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Abstract : In this study, the efficiency of natural attenuation was evaluated through the
hydrogeological characteristics such as monitoring and analyses, tracer tests, chemical composition
analysis of the groundwater at a military site contaminated by petroleum hydrocarbon in korea.
Also, based on the results, the natural attenuation rate by distance and the expressed biodegradation
capacity(EBC) was evaluated. The regression slope of -0.0248(K/V,) and bulk attenuation rate
of 1.7 x 103/day were calculated respectively. The range of total expressed biodegradation
capacity(EBC) of BTEX was shown from 9.1 mg/L to 10.0 mg/L(average 9.7 mg/L). It was
confirmed that the denitrification which was expressed about 63.6% in the total EBC is the largest
influence redox process. Consequently, the biodegradation capacity is considered to be sufficient

for remediation in the BTEX average concentration of 1.326 mg/L.
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Table 1. Sampling bottles and pre-treatment methods

Analysis item Sampling bottle Pre-treatment
Organic compound BTEX 40 mL Clear Vial Not filtering
Cation ion Ca, Mg, Na, K, Fe, NH4 30 mL HDPE Filtering, Acid(HCl) treatment
Anion ion NOs, SO4, Cl, HCO3 40 mL Clear Vial Filtering
Alkalinity Alkalinity 100 mL HDPE Filtering
Table 2. Analysis methods and instruments
Analysis item Methods Instrument Manufacturer
Ca, Mg, Na, K, AWWA® 3111 AA. Perkin Elmer/5100PC
Cation ion Fe SW-846 6020 ICP-MS Varian/Ultramass700
NHs The standard method for water in Korea uv Varian/Cary 50
Anion ion CLNO, SOAT’ ?r, HCO, AWWA 110 1.C. Dionex/DX-120
Alkalinity AWWA 2320

3 AWWA: Standard Method (AWWA 2000)

® SW-846: Test method for evaluating solid waste, Physical/chemical method (EPA 2001)
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Figure 3. Location of experimental well for tracer test
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Figure 4. Distribution of groundwater flow in the study area
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Figure 5. Distribution of free-phase LNAPL and groundwater flow in the tank area

350 -

300

250

200

150

Br-(mg/L)

100

50

r 500

(u/sn)o3

0 10 20 30 40 50

70 80 9 100 110 120

Time elasped since tracer injection(hrs)

Figure 6. Variation of Br- and EC concentration in MW-1



O # - ZAE /I SRON ZEX U XIUHIIH B AR ST 330

AM= 5] T ) ol o) A Ca-SO: $9= 1= oict,

kel x = —f‘?ﬁ‘xéﬂj 3’&%2&4*}0]91 7] [m],

=Xk 5= 2 [m?

eVl S 2 Haxg =es

u =Bl (m/s], b = T H[1/s] 1) ARSEA 0 Hres}

FUR I FZA o] 7l (Hydraulic Gradient) A2 W AJska=o] Aksl/ gkl e AEE Bt
WEoR SAstRR, 7] AS olgsto] fadS slaz} - 4ako] AA AAEA (DO, NOs™, Fe?',
E1} 2EAA4=(Longitudinal dispersivity, op)= SO0 tate] BAalglon, o]% DO, Fers &
0.275 9 0.1 m= 2tz AP = Qlet, o714 fojdl & SAAE o &ttt F 4xkol A% HAA-EA
FRFTFES Aok AR5 ALtsh=d 285t BAREY Ad/Fa £, T4 D B525%
i 75%) +AE HI AT 4 Q=S box ploter EAISHY

tHFigure 8).

