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Abstract

Moye’s analytical solution was examined as a method for constant-head tests under steady-state
conditions, and results were compared with transient-state analyses in in sifu hydraulic tests. The
sensitivity of hydraulic conductivities calculated using Moye’s method increased with the length of
the test section, which should be as large as possible under test conditions. Particularly in low-perme-
ability media with less than 10 m/sec of hydraulic conductivity, hydraulic conductivity is lower than
that under transient-state conditions and can be recalculated by adjusting the boundary between radial
and spherical flow assumed in Moye’s equation. Constant-head tests performed in the research bore-
hole at the KAERI Underground Research Tunnel (KURT) indicated that transmissivities derived
from the constant-head withdrawal test under transient-state conditions in low-permeability media
were higher than those derived from steady-state tests, likely because the groundwater flow boundary
was smaller than the “half of the test-section length”assumed by Moye’s equation. When interpreting
constant-head test results for crystalline rock, the hydrogeological properties of the medium may be
better understood by considering assumed conditions accompanying analysis of the steady-state con-
dition and comparing them with results for the transient-state analysis, rather than simply assuming

properties based on steady-state analyses.
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AT 4= glow, tiegoll HshE & & JAgh Agto] BafslH &4+ ”ﬂi(quasi-steady-state condition)°f] =2 =
UTH(Snow, 1965). Omm—‘li ol AHIE AR = 7Pdste] R EAE =SSk, ol AR AEY

A
25k -5 sl Aloh= 1 o] ot 0 & Thaste X|ehao] HAR AH o EATE H]JJ—;G 2 A=A QL7
THSnow, 1965).
SHH, Aol A AR A o] shAlaE AR B O] sl Bl Ax, AR AdElo] Auprt B4R AJE o] Aol
H]5] o}4 Aol 424 AT} Andersson and Persson(1985)2 A9Ele] 4 =
TRt 4= E 5] 0] AT UA A AHHE o-85to] AR Aot FA8RF e Aol AEE AR E H WSkl e
H, A ol S Bt A e AT A H 9] silA] Aitof] Blsf oF 2.78] A AFEE 2L, Ti== 10H] ©]
Aol 2 AE YeR 7] & gl 5T Andersson and Persson, 1985). =W - Aol A &= Moye BH-S o]-8-5F
A dHle] oA APt Aok -5 ZF Al FR 58 AdEle] Axtol] Blol 2004 3ul £ At EEHTR B
Skl IThKim et al., 1993). “LEu, YR Aol A= FA3R AJH o) oA 2t @ 5]8 A 4FEEvar B sk Q=
o], Kim et al.(2002)+= 1E-8 m/sec®] S| AT TS 7|50 2 o] I} Lo B4 2l o] A.-e BT A o] 4] Ax}
7} 0518 2 e 7= Aog WY OW(Kim et al., 2002), ol2et A¥}= kA 7|43 Andersson and
Persson(1985)°] ZHESH 4= Ml5] 0] AIIA|S Ao A 8] =7} 1E-8 m/sec ©]510]1l, 2X] S E(radial flow
pattern) ©13e] -5 AHE 2801 Qli= AR AR Y] -, AR e Al Aol o FAF AdElolA AEER=
A7t A oA == Aet FoHETH Andersson and Persson, 1985). 8 A #l9] oAt FA3 7 A el 2] s Aof]
A ke @Ato]| tisl] 71| AGAE2 Rk S50l tigh 7Hgat 2] A1 A o] tiet ko= Qls) AyshH
(Andersson and Persson, 1985), £5] UFUAE= AL o] A|F=TH GE FA|k
(Cinco-Ley and Samaniego-V, 1981). 01/d2] A+ Ak= AU ollA FFAE<] oA daprt Fo87 A=< oA 4
Thof| B]sf tha  gho] mEE UA, 27 E-8 m/sec ©[51Q1 A5 Wi o= o7 g el o] Al datrt
35 /JHI o] sliA] Aol Hsl @5]2] & gho] =EE= A o= ok 4= Qlrk
2 =rolMe AUA Y B dE Aok 555 oliAloh] floll YR 0 & o]-8-E=Moye(1967)2] HHH. 0 & 2|5}
T=frsoll tiet A1) M 9IE 1ol -0 244 AR JE 9] slii o] Zh= B S 2410 EdthMoye, 1967). Z18] 1L
A AJH 2] A o] Akt A AdEof] o] 27 17EA] Al el Bl E R = R]skro] AXPE ks wESto] SiAl
FEAF AH A AE A= H] wsto] 2[5l -5 A Q] A HAE 2okl Thdo] et A4 eutol A
P
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35 AJES] 2ol AP S shAlst ] $1al 71E0] AFAE2 AU Y] B i (radius of influence) S 7H
SI=Hl(Snow, 1965; Moye, 1967; Ziegler, 1976), ©] G W82 A|@77H] Z[sk=0] 5F0] 2210l A 321 55
02 U= A 0 & Ao 4= Stk Moyer Al 711He] 22719 ARl A=lof| A AR o] el si3l o,
Snow?} Zieglere= Al@ 71} -2 A 2lol| A A ] /Tl 7PEsIal Darey O] 7 A1E o185t sllE F-stSiH
AR dH ] A Aol "4161} SfjA] ' o 2 9] o]- &&= Moye 2] sliAlalli= Al +-7F] @IFto] o3l (homogeneous) St

