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B dre A9 FErE sl 299 Askre] sl Ao ERH o R ARl H4o] Atk o)
9ot FRE FEUNES SRS, E3STAIE B DAGFAIE eI SRS EE tEHQ] Bouwer and
Rice ¥41% 37 C-B-P EAIAH(type curve)>2 3124513 th. Bouwer and Rice§ o2 3|43 g FEjdes e
448 x 1073 em/sec o1 FUYZHE 1.16 x 103 em/seco]th. C-B-PHOE 13 Hi FEAEE e 237 x 1073 ecm/seco]
™ FEE 7.09 x 10 em/secolth. F 314 Azt AFR G It SPILOR o] FolA o] AR FgAe] o}
Bouwer and Rice &2 s4e FHEEsl A Uehdth dFFFAEES GW7, GWI2 2 MW9 oA a5t
qom oy FHel EAFANS A8l dMEkith. GWT B8 GWI2 B MW9 #FHT FeiEs 2 R4
Ag7r vom ol 7iuigte] st 2 Ao ofe} AAE Zoz AtEn, WAYFAIES KDPWI ¥ KDPW2 #
oA et om s el whet FEdg w4 Aol7k YERERRE w9 mjulsin] B Afelx siMs fElds #
< SAABE AeA Qo] Ads] &8d ZoR e

FR0] : ENFMIAY, BFIFAY, TABFAY, SRR, FEgAS

The aim in this study is used to develop the remediation technologies for contaminated ground water. Slug, single
well pumping and step-drawdown tests have been used to obtain hydraulic parameter estimates in the field. Slug
tests yield hydraulic conductivity values using the Bouwer and Rice and C-B-P analysis methods. The mean and
median hydraulic conductivity values of Bouwer and Rice method are 4.48 x 107> and 1.16 x 10~ cm/sec, respectively.
On the other hand, C-B-P method gave mean and median hydraulic conductivity values of 2.37 x 107 and 7.09 x
10~ cm/sec, respectively. These analyses show a trend for the Bouwer and Rice method to yield lower hydraulic
conductivity values in low permeability zones of granite in the study area. Sing well pumping test data were cal-
culated through type curve in GW7, GW12 and MW9 wells. It could be interpreted that the differences of hydrau-
lic conductivity and transmissivity values between GW7 and GW12, MW is related with fault clays and fractures in
the bedrock among the wells. Step-drawdown tests were carried out in the KDPW1 and KDPW2 wells. The hydraulic
parameter of KDPW1 and KDPW2 showed very litter difference between the values. The study of hydraulic
parameter estimates can be used to purify in contaminated groundwater.
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A2 IAlo] oA ol Aslel] flgt Asixe] 3
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and Yeh, 2010). & AFAGL 2003d EY B A8k
AUZAL 899 A3} TCE QP22 A3t Aspys-s wol
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Fig. 1. (a) Location of study area and the slug, single well and step-drawdown tests points and (b) general geology map.
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Table 1. Summary of well completions.

Inner Well Well W:cll Water
diameter depth screen CasNE - yovel
(mm) (m) length length (m)
(m) (m)
GW1 50.8 15.0 7.5 7.5 430
GW3 50.8 24.5 10.5 14.0 7.27
GW7 50.8 24.0 13.5 10.5 1.87
GWS8 50.8 20.3 9.8 10.5 5.00
GW9 50.8 17.5 10.8 6.7 5.16
GW10 50.8 14.3 6.0 83 445
GWI12 50.8 18.5 10.5 8.0 2.17
GW14 50.8 21.5 12.0 9.5 3.07
GWI15 50.8 15.5 10.5 5.0 3.35
GW17 50.8 13.0 9.0 4.0 6.68
GWI8 50.8 17.0 12.0 5.0 10.51
GWI19 50.8 20.0 17.0 3.0 2.26
MWI1 50.8 16.0 5.5 10.5 1.67
MW2 50.8 20.5 5.5 15.0 438
MW3 50.8 17.0 5.0 12.0 4.41
MW4 50.8 26.5 7.0 19.5 3.38
MW5 50.8 13.5 3.0 10.5 3.29
MW6 50.8 24.5 6.5 18.0  10.97
MWo 50.8 21.0 6.0 15.0 7.13
MWI11 50.8 19.5 6.0 13.5 5.6
MWI12 50.8 9.4 1.9 7.5 0.01
MWI15 50.8 16.5 3.0 13.5 421
MW19 50.8 11.3 2.3 9.0 2.73
MW20 50.8 13.0 12.0 1.0 2.84
MW21 50.8 19.0 5.5 13.5 6.06
MWw22 50.8 253 7.3 18.0 9.31
MW23 50.8 20.0 8.0 12.0 6.36
MW25 50.8 13.0 1.0 12.0 1.83
KDPWI1 101.6 50.0 20.0 30.0 9.81
KDPW2 101.6 30.0 25.5 45 9.71
KDPW3 101.6 50.0 20.0 30.0 9.47
KDPW4  101.6 30.0 25.5 4.5 9.19
KDPW2 o7m KDPW4

