOF GAS SPECIES REACTANTS

NXRT = NO. OF GCLID SOLUTION REACTANTS

NSRT = NO. OF SPECIilL RetACTANTS

MOOR = STARTING

G CTANT MASS IN MOLES
RK = REACTANT TR I

N3 COEFFICIENTS CR RE LATIVE RATE CONSTANTS

REA
ACK

MOLE'FRACTICNS FCR SOLID SGLUTION REACTANTS

RXBAKR =
~ VREAC = MOULAR VOLULME OF THE SPzZCIAL REACTANT IF A SOLID,
CTRERWISE ZERO
NUM = NUMBER OF CCOMPONENTS IN CESR
CES} = ELEMcNTAL COMPUSITION ARRAY OF SPECIAL REACTANT
NROCK = TWC CARD IMAGES OF vZR3AL DESCRIPTION CF
ACTJAL RCCK CCPMFOSITIONS (0XIUL S) INPUT FOR
COMPLARISON WITr- THC THEORETICALLY GENZRATED RCC
0xIDZI = OAIDE PERCEMTAGE FOR ACTUAL RO“K

X X X £ X B & % F B, & & ¥ X F X & ¥ ¥ % & % & 5 £ B »x £ 2 » F ¥ ¥ @

THE B0TTOM HALF-DECK IS ALWAYS C°~AT D BY A PREVIOUS RUN OF E£Q3
OR EQbe
v =ww-=—~=- JSERS DC NOT PUNCH UP 30TTOM HALF-DECKS ----------
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DATA ENTRY FORMS -
1|23 ]als]s]r]a]o r0o|n]r2]a[salrsis[17[18]19]20[21 [22] 2324 a5 26727 28 29 0] a1 jz_r"‘i:aa 3637(38:397 404142143 44 45 a6 '47 8 a0]s0]51] 2| 53] 54155 56[ 5758/ 59] 60[1 (62 3l e 76365 67 6869 70] 71 [12[ralaal7s {76, 17l v8fasTe0 | ...
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GENERAL DESCRIPTION OF OATA BASE EQDATOZ2

DEQREM, REMARKS FILE FOR THE ZGQDATG2 DATA FILE PACKAGE
DATE GF LAST RWEVISION = JANUARY, 19373
THIS EQOATO3 PACKAGE CONSISTS CF TEN FILES =10 LOGICAL RECORDSesees

1. DEQCE |
COMPISITION OATA FOR ELEMENTS, AQUEOUS SPECIES, MINERALS,
GASZS, AND SOLID 3OLUTIGNS. ALSO INVARIANT PROPERTIZS OF
AGUEJUS SPECIES 5UCm AS ELECTRICAL CHARGE.

2. DEQC3L
COZFFICIENTS FOK DESTKUCT;ON/DISSOLUTION REACTIONS OF
AQUEOUS SPECIES, MINERALS, ANG GASES, WRITTEN IN TERMS
OF AN ZXPANDED EBASIS SIT OF AQUEOUS SPECIES.

3+ CEQCOS :
COZF-ICIENTS FCR DESTRUCTION/DISSGLUTION REACTIONS OF
AGJEZOUS SP&FIES; MINZRALS, SND GASES, WRITTEN IN TERMS
OF A STRICT ZASIS SET OF AQUECULS SPECIES.
{CRREATED FRGN De@LOL sY CLTILITY PROGRAM EQS)

DATA FOR THZ 1 ATM.-STZAM SATURATICN CURVE+ae
La DEQSSL:j

TEMPZRATURE~BEPINDENT DATA, INCLUDING LCG K VALUES FOR THE
REACTIONS AS WRITTEN IN THE E,PANDED SASIS FORMAT, '

AT TEMPERATURES CF G, 25, 63, 100, 150s 200, 250, AND 330
DESRZZS CLNTIGRAD:. ALSGC COZFFICIINTS FOUR THE TXCESS
GIS33 ENERCY FUACTIONS OF SOLID SOLUTIONS. THIS FILE IS
MEANT TG SE REAC ONLY &Y THZ UTILITY PRGGRAM SQF, NEVER

! BY Thi MAIN OGRAMS 203 OK ZU6.

