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Feasibility of Evapotranspiration Cover for Landfill Cover

in Taiwan

Student: Yu-Chen Lin Advisor: Dr. Hsin-Yu Shan

Department of Civil Engineering
National Chiao Tung University

Abstract

Alternative covers of landfills have been proposed and permitted on a case
by case basis in the United States. Researches over the past decade indicated that
evapotranspiration (ET) cover with either monolithic layer or capillary barrier have
been proven to be better or equivalent to traditional RCRA Subtitle D covers. A
number of researches and site-demonstration projects showed that ET cover can also
effectively minimize percolation and meet the requirement of the cover system in
regions with wet climate. Thus ET covers may be suitable for the landfills in southern
Taiwan where evapotranspiration is greater than precipitation and rainfall often occurs
in very short periods. In this study, the effectiveness of ET covers with monolithic
fills and capillary barrier has been investigated by computation by Visual HELP and
HYDRUS-1D with historical meteorological data representing the northern (Tamsui),
central (Taichung), and southern (Tainan). The results show that monolithic covers of a
single layer of fine-grained soil with low hydraulic conductivity and a high storage
capacity can be quite effective in deterring infiltration. The design of these properties
allows monolithic covers to manipulate the water balance by increasing the storage,
evaporation, and limiting percolation. The amount of precipitation and the storage
capacity of the soils are the critical factors for determining the thickness of these covers.
On the other hand, capillary barriers consist of a layer of fine-grained soil underlain by a
layer of coarse soil are also very effective by limiting infiltration with the low relative
conductivity of the coarse layer.

Keywords : Landfill, Cover Systems, Evapotranspiration, HELP, HYDRUS-1D
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P ATiT ¥ LR A pT R e r ;'77? R o g £ [;Z]:’ FF LR AL e
PR OEFHREFARTE G e 2 Py BRGKE @ sehSubtitleD R ¥
% s = (Abichou et al., 2003) -

N

Precipitation

Transpiration

Evaporation

% (Monolithic Cover)eim3p ket 3 » 5 K-k 4 BE M @
BILARGT RIS DA B2 i‘éﬂ“?T’Jxaﬁ e F EF AT
Bl2-5)cmHE- 2B ZHRENIRERP AR EZ

ke TgEar @D o m R ER R TERERSF A
% mlwa sk BEGRE o It I 2 e fokd B8
Ebr A s BenhE oo @ 7 4T R 4 4o (Khireetal,, 1995) o o >t L R it
EANGN) St %fffﬁﬁxffﬁ R BE ] 1 -k GRehT % (Benson et



Vegetation Layer (Pump)

Fine Grained Soil
Layer (Storage)

B 2-5 H- 21 & Z% 45tk Z(Abichouetal., 2003)

L e g R 7% 4R 2 (Capillary Barriers) 3 o3k A 2 dn3ps & > 2 &7
- 2 etk s BEE IR S I A2 R G R P ok B T R
L im e R R ek RPEE A 2R ok e ok B2 £ B 1 xRk

Flo £k 4 0ieh @ ik P ARl ok daRipent B AIE @ R g AT

By Spokdix ~ ek s bl fo kR H e K 43k (B 2:6) F T K 2

SRR LR A L Rk ik 4-&&—0—512 ook K ent kg o 2

3?-&‘”%& 4%"1’% B 2ok ede S r Bk A g RS miRd TR LT R T

G A K em FT S AR ARSI 0 FoRE M Fpt Heb e e gk R H M X

p.ﬁéfp‘.&i" oRE S E RR R 0 @ s =B T % 5 (Abichou et al., 2003) -

\\-

Vegetation Layer (Pump)
Fine Grained Soil
Storage)

apillary Barrier
(Layer Interface)



23 BE A5G klA

231 FFEHBRERRERS

F R R T abf LR E R AE%RTE (US. Department of Energy,
2000) > & RBCPIRLSF KR T L AT R b R BE k2 G %;Q:IH A
Z— ¥ 57 RCRASubtitle D % ¥ - RCRASubtitleC % ¥ ~-GCL % £ e
A RE BB E  F8¥4CRE -

£ BRI ARESR S do(2 2- 1)"er vz n R AR £ 160,728(liter) &4

BE id o FlSubtitleC hEF AT = Fokeng 1 > FPLH TR E A
o- ERF 013mmii G 1 ’«‘3.—'4'7 SGCLEEFTHEHF 95 1.81mm >
TWFEw I F a5 B oomd* 3 F3Ed HSubtitle BE TR EF 0 F
FA482mme FHFEIREF B PR T C itk R ET ,i?fé_‘ﬁfi%'zj » A HF
Ereit ti-w-‘f‘?i;?%l{fi FT R E RS ~§“7PE—P’§F/%1 & 1 x °©
# 2:1  SNL &k 2% (U.S. Department of Energy, 2000)
, =% % Flux Rates
R & 5 H % (USD/m?
e (mm/year) L )
Subtitle D Cover 4.82 51.4
Subtitle C Cover 0.13 157.54
GCL Cover 1.81 89.99
Capillary Barrier 0.87 92.64
Anisotropic Barrier 0.16 75.26
ET Cover 0.19 73.89
ot BEREFE QRRFavsaang 2 Kﬁ@(% 2-2)7 2 B R
PERNTFEEFITREDT R EY MONE 2-2)7 AR At f F ik
I:é___ ’ qp?;ﬁ?git%%i%;{i—ﬁ {‘]J -g;‘ Jufiw Ji %,‘E#Ejé °
+ 2-2 |E ko ifp & 1% & p](Benson et al., 2000)
BE A A Lggh fizigd FUR S IF iR
ol 10 mm/yr 30 mm/yr
B 3 mml/yr 3 mml/yr
dOEFRRE p AR ST A RAFTEF N i
<

