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Table 1- Statistical parameters of the data under study

axllbe 5,90 g0 (g, bl (sl ol )b - Jgun

LT oL WT D or %
. Statistical 2
Well  Period rameter (m)  (m)  (m) (m)\s)qm:ga
0.4

AVR 0.71 101095 1006.2 17.18 4.76
Training MAX 3.59 101786 1011.6  21.33 14.62 0.4
MIN 0.02 1005.27 1002 11.8 0.49 0.4
AVR 0.7 101031  1006.3 17.08 4.02 0.4
CWI001 Test MAX 2.11 1014.09 10099 20.92 9.7 0.4
MIN 0.03 1006.5 1002.4  13.49 0.55 0.4
AVR 0.7 1010.71  1006.2 17.14 4.49 0.4
Period MAX 3.59 101786 1011.6  21.33 14.62 0.4
MIN 0.02 1005.27 1002 11.8 0.49 0.4
AVR 3’1 100538  1003.1  18.28 231 0.3
Training MAX 1.61 100834 10059 21.72 6.48 0.4
w MIN 0 1002.56  999.61 1545 0 0.2
AVR " 009 100604 10053 16.08 0.78 0.3
CWI055 Test AX 046 1009.07 1008.7 19.66 2.5 0.4
MIN 0 1003.72 1001.7  12.61 0.35 0.2
\ AVR 0.21 1005.72 10042 17.15 1.53 0.3
d MAX 1.61 1009.07 1008.7 21.72 6.48 0.4
“‘ ‘ § MIN 0 1002.56  999.61  12.61 0 0.2
\ AVR 0.14 1004.79 1003.3 17.36 1.51 0.4
- Training MAX 0.4 1006.33  1005.2 19.74 2.76 0.4
MIN 0.01 1002.25 10009 1544 0.33 0.4
AVR 0.07  1006.98 1006 14.66 1.01 0.4
CWI071 Test MAX 0.33 1010.39 1009.8 18.06 2.11 0.4
MIN 0 1004.63  1002.6  10.79 0.49 0.4
AVR 0.1 100591 1004.7 15.94 1.22 0.4
Period MAX 0.4 1010.39  1009.8 19.74 2.76 0.4

MIN 0 1002.25  1000.9  10.79 0 0.4
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Table 2- Inputs and outputs of GEP models performed

o ol GEP (slaJse (s 2955 9 83959 -F Jou>

Model Inputs Target Parameter
LNAPL Transmissivity LNAPL thickness, LNAPL thickness, and hydraulic LNAPL
Simulation conductivity Transmissivity

Water table elevation, LNAPL thickness, and

LNAPL Thickness Simulation . .. LNAPL Level
hydraulic conductivity
Hydraulic Conductivity LNAPL thickness, LNAPL thickness, and LNAPL Hydraulic
Simulation transmissivity Conductivity

NF

[ Step 2: Site & Data Selection (Rey Industrial Aquifer, 14 years, wells: CWI001, CWI055, CWI071) ]
v
[ Step 3: Data Preprocessing (Normalization [0, 1], 7 years Train / remaining Test) J

v
Step 4: GEP Scenarios

[ Scenario 1: Transmissivity (LT) ] [ Scenario 2: Level (OL) ] [ Scenario 3: Conductivity (K) ]|
— * T

{ Step 5: GEP Setup (GeneXproTools, 30 chromosomes, RMSE) ]

D> , -
@Evolution & Optimizatio‘nD—»[ Step 7: Equation Extraction ]
+<

| Step8: Model Evaluation (R:&RMSE) |

[ Step 1: Definition & Objectives

v
[ Step 9: Results & Conclusion ]
N\
) Fig 3- The flowchart of the study
w axllae Ojlagld-Y IS

LNAPL JWi! Colslé 5,51 45 GEP Juio b3,
5 € Sdgyhn coliay cla ol )b (GEP) ()5 by (camgidolp Jio 5l odliiwl L LNAPL sl B oo 390y jokatosy
D el (BAd) (2945 yuxie laisds KLNAPL Jlasl cobléy 4 (62959 sl puxio lgicds KLNAPL cole o»
525 9 gl Sleias oll 2 e Jde cpl 3 sl oad LY a5 Jao drswgs )3 48,54 (i) sl Sloe Clasuiio

