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Background / Objectives Approach / Activities Results / Lessons Learned

SGW Services is a Brazilian environmental 
consultancy specialized in engineering, 
assessment and remediation of contaminated 
areas, audit and licensing. With solid technical 
skills and large experience in environmental 
projects in Brazil and Latin America, operates 
in the most diverse sectors of market in an 
efficient, transparent and responsible way.

The Soil and Groundwater Company 
+55 11 3217-6300 | sgwservices.com

Groundwater in a complex hydrogeology site 
at former home appliances manufacturing 
plant located in the city of Sao Paulo (Brazil 
site), was impacted with CVOCs including 
PCE, TCE, cis-1,2-DCE, VC and 1,1,2,2-
TeCA. 
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Landfill

Red to grey compact clay with ocher silty lenses

Silty sandy clay, variegated, sometimes less sandy, silty and friable in the ocher portions

Sandy clay to claiey sand

PCE levels in groundwater were >200,000 
µg/L and in soil was around 26,700,000 

µg/kg in the source areas (multiple 
sources).

With the CVOC dissolved phase plumes 
covering approximately 115,000 sq ft 
reaching 100ft deep and a geology 
comprised mostly by thick compact clay 
levels with high concentrations in the 
source zones and no space for big 
excavation pit, the obvious solution was a 
Thermal approach.

The first step of the project included 
understanding the complex 

hydrogeological model of the area. 
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Then the advantages and disadvantages 
of the thermal approach were considered. 
The main disadvantages, which made this 
approach unviable, was: 

Existence of a nearby subway station

Occupied neighboring (vapors concern)

Elevated costs of the technique in Brazil 

The remediation was designed through a 
synergetic combination of multiple 
techniques: Big Diameter Vertical Soil 
Excavation in the source areas with high 
contaminant concentrations in the clayey 
layers, and In Situ Chemical Reduction 
(ISCR) of the impacted groundwater. The 
excavation was only possible by modifying 
an equipment regularly used for big 

0 20 30 40 50 m10

Consolidated Plume (Levels A to E)

PCE (µg/L)
< 40

de 40 a 1.000,00

de 1.000,01 a 10.000,00

de 10.000,01 a 100.000,00

> 100.000

Intervention Value: 40 µg/L
(CETESB, 2014)

Property limits

Excavation 

Excavation & cement columns

ISCR direct push

SVE

foundations in the construction industry. 
The adjusted equipment was able to 
vertically remove soil up to 100ft at an 8ft 
diameter, allowing the safe removal of the 
deep highly contaminated clays in the 
source areas without the need of opening 
large pits. This enabled the ISCR reaction 
to take place in the more permeable zones, 
including the external areas.

Cement filled boreholes

Modified large foundation rig 8ft diameter x 100ft depth boreholes

24,300 ton of soil removed
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PM-164BPM-164BPM-164B

