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Studies of Nuclear Well Logging for Evaluation of Aquifer

Keiichi Koparx

Abstract

The author reviews the result of studies on quantitative evaluation of aquifer based on
the data obtained by the nuclear well logging used in water well.

Firstly, the borehole effects in relation to the various log are specified, i.e., a precise
calyper tool which was manufactured by way of experiment, considerating from economic view
point, is used to obtain the standard values for mathematical inspection of the differences

between cased- and uncased-holes related to the log responses affected by the rugged berehole
wall.

As the result, though the degree of borehole effect to the density logging is smaller in the
cased hole than in the uncased one, the log responses in the former tend to become inaccurate by
the effect of high bulk-density layer which is mainly composed of sand and/or gravel, because the
log responses are reduced remarkably by the radiation shield related to the thickness and
property of both medium of steel casing and gravel packing. In order to make an exception of
the above-mentioned defect, the windows of the emission and the detection in the logging
probe were reconstracted from diffusion type to beam type, with increasing the intensity of the
Cesium-137 source to about one hundred times. As a result of an experiment used this probe,
the accuracy is improved getting stable log responses. In addition, in order to study the stability
of gravel packing with time passes, the density loggings were applied twice at one year interval
in the same hole. As the result it clears that though the bulk density of lower layer does not
change, that of upper layer partially increases due to spontanious consolidation caused.

Next, for the gamma-ray logging the all effects due to the changes of the borehole
condition are little but a technique for more precise measuring of the clay content in uncon-
solidated aquifer is remained as future problem.

On the other hand, in order to calculate effective porosity it is expected that techniques
of cross-plot analyses which have been used for reservoir in oil field are applied to unconsolidated
aquifer.

Various logging methods of density, gamma-ray, normal resistivity, and spontaneous
potential have been very often applied to water well on economic view point. We, however,
meet to the difficulties of doing cross-plot analyses because conceptive interrelation among
their logs is obscurity. Then, we expand a geometric treatment concerning cross-plotting
between density and neutron logs, which was developed by Krug and Cox, 1976, to the range of
unconsolidated aquifer, and we get matters as the following; i.e., the quantitative detail of
effective porosity and the clay content on circumference of aquifer, and the accuracy of the
values which are presumed in a mathematical treatment process. Therefore, some cross-plot
among various well loggings of density, gamma-ray, resistivity, and spontaneous potential will
be in future able to analyze by combining the variables obtained from cross-plot analyses of
both the log responses of density and neutron.
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REE 2R, W0 HIRMET RV —BE(T v ~#
BEBRTHERCHRELIN) LWIFEERTERRZY
Teiz, JRE (1Ch) o WCsnEHzFE L. Zh
2 & D EOBEFHP ~ X D3ES < 7D ¥ ARHR
FRATE50T, BRFRERGESEDNBZITTH
% (I R).

() REFBOE b R TR 10 135588k
DI/ EHBEICMOEEB L L b RERTE, Lid
ANTRBCELECTELRER - AEOREIEV D
DTHB. LT, HEHEHELZLSEEREICET 5%

1) EBEREHOZALOZFMRATLL OV EVREREEEE L
D7 wv—FE, EREIC o THELFICR 7 QIR 2 Bk 5.

(B29% % 2 8)

CYLINDRICAL
WINDOW

400mm OY 500 mm

CONE-SHAPED
WINDOW

EI0R BEEEENOLDOP—AES -
Mechanism of the probe for using a large source
(Cs-137, 1 Ci).
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Blich 2B L LTGRAK.

5. KHFREBLCHIIRAFLEDBRELZORE
[co0hT

WENEPACAFFRBEECEEEEL 5D
W % PIHREITIL;

@ Yy MFrAXkVIESHIAREL @ HiE
& T HNEED BBSIC X VA TS L& Fikilic
Y BHBEE, FLT, @ FINRyFyrlwy
Fr—XiX2EBRELLN3.

@i 1 FEMTEZ S, LT v — T OEEA~D
BEBRA—E L2 5O THERY. LHLOEK, ZhH
RETH VEEREFR RS0 T, FRBEHCHE
HicFERSh B LTk 3.

—fgi, ik 10 cm PT O /MAETITH BUiERE
TOVRBBIIERTE SN, KFFO LI RAXART
175 B RERR S - B T BRI 1o L Cik iR g
RELRBZ LR >TSS,

F7, O, BN TOMERBIZINT <y Fr—
FOFBIMIFICHARTKFFOREREN &, Th
T, BREKOHELEFINTHhL/MEVWEDIR, £0
B NIRRT RS LTk bR, 7
SRy XV IR, BERBORS, r—vvr
ViMoWEEPicRESh A HEL SROEEE
C— I EETREMETHD, KHUTTHLEIEE
TbdH5.

51 BERBRE

BHRRORERE KOgHPTOoBERBE RV
T, VRELLBRBRE L OBOBRIL, FBRBKEL
BAHEERERHASYE, APFOBEELRUSEAO
HBZLBRH-TNG, HIEP, T ) A—HRBLHE
HPOBERBHE L FESTbP3X 51, BERE
RO E— 7 BYIBROBEARBSER LTS, T4b
%, 24, 35, 37, 72, % LU82mOFREDETREH
LThB, TLT, RETSmEHRO LS, BEE
(He/B) 72 D T, BARBEVIRE VANV THBRE L THH,
WEIKI X Y B o RBHR TRFERICR Y, 7

VU IR ORBEBR T A FAFRI EA B

KhoTW Z LB TES, ZOREELBER
B L oMEE SRR X 5 IcHERE0.85C
LR YE.

