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Introduction

Preventing water penetration and seepage control is of prime importance in hydraulic structures
projects. Recent studies show that 30% of dam failures are due to the seepage from dam’s body or
foundation. Seepage control inherently is controlling potential energy of water molecules causing
seepage and related losses. Constructing a core with low rate of permeability can considerably
control seepage from dam body. So foundation seepages are significantly more than body seepages.
Foundation seepage control is done to prevent uplift and piping, two phenomena which led to dam
failure. One of the methods for controlling seepage from bottom of earth dams which are mounted on
alluvial foundation with high rate of permeability, is utilizing a covering layer with low permeability
on bed of river, bottom of reservoir (in upstream) and connecting it to central core of dam. In fact,
the role of such methods and mentioned covering layer is lengthening flow path for increasing
potential losses and decreasing water energy which is terminated to decrease penetrated water and
related losses. This covering layer is called clay blanket.

One of the longest upstream impermeable blankets is executed in Tarbela dam in Pakistan with
140 m height. This blanket has 1400 m length and its thickness is 1.52 m at the dam (WCD, 2000).
Khalili and Amiri (2015) investigated cutoff effect in reducing leakage, exit gradient and uplift, both
experimentally and numerically analyze by software GEOSTUDIO and referring that the results of
the software are in acceptable agreement with the experimental results. Tayfu et al. (2005) used
Finite Element Method (FEM) and Artificial Neural Network (ANN) models for flow through
Jeziorsko Earth fill Dam in Poland. This case study offers insight into the adequacy of ANN as well
as its competitiveness against FEM for seepage prediction through an earth fill dam body. Ahmed
and Sattar (2014) used Gene expression models (GEP) for prediction of dam failure and
results showed the superiority of the developed GEP models over existing regression-based
models.

The goal in the proposed study is to introduce the best statistical model to predict the leakage
from dams. For this purpose, all important and effective parameters for clay blanket including;
permeability coefficient, blanket length and thickness, alluvial foundation thickness and its
permeability coefficient, and the ratio of horizontal to vertical alluvial foundation permeability
coefficient (which is very effective in seepage from foundation) were modeled with SEEP/W, and
seepage values were obtained. Then for choosing the best statistical model, some of the most
commonly neural network models comprising FFA, RBF, MLP, GEP and SVR were used. Based on
the seepage values, the above-mentioned models were compared.
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Methodology

The sample for this study, is a dam which is shown in Figure (1) with the following parameters:
Ky: Clay Blanket Permeability Coefficient, L;: Clay Blanket Length, t: Clay Blanket Thickness, h:
Alluvial Foundation Thickness, L,: Clay Core Width in connection point to foundation, Ks: Alluvial
Foundation Permeability Coefficient, Ky: Vertical Alluvial Foundation Permeability Coefficient and
Ks: Horizontal Alluvial Foundation Permeability Coefficient.

Despite the other studies, in the current study different quantities for the ratio of Ky/Ky, based on
natural and practical samples to be reliable for real projects and executive works are considered. On
the other hand, soil is assumed to be non-isotropic. Some typical values of the effective parameters
are given in Table (1). In this study for modeling, SEEP/W software was used and by changing the
effective parameters, 350 seepage values were calculated.
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Fig. 1- The geometry of the parameters used in the models

Table 1- Range of the effective parameters in numerical simulations

Clay Blanket Clay core Foundation Parameters
10°-10° - 10°-10° Permeability coefficient (m/s)
05-15 : 25-70 Thickness (m)
25 - 400 23-83 - Length (m)
. - 1-15 KKy,

For ease of use, non-dimensional parameter is used. In addition, to achieve acceptable results, the
actual values for each parameter were selected (Table 1). Input dimensionless parameters are: (p, /t),

(L/H), (L7L,), (K, /K, ) (Log(K, /K,)) and the boundary conditions used in the software are zero

pressure at downstream and seepage potential at downstream of dam’s body. Based on these
parameters, numerical modeling was carried out. The simulated seepage values were compared with
statistical models including FFA, RBF, MLP, GEP and SVR. Comparison of the intelligent models
are based on some standard criteria such as Nash—Sutcliffe coefficient (NS), root mean square error
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(RMSE), mean absolute error (MAE), Willmott’s Index of agreement (WI) and Taylor diagram.
Some of the results are illustrated graphically and numerically.

