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Amplitude-Frequency Relation of Acoustic Emission

Accompanying Hydrofracturing for Crustal Stress Measurement

By
Ryuji Tkeda

National Research Center for Disaster Prevention, Japan

Abstract

A number of AE (Acoustic Emissions) has been observed during the hydrofracturing
experiments for crustal stress measurement. In order to study the hydrofracturing
mechanism, the characteristics of AE and its generation pattern arc analvzed.

Three hydrophones are placed at depths of 1 ~ 15 m in the experimental well at
Nishiizu town, Izu peninsula.

The results reveal that (1)} the wave-form of the AE is pulse-like, (2) predominant
frequency is 3 ~ 4 kHz, (3) the amplitude-frequency relation obeys the Ishimoto-Tida
relation

nfa)da=kaMda
where nfa) is the total number of AE with amplitude ranging ¢ to a+da, and k and m
are the constants, (4) the m-value is 2.5 for the experiment of 263 m-depth and 2.0 for
the 436 m-depth, and (5) the generation pattern of AE depends upon the well wall con-

ditions.
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. Lo LB COBNE, SRECL 0P TOME, S~y 2759 v P4 ADET—
BR#ETHD, BIEGE LT, HFRRT ARFRIE (New Mexico)T, —&KOHH
WHEEDREAADERY w4 v F v 7 LEDOFEC A Frikv®EFLT, 100 ~2000
Hz DREHHFEOAE®HT Li-fir#H 5 (Power et al., 1975, Power, 1977).
Pt LB AR Ay 2 750 v K A ADLDICBHTES, EARTEOWHIEE
BHEEO R v 7BIEEBIT W onREE LickE (AE) 2B L0 THE. BETIHM
AR DL BO KEFREOBC AEAEBT 2RI s hTuws (ki8I (Takaha-
shi et al.,1980)) FEEHEEHT7 ~7000Hz OFEEHZETONEEF*H 80T,
IEGE fH 5 1500m BERAME CTEMEARER3TSHz OREODAEYBa izl LB
HLTWwA.

ChboORIEEL, VAR LA OA EHEIC S TEREY B oo friobhhic X
WL KIEEECBORETH L. L 2AHT, BT REFERE v 2 — Tk, HREHH
EOTIHDOKERBERSYER L Tb . 2 0T, Al HZD b OREWNE - Has
THELUTORTRES RIS,
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(2) WEOLdITKEELT L EEOEARS, FEARBREEECSS.
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L o THBEmA S/ NS d o Lic b, LB BRI h BB, EEELAR LA
FTh - TLrea7 (LWFBHTVEES) B LFT OUERTLLRE Y <y & —
YHOTHRTETCH . IHFOBRBELREYIHET 2L, BHOERYHATRNKS . £/,
MECKEZHP 2 v e A LESETAHILENTETHEL. 0L END, HIRE
DT Do KEWEL, A, AR Ciihbha XEELKTERE S SHTDOER
KL o BAREESY HoH b T L.

COLINRATTOAERTER, vy -OfMR LUHRBELRAEL VD ETHTDHE
DIBOKFEHBEOHG L ERAL A0 bE 3% H w2, MEOHE (hH5,1978)
T FrR B GRITHBED EMboh 2720 T, ChxACTEHRLLE. RELAERE
WE L oG, KEACLIREFMES AL oMBEERA~I Lot 2T, AEDRLFR
FREEoBRICOWGTRFT S, BINIEEORTABHT VI o THLMCHEE S N,
L > Tl BEABTTE 5 AT TORE 263m, 3 L OBE 436 m @ 8 (T
B, 1980) i -2 T T 2.
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Fig.1 System for measuring and analyzing the Acoustic Emission signals caused
by the hydrofracturing,
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Fig.2 TFrequency response of the hydrophones with preamplifier,

10 msec

B 3 AELGOoRELM. BRUEE 436 mOERIIBWT, B2 6m (B-6) L¥EE15m
(A-15) CHEa s,

Fig.3 Examples of the typical wave-form of the AE caught by the hydro-~
phone, which was placed at 6-—m depth (B—6) and 15--m depth (A
(A—15) in the experimental well (experiment for Nishiizu 436—m
depth) .
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—6) BFEEmICHBELLCB2A 70~ Fesy, TH (A—15) 3%E1 5 mic#
ELIAZA FOAA Fabs Y TRESNEZLOTHED. o LFERZ 25~90kHz O
NYNSATZ gy A =R LT3, ZOALARORENIIEBENNA3 ~4 kHz 2E
T, BROCRESTLHE EHMER L CRETZHEVDH L. Tiz, BRI R
HELTHELT, KESLRLEBED THLIESS.

