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When implementing on-site remediation using in situ methods for contaminated
sites, the acquisition and analysis of various types of data on the site are crucial factors
for optimizing the effectiveness of the remediation. The variability of these data will
affect the adjustment of the site conceptual model, the tuning of the remediation system,
and the decision-making for the train-type remediation scheme. Therefore, this study
will use machine learning techniques to train and establish predictive models for the
conceptual model and remediation performance with 10-20 successfully remediated
sites, which are LNAPL (Light Non-Aqueous Phase Liquid) contaminated sites with
groundwater extraction, soil gas extraction, dual phase extraction, and air sparging
remediation technology implemented. Furtherly, this approach aims to achieve data-
driven decision-making in the remediation process, including the revision of site
conceptual models, adjustment of operating parameters for the remediation system, and
evaluation of indicators for remediation effectiveness. The determination of these
indicators will incorporate parameters from lifecycle assessments. To validate the
trained models, the study will install remote sensing devices for important parameters
of the remediation system at selected pilot sites. The remote sensing devices will include
sensors for in-well water pressure, air pressure, flow rates of remediation equipment,
vacuum levels, exhaust gas concentrations, and other real-time parameters during the
operation of the equipment. These parameters will be compared and correlated with
necessary on-site sampling and other regularly collected monitoring data to assess the
accuracy of the models. Additionally, these data will continue to be part of the machine
learning process to continuously validate the models, ultimately confirming their

feasibility.

This study integrates on-site rapid screening data, including soil gas, soil, and
groundwater headspace concentrations, to establish a layered contamination distribution
model of the site using the Radial Basis Function (RBF) method. The model uses the
layered contamination distribution within the grid corresponding to extraction wells as
input parameters, along with groundwater level, operational parameters of remediation
equipment, and exhaust gas concentrations from the extraction system as the output. It
employs three algorithms—MLP, RBFN, and KRR—to build predictive models, with

preliminary results showing that the KRR model performs best. In terms of regression

13



model R? values, the training, validation, and testing sets achieve scores of 0.87, 0.75,
and 0.76, respectively. An SVM classifier is used to determine whether the exhaust gas
concentration meets the threshold for catalytic treatment (>=750 ppmV) or whether
alternative measures are required due to low concentrations (<150 ppmV). The best
classification model achieves accuracy and AUC of 0.95, 0.91 for the 750ppmV
classification , and 0.88, and 0.95 for 150ppmV, indicating substantial predictive
capability. A remote monitoring system has been installed on-site, and data collection
will continue to feed into an edge computer, enabling on-site application of the
predictive model. This approach aims to enhance remediation operation efficiency,
reduce remediation costs, improve energy conservation and carbon reduction, and

ultimately achieve the goals of sustainable and resilient remediation.
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(a) @ SEEis (7 6 cnps P 27 207 4, (b) & RPO T chf s {7 6 pr i 81 &

Rl PR R
# #H R R : Remediation Process Optimization: Identifying Opportunities for Enhanced and More Efficient Site
Remediation,2004
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EE SR NARE - A TR AL S S A “,ﬁ% B R A fAR “,f
3N F - AL FAAEREd A FEREAE YD 5 Dual Phase
Extraction(DPE)(] 2-1(a)) > ¥ - f& 5 F P& idpigd B - g ¢ R 0o fE5
Two Phase Extraction(TPE)(®] 2-1(b)) ; # W% i% % Solid Waste and Emergency
Response ¥ = Al 4t** MPE ~ %+ 2 Fentfie & HE X MPE 2 8§ # » 3k
Tk R MPE £ % it DPE $i— 5 375 0 2 $ ifri% 2 (Bioslurping)
T E G ERET AW O FFEARF ARG FRRFEF 1995 £
B3T3 T OREHG kAL IR B ip cht it dp 51 (How to Evaluate Alternative Cleanup
Technologies for Underground Storage Tank Sites)p'| #-#v i % 5 & S ¥ _#% » DPE
FoF > T4 = & (Double Pump)DPE #:j#722 ¥ X (Single Pump)DPE Hjtv > 257 7
ST AL DPE Bl e B 16 — B 2K O b o
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= KRLE i K Gaut ge iqui ing
T REREBEL W e fiiE=t 3 Atmospheri , u \acu m Pump To Gas
—_ Air Bleed ‘.Ja[ e P>, Phase
! Ul = >RIEEE - Treatment
Z

