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LIMITATIONS OF BIOTECHNICAL SLOPE PROTECTION AND
CONTRIBUTION OF VEGETATION TO DEEP SEATED
LANDSLIDE PREPARATION
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Abstract: The mechanical reinforcement provided by roots is remarkable. However, because the root zones of
most plants distribute generally within 1.5 m underground, failure planes of deep seated landslides typically pass
well below the rooting zone. As an important discharge way, the transpiration can lower groundwater table of
slope aquifer. Because transpiration takes place mainly in intermittent periods of rain events or in dry season;, it can
not substantially reduce peak groundwater levels in precipitation. Vegetation cover has minimal effect in deep
landslide mitigation. Dry crack, animal passage way, expanding fractures, and structural pores related to vegetation
cover, constitute a relatively stable macrospore system in upper slope mass, which improve markedly the recharge
environment of groundwater and make slopes absorb all precipitation except interception by vegetation. The
compound circulation model of ‘Infiltration-groundwater runoff-transpiration’ in vegetated slopes lead to the
continued increase of groundwater runoff rate and the gradually dropoff of rock-mass composite quality.
Biogeochemical processes, such as root breathing and litter degrading, release acidic substances like CO; and
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organic acids and raise the acidity of soilmass and the erosiveness of the infiltrating rain. At the same time, the
pre-event water giving place to the event water in vegetated slopes makes saturation index of water-rock exchange
phases keep a low level and chemical water-rock interaction can continue. Therefore, the contribution of
vegetation to the deep seated landslide preparation is notable.

Key words: slope engineering: vegetation cover; shallow landslide; groundwater circulation; chemical water-rock

interaction; deep seated landslide
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21 FEABLEOERD(EIHH, 1989)

Table 1 Soil cohesions with different vegetation covers
(Wang Xiuru, 1989) 10° Pa

M lem

2

0~30cm 30~60cm 60~80cm iy
FIR + i 0.65 0.75 0.55 0.65
FliR 0.60 0.62 0.57 0.60
EiEN 0.42 0.71 0.63 0.58
RET 0.48 0.50 0.49 0.49
P 0.46 051 0.38 0.45
Rt 0.40 0.51 0.32 0.41
TR 037 032 0.35 0.35
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MER REE AR E 1. X[16]KH, FRER
HWNERHRBRERENATEMMORR EEN A
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Fig.l Perpendicular distribution of average root length (m/m?)
of seven turf grasses!”!
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#, KHIWRREBER 90%LL L)yEEH TibE
B2 PHNEHRERRSHEEREERENT{ LR 0~100 cm B9+ 2,
Table 2 The variations of root weight and root density of
elephant grass and imperial grass with depths™®! RAEE kgem >
. 0.0 05 1.0 1.5 2.0 2.5
REBAg m™ WA kg *m ° T T
LER R /em e il o a X om YT Y T
L W R HWE A X » e |ARK xHTR
—20 Xe m XiiEFE e %l
0~10 0.356 0.112 230 5.0
am e X
10~-20 0.277 0.133 148 42 ] ~40Tym o x PY A
— k) m X A
2040 0.161 0.121 5.7 23 & ~605 e "
40~80 0.136 0.059 30 0.7 S A
—80 -
A
X713 8 MK HRFERKFIREH, RE —100 . A