ZHERO LS REEIC X5, BHEOTRhIC L 5
B TORENERT 54, FRLESe—-TOFAF
o 2V A — NEREMS, KFF (F—v U RBAF) R
LTARERNTWA D, KHEFERET OB R
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Plots of hole-diameter (p) by caliper logging to
density-log responses (D).

LA, S0 RFEHERESICH LT, -7
DROEEE BEEX2R7) v7) BRSIcE - B
TERWTG, e—7 LYEMc & LBbhsKEH
RZhEPETS. MA T HBRBRERLLTWHIER
BLCHEMNICEBERELEORSTHY, oW
BERPNSVOTIREDHERE SLILBRT 2R TR
5.

BUBIRBRZ L O, BYREIXy— v TBAH
TORB L OO DRI ERB LB £ 2 vk
B, BHRRBCEEOFRIC X 5RRTidied - e,
DREOR L R TABERICISWTIE, 7 e—TEE
FRRZREVHCESESETHETBZ LB, HFD
RELERPIKEBEER LEERE T2 LEMAE
LTkL.

b L, MWBSKERHE TR EFBETHhIZ, Lt
X 5 fERiR K, ZOBEOBEOHIELNIADEIC
KHEICBELRB. TATUT, ZOBAONEKRRBT
WA 2N T 5.

7 AU hESREMEHFHEF O Kevs and other (1971,
p.-73-74) 13, ¥4 Fa) 2— EROHRS e —T7L
FINFRICERET S BRET 2HFRTH 5 FHEHE 7 =
—7 L OHEBRBRORE, WiERHE LY VIIRRES
WARERETEVWS LOD, BHBEVICERWIZRETE
BNWZ LERELTWS, ¥, 20X HR—EHRD
FA Fa) 2= " RAROBBEER LIBEBT5S
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BEELDEVOBREFL DB,

ZL DBE, BHPTREAEE S L s HIREBICR
W, FEMETALSREERET I DR LE
BRLLTROLIBLORDS.

1) Wanr and others (1964) iz X 3 FDC (Formation °

Density Logging Device)—Z it 2 BRI (Dual
Spacing Method) & HIEiTH, V=T v NPy o
FDL 07 v — FRICHIR - REHOMEERic+ 5
b5 1 oDKREEEZEMARL, 2 >0BRHBEOEE
POBREFRETESIHDCHBLTHS.

2) Hearst and other (1969) iz X 3 RIDS (Rugo-
sity Insensitive Density System)—Z fuid, H v <D R
o AFEIRICHEY T 5 7 e — FSEI, ERHNEOEH
BEb5 0 MECEELTVWBEREI PEF=v 2 L,
BEMHERFRBICLEY AT A ThS.

* D%%, Hearst (1976) X, WaHL and others (1964)
k3 2 EFRRBEOERNBINEIT- T3, T4
bb,

BHRE @) ToRER LoEARNIROLHECES.

Formation
density, p

In = Ksmoxvn €xXp (_Ctanfn) exp (_C7amoX1n)
+ Konplon © €xp (—CinpXin) €xp (Cran0X:n)

ik L, Ka= BEELEK, 0= BEPORTEE,
Oson = BRHEB (n) OBWEER, Cin = BE» S OWER
¥, Xo= HRHE - REABMOBERE, Crn = RHE~
OBBEBRERE, X.= BELA L REEMO E,
Kpn= 2B © 2 EWELRE, Con = HELA» b &
HE~0 2 EHEBERE, LEBoT, #1HIZER
AETHY, E2HEHR2ERIANE LAY, FHOFD L
WD exp ik, MK o« WELAWB X CHELR - BRI HM
DERIEREBEHET 5.

Wix ke, TOEFREHL, Crn = Crans 0 = Psvs
Ci=Cu=C, 8XVC,=Chr=C, b0, ®RE
Fu—T% X=X =X, BX O =@ = &¥F
FALrTBb0LEEL, bkt KS=0K, %LT
Ky = QK bREFTBZLi2EY, ViBORKARL<y
Fr—anhvt &0 2 BHEE Bt L2 R
7.

Scattering volume

Hole (/%% sonde

&)

Detectors &

Detector port

Source port

E128 BERBO2BRHESr—7 (Hearstiz X 3)

A two-receiver density sonde against a borehole wall, after Hearst, 1976.

9
Formation A
Borehole :/ c./ \Source port
Detector Detector
port 2 port 1

#IH HESREIRTIRE BEHBEMov 47y b (Hearst itk 3)
Layout of source and detector ports with a small washout, after Hearst, 1976.
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LI, = Qexp [pC(X, — X))] e

ZORPDEOHBEEERD, ZOXNPEKIELZT &

Ex RN —ET307T, LEOREXEFENEETD

3 bENELE. ZTLTRRNEFEUE,
Papp = Perue T C,ylw

(fezL, Cp=EHEBHET 3 %MK, w=(C, +C)
(X, — X)) BIFRLBHEBHoORFRELZh Br Bl
T3LEOREBRGEID, S UFRVELBITRREBC
BWT, FERP IR LS LV EEELRE
TEBLLTVS.

Ebic, REBS v —7BEBL T3 (BT L
T e —FO—WETREML, WEIELTw3) KR
BOADT LLBEORTEELOBRRNEROL HicE
i,

PeruelPeare = [C; + C sin (¢ — a)/sin (¢
+ 0)/(C; + C,)

TOR»POIRAAEZISLS LEERIE, bLSv—F
BEHMLELTELE, TORBRIEBENCRESEBZ
Lbhs., —HleLT, ¢=45° %L T ¥CsBiK
FERiIcXYVELhEC LC DofEZRAVTHEA T 5 &
a=2°T4%0EE, a=4°T8%oBEL LD L
B,

EEIZIE, FIRBKOFER ZhEHERL, BERIT
ThEYBELS 22 b0 LEbNEY, EBETEH1EYE
ELRARVWOTEETILER D S.