EBKAT REBFORE Static Water Table

N P N . =
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FER ‘ - § Suction Pipe:
ViyslE! e 4o Liquid Flow
SUKRE
%% B ¢ IS LS MR B SR
(2) Double Pump DPE (b)Single Pump DPE

#H R : U.S. Army Corps of Engineers, Engineering and Design Multi-phase Extraction, EM 1110-1-4010,
1999
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H % DPE i sop i ahk Ed i 2 F 5 10-9~10-11cm2> < ** 10-9 cm2

E]n] 7 SE *
al. 2016 %= 3
i% % (Air Permeability) F >
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2212k IFFTHHBKS BER

EEM% SRR ]

kiavd k4 @EREsy
W22 2w vk 4 BE RS ok 2-1 9757 1A BT F %
» US Army 1999 # RI4tt 2 8 1 3 e de frfe & 7 I ihii
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» %% Rohitet

& F

Hydraulic conductivity

Type of Soil K (cm/sec) Remarks
Gravel 1.00E-01 Very High
Coarse Sand, Fine Sand 1.00E-03<K<1.00E-01 High to Medium
Silty Sand 1.00E-05<K<1.00E-03 Low
Silt, Silty Clay 1.00E-07<K<1.00E-05 Very Low
Clay <1.00E-07 Tends to Impermeable

F o4 %R Rohit Maurya, Umesh Kumar, Comparative study of various soils upon addition of different materials
on the basis of hydraulic conductivity parameter, International Journal of Engineering Research & Technology
(IJERT),2016
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7 4L &R ¢ U.S. Army, Engineering and Design of Multiphase Extraction,1999
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F# k& : U.S. Army, Engineering and Design of Multiphase Extraction,1999
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DPE #d T -k 2 % (<90cm)end-ht e * i i FIEE0 OB F) L TR RN
FEFFE B F R AL e a B MORT 3 e ehw T AJE A 4 5 e & SVE
JosY BRI F P i A e A g > & DPE kSR R R dy
F1

2. B pH
B RdE A
M g i ag 2 DPE 6§ & A “,ﬁ% :
7 # &>0.5mm Hg
# 8E< 250~300°C
= 41 ¥ #> 100 atm
L IR SN
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3. BAP K ALH

RS

BFL e g W SR e S R B @ A0 D MR D
PRLE G N ApE A3 0 401993 # DavidH.Bass #% 11 8L EH B 7 &

Wil
I fade T SN s e pEE ngXt(QO::}dv A ) t: 3 F PR h: EEdE éﬁ?#ﬂﬂ)m
P HFR LR - R RFEER I ER G A 4‘*"?/§§§*“ (4§ 2-4)

In ()

P} =P}, = (P — PL)— R (2.1)
In (R_w)

Jimmy H.C. Wang ** 1997 & % {7 e [ Design of remediation systems | ¥ {7 ¥ &
B2 'iéﬁiﬁj%’fﬁ—i%pi‘%ﬂ B-E o R E SR Y BRI DT e
WO RRERT > TGP R Sk 22 A1 0 A B R%RY 0 &
quOONHX) 2 P2 0 [~10%0E F R RT L R EEID 0 5 adp b s

%Q&*’*P*ﬁp WA 59 B 1T S oS R T AR M iR 25k

P2 JE4r Yan & 4 >0 2023 £ 43 SVE & Svaik 3 U2 8GE 7T P FauT
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Michelle Matos de Souza % A (2016)R] f§ i* 7 F ¥ 2| 45 fecn% i* > 12 peaceman
4] %2 £ STOMP Hi#z bioslurping £ s it ¥ 3 (75 B 5% > %ﬁ E: R0 PEE: B3
¢ g% 45 5 Shengqi Qi ¥ A L A1 BB B ML Y iR SHERER
DPE H it (7 50 v i BF) 3 2470 B3 a3 B BFR o Rl dhdk i
ER A BRIES PR PEET LT - BRACPEET LR A ¢
234 o

Effective Radius (ft)
80

60 - 1,1,1-TCA
—+ Benzene
* PCE

40 = Xylene

¢ Fresh Gasoline

-+ Weathered Gasoline

20

W

1 I
10 100 1000

Qth x 105(ft2)

