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Development of PCS and an experiment for performance evaluation
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Abstract: With their wide geographical distribution, unconventional resources are continuously compared against conventional re-
sources, but their development is expanding because TRRs (Technical Recoverable Resources) are similar to conventional
resources. In particular, there is active development of unconventional gas resources such as shale gas, tight gas, CBM (coalbed
methane) and gas hydrate. However, it is difficult to calculate the material properties of unconventional resources, especially the
gas content, with current geophysical logging technology. Additionally, some overseas companies have monopolies on related
equipment and materials. Therefore, this study developed a reservoir PCS (Pressure Core Sampler). It can collect core samples
without gaseous loss by maintaining high pressure from the moment the core is sampled and record pressure and temperature
in real time. Successful performance testing was also carried out for official verification of the manufactured PCS. The reser-
voir PCS will contribute to the acquisition of geophysical well logging data as well as accurate and reliable cores.
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PCS= 1979 Hunt[8]°ll o8 A& A=A,
Kvenvolden et al[9]¢] # %2 ¥“(Deep Sea Drilling Project
site 533)0l A-8-3}% 2™, Dickens et al.[10] 5ol 2|3}
ODP(Ocean Drilling Program) Leg 164, 201, 2044 2] &%
& Ul 7k kmgte|mo]| ES] X E SA4sk=t 4
Ao AMgE Bl vk PCStE AINAITA o fX
ge] Z]Ale} HAE 23 TN E AFH GHIE AlF
Aol AAste] ARgate, BB Fejo JiHgA
ol-g3l YA el hEs FAIF FEHE The] &
1 glo] AlmE AT 5 Stk

dntr o pes= O AF719] 34 &9E pCsell 42
8}+= Latch assembly, @ Pressure barrel assembly2] =3 H
N E @3Sk Actuator assembly, @ N3 AlZ7} LAALE]
o o gl REE FHUG HEINESF 8] gL =
Pressure barrel assembly= /g & 0] Ut} 2 Ao A= o
71l @ PCS WiF-oll GAI7}F 7hs gk REY AAIZE dolH
71572 DLS(Data Logging System)E Ul"galo] Al S A1
Al A Ele g gkotat A Ao QlE F9
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Figure 1: Main components of reservoir PCS
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PCS Spec.

Size &77.5x3199 mm

Material SUS304(inside)
SCM440(outside)

A. Latch ass’y
B. Actuator ass’y

C. DLS ass’y

D. Pressure barrel ass’y
Figure 2: PCS 3D modeling

3. A7UE

3.1 {3 PCS AME H =

AAFL A PCSEA 9} Out casing F-EO 2 Lo
A 2= QAT PCSEA= A7) A ek vkel o] Latch as-
sembly, Actuator assembly, Pressure barrel assembly, DLS=
T-E5™, Out casing®] - Drill bit, Reaming shell, Outer
tube, Guide pipe, Guide coupling®. 2 =¥t} PCS U4 5
& FES FANAE 98 susidE, 9] FE

SCM440 25 A3} T

3.1.1 Latch Assembly Part

Latch assembly part= Al57]2] 3 A &S Aol 5
F2 Adste 988 s Actuator 523 9138 2S ¥
=)= Ball Collet ass’y S 233t A A H ATt Ball col-
let ass’y®] 73-%- Spring& AH&-3sto] 9ol A 315 17}sk3d
S W Collete] F53stHA ETho] Wojx] & "ol
TFxolm, Fr o] f5Fo] Actuator W F-2 & S S04 §
U= FASES vhdate] A7, A%t= A chFigure 3).

