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Abstract

The mechanisms and influencing factors of elemental sulfur formation have been elaborated and
analyzed. The prediction methods for elemental sulfur formation have been presented. Based on
the geothermal steam parameters and steam turbine operating data from a typical wellhead pow-
er plant located at Olkaria in Kenya, the amount of elemental sulfur formation in mixing condens-
ers has been calculated. Suggestions on the prohibition of elemental sulfur deposition inside mix-
ing condensers were put forward. This paper provides a scientific guidance for the optimum de-
sign and efficient operation of geothermal power plants.
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HFRE IR KRS AR TR R 7 KO — IR REIR TR IR 1] [2], AATH s R
frpr st g — M, I LA AR R O3S TORE I ERRIRMSCPR R E 206, O Prit
AP 2 AN AR U TR E R RRIEE I AR, JUHRAERL 2008, AR T A2 R U 1 45 A A A
HL Ik (A2 AT 98] AR 3R (R SE PR B8 A I K5 T T, AR — SR A AR 2 . 5 KR GTHR
IR KBIRANTE,  HHRAAR B A B2 B0 W B AN ANREPE U, I ol A7 AE 1) 1) el 22 5D 1) 5
MR R A SR [3]-[5], SEb b, 7 H 598 P9 R B0 P A 58 2 R B A B, DA AR AR AL
HBFEATRUR, A Rl P VO TSR 2 R TR i, REAT A BT o MR R Sl R 2 L P A
B, AR AR AR G WS, ARG ABEE 6], BT ZIREE SR AR A
B AR ARG, 2P S A AL SR B AR [7], TR A DT R 1 ZE O A KA, A
MR AR K, APERE TR, AR NI AR R T, st i DR, (AL, iR A
GRS HOR IR A WA A A B DAL 10 A2 Fi B3R AT 0000 I 4t 7 B o e 45 i (R 1 i, X T PR IE 3
AN MR Rl ) v RS AT B B R L [8] 0 ASCREET X JE I Olkaria 3 X K I 2 SHL, iR &
AR h RS TR O LER RIS R 2R, TN A0E A0 25 O SR BT A i, R4 Hh T B B ARt
VEAEIR T
2. oA BB B o S TR RO P A LI

MR ZIH BIANEENE AR HoS AE TR, EF AR SO, HRNHZARF 212, AL
FERRIE AT SR, HoS B WA B B . EIR A UBHAE, FURPLERH I Z I &6 HS A
B, ZZIE R BRI S A HUK B AR AT B g et . BENTR A B K JK T a2
B, HIMRARIE R ORI AR L, 47 JKEBENBERER N, TR RS, AH
IR IR AT, 52 HoS AR R N, AR B, BB A A il St I L 2%
RS R, P ANRE H,S AR, RN 2L B o, 7™ S 1 0 F R A (kA
o B BRI 2 TR A BT A KIIRAR 3 RRAR PR RE T B, IREEHLA R HRRIR TR, A b
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F Y PRIy, — BRI TR KGN T A K TR, I £ 7 2 X B U R rh Wi Bk 2R A B 5
TyAN— B> EAEN AN B, TUTE LR A Y AR B B IR R Al K s B A B

3. MR ISP EUS BN R RWATH T H

5115 )8 T2 Olkaria iy [X 52 SRS b H B ik (1 2895 2 BORE AT S 400 JU T R AR i 10T T4, %0t
TEFE K77 6 bar T IZEIR= 5N 25.4 thh, BEIFEER AR 074 HIK LR 736.5 the 4 1 45t T iZ L AL #4
FHM 7R PR B S S B

1) BEANREHLRIZRR PR S &8 DU S TS A8 B R AR L s

FRAE H VR A HLZH P I, VRS SRR AR VA J K KR E A 736.5 th, RN 25°C, fRIEAH
K EEER LKA N RV, BIAE7K ) &4 &4 8.25 mg/L, iR HE 4 HI /K& 736.5 t/h,
A HIA EKAT AR A BRI O, B & N:

Mo, =Mgy, xCo, =736.5x8.25x10"° ~0.006(t/h) =6 kg/h

2) RIFHLAR LAEE A M, B HEERSR KRS EAM H,S 2 UL R AR B S 7
Ji v

AT, RENERENIEIRmZNE, AR B NBFNRE, Sbrgfrdfid, dT
REMESRITEAE, BEKSA B H AL 2°C~5°C, HNLARCFE R A, SHLH B Es TR N
9 10 kPa (FHLH AR B2 04 45.8°C), k4K HIRE N 42.5°C, KBRS K IE % A 3.3C.