2.7m 27m

9.7m
KDPW1 KDPW3

Fig. 2. The layout of the step-drawdown test wells.
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AZ3on, FE59 ZHNE o|fEl] AEoa Table 2. Results of the slug tests conducted in study area.
=25 A7E ol B|wEiTh Initial Initial Bouwer

Wells water displacement apd C-B-P

level Rice (cm/sec)
21 o EE (m) (m) (cm/sec)

GW1  10.70 0.1230 2.10B-04  1.22E-04
=22 HEtAE GW3  17.23 0.3575 1.96E-03  2.60E-03
SIEAE ATE s1MEl] s T oig GW7 2213 0.6016 3.05E-04  4.09E-04

Zo| AgHYG5Z01R] B0 yghfZzelE weksol GW8 15.30 0.2613 1.25E-02  1.66E-02

GW9  12.16 0.1649 234E-03  7.17E-04

Atk 20099 74 287 E 99 117PA] 33K A GW10  9.85 0.1401 1.23E-02  1.38E-02
T SR AAE siishe TRl 2 GWI2 1633 01871  873E-04 530E-04
do {H gigZolre] AFAHE FAER= Bouwer GW14 1843 0.0229 1.90E-03  9.46E-04
and Rice™ (Bouwer and Rice, 1976; Bouwer, 1989) % GWIS 1215 0.1648 L.O7E-02  5.16E-03
$|9htj 420 A8 Cooper-Bredehoefi-Papadoplusy GW17 632 0.2531 1.43E-04  2.95E-04
(C-B-P¥: Cooper et al., 1967; Papadopulos et al, 1973) GWI18 649 0.1823 2.90E-05  1.20E-04
w5 L00pe » apadopulos ¢t al, GWI19  17.74 0.1210 5.96E-03  6.40E-03
°l °1E} AFA R RS odom Hop 2 MWI 1433 00825  244E-03 1.92E-03
U502 Holof i wQdte3e] EA= 7K 9 MW2  16.12 0.0235 1.78E-03  6.64E-04
ouz o T sz HpNS RE Agale] sMsln) B MW3  12.59 0.0048 1.69E-03  1.19E-03
AT F mES el 2w (Agtesoly ver MW4  23.12 0.0183 6.15E-04  5.89E-04
35 (HydSOLVE, eyl #8318 sffsistont g (00 (180 (TR D
—\Fi'—%‘ O]—%—B‘]—O:] ?’é} ‘?ﬂ@gg_t Table 29’]' 7}:}‘:} Bouwer MW9 13.87 0.0737 2.41E-03 1.29E-03
and Riceo 2 3143t Ht Fe] AT 7h 448 x MWI11  13.90 0.0376 3.23E-03 4.77E-04
103 cm/isec ©JH =4S 1.16 x 1072 em/sece]t}. C-B-P MWI12 939 0.0175 1.24E-02  2.86E-03
Wom 13 W7 FEAEE ZhS 237 x 107 cm/sece] ™ MWI15  12.30 0.1483 7.71E-04 4.21E-04
MWI9  8.60 0.0784 230E-02  3.70E-03
TR 7.00 %10 em/seco o MW20 1020  0.1523 5.01E-04  7.09E-04
TR S e ks #5742 GWIS, MW23 MW21 1294 02015  246E-03 233E-03
9 AfAEA F2o2 ARG W gt MW22  16.16 0.1314 1.54E-03  5.96E-04
GW182] A&7}z olapa 24 23 E 77b0] 07 mE MW23  13.64 0.4820 2.14E-04  9.59E-05
Ve 7 3152 17w Hlma A} = glol= MW25  11.17 0.0669 3.85B-03  4.69E-04
N SROI  5.79 0.4172 8.64E-04  4.24E-03
ol Eshr et ATt oldF s Aues OMX]E] KDPW!1 40.19 0.2801 9.64E-04  1.00E-03
Azt ik Aol @AsHrol A7t == A kppwa 2029 01980 3.09E-04  5.62E-04
2 Vet FRIRE A UeiE aﬂrz 4o GWS, KDPW3  40.53 0.2726 2.03E-04 1.98E-04
GWI10 3 MW5Z GW8e] AlFAlR| 25 0~14m=Z KDPW4 20.81 0.2190 1.30E-04  1.73E-04
ZAZ0] Yeh 7 s 183 m7lA] FEA o v}
A7t wdw Ah@dehel oloixit) 203 m7Al= A Table 3. Borehole data of slug test wells.
27t 7F = AGEFIhe] wdEe] ok AAFe Elevation Depth Thickness ) .
Well Stratigraphic
2 o) 2 Ay} wgal 17l e AEe s} B4 (m) (m) (m)
Jelun A3x|9e] FeAdEss AlEAEe) Ux|sl= 99.7 14.0 14.0 alluvium
Ao 2 JEPHH(Table 3). GW8 954 183 43 soft rock
Bouwer and Rlce‘:”w]' CBPHC] ZElAEES H)wat 934 20.3 2.0 hard .rock
H(Fig. 3) Bouwer and RiceH o2 3+ FE|AEE 7} 995 o0 90 alluvium
B 98.0 10.5 1.5 weathered rock
CB-PHo= 73 Fdete i otk S eRdt. o= GWI0  97.0 115 1.0 hard rock
T2 A 5ol 288K Bouwer and Ricet ¥} 9] 9.5 12.0 05 soft rock
ShtlgZo] A481= C-B-PY &A1= vio] g7 wj® 942 143 23 hard rock




