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ABSTRACT

This design includes three parts. the general part, the specia subject part and the trandlation
part.

The genera part is about a brand new design for Xinjing mineof 2.4 Mt/a. This design
includes ten chapters. 1.An outline of the mine field geology; 2.Boundary and the reserves of
mine; 3.The service life and working system of mine; 4.Development engineering of coalfield; 5.
The roadway layout ofstrip district; 6.The method used in coa mining; 7.Underground
transportation of the mine; 8.The lifting of the mine; 9.The ventilation and the safetyoperation of
the mine; 10.The basic economic and technical norms of the designed mine.

Xinjing mine is located in the west of Yangquan Mine area, Qinshui coalfield. Theshape of
the minefiled is irregular. The length of the Minefield is about11.8 km, thewidth is about 8.6 km,
and the total areais 55.33 km?. The 15" is the main coal seam with average dip of 5°.The average
thickness of the coal is5.3 min 15”. The geologic structure of this Minefield is simple.

The industrial reserves of the minefield are 381.15 million tons, and the minablereserves are
252.22 million tons. The designed productive capacity is 4.0 million tons per year. The service
life of the mine is 70 years and the service life .The normal flow of the mineis 15.25 m* per hour.
The relative mine gas gush is 12m*t and the absolute gush is 113 m*min, so it is a high gas
mine.The coa dust of the mine has non-explosion hazardandthe coal seam isspontaneous
combustion.

The mines a vertica shaft development with two mining levels and direct extension
shaft.The central laneway usesbelt conveyorto transit coal, and the explosion-proof trackless
rubber tyred vehicle are used for accessoria transportation in the roadway.The ventilationtype in
the early stage is centralized juxtaposeand in the late stage is the diagonal form of the two wings.

The design applies strip district preparation to the first band of South Twoand conducted
coal conveyance, ventilation, gangue conveyance and electricity designing.The design conducted
coal mining technology design against the 15701 face. Mine for 276 day years working ,The
“four-six” working systemis used in themine. The working face applies fully mechanized
full-height coa mining method.

Trandation part is about around the Xinjing mine goaf water technology .

Its English title is “Use of Genetic Programming Based Surrogate Models to Simulate
Complex Geochemical Transport Processes in Contaminated Mine Sites.”

Keywords: Xinjing mine; Shaft with a single level; The layout of mining area; trackless
rubber-tyred locomotive; Old empty area treatment;
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1 # XA R F H e B4 AE

1.1 # X#hk
111 FXHEEMNE

FHSRA XA T RAT Ll Bk FR W P 8, P AL i 25 ra A AR L0 s 35 . (L v 3 e
HHEAL T L PE 4 PSR T BN, BHSR T X P, BERHSR T A0y 11 A H . HhERARR: ZRE 113°
21’ 10" —113° 31’ 17", k4370 51' 07" —37° 56’ 31" .

FEARE " 53 ACEAHAR, BHE = S5 AR EAHAE, fR2H S5H PSS, &
JCH 5 H VG EAHAR, PHAE A 53 AR B BRI A s PH SR B X 5 S (2D
BT ARAGER,  BH SRS X 33k S i 5 A5 5 - B 2R3, BH SR8 X IH A 1 3 HH
o A XASEAER] S KIE . BREE T, FEVEA A KL i R S AN X R KR,
S5 dbEIREEN . ERAEAFE, S5, AELEN. vNETRERLE, 260 b
G IETERH SR 54 KL AW, HIUAHRAR. It EME BN XES
K. EREHAAK. HBAFKE. FINEYE ABKEES RS, 1 X ZEM]E R
W 1-1 i,

., p.d,
(2]

1-1 BHORBTA A iE Ay B

112 HifgHIR

FF AL F ARAT W AL B M ) & 1 f e AR L X . FREEE 2L, AR §IX
WA TEAL . REE S R AR, e AU FE IR, HR+1372.6 m, AR AN AR
BRI 4y, #3k+750.1 m, & KAHN &2 622.5m.

113 FXSEFM

A IX g T B R SUR, R l PE BOR R R IX 22—, HRPEFASR T 2 FR 1S
FIIMBERE, FEARRE T

(1) BgKkE

PIAEF ¥4 590 22K, Ak 886.4 2K, KA T 19834F; f/hA 2904 2K, K4
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T 1972 4. BEKZHEPEFENRE. )\ =N, HEEREKER 74—91%. 1966
FE) 8 H 23 H /KB ik 261.5 =K, NAX R ARIFEKH .

(2) 78R

AP N 1885.9 =K, FOKAIIA 2381.9 =K, /M 13191 =K. RAEEK T
IKEM) 2—3 %, & T KRR 2505

(3) "

PRI 10.7°C, — AmEACTIIN—4C, s KR N-19.1C, LA
PRI 24.3°C, BB s iR N 40.20°C .

(4) JAGE A

HAFWZIIN, EEZREN, KFEZFR KHEEK 4—17m/S, A IHE/K A
24 m/S.

(5 H¥E

I 46545 2N 8.9 mbar, fixim ik 23.3 mbar, KA 1 mbar. FEAER) 11 H i
MG LR, SS9 3 AFFIEMR, SR IR E RTIE 600 mm.

(6) HE

RILFEEHEE (84) 111 S 3CMHHEM, ARXJETVISZEHEX, FX, #it
A i 7E B AR I FE R 0.10 g

114 § XAKICIER

KR ETE, R TR, UIEIRIZ, A RER, AR, AT
IKEIHEI AN R K AR, A T REFRISAE, XN Em A, 2l X v e 2 -
A%, AR EN+1495m, B AR AU AR SRR A, R AR R +600, ARX I, SF
179 200~300 >K . - IR T i 3R Ve VAT K R ARSI, BT XN B K TR, R T
U B 1) 45 P v SR (R P RS ARG — o, Y RIS A X i, Wi ARy 490 km?, 4
K 76 km, VPRI T 1%, MR RTTKSCER, WE TSN 033mYs, ERET, —
ek, ik 2~8mds.

1.2 FHHFREFIE
121 FHEMBFEEEEE

ARHHEHER T S A, TERL TR Eh PR UG T 1952 4F, BB AR W R

(1) 1952 4EH B 222 BAEA X #3E4T 7 15 km? [ Hb R & TAE, B klar 74
X Z AR, 7R EERE b, FHARE™ 55 R 1952 4F~1953 4EXF AR X BEAT 1 1EE 5T Bh4%
i TAGFL 114, i3ER 3185.89m, 1954 FF4EAT (= H et g pik ), 1955 4 7 H
I A i 2R

(2) 1955 £ ~1962 4F i 111 76 24 e Tl 8 31 R B B4 = 149 BATE AR X HE4T b I
JRIE TAE, JFATERIE T, 1956 4F 6 H#E3X (=0 H H A iR pE RS ), H
7 A A0 b R B IR R v .

(3) 1963 4= 3 H, BHIRA" 45 5 Hull Ab s A X (1) R i ol RME 2 AT A 7o R, R4 38
T (I H R AR EA R IR ), BRI R
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(4) 1960 ©F~1962 4F, HH 119 BAFEAR X PEHEATY X EhHR, 265t T 68 M4k 1L,
kR 26061.01 m, HiUJE M I & 4615 km?, X 24 km? (— S X 9km?, =5
HH X 15 km?). T 1963 4F 7 AR (= HHT KX RAMBIHRE), TRE 7 AL
TG 24 LT e b SR B4R = LT

(5) 1977 4F, ML PE4A B R JE F 4 B AR 2 W] 148 B, XA X G AT X R,
BhPRVE S T AR 69.4 km2, FLHE 2R 30 A58 /A 771X 13.38 km2, P FI 3 [X i A4 56.02 km2.
it T 4570 86 /N, HHER 51015.10 m. T 1979 4E 10 A5 (=W HHY KX (HAED
FEE RS, TR 12 A& L7548 15 J& <5 7905 5 SCHEHE

AT Hb 5T R 7 RS 25 Hb SR SR AN 1962 4F J5) T SRAEE Ab 78 BRI LA L, AR
PEAE PR LR, it — DA B R n] SR 2 B T SRYE L, S e A R 4 A [ T A i
Fl— SRR R RIS, AR K SCH AR LS5 o 78 D5 U 38 PR B A 78 4R v it &5 L 180
A, R 84340.69 m. fEAE A H T AN AR AR, i TG SL 138 4, iR 27290.96 m.

