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Abstract: The purpose of the study is to evaluate the treatability of contaminated groundwater with
TPH and (or) Cré*. Laboratory scale tests were performed for oil/ water separation, dissolved air
flotation (DAF), coagulation and precipitation, and filtration with sand and activated carbon
respectively. Two times of oil/ water separation tests for total 40 minutes of separation or separating
time shows 90.2 % of TPH removal rate. In case of DAF test for high TPH sample, the TPH removal
rates were not varied significantly by the variation of microbubble size. However, tests for low TPH
samples show that TPH removal rate increases as microbubbles are smaller. When coagulant was
added to sample for DAF test, TPH removal rate was increased 12.3 %. SS removal rate by DAF was
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97.9 % at 16-40 um and it was increased as the size of microbubble is reduced. Tests for coagulation

and precipitation were performed to evaluate the removal of Cré* in groundwater. The increase of

FeSO: dosage increased Cré* removal rate in the coagulation and precipitation process. As the amount

of activated carbon in the filter media increased TPH removal rate in the filtration process. SS removal

rate by the filtration was 96.7 % similar to the results of DAF process tests. The filtration process treats

TPH and SS. Best design parameters are determined as the size of sand is 425-850 um and the ratio

of activated carbon and sand is 50:50.

Keywords : Oil water separation, Dissolved air floater, Coagulation and sedimentation, filtration
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Table 1. Evaluation parameters of selected treatment processes

Oil water separation Dissolved air floater Coaqulation and sedimentation Filtration
Method Physical Chemical Physical - Chemical
pH Species and size of media
Contaminant weight | Size, quantity, residence Amount of reducing agent P
Factor . . . . . - Flow rate
Residence time time of micro-bubble Species, amount, and residence . .
. Residence time
time of coagulants
Target LNAPL SS/Colloid Cro SS

* LNAPL : Light non-aqueous phase liquid, SS : Suspended solid.
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Figure 1. Proposed flow diagram of ground water treatment facility.
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Figure 2. Methods of laboratory tests.
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Table 2. Chemical properties of contaminated groundwater.

Average Sample #1 Sample #2 Sample #3
pH (uniform mixing) 797 7.88~8.00 7.88~7.91 8.11~8.09
pH (after separation) 6.95 7.10~6.95 6.83~7.12 6.99~6.75

SS (mg/L) 1,188.84 1,073.17 1,273.17 1,220.17
TPH (mg/L) 162.65 147.87 186.43 153.64
Cr* (mg/L) N.D N.D N.D N.D

Total coliforms N.D N.D N.D N.D

* TPH: Total petroleum hydrocarbon, N.D: Not detected

AaE dides AAlsklt, w70l AlBs ¥ W2 22 e AES At Qe g9l
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w0 e oo 271550} 1} Age) AT E Ajo|2E 2ASA. 13} 7RI AFojAE
220 80
200 ! @ Total Petroluem Hydrocarbon
— Regression curve
g 100 1 =)
g g
S 160 - g
o o4 x
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80 [ ]
60 10
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(a) First experiment (b) Second experiment
(Initial concentration : 204.4 mg/L) (Initial concentration : 71.0 mg/L)

Figure 3. TPH removal results of oil water separation tests.
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46 lol 271 16~40 pm, 40~100 pm, AR F 7P 2 16~40 um] 7] EAAE AfEo.
100~600 um®| 37F2] A4 HeFo|4H o] 3] 2 % 47.3%9) AALES B AHFigure 4 (£)).

