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Table 1 Characteristics of petroleum hydrocarbon-contaminated soil of pilot study 1
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Table 2 Characteristics of oil sludge of pilot study 2 Table 3 Characteristics of blending medium of pilot study 2
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Fig. 1 Process diagram of smoldering pilot study
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Table 4 Experimental plan of pilot study 1
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S 155 4R TR ISR/’ SF AL AN /L

Tl, FERtH) X LiEig 1.02 0 0.87~1.09 0.98~1.09
Tl, FERIH) X h Ry 1.02 0 0.18~0.22 0.43~1.09
Tl, FEmbiTIX bz 1.02 20 0.18~0.22 0.33~0.65
Tl, THIREDX ik 1.02 0.18~0.22 0.38~0.43
Tl  EWEHIEE X i 1.02 0.18~0.37 0.18~0.65
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Table 5 Experimental plan of pilot study 2
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Table 6 Smoldering results of pilot study 2

SHRRTOR S TR ke
Gin e ppw e PRAR ;2@;%;2/ ﬁ%éig REER Q;ﬁi;
(ARRLL) (meke ) S 80mg-ke ) i K /h i 2/ °C N
T2, #UBIER AR 1:13 3360 7 5/21 520 2.67
T2, #NWIKE Bt 1:13 7830 7 7/26 549 0.99
T2, #BIEE BHE+ 1:6 13 000 32 7172 814 0.51
T2, #UKRE BE+ 1:8 5510 22 11/43 520 0.68
T2 #2MIKE BHE+ 1:4 16 800 11 3/61 726 0.24
T2, #KE BE+ 3:4 30 600 93 4/86 858 0.6
T2, #MWIKE BE+L 1:2 25300 99 6/60 900 0.64
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Fig. 5 Temperature profile under different Darcy air flux
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M4, UBE L RIBIRANTE, HRTMRESNFHARIZIEL T AR RAIEGR, RiEEe, 5L
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2.4 EihEEFBBRACIERS
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1 b B P8R 4 4% HE S e (5 TR T 26 38 ol ] T
W), BRI 5 Y - 1 7 i R A B LE 2 759~ 0. " . .
8301 mg-kg ', BAMAJE 5K A IS T a4 B8y @ {o8
R R me kg VIR, BIRE § ) 3
SIS A7 ke LR T 99.6%. 6 (fike T uf N
BRSO ) TR, kit 5 ] T Loe
2, RIS AU N A T S 4
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KB RITE 99.5% LA b o FARRER I 1 A i )& o IR IR
FOPHURARIL Tmg ke, BART CRINTSTRAIE g e ) pit e Fsinde 8 4 MR A B

R FH 45 il BR {H ) (DB61/T 1025-2016) H i) il
P4z HIBRAE (<10 000 mg-kg ") Ko { - HEFREE T
oA P b - 1S e KU A bR ifE GRAT) ) (GB 36600-2018)P° H & — 24 i b i 6 {1 (826 mg kg ™). &1 7
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Fig. 6 Petroleum hydrocarbon concentration and removal rate
of pilot study 2 before and after smoldering
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Table 7 Smoldering results of pilot study 1

IR [R5k i

e 15 Y SN KA SHAETH Jash/ A W AFE
é = =N i 5 vE B ,é =N
B e SR s, PR AWERE 5 e
(mgkg?) I3 mg-kg ")
- Ere b 1Y L T HR DL R 5.5~6.0 m -
RIS AT 0 12 844 — 56.8/0 N
- Era b VGG AL TR LR 5.5~6.0 m o . I .
2R T AGELT) ? - X -
oy R TSR T RS 5-6.0m . o
Sk AT 20 8301 ND 22.5/10.7 665 =
T, X Hh i+ 0 2759 ND 7.9/23.5 528 g2
RSl HYe AL TR DL F3.0~3.5m L
0 4146 ND 15.8/10.7 551 g2

SR X (R THER AT 3.4 m)

e *NDFERAKH

25 PABMES S

R KA pras R w R, R E
FAEFE CO,. H,0 55 M AU S Ak 2 <Ak, NOx.
VOCs. SO,. H,S A FHSMAH 5L K CO. CH,
SRR Sy RS COL VOCs 21 43 ik B2 it B
RN R AR R R B M, (H B SR IR i e

I - *

3 1% 52 o7 1k e T e B 4 K AR e 1 o P IR 8 (i pitsh & .

AW, 7E TR R B S I Ak 0 (R A 7 T, SWHAKRNE (£) . F (H) 98E
CO. VOCs 2H 4y ¥ 5 o3k 2 5 K fH, CO.2H 4 Fig. 7 Material of T1_, before and after smoldering
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R 5 RS H ) VOCs 4H 4 22 5 I GAC 1AW [
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) A is e 3 e, R 7 AIE N, T, T, SEI Y LUEREM ) X A 8 s Y 4 49 s
B %, MR AR TR B, Ak 12 844, 9 621 mgkg !, (HBIBAI R B HEEAT; T
T1, AT S250 43 5 AT BE X T b R e ) X 75 g + e S b 4, Rk Jh ke et 43 $iois
ik, 20028 2759, 4146 mg-kg™', PR A FEBIRE, VR B 3 ik 528, 551 C, ¥ Bkbe sk
T A 474 JEHOR 2 5 098, 1.07 med™' s ORI, JEakl XI5 Y H g0 FHUF KGR, &
AKCRE R, WL, 76 BRI 0 AS K TIREY BEK 73 28 Kk IR, 5 G W T 28 SEath il i) 728 % 461 2K
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Pilot studies on treatment of oily solid waste with ex situ smoldering
remediation technology

GE Chuanqin, LEI Dapeng, LIU Shan, SHEN Yi, LIU Zhiyang, SHAN Huifeng"

Jiangsu DDBS Environmental Remediation Co. Ltd., Nanjing 210012, China
*Corresponding author, E-mail: shanhf@jsddbs.com

Abstract Engineered ex situ smoldering remediation technology has great potential in the field of oily solid
waste treatment. Two pilot studies were conducted to treat a site heavily contaminated by petroleum
hydrocarbons and oil sludge at an oil field, respectively, using this technology in this research. Impact of
different air fluxes, blending medium, mixing ratios on smoldering ignition-and smoldering front propagation,
petroleum hydrocarbon degradation rate of the oily solid waste, applicable types of contaminants, and feasibility
of adding auxiliary fuel-vegetable oil to sustain smoldering reaction were explored. Results demonstrated that
engineered smoldering technology was applicable to self-sustaining remediation of low water content and low
volatile oily solid waste, and vegetable oil could be added into solid waste unable to self-sustain smoldering to
realize self-sustaining smoldering. Smoldering was initiated ‘successfully for both oily solid waste with oil
content from 2 759 to 4 146 mg-kg ' and oil sludge with oil content from 3 360 to 30 600 mg-kg ™' with initial
Darcy air flux of 0.18 cm's™', smoldering combustion front propagation average velocities, 1.04 m-d™' and
0.60 m-d”', were achieved respectively, peak combustion temperature reached 990 °C, and petroleum hydro-
carbon removal rates exceeded 99.5%. Volume ratio of 1:2 (sludge: remediated soil) was more suitable for
engineering application. The pilot studies provide a reference for the application of ex situ smoldering
technology in treatment of oily solid waste.

Keywords petroleum hydrocarbon; oil sludge; engineered ex situ smoldering; self-sustaining remediation;
vegetable oil; offgas
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