TEZIRSE (425 C) KM, MRAEK IR IR FUR ATG K 2T 70 5710 8.4 kPa, UASEENE AR
Gy 71910 — 8.4 = 1.6 kPa, AEHESATEIHE CO, Ny, HoS 1 O, e B AR iR KT H &, R
BERESS KT HoS 5 Op S NEBEA AL BCR BT AR o AR 42 1 FTa AOANBEIE U &5 B 7T RATH S E N TR &
B AR I SR

HoS : my ¢ =mg,, xC, ¢ =25.4x55.53x10° ~ 0.0014(t/h)=1.4 kg/h

CO, M: My, =My, xCoo, = 25.4x4299.78x10°° ~ 0.1(t/h) =100 kg/h

HoA: my,, =mg,,, xC, =254x24.17x10"° ~0.006(t/h) =6 kg/h

N, R: my, =mg,,, xCy, =25.4x719.6x10"° ~0.0018(t/h) =18 kg/h

02 4: mg, =mg,, xCo =25.4x126.58x10"° ~0.032(t/h)=32 kg/h

TRAEGEE T O, LT B RLEL S IS 7, BRI AR B 5ty 1R 80 LA A H7K A NI 4, TR
AT EIEPRN: 6+32=38kg/h .

3) WM& M IER S E IR B SRR R E

TE4 1 FIRIF SR, A G SR VAR S, B4, HAARILLET BRI, Bk CO,,
Nz, HpS, O JE/REL:

, .My, 100 1.4 38 18 6

Meo, :mHZS : Mo, :mN : = —_—:_—:-=227:041:1.19:0.64:3
Meo, Mys Mg "My "M, 44 7347327282

ANBEPE AR B 70 I ANEEE AR 870 5 I 3R A AR E AR AR A 7 K, B

H,S: 1.6 kPax 0.41 —0.087 kPa
2.27+041+1.19+0.64+3
CO, 1.6 kPax 2.21 —0.48 kPa

2.27+0.41+1.19+0.64+3
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Table 1. NCG concentrations in steam from a typical geothermal well at Olkaria in Kenya
7z 1. BJeY Olkaria X S AR AFRIS PR EHE S A 8 (4E 0.6 MPa)

LS ES CO, H.S CH, Ha N; (0]}
mmol/I00mole 175.9 2.94 0.51 21.75 46.26 7.12
i ppm 4299.78 55.53 453 24.17 719.60 126.58
JHEH 5 H (%) 0.43 0.0056 0.0005 0.0024 0.0720 0.0127
. 3
H,: 1.6 kPax =0.64 kPa
2.27+0.41+1.19+0.64+3
N,: 1.6 kPa x 0.64 =0.137 kPa
2.27+0.41+1.19+0.64+3
1.19

0O,: 1.6 kPax =0.254 kPa

2.27+0.41+1.19+0.64+3

EEXFE N TR A ANBHAR P IR 2K G, JeBafsar At O b, MR IHEK 0, 4577,
ZAr ETIRTSEBR O 73 K, AR5 e v 545 HA 1 O, W A Pt 22 AT ROR

AR R = R e i, AR 00T IOV AN VA IE e 90 A% SR 0 R 1, R, EIFE 21 kPa
Gy IR M 42.5° CHIVEEIE N 6.2 mg/L, RITHEAGH O, fEHA S £ /1 T IWEMERE, 2% /174 0.25 kPa i,
VERRIEN

6.25x 0.25
21

=0.074 (mg/L)

MRS NS Ht 4K R 761.77 th, AIAFERA K PR O, B &
0.074 (mg/kg)x 761.77x1000 (kg/h)=56.37 (g/h)