A X RS B ER A B LA FLAE, 7R s R o S it T FL 136 4, st R
27290.96 m, H I F4EFL 70 S, #ER 4120.07 m.

122 FHHHE

FEHAL T IO H BH SR X PE 5, Hh3iasmr, UIBIER, ORPnE, FAHER. W
i (1) H A T AR AL FLAE R b TERE, K N LR B B AR IR

(L HEHR (O

OHFR T HFIHH (Ox)

ZHFEKENT, K-1 58588 5E S N 287.75m.,

@8 EE KM (On8)

TN BE IR, SRR LRy 5 A s B EECNRKEIRE, SHRML
R ST A s R RSB IR ACE S5 AR . A9 Z R B 214m.

@ glgigd (Of)

S EENRKEORER A KE, SRR 5%, TR NERK A
BRIRVE K S A E RO K S, K2R OE A E k= 28RS 08 R iR .
AL H 2 R 220.00-260.00m, ~“F3 240.00m.

(2) ARZH (O

OHGEAEH (Cb)

PATARBEE S TRE AT SIEIEHy b, FEHKEO., BRORE. RS S50
BRAKEHR, T 1-2 FZEBL . RS 2 EBOIR. & aIRECh TR E .,
B 1m Zity, HEAEKEE T BEERES, JESmAti. SAKE 132, Kil—ZhA
RERNEE, B 3-Tm, BN IBAE. RHME SRR, ek, BRI
Uf, e ion 1 EREAS AR T DAL AR N TS . A Z JEE 41.00-46.80m,
] 45.10m.

@ EgiKEH (C)

HEPIR T FRABRAMZ 2 -, A—8 R UTRUE R FE R A& @i, ~
FFHEZES MM ZE 2 —, EIFHN KRR AW RIRK— KB ERS . Jes . b,
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IREM. . dikiRb s, ZERKEAKE K 7-10 EHE. g2 d 15 SEERRE
AR R, HAREENERE KR ARE R R RATCRIE)ZE . AR )ZE RS
95.54-150.86m, ~f-¥J 120.88m.

(3) ZBR (P

OTFFR LT (Pis)

BEBGTREAMEZ b, M= AMFERARE NI, BB BODREES. Jes.
RAEF — R A AR, HONAFHPEESEMEZ —. EIHHREN -5 NE
HiE. S 4—-82, HbhSheEnXME 12 G SHE), ARERMBIRLE (65
WD, A4 E B JF 45.10-72.00m, “FJ 56.80m.

QTR FAFTH (Px)

HEETARXRE, EEPUR T LA ZE 2 b, RiEEEAEE, KRBT AP

(&) FE (PxY: EESA—ERAGTRIE (Ke), REWH. AN NS
bRV, Y 5—8m. &EBEEHBEARE .. KEOWFRIE S S5KA G EH
B A 1—2 2R % RS L E e ditk, IS 2—3 EHE . ABRH TR
WAL G RD A b e s BRIk K ek . ARBHZE RS 49.25—60.48m, P13 56.81m.

(b) EB (Px®: JRMA—EKAGHMBIE (Ko, HAFSZRRERLS, Bl 5
WAk, JEERCR, —MAE 10m A . H KGR KK aam — R A, XAbE
2. HERKAGH —HRBWE N 2—3 ERGOWIFRRE, Wah S, RN
it . TN — R RGO SRR e s (BFREkEYESE), — BB 3mAf,
b, TaETHN Y FAREE. RBHEEE 75.65—110.00m, “F3) 91.73m.

Gz EAETH (Ps)

KA HET AKX, BEERN 3B3m £, BV T AR THZEZ B, RiEHLE
PERFIE, B NE R A =B

(&) FE (Psh): N —ERAGH -4k s (K, EE 400—7.50m, “F
6.10m, H FHEOM., KGOS Jea kaimbadm, Jah &6 RE8H. K
B2 JE ¥ 68.61—80.23m, ~F-#4 75.00m.

(b) T (PSP ABRTFE NG, K6, SRRk S 5L OH RS
Hik. LHAEROSERE, TGO, B0, FERRDE, TR, EEHE.
IR — B IR G R — MR A (Ko, IRFRAEED S, JEE—8CN 10m A4 B Ula
FONTE, REEGF, HyklZE. ZEEMEE, REERERE, 2ABRMRITRE.
REWE B TREMNL, WAk, fEHRE R RGEE, R SKERL, £ %R RHiE
AL, IR RER . WA, # oM — BN E Ny . ABMZEE 85.00—
104.00m, 714 98.00m.

(¢) EBL (Ps®): ABIHMETHEEE L TEA, LB a. RO ms
Fb R Yes Kok At HEgaMKafnwitadm, HF& 88N . AARNKT L Z
EENKEOERE (K, FRIMIERS, J& 40—50m. ZZEERE NERRE, A
NATE, EAAMBA, REAY%, KR 2—3m. MRS, AA R, ikl
SR, R MWTEREBERE. MPAREIE A 0.1—0.2m SO RIEE, £ EIFINEKE, FIE
— LA, H L LR IR A E K N R SR . A Bt 2 B KR R 180m AT .
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#
o
=

(4 HPHR (Q

O EFEH S (Qoua)

NP Sl S ER T B Sl why i ARy w4 1) S R S S wly e 0 K G iR AR SN2 0D 12
TRRS -, AL, A 1—2 EiN . WEMRD RS, R B
L, BURIRAR . b REEE KL, B ROEYE ERSL; DA s A TR
— ULV L b, ek E R E A R e, FLERECR, EEHEAT, H
TRGEHIVIEIE A, T8 B BEBEUE AN 2 M b6, fEMA K B HLIX, 108 T N — L3 A
KERERLERRZ, BIXRESE A . BJEE 0-45.00m, “F% 20.30m.

@45 (Qp

FE AT T o TR R pE e, A EART PR AR AR DL S, — 3 F )
HAM N OA . A SR AR . ARAEERT R TERE, hRE 454 E oAb A,
A — = 1—2cm R E#R Ok . 2/Z/F 0-25.00m, 14 15.00m.

FaAh, L, BTHAR BT, RUIE, HERER, &ERREMEAE,
DRI Pk T AN [R],  7E— L IRAE SR A 2, TR R ke, &K XA AT E
JIMER, X EeWr B0 5 IR, B T BRI AR . X e HERR ) A A
B, NEEHErIER. EEZE 05—30m AL

123 FHHE

FHNGHEFEAAR R EGERFHM SR TR, 5RuT:

(1 KJEA (Ct)

A NFHFESHEIZE 2 —, HZEEE 95.54-150.86m, 14 120.88m. H— & ik
L HMGOR, VIR ER, ZHERE, s aEL, RIEVTBUNEE A AR 5N .
L F=BL

O FB(Cath: H Ky AR B IR E Ko f1 K B R 1L, JBJE 20.36—36.52m, *F-14 30.58m.,
M4 ZHEM 1-2 ZEZHM, B K ibs ORAfg— bR, BT REHMN
RS, JEJE 0.60—16.80m, “F¥J 7.14m. EIKOME S MRS, JEE 7—23m,
P15 13m. 15 5. 15 SR : 16 5 SRR H PR A OMSIIE S, BB E R
AR, AR SERKS, 85 15 SHEEIA—Z, B 0.60—3.85m, “F1
1.55m; 15 542 CBIEAIFE) AeItHfRE ] REE, JEAE 3.80—8.85m, “F14 6.29m.
15 5 S Z HEZTUN B AU RS . hiba; 16 52 HE B AR, BE 0—10.33m,
-35) 2.03m. A B S TR IR SRTgMETTRR, i SO I VR AR A ek VR AE BTN

@ B(CatD): H Ko AR ERHEE Ko F KA T AL, JEE 43.41—65.18m, 744 51.31m.
FEB Ko Kaw Ko ZEAKE, 13 5. 12 5. 11 SEEMB RIS . WbESH K.
Ko IR AT A H A 2—3 285 SR e a fror#l, e 232 R A B, BRI
A, BB 6.50—16.22m, “F3 9.26m. Ka: RKEAKE, b FEERMEZ, FEa,
HEKREMEEGZ2MA, MAEAKS, JEE 202—10.22m, 3 3.50m. Ki: RKEG
BIRAE, BUEYUIR, SRR EZ (TEHER IR RV 2 XA, TR — SRR ek, 4
MBEAKE), JEE 1.80—4.12m, “F35 3.15m. ABJE Tk iEAH — Ve 5 v AR Be B .
FrérfiZ, 13, 12 SEES AR E REEREE, 1 SHEENARERTEKMEZ.
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@ EEL (Ct®): H Ky KA TR E K7 WA 1E, 8% 31.77—49.16 m, “F-¥J 38.99m.
ABFEBZHEEZE (9. 9. 8. 8 1), FYIRPAERMBPFRIEEH K. KB N=MIH. 4
TUAE AR VREEAHAIE R VB EEARUTR . FTRT S E . 9. 8 S Z 3 R e R E n) KA
E, 9 8 5HEM AR ERE N KME.