1=}

Figure 3: Latch assembly part

3.1.2 Actuator Assembly Part

Actuator assembly part®] 2 932 JH o] AYH &
EuldE 2] Y5 AHUEES ZFEA7]E ZolH, Actuator
9 DLS, 2el W LA 94 S sl AU,

off
>
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Figure 4: Actuator assembly

3.1.3 Pressure Barrel Part

Pressure barrel part= A 52 A3 7 A|79] o]
A 7 YEF BES= o] FHA M, oY §A& 9
3 Ball valve parts #-83}e] A3 CH(Figure 5). A5
- Ball collet®] BS ActuatorZ © 2 "ojrug] 7] =™ f-3|
TEO0 T Actuator®} Core tube”’} =2 02 A53HA &
t] o]uf Core tubedl| AA¥ HAE F3l Ball valveE 90
3]t A Elth(Figure 6). ©] ¥4-S &3] Ball valveE 7]
o2 Wi g dErE Hol Ajme b el fAEh

HNOH P Lo

Table 1: The DLS components

Figuré 6: Ball valve operation

3.1.4 Data Logging System(DLS)

DLSE AR g3t S5 MEE QAo 7 Sah

ZF2| 2 PCB-Board®} HlE|E] 502 o]Fo|x Jom PCS

Uidtell A =5 5 d=s masiste] dAESIH

(Figure 7). F5 AYE S Fall 4925 Mo o2 2

2ol 5 4 ol%2 Fal peste] Hole S5l 75
X

3 AlA 2 DLS-Board AFFS Table 13 2t}

fin)

Figure 7: Data Logging system & Housing

Pressure mete

Thermo meter

Data Logging System
(Prototype)

Fig.
Size [ Miniaturization (Optimized for PCS)|- Miniaturization (Optimized for PCS)|- Miniaturization (Optimized for PCS)
ize
- Sensor size : 8.4 - Sensor size : J6.1x5 - Data Logger Size: 100*30*15
- High resolution and reliability - Great stability and reproducibility . . L.
. . - Small size (installable inside)
- Long-term measurement - High accuracy and sensitivity
. . . . - Durable sensor module
Feature - Connection to automatic - Connection to automatic measurment L. .
- Sensor circuit composition and
measurment system system sensor board manufacture
- Small and lightweight design - Small and lightweight design
. - A/D Convertor : 32Bit
- Capacity : 100bar Sampling time: 20msec
- Rated Output : 2mV/V - Capacity : -20~80C Non Lpinefrit .'0 01% FS
- Non-Linearity : 0.25% RO - Rated Output : 1002 P Tei'  lomgoC
Spec. - Hysteresis : 0.05% RO - Non-Linearity : 0.1% RO P Ciannelp' .ZCh
- Temp Range : -20~70T - Hysteresis : 0.1% RO Data bac'k
- -u
- Allowable Exe : 2~10V Materials : SUS 316 P
Materials : SUS 630 - Interface: RS-232C
i Software : PCS-Scan2

StarutA A o] ¥ a3 2] #3948 A9%(2015.11)
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3.1.5 Out casing

AlF7l AAdE dEH R A5 7]

2 el PCSE WAk lvk A Alol= oA
aEe =1 BE ARES AdAskal PCS AlAlEel A8

a3t A 2hE] A Th(Figure 8, 9, 10).

7] 918 AA dols

g o

gl e HArke=E,

A L7k,

Pk HdE 7}’\‘* o2
2 olgatA] &ata AdH Aol Wi
el L7}~ (Coalbed

Methane, CBM), 7}2~3lo]=golE Sog BiF

B haAe Eiol W Aol A%
HEAA AFse] A@a] Fhaselmeo)E

BN BT S AYaL vk,
arefste] PCSO T8 A5 B7HEE Table
Astalow, sle] AAAE] AeE 224 0.2 Fastglvh

Table 2: Quantitative objectives

Q9] A=a
Qorol A A

zdu}. wA

A E 1~2km

= A2

webd o2
29 el A

Evaluation items | World-class level
Unit Goal
(Performance Spec) (company)
PCS maximum 200
. bar 100
working pressure (Fugro)
PCS maximum 5 -20 ~ 40
. C -20~40
working temperature (Fugro)
PCS pressure loss
% 5
probability
hapml Az ol s3] A4 A39¢ A935.(2015.11)

