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(= ) Abstract :

In this work, we applied separation performance improvement and volume
reduction for oil contaminated soils. Firstly, the auditing was made for present pilot
treatment processes. From the results of present hydrocyclone performance, it was
found that there was about 24.3% coarse particle (particle size larger than 63um) existed
in overflow stream. It could be improved (reduced the coarse particle content in
overflow stream) by modifying operating conditions or designed new hydrocyclone
equipment with suitable operating factors. Hence, (a) mixing improvement; (b) inlet
velocity increase improvement; (c) designing new suitable hydrocyclone with related
operations; (d) designing mass flow controlled tank were conducted in this study. The
performance improvement target was aimed at that less than 10% coarse particles

existed in overflow stream.

Results from mixing improvement experiments showed that the slurry was
well-mixed applying air-mixing devices under 350 liter-air/min input and 0.49 m/s
slurry flow rate conditions. The performance of pilot-scale hydrocyclone system was
not good owing to lack of 15 Hp pump to produce high slurry inlet velocity which we

need.

A new hydrocyclone was designed and was tested for high separation performance.
Under slurry inlet velocity of 13 m/s, the separated soil from overflow stream showed a
TPH concentration of 205,607 mg/kg and 94.3% particles in overflow stream were

smaller than 63um (<63um classified as fine soil). On the other hand, the separated soil

from underflow stream showed a TPH concentration of 515 mg/kg, and 89.3% particles
in underflow stream were larger than 63um. It could achieve volume reduction goal of

oil contaminated soils and could be an cost-effective improvement.

Keywords: Oil contaminated soils, separation, volume reduction
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Models
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Mesh Interfaces
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Reference Values
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Solution Controls
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Results

Graphics and Animations
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ANSYS Fluent 159.0 (3d, phns, ske)
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continuity x-velocity y-velocity z-velocity time/siter
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=

14

B 3-2 FLUENT # it 4 &

s



=3

Narasimha et al. (2005)% # * Computational Fluid Dynamics (CFD)
FH ¥ hydrocyclone £ {7 cut size 3¢ &% ° %4 7 2 Navier - Stokes
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(3) 3R 4% F HE(EF R E)F R AN 2 FIEAITE Aot - 318
R A R TR

(4) Bivpginsie » B &2 _overflow ¥ > 63 um 2 Fijeigk 7 € & 10%
YT o O FRERCRGK A R Sl T oG R BEFE S EREH
PIEHBE TR R o o HORRS S 7 0 PIERT ¥ R L H AT
B4Rk RS AT o
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ERERCEE 30N e

= = 41 by 2 1 =)
’}’T _q. ..:ﬁ,—-‘ic';'i’f}?ﬁ

-1 %

AFETASNMEBFAIEREEE > HE B TPH 2 @G H L0
TPH test kit p]3% » #ic@ 10,000 mg/kg 4+ ) > $48E 27 & 4B 5-1 #77F

e

B 5-1 8 TPH # /5 % 2 EH 4

D=2 & A FrILA AT

5-2-1 pH &
R tTrctat it Wk ¥ RSB eS&r o4 2 4 37 kR dp#(pl &) Rl Tz
( NIEA R208.02C )ipl = 2 sEpesk e » H %% 4o £ 5-1 #757 o

% b-1 W34 2EHRADH E
20 13 pH &
TPH# 5% 231 |5 94
TPH 4 5 4 4 3E 2 5. 91

kR A 5 T A dgihdeT 145 RS 5 4.5-5.5 B
5.5-6.5 Fl+ 5 6.5-7.5 ¢ 15 7.5-8.5 4k 1+ 5 8.5-9.5 5a kkt+ 5 9.5 #k 1+
sk o PSRk o TPH# 54 3 B -
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5-2-2 ¥ IL/i- B &
#- TPH i /54 2 3 R G 1s g e & £ HF > & F
Bep e R A v A 10% R @R AT A F o B Aok 52

_'-r—/—F o

% 52 TPH @ 5% b iiririds
A O B

TPH i 5 4 2 3% 1 TPH % ;54 2 3% 2

>150 um % 72.6 72.1

63 ~150 u«m % 25. 6 27.1

< 63 um % 1.8 1.8

G S A T Bl W 5-2 47 o

e S 78 P ¥ =

(a)

100
[0
80
7O
60
50
40
30
zZo
10

o]

Cum’

Q= NWHMROCON®O =

o
0.0 0.1 al 10 100 1000

Size(um)
(b)>150pm

100 -
so 7
80 1 1 1 / 1
7O
60
s0
a0
30
20
10

o]

Cum®%

0= NUWISGOONDO <

o
0.01 0.1 1 10 100 1000

(C)150_63Um Size(um)

100
[0
80
7O
S0
50
40
30
20
10

o

Cum®%

C =< NWAMOOSN®O-S

o
0.01 0.1 1 10 100 1000

Size(um)
d)< 63um

100

oo []
80
7O
60

=]

50
40
30
20
10

Cum%

O = NWHMOONK®O-=

o
0.01 0.1 1 10 100 1000
Size(um)

Bl 5-2 (a) & ~ (b)>150pm ~ (c)150-63pm ~ (d)< 63pm F S+ /% 4 7 B
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ERERER SN ke

dRY T B grE A A 0 4 B 5 >150pm ~ 150-63um ~ < 63pm # >
et 3 BT A 4T B TR T 0 Rk T A e R ikt o

5-2-3 W EMALE &4 A5 (TPH)

#-TPH 4 7% % 2 M4 > Sde 2 A 552 (NIEAMI67) % g2 » £ 4 ik
HREI Gy AL o ua 350C U B2 BT EAL MY BT
FLE BRI —F AR T R/ GaES T R B2 (NIEA S703.62B)
BEFAYT e H Y M (4T W &‘F’)\ Tob 55 4 AT EAR R YR HE A _Ce T
957%%]’%&@((%‘5-7& B ) 2 b A F S AT EAR R YR
F Cro 3 Cao hrde[f] © J’%&r%\ 5-3 #7151 o

