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ABSCRAEC

A non-time critical (NTC) removal action (RA) was designed at the Savannah River
Site (SRS) to inject an emulsifed oil mixture with a bioaugmentation culture to
prevent  trichloroethylene  (TCE)  discharging  to  surface  water  above  maximum
contaminant levels (MCLs).  The emulsifed oil mixture is expected to sequester the
TCE  and  then  be  broken  down  into  harmless  compounds  through  microbial
biodegradation.  

At 15 locations 8,290 L (2,190 gal) of oil mixture, buffer and chase water were
injected into the subsurface creating two bio-barriers.  At each location half of the
oil  mixture  was injected,  then 2 L (0.528 gal)  of  an enriched bioaugmentation
culture was injected, and then the second half of the oil mixture was injected into
the subsurface.  Finally, at each location 151 L (40 gal) of buffer mixed with 575 L
(200 gal) of dilution water was then injected followed by 1,135 L (300 gal) of chase
water.  SRS estimates this created two emulsifed oil barriers totaling 73 m (240 ft)
long, approximately 3 m (10 ft)  high and 4.9 m (16 ft) wide in the subsurface.
Similar  emulsifed  oil  barriers  have  been  effective  for  3  to  5  years,  and  SRS
anticipates a similar longevity for these barriers.

INCRODUECION

The U.S. Department of Energy (USDOE), United States Environmental Protection
Agency (USEPA),  and South Carolina Department of  Health and Environmental
Control (SCDHEC), determined it was appropriate to perform a NTC RA at the C-
Area Groundwater (CAGW) Operable Unit (OU) at the Savannah River Site (SRS)
to  address  the trichloroethylene (TCE) discharging to an unnamed tributary to
Castor Creek above MCLs.

The Removal Action Objective (RAO) to protect human health and the environment
is to reduce discharge of groundwater contaminated with TCE above the MCL (5
µg/L) to surface water, so that the MCL is no longer exceeded in the unnamed
tributary to Castor Creek.  The CAGW OU NTC RA is expected to achieve the 75%
mass fux reduction in TCE that will meet the RAO.  

C  Area  is  situated  near  the  center  of  the  SRS  (Figure  1).   The  primary  SRS
operation facility in C Area was the C-Reactor which operated between 1955 and
1985.  The CAGW OU encompasses tritium and VOC groundwater plumes beneath
C Area, which fow west to Fourmile Branch and south to Castor Creek.  Due to
cost constraints and ease of implementation, this NTC RA only addresses the VOC
groundwater plume.  The CAGW OU is comprised of three subunits: 1) a vadose
zone subunit; 2) a groundwater subunit; and 3) a surface water subunit.  Known
sources of contamination associated with reactor operations include a VOC vadose
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zone source near C-Reactor, which resulted in VOC contamination in groundwater.
In 2006, the VOC vadose zone source was remediated using six-phase electrical
resistance heating (ERH) with soil vapor extraction (SVE) under an interim record
of decision for the CAGW OU.  The VOC groundwater plume, predominately TCE,
originates near the C-Reactor Building (105-C) and extends south to Castor Creek
(Figure 2).  

Data from 2016 monitoring showed a small area above 100 micrograms per liter
(µg/L) near the C-Area Reactor Building (105-C) in the Upper Aquifer Zone of the
Upper Three Runs Aquifer (UTRA), two wells exceeding 50 µg/L TCE at the distal
portion of the plume in the Middle Aquifer Zone (MAZ) of the UTRA, and low levels
of VOC contamination in the middle of the plume (Figure 2 and Figure 3).  Results
from the unnamed tributary to Castor Creek indicated the presence of TCE above
the MCL in surface water.