(2) thtid (P

AHH K A RERE KgAKk, EE 45.10—72.00m, 71 56.80m. Tl 6 )2
M2 (1—6 SHE). Wha kb iijes. endm. K7 iba: NRKAGEERP A,
R EE IR, BOIR EENECIRE R . EJE 4.00~12.30 m, P 7.13 m. AL 3 EE i) i MEAE |
TREEAE . RKIBEARF R B EA TR . BT &2, 6 SIEE AR E /T K=,
ISWMENEIHFE T RIEE, HAe 1 2. 4. 5 SHEW AT E T E A oA m]
2o

1.2.4 FH A FE M E

FH AT BHIRAT X R B RS (VG 58, 7RIS SR Ik — R R G L R B
TEPIH EEA12 2 NNE—NE J7 [ JE AR, LABCHRE R 0 5 RS G Aa 8 32, 5275 al RHE ],
#EIAL FARAE, AKX, BRI SN RIR. IR, S TBEHE. 1F
FIH 2 UL BT R P22, B bR R SR AR AT R AN T, (EAE — RE H X
W — AP E AR, XEAFRTERS, ARAA MRS, MR T RIS
F k.

(1) 4

RGN IR AN A =T R a2, AFE G R A KN 23 2. Bl KB R KN 7.2
km, /R 200m. BB L TE 5°~8°, I KAIIA 14° , Jaltsth Xt BUAS B 1A 4 il ] sy
ik 25°

(2) Wiz

KX KWEAKKRE, KPERWZEE D, £ LR & T R&EEL —+
ZAKBIIEWZE, EAEMEAL, R2ESLK BN RBLE (LA SESIL BEEE
HEL, R NIERZ, ARYEZE 6 ZHER, TEWFE A 20 m, AKFBiE N 25 m, W24
TR N 475~550 m, %W 2 RASWT T KR A2, st BB BAa e, 8 E A
JZ o W2 R ), AR 2 — /N 2 R0 5 2 5 m) 751 1 4 R A B, e i AL i,
iff 20°, KTREfHK B 2000 m. Rk 4h, 4R ZH3E% 2% /T 5.0 m LLUR 2R
INITZ XS — RSB B, Y AR AR R R AR R 1) Bl R AR R

(3) [ET&EHE

RIXFEEFE LR T, EARFEEENSETHESEEE (52 51 M), 8
TR X AR S E X ik 13 ME km?, B4 N1E, AHEIHEEEERE 514, Ty 1
AN km?o EAME P E 2 SR B E R KIRE, B 5 97.3%,
I 2.7%, {EHITH 2T K EMEERE, BEKZETET23EHNTVZEE (Eilhs
), ERER AL A T KPR, (EAREAR K.

FH AR BE DA BEIEAROR S, R R v R SRy i, W2 B /N2 (]
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Wiz, X BRIX RIS TR BN, (B R TS SR B, — e FEE BRI B 1R IX
X7

N TEE I a R

EREIINT, FH A A I R R P TR T i 2 SR A

1.2.4 FFHKCHLR

(1) K

F H B AR IBIE T K R, BT XN B R BT, IR T A 14 2 o s i P o
TR, M ERRAAX . FIEmEAA 490 km?, 4K 76 km. ARG T
1%. JHEMRHEHR T ASCE R, PR 033 mYs, EMET, —alik 2~8 mYs. K
R 1956 4F 8 F — IR KMt K &% 2200 m?s.

X N IR — R FA . BRA . A, BTN IRR . W R 2

FN . FAETKERAD, FEANTRE, FEKERGEZRK. EFKERK, W
fEEBELRK, REHE.
(2) FEFKERFEKZ
OFKE
() BB RFPGAKESBEBREKAEN
HANHHNEREENSKEZ, R, —BEREE580m At F3EENHRK

O EEJedAICE « ABRIRIE R ACE oA K s, NGIEA, JEEF15 240 m, 2R, ¥
ANKE, BAKMES: PHNK~EKOEZRAK S ARIRE RS, A ESZEHE, R
FEF35 180 m, IR, AWKE, BAKMEFE~E, AZSKEHNEESKE; FHE
FORNERRKOMURRA =S . AES, NTSHZEH, BRI 160 m, 2. S
KKE EKHES.

HHHNEESKERN ESFIEH FB K& NEILVEARIRA KA K, EEKTHHK
R TR, HBiE R KN 0.9~24m/d, HALH/KE N 05~25L/sm 28, &K
PR SR, B KRS 1E KA £E+389.87~+521.62 m Z 18], FFH PEEI/KA B E, HEBK
fiX, BT — N H Ik A AR LR AR

Y5 H AT TR KSCALF R, 4B BHIEAE R 2005 42 il B BH AR AT X 56 7K SCHiL
P, A I BB K K AR S A 2 E+389~+522 m 2 [8], il PG AL 2R 7

(b) fimALGKIFEHENKZE

SKERANUT AR E (K2, BAKE (K. BAKE (K4 ZEKE, ZEZKRE
W DAY A ICE S KR NI N E S KE, BT HGRER, JUBR KA AR
RE» KEBDEFLE I Z KA RN R S TC B B AL . /KR 56 %R, B3 /K 7 0.0006~
0.00431 L/s* m, 5i% %% 0.00316~0.0310 m/d, &5 & KIERI&KE .

(©) ZBARTHIPEHEKE

TAKEFEN K7 UL LTEH BRI S, JUE A REIIAKE, Akt RKHEG L
IKAL VEFEEARAA K FadhyK il ge BTk, BL47 77K & 0.0002 L/s *m, £1% %% 0.0011 m/d.
JE& 55 K I A R R E K E



o [EA LK 2016 AR ol i1 %97

() ZBRTFTARTHWARBSKE

HHANRSE TAETHRE, HTHERXR, HAFMFE. S/KEL K8, KI L
J K10 LRI A # AR B EIKE, K8 ibE A NARTHIE, BRas R, JEEARLE
K, —HH8.00m. KOWARE LM, ZAMN, —MHJE 10.00m. HEHKiRIE TR, AL
JH7K & 0.0251 L/s 'm, 7£ K10 PA R 25 7 = A 7k ik 5e 9ok}, By 7K & 0.0031 L/s m.
J& 55 & KM A RS K E

(&) &R ARG TH AR EKE

CKEFEN FAETHT RS KL, K12, ZWEREAEFHTZHE, SR
W, MK E, EHKHEA—ElREsSh s oNmKE, &KL, Sl T
B AR, JHFEE—REOR, fEHRIAR R EER N R, HKEAKR, £24E 0.1~
10L/sz i), FEEEZRKAEKAG, VWAL . 75 RS A B0 B A — 21
AR, HACKE DRUKEBA K, KEA 0.467~1.55 L/s 2 ] § LE— /N T 0.187~
0.245g/L, PH{E N 7.4~8.1, /Ki 15C.

(f) I RWERAZILIREKE

F AT TR S FLSCT TR . BB Hb DA R F AR VA 23 A e R SRR R 3 AR
B, JBFE5~60 m, MU, BRAO. YR, RbFUR L. RS A K. AZE KM,
TKAL. KB, HZ R P a E&KEFE, BAHKE
5.24~926L/s*m, BiEARL 34.8m/d, BALTE~FERIAFOR A, HTF/KBEAERER, H
PR KA BEKIIANG B K E BRI B a2, 1 0.26~0.306 g/L, /Kifi 12~13C.
N Hb I S LK OK IR

@kEKZE

(@ FaRFEBEHRKE

Ve BmIes . s Sam, BE 45.80m At R—ERUFMKEKE.

