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aeccnt m I f t c a t 1 o n s  to  the 19316 geoct.emlcr1 model In9 softdare package 
Orovlde a new ogtlocr uhlch can be used to C w u t e  the rctlutty of urter and 
the rctlvlty coefflclents of solute species l n  both brlnes and dllute 
5olutlons. Thls wtton ls  bared on equatlws proposed by Pltzer ( 1 9 7 3 )  rhlch 
allw acoroilmtlon of m a n  molal rctlvlty coefflcltnts ( v  1 and osmotlc 
colfflcltnts (+) up to hlgh lonlc strengths. and rhlch, together rlth an 

s 

* 

aporoprlrte lon-spll ttlng convention, also afford calculrtlon of lndlvldurl 
lw acttvtty coefflclents (yl) In brlnes. Values of F, and 4 generated by 
€0346 for blnary and coworltlonal ly hlgher order systems compare favorably 
ul th thelr erperteentrl and hand-calculated counterparts. The addltlon of 
Pltzer's equations to €OW6 as an ogtlonal method for crlculatlng actlvlty 
coefflclents represents r slgnlflcant improvement over the prevlws verslms 
z f  ~ P Q  ccce:. . n ! c h  #ere l!mltcd t o  ?he use of a slmgle extended fcrx of the 
Geeye-nuckel equrtlon (the B-dot equatlm of  Helgeron. 1969). 
€0316 to calculate solublllty llmlts In slaple  blnary and ternary systems 
(WICl-W 0, KCl-HtO, and KCl-NaCl-HZO) conflrm the capablllty of the 
coder to accurately gredlct geochemlcal equlllbrlr between brlnes and 
evrporlte mlneralr In the sample systems. fhe test runs were rufflclently 
COagrehenslve to verlfy the accuracy of the crlcula.tlonr1 procedures and to 
partially vrlldrte the capablllty of the codes to dependably model the 
geochaalcal behavtor of rqueous electrolyte solutlons havlng lonlc strengths 
as hlgh as -6 I), subject to the avallablllty of the requlslte thermdynamlc 
data and rctlvlty coefflclent parameters. 

Test runs uslng 

2 

Accurate tvaluatloo of actlvlty cafflclents 1s necessary I n  order to 
relCte the thermodyndmlc actlvt t t e s  of electrolytes to theft corresponding 
cmccntratlons through the slmple relatlonshlp 

a - y a  (1) - 

where a, y. and m stand for the ttmnodynamlc actlvlty, actlvlty coefflclent. 
and m l a l l t y .  respectlvely, of a glven aqueous rpecler or component. Although 
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t h e  starcard s ta te  used for solutes requlres :heir a c t l v l t y  coeff lc lents to 
a3:rca:i ; r l t ty  ' n  l q f : n l t e ! y  d l l u t e  solut!ons, v a l u e s  of a c t l v l t y  coeff lc lents 
fre2seqrly g l v e r p e  s l q n l f l c a ? t l y  f r cm u n l t y  even  I n  q u l t e  d l l u t e  solut lons.  
I n  add1t:on. the a c t l v l t y  of ra te r ,  rh lch a l so  has a value of one I n  
l n f l n l t e l y  d l l u t e  so lut lons (1.e.. pure ra te r ) ,  can be shown to  chdnge 
aDoreciably as . funct lon of lontc strength. I t  1s the converslon from the 
a c t l v l t l e s  of solute specter o r  components used I n  chemlcal equl l tbr tum and 
k l n e t i c s  calculat lons l n t o  measurable concentratlons that requlres the use 3f 

some calcu iat lonal  method to accurately determtne a c t l v l t y  coef f lc lent  
be hav 1 o r .  

Over the past ha l f  century there have been a number of algorlthms proposed 
for the ca lcu lat ton of  a c t l v l  t y  coe f f l c l en ts  I n  aqueous e l e c t r o l y t e  SOlutlOnS, 
many of  whlch have been sunmarlzed I n  recent works by P l tzer  (1977, 1979) and 
Hclgeson e t  a l .  (1981). Accurate resu l t s  are obtalned from many of the 
cy?mon;j trsed e i u a t f o n r  only when they a r e  apol led to  qul te d l l u t e  sol i i t lons 
(usual ly < <  1 n) .  

equatlons adapted for use I n  concentrated solutlons. One of the most  accurate 
and v e r s a t l l c  of the aval lab le models for ca lcu la t l ng  a c t l v l t y  coef f lc lents  I n  
br lnes r a t  developed by P l t ze r  (1973, 19751, P l t z e r  and Mayorga (1973, 19741, 
and P l t ze r  and K l m  (19741, and subsequently Rlodlfled and extended by P l t z e r  
and others l n  several l a t e r  papers (e.g., P l t ze r ,  1979, and references c l t e d  
thercln).  

supportlng lon l n t e r a c t l o n  coe f f l c l en ts  have been lncorporated l n t o  the 
€9316 geochemlcal modeltng software package, and extend the range over 

Recent developments, however, have ylelded a v a r l e t y  ofr 

The set o f  e q u t l o n s  suggested by P l t t e r  and co-workers and the r e q u l s l t e  

e 

' The EQ3/6 softuare package 1s  cunprlsed of a faml ly of computer codes 
and supportlng data bases deslgned for c a l c u l a t l o n  of the equl l lbr lum 
d l s t r l b u t l o n  of specles I n  an aqueous so lu t l on  and to model the I n t e r a c t l o n  of 
t h l s  f l u l d  u l t h  a lne ra l  phases, a gas phase, or another aqueous Solution. 
Included I n  t h l s  sof tuare package are two computer programs, EO3NR and €06, 
uhlch c m p r l s e  the cen t ra l  features of the package. E03NR performs aqueous 
speclat lon and solubi  1 l t y  calculat lons (Holery, 1979, 1983). and €06 models 
react lon paths between aqueous solut lons and specl f led geochemical systems 
(Nolery. 1979) Other components of the EQ3/6 package Include several 
thermodynamlc and a c t l v l t y  coe f f l c l en t  data bases tha t  support E03NR and E06 
calculat lons.  Also p a r t  of the €0316 package a re  several codes and Suppottlng 
data f l l e s  t h a t  are designed to be used l n  conjunct ion with the construct lon 
and malntenance of the data f l l e s  a c t u a l l y  used by EQ3NR and E06 and a l l b r a r y  
of FORTRAN subroutlnes uhlch support the €Q3/6 codes (€()LIB). Speclf lc 
v e r s l m  of the codes and data f l l e s  used to generate the examples l n  t h l s  
repor t  are l d e n t l f l e d  for each ca lcu lat lon.  

2 



.- . .- .,..., ., .--^.___.-._./_ "..__ r.._..__.____._.. ~ . . .  . 

u n l c h  a c t l v l t y  coeff lctents can be accurately calculated by EO316 t o  
f l p l f l c d n t l y  h l 3 9 e r  l c r !c  s t rengths  (Jackson and Wle ry .  1985). The addl t lon 
of P l t z e r ' s  eg5atlons t o  the  codlng 1s re f l ec ted  by only  mlnor changes t o  the 

lnput  and output f l l e s  o f  EQ3NR and EQ6 (whlch aro I l l u s t r a t e d  by the ramplo 
lnput  and output f l l e s  I n  Appendlces A and 61, so t h e l r  functlon 1s  more or 
l e s s  transparent t o  the user. Thelr a d d l t l m ,  however, r l l owr  the E0316 user 
t o  nodel a m y  geochemlcal processes that  were prevlously lnaccesslble owlng t o  
the h lgh l on l c  strengths of  the solut lons Involved. for example, I n  order to 
ca lcu l  i t e  the concentratlonr of the major dlssolved specles l n  e q u l l l b r l u s  
w l t h  e v a w r l t e  deposlrs made up of such h lgh ly  soluble mlneral phases as 
h a l i t e  and sy l v l t e ,  I t  1s necessary t o  evaluate a c t l v l t y  coeff lc lents I n  
solut:ons wl th l o n l c  strengths as hlgh as -6 m (Eugster e t  a l . ,  1980). 
EO316 t e s t  runs ou t l fnad below document the capab l l l t y  of these codes to 
accurately approximate the a c t l v l t y  coe f f l c l en ts  of solute specles as w e l l  as 
the  a c t l v l t y  of w a t e r  I n  h l g h  lon lc  strength solut lons.  The extension of the 

range f n  s a l l n l t y  values over whlch accurate calculat lons can be made u l l l  

a l low app l lca t lon  of these codes to problems necessl tat lng the ca lcu la t lon  of 
thermodynamic e q u l l l b r l a  I n  systems lnvo lv lng  brlnes, such as assesslng 
quant l  t a t l v e l y  the geochemlcal environment tha t  o lgh t  be ant lc lpated for 
nuclear waste canlsters located I n  a s a l t  reposl tory,  ca l cu l r t l ng  mass 
t rans fer  dur lng dlagenesls lnvo lv lng 011 f l e l d  brlnos, or rnodcllng ore-forming 
processes for many hydrothermal ore deposlts. 

' 

VERIF ICATION AND VALIDATION S W I E S  

Throughout t h l s  report, the words ' ver l f l ca t lon '  and " v a l l d a t l m m  are 
used to convey rather  specl f lc  meanlngs. V e r l f l c a t l o n  of a c-uter code 
l n g l l e s  tha t  the codlng performs the spec l f l c  task of correct ly  evaluat lng r 
glven set  of equatlons ( S l l l l n g ,  1983). 
modlf lcat lons are sald t o  be ve r l f l ed  If It 1s shown tha t  the codlng 
fa1 th fu l  l y  fo l lows P l tzer 's  a c t l v l t y  c o e f f l c l e n t  expresslons and conforms to 
var lour  conventions dcscrlbcd below. V a l l d r t l o n  consis ts  of dcarmstrat!ng 
t h a t  ca lcu la t lons  made by the codes are r c a l l s t l c  rcpresentatlons of varlous 
physlcal  l y  measurable parameters of  aqueous solut lons (51 l l l n g .  1983). 
c a p a b l l l t y  of the codlng to p red lc t  such cxperlmental data as the 
compos1 t l o n a l  dependence of the o s m t l c  c o e f f l c l e n t  of an e lec t ro l y te  solution 

I n  th ls  case, the P l t r e r  b r lne  

The 

3 
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1s taken to be partlal valldction of the code. Preclsely calculated Valuer I 

i 

I 

fcr m!nerai so'u9i:tties In brines are taken to be f-rther evidence of partla1 
va;:cat!on. b2:aure 5uch ca!cu'ations depend ?I accurate ccmputatton of the 
acttvlties of solute components and (In many cases) the rctlvlty of water. 

The point at which the user should be satlsfled that the coding has been 
comp!etely ialldated necessarily depends upon the type of problem whlch 1s to 
be solved and the accuracy demanded by the code appllcatlon belng consldered. 
k a t  1s. lf  the code has been thoroughly tested on problems reasonably Slmllar 
to  a particular appllcatlon of the code, then the code has been valldated for 
problems of that type. For calculatlons outslde the realm of condltlons for 
whlch analogous runs have been tested, however, the lssue of whether or not 
the code has been valldated for the case In qcestlorl becomes a matter 9f 
careful judgment. 
differently and dlscussed lndlvidually In this report, It should be polnted 

verlflcatton and valldatlon of the EQ3/6  Pltzer brlne modlflcatlons. 
elample, a valldatlon run whlch accurately reprodices experlmental ly 
9etermined values for the actlvtty coefflclents of aqueous specles ln brlnes 
necessarlly cmtrlbutes t o  the assurance that the equatlons In EQ3J6 are 
correctly lmglemented. 

An addltlonal feature of  the EQ3/6 brlne modlflcatlons whlch lmpacts the 
vertficatlon and valldatton studles outlined below Is that they are hlghly -- 

modularlred. 
calculatlons 1 s  mostly external to both EQ3NR and €96, and resldes In the 
companlon EQLI6 llbrary routlnes. 
uere run uslng EQ3NR test nrany of the same code modlflcatlons as runs uslng 
EQ6. 
ldentlcal resul ts. 

i 
I 

Although verlficatlon and valldatlon are deflned 

% *. = u t  t h a t  a a p j  of the test runs dettiled below cortrlbute to both the 
For .- 

1 

., In other words, the codlng that does actlvlty coefflclent 

Therefore, examples In thls report that 

Dupllcate runs uslng EQ3NR and € 0 6  to solve the same problem yleld 

VERIFICATION 

The resul ts o f  sample calculatlons out1 lned below 1 1  lusttate the 
capablll ty of EQU6 to reproduce experlmental ly determined osmotlc 

4 
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coefflclent and mean molal actlvlty coefflclent data. Because the 
interactlon parameters used I n  Pltzer's equatfons were. for the most part, 
f i t t e d  to t h t s  klnd of eggerlmental data. the flts descrlbed below serve to 
assure that the codlag 1 s  In accordance wlth the formulation of v, and + 
as represented by Pltter (e.g.. 1973. 1975, and 1979). 
conforrnlty of  values calculated by EO316 wlth values calculated by hand uslng 
alternate forms of the actlvlty and osmotlc coefflclent expresslons and 
cmparlson rlth publlshed values of actlvfty coefflclents Calculated uslng 
Pltzer's equatlons are used to verlfy the accuracy of the codlng. Comparlsons 
of values computed by E9316 rlth expertmental solublllty data as well as wlth 
values c m u t e d  uslng other actlvl ty coefflclent expresslons demonstrate that 
these codes are able to represent the cmposltlonal dependence of the actlvlty 
coefflclents of single and alxed electrolytes up t o  hlgh lonlc strengths. 

The two dlfferent, but numerlcally equlvalent, sets of expresslons for 
t h e  a c t l v l  t y  and osmottc coefflclents of aqueous electrolyte solutions shown 
below are rrltten elther In terms of ton lnteractlon parameters or In terms of ' 
observable comblnations o f  those Interaction parameters (Pftzer, 1973) .  The 
general form of the expresslon uhlch descrlbes the mean molal actlvlty 
coefflclent of a neutral electrolyte salt (MX) In terms of ton Interaction 
parameters can be written as (Pltrer, 1979): 

In addlflon, 

*The o s m t l c  coefflclent (4: can be related t o  the actlvlty of water (a,) 
by the expresslon 

+ = - ( Q / t m )  In ar 

where 0 is the number of soles of rater i n  a kg of pure solvent (D = 55.51 
moles.) and IA) represents the rtolchlometric sun of the molalitles of solute 
specles. 
substantially from u d t y  and must be cxplfcitly included f n  mass actlon 
expressions In order to accurately describe chemical equlllbrlum relatlonshlps. 

In hlgh lonlc strepgth brlnes the actlvlty.of water may dlffer 

5 
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where X and p represent short range ln te rac t lon  parameters among the 
suoscrlpted s p e c l e s ;  v M .  vX,  zM, and L~ a r e  the s to ich lometr lc  coef f lc lents  
and charses o f  M and X l n  the s a l t ;  v l s  the sum o f  v,,, and vi(; and m stands for 
the m o l a i j t y  o f  MX. and f '  designate the der iva t lves  of X 

afv a Debye-Huckel t e r m  ( f )  w l th  respect to l o n l c  strength (I). 
Debye-Huckel t e r m  used I n  the P l t z e r  equatlonr 1s  deflned by 

I 

j k  The symbols X 3k 

I 
The 

41  1 1 2 )  f 3 -AO I n  ( 1  + b I  

The der lvat lve o f  f wl th  respect to I (denoted by f ' ) ,  therefore. can be 
expressed as 

f '  - -4A + 
4 2(  1 +b I  "2! 

A+ 1s it Debye-Huckel constant defined by 

where W Is Avogadro's nrrmber, p, represents the densi ty  of water, e Is the 
charge on an electron, c deslgnates the d l e l e c t t t c  constant of water, k 1s 
Boltzmann's constant, and T stands for the temperature ( l n  K).  

equatlons. the quant l ty  2.303 reprejonts ln(101, and b 1 s  the product of an 

ton stze parameter (a) and another Oebye-HUckel constant (B 1, which can 
be w r l  t t e n  as 

I n  these 

0 

Y 

P l t z e r  (1973) assigned a value of  1.2 to b for a l l  solutions. 
conventlon, whlch lrnpl les a s lng le lot! size va?ue for each s o l u t e  SpecleS 

corresponding to  approximately 3.65 k a t  2SC, i s  used i n  a l l  the cmputat lons 

shown below. A t  2S'C and 1 bar A+ has a value of  0.391 

(P l tzer ,  1979) and % has a value of 0.3283 kg1/2 mole-1/2 A - l  

(He!geson and Kirkham, 1974). 

This 

- 1/2 mole 
0 

6 
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1 
For a btnary system composed of a s ing le 

water ,  eqn. 2 for mean molal a c t t v t t y  coef f tc  

-- _. - -  - . . _  . _ _  

e c t r o l y t e  (FIX) and neutral  e 
ents simp l f t e s  to  (Pi tzer ,  1973): I 

'(2% + 1% ) + vx(2Xxx 2 + 'X ix  )I + "H 

An expression for  the osmotic coe f f t c len t  consistent wi th  the a c t i v i t y  
c o e f f t c l e n t  expresslon i n  eqn. 2 was formulated by P l t ze r  (1973) as 

For binary solut ions Eqn. 8 can be s i m p l i f i e d  to read 

(9) 

2 
+ bMvP ( v M w  + vx)44xx) . 

V 

Equivalent forms of eqns. 7 and 9 can be w r i t t e n  I n  terms of various 
observable combinations o f  the Ion in te rac t i on  parameters i n  b inary s o l u t l o x ,  
which were defined by P i t z e r  (1973) and P i t ze r  and Kiln (1974) as 

+ (vx/2vM)(xxx + lxxx 1 * 

7 
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and 

I 

+ ( v  X /2vn)(2Xxx + I X x x  1 * 

Expressions f o r  y+ and + whlch can be derlved by subs t l tu t lng  eqns. 
10-13 l n t o  eqns. 8 and 9 are glven by 

I ZH*j( I 
I n  y, I - f‘ + m(2vHvX/v) B i x  2 

+ n 2 t2~VMVX)”’/V1 c& 

and 

+ In2 t2(VMVX)”2/Vl %( . 