9] WS, SEdrAld B AR S SR RS AT 207
0.1 3.11 Umin(4.48 m*/day), 4.28 Vmin(6.16 m*/day), 3.32 I/min
4.76 m¥/day)®] YFHOZ 6057 Y2 FHBISITH
B GW7, GW12 & MW9 2 FFAIZRERt 22 1.3 m,
001 7 oo 025m, 0.18me] 59174315 Bt 7+ BN veh
2 VA »}~ 1 sk 27100 45l 9} o
S 0001 0 Foll Askrel7t ks HgsE= 2oz et
< e . LLE}(Fig 4).
3 . FrAlel S B340 peldet e I
0.0001 - o, AR 2108 TFgslel oY F59
4 (type curveyS H-8-310] 34151 THTable 4).
1E-005 | , |
1E-005  0.0001  0.001 0.01 0.1 Table 4. Result of the single well tests in GW7, GW12
Loa K (B & R) and MWO.
Fig. 3. Comparison of K values obtained by the Bouwer and Aquifer Analysis K T
Rice and C-B-P methods. Well type method (cm/sec)  (cm?/sec)
Theis 1.94E-05 0.0397
othEA <, 2001). LREg o7 Fdo] 2 mjEdM= Confined  Cooper-Jacob 348E05 00710
C-B-PHio] Eijo] wke H AoA= Bouwer and Rice'd Gw7 Papadopulos-Cooper  1.58E-05  0.0322
o] AT} A YeERdtia BaEs) Qltke]z g <), Theis L74E-05  0.0357
Unconfined  C ~Jacob 229E-05  0.0468
1999; 8419 <], 2001; Mas-Pla et al, 1997). & 172 1eo ooper-iaco
= roro 10 " Papadopulos-Cooper ~ 2.24E-04 0457
L A= 7 02 o] Z] 4o A=
e adicE " ﬁ)j l i EHE]E i Theis LIE03 1804
°°] 50k Bouwer and Rice 0= sfjeh Feetr} = Confined ~ CooperJacob  200E-03 3224
Al VeptE Ao k), zey F i) xlo] GW Papadopulos-Cooper ~ 2.13E-03 3435
= Aom 334 HE SAAQ wWAE HefFa sk 12 Theis LI9E-03 1918
Unconfined  Cooper-Jacob 1.14E-03 1.836
ChZ ok A § Papadopulos-Cooper ~ 1.92E-03 3.083
Aukr o7 A=A |H L sMEy] 98 B Adrds) Theis 1.28E-03 1.787
S So] e 910w Dawson and Istok, 1991 Confined Cooper-Jacob 247E-03 3457
Papadopulos-Cooper ~ 2.09E-03 293
Kruseman and de Ridder, 1991) ¥ 7ol x= 314 A MW9 -
b a10] - Theis 1.11E-03 1.555
&2 2791 Agtesolv ver. 3.5 (HydroSOLVE, Inc.)& Unconfined ~ Cooper-Tacob ORF04 1374
ol&3tditt. GW7, GWI12 & MW9 #Holx= 27} Papadopulos-Cooper  203E-03  2.842
1.60 0.30 0.20
: (a) GW7 (b) GW12 1(c) Mwg
] e 046
1.20 — 1
_ ] _ 020 -
E g E Eo12
% 0.80 —-: % 1 %
5 b & ® §oos
1 0.10
040 -
:. 0.04 .
000 [ ‘ 0.00 , , 0.00 | [
0 20 40 60 0 20 40 60 20 40 60

