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III Lrnduetion 

The succo,isflll appl:ieaLilJl1 of a K-Ha-Ca chemical gc()thp-n1'n!JlP-tcl' 1m,',; 
been fraught with rOSL calcu I a.·Li on subje(O l i YO intcrprctation, Tilis ts 
due, in part, to deviations from ideality. One line of' research deals 
with pH value.". /\n P-J-..'Pr'(-"SSiOll [or l\(-?u(~rallty ovpt' low to nndp-ralc: 
lHlipel'a lurf~S i.f~ deve loped and ,ltl ,ldcli t iUll;ll term acldecl to the empi ricr.t I 
C)"l)YU:;:.:;iun oJ 'I'rllcsddl (1~)7G). 

D i scusE~ion 

1P47 
- 27~i.15 , 

l,"C l.og (:"Ja/K) +01q~ (Ca :C/Na)+2.24 

,~ 

wllc;l'e r.ny be 1/3 or 1;:3 depending on thf) Ca:l;;~a ratio or Llle CalClll:ltcd 
tc:1Y1)l~~l'at!lrc. 1\11 gL'otilel1lKlI:lctcr ca]culatiol1s mll .. st be l.empcrcd W'I til all 
ulldcn-:;tandillg' (JI': (!) lllincl',t!ogy of Uj(~ ilmlndiilLe ,L;ystem; (:::,) watf·:r 
clKJ:llL::;Lry, c~jJ(;('.ialJ.y 1n Len1~s of' ~;()ltlbU.ily and chcmic',[l.L equilibriullI, 
and (:1) the phy~ i c~;l1 con:" [, l'a i nt::-; tJJ(l t are pla(~ed on the sy,::tcm. We 
]<:llCW, for (-oxan~llc, Llt:1!' it i:-,; .LmprO)ler u) apply Llle E:-':~;l-Ca gcotll('mr:o
mr.'tf!r to acidic watcc:,> bc:cuu:,>f: the,3C (-:lenK-onts would probably be ouL o[ 
cquj_ljJ·Jri1.JJlI with til'} cornn::m l'oc:k, .. j()n:lill;..'; reIdspal" rninf:rals, 'fIx: ClUl-";LLull 
of \\'llcll tllif; gC:othCl11X)niCU'r can be u.sed r.lUsL be addr'e,~,~ed in vioN uJ' the 
In ... \, 1.0 nx)(lcraLr~ -CnllpCl'fltnnJ range illlcl under nOIl-I1()utru.L pH conchtions, 

The (;(111.i J jJ))'ilUll (',()ll,,;Lmll. 
cst:.tilli:c;hed HS Joll()w:-;: 
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T(:i'lr.l(:'J';i,l.t!l'(~ (iCPl-'lj(it'l}(:\/ n(' J\ i.,'; :-:;]()\Vll i.n Table I am.1 Fi;-J,ll.J.'C I. /\)( ,'.,1. 
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i I [, l"Ll~l::\I' ('{jll!l! iUIl I'(ll' U1Il\\(~1':11,llj'(_""; :ll)t)V\: :jU"C i,'; ;lppnl:(i'l~lt(.ly 



I-
Thi.:-:: CLlllJl'{lXimatil!11 would (C'SL;iUli.sh Ule II and ()i-J act-ivilyof 

PIU'C water at varlow-, f~levated U-'!"nperatut·(-~, j\!:-; a ri.l'f:it appro;dlnaLlon, 
LI\() neuLr'al 1-1J call be' ~--,et by dhrjdJng thu appl"Oprlute K by two. 'J1m.'') 

w the cll'gY'('c of n 1 klJ inl ty or aCldli y of Wilnn-wa tL'Y -.,pn ng'·' or we} Is can 
be better cva111<tLcd. 

Numerous otllr:>r evnsicter';tl LOllS should al,'-;o be iUl_:luded in the' 
;t.S~O:f-_'SSIlIC:nt 01' Lhe activity of an Hljueous ~;olut-iOJl, POl' cxwnplc, the 
acti.vity ts lowered by the; addition of small quantj_tj_p:c; of dissolved 
~:ol utr"s. Such adjus tments I'ioulcl ncccssi i:atr: a rcc,\ __ al u:lLi(lli () r Uk' 
"tClllpcrrctm'e-K (,qua -cion. 

