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Definition of Source Zone:

•EPA defines the DNAPL zone as: 
“that portion of the subsurface where free-phase or residual
NAPL are present either above or below the water table.” (EPA, 
1996)

•General rule of thumb:  Concentrations in groundwater 
exceeding 1 to 10% of solubility limits for the particular 
contaminant of concern (COCs)

–PCE: 2.4 mg/L
–TCE: 13.9 mg/L

•“Although DNAPLs are not very soluble in water, both 
ganglia and pools continue to act as a long-term source 
for continuing dissolution of contaminants into water.”
(ITRC draft, 2004)
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Introduction:

• Problem Statement: A number of technologies claim to provide source 
zone remediation. Yet, there's confusion regarding what is attainable with 
a given technology in terms of: 

–mass removal, 
–reduction of aqueous phase contaminant flux, 
–reduction of aqueous phase concentrations, and 
–reduction in source zone lifespan. 

• Approach: Conduct a Web-based Survey
–Solicit site and technology information from users that have attempted 

remediation of source zones areas 
–Evaluate the results of the technology applications and compare them to: 

• Site’s geology / hydrogeology, and 
• Cost of the application

• EQ Requirement: Navy EQ Req. No. 1.I.1.g: 
–Improved remediation of groundwater contaminated with chlorinated 

hydrocarbons and other organics
–Priority: High
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Survey
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Results
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Survey Respondents:
•Number of respondents: 213

–No. of people who put some information in the survey but didn't 
necessarily complete both the site and technology surveys

•Number of technology application locations: 118 
–These are locations within sites, as some users had multiple 
applications within one site

–This number also includes 21 Published sites, (INEEL, Pinellas, 
Savannah River, Hill AFB, Santa Clara, Launch Complex 34, AF Plant 
4, Portsmouth, etc.) 

•Number of users: 82 
–Number of people who completed surveys for 1 or more sites
–If 1 person entered information on 3 sites, it still counts as 1 user, 
that’s why it adds up to 118 locations

•A User can have multiple sites and a site can have multiple 
technologies

•Most questions were NOT mandatory, resulting on different “total
numbers”
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82 Completed-Survey Users:

DOD RPM
16%

Site 
Owner/RPM

12%

Vendor
9%

Regulator
2%

Published 
Case Studies

26%

Consultants
35%
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Geographical Distribution of Sites: 

Not shown:
Alaska - 3
Australia – 1
Ontario – 4
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Areal Extent / Volume Impacted:

•Sites ranged greatly in size and volume
–Areal extent

•From <100 ft2 (generally the technology demonstrations)
•To over 100,000 ft2

–Volume
•Was unknown in 47% of the cases
•In the known cases, it ranged from <10 ft3 to >1,000,000 
ft3

•Majority
–Areal extent of 10,000 ft2 to 100,000 ft2

–Volume greater than 100,000 ft3
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Lithology
1 (0.9%)

1 (0.9%)
2 (1.7%)

4 (3.4%)
7 (6.0%)

8 (6.8%)

9 (7.7%)

18 (15.4%)

22 (18.8%)

45 (38.5%)

Sand

Silt

Clay

Sedimentary

Gravel

Till

Unconsolidated-Unknown

Metamorphic

Igneous

Consolidated-Unknown

Total Number of Sites with Specified Technology and Lithology = 117
Unconsolidated = 104  (89%)               Consolidated = 13  (11%)

Sand

Silt

Clay

Sedimentary

Gravel

Till



18 DNAPL ROCS / IR Conf 2004

COCs Concentrations:

•Survey users were asked to provide maximum 
groundwater concentrations of the chlorinated 
compounds at the site

PCE TCE 1,1-DCE c-1,2-DCE
Min (mg/L) 0.1 1.0 0.03 0.10
Max (mg/L) 220 1400 50 940
Median (mg/L) 44 100 25 9
Average (mg/L) 63 268 25 126

Chloroethenes PCE TCE 1,1-DCE c-1,2-DCE
Min (mg/L) 0.1 1.0 0.03 0.10
Max (mg/L) 220 1400 50 940
Median (mg/L) 44 100 25 9
Average (mg/L) 63 268 25 126
1% of Solubility (mg/L) 2.4 13.9 2.3 70.0
Solubility Limit (mg/L) 237 1385 2250 6996

Chloroethenes
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DNAPL Distribution:

