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drilling engineering
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Abstract: Deep—well combined drill string technology has become one of the most important scheme to solve the super—long drill
string used for ultra—deep drilling project, which is related to equipment capacity, material property, drilling conditions and string
mechanics. In this paper, the application and development of combined drill string technology in geological drilling are summarized
systematically, the design scheme and its limitation length are discussed in detail on the basis of strength theory. The results show
that the drilling mission with the depth of 13000m could not be finished by simply using pure steel combined drill string with the
final borehole diameter being 216mm. By using drill string consisting of V150 steel drill pipe & titanium alloy drill pipe and S135

steel drill pipe & aluminum alloy drill pipe, the limitation depth and the weight of each combined drill string are respectively
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13484m, 18783m and 360.5, 324.3t; in this way both of them own application reliability and advantage. These results have reference

significance to the design and selection of deep—well combined drill string used for ultra—deep drilling project.

Key words: Songliao Basin; scientific drilling; combined drill string; titanium alloy drill pipe; aluminum alloy drill pipe; deep

exploration engineering
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Fig.1 Application of drill tool assembly in each section of SK—2 borehole
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Table 1 Design parameters of combined drill string for super—deep drilling

SR i SR IEN SRR {1
e KA/ kN 100 HR/m 13000 gt /o 3

RO /(grem™) 120 KAWL R 0.9 Fi J1 4 /kN 300
B4 R AL 1.2 BliFF 24 R AL 13 B 25 1.42
WREAT I/ (g-om™)  7.85 EKEEEFTEE/(g-em™) 45  HESET Y EHE/ (g-om™) 3.38
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Table 2 Main parameters of drilling pipe used for calculation

EHMAEA SME/mm BEE/mm BRI /m I 5T BLhismE /KN AFRBTR/ (kgem ™)
127.0 34.9 9.15 S13544 — 79.0
it
177.8 60.3 9.15 S13544 — 174.3
88.9 11.4 9.6 S1354K 2588 25.6
9.6 V150 2875 25.6
90 9 9.6 DT II #4454 1099 6.5
101.6 9.65 9.6 BHTG105 k%54 2018 15.4
127 12.7 9.6 S1354K 4250 42.4
9.6 V15044 4722 42.4
HifF
127.0 9.19 9.6 BHTG105 %k &4 2464 20.1
129.0 11.0 9.6 DT I #1654 1956 1.5
139.7 10.54 9.6 S135 4 3986 40.6
9.6 V150 4K 4429 40.6
168.3 9.19 9.6 S135 4% 4283 48.7
9.6 V150 4758 48.7

R3 WREAHHAGHE

Table 3 Combined drilling string scheme consisting of steel drill pipe

Py 2R /mm R ) /AR WR T B /m Bk /e

1 152 ¢ 127mmDCx21+ ¢ 88.9mmDP(S135)x742+ ¢ 139.7mmDP(S135)x273 9936.2 303.9

2 152 ¢ 127mmDCx21+ ¢ 88.9mmDP(V150)x831+ ¢ 139.7mmDP(V150)x304 11088 337.9

3 152 ¢ 127mmDCx21+ ¢ 88.9mmDP(V150)*831+ ¢ 127mmDP(V150) %346 11491 360.2

4 216 ¢ 177.8mmDCx 10+ ¢ 127mmDP(V150) %846+ ¢ 168.3mmDP(V150)x6 8270.7 363.1

R4 TEIH AR IERERT EL
Table 4 Comparison of drill pipes made by different materials
(s PERES L Peri A N HIFE
AP 210 GP: . - .

T U AR R RAME  HIREEN IR B ER AL B TR

BYIHR 79 GPa

PR 110 GP
B e AR OGP
By YR 42 GPa

YU S7 FAGRBE = TCRE

SRV 71 GPa LR AR S /0N T

L SR R A TN AR 2
REHEIT | T AR ER (A |

AP R BT ROK A

TEHEE A A M A o I SRR AT

ST R TR S
AN FRILE PR 5 v B O

oA ) N LI Nim
FEERH ooy ove ms TR e fffi*ﬁﬁ%{t*’ﬁ WA
Tt /A
WAL T 285k, 30450 1.0~2.4 15 (F oA R Mok, 2011) , Hoim

3.3 BRAE-NE AR RIGRI N A

PSP 0T T A0 5l D 12 096 2 R R TR Y
BOR , WAERHE P AR S ek BB B
R IR B TR AT 32 B BRAS B B AT MR 5 B
FEPIRR, HCPERER L UL 4, AL T W BTEN AT, 5T
BT B, ] AR LA, A
FEABRA G B AT 64 L 3 B 23 531 D B B A B 1.0~