WORKING PR

5. DEGSSCL
POLYNOMIAL COEFFICIENTS FOR ALL TEWPERATURE-DEPZINIENT BATA
(INCLUDING LOG K FUNCTIONS FOR REACTIONS WRITTEN IN THE
EXPANDED SASIS FCRMAT) PLUS COEFFICIENTS FOR THE EXCISS
GI23S ENEXGY FUNCTIONS CF SOLID SOLUTIONS.
(CREATED FROM DIGSSCS 5Y UTILITY PROGRAM EQF)

ce DEQSSCS :
POLYNGMIAL CCEFFICIEZINTS FOR ALL T MPZRATURE-DEPZINDENT DATA
(INCLUDING LGCG K FUNCTIONS FOK REACTIONS WRITTEN IN ThE
STRICT 3ASIS FCRMA&T) PLUS COZFFICIENTS FOR THE EZXCESS
GI335 ENERGY FUNCTIONS OF SGLID SCLUTIONS.,
(CREATED FROM DEGSSCL 3y UTILITY PROGRAM EQS)




o

DATA 4T A
7. CEQ5030B
ANALOG

I

(o]

DEQ5C0L
ANALOG

o~
(o]
-

DEG562S
ANLQLOG

CONSTANT PRESSURE OF 500 SARSeee
OF DEGSSCE
OF BEQSSCL

OF DEGSSCS

SCURCZ INFORMATICN. eees

DEQREM
REMARIKS CONCERNING THE STRUCTURE OF THE DATA FILE PACKAGE,
ITS APPLICATICN, AND THE SOURCE OF THE ODATA.
(YJJ &RE READING IT NCW.)

KNG

iC.

CONSTRUCTICN FOR SUPPORTED PROGRAMS eesse
0ISK FILES WhICH ARE CREATED AT THE START

CATA FIL:z
DATAL AND DATAZ ARE

A JO5.  THESE ARE READ 3Y THTZ INDAT- SUBROLTINES. INCLUDING
JEGRzZM IS COPTICNAL--IF INCLUDED IT WILL 3z PRIKTcZD AS PART OF
EITmER PROGRAMzS CLTPUT.
03000
DATE&L = DEGCE
DATAZ = DcQCOL,DEISSCLL,0EQReM) FOR SSC PRESSURES
= 0zQCOL.DEQSTCL(,0ZQREM) FOR 500 BARS PRESSURE
ECéocqno
OATAL = DzCGCE AWML DEQUCAS
S DATA&2 = DIGESSCS (AND DIQRIM) FCR SSU PRISSURES
= DEQSGOS (AND DEQREM) FOR 00 cAXS PRESSUR

s

25

CF
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' DATA SOURCES

XrEX AR YARNING*¥**¥ %

ALL USERS SHOULD EXAMINE THE DATA FILE PRICR TO RUNNING THE PROGRAMNMS
TO INSURE THAT ADEQUATE SUPPCRTING DATA ARE AVAILABLE. MOST MINEKAL
DATA ARE TAKZIN FROM HELGE SCNy DELANZY, NES3ITT, AND BIKRD (1378, AMER.,
JOUR. SCI.y IN PRESS). THE FREE ENERGIES AT 25 DEG C AND 1 ATM OF
MINERAL € WhICH HAVE A *W* SUFFIXED TO THEIR SOURCE INGICES WERES
ESTIMATED 3Y T.J. WOLERY USING A MOUIFIED TARDY- GARRELS METHOD. A *WW*
SUFFIX INDICATZIS THAT T.J. WOLoRY ALSO ESTIMATZD THz VOLUME AT 25 0eG C
AND 1 A4THMe USING A MODIFIED TARDY- GARRELS METHOD AND THE REMAINING
THERMODYNAMIZ FUNCTIONS USING ALGCRITHMS DISCUSSED BY HELGESON &7 AL,

AGUZICUS 3P

m

CI

S

6400 OLD PATRI DATA FILES (AS MODIFIED 3Y C. HERRICK, LASL)
cEGU MISCELLANEQLS AUDITIONS AND MODIFICATIONS Y TeJ. WOLERY
c0-- AMNONY MOUSs PERSONAL COMMUNICATION '
16=- SUPCRT UATA BANK (SUPCRT INDEX)

NCTEees NOCN-SUPLCRT JATA FCOR AQUEOUS PEACTIGAS FOR 500 S4aRSH
AERE JERIVED FRCOM STZAM SATURATIUN PRESSURE [DATA USING ThE
DIELZIZTRIC. CONSTANT APPRCAIMATION DESCKRISELG &6Y RELGESON
(1569) e THIS RESulT5 IN ESSENTIALLY NO CORRECTION AT
TEMPERATURLS LEZSS TraN 10J DEG Cy HENCZ NGO CORRECTIONS
WERE COMPUTED FGR OATA AT 0, 25, AND 60 DEG C.

