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Abstract

Mud losses often occur in pre-salt carbonate layers in the Santos Basin of Brazil, but the under-
standing of the controlling causes has not been clear. Taking the typical A well as an example,
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based on integrated analysis of muddy logging, coring, conventional logging and image logging, the
reservoir controlling factors and mechanism for losses are revealed. The study shows that the
losse of pre-salt carbonate layers in the A well mainly occurs in the intervals where faults or frac-
tures are developed. Deep hydrothermal fluids migrate along the fracture zone, dissolving prima-
ry pores and secondary fractures and depositing, forming a complex hydrothermal dissolution
reservoir which is responsible for the severe losses. The pre-salt carbonate sediments of Santos
Basin mainly include coquinas, spherulites and stromatolites, et al. They form in a short geological
time of 13 Ma# and the sedimentary thickness reaches several hundred meters, and do not have
long-term uplift exposure and leaching, which are necessary conditions for typical karst develop-
ment.
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1. 5|

P ST A R — RV T U T A R R IR B R, (AR R R P i W AR R R
e HNE R REHRFN. B2, RTZEE MR R IT R BERHEAER W, X+
s R JFE R VR BAEEIR 2 9l o A SCRASFCI A AR ALES — AR SR I o0, 454 MO RIGE 45
BOBE ARG T R AL R IR £ 2 SRR, $R R R R B R AE R R, 4 JE Bl b Fg A
PRI RIR S H KA .

2. WL

FICH AL T VU AR BRI, G 2R G ER LR AT 30 BBk A AME L S HOp i G g S, DR
DL v R v YR 0 o b 5 R B i AR AR, AR KB LA RS G Ab g oh A, v L - A6 S
Rl igE . 7 A T AR 35.2 x 10% km?, 2 B P IS T AR R K A 7 [ 1] [2].

IR E R, MM By, JBE4) 75 AR (135~124.5 Ma) &G B 7
1 2t i B I R P B (124.5~112 Ma) Fis (1 22 11 DR 25 B Be (112 Ma £24) [3]. i b, ZHhEA
SR RE— R IERE SR, T AR PRI RN . PEEE Y PR . g R
R BE AT AT AR SR TT A AL T AR 2 AR R s AR L (8 1(a)). ) b, B TREE 2
OyF,  ZE TR b 2 5 B8 U2 25 4 (K 1(D))

3. A HRFeRRAFHE

A LT L g, 1%IEAE 5382 m (TVD, FRENEEAZE FHLZE, 5E85ERE N 5878 m, AL T
Barra Velha 44417k %5 368 m. Itapema 41/ 55K % 128 m.

RAEE KB IC T, 2 FIRARIER ™ E, FEIRALE Barra Velha 21~ 5482~5742 m B, I
RIZBEEFEIL 260 m (55 1). Horp 5482~5532.75 m BOMHGEE FEH R AR IR 2k, ARy 1E B i
R AERR . WA E R BE B IR A SR R mT 0L, ANEA BRI L ZE AR O B, RIRLR
A i 5% 5482~5519 m EHUE I FE FF B AR IE 2 50 bbl/h. 7F 5547 m A4bIE % &3k o 3 &R 250 bbl/h.
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7£ 5641 m 1E % it sh A S48 650 bbl/h; AN, YRS ERE IS BoR AR F 2 B R = R E oK
H—T5, AEZBR ZiRAREERBIER, RKERKAE 55 K47 5519 m, 5552 m i1 5742 m
b, Bt 8554 3578 bbl. 5718 bbl 1 6807 bbl.

(b)
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Figure 1. Structural outline map of the Santos Basin (a) and the geological section of the basin (b)
B 1. RIEHZ SN EE (a)Fid 2 30t B & E = (b)

Table 1. Table of mud operation loss in the pre-salt target layers of A-Well

= LAHRTENERRZERLERLSITR

)z RIEIm FREERT E)/h AR % /bblh R 5 & /bbl
Barra Velha 5482~5492 24.00 330
Barra Velha 5492~5519 52.00 1266
Barra Velha 5519 384.00 140.0 3578
Barra Velha 5519~5532 24.00 10.3 30
Barra Velha 5550 18.00 5.0 1675
Barra Velha 5552 48.00 98.0~146.2 5718
Barra Velha 5552~5572 24.00 92.0 952
Barra Velha 5572~5578 24.00 73.8 1771
Barra Velha 5578~5597 24.00 11.7 284
Barra Velha 5597~5643 24.00 7.1~88.1 2285
Barra Velha 5643~5683 24.00 253 607
Barra Velha 5683~5731 24.00 229 550
Barra Velha 5731 24.00 40.1 981
Barra Velha 5742 600.00 25.9~51.0 6807