% 5-3 TPH 15 2 55 K47 G/ VG 1 G Rl BA 7 %

WwplEp | Hix QDL T >150um | 150-63pum | < 63um
TPH mg/kg 0.06 0.7 0.4 0.2 0.7
(C6-C9)

TPH mg/kg | 15178 | 17,049 | 12,120 | 35,124
(C10-C40)

TPH mg/kg - 15179 | 17,049 | 12,120 | 35,125

d 247 % ¥ 50 Rk TPH 15,178 mg/kg - iz és ~ & 1 - >150pm 2
# TPH % 17,049 mg/kg ~ 150-63um 2 3 TPH = 12,120 mg/kg ~ < 63um
23 TPH 5 35,125 mg/kg © Flszén b 2 > 3ER A A ETPH z EF T 72 £ &
PR %o a<63um3pFTPH 2 2% » &7 A 3l R F P 1R -
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BO-3 WA qatEREKRY

FrggéE Rk o R ALK G >150pm(#100 & %) ~ 150-63pm(#230
g e )~ <O3pm( K &) E = K > T B TR LR B S % 4o B 5-4~5-6
Aron oo o B¢ ?—JFI‘:' v R A KRR A SRR Py HRE SR TPH 4 47
S

Bl b4 #5242 3E? >150um 3k ¥
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ERERCEE 30N e

B 5-5 322 HEY 150-63um *F4- e &

B 56 W52 2E? < O63um FEFPR T
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5-3 % HHE

AT FHEIE(ZFRE)FT AL ER S > FRiEE
450L/min ~ 350L/min ~ 250L/min ~ 150L/min 7 # #4 K ef4f 4 i sL 28
¥ 84 -k E4F 4 -] (Reynolds and Richards, 1996) o d 3% 4-2 3+ & >

P = 81.5Ga x log [}

£ hRFiiER

P it ;Gazfin

% F B % > 150L/min ~ 250 L/min € 7 34 £ 7 & K0 V)UK
7% ° 350L/min ~ 450L/min ¥ & & & it “u A jvgﬂj#l FOSTHR o (SO EES
s ® 350 L /min 4% i¥(4cB®) 5-7)~h 5 ImiF-7 & 1517 & § ’P—0.073Hp °
50kg 2 3 4c > 200kg -k o 2 FEEE 10 4 483
0.073Hp*0.7457kW/Hp*10mins/60mins/hr=0.0091 kWh

FRRUFRAT AP IEANTA 260 2 #:k=1:40w/w)
fe ok A= (50kgt200kg)/(0. 0192m™+0. 2n")=1140 kg/n’
f7 f B 350 L/min TRl v ER kg 0.49m/so B @E TR 4

FREGABEFE) = BR x i
= 1140 kg/m’x 7 /4 % 0.055° % 0.49 m'/s

= 1.33 Kg/s
FEGLkB&E)/ER £= 1.33 Kg/s / 350 L/min
= 0.228 Kg/L

'}TE"P—’» }\14(W/W)p}:li_f ’—4—‘[7“7;?'11;0228 \y‘/ﬁj\
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R Sl s 3

AR O B I AR S

KpN3DESy
g

P=

KT #E #2225 083 E/ ) HEE T 08 0 ~HTF 0208 o
¥ & 41417 it £ (Reynolds and Richards, 1996) >

P=0.57Hp (% #%#cNge = ——= =406,390 >10,000 > #* # & ¥ i)

50kg # 3 4r » 200kg -k > 2 FEEE 10 & 4B
0.57Hp*0.7457kW/Hp* 10mins/60mins/hr=0.0708 kWh

R AR RET 0 2 F T % NE IS k% > @A

AT (Ao 42 % F AR R LR o

¥ RZRE R (4o Bl 5-T 9771 ) /ﬁ- PR AP P B R INE
;JLJFI:. %’E ’ %‘F—T J-?‘F ﬁ;fl /E' 3 - L\j?%%liﬂ 34;;;-‘3: o

Bl O-T 7 & M W%k 7 LB
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0 EE O R T o FMIREAR BRI S o - An S
@ﬂ**%ﬁé@ﬁmopmuwmmp&%éé%ﬁ%%% K R/
RSB A~ iF g}lz\:,;‘; Ao ¥R TG A BB TR 0 P SR IT A
B TRk oAk B E T G PERT Y R L HEATIVERE B Rk
KRG A BT o F] o U SR 08 FLUENT i85k 4 ein s L2
STE GRS fRATOK A AR A HLEST R R T T RS T
¢4%m9%$mg@4¢m‘ﬁg»ﬁAﬁ;Qﬁiéﬁmgmﬁg
7 o & 45 B] 2-3 overflow 3k 7 Z e s in k5 > B ond 7 i 4 &>
SR PIRET 5 8 N VAR 8- LRI e I SV T: S M O ‘1! e fmRp e BRI % (3
EiE it ) o e nid 7 Fapdl 7 2) S 2 4 B 0 BRI A BB
REE » e B o F - VA RS F o B RREEE B v R N R
BopTR A R A S A R E BRI 3 2 GERE - Ei 8 3 (2005)
Frdhg o IR EE MR SRR Ak o

Byt d et ,,,J}M ¥ (CFD)ie 7 i in il A 47 > Hix* 5 £ efe s
BITRHEMTE TR o TR L Bk A S PR SR R R
R IS af;w%ﬁ%p\ A TR L B S s e
PP 4 TR 2 (S overflow ® 0 63 um 2 PR FE B 10% 0 T AR
& BAE) -

5=4-1-1 Ry FR TG P B % %

By R TF e B(* P )5 108 & Rz F Ry ® o HiLRHE
BRIk s ik dod D4 91 o RHERE S 0 3.5m/s B S B iE 2 A BT
i o
54 By ERIAFEAEI RPESRBRERGED 108 #RIER 2T
KRB zl_\!F‘?ﬂ“ L S %Lii‘pé%% KL )

2 J5 (e m) TR A e L% TR A oL &
3.5m/s 99% 1%
o 7.5m/s 76% 24%
-3 20
9.5m/s 74% 26%
11.5m/s 83% 17%
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LR AR Sl R s S

