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Determination methods for the top tension of ultradeepwater drilling risers
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Abstract: In deepwater and ultradeepwater drilling operation, the determination of top tension of drilling riser system for pre-spud design is the
main consideration. Three determination methods of top tension of drilling riser system are proposed, which are theoritical method, method
based on the residual tension at bottom of the drilling riser system, and method based on the maximal hook load during the running procedure
of the drilling riser system respectively. An example is- presented and its results by different methods are compared with the ultradeepwater
drilling practice, which illustrates that all the values by different methods fit well with the pre-defined value of the top tension in the actual
drilling operation in case of the identical drilling niser configuration. The research indicates that the method based on the maximal hook load
during the running procedure of the drilling riser system is simple and applicable, which is recommended as the preferred method for determina-
tion of the top tension.
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HENRTF & , B BOK BAHX G 5 ST RK S R TR IR BRI THEE R, s KB Tk A
LB A8 A EAT Z A BB B FAREE MR K E REMELEEEAEER L,

PR =Fif e /KB TR 1 80T B 7, 3 B I RK B R B TRKERBRATER D
BHEMES TSR RG T E . BRREEBEKARKERARE, 4GB HEERELL
5K T K AR B TR IRGR B EEK, 5T TR AR R E B TR it 8AE, S G E L SRR iR B 3K T
AT TR AT . AT B SRS TR E B BOK B HERRKE REE TR N W R AUREE
1 BRKETEK BT E
1.1 BipHE%

& API RP 16Q 3G, T3k 1 B R REKEIREHENFHZ—, TKANIREERENEE RS
T AR, WABRIE R K BRI SRR ST BADKS Tt FARXHE

Toin = TSRmmN/[Rf(N ~n)] (1)
KA Topuin A IR ; N R SCHERRKE BUTK S48 380 H s n DI BIRR KB TR I 880 H s R, WA LT R
FFVBBCRIR L EE TR S 5K B REZRIMHRE R EEH 0.90~0.95,
K(DPBEHKS Topunl THELTE
Tstumin = Wefw = Bofie + Ail dyHy — d H,] (2)
AW, WBE G2 EHRKERKER; L ABKERAZERBREHNES, —H 1.05): B, hEHE
B2 LRR YRS Ao R AR KK A A 22 T MR IR B 2 R (RE RIS, —
BN 0.96) ; A; HRR/KE (EIEWIR JEF MR EL) AHBEERER; d, AR HFBREE H, A 2SF 5
HBAERE; d, EKEE; H, AESE SNBKERE,
AT HERKER/NTGK A, ERFETRR/KERKER RS U RRKE NI BRI

REMXBH.
MK ERKER:
Ws = 2 WrNr (3)
K. w, ARKERRBOKER, N, ARKEEHREHE
R K& W E 7
Bn = 2 Bbuobeucy (4)
A Bl W TTHRMRIEFTE ST, Nyuoy NTE ST EAREH
RRKE AR BB A
Ai = An’ser + Akill + Achoke + Abooster + Ahydraulic (5)

AP A WEKE EEARBEEREB, AV EHERATHEBE R, A A TRELKABHEBIH,
Aboosier NI EE L MBI, A g IBREELXR A BB
1.2 BFEBRRKKNDVVBKABER &
2 E A BT Bt B K B TR K 1 R IE R /K B R B e Sk A R R K W S TR FRaK
B RE R 4 il (Jower marine riser package, I #% LMRP) {9 R ME & , TR E LSRN K4 T /8 o B2 R B2 Fad
e R 2RI BN FKE RS,
WKETIK S T it EARK:
Ty, = b%“( Wiser + Wiua) + RTB (6)
R W NRKBEEMNER, W N HBREMNEE, KEBIRRIK S RTB (residual tension at bottom, & FK
RTB) AR ERIBBR RIS (—BETHMHAT LMRP R NER),
Weiser = Wyp + WoL + Wp (7)

P Wy Wl Wy M50 RRKE EE SMEEXRARE AR ENE S,
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1.3 EFTHARMNRKNBES &

