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Technical Objective ”GSI

) Expand our understanding of sustained treatment following enhanced anaerobic
bioremediation at chlorinated solvent sites

) Enhanced Anaerobic Bioremediation (EAB) typically involves:
) Substrate injections (e.g., emulsified oils, molasses, lactate, etc.)
) Permeable reactive barriers (e.g., mulch biowalls)

) May also include bioaugmentation

> Objective of EAB is to promote reductive dechlorination of chlorinated compounds to
innocuous end-products



WGSI

What is Sustained Treatment?

Enhanced or maintained attenuation capacity within the treatment zone after
active treatment (injection period)

Mechanisms for Endogenous Reactive Electron Donor
EAB Sites: Decay Minerals Diffusion

Enhanced Some bacteria Some Fe (Il) and
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Bioremediation BEFORE

; Increase in Fe (Il) and
N e omaes other highly reactive
endogenous decay mineral species

% % {:5 Donor diffuses into
G {5?) low-perm zone, slow.
utilization (due to limited
g% microbial contact), then
slowly back-diffuses. 5

Adamson et al., Remediation Journal, Spring 2011



What is Sustained Treatment?

>0

Cell death

-
. . Biomass —_— / Biomass
Endogenous decay (biomass recycling) aroutn NT decay

“Carbon substrate selection and
injection timing can be tuned to
promote pseudo-self sustaining
reactive zones... during late-stage

treatment.”
(Suthersan et al. 2012)

Reactive mineral
generation

Substrate + SO, + Fe(lll) = FeS + TCE - Acetylene - CO, + H,0
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) Lab: Experimental Observations
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Lab Studies

Tank / Experiment

CSU Matrix 1. Control (45 PVs after loading ended)
Diffusion Tank
Experiments
Loading: 52 Days Treatment:
> 27 Days
~1,300 mg/L

1 OoM (90%)

2 OoM (99%)

3 OoM (99.9%)

4 OoM (99.99%)

TCE Concentration
Reduction

5 OoM (99.999%)

N
az‘z/fa/ A i
4

Colorado

University

Saller, 2014

> 189 Days
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Lab Studies

CSU Matrix
Diffusion Tank
Experiments

Loading: 52 Days

Tank / Experiment

1. Control (45 PVs after loadina ended)
2. Enhanced flushing (81 PVs after loading)

Treatment:

27 Days

~1,300 mg/L
1 OoM (90%)

2 OoM (99%)

3 OoM (99.9%)

4 OoM (99.99%)

TCE Concentration
Reduction

5 OoM (99.999%)

N
Wirqy Flys i
g

Enhanced Flushing (Pumping)

Colorado

University

Saller, 2014

> 189 Days
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Lab Studies

CSU Matrix
Diffusion Tank
Experiments

Tank / Experiment

Loading: 52 Days

~1,300 mg/L

1. Control (45 PVs after loading ended)

3. Chemical oxidation (45 PVs after loading)

Treatment:

> 27 Days

TCE Concentration
Reduction

1 OoM (90%)

2 OoM (99%)

3 OoM (99.9%)

4 OoM (99.99%)

5 OoM (99.999%)

Colorado

University

Saller, 2014

> 189 Days
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Lab Stu

dies

CSU Matrix
Diffusion Tank
Experiments

Loading: 52 Days

~1,300 mg/L

Tank / Experiment

1. Control (45 PVs after loading ended)

4. Bioremediation (45 PVs after loading)

Treatment:

27 Days

TCE Concentration
Reduction

1 OoM (90%)

2 OoM (99%)

3 OoM (99.9%)

4 OoM (99.99%)

5 OoM (99.999%)

N
Wirqy Flys i
g

Sustained Treatment

Rebound

Colorado

University

Saller, 2014

> 189 Days
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Lab Studies

CSU Matrix
Diffusion Tank
Experiments
Loading: 52 Days Treatment:
> 27 Days

Tank / Experiment

1. Control (45 PVs after loadina ended)
2. Enhanced flushing (81 PVs after loading)
3. Chemical oxidation (45 PVs after loading)

4. Bioremediation (45 PVs after loading)

~1,300 mg/L
1 OoM (90%)

2 OoM (99%)

3 OoM (99.9%)

4 OoM (99.99%)

TCE Concentration
Reduction

5 OoM (99.999%)

Is this
observed in
the field?