6 8 7 9  
(11) 

(14)  

The modlfled v e r s l m  of the EQ3/6 software package uses codlng based on 
forms o f  eqns. 2 and 8 for multlcoQOonent systems. 
calculates the a c t l v l t y  and osmotlc coe f f l c l en ts  cor rec t ly ,  values for these 
quanti t l e s  have been calculated by hand for the b lnary so lut lons dlscussed 
below uslng eqns. 7 and 9 and eqns. 14 and I S  I n  conjunctlon wl th data 
cocaplled by Pttzer (1979). 
obtalned from EQ3NR and EQ6, I t  l s  pors lb le  to assess the degree to whlch the 
program r e l l a b l y  evaluates eqns. 2 and 8 .  

were selected f o r  hand c a l c u l a t l m s .  The MgC12 and AlC13 so lu t lons  were 

8 

To assure t h a t  the codlng 

8y cocnparlng the hand-computed values wlth resu l t s  

Three blnary so lut lans o f  MgC12-H20. UgSO,-H2O, and AlC13-H20 

G,-J.dof$ 
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Chosen because they lllustrate the capablllty of calculatlng ytand + for 
asymetrl: (1.e.. not 1:l or 2:2) electrolytes. 
dlagaostlc than for symmetric electrolytes becausa In the case of symnetrlc 
electrolytes, several of the factors In the equatlons are elther equal to one 
or cancel out, and posslble errors In the uss of these factors mlght be 
overlooked. 
caiculate actlvl ty coefr lcients for symnetrlc electrolytes for blnary 
solutions contalnlng KCl-H20 (l:l), 
(2:2) is Illustrated below for MgSO,, and discussed In the sectlon on nlnetal 
solublll tles for the systems KCl-H20, NaC1-H20, and NaCl-KCl-H20. 
Another reason for concentratlng on asymnetrlc electrolytes 1s that It 1s 
comnonly more dlfflcult to model thelr actlvtty and o s m t l c  coefflclent 
behavlor, so they potentially represent a more diagnostic test of the codlng. 

Calculated values of the mean actlvlty coefflcient of HgC12 are llsted 
i o  Taole 1-a. along with experlmental data from Roblnson and Stokes (1965) for 

Thlr 1s potentlally more 

In addltlon, the capab'llty of EQ3NR and E96 to correctly ! 

NaCl-H20 (l:l)* and MgS04-H20 

Table 1-a 
Mean molal actlvlty coefflclents of MgC12 at 25'C as a functlon of 

the molallty of dlssolved UgCl2. ytSwl2 ab* values are experlmental data of 

Roblnson and Stokes (1965). y:,MgClZ are values calculated by hand uslng 
. eqn. 

and yc represents results from EQ3NRUl4 and EQLIWO8. Values wlth the 

superscrlpt 4 are outslde Plttet's :I9791 flt reglon. 

designates values calculated by hand using eqn. 7, b 
2 * y* , UgCl 

**n9c12 

0.1 
0.5 
1 .o 
1.6 
2.0 
3.0 
4.0 
4.5 

\ 

5.Od 

obs 
yt *UgCl, 

0.528 
0.480 
0.569 
0.802 
1 .os1 
2.32 
5-53 
8.72 
13.32 

a 
y* * ngc1 2 

0.529 
0.480 
0.572 
0.805 
1 .OS7 
2.31 
5.53 

14.17d 
8.79 

b 
y t  , MgCl2 

0.529 
0.480 

0.805 
0.572 

1 .OS7 
2.31 
5.53 
8.78 
14.1Sd 

C 
,MgCl 

0.530 
0.481 
0.572 
0.805 
1 .os8 
2.31 
5.53 

14.16d 
8.79 



. .  . 
c 

- -  _- 

composltlons ranglnp from 0.1 to 5 a. Neglectlng snyl l  dlffrrrnctr due t;, 
round-off errors ln the hard calculatlons. al: three methods of ca1c.Jlitlw 
yield ident1:al values at each c o m ~ o s !  tlon. furthermore, l;,k :!f?c*ence: 
between calctilated values and t h e  experldenta1 drtr represent less than One 

go-cent of the experlmental value at each conctntratlon t r c w t  for  tho c@re of 
5.0 m, rhlch 1s outslde the replon to uhlch the vlrtal c6efelcltntr of 
Pltzer's equatlons uere flt. SImllar calculatlons for o r m t l c  c ~ f f l c l e n t r  of 
HgCll soiutlcns are lllustrated In Table I - b .  

results computed by EQ3NR and hand calculatlons us!ng f a n s .  14 and ' 5  1s also 
demnstrated for AIC13 In Tabla 2-8  and for MqW, In Table 2 - b .  Agrln, 
neglectlng round-off dlfferencas. both methods of crlculatlon yield ldentlcal 
results rhich are ln agreement rlth the trperlmntal drtermlnatlonr reported 
by Roblnson and Stokes (1965) izr  AlCl and by Rard and Wllet. (1981) for 3 

Cood i3reement betwetn tht 

The agretment  betueen value:  of v and 0 calculated b y  fQ2NR dPd t't 2 
: 

results of the tuo dlfferent methObs o f  hand crlculrtlons dlrcurred rbOwe:;fcr 

Table I -e  

Osmot!c coefflclentr of MgClz rolutlons at 2S.C as a fun'ctlon of the 

mlallty of %Cl,. Values ln the column labeled @Ob' are erperlmntrl 
L 

data of Roblnton and Stoker (19651, +a and ob designate vrlues 
calcula-ted by hand (urlng eqnr. I5 and 9, rerpectlvely). and 
values calculated by LQ3NRUl4 and EQLIBUOB. Valuer rlth the suptrscrlpt'-P @re 

outslde Pltzer's (1979) flt region. 

repreronts 

P' 
0.1 
0.5 

- 1.0 
1.6 
2 .o 
3.0 
4.0 
4.5 

5.0' 

0.661 
0.947 
1 .lo8 

1.347 
1.523 
2.010 
2 . 9 1  
2.783 
3.048 

- 
0.864 
0.945 
1.110 
1 .350  
1 s 2 6  
2.005 
2.519 
2.188 
3.063' 

eb - 
0.864 
0.946 
1.110 
1.350 
1.526 
2.004 
2.520 
2.188 
3.063' 

~~ 

0.864 
0.946 
1.110 
1.350 
1.526 
2.w 
2.519 
2.188 
3.062' 
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%IC1 

0.2  
0. s 
1.0 
1.2 
1.4 

1.6 

2 

1 .OC 

0 6 s  
y8.~lC~ 2 

0 . m  
0 -  131 
0. 539 
0.701 
0.936 
1.284 
1.319 

r 
V8,AICl 

0.330 
0.353 
0.584 
0.764 
1.021 
1.390 
1 .9IOC 

e 
V'.,AlCI 3 

0.330 
0.354 
0 . W  
0.165 
1.023 
1.393 
1.923' 

P - 
0.641 
1 .ma 
1 . a 2  
1 .so 
1.749 
1.931 
2.175 

+' - 
0.851 
1.001 
1 ,392 
1.572 
1.760 
1.955 
2.154' 

eb .- 
0.851 
1.001 - 
1.392 
1.s73 - 
1,761 
1.955 
2.154' 



Table 2-b 

Mean molal actlvlty coefflclentr and s s m t l c  coefflclentr of M9W4 rolutlonr 
at 25'C as a functlscr of the molallty of dlsrolved MgSO,. Valuer In the - -  . 
columns labeled yobr and +&' are experlmental data from Rard and 

'.Wso4 
and +' deslgnate values calculated by hand urlng Ml1 ler (1981 1, y,,n9so, a 

b and + derlgnate valuer eqnr. 14 rnd 15 rerpectlvely, rhllo yt,Mgso4 

calculated 3y LQ3NRU14 and EQLIBO8. 

b 

6 8 7 9  
to regress the Pltzer interaction coefflclents used ln thls report. 
; c * q : e g  olit tn t k e  sectlon on ver\f!catton, the capablllty of L03NR to 
sLcces:fJ'ly model vZ arld + for blndry solutions (e.9.. MgC'2-H29. 

. AlC13-nzCl, w d  wpS0,-n20) 1s evldence uh!cn contrlbuter to valldatlon of the 
EO316 brtne aodel as welt as t o  asturlng that the codes have been verlfled. 
The capability to accurately dctermlne the actlvlty coefflclentr and osmotlc 
coefftclent behavlor of blnrry solutlonr over a ulde range of lonlc strength 
1 s  shown by Flgs. 1-3. In Fl9. l ( a )  and ( b )  the mean molal actlvlty 
cwfftclents of SrC12. and the corresponding OsmOtlC COefflClentS of %C12 
rolutfons are plotted as a functlon of molallty. 
values of y* or + calculated by EQ3NR for SrC12. and the symbols are 
data from Roelnsm and Stokes (1965). 
that agreement between the computed valuer ana experlmentrl data Is W I t E  
good. 
M9W4 and AICl, are aDDarent ln ftgr. 2 and 3, rerpectlvely. 
d c t l v t t y  cwfflcleet and o s m t l c  coefflclent benivlor of M9S04 irs a functlon 
of ccs&msltlon 1s notorlourly dlfflcult to d e l  (Helgeson et al.. 1981) oulng 

AS U ~ S  

The solld Curves represent 

It can be seen from Flg. I(&) and (b) 

Slallarly falthful flts t o  the y, and + data dlscursed above for 
Because the- 

0.2 0.llbQ 0.120 0.120 0.5578 0.5614 0.5518 
0.8 0.0583 0.0607 0.0608 0.5199 0.5222 0.5226 
1 .t 0.0494 0.0512 0.0514 0.5448 0.5439 0.5442 
2 .o 0 0451 0.0468 0.0470 0.661 6 0.6626 0.6633 
3.0 0. os32 0.0550 0.0552 0.9193 0.9158 0.9166 
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t2 !ts large devlatlon from the Debye-Hkkel llnltlng law even at very low 
concentratlons. the f!t t o  the data ptovlded by eqns. Z and 8 as cslczlated by 
EQ3NR 1s part!cularly tncouraglng. w 

The Pltzet rctfvlty coefflclent optlorr'in EQ3HR and EM can also be used 
to accurately pradlct actlvl ty coefflclents in awe compllcated contposi tlonal 

1.8 

0 1.4 

1 .o 

ms ~CI,  

1 5  . 

0Roblnsonand 
Stokes (1965) 

' 

. 

0 1 2 3 4  5 
0 .  

ms ~ C I ,  

Flgure 1. Osmotic coefflclent (4 )  of SrCIZ solutions and mean molal 
actlvlty coefflclent <yr) of  SrC12 at ZS'C as functlons of molallty. 
curves yepresent valuer calculated by €0316. €0316 calculations In flgs. 1-4 
were performed urlng EQ3NR and EQLIBUOB. 

The 

1 9  

1.0 - 

.Rad and Miller 
(1981) J! 0 1 2 3 4 

os - 
0.6 

0.4 - -LA 

0 1 2 3 4 

0.16. . 1 - 1 . 

0.12 . 
0 Rard and Miller (1981) 

Y* 0.08 

0.04 

0 4 
mYgS0, mMgS0, 

::guts 2. Osmotic coefflclent ($1 of M9W4 soluttms and mean molal 
actlvlty coefflclent (y+) of M9S04 at ZS'C as functlons of molality. 
curves represent values calculated by €0316. 

The 

G& &jL])G 13 
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2 0  

1.8 I 1 .s 

@ 1.4 

I 

6 8 7 9  

0.5 
0 Roblnson and Stokes 

0.6 0 0 0.5 1.0 1.5 2.0 2.5 
0 0 5  1.0 1 5  2.0 2.5 

Figure 3. O s m t l c  coefflclent (4)  of AlC13 solutions and mean molal 
actlvlty coefflclent (y,) of AlC13 at 25'C as functlons of molallty. 
curves were calculated by €3316 uslng eqns. 1 and 4. 

Solld 

- systems. For example, the mean molal activity coefflclent of HCl 
''2 * HCl 1 lr! the quaternary systems HCl-NaCl-KCl-H20 and HCl-NH4Cl-KCl-H20 
were measured by Chan et al. (1979) uslng the e l e c t r m t l v e  force method. 
Thelr results, together wlth values calculated by EQ3NR, are llsted in Tables 
3-a and b. 
the experlmental and calculated log y, values 1s 7.2~10-~, and It 1s 
4.49~10-~ for the system HCl-NH4Cl-KCl-H20. These dlfferences represent 
less than about 0.52 and 3.1% of the experlmental values. respectively. and In 
most cases the agreement 1s conrlderably better than these llmlts. 
the lonlc strength of these solutlons 1s only about 1 m ,  much less accurate 
results would be expected uslng the &dot equatlons. 

optlona! method for calculatlng actlvlty coefflclent values represents a 
slgnlflcant lmprovement over the prevlous verslons of the codes. whlch were 
llwlted to the use of an extended form of the Oebye-HUckel equatlon (the &dot 
equatlon of Helgeson. 1969). 
however. Is not llkely to be dependable at hlgh lonlc strengths (Helgeson. 
1969; M l e r y ,  1983). as 1s Illustrated by the dashed curve In Flgure 3-b. In 
tart. for some electrolytes the &dot equatlon predlcts values that diverge 
Prom the data even In relatlvely dllute solutlons. 

For the system HCl-NaC1-KCl-H20 the maxlmum difference between 

Although 

It shccld be noted that the addltlon of Pltzer's equatlons to €9316 as an 

The &dot equatlon for estlmatlng y2* 
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Table 3-a 

Mean molal actlvfty coefficients of HCl at 25'C In the quaternary system 
HCl-NaCl-KCl-HZO. 
al. (1979). whereas calculated values are computed by EQ3NRU14 and 
EQLIM8. A 1Og Yr,HC1 represents the absolute value of the dlfferences 
between experlmental and calculated values of log yt,HCl. 

Experimental values of log Y,,,~, are from Chan et 

y=,HCl 
Ex per 1 menta 1 Calculated A log y, HC1 - %Cl - mNaC 1 - mKCl 

0.79956 0.0501 1 0.1 5033 -0.10145 -0.101 14 0.00031 
0.59972 0.10007 0.30021 -0.11245 -0.11 192 0.00053 
0.29979 0.17505 0.52516 -0.12819 -0.12792 0. ooOZ7 
0.09977 0.22506 0.6751 7 -0.13865 -0.13846 0.00019 
0.0  SO00 0.23750 0.71250 -0.14135 -0.14106 0.00029 
0.01Ooo 0.24750 0.74250 -0.14314 -0.1 431 5 o.oooo1 
0.79992 0.!""004 0.1OOO4 -0.09969 -0.09957 0.00012 
0.5991 3 0.20043 0.20043 -0.10894 -0.10887 O.oooO7 
0.30035 0.34983 0.34983 -0.12279 -0.12254 0.00025 
0.10062 0.44969 0.44969 -0.13229 -0.13157 O.OOO72 
0.05ooo 0.47500 0.47500 -0.1 3443 -0.13384 0.00062 
0 . 0 1 ~  0.49500 0.49500 -0.1 3604 -0.1 3563 0.00041 
0.79922 0.15059 O.OH)20 -0.09806 -0.09805 o.oooo1 
0.59966 0.30026 O.lOoo9 -0.10634 -0.10575 o.Ooo59 
0.29983 0.52513 0.17504 -0.11743 -0.11718 O.OOoL5 
0.09993 0.67505 0.22502 -0.12505 -0.12471 O.OOO34 

/ 0.051 10 0.71168 0.23723 -0.12697 -0.12653 0.00044 
0.01Ooo 0.74250 0.24750 -0.1 2801 -0.12807 O.ooOo6 

/ 

For purposes of comparison. results from an alternate expresslon for 
yz suftable for use i n  hfgh I o n i c  strength solutfws have been shown I n  
Flgure 3-b. The curve deflned by the dash-dot-dash pattern i n  thls figure 
dercrlben the array of values predlcted by equatlons and parameters suggested 
by Helgeson et al. (1981). These equations use an extended form of the 

0~0018 1s 
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6 8 7 9  
Table 3-b 

Mean mola! actlvlty toefflclents of PC1 at 25'C In the quaternary system 
HC1-NH4Cl-KCl-H20. 
same as those descrlbed ln the caption to Table 3-a. 

The code versions. symbols, and source of data are the 

- mHC 1 

0.8661 2 
0.57756 
0.30937 
0.141 17 
0.062 37 7 
0.84641 
0.58335 
0.2871 1 
0.14265 
0.065350 
0.847 10 
0.57350 
0.27674 
0.1461 3 
0.082647 

m ~ ~ , ~ i  

0.033477 
0.10562 
0.17268 
0.21472 
0.23442 
0.076805 
0.20834 
0.35645 
0.42852 
0.46735 
0.11469 
0.31 988 
0.54244 
0.64040 
9.68801 

KC 1 

0.10041 
0.31679 
0.51 789 
0.64401 
0.7031 0 
0.076797 
0.20831 
0.35641 
0.42848 
0.46731 
0.03821 6 
0.10653 
0.18075 
0.2 1 340 
0.22926 

m - 
log t. HCl 

Experlmental Calculated 

-0.09996 
-0.11956 
-0.13723 
-0.14833 
-0.15327 
-0.10097 
-0.11835 
-9.13760 
-9.1 4622 
-0.1 51 42 
-0.1001 3 
-0.11736 
-0.1 3560 
-0.14322 
-0.14718 

-0.09879 
-0.11710 
-0.1 3394 
-0.14441 
-0.14929 
-0. IO030 
-0.11 747 
-0.13667 
-0.14597 
-0.1 5094 
-0.10051 
-0.11888 
-0.13873 
-0.14744 
-0.15167 

A iOg Y- -, HC1 - 
0.00117 
0.00245 
O.OC329 
0.00592 
0.00398 
O.OOO67 
0.03088 
0.00093 
0.00025 
O.OOO48 
O.OOO38 
0.00152 
0.00313 
0.00422 
0.00449 

Debye-Huckel model for yt rhlch 1s lnodIfled to take expllclt account of 
the actual speclatlon of the electrolyte In solutlon and whlch lncorporater 
Ion slze and lnteractlon parameters fl tted to the properties of lndlvldual 
electrolytes. As can be seen I n  Flg. 3-b. valuer calculated by EQ3NR uslng 
Pltzer's equatlons and values calculated by hand uslng the method of Helgeson 
et al. (1981) agree rather well rlth the datd up to the llmlt of thelr 
respectlve fit reglonr (mA,cl = 1.6 and mAlC, * 1.4). 

3 3 
Because both methods comnonly yleld slwllarly accurate fltr of the 

experlmental data. the method of Helgeson and co-workers offers ;n addltlonal 
tool whlch could be used to evaluate the dependablllty of results obtatned 
uslng Fltrer's method. For example, when LOW6 Is used to calculate actlvlty 
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coef f lc lents  I n  a compos1 t l o n a l  system f o r  whlch extenslve experlmental data 
are not aval lab le,  I t  mlght be useful t o  make an a l ternate s e t  of ca lcu lat lons 
uslng the equatlons o f  Helgeson e t  a l .  (1981) for the purpose of comparlson. 
Although agreement between values calculated using both methods I n  such cases 
w l l l  not assure the accuracy of the calculat lons,  It does lend some degree of  
confldence t o  t h e f t  r e l l a b l l l t y .  