BLFERE RN R IR TR FHFACRER o EE RS S A
A FE oS HE RS R F R E R D R DA ot B L

BB FIE-kR * Ma ExRpef kEs; aaF dp, L mk
9

g

o

-

K-

\m\- F_&




FiThe e~ TR B A Rl kIR mgpa Bl w22 3 T (Stormont and Morris,
1997) -

FHE LR AR AR BT AR Rl ok o (At
AL e fp R fode dEdk 2o Bk B — B BUE Bk 4 A dF Rkt R
K R TE AR B 0 e RAE 2 ok R o TR S e i
(Stormont and Morris, 1997) - Flpt i 5 7 3 dp i F L P de r - R 2ibr ot
-k & (Unsaturated Drainage Layer, UDL)2_ {5 (B 2-7) > £ wlefg & B E & 5@
AR ER S i BT o

0.66 m

Gravel
L4
Capillary Barrier

Capillary Barrier with
0.2 m Transport layer

B 2-7 £ 7 UDL £ & UDL z £ ‘e A+ d(Stormont and Morris, 1997)

UDL 2 3 * #-i¢ (8L fmefg b A £ 7 2 3% B ciimifped 3 > B PRFITS
o4 fodk Bk * o i ""”*:L»-ﬁy;ﬁ%o e S FE R K & LR R R fe
%?7}2‘_% ~#®r o UDL ¥ ,i,.sz//%i mP//é] fe Py § L dmpe ]‘yyf_/ﬁ] »» ®_UDL -

Morris and Stormont (1999)4% 3¢ = smefg & ¢ UDL /i 6 3 & &2 4404 % &t

Rl ks R o WG 2 & UDL (K ) ent Wit g B E L7 b

TiEiEET 10 &2 ¢ > B R 55,10, 20 %PF ek o B R AL ko
k2 R E G UDLenR ¥ A Aabaples-knd b4 BFRD o

Morris and Stormont (1999):}3?4’# TRACERSD (Travis and Birdsell, 1991) -3¢
> 7 UDL 2 = ‘e fp b B E i 5 B F 4008 indk * fo HELP — fk03 ;¢ o
SR UDL 7 g »cdb = o 20k 0 AR BT R R AR R A
SRR Y LR I ELE

10



232 k= T gA

BE T P B B kR ,T}K]\vl B REECRE hrakt @
b2 E3 v
= =

BRE i mRP LAk T A s RE AT G - 7Sk

(1 243> BH P 2 F-K) dh T0HF > FIR -k~ THrnirizzEd 5 i
PldeiTh F M EFACRE AT FOL R ﬁgﬁﬁﬁg,@:mq\v T gEk AT B R

s £ (F12:8) - B M ek v T st
I=P-R-D-E-AS

;9@ 1 5 »~ 7% (Infiltration or percolation )» E % 7 % 47 ( Evapotranspiration )
P % "% -k (Precipitation) R % ¥ % i&;% (Surface runoff ) D 3 = -k (Lateral
Drainage) * AS % 2 3 p+-k (Changes in soil-water storage 7 -k 34t & ) ©

TRANSPIRATION

Vegetation

e e wp e e e g RUNOFF

(STORAGE)
/ PERCOLATION \

Bl 28 45425 5% e B ¥ 27k = T ge(Winkler, 1999).

BTG P AT s A B 4R 2_*:,}%;;31% endt gy 4 o Koerner and Daniel (1997)
OB AEFER T RS TR e § A A7
40 2 - iz Harianto (2008)4% 31 4% ir@'ii%?;éj{,j‘s sl ‘ﬁﬂ‘:iv’ 7 e R RPE P AT
HiEF RE Y ORARRE R - Pk pEa him 7o gt 1926 &
-2006 & 2 [ p A R A PER B (S 0 8501 b i R TR o
7TH92% (H2mm)enrE kTR BRI MmM T E R E kA Y (B 2-9)-
ﬁﬂ?.ﬁg.ﬁi%ﬁéfn’ BN R R R GG R B LIS R AT REMT 7

2

PRI xR T

T
m
=
W
gl
|
;z_l X
TS
~
A
-
R
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120

(¢) P=100 mm/hr
100

g % —+— Precipitation
£

= —&— Runofl

- .

= 60 —&— Percolation
- —8— Water stored
2 40

0 *
0 2 4 6 8§ 10 12 14 16 18 20 22 24
Elapsed time (hr)

B12-9 100 mm/hrz "% & 24-] p¥ N e 5 £k F -k ¢ T = (Harianto, 2008)

F S Mok T EERE IS BB E 40 R E 07 »cld > Abichouetal,,
(2003)fF 3t A F4crelg k B E WM EFRE BRI E Vv Tt o B R -V ard
A ERE &£ T 5 12701651 mm> e g2 R H L > H 3307 1w
A2 gl iR 24hr '2aE 500mm; Lt Eak B E CE A A Tl L
ﬂé%iﬁ%%w$°P2%%ﬁﬁ%&Eé“4?H#? FEACILI R > © B
FEAERGEE AR E > BT AR g E 1840 mm qod A R sp’“f%fé_
(] 180 mm > A B @ Sieng FARY & oo X 4o Yang et al. (2009):% 1B 1 *
Fhf PR GR HELIT MY B @ R aasEY 12m ke i
FACIEIE R E KR i&u 35 24T BT °

RN G o kB E EFACRE RS T A 47 &%t & 35 T HELP ~
EPIC - HYDRUS ~ UNSAT-H.o & = ¥ 5ok = THAi0 - k2 3-8 5 8- %
B 2Apfoo R IR 0 EoRR LT a4 » Bk fd { Rk TSR TR

