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Abstract . Estimation of reservoir fluid composition prior to discharge-induced aquifer boiling
was considered.

In wells where discharge-induced aquifer boiling takes place, steam fraction at down-
hole (SF.) is much larger than steam fraction in aquifer (SFaq), due to the higher mobility of
vapor phase. The fractionation of each component (f) varies depending not only on temperature
but also on the boiling process. Using these factors and the concentration of component (i) in
total discharge (Ci.), the concentration of component (i) in original aquifer prior to boiling

(Ci,) can be expressed by an equation :

Cio=CigX (SFaeX ({—=1)+1)/ (SFauXx (f—1)+1)

An aquifer boiling model which consists of two end-member types of boiling is proposed :
a“high flow-small temperature drop type”’and a “low flow-large temperature drop type”. The
former is a process which could be present in an aquifer with high permeability, and is character-
ized by a large total discharge, accompanied by a small temperature and pressure drop around
the well. The distribution of gas between vapor and liquid in the downhole feed zone may be less
than predicted for equilibrium -conditions, due to single step steam separation under dynamic
conditions. The latter type is a process which could occur in an aquifer with low permeability,
and is characterized by a low flow rate and a large temperature and pressure drop. The
fractionation of gases into vapor phase at the feed zone is very large, due to multi-step steam
separation.

Based on this model, variety of the gas concentrations in total discharge among geother-
mal wells with excess enthalpy (i.e. aquifer boiling) for the same reservoir can be well interpret-
ed.
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Figure 2. A model of aquifer boiling deu to the discharge-induced pressure drop: High flow-small temperature drop
type(a)and low flow-large temperature drop type (b). (after Seki, 1990) ,
F : flow rate, T : temperature, To : original aquifer temperature before boiling, P : pressure. For the same

bore diameter, F, >F,, 4T, <47T,, 4P, <4P,.

In both types, vapor preferably flows into geothermal wells, due to its higher mobility compared with liquid.
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Figure 3. Gas distribution coefficient versus temperature for

— > (vapor + fiquid)
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Figure 4. Concept of an approximation adopted in calculation for estimate of aquifer fluid composition prior to
boiling.
Boiling and migration toward geothermal wells are supposed to occur simultaneously in the model shown in
Fig. 2. However, aquifer boiling is separately treated from migration in the calculation. In addition,
generated steam at each step of multiple steam separation process in“low flow-large temperature drop type”,
which may have various gas content, are treated altogether as one with average gas content.
SF.q : steam fraction in aquifer, SFy, : steam fraction at the feed point of the well, Ciis : concentration of
component (i) in total discharge, Ci, : that in the original aquifer before boiling, Ciysp,aq : that in vapor after
aquifer boiling, Ciyq,aq : that in liquid after aquifer boiling, Civap,an : that in vapor at feed point of wells,
Cijiq,an : that in liquid at feed point of wells, T, : temperature of the original aquifer before boiling, Tas :
temperature at feed point of wells under flowing condition.

—341—




MEHBAENAR KR B L2% F6/75)

THRETL2Z EPBEINTHEDIHL, ZOFTET
2, BELEBEANCOBH (RBLNZLE L72567)
LEFITTEZ TS (E4X). Lizd->TC, BIETHE
NRIZETNEUTORHE I, BECEIEAL T Tn
ZEicie B,
5. 2 &
RICAVERETNDERE LUTICRT.
Ciy @ EHHEFRETORES | DRE
Ci, ' R&KFOWS 1 DBE
Cing - BURHEREGE (RS HER) DBKF DRSS |
DEE
Civap - SVEHREEE (FOKGEER) DESAP OB |
DWE
Ciugraq - FEBARBEROBKFORS 1 DBE
Clvap,aq - FERBHBBENE[R NS 1 DBRE
Cing,an - VIHFRABOEKT DRSS 1 DBRE
Clvap,an - TUHFRABOES P ORG 1 DBE
SFeep - REHRIEF (RAKDBER) DERRDE
SF., - ERENBEROERSE
SFan : MFARAREDOESRSHE
Hey 'BFx=>ZbE—
Hy EHMESGEOZ Y Z e —
Hiuqotan - MIFHABE COBK—~HN L DT> 5
neE—
Hyaprian - HHBABRE THOEA—MHNL DT ¥
nE—
Hig,taq - BELUEIORFRIBERE THORBK—ED Y
DIV I —
B ! S EEE T T H A EEE
f ! BHRARGOMBIRAEDTAE - A DS B
B
Tan  PIHBRAREOREFIRNIRE
Taq - WIELIBTOR & 8 O MEGRAR D IRE
EHHTAEP ORS 1 DIREI,
Cipg = (Cijjq X (1= SFsep) ) + (Ciyap X SFeep) (0
WRET> F eI,
Hex=Hiw—Hiiq, tan 2)
BN DR RS,
SF.= (Hllqrtaq_Hliq:tdh)/(Hvap:tdh_Hliqsldh) (3)
FHFBARNERSED,
SFan= (th_Hllq:tdh)/(Hvap’tdh_HlIQstdh) (4)
TENENREING,
INLENER LBV THBELURIOEERIC BT 280K
PO 1 DBEERTRE, L EPTE S,
S FRFORS 1 DBRER,