322.1 PCS Hrjateore

HPU(Hydraulic Power Unit)ye AF8-3}] 100bard] =&
7Vsted PCSO AHY 9 EWE FA-S gl Aol

w, AdH] 42 Figure 11 2 Table 32} 7t}

Figure 171: VTestr equipment of PCS maximum allowable
working pressure

Table 3: Component of Test equipment

No. Part name Function

@ PCS specimen
maintaining 100 bar pressure in

@ Test chamber the chamber

size : @320 x3405L (mm)
- adjusting the pressure within

the chamber
Hyd. block
® yd. bloc - Check the pressure of chamber

through the pressure gauge
Generating hyd. pressure

(Max. 250 bar)
® Drain valve Oil drain

@ HPU

3222 PCS UHEAE
AR E AFEEEe] EllE gl 100bare] ¢S T}
3 H, A4 A7 Aol W ke wEE S5 A9

&
o

S
B
m
v}

oln, AH] T4 Figure 12 2 T

Figure 12: Test equipment of PCS pressure loss probability

976



PCS(Pressure Core Sampler) 7§¥F 2 A5 7pa¥

Tabel 4: Component of Test equipment

No.

Part name

Function

@

Ball valve ass’y

specimen

@

Chamber

size :

safety case
Z196 x 732L (mm)

®

Pressure gauge

show the pressure of ball valve

®

Hyd. hand pump|

generating 100bar pressure
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Tabel 5: List of measuring equipment.

No.

Items

Measuring
Equip.
(manufacturer)

Specification

Strain

Strain
gauge
(Tokyo Sokki [¥5
Kenkyujo)

DAQ

Dynamic data
logger &
Program
(DEWEtron)

IDimension|

Vernier
calipers
(Mitutoyo)

Length : 10mm
Factor : 2.09+1%
119.6+0.5%

Resistance

Max. frequency : 1.0

MHz
=

Pressure

Pressure

gauge
(WIKA)

3.23.1 PCS HtAHe-4+e

& AellA AlFE PCS HIARE- S 100bar, AF
O 2 ek eiulEol, F85 WY o A0S F
S 43k A9 W T LrkFigure 13, 14),

StarutA A o] ¥ a3 2] #3948 A9%(2015.11)

Check the
conqmon of O- Install PCS into Put the I.OO bar
e fmd the test chamber pressuré into the
dimension of test chamber
PCS
¥
After measuring After taking out
Check the the dimension of PCS, check the
condition of ’ PCS, check the ’ operation of
O-ring deformation of actuator & ball
PCs valve

Figure 13: Test procedure of PCS maximum allowable work-
ing pressure

Figure 14: Evaluation method of PCS maximum allowable
working pressure

ro
H1

3.2.3.2 PCS Z|CHAIZ

PCS &% %319 A 7|AFZEo|BE Am 5449
29 EANE AESY Hx 2x HY A A87E
ARE ekl
3233 PCS YHEME

PCS &t8 £4F S4& siAe st 23 o
Core tube U] o8 SAES SAsH= WHOoR g glo

Putthe 100 bar
Attach the strain pressure in th the vgr};:;gntth
gauge on the ball ball valve ass’y
valve ass’ by hyd. Hand pressure throuth
¥ yiya. a pressure gauge
pump
After
Compare the two disassembling de;f)trl;f;:ighne of
test results of ’ ball valve ass’y, pall valve ass’y
pressure loss check the f
probability condition of O- thmugk; ihz strain
ring gaug

Figure 15: Test procedure of PCS pressure loss probability
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Figure 16: Evaluation method of PCS pressure loss proba-
bility

H A
=

33 4

oo

a

3.3.1. PCS Z|CHAME Q4
AR 100bars 17FeHS o AR 7E A3

o= FAste] EHYL @3 A ER18H3 e, 100bar
Fefell A o] AAIE elgwst B o T HAEA] ¢

XCH(Figure 17, Table 6 - 8).

b

after the test

F
332 PCS AR :

HEY 24l 939 39 AgRE} dusos -
30~1207Co]H, 120CY wj 2187w Wslgo] Hof 15% ©]

=

= 3ICHKS B 2805 O-3 %)

PCSE SUS304(UIH)T SCM440() 2 A ZkE ¢lom
T AFe del didt F8 EAXT Table 99F 2T}
SUS3049} SCM4402] A AIG7F th27] el A3y
v 2B w2 o 7]9) d4de] dAE 4 vk e
U A9 F3RE A5 SUS3042 A FE o] glo] A7k
w2 grow, EiH el e Ao Wao] 65m=E =lE

