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A Bioremediation Learning Experience
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Presentation Outline

A. The Challenge and Outcome

B. Lessons Learned
* Filling Data Gaps => the Lever
 Establish Efficient Flows
* Persistence Pays Off

C. Closing Remarks
* Collaboration Always Key
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The Challenge

* Tree farm/residential property along a Project Drivers
protected stream * Buyer and Seller both ready

* Historic releases from: e Both want contamination eliminated
e 1,000-gallon heating oil UST

e 290-gallon gasoline UST

* As quickly and ‘sustainably’ as

possible
» USTs/source reportedly removed

* Dissolved GW Contamination Persists
e MTBE: ~500 pg/L to ~1,000 pg/L
* Benzene: ~100 pg/L to ~300 pg/L

Effectively, eliminate the last 10% of the problem instead of MNA
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The Outcome

Treatment Summary

e Groundwater ‘good enough to drink’ ¢ 3 Years of Continuous Operation

 Remedy: Aerobic Bioremediation (9% run time)

 Groundwater Re-Circulation * ~ 2.5 Million Gallons Treated
* Dissolved Oxygen ‘Bubbler’ * ~24 O&M Visits
* Bio-stimulation + Bio-augmentation e 11 Sampling Events

11 vertical injection/extraction wells
* 2 horizonal injection wells

Total remediation cost = ~S750,000

©SHDCHWS
ynstruction Issues at Hazardous Waste Sites




M?!,'K.z ass y f = Tabie 1-Mar 13

Fo Vapor Intrusion
(5.31)337.68 i Bl 97450.002 07499003 07499.004
¢ 7§ T t Screening 0
. Levels
lugit)

Volatses (ug/L)
Acesone 21000000
[T | 520
12 Butanone (MER) 2500000
LT — »

. 330000
MW-5 e 700

8600
@
N s peopyenzine
{Cyciohexane 16000
[Metvylcy chahexane NS

MW-4 333.6
(.11 & T _ MW-3
S 2 S (2006)
332.06

MW-6 MW-7
4 @

é

* Contaminant Source Removal Status? \M\¥Y
e Source Beneath Building? Cohend
. . 45 Monitoring Well Location
* Conductivity/Recharge? Flow Directon
° G eoc h em ist ry ? gfg;?,)gw:tt:riﬁﬁéof Dissolved Benzene & MTBE
Property Bounda 0 50 100
¢ Any BugS? Any BUbbleS? E Fon:er:yeasoli:etsnocanon ey, ot

DCHWS April 2 - April 4, 2025

struction Issues at Hazardous Waste Sites




Leveraging Data
Riding the Diabase Slide

Elevation (Ft, NAVDEA)
(BROAYN ) unnessg

W 0T
BOLEEN]

4

(FE RN NN NN NN E NN NN NN NN EEENN]

April 2 - April 4, 2025

struction Issues at Hazardous Waste Sites



Leveraging Data Samplers
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Biologic Site Data In Situ
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Biotrap Data

Microbial Populations - Aerobic BTEX and MTBE

Key Findings: 1.00E05

* The methylibium petroleiphilum strain (PM1) appeared to be pre- g”‘“““
existing at the site, and thrived during the pilot study period %::::

* The BioAug unit indicated eubacteria (EBAC) biomass T
increased by two orders of magnitude (107 cells/bead), P o0 ere roec mao To. e50 e i Ton
indicating the in-situ survival of the ENV404 bacterial culture. (s Eon turen s o

Microbial Populations MW-3 BioAug
* Populations of sulfate-reducing bacteria also showed a

substantial increase in the BioAug unit.
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Establish Efficient Flow(s)

Successful Data Management Plan Design => Successful Remedial Design

MTBE

* Reliable, organized data -> Confident Decision Making
* Unlocks the door to remedial system optimization
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Establish Efficient Flow(s)

Successful Data Management Plan Design => Successful Remedial Design

BENZENE

* Less time communicating results = more time to optimize treatment approach
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Mechanically Efficient Flow(s)

Recharged Flow > uses DO, requires less amendments
Minimizes problems
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4-Inch Remediation Wedl Used For Extraction
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* volume removed = V' m?

Specific yield = S,

Figures from Hornberger et al. (1998)

Former Gasollne UST Location
[[] Re-Crrcuiation'Oxdation System Holdng Tank, Controis, & Gaugss
| Appromate Extent of Groungwater Traatment - Phase |
""" Approwsmate Extent of Groungwater Treatment - Phase Il

[B—

—-=-=-- &inch Horzontal Trench #1 Used For Injection (approx. 3-10 feet below grade)
====4&Inch Horizontal Trench #2 Used For Injecsion (approx. 10 -11 faet beiow grade)
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Optimal Flow, Bugs Grow

System Flows — Phase 1 Operations
4 vertical injection wells, 1 horizontal injection trench
4/5 vertical extraction wells (1 deep)

Approx. Operation
Period (Days)

Total Gallons
Recirculated/Delivered

Average Gallons
Per Day

Average Gallons
Per Minute

851 1,531,635 1,800 1.25
System Flows — Phase 2 Operations

3 vertical injection wells, 2 horizontal injection trenches

6 vertical extraction wells (1 deep)

Approx. Operation Total Gallons Average Gallons  Average Gallons
Period (Days) Recirculated/Delivered Per Day Per Minute e A — e oot ST Locton
232 835,294 3,600 2.50 4-inch Remediation Wedl Used For Injecton [[] Re-CreuiationOxdation System Hoidng Tank, Controis, & Gauges

e

)

4  Exsting Monitoning Wel

4  Exsting Monitoring Well Used For Extraction

-= &Inch HOMZontal Trench #1 Used For INection (approx. 3 -10 %eet Delow grace)
== &inch Horzontal Trench $2 Used For Injection (approx. 10 -1 feet Delow grade)

Approxmate Extent of Grounowater Treatment - Phase |
T agp Extent of -Phase i

* POINTS OF EMPHASIS:
* SYSTEM DELIVERY CLOSER TO PLANE OF FLOW MADE A DIFFERENCE

* HORIZONTAL > VERTICAL (DELIVERY) IF GW FLOW IS PREDOMINANTLY HORIZONTAL
* MORE BUBBLES, MORE BUGS, MORE DEGRADATION
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Persistent Optimization

Analytical / Modeling Tools Used to Understand and Adjust System Operations
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Persistent Optimization

e Continuous field experience/involvement was invaluable
* Group discussions respecting input from everyone

HORIBA

DCHWS April 2 - April 4, 2025

struction Issues at Hazardous Waste Sites




Closing Remarks Clkl’f

If you want to do great work, surround yourself with great people.
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