{Abareshi et al., 2014; Sadeghi Aghdam et al., 2016; Kumar et al., 2024) iy Slalllas ;5 Jolito (slagSl 4
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Table 3- Values of genetic o used in the GEP model

GEP Jx ‘Eﬁ)r‘s @ ;A&; S ,551 59! jalie Y Joun

E g 3 g e = B = 8 2 g g
o~ = = Q = = g = g = 2
S 9 S g g 3 5 8 5 % o 2 & 5
Well S 2 ws ;8 S & 2 £ 3 2 2 5 8 w 8
o 9 g g 3 p= S 6 & ¢ & 8 E § = = 3
v 3 Ao g Z £ 2 2 2 o = =
o = a4 o o = © g iz 2
AN = 5 5 3 S S
+, - X,/ 30 8 0.001 0.002 0.002 0.002 0.002 0.002 0.005
+, -, %, [, Inx,
8 3 0.001 0.002 0.002 0.002 0.002 0.002 0.005
CWI001 eX
+9 ) X’ /+9 9
30 8 3 0.001 0.002 0.002 0.002 0.002 0.002 0.005
x3, Inx
Y= X,/ 30 8 3 0.001 0.002 0.002 0.002 0.002 0.002 0.005
+, -, %,/ 30 8 3 0.001 0.002 0.002 0.002 0.002 0.002 0.005

Table 4- Various statistical indices to estimate the transmissibility of CWI001 well

CWIO01 oly JW&il Culild (prosG (gl ilisks d)bi s i -F Jous

CWI001 CWIO055 CWI071
Function Training Test Training Test Training Test
RMSE 0.19 0.26 0.12 0.05 0.02 0.05
R? 0.95 0.94 0.99 0.94 0.96 0.95

Fitness-RMSE 841.7 852.2 891.27 943.978 983.492 966.029
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Table 5- Relationships derived from each subtree to predict the transferability

JWS Sl b sl €850 25 2 5l Jols lalg) -0 Jga

Well Equation

Transmisivity=

CWI001 2, [ (0D (OT+K) oT
(((-0.43)) <( - ))+O.83+ 575 V(KFOT)-OT+9.1) (55 /OT+/IgIEK

- AN
\

Transmisivity=

dk .
CWI055 ((ﬁ) Xd(k)> +(d(OT)xd(K)) (%) +(1 .98+d(O\QL

(11.8)-d(OT) (14.43)+(1.98d(K))

L
Transmisivity=
((d)-a0m)*d(0T)) u \
(<d(1<)X EXORIS +( (((-0- 1_8:d(
CWI071
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@)+ (- %é))
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Fig 5- Time series of hydraulic conductivity of well CWI0S5 in the most optimal of running model
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Table 9- Results of selecting different fitting functions in the CWI001 well model
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Table 10- Relationships obtained from each subtree to predict the transfer level of wells
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Abstract

Estimating the hydrodynamic parameters of Light Non-Aqueous Phase Liquid (LNAPL) is a fundamental
pillar of contaminant transport studies in hydrocarbon-contaminated aquifers and a key factor in the design
and management of remediation projects. However, direct measurement of these parameters through field
and laboratory methods is typically costly, time-consuming, and often constrained by operational
limitations. In this study, the efficacy of the Gene Expression Programming (GEP) model in estimating
LNAPL hydrodynamic parameters within the Ray industrial zone was evaluated. Monthly data regarding
LNAPL thickness, groundwater levels, and LNAPL levels and transmissivity—derived from the LNAPL

statistical period of 2006-2020. Modeling was conducted using GeneXpro

performance was assessed using R2 and RMSE metrics. Results indicated that the mo
precision in estimating LNAPL levels and transmissivity, with the coefficient of
exceeding 0.99 in some instances. Conversely, the model’s perfo i

relative uniformity of the aquifer sediments. The innovation of this resear

method to derive explicit, practical mathematical relationships for estimating dynamic parameters in

estimating dynamic parameters,
in data-driven modeling

Keywords: Contaminated aquifers, Hydrodynamic paramﬁlrs, LNAPL, model.
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