MINERALS
183--3 1i==y 15-- SuPCRT DATA 3ANK (SUPCRT INDJzZXx), INCLUDING
TRE SUPPLEMINTARY DATA PROVIDED 2Y Tede WOLERY AS NGTEZD
ASCv: '
ugago FRGM CLD PATEL FILZS
GASZS :
13=-- SUPCRT DATA EAKNK (SUPCRT 'INDZX)

SGLID SGLUTIONS
dG0sC NO DATA--ICEZAL SOLUTION
3011 HeCe HELGESCN (UNIVe OF CALIF., BERKELEY) .
3012 R. SEANE (UNIVe OF ARIZONA) '

LEAST-SQUARES POLYNCMIAL FITS ARE GENERATED FOR TWO TEFPERATURE
RANGESeees0-100 AND 1(0-300 DEw Ce THE 100 DEG C DATA POINT, IF ANY, IS
WEIGRTED SO AS TO MINIMIZ: ThE DISCONTINULITY IN Thit TWO FITTED LOG K
FUNCTIONS AT THE 10C DEG C TEMPERATURE. THE FUNCTIONS WERE SMOOTHED BY
TAKING THE ODER TO EBE ONEL LESS THAN THE POSSIBLE MAXIMUM IF MORE THAN
THREE PCINTS WZIRE AvAILAELE. IT IS POSSIBLE FOR A SPECIES TO Bt
SUPPRESSED BY LACK OF DATA IN ONE TEMPERATURE RANCGE BUT NOT IN THE
OTHERs WHRICH MAY LEAD TO A TROUBLESOME OISCONTI- NUITY AT 108 DEG C.
USERS ARE REMINDED THAT TrE BASIC DATA FROM WHICH THE POLYNOMIAL FITS
WERE OERIVED COVER ONLY THE TEMPERATURE INTERVAL (AT MOST) FROM 0 TGO 300
DEG C., EXTRAPOLATION cEYCND 350 DEG C IS UNWISE.



A full description of the structure and contents of EQDATOZ
found in DEQREM. :

r
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Record

In brief thi

UPDATING THE DATA BASE

-can be
s structure is -

Filename Type
DEQCE Primary : o
DEQCDL Primary - read by EQSABS to produce DEQCDS
DEQCDS Sec
DEQSSCB Primary - read by EQFABS to produce DEQSSCL
DEQSSCL Sec - read by EQSABS to produce DEQSSCS -
DEQSSCS Sec
DEQ5008B Primary - read by EQFABS tp produce DEQ500L
DEQ500L Sec - read by EQSABS to produce DEQ500S
DEQ500S Sec
DEQREM - Primary
PHIMARY fEC@ﬁOS = NECCUEDS CFRZATED OR CHANGED BY TEE USER
SECUNDATY REZC{HDS = LECCRDS CRECTED 2Y PPOGRAMS Z0F OR EQS
I35 IXPEZICTED TH2T THI USEE WILL UPDATE THE PIIMARY FICORDS HI
VZF NoW ZULZIHZINTS ~UsST .22 ACDED T4 THZ DATA EASEo THEM USZ PEG
MD E£QS TG PRLDUCE Aok COFRESPUNTGING VITSIONS OF THE SZCOHDARY
0S.
£ RULZS FOR A0DING HIW. SLEMENTS TO THE DaTi BASE ARE--
OLD SLENENTS M4y 22 MOVED OR GELETZO.
W ELSMENTS ARE TO 52 L0350 TCO £IQCE 23 FOLLOWS-
UPDATE THE TOTALS {KUNBEFS AT THE TCP COF FILE DEQCE)}
NCT=TCTLL NUMSER QOF EBASIC ELEMENTS T THE DATA ELSE. MAX IS
NSC=TOTAL NUNBER (F BASIC SPECICZS IN THE DATA BASE., HAX IS
NST=TOTAL NdHSEr F AGUECQGUS SPZCIES IN THE DATA EBASE, MAX IS
NMT=TOTAL NUMBER OF MINERALS IN THE DATA BASE. MAX IS
NGT:TOTAL'NUMBER CF GASES TN THSZ DAY A BASZ,. M&X IS
NXT=TOTAL NUMEBER CF SCLID SCLUTICNS IN THE DATA BASE. MAX IS
IF ANY MEW BASIC cLtMEINTS ARE TO B8E ACOEDe ADD AS MANY CARDS
YOU NIZED,y WITH 24 NAMES/LINE. EACH A LEFT-JUSTIFIED 3-LCTTER

