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Geological feature at the depth of lower drainage pipes

2 WEHE

a HEKKR-ULTHKDKE - K&
TEHERYH D TEERR—) v 725 LT,
2005 47 H, 200747 H, 9 A, 10 A, 2008 4 1 H,
10 HICHEKRE EREDORAEE T o720 HIKEIZA A
)y =% flio THIE L, KEIXBIN T ORI E R

Table 1 43#HTIEHE

Water quality analysis
Wt HH N
Kl ey B RE S RE
LR (EC) ”
L i Bl pH &
fRfbEsc AL (Eh) ”
BHFMRFERE (DO) |K—Fur 77K
HEBRAK BHFRRRE
HCO; pH4.8 i 5E

K, ca¥, Mg”, CI,

FEERE S0, 4k Fe¥, ]%%%E%
F Ol
Na® AF o A—=%
225 PRy — VR
HKEN 54 )& v
725 [ &3 K—sars 75
AR FRET

12 & 25950 & EBREZECOWIOETEFIZ L 50 %1T-
720 AT HE % Table 1 127773

b HEKEXRFEMAERNEENRTESZDAE
HFREROOMEIC L HBHERMIZEERE L TES
(2006) D F 1 & > T A (FAZERTHEFEEE 70% LI E), B (50
~70%), C (30~50%), D (10 ~30%), E (10%
Fii), F (PAZER L) H8E L7z, £KRERDOMNEY
L, WEYWEATTHEL S THEY)RITHRIL, FEE
FETIFGHRIIHE L2, BREVEKRIDTAF—7
L— b2 52T 25 IS T ST b R#EH O
RO E = VE L EKE & OB OREWIEERN L 720
1T ROEKED ) LES B HMBLTW5N3, 4, 5,
BrEICEN - EEYEMEL TWANes, 9, 10, Y1t
W2 HNo 13, 14, 15 #EEFAEE L LC, HHED
WNEWREAEROWE %17 o 720 2007 £ 9 HIZKP R
TET T UM ER-AERAWTEKRERHE?S 10mF
TOWEIIIKE TES L TS EE 17 o Th 5 bk B
H L, HKE MO EWERICE 40 H (2007 4210 ),
Fnp5 99 A (2008 4F 1 H), & 512282 A (2008
£10H) 1247 - 72

c HEE/NA T & BEAEMFIFER

W, EREIIWRTHENLS Z EidwoT, HEks
N7 T RITENO BRSNS O T T 5. KEEL
ROV EKRERGIZEPT L TWDE I &L, EREX
Uit CREN N CHEA DB SN L Z LIk B L%
%, Fig3 O X 9 IZEKE IR SN T2 B A3 CTHER:
KA KRGz \ F FRARIFENICE E o TR BKDH
WCHEERR T A2HE0#EH % 3 AT O0EMAEERHO
LD EKENo 4, 9, 14 THMAIZ, HEE/SA 7T 2007
9 FICENERE 21T o 72RICH) ) 720 BKRE K
W) AHT B TR ALY = VBT — X W 572 %41 L
TZEEE L o E AR R 2 B 115, FKEN



BNEEZ - BHIE—HF - M3 R EAR R =) ¥ 7RI BT 5 BAEOER &t 3

¥
RAHE o ‘Eﬁ, DOt 4

TAR—Y > I
-p-

=
] ERNA4T

Fig.3 HAKERMOILERE /S 7 L BRFRE L > DR 17
R

An aditional pipe and oxygen sensor attached to the end of a drainage

pipe

BOZRE L COMBREZWETES L1217
Il FHAEEREER

1 BT KOKE - K&

PEKE I Figd IR T L) ICEKRE—1) V712 LoT
KRELEL 2 BIENEZEML TV 2HE 5 N3,
ADHKREDP AR, Tuy sl H G EBL T
BNo.9 ~ 12 DHKRED S e BREMEZIZEL >TT
Oy 7RG OFEAH T RORHE EHFHEE I N TS
(BLILS, 2006) Z & EfFET S No13 ~ 17 OHEKE