9 et w5 Y 2 DOO| 13} 574 F1H4A1E 2.4 me/Lolw] 27} &

s Qi O R Al AS BaEA 290 AL 21 me/l, 37 ZALS 12 mg/Le AAdhs
WSS B9 27 R olsEh SR AN . 2AIE Bt 4% 2404 19 me/Le F713)
Gopubg Amo] vl §ESES A HeE ek 4% 3HS ARA 390 §902 A3 371
A3j4e] o|sfaHY B4 Wolel] ole R Lo Ao T NOsEES] A% WAE 3
2 H$AANE WO R Piper tholol 1ol EASE  RA7h 30.2+33.0 mg/LYL e 1) 0~6.2
ek Figure 7) mg/L W919] e 218 Belon 3% 233 ¢

B A ASel e A Al 7k 2418 Holm orh
A5t 48§ Ca-HOO: 8 O2 Uehge  Fere] St 13 24004 43 2474 % 2
o, H7]& $Ha FA oA R 89l s FAIE Hola glo] 37 S-S wH|gh Ao
© S0 Aol AiAer IA Yehge] wkegt 2 ddhEd SO/ =] A, Fet7F AV S

«—
Calcium (Ca)
CATIONS

Na+K HCO3 + CO3°

%meq/|

Cl

Chloride (Cl)
ANIONS

Figure 7. Piper diagram



Tt M25H M52

DO (mg/L)

150

120 4

DO (mg/L)

150

120

Fe2* (mg/L)
]

Fe?* (mg/L)
8

8
6
2
H
S 4
z
2
o [T i
085 08.12 09.2 09.7 085 08.12 09.2 09.7
120
% 4
?
&, 601
g
é )
+ i e .m0 &
085 08.12 09.2 097 08.5 08.12 09.2 09.7
Figure 8. Box plots of redox concentration
8
6
a
H
S 4
z
2
: ; o [ [
08.5 08.12 09.2 09.7 085 08.12 09.2 09.7
120
o 1
o
3
E
&, 60 1
g
i )
H , i = .m0 m®
08.12 09.2 09.7 085 08.12 09.2 09.7

085

Figure 9. Box plots of BTEX concentration




0] & ZUE /I FRE =FA U XeNg7IE & Al 37 341

ol
of
o
32
i)
=
W
S
_);1_:‘

FAIZE RHEFstaL oler 53] #|7)E s ¢ NN 2 =] FFEZ UA A
A5t BH(WA-07)oll A 103.4 mg/LY| & 559 Al AR R 4F as)

FAE Hof St SHlabg ol Qg AR o] U A W A|slg= Aok -GS 7% o4
3 1% F9l Ao sk, of 2.¢i4be7} Btlgo] Wt Aol wE 4714
ZUEElo]l IQas AL ol Azl 2a5E A|A
2) 2§%§(BTEX)9J %E‘ﬁi]’ ‘j] 10 1 = o}D{ = : —og} ]’ ) ]1::
i o|Fof AAAZ 7150l Q&S Tavt S AR
2 AP F F Axtel] 2A WA, EF, o2 scrE
WA, Apelelel chstol Aeh/ 24 K], %9 1 9]
22(05%, T5%) 22X 2 ]I 2 YEE box plotS 3) Azlol w2 AAg7}
EAithFigure 9), A B WAL FEE070  AS] oA e a5l #7)% 4

mg/L(IAH A 1.20 mg/LEAHE &% 5oL &717] Figure 49| A3k S 2sto] Ad

o1% 0.58 mg/LEAHOIA 0.14 mg/LUHE AAE A BEH(Figure 10/2 ol §3le] oGUo 23
o Fasth FHE HYTh ANHOR BIEXS Azt Boldol HE 4AX LTSS Bleksict
2

A8 S Rl 1 Al rlimste] 24 B4 5| oA 9718 4 Aol Al
A AR ARGE dFGE FE 12 0L S BHSH AT Q15 2 SERE Holw 9

480,600

480,500

480,400+

Distance X (m)

480,300~

4802004

480,100+

T T T T T
263,050 263,150 263,250 263,350 263,450 263,550
Distance X (m)

Figure 10. Distribution of groundwater monitoring well for bulk attenuation assesment

Tank Area Slope Waste storage

T wa WAZ 1 A
125
" Depth of soil contamination |
120) e s—ﬁr---w [ N3
E us
5 B —— Water table
o
ui unI — —
108} thered layer | )

100}

0.0 2‘&5 5“5 QISZ 15‘3 |I52 |;‘l
- 1 Length (m) g - v

Figure 11. Longitudinal section of contamination aspect by distance from contamination source



342 YL M5 M52

|o
_EL

A AP Akl w2 (3 EA]) 7 9
E}(Flgure 11). 1834 <) = A 2]of u}
Aot L AFe= A UERES
J=L sheko] 92|k WEL g oA B4
A5 B4t BTEX %7} 2H7F 845.9 mg/kg,
A8 mg/LE " & #AE Bt B

= R (FRENXA) A7 sHtell $Ix]5E SAS0

ek gelE v ok edsEE Ve 4
s sl 1A BEA7A E9lE Ao w b
Bhu}, EET A5t os e d™ 7 o |A
e thFigure 12).