PM-156BPM-156BPM-156B

PM-149BPM-149BPM-149B

PM-148BPM-148BPM-148B

PM-155BPM-155BPM-155B

PM-150BPM-150BPM-150BPM-146BPM-146BPM-146B

PM-154BPM-154BPM-154BPM-180BPM-180BPM-180B
PM-167BPM-167BPM-167B

PM-152BPM-152BPM-152B

PM-177BPM-177BPM-177B

PM-161BPM-161BPM-161B

PM-162BPM-162BPM-162B
PM-10BPM-10BPM-10B

PM-170BPM-170BPM-170B

PM-166BPM-166BPM-166B

PM-165BPM-165BPM-165B

PM-168BPM-168BPM-168B

PM-158BPM-158BPM-158B

PM-178BPM-178BPM-178B

PM-171BPM-171BPM-171B

PM-11BPM-11BPM-11B

PM-46BPM-46BPM-46B

PM-55BPM-55BPM-55B

PM-54BPM-54BPM-54B

PM-53BPM-53BPM-53B

PM-102BPM-102BPM-102B

PM-100BPM-100BPM-100B

PM-122BPM-122BPM-122B

PM-128BPM-128BPM-128B

PM-215BPM-215BPM-215B

PM-103BPM-103BPM-103BPM-137BPM-137BPM-137B

PM-164APM-164APM-164A

PM-158APM-158APM-158A
PM-149APM-149APM-149A

PM-155APM-155APM-155A PM-144APM-144APM-144A

PM-143APM-143APM-143APM-150APM-150APM-150A

PM-142APM-142APM-142A

PM-169APM-169APM-169A

PM-177APM-177APM-177A

PM-141APM-141APM-141A

PM-10APM-10APM-10A

PM-140APM-140APM-140A

PM-139APM-139APM-139A

PM-161APM-161APM-161A

PM-162APM-162APM-162A

PM-163APM-163APM-163A

PM-178APM-178APM-178A

PM-170APM-170APM-170A

PM-179APM-179APM-179A

PM-168APM-168APM-168A

PM-152APM-152APM-152A

PM-180APM-180APM-180A

PM-146APM-146APM-146A
PM-166APM-166APM-166A

PM-165APM-165APM-165A

PM-167APM-167APM-167A

PM-148APM-148APM-148A

PM-160APM-160APM-160A

PM-147APM-147APM-147A

PM-154APM-154APM-154A

PM-171APM-171APM-171A

PM-13APM-13APM-13A

PM-05APM-05APM-05A

PM-07APM-07APM-07A

PM-122A1PM-122A1PM-122A1

PM-122A2PM-122A2PM-122A2

PM-105APM-105APM-105A

PM-15APM-15APM-15A

PM-11APM-11APM-11A

PM-103APM-103APM-103A

(10,7)(10,7)(10,7)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(47,2)(47,2)(47,2)
(< 3,00)(< 3,00)(< 3,00) (< 3,00)(< 3,00)(< 3,00)

(59531,5)(59531,5)(59531,5) (389,6)(389,6)(389,6)

(30,2)(30,2)(30,2)
(190,1)(190,1)(190,1)

(23660,4)(23660,4)(23660,4) (23325,7)(23325,7)(23325,7)

(3503,5)(3503,5)(3503,5) (< 3,00)(< 3,00)(< 3,00)

(482,7)(482,7)(482,7) (48,6)(48,6)(48,6)

(< 3,00)(< 3,00)(< 3,00) (40,6)(40,6)(40,6)

(39,6)(39,6)(39,6)

(82,5)(82,5)(82,5)

(< 3,00)(< 3,00)(< 3,00)

(19,4)(19,4)(19,4)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)(< 3,00)(< 3,00)(< 3,00)

(459,5)(459,5)(459,5)

(29,1)(29,1)(29,1)

(236,2)(236,2)(236,2)

(< 3,00)(< 3,00)(< 3,00) (< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00) (< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(15,1)(15,1)(15,1)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(77,6)(77,6)(77,6) (< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(1207,4)(1207,4)(1207,4) (< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(394,3)(394,3)(394,3) (18121,4)(18121,4)(18121,4)

PM-55RPM-55RPM-55R

PMI-110PMI-110PMI-110

PMI-14PPMI-14PPMI-14P

PMI-120PMI-120PMI-120

PM-54RPM-54RPM-54R

PM-53RPM-53RPM-53R

PMI-102RPMI-102RPMI-102R

PMI-100RPMI-100RPMI-100R PMI-21PPMI-21PPMI-21P

PMI-22RPMI-22RPMI-22R

PMI-16RPMI-16RPMI-16R
PM-112RPM-112RPM-112R

PM-124PM-124PM-124PMI-124RPMI-124RPMI-124R

PMI-20PPMI-20PPMI-20P

PMI-08PPMI-08PPMI-08P

PMI-131PMI-131PMI-131

PMI-126PMI-126PMI-126

PMI-122RPMI-122RPMI-122R
PMI-121PMI-121PMI-121

PMI-121RPMI-121RPMI-121R
PMI-125PMI-125PMI-125

PMI-107PMI-107PMI-107

PMI-06PMI-06PMI-06
PMI-135PMI-135PMI-135

PMP-03PMP-03PMP-03

PMI-18PMI-18PMI-18

PMI-23PPMI-23PPMI-23P

PMI-12PMI-12PMI-12

PMI-105PPMI-105PPMI-105PPMI-24RPMI-24RPMI-24R

PMI-115PMI-115PMI-115

PMI-19PPMI-19PPMI-19P
PMI-136PMI-136PMI-136 PMI-104PMI-104PMI-104

PMI-128PMI-128PMI-128

PMI-103PMI-103PMI-103

PM-215PM-215PM-215

PM-47RPM-47RPM-47R
PM-218PM-218PM-218

PM-48RPM-48RPM-48R

PMP-137P1PMP-137P1PMP-137P1

DP-24 (6,70 m)DP-24 (6,70 m)DP-24 (6,70 m)

DP-11 (9,00 m)DP-11 (9,00 m)DP-11 (9,00 m)
DP-79 (5,00 m)DP-79 (5,00 m)DP-79 (5,00 m)