=z
ke

i

199} 1m o1 % BA7E 7] WA A GGl At
A etk

Table 9: Thermal properties of SUS304, SCM440

Figure 17: Measurement point of PCS

SUS304 SCM440
fficient of i
cocrricient o Dexpansmn 173 12.2
(ym/m- C)
Melti 1 .
clng femp 1400~1455 1450~1510
(©)
333 PCS LHEAHE
PCS9| §4elEE A3 Figure 1871 o] PCS AAIFE
F o] By Ao E3F ek 100bars 7FbEE ), 6082 Al
e By el oW stE A5 o 24, PCS AlA]
Fo HHEAES 335]9] A F7eGiTh

Table 6: PCS Dimension measurement result

(h9):mm)

Check |before the| after 5 min. | 10 min.

X Result
point test the test | after test | after test

A 72.85 72.75 72.85 72.85

B 72.95 72.80 72.90 72.95

C 72.95 72.85 72.95 72.95 Pass

D 72.95 72.85 72.95 72.95

E 3,199 3,199 3,199 3,199

Table 7: O-ring appearance comparison

before the test

after the test
e X

dHA A E Tt tHNstE A A 3akd BT
E2E 5% olUE w319 t(Table 10-11)
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Table 11: PCS pressure loss probability result

(91 :bar)

0 15 30 45 60 Total loss

min min min min min | probability
Ist 100 98 97 97 97 3%
2nd 100 99 98 97 97 3%
3rd 100 98 97 97 97 3%

FrlHoR Bung JFow g rlu g

2 No.1(343gh, No.3(ZWah), s No2(3W3,

No4(EWEh & 4719 ~E#QIAOIAS FAsto] HEF
A

Sho 7= EK
3519tk 1 A3 Figure 199} 2t}
400 —
200 —f
|
R —
E ] L
H 1 | |besdeadhandaaibaadecdbindaaban
E ) ! Strain gauge ! ’
z ' Na.l Nol— - — No3 Nod | !
_______________________________ |
200 — |
|
I
400 — 7 7T
0 10 20 30 40 S0 6l 70

Time (min)

Figure 19: Strain from strain gauges during the test

=
o] ZHgatglon, S THIEY] A IFHE, A
2 hEEo] AL eS & F Ark o= Al vt
H 4H o= 213 Ball valve housing®] 3o = A HhAY
s AAls & gAY

PP =c:€

Table 12: Strain variation and final pressure calculation
No.l | No2 [ No3 | Nod | Avg.

Peak pressure, P

(Bar) 100.0 100.0
Peak strain, & | )3 1 300 | 109 | 280 | -
(um/m)
Strain after
1 hour, & 216 | -292 | 106 273 -
(um/m)
Final pressure, P’
96.9 | 96.7 | 97.2 | 975 | 97.1
(Bar)

Deformation at

peak pressure 0.00223 _0'020300.00109 0.0028 -
(mm)
Stress

at peak pressure | 46.83 |-63.42| 22.89 | 58.8 -
(MPa)

o

oA d A Yol a3 x] A39@ A9E(2015.11)

WEE mE HFT Qe 24 sl
96.7~97.5bar= A, H 3t 97.1bar= AFEH A O H, o]= 1A]3F
FOF Bt 20%9] FHEAES Vb,

2)
EE AR3(In-sitw)

dPrFE T8 ARl ¢

olM vk S} FAlC 1gE= Aol WahE=
23} 255 7]58hRs DLPCS #FS HZEdR: ZlolH
G5 AAEPE FH o] Qlek vAE ouAAkel 5 A
7hoh whE ARjjo] AlEA o2 Fofu= ARl DL-PCS
o 8= Sk Ao AddEY, B #E A4 E

s pese] Aleg Agom PAY Aow

2,
o
i)
=

2 AT AXBARe] AYeR S iAr|=H 7t
A(KETEP)S] A Y-S ol YA LgHA 717N EAL
4 T “HHE AR ARS Insiu EAFHS 7
A (N0.2012202300010) 2] UH-Z =3 %) o, o]of 7
AL o itel] FAF=HuTh
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