A NX-013} 7} NX—03 &4 9] 2|514=9)(EL
71%)& 1205 m, 110,55 mo]al & ¥4 2] 24 Az
= 1744 mo| B & A5 £ E vl (hydraulic

gradient)«= o} €] 4] 33} e,
R [OF

dh 1205110550
dl - 174 4(m)

].

ol
i‘;{ m
>{.EI 32,

X g
© o

oh‘ N, >{-E =Ry i

=0.057 3

E3 S HEE S WAL o] 4] 4
o} gro| Eas}

0=k 4 @

o] 7| A Q: G- (celsec), A: th4=Z2] vh,

K 2T B SR E

Eof ) $E TIES 244 AF 23S
Q1g3fe] 0,27501EL2 X314 Ae-94-L ofefo] 4]
59
— g _(381x10%)x0.057 x 86,400
e 0275
©)
=6.82 cm/day

A A& LA H A e Doz HA A8}
& fraol o8l 7k #Aoll A YEhu= BTEXS] 5=
£ A2 gko 2 YeR vl&o|H Figure 120 U
ety ik, AAtE A 71%7l£ —0,0248(K/Vx)©]
o, 719 A|5k4=2] AP -4(6.82 cm/day)= &%t
A A& 1.7x107%/day = AP = Sict,

B3 AbHol| YIA|gE vl R (B =E Ao &Jgh 2}
T 75 Fa, sk ekl gJgt 3|4 5 =24
ol A¥Z Q¥EA Axnto] w7]E LR 9
Hols - FARE 7HASHE A o8 AT

4) B85 H7t

B Ago A= & 4xfo] 23 5
2| & HE o 2 BTEXE tfalo
(EBC)E A4} 1 (Table 3, 4), &
2 o] w7 A5k A4S RE] 9

N—
oX

ol

327
2 4
S
[¢)

af

o

/%
3
7] e

L?‘TX]

o 1x
ol

Eobe N

S~

r-lm

_|‘

_R-\ﬂ

75 - - 48
@ soil
® + groundwater
60 - I 33
o 1 £
E 45 1 18 =
= y = -0.0248 + 3.7305 2
o (U]
(%]
£ £
g 30 - - o3 ¢
S v}
5 =
wi L =
B 15 s 2
5 * -
: . 27
0 50 100 150 200

Distance from contamination source (m)

Figure 12. Variation of BTEX concentration by distance from contamination source



°
r|0|

Mg / U &

g ZEX| W XA

N

pSi=a
S

Al S 343

Table 3. Input parameter for EBCx calculation in BTEX

Fo ‘08.05 08.12 09.02 09.07
Parameter
(mg/mg) Cs Cp Cs Cr Cs Cp Cs Cp
DO 3.140 6.000 1.700 6.717 1.200 3.050 0.800 5.633 1.700
NOs 4.900 33.015 0319 30.271 0.275 31.269 0.531 28.868 0.490
Fe¥* 21.800 0.069 0.028 0.141 0.046 0.117 0.089 0.114 0.071
SO 4.700 9.831 0.305 10.280 0.765 10.517 0.367 14.388 0.583
3 F is BTEX utilization by average mass ratio of electron acceptor and metabolic by-product(Wiedemeier et al. 1999)
Table 4. Results of EBCx calculation in BTEX
» Calculated EBC .
Redox condition Ratio(%)
‘08.05 08.12 09.02 09.07 Mean
EBCho (mg/L) 1.369 1.757 0.716 1.253 1.274 13.0
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EBCre (mg/L) 0.002 0.004 0.0013 0.002 0.002 0.0
EBCsos (mg/L) 2.027 2.024 2.1596 2.937 2.287 234
Total (mg/L) 10.07 9.907 9.151 9.983 9.778 100.0
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