3 5 d(isotropic) o] T2 2= HilES ZHIR T (Moye, 1967). HIS, Al Hisf Darcy o] H2]] tigt 42|



SE AIAIRt Dagan®] sl HiHo] o] 241 TAE 2801 Jlfal & 4= 9L K(Dagan, 1979), @A %LHOM 34 ot
Oﬂ Y+ APA DS oA o) 7= Moye 2] S 2 ARESEAL 91.2™ Moye 2] S Fofl sflA2t 237} Dagan

Ho} 27 YolA| H7HE 4= Qo) Bttt 530l 1548 2 v oA e vl 42| 2 A E
2 Bhgstal Qltk(Braester, 1982). 1221 AA7Ex] ©d et mid oA <] Z[5l- 752 HEts] AW ]
Hpglo] AA & 2] Z51a1 Q= 7F2-Hl(de Marsily et al., 2005; Neuman, 2005), 2472 RS- tixto 2 4=3)
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S5 TS dh/droletal T T WA s 2
raulic conductivity(K) % dh/dr’ = Zolgk 4= Q)h A
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1] Zol(1)7h A15-8-) 7o) H]s] 5] TH AlF 71kl
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dh _ 4
dr 27rl

M
q q
kAT T 2w

injection

r
>

2D flow | 3D flow
A —

» .: >
Y

&

=
¢

(1) uonoas isa)

] W

>

I
1
I
[}
I
! r,
| 0
1

Fig. 1. Schematic diagram of the constant-head injection test in Moye’s method.

AIB 1A A 0 2 ol A2 (Fig. 1914 A8k 221 ATe] 5.50] o 32110] TA5 S0 & vh
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Moye= Al 77t viA 2 o) sh= B0 20| WAMFR-B5ol TA5-0 8 Wishe IS 7Pdgte s A At
SARESIlEE, Je 22 32 EE«] AR A1 73 A0l el AR of|Al (1 = 2r) ATt 7SS
A& st

o, T A @7 e Rl
_ g !
A7), gi= AlF1tel vl 2 FI == fel™, hys AYAIZA AI@71 Zhella—= o]t

Moye®| sliAsH Z48A| Q01

Kuusela-Lahtinen et al.(2003)2 =0 2 R Hle(FA] YAMIH|7 | E24242] 9F TR EZ]) 2| Ho)lA 10 m2}2 m
O] Al 7R A7kl aist AT UAIE 2 Al '?Z_]'—’] 710l whet 2sl2] -5 2o Hstittal 7]&st
¥ tHKuusela-Lahtinen et al., 2003). ~13= Barker(1988)7} * ] GRF(Generalized Radial Flow) ®@-2- o|-83]] A|&
A shAsH=H(Barker, 1988), 2 m o] A9 7ol A =38t A AAI ] Aol H]sf 10 m Al ko] Aol #|=}
< 1.92] 5501 o] SATEH 00, o] AL 2 A Aelel) A1 0] 21e] et
o] A5} H5 A2 HOlek shlek, of AT ATHe 24 QoA Asiivt A Bolgt Aeld o s