FESAMLE 0~40 cm T2 ER, FERKZLE
0~20 cmo C[181%f 14~20 a A it igm s AL
WERAE R, WA ERIEES A 0~20cm KT
B, BREAT 1om MEFHEREF DML 0~40 cm
MEEH, 40cm LT EEPEFHRREBLD: HEDT
1 mm AR MENRSG 60%~90%7) A 7E 0~30 cm
BN L9 H IR BB IX A T4 12 KI5t
REH, 0~100 cm T ZHHEA, A EEITHRERR
RN 0~20 cm TRVAEI R R T ES,
MREMREK S SHAEY 58.6%Hf 61.2%, L+
AT 1 mm BEMARTEE—FLULE, KEE 80%
PAL; 60~100cm HEVER, WEHRERD, R
W REBMS%AELS, HREDTS mm BREZESND
fi, BHMWACAFLE. WIC201IE, WERE
32~55 a MEEIARARFRKRARIE, FHRKE—
e 60~80 cm, £+ EHEFEEMME, "li&1m
Ull, HMAEESAEMRELT 60 cm EE R
M. 3= B (1990)%T EMIAR &S Hy 20~25 a ke AL
R RI, B2 KT 5 mm KHCHHE R F4 50%
AAE 0~60 cm T EH; 1~5 mm B RH 85%4>
A+ 0~100 cm JulH, ILHLL0~30 cm B AE;
/NF 1 mm R EAE 0~30, 30~70 & 70~300 cm T
B4 5k 78%, 16% 6%, 11 HiZBH 2R
F R E R(Z/(100 cm®)) 5% Z(m)y KA X R
AR oy A", |

R, =504.916 5exp(-0.03305Z)

211%F 6 NMERKFERIRR M AHITT RE
HT5(E 2), BREAERPEEFERRIFER R 240 B #
FERRS, HARRFREIIR R JLF 425 fa e b &R LA
T 1.2 m BIERBEVA I, T SC[ 14100 R —H B RIFR R
R 15~24 MR ML I TRER ZIN, A3 SRR
Hb_T £ R AR R S8 DR 1 B A v P 86 i oD (1

—120

B2 IR R R R R E AT

Fig.2 Vertical root distribution of some tree species planted in

the same site®!!
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R, MAREKFE, MRERCIEBERE T MR
%, BEEMBIEN, EomEEARa HEr Y
KU, SCRNWEIRRIL, WA SR )BT
BB R 53 A B ORI

ity BRI UE Y, MR RNERS A
TEMGRE, FREEBAFEEHFHERNZ
We), (AR R 5 Bl 5 VR L 88 i R e D X — K
ERLEN; HEMEHRERREEX FEFE
FHRUT 1.5m, BAAD 5 mEEEA.

R ZR 0 FC A7 75 ) A4 ) 0 2 I B R 2 B 2
B, IR (N AF 7R T Hb 3R DL 1R VR B R
P REFLFEAREED IR AT CLEIEHET 5 m,
BZES5m A THSRE, BEXFEERH, Tigs
WER, CRBRDHEEH SR, HmER%
BT Mes. MBREEMERNRE, B
Xt FIB H KK TR RS o i = R R R,
BTES A AER. fEFEE K. BEEAT
4.5 m KBRS EE T E, K E+o
HIRK, FBX—45 WA KSR TR
(R 2 kB 12 2 PIh B EE .

3 HE#E

R RGO Rt UK i, B
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WG BB, PR 2 W s BB
W TR AR R B Y, kiR
poplipUEAY 5 d 2 (19 U N (VA
PEIC[2914R1E, (EMF S b P A AKX 2 A
BRI, A AERE R Y B B4 HE 2 000 mm K
BRI 62%F 48%; FEFLIHKIIE S5 ELARMAR I IX
7 K #i(evapotranspiration)/K & 5 244t 1 500 mm %
M) 63%. SC[B0MXILARILIR 5 F F B AMAEE

PR R, EKSEBEEKE N 240~369
mm, 5 RIHIFEN 2K 32%~50%(E 3).
260

220

180G+
g
mﬁ 140 +
%
100 +
6
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B3 LR AL KB FOK 2 S M 2T
Fig.3 Water consumption of some tree species in growing

season and precipitation™”!

BIHRIE 15078 Z 458+ & IR X 3

P ARAE F K ERFKEEKBG MPHYRNERE
HGEE 3). LB REMW, WHKEBEKE

HREWEREAILREEN EMRKRE 4 KT
(5~9 A)RIZBFEKE N 257.6 mm, SIHIMER &
M) 63%, X~ -4 5 REBR1991)FIA% T B (1998)
MR ST e A — S

£33 HMARBE KR

Table 3 Water consumed from transpiration of three

shrubs!!

iR W %

B/mm n/% B/mm n/% B/mm n/%

Fi A/mm

1998 4F 4339 96.17 22 4546 11 71.40 16

1999 % 2989 5836 20 29.23 10 4974 17

F: ANRKRERWFSE Emm), B b EBEFH E(mm), n=B/A.

