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A bi-directional sealing one-time shut-in test valve
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Abstract: When utilized as the primary test valve, the RDS valve often suffers from compromised sealing integrity and substandard test
curve quality. These issues are primarily attributed to solid particles in downhole kill fluids, alternating pressures across the ball valve
during operations, and high pressure differentials, all of which exert excessive stress on the ball seat discs. To address these
challenges, a novel bi-directional sealing one-time shut-in test valve was developed. Drawing on the sliding sleeve bypass flow structure
of MFE test valves, a non-full-bore bi-directional sealing configuration was designed, integrating shear pins, rupture disc operation,
circulation, and shut-in mechanisms. Parameters were determined through material optimization and strength verification, followed by
indoor performance evaluations conducted under conditions of 232°C and 105 MPa. It is revealed by strength calculations that the
internal and external pressure yield strengths of the test valve reach 146. 3 MPa and 136. 2 MPa, respectively, satisfying a safety factor
of 1.2. Laboratory results further confirm that the tool maintains robust sealing performance at 232°C and 105 MPa. During field
applications across three wells, a 100% initial success rate was achieved; notably, accurate downhole temperature and pressure data
were successfully acquired at a depth of 7,336. 40 m in well BT1. The developed test valve effectively mitigates premature opening and
transient pressure relief induced by surge pressures, thereby enhancing the reliability of shut-in operations. By enabling the acquisition
of precise and integral reservoir test data under complex well conditions, this technology demonstrates significant potential for
widespread application.

Keywords: one-time shut-in test valve; bi-directional sealing; combined testing-perforation operation; ultra-deep well; alternating

pressure ; pressure recovery ; well test interpretation
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Fig.1 Structural drawing of one-time shut-in test valve



14 W 2.4 w4

2026 2 H

1.2 TIEREIE

K[ 3 e — IR R FH I 1 R A AR AR AR I, D 2R 50
fa XA 4 AEPEFRAL , b TG HPR A, ST
AR FITIFIRAS o 98 0 1Y 55 % 0 45 1 o, e ]
HEAT FABIRAE A, Az 7 i 7 v )2 s TR AR A
M IE A BB 5 AME PP A5 0], N RS
a7 b S B A AE AL A IS AR 5 U B AT SR AE:
bRt BRSNS T 8 a1 R I 2 e A A R TR
A A A A AL I I 2 U, BT W BT 9 HE B oY
Yl T iz 3l 57 D10 3 B R R AT R
5 P 23 [, P SRR s £ S R, il T8
DL R B B I L AT AR BT A TR BE S i
TEIALARLAL T I ALARZS S IR, BT D)0 A 4k 25
6] N3z S FTTARER L -5 00 3 i b 3 4 R e, 2= 0k
HE R SR SE I, nl BEATPRERE L

R i) 28— RS i S — R PR T AL
FNERAEIS , TP FURE IR 2 AL T HT I RS I
MIRZEAE TR IR, B2 T R4 T IR 7 4k
Pe o

2 ITHEEEHE

XL i) 28 5 — R S 3 1 35 34 2 48 B A2
it T A =R R 232 °C i 2 s 012 105 MPa, iy %
X I R 5 0 R 6 T A T AR AR R [ B A A G
SRS - 10 8 553 s B BT P R BUAM PR A A B A
i
2.1 I E#EMEE

PRI A Y R T EE R B 4 RN
30CrMo ,35CrMo ,42CrMo %5 Lk Cr-Mo N JEfl i) vp |
B G489, L7 oll H 5 i £ A9 55 6l ey LA i
OSEVAEFRRY APR RSN T B e marpl 2R
42CrMo, ¥ LA M5 APR T B4l T 0 b W 2 76
80 °C LA b 3 7 ] DAAE R MR A 85 v T AR, i
i b DX I R S AR AR R I TR R R
ARG AR 7 b T 32 2R R R R DL ek
PRI 490 Inconel 718, HAR & 10 50% ~55% , JE
IR BER 1 034 MPa, fPEA &8 207 GPa, HLii
1 275 MPa,

2.2 BERK®

IR LR N Y P N R R IR
YR, PioNERER AR
2.503

——— — 0.046
D/é

P, =n10'5( (D/6 < 14) (1)

P, =2n0 (D/8 > 14)  (2)