T e s t  runs performed uslng EQ6 to calculate a c t l v l t y  coeff lc lents I n  
slmple blnary systems (NaCl-H20 and KCl-H20) over the en t l re  composltlonal 
range, deflned by saturat lon w l t h  respect t o  h a l i t e  (Mac11 and s y l v l t e  ( K C l ) ,  

conflrm the accuracy of the b r lne  modlflcatlons w l th ln  the composltlonal 
ranges deflned by these s o l u b l l l t y  l l m l t s .  These runs slmulate successlve 
addl t lons o f  the s a l t  components (Mac1 or K C l )  t o  a d l l u t e  so lut lon u n t l l  
saturat lon wl th  respect to h a l l t e  or s y l v l t e  1s reached. Values of yt 

calcc la ted by EQ6 durlng thsse runs agree wlth the publlshed values o f  
Roblnson and Stokes (1965)  t o  w l t h l n  a maxlmum devlatlor, of 0.003 aver the 
e n t l t e  concentratlon range. EQ6 computes values for the s o l u b l l l t y  l l m l t s  o f  
h a l l t e  and s y l v l t e  equal to -6.25 and -4.80 m, respect lvely,  whlch are 
acceptably close to exper lmental ly determlned s o l u b l l l t l e s  o f  these mlnerals. 
For example, Llnke (1965) repo r t s  the s o l u b l l l t y  of c rys ta l l l ne  NaCl and K C l  
I n  water as 6.15 molal and 4.84 molal, respect lvely.  The accuracy of these 
values 1s comparable to those ca lcu la ted  by Hervie and Heare (1980) and Harvle 
(19811, who repor t *  s l w l l a r  s o l u b l l l t l e s  for h a l l t e  (-6.1 la) and s y l v i t e  
(-4.8 m ) .  
4 ,  1n which y+ WaCl 1s p l o t t e d  agalnst  the t o t a l  m l a l l t y  of dlssolved 
NaCl. 
1965) and 1 l l u s t r a t e  the exce l len t  agreement between calculated and measured 
values. Thl; agreement 1s espec la l l y  lmpresslve conslderlng tha t  s o l u b l l l t y  
data were not  used to determlne any of the ln te rac t l on  coef f l c len ts  used i n  
the ca lcu lat lons.  

The capab i l l t y  o f  €0316 to use P l t ze r ' s  equations to calculate the 
thermdynamlc propert les o f  a b r l n e  a t  s l l g h t l y  elevated temperatures and t o  
model the l n te tac t l on  o f  such a so lu t l on  wl th  evaporlte mlnerals 1s 
demonstrated by the fo l low ing  example. Results of EQ6 runs de f ln lng  the 
s o l u b i l l t y  l i m l t s  as a funct lon of composltlon l n  the ternary system 

Results o f  a t e s t  run I n  the NaCl-H20 system are shown l n  Flg. 

The sor id  symbols represent experimental data (Roblnson and Stokes, 

*These values were taken from f l g u r e t  I n  Harvle and lleare (1980) and Harvle 
(1981) and, therefore, represent approxlmatlons o f  t h e i r  resul ts .  
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Flgure 4. Mean molal actlvlty coefflclent ( y  1 of NaCl at 25'C as a 
functlon of solutlon compos1 tlon In the system NaCl-HZO. Experlmental data 
p o i n t s  are from Roblnson and Stokes (1965) .  the solid curve represents the * 
values computed by EQ3/6, and the dashed llne designates the NaCl 
concentratlon at which the solutlon 1s saturated wlth respect to hallte. : 

f 

NaCl-KCl-HtO at 4O'C are deplcted In Flg. 5. 
flgure represent the equlllbrlum solublllty limits of hallte and sylvite i s  
1 ndlcated, whereas the dashed curves represent metastable extenslons 
of thclr solld counterparts. 
deternlnatlons reported by Llnke (1965). Although calculatlons for a feu 
salts can be made at temperatures up to -3OO'C, It should be noted that the 
temperature range over whlch the propertles of other electrolytes can be 
modeled 1s comnonly restrlcted by the lack of requlslte data to values <lOO'C. 

Harvle and co-workers (Harvle, 1981; Harvle and Heare, 1980; Harvlc 
et a1 . , 1980; Harvle et al. , 1984) have successfully used P i  trer's equations 
to calculate geochemlcal equlllbrla ln systems lnvolvlng solutlons rlth up to 
elght components. These components represent the major coltstltuents of many 
naturally occurrlng brlnes and were used t o  model the geochernlcal evolution of 
the aqueous phase durlng formatloo of evaporlte alnerals and to predlct the 
sequence of nlncral dep%ltion durlng formation of evaporlte sequences rlth 
Impressive accuracy. 

Because the EO316 brlne lnodlf!cations use equatlons compatlblc wlth the 
data and equatlons used by Harvle and ca-workers, It 1s reasonable to expect 

The solid curves In thls 

The data polnts are from experlmental 
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mKCl 

Flgure 5. S o l u b l l l t y  l l m l t s  o f  h a l l t e  and s y l v i t e  i n  the system NaCl-KC1-H20 
a t  40'C. 
by data polnts,  values ca lcu lated by €9316 uslng the P l t z e r  a c t l v l t y  
coef f lc lent  opt lon are represented by the s o l l d  curves, and the dashed curves 
deslgnate metastable extensions o f  the s o l l d  curves. 

Experlmental ly determined sclubi 11 t i e s  (Llnke, 1965) are represented 

. .  

€0316 ca lcu lat lons to y l e l d  s l a l l a r  resu l ts .  
(1984) l l s t  a set  of  l nd l v ldua l  lon a c t l v l t y  coe f f l c l en ts  (yl) for the 
components of an " a r t l f l c l a l  sea water" composltlon. Thel t  calculated values 
for yi together with values generated uslng EQ3NR for the same solut lon 
composltlon are p l o t t e d  I n  Flg. 6. Small d l f ferences between the values 
ca lcu lated by E33NR and those tabulated by Hatvle and co-workers are due t o  
d l f fe ren t  cholces of l on  s p l l t t l n g  conventlons used I n  the two lnodsls. 
t h a t  a l l  values of yl for cat lons calculated by Harvle e t  a l .  are s l l g h t l y  
la rger  than the cotrespondlng values resu l t l ng  from the EQ3NR run, whereas the 
opposl te 1s t rue  for  an lon lc  specles shown I n  Flg. 6 . )  If correct lons are 
made accounting f o r  the d l f ferences l n  lon sp l I t t !ng  conventlons. the EQ3NR 
r e s u l t s  are Iden t l ca l  to  those tabulated by Harvle e t  a l .  Mean molal a c t l v l t y  
coef f ic lents  ca lcu lated by both modeIs for neut ra l  e lec t ro l y tes  are the same. 

modellng capab l l l t y  of €0316 depends on several corrslderattons. I t  has been 
demonstrated I n  the examples ou t l lned  above t h a t  the €0316 codes evaluate 
a c t l v l  t y  coe f f l c len ts  of e lec t ro l y te  specles I n  aqueous solut ions to the 

For example, Harvle e t  a l .  

(Note 

l n e  degree to which these t e s t  run; represent va l l da t l on  of the br lne 

. .  
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Flgure 6. Compar 
uslng the Pltzer 
by Harvle et al. 

m - 0  

the 3245 
these ca 

s04 

accuracy 

son between lnalvldual lon actlvlty coefflclents ca culated 
s equatlon option ln EQ3NR (shaded bars) and values tabulated 
(1984) (solld bars). Ion lnteractlon parameters used In the 

EQ3NR calculatlons are from Harvle et a1.(1984). 
corresponds to an "artiflcial seawater" model havlng 3.5 wti total dissol;l'ed 
solfds wlth the foll7ulng stolchlunetrlc molal concentratlons: 

The solutlon composltlon 

I _  

m a  = 0.48695; - 0.56817; = 0.01063; mca - 0.001073; mng - 0.05516;' 
02939; and mCO - 0.00213. pH Is fixed at 8.31. The C49 stage of 

verrlon of the EQ3NR was used In conjunctlon wlth EQL!8C40 to make 
cul atlons. 

2(aa) 

.. 

afforded by Pltzer's equatlons. That these equatlons can be used to 
mode1 the actlvlty-compos1 tlon relationshlps In blnary, ternary, and some 
hlgher order systems 1s well establlshed, but thelr use 1s obvlously 
constralned by the avallablllty of the approprlate lnteractlon parameters, a 
llaltatlocr especlally evldent at hlgher temperatures. 

%;)or m d f f f c a t f m s  have been made to the EQ3/6 codes that enable them to 
use Pltzer's equatlons to calculate actfvlty and o s m t l c  coefflclents !n 
aqueous solutlons. These code modlflcatlons make lt posslble to use EQ3NR and 
EO6 ln conjunctlon wlth data ffles contalnlng aqueous species lnteractlon 

.- 
I> 

.. 

... 
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parameters that  are generated w l  t h  varlous comnonly used data regresslon 
cowent lons Ee.g., the Harvle e t  a l .  (1984) data base or the P l t ze r  (1979) 
data base1 by maklng approprlate cholces o f  opt lon switch set t ings.  A c t l v l t y  
c o e f f l c l e n t  and a c t l v l t y  of water values generated uslng the P l t z e r  a c t l v l t y  
c o e f f i c l e n t  opt lon lmprove the accuracy o f  a c t l v l t y  coef f lc lent  ca lcu la t lons  
made by these codes and g rea t l y  expand the range of lon lc  strengths over which 
accurate geochemlcal modeling c a l c c l a t l o n j  can be made, thereby increasing the 
capab l l l t y  o f  the modellng codes to !nclude calculat lons of a dlverse class of 
geochemlcal problems lnvo lv ing  h igh  lon lc  strength aqueous so lut lons.  

The accuracy o f  the lmplementatlon of  the P l t z e r  a c t l v l t y  c o e f f i c l e n t  
op t lon  has been demonstrated by a va r le t y  of modellng ca lcu lat ions us lng E0316 
to generate accurate a c t l v l  ty c o e f f l c l e n t  and osmotlc coef f l c len t  values. 
Other computatlons t h a t  lnvo lve ca l cu la t l ng  the s o l u b l l l t y  of evapor l te  
mlneral s I n  concentrated aqueous so lut lons fu r ther  i l l u s t r a t e  tha t  the P1 t t e r  
a c t i v l  t y  coe f f i c l en t  opt lon has bevn v e r l f l d b l y  lmplemented and tha t  values 
generated uslng t h l s  opt lon can be va l ldated for slmple composltlonal 
systems. 
problematlc. but for a l l  the systems dlscusred I n  t h l s  repor t ,  the €0316 codes 
dependably p red lc t  the observed values of a c t i v l  tylcomposl tlon var iab les t o  
the accuracy expected f o r  erperlmental errors,  and the new code verslons 
represent a considerable lmprovement i n  the a b l l l t y  t o  dependably model 
geochemical e q u i l l b r l a  involv!ng br ines.  

Val ldat ion for complex geochemlcal modellng codes r e m l n s  

This document and the codlng described herein were produced a t  Laurence 
Llvermore Natlonal Laboratory (LLNL) as par t  of a pro ject  funded by the Off lce 
of Nuclear Haste I s o l a t l o n  (ONHI) under Contract Number €511-17730, 1.0. 
23lCR. Helpfu l  and l n s l g h t f u l  r e v l e w s  o f  prevlous dra f ts  o f  t h l s  report were 
provlded by R. Erlkson. K. Krupka, J. M y ,  0 .  Isherwood, and 1. M l e r y .  
Helpful revlews of l a t e r  d r a f t s  were provlded by H. Bourcler, P. Cloke, and W. 

McKenzie. Thls p ro jec t  was alded lameasurably by the programing ass1 stance, 
computational erpert tse.  and sound advlce of M. Cllnnlck.  M. Moore a l so  l e n t  
valuable programing asslstance to t h l s  pro ject .  Thanks are 81SO due to 5. 
Frumentl, J. Oberg. D. Kl ra l y .  and 5. Sprague f o r  t h e i r  s k l l l  and patlence I n  
typ ing  and retyp ing t h i s  manuscrlpt. i h l s  paper has also bene f l t t d  g r e a t l y  
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from the e d i t o r l a l  expertlse of Jay Chernlak. Thls work was performed under 
the auspices o f  the U .S .  Department o f  Energy by Laurence Ll*iermore Natlonal 
Laboratory under contract No. W-7405-Eng-48. 

I 
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The imolenentetron of Pltter'r eQuatlQns in E0315 I s  evldenctd by einor 
chrngcrs to the t n w t  f i l e r  for  E O 3 a  rnd 106. 
w r ) l f i c d t i o n t  to tht output fllts oroduCcd b r  the coder. $mole Input and 
outout frler for EQ3hR end r r m l e  i n w t  f i l e  fo r  E06 ere described helm 
enich rll+Jlrtrstc these chanoes. l!ooer cere letters m e  used in the text below 

to a*sir)ndtp nwws of ccnwuter codes, fller, end vrrreblcr In order to 5et 
the- m a r t .  

In additton, there bre feu 

1 5 A l T .  ltrted i n  lrble All, I %  M i n w t  f i le  for E Q 3 a  which instructs 
tnc code t c  celculdte the M u l l i b r l u m  distribution o f  aaucous species in it 

C t  ; I -  a, ' ~ 4 . 1  : ~ ~ l u t I c n  \ 6 t u r a t 4  m l t n  respect t o  sylvite ( K C I ) .  

Dtf fcrcnces i n  r0-t twtreen thtr tnout t t l e  and the exmoles llsted In tnr 
t93W user's m n u r l  (Walery. 1983) include Chanaer to two of the print option 
s r t t c k e s  I :OpRci  rnd 10pR9) an3 the rddition of  an input line which t s  used to 
ret the I9W (Kt!vlty coefftcient) oottonr. Other Ch4nqeS &re reflected I n  

t w  f m t  of the 1ln.r u r d  to daflncr tne comoositlon of the m w s  phase; 
twse CRIWS nrvt  !wee mde tndewndcntly of  the utlvity coefficient ugdster 
m6 w i l l  not ee direusst6 further i n  tnlr resort. 

lorn6 ry)r functions &I r toaale switch rhich, if set to lOPR6 I, orlnts 
a teblc ct  ~ 4 n  n l r l  u t i v f t y  cwfficlentr (and thelr Ioqarlthm) for p b i r r  
of rawws soecies in the coragaritionrl system defincd by the run. 1f 
TWVrS=r), tnc? t r o f e  i s  not grtnte+. An eramole of a table prodrrced bv turnlnq 
06 tnc l9m6 wtim t% Illustrrtcd by the 03SAll listinq in f b b h  A-2. 03SALT 
i s  t w  output f i l e  crrrtaa by m 103nR run using 1 3 S A ~ l  as input. The functlon 
of t6e IOR9 print ootion I s  to produce tables of ion Interaction o w m e t e r s  
thrt n r v c  eeen read frtm the 4 r t b  filar. lts use i s  dercrlbed in bpcndix 8. 

* T * c  Infomatton tn Pornndlctr A and 8 is not intended to serve 8 5 - 4  
fo-1 user's manual Out s h w l d  be conridere4 an interim Ocrcrlptlon of the 
use of thc Pitzer ootfon rnd ret of eramoles which snw what tne INOUT snb 

'O'J?ihJT 111es 5nould look Ilke. 
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Only a feu of the nine IOPG activity coefficient option switches labeled 

r:n the  !%?UT f : l e  dre currently u w d .  Several of t h e w  option switches are 
Oodicdter! to various debuqqinq functions, which are outside the scooe of this 
reoort. These wi 1 1  be described in de.tai 1 elSewhere ('rlolery, in preparation). 
It is sufficient, for the puroose of this reoort, t3 point out the 1OPG 
ootions that are comnonly useful in runninq thg Pitzer activitv coefficient 
option an4 to descrlbe their functions. 
choice among the avai!aale activity coefficient alqorithms, one o f  which is to 
oe activate4 in a aiven ruq. 
user instructs the code to use Pitrer's eauations to calculate activity 
coefficients and the activity of water.' IOPG2 i s  used to desiqnate whether 
or not the electrostatic contributions to the interaction parameters in 
Pltrer's ecuations (Pitrer, 1975) are to be considered, and IOPG3 allows the 
user to Choose which of two available aporoximations is to be used for the 
electrortatic function [ J ( x ) l  i n  the activitv coefficient calculations. 
o i l  of tne examles given i n  t t l i s  reoort, the ion interaction parameters are 
consistent uith lonoriny the electrostatic contributions in Pitrer's eauatims 
(i.e., IOPG? = 0). 

aoove, the E03NR and EQ6 outout file now includes various informational . 

rresc_aqes and prints the osmotic coefficient and stoichiometric sum of Solute . -  

no1clities of the solution. These chanqes are illustrated in the ifstlnq Qf , 

I0PGl Controls the Selection of a 

By settino the IOPGl switch to lOFGl = 1, the 

In 

:n addition to the tabulation option for and loo described 

le i n  Table A-2. 