HELP ¥ % W1 & B2 43Kk~ T §re 47 B 3 o042 ;% (Schroeder et al.,
1994) » 37 L E kG e X S ERBFEFE T A A - lﬁiéfii%éké*?ﬁ'%ﬁﬁﬁé
* e 38 o HELP &_- % - ‘& (quasi-two-dimensional ) #-5% < & B % (2009):#-2
et 3 LB EE gk TEa 0 R R B g R IR REGARS
PRy hF R %J oo - kT R o e FIHELP Afe s 4R
PR s Pt SR FREILHELP § 3 R TR E > A 103 R
e 74 & (Benson and Pliska, 1996; Khire et al., 1997) -

EMC%—ﬁ«@i@ﬁx’Emcmmﬁﬁﬁlwozw,wﬁeﬁgﬁ@
woRkin o FEEE - X 0 FPR T RN A D B ARGF R FA CEPICT B iE
FAEMKRSIEFL K PR EELLSHE

12



HELP 2 EPIC 82 %k i />+fr*‘w>ﬁn,=~ fE > EF TR F %"F’*ﬂ‘iﬁﬁ’% ’
THRELAES RER Y EFAE (£ 23) ekt MRS o
B HELP 5 & R T3 eniia) R Ega 3 BT o mf 2 LR “3,’*\)*»%??
HFmr o Ra 0 F15 aokind BEERIA T8 FF i FEYER
RN o HN a1 RRF AT > MU HELP  EPIC A BHA T A MR T R B
B oo
% 2-3 EPIC #2 HELP 2 Z#4cA 1978 B 1L
3 AT P EPIC HELP
o A Ea PR v #
IHEFREPR L L ¥ #
IHEBREPN AL = £

GBI S o %I HYDURS & UNSAT-H fifiud A g 5% 2 > 4
% 4 3% SEEP/W.2* LEACHMe- & & * »UNSAT-H £ HYDRUS 32 3 -k i 5t
Flob i R ORIEE B ks > A8 ST 5 g R e~ e e 2 PR I
B B2 REF A R TR T TR b el FEE § R EE
S EATE PR R IR A e BB R TR oM A 7
EAI A HRIRY P FZFENERRRS AL RTFEERIE A 2
FHEHMET - i f ) EFECAF A R o A RUF RGN 6 o
VADOSE/W & _% % ﬁ%ﬁ?hﬁ?fri JP RGBS s AT EES o AR
BRI ERESE R R E PR PMA R B R 2 TS 2y
» 2_ % ¥ HELP 4r EPIC 2»‘;?:1‘1 : :’—u:? % g UNSAT-H ¥2 HYDRUS 4 * » @ #&
HELP ¢7 EPIC # 22 425% o

SH

UNSAT-H # £ §£_% R i Rt 24 B3 chfzst UNSAT p 303 & B3 de 4
ool b o e L IR Y e B E L Ok el s
PAET S E P o o UNSAT-H & - g L A5 7 i be fod 9 o0
oifedn s Bt ff2 2 & Richard’s s = #2350 o BN 2 B e A AT
ERTES - SER A2 S o CRLS-S A R SRS Al = - ES SO ST 5 AF 3 fa
fedt BB 8 Lk e ok o Bl ORIELBEF > RIUNSAT-H § 3 5 T3 &
(Morris and Stormont, 1999) -

Benson et al.(2000) 4+ %+ < ‘e fg & e-k = T 7 > 12 UNSAT-H & (7 Bkt s iz
BB AR % GH S i g R R BRE R B
L wm R R R RREH S ok ke T BEF ORI AL R o M

RRFOLRS M F o ek T T R R ] o B X i B B
13



Gk REIEAESF AR L AR AT A E R RFAUEL F ek 4
Herprokae 4 Bz B -

Woyshner and Yanful (1995)4 7 4c £ % &4t 3.4 — a2 R E A 0T %

ﬁ?Hﬂpﬂ?¢¢iﬁwﬁﬁé%ﬁ%Sﬁﬂwoﬁa&&L -z
éﬁgku’7é%ﬁﬁﬁﬁ&ﬁ%oﬁgﬁ%«ﬁﬁE%%%ﬁ\n%y%
R~ 33% 2% A E N 3MAmm KR TREEREE o £ HELP #
0 Bl 38mm T % o Tamietal. (2004) % # * SEEP/W £ SVFlux 4 45 £ 1
Rt e Rk B E kAo

Zornber et al. (2003)#F 34— 3t 4e M ez sk & B HR FHE SRR R R E
A2 R BEEBR TR ERESrF R AFRCREER é&"fr'%’};)";iﬁ’}*g’n
BB AR e Rk FRFFAEEAY RE AT g g
T oo AT R4z LEACHM £- fag U E A ok 2 T rR st o Rigster
fe-k i Richard’s s = 4250 5 32 BT A 498 R B8 & F4c R o & ¥y 2 -
HAER 0 PR B A KT 0 2 A Rl R B AR A
i% o LEACHM #3 ™ & b S g #  ~ B 3menT I Feft vt i ie i A4t
B Bk el A L iR R AT A R E A BRI T B R ke

ARF)E P BHRRAFRCREREHRE a B PR -

A gt 3 @ 0 Wilson etal. (1999)4] * UNSAT-H » HELP ~ EPIC 12 2
HYDRUS-2D #i#%t Hanford 35t f & ehox i35 (Lysimeter) 7k - 7 3% difest 2 @
e gy B o H AR S B IL UNSAT-H 3piplEfef 2 T3 € £ 2 ¥ 0.25cm >
HYDRUS-2D % £ &% 05¢em- HELP 3 & ™ ;% £ 6.7.cm < Khire etal. (1997)12 45
IR R S X %aﬁmﬁgﬂ‘—mﬁ%iﬂ%ﬁé“ HELP 37 ¥ » @ § & {7 3Rk 3 FF R
B g e sV 4o UNSAT-H 5 2 o
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=% FEipi3

AEELREP AET LTS E o ARRFTEALE AN (1) BT
720 (2) -k~ T g  HELP#ic & 2 0 (3) -k * T #7#-;" HYDRUS-1D#k & 745 >
(4) BE FABAK L