A= 100 rpm o2 178k on] o) WA= 7I4EEA SHAIE Folshs 490l TPH A7
3719 ¥ 80 mL/ L2 7 2 M A5 a&o| sHiele adE ddshy| fsiM Bt 27

Astalet, 12} 7HFA A9l o] A3} Figure 49 T 634.4 mg/Lo ILEE LHASE Aefdl=
(@), (), (% 2t Aol AHgH A5}4=9] TPH — AFS AAHAT AFL 16~40 pm 7] EAFO] =
27)%5E H4 751.3 mg/LE 7FRAS AJ&S of BAFRHE 50 mg/LE F7FeHe 2A0E A
Rom ZRHArY] At Wt 36.1% AATES Y Atk SHAIE A7 2k Wi 72.6%9
BRIt ZFoFEAF 19205 So= Wt TPH 482.3 &S HAoY SHAE MUt AFolA =
mg/Lo FEE FAEY APAT} 307 o] $H 84.9%Y AAZES HcH(Figure 5 (a)). whehAl

o}

il
B A2|Azte] S7ketol = TPH §%=9) #a} 7I 38 29 Aol SHAE H7keke A
T AA ebte, whebA A7 AR 302 Wel oA ol &< wolet Ewol He AR daEn,
AFAIE ] 229 A ags dehlle Aoz 53] SEHet 22 1 ago] SHAES ol wet
shehE et Ageth ot 22 8-S 7|E 5 gledet
A AY 3 /A 07 1~1.6 um, 10~16 um, e}
16~40 um?| "AI7]E Afo] =2 22} 7R A E3 27] AsE(16.4 mg/L) FASke] 16~
& AABIAE AR Askee] 27l TPH & 40 um®] 7|28 28310 2929y} F4tdso|
T Bt 132.8 mg/Lolith, AE AT W2 TPH  H(Al(SOx)s)& 50 mg/L& H7kste] 71491 A
FE ) 7HRARS] TPH AIA&ES vAI7|Z A & Ak Eaebgetst SAE SA0) Y9

0] 27} 1~1,6 um ¥ 10~16 ymujo]l= 73,6%2} = 7]228) 272 A2] & TPH 5%7}6.2~3.1
75.2%9) AALES Ve ch(Figure 4 (d) ¥ (e)). mg/L& wolxitHFigure 5).
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0 00 wo
140 140 120
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i o i w E oo
20 20 20
o 0 0
T » e % » w m S S : 5 5 = = i = s
Time (min) Time (min) Time (min)
(d) microbubble size 1~1.6 um (e) microbubble size 10~16 um (f) microbubble size 16~40 um

Figure 4. TPH removal results of dissolved air floater tests according to microbubble sizes. (a), (b), (c) initial TPH
concentration 751.33 mg/L, (d), (e), (f) initial TPH concentration 132.84 mg/L.
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Figure 5. TPH removal results of dissolved air floator tests with (a) coagulant (Al2(SO4)s)microbubble size 16K40 pm),
(b) coagulant (Al2(SOa4)s) and powdered activated carbon (PAC).

Table 3. SS removal results of dissolved air floator tests according to micro-bubble sizes

Micro-bubble size 1~1.6 pm 10~16 pm 16~40 pm 40~100 pm 100~600 pm
Initial concentration (mg/L) 1,220 1,273 1,189 1,073 1,073
Final concentration (mg/L) 18.0 235 245 26.5 30.0
Removal efficiency (%) 98.5 98.2 97.9 97.5 97.2
(2) 2e2xlo| HA o ST & Al A9 AR HE 10 mg
71l ot Bi=A(SS) 9] AAEES H7t o i 1.4%, 50 mgd W 1.5%, 100 mgd o 1.7%=
317] elA YA RE 2HE AHHRE 114 wHl 22| Q] Z7} A] uju]dt 271 BAR|uF S2Ha} A
A BRAZE B AAE BAL 2UsH BEL ARES HolAE Falich
£ h5o] 2900, 2Rl ARgel 27 HEA A A AR oL E
o1 1/2A1 ol M A7t Al =E A5k FoFTE ' 5 AL EE AL, SAAIY FAtdF
1208710] ZhorEato @ Hona AANES A4 UES Z7H 10 me, 50 mg, 100 mgS Fofdhs £
3t A3} 100~600 um 7] EAro] 22| SS A7 & ZollA Ao AT 2 2004 A9
97.2%, 40~100 pm®] = 97 53%, 16~40 um FolkS 10 mgoll Al 50 mg7HA] S7F A4 A

O] 79 98.0%9] AAES YEhon, F7H4 2
2 A3 AFo| A 10~16 um 98.2%, 1~1.6 um

= 98.5%2] AIAEE e itk (Table 3).