Results and Discussion

The seepage values from dam are divided into two data sets: training data set phase (239 records
or 75% of the whole data set) and testing data set phase (80 records or 25% of the whole data). The
results of statistical models is shown in the Table (2). As Table (2) shows, based on an R? = 0.919,
Mean absolute error (MAE) = 0.003, Root mean square error (RMSE) = 0.006, Willmott’s Index of
agreement (Wi) = 0.959 and Nash—Sutcliffe coefficient (NS) = 0.875 in testing data and in training
data with R? =0.959, Mean absolute error (MAE) = 0.005, Root mean square error (RMSE) = 0.006,
Willmott’s Index of agreement (Wi) =0.954 and Nash-Sutcliffe coefficient (NS) =0.836, results
calculated using Hybrid MLP- FFA model (MLP-FFA) is roughly equal to the amount of
numerically simulated seepage.

Table- 2 Results of used models comparison

Training phase Testing phase
Models Parameters
RMSE  MAE NS wi R? RMSE  MAE NS Wi R?
MLP neuron=5 0.007 0005 0796 0939 0796 0.009 0006 0755 0913  0.79%4
RBF neuron=5, spread=20  0.015  0.012  0.069 0.3 0.069 0018 0013 0083 0417 0133
SVR ¥=31.58 , 6=8.95 0.006 0.004 0821 0947 0822 0013 0.007 0.502 0.804 0536
GEP GN=3000 0014 0011  0.147 0.45 0.149 0017 0012 0144 0513 0175
MLP-FFA  neuron=5 0006 0005 0836 0954 0959 0.006 0003 0875 0959  0.919

For each of the models, the scatter plot of data points around line y=x was plotted. For instance,
the scatter plot for FFA model is presented in Figure. (2).
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Fig. 2- Performance of the FFA model

Conclusions

The effect of clay blanket at upstream dam reservoir was investigated regarding seepage reduction.
According to numerical modelling with FEM and using statistical models, the following results were
obtained:



86
Predicting Seepage of Earth ... Vol. 42, No. 1, 2019

Firefly algorithms in predicting seepage, generates acceptable results. In fact, before designing a clay
blanket or leakage values calculation using this algorithm can help to engineers. Also RBF and GEP
models, have worst results than the other models. According to the results, clay blanket permeability
coefficient and foundation permeability coefficient have high correlation with seepage values and

K/ K is the most effective parameter compared with the other parameters, while in other

numerical studies the rate of K / K isassumed equal to 1 that can led to wrong results.

References
1- Ahmed, M. and Sattar, A., 2014. Gene expression models for prediction of dam breach Parameter. Journal
of Hydroinformatics, 16(3), pp. 550-571.

2-  Khalili Shayan, H. and Amiri Tokaldany, E., 2015. Effects of blanket, drains, and cutoff wall on reducing
uplift pressure. Seepage, and exit gradient under hydraulic structures. International Journal of Civil
Engineering, 13(4), pp. 486-500.

3- Tayfu, G., Swiate, D., Wita, A. and Singh, V., 2005. Case Study: Finite Element Method and Atrtificial
Neural Network Models for Flow through Jeziorsko Earth fill Dam in Poland. Journal of Hydraulic
Engineering, 131(3), pp. 431-440.

4- World commission on Dams (WCD)., 2000. Tarbela dam and related aspects of the indus river basin,
Pakistan. Final report, pp. 512.

© 2019 by the authors. Licensee SCU, Ahvaz, Iran. This article is an open access
BY article distributed under the terms and conditions of the Creative Commons

Attribution 4.0 International (CC BY 4.0 license) (http://creativecommons.org/licenses/by/4.0/).



AV

ST (qwiige 9 pole ﬁ‘rﬁ

Jmtur/:a::.?fh

AY-AY .o AA sle ) Gosled £Y W

Eouan wed S ey okl b S s el galae a)gT)g
"o 02557 5 e

Meysamnouri71@gmail.com ¢, 5 oKl eyl gl S Jonamedll £ 516 ¢ ghoms ooy 5=
o ol (T pikige 03,5 HLils -
WAS/FIY 1 K5

