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2.1 EXRR

HBEBP. K TERAMEEER. B2 KD TEBFHEAERKEEF. 5B K> THRIBEK.
E—EANHT XWMHASTFEER AT FERS. REANFEHH MW NaCl ERH ,Na* CI” LF 2
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AEAT B, RRSKELRBBRPHERBTUE R —BOKRABEBFROHREK, 57—k A TRMLRH
W5 (2) K 7E £h 7 9B B VS AR AR FT LUK A HE UL EE AR BRBUE VLB R R 5 (3) KA B FHMAKS TR
Bk sTHEKEEM.

2.2 XkERTFHRECHE

KT HEREAEFRBR PR EKAERNERRNHABR HEES B THRLK. RIETRBE"E
B KR ET MM NaCl #F#h NaCl f9 B E COMKE NaCl (EE/REERE 1. AR 1 ATR,E¥E
F k5 NaCl RoBE/R HLERIS T 9. BEFEE A ®, K5 NaCl R EE/RILREME, ME\X - FLHEM KB TKE
BTHRMAETRXTEN:6 MK FHHERERFESERTA Na OB RN BEEHKEEF. M 3 KT FH
MeMTERTERABFUCIHZEMNER TREEAEHBEARE UMM BEN TR KEETF. (D .4
I8 B+, X R K A 1R PO L B T A0 BC AL 8O, AT B8 7K 55 NaCl i BE /R B3/

RER 1 POREH#TEAE, BB 0~200CHBENEMEERHKS NaCl ERWE rO5BRE :(CHH

XE RN

r(¢) = 9.1522 — 4.386 X 1073« ¢t — 4.761 X 107% « ¢ 4+ 7.2833 X 1078 + ¢® »
1 MMBAD NaCl (9 RBRE(CHF
7k 5 NaCl gy BE/R L
Table 1 The mass concentration (Cw)of NaCl and mole ! K
ratio of H,O with NaCl in saturated solution H0 ; 0/ _H
T e MK H : P ~o
«C) Cn(g/1000gH;0) (H,0/NaCl) / /
0 35. 65 9.100 —H,0 —OH,— —H H—
20 35.81 9. 058
40 36.33 8. 929 H
H,0
60 37. 06 8.753 2 \, H
80 38. 01 8.535 / H;0 / 0~ |
100 39.12 8. 292 |
118 39.73 8.155 A
140 42.11 7.705 H1 KamTFHELREY
160 43.62 7.438 Fig.1 Coordinating model for water molecules with ions
180 44. 89 7.227
200 46. 20 7.022

2.3 HEKERITH

WA R 1000g K5 Co SEIEABRBB HEBRSV, EEH @, REBEWHKHIERVOEX
KR (2), AR E R RV AK ()

V=1V, @ Ve=(—5 -V, 3
KX [HFABROBEEKERI . ERZP . R5KFFERKEE FIHERN KRR
me= g2 r@) M. =3 1@ < Ca W
KB M, M AR FSHEGHFR. REBR, WEKOR O )RR
mee = 1000 — my = 1000 — 317 * 7 (®) + Ca (5)
WEAHFAERVOHRGOHE, MBEBRNERER(DHHE

f1 2 (5)~ (7) 7] i} W B /K 4 B iy e ak



%3 AR ELEBBRPHERIERBERE TR 91

M,
Ve [1000 — 3T Cm} ds ()
v, (1000 + C.,) » d.(¢)
BEFRE,.[A@PAKSERVEEFBRI N
d.(t) =0.99957 + 6.49934 X 10~% — 7. 99869 X 10~°# +
4.45101 X 10~ — 1. 23575 X 10~19446] 9)

(8

d,(t) =a+C,+d,@)® (10)
AP d.ORKHEE. ROUOF REXNBEFHREEXLNOER,: FIBE(CC). AC1)IB(1),A(1),B
(I)AMACIBCL), =MBE FHEMTIEN o E45 5% 0.00059,0. 00072 1 0. 00077, X4 C,=0 #f, N H

ds()=d. @), f=1, XRAKMER; YL EXBMAMM A =0, XREMELBBNHER. FIHHHR,
KAOHFH Co IRMFEREE.