Fig. 4. Results of single well pumping tests in GW7, GW12 and MWO.
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£ A7A9e FEAEEE 70" B o AfHnle
02 Holol shu} Y] 4% 7R 7] o
ol o8 7] WS BF 1“16104 AT FAl
Y A= A5e] EAFA ul| o5t FEdE 44
BHA, GW7 #9 FRREEE JPuasoz 7y
3 o 1.58 x 10°~3.48 x 107 cm/sec(”| 319 2.20 x
107 em/sec)o|™, AHFEUIGZOE 7Fg3I9S ) 1.74 %
10°-2.24 x 10~ cm/sec(7 1318 4.47 x 107 cm/sec)°| th.
Frgdae Aguese=E /HEis W 00322~
0.0710 cmz/sec(7 131984 0.045 cm%/sec) o™ AHTIS
202 7MF30S W 0.3565~0.4567 cm*/sec(”] 518
0.091 cm?/sec)o|th. AlFEAFR) J3PA 0~3 7] F2=
o] ekl I3t 719e] FSkETt 7.5 m7kA] ol
t}. FSEE olE 28 o ke 157k 5
739t 71949] F3lgte] vepdtt. F3etke] A Aokl
A FARARE SRR Z2E dds)] 2o 24 7l
AY 2 Faelo R 21 miE-2ol Tu)7} A3t

GWI12 #A9] FHHEeE Y=oz 7143}
AL w112 x 107~2.13 x 107 cm/sec(Z 1318+ 1.69 x
1073 em/secyo|™, A A0 2 7FYE19S o) 1.14 %
1073~1.92 x 107 em/sec(?18198 T 1.38 x 107> cm/sec)°] T}
Fridlae IddFEos® PEEe W 1.804~
3.435 cm?/sec(Z|31E T 2.713 em¥sec) oW AT
207 71439S W 1.836~3.083 cm¥/sec(”7] & H
2214 em¥sec)o|th. ARk E] ePH 0-28 m7kK] Z3]
Zo] e 73 m7kA 371e] 72 Fsietel
vERdTE F312 10m7FA] oloiAm Rzl e}
S Szt vepdt) 183 m7HA Uehs Agse
15.5m F2ollA szt Ve b BEEel et &
A g},

MW9 ge] FRRETE jtlEo 2 7HsIsie o
128 x 107~2.47 x 107 cm/sec(”] o}%& 1.88 x 107> cm/sec)
o, ZFAYFFoE 7HYEIAS w 9.82x 107~
2.03x 10" cm/sec(ﬂ&ﬁq— 1.30 x 107 cm/sec)e |t} T3
AFE Ao 2 718IS W 1.787~3457 cm?/sec
151 2.626 cmz/sec) ol g2 7RSS
S ] 1.374~2.842 cm¥sec(Z)3FHT 1.824 cm’/sec)©|t}.
MW9 #42] AFAEE glovt GWI12 BT s
Zhol H|S=8lH GWT B GWI2 2 MW9 o] H)s)
FEREE B FEEAgTE W2 A0R yepdtt ol
AFAFAA Hvle) o] 7uitelN Vel sty
g HeE]e] of o] wat o] xjo|7t vEhks ZloE
HHETH(Table 5).

