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Background  
–operat ional 
h ist ory

Clean-up of a com p lex and d iverse chem ical
m anufacturing facilit y, Aust ralia (form er Major
Hazardous Facilit y)
Source of im pact …every day act ivit ies eg.
1. Constant sm all d rips and w eeps,
2. w ashing of chem icals dow n drains
Major releases w ere cleaned up im m ediately
during operat ions
Minor releases are the issue over 70 + years of
operat ions.



Background  
–ext ent  of  
im pact s

Three m ajor source areas cont ribut ing to a
m ixed solvent groundw ater contam inant
p lum e extend ing over approx. 25 hectares
(62 acres).
Plum e contam inant m ass is dom inated by
- Benzene (50 % )
- Acetone (9% )
- Cum ene (8% )
- Chlorina ted Phenols (8% )
- Phenol (8% )
- Ethyl Benzene (6% )



Background  
–t hree 
source areas

Site (94 Acres)

Above 
ground  
storage tankProcessing 

Plant

Manufacturing 
Plant

Manufacturing 
Plant

Historic land fill



Treat m ent  
Approach –
t reat m ent  
t rain

Treatm ent t rain approach:
Source Areas:
• Soil vapor ext ract ion and cryogenic

t reatm ent (x9 tonnes in 6-m onths)
• Bio-augm ented m icrob ial t reatm ent in

source areas to enhance natural
at tenuat ion

Plum es
• Dem onst rat ion of natural at tenuat ion



Treat m ent  –
m icrob ial 
source 
t reat m ent

20 17 Nit rat e Resul t s

20  m g/L

428 m g/L

195 m g/L

Site Wide 
0 -0 .0 1 m g/L

Microb ial resp irat ion –sulphate reduct ion and  
som e m ethanogenesis, is occurring at  d ifferent  
stages across the site. 



Treat m ent  –
m icrob ial 
source 
t reat m ent

97 F

77 F

64 F

64-66 F

66-68 F

63-64 F

64-66 F

66-68 F

63-64 F

63-64 F

Tem perature increases w ith in the p lum e, 
p resence of volat ile fat ty acids and  DNA from  
m icrob ial com m unit ies



Nat ural 
At t enuat ion
–l ines of  
evidence

Natural at tenuat ion dem onst rated via the
follow ing lines of evidence:
• Stat ist ical t rends
• Center of m ass
• Mass flux
Find ings

• Ret ract ing p lum e
• Contam inant  concent rat ions are stab le / 

decreasing through the center of the 
benzene p lum e



Ret ract ing 
p lum e Decreasing

No Trend

Increasing

Mann –Kendal l  Trend  Analysis 
(Benzene 20 16)

Decreasing



Treat m ent  
Approach –
cent er of  
m ass

Center of m ass calculat ions w ere used to;
• Determ ine the m ass and center of m ass of

the shallow contam inant p lum e.
• Assessm ent of the fate and t ransport of

contam inant m ass degradat ion overt im e
across the Site

Method developed and exp lained by Ricker
(20 0 8), Mohr and Naude (20 17)
Softw are package Surfer ™ (Golden Softw are,
Golden, Colorado USA)



Treat m ent  
Approach –
cent er of  
m ass



Mass f lux 
and  m ass 
d ischarge

Mass Flux and d ischarge est im at ion
• to bet ter understand source zone

behaviour and the ongoing at tenuat ion
processes.

Modelling w as based upon ITRC (20 10 ) use
and m easurem ent of m ass flux and m ass
d ischarge.



Treat m ent  
Approach –
l ines of  
evidence



Benzene 
Im pact  in  
Groundw at er 
(20 16)

Chem ical im pact

366 g/day

0 .9 g/day

0 .1 g/day



Lines of  
evidence –
Mass 
Discharge 

Mass d ischarge
(366 g/day)

Est im ated  Benzene m ass d ischarge from  the Site

Mass d ischarge
(6,50 0  g/day)

6 years  = 94% 
reduct ion



Benzene 
d ischarge 
over t im e

YEAR MASS 
ATTENUATION 

(kg/day)

MASS 
ATTENUATION
(t onnes/year)

20 0 9 3.1 1.13
20 10 6.5 2.37
20 11 2.5 0 .91
20 12 3.0 1.10
20 13 2.0 0 .73
20 14 1.5 0 .55
20 15 1.0 0 .37
20 16 0 .4 0 .13

Tot al  m ass d ischarge (20 0 9 t o 20 16) 7.29



Conclusion In sum m ary, clean-up of a com plex and d iverse
chem ical m anufacturing facilit y involved ;

Source area t reatm ent
• SVE/Cyrogenic t reatm ent , follow ed by

enhanced natural at tenuat ion
Plum e t reatm ent
• Dem onst rat ion of natural at tenuat ion

• Physical p ropert ies
• Stat ist ical t rends
• Center of m ass
• Mass flux and m ass d ischarge



Conclusion

Source Zones
9 tonnes 

(6 m onths)

Plum e
Mass Flux 
7 Tonnes 
(7 years)

Natural at tenuat ion 
(b io-augm entat ion)
= t im e



Conclusion Source Area (Act ive t reatm ent )
• Est . 9 tonnes (6 m onths)
• Energy intensive approach

Natural at tenuat ion
• Est . 7 tonnes (7 years)
• Est . 94% reduct ion (6 years)
• Sustainab le approach

Data ind icates, m ass reduct ion via natural
at tenuat ion is significant



Learn ings • Im portance of m ult ip le lines of evidence
• Modelling is only as good as the data set
• Modelling is only as good as the

assum pt ions (bew are the b ias)
• Real w orld data (pum p tests, lab results)
• Benefit s of nested w ells (vert ical

characterisat ion)
• What influences the approach? (t im e, risk

(m odelled or m easured?), com m ercial, the
pollut ion out rage!!)



Changing 
t om orrow  
t oday

WSP is one of the w orld 's lead ing engineering p rofessional services 
consult ing firm s. We bring together approxim ately 42,0 0 0  talented  peop le, 
based  in 50 0  offices, across 40  count ries. We are technical experts w ho 
design com prehensive and  sustainab le solut ions and  engineer p rojects that  
w ill help  societ ies grow  for lifet im es to com e.

w w w .w sp.com

Should  you have any quest ions p lease contact  
Graham  at  em ail: graham .sm ith@w sp.com

Quest ions?

https://remote.pb.com.au/owa/,DanaInfo=.aaqu1hry48CJn043O5sCt7U91F,SSL+redir.aspx?C=RoMOHtQ_riJSTKB-g7E5RE7FJ4is2Xc46AvXvpj70KWiYUJOL5vUCA..&URL=http://www.wsp.com
mailto:graham.smith@wsp.com
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