I 9J 2 ™(Berkowitz et al., 2000; Bour et al., 2002), T2H4] AUA R Q] A& 171 doof| wha} 2]5k=2] -3-5<l tigh 2t
Hol v = Sl AlAIsh= Bz, 2743 fHtellA 4=85h= Moye’s method S ©|-8-51°] “dUA &= siAI S ff 22+
551 S A 0 e SN2 B A e

o -Gl A8 09] ole] ek A 551 T4-55) BARAS] ARkl i 48S 2o
2 5-shgck. Aol o} 84 2L NX 29 AFZNH 10 m Pole] AF B NG et 472 sk
e e e
10m, 12320 m& gaéﬂ% ) e S Gl ool Moye®] Sl AHEH /= 2r0) 2702 7| 2A12 A}
P 25 Sl s o] g iro] 1 A7kE mAISHTkFig. 2).
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524 - WHP - shgs - 24E - 0>
=2 EE Sl S S0l BT 7R Aol AUA e S 7B Alske 250 BAR() ol A T

7+ Zolo] 125t EHE]oy(r > 1/2), Moye OHH off By & e s 7HE 4= Qloh §it = A5 uidof A Al
FZE019] 1/2(1 = 2r) Bk 22 ol A |5} SE2] HAHo] FAHTHA(r < 1/2), Tt Moye SilAs] Bt 2]
A S 7 4 gk AukA o 2 thevto] Wil sl 5:50] AAMo] SHHAL, A4 e tho R 4
LA D 739 MoyeS] 7V32 5o 47 AFES] A 8 e Ak vha W7bE 4 9l A0 2wl
T3 Fig. 25 A HH A|Q 17| 717} 22405 A5l S5 2] AAH7ER] o] Ao thet QI T F AR A =]

B2 ZUAAE A Al 1] Z717F A 75 sl frefslior o2 o 4= itk

ho

)

25
—-TestLength: 1 m
23 “>TestLength:5m
TestLength: 10 m
2.0 -=Test Length: 20 m
qp
18 |
&
¥ 15
2
1.3
DAQA'% -
1.0 "‘%’0 ’M'«———n——/""%
0.8
0.5

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
Boundary of 2D/3D flow (/r)

Fig. 2. Calculated hydraulic conductivities for different distances to the boundary where the flow dimension changes from
radial to spherical flow. Test sections were 1, 5, 10, and 20 m long.

A ATYL PAIH 7B HESHE AFE 918l 2007 2719 AT BE-S ZH= KURT(KAERI Under-
ground Research Tunnel)S 7174511 0™, 0]% 2014F9] 47119] FPLHES 712 7451 KURTE 2H451Ict &
A= KURTW Al 6 -0l =2 BDZ-1 10.4*— o]-85t3=t, BDZ-1 A5 KURTS] HFEACA] Casing

o] §lo]20 me] Ak = Z2tE|o] §lom, A|E-F2] XV/dHF7FKURT <] HIEHI}F 5 Ut s (80 m, EL.)E 221 St
(Fig. 3)(Park et al., 2019). BDZ-1 A|&-5oll4] 1.45 4 Al 7] Aol & 2 = o] A S AAISFH AL, 20 me] 49|
£ 7 127]] A% T7h0 2 Tsto] BN ST, BAAEL S19) 1A olFHAR ol 8o AE 7S

|2 oz ARt eioll A Y el E ST &, KURT BIHHEDH m oV 771 ot HiEAl ol 7 s et +
7S Aate] gAlEE alstalth(Table 1). 2 A5+<] Z*‘”HHEM & AR A1 R ddo 2 S5t
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Q71 wizoll 271 A5 A7 ate] et @AE FAash e Qlrt. 18|17 AdEoll mEsrtal Tk = Aol
A AT FREOIA HlE = fe S78010] wheell AFd midol sigss 22 3 U5 4 e e
7R AapE o g2 7)) Aot Aol M AR A1 FE AR et Qlel sk eAtet 7‘1 Fd mi o g 57l
et @215 11251A] gott. B2 2 (Cinco-Ley and Samaniego-V, 1981; Kim et al., 1993), ZA 0] 7]&2] A[@ o]

) 1ot sl S| Rlek Tk

KAERI Underground Research Tunnel

Fig. 3. Location of the BDZ-1 borehole. BDZ boreholes are in the 6 RG Research Gallery. The elevation of the top of the
casing of BDZ-1 was the same as that of the bottom KURT surface.