(b) ARAKXFEHM B R ILTH K . FTAGTHERREKEHA

ARRKEHBE . WS Bitiiea MEEEHR . 04T &EAKENE)Z
WhE S K E 2 ], R E AR B 7K AR -

(3) W oK KA M

ORABEKRAS BN FH BB RKKIE, R RE TS EMEF NS EK, 508
IR IR . SRR SR I 7R K KR -

QMR KA E AR 5 R MG . AN A IR L EKZE, Xt
FEH B 1T K R Gk A — 5 B0

M AP TR AOKIEE BN R S XFUK. HTRZERRS, SRR H
TERARK . IXEERUKIRIEA P A : — AR X EESKEK, TR RN,
Ny BRI N TANME K, AR R T EEARE, AR
AR XAREE RO, TR 2 XK.

(4) FFH7KCH PR AY

FEHFEKHE R EE R B SEER XK, HICHTHR & ZEEKZEK, HEKHE
55, HRANG R TEE], — MR o FH N HEN B KK KA bR S AE+389~+522 m 2
H], ®T 3 THERMKIKARE 410 m, AFHH S REE BIYJEW ERK, HEbhEL



ALK 2016 Ji A RR A HE L i 510 5T

EXW, BUIKKIIKSER N

g LRTIR, A KOCH R A pE 2 A JE AR

(5) W HmKE I

MK AR NA W A HHERSRK T, RSEERTREEE, S
AR R FmEAL, TE R R ALK T REHBAL -

A IX K SCH TR S5 He A — L, R KO B K R LR A A, AT, 4
B A P2 e J735 B 750 73 Yal, %8 3 R i KK BA 1298 mPld, % /1N 7K &4 2000 m¥/d,
1EH P YK B~ 1145 m/d.

BEE IR — 28 K, REXBUKE L, RSX TR B V% 552 1 5K R
S hnsk BB S E/KERM ETIAKBR, SO A G Hm KR A K, NER
WS/ B AR, Insm/K SCHUR TAE, SR UK S I, W fen 2 A=

1.3 EEHHIE
1.3.1 EERFEME

HHFESEMENARR FGARIEHN SR TSI,
JEE MR AT AE WL R 3R 1-1:
R 11 HEBRARE

RS2 )5 (m) J5E 2 T B ()
PRIz 5Nt TON BN~
) T
0~2.32
3 Lot
0.5 15.23~35.12
19.26
12.45~43.05
0~3.11
6 17.99
0.38
8 0~-364 1.55~33.86
0.73 15.65
0~3.15
> 0.46 12.29~54.58
29.40
0~176
12 =2
0.3
3.79~23.32
0~1.40
13 — 11.15
0.74
2.91~6.15 14.94~51.19
o 5.3 26.17




HREF YK S 2016 AR Bk g T BHUW

ASE VG AT HERIEE N A5 R . MR R IMEUA 20, BoKifh 80, SRS 10° S
iy 5. S H YRR K ECHE e 5 TR N AR P 7 1A

132 HWERAEHRK

15" 2 R R A2, PR 5.3m,

BHETR: NEBEARE, EEAERTHMXFY 3.07m, &EZE 6~7 m. XA
AR, WA KEIE .. AERIEIEERE: S rPuE RN 276 kglem?, it
SRE A 15 kglom?, #AEN 0.9, HUbAEMERK, MK E, LB, DhTiS BB A
fH—)Z 0.05~0.08 m EMEZaiE MM &R, HERE WIS bk, wHEEE ik
WK, BITRA TR A, [R5 R I — e R, SRR S AT R AR A
W BEOA ) R h  A R PR A TR B N T MR, AR R, TR TSR
P2 (K R A R (B2 R AE 1.0~15m (2D, Fikh 2S5 FEMRER KT,
F XA FTRABAETE—E 1.0 m E4A K FEEZETEITR, RET FHAKIX 1[0
KRV GG flan K T TR E IR . BV e NS YA TR B2 SR,
BERORAE SR, 5 E AR NI, FR R AR T RAE S, 52
W55

B NIRIRKEZAIKE (Ko KA. RIZIKAE T 2~3 |2 B AU E Bty HE 2
WHINNER K, FREE 9~12m, Ko B IR H B TIea %, BEEEHE, X%
BHEDE NGRS TE®, AR &, U EHEA KR, AKH
o ZUKESBEETR 2 Z R, FE T FEEaEiRsmae hKE, FK
RRERE. RZERE —BEE 05~2.0m, S3iis, BEHES. HTEIRSES
WORKBE, RS, BKGEK, HEETE.

JRMR: KBRS, JEE ARG B P RN 7.16 m, &R0k 11.6 m,
M X B Y 15 m, ®OKAIIA 23 m. EEF SRS AR Z, T EWER
Wi e, RN A . EEEEE R 3~4 m ALE R X A B — 2 0.1~0.4 m JE )i
PR, A 1S X AR R R AT 0.2~0.3 m s s HBL— ZH#HE, JEE N 010 m
KA. EREMMXALMG . AR SEZEZH B, PR, mHE 3R st
Wi, SHEWRSSE. ZRAKAGZ RS (K bE), EREMXEE, TN
11.5m, HJEA[IE 27 m. PHESHLIX AR, PR 7.14 m, &H&JETIA 16.8m. ILERMA
FeE S, Az,

1.33 HEREHIE

(1) PYERHFAE

ARXNBZERR 8HEZAh, 4Rk ZHONXI3, B 3 S LM, HmARE, mKEH,
TN ARARARAR LA B BB P v, T BT T 3 PR 8 U R e DRI HRE 2 R D B AR ot
BARAK, BARZIEFERHE, eSS EANK G FRO R, IR HERN 5
JRICERMBIRICPE, WARKILERE, R EEATRay s, Bl EHx
W T AR E, WO R URIR, RIBRIR, — e 12, 157
WA, 76 SR IR BRI O . fEREE B, i BT, TR R,



FRER LK 2 2016 Jm AR Bl g

12T

SEFEARNIE K, HOKMh 152, A 25-3 Kiti, Hikoh 122, /e 3YRZ,

ZAE 2 AN IREERIH PRGN 2R G . SRR EE L RIS

x12 BHEEFE

HE 3# 6# 8t o 12# 13# 15#
RE 1.40 1.35 1.52 1.49 1.45 1.48 1.435
FREEHIRE 3, ARG E —ARAE 1.788~2.28 Z[A]. UNF 3.
£ 13 BRERMNE
HE 3# 6# 8t o 12# 13# 15#
1.788 1.808 1.800 1.800 1.912 2.00 1.912
SRS ~ ~ ~ ~ ~ ~ ~
1.848 1.900 1.892 2.080 2.000 2.080 2.000
O

RN AN O, 76 st b Rl R, 5o A g X A AL FE R (Qm)— BN
100~500, %/ (wi/JEK) A 1.5~1.7, g (y) 5 5~20,

QSRR

RS M IR 7328 5 A XOBE 2 BB A DABE AN SE R 3, Dol s B I AE 70%
PLE, Hema g 7%, kMl 67.3%, FrEH A 6.5~27.2%, BERELY 1.6%. B
R E, JEPERGR, MY, FTEW, A RmMAL. XL 2 &R,
oy R 24, HEELZE 5~10 2K, £ FEH 1572 d, Ko 240 Rk 10 2
KUl b, R E 15 K. PEH 12 R R 2/ 52K LT, — B AE 12 =K A A,
B 3R, SR, F 5K A A, (B AN T B T M .

BRI AL, oA — L R R A IR 228 0N 220k, (B R AR,
B2 F 12 Z KA A WATFANRI, XECUREL, IX7E 3 E M, i 12, 157
PEEE D, X2 R E M 2B A, RN RS B R R 2 R A .
FIRIX SRR, BT AR X I UTRUREAE, R s A R AR

@A i FE

FRPE Al R 2 I e . BRI B K A #7E 1.8~2.00 47, RHEEE (HY)
Z1E 50 Kg/em? LA R o 7RI KR 23 28 A 289.0~339.7 2 i), — Mk £ 1E 300~320 /i f5. 4l
FILEANAE 1.24~1.34 208, —REE 130 Ef. TR SEETFHmNSERN
90%~92.31%, [l 1t A% X AR AR A2 J53 8 Ja T Xls e AR B o

(2) fL2=1 )R

MR PEAE IR B FLAN A = i RE R AR LSS, B FLIGEES, R 5. 5.23~23.79%, “F35K
13.37%, Pe/a&EB TR 10%LL . AF-EAE s WRIE s =0 21K, BEKS N
6.24~36.80%, “T-#IN 18.10%, /2K N 6.25~21.24%, “F-¥#JN 15.80%, FZK4TN
8.55~28.46%, “F-¥y 21.00%.= =N 16.64%. BEKE: £5FLKEE SIO, & 40%0L F,
Al,0:28%0L |, FeOs BANlEGFLIE 12.58%LAA, —MZ1E 10%LL N o KM A RHHIE
1500°C U L, AN S AE 1200°C Aifi o A= HERE Si0,48.3%, Al0338.33%, Fey035.4%.