M o t  equation (Helqeson, 1969) for calculatinq activltv 
I coeffictcnts, vnereac rettinas of 2. 3. 4. and 5 desianate various other - ~~~ .. 

f i c i m t  options 
- -  

that aie not yet fully implemented. 
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Table A-1 

Sample Input flle for EQ3NR excercislng the Pltzer actlvlty coefflclent 
optlon (IOPGl - 1). The correspondlng output file (03SALT) 1 s  llsted in 
Table A- ,?. 

input i 1 '.a name= i 3 s a l t  created- 04/16/87 creator- k . j .  jackeon 

the C ~ L O I U :  
calculate the equilibzium speciation i n  
a solution containing a trace amount of 
nacl and i n  equilibrium w i t h  s y l v i t e  a t  
40 degrees c .  

a c t i v i t y  c o a f f i c l e n t s  and the a c t i v i t y  of 
-fer are computed using p i t r o t ' s  equations 
(i...* iopgl - 1)  

note : 

e n d i t .  
te-pc- 4 0 .  

rho- 1 .  tdspkg- 0 .  tdspl- 0 .  

t o l b t -  0 .  t o l d l -  0 .  t o l s a t -  0 .  
f e p  -1.000 uredox- 

i t e m  
1 2  3 4 5 6 7 8 9 1 0  

iopt 1-10- 0 0 0 0 0 0 0 0 0 0  
iopql-10- 1 0 . 0  0 0 0 0 0 0 0 
iopr 1-1 3- 0 0 . o  0 0 1 0  0 0 0 
iodbl-10- 3 0 0 0 0 ' 0  0 0 0 0 

uebal- c l -  

nxmod- 0 
uacion- 

data f i l e  master species- h+ 
switch w i t h  species- 
jflag- 1 6  c s p  -7.0 

data f i l e  maater spacien- na+ 
switch w i t h  species- 
? f l a g -  0 c s p  .00001 

data f i l e  master species- k+ 
switch w i t h  species- 
j f l a g -  1 9  c s p  4 . 8  
phaee- s y l v i t e  

switch w i t h  species- 
j f l a g -  0 c s p  4 . 8  

data f i l e  master species- c l -  

e n d i t .  
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Table A-2 

Sample output ftle from E Q 3 N R  (version 3245,  stage number R95. supported 
by the R 1 1 6  stage of the E Q L I E  library) which illustrates the results 
obtained by iovoklng Pitzer's equattons to calculate act!vity 
coefficients. The I X A L T  file illustrated I n  Table A-1 was used as input 
to EQ3NR to produce these results. 

eq3nr.3245R95 r u n  10:46 17Apr87 
suppor ted  by eql ib .3245&116 

----- reading  t h e  i npu t  f i l e  ----- 
i npu t  f i l e  name- i 3 s a l t  c req ted-  04/16/87 c r e a t o r -  k .  j .  jackson 

t h e  problem: 
c a l c u l a t e  t h e  e q u i l i b r i u m  s p e c i a t i o n  i n  
a s o l u t i o n  con ta in ing  a t r a c e  amount of  
n a c l  and i n  e q u i l i b r i u m  v i t h  s y l v i t e  a t  
40 degraes  c. 

note  : 
a c t i v i t y  c o e f f i c i e n t s  and t h e  a c t i v i t y  of 
water ? r e  c c r p s t e d  using p i t z e r ' s  equa t ions  
( i . e . ,  i opg l  - 1) 

e n d i t .  
tempc- 0.430OOE+O2 

rho- 0.10000E+01 tdspkg- 0.00000E+00 t d s p l -  0.00000E+00 
f e p  -0.10000E+01 uredox- 

t o l b t -  0.00000E+00 t o l d l -  0.00000E+00 t o l s a t -  0.00000E+00 

1 2  3 4 5 6 7 8 9 10 
i op t  1-10- 0 0 0 0 0 0 0 0 0 0  
iopg l -  10- 1 0 0 0 0 0 0 0 0 0  
iopt l -10-  0 0 0 0 0 1 0 0 0 0  
iodb l -  10- i ) o o o o o o o o o  

itermx- 0 

uebal-  c l -  

nmod- 0 
uacion- 

data f i l e  master species- h+ 

data f i l e  master species- na+ 

d a t a  f i l e  master species- k+ 

s v i t c h  wi th  species- 
j f l a q -  16 csp- -0.70000E+Ol 

swi t ch  wi th  species- 
) f l a p  0 csp- 0.10000E-04 

s v i t c h  wi th  species- 
j f l a g -  19 csp- 0.48000E+01 

s v i t c h  v i t h  species- 
j f l a g -  0 csp- 0.48000E+01 

uphasl-  s y l v i t e  uphas2 - 
d a t a  f i l e  maBter species- cl-  

e n d i t .  

----- t h e  i n p u t  f i l e  has  been r ead  ----- 
----- f i l e  &tal has  been s u c c e s s f u l l y  read ----- 
--e pi tzer  d a t a  has  been s u c c e s s f u l l y  read from f i l e  & t a l  --- 

28 

e 

'E 

.,. . 



eq3nr.3245R95 
supported by eqlib.3245R116 

input f i l e  name- i 3 s a l t  created- 04/16/87 creator- k . j .  jackson 

the problem: 
calculate the equilibrium speciation i n  
a solution containing a trace amount of 
nacl and i n  e q u i l i b r i m  w i t h  s y l v i t e  a t  
4 0  degrees c .  

note : 
a c t i v i t y  c o e f f i c i e n t s  and the a c t i v i t y  of 
water are computed using p i t z e r ' s  equations 
( i . e . ,  iopgl - 1 )  

date f i l e  data0.3245R47 

l a s t  modified 13Aug86 (&Or) 
I atm steam saturation curve data 

the a c t i v i t y  c o e f f i c i e n t s  of aqueous solute species 
and the a c t i v i t y  of water are calculated according t o  
p i t z e r  
dpt0a. 3245R16,  l a s t  revised 6jun84 kj) 
t h i s  f i l e  contains pitzer c o e f f i c i e n t  data consistent w i t h  

1 .  no higher-order e l e c t r o s t a t i c  (e-lambda or e-theta) terms 
2 .  no ion pairs or complexes, except acid-base species 

uelam- o f f  

temperature- 4 0 . 0 0  degrees Celsius 
pressure- 1.0134 bars 

29 elements are i n  the data base 
50 elements can be loaded into memory 

5 elements are a c t i v e  i n  t h i s  problem 

39 aqueous species are in the data base 
35 aqueous species were loaded into memory 

750 aqueous species can be loaded into memory 
7 aqueout species are a c t i v e  i n  this problem 
8 aqueous reactioirs are i n  the data base 
5 aqueous reactions were loaded into memory 

699 aqueous reactions can be loaded i n t o  memory 
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207 iAnerals are i n  the data base 
2 minerals were loaded into memory 

? 5 C  micerals can Le loaded i n c o  memory 
2 rr.iner~Ls are a c t i v e  i n  t h i s  problem 

7 s o l i d  solutions are i n  the data base 
. 2 0  s o l i d  solutions can be loaded i n t o  mcmcry 

4 qases are i n  the data base 
3 qasGs were loaded into memory 

15 gases can be loaded into memory 
3 gases are a c t i v e  i n  t h i s  problem 

_I . * :  

ioptl  - 0 (redox option switch) 
iopt2 - 0 (automatic basis svi*.ching switch) 
iopt3 - 0 (interfacing output control switch) 
iopt4 - 0 (turn-on s o l i d  solutions switch) 
iopt5 - 0 (riot used) 
iopt6 - 3 (conv. t e s t  2 r i t e z i a  switch) 
iogt7 - 0 ( 0 / 1  3245/post-3245 pickup f i l e )  
iopt6 - 0 (not used) 
iopt9 - 0 (not used) 
ioct10 - 0 (not used) 

iopgl  - 1 
iopg2 - 0 
i o n 3  - 0 
iopg4 - 0 
iopg5 - 0 
iopg6 - 0 
iopg7 - 0 
iopg8 - 0 
iopq9 - 0 
iOpgl0 - 0 

( a c t .  c o e f f .  choice) 
(approx. of j ( x )  function) 
(iopgl-3 - 0/1 uelan- on/onplus) 
(iopgl-3 or 4 - f switch - 0/1 dhoa/dhca) 
(not used) 
(nat used) 
(not used) 
(not used) 
(not used) 
(not used) 

i o p r l  - n 
iopr2 - 0 
iopr3 - 0 
i o p r l  - 0 
iopr5 - 0 
iopr6 - 1 
iopr7 - 0 
iopr8 - 0 
iopr9 - 0 
foprlO - 0 

( l i s t  loading of species) 
( l i s t  reactions and l o g  k values) 
(aqueous species print order control) 
(aqueous species print cut-off control) 
(pass balance percentages print control) 
(mean ionic a c t  coeff  print  control) 
(mineral a f f i n i t y  p r i n t  control)  
(ion s i z e  and hydr. no. print control)  
(pitzer c o e f f i c i e n t s  tabulation) 
(not used) 

iodbl 
i O d b 2  
iOdb3 
fOdb4 
iodbs 
iodb6 
i O d b 7  
iodb8 
iodb9 
iOdbl0 

- 0  
- 0  
- 0  
- 0  
- 0  - 0 -  
- 0  
- 0  
- 0  
- 0  

(print i n f o .  messages switch) 
(print a d a t l  read i n f o .  swit:h) 
(request i t e r a t i o n  variables t o  k i l l )  
(print newton-raphson iterations switch) 
( l i s t  stoichiometric equivalences) 
(controls iodb5 l e v e l  of d e t a i l ,  
(write reactions on f i l e  r l i s t  switch) 
(8-lambda turn-off switch) 
(mu turn-of f switch) 
(f  turn-off switch) 
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-1.0000 ( log Lars) the d e f a u l t  redox s t a t e  i s  constrained by log fo2 - 
solution density - 1.00000 g/ml 

t o t a l  dissolved s a l t s  - . O.. '  mg/kg solution 
t o t a l  dissolved s a l t s  - 0 .  m g / l  

t o l b t  - 0.10000E-09 (convergence toleracce on residual functions) 
t o l d 1  - 0.10000~-09 (convergence tolerance on correction terms) 
t 5 l s a t  - S.SOOOOE+CO (phase saturation tolerance, does not a f f e c t  

convergence) 

species 

h+ 
na+ 
k+ 

c l -  

----- input constraints ----- 
C SP j f l a g  type of  input controlling phase 

0.10000E-04 0 t o t  conc, molal 
0.48000E+01 19 mineral equilibrium s y l v i t e  

-0.70000E+01 16 l o g  a c t i v i t y  

1.000 s y l v i t e  

1.000 c l -  
-- log k - 1 . 0 3 4 0  

+ 1.000 k+ 
0.48000E+Ol 0 t o t  canc, molal 

e i e c t r i c a l  balance w i l l  be achieved by adjusting 
the concentracion of c l -  

--- inacti:e aqueous species --- 
. .  

species 

c l -  
h+ 
k+ 

na + 
oh- 
cl04- 

i t e t  - 0 
i t e r  - 1 

i t e r  - 2 

--- modified input co:istrafnts --- 
C SP j f l a g  type of input controlling phase 

0.48000E+01 0 t o t  Conc, molal 

0.48000E+01 19 mineral equilibrium s y l v i t e  
-0.70000E+01 16 log a c t i v i t y  

1.000 s y l v i t e  

1.000 c l -  
E log k - 1 . 0 9 4 0  

0.10003E-04 0 t o t  conc, molal 
0.00003E+00 30 eliminated species 
0.00000E+00 30 eliminated species 

+ 1.000 k+ 

delmax - 0.000E+00 delfnc - 0.000E+00 
d e l  ( ) - 0.000E+00 beta(conc c l -  1 - 0.276&+00 
delmax - 3.2!22E+OO delfnc - o.oooE+oo 
d e l ( g m  oh- ) - -0.506E-01 betalconc c l -  ) = 0.211E+00 
delmax - 0.151E+00 delfnc - 0.2543+00 
del(gamnia oh- ) - -0.151E+00 beta(garmM h+ ) - 0.583E-02 
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i t e r  - 3 delmax - 
d e l  (conc 

i z e r  - 4 d e h a x  - 
del ( a c t  

i t e r  - 5 d e h a x  - 
d e l  (act  

i t e r  - 6 delmax - 
del (act 

- i ter  - 7 de!max - 
del  (sct 

0.429r7-02 d e i f n c  - 
h+  ) -0.429E-02 
C.15aE-02 d e l f n c  - 
h20 ) - -0.158E-02 
3.196E-03 d e i f n c  - 
h20 1 - 0.186E-03 
0.185E-06 d e l f n c  - 
h20 1 9 -0.185E-06 
0.140E-11 de2fnc - 
h20 1 - -0.140E-11 

0.972E+00 

0.63?E+03 

0.882E+00 

b e t a ( a c t  h20 1 - -0.158E-02 

be ta (ac t  h20 1 - 0.186E-03 

b e t a ( a c t  h20 1 - -0.185E-06 

beta(act h26 1 - -0.140E-11 

beta(act  h20 1 - -0.753E-13 

.o. 999E+OO 

O . l O O E + O l  

newton-raphson i t e r a t i o n  converged i n  7 steps 

----- Summary of t h e  Aqueous Phase ----- 

----- Elementr?  composi t ion  of t h e  aqueous y h a s e  ----- 

element mg/ 1 mg/ hi moles/kg 

0 888105.6CU 888105.6044 0.5550868185E+02 

h 111994.4006 111934.4006 3.11.10173635Z+33 
k 213311.6573 219311.6573 0.5609237673E+01 

c l  198864.6489 198864.6489 0.560924742t:E+31 

na 0.2299 0.2299 0.1000000000E-04 

----- e l e m e n t a l  composi t ion  as s t r i c t  basis species ----- 

I 
. I  

s p e c i e s  m g / l  . mg/kg moles/kg 

h20 1000000.0053 1000000.0053 0.5550868185E+02 
c l -  198864.6489 198864.6489 0.5609247424E+01 
h+ 111694.4006 111894.4006 0.1110173635E+03 
k+ 219311.6573 219311.6573 0.5609237673E+01 
na+ 0.2299 0.2299 0.1000900000E-04 

----- e q u i v a l e n t  compositiofi of t h e  aqueous phase  (cte ba lances )  ----- 
original  basis e x i s t i n g  basis 

s p e c i e s  moles/kg h2o s p e c i e s  moles/kg h20 

h20 
cl-  
h+ 
k+ 
na + 

0.5550868185E+02 h20 
0.5609247424E+01 cl- 
0.1110173635E+03 h+ 
0.5609237673E+01 k+ 
0.1000000000E-04 na+ 

0.5550868185E+02 
0.5609247424E+01 
0.1110173635E+03 
0.5609237673E+01 
0.1000000000E-04 

ph - 7.00000 
a c t i v i t y  of water - 0.81159 

-0.09066 
osmotic c o e f f i c i e n t  - 1.03295 

s t o i c h i o m e t r i c  sum of molalitles 9 11.2184950972299 

log a c t i v i t y  of water - 
t i t r a t i o n  a l k a l i n i t y  - 0.0000002916326 eq/kg h20 

ion ic  s t r e n g t h  - 5.6092477159959 
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----- e l e c t r i c a l  balance t o t a l s  ----- 

equiv/kg 

sigM(mz) cations - 0.5609247716E+Ol 
sigma(mz) anions - -0.5609247736E+Ol 

t o t a l  charge - 0.1121949543E+02 

charge imbalance - -0.2664535259E-14 
mean charge - 0.5609247716E+01 

t o t a l  charge - sigrna(mr) cations + abs ( sigma(mz) anions ) 
mean charge - 1/2 t o t a l  charge 

the e l e c t r i c a l  imbaldnce i s  

0.00 per cent of the t o t a l  charge 
0.00 per cent of the mean charge 
0.00 per cent of sigma(mz) cations 
0.00 per cent of abs ( sigraa(mz1 anions ) 

----- e l e c t r i c a l  balancing on c l -  ----- 
mq/  1 mq/kg mo 1 e s / kq 

input 170174.4000 170174.4000 0.4800000000E+01 
f i n a l  198864.6489 198864.6489 0.5609247424E+Ol 
ad j 28690.2489 28690.2489 0.8092474244E+00 

a c t i v i t y  ratios of ions ----- ----- 
log ( a c t ( c 1 -  . ) x a c t ( h + ) x x  1 = -6.4530 
log ( act ( k +  1 / act(h+)xx 1 - 7.5470 

1.9242 log ( a c t  (na+ 1 / act(h+)xx 1 - 
I log ( act(oh- ) x act(h+)xx 1 ) - -13.6195 
log ( a c t ( c l o 4 -  ) x act(h+)xx 1 ) - -29.6425 

----- distribution of aqueous species ----- 
s p e c i e s  molal conc log conc log g a c t i v i t y  log a c t  

cl- 0.5609E+01 0.7489 -0.2019 0.3524E+Ol 0.5470 . 
k4. 0.5609E+Ol 0.7489 -0.2019 0.3524E+01 0.5470 
na+ 0.1000E-04 -5.0000 -0.0758 0.8399E-05 -5.0758 
oh- 0.2916E-06 -6.5352 -0.0843 0.24023-06 -6.6195 
h+ 0.4313E-07 -7.3652 0.3652 0.1000E-06 -7.0000 
Cl04- 0.7913E-22 -22.1017 -0.5408 0.22783-22 -22.6425 

--e-- mean ionic properties ----- 
true (a) stoichiometric (b) 

species species log a(+/-) a(+/ - )  m(+/-) g ( + / - )  at(+/-) g ( + / - )  

h+ cl- -3.22649 5.936E-04 4.919B-04 1.207€+00 1.765E+01 3.364E-05 
h+ Zl04- -14.82125 1.509E-15 1.847E-15 3.170E-01 
k+ c l -  0.54702 3.524E*00 5.609E+00 6.282E-01 5.609E+00 6.2823-01 
k +  oh- -3.03622 9.200E-04 1.2793-03 7.193E-01 1.279E-03 7.193E-ti 
k+ Cl04- -11.04774 8.959E-12 2.107E-11 4.253E-01 
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na+ cl- -2.26437 5.440E-03 7.489E-03 7.264E-01 7.4895-03 7.264E-01 
na+ oh- -5.84761 1.42CE-36 1.738E-06 8.317E-01 1.708E-06 8.317E-01 
:a+ clo4- -13.85913 1 . 3 8 3 F - 1 4  2.8'12E-14 4.917E-01 

(a) true qunncities consistent with t h e  speciation nodel 
(b) stoichiometric quantities consistent with the cte mass 
balance lumpings, except that 

1. effective cte(h+) - cte(h+) - conc(h2o) 
2. effective cte(oh-) - cte(h20) - conc(h20) 

----- major aqueous species contributing to mass balances ----- 

aqueous species accounting for 99% or more of cl- 

spec i e s molal conc per cent 

cl- 0.5609E+Ol, 100.00 

total 100.00 
. . . . . . . . . . . . . . . . . . . . . . .  

aqueous species accounting for  99% or more of k+ 

species molal conc per cent 

i+ 0.5609E+Ol 100.00 

total 100.00 
. . . . . . . . . . . . . . . . . . . . . . .  

aqueous species accounting for 993 or  more of na+ 

species molal conc per cent 

----- sumnary of aqueous redox reactions ----- 
couple eh, volts Pe- log fo2 ah, kcal 

17.962 de fault 0.779 0.1254E+02 -1.000 
Clod- /Cl- 0.779 0.1254@+02 -1 * 000 17.. 962 

---e- sumnary of aqueous non-equilibrium non-redox reactions ----- 
couple affinity, kcal 

none 

----- suanary of stoichiometric mineral saturation states ----- 
- .  tminerals with affinities .lt. -10 kcal are not listed) 

mineral log q / k  aff, kcal state mineral log q/k aff, kcal statt 

halitk -6.147 -8.808 sylvite 0. 0. satc 
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1 approx. saturated Lure ninerals 
0 approx. saturated end-members of specified solid solutions 
0 saturated end-members of hypotheticd: 30lid solutions 

0 supersaturated pure minerals 
0 supersatd. end-members of specified s o l i d  solutions 
0 supersatd. hypothetical solid solution phases 

----- sunrmary of gases ----- 

fugacity log fugacity 

0.1811353-38 -38.74200 
0.100000E+00 -1.00000 
0.5920573-01 -1.22764 

end of output ----- ----- 
----- pickup file successfully written ----- ----- reading the input file ----- 
----- end of izput file ----- 

start time - 10:46:1@ 
end time - 10:47:15 I 

normal exit 

i €06 
I 
I 
I Changes t o  the Input and output f l l e s  for EQ6 c lose ly  pa ra l l e l  those 

described above for the correspondlng EQ3NR f l l e s .  Addl t lonal  modlf lcat lons 
re la ted  t o  the "P i tzer  Tabulatlon Option" are descrlbed I n  Appendix 8. 
i l l u r t r a t l o n ,  however. a sample EQ6 lnput f l l e  116SALT) 1s l l s t e d  I n  Table A-3 
which invokes ths use o f  P l t z e r ' s  equatlons I n  a slmple problem. The problen 
defined by I6SALT. Is to " t l t t a t e "  h a l i t e  tNaC1) l n t o  a so lut lon deflned by 
the EQ3NR run shown i n  Tables A-1 and A-2. Uslng the I6SALT f l l e  as lnput,  
EQ6 calcu lates the thermodynamic properties of a t y l v i  te-saturated so lut ion 
i n t o  which successlve a l lquots  of a NaCl component are added u n t l l  the 
so lut ion i s  a l s o  saturated wi th  halite.. Note t h a t  the bottom hal f  of t h l s  
f i l e  comes from the plckup f i l e  generated by EQ3NR uslng I3SALT as Inpgt. A 
tab le o f  mean molal a c t l v l t y  coef f ic lents  i s  produced when IOPR6-1, and the 
a c t i v i t y  c o e f f l c l e n t  opt ions are control led by the IOPG swttches l n  a manner 
d l r e c t l y  analogous to tha t  descrlbed above for EQ3NR. No sample EQ6 output 
f l l e  1s Included l n  t h l s  report because the changes to t h l s  f l l e  are very 
s lml la r  to those whlch are l l l u s t r a t e d  by the 03SALT f l l e  l i s t e d  above. 