*(D/8)*?
it':F' :D ﬁﬂiﬁ*ﬁl\%ﬁfﬁé, mm; n, j’ﬂfk‘ég\ﬁ, -
MEWUE N 1. 25 ;0 F T HAMS W EER  mm; o, A
B IR, MPa; P, R BB SR A E T,
MPa, P, K T RKZ R KINET) P, 0, EHE
/3 o
T N HS 58 B 1) F T PT 4 56 DU i B R 15
(D* -d*)o,
n,/d* + 3D*
XoF T B FE (D/6<14) , AT LIFZRE LR A 5K
&

(3)

2

2n, 00,
P= " (4)

XTI BEATRE (D/5>14) , L] Hi2 5 = 5 S
i

(D> -d*)o,
P, = BN (5)
K .d HEHENE, mm;n, N4 RE, —BEBUE
R 1.25,P, AERPUN RN K ), MPa, P,
KTEMHRZEKRNET) Py B L4,
JIT A A A 52 Bl 1) g R AR B B R B 1
JIHE
F =0.A/(ny x 10°) (6)
K F OAVFHPRIRE kN n, W E2REGA RN
AR A, mm®,
Ui A

4
Mn:0.2xD3[1 —(%) }xa-xx {0.5 ~ 0.6/

(7)
KM, ABTHBRE KN -m,

I FH DA B A% 5 0 i 17 45 38 42 55
MOEERIFR TR 2, AR 1 ATLLE H ik
I (BT P AT A1 e 3 55 Ak 7E A1 e By FL Ak,
HUN R IR BE S 146. 3 MPa, HUAME i IR 58 22
136. 2 MPa, ¥Jiifi /£ X T 105 MPa TA/EE J1i 1.2
iy 2e 4 28, N2 2 T LLE I, %k i)
PO 55 40 7 F S0 A Wi i T85. 73 mm-6SA P 42
SR TR BibnJE iR BN 1601, 3 kN, i 2 2K
1300 kN 19 1.2 {5 % 4 Z 5 i 5 b 5 F
PR 435473 73. 03 mm CAS A5 EHAl b | 4 I iR
SREA 22,7 kN-m G SR ZEK 15 kN 9 1. 2 f5 &4



$35% 1

R 2845 - — OB i) 2 — OG- DM K 15

x1 SWEIMNEREMRNERETELEREK
Table 1 Calculation results of external pressure strength
and internal pressure strength of each component

HUAME LN

Tf ;ff i W OWIE &I
- " /MPa  /MPa
73.03 mm CAS IEH4E  176.1 192.5
1 bB#sk fimsbEEtm 208.1 230.2
A7 v 0 AR 147.9 159.7
T ity 1 28 S T 266.5 300.5
2L 9 i &1 2 201.1 222.0 o
S S B A 280.2 - B
rh B A0 A 30 i
e ity PN 28 B TR 164.4 178.8
P S g e
. e ERAEN
@;:%& F i P 2 260. 0 SRR
T AR 224.8 250.2
A7 St 12 A 170.9 186.3
YRR
4 & 2 136.2  146.
S EBAAL 6 6.3 A
A 170.9 186.3
5 FEk 73.03 mm CAS #M&EEHE  313.4 357.5
6 HHER BN E T 136.7 146.9
7 EELOH A 191.8 210.9

F2 SHHRACREMRHRETELERRK
Table 2 Calculation results of tensile strength and
torsional strength of each component

rhoom PR

=2 & 7R A
5 B4 i e

£ ¥ T85. 73 mm-6SA b

1 kEsk R T 2349.2  36.3
5 T85.73 mm-6SA

ﬁ%ﬁi&ﬂﬁ? 2574.4  39.8

3 4ME Ei@?g mn-0SA L 013 364

4 Tk gﬁézm mn CASHE g1 g

3 ERNMEERE

S ARAEI 1 5 T4 b ik B TR PR T
THAE RO R AL S % A RS BN
VT 2 P R | PN R R o IR P R
1R DG ) 8 30 AN OC I I e i T LR g 4 it
5 I JE PR T A A 4T s et

(1) B2 AR Sy B AR

GRS 45 99 mm T 6 B % | %
PR AT 2R AL RAS AR E A, BHEHER AL, B A3
JEZE 105 MPa J5 , 3P ISR 7, - 4F 15 min, K 4r
HEBwME .