DP-40 (9,00 m)DP-40 (9,00 m)DP-40 (9,00 m)

DP-25 (9,00 m)DP-25 (9,00 m)DP-25 (9,00 m)

DP-37 (4,00 m)DP-37 (4,00 m)DP-37 (4,00 m)

PM-05RPM-05RPM-05R

PM-14RPM-14RPM-14R

PM-109RPM-109RPM-109R

PM-07RPM-07RPM-07R
PM-21R2PM-21R2PM-21R2PM-21R1PM-21R1PM-21R1

PM-45PM-45PM-45 PM-121RPM-121RPM-121R

PM-122PM-122PM-122
PM-122RPM-122RPM-122R

PM-106RPM-106RPM-106R
PMI-106RPMI-106RPMI-106R

PM-121PM-121PM-121 PM-125PM-125PM-125
PM-107RPM-107RPM-107R PM-107PM-107PM-107

PM-06PM-06PM-06
PMI-02PMI-02PMI-02

PM-02PM-02PM-02
PMI-03PMI-03PMI-03

PM-135PM-135PM-135

PM-108PM-108PM-108

PM-01RPM-01RPM-01R PM-01PM-01PM-01

PM-123PM-123PM-123 PM-111R2PM-111R2PM-111R2
PM-111R1PM-111R1PM-111R1

PM-22RPM-22RPM-22R

PM-112R1PM-112R1PM-112R1

PMI-16PMI-16PMI-16

PM-20RPM-20RPM-20R
PM-10PM-10PM-10

PM-18R3PM-18R3PM-18R3PM-18PM-18PM-18

PM-08PM-08PM-08

PM-131PM-131PM-131
PMI-13PMI-13PMI-13

PM-105PM-105PM-105

PMI-134PMI-134PMI-134 PMI-133PMI-133PMI-133

PM-101PM-101PM-101
PM-12PM-12PM-12

PM-23PM-23PM-23

PM-104PM-104PM-104

PMI-15RPMI-15RPMI-15R

PMI-19RPMI-19RPMI-19R
PMI-11RPMI-11RPMI-11R

PM-44PM-44PM-44PMP-44P1PMP-44P1PMP-44P1

PM-103PM-103PM-103

PM-129RPM-129RPM-129R

PM-17R1PM-17R1PM-17R1

DP-42 (5,50 m)DP-42 (5,50 m)DP-42 (5,50 m)

DP-41 (5,00 m)DP-41 (5,00 m)
DP-41 (6,50 m)DP-41 (6,50 m)
DP-41 (5,00 m)
DP-41 (6,50 m)

DP-16 (4,00 m)DP-16 (4,00 m)DP-16 (4,00 m)

DP-15 (4,90 m)DP-15 (4,90 m)DP-15 (4,90 m)
DP-25 (6,50 m)DP-25 (6,50 m)DP-25 (6,50 m)

(3586,1)(3586,1)(3586,1)

(473998,2)(473998,2)(473998,2)

(1729,3)(1729,3)(1729,3)

(67338,4)(67338,4)(67338,4)

(3066,6)(3066,6)(3066,6)

(2286,7)(2286,7)(2286,7)

(16381,4)(16381,4)(16381,4)

(76330,9)(76330,9)(76330,9)

(2168,5)(2168,5)(2168,5)

(4046)(4046)(4046)

(92,2)(92,2)(92,2)

(29500)(29500)(29500)

(16922,4)(16922,4)(16922,4)(2327,8)(2327,8)(2327,8)

(15371,4)(15371,4)(15371,4)

(< 3,00)(< 3,00)(< 3,00)

(1032,3)(1032,3)(1032,3)

(3109,4)(3109,4)(3109,4)

(68,8)(68,8)(68,8)

(26,5)(26,5)(26,5)

(15000)(15000)(15000)

(< 3,00)(< 3,00)(< 3,00)

(24,1)(24,1)(24,1)

(692,6)(692,6)(692,6)

(5050,3)(5050,3)(5050,3)

(8330,5)(8330,5)(8330,5)

(< 3,00)(< 3,00)(< 3,00)

(11,7)(11,7)(11,7)

(64,7)(64,7)(64,7)(189,8)(189,8)(189,8)

(30,8)(30,8)(30,8)

(74539,1)(74539,1)(74539,1)

(37203,2)(37203,2)(37203,2)

(303,4)(303,4)(303,4)

(62966,3)(62966,3)(62966,3)

(< 3,00)(< 3,00)(< 3,00)
(29,2)(29,2)(29,2)