31 3 iz
FAE R INARL BT A AU
3t

/

1. }E’»i%'ﬁ_&i%f_ Z’L;}}‘

NS

et R SRR ORES USSR EEIER SR s B
S B R A SEAIN P Mg IOE FiEE oM B IRE R I0L T T
o s Reh B HRD O F a0 i A B R RN EFERREN RE

SN WU °

2. = &ﬁ/k """._,ﬁf’"‘]

R E I SIS R R TN m s - 2 kR
FE L wlER RES o RERERE R ¥ M R ahd YR Mok
BE O EAHMKEREASARASIM 1M 2mo 2 ER S L B2 H
gt FAL AR FERR I BBl
3. EH# 1Sk

FA SRR T R = D ek & Sl o 395 Carsel
and Parrish (1988):%5 & % & ) e g;jcgt BE 12488 A K E -
ez KB Aok 4 B Gl o

= ES

s

£

4. fHlE
’5‘3\ B 1‘.&1#"1‘53 KIS i;‘éf,i; o
G BEF %

e R U AR LR SR RS S S
&M R I G RRIEE o
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6. i i

Fodl b Sdeis o A w2 HELP #0582 HYDRUS-1D $25Y i 17 #c i 08t
ke & 160 U HELP $155¢ 2 HYDRUS-1D Hic5¢ en'e & £ 9 3l eh™ B £ 2 A
RTHEE HOBE RHERERER DT FHEFA T -

Mot b A2 BTy Gk RARd TRl A T

YREH TR hiE

y ¥
E-1hhE Lt tg B E
| [
v
UELIE S S
'
Pl i
A\ 4
WAECF R
A
|
] v
HELP HYDRUS-1D

B 3-1 #5 > 2in4em
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3.2 'k * T S HELP # g i

321 # @A

HELP 2 % M1 & B & 5 & EIF-Rk > T §re 47 B 3 chf2 ;% (Schroeder et al.,
1994aand 1994b) » i7- t # k5 e R L EFRBEFFF PRV AE - BRH AKX
PPN R ez ;¢ o HELP ¥ - # - % (quasi-two-dimensional ) $;¢ » HELP
BV T FIIRE A R ik 2 %J >R TR TR -

D) FeFEag = r%ia,ﬂ#:éi VR ER AR
(2 2HPBF I HF 0 FEokd BER RS BE G
(B) 3 IEP AR -~ FpirTriliicE kAL A HAE -

322 H N iTaH T
A o] &gt HELP BERRTT 24 & 11 T 9 3 ¢
L2 Rakucdl

W RERSR N EEE LRGN
WA WA H R R e kA G AL R
EEENS SR SLEENE 3T 3

R TR

G R R SHEWE CEBR FIRIFER R o filhk 2 £
gPFE’:FE'I&‘—IfE’Jkﬁ ‘E$;§_)§o
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o0t i HELP Bfgingzd & Bl &7 ¢

2 REA

W F %

ST T

VL

ik

B 3-2 HELP #5530 42 Bl
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3.3 k= T HH7Y HYDRUS-1D #c i ikt

331 @A

*EF R k2 T HYDRUS-1D %< A 4.0 ch% 2 dic 488 (7 e B Hke -
HYDRUS-1D #_R*% 3 T R HA] P o O F chfisV > 7 0 K 2ber o d 3P -
Bk AR R - RV RECIEDRRFE RTHE O FER o P
BEBSY P Richards = 485% kay it 7 e fod P R £y iR TN
-1£ §z(advection-dispersion) 1182 5812 2 A ;‘rm@@?] o ARV Y RFFIMESE ¢ 32
R E S B %’?@ﬁﬁj CEGLTBE S REFR SR EE R AR TS 2§ VR
@ﬁﬁl °

332 #HAFIFARNT
| & %4 HYDRUS-1D fifimAz A & 11 T .20
1 AR AR

5T TR SR ER T B KT AR § 5 o bR 0
Bk it b~ i 5K e 4 E S

2. = REK A

EHROREFAAHE R RN - IR K CIREER T HTLR
Hio

3. KPR

B AR R B R RSB L D ERd B R p
ff FACR R 2 S p g 30 SR ABHE

gﬁjig_tﬁ]a—r%mgﬁ,, ®, FERE

py

= d e dn i i o
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§?Fw%s%&Kiﬁ%@mﬂfﬁkﬁﬁ%&ﬂiéﬂﬁﬁo
7o LR R
W TR
8. miEi 3w
FRTERGR I REAUSR BT KE -

-1t #tit HYDRUS-1D Hiogtindzd = B4 7

E2REK A

A 4 v L 4
S 3 & =40 ®Eokong R oiE
y

v
Gy
W
'\«"g‘\‘.
¥
\\\?{r
W
—
o
4
ol
T+
A

ER A LM il 8 S

B 3-3 HYDRUS-1D #i-5" #ift i 47 )
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34 BE i REAE S ER T

HELP #-5¢ 2 HYDRUS-1D # 2 3F % #cwiE 3512 Carsel and Parrish (1988)
Fhen RS kg o 3 IE 2}@:1 Jr & Van Genuchten (1980)#& ) + 3 &7 -k 2 i
E

0.-6.=(0-6,) [1+(a|‘1’| )"]“ [% 3-1]

@ Carsel and Parrish (1988) #-:#% #c#x £ » Van Genuchten 335 = 5% {8 v i
T I ESEOR Y WL IS BA O EARRTRE O E e R E
QB ME NSL Y NP K S ok 4 e