TR FE R TR R PR A A SR T s i 5 A 5552 m IR S T A HE T SR B LCM 2
7] BEAR VR 2% %5 £ (M 9.96 ppg FAKF 9.70 ppg) 2 it , B2 ARIR T 15 21 3% H1 (M 250 bbl/h K E] 120 bbl/h),
B Bt 00 22 2SR A RGE BT, AR O AR E Ve SR ELEE (B2 & 9.90 ppg), 1H I B BE 2 in k(230
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bbl/h), 3% B 2k B2 92 0] B A B e 5 LG 2 2l A8 AR A I RRAE s 76 5641 m Ab W% 3 2 2R 1 =7 7£ 650 bbl/h
I, SIS\ Baralock/Barablend s Jw4 Rl JiEFE(KE] 100 bbl/h, 3 — 2R I BRER 5/ 4 238 s+ K,
T R BEK A 25 bbl/h.

AT H B2 4kt b (e Barra Velha 20 T EANMXIR 2800, T B 5 3t 2% B 1 =74 26834 bbl,
Prgt g RAE R B, TREE TREL. BIA7E 5742 m AL RR RS T EARR AR S, AH D
KHSG IS 451 T BE BN KRBT A GRS St | b S et

4. 7ig
4.1. RRREIEBEEERF =

R A FIR A% R DI GRS 20 RFE  XUHAR AR « BRAR DN 256 AR L IR R AR SE 0T
Gt T A JEER IR R AR R R MR S HUR (A 2), 7RI KRB R R A IR R

VYT E ]
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Figure 2. Comprehensive analysis histogram of the pre-salt layer losses in A-Well (The 1% track in the figure is the drilling
time, the 2™ track is the double caliper, the 3" track is the comprehensive interpretation of fractures based on imaging logs,
and the 4" track is the loss volume)

E 2. AHETRKRERGESIHERE (B P E—E R, £ EANF R, EEARGRERESS
%R, EHERRLE)

1) WS Ze Tz, H R R AR R AT IR, R e BN & IR 7 B 2t
RAAECR, W Z AT 2 7 K. FOFTORERI], X RItl @l T A ACE kb, LK E)Z
BOAT VR o (H, AFEBRTE 5550 m B i (7 B Ok BURE T RIARES I A1, 2 B0 2% 2 B ARG IR AT
R, AR 2 8RR A R BT IRIRER A = P LR A B 3
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2) WY R B W, KBOES:Y % E% KB T Barra Velha 410 R h A b B3R BL, Jodt BapiEs:
1B B LUK, (HE R R AR 2 Ay RO R AT R E . P EARR . R B
WORATEERR; AL, R RERKIR A RAEY RS IRREA EA NE, (BIRRBURE B YA

3) MRABHGE . PR BAGI S o FhBH 2 G I 45 DR 254 R i AR, Barra Velha ZH H A R H B
BOR R, e B R R e LI R E , HEh7E 5525.0~5607.0 m, i K4y NITJE g IT 7o gk, X5
R KRG LSAAYIA, AT, IR EAR F2 R R E B, o, 5552 m il 5742 m ()™ H i
RIE ] REIE 5L B WA % 5552 m ML TR 48K E, %481 5554~5560.5 m B H 1% H AT
Fr, T HIEM/NE SRS, IR AW R 5 RS Ar . 5742 m IR WAL TP B R BN, MUPPRESAKRE,
1M FLE AR 1) R ¥ 5746~5747 m K — B A 7~ A I /e A, 5748 m HFEERUE R A LIRS M,
HEM IR L T REA KWK S, — J7 VA B IR & BRI R B . UTR, MU E SR k4R
BT fil 2 IH

