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Abstract

The spontaneous potential logging (SP) was considered as the invalid method in carbonate forma-
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tion for a long time. The relevant evaluation approaches are difficult to be applied as well. How-
ever, recent field observations illustrated that SP log is qualitative and quantitative way to eva-
luate formation properties in carbonate rocks under particular conditions. To match that gap,
based on electrochemical fundamentals, this paper discussed microscope parameters influencing
spontaneous potentials, such as osmotic pressure, the difference of salinity, and transport mobili-
ty of ions. In addition, their relationships with macroscope factors were discussed, such as reser-
voir physical properties (porosity and permeability), the contrast of salinity between drilling flu-
id, and reservoir porous water, the volume of shale and oil-bearing saturation. According to field
examples from areas of Sichuan, Qinghai, and Xinjiang in China and Central Asia, we contained that
the key factors applying SP methods in carbonate formation are reservoir physical properties, vo-
lume of shale and that difference, the contrast of salinity in borehole environment, types of pore
space and target layer’s thickness. The SP methods were successfully applied in evaluating lithol-
ogy, fluid type and estimation of formation water resistivity in the fields. This paper also discussed
problems and different viewpoints according to SP logging application. This study provides the
knowledge for applications of SP logging method in carbonate rocks.
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Figure 1. Diagram of method and technical process in this study
B 1. RAEMERREE

2.2. FEEMUWERZES

FR 4 B AR AL R B, SR PN A B AR FA S R ORI R B A SR R R A . o, P EORAL
FKix AL Nernst 77 FEHE S 2I[10] [11], FKmA:

I+_I*E|nc_m: ZI’ -1 ﬂmc_m
I+

" 1L+l F C

+

F C W

w w

X, 1Ly LNIE. AU TREERR, m>Simol; R NE/RSARH KL, 8.314 J(mol-K); T NI, K;
C,, 1 C,, 73 AR RPIFAE NaCl ¥ 1L, mgl/L.
T R L e — o LA B IR B M B B 3 LA [10], RORA:

E,=———In—— 2
X, a® fal HRF R BT i 7R o MR B AP TR R T i AT

BT RIRJEEE, A AR R A A ) B AR L TR S, B KUE A HI TH EL R B AR
R EE RGN, T AR LR, AR SEIR AN SRR BEIE S T IXAIAIR[2]. fKHE Lewis KT B TiF

DOI: 10.12677/ag.2023.137070 735 HUERRL =RV


https://doi.org/10.12677/ag.2023.137070

9 %

FERE X[11], BT S BT RSV, [ B A7 54 BB R i A AR [R] 1 B A 2230
FIRE, Q@AM S SR BA WIS R X THR NaCl i, KA 2 30(Q) AT T Ay B B
VERI A0 B AR FBAERFAE, B E AR HU Ao SZ A R AR R 1838 TR (Rt s VE M AR R R 22) s A
WREZERAES T LR, =AM SRR ERHEYYE. T, Tt SRR N ERIL.

23 BEEN

PBIE I 152 R RE RELLL - Z BT U AN [R] % P 8 - Ak S A A 7 B K B 3h - T s 0« BRARRAE T
BB A AL S RS E , B3 S 1A R AR AT IR B FE T i, AT A 1 747 # A I G i
P HORALEREAR K o 538 AR R /A I i 5 1 7 2L PR 32 DX 38k A PR AN [ B IR K 3 e 77, T
TXARE 35 A D N A (7] ARV TR IR RE AR FE 22 5t IR BE MR B RE A SR [10], BIRFEZZE ok . I
M RS EEOR, BB IR

FEMZ IS T, 2 LR BI B HRA 1F o 2 VA 0 Bl VR A 7 i 5 28 PR S P 8 IR P 22 S
R, I HARE R, KSR BE R IR, B ARQ)S R BoB A X ERR AR, 5k
WTTTRRIE R, 51 B AR F A S R R A

24 FUEER

HWZZEAET, LR AR IR R S AR A A A BT E SR . AQ)ER], Bt
57 SN T P00 R PR 2 S AR R, 7 SRR S B R n T v TR B 22 R AR KA 1 R
WY B AR s 2 AR, IR ZE R ACKMEAEIE R A BT, A H 51 B 288
Fr e R BE G, ARSI FO R (05 22 S IR e MRS i 1 B M [12] [13] [14] [15].

25 BFEBE

BRI E R FHRE TS 5 RV MEUR, BILERR B E FIER R R LIRS
TIER FIG R PR FORE I B B A B A BEAIG, AT R [ 98 F o7 e 3 R AL

251 EAPMHEBTFIRE

Y8 TR 1] LA ZE B R A (AR AR /N, b E A R R Y RS R I E N R . B,
b2 FLBRE B 2 ALV VR, Pl i & (10 1l 2 L FL R BN 7E B T ] P9 Ao VP BE 22 8 1 HoE
o, ETERRAR, AP EUERE. Mk, PMERRE HZ AL PR 7 B E A AR RS .
WEFUAR H b 2 FLBR IR RSN T2 7 X 2 R BE (R R A, — 6 8 T AN R AR a8 ) [16], 9 HAE P sk
550 FTCL, DoV BH)Z 51 RS B AR F A S R R IE S, M SCHI A v R R T B AR AT
AR SEAFAE R ABNRFAE[17] [18].