3.5m/s 82% 18%
37 7.5m/s 75% 25%
9.5m/s 82% 18%
11.5m/s 76% 24%
3.5m/s 76% 24%
63 7.5m/s 62% 38%
9.5m/s 73% 27%
11.5m/s 74% 26%
3.5m/s 24% 76%
100 7.5m/s 17% 83%
9.5m/s 20% 80%
11.5m/s 63% 37%
3.5m/s 0% 100%
200 7.5m/s 0% 100%
9.5m/s 0% 100%
11.5m/s 0% 100%
3.5m/s 0% 100%
400 7.5m/s 0% 100%
9.5m/s 0% 100%
11.5m/s 0% 100%

Fla#Z b HRAEAE-ERYY -2 G *I9%F €W ﬁsﬁ**"*“‘
R LA e o R IS HORUORIESR 3.0m/s T o0 R A o
LR *""5@34\%& H overflow 2 underflow § & % 4 +7 4] 5-8
BT oo d BlP F’]H,pm&pq‘ﬂ/}"‘*{nbﬂxi’. [ A

t“’P’?]%Mpf%m;“;;,&vE*féu—iiﬁ.ﬁ Bk plE o mr gt G]ia

HE109# 427 ®W>» 109 & 10 7 KA 222 f o2 @R 2250
%’B‘E*ﬂ—fﬂ\ f"l&t/n 7](% A}é}'ﬁ:o
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¥I %

(a)overflow
100 ° Diam um Percent
% 45 45.00 31.16
80 4 75.00 40.76
70 35 100.0 49.31
2 60 I g 200.0 76.73
E 50 25 3| 3000 90.34
© w > ° 400.0 96.14
0 .5 500.0 98.66
20 1 600.0 99.72
o o 700.0 99.96
800.0 100.00
g.01 01 1 10 100 1000
Size(um)
(b)underflow

100 / 10 Diam um | Percent
%0 / o 200.0 44.79
80 / 8 300.0 64.93
70 / 7 400.0 77.59
e 60 / 6 o 500.0 85.81
E 5 3| 6000 | 9168
O 4 s ° 700.0 95.69
20— L 1| 800.0 98.20
” , 900.0 99.45
. i 1 1000 99.90
— 1500 100.00

3,01 0.1 1 10 100 1000 0

Size(um)

Bl 5-8 3 FCfe s in E 4 3.5n/s ik i@ 4 42 (a)overflow -
(b)underflow 33 b i A 47
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¥I %

M B A HORR KGR 15Hp Rk R I e (D FIRAR G
IBHp Rk &RBH B L ®i® e P R-EHREHAT L (2)ic4E 15Hp
Fok R R AR PP R FSE K 0 R iR R o Bk TR
Wp eh5 Hp iF ok & B 7 3E5%

B IAR S

(DPF-a 3% TPH #3543 3 33 (&2 28 3 - Hab )T bmm 4~ ¥ iE
o B3Rk ) T332 #”fzﬂﬂﬁ' ~ A (4o B b- 1() ATIR ) 0 BRI A AT
4o 5-11 #7177 o L HFR v 14 et B w22 &£ 5500 Lo

(2) Bt b » & g T § 8 3 %/iﬁ 350L/min> 5
Lok o

B 5-10 iE & E"ér‘%:f ~ g

/ Diam um Percent
%0 L | | il | Has 2000 X
80 4 300.0 62.53
70 35 400.0 73.91
= 60 3 o 500.0 82.62
E 50 25 3% 600.0 89.55
© 4 L ! I 1 [l | Loy  © 700.0 94.53
10 15 800.0 97.70
20 1 900.0 99.29
0 05 1000 99.87
1500 100.00

[0],01 0.1 1 10 100 1000

Size(um)

B o-11 3 ME R 543 BEHFL 82 F IS4 178
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e

SERE VRS

L J@,L%m

22020127 25p T

(3) -k 4 peum > AR LRl R P (Ao 512 H9F ) o

i‘fzfli.%’!;iﬁu}ﬁﬁl?‘v'lé 2.7Tm/s % 2.9 m/s >

5 Hpik k&VF

g o F1E 42X B R o 221 1ln/s~13m/s> # 23 3.5

m/s "S’M‘i PERE L] I

PRI

Cum%

Cum%

44

PERREREAEM2.Tn/s 8 FR%K BT

ST e ]

(a)overflow
100 10 Diam um Percent
il [1° 45.00 20.53
8 1k 75.00 28.96
70 7 100.0 39.26
60 | 18 o 200.0 75.98
50 f Hs § 300.0 91.89
w0l L, 4000 | 97.29
a0 3 500.0 | 99.16
» ) 600.0 99.83
ol D 700.0 99.97
800.0 100.00
(U).Ol 01 1 10 100 1000 0
Size(um)
(b)underflow
100 10 Diam um Percent
90 ' ‘ [1° 2000 | 41.83
80 I 8 3000 | 59.91
70 7 400.0 72.89
60 ‘ 16 o 500.0 82.26
50 s a_:@ 600.0 89.43
an Ha 700.0 94.48
" , 800.0 97.68
20 1, 900.0 99.28
o U, 1000 99.87
1500 100.00
g[}l'l 0.1 1 10 100 1000 0
Size(um)

Bl 5-13 p ke B 2. Tn/s i i 2 4 32 (a)overflow »

(b)underflow 3 #-3 St is A 7
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¥I %