-

& #R R : David H. Bass, Sc.D., CHMM, Estimation of Effective Cleanup Radius for Soil-Vapor Extraction
Systems, 1993

W24 3 b R adp i ik B 6 e f § scB P2 im0

222 A RIRFERBFHFEE

Soil Type Radius of Influence (ft)
Coarse Sand >100
Fine Sand 60-100
Silt 20-40
Clay <20

74L&k Jimmy H.C. Wong, Chin Hong Lim, Greg L. Nolen, Design of

remediation systems, Lewis Publishers, 1997
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TR
2" ~8” Sched.40 PVCZ &
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o
)
=
=

Sched.40 PVC# & # ¥

F ok kR : How to evaluate alternative cleanup technologies for underground storage tank sites-Aguid for
corrective action plan reviewers, USEPA, EPA 510-R04-002, 2004
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feg g dLiidp p AP Bk g L RS B Aot § PR ko IR PR

]
BEFR R A I B EA féfi““}\,);% R S S I S I Sl
BFER A b RS L g FARARNEZRDLE 0 SR
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B Oh HER

i%wﬁ%<m K AER - BMER ASNE T REE S F AT
R4 22 SVE % % 4917 » Jimmy H.C. Wong #% 1 3 b 4% 3] 5% (Regenerative Blower) e
BEZRETE G AR 1200H20 0 & 58 & (Rotary lobe ) ¥ 17 & 4 . # ¢hE % A&
(10-20"Hg); @ %4 £ WKEE SO MPEH (Fip3l  ER i 3 REVERF L
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(c) Liquid Ring Vacuum Pump

T %k : Gast ~ Howden ~ Dekker fi 7 2145 E# b £ 6 v 2 R85 23 452 # it d &
262 FAAANRBERNEE?T - HEFEH STV XK

ifodl st o DPE ﬁ%%%ﬁm+ﬂﬂ§%m@4’uﬂ@@ﬁméﬁ
| R B g 4 RIS B2 ki L T T S SRR R P
ADPE i 85 R FEZ KBS (5 EA) A E %Tkﬁ% VOCs ik &
@D%Cm@n%ﬂiﬁﬁﬁﬁ@%ﬁ%éﬁﬁﬁ BRGNP NG
WhimB4o 225 AIRST i VLR ¥

4_\..

\\‘.&

=

o

<l
o

29



0, = 2nR,u,H = H(ff)i——P—;;—“5 P.—(Bﬂ)j 2.2)

LRER s “ﬁ? £ (kg)=3 F )k & (Cofreas, kg/l)x-T 35275 £ (F, L/hr)xH i® P #ic(t, hr) >
AT L

Coffgas(PPMV) X 10_6(1/1) X 56 (g/mole(iC4H8)) «

0.082 (atm b

offgas ( /l) -3 (kg/g) ...(2.3)

°K - mole) xT(°K)

F(l/hr) = F(scfm) x 60 (mm/hr X (l/ft3)>
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Vapor Discharge
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Compressor —\ Eluwur—\ |
Legend:
I . . Vapsr Phase
Adsorbad Phase
s
% Dissohved Phase
Y Water Table

ok k&R : How to evaluate alternative cleanup technologies for underground storage tank sites-Aguid for
corrective action plan reviewers, USEPA, EPA 510-R04-002, 2004
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RérdeFEREIERZ KEFEBT SMSBRRGE G LR 3L F
B4 - 10~I5psig> F@ABFRF FHR o LF RS FLIALET IR
(Battelle, Final air sparging guidance document, NFESC Technical Report TR-2193-
ENV, 2001) :

Pfracture (pSig) = 0.73 X Dy [ft] (2.4)
Dgoulft] : # 4 FI B & & B 78 28 chfEdft
Pressure Indicator