2.4 HRENSEKGSEMORR

WREA SEELEBBRTIHEBREAFT V. AR KA V. ABRNAMEERN IEERENR 20
M., BRERBNEHFEEBFBRPKEETFHNFE NBERKSSUKERKESFA—ENER., BREHR,.XR
SANEKRFHKEHEHTUATRERD
K, = A; + e M/ an
BEEHKEAHAH R Ak E B FRUABRERBPHEKOEBRIEE 1(dEAEN fLRE
s HMEEL KKK TRHREABERKESF. BEBRPHTRES FREAT2EHEK,
BEREQ) . KESKABFZEMOMERLHM . B, FHREO AR FHHEMBE 1K B/NY f.
B UL, FE R WS WP SR RO K A 3 BN
Ki=f<A e =f.K, (12)
R K&K PaiKkPHKEER. RRAKEERSHKEHEHES R XE9].

2.5 ZHLEFAKEM

AT ) LR 54 TR R0 . B, R I 48 0K 4 B T 8B 48 LA 25 4. B LA, 1 NaCl
W1 0 % B T B PR TS0 R LSRR B SCRRCS R, MMM T LB e/ L) R A
NaCl.NaHCO; .CaCly \Na;SO, I3 h % Wi o ) 7 8 E 42 B3 , BB 3h A0 M XTSI IK B . X —
e 0 0 KR K o AR SR T 4B KO O B R R 0 R UK T 0% S 0
e y

2.6 THEKWSEEMREQHE os}

KBELRELERH, SEKEBFRPHERERME
WHEMM KT /. RERRE. G TRAWREKA X
SEEAKE R, T E 5 b U B K BE 3 £ 9 B A9 1
KM@ 2), B, KENBRELRBEELRE
BE 0 K T B/ 5 — 7 T 4 0 W B KK N
W B R E R RBRE aiK/h, AR, 30 0 50 100 150 200 250 300 350
BT A S E R4 R, T T 5K T R EHIEC- (5/10008H,0)
SHEFNKSETF, B2EERAEABRER/. B, M2 25CH NaCl FB P B AKARBLOBERRERN LR

R T BB A 7R R WP R R R MR A Fig. 2 The relationship between the volume fraction of

free water and the concentration of NaCl at 25°C
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AR B 5 S 7 R W P 6 R B O 0 P UK 5 R P R R A BT R A
Gy = CurklE; 13)

Stk kP aEmE LR A
f &\, bk,
G\ &t R s " RT +bp,
KADH Ciupi B RS BIEBE (mol/mP) M4y FE (Pa) b FAKX SR BEBRE. b IS WEHEE
HH (m*/mol), MEEME,HMN 4. 28X10°m*/mol., R.T 45K EEHMBE K).
HABMNEREBEBRPHEEKSERY [ HERAISTMNEF. AU EBFBRPHREKNSEBERENT

L9

(mol/m?) (14)

_ $, _ biplf - K, 3
C., = [(f’Ke -+ RT + bp, ? = RT T ho +b,‘p,l f (mol/m?) (15)

ERMBBERP, ATHEKKEEMNFTE, TARIENURBAETFE THRAEFB . R\
R SCRHE S0, SR LA B A R

. piV;
"= RT +bp O e

RV, AEBEAENTRE WA BREBRER. SRANBERNERY Vs, HREBRER ¢, V, BRE

AFRAD), BV, FRMEFERXQADRARAS), BHEMEH RN TERK AKX A
. Pi(l — f) ¢ ¢si

V,=V,edy= Q0 — HV, ¢, an C, = TRT T bp (mol/m?) (18)
BRAH.AORARAD P, BE BB SEELBRPHEBRET BN — BB N
~ b b;P.zf - K, . pi(1 — f) * Py 3
C, = [(f- K, + RT + b.p. b cpi — RT +b,P.] S+ “RT = bp T bip: (mol/m?) (19)