AR RN EY 2.9 n/s n i FE % 0 H (a)overflow
(b)underflow 33 Sz~ #7407 B o

(a)overflow
100 /| 10 Diam um | Percent
%0 s 20.00 6.07
80 8 45.00 8.46
70 7 75.00 12.27
e 60 6 o 100.0 18.52
E 50 5 X | 2000 | 5450
© 4 4 ° 300.0 79.77
0 ) 400.0 91.77
2 ) 500.0 97.18
o ) 600.0 9958
=1 700.0 100.00
0 0
0.01 0.1 1 10 100 1000
Size(um)
(b)underflow
100 / 10 Diam um Percent
%0 ® 100.0 11.86
80 8 200.0 28.94
70 7 300.0 47.97
o 60 6 S 400.0 63.33
€ 50 s 3| 5000 | 7529
© 4 s ° 600.0 85.17
" ) 700.0 92.46
20 ) 800.0 97.19
o ) 900.0 99.41
1000 100.00
0 0
0.01 0.1 1 10 100 1000
Size(um)
Bl 5-14 p =R AE B2 2. 9m/s ik iE 2 4 #2_ (a)overflow »
(b)underflow #f 43 &k is 4 47
BRSSP ERREE Y 2.Tn/s ~ 2. 9m/s Sk iE iR A
e

7 % R R A R o i "’if*? ARHERA  FAE
B _ﬂ;“\%#%rs /”._13'!‘ 'ﬂ ”\A ;ﬁ{?’ :;‘ /”L‘Ef FF ‘E\‘ r] i‘i
SR RTATAEE R R TR~ AT o
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LR Sl $ol SRS S

F 55 LATRINE AR AT REFEERSF 0 J A¢ A RT 4
AR GTum 2 67um) o A AT i 0 < FRd P Ao Sde s TS
AT 100pm 14 F e s > 2173 100%:e 3 o

2055 3TN E R AR R ERES

T

T

R (um) [ > T ER AL & TR AT L &

9m/s 100% 0%

11m/s 100% 0%

37 13m/s 100% 0%
15m/s 99% 1%

17m/s 60% 40%

9m/s 34% 66%

11m/s 57% 43%

67 13m/s 0% 100%
15m/s 0% 100%

R 17m/s 0% 100%
9m/s 0% 100%

11m/s 0% 100%

100 13m/s 0% 100%
15m/s 0% 100%

17m/s 0% 100%

9m/s 0% 100%

11m/s 0% 100%

200 13m/s 0% 100%
15m/s 0% 100%

17m/s 0% 100%
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5-4-2-1 #77&in B A Tm/s T iy

R 14 ﬁaﬁiﬁﬁlﬁ’\s“/ukiﬁiﬂflibwiiﬁ %%ﬁxﬁo;ﬂ
overflow:underflow 2 3 F #=18.9:81.1 £ #pt 2 EEFF
1o Bk deR 5-18 #7 o d FAREET 50 0 overflow ¥ A & 11 iwig
i A 93, 6%FF R RTIS A 63um 2T > dw & 14.6um ; underflow ® (&
U R A )P R Feat 2F wmdE R 37, 6%FE A A 63um 12 T ~62. 4% A 63um
oo ds & 98.5um °

it- s TPH 47 > 554 GC-FID ##72% &7 4ok 5-6 #77)
overflow * 3 TPH & & % i£ 826, 120 mg/kg ; underflow * R 5 17,543
mg/kg > felmip Rk R IFHE o FIATERSFIARE T > B2 R KB
LA ESR o v ¥ iy ¢ 5 01 overflow 2 3 TPH Jk & i % ** underflow
23 o

% 5-6 FrrEis B3 T m/s ik T 2 overflow ~ underflow 2 3 TPH 4 47 %

%

¥ |78 P Y = QDL & overflow | underflow %
TPH mg/kg 0.06 0.7 0.5 0.5

(C6-C9)

TPH mg/kg 1 15,178 | 826,119 | 17,542
(C10-C40)

TPH mg/kg - 15,179 | 826,120 17,543
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FgpER 2020127 25p

(a)overflow
100 TTTIT T 177 T B .
Diam um Percent
90 | T 4.5
0.500 0.10
80 4 1.000 213
707 35 2.000 6.74
2 60— T T 3 o 5.000 18.64
E 50| 25 3 10.00 36.18
O Ll | | , S| 2000 62.61
20| 15 45.00 87.74
75.00 v
20| 1 5.0 95.73
10 | | 0s 100.0 98.24
) 200.0 100.00
0 0
0.01 0.1 1 10 100 1000
Size(um)

Sieve Number Diam ur] Cum® | Sieve Mumber [Diam um Cum% | Sieve Number |Diam um Cum® | Sieve Number [Diam um Cum%
20.00 850.00 100 70.00 212.00 100 270.00 532.00 50.85 1000.00 12.00 45.47
25.00 710.00 100 80.00 180.00 | 29.89 325.00 45.00 87.74 1250.00 10.00 36.18
30.00 600.00 100 100.00 150.00 | 89.77 400.00 38.00 82.98 1670.00 8.50 31.14
35.00 500.00 100 120.00 125.00 59.3 450.00 32.00 79.22 2000.00 8.50 24.12
40.00 425.00 100 140.00 106.00 | 98.55 500.00 28.00 75.04 5000.00 2.50 5.88
45.00 355.00 100 170.00 50.00 97.47 600.00 23.00 £8.08 2000.00 1.50 45
50.00 300.00 100 200.00 75.00 95.72 700.00 20.00 82.61 10000.00 1.20 3.58
60.00 250.00 100 230.00 £2.00 93.57 800.00 18.00 58.38 12000.00 1.00 213

(b)underflow
100 5 -
/’ Diam um Percent
o0 45 45.00 31.09
80 4 75.00 4182
70 35 100.0 50.51
* 60 3 o 200.0 76.57
E 50 25 3 300.0 89.82
O 4 2 ° 400.0 95.82
30 15 500.0 98.53
20 1 600.0 99.69
700.0 99.96
10 0.5
800.0 100.00
0
0.01 0.1 1 10 100 1000
Size(um)