F— v TBANPOBERE LR LB T
BERBIEEICEAT, -V 7 BASR TOBER
BRERREOBichEVEEBILRY. L -
T, BURIORT X 5 o, BETROBERBINE Lo
DA LEL LTWS, ZRATE, F—Y v 7HHho

BERBINVERNEEDORELZ T RWVWT, HEEL
PO EEECERTINLENS LESTLRWY L,
SBROERBLAB TGN Ay XV FOBEBEBELY b
B+ BORBHOBE, ST NN X TR —
Vv 7 O L FIRER KRS OMICEL BRI WL
BLRY, ThP—EEOHZ IR TENGEEL T
iRy, ZPTLEBBECAELNDIZLITRLD
T, BHPCOMERBIEE LIPOEMETFT LT
75,

KHFZ, r—v o 70AL, TOBRDOHEEL Yy —
VU TNBER~ DM DNy % v KT b > TIER
RTEEHMERE NBRELLINIMES 77 vy
XV ISOESOBLEIE—HcagshFEL L
TREbhBZ Lichkd, —fKlE, BEnS 71y %
v IRBHE R T ORERBIIEBIRZISEORSE E
R, HEHBEESERNEICKE S RY, BERSE
+%. Hearst (1976) {3 %7, Rifi(4.1) TRLELS
72 2 ERRRHE X 35O w — T EMC &
VAU IBELERNCHRET B oM, v ¥
=R TREZFLRLTVWS,. Zhicks e, K
HEOBAET, bLIIT NNy U IDEEBR—ET
HY, B-ElRFORRK - RHBERT 2EREL £l
T340, BYIRB Ly -V SHRBOBIEELR
OREREELRND, ZOBRWEIFE HEH TE
5. LHLEBHCRDRLA SV Sy X FDOES
DEET B HAICKRE REER 5.

EH I WEOWME VMR, 1974c, p. 147) v, BRIE
« RIHEHERE B LicEai, EVgEe Ll e
RREHLD, WONBERDOILKENTHGTREL LD
Z i, FhT, HIROBLLLTWAESE, RERSFD

d

5 r=0.40

A — . .

= 60— . g

8 oo o o s ® ° % ° 0® °
— .'.:'0 w0 o"."&',f‘s..% 'D.g' “o,.o R °

a 50 RRT5r AR AR

g o e I

Hogob—— %

Qo

g = '

+ .

g q0L 1 11 IIHHHI‘ INI\I‘I

© s 7 1.0 15 2.0 3.0 5.0

Counting rate(D) in open hole, in kilo count per min.

E4E FHBHRHFETO D, — Dy 14
Plots for both radiation levels of the cased- and open-holes of density log in figure. 3.
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BIR - REEEERCRE LS - EHAVWT 2ER
EREZTY, ZOHOKELOME»LBMTESZ
& ZLT ZOHEDOEML TV EWMADHER, &
MBRES n—TiC L 2BRBIREEERL TS Lick
VHHBEFETHBZ LERLE.
LBLZZTR, Fzy 7BERA TH B, U
T ZDFERLERCH>WTERT 5.
B 5
D, ; BT OBERBERE
D, ; y—vrr7@EARTOBERBGE
D,.. ; BEHHR B r—v SRR ORERRBR

DIEE
GR, ; B D H L < BREIGE
GR, ; r—V v TBALROT v~ R IEE
GR,_.; IR BRI r—v o JHFOT <k

BREOREE
R, ; WiEVBRBHE
¢ Fx ) A—RE»LERHBE(E
r 5 FEEESREK

FIKDOEMESL, * % ) —REP OB LHEE
KE e &, Dee=CM,, 225X 5 blEEC 2ED
TREEBCRELE Do-. 2HERZYFE L DT

KANANISH] ISEZAKI
Do-c

HINO
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(M} 35 40 45(CM) — 0 +
0 T T T

|

20}~ g
40
60—
80|
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BIOK Dy fE o BE N A

Columns of the values calculated from density loggings made before and after a well is cased.
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r =0.85

(arbitrary scale)

Do-c

s e
36 38 40 42 44
0]
#®16K ¢ — Do 18 B
Plots of hole diameter (@) vs the values (D,..)
calculated from density logs.
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b5, —RLTZO200FER»RVEFALTHEZ &
Bbhsh, ZhEiEEK (E6K) w¥s L, HER
¥ (r) 150.85L 720, HEMEOENZ EMXTESHS.
Liehi=C, %15 MoAfs JIEHUR & FaiEit
5) © Dy, b, RoERO D._. g (HEFHR)
LRI, FEBROAREBREANARIERER TH 5
LHEREh S,

JITEH AR T8 b B 2 VBRI, TREE 67-73m
ThHY, Fi, LRE 66-139 m OFFHILERICIEIRKL
TW5. i, SERIEHRRAOT, R Bshs
s, Lieho THBIEARRIMIE L, ZLTHRERD
Pl LERLTN S,

5.2 HUvBRREBIUZOMORE

Hy2BEE KAFOBWMEL T, B {EMiFCX
Do HbhBIBE SRR, Kt B - BicET 58
MZiERE 52137 50, BAMCATAERREAH
Zv, Thi, HFFEESH, BEBRKC X DBE»E
hiikl, BEHTERWEEXDZZ L, AT (F
Ay T4 vd) CEBERECBWTRELBEDX
LRELRTWZ itk 3.