AR YZA ZAKIHE- SNt AR Y-TAR FAR MGt IFRTY

o>

B Sl e b Inyl addllas (ol 53 il oo Cudid (pidlS ol b pigy 51 (S Law 5w 43 o)y S50 5 03l
Pt i ] o] Gy Cuis 031 Y'Y+ (4590 (51 pioly i 1 03Lw] b edguzme ylod] gy Jawgd s (335w 45 (o)
oy Gyt B S O gm0 (DR lo] gl g 9o lodl (g, 3 deols Sl gl dunlio U 5w dgume lod! s,
aa¥ wa (g 1Jelid (Sghan (igd (pg) &y i (B ilede I Jols) Cudd paslie (S Gl e cr pFicewlie
3 diomdish 5 5y St 3 (SVR)slsisy s mt s30mFy dRBF) 10 &6 dGEP)5 sl rtitalig (MLP)
2103 YO ¢ oS g Siomdigd W o9, dod (5l s a3liku! (MLP-FFA) 4 i 9 yiemw o b (FFA) Glicad 0,5 oz 51
g g Cpmind Jold (63959 (5LRDIIS I Lilidee (SRS 5w did )8 Ja5 33 Cud lgisds w0 )d YO g (90l (ylgicas odld
=l (o Colbd () Cawd Y T 5155 @ oy g5 Jsb S d1082L) oy S5 (S 51d4B00 Gt pd & (ot (S edodS
Kiyv o ) T ST . . i oy e L
(i) Tt Bl oy 2908 42 (B Lo 5 (1) s (1258 4 o0y 30 I ) (omiy 850 i
I 3 3590 225 SLOASLE b Maddgr Sy 5l dole gl s &1y ooliiw] 3590 s )55 (5l g dun o (g1
0L (NS) Gl i (R?) s cu g (MAE) Uas (sllae yu3 (Sl (RMSE) Ui ilag po il duby y i 5
S 5 (FFA) Glcs 0,8 diawish (g, 1 03liiw] o 13 oLis andllae 51 Jols gl . pohs o], 513 5 (WI) ©galsg
3,5 03! (ol 51 Culs p23lie (S i (5 3Lwrdinge )3 (190 9 3,13 39290 323l & e

(SB s el it S S i p)S 05l e lgadS

S g asldg) yiws g )3 05 (S e b iy
alﬂ@l,p&wlw@@mgdhjw\sdpm
Sl alidl o 53 5 Loy e (205 GV 5k (g
) S cUid g9 ol sl OF (G55 Gl g Jesily
Sblme bl 2 bl () o5 5l o3latl (gl 398 0 0dsel
g odlaiwl cudly aalgs y
2 i 25l 1y latedy egias hom (sl by, |
5 Cawl (598 Lol odls gy ! ol onds odlatwl (SB sladw
A S o)l Sl a1y oasey (s e slaan] b il o
Sle an gl 5 gLl S 5 b cone 3 Jlte b
ow oyl b (5ol aolee) oSl il yay sladsles >
y Jioe Olsien Cutd (23 izl § Candpmly 5 SVl O
33358 dyglym |y cis 3 )louy dslee o el g 315 bjgal
B slaby s 5yl ot Jol5 jobo 4 oS bl
o bly) (Saote Gl & Cwl Sncuje So (egtan

4odo

15 sloss sl bl slay 59y 45 (olbojlo g lako

el 01 plogl &8 Sllllas ol o5yls )8 ks oo
O S sbaw pas ola s Jsle doypn Ve dgis
Rahimi, ) 1l o )] o g 40 5l culis g98g e @ and 0
S ity 5551 U35 ly 9 cats Jy5 ol (2004
s 3wl 33,5 o o) cam Sl 5 ol Coge 45 cul O
O e y 03,5 5 (g a1y 463 ) S (i
law (o 5l 4B)S g Culd Hlade Cplply s o ials )
e Jyus bl o sl a5l oS conl i ) i jlas
St ) S 5 s G xSl sbie &
0jg s Bad d drgi b Cunl (See )5 0 jge (o B
Home e g 2o 39 (ol Gt ete 13 (s jln S S
5l =SS (USACE, 1986) 3545 dgd%0 039, pb 40 Cils
Sl @9y 45 S glaaw ) 5l s 38 clagb,
Y o 5l ool wsileas @lisl sbj (6 piudeds b 8,



DOI: 10.22055/jise.2017.21384.1537

AA

...Lg‘;ls-‘_gLaM)'tc,:JJ.L;Lb:),Tﬁ:wL“Lw}‘_;Us

L gy Seas pigr by jl ol adlae )

el L5 (GEP) o5 s (eass asliy MLP) 4y
=S 5 b9y Sz 9 (SVR) ol )1 (9w 55 {RBF)
sy ) izl (FFA) i o5 20580 § st
S o ol cuis 2,9l ¢l (MLP-FFA) 4Y s
Cwl 005 I);l Cudis u«,mlf dl)’. ) SR "J u)bm 5 oS
Shoalawl Uy a0 &8l)) Cuslio aoecs oS Jio g 0 oolaiul
15 5Siks (RMSE) s gy ouSilio iy sloaslis
9 (NS) eSSl 25 (R”) e o p (MAE) a3 3llae
ol g b Bly 5o ol odds asuie (W) Goelsg (s li
Uhek Ao sla g, | (S olicud p)S oyl oy, oS
)8 addllae 5)90 ol dine 53 )l Gyl sl Blie (e