RADRKRERBBRPOBEBREEALAFTE. Hd.¢.6. K X=NSHSEEHKRDHH

$ = a; » (0. 00969683 + 3.16392 X 107% — 1.257929 X 107 %" + 2.19631 X 107%°) 20)
$cny = 0. 005068 + 1.0047 X 1075 + 1.5632 X 107%% 4+ 1. 4706 X 1074 2D
Keon, = e 18561 o g213389/kT (22

RCEDF o REAENS THBRET, HMES T He 554 9 EEKRBZ 1 (He B MERBIN 2. 37X
10 °m*/mol)., Tl A BN EBBEREFENSEAEGRERE TROEBREREM®RE, Xy, AFAK
(20)F LA — BE /R SR FEAR MR B T 9 PR BLEp mT , BP
R, = 0.0224C, (m?*/m?*) (23)
¢ K RESGEMEAE LN SR MELETAST 2 HMARXCO~KXCOHE. XRILKFERTHKEHR
¥ERXE9). KEMALBFBAMKESEMNAREARETHIEK  SPROEEEEBRIESS

b(CH4)

$ = 5 * beenp 24)

4 HRHI’
41 SHESRBRTOEREARSHEEMELARNARY
WRER I b, — A B A 2 SR MG LA R e T 2 6 VK BE R 2 K o i
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MEAR. BRADSRAO L, TUEH, YEBFBRNERESETER =D  BWHABRI A KER, XK
ADFFEFRQD) MK EEKPHEBRELAR, BHRNAORRXADERREFTENH -6,
BRADZEH R FHERHGER

- [ P b,-P.JQK.' Clg= i Mg J
G = [’QK"" RT -+ b, RT+bp | KT b ] P

A RAEBEOFAEEEEABR,BS T.p MBREEFR, P [KLYRESHEEREEHEME. K

FE 10 °~10 "B MR, b £ 10" BB %, Bt , ZEE N A KB B =TT LB AT, T bip: X T RT AT 1A
BWE. FTLL,FEE A A B (25) R A

C.=[rK.+ fI;;f'"' + 4 ‘RfT) "‘"']. p=Ki+p  (mol/m®) (26)

RCOFWK REREMBERERTX. BR.IMRELEABX EHFHER.
ERFRESH, A XFHEHARERETSFHERAAZLMRAMNE . SAER . SROFRERE
RRXQDE/METH— 6.
ZERRRANBERXRQOMTFHNERATAFEAT AN HTEABRENERTE ZTEBAMGEA
FRRBREE.FEENEREATRR.GE. RARTEATEMEENLER, XN XAKBHRFHEXR
SHERSBBSTHSHAETEERNLAME.

4.2 BMEHENORIE

(mol/m?) (25)

LA AL, BHRN@) . RCO~KCOHEAEESH . RARAFTERAQORKRK (23), BIA] 5 4£ 7 8 B .
EHMEEERG TR ENABE . £2. 23 2P RENCI BB P ERENELHEMES XME LR,

ME2.FZITR BRERSLREREA N, EHHKAKBERIEMINEERANESEOERET R
RAM . TRK.

£2 FRENCIBRPOBEMEERMES XREH LR (m*/m®)
Table 2 Comparison of calculation values with experimental data for the solubility of CH, in NaCl solution

