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Key Tools for Assuring a High Efficiency Heat Injection String for Multiple
Thermal Fluids in Offshore Wells
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Abstract. At present, the simple heat injection string pipes used by multiple thermal fluids technology
in offshore wells have poor whole-pipe thermal insulation, and are uneven in multiple thermal fluid injec-
tion of horizontal sections. In order to solve these problems, high-efficiency injection strings for offshore
multiple thermal fluids were designed by developing key thermal insulation tools and step heat injection
tools and by designing horizontal sections for heat injection by sections. The thermal insulation section of
the string consists of insulated tubing, insulated coupling, insulated centralizer, insulated compensator and
insulated packer. Due to its excellent insulation performance on the whole, the heat loss of injected ther-
mal fluids dropped. Its horizontal section, which could implement even heat injection in horizontal sec-
tions, consisted of uniform fill-up valves, segmenting packers and tubing centralizers. All key insulated
tools and step heat injection tools could meet the requirements for long-term operation at 330 degrees and
with Grade D in heat insulation performance. The uniform heat allocation device had been applied 7 times
to wells with implementation of uniform heat injection in horizontal sections. In summary, multiple ther-
mal fluids could be injected efficiently offshore by using the high-efficiency multiple thermal fluid injection
strings together with the corresponding key tools.

Key words: multiple thermal fluids; thermal recovery; injection pipe string; packer; centralizer; com-
pensator
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Fig. 1  Schematic of high-efficiency offshore thermal fluid

injection string
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Fig. 2 Schematic of heat insulated packer
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Fig. 3 Schematic of insulated compensator
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Fig. 4 Schematic of insulated centralizer
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Fig. 5 Schematic of uniform heat allocation device
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Fig. 6 Schematic of segmenting packer in horizontal sections
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Table 1 Technical parameters of key tools

TH HARAME/mm AR/ mm it J& /MPa 4 2 /MPa TAEWRRE/C BK/mm EHESHRZ/mm
i A P 210 76 20 20 330 2073 244.5
W SR RP 2 2R 145 62 20 350 4 050 >177.8
B AR IE 4% 190 76 30 350 640 244. 5
Y465 10 AR 93 52 30 350 620 >127.0
oy B IR A 116 62 35 330 675 139.7
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Fig.7 Schematic of theory of high temperature experiment
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Table 2 Bearing pressure performance of heat injection pack-

er at high temperatures

MEE/C b/ MPa LEJE I/ MPa R IR /MPa ik

250 0. 04 0.03 20. 05
313 0. 04 0.03 20. 25
330 0. 04 0.03 20. 22 A 2 h
332 0. 04 0.03 20. 22 FaJE 2 h

3.2 R#iMERSEIRE

Rt B T 20 2 OB A IR 2 350 °C 2 [A] i
6~ 74N TR A HE o B R R L A5 ORI 3.
K 3FE N AMER AR E T YR Z 20 MPa
O 22 , B B R4
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Table 3 Bearing pressure performance of insulated compensa-

tor at different temperatures

BEE/C LRSI /MPa £JE/MPa SEE N I
64 19.55 0.95 R#  F2JE 10 min
160 19. 04 0.23 R FaJE 5 min
200 19.21 0.39 R FaJE 5 min
263 18.50 0. 34 R4r FaJE 5 min
331 21.11 0.15 RiF 2 20 min
355 20. 20 0. 85 RiF  F2JE 30 min
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