42. T HERABRSHEIT XA

ZALW A N IRER A S TR R R, AW RN SRR ER A G, ST R R, AJFiE
HR 3RO A RS2 B2 G [ R N SR AE SR 16 B T PG b BRI B 2 2 [ bRk 2 B — B B EA 4], %8 S0 A
PRI A, AR bR L AT MR AE (2R AR T e B AR 2L R B )2 R B B 1R (Collapses),
HH 5 W ke b (Karstificated features)BX &, A MBCE BALSE 7 T e L E R ! BT, 7EEvgE
TR AR BT AR 2 A BRSO B R TR SR R R i TR R

ZAEM 2 2L T =R H 192 (Barra Velha Fm., Itapema Fm.) /& 75 B & K & B I ik 2 4 2
BRIB IR R AT 2 W R S R i BRI o A DR R AR A 2 W R ) . ARSI R
Hb P S E AT T

1) WEHREAR T KA AR AE A CE BRI HUMRAE 5, fERNE A A(WA KA. Bad . ABS)
A DX T B e A RS RR[5] . WS R & — R sca A, iR Ehs BB IE R AUKIEH, HE CO,
ML K . LR A Hv i RaE. R0k SRR, TR R KRR IR S vk i g 6] [71. WL, F6 T
T a2 KUK R R IR A W TR R B M E AT . — N, TR TR EE T ARG . kI,
TE G B e 37 4 e St e A 2

MESEHT AR G LRE, PR X P KRG 2R, 7EZLE TR Camboriu 41 X 0% . Picarras 4
W A A b, JERS WM Neobarremian %] Eoaptian Byl T Itapema 41(K38) & fe A/ 52K %, 4k 1M
Aptian [ XA T Barra Velha 2 BB K E (KA4) R B )= ICE T A M K 4 (K46-48), Aptian Bt 2 J5 ik N i
BB, DIRRT Ariri (K50 EE A Z . Zah i RO B EA KA REE A K, Gina AR
KA, EILBEERA 13 Mat, 2 FR[8], HAIAK K38 275 K44 27 Z [MA{71E DPA REELH
[l K44 275 K46-48 27 Z A (E DIA ANEEG U [1] [2], BT R UTAR BCE 28 it TRl AR, 1
HIR B R TR B R IR 2, v L 3R 2 AN EE & 8 (R B[] R 2 [ 5% AR 3 AS B4 KB TR K
IR EE, ARTHE R E

2) MEFEHTRHEL T ORI TR AR R AL B ISR R B (WS TR, BN AR A ZE TS
— IR E B, RIA BB 7, {ERE Bk E AN REMRRE I ik DPA. DIA Fkhic K &
A AR, 155 AL I R 2 A TR KR S G B R B B IR AW £ o AARSC A 851,
DIA FH7E 5560 m, {HRAKEIRAM EEAMEIZAIMZ b, BEAERmZ FAEFEIRKEO(E 1), 38
TER AT RER BV ITREIOAL B . IR BUE AR A WSR3 GR (A BT, RIBA iR 783k 1ok, 75 DPA
FH 2 T Itapema L EREAHAN FeACAE AR KR AETR G . AT ILZ R IR R AN R e AT
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3) BUOHMSAEIH: . TER M S BEh PR A 82 R, ks, BREKFRL /N
KR BOLAE, BREARGE U RGN R ) o & 8 b n] IR AL T2 Z R G Rl el 2 7
WhE (5 3(a)), sFsITHRIAIFLER (5] 3(b))e J3— 0TI, LR AR W WL B Fe AR g8 . 5%
P WAL NS, T A LR R AR T, NS SR AR LR [81 A5 RIS S R 1
IR O] R & .

Figure 3. Core silicification of A-Well: (a) 5522.5 m, fracture band-like silicification; (b) 5532.0 m, inter-particle silicification
Bl 3. A FHETREUAHE: (a) 5522.5 m, JARGEFTRE; (b)5532.0 m, BRAIBERE(L

5. &

ARSO SFATHT A A IR R IE R A AT SR G b, R JLRGAIR:

1) AT HINE IR AESUR, JsRBEE S GTE Barra Velha 2190 &6, AR BWIGTRE. R
THR KR EZ AR,

2) HURBGI i ZGHEAR . HIRB R 12 5 R AR KRB BIRR AR, (EIR KRB W BAT AR FR 1™ &
P Y RBBGESERME . B BOS . RN ELE AR, R IR R B B SR TR T
JRAREE LI BB TR R

3) RICHFIER TR EE A Gk SR s K B KA T R ER AR 1F, 2R BLS DIA. DPA 55
JEF I R AR
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