DL VDIZEKRR—Y V FOEENF N & —HT
HPHo 200749 HICENBEAUE 1T 72 9 KIZD
WL, RS ERT OISR EDS 0.40/min, PEEHEH A
0.41L/min, BEKEHHE 2 72813 4 R CHHE L= R h o
720

HFIRAR =) ¥ K O EERE & S IE R %
Fig.5 10" T, EEFIIFEMIEELLE, BIENICAhE
THHEMON 1 ~ 5 PR EEx Eld 5 N UHEOE
IR 2 S, BHFERRIBIEIIN 10 IR 2SE wﬁ%
RLTWAEZ &L, WA TTEO % @tz
W“#m%?%tk%’@¢%®&@ 12k o CE %
HEEINLIDIZHL, maﬁfi%”&&%L
w&ﬁﬁitfwa_k%ﬁ%bfwakﬁz%ﬂ%o
Fig.6 D/KE N 54 ¥ 7T LB TNo 4 1AW 2
FERMBHI N T LBy — V2R LTWA,

2 RN TICL ZHAEMEITHR

BRI ERB IS ERBL 2200749 H 4 H, 5
WiF 2 To7:% (FASH), fF&kRE#E 282 HikEL
722008 4 10 A 31 H O K EKRE Km ORI G E % Fig.7
WZRY . FRERIHM 40 H, 99 H, 282 H TOFHW DA
B X Fig8 127”7 & 9 ICHEKEN03, 5 TH v, 282
HCHRILL 7275 W % L oR R oIS T 5

1.2

[12005.7.20 £sk&8.52L, #i7AFEO. Inn
| [{2007.9.5 £/KE6.64L, BI7EHFE22mm
[12008. 10. 31 £7k&6.91L, i7H FTE84. 8nm

e o =
>

#KE L/min
o
S

o
N>

(@]

1.2 ® @ 6 67’. @ © 112 @@ G 16 17
B < SkKR—yrs - =®

Ot ZRFERPEE

Figd4 %K K—1) v 7HHPKE
Discharge of drainage pipes

70 10
60|

- 18
500 T o
= 2t
2 e B
& 40| ;“
X 1]
%30 1y #
i 3
0 20 ®
=

12

1T 2 Q@O 6 700 1 12 @3 1617

B o~ &SKkK—Urs - H

O ZRERAEE

Fig.5 #KK—1 v ZRIHEH K OEERE & A EmREEE (2007.9.5)
Electric conductivity and dissolved oxygen of drained water



4 BAT LRI ER %5209 5 (2009)

meq/L
3

o
—
)
—o

Fig.6 HEHKOKE

Hexadiagram of drained water quality
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Factors of blockage at the end of groundwater drainage pipes for
landslide mitigation and a countermeasure

OKUYAMA Takehiko and KURODA Seiichiro

Summary

Investigation of groundwater drainage conditions with a drainage well in the course of landslide mitigation was
conducted in Miyagi Prefecture. Large differences in drainage rate and water quality of drained groundwater through
the horizontal drain pipes installed in the same drainage well reflected a complex geological structure of the landslide
block. As for drainage from the soil bank area, drainage rate was low, and electric conductivity and ion concentrations
were high compared to another area.

Formation of iron hydroxide that caused blockage in the drainage pipes depended on the conditions of each pipe.
Pipe end blockage was remarkable on the banked side, and a correlation was seen between the amount of iron discharged
from the drained groundwater (iron concentration x drainage rate) and the blockage level. Concentration of Fe?* in
drained groundwater was as much as 3.94 mg/L. The low oxygen air controlled oxidation of Fe?* in the drainage pipes.
Iron hydroxide was formed by exposure to the atmosphere at the end of the drainage pipes. Soil particles trapped by iron
oxide enlarged the blockage. Formation of iron oxide was not able to be completely stopped because some oxygen was
dissolved in the groundwater. However, an extension pipe attached to the end of the drainage pipe isolated the drained
water from the air and controlled formation of the blockage in our experiments. The possibility of a blockage can be eas-
ily estimated in the field by measuring the pH and oxidation-reduction potential (Eh) of the drain.

Keywords : landslide mitigation, groundwater drainage, water quality, iron hydroxide, oxidation-reduction potential