VT AR R T B R A 25, M0 FH TR MBI AROK SRR R DU B0 . PR,
TEAEXAF DR EAT RE RO R, I T Ok R 8E 25 (blowout preventor, i FR BOP) R 4%
B ACH T AR B R KR4 o AR TR Y UROK I S 2 BRI FE ML B 4%, BREAAE LA, T B BOP B3 L1z
G E BOP SR B RS D 2 0, FEAATHR A IR E . — AT L% 723 50 8:2 1 LU (I et
R B R 437 (o B MO TR ) T A A D R RN K, At L, WA 3 B9 TR B — SR o
BRI ) 709% 3 80% , — ¥ UL T 1 IE # B SF Al b R PR HCREAT A8, IR S 4 RS
SRR R R R BB B

WK BRI E K S T A

T = nWhow (8)
e g R BRI & K IR LB, Wi REBTRSZ R T B L, B BOP S5 M5 /R
F T B I ORI . PR b, BRSBTS I IR K B BOP R A T A R o el 4 AR T U
SEEFTE NSEASL OB , FL T i R 80 A T AR . KRR, TR 5 BOP R4
TR B AT RGO T HEAT BRI T ILIE SRS B, F IR 22 S0, T i I B 1
NAES 3 |

2 BUIRBGN

USRI R, KB 1600 m, S5l A AR B I FRK A R LN 1L TR, Rk S R 4L B
R 1 AR AR R ST o YUK BN 1025 ke/m®, SRR SRR E ) 1140 kg/m’,

WK SRR AS TR G5B IR 2 FOR , BK S B IR L B S MBI B G 1 R H
RS R A 1R, EEL 2 ),

®1 RAKERGERE ®2 WAKELREMBE
Tab. 1 Configuration of drilling riser system Tab. 2 Parameters of drilling riser joint
=N Peres fan = 2 i /
RARHM $E RRKE/m RREE AR & AME/Gom) W12/ (in/m)
ILMRP/BOP 1 16.780 331.640
FRAR 13 22.860 12.831 Wk 1 21.0/0.5334  19.25/0.489 0
TR 2 26 22.860 2.540
#7181 27 22.860 0.415 THEL 1 6.75/0.171 5 4.5/0.114 3
FRKEET 1 6.096 5.510
ok 2 | 4.572 4.520 IEHEL 1 6.75/0.1715  4.5/0.1143
WA ST 3 1 3.048 3.448 _
W8 7K 5 4 5 4 1 1.524 2.458 TRHIY L 1 5.0/0.127 0 4.0/0.101 6
fi g 1 30.670 31.103
BEES 2 4.25/0.108 0 3.5/0.088 9
PRtk i 3.350 5.434 IR

2.1 RAKEWMKANEBRIHTELER

TRIE APL LT, B PRk B DK IR B SEOTR T K EBOKE R 12.831 +, 77 18R 1 # )
BRI R 12.416 t, 1 F AR 2 TR HUETE 14 10.291 o FRAKBERKERAZEZE 1.05,F T H
KA 2 RER 0.96, EH K J1 55K 18518 B 2 A #3528 0,90,

TR RE R DB H N 6, 8RR AR TE A 8550 E o 0, BEESR (1) F1sk (2) Wk 8 R g
KT Topuin MK F) Tt PR RINE 3 R, oK ERIK ) R 405.19 +, 5K 120 450.21 1,

BR/K B Tk 1 SR R e R 1 Bw , BE BN 08 3 R, BRK A RSN BOIR BRIk A T
5K 7 SRR MR, AR M PR T E AR TR VR T R K AR TREK Ao
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Tab. 3 Calculation results of slip ring tension and top tension for drilling riser

HKFE/ (kgrm™?) RKERKER I BREE Tt & ) RE BT/t
1025 891.45 ' 602.80 288.65 405.19

REFERE (kg-m™2) AP TR E R/t APLHLTEEHR 1/t APl BIFEIR E /1t Tk S/t
1 140 936.02 578.69 357.33 450.21

2.2 EEERSKKNEITELER
WRIE (6)FI(7) , F/K BTk S EERNE 4 B, K ERRER K 288.65 t, B H BB MERE N
47.85 t, JEHFRARK S RTB (HIR A LMRP fRIME B 107 t, MFRKE K S14 443.50 t,
4 BAEMHKATELER
Tab. 4 Calculation results of top tension for drilling riser system