For 

*Result-, o f  t h i s  run  cons t l tu te  par t  o f  the ca lcu la t lons  shown I n  Fig. 5. 
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Table A-3 

6 8 7 9  

Sample input flle for EQ6 wh 

option. Mote that the IOPGl 
f 1 le by an earl ler EQ3NR run 
ln the use of actlvlty coeff 

i n p u t  f i l e  name- i 6 s a l t  

rh calls on the Pltzet actlvlty coefflclent 
optlon i s  automatlcally set to one in this 
or a previous EQ6 run t o  assure conslstency 
cient optlons. 

revised- 04/17/01 r e v i s o r -  k .  j . j ackson  

t h e  problem: 
t h e  i n i t i a l  s o l u t i o n  is s a t u r a t e d  wi th  respect 
t o  s y l v i t e  ( k c l ) .  h a l i t e  ( n a c l )  is added t o  t h i s  
tw lu t ion  u n t i l  equilibrium w i t h  b o t h  h a l i t e  and 
s y l v i t e  is achieved .  t h e  temperature is 40 deg c .  

pitrer 's  equations are used t o  calculate t h e  
a c t i v i t y  c o e f f i c i e n t s  and t h e  a c t i v i t y  o f  water 

note: 

e n d i t .  
A m o d l l -  1 d 2 -  0 
tampco- 4.00000E+Ol f t s m p  0 

t k l -  0.00000E+00 tk2-  0.00000E+00 t k E  0.00000E+00 
ristrt- 0.00000E+!I0 rimax- 1.00000E+02 

drprnt-  1.00000E-01 drprlg- 1.00000E+01 k s p p x -  1000 
drplot- 1.000003+38 dtpllg- 1.00000E+38 kspl~nx-lOOOO 

tstrt- 0.00000E+00 tlmanx- C.0 
kstpax-  550 cplinr 0.0 

i f i l e -  60 
e 
* -  
e 

1 2  3 4 5 6 7 8 9 1 0  

0 .  

0 .  

0 .  

0 .  
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dlzidp- 0.10000E+39 

tolsat- 5.00000E-05 tclsst- 1.00000E-04 
s c r e u l -  1.0000CE-05 screu2-  5.00000E-01 screw+ 1.00000E-35 
8crew4- 1.00000E-04 screw5- 2.00000E+00 screu6- 2.00000E+00 

t o l b t -  1.00000E-06 t o l d 1 9  1.00000E-06 t o l x -  1.00000E-06 

Zklogu- -8.0000OE+00 zk log l -  2.00000E+00 
dltml- 1.00000E-04 d l z 1 ~ 2 -  1.00000E+36 

iterrmc 30 ntrymx- 15 
npsluu- 3 nsslmx- 3 io scan -  0 

p i c k u p  f i l e  w r i t t e n  by sq3nr.3245R95 
s u p p o r t e d  by e q l i b . 3 2 4 5 R l i 6  

i n p u t  f i l e  nama- i3salt  created- 04/16/87 creator- k . j .  j ackson  

t h e  problem: 
c a l c u l a t e  .the equilibrium e p i a t i o n  i n  
a s o l u t i o n  c o n t a i n i n g  a trace B u n t  of 
nacl and i n  equilibrium wi th  s y l v i t e  a t  
40 degree8 c. 

a c t i v i t y  c o e f f i c i e n t s  and t h e  a c t i v i t y  of 
water are compucsd us ing  p i t r e r ' s  e q u a t i o n s  
(i.e., i o p g l  - 1) 

note: 

I 

e n d i t .  
w c i o n -  none 
t-1- 0.  4OOOOE+02 

nwrod- 0 
iopql- 1 Iopg2- 0 io=* 0 
iOPp4- 0 iopgs- 0 c . i o p ? b  0 
b-7- 0 lopg8- 0 iopgs- 0 

i opg l0 -  0 
kc t -  5 kscp 6 kgmt- 1 4  
kmt- 1 6  kxt- 16 kdinr 1 6  

kprs- 0 
0 0.555086818494281E+02 
c l  0.560924742136330E+Ol 
h 0.111017363450353E+03 
i 0.5609237672866633+01 
M 0.100000000000000E-04 
electr -0.266453525910038E-14 
h20 h20 0.174436091209183E+01 
cl-  Cl- 0.748904597197199E+OO 
h+ h+ -0.736522809286058E+Ol 
k+ k+ 0.748903842189521E+OO 
M+ ea+ -0.500000000000000E+Ol 
02 (9) 02 (9) -0.100000000000000E~Ol 
act h20 -0.906642269310798E-31 
g- cl- -0.201884283028009E+OO 
garmaa h+ 0.365228092860578E+oC 
9==- k+ -0.201884727787282E+OO 
gasaaa na+ -0.757573813022236E-01 
gamaa 0 2  (9) 0.000000000000000E+OO 
Qamma oh- -0.84290S523018S52E-01 
gsmn;r C104- -0. S40817846: 60329E+00 
xistoq 0.000000000030000EtOO 
X i  0.748904619776773E+OO 
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6 8 1 9  
APPENDIX B: P I T Z E R  lA8ULATION OPTION ' 

The numerlcal valges for actlvl ti coefflclentr calculate? u;lng Pttzrr's 
equations Cepend cn t w l o n  an6 three-!on lnteractlon parameters regVesw0 

ftaa varlous experlmental data. 
accurate values for rctlvlty cwfflctents over a ulde range of lmfc strength 
and In multlcanponent solutlons only I f  tire approorlate lnteraction pardc l~ tors  
are available. It 1s crlt!crl, therefore, to determlno whether the drta fllo 
that contalns the lnteractlon parameters adeQuately descrtbes tho 
composltlonal system deflned by the problem beln9 modeled. It 1s deceptl~o!; 
easv, however, to lose track of whether or w t  tho aqueous cowonents 
necessary to descrlbe a system are adequately covered by tRe data set kln9 
used. In order to make It more convenlent to evaluate the o c ~ ~ e t e n o s s "  of 
the Pltzer parameters, and to Insure rgalnst accldentrl alcuse of the Pltzer 
actlvlty cocfflclent ogtlon, an add1 tlonrl lnouthutput ootlor, was added to 
the EQ3NA and €06 codes. 
report as the Pltrer TabulatlOn Optlon. .-., 5 

Pltzer'; equatlonr can be used to calculate 

. 

These code modlf!catlons are referred to ln tRls 
VXLT- . 
x:x 

s The Pltrer Jabulatlor, Optlon 1s controlled by turnlng prlnt ogtlorrs on OF. 

off In the EQ3NR and EQ6 lnput flles. 
-.L. 

fnformatlon. Alternatlvely, the tabulatlm uy k turned off entlroly. In j -. * 

EQ3NR, the Pltrer Tabulrtlon Optlorr Is actlvrted by the IWR9 sultch. Thls 

rut tch has three leg1 t l m t e  set tlngs uhlch deteralne whether tho optlm rf 1 1  
be Invoked. and, If so, whlch of the tuo avrtlrble levels of dotafl rill k 
printed. If IWR9 - I ,  the nucaber of tw-!on (1) lnterrctlocr teras and 
three-!on ( p )  Interactfa teras that appear I n  the data flles 1s tabulated 
for each of the r q u w s  coaponents I n  the d e l . .  If 1WR9 1s sot to 4 v a l w  
3f 2.  a detafled table Is prlnted on the output flle rpeclfylng uhlch lm 
lnteractlon paramters are covered tn the data base. Table 8-2 r b s  an 

There are two 1 0 ~ 6 1 s  of d-etall rlth 
uhIch the codes my be requjred to tabulate Intertctlon coefflc!ent 

91 .  

-. 

n s t r a t e  hau the two-Ion and three-lOlr Interactton V r I w t e r s  
arc used to calculate the actlvfty cwfflctent and o r m t l c  coefflclent vdlws. 
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erdmg;e of an output fllt created uslnq IWR9 - 1. and fable 6-4 Illustrates 
:*e r e s . ~ 1 ? 1  of set!lng IOPR9 2 .  Values of IWR9 1?ss t h n  zero dofault to 
z e r o .  SQd v a ! ~ f  Qf  ICPR9 gret!er thrn 2 result ln IUPR3 baln9 reset to 2. 

usod In fQ3NR. the only d'fferonce f r  thrt tho rggrogrlato prlnt swltch I n  
E Q 6  I s  IWRIO. ~umertcal values for the setttngs aro the same as those ustd 
tn  E Q M R .  

The Pltzw Taoulatlor, 60tIocr It  Invoked In UJ6 In a way analocwr to that 

Asldo from minor rrod\f!crt!mr to tho rubroutInot thrt read the lnput 
ffles for EQ3nU &no EQ6 (READZ and R U D X ,  retgectlvoly), tne code 
mdlflcrtfonr whlch account for tho fnttrllrtlm of tho Pltzor frbolrtlon 
Oprlon I n  CQUS &re conf!Md to changes I n  subrout1ner SCRSPX and SCRIPZ. 
uhlch u r l t e  the ou?zut ftles for EQ3YR rnd fQ6, and the rddltlcn d 4 11e0 

; . : - w * ! w  ( P r Z T A B i  mh'cn ta3ulrtrr the Ion Interrctlon par tmeters  after t h t y  

have bee0 read fror the OATAl or DATA2 1118. Sutroutlne PTZTAB rerldos In t9R 
EOLIB 1 tbrary.  

I 

... . ,.. 
. .  
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6 8 7 9  
Table 8-1 

S m p l e  Input flle fcr the EG3NR code whlch lllustrates how to set up an 
EQ3NR r w  ulth the Pltm: Tabulatlon Optlon jnvoked. Thlj Input flle 1s 
used to generate the output flle s h o w  In Table 8-2. Note that the IOPR9 
varfible 1s- set to a value of 1 ,  whlch produces only s u m a r y  tables of 
the Pltzer lnteractlon terms read from the data flles for the aqueous 
rgec!es present In the model. 

i n p u t  f i l e  name- t a b . t r t  created- 04/21/87 creator- k. j . j a c k s o n  

. 

t h o  problem: 
t h f 8  i r  a raraple i n p u t  f l l e  d e r l g n e d  t o  
t o  l l l u r t r a t e  t h e  ure of  t h e  p l t ter  t a b u l a t i o n  
o p t i o n  i n  t h e  oq3nr  cow.  

t h e  P0d.l is of a oodlum c h l o r i d e  b r i n e  w i t h  
traco w e u n t 8  of r e v e r a l  other rolut.8 common 
i n  g e o i ~ g % c  u a t e r r .  

s .- 
the I e q e r a t  urc 1s 2 5  degrees c .  T. , .e&&% 

cot.: ':.;thyr. 

,:&f a c t l v l t y  c o e f f l c i e n t r  and  t h e  a c t i v i t y  o f  
water aro computed u r l n g  p i t t e r ' a  e q u a t i o n s  
(l..., i-1 - 1) 

0. tdrpl-  

toldl-  0. tolrat-  

t - P k P  
uredox- 

e n d i t .  
f-9- 25. 

rho- 1. 
f.?- -0.700 

to lb t -  0. 
ltenax- 

1 2  3 I 5  6 7 8  9 1 0  
1-t 1-10. 0 0 0 0 0 0 0 0 0 0  
1-1-10- 1 0 0 0 0 0 0 0 0 0  
lg r l - lo-  0 0 0 0 0 1 0 0 1 0  
1-1-lo- 0 0 0 0 0 0 0 0 0 0  

0rb.l- na* 

n x m o b  0 
oacion-  

data f i l e  martor rpecIeo= b+ 
w i t c h  w i t h  spocler- 
) f l a p  16 c a p  -6 .6  

data t i l o  master specior- na+ 
r u i t c h  w i t h  rpecler- 

data f l l e  master species- k* 
jf1.g- 0 cap- 3 . 9  

jflag- 2 c r p  75.11 

owi tch  w i t h  rpcier-  - . - .  

s w i t c h  w l t h  rpecler- 

data f i l .  M a t e r  rpecios- e.+* 

j f l a p  2 c r p  12 .5  
d a t a  f i l o  mitor  rpocies- mg** 

r r i t c h  u i t h  rp8clcr- 
lfl.9- 2 COD- 1.92  

0 .  

0 .  
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data f i l e  master species- m 3 -  
sw'.tch w i t h  species- 
j f l a g -  2 c s p  9 . 6  

switch h i t h  species- 
j f l a g -  2 c s p  2 . 2  
switch w i t h  species- 
j f l a g -  0 c s p  3 . 3  

d a t a  f i l e  master species- f- 

data f i l e  master species- cl- 

e n d i t .  

G Q ao,iG& 
- -  41 
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fable 8-2 

Sample output file from the EQ3NR code (version 3245, stage number R95, 
supported by stage number R116 of E Q L I B )  which illustrates the results 
obtained by uslng the file I n  Table 8-1 as Input. Note that the IOPR9 
variable is set to a value of 1, which produces only sumnary tables of 
the Pitzer interaction terms. 

eq3nr.3245R95 run 10:16 21Apr8 7 
s u p p o r t z d  b y  eqlib.3245R116 

----- r e a d i n g  t h e  i n p u t  f i l e  ----- 
i n p u t  f i l e  name- t a b . t s t  created- 04/21/87 creator- k . j .  j ackson  

t h e  problem: 
t h i s  i s  a sample i n p u t  f i l e  des igned  to  

t o  i l l u s t r a t e  t h e  u s e  of t h e  p i t z e r  t a b u l a t i o n  
o p t i o n  i n  t h e  eq3nr  code. 

t h e  mode1 is of a sodium c h l o r i d e  b r i n e  with 
trace amounts of s e v e r a l  o t h e r  solrr tes  common 
i n  g e o l o g i c  waters. 

t h e  tempera ture  is 25  degrees c. 

n o t e  : 
a c t i v i t y  c o e f f i c i e n t s  and  t h e  a c t i v i t y  of 
water a re  computed u s i n g  p i t z e r ' s  equat ions  
( i . e . ,  iopgl - 1) 

\ 

e n d i t .  
tempc- 0.250003+02 

rho- O.l0000E+Ol tdspkg- 0.00000E+00 
fep- -0.70000E+00 uredox- 

to lb t -  0.00000E+00 t o ld l -  0.00000E+00 
i termx- 0 

1 2 3 4 5 6 7  
iopt l -10-  O O O e O O O  
io- 1 - 10- 1 0 0 0 0 0 0  
iopr l -10-  0 0 0 0 0 1 0  
iodbl-10- 0 0 0 0 0 0 0  

uebal-  na+ 

nxmod- 0 
uacion-  

data f i l e  master  species- h+ 

d a t a  f i l e  master species- na+ 

data  f i l e  mas ter  species- k+ 

data f i l e  master species- ea++ 

s w i t c h  wi th  species- 
j f lag-  16 csp- -0.66000E+01 

s w i t c h  wi th  species- 
j f l a g -  0 csp- 0.39003E+Ol 

s w i t c h  wi th  specics- 
j f l a g -  2 csp- 0.7SllOE+02 

s w i t c h  w i t h  species- 
jf laq- 2 csp- 0.12500E+02 

- .  - -  . 

t d s p l -  0.00000E+00 

tolsat-  0.00000E+00 

8 9 10 
0 0 0  
0 0 0  
0 1 0  
0 0 0  

_ _  

. .. . . 
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note: 

a c t i v i t y  c o e f f i c i e n t s  and the e.ctivity of 
vater are computed usinq p i t z e z ' s  equations 
(i.e., iopq! - 1 )  

data r i l e  dataO.3245R47 

l a s t  rcodified 13Aug86 (daCr) 
1 atm steam saturation curve data 

the a c t i v i t y  c o e f f i c i e n t s  of aqueous solute species 
and the a c t i v i t y  of water are calculated accoiding t o  
pitrer 
dptOa.3245R16, l a s t  zevised 6 j u n 8 4  kj j 
t h i s  f i l e  ccntains p i t t e r  c o e f f i c i e n t  data consistent w i t h  

1 .  no hiqter-order e l e c t r o s t a t i c  (e-lambda 3: e-theta) teres 
2. DO ion pairs or complexes, except acid-base species 

uelam- off  

temperature- 25.00 degrees Celsius 
pressure- 1.0134 bars 

2 9  eLements are i n  the data base 
50 elements can be loaded into memory 

9 elements are a c t i v e  i n  t h i s  problem 

38 aquems species are i n  the data base 
35 aqueous species were loaded i n t o  memory 