(2) B 245 AL b W % B B 2 e

B 448 T 3 22 % 99 mm RD 7 ¥ i 328 1% 4
YUl T i — 41 %% ) B AN e % i AN
%4 99 mm TH AL P R R U A 4 AR
A AR s B R 2 105 MPa f5 , £
F1 045 15 min , KA R LB IS

(3) WEIRE

iz I N N R E ALY A V2 L R T EA S N I R o)
2 2 2] %% 0 Bl I 2 B0 Bl B gy o
IR W B E B DL B R
FUHS R S R A — A W gy kg Sk,
BRI LR AR REAIRE S, T B3 2044,
I, BHEHES L, BRI E E 105 MPa Ji , £ P14 5
JEJ7 ARFE 15 min, K& A LB RS,

(4) =i I Dy e

MR JF P IR 4 R IR RS 4
A3 T H — Uil 423k 99 mm A A 8]k e ¢
B IR N AR R 2 AR AL RO s B
HEA AL, FHE 232 °C, B3 K 2 105 MPa Ji, 35 14]
WIETE 7 4345 15 min A A LB RS,

(5) i By Uit e

¥ T HNIEREZ 35 MPa, W 2445 FL3Z 22 N
2 4 SCHTES BTN, 0 % B B BY W 9 T B ; 4k
JEZ 105 MPa, {5 7L 5E 24T 9F, B s 7,
PR4F 15 min, Ko A A TCH R BTG O ; BT, A
T ok R4k A B 3 R 2 105 MPa i, £ 1 79
JES7 8555 15 min, &G LB IRIML

2 45T 232 °C/105 MPa 5544 F N 5 R
50 Hh 2 RN R G P S T i 2 P R S i £, DA
AT IE gk B s O s B e
I, IR A BoRila i v] LA 32 232 C i, [
A i G 5 BB R 105 MPa.,

P — 240 250
100 200|500
< 80F 160 &£ o
& 2 ® {150 3
2 60t 120 &
S : 2
B g0l B - FHHEEH g 80 & &
2017 - SR E 40 K s0
P o FashRR ; 1
[n]
0 . . . . . . 1 1 0 Jo
0 10 20 30 40 50 60 70 80 90
B} 18] /min

B2 232 °C/105 MPa A% £ 50 T i & R 0 #h 2%
Fig.2 Sealing test curves of inner part and lower
part under 232 °C/105 MPa



16 W 2.4 w4

2026 2 H

4 IpNH

2025 4, SR L) 25— U S F 3 i 512 it 7
WA LI A e AR AR L v DR IR I 2L 10 3 F
W, — UK 100% , WL [a) 25 B — Uk 56 I3 1
REAE IR IR M TARIRES AT R B b I A iR
FEI DR A8 v OGRS IR A, SR EE B 2 TR
VT SRR S AR, DL BT b 451 136 BA 30 3 4
R

BT 2350 3 7 AT 22 b I Y 340 I 2L 22 R 1
FaFLAS R 18 PN Z2G2X LI A B i — 10 XU R T,
SEETFHR 7 418. 00 m, MKE IR 7 336. 40 m, T4
JEMZEEE N $177.8 mm, F AREEF 12.52 ~
4995. 84 m,139. 7 mm B M1 4 993. 76 ~ 7 364. 50 m,,
WA B A2 SR U 2 WP 77 8 R ) BORE C il 2
SR, MWRJENE BT, LI AR RS 107# 113# 116#
2, B 6 521.00~6 561.90 m,3 JZ2J£ 9.2 m,
K SFLIGA T2 L K& R Gl iR 48 4B I 2G2X
IF B, L JZEMERLS IS Fm BT1 R R %500 1. 05,

202544 H25 HE 6 H 4 H iZHH XU %
B YRR BV S I I, AT T I3 A LR
YET 20T, R JF R ARSI B, Hop— R
FHHO T F O, IR R T 3.4 5,63 mm
T R mE HE AT R g8, MR OB BE A Ak B AE
6 457. 49 m, JEHI N FAAT A, R 1,16 g/em’
R A NS K I 4 401,32 m, 52 13.26 m’ .
A AR (N EFTR ) Il + 28 0+l + 42
TR+ IS RD A5 2R I+ 45+l R 7 +
XL ] 28— YR S I 1 + 9l A+ F P FE ] + 1 5%
W ARTTS Lk +E RS+ MR 3P #5 + 3k 1E 2%
IR A+ Sk HI A + T Gk + LA