<L LW - BRI 55 WEEE D
BARBURBRREZORAITL Y, 0 X 5 RAERTS
DOFE ROVHLCETssbEELWEREZEX
TLh5.

v <BBBoNRFBcETsmMEc i w i
Fearson (1949) %> HymaN and others(1955) iz X 3 & D
BB, Thbitksl, HHLYHRBELOER
HIBMRIE, BOKE S LBEABBRIHZ TR ED, BB
IREOERERIIREHESRMCES S h 5O T—Hch
EBTBZLRAFETHS. LrLIhELRFCERL
TeERICE B L, ABRBI2A VFALE TRY V< HRE
CEBLEEBLANL W IR T T

GAMMA ¢ G
o 50 100 150 ), Mo 150 150
8-!10_1'5 t |_A_J (’T——l—'i's I._—l_' (‘I_—‘_'l'.'o
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FITH Hr~BBRBcRTIRBEEINOKE (Comolly iz X 3)
Effect of hole-diameter changes on gamma-ray logs, after Connolly, 1974.
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Correlation of gamma-ray log responses (GR)
vs hole diameter (¢) obtained from figure 17.

Bolf, Connoriy (1974) ZRRBEEH 5, HBEEL
DH R IC BT s Xy ) A RB L
FORBLLEITH TR L. ZOR»D, FRcthfiik
DK EWIEE 600-4,200 7 ¢ — FEOEBR & /ERR (8
18F) 5 &, MREAROSEEOBREIEERRE
DFEREIE PAMRERRERERNT, 9500
RERRCRS. FLTEOBEMREERBOBRE LR
BRI ERCS B vz 3. L LU ETETeESN
O, FBRFEEOPLEDICHBESE MOt
252 TRREEH LBR2FTHY, Mgzt X
B, —RCIIT V2 RIRERIE > b ORI AT
NEBRIC L 2EBOHB/NEVDT, GR, L ¢ O
HITEL, BRRARERES B 202 &0 BN 2
BB XL 2. b L, HBRBIBRCEALTWS
L35, BELKEWE HIBROEKIIELD X 5 7klk
BRI D PWRLIZRAE LT W E WS EEL, Kt
O b oEE O ARBERGRE SR - BICRTEY LY
SEMT, MBHLRKC I 3NERRD LIETBTHSB 2
LIZL ABINERPHZELAVEIRSEC 25 Lb d
v55.

§re— T =060 “‘::8: =
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Counting rate(GR,) in open hole, in Kcpm
FIOK JIEMAH O GR. — GR, {HE

Plots for both radiation levels of the cased- and open-holes of gamma-ray log in figure 5.
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Plots of hole diameter (p) vs gamma-ray responses (GR).
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WRERABOLAHREN 5K kchETikiili
HEEOPERAREM T Lok, Tihbb, BEHHICHRT
(HESER TR LK), BERBE L Vv ~BRBOME
BE, NRECOEEEZIITWT, Fr<REER
IRERER L THICABOBKRTEIT 5 T Ldbh
% (I BHIPRB IOy —v v HiPoFy <BkER
i, BENKELI BRI EERTIEAEZTT. 2h
TN D EGRMEBRBE LSO BIC L 2 b0 L&
zZbh3).

B RB B I EERBRE E L RRE LI EE
shinindz ki, #H19H¥izRx Lk GR, — GR, @
AR>S & b ICHEICRS. Thbb, yr—v v I
ROFBRERE ZPWREE 52, BEIRERES
BfRicdy, r=060 b HWCRFTHS. Xo
T, JSERITHEEED b0 BRSO K/MNTRE L
BRL, NBELOEEBIIhiclTHR YA,
WE, F20XD ¢+ GR, MEEZRB L, AiTE, B
BOWERZE LR WEEBBERT3EAZ R L TV
T, HBURD ¢ — D, FBOMR LA TS 2. HRE
Lic X 2 7 v~ BRRBERE I BERBINE L i3 oA
EARTEVWHIHBAMELHRT 220X A 250, E
3% 5 Tiddev, Thbb, HP, ¢ & GR OEFEEME
13, NTET 2 MERRIEE L Zhick VBT 5 BAK
SRR L OBRERLTRY, ZOEHED Ay %
THBRICH R BN, FEH L~ BRBIE IR
BB ESNI.ADHETHS. Thi b it Bt
CHBAT 5 L, ZLOKHEFES { OHR LR 5RER
BDBE, TIBPIEKT 55 13 B RRkEE ks - B o
WETH S0, VIREKIC L 2BREREOH/NEY |
WEREZERBEHBEAERRAEL, LMo - B
DEOFERIZOHEOEAERTZ LTk, B
iz, HAKEE LTBIh 3, BEEEROPSN
e BOERDT, FvBRBERERLIEL, Lt
BoT, ZOWB/Or—v v Sl EhkR 7Y —y
I VHBENBRIEDITISBVERTES,
BESLERGRE WERREOSERIT. BEREBL
iz, VIBROBRKTHAPTHERZR U sERNOS S
ERZNETORFE Thhr- TS, IWHBEIEORR
B(% 3K bz ofBEER HENic L {EbL T3,
Wi, E 4176 m l0 R, — D, HEIIE2AEO & 5
kY, FOMEGE i3, 0.51ch -7, BERBOD
BA AR, HIERREHBROREOKIS, HRD
KPCIETHBISRDDOTIERLT, B {EIFE W
BOFRLLTVES IR DI LEOHYTHY, &
DESEA O IRSLO LEBEITR VW D IR OIERA &

SICBIESREZHINS®EE LN L ThHB.
8. USRIy FUVITOREEICDODNT

BERBONERE L RBEE NG L +oHEE
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B ENETH S,