ALK 2016 Ji A RR A HE L i %13 7

JRIEAE R4y By (B59L) 6.62~10.80%, “F¥JN 8.4%. EF=iitE, =2 TN 9.71%.
At JEES 1.66~3.50%, P 2.33%, AEFCHEFEFN 1.49%, & T HEikE. HAApLuR
G RER . ARG R, BT R A BB & R I R, R AR KA
IS ER S, R VAR AR AR K YR i IR N B K ITEN o BT A AL (138 =,
Pelt e FREAEHE, FH¥A 1.83%.

AR AR PP R AT . K PR AR AR R o FR bR USRS B A0 38 Bk M =7, X F R
CNEURE A S A J2 ) JEL B 5 A = R TR R R PR 22 T L), PR I o |EH T 2K 4y
WS R I S . BRI AR PRI, BOSERE RS . R e AR
FERELRARXARES, BALAES EERATEES, PHE e viE SRR TR IR Rk, K
RNEAMNG, BRI K, Z K, AKEEEETREZ B, SEUEPRAE
=, BEEEN 0.0049~0.020%, P14 0.011%, K #HE N 35.62 MJ,

FRPE R R TFEAR: A E 8 T A K R R AR A I 5T TG R A

(3) LM

AKX E PR sR AR, — KT 50%, £ )@ TrhompBEk, 1 15 IR G
FRbRIITE 70~90% [8], & T mysmE .

RIFERFAE: — R RRLEE ), T HK S mm a2, MESES, Sitb. kE
RN SEEBR L, 5K MIEL . S0EER 13 mm 95 &E7E 50%0LL -, 0.5 mm 2%
) — R /NF 10%, BB IRIEA Gk ik, /T 1 mm G s — e DAL R R R 2, R
YT, — KD EE .

B SHE R T S B, ATEEELT. 3Y RS ISR B R — £ F 70~80 X [H], 67,
8%, o, 12" IR FTEE4E 4 — MR 246 65 o5, 15"MEE PR32, I IRHE 3 — % £ 7 50~58
Z [,

1.34 FETETFREAEKM

(1) iy

W4 2008 4E 12 1 18 H L P84 1R Tl 5 /5 5 522 47 [2008] 1134 5 (56 T BH B,
EHERTTEAT 2008 FEREH H LSS —EAmim L B e 4 RiE) i, B
B 2008 4L B ARG G B 12 m3t, ZENHE R 113 mming AR BRORE A
B 0.96 mt, ZaxiiE & 11.28 m¥min, % 5E M LT 3

(2) A RS 5%

FH A 15" E AR B R

B B 70 e g EE I e BE AE X BT B™ A5™ 2 BORE R AT S B PRI 1) (R i
AT T B2 B

RAEMR R, AHFH P 5% 2B A 5 E IR E

(3) Hui A &

AR DX IR BT IR R, il — AR S, SHFERAM R . 128 H N 477
IR R BIIE . Mo



R 2016 Ji AR Bl B 14 11

2 HHEFRME=E
21 HHER

211 FHHWEE

AREBIA G, CASFR =4 A 0 B N 5
PUERIL A Lok MR 20 HE A N 5t

P ERI A DABHSR 8 AP B FEA B Ay A
ALERIA S PASFR — 8 A =" H 5 N 5
PEARTE BUIL T & 2-1:

I}
=W [
(A2

tooh” (Jiz)

B 2-1 BT I A
212 FERFM

AHHEESHEMENARALGERFEHM SR T5HILEH. SHEEH 15 B, &
FEREE 12, N 157,

T2 NIEKPRZE, A0 HERER SR, S, E SR TS R3S R
FH R

HHEZEPE T K 11.8km, L) %N 8.6km .

BEEWA RN 1°, KON 10.2°, IR 5°

BT AR AN 1, i R AR A A SRS A i S 420600 1. 10000 82 AR
s R B ELHR N, A 55.33kmP,

FHIRAR LI B 2-2 Frs o



ALK 2016 Ji A RR A HE L i %15 7

K 2-2  FFHIRAEIR I =
22 WHIWiE=E
221 fEETHEER

ARG R ROR IR OB Ve i A Ve ) DZ/0215-2002 ELK ) Tk Fa brdkAT 5t
AR
(D HAKFREE N 0.80m.
(2) i R (Ag) AN KT 40%.
(3) AR (Qnerd) M T 22.1 mI/Kg.
(D) Fmi s (Sa) A KRT 3%.
(5) MERE: 15"HERE N 1.435t/m°
JEH A IR ERE, EERUAR, BEFRTFE, iR TR i35, KH
i BT H B R S AT S B L

222 HiFiERA

WS AL T BHIR K ARG (P B, AR AR R R i MG LE R A
P EEA12 ENNE— —NEM A, PABCHREMRIRE Oy, 2w RHEE . #5115,
PR G AR R U EMILEOT T, T ELEE AR oy . HAE L
SR X B — L AN Y Z AR i . XA RTERS . AR SRR, IR T Xk
P& ) A

HHNAREH S WR AL RSSO, S P R e AR, )R B O N R T



ALK 3 2016 i ARHE Hll i H16 7

Wiz, X BRIX RN TR MR S50 br, S B P 3o M B2 o R P T i B fh <5

M,
223 W HHFERE

S FH b T A 6 52 A T SR T Sl o S A, IR PO RRUE FRBEE N 157 R (.
Je st i B B RS ) NIUAT I CBRERB™ 1t o 30 o i il T S 4 I ),  #ACAS TR B8 it
BlER, HHEANRCRN 15 SHZ, RN _ERUAKT 750 m f9 R TRE mE AN E 12 TR
s B B (G DR IR R I 2 D LAl (111b) . DAAS KT 1500 m i AR T2 s R 41
IE 12 TR R P B2 VG BB I U 2 G L At (122b) . HARBBLE] € JyHERT i N 21
ZeUT R E (333). Xt THUR SRR TR, R RBGARAT IH . TF R B
fil I, 2 EEARYE I E WU AR — B I U AN R 0 Dy 9 M, IR0 3l A
b . TR R BB R > i 2-3 s

2-3 15" Rk E B4y
FHB R 7 T 5
Zi=SiMig (2-D

KA Zz—FHBfEE, 7t
S——FHRBUMHE AL, m;
Mi—— LB Z B, m;
y—— S RBIE A E, 15" 1.4350/m°
¥ % Y BB AutoCADF I B AN, B S m 2k it S Hubi i/, Ax2-1



R KA 2016 Ja AR A Y it AT W
AT, B 2% s BAR T SRS 0 3R 2- 17 7
%21 FERBRETEE
e | i o@) | TEHER (D | BEEE () |8 m | %) ff)
A 2.2 9672958 9680693.274 53 1.435 73626512.69
B 58 7310568 7348499.171 53 1.435 55889010.45
C 4.1 7245337 7264092.638 53 1.435 55247056.56
D 53 11681723 11731055.88 53 1.435 89220545.52
E 6 3251738 3269614.07 53 1.435 24867049.81
F 9.8 2387675 2427326.188 53 1.435 18429206.07
G 6.7 4080609 4108919.99 53 1.435 31250390.98
H 4.2 5039441 5052850.749 53 1.435 38429456.37
&t 50670049 50878867.72 386959228.5
R[4 FH Hb 5 23 95 i &l 38695.93 75 t.

224 FHIEE

Lk E AR R A, SR, H2EESREN & I REXK,
Hom A IE b BB 4E, B AT AIEERH B Rl FICE TR N s R . B DG 2 AT %
T SRR YR, — MRt SN P ATR N A = .