Colorado

University

Saller, 2014

> 189 Days
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) Desktop: Data Mining Remediation Performance

)

)
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Data Mining

2002 SERDP project
compiled remediation
performance data from
59 sites

Results suggested a
continued decline in
concentrations following
treatment with EAB

McGuire et al., Ground Water
Monitoring & Remediation, 2006
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Additional Data Mining on Performance ”GSl

Expanded the remediation performance dataset to 235 sites, with 117 EAB sites

Database by the Numbers:

= 280 Chlorinated Solvent Groundwater Sites
= 235 In-Situ Remediation Sites

= 45 Untreated (MNA) Sites
= 796 Wells
= 11,965 Sampling Events
= 48,594 Chlorinated Compound Concentrations

= ~$120,000,000 at $10,000 per event

15




Additional Data Mining on Performance
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Site Concentration After Treatment (mg/L)
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EBioremediation (h=117)
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Additional Data Mining on Performance ”GSl
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Sustained Treatment Data Analysis ”GSl

Order of Magnitude (OoM) Concentration Reduction

¢
OoM Reduction = — log( Pasr)
Cpre

OoM Reduction

7~ N N\

| | | First Year | | Final |

\ A A Year }

| |
Before During

Treatment Treatment

" After
Treatment _

Median =7 yrs
Avg. =8 yrs
Range = 3-16 yrs 18




Sustained Treatment Data Analysis ”GSl

EXAMPLE: Geomean Geomean Geomean

Conc. Conc. Conc.
Before First Year Last Year
Treatment After Trmt. After Trmt.
MW-1 1.5 0.1 0.005
MW-2 0.8 0.08 0.008
MW-3 0.05 0.01 0.01
Site Conc.
(Median) 0.8 0.08 0.008

OoM Reduction = - log (0.08/0.8) = 1

OoM Reduction = - log (0.008/0.8) = 2

19
19



Results: OoM Reduction by Site Qy GSI
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(3 to 16 years after treatment)

LEGEND

Before to First Year

I Before to Last Year

27 28 2 30 3 32 33

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 R0 =1 I = 26
4 Better I Stable Worse

Order of Magnitude Reduction

| |
Rebound

26%

Sustained Treatment
74%
20

* Average time between first year and last year = 4 years

20



Results: Trend Analysis Post-Treatment QY GSI

(3 to 16 years after treatment)

ENVIRONMENTAL

Mann-Kendall Trend Analysis over Post-Treatment Period

Number of Sites (n=34)
0 5 10 15

TREND

20

Decreasing
Prob. Decreasing o
Stable

Prob. Increasing

Sustained Treatment (89%)

Rebound (11%)

40

Increasing i
No Trend
b
Number of Wells (n=106)
TREND lfl 1|U ZP 30
Decreasing

Prob. Decreasing
Stable
Prob. Increasing

Increasing

NoTrend 77/ 77272777

KEY POINT:

Sustained treatment
indicated at majority
of sites/wells

= | Sustained Treatment (83%)

1]

~| | Rebound (17%)

|
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) Field: Extended Long-Term Monitoring

)
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Field Demonstration QW GSi

ENVIRONMENTAL

Conducted extended monitoring of 6 projects:

SITE SUBSTRATE YEARS AFTER
TREATMENT

Tinker AFB, OK Lactate 9
(fast-release)

Tinker AFB, OK Emulsified Oil 9
(slow-release)

Altus AFB, OK Emulsified Oil 5
(slow-release)

Altus AFB, OK Mulch 10

(Biowall)

NTC Orlando, FL Emulsified Oil 5
(slow-release)

