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Satoshi Nakashima™®

Development of the Downhole Sparker for slimholes

Abstract

1. Purpose
To use for the 2D or 3D crosshole tomographic survey at maximum 1,000m depth in slimholes,
Downhole Sparker was developed in this project. This Sprker can product large acoustic or seismic

wave without any damage of borehole using electrical spark in downhole.

2. Methods
This Sparker was developed based on exist large size downhole sparker but was improved to hold OD
less than 80mm to use in slimhole and to be able to divide it into 3 sections to handle easier.

A seismic data acquisition test was conducted to evaluate the performance of this sparker.

3. Result
Downhole Sparker was developed in this project. It was confirmed that this Sprker has specified
factions by both laboratory and borehole test. Also, it was confirmed that seismic topographic data

can be acquired using this sparker.

Work performed by Geothermal Energy Research & Development Co.,Ltd. under the contract with
Power Reactor and Nuclear Fuel Development Corporation.

PNC Liaison : Geotechnics Development Section, Tono Geoscience Center.

*: Geothermal Energy Research & Development Co., Ltd.
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£31-2 BASSREDS (CSHAH)

SP70 SPARKER ELFCTRICAL CHECKS

CAPACITOR SECTION

Maxwell and CSMA capacitor test report:-

Date 4/3/9‘? Engineer ~Z=7 Test Results © .#=
EEV spark gap:- (tested in SP70 capacitor circuit at 4.5kV)

Date 20-2-K Engineer &%ﬁt\/\xﬁg Test Resul ¥
ELECTRODE SECTION

Output Inductor and electrode insulation test:- (tested at 10kV)
Date 2- 3-8 Engineer@}ﬁexoque% Test Result OK
ELECTRONICS SECTION

Printed circuit boards :- (Assembly visual checks) v~

Printed circuit boards :- (Functional tests) Vv

HV power supply:- (Functional tests) v

Date (2-2-98  Engineer @%@0\‘\@

Test Resuits:- Vin Vout Power output Eff %
TSV PANVAN TEES <3 9,
200\ ZekN TR 1y,

SURFACE CONTROL UNIT

Control switches and system functions:-

Date 20~4-2% Engineer (D%M\]‘*Q Test Result Y. |

Shof instant output Isolation test;-

Date 20— t4-~% Engineer(D}SQD\JN“QQTest Result O C> t OM»D_.> :
Pressure level test (hydrophone / tank test):-

Hydrophone sensitivity 462 Vibar

6o -3
output @ Tmetre 6S V (from plots) pressure level [“4  par

Date 23k~ 9K Engineer @%)Qﬁv\f@% ) s



K313 X H=Ans—vigzes (CSMA 1)

SP 70 - MECHANICAL CHECK/AUTHORISATION LIST

Mechanical drawings | @
Electronics Assembly - 545/ 98

Checked

Date

Capacitor Assembly - 530/98
Checked

Date

Electrode Assembly - 495/ 98

Checked

Date

33



R31-3(D) AB=HI—RERZD (CSHA )

Component Manufacture @

Components as on 545/ 98 é / |
Material specification check / aie 4] t/of8

.......................................

Dimension check/conformance g/;ﬁm //9/ 2'/9'5”

Installation check / acceptance
Components as on 530/ 98

Material specification check

Dimension check/conformance

Installation check / acceptance

Components as on 495/ 98 L/
Material specification check / G 180198

...................................

Dimension check/conformance %%ﬂ«/zy 7’—’/38 -

Installation check / acceptance
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hsp  awalting trigger

?i
o e "y::' i
TN
‘i:z;\:: j J:X: ;fT}
ALvE|RW,
.. \
-2.30000 me 0.00000 s 2.50000 ns
300 wus/diwv

Fars armaitinag trinmnar

Ap auwaiting trigger

A

IR

Ry

il

~2.50000 ms

0,00000 s
500 us/div

2,50000 ns

1

98.-4.23

729 72 l-

10.0 V/div

offset: ¢.000 ¥

4

offsat:
10,00 : 1 dc

1

1

1,000 1 1 dc

40.0 V/div
0.000 ¥

£ 5.000 ¥

10.0 V/div

offset: Q.000 W

4

1.000 & dc

40,0 Yidiv

of fsettr G.000 Y

1

BJ3.2-111) 920X MRRIHRE (20 1)
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Ao ausiting trigger