FORMAT IS 24(A3
AND ADD NEW CAR

 FORMAT IS 7FiC,

3

CAN ADD IS 6.

FOF ZACH BASIC
CORRESPONDING S
SAME ORDER AS T

IMMEDIATELY PRECEDING THE SPECIE

).
DS IF NECESSARY,
5.

WITH 7 ATOMI

ELEMENT ACDEC IN STEP 2, ‘UST
TRICT BASIC SPECIE. THESE MUST BE ADLED IN THE
HE NEW BASIC ELEMENTS AND MUST. BEZ ADCED

LABELED NS38 WHICH IS 02

YOU M ADT A NEW

(GyA

[ e

W

I> N

e ol
n

30
60.
25%.
150,
10,
2t .-

AS
NANME

THEN FILL IN THEIK CORRESPONDING ATOMIC WEIGHTS
C WEIGHIS PIR LINE.
THE MAXIMUM NUMBEK CF NEW BASIC ELEMENTS YOU

@),
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ALL Ngﬂ AU?ILIARY B*§IC;°PECFES$MU%T BZ ADDED IMMEDIATELY

PRECEDING THE SPECIE LABELED NSQ, WHICH IS OH=-. THE
MAXIMUM NUMEBEF OF NIW AUXILIARY B&S;C SPECIES YOU CAN ADD IS 14,

ADD NEW NON-BASIC SPECIES AT THE ENC OF THE AQUEOUS SPECIES SEC-
TION., THE HAXIHUN NUMBEF OF NON-BASIC SPECIES YOU CAN ADD IS S0.

ALL OF THE AQUEOUS SPECIES (STEPS 3 THROUGH 5) HAVE THE SAME

FORMAT. FOR EACH NEW AQUEOUS SPECIE ALDEDs THE FORMAT IS~

A, LABEL OR INDEX, LEFT=JUSTIFIED SPECIE NAME, NUMEER OF
COMPCNENTS,MOCLECULAFP WEIGHT, CHARGE, TITRATION, AND AZERO ON
THE FIRST CARDs IN FORMAT (6542840915 4F10.5) -

8., COMPOSITION CARDS, . EACH CONTAINING UP TG 5 PAIRS OF VALUE=-
9ASIC ELEMENT NAME,; IN THE FORMAT (5X+5(F10404A%))

TO ADD NEW MINERALS TC THE [CATA BSASE. JUST FILL IN BALL ENTRIES
MARKED VACAMNT, THIN CONTINUE TO ADD AT THE END.CF THE MINZRAL
SECTION. THE MAXIMUM NUMEBER OF MINERALS YOU CAN HAVE IS 15(.
FOR EACH NEW MINERAL, THE FORMAT IS-
Ao LABEZL CR INDEX, LEFT~-JUSTIFIED MINERAL NAME, NUMIER OF
- COMPONENTS, MOLECULAR WIIGHT, AND VOLUME ON THE FIRST CAFRD,
WITH THE FORMAT- (A543 221C+I552F1045) :
B, COMPCSITION CARDS, EACE CONTAINING UP TG 5 PAIFS OF VALUE=-
BASIC ELEMENT NAMEe IN THEZ FCREMAT (5Xy5(F1l.04A%))

40D ALL NEW GASES AT THE END OF THZ GAS SECTION, THE HAXINMUM

NUMEER OF NIW GASES YOU CAN ADD IS 2.

FOR EACH NEW G&S, THE FCRMALT IS~ . .