3 R e BT H- s (8] - Fe g s
SRFFE, H T T I 08 B S e SR
TIHIRETI &AL, /15 T I5 i S8 E )
Mgk, HOE A R we iy, B b 2% B R4, il FF
KHBAE W IR, WX TR, 5 H 27 H
1119 45 F] He 30 MPa 2 P Wi 2 5 — vk e S
R, SEEL RO (TR OO, i R 73 A
TR 6 269. 13 m, P A7 B TR 6 259. 81 m, IR
K FE I3RS AT, >4 ST e 79k A2 380 0 3 1 X P
J5 B R R TE /7 62,59 MPa L) b B 2 4 390 3t s 30
%, UL IZ I R S B TR S B R, 2% R
K W AR SEA T o34, SRS R 22 5 %
Z RG-S B £, 2 B W B 2 ),

AW AR B, SR W B S i
T O REAE S AR A i 2 A A R A + 3R i+ 2
J+ W R B AL HEAT LG 3 AT, AR5 b2 AR A 08
B T7.90x107° wm’ M2 R H 72. 68x107° um’ -m,

2 Z280-0. 06, W2 HE 5 122. 59 m £ 206. 86 m,,
80 180

1150

{120
1%
190 £
|
160

—— K Ji/MPa

—EREFC 30

L 1 1 1 1 1 1 1 O
%950 100 150 200 250 300 350 400 450
i} ] /h

B3 BT1HAKEE-ENGRERERFE
Fig.3 Diagram of pressure and temperature
with time for well BT1

5 Zig

(1) K] 28—k S I 3 e SR FH 5 45 AL A A
THEERT, ARG % T 8 R T AR 2 s
T AR R T I IR R, HLAR B HLAS CRAIE T T
SRR AR, 5 TR R R I A RO A
BAITL,

(2) 383t o AR G & p R R AL 45 4 1 1T,
DU I 7 e 7 ik 2 B T, o 8 A A A 3 TN U
JRIEE 0 E T % T H AT 7E 232 € /105 MPa 55144~
R TR T R TR e F s Tl A i oK

(3) B L FH 2 B, R 0] 2% 35— R O I AR
S5 S FLEBAE T 2B A R4, — kR T F ik
100% , A% FR U Wit 56 8 10 F Pk &2 4k, A i )=
TEM RGeS B AL T AT 55 1 BORMK S
gt B B A T F B ik & A PR T AR A 8] 44
083 RIRIE Y BT, Bl P B Bk 4R F R A TR
&) A ] 3%, - 8] I 3 TIARIR AR 09 X b %
Fa b LA AR 693K R 55 3340,

% 30k

(1] Fett. SO IR TR 1 O A i TR AR S 5
BH[]]. REIRK T, 2016, 36(9): 1-10.
XU Jin. Practices and prospect of petroleum engineering
technologies in ultra-deep sour gas reservoirs, Yuanba gas
field, Sichuan basin [ J]. Natural Gas Industry, 2016, 36
(9): 1-10.

2] XU, WRSUHR T LRITIIRID]. #: i



$35% 1 XA

RLAG T ) 5 — S R 17

AR, 2008 :35-38.

LIU Junxia. The study on test project design technology for
deep gas well [ D]. Qingdao; China University of Pet-
roleum, 2008 ;35-38.

AEAIDE, miSCHE, XIBETE, 2%, B e s il O
BRI BR[O, 2015, 24(5) . 52
-53.

XIONG Hegui, GAO Wenxiang, LIU Hongtao, et al.

Configuration technology of well test string for deep

[3

[

ultrahigh pressure of high temperature gas well [J]. Well

Testing, 2015, 24(5) : 52-53.
(4] Xk, BONEN, 45, 55, FE 4 L0 il i R O
WAL B SR )], iR T, 2016, 39(5):
42-45.
LIU Hongtao, LI Lili, WU Jun, et al
configuration and application of well testing string for ultra-
deep HTHP gas wells in Kuga, Tarim [ J]. Drilling &
Production Technology, 2016, 39(5) . 42-45.
2 AT, Foode %, “RDS FﬁéJ+RTTS ErhmaR” Mt
TEAEG A P e R L], il O, 2013, 22
(4) . 56-57.
Ll Jiang, ZHAO Youdao, WANG Yuanlong, et al.
Application of 7 RDS valve + RTTS packer” test technology
in oil test operation[ J]. Well Testing. 2013, 22(4) ; 56—
57.
XIRZL, FRIEAR, ©H, 5. B85 A iR L A=
LB AR AR AL [T]. AAR T2, 2018, 40
(2). 185-189.
LIU Shuren, CHENG Xiaodong, ZHAO Zhengjia, et al.