Table 5. Borehole data of single pumping wells.
Depth  Thickness

Elevation

Well (m) (m) (m) Stratigraphic
112.2 3.0 3.0 alluvium

GW7 100.2 15.0 12.0  weathered rock
91.2 24.0 12.0 soft rock
104.5 2.8 2.8 alluvium

GWI12 97.0 10.3 7.5 weathered rock

89.0 18.3 8.0 soft rock

A Al
SAYFAIELS TCE L9557 Athdo® B& A+
Ao FEEe] mrAEARe FolM Fasle] wgel
&3} dre] ibdS 7IsISith KDPWI 51 KDPW2
eI TR GAGRAIF L Grol 22 Tl
HE] AlZFsted ‘:}ﬁﬂﬂ—oi FrES STIATE Frlel
FHsE #=3517] $18k] Hermit 2000, Hermit 2000
EAIAM 2 Sohnst/\]—«] Leveloger GoldE ©]-83}o] 479
WS AS5sI00H, 75T 34715 o83l Afsow
455 AIE Rl vlasiith. KDPW1 #ex =
RS 742t 299 Vmin, 6.33 Vmin, 8.86 Vmin, 11.37 Vmin
STRIATI 427 S5 T e 7 dAE
AEAIEE 602 31T KDPW2 #golxe g
#2290 /min, 6.18 I/min, 8.88 I/min, 10.95 I/min®-&
TIAZI 427 FE TSI TR AR B
AEATHE 0= —S}Oﬂu} KDPW1 3! KDPW2
AN E 247 099m 2 LI6me] $17d3Hs BT
= & ]7101] Froiiiaol= Bkl A3l (steady
state)ol] =29k Ao FAkEThEER] 9] 2010; Fig. 5)
D‘rﬁl"é’—r/\]fé. 3%t KDPW1 2 KDPW2 g2
A Az ARG el ”'H'J*%—n;“’](BH )
o NFARE AT 02mha 2] Aol 412
AEd B gl Belglon 6m Faiwrt vt
Efdt}, F3EE 2o o R e Ee v
At} FshEdl olo] 29m7HA] VR F3l 9A ¥
ST} e st HEA Aol SHEH ® &
Ho g Baf=o] mjg- 2LslAl veRdt). 34 m7FA] e
Ue A5 SersPlto g 29326 m7HA] 4 2
A7t efg- BBl FEA R szt desiiich
oqo]—z_/] o]~,—— %JQ ]— = Ho]u:] ﬂ_od =i x%g]y]. 2k
s vk AU SR SPeE 60.8 m7HA
o]0 ZItK(Table 6).
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Fig. 5. Results of step-drawdown tests in KDPW1 and KDPW2.

Table 6. Borehole data of step-drawdown test well. uf Z¥z} 71ehE e 3RS 878 x 1074 124 x 107, 225 % 107,
Well  Depth (m) Thickness (m)  Stratigraphic 2.08 x 102 cm/sec oM, AEHNFZ0 2 1A EIL u)
23 ig thﬁ“d ) 27} F)elat B 3.34x 107, 682 % 107, 3.62x 107,

. . weathered soi 4 Bl e gloh] e &
BH-1 29.0 23.0 weathered rock 265 x 107 cmsece|t. FHAITE AT 7
34.0 50 soft rock AaIde u ZHzke] 718l #1756, 4.813, 4.187,
60.8 26.8 hard rock 3.958 cm¥secoH, AMFHIFEZC 2 NSNS v 2}

Zre] 7181 7 1.289, 1.946, 2.648, 5.035 cm¥/sec
ojtt. 3, -2 AUthTFold A trso®
st AAE olgsle] IS, AT tgF v oFolR] tigo] ofd BfH o oozl e
g 27108 7pgsle], ofe] FFe] 54 IS 285l T TEE siMalior A A9t e 4 ok
41312t KDPW1 40X BHA] oFA1E B=a1a9) 3k 1998). KDPW1 3 KDPW3 40| ey o g +
434 2ol 9Jgt el s F4E HR(Table 7),  FUIFEoE HHEIS W FelERE 27 4.61 x
KDPW1(4}), KDPW3(hH), KDPW2(E2]) 2 KDPW4 107, 142 x 107 em/secol™ F375E ZH2F 0922,
EF3) BN e AYFEEo R 7PdEINS 3.214 cm?/seco]th.
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Table 7. Results of the step-drawdown tests conducted in
KDPWI.

ollg - 44

9
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Table 8. Results of the step-drawdown tests conducted in
KDPW2.