Sieve Number [Diam um Cum% | Sieve Number [Diam um Cum®% | Sieve Number [Diam um| Cum% | Sieve Number [Diam um Cum%
20.00 850.00 100 70.00 212.00 787 270.00 53.00 32.89 1000.00 12.00 14.11
25.00 710.00 | 99.96 80.00 180.00 | 7259 325.00 45.00 31.09 1250.00 10.00 112
30.00 €00.00 | S99.69 100.00 150.00 | B5.46 400.00 32,00 28.45 1670.00 2.50 9.59
35.00 500.00 | 9853 120.00 125.00 58.5 450.00 32,00 25.98 2000.00 6.50 7.27
40.00 42500 | 96.76 140.00 108.00 | 52.49 500.00 28.00 24.1 5000.00 2.50 213
45.00 355.00 | 9269 170.00 90.00 47.09 800.00 23.00 21.44 8000.00 1.50 0.88
50.00 300.00 | 889.82 200.00 75.00 41.82 700.00 20.00 19.55 10000.00 1.20 064
60.00 250.00 | 2429 230.00 82.00 37.56 800.00 18.00 18.17 12000.00 1.00 0.28

> REY2 - AL R Y ,_% 2
B 5-18 #TrEim B> 7 m/s iniE T 2 (a)overflow ~ (b)underflow F %

VR
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¥I %

£ #-pt overflow ~underflow 2 3% & {7 &g fici. 2 (4o B) 5-19)° 7 % 3R overflow
E: "ﬁ F 5 B0 do e Bk AR ’Fr ’ L”*’ﬁ FE-HLTRF o

(a)overflow

(b)underflow

1280

Bl 5-19 #TrEis B3 Tm/s ik T 2 (a)overflow ~ (b)underflow * 3E 37 BB

Ju i
7
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5-4-2-2 AT E B 9m/s T ATt

R 14 pR R S B AR g o 4
overflow:underflow 2 3 F & =41.6:58.4 o £ #-pt 2 L7 F ST &
170 HE % 4eB 5-20 “77 o d A& ET 0 overflow ¥ A & 12 ik
om0 94, A%FE Rk S 35 63um 12T s dso 5 14.75um ; underflow ¥ (&
PR RER G A )R] SRt 2F mdEk o 60, 9%E R e 63pm 12 T 39, 1% & 63pm
oo ds & 38.6um °

- Hieim TPH » 47 > §i# 4 GC-FID »+7& % &7 (4ok b-T #77 ) »
overflow 2 3 TPH JE & % i£ 93, 028 mg/kg ; underflow 2 & R 5 25, 906
mg/kg » eIk kRSB F o

# 5=T #Ei B> 9 m/s ik T 2 overflow ~ underflow # 3 TPH 4 47 %
%

¥ |78 P H > QDL Rk overflow | underflow % ix
TPH mg/kg 0.06 0.7 0.6 0.5

(C6-C9)

TPH mg/kg 1 15,178 | 93,027 25,905
(C10-C40)

TPH mg/kg - 15,179 | 93,028 25,906
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b iGpERE o 2020F 122 25p T

¥I %

(a)overflow

100 el > Diam um Percent

% 4 5 0.500 0.07

80 4 1.000 1.64

70 35 2.000 5.22

e 60 3 o 5.000 15.72
E s 25 3| 1000 | 3439
© 4 5 ° 20.00 63.03
20 15 45.00 88.49

2 1 75.00 96.08

10 05 100.0 98.39
200.0 100.00

3.01 0.1 1 10 100 1000
Size(um)

Sieve Mumber Diam um Cum% | Sieve Number [Diam um Cum® | Sieve Mumber [Diam unJ Cum% | Sieve Number [Diam um Cum®%
20.00 850.00 100 70.00 212.00 100 270.00 5300 | 9148 1000.00 13.00 | 2486
25.00 710.00 100 80.00 180.00 | 99.39 325.00 4500 | £8.49 1250.00 1000 | 3439
30.00 600.00 100 100.00 150,00 | 98.79 400.00 3800 | 8479 1670.00 850 28.85
35.00 500.00 100 120.00 12500 | 9925 450.00 3200 | 8007 2000.00 6.50 21.31
40.00 425.00 100 140.00 106.00 | 98.67 500.00 28.00 | 7584 5000.00 250 832
45.00 355.00 100 170.00 3000 | 9763 600.00 2300 | e871 8000.00 1.50 3.47
50.00 300.00 100 200.00 7500 | 96.08 700.00 2000 | 6303 10000.00 1.30 274
60.00 250.00 100 230.00 6300 | 9407 800.00 18.00 55.58 12000.00 1.00 164

(b)underflow
122 / j : Diam um Percent
/| : 20.00 35.97
80 / A 45.00 53.20
70 ] 3.5 75.00 65.21

2 60 3 o 100.0 72.90

E s 25 3 | 2000 89.80

© 4 5 ° 300.0 96.06
30 15 400.0 98.47
20 1 500.0 99.46
o i 600.0 99.88

| 700.0 100.00
g,(]‘[ 0.1 1 10 100 1000
Size(um)

Sieve Number [Diam unJ Cum% | Sieve Number [Diam unJ Cum% | Sieve Number [Diam unJ Cum% | Sieve Number Diam unJ Cum%
20.00 850.00 100 70.00 21200 | 803 270.00 53.00 56.73 1000.00 12.00 | 2889
25.00 710.00 100 80.00 180.00 | 8766 325.00 45.00 53.2 1250.00 1000 | 2152
30.00 600.00 | 99.88 100.00 15000 | 83.45 400.00 3800 | 4285 1670.00 850 16.57
35.00 500.00 | 99.46 120.00 12500 | 7889 450.00 3200 | 2807 2000.00 6.50 14.19
40.00 42500 | 9882 140.00 10800 | 7444 £00.00 2800 | 4227 5000.00 250 403
45.00 35500 | 97.85 170.00 90.00 | 70.02 £00.00 22.00 29.05 £000.00 1.50 169
50.00 30000 | 28.06 200.00 7500 | 8521 700.00 20.00 25.97 10000.00 1.30 1.26
80.00 25000 | 8365 230.00 83.00 | 6035 800.00 18.00 2385 12000.00 1.00 0.65

® 5-20

She

Az A 47 B

T

N e

BT 9 m/s ik T 2 (a)overflow

~ (b)underflow T %t
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)
LR AR $ e B

£ #-pt overflow ~ underflow 2+ 3 & 7 g AL R (4c B 5-21) 0 ¥ B R
overflow ~ underflow 4 3 ¢ 5 & i 3pfedm B o