Flow Regulating Valve
Check Valve

NN
K

Y Manifold
From Air

W Compressor

Sched. 40 PVC
Solid Casing

+

Cement/Bentonite Seal

Bentonite

Total Depth: Variable

Variable

Sand Pack

Slotted Sched. 40
PVC Well Screen

Flat Bottorned, Sched. NN
40 PVC Threaded Plug

F ok kR : How to evaluate alternative cleanup technologies for underground storage tank sites-Aguid for
corrective action plan reviewers, USEPA, EPA 510-R04-002, 2004
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m;;g,lﬁ; 2 g3y fﬂ“ WER T 113G AS/SVE s sienffjiasx s @ &l F SVE 1
Peit™ o HAH AS endfe (v B 2 5 f2enf BFF > 7 g 0TS SR
JERES S
103L 10~%kg 0.33kg — HC
m3 mg . kg — 0,

Ryw =Veoiy 'm0 (2.5)

Row * &¥ § BHI ¥ T RT3 R P s § 2 5% f2:¢ 7 (kg/day)
Vsour * 2% 32 M A% (m°)
n i 3t M & (L-pores/L-soil)
¥ F #5333 T okt (mg — 0.2/L — water /d)
223 F2 B TRAREAFICRTBEEY B

A 1 F7 E HFot(Artificial Intelligence » Al)p 1950 & B 11 Rk »>ig 5 & 570 %
E O FTIREMFE 0 K 1980 £ AR LS BE Y o eF B 1 2010 § FIFER
EYHEIFFEy > BALAFEDFELERY Ko FRE L 4T R > Jagadeesh ¥
{2023yt i 8 PR % Bl IE ] 2:0 ST XS EE P SRR S Y
i F NN ks BT B (4B 2-10(a)) 0 H P oo €A 3 5 % (Artificial
Neuron Network, ANN)= ;2 72 ch{ R Y > ZRFEZIFREE Y (0B 2-
10(b)) » + 2P # B« 32 A4S AL ST chi ¥ Hiir s & 7 1 AJR g
et end AR S8R R EE LRSS

Ryan Haggerty & * (2023)4] * E Bl TORF A RT3 B AR

KE Sz g S (4o B 2-11) BT fead 2 b e B R T &
HWEEY MY AR 2-3 % & 2 45 R FEnd 2-4 ¢ F g Tl & e
LEd e 350 P&T~ T o % 18+ #2(SEAR)~ 3+ 4 4 %75 (In situ Bioremediation) ~
% B 4 (ElectricKinetic) ~ 1 #» 4# 5 (Phytoremediation) % > #¥43% LNAPL & * 1 DPE
R FEL L > omKE 247 'J—"J ¥+ 7 pa)@% chp e 4R R 2
Matah 3 27 ¢ B Al AT @ S & 2 iy > XA EenER
e ericAly B OREfra B LR E R S TR AR 0t BT R
Al edg fedd > F] LB A SeOECE] € %ﬁs‘@%‘ab @ E ) H AR T R m R
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w4 it (Bloslurpmg)fﬂhL it & @ LRI PR i eh% oo Shengqi Qi ¥ £ (2020)
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17248 % SVE % 3L¥ g 4p @ﬁa?]#s‘f:;“ » Christian Wolfsteiner & * (2003)z= = 1 #
scdp % 23R 2 03 4P ePw fe 03] ~ M. TH. VAN GENUCHTEN(1980) 1] *
BH e Y RN ARZE T Aok K4 B G pHCA] ~ Hung-Kl
Yen % 4 (2003)4*- 4} bioslurping “h3-ht 58 W T = 22:8 {7 7 fiHE ~ Samanta & 4
(2019)4* %t MPE ¥ % 4 5~ 3 (Bioslurping)i£ & 11* STOMP #ihtw fc & % 1*
Ao g iR afii gl E 2 > X0 S, Qin ¥ £ (2008) {1* SCA(stepwise cluster
analysis) & ﬁl_\@_'rﬁ'% 2 3RRE e w T £ £ 11 GA(Genetic Analysis)i# & 4 5 € p &
BE R iea kA sciRi 32 Yan Shi & 4 £ ¥R T 8 Al L
41* CFD(Computational Fluid Dynamics)#-2] & &3+ & #iedy 5 ﬂiﬂ » By A o
& » £ §1* ANN(Artificial Neural Networks)¥g | # »x 5 22 NOX #3c & > £ ] *
GA g B2 IT S BBt Z > #3087 L85 #RFRT g
Fo v EAFAT 22 Pyo & 4 (202001 % & £ ¥ Convolutional
autoencoder = j* 'f Mg 2 R E £ %Fs A 25 ~ Cozad & 4 (2014)?I | % B
4] (Surrogate model) 77 £ AJT 45 3¢ - PR AR TR T TR R
E{ P~ g izeAtF :k%-xﬁét A 3R e % (ANN, Artificial Neuron
Network)® % & g v % (Multilayer Perceptron) % < # ﬁ!}&'. #c(Radial Basis Function
Network, RBFN) e 8 (8 2R B & ¥ 60 2 > 4ok § 2 REcdpanfiinT » #F
o B &%ﬁli”\ﬁﬁwmn%%&%’”ﬁéwﬁﬁ”*in°
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B Motion Capture
W AR EBRE

