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COLLABORATION

» Project completed in collaboration with
Jacobs, UCLA, and CSU
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AGENDA

= Site Background

= Technology Overview: Subgrade Biogeochemical Reactors (SBGRS)
= 1,4-Dioxane Field Pilot Study
> Phase 1: Overview
> Phase 1: Results and Lessons Learned
> Phase 2: Optimization and Implementation
> Phase 2: Results

= Proposed Next Steps

Dow Restricted : ©



SITE BACKGROUND

= Chemical manufacturing facility in North America

= Soil and groundwater impacted primarily by chlorinated volatile organic compounds
(CVOCs), benzene and 1,4-dioxane

= Various remedial actions have been implemented to address CVOC and benzene
contamination:
> Air Sparge/Soil Vapor Extraction (AS/SVE) System
> Aerobic cometabolic biosparging (ACB) System
v Total CVOCs and benzene concentrations reduced 97% using these technologies
> Elevated 1,4-dioxane concentrations persist in soil and groundwater
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CHALLENGES ASSOCIATED WITH 1,4-DIOXANE

= 1,4-Dioxane was used as a stabilizer for 1,1,1-trichloroethane and has proposed cleanup
guidelines as low as 0.3 micrograms per liter (ug/L)

= Treatment of 1,4-dioxane is challenging and costly

= Most treatment options that target CVOCs (e.g., soil vapor extraction, sorption, and
biological treatments) are generally not very effective at treating 1,4-dioxane

= Some existing treatment methods, e.g., AOP, are expensive and can create other
problems

1,4-Dioxane

S Dow 2 :
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TECHNOLOGY OVERVIEW: SUBGRADE BIOGEOCHEMICAL REACTORS (SBGR)

= SBGRs are a sustainable treatment technology E X /“Bm‘” Reactor
that utilize locally-sourced, non-refined or “waste”
products (such as wood mulch, spent brewery
grain, agricultural byproducts, etc.) to support
treatment of many types of contaminants

Amendment
Recirculation

= Site-specific media and design configurations
based on contaminant(s) of concern

= Different configurations are possible and based ]
on site-specific needs, criteria, or restrictions v v Zone

SBGR Extraction
Columns Wells

>

“Column” Recirculation

Reactor

Dow Restricted : ©

S~  Cell —




1,4-DIOXANE BIOGEOCHEMICAL REACTOR FIELD PILOT TEST

Drum-scale pilot tests

> Important biochemical processes are
difficult to simulate in the lab

> Pilot tests in U.S., Australia and Latin
America have evaluated numerous
combinations of amendments

> Important microbial community
members need specific types of
organics or geochemical mediato
support optimal growth
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PHASE 1 SETUP

= Treatment Train #1: Metabolic BGR
(organic media, air addition and CB1190)

= Treatment Train #2: eBGR
(electrochemical oxidation w/ CB1190
followed by organic media treatment of
generated perchlorate)

= Trains #3 & 4: evaluated Soygold™
w/biosparging (not a focus of this
presentation)

= 10- to 20-day hydraulic residence times
(10 days per drum)
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PHASE 1 RESULTS

= Phase 1 completed in 2020

> 1,4-Dioxane influent concentrations
ranged: 10,000 to 35,200 pg/L

= Metabolic BGR was easiest of
systems to operate (required no
modifications during pilot test)
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PHASE 1 MICROBIAL INTERPRETATIONS

Total 16S CB1190-165
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PHASE 2

» Phase 2 was completed in 2021

» Evaluate effectiveness of BGR treatment at
very high concentrations (>100,000 pg/L)

> Refine design criteria for a full-scale system

= Treatment Train #2: e BGR (continued
from Phase 1, reduced voltage to address
pH issues), 2 drums

= Treatment Train #5: Metabolic BGR
(organic media with air addition and
CB1190), 3 drums

= Treatment Train #6: Metabolic BGR
(organic media with air, but without
CB1190), 3 drums