LR HTRW, AR MR KR ) R
Tigte, HAUKE - ER BT 20% 0 L,

1007
80t
60

40

& B A B /mm

20 hd

0 50 100 150
% 7 &/mm

K4 WBMAEBEKESERZRXRY
Fig.4 Relation between water consumption through

transpiration of plantation and precipitation®?!

FERHBO N AKAEEA R BT R A I 1 2 B . {Hab
A, SRR AARE, EBE
BREAE M ) BR, o IR ARIRGE 4), HAKRK
R T AR B R RUBE L BB, JFANREIBHIR
T T 5 2% T S0 () AR A8 3 7K A7 6 BT 1D P9 ) KM
Tty BHBEFAGE B3 s R AR BRI

4 BIBMONRBIEAKRERL3], AL
Table 4 Water consumption rate by transpiration in
different tree species’®*!(revised)

- —
mmol *+ /m 2«5~

W LD ;PN EISES
i fp S y - -
2 AR &K AKX 2K ALK 2K
D 5 0.122 0066 0.081 0043 0.057 0032
ML N
41y 5 0.1l 0058 0.107 0.056 0.093 0.051

eI 1 1.512 0861 1243 0.715 0926 0.560

B R ELEE 1 0.692 0401 0.568 0.399 0.477 0.299
KA R I 0561 0304 0404 0221 0.288 0.171

et I 0733 0399 0.661 0347 0516 0.305

o i I 1316 0834 1168 0.734 0791 0.521
A T RR I 1266 0799 1.161 0.646 0.425 0.459
% | 1.337 0770 1.003 0.489 0.758 0.442
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KN SRR R, TIHERERKEE ERsE
H T AWM AT A B,
AR R A E MR E— N ERMB3E
. EMEE, BB REMEKANE. i
. AEE I REIEY A AR s B TR KB
G Bog LSS AR K IR, Y L,
ZHEAVEHMRBEMWAR, EE LK, FNH
IR T — ML B I B B AL SR (B 5). RE
Wk, RARTT ULAZAR R PR A (R R 2R
B3 &EL: HTKIG . RBOKEARAKEN

21 CWRI(chemical water-rock/soil interaction).
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Fig.5 The relation between vegetation cover and slope
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4.1 HEBTRIBBOER

W3 HISTRY, AR T KH P MER
EREN. RBESERTASKETR, ML
A KR T WA - 3T A EREE TH L
HUEEE T REE 6(a), (b). HBIAEEM
B AR A YRR, A e 7B R R
PREMEEFEVE S 15T T AT A BIAH YR FI3EE, o
HARH—HRZHREFAAEES. #3C29RE,
RSP, AW LARE S00x10°~
700x10* 4t 48], T L4 RA 5x10°~10x10*
%o WAGV, 7EMIR - AR - RIBRTBAS A TH
o, BEHKHEEER 2~8 mm HshPEE 50~
100 M(E 6(c)). HPAEKIIRS, BTREZ-A+L
HRARAER, SHECETRAFRANERE

B MAAKAEPEHERS RS EHME L
BRI 5 RML(E 6(d). A, MBRRELESE
BEEEARRERERER.

MEEN EERERANS TR AEEEEE
A, AURT LB 1L R o 35 R R R R
ghrz, WIRAILLSERRs, B b ROk PR 2 AR &K
SRR AN, R R Y R SR B L BT LU
AT R B BT B R 6 ) R A LB

M FRBIR, LA TRE. SEiE. B
k5% K SE R PR FLBRSE W] LLZE B B AR R M R EE B
K2 (FL)BR 2 4t (macropore system). B TiX2 K25
A BB R A T ARSI R . TRtk
SHRMBTET R LR, N B KRBT
BEM R, RAEMLARENRRENS. BRd
B, XEREHRKTHRABERREE K. X
TARAMEH A BB Fi(preferential flow)> ™,
Btk nKH T KRB AMA HIN R R AMA B .