Texture 8, 0, o n K,
l/em cm/d
Sand 0.045 043 0.145 2.68 712.8
Loamy Sand 0.057 0.41 0.124 2.28 350.2
Sandy Loam 0.065 0.41 0.075 1.89 106.1
Loam 0.078 043 0.036 1.56 2496
Silt 0.034 0.46 0.016 1.37 6.00
Silt Loam 0.067 045 0.020 1.41 10.80
Sandy Clay Loam  0.100 0.39 0.059 1.48 31.44
Clay Loam 0.095 0.41 0.019 1.31 6.24
Silty Clay Loam 0.089 0.43 0.010 1.23 1.68
Sandy Clay 0.100 0.38 0.027 1.23 2.88
Silty Clay 0.070 0.36 0.005 1.09 048
Clay 0.068 0.38 0.008 1.09 4.80

B 3-4 12 a4 3] 1 3& %-#c(Carsel and Parrish,1988)

BOHCS A e S BR TP L X AES(grass) 0 & HELP #5%iE 2h X E 5 M
#Flgt" S r"’ﬁ 4 kw243 s HYDRUS-1D #2358 12 Feddes 4-#k:% *‘I;I; i:*ﬁiff”
@44 i A HELP #7558 2 HYDRUS-1D #55839% 2484 B4sP 2 $ 70 % > &
PR S ¥ 3203 « IHEH LR § 0 & HYDRUS-1D H535 7 3% 2»
i* 5‘- s Wgedear 3 IEREK S 00loem B A 22 ERE L 60cm e S SR B
R ANt el BN s AR

1

| \4-. \v‘

EON
®

FORFRAY & F fh ot A AR E RN R
Poif it & ~if A~ T 39R i 28R cHELP H030¥ 8~ 4% F & > » HYDRUS-1D
’fﬂ—'\kéﬁ'ﬂ”-‘*:& PR = 5 Bdgifid o
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yri HESEEEF

A &% HELP #1758 2 HYDRUS-1D #55% ehfifg i % 4o U IR 2 4 47 5 24
ERFAanTaBING(1) - 3 EFFIREARERES 2 £ wiegk
AFRREONERES - NARREAFI AT FEKRSIET  FRIET R
B TR A B ERR VR AEMIN P IR g Mg FiEET RAH

AR TRE

41 %R T EHTRE AR P
EH 2007 g R gAF AR ARy AMEERE S 2672.6
mm-~ ¥ IREFE R F L 24329 mm -~ 5 $REF R E 5 2207.3 mm o fiEER S K o
AT AINF REET LRI S AR 2 P A o d 2R A
BB Y AR T E e AN Tk AR NER I R ok
AORE S BREDFAFEL AFTAE ASRFT S EEL 5 R -

- Ao el - 2 R RE(RA4-1a) % £ Wit iR R E (B 4-1-b) ik =T o
PEFPHES IR A EERE T RE PP RS PR - S EF A
FEONIBFOF B FERFTEETATE LR

Monolithic Covers
25
20
T 15
%
i Ams A B
i‘ 10 e HELP
HYDRUS
5 | . L | |
L
0 LL J\“LMMM hAJLA ﬂ | nu N
0 100 200 300 400
BERF(X)

Bld-1l-a H- 2RI ERImEP TRE
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Capillary Barriers

25

20
T 15
b3
i #E A R
iﬁ‘ 10 ——HELP

HYDRUS
5 . || |
300 400
%E:&F?F?(*)

Bl 4-1-b = mie (e (2 ek 245 1)RR I menkp T 58

d A VAT ZE o= 2 IRpEFERF F 2 240 F c HELP 5558 ™ 3 &
# HYDRUS 33V e B8 5 o g * g3 B A p5 > HELP 5 &5 2 1m ™
g—’ki&};ﬁ#ﬂ"f%a » 4B RZ 15m 2 2m - L_g%ﬂ* BT EE @
HYDRUSH- & BB Im™ § 24 i Fpdi ™38 » M4BT 2mas- %
T FE AP REST BE ot ME KRyt T HELP #5552 1m
2LESMT AR F LT RE A ERI2mM B A AR TRE
rﬁHYDRUSst-'\ﬂELE:1mT$%{FﬁH"‘,% C R A B R 15m AR -
AAFRNPEOTEE M AERETI2MAS = X F RN T 3 Ed 3 HELP
fﬁ@%ﬁ$vl@u$%%*%@$%+Lﬁ%%i£%¢&ﬁ%§u&&g
BT E o m HYDRUS BN st B4 ik 3 Eeh— Mavkin T %7 5 > e A
H R EFRFEEAE I B RRARE VRBEELF IR G o AT
LA REN B RZ Rl RPRE F T RENFRRE

42 H- 4 K R EHIRLE

%+$P*pﬁﬁ*&ﬂﬁ—4@ﬂ§ﬂﬁ:ﬁgm$mﬁ&f% oM —

2R EBFACRE O A4 K T 5 RN 24 (Maximum LAL = 5)ehE A 8 4

(grass) » 5 » B € F 9 i *(2007 &) 127 b Yok R chd BABRTG £/ 2 DL

B AES R EER G ImLEme2m Eehflicie & FITheT (£ 4-1) ¢
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%41 H- 3k E#HFIhE SFRES
HEER Bl B &2 2k ER ENRRR F 9ix i
' . Im M-SaL-1m
ZENE &
1.5m M-SalL-1.5m
(Sandy Loam)
2m M-SalL-2m
-SjlL- ~ EL I
-1k (A 11? I\IA\ASS.'LLllgn %QH.L z%?
.5m -SiL-1.5m 33
(Monolithic) | (Silty loam) : o
2m M-SiL-2m B F %
im M-Si-1m
o
: 1.5m M-Si-1.5m
(Silt) -
2m M-Si-2m