:® 11
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PHASE 2 RESULTS Influent and Effluent Concentrations
(15-Day Residence Time)

| @Influent @Train 2 Effluent @Train 5 Effluent @Train 6 Effluent |

= Train 5 & 6: BGR reactors (with and without

, 150000
UCLA's CB1190 CUItUII'e) 5125000 O - g - g - - - O - 0---"-" 9 - In(t:rezsed flowd
» 1,4-dioxane reductions through September: 2 100000 / Py Corease

between 88-95% at 15-day residence time £ 75000 \
(Train 5, with CB1190) and £ 50000 (]
. . 9 »--. ---- e~ ~"~-- o ----- o-
between 83-95% at 15-day residence time 5 25000 3l o
(Train 6, without CB1190) 0 B et M, &
. . 6/1/2021 711/2021 7/31/2021 8/30/2021 9/29/2021
> All other contaminants were non-detect in
the Train 5 and Train 6 effluent samples Influent and Effluent Concentrations
(9.6-Day Residence Time)
- HydraUIlc reS|dence tlmes (HRT) Were | OInfluent @Train 2 Effluent @Train 5 Effluent @Train 6 Effluent |
. 150000 C
decreased in September 2022 — oeone |0 .e--1%
. . S S N T o~~~ i
> Train 5 continued to perform well (up to 2 100000 | Enclof testing
98% reduction in 1,4-dioxane) £ 75000 \
> Performance in Train 6 decreased wit lower S 50000 R S PoE S o --"3---
. < R il i -7
HRT (up to 69% reduction) 25000 e -« ___
--=0~ "o~ ¢

O -
9/21/2021 10/1/2021  10/11/2021 10/21/2021 10/31/2021 11/10/2021

&

Dow Restricted 12



PHASE 2 MICROBIAL INTERPRETATIONS IN GROUNDWATER

» Bacterial abundance remained highest and
most consistent in specific BGR drums:
T2D2, T5D1, T6D1 and T6D3

« Trains 5 and 6 had high bacterial abundance
through September

» CB1190-like bacteria showed similar trend to
Total 16S

Train 6 had higher gene abundance than
Train 5 drums when hydraulic residence times
were lower (increased flow-rate)

Biomarker genes increased in T6D1 and T6D3,
generally decreased in Train 5 and T6D2
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PHASE 2 MICROBIAL INTERPRETATIONS IN SOLIDS
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1. Overall bacterial abundance was relatively stable in all drums before demolishing,
except T5D1 and T6D2.

2. CB1190-like bacteria decreased in all drums in September, but increased after
winterization processes (Nov 2™), likely due to elimination of groundwater flow
through the system
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NEXT STEPS

= Due to the success of the drum-scale pilot (up to 98% 1,4-dioxane reduction observed), an in-situ pilot
study will be constructed at the Site with two BGR columns, which may be expanded into a full-scale
remedy to treat 1,4-dioxane and residual CVOC:s.

= This technology may be used to treat 1,4-dioxane at other contaminated sites
> Offers potentially lower treatment costs
> Offers more sustainable solution for the treatment of 1,4-dioxane

Biosparge well

Solar-powered T
pumping from W Infiltration Liquid amendment Example of a similar SBGR
extraction well ~ pipe ™ injection well to be installed at the Site.
> . u
Fluctuating water table and Conveyance 3‘ SBGR is filled with gravel, mulch,
pulsed flow due to solar and other treatment amendments
cycling of extraction well (site-specific and based on the

enhances treatment v contaminants to be treated)

Groundwater
Plume

Aquitard
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NEXT STEPS: BASIS OF DESIGN FOR IN-SITU SBGR
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Thank you!

Claudia Walecka-Hutchison, PhD
CWaleckaHutchison@dow.com

With support from:
Jim Sprague- Dow
Jeff Gamlin, Jacobs
Renee Caird, Jacobs
Shaily Mahendra, UCLA
Yu (Rain) Miao, UCLA
Jens Blotevogel, CSU/CSIRO
Andrea Hanson Rhoades, CSU
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