252 RRSBFIBE

SHFERFMZ, BTXHEN RS TR EET. B, Y85 R A7 8 15 1l
EE IO BRI, SiEER R, haQ)E B RA . F, )& B B xR,
P R 7 T 3 D 51 AR S R S PR A . BT, X T AR TR 2 T B 0 43 Bl 1
VLB U2 AN A, S 2 P 1 T TR B $% R Y AR 2% B Fe M g o A [19]. BT
CIMBE IR ER, HMPEREMIE, B ()R 2 BB axERS, BARRAL T IEE N .
253 MSEEFIBE

SO0 AT 70 I SRR )3 KSR MO A A B S TS A RO, BDSPA IE B T e
I, Q) TR, 1S LR RGN 51 B A 4 0B A PARAR, AT P 4R fL 7 5 3

DOI: 10.12677/ag.2023.137070 736 HUERRL =RV


https://doi.org/10.12677/ag.2023.137070

Bt %

FER %o AR BT B FT A AN R FE A B [15] [20] [21].

ZE ERTIR, BNTE A O B AR AL IV 2 R R 2R (B A 22 57 LRSS 1B IE R TR
WA TRV PR AR AT DURHE AR AL AL B, BB IE ). T HEERME FIERR =4 F
B0 AL S B R RAE . KR HL AL 22 RS 1) 500 R 28 43 B D7V AN 1 T e &P o LR 25 1) s )
BLEE, [RIEA BT 20 AR F AT il 28 57 5 i P AR AU B B AR L B AR M R 2R

3. BRBAFBIEEXWER

H AR AT 2 (SP I Zk) e M2 HEIR P 5 E AR R i LA AR A i 2, LA IR 32 AR 1) 02 E 2R
HLAL SRS AUsp MBI S HURRIE . BRI, S5 A RDVE 2 Hh S A 0 R DA R e 2 IR R o, THB A
T 1 2 AR L SR W MRS AUsp [ R ZEU M R R . W RTRETE L — = 2 T LR AUsp H#4iE, T SCEIF A
H SP &I FEMIRG#R B E N 100 mv,  H A5 (GR) HI ZEHL 0~150 API 5% 0~15 pr/h.

31 MR ERE

TEPRSA & BEBUR. RN KRR R T, IBBURILIE =& P SALB KA E AT 7.
o, RFLBHIZ S W FLBREE N 19%~5%2 8], BiEREWALT 1 mD, %4200 E SP ikl & &I
HAFEAR, TEXAMEE N SIEEE MRS 2)FR). ZEEFERSEN, %5 m Bl ERiE R
2 W 3 SRR kLI RTAE A BRI R R R M2 T, LB E A ST LB E N
10%~26%, ZZEFEIEN 70 mD. EEKEEEZNT 0.8~25m, UL SP 4 6w &Rk S i =07 B
X (1] 2(0) FT7R) e X BEEATE R & B m BRI BRI A 2, At R B R, SP ik mT LA
PG R R E B MEMEEZEZEFAT, WEARFHRE—RARE, BANKREMZERZ)ET
RALIB A, X2 iR SP W H: B FH 28R A 22 1 L 2 A

I T
wl P | e/ (. %0 | i |
B | I APT 0.2 2000| F¢ |
0 150 fik 0 15 s 4
PR mmetrmy | gy sm | i, ek | = ||k AR/t SEI A | rmpe Gk ko | | #
0 100350 10002 2000 0 [ L 111

T
0LTT

v
g el — H v
I3 ] S,
¥ , prap 3 R 5, 7 B
Y 5 P :{' ‘,,-— f | el
K N N o4 5 :: bR T 6.?
5 ~ N g = . - Ji /R
A i " ‘I- '” ~ 2
- ~ ~ .
Y - > b ]S iy
¥ " ey ~ s —
! s e ] - M
' ) P I i B e B ¥
1\ n - i 3
[N N # n S 3
— H S ‘ . ot
v ‘ '
S ' ' 7 . 4
' : vz i M. b
" o (U3 \.. ~ *
. ] 4 LY
T 2 . -
4 '} L 3
1] 3 L} hd
'
M ' ¥ I
'
. ) 6

”‘ i ‘h..~~« :f’ §7
@ (b)

Figure 2. The difference of spontaneous potential in varied porosity and permeability conditions of carbonate rocks
((@) low porosity and low permeability porous dolomites, Triassic Leikoupo Formation, Sichuan Basin; (b) medium
porosity and medium permeability porous limestones, Carboniferous Formation, Ural Basin)
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Figure 3. Spontaneous potential difference in varied petrophysical conditions with different clay content ((a) low porosity
and permeability carbonates, Ordovician Yingshan Formation, Tarim Basin; (b) medium to high porosity and permeability
carbonates, Qaidam Basin)
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Figure 4. The effects on spontaneous potential difference AUsp in varied drilling mud resistivity (Rm) or drilling mud mi-
neralization in porous carbonate formation ((a) Rm is 2.4 Q-m in Well A; (b) Rm is 1.5 Q'm in Well B; (¢) Rm is 0.45 Q-m
in Well C)
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Figure 5. Characteristic of spontaneous potential difference AUsp in fracture and vuggy carbonate reservoir, Ordovician
Formation, Tarim Basin
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Figure 6. Characteristic of spontaneous potential difference AUsp in medium
porosity and permeability carbonate rocks
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Figure 7. The relationship between spontaneous potential difference AUsp and formation
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Table 1. Estimation comparisons of formation water based on methods of formation water analysis, spontaneous potential
calculation and pure water layer backstepping calculation for Well C
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Figure 8. The formation fluid resistivity based on spontaneous potential and oil saturation estimation (X well)
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Figure 9. Circle loop and difference AUsp of spontaneous potential in carbonate rocks [24]
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