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Daughter Product Generation/Remediation

« Chlorinated volatile organic compounds (CVOCs) .
are common contaminants that tend to persist in e Se=c!
1 = | H aeds H+e H H| m=rse H H
the subsurface T EY e
« Daughter products are generated where an T I S I
ICL N Jec]
electron donor is introduced or where sufficient o o

natural organic carbon is present in the aquifer

» For sites where either perchloroethylene (PCE) or
trichloroethylene (TCE) is the parent compound,
the degradation products are prlmarll%ms_-l,z-
dichloroethylene (DCE) and/or vinyl chloride (VC)

« For source areas, significant daughter product
concentrations can be fgenerated and can persist
for extended periods of time, even decades



Why Do They Persist?

* There are many reasons why daughter products do not degrade
naturally or post-enhanced reductive dechlorination (ERD)
remediation:

« Geochemistry

Microbiology

Lack of sufficient organic carbon

Distribution of remedial amendment

Incomplete CSM

Poor design/capture



S0, what'’s the definition of insanity?

VOL Concentration lug/l)

* 17 Injection events over ~13 years

* “We think there may be some mass sorbed into the clay
confining unit”



Characterization
options/levels

Nature and Extent
» Defines vertical and horizontal extent

* Helps develop preliminary remediation plan(s)
* Typically weighted towards groundwater

« Limited source area saturated soil data

* Should NOT be used for final remedial design

High-Resolution Site Characterization (HRSC)
* Rapid qualitative data collection

* Helps to define “the box”

* Need to understand limitations

Remedial Design Characterization (RDC)
« Spatially and vertically dense soil and groundwater
sampling

gHRSC
* Quantitative HRSC 4 _
 Combines all data into 3-D model(s) R ) '3 Pic ColLLAGE




Let’s Dig Into Some Project Examples

* All sites to be discussed:
« Source area treatment
« Unconsolidated soil/weathered bedrock (example 3)
« Shallow (<15 m) DPT slurry injection
* Pre-injection high density sampling was performed
« Most had some level of microbiological assessment work performed

 Abiotic degradation PRB downgradient of treatment area(s) =>
Important to consider



Technology Highlights

» Key Elements

« Granular activated carbon (GAC) impregnated with metallic iron
(abiotic degradation)

 Electron donor — food grade starch or chitin
* One set of microorganisms designed to degrade CVOCs

« Second set of microorganisms designed to break down the electron
donor

* Nutrients (yeast extract or pea fiber)
* Quantities of “ingredients” are tailored for each project site



Project Sites We Are Going to Review

« #1. Elevated parent compounds relative to daughter
concentrations
» Sites with no natural dechlorination or ERD

« #2. Elevated daughter concentrations relative to parent
« Sites with natural degradation or ERD performed

« #3. Large site with elevated concentrations of both parent and
daughter products
 This site highlights the importance of the high-density sampling



Site #1 - Source Area Application

« Example of site with mostly parent
compounds at baseline

 April 2020 Installation
3,000 kg of product was applied In

PRB Injection Area
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Source Area Concentrations v. Time (Baseline)
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Source Area Concentrations v. Time (~0.5 Yr)
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Source Area Concentrations v. Time (~1 Yr)
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Source Area Concentrations v. Time (~ 2 Yr)
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Site #2 — Source Area Application

« Example of site with elevated daughter products at baseline

 Part of multiyear phased approach (ISCO and abiotic
technology also applied)

» September 2020 Application
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Site #3 — Source Area Application

« Example of large site with elevated parent and daughter
products

« RDC and 3-D modeling were critical to CSM development

* Due to DPT refusal (weathered bedrock), modified DPT
approach using sonic pre-drilling was used

 Fall 2023 application




Project Site Details

* 7,400 square-meter building

« >4,000 square meters of
underlying soil and
groundwater contaminated

« Comingled plumes of onsite-
and offsite-derived

chlorinated VOCs, PFAS, and
1.4-Dioxane

« >100 mg/L TCE In
overburden groundwater
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Remedial Design Characterization (RDC)

DATE: 12772020
TCE 514 384 150 TCE
1, 1-Dichiaroathans 101 B.58 404 £s-1.2- Dichloroethy