lhu’l)j) 9 615.0

SEEP/W 2012 ;515 55 Lawgs b gl e adllaa ol 5

Al oo dgaxe plall (o) 3 (e l3Ble s (nl 285 @90
sk (clate] HUid @95 5 el (silwJde (slp oS
1y by sl 005 g ol 0 g S g S iy J5elokte
(SEEPIW, 2012) 18 Jice glslé 5 glesl cllo 93 15
o oyl yd &Sl (V) U & jaods (i dalllas 590 gl
Uiy 9 Job L1 ey 93 s pdadshl a2 Ko
s (e Ly oyl g Colbes By () S5y Cols
Gayd Ky oy 3T g 2l 4 Jlasl Jmo 3 ()
Gy Cloids s alllas ol )3 & A8l e sr s ppisdois
Sg2ge (Bly (slaatge Ly adllla 3)50 digei yiie 3Lkl
= B g s g Kry (2 (29ee hidohi oo
ol 00 (1553 ) s 93 ol s Glalllas jd &S Ky
s 258 il dse cups il lp e o
ol o3t 4555 16533 gy o S 3
e sl s a5 (1) Jpie > {aly b )
tlio (gl ol ] o )b (gl i 3 el 005 2313 ol
Ol 5 g el eas edliiwl e o/ o5l 4 et o
a5 jlas 3 b Jae (g5 bad lgie 4 cawd ol 5 candVl

ol 05

Gocic et al., )5l jLs Laodls (29,5 9 (8399 polie
St b ey Il o sl (5399 sl eiite
Solemr B (S5 sl Jde 5 (229) ) pbe 4 Cops
il SB baw o 1) souns (hsn sba by, ki
3 i S50 oL (2005) Tayfu et al. .xlos,S  ouw
B3 (e (as 4 g 390000 olall (o) 4 1y (i)
563959 loieds |y dw Cand ol g Cand¥h 3 Ol wdaws lag]
N8 e Joo (2955 Olsis a1y jagi S5 10 Ol s
e ly omas 4SS (gile e 5l pols ol iz cpl L3l
o ol a9 008 lgie dguse o)l lawgr (il Je
Sattar s Ahmed o)l ;5 5 wlie s (S J30 5
Cwsd Gaiie e (GEP) 05 gl sy 40y 51 (2014)
Ko O ol abbarwgs Jae ol L gl g 15,5 eoliiw]
Mert 4 Derin .cewl foew,3, polwl p e o Jdo
L dij @lge 1) S sladw o (5,l0L (2008) tolon
4 Lmui dalllas 2 ks )l)B s .))9.& P <\§u.») L«wf)
l_bu-l axJllas L5'>9)> &S Cuwlodss odlaiuwl (.$'>5)> ;gc 9 (5299
o] L)) s dngly aalllan (£39)9 9 cand 5yl cups
sk lnl_m.%l ) l_J Lm‘j Lol 0393w g Sk L;M
S 5l 25l gy it ) GRNN ((as oS
(2013) Babakhani 4 Nourani .8 ;lse (SB ot
o9y b (s ginae aSs pledl jl daiw | cuts (il Jde gl
o 45 45 Kduwy 4o oyl 4 byl L0965 o3lil RBF
ol 3l i (it 4 08 ] (g pdpbllan] o &
Sy daled cui

pis S Pl A i (sghan Shgn bg) Sy (Siba
Jg_w..o J= LSI)—.’ dlb.)).:_us )9_|o 4 (FFA) P P)f
o s oalaiwl (piae laasS i u“)?—‘i 5 &jlwdiny
jlwangs (Kavousi et al., 2014) xSl b i
Jlws 3l o5l o (Fu et al., 2015) LaSLs cliaseio
Kazemzadehparsi, <Yang, 2010)  _wige 9 =k
= 9 Jed 0B mls (Talatahari et al., 2014 2014

] 4Bl



A4

AY=RY o AYAA Jlo | o Lot FY o555

ST (oign 5 p5le

L,

R TR BT e

Y

Fig. 1- Embankment dam with upstream clay blanket
CawdVl )y S b (ST o) K

Bl Jom 03 Fg0 S ol i 03k -1 Jour
Table 1- Range of modeling effective parameters

Clay Blanket Clay core Foundation Parameters
10°-10° - 10°-10° Permeability coefficient (m/s)
05-15 ) Thickness (m)
25-400 23-83 Length (m)
- - K /K fy