In December 2016, the USDOE, USEPA and SCDHEC identifed the distal portion
of the CAGW OU TCE plume as a candidate for an NTC RA.  The  Removal Site
Evaluation Report/Engineering Evaluation/Cost Analysis (RSER/EE/CA) for C-Area
Groundwater  Operable  Unit  [1]  evaluated  three  cleanup  alternatives  based  on
effectiveness, ease of implementation and cost analysis: 1) No Action, 2) Treatment
Barrier  Using  Emulsifed  Edible  Oil,  and  3)  In  Situ  Chemical  Oxidation  Using
Sodium  Persulfate.   The  RSER/EE/CA  was  approved  in  2018  and  the  Action
Memorandum selected  a  Treatment  Barrier  Using Emulsifed  Edible  Oil  as  the
technology to implement in the distal portion of the plume (Figure 4) [2].
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Figure 1. EAGW OU Location at SRS
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Figure 2. EAGW OU Location at SRS
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Figure 3. Eross Section A – A’ (E-Reactor to Eastor Ereek)
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Figure 4. EAGW OU NCE RA Location 
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DESERIPCION AND DISEUSSION

To support the CAGW OU NTC RA, additional characterization of the discharge
area of the distal plume in 2017-2019 demonstrated that the TCE contamination is
limited to the MAZ which is about 3 meters (m) (10 feet [ft]) thick in the areas
where the emulsifed oil treatment barriers were installed.  The 2019 TCE data
(Figure 4) indicate the margins of the TCE plume have shifted slightly towards the
east  relative to the 2016 CAGW OU TCE plume location (Figure 2).   Six  wells
(CRW023C,  CRW024C,  CRW025C,  CRW026C,  CRW027C,  and  CRW028C)  were
installed in 2018 and 2019 to collect baseline data and monitor the effectiveness of
the CAGW OU NTC RA (Figure 5).  Of these six wells, upgradient well CRW024C
within  Injection  Area 1 had the highest  TCE result  (30.9 µg/L)  in  2019.   Well
CRW023C was installed as an upgradient monitoring well within Injection Area 2
with the highest TCE result in 2019 at 23.4 µg/L.  In 2019, TCE was above the
MCL (5.0 µg/L) in three surface water stations: CCT-03 (10.9 µg/L), CCT-02 (6.62
µg/L), and CCT-01 (9.38 µg/L).  These three surface water stations are located on
the small unnamed tributary that discharges to Castor Creek (Figure 5).  TCE was
also detected in Castor Creek above detection limits but has not been detected
above the MCL.  

The  emulsifed  oil  was  injected  at  two  separate  locations:  1)  Injection  Area  1
containing fve injection points; and 2) Injection Area 2 containing ten injection
points (Figure 5).  A Geoprobe® 7822 direct push technology (DPT) drill rig was
used to install the fve temporary injection screen zones (CCIW-01 through CCIW-
05)  to  approximately  20.2  –  23.2  m  (66-76  ft)  below  ground  surface  (bgs)  in
Injection Area 1.  Ten temporary injection screen zones (CCIW-06 through CCIW-
15) were installed in Injection Area 2 to approximately 10.1 – 13.1 m (33-43 ft) bgs.
Steel DPT rods of 5.72 centimeters (cm) (2.25 inch [in]) diameter were driven into
the subsurface to the target depths at each location.  The downhole end of the rod
string contained a  disposable  drive  point  above  which  were two 1.52 m (5 ft)
screen zones.   The 1.52  m (5  ft)  screen zones  consisted  of  4.45  cm (1.75  in)
diameter,  mill-perforated,  steel  outer screen,  lined with two 1.52 m (5 ft)  long
polyvinyl chloride slotted injection inner screens.  The inner screens have an inside
diameter measurement of 1.905 cm (0.75 in), and a 0.254 mm (0.010 in) screen
slot size to allow for direct contact with the formation and to prevent clogging of
the outer screen by fne-grained sand.   Upon reaching the total  depth at each
location,  the  emulsifed  oil  mixture,  the  EOS  BAC-9TM,  the  EOS  buffer
CoBupHMg™, and chase water were injected through the screen zone. 