DL, Horp RGBT B S0 Lo sm BE AL
e MTER G A BT U2 A 5 R 0 S (A T o YL R R
PO 5 PERE AN e B , vT 0 R B R e TR
JE PR 0 i 4% 220K (B /NLL A, 2014 A 7k iE 45
2017 FHFARSE, 2017 32645 ,2017) . 2% T
FH B — B4 B AN T A B A FE NS B R i AR
T B BE R 2 FrR ¢ 127mm B V150 208K
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Do, BV AT A 28t 7+ 2 A B A 10 TR TR AR, fif ok
13000 m FFIRBLF R R TG 1R Bl (),

S AIT AR GEHRIT IR0
B A B VBT B ST R TR
& & 152 mm AALI R T SRR G A 85 FF F1 4
BAEFE , 2 A B B BR T IR 4 58 5] 14698
m 119431 m, /& DU R RRIRE IR I SEPR TR oK, HAG
FEEE AR 0 337.8 t F1304.2 t, BT IRAN IR 2 A4
FET7 200 R B 6.22%F11 15.55% , 1] A5 R FEAR AL AL
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42509 — B R N1.0g/ cm’
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Fig.2 Theoretic lengths of drill pipes made by different
materials in an ideal vertical well

RN ER T o A7 T AFLEAE N ¢ 216 mm I, 2R
FAVI5040%% & 127 mmE5FFELS ¢ 127 mm L& 4
BEFT AT K 13484 m 4 FIRELR , 7EML PR T IR
SR X E A EEUE 360.5 to TR iR
1) ¢ 129 mm 555 & B FF , ALIC & S135 4N ¢
127 mm 5T BI TR 52 5 6 AR A0 PR R R 2 v &
18783 m, L H FR T BRARAS T 9 & A Bk S AL
3243 t, W EREAR T EEHLOAT o A R EU 3 i A
RECH 180, R SR ITE S FIT 5 6 i 2L K
BRAR AT 43 1 M 648.9 t F1583.74 t, 1 FH IR AT 9000 m
AL R 675 t) BIAT 6 12 1 R, Ak
FHEARONEALTE B IR B PRI AL T 0] RE . ILAb,
FHRA S -WE G AN, 13000 m 5L
LALERAH ¢ 152 mm N ZE ¢ 216 mm, K HHAE
BRI SRR L T I T

AL ER 216 mm I E1E T , AN RIS A%
21 A 7 B DS — 2 o T A ) A T T A A2 1
a2 4 HAE (B A n] R A2 e R 1 S5 I H
(B Bt B O I K AR AL B i R a1 3 iR . P A
ATUE 3RV E G T RAEM R PR BN, 1
HA SR etk a2 A8 A - NE
BB A 4 — B B B () B/ N2 4 EUAE 403l
9 1.58.1.58 F1 1.59 (HR ARG &4 )E . 26
BlRE 22 4 LA B A0 B B A B vy, LA B g i
SEMEDRS . BEE R AR A O DR BE
JRAC B B IN S80S AR EE RN, 2 A AT
T4 LU AE T W B AR, (AR AS [R) B RHEN T 1) 3% 422358
D7, %4 FU A BB AR G, 26 B &2 A B AE 13
et FH B v e B A T ) T T A AR Il A 1 T
PEAH L TAUE e — R B G A B A, B A Ak
SRR R N, AR R A oR R RS
G N A BRI AEE R A AR A
B, Ve T E R

x5 BRAE-NESHEHEGAR
Table 5 Combines drilling string scheme consisting of lightweight alloy & steel drill pipe

e &4 /mm

BAEALE (N80 /AR

PR R /m Bl B /o

1 152 ¢ 127mmDC*21+ ¢ 101.6mmDP(BHTG105)x1101+ ¢ 139.7mmDP(V150)x410 14698 337.8
2 152 ¢ 127mmDCx21+ ¢ 90.0mmDP (DT I1)x1503+ ¢ 139.7mmDP(S135)x501 19431 304.2
3 152 ¢ 127mmDC*21+ ¢ 101.6mmDP(BHTG105)x1101+ ¢ 127mmDP(V150)x448 15063 360.3
4 216 ¢ 177.8mmDCx 10+ ¢ 127mmDP(BHTG105) %1043+ ¢ 127mmDP(S135)x263 12629 3243
5 216 ¢ 177.8mmDCx10+ ¢ 127mmDP(BHTG105) x1043+ ¢ 127mmDP(V150)x352 13484 360.5
6 216 ¢ 177.8mmDCx10+ ¢ 129mmDP(DT 11)x 1632+ ¢ 127mmDP(S135)x315 18783 3243
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Fig.3 Weight and safe ratio of different combined drill string
changes with the length to the bottom of borehole
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