EHHEARE, EELEHM 4, BER
RAEEHEETRKTHRASL, BHTRIARRF,
HAKREH —BEBE, BREAARSEHE K.

R R T KA E N R E 48
BT A R R AR REERI A #E3C(29]3RE,
Mistry 25(1965)7E ENE M FHOD KA T 1440858
#iX 260 mm/h, 7% B B HURIAR H53 B A 120 F1
90 mm/h; Tejwani 2(1975)7EENE B S5 Hh X I &
MM TBEERN 112 mmb, TRAN 10 mm/h;
Kartawinata Z5(198)ZEENE R AT A ME S FHER
SR PG TR X B E ) R E R ek 2772
mm/h. Dunne(1978)FI KA AR, REIEFHIHRMK
TaREIRAE NS R — B ZE 80 movh LA EMY, HA
AT B AL FARL K 2 4 B 72E AL AL 7 5 B
ERAFEE LS TR EBEEE 7. & 5L
T 2 X W R A T PR K N B I )

HBERFLUXMERBTEACERAETHSIH
EZ L. Dabin(1957)7F 2 F g 2T IR 5
FERYP, £ 193 mm FRANHR, HERFZHRER
¥R 1%~3%, KK 7.8%; Cailleux(1959)38H1,
HHEBEUVRNFERTRMAX, HREH 95
550, WESC133RE, HE LTI REAX
MERRBLNT 0.02%, TERHBI K 0.1%(F 6);
HEMPEHFLMAR BRI RRTRECY 1.8%, B1X
R 12.4%; DU)IKEFTREZE. AR
HRREAEHN 0.04%~0.2%, BRTHA 0.2%~
0.4%; WGRERIEIE TR PHRFH AR
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Fig.6' Pores in soilmass and rockmass related to vegetation cover
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400
_ 6 RIMWEFAEEFYTHBREHE"
a0 )
P Table 6 Overland flow under different vegetation
Eif o conditions in loess area'"*!
!
= o0 s CEMEE EEBHF  MERREN  AE
< fiude e fmm fmm 1% ")
i S B .
My e e 4 Y UL 2934 0.001 7 0.000 6 26.5
Y il 368.6 0.071 1 0.019 3 27.0
B 7 1T AR Al b R i A (mmy! ) T 368.6 0057 3 0.015 5 260
Fig.7 Infiltration rates imm/h) of soils under different S b 1686 0.016 1 (.00 4 243
vegelation covers in Hokkaido, Japan!™"! - i . 14 s -
L Y ab6k.6 IRRLR k d 274
il 368 2967 i
%5 FEIHe2 30 min mnlm)\'.lljl #lh 3686 0.296 7 0080 5
Table §  Accumulative infiltration of soils under different
vegetation covers in 30 min ' mm 0.23%~0.820%. JEob, HiidkE s .
- P e WSS R AR T R K B, (iR 42]
MAM el RS RWE R ATOGHT . R TR . B — AR A
s 7 85 KRR I {ers AL E 2
B b 179.2 als 784 94 8 28.4

K RGN RIE A MR, RERET
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XEREHEBEHENRE(—RAER. REBR
M), ERLHHTS, HKRETLTKTH.

LaRBEEIRA, T KANE A
£TaEBEN. BEAEHX RIFOABE&HER
MR AR5, R P, KR
TEEHR KRS, HMLHATHTA, HBHRA
HARAL T H T KR AME TR R B RN G 372,
R T H TR KRR R .

B AERH T KA P AR R EE T
HOKMEI . 8 HIRRE K K F REROK LR A ST
ZHEWRARMN, BANFBIEEHNRAFIH. B
ML TR RBBIFET, BREERRENE
FEMFERREE @ 29, Hok—ERA0mE 8
EEFB2Zz—, sk, BERKEEER
5, XEMEHKHBERERAX, HEHREEN
R AR X TR 1 JLF A AT BE.