The injection strategy at each DPT location had fve different components: 1) One-
half of emulsifed oil mixture batch was injected into the subsurface, 2) the EOS
BAC-9TM microbial supplement, a culture of Dehalococcoides mccartyi and enzymes
in a water-based medium, was injected into the subsurface, 3) the other half of
emulsifed  oil  mixture  batch  was  injected  into  the  subsurface,  4)  the  EOS
CoBupHMg™ buffer was injected into the subsurface, and 5) chase water.  Mixing
of each component occurred in alternating batches using two 9,464 L (2,500 gal)
polyethylene tanks.  The emulsifed oil mixture had the following batch recipe at
each injection point: 5,205 L (1,375 gal) of dilution water; 136 kilograms (kg) (300
pounds [lbs]) of sodium bicarbonate (baking soda); 0.91 kg (2 lbs) of ascorbic acid
(vitamin C) was used to dechlorinate and deoxygenate the dilution water; 2.366 L
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(80 ounces [oz]) of vitamin B-12 (an essential nutrient for the microbes); and 1,041
L (275 gal)  of EOS100™ emulsifed oil.   After all  the emulsifed oil  mixture was
injected, 151 L (40 gal) of EOS CoBupHMg™ was mixed with 757 L (200 gal) of
water and injected into the aquifer.  Finally, 1,136 L (300 gal) of chase water was
injected into the aquifer.  A total of 8,290 L (2,190 gal) of oil mixture, buffer and
chase water was injected at each injection location.

The subcontractor  began mobilizing equipment  on July  9,  2019,  conducted the
required safety checks, and oil injection operations began on July 18 at the frst of
15 locations. Upon injecting the required volume at each location, the rods and
screen were then removed from the ground, grout rods were inserted into the
borehole to the total depth and grout was used to abandon each injection borehole.
Grouting  activities  and  decontamination  of  the  equipment  (rods,  mixing  tanks,
hoses  and  pumps)  was  completed  on  August  12,  2019.   All  equipment  was
demobilized from the injection site on August 14, 2019.
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Figure 5. EAGW OU Oil Injection Areas 
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Verifcation will  be provided by the analytical results  specifed in the approved
Effectiveness  Monitoring  Plan  (EMP)  [3]  and  documented  in  the  annual
Effectiveness  Monitoring  Reports.   The  monitoring  network  consists  of  nine
primary stations and nine ancillary stations.  The nine primary stations are the
following: fve monitoring wells (CRW023C, CRW024C, CRW026C, CRW027C and
CRW028C),  four  surface  water  stations  (CCT-01,  CCT-02,  CCT-03  and  CC-08)
(Figure 5).  Three of the surface water stations (CCT-01, CCT-02, and CCT-03) are
on the unnamed tributary to Castor Creek and the fourth is on Castor Creek just
downgradient of the tributary’s confuence with Castor Creek (CC-08).   The nine
primary stations will be sampled monthly for three months, then quarterly for the
remainder of the fscal year and semi-annually for the next four fscal years (TABLE
I).   The  nine  ancillary  stations  are  the  following:  three  monitoring  wells
(CRW025C,  CSB20D  and  CSB15D),  four  seepline  stations  (CCSL-08,  CCSL-11,
CCSL-14  and  CCSL-23R),  and  two  surface  water  stations  (CC-05  and  CC-07)
(Figure 4).  The nine ancillary stations will be sampled semi-annually for fve years
(TABLE  I).     Analyses  will  include  the  following:  VOCs  (PCE,  TCE,  cis-1,2-
dichloroethylene,  chloroethene  [vinyl  chloride],  and  ethene),  dissolved  oxygen
(DO),  methane,  nitrate,  oxidation-reduction  potential  (ORP),  sulfate,  and  total
organic carbon (TOC) to identify the effects of the edible oil injections.  Results for
pH, DO, methane, nitrate, ORP, sulfate, and TOC have been used to assess the
conditions favorable for biodegradation as a result of emulsifed oil injections in an
aquifer.   The  PCE,  TCE,  cis-1,2-dichloroethylene,  vinyl  chloride,  and  ethylene
results  have  been used to  observe  reductive  dechlorination.   Semi-quantitative
microbiological  analyses  will  also  be  conducted  at  all  monitoring  wells  and
seepline stations to supplement the assessment of reductive biological processes.