Jer Y g d Gl s e ofe e WY oy d bwgie
aalllas 3550 (S50 diged (V) UK ol ol Llod agliy yie
ol e (03 dumlie (V) JS5 (izen md(o0 (LS5
aS yoblen amd o i |y aBislejl s g 39050 Lol
lEetloj] aalllas 51 Jols s gl smd o s (¥) JS
5,15 Cillas wa b WelS 3950 el 158l 5 51 Juols gl |
Lkt oy 5:lee 5 RP= /AN ey o5 psb
ol 5 ool 4 55 canl odel Cawrsdy MSE =+/eevvns Y
Oz b 4Bl 53 (Jed BB bl Sy b )b
>hb Jimal )3 glojlw ooy ine plyica; (2014) USBR
) ol olaialy (el a8 355 @l 3 il slbojles
Jio 393 cloinly dn jd 5 i VoV Jo o S 0

el 0305 plol SEEPIW 15315 5 Lausgs | Lo gles

d9ume Ol (g (PR slis!
»(2012) Amiri - Tokaldani 4 Khalili  Shayan
ool 03 92 b1y (S cladw o 5l cuts lage laslas
lagsee ilodls )8 adllae 3y90 aKiislejl (Bgy 4 dw (o 5
OS5 et (00 b5 3,0 (o by Auglio jlaiods
oo eSS a8l (o8 glmosly lise 1 (o295
okl iz 09,8 Sg)hem olKtlojl 13 3990 2L
5 ol 3y90 J3Is oye leages ylpes oKiisls LT 4
9V o Sypw S0yl 5 039 yio Bl VA adlllas
POy dio yobdy e Bl V0 g 5 Vg VD5V 5V
slaalold )5 9 cunpml el «wwsVl (bl slacyadse
Ls asls po s glasoljl o VND gV 5 «/AD o +/V o+ /00
g V10 4ol g ccwdYl (o ool 5 b yiales] cawl oy3 )5
o ploul yio ile Yo g VWD 9 V0  VY/O gVe o V/D g0/
seb a8l L Clag pp S (Sdgpa colia



DOI: 10.22055/jise.2017.21384.1537

q.

...\gél&dh.\w}‘wﬂ:w:))Tﬁi‘swLo.ijé)j}

Pervious region

A
A l ] ]
m—— \J Piezometric tubes
[ | A
E o’
v
o
= 5
o
=
\J T 3 v
Flow inlet <€ > > > Seepage
40 cm 90 cm 40 am measurement

Fig. 2- Dimensions of experimental model (Khalili Shayan and Amiri Tokaldani, 2015)
(Khalili Shayan and Amiri Tokaldani, 2015) &K lk3T Joo skl -¥ <

16

[T S~
o N b

Calculated Seepage Discharge
Using F-E (cms) x 10 -7
[ee]

R2=0.99, MSE=0

0 2 4

6

8 10 12 14 16

Observed Seepage Discharge (cms) x 10 -7

Fig. 3- Comparison of experimental and finite element methods for estimating seepage (Khalili
Shayan and Amiri Tokaldani, 2015)
Khalili Shayan and Amiri Tokaldani, ) cus 3597 » 58 AKLLT g 9 3900 Ol (H9 5 dwslio -1 <o

el Sk (939)5 5L X g (g Sl W (V) ey >
oobol o U oy ie8 L F s (8L 053k g, S
-SVR & ;55 &S canl ¢ 1giSs mie5 b g Jitus (laodld
13 SVR Ligi o pbosl cladallles 1 gyl D9 g0 0isol
Lo by sbo S oy ool plae 3 Sdas I (Lis gy
(Khan and Coulibaly, 2006) s> I,

(GEP) 03 Oy (w9 4ol y
Lg) )3 &8 (S5 Jeol S oladl 2 0F o e giaeli
1S (o )8 ool Gl (i A0 &) Sl el
oy sUas 35615 L GEP cwlss (Khatibi et al, 2015)
Shraeliy D9d e bl oAb sy g 00d odalie jolde
4 Bl e S iptely e Glilng 0 ol

i lises sla JS5 g Waojlul b clasll, cslaaaliy glisul 4y

(2015

bwgs g olall by, ol s ol bl adllas 3
Lagsbsy ol 489S )18 alllas 350 dindgn slag b,