4 10,0 vsdiv
i offset: 0,000 Y
REAR Y 1,000 + | dc
- S "
N
W IIEA
A B T W L N I \J o
W 4 40,0 vraiy CoVpr
£ affset: 0,000 V¥
v \j 10,00 + 1 Tdg
=-2.50000¢ ms 0.0G6000 s 2.50000 ps
500 us/div
1 £ 5.000 V¥
Ao auaiting trigger SOV BT
¥ 1 10,0 vrdiy
L. offgset: 0,000 V¥
J.‘;\\\ 1,000 :+ 1 de
\ :’x\
A -
ST a4, a00 vty SNppP
i offget: 0.000 ¥
W v t 10,00 + | dc
-2.,50000 ns 0,00000 ¢ 2.50G00 ns
300 us/sdiv

{1 _f 5.000 V¥

B3.2-1(2) &7 X MEAERE (£02)
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bp awaiting trigger

4 10,0 V/div
offset: 0,000 ¥

7Y 1,000 + 1 dc

":EN%:: JH°'1: :J:lﬁq. 40.0 v/div
Nﬂ ‘k/{ l \ pJ uffset=.0.000 Y

v ¥ k 10,00 1 de

~2.30000 ms 0.00000 s 2.30000 ms
500 us/div

{1 _F 5.000 V¥

Ae  auziting trigger

1 10.0 wrdiy
affget: Q.000 ¥

i \\\‘ 1,000 ¢+ | dc

‘\ iJ:: 4 40,0 v/div
J

S W
h/ \J/ \ offset: 0,000 Y

Wy 10.00 1 1 dc

-2.5000Q nms 0.00000 g 2.50000 ms
S00 us/div

{ £ 5.000 v

X3.2-1(3) $oFRMERAEE (F03)
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bHe  augiting trigger

-2.50000 ns

fe  awaiting trigger

S00

0.00000 ¢
us/div

2.50000 ms

N

f

TATRA
R,

—

~2,50000 ms

0. 00000 s

300 us/div

a9

2.30000 ns

1 10.0 V/div
offset: 0,000 ¥
1.000 1 dc

4  40.0 Vv/diy

of fset: 0.000 ¥

10,00 : 1 dc

1 £ 5.000 ¥

1 10.0 W/div
offget: 0,000 V¥
1.000 1 dc

4 40.0 V/div
gffset: 0.QQ00 V¥
10.00 1 de

1 £ 5.000 V¥

3.2-14) #2207 MRAIER (F04)
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Ao awWaiting trigger

1 10.0 v/div
offset: 0.000 ¥
i 1,000 : 1 dc

TV ey Gover

> v \j 10,00 + de

~-2,50000 ms 0.00000 ¢ 2,.50000 ns
S00  us/div

{1 £ s.000 ¥

Ap  auaiting trigger

1 10.0 W/idiv
offset: Q,000 ¥

ﬂ\ 1,000 : i  dc
N

NoA

Ralvdl '\\fs-/ o B

-2.50000 ms 0.00000 s 2,50000 ns
500 ys/div

{ £ s5.000 v

3.2-1(5) &2 oF X MERMER (£05)
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hp  awaitlhg trigger

1

/ UJJ\ /3

offsat:
1.000 ¢ 1 dc

0.0 V/idly
0.000 ¥

M W\; TR 4 40,0 V¥idiv
. offeet: Q.000 V
- \ \}‘ 10.00 ' 1 dc

~2.,20000 ms 0.00000 s 2.50000 ns

500 us/div
1 _f 5.000 ¥
A0 printing

.| 10.0  ¥/div
offeet: Q0,000 ¥

NAN

-2,50000 ms

0.000006 s
S00 us/div

2.50000 ms

1

B43.2-1(6) &5 MRAIKE (FD86)
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1,000 + | de