PR E A AR BT kR B
;&5%%#’9 AR - ¢

ZEB—"—}%;_

P RAE B Ak R E
IZERE EARE SN R Of
iR o R WK K cnE P
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B P XHEFER oI BEER
AR F i K
o 182(mm) 236.5(mm)
4 R sg Al (cm/sec)
HELP HYDRUS HELP HYDRUS
M-Sal-1m 26.50% 66.64% 19.43% 46.77%
M-Sal-1.5m 1.23x10° |  25.93% 53.41% 19.43% 40.21%
M-Sal-2m 25.93% 11.73% 19.43% 25.50%
M-SiL-1m 65.85% 43.46% 18.32% 1.29%
M-SiL-1.5m | 1.25x10*| 64.46% 24.46% 8.53% 0.30%
M-SiL-2m 59.23% 10.38% 4.36% 0.19%
M-Si-1m 52.29% 26.31% 9.56% 0.20%
M-Si-1.5m 6.94x10° | 42.02% 6.57% 6.95% 0.11%
M-Si-2m 30.33% 1.04% 5.47% 0.08%
. ¥ AR F R o BFEN
v iE Ks
o 252.2(mm) 169.2(mm)
2 R #al (cm/sec)
HELP HYDRUS HELP HYDRUS
M-Sal-1m 12.11% 60.39% 28.26% 52.82%
M-Sal-1.5m 1.23x10% | 11.31% 57.26% 11.18% 34.53%
M-Sal-2m 11.31% 25.17% 8.27% 29.69%
M-SiL-1m 56.08% 16.25% 17.37% 5.35%
M-SiL-1.5m 1.25x10™ | 47.63% 3.80% 8.25% 1.45%
M-SiL-2m 31.96% 0.71% 5.36% 0.91%
M-Si-1m 37.83% 7.95% 7.02% 0.85%
M-Si-1.5m 6.94x107 34.83% 0.51% 4.81% 0.47%
M-Si-2m 25.12% 0.43% 3.92% 0.41%
L - BEFEA oA EFER
? %K F f‘;f: Ks
N 199(mm) 102.5(mm)
2 Rk #gal (cm/sec)
HELP HYDRUS HELP HYDRUS
M-Sal-1m 53.56% 70.37% 42.66% 52.89%
M-SalL-1.5m 1.23x10° | 20.47% 65.63% 39.95% 49.83%
M-Sal-2m 20.47% 42.66% 39.56% 46.30%
M-SiL-1m 67.11% 53.52% 54.42% 89.93%
M-SiL-1.5m 1.25x10* | 64.87% 35.23% 43.53% 81.41%
M-SiL-2m 58.84% 26.50% 42.88% 69.67%
M-Si-1m 52.91% 29.17% 65.12% 58.33%
M-Si-1.5m 6.94x10° | 51.43% 21.76% 37.73% 58.18%
M-Si-2m 41.59% 17.91% 18.74% 57.38%
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M-SalL-1m-#

M-SiL-1m-+#

M-Si-1m- ¥

Monolithic Covers

OHELP mHYDRUS

| 22.23%

I 11.45%

| 17.86%

- 7.50%

Bl4-4-b 78RR 2IIERIM T2 ERF T

M-SaL-1m-=

M-SiL-1m-=

M-Si-1m- =

Bddc 2 RERRIEERIMTarEAFT

Monolithic Covers

OHELP mHYDRUS

I,  /3.42%

— 19.39%

| 57.39%
I, <o.71%
| 34.05%
I -: 6%
| 31.61%

| 56.54%

: _E A LL(\:’ evr;)

8T 40 (5 )

%43 H-2EAFALITFERRIETERAIMGD2ERAFTEE

o . Ks HELP E7 %% | HYDRUS | # 7% &

= B ?7]%9—

(cm/sec) (mm) (%) (mm) (%)
M-SalL-1m-#* 1.23x10°° 1626.6 60.86 % 1060.1 39.67 %
M-SiL-1m-#* 1.25x10* 610.9 22.86 % 299.4 11.20 %
M-Si-1m-z 6.94x10° | 5334 19.96 % 181.2 6.78 %

M-SaL-1m-¥ 1.23x10°° 1375.5 56.54 % 1056.4 43.42%
M-SiL-1m-¥ 1.25x10* 540.9 22.23 % 278.6 11.45 %
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M-Si-1m-# 6.94x10° 434.6 17.86 % 182.5 7.50 %
M-SaL-1m-= 1.23x10°3 1266.7 57.39 % 1097.2 49.71 %
M-SiL-1m-= 1.25x10* 7515 34.05 % 626.1 28.36 %

M-Si-1Im-= 6.94x107 697.8 31.61 % 428 19.39 %
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M-SalL-1.5m-

-

M-SiL-1.5m-=

M-Si-1.5m-

-

MA4-6c *F¥-kARIEERLEM Tehr e AT HET A (5

Monolithic Covers

OHELP mHYDRUS

|
I, <5

| 30.92%

|
I :729%

k= )

| 33.92%

|
I 26.48%

| 52.20%
39%

\4

%)