4.2 ¥ W SRR T K RER

7K S0 RN SO 22 PR 43 5] A 2 /K R T 7K
AR ETRRE 2 ML %R, EFZHER TR
AR TR A HEEENELEE . 201
42 70 AR MR B K ¥ (hillslope hydrology)##
W, FAHERESFEEET, LRHRKRRER
(streamflow) = FM LI 77 H B 5 R, X FiRAH
BHEEREMEIH T KESREAEER L.

20 4D 60 FALLLET, A FRRHMERTRERK
PlE EERETEBRAER, MYEWERER
HRE T HRRINBEN, Bar=4 i R2R (Horton
overland flow); 60 FEACKLIEA BRI 7]
W, FAREEPOIARE T HIETRERDa%EL

— = =

THNERE, SBEWFRILEA BRI
BEXRETHERERTLE.

3C[48~5015 45 X TR A WHILHIEK 3 F
F:

(1) #APERX - HhFRK 2R i (partial area-overland
flow).

RHE ST T ARRRE S RO BE A
KM EHMEAE, XEEA MR KM AR R
XM ER, BARBAER_EERAKL LT e,
FATHE XM L.

(2) AT YR X - Hb 12 3 U (variable source
area-overland flow)(BH T LBFERX - MM IR LR
variable source area-saturation overland flow).

B, HTFKCMBAFELEREAT
PR, XX RO TR - R, I
AT AEREREK IR OLY KB 4E: K B IX X 7K (R
FE M KR G2 A3 R 7K LU R 2R A TE K Ab s
Rt

(3) WAPRKX - Hi T 29l ik (variable source area-
subsurface stream flow).

7K M 45 16 8 U 1) 32 A R RO b T T E LR
1, I E 97K T LA AL RR o g -
FHAETER, BT ERILAEYRESKT
BREPHIER. X TR - BRAR, KA
SEFH LR 3 MK TR (B 8): A&
T, BRHFRMTRTERERERD, EREE,
BRI R AT EREX - HRER, BEmr R
Pl

B, EGAKIFEBOK SRR T “HTFK

o, BERBE - R TAL
L BTARMEAL Ak | FE AR
Axmaw, R arsw

% TLER - hERK VAR e &

B8 EBOR A RO T KRIERR BB R R

Fig.8 Model of groundwater circulation and streamflow generation in vegetated slope
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of e N EA) e . CRE K ) AR B, % W ST (0475 LA S i (base
flow)Fi B8 E HEM, 1R /D 0k R AR LI TR % I
FENE, HAERMNRTHIKENE 2 KERN 26
TSR AR AN 7 B TEAMIRAL T 3 R KX s R K
TTRRCT A, C[4813RH, HERBREWR, FEKY
R R 80% LA LR A FAK. SC[511%¢
HA—RHN 0.022 km® KIFMHE AR, &
W5y AN 10%, 50%) KR AR EHIT T A
B4 a UM, S5RERHE, RAELRERERRS
i SFERERST 50 mm B, EFERFREIRT
PAHRASR, (HEMEAE RN, BESXIEE
KU RASR: BEURUAHR R 90% LA R B
A RAMBELFREIAL 10%-
EHEP R BRI, BRI ri FkKk—
REAE KT S P80/ P9 g oY oK B A 23 0] 3 6 T it
(B 9), 3C[48, 49]LA R. M. Ragan(1968) #1857 %,
BOYEEREPY, FRAEBUHU I B R AR R 45 R A
b T 7K B84k 3 Y (groundwater ridging effect)(E 8)
AR JLXT B R S B DO MR Y o AEVRT R R R IR 3
S5 HE vt SR P AT,  Hb R KA TR 48 3 (capillary
fringe) b4 5 FIHRERE D BRRTFHLEAR, B
N KRR T b T B 5k 4 AN = 48 7K (tension-saturated
capillary fringe)¥%73% 4 i J) MM 7 (pressure-saturated
zone)BFRHL T AKH, (R TRKREAMG TR . %
TKF AN B2 4ab T HEHE X i T /K32 4t 5 3 HE