10, 50, 100 mg< 2+ 1L
vE U 1M SASFEEE o) 3to] piE

AEgE S &
Fo Al 247} 16.5%, 18.2%, 24.5%2] A7 EE&L,

5]-&] xﬂo] Q-A]-xﬂol;d 10 mg

20 mg B3 | 2+ 59.6%, 65.5%, 69.0%2] A

ALES, 30 mg

uHolo
T M=

o Z+2k 79.8%, 85.1%,

87.7%¢] AAE&E rehfglom, ohAuro 2 50

8.419] oFd71y 9o 23t 6712 FS

671229

S WY tHTable 4).
100 %9 AAEE

L mge B3-S W) 22 99.5%, 99.8% 4 100%2] A
aes
o wapgEsel 4% A
0.003 mg/L oJs}=2 HHE|H o] & A EE= St

< u= 99,.9%0 14 AAE Ao BetE

3ol 0

T X

SAA7N AR A AZE
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Table 4. Cr6+ removal efficiency (%) of coagulation and sedimentation tests according to the amount of Al2(SQa4)s

and FeSO4
Cr* removal efficiency (%)
Al(SO4); 10 mg Al(SO4); 50 mg Al(SO4); 100 mg
0 mg/L 1.23 1.50 1.63
10 mg/L 16.5 18.2 254
FeSO4 20 mg/L 59.6 65.5 69.0
30 mg/L 79.8 85.1 87.7
50 mg/L 99.5 99.8 99.9
FFE vA = A= SHAR] AR Ee] oF ojiftx= 2 AFY U 302 HA ] Fof A
Bt AR AU A ] Fo 2 e 28] LAz AAE L 715k, & Ao
AREEE TPHE @AS 2|dieh ALSE ] fI3iA] Als
3HA]
9 23 B 2 29 W@ ASEE B4 AG L 80,0~
e 9 ek 0|85k TPH, SS, 67152 56.3 mg/Le] TPH ¥ =& 71|11 Q= R|ekps &
2 E3Hog oA ed4o Ha s yrtst Ak v gof met AES AAIsHY o n ARkl
i}, b= Aol e FEATTY] HEA 7ol gk 75%Q] 730 A AL} 714 weon 1908 &
< ol o ng oy A9S Fagt YE Hifjo] 2EA 07 A== TPHY £ %= 8.2~8.9 mg/L
HEAE S7HFH, ARAF Al 571949 A= o] B2 Hth(Figure 6). AA A2 84,3%°) A
S F|Aslete] §-RAEQ TPHE F9HAS A5} 89.3%2] HL-E Ui},
ARG 0akE Fol7] flsliA FA|E AfellA (2) ofTkzof olst Be2 H
17 5 o
o Al::; ke, o8 rjc’“ EEA mew gy okl o9 2B A
el S —I_SFlgure 2 ( ))E =l (:] OL LS H7Fel7] YAl YA RS onlFE AT
iIIE = =]
3 = 2.0 o}
(ethly Chorde) 2l W71 A4 5 sl OIS qpapop pmapms wel Foio0), 2715wt 4
At A% 2 b FUSIA, 2359 27 2ojal 1/2AoIA W3t ARE &
(1) odatz=of| 2|3t TPH XA AMsto] HLatgict, ofatE %@ SS AALEE AA|
TPHE o2& -S4 o W Ee]2 o= S2 7t 3 A3t 850~2,000 um L4=mf o= 96.7%,

5t o ote] Mol B3 Yol A Hel,

450~850 um= 97.0%, 160~450 um= 97.5%2

8

80

&

TPH concentration (mg/L)
8 8
TPH concentration (mg/L)