CABLE I. Monitoring Frequency and Analyses

Stations
Station

Cype
Eategor

y
Sampling 
Frequency

Lab Analyses
Field 

Measuremen
t

CC-05
Surface 
Water Ancillary

Semi-Annual - 5
yrs

VOCs, methane, nitrate,
sulfate, TOC.

DO, ORP, pH,
Flow Rate

CC-07
Surface 
Water Ancillary

Semi-Annual - 5
yrs

VOCs, methane, nitrate,
sulfate, TOC.

DO, ORP, pH,
Flow Rate

CC-08 Surface 
Water

Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC.

DO, ORP, pH,
Flow Rate

CCSL-08 Seepline Ancillary
Semi-Annual - 5

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CCSL-11 Seepline Ancillary
Semi-Annual - 5

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CCSL-14 Seepline Ancillary
Semi-Annual - 5

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CCSL-
23R Seepline Ancillary

Semi-Annual - 5
yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation
CCT-01 Surface Primary Monthly - 3 mo., VOCs, methane, nitrate, DO, ORP, pH,
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Stations
Station

Cype
Eategor

y
Sampling 
Frequency

Lab Analyses
Field 

Measuremen
t

Water
Quarterly - 9 mo.
Semi-Annual - 4

yrs
sulfate, TOC. Flow Rate

CCT-02 Surface 
Water

Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC.

DO, ORP, pH,
Flow Rate

CCT-03 Surface 
Water Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC.

DO, ORP, pH,
Flow Rate

CRW023
C

Monitori
ng 

Well
Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CRW024
C

Monitori
ng 

Well
Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CRW025
C

Monitori
ng 

Well
Ancillary Semi-Annual - 5

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CRW026
C

Monitori
ng 

Well
Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CRW27C
Monitori

ng 
Well

Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CRW28C
Monitori

ng 
Well

Primary

Monthly - 3 mo.,
Quarterly - 9 mo.
Semi-Annual - 4

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CSB15D
Monitori

ng 
Well

Ancillary
Semi-Annual - 5

yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

CSB020
C

Monitori
ng 

Well
Ancillary

Semi-Annual - 5
yrs

VOCs, methane, nitrate,
sulfate, TOC, microbial

DNA.

DO, ORP, pH,
Water

Elevation

EONELUSION

The CAGW OU NTC RA emulsifed oil treatment barriers is envisioned to work in a
three-step process:

1) The emulsifed oil  mixture is expected to coat the sediment grains in the
aquifer;

2) As  contaminated  groundwater  fows  through  the  barriers  TCE  will
preferentially  partition  into  the  oil  and  be  sequestered  in  the  treatment
barrier; and
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3) Microbial  biodegradation  will  dechlorinate TCE into harmless  compounds
(e.g. ethene).  

Similar emulsifed oil barriers deployed at other locations have been effective for 3-
5 years, and SRS anticipates a similar longevity for these barriers.  Effectiveness
monitoring of the emulsifed oil treatment barriers began in October 2019 and will
continue for 5 years.

In  accordance  with  the  closure  requirements  of  the  RADP,  the  ffth  annual
effectiveness monitoring report for the CAGW OU NTC RA will evaluate the overall
effectiveness of the RA in reducing TCE mass in the MAZ and its sustainability.
The fnal remedial action for the CAGW plumes will be selected by the USDOE,
USEPA,  and  SCDHEC  as  part  of  the  fnal  remedial  decision  process.   It  is
anticipated that this enhanced attenuation action will be adequate to supplement
monitored natural attenuation for the remainder of the plume.
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