Kelly AFB, TX Emulsified Oil + Microbes 5

(slow-release) 23



Field Demonstration — Testing Plan ”GSl




Field Demonstration — Example Results ”GSl

Kelly AFB - Upgradient Average
Parameter
. Well Treatment Zone
Upgradient GW vs.
Treatment Zone GW: 0.0085 <0.000372
0.0822 0.202
<0.00426 0.047
190,000 865,000
-19.50 +34.16
f_, mg/kg 6,350 2,980
- @ -



Field Demonstration — Example Results ”GSl

e orieno
Well Treatment Zone
Upgradient GW vs. P — G
Treatment Zone GW: 0.0011 0.38
<0.00426 0.0076
534,000 137,400
8.6E-09 4.0E-09
f,., mg/kg 1,810 1,980

26
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) Key Findings & Fact Sheets for Assessing Your Site
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Key Findings

) Data mining indicates sustained treatment occurrence at about 67% to 75% of
enhanced bioremediation sites up to 16 years after treatment

) Field data suggests the influence of enhanced bioremediation for at least 5 to 10
years after treatment

KEY POINT:

A generally well-designed and implemented EAB project
will most likely benefit from sustained treatment for a
period of at least 3 years to more than 15 years after
treatment.

28



Assessing Sustained Treatment y GSI

at Your Site using the ESTCP Fact Sheet AL

) Lines of Evidence approach with Critical Values and parameter assessment guidelines

> Primary Lines of Evidence:

Worksheet for Sustained Treatment Assessment for Post-ISB Sites

Parameter / Line of Critical Value / Site-Specific Data Support Evidence
Evidence Relationship Results of Sustained Treatment?
Parent CVOC Decrease in parent CVOC Concs. remain stable Yes
Concentration Change conc. from first year of .
o or decline

over Post-Treatment post-treatment monitoring
Monitoring Period vs. last year of post- )

treatment monitoring Concs. increase No
CVOC Concentration Mann-Kendall trend from
Trend of Parent and the most recent 4-8 Trends improve or Yes
Daughter Products monitoring events is same remain stable

as (or better than) trend

from first 4-8 post- Trends worsen No

treatment monitoring

events

29



Assessing Sustained Treatment y GSI

at Your Site using ESTCP Fact Sheet A T

> Other Lines of Evidence:

Worksheet for Sustained Treatment Assessment for Post-ISB Sites

Parameter / Line of Critical Value / Site-Specific Data Support Evidence
Evidence Relationship Results of Sustained Treatment?
T0OC in Groundwater TOC > 20 mg/L

(USEPA, 1998)
TOC in Groundwater Treatment Zone (TZ) >

Upgradient (UG)

Ethene in Groundwater Ethene > 0.1 mg/L
(USEPA, 1998)
Ethene in Groundwater Treatment Zone (TZ) >
Upgradient (UG)
Methane in Groundwater | Methane > 0.5 mg/L
(USEPA, 1998)
Methane in Groundwater | Treatment Zone (TZ) >
Upgradient (UG)

30



Assessing Sustained Treatment y GSI

at Your Site using ESTCP Fact Sheet A T

> Other Lines of Evidence:

Worksheet for Sustained Treatment Assessment for Post-ISB Sites

Parameter / Line of Critical Value / Site-Specific Data Support Evidence
Evidence Relationship Results of Sustained Treatment?
Dehalococcoides in Treatment Zone (TZ) >
Groundwater Upgradient (UG)
Dehalococcoides in > 10* cells/mL
Groundwater (Lu et al., 2006)
Sum of Reductive > 10* cells/mL
Dechlorinators in GW
BC of CVOCs in Enrichment of 3C
Groundwater signature relative to
upgradient monitoring
locations
PBOC in Aquifer PBOC > 200 mg/kg
Sediment (Chapelle et al., 2012)

31



QW GSI

ENVIRONMENTAL

> Additional Fact Sheets available for:

) Assessing Sustained Treatment at Biowall sites

> Modeling MNA in low-permeability zones

) https://serdp-estcp.org/projects/details/3d847710-d6ae-4ef4-b97a-47cfe3a7160e

> Or search “ESTCP ER-201429”

> Or email tmm@gsienv.com

32
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