Cita=Civap»an X SFan+Ciitq, an X (1—SFap) (5)
JEEIKR DR 1 DIRE,

Cio=Clvap,zqa X SFaq+ Ciiiq, aq X (1—SFaq) (6)
TENETNEES., 22T, HEHBEDOEE, Cliap,aq
&Clygraatd, FNEFNClyag,an & Clig, aniCZE LW, F 72,
ZEBBEDBAIC LRTEH TN L Y IcEL v AL T
L,

Cio=Ciyap,an X SFaqg+Ciyg,an X (1—SFaq) ©)
E B, FHHTHRAT B HEGRARD ST - BB 0 B
BEW {3,

£=Civap,an/Cliias en (8)
THBH, RG), (DBLUEO) LD, BELUROEFERE
DS 1 DWE F KD 5K,

Clo=Cla X (SFag X (f—1) +1) / (SFap X (f—1) +1)

9)
s,

S - WABM OB IBE L fI3AER A E R & HEAD
HB, B3, BHAPICELICEET 2RFOEAII=
00T, R0,

Cio=Clita X (1—=SFaq) /(1 —SFq) (10)
b, F, ZERBBRESHIREE TWEHEDS
AT ON =0t AL LTE LD 2L VWDT,
#(9) 11,

Cip=Ci X SFaq/SFdh (11)
LB,
5. 3 FtEH

FEOEEIC L2 - T, HEDEHBRAMEKE
L LW THBLRIOREE R BT 2 8KkD{bFEEE b
EDTEEFERY. B 113, HEESES R
X T ahH (BRE-/MNLUEETER), #- 21358
P RIS B v a2 (KGR - RIBERTE
B) COFEBITH B, TN L TW=300CTH
3,

B LIRT O I 2 B IR A7300°C DA NDSF g, SFan i Xt
T 5Ci,/Cig % 8 5 RURT, %55 K (a) AR5
EIBERET S ((=0) B, (b)) IZHBEBBRRTHE T
B A AL L T B3BA D KEE Y 2 (f=BH,S), (c)
13 BER B I R B T BT S ERAL L T B IBA DB
bk 2 (f=Bus), (d) 13 BB HEELD T A
BAD & 52, £ THFRMERcBET 285 (=) T
Ho, ZNEDED b, SFaq& SFan?™ 5 1LEClo#*Clig
DB L HAE THn—) »HrRETESL, 2T,
HER BRSO B A& DR A (b) & HifbkFEs A
(it L Tf=BEAWTEHEL T 345, EBICIZKB
THDLUREMYH 2 Z L IFFIRDE) TH 5.

— 342 —



S.F. at downhole

S.F. at downhole

S TARRASUEIC BT 25 R A LT OB RA bR o #EE (3 BR)

(a) Temp. at downhole (b) Temp. at downhole
290 280 270 260 250 240 230°C 1.0 295 290 285 280 275 270°C-

T

1.0

20 >, 27
S o,
[y o S &®

&
Q) 7 S
Q Q'Q

S.F. at downhole

0.0 ' 0.10 0.20 0.0 0.0 0.10
S.F. in aquifer S.F. in aquifer
(c) Temp. at downhole (d) Temp. at downhole
1.0 295 290 285 280 275 270°C 1.0 280 270 2?0 250 2?0 230°C
. 5 . . 80 __ 27
> Q'\o °'\\ 0‘\1 o.\'} B
0.5 5 0.5}
)
©
w i
i (/5] N
0.50 I
i 0.70 )
///f;/’///ﬁr
00 005 o010 0.0 ' 0.10 ' 020

S.F. in aquifer S/F. in aquifer

%5 300Ci2 31} 5SF,g SFan & Clo/ Ciia o IR

SFaq : WBBN THOMMBDERNIKELSFH,  SFa : IFFHABOERS M, Clu SBHREFORS | DA,
Ci, LRI O EE P OBS 1 B E, [ RHRAROKEEORBEL

(a) : WHPICELICBRET S (£=0) 8%, (b) : BB SR EE COBEHARY > T 284 (f = Beo,)
DZEELRTE, (o) : BB AESHE CHORTFEAR D 3> T B E4A (f= By OWMbAE, () FAEbic
FELICHET 2 (f= o) Ba

Figure 5. SF,q and SFy, versus Ci,/Ciyq ratio at 300C.