B Computer Vision
BARRR ~ it

b %k © Jagadeesh Kumar Janga , Krishna R. Reddy’>, K.V.N.S. Raviteja , Integrating artificial intelligence,
machine learning, and deep learning approaches into remediation of contaminated sites: A review, Chemosphere
345 (2023) 140476
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7 4L %k © Jagadeesh Kumar Janga , Krishna R. Reddy’, K.V.N.S. Raviteja , Integrating artificial intelligence,
machine learning, and deep learning approaches into remediation of contaminated sites: A review, Chemosphere
345 (2023) 140476
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Number of Publications
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groundwater quality modeling - A comprehensive review, Chemosphere 345 (2023) 140476
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Radial Basis Function Network (RBFN) & - #& * 1 # 7 % % (Artificial Neural
Network > ANN ) sriF 7R 55 4] - &2 @ sien 3 K g 4% (Multilayer Perceptron » MLP )
% F > RBFN & 5 - & j< % A S #c (Radial Basis Function » RBF ) 1% 5 " & > 14
2 - UL K o RBFN 608 § % 454 Fl 2-13 0 1 8 3304 & 42 ¢
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31,?]» % (InputLayer): #% %p &%%ﬁ%,\%&@i )

j e L S #ick (Radial Basis Function Layer) :E-%LRBFN m’%fé& Koo & TB; #¢
EAft k- BES A SE B mﬁtﬁﬁﬂ BT 2RI B R B AT
G}I&%E\;J‘& %J)\frt‘ :u\F'&mﬁE,gﬁ,

sttt A (Linear Output Layer) - i& & RBFN ehiiy I » 0 #-/2w 2 Sl
ol e fR AL &0 B 2 b Sl

Hidden
Layer

gk

-1

MLP
RBF Layer Output Layer

K-means
Input Layer

® 2-13 - RBF 3" 3U3
RBFN 730 UL % A 5 7 B 15 £

¢ N S S L FI E 9 ﬁ.&&”—fzrl b_rg»é@,gtmé NEETE #K,g ﬁ%’z\@?.ﬁ, (41\:'
k-means) % R o gl ¢ o BA T ﬁ%i] ZREY g & FH U AR ETA
#9113+ 4 4 RBF = :
(Xwo') = eXx M (2 12)

B W p 20?2 .
BERY : bdodel ¢ w2 (5 A BECL RN R L B AREL B
U 0 MLP $i 30 507 24 b obias F Y R E 0 @30 SR K B ] £
£ iEw RBF & -

RBFN i 4t 20 8 245 cngg & i 4 fofeleciicaid B o v P § * %531&
BAT >~ WV ER SRR AERIEZRT P o R > RBFN ki ey £ 5 -
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AL ESEBRHT R Hak2 g FEs Ak

E P o Gldho? e e B 0 0 E DURE 2 R e o

Ly EA Y o B F R PR Y Skl b4 ¥ @ & (Learning
Rate) ~ 3% % = #c(Iteration,Epoch) ~ 7% i* & #ic(Logistic ~ Tanh %) » RBF # |+ 11§
%%73%“””ﬁ9#&&%”é* RBF "$0 8 o skt & 2 ifli# § e

TOfRTERSE K R R 0 44 Jagadeesh et al(2023) & B r13E i B Y skay oh

e et 25

225 BELY FRKURBELE B

Various model-performance evaluation metries used to evaluate Al/ML/DL based models.