Hoieoie 7 4 Zofle4icRmT. B3 L8 AL Inibo T 2 0o
B H G 5 B DS IR ~ 1 Fr & v ~OFGEREREN ST T3 L, lnb
D AR (BlZE, WEOETE) BERE (BE) *Ebh ot vy —gELLLDT
BHBHS. UL ERYDECHTHAERM LR, A RABEOREEZKFTES.
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LR eSS

10 msec

B 4 /4 A0f. A GREASmOERICBNT, FE6m (B-6) L& 15m (A -15)
TEHE L

Fig.4 Examples of noise caught by the hydrophone, which was placed at 6-m depth
(B-6) and 15-m depth (A-15) in the experimental well (experiment for
Nishiizu 436-m depth).
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AEDAKE I LHLOBFRIE MAA M| ok
n(a)da =ka ™Mda (1)
EREH ZED—cHmbN T b, ZZTn (a) 13m NRiEDa 7»5a +da ORIEH DA
EQEH, m, R XBHTHS. BREEZHIAED AR AR E B LML X 5.

41 HEEFEE26 3IM(ERESN263)

B LT -2, RILFT L5 ERFNEES mIcRE LB sf 7D oA Fa
FrvTHEEhicboT, MERICAmp. 1 T2 0dB#IEL1kHz @1 227 41 &
—%&@ LA, HicAmp. 2T34dB Hig LT\ 4. IRIEBIHE S ik, 1 ~20kHz
AU FSARAT g —Fl L, RIBFANBET008~03V( 7T x La—FDhh) O
Mi% 002 VELREY > TAEDER T » Y v & — Tz iz, TOE, ThThoiroR
MR Y SR ETHW L, RIEFNEOAERRLY 3/ dmsecc @ETAHI LIC LD E
BLTHE2 L5 Lic.

M5 (N263)ic, KELEALEOKERS LCHRBEOKHEELE RT. A EALBG
L C TR T M7 K EHEC I 5ENETIRC o7c. DT—BERY 7% &1L+ 2 £ Tliz30
1 /min® ~EHBETEALTWAS, C~DOXETRKEDFELRLAS. ETEA
EEMLFCHY 7xkoi. COMKEIAZRABYHRIRL TV 5.

®6 (N263)ic, B~CoOERME LU C~DORMC KT A E 0k KRR (@) SREH(
n(a)) & OBFELYRT. A~BORRMRA v 7EERKROLS LB 5L s 1 ATH
B EMBES LY. COE, MEHES 1 <a <24 OBPATEFICED Z 220005,
BT RETRELZESS L, ODRAOm25THS. EEF/DIVEE (e <1) T
BE»LTh20R /A ARSENE0THD, EEOKRE EHE (24 <g) TIMWCA
EDQBAAEL b0, KEhBBREEMHERETH D b LT, MERIC1kHz
LLFa% . LT BdEBbhd, SO biE, XY FARA7 448 %@l L&ERMENR
SEAGTRAE, COEAFETETRAIA L ELLLE2S. E~FORHTIRE
Bt Tons o,

42 AFEEE436mM(ERESNL43I6)

BIERR I RT263mOERE B s Az, ~f Fes v 2BE6micHEL,
BIERIZ 7 4% — % @I, Amp. 2 T14dB BEE L8, iR RE SRS X 2
T0.05~055VEF - s La—#DHH) OKME 005 VE LK) 2 TAEOER &L
RTH5H.

B 5 (N436) o KE®s L O K BOEELL2 R~ T. ATEAYBIGLDE CT—ERETE
AL%. BabAEA LR L LDEcAM LR LTW58, CT—BRKFEOZHA
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I B E D 723 DK TR EEER I 5 M EEE ORIEFEE S - hE

N 263, N 436 RBROHERET.
Description of the measuring

system for the N263 and N436 M.T.

i H-P. Recorder
e im L
Eanl Hydrophone Amp.1 Filter Amp.2

Experiment Type Depth

No. {m) (dB)  (kHz) (dB)
N 263 B 5 20 1 34
N 436 B 6 20 - 14

FLOW RATE , L/ min

C
200 4 N263
D SURFACE PRESSURE , bars
100
0

FLOW RATE, LU/min
:mE
0
200( N436

\ Ey G SURFACE PRESSURE , bars
100 [ (

KE (METOWEM - HE-FHELE. WP E%EY 263m (N 263), HE436m (N
436) DL

Records of surface pressure and flow rate versus time during hydrofracutur—
ing for the N263 and N436 experiments,
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MAXIMUM TRACE AMPLITUDE, a

Bl 6 IRWEFEESN (N 263 LN4360FER). H#2B, C, DIz 5+DB, C, Dic—#%

Fig-6 Frequency of events versus maximum trace anplitude for the N263 and N436
experiments. The letters B, C and D indicate the points B, C and D, respec-
tively on the pressure curve in Fig. 5.