4) RFETHEBHEBEE KT HS FRULESEE, B HS HEAE LA THRKE
B Ve 4t /K A AR AR HoS NI GRS, 17T H,S i 2 8 5 i A AU o
H,S+0.50, =S+H,0

THEAS AR SRR 112,74 g/h (FEX T BEE5 KR 761.77 th, 2B RCERTUAR I9FE Y 0.148 ppm),

P& R
112.74 (g/h)x8760 h/year =987.6 kg/year ~ 0.9 t/year

R THECAARYE O A B AT AN R, SRR SRR A S DU B, W5 BB SR B i ]
BEAE KA I S LA B HoS A2 75 AR BB ATIRES DL AR B 51 S I 3 A8 il e 5555, balh, Bl S B gt
17, H,S A1 O, M FEA A K PRI 226 5T HoS AT O, #h 78 Bk K R 4k S [ o BRAERL S #F, H,S
A Oy W T IE T A K S,05. HSO3. SO, %5, FEMiTHE S (AR R H ATV IEE R M. MR8 %ok Bor [
AP CA MR AR G 70, S ARV IEAS HoS BN TR A LA KT 10%,  RIATRHZ Lk
I, %I 10% AL ST R TR 0 A Bl i, DI JHAE AR Rl 0.14 kg/h x 8760 = 1226.6 kglyear, K| ith$%

FR 53540 T 773 B 2R i 2 PR 0.9 /4 72 A& B0 B A
4. &g

ARSI AT T A IR SR R R SR A R R EE . 455 JE L Olkaria X FE M AR 28705
BRSBTS 4, R G WA S TP 1 s A 3 AT 1 3, R HZ RIS 5, 3



T H A ZVR S H TR A B Y SR 0B A i Tt

R A SCRAE 0.9 MI/AE, I & kah K o BB IR EE X 0.148 ppm,  DRIL, AR 5 11 B dmg i LAAE
TRARBHAB AU, KBt K B A B b, NP R RBREA Ht e, nERAEA
A IR IR AR, WEARIEREN, SOKA AR, K P BRI -

E&WmE

ZIUH Ay EA AR R T A REREOARTIT A S N BT E , REARR:  “H R ATT

KREARPFRESWIZRK” , TiHS: 2012A-4906.

SE ik (References)

[1]
[2]

(3]
(4]
(5]

(6]
[7]

(8]

VU TREAL(7F) (1988) HAMI AR A REORSR . KA F D Hihicat:, Bt

DiPippo, R. (2012) Geothermal power plant principles, applications, case studies and environmental impact. 3rd Edi-
tion, Elsevier, Amsterdam.

Glover, R.B. and Mroczek, E.K. (1993) Impact of steam chemistry on power development at Ohaaki, Mokai, Rotoka-
wa and Tauhara geothermal fields. Proceedings of 15th NZ Geothermal Workshop, Auckland, 133-138.

Kaya, T. and Hoshan, P. (2005) Corrosion and material selection for geothermal systems. Proceedings World Geo-
thermal Congress, Antalya, 24-29 April 2005, 1-5.

Stahl, G., Patzay, G., Weiser, L. and Kalman, E. (2000) Study of calcite scaling and corrosion processes in geothermal
systems. Geothermics, 29, 105-119.

Hart, W. (1980) Control of gas absorption in a geothermal steam direct contact condenser. Georhermics, 9, 271-277.

Kaasalainen, H. and Stefansson, A. (2011) Chemical analysis of sulfur species in geothermal waters. Talanta, 85,
1897-1903

Padilla, E.K., Stefansson, A. and Fridriksson, T. (2012) Sulphur precipitation in the Reykjanes geothermal system,
Iceland. Proceedings of Thirty-Seventh Workshop on Geothermal Reservoir Engineering Stanford University, Stanford,
30 January-1 February 2012, 9 p.



	Prediction of Elemental Sulfur Formation in Mixing Condensers Based on Geothermal Steam Parameters
	Abstract
	Keywords
	基于地热蒸汽参数的混合式凝汽器内单质硫生成量预测
	摘  要
	关键词
	1. 前言
	2. 地热电站凝汽器中单质硫的产生机理
	3. 地热电站中凝汽器内单质硫析出计算
	4. 结论
	基金项目
	参考文献 (References)