40.0 W/div
0.000 ¥
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3. 3 ZEhaHHE

(1) MESHER

ARG ¢ CSMA ®BUHMICS B45H RH16 10 28— — b SR 2,100m F THET L. 24 BRIk
B4 5,

Sf%H ¢ ERE EORBRICKOBASENC &,

AEBRER ¢ 198 F4ASHICHRPEBL R, BIFTHo7-0 CSMA thic k 2 AR L
3.3-1 IZ7R T,

(2) W
AT 0 CSMA #BHiPIC S BHIH RH15 1R /S — ) — R 2,000m % TR L. BIVERER %

AR

TVe

afasRt ¢ EEE 2,000 miIS TEBIEREE T B3 2 &, RH1E HERE 2,000 mIZ CTFLNIBEE A 70°C % 88
A%0 RH15 OHiNIBEEK 3.53-1 IT7R T,

ABUER ¢ 19984E4 A 21 H, BRI THEMERTES DS EREREEB L. BIERRERL -

(3) IBBEERR VRS D

B ¢ CSMA #BUaMICS 253 RH12 1K/ Foo 4 YEEE 1,712 micHET 5, RHIS
TN AN —IC X DERE 1,500 m& 9 2,000 m% T 50 mBITRIEL. RIREHF 0BT 5, F
RONIZEWR L AEEMHT 5. RIEVE L ZHEIBEOMESK 3.3.2 [N N

sl ¢ BiThl

REBAER ¢ 1998484 A 21 B, BEMTHYERT BSOS & RE B EREL -, ¥ (Wl 1
%R 3.3-3 RUR 334 1RT o & =B REER 3.3-5) 0 5K 3.2-5(1D)ICFR T,

(4) BERMESS T 4 —F— 5 OB

AEBRGEE ¢ CSMA #ButNIcd 2FL#F RUOD ion A Fo 7 4 vERET S, ILHRHTC iIc 24—
A-ZEETSE, 50mA5 I8 mETI mBRERET 3, BHEEBLEL ¢ 50 mb 5 98 m¥ T1mEC
Ai#R Y S0 RHID KU RH7C QAL FEHE % 3.2-6 IR %R 3.2.7 iomd

HHEEE 0 TR L

AEBRAER 0 19984E4 F 28 B, RN CEMEMTHA VDS LB E SR L. T NTOREEEE
T FERR ORI ORIRN T & 120 RIEHBOMER 3.2-8(1)7 5K 3.2-8ITF T,
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#3.3-1 MWEFBRIER (CSHAHD)

SP 70 Pressure test

Specification pressure 20MPa/ 200Bar

Well test record

Well RH 15
Depth 2100m
Temperature 75°C i
Wireline operator P Jaques
Supervising Engineer B Piper
Date 04.03.98
Comments

Full tool assembly run to depth and left in position for 24
hours.
Full inspection after test.

Acceptance @l N

Authorised signature
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0 TEMPERATURE deqC 106,

800

1000 \\ —
1200 \\
1400 — !\

1600

1800 \\

DEPTH (m)

2000 \\
2200 _ \
. | P /
2400 //
.
\\
T~
T~

_F[GQREI RHIS TENP_!_E__RAT_L{RE PROFILE 4-NOV-1992

3.3-1 RHI5 INIRE
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~FIGHAE.

-200m -100m

1500m |}

1600m |

1700m |

1800m |

1900m

PNC CROSSHOLE SPARKER TRIAL AT ROSEMANOWES VIEWED
FROM THE SOUTH-EAST. SOURCE LOCATIONS IN RHI5 MARKED
BY x AND RECEIVER LOCATION IN RH12 MARKED BY AN o.

3.3-2 REIRMUELREME
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£ b

SPARKER I IN RH15 AT §0m INTERVALS .
200 . 1500 [ ¥ q t7x 20 w060 1500 2000 1500 2000
300 | |
i ‘ ‘
Ex b
3
’
: x :
400 | _:: {
] »
£
R
500 | £
3 3
3 3
600 1
FIGURE 2, PNC CROSSHOLE SPARKER DATA. TRACE BY TRACE SCALING,

FIRST GROUP OF |12 TRACES UNFILTERED, SECOND
GROUP HP 200 Hz, THIRD GRCUP BP 200-3000 Hz,

3.3-3 FRRiER
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SPARKER DEPTH IN RHIS AT 50m INTERVALS

00 150 000 1560 2000 1500 2000
30.0

= - b

= s = \

=% 25%

= S
400 | ‘z =2

==t =

500 1

/
mw" Illtlkduﬁl'*“lwl m,,,uwflw}
1A ALY Toid/ !

60.0

]

FIGURE 3. PNC CROSSHOLE SPARKER DATA. GLOBAL SCALING.