(a)overflow

(b)underflow

Bl 5-21 #7rEis B3 9m/s ik T 2 (a)overflow ~ (b)underflow * 3 37 BB

Jus
5
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5-4-2-3 FrrEin B & 1lm/s T it

MOER O 1:4 pR B R Ef: R A AR 0
overflow:underflow 2 3 %T{éi:Q. 0:91.0 o £ #-pt 2377 ST 4
17 B S4Bl 5-22 #77 o 4 F ARG % ¥ 741 > overflow ¥ A & rim3f
Foh A 95, 9%EE kTS A 63um 2T o ds 2 12.59um 5 underflow ® o
87.D%3p 4 63um 12+ > dso 5 165.5um > &g o A ek iE o

“7‘.33

wr
> AT ,,Lﬁo_ﬁ

- Hieim TPH # 47 > 5% GC-FID » 47 % &7 (4ok 5-8 #17 ) »
overflow * 3 TPH & & % i£ 32, 855 mg/kg ; underflow # R &35 1,259
mg/kg > felmip s i o ER AR X o

+ -8 FrrEin B3 11 m/s vwik T 2 overflow ~ underflow 2 3% TPH 4 47 .%
%

¥ |78 P Y = QDL & overflow | underflow %
TPH mg/kg 0.06 0.7 0.5 0.3

(C6-C9)

TPH mg/kg 1 15,178 | 32,854 1,259

(C10-C40)

TPH mg/kg - 15,179 | 32,855 1,259
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FimpER 2020127 250 T

(a)overflow

1

00 | P 3 Diam um Percent
%0 / 45 0.500 0.07
80 4 1.000 156
70 35 2.000 5.29

= 60 3 o 5.000 18.54

E 50 25 3 10.00 40.56

© 4 5 ° 20.00 69.59
20 15 45.00 91.90
20 1 75.00 97.31

100.0 98.89
10 05
200.0 100.00
0
0.01 0.1 1 10 100 1000
Size(um)

Sieve Number |Diam unJ Cum%% | Sieve Mumber [Diam um Cum% | Sieve Number [Diam unJ Cum%% | Sieve Mumber Diam um Cum%
20.00 250.00 100 70.00 212.00 100 270.00 53.00 | 94.09 1000.00 12.00 51.4
25.00 710000 100 80.00 180.00 9999 325.00 45.00 918 1250.00 10.00 40.56
30.00 800.00 100 100.00 150.00 9985 -400.00 38.00 £9.04 1670.00 8.50 34.38
35.00 500.00 100 120,00 125.00 99.56 450.00 32.00 85.14 2000.00 6.50 25.54
40.00 425.00 100 140.00 1056.00 29.09 500.00 28.00 81.47 5000.00 250 T.28
45.00 355.00 100 170.00 20,00 | 9842 800.00 2300 | 7487 £000.00 1.50 3.41
50.00 200,00 100 200.00 75.00 a97.31 700.00 20.00 89.59 10000.00 1.20 2868
80.00 250.00 100 230,00 83.00 8591 200.00 18.00 65.29 12000.00 1.00 1.56

(b)underflow
1 1
00 /! 0 Diam um Percent
90 / 9 20.00 420
80 / 8 45.00 8.37
70 7 75.00 16.05
KL 60 6 o 100.0 24.90
£ 50 s | 2000 | 6111
>
C 4w 4 300.0 83.00
0 3 400.0 93.09
20 2 500.0 97.63
10 . 600.0 99.64
700.0 100.00
0
0.01 0.1 1 10 100 1000
Size(um)

Sieve Number (Diam um| Cum%% | Sieve Mumber |Diam um| Cum% | Sieve Number |Diam um| Cum% | Sieve Mumber (Diam um| Cum®
2000 85000 100 00 2120 845 2000 5100 10.05 1000.00 1300 285
2500 71000 100 B0.00 18000 5491 T2500 4500 BT 125000 1000 23
30,00 600.00 9364 100.00 150.00 4435 200,00 300 708 167000 8.0 198
3500 50000 e 120,00 125,00 75 25000 e am 200000 650 143
2000 L2500 B468 150,00 108.00 I35 500,00 2800 548 500000 250 Lilir
4500 35500 83.55 170,00 9000 2147 600.00 2100 458 800000 150 L1}
5000 30000 & 20000 7500 16.05 70100 2000 a3 10000.00 130 0
80,00 250,00 7ia2 23000 B3.00 12.52 800,00 1800 A8 12000.00 1.00 a

B 5-22 #rrEin B 11 m/s ik T 2 (a)overflow ~ (b)underflow T 43 i

A 17 B
56
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¥I %

£ #-pt overflow ~ underflow 3 3 & {7 B ficl % > 4o @] 5-23 #7577 o

(a)overflow

(b)underflow

120k 2005119 18.17 24 | Unil_ mm |

4 '!._.. '_ !

B 5-23 Fragor B3 11 m/s i T 2 (a)overflow ~ (b)underflow # 3% 5g
e 5
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5-4-2-4 Fr7E B & 13m/s T A

EGR Y 1:4 ﬁafﬁ,}ii}ﬁ CAAE | JF = SE SR 17';11%7‘% /t,f,:?gg o H
overflow:underflow 2 3 B #=6.5:93.5 £ #-pt 2 2 {7 5 &P T4

17 B S deBl 5-24 977 - @ FREFT 7 ) ’overflow LR R o)
FoE A 94, %Rk kS 3e A 63um 2T 5 dso 2 13.79um ; underflow ¥ -
89. 3%3E A 63um 12+ > dso & 174.3um 0 Egor A HErk i o

- H i TPH # 47 » ¥4 GC-FID » #7586 % &1 (4o % 5-9 #7177 ) »
overflow 4 3 TPH JE & % i£ 205,607 mg/kg ; underflow # #E Q|5 515
mg/kg > e km3pk s A E > deipkos & TPH<T, 000 mg/kg & & 2 3 @At
ERERvEL I 2L ?‘ﬁlha"' SR BT e