TNT, MELB1IES DA ERE L IIURIR)TEH]
BOKAF THEBRERBEITV Ay v MG 0%
EHECOWTHRE L, Ho6HiczoRerd. RE
mPECHREOEERIEED b 5 EFL, EE 130m
DI T—HRD b ABE (RRORBHRT, RE
160 m DIRHUE £ TOHOBENRECKELZRLTY
300, FHORBIC X 2 RNTEERYOREBC I B L0
THOBEEEZRLTWARW) T, 2&fficanid, #
FELE#» b ORRNEZERIZIDLY DVWIKRIFTho
ez b, L, BE 32-42 m OFOEER 49
155 glcc L RBEL L TWiIZ bbb, 2EEOR
BT 1.67glcc LELLTETVS. ZZRAHHI
HREFE L 3EMEZ DB ELZORSE. ZOX
S RBRITEENNEWVE R IRSTW., ELTER,
Rox U IHMOBABR I BEEAZ/NSVOT, BT
E#PLORE LLTERBIZAR YT W LBASI
Bhahs, LiehdoT, KHFEREOEEEHIRE
WCIT 5 BERBOEARE, TORERNEET ZHE
Bb5.
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KIBFELTWA., BtoRzoBPRanciggth
HRERDT, BRENEIEBE LR TEFERRM oM
INRIBEOHENICES. 20X dic, HEEkcX 5K
BRECERNS WO T, FENHRBERILNRANICK
&5,

2) ZoHMSAPRCBIET BB LENCRBEORE
Wi R L BTET B e, TIESFMOMERIC X 2BED
B—MERHEN T L L, THh~ORBERERF L0 S v —
TRERD 2ED M —ABBT LLRUFMERZED
BWZERRERLEZBND.

—iic, VIBOIKESOBERRBREZS. | (BER
B) TRk, BYIRBOSEREXENERT
B Thad, r—V o TBALS TNy F /D
FHEBERT 2RB— D@3 KFAFRBOEERT
DEEZ PR VEELLTVWS, bbb, EDILK
BRI ENET IV Ry 2 v S OBESBETRHRE
20, HBTEHEERSEE L CHIB RGO EEL RHR
TAHEDBEEEHOE IR LRD.

SEHE L7 v — 71, HBT2ER - 8EL LK
HBETEBRTRERBEATHRHTE X5 IZIRL
TWBH0D, Bbhk s v — 7 BHENTORRRE
~W, ET, BRF LY DBFRELERREN S -V
VIR TOREBTE, SRy X U SREESIC
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BZBELHBN, TOBREDIT T NNy XL TREED
EHLRED AT Y XOFREERY 55). Liedi-T,
RERER, 79 0 yx 0 SOEBEBEELY L8
BAEOFEBEDOFN/PIEVWLENELRY, BicrT
RV Ry XV ORBEEL D bDHEOZhFIRENEL
ER&LARD. L LEOBBHEEZRC X 5 EEZM
NS, SEE L BEEZOFBRIERIC X 3 EEMRA
x5 75,

%7 &k, FEEHEICRN T, EfMS0EICER L
7z 10m G, o *Cs JEMHEHIC X 2 BMERE (FBRTR
U 7efiif). & LC 24E4 0 BEF524E 1 1C, o ¥7Cs #1IR
EHEALTC (2 LREFMUHFP, 25T B) 1 km
BHCME T KR, TEELABERBORE
YL TS,

(NEROREEH~_B L, BE 16m & 2lm OFHT

@ DRBRDIVENRE I K&V, ZoRiEx,

(6. 7T RN Ny F L FOREMICONWT) OBRE 32-
2o0ERERS LB LD x5 VEORRLTH 5.
zhid, Fe—T0YRBICE YV ETERSORLSIRS
WREREZLLHEH, ZOMOBHELT, Sy
VIIHOBRERERIC X VT L, REE OB REE
BrBEEBAOhibDo LRSS, itk <, Hf
Thfithic L Hic, EHBETEEE K THBRT3 Y
A FPEOBALZOHRDOFIEKEIC X BHBEDIEKRR D
I REZTERTEI, KOMEBCAE 5 B OKEERD
Bkl ¥ OBERZ M o TRFIIC - TERR BB —
BichsZ L HAILRROBINT2LENLEZ L
ALTW3,

B FEBUAOERE LT, OTRD LI DINE
=7 BOTRDBNRWED, WhY3REILKkER
BYOLHIERE, BEEBEREBTSZZ LTI VAL
TODHERIEEREZRTH Y, (NEROBTIHREL—
7 B—HT BEHTE TR Le I B U BB O
BEWATHBZ LN 5.

%%, @iz, LRORBEH» L 1 km #Eh TN T,
WHEBHE Lz DIRENELIL, 77 v 0y X 7 RER
BRRLIBEOHET — % L LTEEE b0, hofd
BIREBERTE S RIcD, I TRERZSEL LTIER
FT3icLEDB.

BHREBEEALAEFCEVWT, Zhi TRERIC
AT EHHRR - IERARO S v —Tic L 2RERE
B b X ERAWENERE 5L THRVO TRARN
»?—LOBEOTIT, FETE, HHRE - £— 280
BB EE T r— T RBRAIBEL, hick
VEERBEITY, S e —TIRIZBRBIRELD
BB E1T o .

IR, E—ABIFu—Flck o THBRFRELE,
BLOEBOHEIILS 5Ny ¥y PEORE—IC
X EY, YPRLEEERINTERPo. Lk
NBoT, E—bBFe—J0FERICLY, FEEEOSE
HREREDNH LY, Zhitk2HeHBEEL ISk
Z ik BRERBRAO—BOMHAE R LELENS
REEBIICL Y Eok.

