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(1) One Case Study (Ningbo, China)
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SWOCs Concentration (mghg)

141 210

17
Max Conc. Remedial Goal

coc (mg/L) (mg/L)
o-toluidine 770 0.43
Vinyl Chloride 26.1 0.023
DCE 0.816 0.19
2,6-Dinitro-toluene 1.05 0.051
2 4-Dinitro-toluene 3.22 0.058
5-nitro-o-toluidine 54 3.35
TPH 44.9 2.42

Dinitrotolue
ne, 1.74%
eSO
Max | Remedial | Boiling
COC Conc. goal point
(mg/ke) | (mg/ke) | (° C)
Dinitro-toluene 65 1143 300
o-Toluidine 271 20.77 200
DCE 147 10.65 84
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GTR= Gas Thermal Remediation

> Propane/Natural gas/Diesel as fuel to heat the thermal conduction heater wells.

> Soil and groundwater are heated indirectly through conduction. Treatment
W h at iS G T R temperatures from ~100°C to >400°C.

> Vaporized contaminants collected from extraction wells are routed to the

appropriate vapor treatment module.

> Closed-loop in-situ thermal conduction heating system. No pollution emission

into atmosphere.

VAPOR
TREATMENT
SYSTEM

COC coC




Heaters Safety
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Fuel source
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In Situ GTR =
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ISTR installation

Site Preparation and sheet pilling

Treatment zong~~
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ISTR installation

Drilling and Well Displacement
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ISTR installation
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ISTR installation
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Remote Monitoring System

Command Windows Help
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Temperature gradient at 8.5m bgs
with hydraulic control
after 0 days heating
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Recorded Temperature Evolution

Tempreture Curve at 1m depth bgs. R
Tempreture Curve at 5m depth bgs.
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Computer Simulated Water Removal with Temperature Evolution

Temperature gradient at A-A' cross section
with hydraulic control

after 0 days heating Wat c t t at A-A’ ti
MPE ater Content at A-A’" cross section
" s () = b L) ? after 0 days heating
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Computer Simulated COCs
Reduction with Temperature Evolution

COCs concentration (mg/kg) at A-A' cross sectiol
after 0 days heating

Dinitro-Toluene
1

2=
3

Temperature gradient at A-A’ cross section
with hydraulic control
after 0 days heating
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Soil Concentration Sampling

during Treatment
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Results

All soil sampling results
suggested remediation goals
were achieved In proposed
duration

~
o

Dinitr’o-Tquene removal rate=99.9%

@ pre-treatment
@ post-treatment
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DCE removal rate>99.9%

@ pre-treatment
o post-treatment

pre ave. conc.=46 mg/kg

4

postave. conc.=N.D.

soil Samples

O-Toluene removal rate=99.5%

4

® pre-treatment
o post-treatment

4

pre ave. conc.=116mg/kg’

4

post 3ve. eonc.=0.6 mg/kg
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o

Results

All groundwater sampling results suggested remediation goals

were achieved in proposed duration

Groundwater Pre-treatment Post-treatment Remediation
samhn ;,L/L 01/19/2016 ooal p/L
2,6- d1n1tro toluene 33.3

2,4-dinitro-toluene _
28,400

G)

=0,
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Results

Soil bearing test suggested the soll property was not changed
during thermal treatment

Sl Bearing capacity
ot type q. (MPa) |f (kPa) (kPa)

treatment
Post .
treatment
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Why GTR: more soil types

g = —k{dT/dx)

= heat energy flux in the x direction {Wem "
thermal conductivity {Wem W K '}
= temperature gradient in the X direction (K+*m 'jl

Sand 10%
Caly 107%

A A R
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Why GTR: less time

Duration for Different remediation technology

. .. Chemical . Bio-
In Situ Remediation Thermal . . flushing . ..
injection remediation

VOCs ~ ~

VOCs
(BTEX, TCE,PCE,gasoline,partial
diesel, ect)
SVOCs (motol oil, MPG, PAHs, ~
PCBs, dioxins,etc) m 12736 M
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Why GTR: better guarantee

BEFORE THERMAL TREATMENT (AUGUST 2007)

No Rebound — R long term cost

2009: Before source removal f:,‘]':e
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(2) One Challenge Encountered
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Case #1
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Case #1
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Case #2
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(1) Cooling
(2) VGAC polishing
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Vapor Treatment first step: cooling
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Vapor Treatment first step: cooling
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Method
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(1) Cooling
(2) VGAC Polishing

(1) Cooling
(2) Therm Oxidation
(3) VGAC Polishing

(1) Cooling
(2) Catalytic Oxidation
(3) VGAC Polishing
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5 Oxidation Complete

7 Clean Air Stream Discharge 6 Heat Energy Transferred back to
to Atmosphere Ceramic Media

Syt

i Sie
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8 Hot-Side Bypass
for Higher VOC
Loading

5 »

. LRI Lot et
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Flow Through Heat Sink Media
VOC's Oxidized
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Method

» chlorinat
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(1) Cooling
(2) VGAC Polishing

4

(1) Cooling
(2) Therm Oxidation
(3) VGAC Polishing

(1) Cooling
(2) Catalytic Oxidation
(3) VGAC Polishing

(1) Cooling
(2) C3
(3) VGAC polishing
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Method 4:
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Method 2-4: which methods

High Flow
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Method 2-4: which methods

Solvent
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Method 4: C.

Flow Rate 100 SCFM 200 SCFM 300 SCFM 500 SCFM
Pilot test unit

Power 48

e
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Vapor Treat

(1) Cooling
(2) VGAC Polishing

BN

(1) Cooling (1) Cooling (1) Cooling
(2) Therm Oxidation (2) C3 (2) GTR-O
(3) VGAC Polishing (3) VGAC polishing (3) VGAC polishing

(1) Cooling
(2) Catalytic Oxidation
(3) VGAC Polishing
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Method 5: GTR-O (Case #-
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Method 5: G
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Method 5:
Case #
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Method 5: GTR-O

GTR-O: si d and
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