FIRST GROUP OF 12 TRACES UNFILTERED, SECOND
GROUP HP 200 Hz, THIRD GROUP BP 200-3000 Hz.

3.3-4 RiZHHAE
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Frequency (Hz)

3500

0.07" b L = = Lol el
0.5
0.03
o |
0.00
Time (milliseconds)
o0l %@ w8 00w s 0w s 0w 0 m om0 @
FIGURE 7 PNC CROSSHOLE DATA. SPARKER AT 1500 m MD.

BP FILTER 100 - 2000 Hz. NO STACKING.

3.3-5(1) FBEUERHER (Z01)
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0.06

SH

Frequency (Hz)

1000 1500 2000 2500 3400

J300

0.03

6.03

0.02

0.Co

40

Time (milliseconds)

42 44 18 48 50 52 54 36

38

FIGURE 8

PNC CROSSHOLE DATA. SPARKER AT 1550 m MD.
BPF FILTER 100 - 2000 Hz. NO STACKING.

B13.3-5(2) BREEAER (£02)
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Frequency (Hz)

asae

0.15 1] 5{30 Iﬂiﬂ ISIDCI 20!!) '2515!0 :ulun

0.07

0.04

0,00

Time (milliseconds}
0.3525 k1 3? 1? 1l 12 1I:! 41 1‘5 1IG 1‘7 13
0.5%
FIGURE 9 PNC CROSSHOLE DATA. SPARKER AT 1600 m MD.

BP FILTER 100 - 2000 Hz. NO STACKING.

3.3-5(3) FRREMATRER (£D3)
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Frequency (Hz)

0.1 a oo 1000 §500 2009 2500 3009 3500
' T T T T T T

Time (milliseconds)

a.91 a0 3'2 15 38 ] 4Q 4'1' 41 46

0.0l W
0.45

FIGURE 10 PNC CROSSHOLE DATA, SPARKER AT1650 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

B 3.3-5(4) RIRERBITHRE (£04)
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Frequency (Hz)

3500

.05 "] Sqﬂ Iﬂ'm IS'N ZQXN ?S‘BD ED?U
0.07
0.05 |
0.0z
0.00
Time (milliseconds)
0.9025 % 7 2'8 23 E] N 3'2 Ex H £t 38 1'7 3'5 39
FIGURE 11 PNC CROSSHOLE DATA, SPARKER AT 1700 m MD.

BP FILTER 100 - 2000 Hz. NO STACKING.

B 3. 3-5(5) REEBRITER (£zm5)
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a 500

Frequency (Hz)

L) 1500 000 25300 000

3500

Time (milliseconds)

o 28 29 30 31 2 33 3t 35

8

FIGURE 12

PNC CROSSHOLE DATA. SPARKER AT 1750 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

3.3-5(6) RBREBBHER (Z06)
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a 500

Frequency (Hz)

1000 1500 2000 500 2000
™ Y T T T

3300

Time (milliseconds)

] 1 3 n n H 5 ] 37

Ja

FIGURE 13

PNC CROSSHOLE DATA. SPARKER AT 1800 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

B13.3-5(1) RRERIFER (F07)
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Frequency (Hz)

0.09 1] sgo 1000 35!1] WEH ?S?D 30‘00 3500
0.07
0.07
0.02
Time (milliseconds)
FIGURE 14 PNC CROSSHOLE DATA. SPARKER AT 1850 m MD.

BP FILTER 100 - 2000 Hz. NO STACKING.
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0.07

Frequency (Hz)

[{1l1] 1503 00 2300 3000 3500

0.03

.08

9.02

0.00

Time (milliseconds)

M a8 H 40 47 14 46

-C.02

-Gt

~0.66

FIGURE 15

PNC CROSSHOLE DATA. SPARKER AT 1900 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

B 3.3-5(9) REHREMITER (£09)
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G20 |

0.0?

Frequency (Hz)

1000 1500 2000 2500 Atdo

1540

0.08

6.0

0.0z |

.00

0

Time {milliseconds)

42 13 1 15 1B 17 4B 19

.29

B.05 ¢

FIGURE 16

PNC CROSSHOLE DATA. SPARKER AT 1950 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

3.3-5(10) RIRERITER (2010
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Frequency (Hz)

073 0o [l 1 o
13.39 q . 0'(” SIUJ Iﬂ] Zﬁlﬂo 30!15

500

25.04

16.89

Time (milliseconds)

0.51 18 0 52 .';IQ 56 58 §0 62 &1

FIGURE 17  PNC CROSSHOLE DATA. SPARKER AT 2000 m MD.
BP FILTER 100 - 2000 Hz. NO STACKING.