•75 sites/locations responded to this question
–83% residual DNAPL
–61% sorbed DNAPL
–44% pooled DNAPL
–40% diffused into low K layers
–11% trapped in dead-end fractures

Percentages add to >100% as respondents were asked to choose 
all that applied to their site.
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DNAPL Shape:

53 (44.9%)

36 (30.5%)

15 (12.7%)

13 (11.0%)
1 (0.8%)

Unknown
Irregular
Cylindrical
Rectangular
Triangular

Total number of  Sites with DNAPL Shape Data = 118
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Sites Sorted by Technology:
4 (3.4%)6 (5.1%)

7 (5.9%)

11 (9.3%)

13 (11.0%)

25 (21.2%)

25 (21.2%)

27 (22.9%)
Thermal

Bioremediation

Chemical Oxidation

Dual Phase

Excavation

Other

ZVI/nano-scale iron

Surfactant Flushing

Number of  Sites with Specified Technology Data = 118

Thermal

Bioremediation

ChemOx

Dual Phase

Excavation

ZVI
SEAR

Other
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Sites Sorted by Specific Technologies:
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Treatment Cost:
(Treatment costs do not include site characterization costs)

•16 responses for completed & on-going Full-Scale Applications
–Largest cost was $15M  

• water/DNAPL dual-phase treatment 
• site with areal extent between 100,000 to 1,000,000 ft2

–Thermal treatment, pump and treat, and dual-phase extraction 
applications appeared to be significantly more expensive than 
chemical oxidation cases on large sites

–Average full-scale application is $2.8M
–Lower cost full scale application was $75K for:

• Bioremediation (small site)
• ZVI (site <1000 ft2, <10,000 to 100,000 ft3)

•31 responses for Pilot-Scale Applications
–Majority of cases costs were < $500K for sites <1,000 ft2

–None of the pilot tests had costs greater than $2M.
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Treatment Duration:

•Estimated treatment durations:
–Cases considered are full scale applications

•Dual Phase Extraction:  60 years
•Pump & Treat: 158 years
•Chemical Oxidation:  ~4 years
•Thermal Technologies: ~4 years
•ZVI Technologies: ~4 years 
•Bioremediation: ~4 years 

Total Count: 16 full scale completed and on-going applications
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Benefits / Payback: Sites Applicability

Units Site Count
> 5 to <1,499 ppb 194
> 1,500 to <14,999 ppb 13
> 15,000 to <149,999 ppb 4
> 150,000 to <1,500,000 ppb 2

Concentration Range
PCEPCE

Units Site Count
> 5 to <9,999 ppb 352
> 10,000 to <109,999 ppb 36
> 110,000 to <1,099,999 ppb 8
> 1,100,000 to <10,999,999 ppb 3

Concentration Range
TCETCE

Solubility: PCE=150,000 ppb  TCE=1,100,000 ppb  MCL: PCE 5ppb, TCE=5ppb
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Benefits / Payback:

•Highest cost: $15M and 60 years treatment duration
•Average cost: $2.8M
•Lowest cost: $75K and 4 years treatment duration
•Assumption: 

–That as a result of this survey, half of the 66 site owners are 
persuaded to pursue:

•Chemical Oxidation:  ~4 years
•Thermal Technologies: ~4 years
•ZVI Technologies: ~4 years 
•Bioremediation: ~4 years 

•Savings 
–[33 * (Highest cost – average cost) + O&M costs for 56 years]
–Savings are ~$402M + O&M costs
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Evaluating Success:

• Of the 118 locations, 80 had data that allowed us 
to evaluate technology performance

• Of the 80 technology evaluations:
– 28 technology applications are on-going

•10 Pilot-Scale Demonstrations
•18 Full-Scale Applications

– 53 technology applications are completed
•39 Pilot-Scale Demonstrations
•14 Full-Scale Applications

• In order to evaluate success, only data from the 
completed technology applications (53) was 
considered
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Success Parameters:

• Relative success criteria is based on 4 
parameters:
1. Reduction in DNAPL mass
2. Decrease in mass flux
3. Rebound of dissolved chlorinated solvents
4. The user must qualify the application as successful
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Level of Source Mass Removal

33 (62.3%)7 (13.2%)

4 (7.5%)

3 (5.7%)

2 (3.8%)
2 (3.8%)

1 (1.9%)1 (1.9%)