750 aqueous species can be loaded into memory 
1 3  aqueous species are a c t i v e  i n  t h i s  problem 

8 aqueous reactions are i n  the data base 
5 aqueous reactions were loaded into memory 

6 9 9  aqueous reactions can be loaded i n t o  memxy 

207 minerals are i n  the data base 

750 minerals can be loaded i n t o  memory 
27 minerals were loaded i n t o  memory 

26 minerals are a c t i v e  i n  t h i s  problem 

20 s o l i d  solutions can be loaded i n t o  memory 
7 s o l i d  solutions are i n  the data base 

4 gases are i n  the data base 
4 gases were loaded i n t o  memory 

I gases are a c t i v e  i n  t h i s  problem 
15 gases can' be loaded i n t o  memory 

iopt 1 
iopt2 
iOpt3 
iopt 4 
iopt 5 
iopt 6 
iopt7 
iopt 8 

- 0  
- 0  
- 0  - 0. 
- c  
- 0  
- 0  
- 0  

(redox cption switch) 
(automatic basis switching switch) 
(interfacing output control  switch) 
(tufn-on s o l i d  solutions switch) - 

(not usedl 
(conv. t e s t  c r i t e r i a  switch) 
(0/1 3245/post-3245 pickup f i l e )  
(not used) 
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I 
I , 

iopt9 - 0 
ioptlb - G 

not .used\ 
not used) 

iopgl - 1 
iopg2. - 0 
iopg3 - 0 
iopg4 - 0 
iopq5 - 0 
iopg6 - 0 
iopg7 - 0 
iopg9 - 0 
iopg9 - 0 
iopgl9 - 0 

iopr 1 
iopr2 
iopr 3 
iopr 4 
iopr 5 
iopr6 
iopr'l 
iopr8 
iopr9 
iCpr:O 

( a c t .  coof f . choice) 
(approx. of j ( x )  function) 
(iopql-3 - 0/1  uelam- on/onplus) 
(iopgi-3 or 4 - f switch - 0 /1  dhoa/dhca) 
(not used) 
(not used) 
(not used) 
(not used) 
(not ased) 
(not used) 

- 0  
- 0  
- 0  
- 0  
- 0  
- 1  
- 0  
- 0  
- 1  
- 0  

io& 1 
iodbz 
iodb3 
iOdb4 
iodbs 
iodh6 
io&? 
iodb8 
fodb9 
iOdbl0 

(list loading of species) 
( l is t  reactions and log k values) 
(aqueo9s species p r in t  order control)  
(aqueous species p r i n t  cut-off control)  
(maso balance percentages pr int  control)  
(mean ionic  a c t  coeff pr int  control)  
(mineral a f f i n i t y  p r in t  control)  
(ion s i r e  ard hydr. no. p r in t  control)  
(p i tzer  coefficien:s tabulation) 
( n o t  used) 

- 0  
- 0  
- 0  
- 0  
- 0  
- 0  
- 0  
- 0  
- 0  
- 0  

(prrnt  info.  messages switch) 
(pr in t  ada t l  read info. switch) 
(request i t a r a t i o n  variables t o  k i l l )  
(p r in t  newton-raphson i t e r a t ions  switch) 
( l ist  stoichiometric equivalences) 
(controls  io. lb5 level  of d e t a i l )  
( w r i t e  reactions on f i l e  r l ist  switch) 
(s-lambda turn-off switch) 
(mu turn-off switch) 
(f turn-off switch) 

t h e  default  redox s t a t e  i s  constrained by log fo2 - -0.7000 (log bars) 

solution density - 1.00000 g/ul 

t o t a l  dissolved s a l t s  - 0 .  mg/kg solution 
t o t a l  dissolved s a l t s  - 0.  m g / l  

t o l b t  - 0.10000E-09 (convergence tolerance on residual functions) 
told1 - 0.10000E-09 (convergence tolerance on correction terms) 
t o l s a t  - 0.50000E+OO (phase saturat:Lon tolerance, does not a f f ec t  

convergence) 

h+ 
na+  
k+ 

--_-- input constraints ----- 
j f l a g  t y p e  of input control l ing phase csp 

-0.660003+01 16 log a c t i v i t y  
0.390OOE+Ol 0 t o t  conc, molal 
0.7S1103+02 2 t o t  conc, m g / l  
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! 
1 

I ,  I 1 .  

. .  

ca++ 0.12500&+02 2 tot conc, m g / l  
w++ 0.19200&+01 2 tot conc, m g / l  
no3- C.96000&+01 2 tot conc, mg/l 
f- 9.?2000E+01 2 tot conc, mg/l 
Cl- 0.39000E+01 0 tot conc, molal 

electrical baiance wiil be achieved by adjusting 
the concentration of na+ 

--- inactive aquecu3 species --- 

--- modified input constraints --- 
species 

ca++ 
cl- 
f- 
h+ 
k+ 
mg++ 
na + 
no3- 
2 0 2 -  
nh4+ 
oh- 
C104- 

iter - 
iter - 
iter - 
iter - 
iter - 
iter - 

6 8 7 9  
F 

CSP )flag type of input controlling phase 

0 delmax - 
del ( 

1 delmax - 
del (gamna 

2 delmax - 
del (gamma 

3 delwx - 
del (act 

4 delmax - 

0.31188E-03 

0.11580E-03 
-0.66000&+01 
0.192113-02 
0.78996E-04 

0.15483E-03 
0.00000E+G5 
0. OOOOOE+OO 
0.00000E+00 
0.0000CE+OO 

0.39000&+01 

0.39000&+01 

0 
0 
0 
16 
0 
0 
0 
0 
30 
30 
30 
30 

tot cmc, molal 
tot conc, molal 
tot conc, molal 
log activity 
tot conc, molal 
tot conc, molal 
tot conc, molal 

eliminated species ~ 

eliminated species 
eliminated species 
eliminated species 

tot con:, molal 1'- 

0.000E+00 
1 -  

0.612E-03 
mg++ 1 - 
0.6263-04 
mg++ 1 - 
0.207E-04 
h20 1 - 
0.104E-04 

' delfnc - 
0.000E+00 
del f nc - 
0.612E-03 
delfnc 9 

-0.626E-04 
delfnc - 
0.104E-04 
dclfnc - 

O.OOOE+OO 

0.000E+00 

0.898&+00 

0.669E+00 

0.500E+00 

beta(conc na+ 1 - 0.6236-03 

beta(garmM mg++ . 1 - -0.6289-04 
beta(act h2o ) - O.207E-04 

beta(act h2o 1 - 0.104E-04 

del(act h20 1 - 0.104E-04 beta(garmna mg++ 1 - 0.835E-13 

del(ganma mg++ 1 - 0.837E-13 betabct h20 1 - -0.294E-13 5 delmax - 0.837E-13 delfnc - 0.100E+01 

newton-raphson iteration converged in 5 steps 

----- Slllnnary of the Aqueous Phase ----- 
----- Elemental composition of the aqueous phase ----- 

element mg/l - ~. W k g  - moles / kg 

0 888113.0322 e88ii3.0322 o.~s509i46i0~+02 
ca 12.5000 12.5000 0.3118762475E-03 
cl 138266.7000 138466.7000 0.3900000000E+Ol 
f 2.2000 2.2000 0.1157992252E-03 



P . i r :  &. 

. _  ~ - ~ ~ ~ ~ 
- . . - - - . . - . . . . ~ 

h 111.894.4005 111894.4005 0.1110173633E-03 
k 75.1100 75.1100 .0.1921055391E-02 
mg 1.9200 1.9200 0.7899609134E-04 

n 2.1686 2.1686 0.1548264734E-03 
rid 89604.1867 89634.1867 0.3897567775E+Ol 

----- e lemen ta l  composi t ion  as s t r ic t  basis species ----- 
s p e c i e s  mg/ 1 

h20 
ca++ 
c l -  
f- 
h+ 
k+ 
mg++ 
na+ 
n03- 

1000008.3689 
12.5000 

138266.7000 
2.2000 

111894.4005 
75.1100 

1.9200 
89604.1867 

9.6000 

m g m  

1000008.3689 
1 2 .  SO00 

1382F5.7000 
2.2000 

1 u 8 9 4 . 4 0 0 5  
75.1100 

1.9200 
89604.1867 

9.6000 

a m l e d k g  

0.5550914610E+02 
0.3118762475E-03 
0.3900000000E+01 
0.1157992252E-03 
0.1110173633E+O3 
0.1921055391E-02 
0.7899609134E-04 
0.3897567775E+01 
0.1548264734E-03 

----- e q u i v a l e n t  composi t ion  of  t h e  aqueous phase (cte ba lances )  ----- 
o r i g i n a l  basis e x i s t i n g  basis 

s p e c i e s  moles/kg h20 s p e c i e s  moles/kg h20 

h2o 
ca++ 

. cl-  
. f -  

h+ 
. k+ 
mg++ 
na+ 

. -30. i -  . 

0.55509146103+02 

0.3900000000&+01 

0.1110173633&+03 

0.38975677758+01 

0.3118762475E-03 

0.1157992252E-03 

0.1921055391E-02 
0.7899609134E-04 

c . O .  1548264734E-03 

h20 
ca++ 
cl- 
f -  
h+ 
k+ 
rag++ 
na+ . 
no3- 

0.55S0914610E+02 
0.31187624753-03 
0.3900000000E+01 
0.11579922529-03 
0.1110173633E+03 
0.1921055391E-02 
0.78996091343-04 
0.3897567775E+01 
0.1548264134E-03 

ph - . 6.60000 
a c t i v i t y  of water - 0.85575 

-0.06765 
osmotic c o e f f i c i e n t  - 1.10858 

s t o i c h i o m e t r i c  sum of  molalities - 7.8001503284109 

log a c t i v i t y  o f  water - 
t i t r a t i o n  a l k a l i n i t y  - 0.0000000654679 eq/kg h20 

i o n i c  s t r e n g t h  - 3.90C6615635053 

--- oloctrical balance total. ---- 
equiv/kg 

sigma(mr) c a t i o n s  - 0.3900270691E+Ol 
s i g m a ( m r )  a n i o n s  - -0.3900270691E+Ol 

t o t a l  c h a r g e  - 0.78005413823+01 
maan charge - 0.3900270691E+Ol 

charge imbalance  - -0.4440892099E-15 

t 2 t a l  cha rge  - sigma(m2) ca t ion .  + ab8 ( sigma(mt) a n i o n s  I 
mean charge - 1 /2  to ta l  charge 
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t h e  e l ec t r i ca l  imbalance is 

0.00 p e r  c e n t  of t h e  t o t a l  cha rge  
0 . 0 0  per c e n t  of t h e  mean cha rge  
0.00 per c e n t  of s i g m a ( m t )  c a t i o n s  
0.00 per c e n t  of abs ( siqma(m2) a n i o n s  1 

----- electrical  ba lanc ing  on na+ ----- 
mg/ 1 mg/kg moles/kg 

inpu: 89660.1530 89660.1030 0.3900000000E+01 
f i n a l  89604.1867 89604.1867 0.3897567775&+01 
a d  j -55.9163 -55.9163 -0.2432225018E-02 

----- a c t i v i t y  r a t i o s  of i o n s  ----- 
log ( act(ca++ 
l o g  ( act(c1- 
l o g  ( a c t t f -  
log ( a c t ( k +  
log ( act:mg++ 
l o g  ( a c t ( n a +  
log ( a c t ( n o 3 -  
log ( a c t ( n o 2 -  
log ( a c t ( n h 4 +  

log ( a c t ( c l o 4 -  
log  ( act  (Oh- 

) / a c t ( h + ) x x  2 - 9.4576 
) x a c t ( h + ) x x  1 1 - -6.1193 

x a c t ( h + ) x x  1 - -10.8674 
1 / a c t ( h + ) x x  1 - 3.5898 
1 / a c t ( h + ) x x  2 1 - 9.0372 
1 / a c t ( h + ) x x  1 1 - 7 .0803 
) x a c t ( h + ) x x  1 ) - -10.7899 
) x a c t ( h + ) x x  1 - -24.3036 
1 / a c t ( h + ) x x  1 - -56.5922 
) x a c t ( h + ) x x  1 - -14.0545 
1 x a c t ( h + ) x x  1 - -29.0289 

----e d i s t r i b u t i o n  of aqueous species ----- 
species 

cl-  
na+ 
k+ 
ca++ 
no3- 
f- 
mg++ 
h+ 
oh- 
no2- 
C104- 
nh4+ ' 

mola l  conc 

0.3900E+Gl 
0.3898&+01 
0.1921E-02 
0.3119E-03 
0.1548E-0 3 
0.11583-03 
0.7900E-04 
0.1161E-C6 
0.6547E-07 
0.34873-17 
0. S84 fE-22 
0.11-83-62 

l o g  conc 

0.5911 
0.5908 

-2 .  Ti65 
.3. SO60 

-3.8102 
-3.9363 
-4.1024 
-6.9351 
-7.1840 

-17.4575 
-22.2332 
-62.9476 

109 9 

-0.1104 
-0.1105 
-0.2937 
-0.2364 
-0.3798 
-0.3311 
-0.0604 

0.3351 
-0.2705 
-0.2461 
-0.1948 
-0.2446 

a c t i v i t y  

0.3025E+01 
0.3022&+01 
0.97689-03 
0.1810E-03 
0.64 583-04 
0.5402E-04 
0.68743-04 
0.2512E-06 
0.3512E-07 
0.1979E-17 
0.37323-22 
0.6424E-63 

l o g  act 

0.4807 
0.4803 

-3.0102 
-3.7424 
-4.1899 
-4.2674 
-4.1628 
-6.6bOO 
-7.4545 

-17.7036 
-22.4280 
-63.1922 

----- mean i o n i c  p r o p e r t i e s  ----- 
t r u e  (a) r t o i c h i a n e t r l c  (b) 

species species log a(+/-) a(+/-) m(+/-) g ( + / - )  m(+/-) g (+/-I 
ea++ 
ca++ 

ca*+ 
.- ca++ 

ca++ 
h+ 
h+ 
h+ 
h+ 

- -  * 

cl-  
f- 
L 3 -  
no2- 
oh- 
clol- 
cl- 
f -  
n03- 
no2- 

-0.92700 
-4.09241 
-4.04074 

-13.04987 
-6.21710 

-16.19947 
-3.05966 
-5.43371 
-5.39496 

-12.15181 

1.183E-01 
8.0833-05 
9.105E-05 
8.91SE-14 
6.066E-07 
6.317E-17 
8.717E-04 
3.6843-06 
4.02833-06 
7.0501-13 

1.680E-01 
1.61lE-04 
1.955E-04 
1. S59E-13 
1.102E-06 
1.021E-16 
6.729E-04 
3.667E-36 
4.240E-06 
6.363E-13 

7.041E-01 1.680E-01 7.041E-01 
5.017E-01 1.611E-04 5.017E-01 
4.656E-01 1.9553-04 4.656E-01 
S.717E-01 
5.507E-01 4.068E-04 1.491E-03 
6.18SE-01 
1.29SE+00 1.471E*01 5.924E-OS 
1.005E+00 8.0373-02 4.5951-05 . 
9.4993-01 9.2703-02 4.344E-05 
1.108E*00 

.>. . . 

1 .- 

' .* .- 
.I> e. 

. .  
+I;i 

i 
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h+ 
k+ 
k+ 
k* 
k+ 
k+ 
k+ 
mg++ 
m g + +  
m 9 + +  
mg++ 
mg++ 
mg++ 
na+ 
n a +  
n a +  
nz+ 
na+ 
na+ 
nh4* 
nh4+ 
nh4+ 
nh4 + 
nh4+ 
nh4 + 

C l 0 4 -  
c l -  
f- 
no3- 
no2 - 
oh- 
C h 4 -  
cl- 
f -  
n03- 
no2- 
oh- 
C l o 4 -  
c l -  
f- 
no3.- 
no2 - 
oh-  
Cl04- 
cl- 
f- 
no3- 
no2- 
oh- 
~ 1 ~ 4 -  

-14.51401 
-1.26475 
-3.63880 
-3.60005 

-10.35690 
-5.23232 

-12.71910 
-1.06711 
-4.23254 
-4.18087 

-13.19001 
-6.35123 

-16.23960 
0.48051 

-1.89354 
-1.85479 
-a .  61164 
-3.43706 

-10.97384 
-31.35574 
-33.72980 
-33.69105 
-40.44790 
-35.32331 
-42.81009 

3.0623-15 
5.436E-02 
2.297E-04 
2.512E-04 
4.396E-11 

1.9093-13 
8.568E-02 
5 . 8 5 ~ - 0 5  
6.5945-05 
6.456E-14 
4.393E-07 
4.575E-17 
3.024L-30 
1 .2 '18E -52 
1.397E-32 
2.44%-09 
3.258E-04 
1.062E-11 
4.408E-?2 
1.863E-34 
2.037E-34 
3.56%-4 1 
4.750E-36 
1.548B-43 

5.a573-06 

2 . 6 0 ~ 1 5  
8 . 6 5 6 ~ 0 2  
4.717E-04 
5 . 4 5 4 ~ 0 4  
8.185E-11 
1.121E-05 
3.351E-13 
1.063E-01 
1.019E-04 
1.2373-04 
9.867E-14 
6 . 9 7 0 ~ 0 7  
6.462E-17 

2.121E-02 
2.457E-C2 
3.687E-09 
5.051E-04 
1.509E-11 
6.63333-32 
3 . 6 1 5 ~ 3 4  
4.180E-34 
6.272E-41 
8.5943-36 
2.568E-43 

3.8996+00 

1.175E+00 
6.  Z ~ O E - O ~  
4.871E-01 
4 . 6 0 ~ - 0 1  
5.371E-01 
5.223E-01 
5.698E-01 
8.059E-01 
5.743E-01 
5.330E-01 
6.543E-01 
6.303E-01 
7.080E-01 
7.7559-01 
6.01%-01 
5,687E-0 1 
6.6333-01 
6.450E-01 
7.037E-01 
6.64%-01 
5.154E-01 
4.873E-01 
5.684E-01 
S.527E-01 
6.030E-01 

8.6561~-02 
4 . 7 1 7 ~ 0 4  
5 . 4 5 4 3 - 0 4  

9.447E-04 

1.063E-01 
1.019E-04 
1.237E-04 

2,574E-04 

3.699E+OO 
2.124E-02 
2.457E-02 

4.25%-02 

6.280E-01 
4.871E-01 
4.60%-01 

6.200E-03 

8.059E-01 
5.743E-01 
5.330E-01 

1. TOTE-03 

7.755E-01 
6.01%-01 
5.687E-01 

7.657E-03 

( 3 )  t r u e  q u a n t i t i e s  c J n s i s t e n t  w i t h  t h e  s p e c i a t i o n  modal 
( b )  s toichiome' : r ic  quan:it ies c o n s i s t e n t  E i t h  t h e  c t e  mass 
balance lumpings,  except  t h a t  

1. e l f e c t i l - e  c t e ( h + )  - c t e ( h + )  - conc(h2o)  
2 .  e f f e c t i v e  c t e ( o h - )  - c t e ( h 2 o )  - conc(h2o)  

----- major aqueous species c o n t r i b u t i n g  t o  mss balancer ----- 
. -  

aqueous species a c c o u n t i n g  f o r  999 or more o f  ea++ 

species molal conc per c e n t  

ea++ 0.3119E-03 100.00 

t o t a l  100 .oo 
. . . . . . . . . . . . . . . . . . . . . . .  

aqueous  s p e c i e s  a c c o u n t i n g  f o r  999 or more o f  cl-  

species molal conc per cen t  

cl- 0.3900E+01 iOO.00 

t o t a l  100.00 
- - - - - - - - - - - - - - - - .. - - - - - - 

aqueous species a c c o u n t i n g ' f o r  9 9 t  or more o f  f -  

species mala1 conc per cent 

f- O.llS8E-03 100.00 

t o t a l  100.00 
. . . . . . . . . . . . . . . . . . . . . . .  
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aqueous s p e c i e s  accoun t ing  for 99% o r  more of k+ 

species molal conc , per  c e n t  

Is* 0.1921E-02 100.00 

1 C O .  00 
. . . . . . . . . . . . . . . . . . . . . . .  

. .  t o t a l  

aqueous species accoun t ing  f o r  999 or more of mg++ 

s p e c i e s  mola l  conc pe r  c e n t  

9++ 0.7900E-04 100.00 

t o t a l  100 .oo 
. . . . . . . . . . . . . . . . . . . . . . .  

aqueous species accoun t ing  for 99% or more of na+ 

species mola l  conc per c e n t  

na+ 0.38983+01 100.00 

t o t a l  100.00 

aqueous s p e c i e s  accoun t ing  for 99% or more of no3- 

species molal conc pe r  c e n t  

no3- 0.1548E-03 100.00 

t o t a l  100 .oo 
. . . . . . . . . . . . . . . . . . . . . . .  