W& MR YR E P PRI SR & 331 A B & 332, &R Hm
LG ARG R 1110 A1 122b, 1A FRE G EEAiE R 2M11 FIT 2M22, 32 [F) 5T 25 IR = A A
W (1) T B 333 [1IRHES, VAN H kA&

WG FLATE, 0 RIS, 60%IRBI M, 30%F K], 10%HERTr) . HIHEHE
JEE AR, FEBRA A S BRI E T, T0% R LG REmiE &, 30%H) il PR 5T
ARG, W D s e iR =08, SR E MR A T B 2-4;

FORE; S| & 5= e 22 A N W =

Zg = lelb

A Zg——ﬁf#Iikﬁﬁ/fi%E;
2, — RIS A R A O () Rl
Z,0 ——FA I R BRI B 2R U ) R A
Z,.., —— R G E U B B I Bl i =

z, ., — PR R TR B i A B I R A

2, K——HEWT I B 5

k——ASE &%, H0.7~0.9. HiFitEfE s, HERARENT H, k|
H0.9; MimMig A, BEMARREN I, KB 0.7, WD HLhriGon, %X
HY 0.85.

+ Z122b + sz11 + szzz + 2333k (2-D



ALK 2016 Ji A RR A HE L i % 18 ;T

— Z e ki E111b
— A é??spf‘/)? 7 ATAIH %&M%%‘:zﬁ

R R E R R RE2511

— Z ey ARt E122b ?
WRRE 15 %] ?:p;ﬂ‘//? B A IRZ e Al i E2M2 — T RIR/EE
— R PR Z G IR 82522

R R 333k
333

K 2-4 TolbfEE it E K

W™ TV Bk Zg tHEAT

Z,, =2, 60% 70%=16252.29 /] t

Z,,, =2, 30% 70%=28126.14 /] t

Z,.. =2, 60% 30%=6965.27 JJ t

Z,»=2, 30% 30%=3482.63 / t

Z,k=27"10% k=3289.15 /i t
HORIE A 2-2, Tl N:

272 iy ¥ Loy + Lyt 2K

=16252.29+8126.14+6965.27+3482.63+3289.15

=38115.48 /i t

23 WHAIRMEE
231 ZEFREEREN

(1 Tolkdgith. FHAE B BCORY AL, SRR B B W ORI BT, X 22 2 0 A R
FEAN B ORI AT

(2) B RARIP PR 15 T BT VE BRI 2000 € - Fl o B B M s Dok At
W TR NIL A BOE S BN e 2R 3h f KBRS, BUE: & s JZ 3 f16=75°,
EilEshfy=73°, NILRBEIR=72°, RTIEZHIHe=45.

(3) Bl 96 B M BUE AR TR X2 RN IR F I E R . RIEE, KR 1
PORYEIRY), BB B20 mIE R EIY T Dok e g Oryr g () 5,
BL15 mE i .

(4) FHHIHFHHAE 58 950 m.

(5) Tk AR, RIS R B I oE T2 SCHB I E ) e
+1gk, Tk b AR R 2-2.



R 2016 Ji AR Bl B %519 1T

£ 2-2 T 3 SRR

R (7 ta I A RRR (ABUI0 D
240 JLh E 1.0
120~180 1.2
45~90 15
9~30 18

232 W HAPHEERRE

(D HHBF KW E SR A

FE I AR AR B 5 50 m 55, TR YE AutoCAD & 15 i SR A 2k &
1365.1 /7 t.

HHNEA KOWE, REGE SNORTE, WA B Z R A, HRm
T WA BRI B TR S, A B K AR A .

(2) Tk~ 3Ry

Tk 37 AR = +900 m, FABUZEE N 35 m, Balfi o=45°, LEAZEENMBIIA
8=75°, FILFEBENA B=72°, LRI y=73. Tl 3tk 1 AR B FIA 5 %5 15 m,
Tk AR R 2-2 e, HX 24 AW, #1281 400X 600 m KI5 Tk 37,
w15 m PP o IE A R R AR T S ORI A a1 2-3.

WL AEIEE, B CAD MES H Tk 37 R A A 871956m?:

P - =871956/c0s5°x5.3x1.435=665.75 /7 t.
Y T 37 S o s 3 8 A9:665.75 /5 to

(3) FHERI I

FHEHIEA T DAL 3SR EAE N, SR RE R AT &8 O;

FEHTEAER, VPRI AT LA HmEARERA BRI, BIE KB, R
P TE B s, RECRIGH R EN: 87323 /1 t.

(4) REBLRY A

W R B =R, R RY AP FE 9 40 my KAREIFE A 40 m KFE ST
912953 m, JH SR E A

Ps= (40+40+40+40) x 12953x5.3x1.435=1582.36 Jj t.

233 T HEITHE

W I B B I Tl & sk 20 R AR BRI & Py 2 G I & . T i%
FRIH:
Z.=2,-P, (2-3)
N Ze—W IHRAER, Jit
P— RIS . . WA Y. KIWTE S B B K AR A
K&, Hto




FRER LK 2 2016 Jm AR Bl g 200

A FiRit5, ) P=1365.1 /7 t
A - it Hh A 3R (2-3) T 45

Z, =2, - P,=38115.48-1365.1=36750.38 /j t=367.20 Mt

N0, ,-% i " n@)j : ROV méf). ;
S 0 J 1% LY
O < B Vg B 78
ok ar b a nwa.

| | |
500 7 7q2 | — K3
400——— - = - = ks
300
200 |
100 | | ‘ |
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Use of Genetic Programming Based Surrogate Models to Simulate

Complex Geochemical Transport Processes in Contaminated Mine Sites

Hamed K oohpayehzadeh Esfahani and Bithin Datta
1 Introduction

Reactive transport of chemical species, in contaminated groundwater system, especially with
multiple species, is a complex and highly non-linear process. Simulationof such complex
geochemical processes using efficient numerical modelsis generally computationally intensive. In
order to increase the mode reliability for real field data, uncertainties in hydrogeological
parameters and boundary conditions are needed to be considered as well. Also, often the
development of an optimal contaminated aquifer management and remediation strategy requires
repeated solutions of complex and nonlinear numerical flow and contamination process simulation
models.

To address these combination of issues, trained ensemble Genetic Programming (GP) surrogate
models can be utilized as approximate simulators of these complex physical processes in the
contaminated aquifer. For example, use of trained GP surrogate models can reduce the
computationa burden in solving linked simulation based groundwater agquifer management models
(Sreekanth and Datta 2011a, b) by orders of magnitude. Ensemble GP models trained as surrogate
models can also incorporate various uncertainties in modelling the flow and transport processes.

The development and performance evaluation of ensemble GP models to serve as
computationaly efficient approximate simulators of complex groundwater contaminant transport
process with reactive chemical species under aguifer parameters uncertainties are presented.
Performance evaluation of the ensemble GP models as surrogate models for the reactive species
transport in groundwater demonstrates the feasibility of its use and the associated computational
advantages. In order to evolve any strategy for management and control of contamination in a
groundwater aquifer system, a ssimulation model needs to be utilized to accurately describe the
aquifer propertiesin terms of hydrogeochemical parameters and boundary conditions.

However, the simulation of the transport processes becomes complex and extremely non-linear
when the pollutants are chemically reactive. In many contaminated groundwater aquifer
management scenarios, an efficient strategy is necessary for effective and reliable remediation and
control of the contaminated aquifer. Also, in a hydrogeologically complex aquifer site e.g., mining
site, acid mine drainage (AMD) and the reactive chemical species together with very complex
geology complicates the characterization of contamination source location and pathways.

2 Methodology

The methodology developed includes two main components. In the first step, the simulation
model for the flow and transport processes is described, and complex chemical reactive transport
process is simulated by the HGCH, a three-dimensional coupled physical and chemical transport
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simulator, to realize the reactive con- taminants behaviours is contaminated aguifers. The
hydrogeochemical data and boundary conditions at the illustrative study site are similar to an
abandoned mine site in Queensland, Australia. Trained ensemble GP based surrogate models are
then developed to approximately obtain concentrations of the chemical contaminants at different
times in specified locations while incorporating uncertainties in hydroge- ologica aguifer
parameters like hydraulic conductivity.

Comparison of the spatio- temporal concentrations obtained as solution by solving the
implemented numerical three dimensional reactive contaminant transport simulation model (HGCH)
and those obtained using ensemble GP models are then presented to show the potential applicability
and the efficiency of using GP ensemble surrogate models under aquifer uncertainties.

2.1 Simulation Model of Groundwater Flow and Geochemical Transport

HYDROGEOCHEM 5.0 (HGCH), consisting of the numerica flow simulator and
physio-chemical transport simulator HGCH is a computer program that numerically solves the
three-dimensional groundwater flow and transport equations for a porous medium. The
finite-element method is used in this simulation model.