# 5-9 Fr2Ein B> 13m/s inik T 2 overflow ~ underflow 2 3% TPH 4 7%
LN

¥ p|IE P ¥ > QDL ¥k overflow | underflow %I
TPH mg/kg 0.06 0.7 0.7 0.5

(C6-C9)

TPH mg/kg 1 15,178 | 205,606 514

(C10-C40)

TPH mg/kg ~ 15,179 | 205,607 515
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FimpER 2020127 250 T

¥I %

(a)overflow
100 ,/"— ° Diam um | Percent
o0 71 111] 5 0.500 0.07
80 4 1.000 1.69
70 35 2.000 5.562
x 60 3 o 5.000 17.52
E s0 25 F | 1000 37.41
O 4 5 ° 20.00 65.40
30 15 45.00 89.26
20 1 75.00 96.17
10 05 100.0 98.38
200.0 100.00
%.01 0.1 1 10 100 1000
Size(um)

Sieve Number [Diam um| Cum®: | Sieve Number [Diam um| Cum% | Sieve Number |Diam um| Cum% | Sieve Number |Diam um| Cum%:
2000 #5000 100 T0.00 21200 100 27000 5300 9135 1000.00 1300 781
2500 71000 100 8000 18000 9993 2500 4500 8928 125000 10.:00 A
3000 60000 100 100.00 150.00 9|7 20000 .00 8391 167000 8.0 374
35.00 500,00 100 120,00 125.00 b= 450,00 200 8158 2000.00 850 2374
4000 L2500 100 180,00 10600 SREE 50000 2800 TiR2 500000 250 743
4500 35500 100 170,00 90.00 Wy 60000 2300 7085 B000.00 150 AR2
50,00 300,00 100 20000 75.00 W17 T00.00 2000 B854 10000.00 130 285
B0.00 250,00 100 23000 &3.00 43 800,00 18,00 8112 1200000 100 ]

(b)underflow
100 / 10 Diamum | Percent
% / ' ° 20.00 411
80 8 45.00 7.45
70 7 75.00 13.80
® 60 6 o 100.0 21.93
E s 5 3| 2000 58.42
O 4w 4 ° 300.0 81.61
30 3 400.0 92.50
20 2 500.0 97.42
10 ] 600.0 99.62
700.0 100.00
3.01 0.1 1 10 100 1000 0
Size(um)

Sieve Number |Diam um| Cum% | Sieve Number |Diam um| Cum% | Sieve Number (Diam um| Cum®% | Sieve Mumber |Diam um| Cume
2000 850,00 100 7000 21200 6187 Z0a 5300 a75 100000 1300 288
2500 T10.00 100 80,00 180.00 5a7 22500 4500 745 1250.00 10.00 224
3000 600,00 82 100,00 15000 4115 20000 300 .47 167000 850 184
35.00 500,00 a4 12000 125.00 ) 450,00 200 am 200000 850 1.4
2000 L2500 942 140100 106.00 2419 ‘50000 2800 a2 ‘500000 2,50 004
4500 35500 BAEE 17000 90,00 1844 800,00 2300 454 8000.00 150 a
5000 300,00 #1681 20000 7500 134 70000 2000 41 10000.00 130 a
80,00 25000 Tia2 23000 8300 1075 a00.00 1800 am 1200000 1.00 a

B 5-24 FrEinE* 13 m/s

A 17 B

ik T 2 (a)overflow ~ (b)underflow F &35
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LR AR $ e B

£ #-pt overflow ~ underflow 2 3 i€ {7 Bg L% > 4[] 5-25 #51 o

(a)overflow

(b)underflow

1280m1024 202005119 18:43.39 | Unil. mim | Magnificatian

Bl 5-25 Frago B> 13 m/s inik T 2 (a)overflow ~ (b)underflow * 3 3f it
e 5
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5-4-2-5 /|
WHRATAERE T Tm/s~9m/s~ 11 m/s~13 m/s inid TREWF S
o o7 3 A ot bl (overflow, underflow) ~ #i& 4 # ~ TPH )k &

IR 4o ™ £ o

305-10 Fri B RA TR R A

AR RO I - i
Inlet velocity: 7 m/s Inlet velocity: 9 m/s
1 % 0 B TPH | 234 TPH | 24
(mg/kg) | smon i (mg/kg) | 5L gy
B 15,179 15,179

<63 ym: 93.6% <63 1 m: 94.4%

overflow | 826,120 | 18.9% 93,208 41.6%
>63 ym: 6.4% >63 ym:5.6%
<63 1t m:37.6% <63 1t m:60.9%

underflow | 17,543 81.1% 25,906 58.4%
>63 1 m:62.4% >63 £ m:39.1%

Inlet velocity: 11 m/s Inlet velocity: 13 m/s
eI P TPH I EL TPH A
i e
(mg/kg) | jmt gy (mg/kg) | ;i gy
Yol 15,179 15,179

<63 £ m: 95.9% <63 £ m:94.3%

overflow | 32,855 9.0% 205,607 | 6.5%
>63 um: 4.0% >63 ym: 5.7%
<63 £ m:12.5% <63 £ m:10.7%

underflow | 1,259 91.0% 515 93.5%
>63 L m:87.5% >63 1, m:89.3%

QDL: C6-C9 % 0.06 mg/kg ; C10-C40 % 1.00 mg/kg

BEHT o Rini# 13 m/s BERT o RTAEIRE F TR 5 4 3 EE IR
&3 > overflow 2 3 TPH k& & % i 205, 607 mg/kg > underflow # 3 ] &
7 515 mg/kg ’ AE m3Ed A A o e sEAim & TPH<I, 000 mg/kg & F > 4
ERGCERHTELY > 2 FLEH BT L E Fgg? o
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I NEF S AA L

(D& X A(ERF| XA o A R MikEIU A » ¥ 3350
ZF EERFE 10,000 ~/B ;
#h % bHp 60,000 ~ /3% ;
WA 8,000 ~/500 22 7 £
k4 i 80,000 A/ 4
bHp % -k & 150, 000 ~ /3% ;
¥t E 10,000 /4 ;
20Hp * -k # 600, 000 ~/38 23R o
g L Ao s 30,000, 000/38