BAReERS. DT BEAR 8 izdEF THHEE - EREFA $EERA. ETHEL
ALMBLCFTEABRTARBRL. UL, N2630 L 55 WHKAENRET & 3E6T,
CGTHRY7REDLEC—ERBC b LT HKEDRREMNE DRI,

K6 (N438)IB~CO KB L FC~DoREic 2T oRENEE S fizsxd. B~
COREMED 0.5 =Ze <3 0@ TFEBIcH O m=204L%5. LrL, C~DORXHM
Tk b oS HE R LEMSE bRy, FooRE oV THEREEE L 2.

5 AEQRLE0ORMEL: HEORMEF

N43s ORMBEHEE S HC L5 L, EMB~C TREHICHL P C~D TRERE T
TORNwC2WT, BHTVTHREIh 2HEORTL, AERLBESITLABEEREL,
WEORE b HEHET L TAHS.

7k, KEEEH&EOBHT ViC L 2fLBEFE (FR 5, 1980) T, fLEtotkT % REH
Li-HreHETEs. N263, N436 & bicflBEomfl (N25+1 °EX S25"+1 0O°W
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3d4Ns5534d o

3HNSS38d

T KEBEHEORT S - 17 vE 270 L 2ILEEH,

Fig.7 Borehole televiewer logs before and after hydrofracturing. New cracks crea-
ted by the hydrofracturing are seen in the directions of N25°1 10° E for
each of the experiments N263 and N436.
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DHM) CHLWEhBPEETE ), BHROBEROEFIRELL. AENCIIAEE L
LKBRKETHLE, PHEOME TN 263435.3km, sec, N436435.0 km“sec & #H
Bo, BHEDI 7 7 S0BEFL RS, N4 o rEnBomEd A<, FLEE  FRET
LIS s LICREETHE LI L Ebh b,

N 436 DEHA~Di2\T, AEDRBEFEORMIHEBY KELL L OBFTHE I
AT B EC—FIERBELEDAECSWT, FOEHL1 I Lch Y v L. 360
BABIZ A v P LT, /4 ABEBITEL A4 2ABEAEREBED T it 2Ty
5. EARE B 4 BUBCAESNHIES, KEEDZEHA (C) oimcdic{inh,
C~DTHUHNTS. AEORAHEECHELTKEIFLL TV 2T RALS. 1,
KEB~C Tt BEMEETHAERNS G, C~D Tl 1 ARDREO LS #ETS
DR REEF L THEEL TS,

DEoz bpb N4 OBEDMEFLHEELTAE. KEB~CTHEEBCHES <4 2R0
REPEREL, CONEATTCHABRBERE RFEAK ofcbD s Ebh s, 202 &20K
e Eo—RaZEhmbith, AEORE P 2B8%L LTHLALDOTHS S .
o, KBC~DTixieErBE s L5 REBETHEENETLLOTRANLA 2. &
D, FEOAEUMCIHABEN B AR CRET L 9T b a2 h, RENBEES
LIS TIE i 21 Bhbha. 9% ) CTORT—EHREL, BRALEhL ST X
HHOTIRAL, S THEBORRK (FAidl v ERoHEE) s bLTwaz EERLT
Wh., O ENLEEEEESL LT COlEER EBNELEGS ZEN, AEHEN LR
BEND.

ZHEEFLTN2630 AERBHIHES AT, ERB~CEBIUC~D & b BHiERED
WO o>Tuwb. 2O Enb, BHTVCHEZ 3 ~EO#FK LR B, CoORE
FCRAFTIHBR IR OTHLIH, DOBAEITCALCERLAAERT B e b TR
LA 2D Tidind 5 5 b

6. & H Y IC

SOt 5 AEDIEERFEE S M 2nWTiE, 2 ofEskEn (Flzid, Mogi
(1962), Scholz(1969)7/cy), AX - FRHOKXOmEOET HBERAIRHAI LTV 5.
FEHOEOHEER T, Mogi(1962)fERAIC DWW Tm ~1.5~20, S22 Tm
~20~25+WIHEXBTVE. O KFHEEKRTIL, Power et al. (1975) ¢
M=25TH ofoZ EHWHELT LB,

SEOFT T, BRSHEE263mOERTm =25, EE436m Tm=20 X\ 5 {EH
Bh#tc. Mogi (1962) ®Power et al. (1975) DRI BEL—FHLTW5. #HD
KFEMGEHEERTIL, SEREMOESEPAENBC L > THEEORFARLS . BT
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