SHIOMBIZSORELBRTILERDHBH, B
RTARHTFPORHETSICH L TRICE—- LB
—F7EFERLRVTY, ThETHFERALTETWBIEE
BEoFu—7ickY), KEBEHRLZhichd 2BNR
FEECTREZITIZ LRI VBEORVWERIELL
3bnLELILND.
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8. ZEBRMAOHMEOHEMNEE

8.1 2@4DBETEICDONT
BRBHIOKFAT (r—v v PBAFE) Fic i) 55
BERED, BIF - RIHMEOERREZ 50 cm L 40 cm
D2EBETEBLTNS., FIV Ny FOREE
ZOMDFIHFMEI I RE RWIEHRE, ZLTER
R I R RIEABR E = L <& (IIE#R) o
REFE2EECLT, Z0BRORBAROGEIERE
BER I X 2HEEBREO BRARBEOBEL T, TOHE
(Bfrix Kilo count per min.) % A (50 cm) & /1
B (0 cm) OF S AOWHES 77 kie7m v + L
7. &bz, WFSEEITRER LB BRPRBR T
BHEE L INER L BREESRLBERTE:2 LTSHD
BEHBCHTIEDE LERUHD L 5tk D, K« /NE
FIRRD 5S4 R T & BEAREOHBIRETIX 0.9 BIfE T
»5. ‘
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Counting rate of long spacing detector(50cm), in Kcpm.
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B29% % 2 %)

K BRBRH A BN D R L,

1) JIEHE— - BOBHI PR, HLRRRR
& B S WHIEN B HEL TS 1w, FHEE
EE121.50-2.00 g/ec &Iz H Y, 1.95 glee Fitg D EL
BERbLEW.

2) FENEHE— BOBERERELTWSIed,
SETEEBEPRE L, 2.05-2.25 glcc DEEFHICH Y,
D5 H 2.12 glee HEDEIRLE .

3) WLFTH HEFHA— o OREBE, oo 24
BROFEMRECHERICHS. Thabb, $2X ik
BEEHES LIEHROREERCEL, FHRE
DIEEMAOKPEFICER VA I peboER LAY,
BB 2.00-2.15 glcc p&iFEIzH Y, 2.08 glccnE
BB,

8.2 MRERHMICONT

) IS —RERRE 2513 Y, WEMITE
PRSOLEFESKE S RBEREDHZ 2, KBIL

° (1)

KAWANISHI
ISEZAKI

HINO

- (2)

L1

Co !
4 5 6 7 8 9 10 15 20

Counting rate of short spacing detector(40cm), in Kcpm.

BRIR - BHBMEREs RECEL TRR L cEERBUER o EBE L BEAER

Correlation between responses of long and short-spacing detectors.
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T, B WORBOAEBE L 1.95-2.00 g/ce, ¥itHE
HORBix 1.80-1.95 gfce, % L TIRBEX 1.70-1.85 gfcc
ThD, TR, B BOBTLERBENLENI
MEL, BEIHTL 2MBRREFAEOBRETRTHE

(8826/1) »oHPEN ZBAEIBFRLOLIIVE
.

2) PERMEHE— - ZIXEE30mOZFE P, 119.5
S127m OB BBV LB IREFE L, oM TR
ERCHETEBEZ RS, 2FNIIELA CDBEOE
BLHTEIW, LiedoT, 1) LR L 2B kit
i3, EEREHTOEOERVTIEL AR ENKE
LY 5%, ZoMEOHLEBORREE L, WHEEO
IR TRRNEWN 2.1 glec BIETH 5.

3)  WiFT BB E—— Z OHEOR LB, SRR
BT 2@H5H, ZhbOEBEEMER 2.00-2.05 g/ce ¢
bV, ZO2BOKLHENLDEE, 2.05g/ccf
%, T LT Zh BRISMTIE & A LS 2.07-2.10 g/cc
DEFEICHIWBBTHENR, brHIFXArL—F—T
Bicdpicd 1 EHT (BRE 74-7Tm) T, FBREBENLE
Bz REW (0 =2.15gfcc). L7 - T, BKEEITRE
2mETLAEMICRIFTH S LEESN SN, MRS
EEBEORE N 74-7TTm BERSIFCERLTHNT, &
RO FRER LE kO BRE (85260K) »5, 1x 107
cm/fsec BB OZAREE RT IO LADLNS.

8. XKERFEKEOIQRT Oy MEFEI

SRR 7Ay MEFTEH—Z OB, R 5ERDO
BEHBOEEHE - WEMicthEThs/ w2 uy b L
BT WD LThHD. i EERE RS b
bHAALEENSD, XEAMTT LAMHEE» LR L
SHEER Y, TOMEED SRR — B E
B, Ry, %= U CEEERCMEEER L TWS 0 E RN
LESLT3bDTHS.

BABOFMCRLEERDEEETHS B A BRK
i, bTrEEOBACI Y ZOWHBEEELIPEL

T3, 2hT, HtHoBERREY 3EDHEEOE

HERRBY LALATEERSRS.