5wl o)le

(SVR) Oluidy 515 2 Ogaw 575 493

Ordle (S )3y S 5L 4l (1999) Vapnik
4 S g es ool g is sllas oL 5l by Yoy
4y g5 e okilgs €= INsensitive gllad ol plsay
dsrr oo & 3] 58 palis Ly olalbs o psgde ol
Az Plae 3 939850 3k dg) ol &y o3 (pl 1 igd el
ol b g il walgs Iy S ylas S5 e~ insensitive cax
e bt el 48)5 15 (glge aoxiio pl 93 (03940

(Khan and Coulibaly, 2006 ) ssb_ (V) alasl, JS

f(x) =(w,x) - b,w, x eX, beR ()



a)

AY=RY o AYAA Jlo | o Lot FY o555

ST (oign 5 p5le

(@l lagigy) (o oty jl slasgorne Jolis e ol
g okt AY sin b S5 iedg)9 4 S 5l e o5 Al o
2 948D JM )3 (939y9 UK Mdl oo (295 Y S
&9 ool dgbien piitio AN @ Y S0 gl 4y g) (G
By o 0dmal 4Y iz gyt lgie b Vgeso laaSid
Iy anY ds gy 55,8 oacls (Haykin, 1999)
Jeos (60956 i3S o HLit] 51 o 0aeBB L "Lud (S oacB”
o=l 4l (GOY S Gt alie Gl A gy
oo o (295 5 99500 4y 4Sd 4y (o8| &5 50
33,50 sl ogllas (295 5 (ABly (2955 dunlie 335 o0
A ol a8 (gppb dn Ml e &S iy Gl o
lody s (bisel S 4y By 298 Sl (5o (295
Aol il S o Mg (Bolal sla(2g)3 398 s ys (255
29 9 (Bl (29 Cgll A 09 b iy ot U

(Dehghani et al., 2013) 12> Lis |y Callas

(MLP-FFA) bod p 57 wis 5991
Syt Jio G olul p adllls pl ) Gl iy
G o) w2)oS S b oad 42l (MLP) (g
by ol 5 s 5§ 455,5 plgll FFA bg, casl (FFA)
Eg—ae Jig slaghy jl g8 e s (2010) Yang
CLGd slap)S b 03l duwgd Clicad )5 (e (e
Solise (635 b S 2 (595 (o581 &5 A8 (0 M oy
ol g5 ool 51 b g ey i jlate 4 ol
Clicd p)S Colin b pudts dlaly )8 ool Gliee WS 0
WBid @b e gy p)S 2 598 Glie (38)55k0) b o)l
S S o ) U lap )18 i
Sl (lipe 4b 4l 45 joblon 390 e jluding
Slicud £S5 93 oy dbold 4y 5 039 (pud (B) QUi slap S
JB (¥) adadly jlass)ls (S (V) 595 @l cups 5 (1)

Tl dnlo
B(r) = Bo exp(—yr?) (¥)
r=0,5 50l o) Calie plie Bo aly ol

1238 oo drualoxe (F) e ) ol s >

n n-1 —}’r.'2 n-1 n-1 n-1
X =X"+[e ’(xj -%)+ae (¥)

=[x x| @)

prS Cumbge Xj g o8 Qlicud oS Cusbse X oS

CBM it i 0 S5 0yled N et Sl

£33 Hlume 4 S el o] GEP g8 blis 5l S 55y o0
o S slaSlas cplply g 039 0lo )l (S5
ol 8 bl 1500 (S opizer alei o Jos pojgag)S
S ol oo 5 Az 58 & padxie Cans Gl )l (g,
Jienj iz Jold &', lonzmn ladse (2b))] 4z
o=l dilys s (Ferreira, 2001) 5] o waly s x il o
Sl pgs plS icalie 5l @5 olsal Jgl p5 b,
Sy jodale 4 @l degaine 5 (639)9 Sl il Ao
LapgigsssS s)lose 5 )Ll bl pgw o5 g lapgjges S