Metric Formula Metric Formula

R Sy — ): Root mean square error (RMSE)

13 s

Mean absolute error (MAE) Ei’;‘ b" _ ),‘l‘ Mean absolute percentage error (MAPE)
Mean square error (MSE) 1 Z:=n i y‘[,g Willmott's index of agreement, d

n
Relative absolute error (RAE) Ei? ‘J‘ — 5’“ Relative error (RE)

ZEifye -7
Precision TP Recall

TP + FP
Accuracy TP+ TN Cohen's Kappa coefficient 2 x (TP x TN — FN x FP)

TP+ FP + TN + FN (TP+ FP) = (FP+ IN) + (TP + FN) x (FN + IN)
F1 score 2 x precision x recall AUC Area under ROC curve

precision + recall
1Q QB-Q RPIQ Q
RMSE

o Probability of FP ] Probability of FN
TErate a+ fi Spearman’s rank correlation coefficient 6x Y d

TRz -1)

Notes: y; - predicted value, yi— actual observed value, ¥ — mean of observed values, n-total no. Of test values, TP- True Positives, TN — True Negatives, FP — False
Positives, FN — False Negatives, ROC - Receiver Operating Characteristic Curve, Q; — value below which 25% samples can be found, Q5 — Value below which 75%
samples can be found, d, —difference in the ranks given to the two variable values for each item of the data.

ok %k © Jagadeesh Kumar Janga , Krishna R. Reddy’>, K.V.N.S. Raviteja , Integrating artificial intelligence,
machine learning, and deep learning approaches into remediation of contaminated sites: A review, Chemosphere
345 (2023) 140476

3.% #F » & #%(Support Vector Machine » SVM)

SVM w4 5 545 - RN (RTw ) v TREIANSE
:.f‘:'a‘_?,;l’:é&“’i’ii\i ‘ﬁ,’é_i.ﬁ'a‘,iﬁa&“‘”L’?{I\i§é_$f=/a‘_§';@“’?{——
BB HDEH - [, ﬂ']{ﬁi']— Brob XA EHAZFFE (TPER)
FATT o AL E Bt BIEATT B 0 B AL IR S AT 5 Tl BT AR (JE
AR ) R ’iﬁ'ﬁa%ﬁf}fﬁﬁﬂﬁ Tk AL A e E fi—ff\"’ AT
E"ﬁfi}'iff”% wo e L AR S ARG EREE T ANLT 4Kk
% SVM # M E EFH I - BRELT 6 £FHA R HTRET /w\ﬁdfi’SVM
i * Fh 3T (KemelTrick) BFHP R BATEF > AZIRFY TRT L LA
VA F Lo Sl s 42

Jul
‘s‘”*

3
lﬁa

® A {i(linear) © i * PTAMET A Hidy o

® 7 3 ;' {2 (polynomial) : i i F IF ;N P BT HR AR SR SN o
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P EapEER 2024122 11p T =
£ é/ﬁ%?)é;?

® oo Aadicy: (RBF): Bk * chpr ol — > i & 4 5 BT
® Sigmoid 1 : %703 SRR P Hifds i o

v

T L SVM HE Bk

SVM Algorithm
The Support Vector Machine Algorithm

« Initialisation
— for the specified kernel, and kernel parameters. compute the kernel of distances
between the datapoints
+ the main work here is the computation K = XX7
# for the linear kernel, return K, for the polynomial of degree d return %Kd
# for the RBF kernel, compute K = exp(—(x — x')?/252)

+ Training
— assemble the constraint set as matrices to solve:
min _J—;foiijx +qTx subject to Gx < h,Ax=1b
— pass these matrices to the solver
— identifv the support vectors as those that are within some specified distance of

the closest point and dispose of the rest of the training data
— compute b* using equation (8.10)
+ Classification
— for the given test data z. use the support vectors to classify the data for the
relevant kernel using:
% compute the inner product of the test data and the support vectors

x perform the classification as S:;l Niti K(X;.2)+b%, returning either the label
(hard classification) or the value (soft classification)