(2)k 4 i 4t e 5
E/ﬂ%“ /IQLL14’4"*F'4'*J}$4]HFN}\ AY B W g ET
SEfd TR =5 Bk 12,075 ~%4 m'=48.3 ~

FETRERHO6 200 643 /R ARFLH 5 5.05 /R -
W bHp enB i S d 4 (5 3.7280KW) » = et fe 4K LR 5
16T P » T % 5 3. T285KWk1. 67Thr*(6. 43%5/12+5. 05%7/12)=35.0 ~
2 3% 20Hp %tk (14. 914KWF v 7 &

2%14. 914KWX1. 67Thr*(6. 43%5/12+5. 05%7/12)=280. 2 =~

FowE 4 AT L A L =363.5 ~

(3)#mirit = A~
FEH LA 00000 &2 AFTL AT HAILH Ko 2 A AL

A e E X 6000 (& ) Ep 7 R AR F e S A 800
(P FRIR) o

4) (DA IEEALG RS A3 23RL HEBRFRIL R 7 * & 6000

m/v-‘hp
(IDFR XGRS FELEF ASL g BIF* 5 363.5 ~/f

+6000 ~ /#=g*6. 5%=753. 5 ~ /#g o
(iii)# e TPH & & 2 3E £ %o TR TR STEER CEITER

/f@;ﬂfgf’w /f@/@.’?'\' ik H g ""%ﬁﬁ °
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Hh-b BwhrriEix

-0-1 S

(D BT WHAE &5 (TPH)M 75 % 2 BFEY o 5376385 > ko s & A
5 >150 um SEAE T2.1%~T2.6% ~ 150-63 um 3EA- it 25. 6%~
27. 1% ~ <63 um3Ffit 1.8% « o F shfeim A 47 BAE T > =3
F R L IF AR o

(2)TPH 78 5 4 3 EERSF A TR/ VIG8F R F24p > TPH 2
¥ 15,178 mg/kg » * i & /& TPH -

(3) 7§ ME(T = ) Wik - AW A 2.600 23k
=1:4(w/w) e » fp g 350 L/min ™ > ¥ &K -kaviE 0.49 m/s °
B@EEEaw 4 L 33Kg/s’4—l’“‘7“’1;0 228 TRk e TR R E
#0.073Hp -

(4) By R B(FT )3 AT IS LR 3. 0m/S iRk 0 e dm Ak
o d o Fia P ‘Eégj_,ﬁ‘jéérsci A E'%_g_}))l,:t,,, AR e E
b BTy B FIR R RE K XL Rt 12‘-11* ik (4o 11m/s ~ 13m/8):#
B o Moni 2.Tm/s ~ 2.9m/s sk Bl A 0 RAv G oA BLEEA o

(5) BBV 372E I B o 2778 B & 13m/s it T > overflow ¥ 2 & 14
3k i A 0 94 3%BF RT3 E A 63 um 1T o dw 5 1379 um s
underflow # » 89. 3%%FA- e 63 um ™} >dso 5 174. 3 um> Ao & sz
5 i3 oi2— H 5% TPH: overflow 2 3 TPH JkE & % :£ 205, 607 mg/kg ;
underflow 2 3R &5 515 mg/kg > felm3pde i o iE > fe Jg ik L
TPH<1, 000 mg/kg & f< - 23Rt v EL % > 2 FLGEH B
T LB AESE o

5-5-2 &3k

(DE* FEAmnBoing Sl BRsfMES N 7 rerdgis
A A ik o fedpks & TPH<L, 000 mg/kg & F » = A £ A2 o
EIRIEFRY I ELELAERE T R
(DA FHEEY A/ BT T T2 5L 5
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FRWES A RH TR BLF SRV HRA -

()R f# b & E e ™ A 1A EAD2 RS F RIS %
fodeie /L pds AR A E b S B BT R A T AR
O AR R TR

(ii1) & TPH Jk B w3 ik (8 F 0 £ JN 38 7 g2 o
(iv) ™ TPH )k B 4= 3gsk > & TPH<1, 000 mg/kg ZH 2 HFw * o

(DAL FREE S > TR FIEE P30 i 02y %A o2
RAKRGUEFFT AR BT HRER -

(3) iRl A BETEMAELELED KAF -
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Challenges in Environmental Science and Engineering

CESE-2020 Virtual Conference
=-8 November bitp oese-ponfrrrner orgfindex htm.
21" August 2020

Dear Authors,

Paper Ref: CESE2020-5-014

Comresponding Author ¥i-Kua Chang

Co-Authors: Yu-Chi Chang. Pai-Haung Shih, ¥i-Liang Shu, Teng-Liang Wang, You-
Qiian Lin

Title of the Abstract: Separation treatments for total petroleum hydrocarbon contaminated
soils

It is our pleasure to inform you that the abowve abstract you submitted for CESE-2020 virtual
conference has been acceptsd for oral presentation baszed upon peer-review by the technical
committee of the event. The abstract will be published in the conference proceedings. Could you
kindly reply by return email (cese conferepce@gmailcom and lishud46 Ggmail com) confirming that
one of the authors of the abstract will be presenting the paper at the conference as soon as possible
pleasze?

Your paper will be recommended for publicaton im a special issue of the Process Safery and
Emvronmental Protection journal after peer review, The journal will call for papers for the CESE-2020
special issue in December and we will notify you as soon as the announcement for the call has been
made by the journal. The special issue will carry only the papers that are presented at CESE-2020 by a
registered participant

Please kindly register for the conference early (early bird deadline for registraton is 31 August 2020)
to facilimte the smooth organization of the conference.

Please send us your short biography to cese conference@gmailcom (150 words or less) also by the
15" of september.

Look forward to meeting you cnline.

Kind regards,

s

on behalf of the CESE-2013 Organizers
(lishug46@gmail com; cese conferance@gmail.com)
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