SF.q : steam fraction in aquifer, SFy, : steam fraction at the feed point of the well, Ciy : concentration of
component (i) in total discharge, Ci, : concentration of component (i) in the original aquifer before boiling,
f : ratio of net concentration of the component in vapor produced during aquifer boiling to that in liquid.
(a) : for components which completely remain in the liquid phase (i.e. non volatile, f = 0), (b) : for CO,
under single step steam separation under equilibrium distribution (f = Bco,), (¢) : for H,S under single step
steam separation under equilibrium distribution (f = By,s), (d) : for components which migrate completely
into the vapor phase (i.g. highly volatile gas components under multi-step steam separation, f = ) .

— 343 —




WEREMRAHR EL2E £6/7%)

Bl 1
L FAR T O R B Y,

Ce1m,1a=9180 mg/kg, Ccosria=86230 mg/kg
W, WHRANEE, &bz P re—2%
nen,

Taq=300C, Ten=2957C, H=1893 J/g

Th b HEGHOEE
SF.q =(1344—1316)/ (2758 —1316)
=0.02
SF. = (1893—1316) /(2758 —1316)
=0.40

WEA A %, BAEPICESICERET S (=0 LAk
LTdw (B5H@2R) o, R0 LD,
Cermro=9180X (1—0.02) / (1—0.40)
=15000 mg/kg

LB,

BRERAr A3, BEKTEASC L L N NS D THE
B RISHE (f=Beoa) &A%Y (582 H@), % 5Hb)
Z|) &, KO LY,

Beoz,20s=34.5

Ceozro  =86230%(0.02X (34.5—1)+1)/(0.40%
(34.5—1)+1)
=10000 mg/kg
PIELND,
Bl -2
S AR R D R R R A,

Corm»1a=8820 mg/kg, Ceo,,ia=233330 mg/kg
IR, YIHRARORE, £ iz sLe—a%
nen,

Tag =3007C, T4=2507T, H,=1943 J/g

8 85N-6T

B7N-14T 7

estimated CO: in orig.aq.
0.3- 1.0 wt% 1

Calculated CO2Gas Concentration
in Original Aquifer (Co, co,)

~~

~.
-
~—.—
~——

10

2l
100

Ratio of CO2 Gas Concentration in Vapor to That in Liquid (f)

6K BEEMERIC B 5 RBKPOCO,BRENHEER

LisnT, BEBEELREI LT 5B8TN-15T T,

(Seki, 1990)

1 B RAR OB TR DS - MMEEORSBEL, B: S TE T Ty ASmER, SSSS : BRI RES
BEOAEML (f <B OWEEMEATEV), MSSS: £RBBEAESHENEE ({>B £E2605)
Yifh8EN-6T & 87N-14Tid [ER#R - AEEE TR (LEBE) Th oKL, 87TN-15TIF [kins - /MNRE
TSR] (LB Ths (BTEEBR). INL0HHITHAT 2 ARADBEETOMERIZIZIZE L &2

£ABEY LAE (BE L (HHD—) RN,

Figure 6. Calculated CO, concentration in aquifer fluid prior to boiling (Seki, 1990) .
f : ratio of net concentration of CO, in vapor produced during aquifer boiling to concentration in liquid, B
: equilibrium distribution coefficient of CO, gas between vapor and liquid phases, SSSS : single-step steam

separation, MSSS : multistep steam separation.

Well 85N-6T and 87N-14Tare“low flow - large temperature drop type”, where multistep steam separation
may occur. On the other hand, 85N-15T is“high flow-small temperature drop type”, where single-step steam
separation may occur (see fig. 7). In 87N-15T, { value is probably much smaller than B value under the

highly dynamic flashing process.
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Figure 7. An example of “high flow - small temperature
drop type”and“low flow - large temperature drop
type”geothermal wells observed in the Oku-aizu

geothermal system, Japan (Seki, 1990) .
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