The general equations for flow through saturated-unsaturated media are obtained based on
following components: (1) fluid continuity, (2) solid continuity, (3) Fluid movement (Darcy’s law),
(4) stabilization of media, and (5) water compressibility (Yeh et al. 1994). Following governing
eguation is used:

dl 3
ﬂF-—1 =N [K. (Vh — ﬂV;)] + p—q
po Ot

Po Po (2-1)
F isthe generalized storage coefficient (1/L) defined as:
0 1s
F=o'— +p0+ n.a:
Ne dh (2-2)
K isthe hydraulic conductivity tensor (L/T) is:
V= _K[Ji?n + ?-,-]
Po (2-3)
V isthe Darcy’s velocity (L/T) described as:
V=-K [i?h + ¥z |
o 1 (2-4)

Where:

0. effective moisture content (L3/L3);
h: pressure head (L);

t: time (T);

z: potential head (L);

g: source or sink of fluid [(L3/L3)/T];
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po: fluid density without biochemical concentration (M/L3);

p: fluid density with dissolved biochemical concentration (M/L3);

p*: fluid density of either injection (D;*) or withdraw (Dj) (M/L3);

wo: fluid dynamic viscosity at zero biogeochemical concentration [(M/L)/T];

w: the fluid dynamic viscosity with dissolved biogeochemical concentrations [(M/L)/T];

a’: modified compressibility of the soil matrix (1/L);

f3: modified compressibility of the liquid (1/L);

ne: effective porosity (L3/L3);

S: degree of effective saturation of water;

G: isthe gravity (L/T2);

k: permeability tensor (L2);

ks saturated permeability tensor (L2);

Ks: referenced saturated hydraulic conductivity tensor (L/T);

k:: relative permeability or relative hydraulic conductivity (dimensionless)

When combined with appropriate boundary and initial conditions, the above equations are used
to simulate the temporal-spatia distributions of the hydrologica variables, including pressure head,
total head, effective moisture content, and Darcy’s velocity in a specified study area.

The contaminant transport equations used in the HG model can be derived based on mass
balance and biogeochemical reactions (Yeh 2000). The genera transport equation using advection,
dispersion/diffusion, source/sink, and biogeochemical reaction as the mgor transport processes can
be written as follows:

D
E[GCH;IV — —fn. (8C;) V;dI' — fn.]-.dr + f@ridv + fM-.dv. ieM
v I r \J

v (2-5)

Where

Ci: the concentration of the ith speciesin mole per unit fluid volume (M/L3);

v: the material volume containing constant amount of media (L 3);

I': the surface enclosing the material volumev (L2);

n: the outward unit vector normal to the surfaceT;

Ji: the surface flux of the ith species due to dispersion and diffusion with respect to relative
fluid velocity [(M/T)/L2];

Ori:the production rate of the ith species per unit medium volume due to all biogeochemical
reactions [(M/L3)/T];

Mi: the external source/sink rate of the ith species per unit medium volume [(M/L3)/T];

M: the number of biogeochemical species;

Vi: the transporting velocity relative to the solid of the ith biogeochemical species (L/T).
2.2 Genetic Programming Based Ensembles Surrogate M odel

GP models are used in this study to evolve surrogate models for approximately simulating flow
and transport processes in a contaminated mine site. Trained GP models are developed using the
simulated response of the aquifer to randomly generated source fluxes. GP, a branch of genetic
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algorithms (Koza 1994), is an evolutionary agorithm-based methodology inspired by biological
evolution to find computer programs that perform a user-defined task (Sreekanth and Datta 2011b).
Essentialy, GPis a set of instructions and a fitness function to measure how well a computer model
has performed a task. The main difference between GP and genetic algorithms is the representation
of the solution. GP creates computer programs in the lisp or scheme computer languages as the
solution. Genetic algorithms create a string of numbers that represent the solution.

The main operators applied in genetic programming as in evolutionary algo- rithms are
crossover and mutation. Crossover is applied on an individua by simply replacing one of the nodes
with another node from another individual in the population. With a tree-based representation,
replacing a node means replacing the whole branch (Fig. 2.1). This adds greater effectiveness to the
crossover operator. The expressions resulting from crossover are very different from their initial
parents. Mutation affects an individua in the population. It can replace a whole node in  the
selected individual, or it can replace just the node’s information. To maintain integrity, operations
must be fail-safe or the type of information the node holds must be taken into account. For example,
mutation must be aware of binary operation nodes, or the operator must be able to handle missing
values.

GP utilizes a set of input—output data which are generated randomly by using the flow and
contaminant transport simulation models. The numerical Simulation model creates M number of
out-put sets from M number of input sets, which is generated by using random Latin Hypercube
sampling in defined ranges. The performance of each GP program is an evaluated formulation in
terms of training, testing the validation using the set of input—output patterns. The testing data
evaluates the model performance for new data using the fitness function obtained in the training
phase.

Fig. 2.1 Function represented as atree structure

(+)
(5)
&R
@) @ @©

(1 1_(a*?.2))+(2 +(cos(b)))

Non-tree representations have been proposed and successfully implemented, such as linear
genetic programming which suits the more traditional imperative languages (Banzhaf et al. 1998).
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The commercia GP software Discipulus (Francone 1998) performs better by using automatic
induction of binary machine code. In the proposed methodology, Discipulus GP software is used to
solve and generate GP models. Discipulus uses Linear Genetic Programming (LGP) which utilizes
input variables in line-by-line approach. This objective of this program is minimizing difference in
value between the output estimated by GP program on each pattern and the actual outcome.

The fitness objective functions are often absolute error or minimum squared error. Almost
two-thirds of the input—output data sets obtained from the numerical simulation model are utilized
for training and testing the GP model. The remaining data sets are used to validate the GP models.
The r-square value shows the fitness efficiency to the GP models (Sreekanth and Datta 2010).

221 Performance Evaluation

The trained ensemble GP surrogate models are evauated to verify the performance of the
surrogate models approximating flow and transport processes simulation with reactive chemical
gpecies, under hydrogeological uncertainties. Input data sets are generated randomly by Latin
Hypercube sampling in defined ranges. The aquifer hydrogeological uncertainties include
uncertainties in estimating hydraulic conductivity, water content and constant groundwater label in
boundary conditions.

2.3 Performance Evaluation of Developed M ethodology

In order to evaluate the performance of the proposed methodology, ensemble GP based
surrogate models are utilized for an illustrative study area shown in Fig. 2.2. The specified
hydrogeologic conditions resemble a homogeneous and isotropic aquifer. In order to evaluate the
methodology, the ensemble GP surrogate models are first trained using the sets of solution results
obtained using the 3-D finite element based flow and reactive transport simulation model. Once
trained and tested, the GP models are utilized for ssimulating the transport process in the study site.
Then the surrogate model solution results are compared with the actual numerical simulation
solution results.

The areal extent of the specified study area is 10,000 m? with complex pollutant sources
including a point source and a distributed source. The spatial concentrations are assumed to
measure at different times at ten arbitrary observation well locations. The thickness of the aquifer is
specified as 50 m with anisotropic hydraulic conductivity in the three directions. The boundaries of
the study area are no-flow for top and bottom sides while left and right sides of the aquifer have
constant head boundaries with specified hydraulic head values. The total head decreases from top to
bottom and left to right gradually. The agquifer system is shown in Fig. 2.2.
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B No-flow C

Constant Head
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100 m
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B monitering Wells @ point source o Distributed source

Fig. 2.2 lllustrative study area (total head: AD 37 m,BD40m,CD 33m,D D 30 m)

As shown in Fig. 2.2, the dark blue area represent the contaminant sources S(i) which include
distributed and point sources. Concentration data from monitoring well locations, shown as black
rectangular points, are used to train, test and validate the GP model formulations.

Table 2.1 shows dimensions, hydrogeological properties, and boundary condi- tions of the
study area which are utilized for numerical models to simulate ground- water flow and chemical
reactive transport processes. The synthetic concentration measurement data used for the specified
polluted aquifer facilitates evaluation of the devel oped methodology. These synthetic concentration
measurement data at specified observation locations are obtained by solving the numerical
simulation model with known pollution sources, boundary conditions, initia conditions, and
hydrogeologic as well as geochemical parameter values. In the incorporated scenario, copper
(Cu2C), Iron (FeC) and sulphate (SO4%) are specified as the chemical species in the pollutant
SOurces.