WAL e oY 4 K 53 (MPa)
(g/L) [ 5 10 15 20 25 30
a b a b a b a b a b a b
20 1.374 1.232  2.543 2.098 3.543 2.775 4.425 3.305 5.193 3.740 5.873 4.103
40 0.949 0.995 1.764 1.668 2.472 2.225 3.091 2.710 3.639 3.122 4.126 3.648
20 60 0.726 0.812 1.355 1.455 1.905 1.988 2.390 2.423 2.821 2.812 3.206 3.131
80 0.636 0.763 1.191 1.388 1.680 1.912 2.113 2.348 2.500 2.712 2.848 3.027
20 0.837 0.755 1.548 1.322 2.161 1.757 2.693 2.100 3.161 2.407 3.575 2.648
40 0.613 0.603 1.139 1.101 1.595 1.495 1.995 1.810 2.348 2.083 2.663 2.305
M 60 0.499 0.541 0.930 1.031 1.308 1.328 1.641 1.704 1.936 1.983 2.201 2.201
80 0.463 0.502 0.866 0.945 1.222 1.318 1.537 1.642 1.818 1.905 2.071 2.124
20 0.404 0.433 0.748 0.791 1.044 1.081 1.302 1.301 1.528 1.443 1.727 1.552
40 0.339 0.339 0.630 0.641 0.883 0.899 “F.104 1.101 1.300 1.259 1.474 1.343
R 60 0.309 0.302 0.577 0.583 0.810 0.819 1.017 0.998 1.200 1.152 1.363 1.255
80 0.309 0.281 0.580 0.547 0.817 0.781 1.028 1.061 1.216 1.108 1.384 1.209
20 0.229 0.269 0.422 0.478 0.590 0.657 0.734 0.781 0.862 0.876 0.974 .0.912
40 0.222 0.247 0.414 0.439 0.580 0.608 0.726 0.724 0.854 0.808 0.969 0.842
300 60 0.220 0.228 0.411 0.407 0.579 0.578 0.726 0.697 0.857 0.778 0.973  0.820
80 0.224 0.201 0.420 0.387 0.591 0.548 0.774 0.678 0.881 0.762 1.003 0.793

Yea AWM b R ED,
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3 HEAENCIFRPHRMERSHNES IREHER M /m*)
Table 3 Comparison of calculation values with literature data for the solubility of CH, in NaCl solution

¥ LB B K 71 (MPa)
(g/L) (<) 17. 68 21.09 24. 61 28.12 35.15 42.1
a b a b a b a b a b a b
77.11 1.657 1.839 1.901 2.069 2.134 2.281 2.355 2.48 2.737 2.853 3.074 3.183
58.5 104. 44 1. 785 1. 937 2.053 2.207 2.309 2.449 2.553 2. 699 2.977 3.063 3.355 3.406
137.78 2.554 2. 331 2. 943 2. 646  3.319 2.948 3.677 3.240 4.305 3.770 4.868 4.221
T17 1.021 1.160 1.171 1. 306 1.314 1. 439 1. 450 1. 569 1. 685 1. 800 1. 894 2.008
175.5 104. 44 1. 180 1. 222 1. 357 1.392 1.526 1. 545 1. 687 1. 648 1. 968 1.933 2.217 2. 149
137.78 1.724 1.471 1. 987 1. 669 2.240 1.860 2.482 2.644 2.906  2.379 3. 286 2. 663
77.11 0.683 0.732 0.784 0.824 0.881 0.908 0.972 0.990 1.129 1.136 1. 269 1. 267
292.5 104. 44 0.760 0.771 0. 874 0.878 0.983 0.975 1. 087 1. 062 1.268 1.219 1.428 1. 356
137.78 1.005 0.928 1.158 1. 053 1. 306 1. 147 1. 447 1.290 1.695 1.501 1. 916 1. 681
e R A SCH 6 N U E D,
5 & #®
1. EHEFERSABRREN T EREELCIE FHKAERABLS THESKNE HKERETHEANE
%% (6] B BE
2. SHELBRPHARETERASFAEHRAARENHEA G . IFAERARERNDERETH —
TR

3 RO ERUAEKPHBERENBEAQOBUARTREFNHEESE WSAEKPHBEBREFRERAQD
EREEETENN IR,

4. ML E,XADEAMRE EDHEE (RE:0~150C; EJ:0~60MPaO) R Z FH ERKE MK
HEeRARY B FANRETIEEKFHBEBRETERERATAKOBR&FGEAKRRELE o~MM),
BZRARAE—MEXNBERETR. ARRIHEFPHFETFNAXRSBEBNODESRERDRBET -4
MnBEAK.

$ £ x W

(1] Exr.687 . RAEEEN KBEXRHHAEMARTR TR BEK,1997,(4):47~50.

[2] Price L C. Aqueous solubility of petroleum as applied to its origin migration[J]. AAPG Bull,1976,60(2):213~243.

[3] #A¥. UEBMTABRBRISEAHAMSEERNEw]]. AHBESFR,1992,(2):41~47.