E 20f EC AkHeER ],
; 18+ Cl \ FETRE 5 b
016 4 E
= o
—s8f smm 24 |
TZmm _ 5, BHERETE

L T8 AR E A A

g
—258 ; = 7m

% IFUJ‘(#U?LF'] 3 mm ——
—458 _—me

.
- 3F&K: EC129ps-cm” _
< Cl2.1mg L’ ik I 18 1
E iAK: EC 7.9pus-cm g
E 5 ¥V #AK Cll6mg L' 16 E
] =
= 14 mi
= 12 &
B 12 12 12
H 20 21 22

B9 Hvu = KA & MK SO Rk B R R
Fig.9 Storm hydrograph of some catchments on September
20~22,in 1983, in New Zealand, showing separation

of old and new water components'**!

=)y, mHBK T HA G R AR BE R
FREE, R LA B KR MRNA BT R IR R
AR A . 3C[50, 53] = P 1A S AR 3% 0 B e
S, BRSEDS, BTSSR SEH T KA
WIEIG T, F 8 X P36 T 70 IR i B VT T2 At K
LG PR K 7K AL 5 (water-table mound)(Bd 10). Bt
B, SCISLIEER A & i(pipe flow) R K FLBRIL R AR
Bt T 7K HEHEXT B R IR e 1

4_0r—l 110 E

3.8[: | 1038 g

| i oy

_ 36 E/' 1106 £

@ 34} it - | |—0.4 w

ae 32+ 1 n 10.2 =

= 507 t

10pZ2A- —p o=y I e 0o &

2.8 “ ! Y:=0 nJ 25%in =0 | =
26F !

1 i 1 1 1 1 i 1
6.0 40 20 0 20 4.0 6.0 8.0
W-—— E
5 AR i B #/m

10 AR R A AR - B RS
0 7 i A2
Fig.10 Water-table response for a grass covered shallow
sandy aquifer-stream system in Canada to a rain

eventlso]

PR RERAMS A, RRBERFSE,
FHEA BT K AT LA 43 A 45 K (event water), S
117K (pre-event water)ZHi 7K (new water) LA 2 Z 7K
(old water)*® % fEBYERIE Ffr E(FLH LI TEE
TRE B H K SO0 B 2% 7 VAT LA K R 7Kgt
THFNE 9). #EX[49, 5214RE, FAEZERX—
AT 2.8 km® BIFIRA, 5 WREETEE R FE
BEREDHE 74%~97%K AEH TK; C[54]HI8H
R PAESE, AR E R Rk i e R
b KRG, JLT B A B B 4 T
2 HE KB I. SCS01% g KEE =& & e
FRHE & KE - BRAL KNG RRRY, BRY)
HERETEEIME FHEKERNEG, 2K
38%~50%, G BN T S HZ RN L K
heh, K EFEKRPILLH . C5012E T 7 M 23 47
e, ERMm TKMKRIER, ERELMK.
ZIKXTBEPMI TTER N K. seAh, RAFFEZ.
ZREEREMRBOH A LR LERE, EHF
7K R A 3 B B ST RR TT K 40% ~60% Y,

W Bk, FTLARH W F 4R

(1) EEHERERLRX, ARFRMERRE
MIZEHBUKAL Bk, HZERAERARE LK, B
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PERLE RIAK JLE AR B T KX —F LU
B, #YE TR RASRE “EH —RE N,
XX FRER e RERE. K- HREEEAEN
T2 P (1R 5 o] {3 A3 Y. ) B B8 7 4 e [ P AL U
PR, InRIRIEEEA(E 5), EZERARFERES,
W H5EHEK - RBRARXKEE Santa Cruz
BREFBRIE L SHFERMEE, SHEEHRTKE
KHRELZNIROEH . HANELY Zentoku iF
A ¥E3% . ¥%:H La Clapiere & Sechilienne alpine 4%
VB g 122, 25. 28, 43. 53]

