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Degradation Pathway

> Products + Products

Microbes
& Enzymes

Reactants + Reactants
The degradation equation/pathway is the

remediation roadmap
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Degradation Pathway

Microbes
& Enzymes

Reactants + Reactants = Products + Products

The degradation equation/pathway is the
remediation roadmap

Performance monitoring plans can include key
S reactants and products; anything needed to
facilitate the reaction
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Degradation Pathway

Microbes
& Enzymes

Reactants + Reactants = Products + Products

The degradation equation/pathway is the
remediation roadmap

Performance monitoring plans can include key
6 reactants and products; anything needed to
facilitate the reaction

Observing expected trends is evidence of a

activity along the targeted degradation pathway
and realizing design goals
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Groundwater VOC Distribution
 Railyard Site | Maintenance | =0 Eimge 3 !
= Typical rail yard activities BUIAING | it TR

— Chlorinated solvents used as ! /

cleaner/degreaser in 70’s & 80's

Onsite Contaminants | VOC > MCLs |
— Petroleum |
— TCE & 1,1,1-TCA and reductive

i daughter products LT oo S

| — Present in soil and shallow
groundwater . | |

— Chlorinated solvents also present in = VOC < MCLs
deeper overburden groundwater

Offsite Contaminants
— Chlorinated solvents and reductive

daughter products in deeper

L]
overburden groundwater Groundwater

flow to south

Primary Goal | suIRNE
— Protect residential wells | | )
) Residential

|

N

LAY

Ry accumulation (no VCI)

MNA_- Occuring | - Wells
— Not just sequential reduction as Pl
DCE fractionated without daughter
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Maintenance

4, Pilot Test
Monitoring Well

® MIP Point
® Injection Point

Building

Dirct Push Injectign Layout
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Amendment Selection

Combined Remedy

« Activated Carbon (PlumeStop®)

Remediaion Sty —°* Fermentable Electron Donor
gepctliw:qc;llcgynz?tsig::;que \\/ —. I\/IICFObIa| Augment
cfticently e S-MicroZVI (sterically stabilized ZVI)

= Combined remedies
allows for the most
efficient treatment
possible

Bioremediation 4 Mass Removal

Treatment Costs ($/Ib)

Chemical
Oxidation & Reduction

Dissolved Concentration
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site Specific Degradation
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Pre-Injection ISM
Deployment

collect and dry place soil into deploy before amendment
saturated soils screened housings application




iiﬂ:ﬁn‘nﬁﬁ'ﬂ“

N
N
h:
e ||

ey



17P0-01

Parameter D R1
. PS Visual
Results - Deliver
u Y N
DOC
BOD
Iron
Sulfide
Legend
17P0O-03
Parameter D R1 G Samp“ng Period 17P0'03
! MW-17P01 17P0-02
Specific Conductance D = 11/17 Param.eter D R1 - t ZPO ?1
ORP R1 =9/18 PS Visual arameter
DOC Specific Conductance PS Visual
BOD ORP Specific Conductance
Iron DOC ORP
Sulfide BOD DOC
Iron BOD
Sulfide Iron
Evidence of Geochemical Shift sulfide

- Strong

Limited
B none

ﬂ{r Pilot Test Monitoring Well

MW-17P03

MW-17P02

@ Injection Point 17P0O-04

Parameter D R1
PS Visual
Specific Conductance
ORP
DOC
BOD
Iron
Sulfide
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Results - Groundwater

Legend

MW-17P02 Chlorinated
ethenes and ethanes

20 (\/g\ Mole Fraction:
o Mono- Tri-
w &
-

Total VOCs
(mg/L)

0 / /; DI'
B R1 <= Sampling Period

B =10/17

R1=19/18

" Pilot Test Monitoring Well

. Injection Point

Notes:

*  Groundwater flow to south

* Continuous mass loading into treatment zone

*  >95% concentration decrease at mid-point of
treatment zone

« Daughter product data indicate abiotic primary
pathway
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Results — Soil ISMs

Legend

. MW-17P03 Chlorinated

Mole Fraction:

ethenes and ethanes

85 _
Q % - Mono- eTrl-
TE 2.
o N
|_ .
0 Di-
B R1*— Sampling Period
. _ o B =10/17
\‘y Pilot Test Monitoring Well R1 = 9/18

(@) Injection Point

Notes:
*  >95% concentration decrease at mid-point of
treatment zone

+ Demonstrated destruction — not phase transfer to
activated carbon
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Results - CSIA

Legend
MW-17P02
30 0
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e———e Total VOCs (ug/l) R1 =9/18

o—————eo TCE 6 3C (%o)
cis-DCE 6 13C (%o)
1,1-DCE 6 13C (%o)

e————e Vinyl Chloride (%)

ij Pilot Test Monitoring Well

‘ Injection Point
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Conclusions

Successful Technology Implementation

Great Amendment 95% + Dissolved VOC Destruction on CSIA Definitively
Delivery Concentration Activated Carbon Demonstrates
Decrease Degradation
MW-17P02
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Cumulative Cost Comparison

B a.C k g rO U n d Approach Total Cost

Annual Recurring Costs Over 10 Years ® Pump & Treat $16 M
® /n Situ Approach $0.533 M

Total Savings $1.06 M
77777777777777777777777 3% Rate Assumption | _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __ [ 16 M
2 ~
(]
2>
S
- 3
= £ ~ 533K
=2 35
8e
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 Y10
YEARS
Cost Comparison (USD)
Remediation Approach Yearl VYear2 Year3 Year4 Year5 Year6 Year7 Year8 Year9 YearlO
Pump & Treat
Investigation, Design, & Installation 540,000 290,000 190,000 0 0 0 0 0 0 0
Q&M 0 0 0 10,000 10,000 10,000 10,000 10,000 10,000 10,000
Total Annual Cost 540,000 290,000 190,000 MO000  TO000  TO000  TO000  1WO000  TMO000  TO,000
Net Present Value 1,598,679
In Situ
Investigation, Design & Installation 65000 100,000 0 0 0 0 0 0 v 0
Q&M/ 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000 30,000
Reapplication 0 0 0 0 75,000 0 0 0 75,000
Total Annual Cost 95,000 130,000 30,000 30,000 105,000 30,000 30,000 30,000 30,000 105,000
Net Present Value 533775

Net Present Value of Estimated Cost Savings Over 10 Years: $1,064,901*
*Rate Assumption: 3%




MBTs Critical to Informing Design & Performance

MBT Costs

Pre-Design
CSIA $3,600
PCR (including Biotrap ISMs) $10,000
Core Studies $7,000
Performance Monitoring
CSIA $5,000
PCR $2,500
Native Material ISMs $500
Total: $28,600
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Questions
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