3

TPH concentration (mg/L)
8

° [

Time (min)

0 20 “© 80 & 100 120 140 0 20 40 )

80 100 120 140 [ 2 4 60 80 100 120 140

Time (min) Time (min)

() sand : activated carbon =25% : 75% (b) sand : activated carbon = 50% : 50% (c) sand : activated carbon = 75% : 25%

Figure 6. TPH removal results of filtration tests.
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Table 5. SS removal results of filtration tests
Sand : Activated carbon (v : v)
25:75 50:50 75:25
Initial concentration (mg/L) 1,076 1,045 1,023
Final concentration (mg/L) 2.15 425 6.42
Removal efficiency (%) 99.8 99.6 99.4
EZ AAEES UESlh, E3E, 2ot oAE A Azl Frobd F2H 4 Al AlRko] SEsA]
EAE A2 oA B2 ES)AA dHE AT A 2o g, AEIE vee W
A} oA 25%2 AL T5%] HEE & 5 AP ago] tda S7lehe @4e Ho EAY
Tk A2ES 99.8%] 7Y DERS UEhe o) 67 28] AL 23114 oL4HE A A
Bl A 50%LF WFBIE 50%9] Hl&= E“ﬂ 22 4 gloy g Agve s gAs] = of
AAEL 99 6%0] TS walolA To%ol ABY ik webd 5 B BEolue} BAY Tt}
S 2508 EUW A2 00.4%9) HRE B 5 /MRS B 1 9S24 Bash ot
of sk U QAR Hl&o] £24F o ulA
SSTHA| AlAsE Rl AATES PN V.22
Sl GlOL JABAES 2508 STSHOIE SS 5
T2 28788 0] 220 7]29] 10 mg 1]k & 4= TPH, 67} 25 % Fi=d= 294
7} 283] WE 2 9)orHTable 5) Aot 2 QA BE e, 7R
U, S A, 22 Es o83t ot
3) Atz o3t 671 2E AA o] up o] A7) ZAM A2 aSF7}t AL 235}
oI} o||A] 67} ABL Waljoln} W o g 21 Aok, 34 ARolA dojzl AutE EYE AA
3 A A7} HA okt 99 x5l & ] 23} n A S = AFAS et 55 A
Fo| 671 AF& AASH| Helide B oS AR T3t
=2 Agelne B AA meje BAES 37 HEAE o83 Bald gl Sorele)
2] v &2 A ] AVL AAsILH SAE & A% 1% TPH 204.1 mg/Le] 3% 1A fr8&
gkl mal Aelo] 9lof 450~850 ume| Rl Al 2 83.2mg/LeE AALEL 59.2% o], 27}
stgich, mef ot e Bl7L 25% : 75%, 50% : Fae] AEel AwE TPH 71.0 mg/LY| 27]&

50%, 5% @ 25% 4 W= Z+ZF 66.2%, 67.5%,
68.0%2] A7 &S HITHTable 6).

[e)
A

9] §4-52] AFL 208 F 20,0 mg/L7A A7
w0} 71,8%2] A7 58S trerh ik, Wetd % 40

A} BHAJEro] 9]t 671 A A Al 0,05 mg/L Hoﬂ A1, 2% el o) F A7 582 90.22%
o[3k7HA] A A7} 75 sk St £ U] Ak 2 £AE 9
g B2l o] Bt 057t Aol wnl 7}9; Aol ol TPH AIA Ade o=
Table 6. Cré+ removal results of filtration tests
Cr®" concentration (mg/L)
0 min S min 15 min 30 min 60 min 120 min

