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Table 1 Data and it's statistical analysis of water quality indices

. XC()N X[ XORP XL)O 3 -, 3 . .
Sl /(pS+em™!) /C Kon /mV /(mg-L°") -~ =
10:43 1196 18.5 6.79 -45.8 2.13 -0.79 1.69
11:10 1197 18.1 6.76 -64.3 1.31 -1.69 0.54
11:40 1201 17.9 6.80 -53.8 3.26 -0.16 2.13
12:10 1192 17.8 6.78 -65.5 1.70 -0.90 0.04
12:50 1192 17.7 6.78 -65.2 1.43 ~-1.00 -0.03
13:20 1194 17.2 6.78 -69.6 1.22 -1.06 -0.14
13:50 1198 17.1 6.77 -67.2 1.47 -1.18 0.54
14:20 1197 16.8 6.76 -67.7 1.38 -1.22 0.43
14:50 1197 17.0 6.77 -69.5 1.27 -1.23 0.24
1128 1520 1198 17.1 6.78 -66 1.75 -0.90 0.67
16:20 1195 17.0 6.79 -65.1 1.53 -0.70 0.31
17:20 1195 16.7 6.79 -67.3 1.19 -0.78 0.07
18:20 1191 16.6 6.80 -65.2 1.79 -0.11 -0.03
19:40 1189 15.7 6.85 -69.3 1.75 0.92 -0.64
21:40 1190 15.5 6.84 -62.9 2.24 1.12 0.06
22:40 1190 15.7 6.80 -58.7 2.31 0.59 0.48
23:40 1192 15.4 6.82 -61 2.43 0.91 0.52
00:40 1189 16.1 6.77 -61.4 1.61 -0.30 0.06
01:40 1191 15.5 6.81 -57.9 2.74 0.98 0.75
02:40 1193 15.4 6.83 -60.5 2.43 1.01 0.62
03:40 1188 15.7 6.8 -61.2 2.19 0.59 0.08
05:40 1189 15.5 6.88 -59.5 4.02 2.65 0.64
06:40 1187 15.4 6.82 -62.9 2.58 1.20 -0.04
07:40 1187 15.5 6.82 -59.9 1.8 0.79 -0.15
11 435 08:40 1191 16.2 6.82 -58.5 3.26 1.12 0.83
09:40 1187 16.4 6.86 -67.8 1.80 0.93 -0.81
10:40 1182 17.6 6.8 -62.2 1.92 0.03 -0.77
11:40 1187 17.6 6.82 -81.2 1.72 -0.20 -1.53
12:20 1185 17.5 6.79 -85.5 1.56 -0.60 -1.92
12:30 1186 17.0 6.82 -86.4 1.59 -0.06 -1.96
13:15 1182 17.3 6.81 -94.8 2.07 0.04 -2.66
/M 1182 15.4 6.76 -94.8 1.19 -1.69 -2.66
gt RKRE 1201 18.5 6.88 -45.8 4.02 2.65 2.13
BN 1191.23 16. 66 6.80 -65.93 1.98
P2 4.79 0.95 0.03 9.75 0.66
F2 KBEARAYAE ST
Table 2  Correlation analysis of water quality indices
X(I()I\ XI ‘XpH XOKP XDO
o A %L 1 0.274 ~0.490 ** 0.452* -0.106
N 0.136 0.005 0.011 0.571
X, AHIEREL 1 —0.569 ** -0.213 -0.417*
' 2k 0.001 0.251 0.020
X AR R AL 1 0.011 0.615**
ot B 0.955 0.000
AHIEREL 1 0.411*
X()RP N
2 0.021
Y AR AL 1
DO

2EE
T s REVEKFLF]0.015 « BFEMIKFIAF] 0.05.
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i, pH B, 52 2 748
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SRLHE I FEE LA P RS A, DO 0 pH B S E RIS S 2 TR I A0 1950 3
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U EARREAR , ORP Ty , [l Sk Af I A5 S B vk B2 B A 20, ORP [eAI , — 25 AR ELAIRIH , ELAF ot
FEARY , et ORP ZZ AL (18 7) by ORP BEAKRF-. HAAMUEE I RE A S A2 1, e B B A2 A e
SRR T (18] 3) B S AR AR AL fad B S A 8 TP BERE Jm G2 (181 4 ), ORP 22 fL &1 S ke g
ORP Jac 27 % -4 3% I s . 820 P A1 7K A T b, 3 3 s R L 32 A 1 1 B ) 40 28 , Wi 0 2 22 ik
IRAE T SRR ZE R, Ja s T 2R AlK AR T L T R D AR & R 45 2R B m B Be LB ] 26 — B
Bt {5 ORP KR T K, i 2 v T U BER L T 4a A, AR AL T i K HLASAGAN R b K 5 1k A 11
FL A BV E HIE 24 h )5 W] B T25— B BL, Ik ORP RIE AR
2.7 FO R

1 LB A ml R, 2K B AR AL A S P 2 2Ol K KR AR AN AR AR A TR 2 2R AL, o34y
e S pR) X 3 i F AR A A TR
2.7.1 JKJFAERR B HR I

1% 3 T oA Bl nl LU H AT A RSO RHIEAR (I R T 1,56 3 A Eo/ T 1 R %, Koot
BRR LS 2 T/ MR 2, IR, BEICRT P> 208008, 56 1 A 2 A BTk 46. 019% , 55 2 > T8y
A TTRRAR N 31.351% , BN TTHR AR E] 77.370% .