(76456,4)(76456,4)(76456,4)

(4217,9)(4217,9)(4217,9)

(27,6)(27,6)(27,6)

(2902,1)(2902,1)(2902,1)

(3460,7)(3460,7)(3460,7)

(< 3,00)(< 3,00)(< 3,00)

(12,1)(12,1)(12,1)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(45273,3)(45273,3)(45273,3)

(36492,3)(36492,3)(36492,3)

(< 3,00)(< 3,00)(< 3,00)

(40)(40)(40)

(234)(234)(234)

(1891,3)(1891,3)(1891,3)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(5977,4)(5977,4)(5977,4)

(128,8)(128,8)(128,8)
(502)(502)(502)

(< 3,00)(< 3,00)(< 3,00)

(18350,8)(18350,8)(18350,8)

(27765,8)(27765,8)(27765,8)

(< 3,00)(< 3,00)(< 3,00)

(25)(25)(25)

(25,2)(25,2)(25,2)

(3103,8)(3103,8)(3103,8)

(3096,8)(3096,8)(3096,8)

(25,6)(25,6)(25,6)

(10,5)(10,5)(10,5)

(48472,2)(48472,2)(48472,2)

(< 3,00)(< 3,00)(< 3,00)

(10966,7)(10966,7)(10966,7)

(12564,2)(12564,2)(12564,2)
(20818,3)(20818,3)(20818,3)

(12,6)(12,6)(12,6)

(31020,5)(31020,5)(31020,5)(578,1)(578,1)(578,1)

(629,6)(629,6)(629,6)

(< 3,00)(< 3,00)(< 3,00)

(10,8)(10,8)(10,8)

(< 3,00)(< 3,00)(< 3,00)(67,9)(67,9)(67,9)

(1995,5)(1995,5)(1995,5)

(1897,8)(1897,8)(1897,8)

(1907,8)(1907,8)(1907,8)

(17,8)(17,8)(17,8)

(116,1)(116,1)(116,1)

(84,3)(84,3)(84,3)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(< 3,00)(< 3,00)(< 3,00)

(24089,3)(24089,3)(24089,3)

(20,3)(20,3)(20,3)

(< 3,00)(< 3,00)(< 3,00)

(1142,4)(1142,4)(1142,4)

(836,3)(836,3)(836,3)

(22,5)(22,5)(22,5)

(115)(115)(115)

DP-42 (5,50 m)DP-42 (5,50 m)DP-42 (5,50 m)

DP-41 (5,00 m)DP-41 (5,00 m)
DP-41 (6,50 m)DP-41 (6,50 m)
DP-41 (5,00 m)
DP-41 (6,50 m)

DP-16 (4,00 m)DP-16 (4,00 m)DP-16 (4,00 m)

DP-15 (4,90 m)DP-15 (4,90 m)DP-15 (4,90 m)
DP-25 (6,50 m)DP-25 (6,50 m)DP-25 (6,50 m)

PM-55BPM-55BPM-55B

DP-24 (6,70 m)DP-24 (6,70 m)DP-24 (6,70 m)

DP-11 (9,00 m)DP-11 (9,00 m)DP-11 (9,00 m)
DP-79 (5,00 m)DP-79 (5,00 m)DP-79 (5,00 m)

DP-40 (9,00 m)DP-40 (9,00 m)DP-40 (9,00 m)

DP-25 (9,00 m)DP-25 (9,00 m)DP-25 (9,00 m)

DP-37 (4,00 m)DP-37 (4,00 m)DP-37 (4,00 m)