A5 SVM #30 2E 404 ey chad2 = 5% ;fg‘?ﬁﬁ /% (Kernel Ridge Regression»
KRR) 9 7 St w jFeh™ 2 2 Pfsmdist g oy Fenieis L;*i’ SVM #1% f e
B é;%?ﬁ%&]lﬂsg;’” WA S THEP PR SNEY S KA S
Boenbo) MR 2 F Pl AT T ST Sl HONBR R R éﬁﬁv}%éi RR]

ngiﬁ’@ﬂm&% FFRERE N S ER AR

j&pﬁﬁ{s;ré,-ﬂpjw SVM g’gf—?,éa\zfiguﬂ’-,—éfg/ﬁ,,;;% W E I i
d S By ERE Uik =7 4 ¥ KRR ¢35V iE f%r_aaﬁr’?g\ 17 o
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hg _ bht bhb
-y R;“ =1,when hi™ = hy, ,pper and hi™” < WTyy,;
C. . . = l—lh s < hq hbhb hwupper bht bhb > (32)
ini from soil ZCiRid Rl = hPRb_ pbht ,when hi < hw,upper and hi < WT
hg _ WTini— RY™ bhb bht
R," = W, when hi"’° > WT;,; and hj"™" < WT;,; )
L L
1
Y Cini from soil ,ixd ) . ..
C = soil to extraction well j,i 3 3
unsat of wellj — 1 ( . )

dsoil to extraction well j,i
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daily
Variables W:]L'g:“ °ffggsfp' Max_vac| freq SOU?VU' duration | p_depth |operation| ind wt | PID0 | PID1 | PID2 | PID3 | PID4 | PID5 | PID.6 | PID 8
time
Well_number| 1 015 | 032 | 014 | 036 | 069 | 042 | 024 | 006 | -022 | 062 | -04 | 034 | 04 | -041 | -00L | -058
offgas_PID -0.15 1 0.43 0.11 0.18 -0.49 -0.43 0.11 0.49 0.61 0.02 0.64 0 0.64 0.29 0.65 0.04
Max_vac | 032 | 043 1 023 | 013 | 015 | 042 0 045 | 054 | 038 | 027 | -027 | 028 | -019 | 066 | -0.36
freq 0.14 0.11 0.23 1 -0.28 -0.2 -0.31 0.36 0.05 0.43 0.07 0.31 0.33 0.32 -0.05 0.36 0.27
source_elev| -036 | 018 | -013 | -028 1 035 | 011 | 002 | 048 | 007 02 02 | 026 | 017 | 044 | 005 | 005
duration | 069 | 049 | -015 | -02 | -035 1 06 017 | 049 | 064 | 048 | 078 | -025 | -072 | -033 | -047 | -053
p_depth 0.42 -0.43 -0.42 -0.31 0.11 0.6 1 0.07 -0.11 -0.59 -0.26 -0.5 -0.21 -0.52 -0.2 -0.42 0.44
ly operationti 024 | 0.1 0 036 | 002 | 017 | 007 1 02 0.2 0 014 | 001 | 014 | 015 02 0.02
ind_wt 006 | 049 | 045 | 005 | 048 | -019 | -011 | 02 1 026 | 025 | 019 | 032 | 047 | 038 | 035 0.19
PID_0 -0.22 0.61 0.54 0.43 0.07 -0.64 -0.59 0.2 0.26 1 0.3 0.89 0.15 0.9 0.14 0.86 0.27
PID_1 062 | 002 | 038 | 007 02 | 048 | -026 0 025 | 03 1 043 | 039 | 042 | 023 | 006 | 059
PID_2 -0.4 0.64 0.27 0.31 0.2 -0.73 -0.5 0.14 0.19 0.89 0.43 1 0.22 1 0.24 0.76 0.4
PID_3 -0.34 0 027 | 033 | 026 | 025 | 021 | 001 | -032 | 045 | 039 | 022 1 024 | 018 | 003 | 059
PID_4 -0.4 0.64 0.28 0.32 0.17 -0.72 -0.52 0.14 0.17 0.9 0.42 1 0.24 1 0.24 0.77 0.41
PID_5 -0.41 0.29 -0.19 -0.05 0.44 -0.33 -0.2 0.15 0.38 0.14 0.23 0.24 0.18 0.24 1 0.02 0.44
PID_6 00L | 065 | 066 | 036 | 005 | 047 | -042 | 02 035 | 086 | 006 | 076 | 003 | 077 | 002 1 0.02
PID_8 -0.58 0.04 -0.36 0.27 0.05 -0.53 -0.44 -0.02 -0.19 0.27 0.59 0.4 0.59 0.41 0.44 0.02 1
4k 4 4 > 1
346~ & KRS B 4
Variable| offgas_ |Well daily
ariable) oftgas_ \WeLNU| y1ox vac| freq | °“"°®~|duration|p_depth|operation| ind wt | PID 0 | PID_1 | PID 2 | PID.3 | PID. 4 | PID 5 | PID 6 | PID_8
S PID mber elev time
count 422 422 422 422 422 422 422 422 422 422 422 422 422 422 422 422 422
mean | 3525 659 304855 53.28] 171.45|2290.65] 410.95] 15.95] 344.09] 727.82] 500.07| 732.63] 68.48] 707.79] 6.12] 29.08] 14.71
std | 54531 2.17] 249389] 536 69.07| 178855 77.38 6.25] 50.85| 643.42] 288.08] 617.19] 9156] 61853| 13.68] 4149 1363
min 0.1 2| 200355 22 100 1 280 0 238| 4231 8843 4141 o| 3387 o 171 008
25% | 51.88 5| 200355 50 100] 908.44 350] 12.79] 307.6] 223.17] 257.5] 216.69] 465 17285 o017 677 268
50% | 146.15 7| 200355] 535]  150| 1930.47] 360 18]  344] 592.7| 52052] 622.16] 28.73] 601.32] 148] 1878] 8.77
75% | 416.75 8| 200355 554 250] 3346.9 500 20| 3795 070 652.6] 1047.24| 122.18] 1048.3] 3.85] 33.68] 24.41
max 4723 12| 10121.39 60 250] 8054 500 28.6 458] 2772.4] 1580.52] 2899.75] 430.7| 2900.05] 71.53] 291.26] 51.97