] 25:75 2.14 1.62 0.988 0.868 0.748 0.724

Sand: Aisv_ffd carbon 755750 2.09 1.50 0.923 0.824 0.732 0.681

75:25 2.11 1.75 1.050 0.930 0.814 0.740
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16~40 um, 40~100 pm, 100~600 um 7] EAFo] 2
Z Agstglon, TPHE vlA)7]E9] 888 Fels}
7] Y3 M F7HH 2 1~1.6 um, 10~16 um] v]A
7|2 ERIsHGIT}, AARES LE eS| TPHAIR
oAz 7] EAFo| 20l w2 gFFo] AL glglon, A
SO TPHA| RO A= u]A|7| & Ato] 27} Zhobaa=
522 885 Bk 7R AL SAI9 A7t
£ AATES Eol5H 12.3%9] AATES J5A]
ek, 7R AR sl Hfiade Bat 98.0%
S AAEES Bylow ARk nA|7] 2 of AA
ago] tha =94,

AR o8l 67138 AAEES Tt
67} 252 AntH 0 2 FHUS AJA A A ATH=T] g
YA AL H = oAU ERS YA
o Aol A= mlEike] AAE e, ARl
FAAYEE P2 A oA AU HEE 10 mg
oA 50 mgo & F7HAZA wujch A A== 5ol
A4 S7rste], 3AHAIYE 50 mg/L YlS fie
A gHAIZE] 0,003 mg/L o3t A A &S Rl
APATZE 30 mg/L SAHAGE S Y A o
80%2] AFEES B& 4= Q= AR AHEGC
o o] AP age dA| o o
7|2 ol & AE 4 = FHA Agolth

wef 9l SHdet of ko)M= TPH, 67} 25, F
FEY AATES delglth. TPHE 245k v)
£0| HE5E AASE L W 1208 F 2F Al
AT 84.3%001 4 89.3%= H|%3E LS LER
o HREAS 7R A & 96.7%2
&S vebgr) 671352 B A oS 7
[ A7} =2 ekokom, EAJek ulgo] F7tof| uf
ofu Y= AAEE Hsh= YEhA] ookt

dee o R A&y AE

A\

L Ho K o2
Y

o
o,

o 10 og

Ql’.
4t
i)
o
of
)
o
o
1o
to
of
o
)
1

ki
2,
A
)
g
o
i,
>
N
N

(M)
k)
>
o>
pacs
>
=)
9,
do =
>

N
[

il

_1?:_
ol

|o

i
e
o
e

~

;I:L rlr
o]
N
L o
o
B ou
e &
D)
20X
_1 0 HJ-IU
o
& Tl
o %
oft H
2
S HT
1o
_O|L
0 n e @ o
FoN >

©
ol
o
2
Lo
pad)
o
fru
=
L
i,
£
N
s
Hz
o
N
1o
o,
(o]
]

%o}

JAI7]1E 327]15 1~1.6 umZ A3},

N O

20

A2 =
ot AR YES 30 ppm FY
2l o7 wetert, ojuk= TPH
AL AP 4= 9lon, BAE] v o)
aatEo| B Ha)e] A 425~850 um, &
Aeko] blg 50 : 5002 AAEH A
= e A 2E AGARA B4
o] st HjE4=0 FE=7} ule- Holof gt

| aefE]ojof gir}, E3t A= FE|
Al @l IA 3719 duket Al

)
I{]JQ

2 o

24 oo Mo
N
o 1
ol
o

flr XYoo
i

o
Ho
H
fll
o o
i o
i)
Fo
o
&
olo
jia)
>_.14’
o
()]
N
Hu

fo
1

0
+
R

o2 o
o

o mx rlt o q

Lo of & i
i)
_tJ_‘
N

o o N
= o
i
o
H1
N
2
o
N
N
tlo
Pﬁ‘
5
>
¥0,
o
A
T
o

O
ol
£

References

Chang YY, Kim KS§, and Yang JK. 20006.
Optimal condition for As(III) removal by
filtration system packed with different
ratio of iron-coated sand and manganese-
coated sand, J. Kor, Soc, Environm. Eng.
28(11): 1186-1191. [Korean Literature]

Cheon JY, Lee JY, and Lee KK. 2004.
Characterization of the hydrogeologic
environment at a petroleum hydrocarbon
contaminated site in Korea, Environ.
Geol. 45: 869-883. [Korean Literature]