FIRSRYIC 2HE U - BB O 7 — F & e
rmrAFuy MRHEOBKBEROEE L, £ OHIED
BMEEELERD, PEIETHEL ST SERR
DB EREKETORESICE TR (KBRS
CHEABLRNDOT, HERRBRO D ORI RET
5 OREUREE) L, TheBRB» Db 5 MR
LOYEEEROBRMTIC L VTETHS. L L,
BEIEILEBBLTELID 7 urT vy METEN

DAFFIF REREE) ~DOEE, 72 03H0B
ZHY, SBOFERICIEO L ZABKEN,

8.1 XFFBREO/NRA TRy FPOBERICDONT
BHEME BRE L IAHFFRED 7 v 27 vy MEFO
TedICETAHREEE L LTI, BE, ¥, KK
¥, L TSP ORKAEEORERELZ N, “hd
56EYDHAERENTES. LHLIOHEERIZNE
NBEER GBS IET A THTLRES L ORRAR
BELoTW3, #lxiE, Fo<s SPOrexsn
v b2 biE, SPIREKR, Fr<Bind/hot 5133
ARUEBIFHRS & 2 B EAERTR, BENCEREGORME
XY EUBEERONEE ¥ 5+ 20 BRIZHERTR
W, LV BRZFTIZIE, Fo<REEE, TLTH V=
BLHERD 2507 v 27 v v MEWO 72D DO—{EE
HaRE 7T,

2B L FAURIL, WEIIDEOERED I EHE
JTEFMEEERVES, TUvREBER, 250
2 =i & WIERIE O & B E IX 2 O S r B
BzELLIELDOTHS., 2B, YAV IIBREBATHE
A, HKERIEE L AREBEOWME b, HiLlBoh
BeEEE —RICRT OO LEZ BN, ThIZTEREL
52, FEEIc 1 HY Y cEBT s EOREE I,
ARPFOLEHD 5 LREEFRECABIRT v v 7 Hic
Fuy bEMER - £RT 50T, B EOREEE TR

un
consolidation, _consolidation

-
th O N VO

GAMMA-RAY INTNSITY (log scale)

(g/cc)
#2M GR—Dswxrny rEOES
Concept of GR — D cross-plot.

BULK DENSITY
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GAMMA-RAY INTENSITY (log scale)

1
10000

1 10 100
RESISTIVITY (ohms-m)

BUE GR— R I/mzruy FEOES
Concept of GR — R cross-plot.

1000

SETBETTHB.
Fo<H—EBEs ey FOBESK (F23K) &
DERNEE L OBA, BLIicEkic T 5 MEMET O
WL MBHE L LCoE £ bEEBOFE
ThHoT (B; HFo shale 1y, 0.04 mmg DITDY
MR X VEERR c OB L ETE FES
EhTW3), REREKEOHEA LR bIicEROKEEA
Truy bERD. BB, Frefh—lER7veRx 7
v FORESE (85245) »hiE, HuooBk RO 2
v 27wy MEFI X BER - RERO X HEE LB
bhs.

8.2 BERELPETREMO /0X70y MER

cohT
HMBETRCRWT, #MELPETD, WREBDOZ =
27wy MEFERIL FRBGESHELES RV
B (FEBERELTIHE) Ch{—BL, Hitao
b B U TIHABET 3 LW O 8EHE FIF L CBIDR
RHEZELTETNS.
BREEZIRD 2 20X TRDbEI 5.
oo = (1 — §)pma + Blde0. + (1 — oo - (1)

2) HHETRBCER ¥, FHEFEDLL SVR, ELT
BEHEE v o e EBOPETREES 525, KAFRREL LT
BEMEEXBL, 7vR .y METEZTS O IER FERRAE
DRERMGCERShBOT, =&y—2v PETRIE 5 &E T
5.

N = ¢ + Vc : ¢c
T, 0 BE (IEL, oo BEBE), ¢ B3HE
BBRE (72720, év; PHFRETELN LHEER), V:
BRE. ZOMOTMBEFLLT, ma; = Y v 7 R, 6
¥itsy, fi ke, EEhEhRDT

ZTDEX572EBORBIEERLWICRIZE Y, B
FRER LT OEM I B TES. LeL, Ekia—
B UTBHT B R EN R 5 7D T, BRENRTERS
$, EBBMELBBEBLIELVENSIHER b -
7.

Krue and other (1976) 3 DRIER T 3 =2 D
i, BBHR LI i, KBERE 100% LIET
Bz licky, BErPET FERBEEROI w27
vy MEERBRICAES 555 RH L.

BbICkRERHEEEEBEAT3AFF AV 2 REHE
BELT BIHFALLAEBIIMRZT, SoicHhHET
BRBEEMTRENY 5 e oW TOERITITROME
LLTERLTRE, Z 2 TR 2 Bk, Kruc and
other (1976) Iz X 3 MIBAMLEBEL B L, T0% &
HHEPREBEOERICE TCINEERRER S E I
DERES.

Bibhp AL FREEL PETFO B0 R
X, BOHFORILELTS T 7 LERERS. 70 R
Fuy FOZAKE, RRLEX SR, BEiaeFd8E
WRBEZHHHCEST S, CZRRLEZAFO LN
REZACT, ¢ & V. a kXN bEtETES.

¢ =alL,
V, = b/L,

KRB LWoEHLES 2T, APHEBRRLHLH
PHMEOAELI v RS ey FNEAHOEARELN S,

ZABOTOREIT;

& = [(Pme — £5)* + (Brvs — Pyma)IH2eweoeeee 5)
B=1oe — £)* + (s — fwe) T
7 = [(One — 00)% + (Gre — Pyma)?]H/2mweenees )

FHEBRLEEAOREOAE © 1, B % 6,7,
DZABOREER,LHETE S,

cos@ = (a* — B2 + r?)[2ra

Ly LoEsgkokdchs,

Ly = o sin @+--++-(9), L, =7 sing (10)

Lt Lz b LEABOHBARCThBELT 5 2 6
F, 7uRx7 ey b EABODEOELERBIE B
DEBHELRAThEEL RV,

Foy RPN LA PEREOTRE CORE
HHa  bRRDOEDILED.
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BULK DENSITY +

/|

Sand Point Pra

Water Point

NEUTRON POROSITY +

—

%2 D—Nsewzxrey FHo%MME (Krug & Cox iz k3)
Geometry of D — N cross-plot, after Krug and Cox, 1974.

pma_pc ! o
‘= (¢Nc_¢ma)¢N ot o . (11)

[Ge=fe) + 0]

(ﬂﬁjﬂ%—ﬁ+m

Nf — YNma - 7z
[(=mge) + 1]

ZZ i ¢y BERATOFETFREBISE,
BRRTOBERBLEETHS.