Not Estimated
>90%
100%
>80 <90%
>25 <50%
>50 <80%
<10%
>10 <25%

Total number of  Sites with Source Mass Removal Data = 53
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Decrease in Mass Flux:
1 (1.3%)1 (1.3%)

2 (2.5%)
6 (7.5%)

6 (7.5%)

21 (26.3%)

43 (53.8%)

Unknown
81-100%

0%
61-80%

41-60%
1-20%

21-40%

Total number of  Sites with Mass Flux  Data = 80
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7 (13.2%)

14 (26.4%)

32 (60.4%)

Not Evaluated
 No
 Yes

Observed Rebound:

Total number of  Sites with Rebound Data = 53
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Perceived Success:

9 (17.0%)

1 (1.9%)

15 (28.3%)

28 (52.8%)

Success

Fair Success

Poor Success

Not yet evaluated

Total number of  Sites with Perceived Success Data = 53
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Qualified Success:

•Of 53 completed technology applications (full 
and pilot scale) only 2 met all of the most 
stringent criteria:

–Higher than 80% Source Mass Removed
–Higher than 61% Mass Flux Reduction
–No Rebound
–Perceived to be Successful by the user

Technology Lithology Count 
Bioremediation (pilot scale) Sand 1
Chem Ox/Permanganate (pilot scale) Sand 1
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Qualified Success:

•If criteria is relaxed slightly (rebound removed) then out 
of  the 53 locations, 3 met the following criteria:

–> 80% Source Mass Removed
–> 61% Mass Flux Reduction
–Perceived to be Successful

Technology Lithology Count 
Bioremediation Sand 1
Chemical Oxidation-Permanganate Sand 1
Excavation Sand 1
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Qualified Success:
• If the criteria is relaxed even more (to simply higher than 50% 
source mass removed), then of the 53 locations, 16 met the 
criteria.

Technology Lithology Count
Thermal -  Conductive Heating clay 1
Thermal -  Steam sand 1

clay 1
Thermal -  Six Phase Heating sand 1
Chemical Oxidation - Permanganate sand 3
Chemical Oxidation - Fenton's Reagent sand 1

silt 2
clay 1

Excavation sand 2
silt 1

Surfactant Flushing clay 1
Bioremediation sand 1
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Qualified Success:
•None of the completed remediation attempts achieved MCLs or 
regulatory site closure.

–Meeting MCLs was not always the reason source reduction was 
attempted.

•Although site closure was not achieved, significant mass 
removal and mass flux was achieved in the majority of the cases 
that estimated mass removal and mass flux.

–14 sites had >80% source removal
–4 of these 14 claimed to have 100% removal

• 1 excavation pilot test application
• 1 six-phase heating full-scale application
• 1 conductive heating full-scale application
• 1 chemical oxidation/permanganate pilot test application

–the majority of the cases that estimated mass flux achieved an 80 
to 100% decrease in mass flux.
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Success v. Media:

• All of the 28 sites where remediation was perceived to 
be a success were in unconsolidated media
– 48% were in sand
– 26% were in clay
– 15% were in silt
– 4% each were in till, gravel or unknown

• Of the 16 sites with > 50% mass removal
– 56% were in sand
– 25% were in clay
– 19% were in silt

• None of the technology applications in consolidated 
material were deemed to be successful
– May be due to the fact that of the 118 locations, only 13 had 

consolidated media
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Milestones:

Milestone FY02 FY03 FY04

Establish Contract

Establish requirements & plan of action

Develop and advertise survey

Post and maintain survey website

Interview Experts
Detailed review of limited case studies 
for each technology

Data Analysis and Evaluation

Reporting
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Tech Transfer
• Final Report is available for downloading from the NFESC Website
http://enviro.nfesc.navy.mil/erb/

• Go to Index
• Then Documents

• Presentations at SERDP Symposium, ITRC meetings, Battelle 
Conference

• ROCS Survey featured in NRC (2004), DOE (2003) and ITRC (2004) 
reports

• Follow-on project approved for funding under ESTCP
–Goal is to develop a screening tool that can be applied to reduce 
the uncertainty of estimating and predicting remedial outcomes at 
DNAPL source zone sites. 

Phase 1  - Assess results from existing efforts
Phase 2  - Develop template sites 
Phase 3 – Computer Simulations
Phase 4 – Protocol Validation
Phase 5 – Develop User-Friendly Screening Tool

http://enviro.nfesc.navy.mil/erb/
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Questions?
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