Ae LABEL CR INDZIX, LEFT-JUSTIFIED GAS hAHE, NUMEER CF COMPONENTS,
AND MOLZCULAR HWEZIGHT ON THE FIRST CARD, IN THE FOR™AT
(A5 3A1C+1CXeI5+F13:5)

3, COMPOSITYION CAKDSs EACKE CONTAINING UP 7O
SASIC ELIMENT RAWE, IN THD FORMAT (SX,;5(

5 PAIRS COF VALUE=-
Filela k20

>
oo
[P A

ADD ALL NEW SOLID SOLUTIONS AT THE END SF THE SCLID STLUTION

SECTION. THI MAXIMUM NUMEER CF NEW SOLID SOLUTICNS YQU CAN ADD

IS 8. THE FORM aT FOR E&CH NEW SOLID SOLUTION IS~

Ae LABEL OR INDIX, LEFT=JUSTIFIZD SCLID-SOLUTICN NAKE. MUMEER QF
COMPONENTS AMD INCEX OF SCLID-SOLUTION LAW CN TRz FIRST CARD,
IN THE FORMAT (AS42A43,15,1I5) '

3., COMPOSITION CARPDS: EACH CONTAINING UP 70 2 PAIRS CF VALUE-
MINERAL NAME, IN THE FGORMAT (5X+2{F 100424101} '

WHENEVZIR Y2U ADD NiwW ELEMIANTS TO THE COMPOSITICON RECCRC, DEQCE,
(R1) CF THI DATA 3545ty AS IN STEPS 1 THROJGH 8 AEQVEs YOU MUST
COREESPONDINGLY UPDATZ RICCFRDS DBEQCODL (R2Z) s DEGSSCB (R&)s AND
DEQR50C8 (R7). THE STRUCTUREL OF ThESE IS SIMILAR 7O THAT OF DEQCE
AND YOU MUST O2SEZFVI THZI SAMZI RULZS COF ORDERP (STEPS 4-¢&) AS FOR

DEQCE.

THE FORMATS FOR DEASSCS ANC DEQ50C3 HAVEZ NOT CHANGED.

CALL THEEE SECTIUNS OF DIQCOL HAVE THE SAMZI FORMAT-

FOFf EACH NZW ZLZIMENT ADDED THE FCORMAT IS-
A. LABEL OR INDEX, LEFT-JUSTIFIED ELEVMINT NAME ANG MUMBER OF
COMPONENTS ON THZ FIRST CARD, IN THE FIRMAT (AS42413,15)

. B. CODEFFICIENT CARDS, EACH CONTAINING UP 70 2 PAIRS OF VALUE-

ANQUEDUS SPEZCIEZ NAMZ, IN THE FORMAT s (5X92(F1i.0842410))
-EXCEPT THAT THE FIRST PAIR NEED NOT CONTAIN AN ELEMENT NAME,
AS THE FIKST VALUE MUST EE THAT CF THE CCEZFFICIENT OF THE
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7 B, ) MENTBU L Tf%N OF “BATA EASE FILES
‘\C
. _ -EQF- _
INPUT - ' CUTPUT
UEGX5=DZQSSCa(Rx) : DEQXL =DEGSSCLI(R3)
DEQX32=D0ZQ5003(R7) ' DEWXAL =DEQS500L(R&)
. -EQS-
INPUT , oUTPJT
UATAL1=DIQCE(RL) : '  DEQCDBS(E3)
DATAZ=DIJCOL(R2)4050SSCL (RS) DEQAS =DEGSSCS (R5)
DATAL=DIGCE (11 | DZQCOS (R3)
DATA2=DEQCOL(R2)+0EC500L (R é) : DEQXS =DEGS5G8S(RI)
-EQ3-
TNPUT
JATAL1=DEZCCE (R1)
0ATA2=DZ0QCDL(R2)+0.GSSCLIRS) FOR 350 PRZSSURES
DAT&1=DEQCI(R1)
NATL2=DIGCOL(RZI+CICEGEL (Ra) FOR 500 SARS PRLSSURE
-EQ6-
INPUT
- DATA1=DEQCE (24 )+DEQCDS(R3) - -
v DATA2=DEQSSCS(RE) - FGR SSC PRESSURES
’ DATA1=DEQCE (R1)+DEGCOS(R3)

DATA2=0zQ50C5(R3) ' ‘ FOR 500 BARS PRESSURE

32
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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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