RKERMERE N R EWERA RTB/1 Wigk S
288.65 47.85 107 443.50

B K TR 5 IR B AR 5K 1 Z T X L ¢ R AN 2 o , BEE R ER SR 5K T B3 I, B SR B Tk ) 2%
P

- 480
oo | [—— RAERT:
|| —— BT = 460
g
Ead h
~ 700
E ;; 440
= <
¥ 500 B 420
300 [ 1 1 1 i L ! 400 L ' L 1 1 1 1 J
1 000 1400 1 800 2200 80 100 120 140
HiFFB®Ep/ (kg - m?) WK BRI R IRTB/ t
B RKETRK ) SHHFBEE R AR B2 BRKETEK ) SREERRE KR
Fig. 1 Relationship befween drilling fluid density and Fig. 2 Relationship between top tension and residual
top tension tension on bottom

2.3 THHEBZFETESER
BENRESE, S565% 1.2 AHBEKEHE
KERGHEMECE, T HERKE RGER, KT AR A

B 5 BT AR R A 3 B, Bk o
SR IPRR KRR R T B, 5 soof
MRS NK SN ERER TR, 58§ |
B KA ATEAL LA T LMRP/BOP FlEJE SR 4EHE LM- ﬁ 400

RP/BOP 4 2 MR 1 R A K G , Hede KB A A I [

WK RGBT 25 & LMRP/BOP 515 300 i
BEH OEERT. THREEN

HTFRKEREMBERTHER N 642.51 1,1
730 LB BT A FL A oK S8 Aok a , Bk S 2k sk
h 449.76 1, KEIERAT R 192.75 1, IR (8) W53 gk
BT T ESR, Ik 5 PR,

B3 KBRS T BEE SRR
Fig. 3 Relationship between hook load and running joints

for drilling risers
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Tab. 5 Calculation results of top tension and overall wet weight for drilling riser system

RAKESRE . MHIFERNER. WETKN BKERBAEZHKN IMRPERA AR B it 4R 1/

288.65 47.85 449.76 113.26 107 54.11

RYEFR 5, K ERITEK S18 449.76 1+, IE ¥ 1R I PR /K B FRA K J18 113.26 t, R 2 BEE LT
IMRP Wy 1108 5411 to
2.4 =ZMARNITHER

SR EEUBRRKE RA SR E B RS8R HE R RKE R 2B B Y RTR A&, WNASE A B
RARAREFRKERENE JRMBRA K I MRGBAMAITETK S . EHERNRKERERERMET , =Zfit
B EER R APLILTEEIS I BoRBIRK B RE K 108 450.21 +, R AR MO 3T E L R
KA BB S350 90k 443 .50 ¢ F1449.76 to RIEIIHEEHATT , WHIGLEREW AT 6 Mk B E N
161 kips (73.094 t) 161 kips (73.094 1) .165 kips (74.91).163 kips (74.002 t) .162 kips (73.548 1) 163 kips
(74.002 v), 5k S ER IR B 2T TR 18 442.65 +, XTHER, =Mkt B4 R 5SMGLIRTK i B2
AR, HBERE T BERN A TRKERSEL,. M T EREREHSEEL HE M SHNITEE
BTSSRy AR ERG RS BB Tk 1. R =Ry RN, W TR E B K54,
HAE HEFER M7 5

3 4 i

1) PR =MBKERET K NBES L, 3 EEE T BTRKERERERAK N T EMET
THBKERENRRKARY L, RS —-R RS THEISRIESRHE,

2) BRI =EF 05 TR AR S RIBEL S EOT e, SERREE R TSk iR e B R 442.65 1, =
R E LS 2910 450.21 1,443.50 t F) 449.76 1, F B 5 HBHIE N L BRIk 111 B W) &80T,

3) BIRAN, BERERA S EE N REWEW, BN EERT I BE R TRKE RERHRAK
HF TR R BHE RS BT TR E RENR KNR T RS, EEENE T,

B %Wk
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