LiedoC, ETiEMe b2 RkDBZLIZXY, B
ZIRIBRE L E TS 13RNB L Wr RHETE B,
WEERICE b —RE R BE L LT iR EE 1.0g/cc
% 0,10, AEBOVTHE 2.65glcc & pna i, ZLT
EEHLOERSGTHEIF Y FA beEVEY 0T A
F ORIFEEE 2.60 g/cc & 0. 1T, FRENDTIID, &
BK—: %25@] @@ﬁgi‘ﬁlgy ¢Nf = 1'0> ¢Nc = 0-5’ ¢Nmu
=0 2{RET 5.

ZuAxFuy W\EAFODEEZRG), )& (NTHET
%L,

o =1.929, B = 1.676, y=0.503 L 72 5.
BHER L Lo AR, K@D o = 5305
Ths.

b=

ZLToL iR

EBSLi L ROELOPLEDESITES.
L, =1542, L,=0.402
HHERR L L SGOBPE, BT — 2R (05 8v)
FCOEEEMR, R0 VFHETS.

_ O.1gf + o} —2.65 , _ 1.6544 — p} + 2.65
1.005 2 1.929

......... (13), (14)

2T ¢y =029 LIFE L, BRIFEKR LSO
PHEEDF —# K (00 6y) 3 COEERHEZRMI LW
FRCTHETS L, KOXS5ILh5.

_ 262 — p,
= 1.550 °

TORERE, TEREFOTHS 0 2 2.20 OFEH,
b5 EFE T EEREOBETD 61 & Va 2FL
TW3., Ll, <220 TO ¢ & Ve, DIERIRE
XFETHLEND S, FH6K (MME, 1976) KX VR
HT5.

= D%, [1] BrRepExOEFT(1964), [2] WENZEL(1942),
% LT [3] Jones and other (1951) o 3 KD [EEHR L%
KECBET2HHRELI Y Ay — L BfficfE—LEL
WibDOTHD. ZOMEPD, (2] OREREHKEPT
BKHED RIFIR B XERAE (D8) HKREOBERhR

a

Va=Le=219 . 15),(16)
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BWEREFR AR (BB 82 %)

Table 1. Effective porosity and the clay content on circumference of aquifer, calculated from the

equations of (16) to (18).

Bulk density (Effective poros-Effective poros- . Clay content, | Clay content,
ity, from Eq. (9)ity, from Eq. (17) Total porosity from Eq. (1§ | from Eq. (1§
p (glec) ¢ (%) #: (%) (8s) (%) Vesr (%) Vees (%)
$ o (1. 80) — 0) (GO — 50 )
§-§ 2.10 — 19.4 (33.3) — 11.6
5= 2.15 — 25.6 (30.3) — 5.2 - ]
. € range o
'1% 2.20 27.1 - (27.3) 1.3 highpenseability
g'g 2.25 23.9 — (24.2) 7.8 —
S= 2.30 20.7 — (21.2) 14.2 —
0 10 10 10 3 m’(‘%“)
5p 4
10+ .
15+ .

~nN
()
T

w
n
T

POROSITY, IN PERCENT
Pl w
&3 ¢

1 - From J.D,BREDEHOEFT(1964)
45 | 3 = From D.E.JONES et a1(1951) ,
2 © Prom L.K.JENZEL(1942)

50

o

B o 10

100 1000 10000 100000

PERMEABILITY IN MILLIDARCY

#OE SEKOWMAEREZE LD THERLULMBRELBKEOBRRK (ME, 1974)
Relation between porosity and permeability, obtained by combining the data of Bredehoeft, Wenzel, and Jones

and other. (Kodai, 1974, in Japanese)

DEMECIEERDZ LBbMr 5. ZOEME»S IS
MBI E AT ECEEKRETHS. ZOEFBE L
RERBIIBEAEREE (FRCH-IBS) 2o
LG $HEE X 55K, BgRcs L TH
RT3 5HicES 2 L RBECELS.

0o =260, dyo = 0.5 L L7zDT, p= (2.60x 0.5)
+ (1.00% 0.5) = 1.80gjcc %5, #ic, p = 1.80 »
LE, BYNBEBARICRB LD LLT, R)EWFD
BEP ANEZBD L, ¢ Vo ZZRPREDLH R
5.

_ p, — 1.80

2.19 — o,
$2="T550 —0.776

» Voo = =775

...... (17),(18)

TORHIZ p <220 OAFEERAL, BEHLUHE
fE% ERTRPO EESIRL TN S,

ZORLEZE NS, SEOEEENRECLVED
NBHIKE L, REEEE 2.15-2.25 glee, 38 X UVEZIMIR
CRUR EoBR KR h, REOFELUMEREEL TN
3.

9.3 FRA0OBRE

PAEBRSR7HERL B, R15 L BSHEED oo — ¢y
7wR7uy MENIL, REREEKEERRCLT 20
HitE TR T 50T, B LREM mHOXERAVS
» ERBERNRIVZDOLELLIEBREZ LBRBRET
b5, AWEELLAABERBIBRLTVNS. &b
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Mechanism of D — N cross-plot, made through figure 25.
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