44 H- RGN FELRRAIETERIEM P2 ERHTIEE
o Ks HELP | #F;#+% | HYDRUS | # 3%
Y S
(cm/sec) (mm) (%) (mm) (%)
M-SaL-1.5m-#* 1.23x10°% | 1651.1 | 61.78% 1020.4 38.18 %
M-SiL-1.5m-# 1.25x10* | 608.7 22.78 % 254.9 9.54 %
M-Si-1.5m-a* 6.94x10° | 509.3 19.06 % 141:4 5.29 %
M-SalL-1.5m- ¥ 1.23x10° | 1291.1 | 53.07 % 1027.3 42.23 %
M-SiL-1.5m- ¥ 1.25x10*"| 525.6 21.60 % 231.6 9.52 %
M-Si-1.5m- ® 6.94x10° | 426.7 17.54 % 142.5 5.86 %
M-SalL-1.5m- % 1.23x10° | 11521 | 52.20% 1068.2 48.39 %
M-SiL-1.5m- & 1.25x10* | 748.8 33.92 % 584.5 26.48 %
M-Si-1.5m- % 6.94x10° | 682.6 30.92 % 381.7 17.29 %
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1.00E-05 1.00E-04 1.00E-03 1.00E-02
# -k B Ks(cm/sec)
B 49c #EEKRIEE2M T (2I)DAFHTHET A (4 2 Ks)
%45 H- 2 EFALIPELRRIETER2N D2 ERFTEE
o Ks HELP | £ %% | HYDRUS | # T %%
ey 8
(cm/sec) (mm) (%) (mm) (%)
M-SalL-2m-#" 1.23x10°3 1660.6 62.13 % 976.0 36.52 %
M-SiL-2m-#t 1.25x10™* 609.0 22.79 % 220.9 8.27 %
M-Si-2m-#* 6.94x10° | 509.9 19.08 % 111.4 417 %
M-SalL-2m-* 1.23x10°3 1346.3 55.34 % 9945 40.88 %
M-SiL-2m-* 1.25x10™* 525.8 21.61 % 194.8 8.01%
M-Si-2m- ¥ 6.94x107° 425.7 17.50 % 103.0 4.23 %
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M-SaL-2m-= 1.23x10° | 1206.6 54.47 % 1035.1 46.89 %

M-SiL-2m-= 1.25x10™ 748.6 33.91% 560.2 25.38 %

M-Si-2m- = 6.94x10° 683.2 30.95 % 359.2 16.27 %
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(grass) - # » FE & F % 1% (2007 &) > 2% e Yok R L K S IR GF)
HEY SR FEY b2 2 EERSELE S 05mMIm 15ms Tk S
Sp ke o 3 R B R G 05mo Bt ik flicke & BB A0T (4 4-6) ¢

%46 L CwILlp R AEACRE S L
%

R B Sk TR 5 R ] 5L F g
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TENIE: & 0.5m
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+ i C-(SaL+S)-1.5m
F) 2 0.5m
(Sand) 1.5m
3 C-(SaL+S)-2m
0.5m
0.5m
_ TN A 0.5m SR I-L o
(Capillary) . —
(Silty loam) im B F %
+ + C-(SiL+S)-1.5m
F) 2 0.5m
(Sand) 1.5m
+ C-(SiL+S)-2m
0.5m
P 0.5m
(Silt) + C-(Si+S)-1Im
+ 0.5m
F) 2 im _
(Sand) . C-(Si+S)-1.5m
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£47 2 wmElE kAl SE p THEF A

k - THEFEA I A 2 Y
A3 iE Ks
o - 182(mm) 236.5(mm)
fmdpAe A 2g 4] | (cmisec)
HELP HYDRUS HELP HYDRUS
C-(SaL+S)-1m 26.37% 68.68% 14.18% 51.84%
C-(SaL+S)-1.5m | 1.23x10° | 26.04% 55.73% 14.12% 31.78%
C-(SaL+S)-2m 16.30% 43.50% 7.94% 24.78%
C-(SiL+S)-1m 59.12% 39.21% 11.62% 12.52%
C-(SiL+S)-1.5m | 1.25x10*| 19.69% 13.75% 11.16% 0.25%
C-(SiL+S)-2m 18.59% 7.59% 5.91% 0.04%
C-(Si+S)-1m 48.69% 25.75% 32.45% 1.44%
C-(Si+S)-1.5m | 6.94x10° | 46.33% 22.82% 8.38% 0.01%
C-(Si+S)-2m 44.03% 11.83% 4.37% 0.01%
A—&_ :L‘%‘»’:—"J‘Kélﬁ* l—/—::'a%;—:-\»-'—ugzr%:
¢RI Ks (HE Yo HE R
L o 252.2(mm) 169.2(mm)
gk #24) | (cmisec)
HELP HYDRUS HELP HYDRUS
C-(SaL+S)-1m 17.48% 68.42% 62.46% 51.33%
C-(SaL+S)-1.5m 1.23x10% |  13.56% 29.44% 29.12% 50.34%
C-(SaL+S)-2m 8.67% 23.93% 6.22% 32.94%
C-(SiL+S)-1m 33.97% 30.49% 41.48% 25.15%
C-(SiL+S)-1.5m | 1.25x107* | 29.64% 11.21% 9.06% 2.77%
C-(SiL+S)-2m 26.82% 4.67% 5.71% 1.73%
C-(Si+S)-1m 34.85% 12.02% 21.69% 5.83%
C-(Si+S)-1.5m | 6.94x10™ | 82.65% 6.01% 7.02% 1.18%
C-(Si+S)-2m 25.76% 0.61% 0.31% 0.40%
L F-oIKHFER oSG BEFER
=4 F F Ks
o . 199(mm) 102.5(mm)
ik #23] | (cm/sec)
HELP HYDRUS HELP HYDRUS
C-(SaL+S)-1m 50.15% 70.57% 44.94% 55.66%
C-(SaL+S)-1.5m | 1.23x10%| 17.00% 67.18% 39.80% 48.87%
C-(SaL+S)-2m 16.05% 59.13% 37.54% 44.50%
C-(SiL+S)-1m 34.80% 47.10% 43.53% 67.23%
C-(SiL+S)-1.5m | 1.25x10™*| 29.63% 44.66% 42.88% 64.97%
C-(SiL+S)-2m 22.81% 41.44% 41.73% 62.79%
C-(Si+S)-1m 52.50% 28.32% 65.69% 56.86%
C-(Si+S)-1.5m | 6.94x10° | 34.33% 27.31% 58.37% 42.39%
C-(Si+S)-2m 22.32% 25.48% 37.73% 42.16%
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432 2 %A EHAMT R E B

4321 I ZFLRRIEERIMBERIHTHE BT

Pe IR AR S L P K R E AR K e SR 2 T b 2 T
~ #2395 05m R ER R ’Té]‘fﬂ¥;"},_é1 LR 4 o5mmfg%mﬂ' ’
AB AR P IR g IRF FEET O RN ERE P2 ERFTIEE o