Nine different scenarios are defined based on different hydraulic conductivity and boundary
conditionswith  maximum 10% differences between maximum and minimum values, and with the
mean value assumed as the actual value for simulating the synthetic concentration observation (N11,
N12, ..., N21, ... N33). First digit indicates an index for hydraulic conductivity values and second




R E K5 2016 Ja AR E B Bt %5 139 1L

one represents an index for the hydraulic head as boundary condition. 1 illustrates parameters with
5 % less than the actua definition as well as 2 and 3 shows the exact data and 5 % more than actual
parametersinillustrative aguifer respectively.

Table2.1 Aaquifer’s properties

Aauifer parameter Unit Value
Dimensions (length * width * thickness) study area m* m* m 100* 100 * 50
Number of nodes 387
Number of elements 1432
Hydraulic conductivity, Kx, Ky, Kz m/d 10.0,5.0, 3.0
Effective porosity, © 0.3
Longitudinal dispersivity, ’L m/d 10.0
Transverse dispersivity, 'T m/d 6.0
Horizontal anisotropy 1
Initial contaminant concentration Molellit 0-5
Diffusion coefficient 0

231 Generation of Training and Testing Patternsfor the Ensemble GP Models

The total time of source activities is specified as 800 days, subdivided into eight similar time
intervals of 100 days each. The actual pollutant concentration from each of the sources is presumed
to be constant over each stress period. The pollutant concentration of copper, iron as well as
sulphate in the pit is represented as Cpit(i), Fepit(i) and Spit(i) respectively, where i indicates the
stress period number, and also C(i), Fe(i) and S(i) represent copper, iron and sul phate concentrations
in the point sources, respectively at different time steps.

An overal of sixteen concentration values for each contaminant are considered as explicit
variables in the simulation model. The concentration measurements are ssmulated for a time horizon
of 800 days since the start of the simulation. The pollu- tant concentration are assumed to be the
resulting concentrations at the observation wells at every 100 days interval and this process is
continued at al the observation locations till t D 800 days. Only for this methodology evaluation
purpose, these concentration measurements are not obtained from field data, but are synthetically
obtained by solving the numerical simulation model for specified initial conditions, boundary
conditions and parameter values.

In actual application these measurement data need to be simulated using a calibrated flow and
contaminant simulation model. However, using field observations for calibration, and then for
evaluation of a proposed methodology results in uncertain evaluation results as the quality of the
available measurement data cannot be quantified most of the time. Therefore as often practiced,
synthetic aquifer datais used for this evaluation of the methodology proposed.

The comprehensive three-dimensional numerical simulation model was used to simulate the
aquifer flow and chemical reactive transport processes due to complex pollutant sources in this
study area. Different random contaminant source fluxes as well as different realization of
boundary conditions and hydraulic conductivities were generated using Latin hypercube sampling.
For random generation purpose, 10 % initial aquifer properties are considered as Maximum error
for the uncer- tainties of aquifer parameters. HGCH was utilized to obtain the concentrations
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resulting from each of these concentration patterns.

The simulated concentration measured data at monitoring network and the corresponding
concentration of contaminants at sources form the input—output pattern. Totally, 8000 concentration
patterns for all the ten concentration observation locations were used in this evaluation. Eight
input—output patterns were defined based on different time steps. Genetic programming models
were obtained using each of these data sets to create ensemble GP based surrogate models. Each
data set was split into halves for training and testing the genetic programming-based surrogate
models.

Surrogate models were developed for ssimulating pollutant concentrations at the observation
locations at different times resulting from the specified pollutant sources at different times under
hydrogeological uncertainties. All the GP models used a population size of 1000, and mutation
frequency of 95. The Discipulus, commercia Genetic Programming software, was used to develop
the surrogate models. The model was developed using default parameters values of Discipulus. The
GP fitness function was the squared deviation between GP model generated and actually simulated
concentration values at the observation locations and times.

2.3.2 Evaluation Resultsand Discussion

The flow and concentration simulation results for the study area obtained using the
numerical HGCH simulation model are shown in Figs. 2.3, 2.4, 2.5, and 2.6. The flow movement,
total head contours in top layer and also velocity vectors are shown in Figs. 2.3, 2.4 and 2.5
respectively. Figures 2.3, 2.4 and 2.5 show the hydraulic heads for flow. The contours show a gentle
slope from point B towards D. Figure 14.6 shows the copper concentration distribution in the
study area which shows the complex transport processes with reactive chemical species.

Fig. 2.3 3-D view of hydraulic head distribution
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Fig. 2.6 Copper concentration (mole/lit) distribution in the study area
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The concentration of sulphate remains ailmost the same while iron concentration is lower in
groundwater. Based on pH changes the iron can react and cease to be in solute phase, thus removed
form groundwater. The results obtained using the developed ensemble genetic programming based
surrogate models for approximate simulation of pollutant concentrations are com- pared with the
numerical simulation results obtained using the HGCH. Nine different scenarios are considered.
These nine scenarios are characterized by different hydraulic conductivity value realizations and
hydraulic head boundary conditions. Each randomized within 10 ('5)% errors in the mean values
(assumed same as the actual values) for hydrogeological parameters and boundary condi- tions.
Incorporation of these scenarios together with the Latin Hypercube based randomization to achieve
the efficiency of ensemble GP based surrogate models.

The uncertainties in the parameter values of the scenarios are within the range of input data
which are used to create the ensemble GP models. Figure 2.7a-c illustrate these comparison results
in which one scenario for one particular hydraulic conductivity is selected for obtaining simulated
output data from HGCH model at each monitoring networks. Each time step is marked on the x-axis.
Each of the bars corresponds to contaminant concentration in each well, obtained by HGCH and
ensemble GP models.

Figure 2.7 shows that the results obtained from the ensemble GP based surrogate models are
very close to the ssimulated results obtained using the numerical
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Fig. 2.7 Comparison of ensemble GP model solutions with HGCH simulation results for
specified parameter values defined by (@) lower bound on uncertain aquifer parameter values, (b)
actual or mean parameters values and (c) upper bound on aquifer parameter vaues (GWL1:
concentration data at well number 1 based on GP formulation, HCHW1: concentration data at well
number 1 based on HGCH simulation)
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Fig. 2.8 Normalized error for all scenarios under uncertainties

simulation model, and also incorporates der uncertainties. Figure 2.8 shows the summation of
normalized error at each of the observation locations for each monitoring network averaged over the
8 time periods. It is noted that, the ensemble GP models provide relatively accurate results for
concentrations at observation locations. Although the boundary conditions are different, the
normalized errors for al the three scenarios with same hydraulic conductivity are amost the same.
The most important advantage of using the developed GP models is that the numerical simulation
model requires long computational time usually severa hours for a typica study area, while
ensemble genetic programming surrogate models deliver the solution results in typically fraction of
asecond.

Also the ensemble GP models directly incorporate hydrogeol ogic uncertainties in the modelled
system. Therefore the computational advantage of using the ensemble GP for approximate
simulation of complex reactive transport processes in aquifers is enormous if the errors in
simulation are within acceptable range. Especidly, this computationa time saving could be critical
in development and solution of linked simulation-optimization models (Datta et al. 2014) for
management of contaminated aquifers.

24 Conclusion

Although surrogate models are widely used in solving groundwater management problems
replacing the actual complex numerical models, often the main issue is the accuracy and reliability
of surrogate model predictions under input data uncertain- ties. This study developed a
methodology based on ensemble GP surrogate models to substitute numerical simulation for
approximate simulation of the chemically reactive multiple species transport process in a
contaminated aquifer resembling the geochemical characteristics of an abandoned mine site. The
evaluation results show the applicability of this methodology to approximating the complex reactive
transport process in an aquifer. The developed ensemble GP models result in increasing the
computation efficiency and computa

The linked simulation-optimization approach is an effective method to identify source
characterization and monitoring network design under uncertainties in complex real life scenarios
which important for robust remediation strategies and groundwater management. The main
difficulty with linked simulation-optimization models generally is the required huge computation
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time, due to iterative repeated solution of the numerical flow and transport ssmulation models. To
address this, ensemble GP based surrogate models may be used to approximate the numerical
simulation model under uncertainties, in the linked simulation-optimization model.

Ensemble GP based surrogate models can increase efficiency and feasibility of developing
optimal management strategies for groundwater management in geo- chemically complex
contaminated aquifers such as mine sites, while at the same time incorporating uncertainties in
defining the hydrogeol ogic system. The evalu- ations results show that it is feasible to use ensemble
GP models as approximate simulators of complex hydrogeologic and geochemical processes in a
contaminated groundwater aquifer incorporating uncertainties in describing the physical system.
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