--- summary of aqueous redox r e a c t i o n s  ----- 
couplt3 oh, Volt8 Pe- log fo2  ah ,  k c a l  

d e f a u l t  0.830 O.l403E+O2 -0.700 19.147 
no2- /no3- 0.830 0.1403E+02 -0.700 19.147 
nh4+ /no3- 0.830 O.l403E+O2 -0.700 19.147 
C l 0 4 -  /cl- 0.830 0.1403E+02 -0.100 19.147 

----- sumuary o f  aqueous non-equi l ibr ium non-redox r e a c t i o n 8  ----- 
c o u p l e  a f f i n i t y ,  k c a l  

none 
. .  . 

. .. . 

-e--- aumMry of s t o i c h i t n n e t r i c  mfneral  s a t u r a t i o n  states ----- 
. (minorah r l t h -  a f f  l n l t i o s  .It. -10 k u l  -UO bot - listed) 



.- - - . . . - . . . . .. . 
. I .  , ,' 

a n t a r c t i c i t e  - 7 , 3 0 0  -9.959 f l u o r i t e  -1.318 -1.799 
h a l i t e  -0 .632  -0.862 mgf2 (c) -4.519 -6.165 
s y l v i t e  -3.489 -4.760 

0 approx .  s a t u r a t e d  p u r e  m i n e r a l s  
0 approx .  s a t u r a t e d  end-members o f  s p e c i f i e d  so l id  s o l u t i o n s  
0 s a t u r a t e d  end-lrmnbcrs of h y p o t h e t i c a l  so l i3  s o l u t i o n s  

0 s u p e r s a t u a t e d  pure m i n e r a l s  

0 s u p e r s a t d .  h y p c t h e t i c a l  solid s o l u t i o n  p h a s e s  
0 s u p e r s a t d .  end-tembers of s p e c i f i e d  so l id  s o l l i t i o n s  I 

1 
----- summary of gases ----- 

gas f u g a c i t y  log f u g a c i t y  

0.5382033-41 -41.26905 
0.5850843-17 -17.23278 
0.199526E*C2 -0.70000 
0.261945E-01 -1.57195 

end  of o u t p u t  ----- 
r e a d i n g  t h e  i n p u t  f i l e  ----- 
e n d  of i n p u t  f i l e  ----- 

----- 
----_ p i c k u p  f i l e  s u c c e s s f u l l y  w r i t t e n  ----- ----- 
----_ 

s t a r t  t i m e  - 10:16:58 
e n d  t h e  - 10:17:21 

normal e x i t  

i 
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6 8 7 9  
Table 8-3 

up an iQ3kR run u l t h  :he detdlled Pltzer T d b u l d t l V  33tlon 

lnvoked. This  l n p u t  f t l t  1s used t:, g t n e r a t e  t h t  outout f !  

shown I n  Table 8-4. f h t  P t t z t r  Tabulation Optloo 1 s  set to 
produce the full complement of t a b u l a t e d  values by set t tng 
to a value of 2 .  b u t  the f l l e  i s  otheru!se i d e n t l c a i  to tho 

i n  Table 8-1. 

8 

OPR9 

f l l e  

input f i h  nmm- t a b . t r t 2  creatod- 0 4 / 2 1 / 9 7  c r o r t o r -  k. ). Jackron 

tho problem: 
t h i r  1 8  a runplo input t i l o  b r l g n a d  t o  
t o  i l l u s t r 4 t o  tho ure of tho p l t ro r  cabulatlon 
option i n  tho q 3 n r  cculo. 

t h o  m b 1  i r  of 4 w l i m  chlotido t r i no  w i t h  
trace UaOuntr of roveral othor rolutor comaon 
i n  goologic u4terr .  

the temperature 18 2 5  cJs~;rccr c .  
c 

not.: 

ondit  . 
tompc- 

rho- 
f o p  

tolbt- 
i t e m -  

iopt 1-10. 
1-1-lo- 
loprl-10- 
1-1 - 10- 

rUb4l- 
u4c ion- 

* 

a c t i v i t y  cooff ic ien t r  4nd tho ac t iv i ty  or 
wator aro c q u t e d  urlnq p i t t o r ' r  oquationr 
(i..., icpgl - 1) 

25.  
1. t drpkq- 

-0.700 UIO~OX- 
0 .  to ld l -  

1 2 3 0  
0 0 0 0 0  
1 0 0 0 0  
0 0 0 0 0  
0 0 0 0 0  

na* 

0 .  

0 .  

7 
0 
0 
0 
0 

tdrpl-  

t O l M t -  

0 9 10 
0 0 0  
0 0 0  
0 2 0  
0 0 0  

0 

0 .  

0 .  
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fable 6-4 

Samole output  f l l e  from t h e  EQ3NR code  ( v e r s l o n  3245, stage 
? C i t e '  R95. k p b c r t e d  by s t age  number R116 of EQLIB)  u h f c h  
!i:gstrdtes the  r e s u l t s  o b t a f n c d  by u r l n g  the file i n  Table 8-3  
a s  lnput  Note t h a t  the  IOPR9 v a r t a b l e  I s  j e t  to a v a l u e  of 2. 
rrhicn proddcer  the expanded s u m r y  tables of Pltzer tnteractlon 
t e r a s .  

eq3nr.3245395 run l 1 : 2 1  ZlApr87 
suppor teo  by eqLib.3245R116 

----- reading t3e i npu t  file ----- 
i r . pu t  f::e ?&me- t a b . t r t 2  c r e a t e d -  04/21/87 c r e a t o r -  k . j .  jackson 

t k e  pr*.r;:en: 
this i s  a rw.pLa ir.put f i l e  des igned  t o  

t o  1 : l L a t r a t c  t h e  u s e  of t h e  p i t z e r  t a b u l a t i o n  
opt:on i n  t h e  eq3nr  code. 

t h o  model 18 of a r o d i w  c h l o r i d e  brino w i t h  
t t b c o  m o u n t $  of severbl o t h e r  s o l u t o r  Comnon 
in qoolopic wbtorr .  

t h o  t o m y r a t u r e  is 25 degrees  c .  

-..?-e. 
8 c t l v l t y  c o o f f l c i ~ n t 8  bnd t h e  b e t i v i t y  O f  
water aro cornpored ur ing  p i t z e r ' s  e q u a t i o n s  
t i . .  ., 10-1 - 1) 

enai t .  
tompc- 0.2500OE*02 

r b -  0.10000&*~1 tdrpkg-  0.00000E*00 tdrpl-  0.00000E*00 

t j l b t -  0.00000L*00 toldl- 0.00000t*00 tolmrt- 0.00000E*00 

1 2  3 4 5 6 1 0  9 1 0  
loptl-10- 0 0 0 0 0 0 0 0 0 0  
iopgl-10- 1 0 0 0 0 0 0 0 0 0  
lop. 1-10. 0 0 0 0 0 1 0 0 2 0  
$ e l -  10- 0 0 0 0 0 0 0 0 0 0  

fop- -0,700ooe+bo UKOQX- 

Itormx- 0 

uobal- w+ 

n-0 . 
tabelon- 

d.tb file -(Iter r p f i o r -  h+ 
$witch w i t h  rp.c;os- 
jf1.g- 16 c a p  -0 .66000t*01 

8 w l t C h  with  rpoclor- 
)fhP 0 C 8 p  0.39000t*01 

b r a  t i 1 0  M 8 t . C  8P.Ci.r- M+ 

6 t @  f i r 0  Y r t o C  S p C l o b -  k* 
r u l t c h  r , t h  rp.ci0.- 
jf1.p 2 C 8 p  0.15110f-02 

rwl tch  wi th  8wcIo8- 
jf1.o- 2 c a p  0.12500t*02 

-itch with rpoelrr- 

6 . C .  I l l 0  m l t O L  ap0CI. I -  C.*t 

est. f i l o  Y $ t . C  1poci.m- mg** 

) f l U y  2 C 8 p  0.192OOL+Ol 
f i t 0  Y l t O C  I fOCt .# r  rrO3- 

8rItch w i t h  8pOCioS- 
ji1.g- 2 crp- 0.96000t*Ol 

sa 
:>.I. 5 ..3 & ,, UawwUY Y 

. .  

- _- 



I ,  

data f i l e  master species- f- 
switch w i t h  s p c i e s -  ' 
; f l a g -  2 csp- 0 . 2 2 0 0 0 E + 0 1  

s u i t z f :  - i t h  species- 
i f l a g -  0 csp- 0.39000E+01 

3a:d f::e master species- c l -  

endi t .  

t h e  i n p u t  f i l e  has been read ----- ----- 

-e--- f i l e  da t a l  has been successfully read ----- 

species lamda pa i r s  mu t r i p l e t s  

ca++ 
ca++ c l -  ca++ c l -  C d + +  
ca++ cl04- ca++ c l -  c l -  
ca++ no3- ca++ clo4- ca++ 

ca++ k+ ca++ no3- ca++ 
ea++ mg++ ca++ no3- n03- 

ca++ na+ cd++ C l 0 4 -  C l 0 4 -  

c3++ na+ c l -  
ca++ k+ c l -  
ca++ i q + +  c l -  
c l -  na3- C 3++ 

____________________________________^___--------- - - - - - - - - - - - - - - - - - - -  

cl- 
h+ c l -  h+ c l -  h+ 
na + c l -  h+ c 1- c l -  
k+ c l -  na + c l -  na+ 
nh4+ c l -  na+ c l -  c l -  
nrg++ cl-  It+ c l -  k+ 
ca++ c l -  k+ c l -  cl-  
cl- oh- n h l +  c l -  nh4 + 
cl-  no3- nh4+ c l -  cl-  

mg++ c l -  mg++ 
mg++ cl- c l -  
ca++ c l -  ca++ 
ca++ c l -  c 1- 
h+ na+ c l -  
h+ k+ c l -  
h+ nh4+ c l -  
k+ na+ c l -  
mg++ na+ cl- 
ca++ na+ cl-  
ca++ k+ cl-  
ea++ mg++ cl- 
c 1- ,oh- na+ 
cl- oh- k+ 
cl- 1103- na+ 
cl- n03- It+ 
C A- no3- mg++ 
cl- no3- ea++ .................................................................... 

f- 
M+ f- na+ f- na+ 
k+ f- na+ f- f- 

k+ f- k+ 
k+ f- f- .................................................................. 
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687-9 
h+ 

h+ 
h+ 
h+ 
h+ 
h+ 
h+ 

cl- 
Cl04- 
no3- 
na+ 
k+ 
nh4+ 

h+ cl- 
h+ cl- 
h+ clo4- 
h+ Clod- 
h+ no3- 
h+ 1lo.j- 

h+ na + 
h? . na+ 
h+ k+ 
h+ nh4+ 

. .  

h+ 
cl- 
h+ 
Cl04- 
h+ 
no>- 
cl-. 
ClO4- 
cl- . 
cl- 
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eq3nr.324SR95 
supported by eqlib.3245R116 

r n p u t  f i l e  name- t a b . t s t 2  created- 04/21, '87  creator- k . j .  jackson 

the  problem: 
t h i s  i s  a samp1e.input f i l e  designed t o  

t o  i l l u s t r a t e  the use of the p i t z e r  tabulation 
option i n  the eq3nr code. 

the model i s  of a sodium chloride brine with 
trace amounts of several other solutes common 
i n  geologic waters. 

the temperatdre i s  2 5  degrees c .  

n3te : 
a c t i v i t y  c o e f f i c i e n t s  and the a c t i v i t y  of 
water are computed using p i t t e r ' s  equations 
( i . e . ,  iopgl  - 1 )  

data f i l e  dataO.3245R47 

l a s t  modified 13Aug86 (daOr) 
1 atm steam saturation curve data 

the a c t i v i t y  coefficients,  of aqueous solute species 
and the a c t i v i t y  of water are calculated according t o  
p i t  zer 

dpt0a. 3 2 4 5 R 1 6 ,  l a s t  revised 6 jun84 k j j 
t h i s  f i l e  contains p i t z e r  c o e f f i c i e n t  data consistent w i t h  

1 .  no higher-order e l e c t r o s t a t i c  (e-lambda or e-theta) t e r m  
2 .  no ion p a i r s  or complexes, except acid-base species 

u e l a m  o f f  

temperature- 2 5 . 0 0  degrees Celsius 
pressure- 1 . 0 1 3 4  bars 

2 9  elements are i n  the data base 
50 elements ca? & loaded into memory 

9 elements are a c t i v e  i n  t h i s  problem 

38 aqueous species are i n  the data base 
35 aqueous species wefe loaded i n t o  memory 
750 aqueous species can be loaded i n t o  memory 

1 3  aqueous species are a c t i v e  i n  t h i s  problem 

5 aqueous reactions were loaded into memory 
699 aqueour reactions can be loaded i n t o  memory 

, 8 aqueous reactions are i n  the data base 

- .  

207 mlnerals are i n  the data base 
27 minerals uere loaded i n t o  memory 

750 minerals can be loaded i n t o  memory 
26 ahinerals are a c t i v e  i n  t h i s  problem 
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7 s o l i d  s o l u t i o n s  a r e  i n  t h e  d a t a  base 
20 s o l i d  s o l u t i o n s  can be loaded  i n t o  memory 

4 g a s e s  a r e  i n  t h e  d a t a  base 
4 gases  were loaded i n t o  memory 

15 gases  can be loaded i n t o  memory 
4 g a s e s  a r e  a c t i v e  i n  t h i s  problem 

i o p t l  - 0 (redox op t ion  swi t ch )  
iopt2 - 0 (au tomat ic  b a s i s  swi t ch ing  swi t ch )  
i o p t 3  - 0 ( i n t e r f a c i n g  output  c o n t r o l  swi t ch )  
i o p t 4  - 0 ( txrn-on  s o l i d  s o l u t i o n s  s w i t c h )  
i o p t 5  - 0 ( n o t  used)  
i o p t e  - 0 (conv.  test c r i t e r i a  s w i t c h )  
i o p t 7  - 0 ( 0 / 1  3245/post-3245 p ickup f i l e )  
i o p t 8  - 0 (no t  used)  
i o p t 9  - 0 ( n o t  used)  
i o p t l 0  - 0 (no t  used)  

iopgl - 1 ( a c t .  c o e f f .  choice)  
iopg2 - 0 (approx.  of j ( x )  f u n c t i o n )  
iopq3 - 0 ( iopg l -3  - C , ' l  uelam- on /onp lus )  
iop94 - 0 (:opgl-3 o r  4 - f swi tch  - 0/1 dhoa/dhca! 
iopq5 - 0 'not  used)  
iopg6 - 0 (not  u sed )  
iopg'l - 0 (not  used) 
iopg8 - 0 (no t  used)  
iopg9 - 0 (not  used)  
iopg10 - 0 (not  used)  

i o p r l  = I? ( l is t  loading  of species) 
iopr2 - 0 (list r e a c t i o n s  and l o g  k va lues )  
i o p r 3  - 0 (aqueous species p r i n t  o r d e r  c o n t r o l )  
i op r4  - 0 (aqueous s p e c i e s  p r i n t  cu t -of f  c o n t r o l )  
i o p r 5  - 0 (mass balance  pe rcen tages  p r i n t  c o n t r o l )  
i o p r 6  - 1 (mean i o n i c  a c t  coe f f  p r i n t  c o n t r o l )  
iopr7 - 0 (minera l  a f f i n i t y  p r i n t  c o n t r o l )  
i o p r 8  - 0 (ion s i r e  and h y d r .  no.  p r i n t  c o n t r o l )  
i o p r 9  - 2 ( p i t z e r  c o e f f i c i e n t s  t a b u l a t i o n )  
i o p r l 0  - 0 (no t  used) 

iodbl - 0 ( p r i n t  i n f o .  messages swi tch)  
iodb2 - 0 ( p r i n t  a d a t l  read i n f o .  swi tch)  
iOdb3 - 0 ( r eques t  iteration v a r i a b l e s  t o  k i l l )  
io+4 - 0 ( p r i n t  newton-raphson i t e r a t i o n s  swi t ch )  
iodb5 - 0 ( l ist  s t o i c h i o m e t r i c  equiva lences)  
iodb6 - 0 ( c o n t r o l s  iodbS l e v e l  of d e t a i l )  
i o d b l  - 0 (write r e a c t i o n s  on f i l e  r l i s t  swi t ch )  
iodb8 - 0 (s-lambda t u r n - o f f  swi tch)  
iodb9 - 0 (mu t u r n - o f f  owi tch)  
iodbl0 - 0 (f t u r n - o f f  s w i t c h )  

t h e  d e f a u l t  redox s t a t e  i s  c o n s t r a i n e d  by log fo2  - -0.7000 (log bars) 
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s o l u t i o n  d e n s i t y  - 1.00000 9 / m l  

t o t a l  d i s s o l v e d  sal ts  - 0 .  mg/kg s o l u t i o n  
t o t a l  d i s s o l v e d  s a l t s  - 0 .  mq/l 

t o i b t  - 0.10000E-09 (convergence t o l e r a n c e  on r e s i d u a l  f u x t i o n s )  
told1 - 0.10000E-09 (convergence t o l e r a n c e  o n  c o r r e c t i o n  terms) 
to l sz t  - 0.50000E+00 (phase s a t u r a t i o n  t o l e r a n c e ,  does not  a f f e c t  

converyence)  