bl s

(RBF) (oleds 41l @ilgi 45
S (£99y8 4o oS (Cuwl 4Y dw aSs S RBF 4
el ) s e S iske LY s pgd Y .l il
b gilulis K6l &S cul 555 olal b olad 4 (639)9
L oslw (559 ggemme (o293 A djloe pume |y ngSl
Sl sl oSl gandaiwy Ban ST Lol .l cuslio (9,5
RBF a5 3,8 4 pastio (Shg g0 03ltw] b geSow &b
lad o LagSl 81 crwl 5w 4y ) ol pbdl aulyd
‘).M ol Ml}m J_Jb 4_w9> ;)A b alols ‘.\mb 04
Al SO 4 Koo OT Jde il adgs S0 S5 Al
Ol a0l e ialS us &4 ysS e Jlade sl opl Blbl g
25 dS glassS an el oyylate digs 3 e ilybl 4l
ol CysS 2 ey 0B o gene 45 ol b lis  Jas b
dwlee wddBl Cole G yguo 4 adigs S 40 5l Cdlune
Slaate o i &Y 53 (195 4 399 oy 05 0
3929 S9N e0pg 5 S & Sloj ol (el 4l 355
4 (V) ey jlados 5950 jl Cdlus S (o Bl ]y X b

,\.:Lso Cawd

r; =«/Z(Xi —w;)? (v)

L St g9 4 MLP aSid b awglis 3 oS5

3 a8s ol g 03 MLP a8 5| sy )] (b Lol 30

095 M Ly d o b0l S oas 45 | duglio
S LS ey b 4 ]y (date U o (e (S

(MLP) (ae 4l

Wil (Sgias ras (aSd bl (ke S



DOI: 10.22055/jise.2017.21384.1537

ay

...l{‘;u-‘_gu.\mj‘wﬁbwJ)}Tﬁiswl.a.l.w}‘_;)j}

! (o-r)" g
NS =[1-|£=1 5 |.0sNZ<1
N —
§1 OI—Oi]
llad )0 ggecme (1Sile ydo ¥
13 2
RMSE = WZ(Pi—oi) v)
i=1
lalas glas ;08 ko -V
l N
MAE =3 |(R -0, Y
N =
WWgelyg yadls -F
>.(0,-R)* ‘ @)
WI =1 ]

_i<|e—6|+|oi—6|>2

ol e a8 cunl Loy jasls G Sgaby asls

hy Jse plgiee ail S35 S 4 dyp g Al —00 b Sy
clie Jio ()55l ©y50 ol )3 9 3908 (b)) cuslie
Gl 045 o3kl b Jde Sb5)l sl &S (6,505 (g, il e
(Taylor, 2001) sl s yoL5 pl,SL > jl odlaz .l
ades | calise sl asls 5l eslazwl L 1, ol SLs Taylor
)l Jae 3,Skes 3l (shy (Siesed s 5 RMSE
b b o 3 bl ) g o g 4ol pl 5L 08
2 90 399 o )3 Cilize sla Jue blis 45 395 o 4l
)0 0445 ol u.a.))?)oc\]a.mdou,l 4.:]994)04]4&44\.{@»9)

S S op i 38y il 5S35 (AL.M Qil

o g b

s @ 4BF Ojg0 (e g (latune guaSd bl

155 A sliyiall o SEEPIW Jl5éla s 15 ool 10+ + -
ol A 93 Cudd i el Cawnd dy s polie 0l
o YO L culs jluie YY) aSis hjgel (sly Waodls mains
YO L ol ylade Ar) aSis 9050 (sl (olmosls g (polie JS
b iol)b o lal lasuio (Y) Jodn (polie JS 5 2oy
Joz dmdpo ol sl (ojel g g0l Jalds o871y (6399
ot |y sl (slnsbg, b s Jie dunlia 31 Lol gl (¥)
oo o il cusl paseia (1) Jgio 5114 jsblon a3 oo
Oy b Ly (FRA) Qlicas p37 o680l o bl 550
5 (/A0 15 jemel i 5 e AR s i ) RY ppolio
sy ¢ A0 s ity ) W e oy et i

ey mie sl Wlg o a8 canl (Bolas dlael 1 oy SO
by (Bolai )5 F) ekl pow Ciond aily (cwsS L
o L3S el (g el o 29 o0 Cogune
s U i slap S i 358 25 Lo alis
dg g0 pyS a3 liis)d G dy byl a8 WS o Ty sl
Lo Gan b (sl |y jlade oy 57 ool Bl 3 g oo
S g ol
SB s 55w 50 )y o SO Ll osds )l dslllae o
oy Ky cadllas 5)50 yite slayially s oIl
Soy el by S5 Job Ly ey 55 3o
e 3 (o At (23 Ly Byl o ol By ¢
il Bl 2 S plideh s Kp g Ao (g 4 Ll
55 il ozl bl gl Bl yolie (9,8 bl L &S
il (6 pidel o s g Laculns oo b Ly (o)
2 ¥V Lo gilo Jio jl ol ol 88 ©)a0 (il Jse
o=l @ 02 @ sl g e (e 3 ey 9 Db L Culs
W13 i ) i 2392 Wi Aiadbn e plIS &S S
2B 3 (gwp 390 de (pl bawg Cuts polie il
@ g b Wlgi o amd )] Jod BB ot wlgn o e By
2 elalejl jolio L sgame plall 483 ©p50 (i il
Slgiee gl 9 2% 518 ool 390 (o) 59 sla )b
o o508 45 A8 @) oy 553 3l 2ok o 2 4SS L
L yiolyLy 030l )3 g (sl bl Azl 3 |y
LaJise 3)ly dm o )50 d Madgr sl Jho 42 (63959
9039 oLy Lo Jus aen (gl (63909 sl jialyl -d)S
S92 SR upd & (2 ErddeB oS Gt Jold
) sVl Ol s gy s Job o (1087) (o)
iy 9 b D) oy 5 ool & gy ol
ot SR b ($390 4 (B i 5 (1) At 100
odal Cwd 4y olag Sl ke (ized Sl (,I:—g) !