(2) MERN—RIJLXRER] R EKEK
PLRIEHEF, BEZEM “EW”. F 3 THSHTEN,
FER R BN O EE R R BEN, XA,
FRHEEEB ST R T AKMEET K
BB TAMERIELRREEE, A TR
IRAMARE S, WiESs, FERARTF—KRHT
KPR “BA— R — KB EERKER(E 8)
MOEE M KR E RS NEEER. Bk, AH
POKEAMAE, MERBA L) FREREE,
i Bt BA B REL . RAEHSEREITE
.

T RBRIES . RS A EARP S
FEE T HRERRENK, K. CBK” IR,
B, RS R TR “BA— 12— KB
HRENERBHERES, NERE LHERTZ
FMERERKERKIERREESH T, £
KN HESBRERT T, #FRKRERREER
Ak, TS AR T K R R RO R
Ko SR, fEAREBAE LGS B/
KA TR, KN W R S,
A BT R RS R R ORI B8 B e B k(B 5).

(3) MR E R R T KA LUE R —RF
NGS5 2 o ovl 12 N NEIE 3u5y5h: vl N =
Z A SEMFFER BS54 RE, HFKEF I E
Maimai it 38335 5 (491 35 i B 6F (e LA 29 3 4~ H),
K—IEMRI B ZSIEE, A 20 e EHLCR
IK L5 BRSO R U B M E R 2 —,
Al R Hm ) 2 R o

ARRRRE M EBILERE R, X TKEK
W/R(water/rock) — BRI RARE L - KIERFH
CWRI Xif, HTMAKERMmEATT A RIRE
KF, HIFKE R EHSTERMBERA A EE,
AT LA 7K 2558 B AR R 35 B0 A 240 T B& KT
{RUE CWRI TR 8] EFEEEME, XXFRliEl &

BHEE R+ RIS,

WISIIBE S, |ELAH 7x10° t #9 CO, Mt
it Hs CWRI(fL 2 AL ) B KSR H AR R 3 N Mg,
HEERR LT WK R N B TTRREE 50% 0L E. BT
TKERIT CWRI, JUHZ &N ERBREMEERL
Wik CWRI, BEHEENEHER, HEEEH
P 1 R K (BT LA ST T A ERBR I I SR AL
MR EEEENEBERE L
43 H#ES#HE CWRI

A AE RS 1 CO, HBIH O,
AR ZR P44 1 R —ME R 10id A2, BPURMR O, FF I
T AFREIR CO,. REGE MM E LT & N
%, {BEHIN LUE 4+ Co, M EIRFEIKSF
i 10~100 50, Beabh, MEREHEPEFEHK
B RER T SRRt &7 CO,. W
I ABEEHR A DS, BEARRNR
.

HYEKTFEN AP RK K, Ca™, Mg™,
NH K SO2 ST E FEAEFR. X—dER
LKL BGEMERIKE R E “EE” F R
¥z, mEBTFXEH. HETFHATFERE, BR
W T Aoy i HY R FABRRE Y BT, 6 I X 2 R v
LAEHRBR 44 9 pH {8 75 SHE B 2 4N s fr B>,

FaRE T RFET R AL R4 X il
HEBHAMNE EREAARKEERE: B TS
COOH £ M OH 7 LIf#E Y H', HA F1 FA 255
ek, MHLRENBELATY R, BRK CO,
LU, Ht, HEENEN HARER
&R ERE, XHERE ARt B A SEFr TR

A A R BEK AN A T KA SRR ) B —
EhERE, MR LR RIS EERE
BNKEREE .. WKERMNA
CaCOx(F A7) + H,0 + CO; — Ca® + 2HCO; (1)
KAISi;Os(F) + H;O — HAISi;:05 + K* + OH™ (2)
K>[SigAl]ALIO2o(OH)4(H = £F) + 6C,0,Hx(FHER)+
8H,0 — 2K* + 80H  + 6C,0,Al* + 6Si(OH),  (3)