Table 1. Test sections of the BDZ-1 borehole (Hydraulic heads were measured immediately before the constant-head
test in each test section)

Test interval in the BDZ-1 Hvdrantic head 200 :ggraulicgszad(n:;g% 100
Test section (m, depth from the KURT surface) y(rrquli.)ea : X ‘ i '
From To

Section 1 18.00 19.45 101.34 :

Section 2 16.55 18.00 89.38 4

Section 3 15.10 16.55 102.87 -

Section 4 13.65 15.10 99.85 . (i

Section 5 12.20 13.65 104.77 =

Section 6 10.75 12.20 81.09 § "

Section 7 9.30 10.75 105.02 12

Section 8 7.85 9.30 90.19 14

Section 9 6.40 7.85 86.31 e ]
Section 10 4.95 6.40 80.57
Section 11 3.50 4.95 91.66 b |

Section 12 2.05 3.50 80.46 20\ EV of KURT surface




AIAISH A2 AT 400 U8 9 A= Park et al.(2020)2 32 SHoK(Park et al., 2020).

BDZ-1A1@-5ollA] =33t FUulEA & 2] ‘AI}E Table 21| AIAISFATE. Table 2001412} Zo] Al 7HE FE4==FAl4=
= B2 oR EE Holil glo] AIg 7] g0l Al ) EAehe B T a9 of ol et F-¢-
Sh= AP A1 A4 NEe] S| R A EASS WehdThal ThebE ] o] 2|9k AYh=Table 12 A|Q 7P 2|55
Aot Axto]| tisiA e 22 mieto = Argel 4> L=t KURTS| HEHY 717k Section 1278 71 ¥ Section 1714]
A 19.45m0] Zolol| A TE3E Pl AP o= F7I6HR] il Ef2]R 22 S Holal itk &, e
A B A ERt oheg Wi ol A o] a-e|EAd o] ofdet 250 S-Fo] TaA el ofal] A|HfEl= A4 o] 4
254 ofmfeitt:

Table 2. Transmissivity estimated using the constant-head withdrawal test in the BDZ-1 borehole

Transmissivity (m® s™)

Steady-state analysis Transient-state analysis
Moye (1967) Jacob ;erof:qig(wsz) Jacob asntcrlai};fnll?:(19sz)

Section 1 1.88E-08 5.44E-08 2.68E-08
Section 2 1.53E-08 6.51E-08 6.06E-08
Section 3 7.29E-09 1.67E-08 1.46E-08
Section 4 6.04E-09 7.78E-09 7.07E-09
Section 5 7.76E-10 9.22E-10 1.54E-09
Section 6 - - -
Section 7 2.66E-08 2.06E-08 3.37E-08
Section 8 2.49E-08 2.43E-08 2.14E-08
Section 9 8.20E-08 6.23E-08 6.67E-08
Section 10 - - -
Section 11 4.78E-09 1.05E-08 1.06E-08
Section 12 - - -

Mean 1.11E-08 1.73E-08 1.72E-08

ZAlEA 22k Moyeo] WHS o83t % }EHQJ HH—E Ei"?} /\]@ 2| Wt B A= 1.11E-8
m?/sec®]™, Jacob and Lohman2] HH-& -8 m*/sec, 241
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Fig. 4. Logarithmic transmissivities obtained from steady-state and transient-state test; (a) Log T from Moye’s method vs
Log T from Jacob and Lohman’s curve-fitting method, (b) Log T from Moye’s method vs Log T from Jacob and Lohman’s
straight-line method (Jacob and Lohman, 1952; Moye, 1967).
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