----- i n p u t  c o n s t r a i n t s  ----- 
species C SP j f l a g  t y p e  o f  i n p u t  c o n t r o l l i n g  phase 

h+ 
na+ 
k+ 
ca++ 
nrg++ 
1103- 
f- 
cl-  

-Q.66000E+Ol 
0.390OOE+Ol 
0.75110B+02 
0.1250OE+O2 
0.19200E+01 
0.95000E+Ol 
O.22OOCE+01 
0.39000E+O 1 

16 l o g  
0 t o t  
2 t o t  
2 t o t  
2 t o t  
2 t o t  
2 t o t  
0 t o t  

e l e c t r i c a l  ba lance  w i l l  he achieved  by a d j u s t i n c  
the  z 3 n c e n t r a t i o n  of n = +  

--- i n a c t i v e  aqueous species --- 

a c t i v i t y  
conc, molal 
conc, mg/ l  
conc, m g / l  
conc, m g / l  
conc, mg/l  
conc, m g / l  
conc, molal 

--- modif ied  i n p u t  c o n s t r a i n t s  --- 
species CSP j f l a g  t y p e  o f  i n p u t  c o n t r o l l i n g  phase 

C8+* 
cl-  
f- 
h+ 
k+ 
mg++ 
na+ 
n03- 
no2- 
nh44 
oh- 
Cl04- 

i ter  - 
i ter  - 
i ter  - 
i ter  - 
i ter  - 

' 0.311883-03 
0.39000E+01 
0.1158OE-03 

-0.66000E+01 
0.192111-02 
0.789963-04 

0.154833-03 
0.00000E+00 
0.00000E+00 
o.OOOOOE+OO 
0.000005+00 

0.39000E+01 

0 delmax - 0.000E+00 
del ( j -  

1 delmax - 0.612E-03 
dcl(ganmra mg++ ) - 

2 delmax - 0.6263-04 
del(gamaa mg++ ) = - 

3 delmax - 0.207E-04 
del(act  h20 ) - 

4 delmsx = O.lO4E-04 
deltact .h2o 1 - 

0 
0 
0 

1 6  
0 
0 
0 
0 

30 
30 
30 
30 

d e l f n c  - 
0.000E+00 

d e l f n c  - 
0.6123-03 
delfnc - 

-0.626E-04 
d c l f n c  - 

0.1043-04 
d e l f n c  - 

0.104E-04 

60 

t o t  conc, molal . 
t o t  conc, molal * 

t o t  conc, molal 
log a c t i v i t y  
to t  conc, m o l a l  
to t  conc, molal 
t o t  conc, molal 
t o t  conc, molal 
e lid n a t e d  s p e c i e s  
eliminated species 
eliminated species 
e l i m i n a t e d  species 

0.000E+00 

0.000&+00 

0.8983+00 

0.669&+00 

beta(conc na+ 1 - 0.6233-03 

beta(ganmra mg++ ) = -0.628E-04 

k t a ( a c t  h20 1 = O.2OfE-04 

betadact h20 1 - 0.104E-04 
0 .  SOOJ:+OO 
b e t a ( g m  mg++ ) - 0.835E-13 

. _ ,  

;n 
_i c 



iter - 5 delmax - 0.837E-13 delfnc - 0.100E+01 
del(g&ma rng*+ 1 - 0.837E-13 beta(act h20 1 -0.294E-13 

newt3n-rapb.son r t e r a :  i c n  ccnverqoa in 5 steps 

----- S u m r y  of the Aqueous Phase ----- 
----- Elemental composition of the aqueous phase ----- 

e 1 erne n t rng/ 1 mg/kg moles/ kg 

0 
ca 
cl 
f 
h 
k 
mg 

n 
na 

888113.0322 
12.5000 

138266.7000 
2.2000 

111894.4005 
75.1100 
1.9200 

89604.1867 
2.1686 

888113.0322 
12.5000 

138266.7003 
2.200c 

111894.4005 
75.1100 
1.9200 

89604.1867 
2.1686 

0.555091461CE+02 
0.3118762475E-03 
0.3900000000E+01 
0.11579922529-03 
0.1110173633E+03 
0.192105539lE-02 
0.7899609134E-04 

0.1548264734E-03 
0.38975677753+01 

----- elemental composition as strict basis species ----- 

species mg/ 1 m g m l  moles/kg 

h20 1000008.3689 
ca++ 12. 5000 
Cl- 138266.7000 
f- 2,2000 
h+ 111894.4005 
k+ 75.1100 
mg++ 1.9230 
na+ 89604.1867 
no3- 9.6000 

1000008.3689 
12.5000 

138266.7000 
2.2000 

111894.4005 
. 75.1100 

1.9200 
89604.1867 

9.6000 

0.5550914610E+02 
0.3118762475E-03 
0.3900000000E+01 
0.1157992252E-03 
0.1110i73633&+03 
0.1921055391E-02 
0.7895609134E-04 

0.1548264734E-03 
0.3897567775E+01 

----- equivalent composition of the aqueous phase (cte balances) ----- 
original basis existing basis 

species moledkg h20 species moles/kg h20 

h20 
CU++ 
cl- 
f- 
h+ 
k+ 
mg++ 
na + 
no3- 

0.55509146103*02 
0.31187624753-03 
0.39COOOOOOOE+01 
0.11579922523-03 
0.1110173633E+03 
0.1921055391E-02 
0.78996091341-04 
0.3897567775&+01 
0.15482647343-03 

0.5550914610&+02 

0.3900000000E+01 

0.1110173633E+03 

0.3897567775E+01 

0.31187624751-03 

0.1157992252E-03 

0.1921055391E-02 
0.78996091341-04 

O.lS482647341-03 

h20 
CU++ 
cl- 
f- 
h+ 
k+ 
mg++ 
na+ 
no3- 

ph - 6.60000 
activity of water - 0.85575 .. 

-0.06765 
o m t i c  coefficient - 1.10858 
stoichiometric sum of molalities - 7.8001503284109 

1Qq activity of water - 

, 
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6.. .... . . 

6 8 7 9  
titration alkalinity - 0.0000000654679 eq/kg h20 

ionic strength - 3.9006615635053 

i ----- electrical balance totals ----- 

equiv? kg 

signm(mr) cations - 0.3900270691E+01 

total charqe - 0.78005,41382E+01 
mean charge - 0.3900270691E+01 

sigma (mt) anions - -0.3900270691E+01 

charge imbalance - -0.4440892099E-15 

total charge - sigma(mz) cations + abs ( sigma(mr) anions ) 
mean charge - 1 / 2  total charge 

the electrical imbalance is 

0.00 per cent of the total charge 
0.00 per cent of the mean charge 
0.00 per cent of oigma(mz) cations 
0.00 per cent of abs ( sigma(mz) anions ) 

----- electrical balancing on na+ ----- 
mg/ 1 mg/kP moles/kg 

input 89660.1030 89660.1030 0.39000000003+01 
final 89604.1867 89604.1867 0.3897567775€+01 .a -55.9163 -55.9163 -0.24322250183-02 

----- activity ratios of ions ----- . 
log ( act(ca++ 
log ( act(c1- 
log ( acttf- 
log ( act(k+ 
log ( act(-++ 
log ( act(ru+ 
log ( act(no3- 
log ( act(no2- 
log ( act(nh4+ 
log ( act(oh- 
log ( act(clo4- 

1 / act (n+)xx 2 1 - 
1 x act(h+)xx 1 1 - 

x act(h+)xx 1 ) - 
1 / act(h+bxx 1 1 - 
) / act(h+)xx 2 1 - 
) / act(h+)xx 1 1 - 
) x act(h+)xx 1 ) - 
) x act(h+)xx 1 ) = 
) / act(h+)xx 1 ) 
1 x act (h+)xx 1 ) - 

x act(h+)xx 1 - 

9.4576 
-6.1193 

-10.8674 
3.5898 
9.0312 
1 .0803 

-10 -7899 
-24.3036 
-56.5922 
-14.0545 
-29.0280 

----- dl8tribution of aqueous species ----- 
species molal conc log conc log q activity 

cl- 
na+ 
k+ 
ca++ 
m3- . - - .. . . . 

I-- 
-+ 

h+ 
oh- 
no2- 

0.3900E+01 
0.38983+01 
0.19213-02 
0.3119E-03 
0.15483-03 
O.1158E-03 
0.7900E-04 
0.1161E-06 
0.6547t-07 
0.3487E-17 

0.5911 
0.5908 

-2.7165 
-3.5060 
-3.8102 
-3.9363 
-4.1024 
-6.9351 
-7.1840 

-17.4575 

62 

-0.1104 
-0.1105 
-0.2931 
-0.2364 
-0.3198 
-0.3311 
-0.0604 
0.3351 

-0.2705 
-0.2461 

0.3025E+Ol 
0.3022E+Ol 
0.9768E-03 
0.1810E-03 
0.6458E-04 
0.5402E-04 
0.6074E-04 
0.2512E-06 
0.35123-07 
0.19793-17 

. I. ..* 

1- act 

0.4807 
0.4803 

-3.0102 
-3.7424 
-4.1899 - - -  - 

-4.2674 
-4.1628 
-6.6000 
-7.4545 

-17.7036 



A (7 '.B . I.. ' 

Cl04- 
nh4 + 

0.5845E-22 -22.2322 -0.1948 0.37323-22 -22.4280 
0.1128E-62 -62.9476 -0.2446 0.64243-63 -63.1922 

----- mean ionic properties ----- 
c stoichiometric (b) true (a) 

species species log a(+/-) a(+/-) m(+/-) g(+/-) m(+/-) g(+/-)  

ca++ 
ca++ 
ca++ 
Ca++ 
ca++ 
Cd++ 
h+ 
h+ 
h+ 
h+ 
h+ 
k+ 
k+ 
k+ 
It+ 
k * 

' k+ 
mq++ 
og++ 
mg++ 
mg* + 

w++ 
nrg++ 
na+ 
na+ 
na+ 
na+ 
na+ 
na+ 
nh4+ 
nh4+ 
nh4+ 
nh4+ 
nh4+ 
nh4+ 

(a) 

cl- 
f- 
no3- 
no2- 
oh- 
Cl04- 
cl- 
f- 
no3 - 
no2- 
C104- 
cl- 
f- 
no3- 
no2 - 
oh- 
C l o d -  
cl- 
f- 
n03- 
no2 - 
oh- 
Cl04- 
cl- 
f- 
n03- 
no2- 
oh- 
Clod- 
c 1- 
f- 
n03- 
no2- 
oh- 
Cl04- 

-0.92700 
-4.09241 
-4,04074 
-13.04987 
-6.21710 

-16.19947 
-3 .OS966 
-5.43371 
-5.39496 

-12.15181 
-14.51401 
-1.26475 
-3.63880 
-3.60005 

-10.35690 
-5.23232 
-12.7;910 
-1.06714 
-4.23254 
-4.18087 

-13.19001 
-6.35723 

-16.33960 
3 -49051 

-1.85479 
-8.61164 
-3.48706 

-10.97384 
-31.35574 
-33.72980 
-33.69105 
-40.4 47 90 
-35.32331 
-42.81009 

- 1 .e$i;; 

1.183E-01 
8.083E-05 
9.lOSE-05 
8.915E-14 
6.066E-07 
6.317E-17 
8.717E-04 
3.684E-06 
4.028E-06 
7.050E-13 
3.062E-15 
5.4363-02 
2.2973-04 
2.512E-04 
4.3963-11 
5.857E-06 
1.909E-13 
8.368E-02 
5.854E-05 
6.5943-05 
6.456E-14 
4.3933-07 
4.5753-17 

1.2783-02 
1.391E-02 
2.44%-09 
'3.258E-04 
1.062E-11 
4.4083-32 
1.863E-34 
2.037E-34 
3.56%-41 
4.750E-36 
1.5483-43 

3.024E+00 

1.680E-01 
1.611E-04 
1.9559-94 
1.559E-13 
l.lO2E-06 
1.02lE-16 
6.729E-04 
3.6673-06 
4.24OE-06 
6.363E-13 
2.6053-15 
8.656E-02 
4.717E-04 
5.454E-04 
8.185E-11 
1.12lE-05 
3.35lE-13 
1.063E-01 
1.019E-04 
1.237E-04 
9.867E-14 
6.970E-07 
6.462E-17 

2.124s-02 
3.8993+00 

2.45 ' -92 
3.68i.--..9 
5.051E. . . 1  
1.509E-11 
6.633E-32 
3.61%-34 
4.180E-34 
6.272E-41 
8.594E-36 
2.568E-43 

7.041E-01 
5.017E-01 
4.6563-01 
5.717E-01 
5.5071-01 
6.18%-01 

1.005E+00 
9.499E-01 
1.108E+00 
1.17SE+OO 
6.280E-01 
4.87lE-01 
4.605E-01 
9.371E-01 
5.223E-01 
5.698E-01 
8.059E-01 
5.743E-01 
5.330E-01 
6.543E-01 
6.303E-01 
7.080E-01 
7.755E-01 
6.015E-01 
9.687E-01 
6.633E-01 
6.450E-01 
7.037E-01 
6.64 5E-0 1 
5.154E-01 
4.8733-01 
5.684E-01 
5.5273-03 
6.030E-01 

1.295E+00 

true quantities consistent with the speciation model 

1.680E-01 
1.611E-04 
1.9553-04 

4.068E-04 

1.471E+01 
8.017E-02 
9.270E-02 

8.6563-02 
4.7179-04 
5.454E-04 

9.447E-04 

1.063E-01 
1 .'019E-04 
1.2373-04 

2.574E-04 

3.8993+00 
2.124E-02 
2.457E-02 

'4.2SsE-02 

(b) stoichiometric quantities consistent with the cte M a 8  
balance lumpings, except that 

1. effective cte(h+) - cte(h+) - conc(h2o) 
2. effective cte(oh-) - cte(h2o) - conc(h20) 

7.041E-01 
5.017E-01 
4.6563-01 

1. "91E-03 

5.924E-05 
4.595E-OS 
4.3443-05 

6.28012-01 
4.871E-01 
4.60%-01 

6.200E-03 

8.059E-01 
5.743E-01 
5.33r)E-01 

1.7073-03 

7.75%-01 
6.01 SE-01 
5.687E-01 

7.657E-03 

-e--- major aqueous species contributing to mass balances ----- 
aqueous species accounting for 99% or more of ca++ 

S~OCIOS molal conc per cent 

a++ 0.31193-03 100.00 

total 100.00 
- - - - - - - - _ - - - - _ - - - - - - - - -  
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c, 

. ..- 

aqueous species accounting for 99% or more of c l -  

species moisl conc per cent 

cl- 0.3900E+Ol 100.00 - - - - - - - - - -  - - - - - - - - - - - - -  
total 100.00 

aqueous species accounting for 99% or more of f- 

species molal conc per cent 

f- 0.1158E-03 100.00 

t o t a l  1 0 0 . 0 0  
. . . . . . . . . . . . . . . . . . . . . . .  

aqueous species accounting for 99% or more of It+ 

species molal conc per cent 

k4 0.1921E-02 100.00 . . . . . . . . . . . . . . . . . . . . . . .  
t o t a l  100.00 

aquecus species accoullting for 99% or mOEe of mg++ 

species molal conc per cent 

mg4+ 0.7900E-04 100.00 . . . . . . . . . . . . . . . . . . . . . . .  
t o t a l  100.00 

aquoouo nch.fes accounting for 99% or more of M+ 

species molal conc per cent 

M+ 0.3898E+Oi 100.00 . . . . . . . . . . . . . . . . . . . . . . .  
t o t a l  100.00 

aqu.ou8 species accounting for 991 or more of n03- 

speciss amla1 conc per cent 

-3- 0.1548s-03 100.00 

100.00 t o t a l  
- - - - - - - - - - - - -  

----- surrmary of aqueous redox reactions ----- 
couple oh, volt8 pa- 109 io2 8h, k C 8 l  

- & f a u l t  - - 0.830 Q.l403E+O2- -0.700 19.147 
0.830 0.1103E+02 -0.700 19.147 
0.830 O.l403E+02 -0.700 19.147 
0.830 O.l403E+02 -0.700 19.147 

. no2- h o 3 -  
nh44 Ino3- 
Cl04- /el -  

6 8 7 9  
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----- sumnary of aqueous non-equilibrium non-redox reactions ----- 
couple affinity, kcal 

none 

r .  ----- sumnary of stoichiometric mineral saturation states ----- 
(minerals with affinities .it. -10 kcal are not listed) 

mineral lo9 q / k  aff, kcal State mineral log q/k aff, ksal state 

antarcticite -7.300 - 9 . 9 5 9  
halite - 0 . 6 3 2  -0 .862  
sylvite - 3 . 4 8 9  - 4 . 7  50 

fluorite -1 .318  - 1 . 7 9 9  
mgi2 (.=I - 4 . 5 1 9  -6.165 

0 approx. saturated pure minerals 
0 approx. saturated end-members of spacified solid solutions 
0 saturated end-members of hypothetical solid solutions 

0 supersaturated pure minerals 
0 supcsatd. e A-members of specified solid solutions 
0 s u p e z s a t d .  h;Dothetrcal solid solution phases 

----- sumnary of gases ----- 

ga s fugacity log fugacity 

0.538203E-41 -41.26905 
0.585084E-17 -17.23278 
0.1995268+00 -0.70000 
0.2679453-01 . -1 .57195 

----- end of outpnt ----- ----- pickup file successfully written ----- ----- reading the input file ----- ----- end o f  input file ----- 
start time - 11:21:50 
end time - 11:22:14 

normal exit 
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