MR~ RNE LSRR S K ER
EEV YRS EE. BTRMKE RY)
%, MRERMIETHTH, HETUIRSBA
KT EHEE R, (2RI CWRI IR &
B,

MNEBMAEE, PR TERLSE
FHFE AT LEX 2 CWRI R EZ 4, BT R
KA RN RERBEM A RN, RE0Es
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B RE BV el T R K R R R, fRET
. ERWMHERHK RN, KEeRNGEGHR
A REE B AR, CWRI A Bl Rttt
4.2 IR, MR & fHE A N K IH &
R, B CWRI RRELEAT IR IR 4 14 15 B
i

2H5 HE T K HCO, AOMREE AT LB b Kl
WBh. (LR CWRI f— MEERE. #1742
FISHT, HEBER B DX R I R T R KRR
2, Rk, WL HCO; MR T LA WA 5
XPEHE CWRI MITTRk. 3L [601HRIE, EE/R=,
FAZRAE MRS, A E XS HCOZ 1]
WERBRBEEAXK 2~10 %, et rk] /R
BRI IX , bR X % K HCOS R 5 EL AR
FEHAXEL 10 5.

FE61RE, EERE, KB HEX CWRI
FIIEE R bR EAREXE 10~100 5 B Tih
KM, ParEEEEREER ST 4~10
fif; PR MMX ARk — % 0.05 mm/a,
WIREHYE, SERENS AR RERIET
5x107° mm/a, BIARIEKM 1/1 000,

BRI, KX M CWRI B9 STRR IR AR B 4 X348
AKAR PR 5 e 7 T, AR IR R K B
2Nk ey T

5 &5 &

(1) AR R LA 5 98 B Tl 2 2 B3
(1, ARX PR BN TR LR 1S m f9IR
FESEREIA; FER AR AT LEGE 5 m L
THIREE, HIXREEREA,. TRARNER,
SRR SR LA OO R B SR, LN Al
StaraR. Bk, RERE AT LLE SRk i
REGKIZ RS, BAERZERHENBG T, e
AR

(2) ZRRE VR 0 HEHA T R T K S (] 5 3t £
FERE, FKE R SRR R 20% L0 E.
T HE B E R AR, T HERRE, A6
B8 ] 8 I 032 45 e R A0 ) b AR A 1] A Y
Kigta T, AR EFEEMH M ERI. i,
WL AGE RO, AR X RGBS A
LB HESE

(3) SR TRE, FiPaEE. KR
48 R STEALIR S L S TR UK AR AR B R

F(FLRR G A LB E s TOK A RS, AE
5P BRI IR BR A AR 2k 2 SR L F BT A B
PR Fr- R R, wWZE, HERER
WA TP EEI BT % W, ks
FHIK - HBATEE & ORI AT LA
I RS 7 e i ) YRR BB BRI BRI AT,
EEZEEAFEREOES.

@) HAREBRI FKEIH “BA—1RK—
AW HERUKIGIE K KR i fhil iR & KD
MBIAKE, ERmRE L RHEEEZRERTE
B ER G EEN KN - H¥ESH07H,
kKA AFEBREREL, mEAEAER K
BRI K. BRI, BUMRES
FRREMYTR, SRS S R AR,

(5) MR B BT B ZH T K PR By
PUAgE K A8 AR R4 HUR 48 Ak T8RS, fRAE
CWRI 7ERSIA] B RELEE, &8 TRBEL KK
E KR, EREgetn.

(6) YR AR . Lk 3hH) &M E
R A AT SRR & T RE B R
R & R TR AN B B S R A R EEY
IR ZE SRR, S MR CO,. . &
B R EMSEBER, REe A NKNRE RZ
P (R KB ERR R B T & RKE RN

FE ARG ~©), AR, M RIEEE
RREREFE R TR 2B E .
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