[4] Bonham L C. Solubility of methane in water at elevated temperature and pressure[J]. AAPG Bull,1978,62(12) :2478~2481.
[6] MEE, kX, RRSEMBEKPHBERETHBERBEEX] HM¥ER,1993,14(2):12~21.

[6] fime®, EHE. AN . CHREKPHERIUBERSE S B FEMEBR),199,(2):127~132.

[7] H Stephen, T Stephen. Solubility of Inorganic and Organic Compound[M]. Pergamon Press,Oxford,London. 1963;108~109.
[8] fiBe®, EiR¥ . HEE. THNEBBNEEFR] KKAMEREMR,1998,(2):6~9.

[9] HB%R  IRVF.IEBG. RARSAINKEGR/ KARBEHELERE(]] AP, 1998,18(1):79~84.

[10] B.N. RA¥  XRKRELIBERFNH(M]. M ESFF . L. AWML HEN,1992.7~12.

CBCR E B 1998-06-26 3T H M 1999-03-19 %38 HE®R)



6 ACTA PETROLEI SINICA B2

with higher accuraccy of the well bore designing data. The actual application has been completed in 5 segments of 2 wells, Jiang-
han Qil Field. The method can guide the field construction.

Key words: directional well; 3-D; design; azimuth; theory

CALCULATION OF INTERFERENCE CORROSION ON STEEL STRUCTURES NEAR CATHODIC PROTECTION SYS-
TEM ACTA 2000,21(3):83~88.

WENG Yong-ji et al. (Petroleum University,Beijing)

The interference corrosion of external steel structures located next to cathodically protected (CP) systems was evaluated
based on electric field theory of stable currents. The parameters in the evaluation were from (1) peripheral electrical field model-
ing of CP systems, (2) location of external structures,and (3) polarization of the surface of metal structures. The equations of
potential shift on structures were derived in typical cases,such as on pipes near the CP pipeline,or surface structures near the CP
storage tanks or well casing. An example was given for a complex CP system. The interference potential and current density on
pipeline near several CP storage tanks were calculated analytically,and the results were agreement those by numerical methods.

Key words: cathodic protection; interference corrosion; potential; current density; calculation

MECHANISM OF NATURAL GAS DISSOLVING IN BRINES AND THE DISSOLVING EQUATION ACTA 2000,21(3):
89~94.

FU Xiao-tai et al. (Daging Petroleum Institute)

The influential mechanism of inorganic salt for the solubility of natural gas is investigated. The solubility of natural gas in
salt solution is less than that in pure water, which results from the consumption of free water and the decrease of the effective
interspace due to the aquation of inorganic ions. The theoretical coordination models of water molecules with the inorganic ions
are proposed. A mathematical relationship between the volume fraction of free water and the concentration of salt is established.
Base on the work above,a more general model for calculating gas solubility is proposed,which can be applied to both pure water
system and brines with any concentration. This model can be applied in the temperature range of 0~150C and pressure 0~
60MPa. From this model,it can be verified that the classical Henry’s law and the solvating model of gas in pure water are the two

particular cases under low pressure or when the concentration of salt is equal to zero.

Key words: natural gas; brines; ground water; solubility; solvating mechanisms; Solvating model

ANALYSIS OF DISTORTION POWER AND POWER FACTOR IN FREQUENCY VARIATION SPEED-REGULATION
SYSTEM ACTA 2000,21(3):95~99.

CAO Yu-quan (Dagqing petroleum Institute)

In the frequency variation speed-regulation system,the high frequency harmonic current leads to distortion power N,and the
power factor of the system, the input power factor of the invertor,is calculated by the ratio of the active power to the apparent
power or by the consine of the angle included between fudamental harmonic current and source voltage. The calculation usually
results in a deviation from the actual power factor. This paper gives a new concept of the power quadrangle made up of S,P,Q
and N,presenting the formula to calculate the actual power factor ,demonstrating the numerical value relation among actual ,total
and displacement power factor. The conclusion in this paper has been proved by the field data measured from the oil transferring

system with frequency variation speed-regulation in Daqing No. 2 Qil Plant.

Key words: frequency variation speed-regulation system; harmonic; distortion power; power factor; power quadrangle; field

data
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