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1. Transmissibility

2 Storage coefficient

3. Well function

4. Type curve

5. Artificial Neural Networks- ANNs
6. Multi-Layer Perceptron - MLP

7. Radial Basis Function - RBF
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1. Levenberg-Marquardt - LM

2. Gradient descent

3. Principal Component Analysis - PCA
4. Feed-Forward Neural Network - FFNN
5. Single-hidden-layer

ol saxie amloo 4 (09) (ol (5595 380 9 J—U8
ooy, S 4s> e (Fausett, 1994; Haykin, 1999)
o 955, IS el o il e e 4SS
Sz Pl Jo Sz 425 5 (03 ) Jolo 3 5
L SFgean omal 41».....' wL..u‘ U"‘)” AJGA oolas__ul
slas aS oo Jos Oledbl [ Kijls o SO g
b e Luly) Wl oo aS 00 LS5 (998 (g3 Slos
Skl collae sloaazg)> 9 loso9)g G 00y
4 S |y (570080 @l b S (g3lude (el wiad
oolawl alizes  Su3elg 0 Jilucs 10 Cudigo b oian
Sy sl (LuSL a0 alex 51 cailoais
«(Ranjithan et al., 1993; Chang et al., 2012)
(Coulibaly et al., cuojym; ol maw Sblog s i
oS 5 Sogll (20015 Daliakopoulos et al., 2005)
(Ray and Klindworth, 2000; Singh and ;5 o
Datta, 2007; Chau, 2007; Chang et al., 2010s)
(Cheng et al., 20055 Wu et o oby> s i
4 ASCE (, =il .al., 2009; Maier et al., 2010)
s aSi i 05,5 lge b gladlin jo Yerr Jlow
iz 5,15 sladia «(sieg0en ;0 (e ghas
) LSgp 690 Alae S o (Wuetal., 2014)
Silmdie ;3 il 0,155 oo aS slo e (50905
b oo pgy e 30,8 dog ol sl Ol as
E5man cmac A 0 )5 k) )0 ol IS slaallie
<l 55599, 53 00is plosil Slidd ((559Tgp0ud 5
3995 sl lgZel (510 2ol e a4y el
o9, < (Lin and Chens 2005) o> g opd a—ib o0
szl Glayally et Sz |y (ogian (soas 4
oS Jo g (ras 4l oS5 el (S35 g
slgeeis (Hantush and Jacob, 1955) ST ¢ (igile
(Lin and Chen, 2006) :y = 5 opd poren 53l
ol oS o g (e 4D () 5] (oS



lad>ye 00 ISSg 5l as) slal>pe il IS5 o
(Maier et al., 2010) || SKo2 g plo Jo g golpocion

(e 4D Joe (gl L g 000 a8 T ole]l
Dgad Slepiin (§59)5)08 i G )0 (Egmae
Bl e i JSSs 5 cnl e
e s el ooy i (F 5395 ol
T (h35ellp0 903 0ydlS T Jue dige LSl (s
ol e (meecone (Joe slayall g5lwaige)
Gl Jole )0 380 9 Jyol sloal, S US55
wazg b o bl e pmas aSeb Joe (ng
Siledoe Glaal Sg—is g0 Jdo A coiuiw b
(0308 5 "ol i N ganail N S ey bz 1)
o b el e g5ldate wial B 5l al> e iz L S
0B &b giledoe Gdod (ol 55 gl Bd> b g oSS
3 Shess b Gus—emme sl sl yially s
Sl s alye j 45 el oo aloxl 358 e
55 sl 00 ) T Ulie 5 00 Jlael sla s,

00ls acgozo 1o glil 0019l eac cuac AL

Bl alati Slaisee (6999 (lgne 4 (A8lg hs (905

. I
23S oo W5 (o> e 4 [F = log (), ]

9ol (69979 eIl LLsil g adgi - al>pe
sl il ¢ geas el (Bjsel slasSIl adgs
Gl oomw Blae (Y6 1D) godg0—2s 4o log (%)m
(Bas) ()5 Blsae 4 VAFD) Lol La_sgs ooy 51
o) ol oy L 1o b o Sl e 4K
45 Ubigal (69959 510 Aegezma Veoeee log (%Xn e
(loy—<dl slaosls slass N) yaie N-1 gl)ls plaS o

1.Error-free

2. Relative Root Mean Square Error - RRMSE
3. Matlab program

4. Input selection

5. Data splitting

6. Selection of model architecture

7. Determination of model optimum structure
8. Model calibration/training

9. Model validation

10. Forecasting

11. Classification

12. Function approximation
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1. Dimensionality reduction
2. Minimum fraction variance

3. Activation function
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1. Recurrent neural networks
2. Threshold

3. Uni-polar sigmoid

4. Bi-polar sigmoid

5. Hyperbolic tangent

6. Gaussian

7. linear
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Abstract

In this paper, Multi-Layer Perceptron (MLP) and Radial Basis Function (RBF)
Artificial Neural Networks (ANNSs) are designed for the determination of confined
aquifer parameters: transmissibility and storage coefficient. The networks are trained
for the well function of confined aquifers. By applying the principal component analysis
(PCA) on the training data sets the topology of the MLP and RBF networks is reduced
and fixed to [1x12x1] and [1x14x1], respectively regardless of number of records in
the pumping test data. The networks generate the optimal match point coordinates
for any individual real pumping test data set. The match point coordinates are then
incorporated with Theis analytical solution (1935) and the aquifer parameter values are
determined. The generalization ability and performance of the developed networks is
evaluated with 100000 sets of synthetic data and their accuracy is compared with that
of type curve matching technique by two sets of real pumping test data. The results
showed that though both MLLP and RBF networks are able to determine the confined
aquifers parameters and eliminate graphical error inherent in the type curve matching
technique but the MLP network is more accurate than the RBF network. Therefore, the
proposed MLP network is recommended as an accurate automatic and fast procedure
for the confined aquifer parameters estimation

Keywords: Aquifer parameters, Artificial neural network, Principal component analysis
(PCA), Levenberg-Marquardt (LM) training algorithm, Pumping test.
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