Aquifer Analysis K T . . K T
Well type method (cm/sec) (cm%/sec) Well - Aquifer type Analysis method (cm/sec) (cm?/sec)
confined Theis 3.62E-04 1.397 confined Theis 491E-04 09152
Papadopulos-Cooper 1.10E-03 2206 KDPW2 Papadopulos-Cooper 7.48E-04 1395
Hantush-Jacob ~ 5.04E-04 1.008 (pumping) Theis 542E-04 1.01
KDPW1 leaky Hantush 441E-04 0.8817 unconfined Neuman 522E-04 09739
(pumping) Neuman-Withrspoon 4.41E-04 0.8814 Moench 4.89E-04 09115
Theis 3.58E-04 1383 confined Theis 1.31E-03 2492
unconfined Neuman 330E-04 1276 KDPW4 Papadopulos-Cooper 1.38E-03  2.625
Moench 3.14E-04 1214 (monitoring) Theis 1.33E-03 2519
Sfined Theis 1.I9E-03 4619 unconfined Neuman 1.10E-03 2.091
oM posadopulos-Cooper 12903 5.015 Moench LIE03 2112
Hantush-Jacob ~ 231E-03  4.621 Theis L67E-03  3.335
confined
KDPW3 leaky Hantush LI2E-03 224 KDPWI Papadopulos-Cooper 1.86E-03  3.712
(monitoring) Neuman-Withrspoon 1.12E-03 2236 (monitoring) Theis 1.67E-03 3347
Theis 1.19E-03 4.633 unconfined Neuman 144E-03 2.876
unconfined ~ Neuman ~ S5.14E-04 199 Moench 143803 2.857
Moench S.18E-04  2.008 confined Theis 1.07E-03 2.145
red Theis 217E-03  4.04 KDPW3 Papadopulos-Cooper 5.74E-04 2243
Col C .
Papadopulos-Cooper 2.33E-03  4.34 (monitoring) Theis SA8E-04 2145
KDPW2 ~
(monitoring) Theis 2 18E-03 4071 unconfined Neuman 4.80E-04 1.879
unconfied  Neuman  G670E-04 1248 Moench ~ 480F-04 1879
Moench 7.78E-04 1451
Theis 2.59E-03 4.927
nfined A =
OIS papadopulos-Cooper 1.67E-03  3.179 =
KDPW4
(monitoring) Theis 2.61E-03 4.948 ) 2] ool O AdE] AlATE A =7
e N 03 Som 71004 2l TCEZ Q98 Aduoli #74:
Moench  268E-03 5086 5 Yt

KDPW2 #QoA SAYGFAIE d5A=9] 5434
Sl o3 el s Y R (Table 8), KDPW2,
KDPW4, KDPW1 2 KDPW3 #4dl4 AL wE 3
drEo= PEEAS W 47t 718 3 6.06 x
1074 1.35x 1073, 1.76 x 1073, 5.59 x 10~ cm/seco| ™, ARf-
AFS o2 73S of 27 71epd 3t 5.17 x
107, 1.17x 1073, 1.51x 1073, 5.02 x 10~ cm/seco]t}. =
FATE YT oE 7PgsIsS W ZAzte] 7ehEt
S 1,130, 2.558, 3.518, 2.186 cm¥sec ©]W, ARFATIR
0= 7S W Zizte] Z1slE 7k 0964, 2.232,
3,018, 1.964 cm¥secolt}. Zt2ke) sjaiubiel wle} 4214
=% g Bl ghe] xpol7t R ER|EE o] = -
ululepy ZHzhe] el e L9XE AsAl
243 &g AoE ychEr
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Bouwer and Riceg & #|43+ Bt &
448 x 1073 em/sec ©1W FUZES 1.16 x 107 em/sece] Tt
C-BPHOE 8 it Tl gk 237x 107 cmisec
ojm FUFRE 7.09 x 10 * em/seco] T}, £ 7R FA]
Z M SPIe R o]Rejx glom AR Tl
ol 24 ti450l 4-8-3l= Bouwer and Rice HOZ
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