®3.3-5(11) BKEOERER (20 11)
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66

FIGURE 10 PLAN VIEW OF THE HOLES

—

RHE8B
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SCALE
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3.3-6 RHOD BTFRHIC ALMAEER




FIGURE 11 SIDE ELEVATION OF HOLES

FACING NORTH

SCALE(m) g
110
120
130
140
lso

~J-RH7C
“NAHSB

- B3 3-T RHID R TF RHTC FLEktETEX
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LN

GEOMETRICS Sirar-tSei -

READ FROM 1288.DAT 11:16:2828/8PR/1998
LINE NUMBER I GROUP INTERVAL 2,88 SHOT INTERVAL 1,68
SHOT LOC 1284,88 PHONE 1 LOC 98.68 PHONE 12 LOC 128.68
SAMPLE INTERVAL 862 u$ RECORD LEN 32 KS DELAY -1 S
ACD FILT L0 CUT BHZ NOTCH BHZ _ STACKS 1
DISP FILT L0 CUT 25HZ L0 CUT 18@KZ FIXED GAIN

--------

I

it
i
el
i
-.—-,uui.q'n{h.a

)

(43 3-8(1) FEISI T4 —FT—9BiEHRRE
(RI=HN—FE 81 m. NA FOT 3 VEESI~T3m, 2 mE)
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GEOMETRICS Sirnar-tSei

READ FROM 1858,DAT 9:59:84 28/APR/155¢
LINE NUMBER 1 GROUP INTERVAL 2.88 GHOT INTERVAL 1.88
SHOT LOC 1854.48 PHONE 1 LOC 98,88 ~ PHONE 1z LOC 129,88
GAMPLE INTERVAL 862 ud RECORD LEN 32 KS DELAY -1 M§
ACQ FILT L0 CUT BHZ NOTCH 8HZ STACKS 1
DISP FILT L0 CUT 25KZ L0 CUT 188BHZ FIXED GAIN
a1 2 3 q 5 & 7 3 10 ; 12

e 68 60  GB 3 52 m B a5
¢ J SN IO I S Y

[EDEUU SRV SRS Sy qupupuaepey SRS B AR Sl Rl el S

...................

N 13 [}
] [§
L} 11
1 1]
[] [}
Nl t L]
1 1
M ! ] t
1 1
[ []
1 b
[] ]
I Tiniasis Remane |
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¥ 1 1
1 [}
1 3 1
L 1
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1 ]
1 T 1
1] 1]
Ly —
I' * 1 [}
[} [}
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1 [ ]
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1 t
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ik
ity :
Y] T
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1}
1
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1
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1 t
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1
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1 ] 1
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1
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GEOMETRICS

Srvar-tSei -

READ FROM 1888.DAT 9:38:58 28/APR/1998
LINE NUMBER 1 GROUP INTERVAL 2.908 SHOT INTERVAL 1.88
SHOT LOC {e84.08 PHONE 1 LOC 98,88 PHONE 12 LOC 126,88
SAMPLE INTERVAL 862 u$ RECORD LEN 32 M§ DELAY -1 MS
ACQ FILT L0 CUT 8KHZ NOTCH 8HZ STACKS 1
DISP FILT LD CUT 25HZ L0 CUT 1@@WZ FIXKED GAIN

1 2 3 4 5 B 7 3 T o 1. 2

48 48 45 9% 48 S5 48 a3 45 5§y s

ex ] j) I ‘} i} R R el
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63



=
i
ot

Y

FE4-1 #tavro—azy b

EE4-2 TP bozsxEs gy

64



3 Fe/¥

4_

B

Fesi g v

v

-4 TV o

FE4

6b



B

EE4D U072 ME

RH15 FICHET)

Eﬁ A}

i

i

ERRRE

YRR TH

(

BE=

5t

FE46 X

66



FROHEBREAR R M ESS 74 —F—SBETER LN KO T 5 )

67




KrET ST 4 —F—FWE)

y

=

= (EiE

R

EH 4-9

68