IV 

MotileI' :tppnxH'.h t(l the pl'oblhll 01' H:lllil:LlH'iUJiI eva-Iuation may be 
Lilken from iJ, Llj(-:'r1u.)dynaJlli(~ I-X.lint of VIC'>V. Fur tlw rf~actt()n: 

+ + 
H,p '''' H + OJ-] 

'" 
" 1 - - / L'_\Il ,-~ .J.ts kcal Irnlc 

'.vhcr't:' til{ is Lhe ~'-itclnc!ard ll(~at (elltllalpy) of rf'action. The qualltiLativR 
t':'X])J'G3sion of UK' () f l'c:c L () r Lcmpera Llll'e ul-Xm Lhe eqllilibl'hUlI cow-; Lall t. 
of such a j"(;(lcLion is f:Jven as: 

K '--""' At':' - AlI/'fI' 
II' 

Adjustlllcnt,'3 f(w il.cttvity cocfticicnts, ioni(: strelltcUJ, etc, could al'3() 
be .inLDrpuratcd into till' overall considcrnU(ll1 oL lIon-neutral pH 
cOlld i L i un", . 

Keeping ill milld the mineralogi.cn,l j)clr,lXllcn,r!--i tbat cUllstitute lh(-: 
uasis Cor (:IH-1Jlical gcn-Lhenr.omc:tr')r cah;uJflLi()llS, the (.hY'or; ll{)c-,L ('jJr,liJ(m 

pi L l'al.Ls a;,,;,'-;oc i:1 Lcd w.i.tb K-r\;l-Ca t(-nJ{l(~l'atllrc,c; arc: (1) lltg'll CD,) 
collu-:ntrati_ons in eli Int.e, hig'h-l,(ll,P::l':lLw'c \\;'aLrT,s, (~}) :lcid waUi)'c-, in 
wld('ll the conmm t\.x:k-JO)'lYlillf:!; minCl'itis ll!lve not acrrl(,,'Vl--'d UluLl-LbrillIll, 
alIt). (3) ~njxlllg of r;n)lmci willeY' \'-!itb g('othC:~!'!ll;)l watcl", 

One lJOf-3:.;ib l r; ll,nd j f i cu tj.on () [' lbe K-Na-Ci, H\ijlC~I' i ",~i, I ;',(otbclll"i;Jlr:C-CCi' 

(~Ai Jl'(\C;~;J()1l COtl1l.'i.; ah()u t: by CV:l tun ting till; (jl:-3( qlli J _lI Jl' LillI! due ~ L') UK' 
d(-:viu.tiOl) fl'()t'l 1l(;llira1,i cy, .II riI cor.£'(,cUoll em li,--:, :l.ddcd Lo the ;(-_'J;l--C:l 

cXl-,t'E'-;cJ,3 i Oil ,' __ ;ueh U lit L: 

t(\: -



Tallle 1 V,u'iations of Ie 
IV 

IV i LIl tf.'lllpel'a Ll\re. 

TUC K x 1.01<1 log K 
IV W 

() O.:lt~39 13. O~Jri 

.') O.H~1G 13.266 

10 0.2920 13.4(-35 

1::1 0.1505 1:1.651 

2u O.C'i809 13. ~n:l 

65 1.00B 14.00:3 

:,0 1.46D .1!J.167 

:15 2.0m 14.::CO 

1() 2.Dl!) 14 .16~) 

45 1.018 11.804 

r'jD ~~ .474 11. -ICl8 

55 7.297 11. m):1 

GO !J. fiB 11,9tC 

FrOlt'i: II.:-;. liul'nlxl "nd B.B. Owen (1D5~_l), p. G:1B. 
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T,IBLE 2 ler:1peratm'e 'values fIDEl various chanica,l geothGI'80::r:eters 
.e, 
',:,' 

"" , ",c,'., ,< "".',::\ tho 
TJc p-I pH :'101ali ty -,0-6 ~ T T 

.. x --:~;, ~'~"~f~< :J2. t~ " ... • ill SO'_lTce cos obs calc ';Ja K Ca. Si02 :la-K-C3. p-ll corr. 
";;-~"-~'~:0~~~, 

Q 49 9.2 7.3 5.48 0.04 0.02 120.8 81.2 122.9 

ct 67 6,8 7.6 21. 75 1.15 1.10 148.0 130.7 140.6 

0 40 6.8 7.2 21.75 0.77 0.45 159.1 120.2 161.4 

a 77 6.3 7.7 21. 75 0.82 0.75 159.1 153.1 169.9 

.. 43 7.2 7.3 0.435 0.143 0.998 81. 220. 66.9 c 

t 72 6.5 7.6 1.914 0.358 1.397 116. 212. 144.9 

54 6.6 7.4 1O.OC4 1.483 1.322 115. 233. 54. * 
t 72 6.5 7.6 8.699 0.921 1.073 123. 210. 144.C 

b 45 6.6 7,3 2.044 0.332 1.297 91. 205. 128.6 

* r:ig~l sodiurn Tslati\'e to calcil.:.m; suspected mL~ed \Vat8rs 

Ezio "O",Tl·O·-"~ (ed' '1970) -" "'" "'b-'- • /, '- , p. 987-999, 1380. 
IL.E. ~\iari'Jey, J .B. Rapp, L.H. ~.,'ilJ ey, and T.S. Presser, (1974), p. 11-19. 