Jeong CH, Jeong GY. 2000. Effect of
groundwater anions and pH on the
sorption removal of heavy metals by
bentonite. Econ. Environ. Geol. 33(1): 31-
40. [Korean Literature]

Jo JH, Kim JH, Park MK, Kim TH, Choi YS,
Choi SI. 2014. Efficiency assessment of
wastewater treatment plant and groundwater

level by pump and treat technology applied



110|743 (332~345)ok.gqxp_&Z28-3 2019 2019. 7. 2. 2H 10:?§ 50| X] 345

o7t - ¥2Y / TPHY 671 AELEZ 2FE XI5t M2IE et Al 4™ 345

for petroleum contaminated site. J. Soil
Groundw. Environ. 19(3): 33-38. [Korean
Literature]

Kim CG. 2006. Attenuation of landfill leachate at
two uncontrolled landfills, Environ. Geol,
51: 581-593. [Korean Literature]

Lee CY, Jang YS. 2010. Teatment of contaminated
groundwater containing petroleum and
suspended solids using DAF and mixed
coagulation processes, J. Kor. Geo-En.
Soci. 11(8): 25-32. [Korean Literature]

Lee JY, Cheon JY, Lee KK, Lee SY, Lee
MH. 2001. Factors affecting the distribution
of hydrocarbon contaminants and
hydrogeochemical parameters in a shallow
sand aquifer, J. Contamin. Hydrol. 50:
139-158. [Korean Literature]

Lee JY, Choi JC, Yi MJ, Cheon JY, Kim JW, Lee
KK. 2004. Evaluation of groundwater
chemistry affected by an abandoned metal
mine within a dam construction site, South
Korea, Quart. J. Engin. Geol. Hydrogeol.
37(3): 241-256. [Korean Literature]

Lee JY, Cheon JY, Kwon HP, Yoon HS, Lee SS,
Kim JH, Park JK. 2006. Attenuation of
landfill leachate at two uncontrolled
landfills, Environ. Geol. 51: 581-593.
[Korean Literature]

Lim JW, Chang, YY, Yang JK. 2010. Removal of
soluble Mn(IT) using multifunctional sand
coated with both Fe- and Mn-oxides, J.
Kor. Soc. Environm. Eng. 32(2): 198-200.
[Korean Literature]

Mamais D, Noutsopoulos C, Kavallari I, Nyktari

E, Kaldis A, Panousi E, Nikitopoulos G,
Antoniou K, Nasioka M. 2016. Biological
groundwater treatment for chromium
removal at low hexavalent chromium
concentrations, Chemosphere, V. 152:
238-244.

Min SY, Chang YY, Yang JK. 2011. Removal of
soluble Fe(II) using reactive media coated
with both Fe and Mn, J. Kor. Soc. Environm.
Eng. 33(2): 85-92. [Korean Literature]

Yang JH, Lee KK, Clement TP. 2012. Impact of
seasonal variations in hydrological stresses
and spatial variations in geologic conditions
on a TCE plume at an industrial complex
in Wonju, Korea, Hydrol. Processes, 206:
317-325. [Korean Literature]

Yu MR, Hong SC, Yang JK, Chang YY. 2008.
Removal of As(IIl) and phenol by multi-
functional property of activated carbon
impregnated with manganese, J. Soil
Groundw. Environ. 13(3): 52-58. [Korean
Literature]

Kim JH, Park MK, Kim TH, Choi YS, Choi SL.
2014. Efficiency Assessment of Wastewater
Treatment Plant and Groundwater Level
by Pump and Treat Technology Applied
for Petroleum Contaminated Site, J. Soil
Groundw. Environ. 19(3): 33-38. [Korean
Literature]

Lionel JJC, Francis ALD. 1995. Application of
Gravity Drainage to the Recovery of
Residual LNAPL in Homogeneous and
Lensed Sand Packs, J. of Contaminant
Hydrology 18: 279-3006.