FEATEG (X 4B EFFR Y £ mma m%ﬁ‘f_ﬁ] 1k E AL
PG TR Rk T T B Rk o i ¥ 30
#ORs G FNehF iFE T > HELP #5505 29.14 % ~ 19.28 % ~ 16.55 % % ##

%% > HYDRUS #5885 7 21.6% ~ 21.55% ~ 15.61 %:h R 4 T % € » 7 4
T FoN IRk RS e R R ek R E MR By BT e Lo
EAPE R AR TR BEgRE VB ﬁi&.ﬁm%gﬁi% BEHE LB
B d IR g ey iz iE 2T OHELP R e F AT FE 4~ B 5 35.65% -
40.29 % ~ 47.65 % » HYDRUS 54 ¢n % £ T 2 £ 4 5] 5 10.68 % ~ 13.65 % ~ 23.22
% > d SR AF;IRE P IRGFIFEET R AT IFERA 2 15%
SITE o @ o IREPF iE iR F A P e T R RS BEIRE TR A F T
FE PG iF k] 0 REG RFTFERF DM -
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Capillary Barriers
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| 66.32%
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I 35.21%

| 37.18%
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B4-11-a 2 FHEKRIEERIM T H2ELFTZEF A (4
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Capillary Barriers

OHELP mHYDRUS

C-SaL+S-1m-*# | 61.33%
I /:.16%
C-SiL+S-1m-* | 42.05%
I 21 61%
C-Si+S-1m-* | 40.29%

_ 13.65%

Capillary Barriers

OHELP mHYDRUS

| 65.90%

C-SaL+S-1m-=

I, <. 11%

| 49.35%

C-SiL+S-1m-+4

I 33.50%

— 23.22%

Bl4-1lc 2 REKBIBERIM Teh2ERFTRER AL (330)

| 47.65%

C-Si+S-1m-=
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70%

=3
60%
N 50% i A
F3
7 40%
ﬁ //
30%
A &
L u
20% —=—HELP
10% A— HYDRUS |
0%
1.00E-05 1.00E-04 1.00E-03 1.00E-02

# -k B Ks(cm/sec)

B 4-12-c 7 B ELBIFEAIM T (4

% 4-8

EEA R

4
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S

FATHEERE A (R Ks)

Al Bk AABETRERIMN2ELFTRE

Ks
(cm/sec)

HELP
(mm)

ETRE

(%)

HYDRUS
(mm)

P
TR

(%)

C-(SaL+S)-1m- A

1.23x10°°
+

8.25x103

1772.4

66.32 %

1021.3

38.21 %

C-(SiL+S)-1m-#*

1.25x10™*
+

8.25x10°

993.7

37.18 %

443.9

16.61 %

C-(Si+S)-1m-#*

6.94x107°
+

8.25x10°

952.8

35.65 %

285.5

10.68 %

C-(SaL+S)-1m-¥

1.23x10°3
+

8.25x10°

1492.2

61.33 %

1050.1

43.16 %

C-(SiL+S)-1m-+#

1.25x10™*
+

8.25x10°

1023.0

42.05 %

525.8

21.61 %

C-(Si+S)-1m-*

6.94x107°
+

8.25x10°

980.3

40.29 %

332.0

13.65 %
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1.23x10°
C-(SaL+S)-1m- % + 1454.7 | 65.90 % 1084.1 49.11 %
8.25x10°3

1.25x10™
C-(SiL+S)-1m-3 + 1089.4 | 49.35% 739.4 33.50 %
8.25x10°3

6.94x10°
C-(Si+S)-1m- % + 1051.8 | 47.65% 512.5 23.22 %
8.25x10°3
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18.69 %+32.17 % HYDRUS #-; ch A #F 7 7% € A %] & 7.93 %~7.18 %~22.53 % >
BB AA IR P INF R T R R AT RERE A A 10% T .
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Capillary Barriers

OHELP mHYDRUS
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Capillary Barriers

OHELP mHYDRUS

0,
C-Sal+S-1.5m-% | ] 57.98%
I o .01%
0,
CSiL+S-15m-5 | ] 34.73%
I :036%
0,
C-Si+S-1.5m-% ] 32.17%

5 |
I 22 53%

B4-13-c 2R FERAIELERLISM T h2E AR TREER A (2

4

%)

249 £wpElEREAET FEKRIET R LOM S EAHTRE

Ks HELP # 728 | HYDRUS

# ol d (cm/sec) (mm) (%) (mm)

P
EFTRE

(%)

1.23x107°
C-(SaL+S)-1.5m-# + 1647.1 | 61.63% 1047.2
8.25x10°

39.18 %

1.25x10™
C-(SiL+S)-1.5m-#* + 617.9 23.12 % 293.1
8.25x103

10.97 %

6.94x107°
C-(Si+S)-1.5m-#* + 490.5 18.35 % 212.0
8.25x10°

7.93 %

1.23x107
C-(SaL+S)-1.5m-+ + 1417.0 58.24 % 1046.7
8.25x10°3

43.02 %

1.25x10™*
C-(SiL+S)-1.5m-* + 556.3 22.87 % 268.4
8.25x10°

11.03 %

6.94x107°
C-(Si+S)-1.5m- ¥ + 454.8 18.69 % 174.6
8.25x10°

7.18 %

1.23x10°°
C-(SaL+S)-1.5m- % + 1279.7 | 57.98 % 1079.5
8.25x10°

48.91 %
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1.25x10™
C-(SiL+S)-1.5m-= + 766.7 34.73 % 670.2 30.36 %
8.25x10°
6.94x107
C-(Si+S)-1.5m-= + 710.1 3217 % 497.4 2253 %
8.25x10°
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