PO a . .
b (Bye oo L, et S0 4

B Jao (b3l Sk sl

725 2 S 0 Syge bl g b Jus dulis & ololas
g 04 sl palaoP;, O; s all)l Lulg) 5 .wloas )|
sanliio pdlie Sl O g lad gl dlawi N s o 3,4l
ol i Sl is adls eSSl i adls —)
oy (LS Bl Sy 4 5 o5 ar e g Ml Jae 2L
o Jao 5l (295 5 93905 sloodh By 5 Jao caslio oLS
bl



ay

AY=RY o AYAA Jlo | o Lot FY o555

ST (oign 5 p5le

dy90 (gld Jdo oy pd 4o op Fans glyl> GEP 4 RBF
5 Lagbey il pls o (sl (S8l jbg s il o adlllan

JBil 3 4 cusl 0 ans gy sl yols ol iz e
Slods o3l uL.M; (‘\) G (\‘)

oty P)MAE ol balas lade oy yieS 5 (+/A0F bjg0]
i ) RMSE g (+/++0 1 jbjgel iso p> oY 1cus
S5t 13l Lo |y @l (385 (/005 s g bjgel
Al Wlgi oo (2Bly yoolie 4 05 (g yolie Canl asuiio oS
Jie &S canl ol Canl aseiie Joao 3l a8 (6,00 a5 Ll

Sl polio 9 B golil (ST Olastin -Y Jaus
Table 2- Statistical properties of parameters and seepage values

Data . . h fo L1 Ll Kf q
Statistics 7 —= =2 A1 log=L —
set t Kry L, H 9%, Krhy
Average 83.63 3.19 7.59 414 3.12 0.08
Standard
deviation 23.23 4.27 2.85 1.51 0.8 0.01
A e 140 15 17.39 8 7 0.13
data ini
Minimum 16.66 1 0.6 1 0.6 0.03
value
Correlation
with —9— -0.232 -0.404 -0.026 -0.143 -0.404 1
Krhy
Average 36.87 3.02 7.52 414 3.1 0.08
Standard 2125 417 2.89 155 0.82 0.01
deviation
Train o 140 15 17.39 8 7 0.1
data ini
Minimum 16.66 1 0.6 1 06 0.05
value
Correlation
with —1— -0.21 -0.397 -0.007 -0.111 -0.399 1
Krhy
Average 43.89 371 7.81 4.13 3.17 0.08
Standard 27.82 4.54 2.72 1.39 0.74 0.01
deviation
Test M%ﬁ'ﬂgm 140 15 17.369 8 6 0.13
data ini
Minimum 16.66 1 1.16 1 1.69 0.03
value
Correlation
with -1 -0.24 -0.407 -0.056 -0.243 -0.426 1
Krhy
odlawl 3390 S S 4w lio i Jol> mls Y Jous
Table 3- Results of used models comparison
Models Parameters Training Testing
RMSE  MAE NS WI R? RMSE MAE NS Wi R?
MLP neuron=5 0.007 0005 0796 0939  0.796 0.009 0006 0755 0913 0.794
RBF neuron=5,spread=20  0.015  0.012 0.069 03 0.069 0.018 0013 0083 0417 0.133
SVR y=31.58 , 6=8.95 0.006 0004 0821 0947  0.822 0.013 0007 0502 0.804 0536
GEP GN=3000 0014 0011 0147 045 0.149 0.017 0012 0144 0513 0.175
MLP-FFA  neuron=5 0.006 0005 0.836 0954  0.959 0.006 0.003 0875 0959 0.919
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