®3 BT EME

Table 3 Total variance explained

P FEAEAR P G AT -7 A
16 Ji ZE TR % KBTI % 16 Ji ZE TR % HBTTIRA %
1 2.301 46.019 46.019 2.301 46.019 46.019
2 1.568 31.351 77.370 1.568 31.351 77.370
3 0.571 11.416 88.786
4 0.333 6.661 95.447
5 0.228 4.553 100. 000

BB 80 R A N TR AR IR AL A A5 B A o I B U T
2= =0.214 x stdX oy —0.338 x stdX, +0.389 x stdX,, +0.091 x stdX oy +0.339 x std X,
2, =0.488 x stdX 5y —0.043 xstdX, —0. 111 std x X, +0. 574 x stdX yp, +0.237 x stdX
A, stdX, (i = CON 2 ,pH ,ORP . DO) AFrififatn e, 3R 1 hEeit I EMARE2E 155
stdX ooy = (Xoox — 1191.2258) /4. 78685
stdX, = ( X, - 16.66129)/0. 9454
stdX,,, = ( X,, —6.803548)/0.2893
stdX gy = (Xopp +65.929)/9. 75008

stdX,, = (X, — 1.982258) /0. 66165
2.7.2  EMST 1 BISEE AHR

TR 1 ZFOEFEH pH DO KR F L T2 238 24006 2, 455 130X pH (DO 43 #r%0, pH F1 DO 43 5
THEACFRSE KRS S, 5 80, pH B4 & T Sl KAV FS2 i i 228 CON M5 8, KL o i & e
CON R ECH 1, pH F1 DO JyiE ,pH 1 DO (5T EAK T /K ¢ A48 CON iy saik, Rtk =0isr 1 1Y
BB KR RT3 0 AR A B AANER , AT 1 AT b i) B AR AR A E A5 S HA
K, T A M P v A BB )N, T K SRS Y e 5 e, AT DIy T K B i
HIRFEIR.

HE 8 F s | A AT LA, H R /K B s 8 7E 1 d NS AN T « 1R B B B ¥ i R e
£99:00 % 18:20 1353 N TE. IR B: B ¥ R i K e/ MEAR A R AT G, St R & A A0
S KM 11:10 1555k — 1. 69 5 W b BB B 618, 24 18:20 R H & | 9:00, 1543 IE(H. M 1B Bt
H e R i KA A R e AT, S s R R AR I 55 K% = 5:45 15941 2. 65.

2.7.3  EBSy 2 B XA
FHLsT 2 REOUEFEH ORP FIHL TR0 R BOH 4, 456 130 A1, ORP 284k J2 f il K /E F i & 3
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TR 2 ST RS RE ) FURIE. KRS 1 S5 R SR VA A B AR A, AT 3 B0 i 2K b iy
SRR, T R K B R AGE RRE ST K AR, ORP Ry, B R ARy 2 #5003 i, X R Ky
B IZAE R 0y 2 AORUE S 1 T KR RE T IEANSC. PRI, Ry 2 Al fE D9 R 7k L fig
A TR AR (0T 70 SE PR AL , 25 5 T BE A 3 3R A A T AL RE D ik R

M8 a2 AP T AR, E5800r 2 AR RRAR I 3 A KB B S — B BE, K BI8R B BE
ERIP 2 W X FESE ARV E TS Qe sl D i A5 AR B A R A Al SRR A, TR 2 B
A, AL BE ST ARXE R I s 565 — B B, Ry 2 B L ARFFFFF, 3R K VR AN R A A S R 1 F A5 2R
BB B T, TSR AN BT B R A, ORP AR, i AL RE 7 AR XS S 0. [R] I a2 B BEK i 2 AR Ak
FRARACE, AT ARG R A i RN U 22, ORP 34K, BE— 28 X kA A1) {H ORP X{H
FIFE Y 2 AP BAEREA AN s 55 = BE, T3 2 R, A UL R 56— BE, S —4~ 8 (19 22 A J] 3
R A 22 24 h el AR F GG 55K B AT 5i /9 25

3

—h— LA
—a— FNR 2

B8 HhykiAme: 3 - ) 4]

Fig.8 Main factors and time chart of pumping test
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ANALYSIS OF GROUNDWATER QUALITY CHANGING IN
PETROLEUM-CONTAMINATED SITE DURING PUMPING

ZHANG Min' CAI Wutian' WANG Dan’ WANG Kaili* LI Nan® LI Jinying'

(1. Center for Hydrogeology and Environmental Geology, China Geological Survey, Baoding, 071051, China;
2. Department of Environmental Science, Qingdao University, Qingdao, 266071, China)

ABSTRACT

Five conventional indices of groundwater quality were monitored continuously in a petroleum-contaminated
site during a pumping test. Based on the pumping and dispersion test, the causes of changes in water quality
in the site were revealed through correlation and principal component analyses, and a method of describing the
purification of petroleum-contaminated groundwater was discussed. The research shows that the changes in
groundwater quality are the combined results of day-and-night water temperature change, pumping effect and
bio-chemical oxygen effect. The water temperature change results from Day-and-Night change; The reduction
of conductivity arises from decreased conductive particles caused by pumping effect; DO change is mainly
affected by bio-chemical oxygen effect and oxygen solubility variation due to temperature change; pH varies
with water ionic product constant change caused by water temperature, acid-base substance decrease by
pumping effect and CO, production by bio-chemical oxygen effect; ORP is affected by low concentration of
reactant caused by pumping effect, and instant DO change by temperature change. The relationship between
DO and pH is greatly influenced by the bio-chemical reaction. The five indices (temperature, conductivity,
DO, pH and ORP) can be considered as two principal components of self-purification rate and purification
capability to describe the purification of groundwater.

Keywords: petroleum-contaminated, preferential flow, conductivity, pH, ORP, DO, purification,
instant DO.