247~ 57 5 RAFET i ~ RE MLP R frit v R

Model Training Validation Testing

R? RMSE R? RMSE R? RMSE | AIC
MLP-1 0.52 335 0.52 456 0.52 267 917
MLP-2 0.61 303 0.51 459 0.48 276 927
MLP-3 0.55 325 0.62 403 0.59 244 911
MLP-4 0.63 293 0.7 360 0.58 250 922

MLP-1=PID_0,PID_1,PID_2,PID 3,PID 5 : » k5 % » #
MLP-2=MLP-1+Ind_rw,Source : » & /3 %~ F ~ ¥ f# L =% ' 2 F-p B KRRFR
MLP-3=MLP-1+SVE_p,freq,well_number : » ki3 4 »F ~ L #H a4 ~ i
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Model#
R? RMSE | R? | RMSE | R? RMSE | AIC | RBN# | alpha | gamma
MLP—1 0.52 335 0.52 456 0.52 267 917 - - -
MLP—2 0.61 303 0.51 459 0.48 276 927 - - -
MLP—3 0.55 325 0.62 | 403 0.59 244 911 - - -
MLP—4 0.6 304 0.66 | 385 0.58 248 917 - - -
MLP—5 0.63 293 0.7 360 0.58 250 922 - - -
MLP—6 0.61 302 0.67 | 377 0.66 223 906 — — —
RBFN—1 | 0.59 309 0.56 | 436 0.57 252 952 30 0.01 0.01
RBFN—2 | 0.67 279 0.66 | 381 0.68 217 933 30 0.01 0.01
RBFN—3 | 0.7 263 0.72 | 347 0.65 228 939 30 0.003 0.01
RBFN—4 | 0.71 259 0.65 | 390 0.68 217 932 30 0.015 0.05
RBFN—5| 0.71 259 0.74 | 334 0.73 198 921 30 0.05 0.08
KRR—1 0.67 279 0.66 381 0.57 251 901 - 0.00192 | 0.0073
KRR—2 0.77 230 0.68 373 0.65 227 890 - 0.00192 | 0.0073
KRR—3 0.79 221 0.7 358 0.65 227 890 - 0.001 | 0.0073
KRR—4 0.79 220 0.75 327 0.72 203 880 - 0.0048 | 0.0077
KRR—5| 0.87 174 | 0.75 | 327 | 0.76 190 875 — 0.0018 | 0.0075
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ROC Curves for Training, Validation, and Test Datasets ROC Curves for Training, Validation, and Test Datasets
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ROC Curves for Training, Validation, and Test Datasets
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