PM-55RPM-55RPM-55R

PMI-110PMI-110PMI-110

PMI-14PPMI-14PPMI-14P

PMI-120PMI-120PMI-120

PM-54RPM-54RPM-54R

PM-53RPM-53RPM-53R

PMI-102RPMI-102RPMI-102R

PMI-100RPMI-100RPMI-100R PMI-21PPMI-21PPMI-21P

PMI-22RPMI-22RPMI-22R

PMI-16RPMI-16RPMI-16R
PM-112RPM-112RPM-112R

PM-124PM-124PM-124PMI-124RPMI-124RPMI-124R

PMI-20PPMI-20PPMI-20P

PMI-08PPMI-08PPMI-08P

PMI-131PMI-131PMI-131

PMI-126PMI-126PMI-126

PMI-122RPMI-122RPMI-122R
PMI-121PMI-121PMI-121

PMI-121RPMI-121RPMI-121R
PMI-125PMI-125PMI-125

PMI-107PMI-107PMI-107

PMI-06PMI-06PMI-06
PMI-135PMI-135PMI-135

PMP-03PMP-03PMP-03

PMI-18PMI-18PMI-18

PMI-23PPMI-23PPMI-23P

PMI-12PMI-12PMI-12

PMI-105PPMI-105PPMI-105PPMI-24RPMI-24RPMI-24R

PMI-115PMI-115PMI-115

PMI-19PPMI-19PPMI-19P
PMI-136PMI-136PMI-136 PMI-104PMI-104PMI-104

PMI-128PMI-128PMI-128

PMI-103PMI-103PMI-103

PM-215PM-215PM-215

PM-47RPM-47RPM-47R
PM-218PM-218PM-218

PM-48RPM-48RPM-48R

PMP-137P1PMP-137P1PMP-137P1

PM-05RPM-05RPM-05R

PM-14RPM-14RPM-14R

PM-109RPM-109RPM-109R

PM-07RPM-07RPM-07R
PM-21R2PM-21R2PM-21R2PM-21R1PM-21R1PM-21R1

PM-45PM-45PM-45 PM-121RPM-121RPM-121R

PM-122PM-122PM-122
PM-122RPM-122RPM-122R

PM-106RPM-106RPM-106R
PMI-106RPMI-106RPMI-106R

PM-121PM-121PM-121 PM-125PM-125PM-125
PM-107RPM-107RPM-107R PM-107PM-107PM-107

PM-06PM-06PM-06
PMI-02PMI-02PMI-02

PM-02PM-02PM-02
PMI-03PMI-03PMI-03

PM-135PM-135PM-135

PM-108PM-108PM-108

PM-01RPM-01RPM-01R PM-01PM-01PM-01

PM-123PM-123PM-123 PM-111R2PM-111R2PM-111R2
PM-111R1PM-111R1PM-111R1

PM-22RPM-22RPM-22R

PM-112R1PM-112R1PM-112R1

PMI-16PMI-16PMI-16

PM-20RPM-20RPM-20R
PM-10PM-10PM-10

PM-18R3PM-18R3PM-18R3PM-18PM-18PM-18

PM-08PM-08PM-08

PM-131PM-131PM-131
PMI-13PMI-13PMI-13

PM-105PM-105PM-105

PMI-134PMI-134PMI-134 PMI-133PMI-133PMI-133

PM-101PM-101PM-101
PM-12PM-12PM-12

PM-23PM-23PM-23

PM-104PM-104PM-104

PMI-15RPMI-15RPMI-15R

PMI-19RPMI-19RPMI-19R
PMI-11RPMI-11RPMI-11R

PM-44PM-44PM-44PMP-44P1PMP-44P1PMP-44P1

PM-103PM-103PM-103

PM-129RPM-129RPM-129R

PM-17R1PM-17R1PM-17R1

The combination of ISCR and soil excavation 
was successful, with a total VOC mass reduction 
of 89% considering groundwater concentrations. 

Reduction of 

> 89% 

of CHC 

PCE (µg/L)
<  40,00

de 40,01 a 733,00

de 733,01 a 5.738,00

de 5.738,01 a 10.000,00

de 10.000,01 a 100.000,00

> 100.000,00

Intervention Value: 40,0 µg/L
(CETESB, 2014)

0 10 20 30 50 m40

The greatest lesson learned from this 
project was that soil concentrations must 
not be neglected, since the contaminants 
absorbed into this matrix may harm the 
remediation progress. 

Also, compact and thick clayey layers, 
which are very common in Brazil, especially 
in the city of Sao Paulo, may impose extra 
challenges to remediation, as described in 
this case.

PCE (µg/L)
<  40,00

de 40,01 a 733,00

de 733,01 a 5.738,00

de 5.738,01 a 10.000,00

de 10.000,01 a 100.000,00

> 100.000,00

Intervention Value: 40,0 µg/L
(CETESB, 2014)

0 10 20 30 50 m40

The ISCR in the dissolved 
plumes through injection of 
300 ton of Provect-IR®, 
distributed in 537 points 
with multiple injection 
layers, was only possible by 
first removing the impacted 
soil, and the costs for the 
remediation ended up on 
50% of the initial thermal 
estimative. Fine tune are 
still needed, since cis-1,2-
DCE and VC are still 
present in some monitoring 
wells in concentrations 
above SSTLs (much lower 
than baseline), but the latest 
results are promising, and 
the remediation is expected 
to end after 5 years since 
its beginning. 

Know other SGW Services
projects presented at 

2022 Chlorinated Conference