Optimization of test and perforation combination technology

Optimum

(s

(-

[6

(-

in Yangshuiwu high-temperature buried hill gas reservoir
[J]. Oil Drilling & Production Technology, 2018, 40(2) :
185-189.

PEVR 1, B2 55, HORRME 45, KT1 H- U i — J 6 AR b J22 )
BHERLT ], ORI, 2023, 32(2) :19-23.

PANG Zhenli, PENG Yong, HUANG Zhonghui, et al.
Four-valve one-packer open-hole testing technology for well
KT1[J]. Well Testing, 2023, 32(2) . 19-23.

I, Wi, A L D] 4 o T i S 3K
EHBITINELT]. WAIHNK, 2022, 31(1): 17-21.
WU Qiang, CHEN Bo, LIU Shengguo. A design method of
test string for ultra-deep and high-pressure sour gas well in
Sichuan basin[ J]. Well Testing, 2022, 31(1) . 17-21.
VER T, AR, M5, 45, mies il TR T
EHARTHBUR [ T]. AL THFFE, 2021(15) .
133-134.

PANG Zhenli, SONG Guogiang, JI Peng, et al. Test
tools, technology and current situation analysis of high
Modern

[7

[

r8

[

[9

[

temperature and high pressure oil testing [ J].
Chemical Research, 2021(15) ; 133-134.

[10] AR, e I IR 2 0l A8 AT 45 4 O A 3 1
(3. EDATMBL TR 254, 2015, 28(4) : 36-37.

LUO Limin. On structural improvement of formation test

string in high-pressure and high-temperature wells [ J ].

Journal of Jianghan Petroleum University of Staff and

Workers, 2015, 28(4) : 36-37.

BROLH, Bk, SRRk, il I s I 4

ARLERR AT ]. #iR T2, 2016, 39(3) : 31

-33.

CHEN Guangzhi, HE Qiuyun, ZHAO Yiqiu. Application

of HTHP and high production test technology in Shuangtan

well 1[J]. Drilling & Production Technology, 2016, 39

(3):31-33.

[12] BF. — M A — USSR B ORI [T ]. =R
ik, 2024, 33(3): 13-18.

MAO Jun. Development of a novel one-time shut-in test
valve[ J]. Well Testing, 2024, 33(3) . 13-18.

[13] B4, EARM, W8, & RAUHKmsEId ik
MR XS I T TR R[], AR T,
2022, 45(6) : 59-64.

JIA Hai, WANG Donglin, PAN Deng, et al. The

influence of rapid pressure relief on sealing property of

[11

[

downhole tools in the process of well testing and

completion in natural gas wells[ J]. Drilling & Production

Technology, 2022, 45(6) : 59-64.

MCALISTER J A, NUTTER B P, LEBOURG M. A new

system of tools for better control and interpretation of drill-

stem tests[ J ].

17(2): 207-214.

[15] WA, AR, B, RAMEJE MFE MK T 25
BILI]. WA FHIER, 2004, 13(3) :38-39.
HU Haohua, BAI Xuedong, CHENG Zhanmin. Discuss
for MFE testing technology with big declination[ J]. Well
Testing, 2004, 13(3) . 38-39.

[16] Bk BN, RZTE. iyl H,S R iy
P TELI]. #iR T Z, 2020, 43(2) : 64-67.
HE Qiuyun, LIAO Gang, SONG Junzheng. Preventive
measures against the H,S corrosion in oil/gas well testing
[J]. Drilling & Production Technology, 2020, 43(2) .
64-67.

[17] RWes. BPEasiit3Em[ M), dbat: P EAEKR
1, 2012, 48-49.

[18] DANIEL E, ADEWOLE S. Type curves of a vertical well
completed within a pair of inclined sealing faults [ R].

SPE 211904, 2022.

[14

(I

Journal of Petroleum Technology, 1965,

hi FEE

F—IEEE N XAR L, B, 1984 F i mH TR, 1+
BFFELE 2013 AR T [ 7 il R (R AR) i U H T & T
B, I F I I B R F 90 5 8 T AR, Wi
18533641086, Email: liushuren@ cnpc. com. cn, 0 A H Al
AR RS T ) BE X T R T X ARG A |,
%.065007