Vinyl Chioride 208 157 0.695 Vel Chlrida
® S h al I OW Ove rb u rd e n . "";:“ : :-:" ': Y ; %m 1302021 T.i-Dichla -c:
FFOS B l-llivl:1 :ﬂ: . . r-::s_ . 1,470 1,860 1,720 g _‘ ‘“:ﬂ“ 1 ':W
(0 to ~7.6 m) o o = f
. . DATE: S1a2020 | ewanz0 | Treeie | 1ueeeie | 41aee \:'t';::’“' * = * linlnﬂ:':\ h'
* 69 Soll Borings - 623 samples LA 1N BT o7 75106 ToT (PO AR\
S : 'j'tt’fl.(?hlonde 200 ET 428 =) 485 102 PFOS - un u1:’ —
° 124 t t ” ::E:‘::m ;m ENjD = (3 ‘I:I:D @ PENA [ 0.005 —
emporary monitoring welis e 69(25) ROV YeID o e e
PFOA - 28 - an EX) 2(24. = m- oy b 192030 | emzoz0 | wiszazo | voeszoen [ anazeer
- 13 groundwater permanent = = B o o o g
I I = L — 4 f1955 7'5'}56( 1..nu1| 22 3: ‘:: :: fs‘s

monltorlng We” Samples DATE: S272020 ng]gf THBRR | DR | Anazia 25] ke =] 4 184 128 =] 2.4

= cs-!z—n:ﬁim a;? 111.:: 11‘.;‘1‘:0 2:1.'1—!:] N"::ﬂ " lﬁ 1 -.52 24 i A) '":) - :: :':

* Intermediate/\Weathered L TR TR S S e e T e
1,1-Dichjorosanana 80 Eill Fir] T4 434 ) ' E\\
T

Bedrock (7.6 to ~12 m) e =W, N N o s a0y
_ 7 S L 51139(25°)38(25) }33(25
o

5
PENA - 00026 = 0003 0. 0005 6 1 7 25’ 5
o e = | P Nosios 2725 gil5)
)

by
I

. —
Six Sonic Borings o e . g
WEUTRALIZATION TANK) 16 P
I Mw-4 a 31125432125
« 43 soil and rock samples S v o - : g5 3112997220
TCE B0 2.5 223 666 1,170 1 - a L] e
5-1.2- Dichlarcsvans 3200 2,700 2320 5340 3,330 - 24.) (23, '
Y 6 O d at I‘ ! I | eS i Chiaride 1,800 1,200 1210 1,020 2,180 Iﬂ -
r u n W er Sa 13- DicHlorestnane 2 8.1 60,6 Bed 101 1012 ] ™Y @ ]
1.1 DicHorostnans 12 934 570 342 a8 Q o] ] (] 0 L 5‘":““2"
3 * PEOA 0,228 0580 - 460 0440 1 1 4| o CE 1:\1
: 2 e e PFOS 0688 | 0000 - [ RED —
. S O u n d I n g S (3 3 O G O p rO b ) FFHA AW O = 001 - 00053 00053 . I? ! —— +
MW -2 g Py r
= DATE: a0z | emooze | miemoso | iwereom | 4ndmoad 2 (19')'{ 1 11 Z(19 hbrmetens i1 2
® orings (average depth o T T I 0 B 05 ] w20 ] -
PFOA (X [0 - [ [ %, DATE: AdiEna = - L
TCE 174 s -
m b g S) Fros 028 | oae0 - oas0 | o0 0 —— — — ~ -
PRNA, o | 0.0098 - 00061 | 0.0044 A5
m S \ 1,2-Dichloroethane (EDC) i MW‘EZDD
DATE: SN0 | M@0 | THRE20 | AMEamien | Anama (=] Chiorabanzena 534 DATE: anaziz
Tz =300 Baze | 12300 a0 [ '%6 1.4-Dicwane: 1,500 1.1-Dichlaroethans 0.575
et 2 ichrcatens |80 T | 10 T | e | PROA L51i) 1,4 Diasars N
Wiyl Ghlorice [T 206 60 T4.B L] PFOS 0.035 - ery ]
A D B 150 B 114 23 BFNA 00002 2 o
Fron - [ - w0 .03 o @ PFOS Do
RS - 0.02% - [ T B @ EENA )
FFNA - 0.0035 = 0,004 0.0033 ’




RDC Results
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RDC Results
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RDC Results
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Full-scale Implementation

* Direct Push Injections
« Number of Injection Points: 873

 Pre-drill Injections
* Number of Injection Points: 20



Data Evaluation — Shallow Zone CVOCs

MW-04 (Shallow - Near Sewer Line)
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Data Evaluation — Shallow Zone CVOCs

MW-07S
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Data Evaluation - DHC Population
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Data Evaluation - Intermediate Zone
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Summary

* Success starts with the RDC and accurate CSM
« Guides dosing and expectations

 Application of synergistic technologies can expeditiously
manage daughter products generated naturally or via ERD

* |In most instances, an abiotic PRB should be installed for
downgradient control of daughter products



Thank you for your time!

mmazzarese@astenv.com
www.astenv.com
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