
Removal Action Report for the C-Area 
Groundwater Operable Unit Bio-Barrier 
Non-Time Critical Removal Action

SEMS Number: 82

SRNS-RP-2019-00584

Revision 1.0

June 2020

ARF-022744



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page ii of vi

TP#2261-RPD.docx

DISCLAIMER

This report was prepared by Savannah River Nuclear Solutions, LLC  for the 
United States Department of Energy under Contract No. DE-AC09-
08SR22470 and is an account of work performed under that contract.  Neither 
the United States Government nor any agency thereof, nor any of their 
employees, nor any of their contractors, subcontractors or their employees 
assumes any legal liability or responsibility for any third party’s use or the 
results of such use of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. 
Reference herein to any specific commercial product, process or services by 
trademark, name, manufacturer or otherwise does not necessarily constitute 
or imply endorsement recommendation, or favoring of same by SRNS or the 
United States Government or any agency thereof.

Printed in the United States of America

Prepared for
U.S. Department of Energy

and
Savannah River Nuclear Solutions, LLC

Aiken, South Carolina



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page iii of vi

TP#2261-RPD.docx

TABLE OF CONTENTS
Section Page No.

LIST OF FIGURES ..................................................................................................................... iv

LIST OF TABLES ....................................................................................................................... iv

LIST OF APPENDICES ............................................................................................................. iv

LIST OF ABBREVIATIONS AND ACRONYMS .....................................................................v

1.0 GENERAL DESCRIPTION.............................................................................................1
1.1 Purpose and Scope ..........................................................................................................1

1.1.1 Document Format .........................................................................................................2
1.2 Operable Unit Background............................................................................................2

1.2.1 General Description and Location of CAGW OU .......................................................2
1.2.2 Nature and Extent of Contamination in CAGW OU...................................................3

1.3 Removal Action Requirements and Objectives............................................................4
1.3.1 Removal Action Objectives ...........................................................................................4
1.3.2 Selected Removal Action...............................................................................................4

1.4 Chronology of Events .....................................................................................................5

2.0 CONSTRUCTION ACTIVITIES ....................................................................................5
2.1 Construction Details .......................................................................................................6
2.2 Construction Delays........................................................................................................7
2.3 Waste Management ........................................................................................................7

3.0 DEVIATIONS FROM ORIGINAL DESIGN.................................................................8

4.0 VERIFICATION SAMPLING, TESTING, ANALYSIS, 
PERFORMANCE STANDARDS, AND CONSTRUCTION QUALITY 
CONTROL .........................................................................................................................8

4.1 Performance Requirements/Standards.........................................................................8
4.1.1 Initial CAGW OU Design and Operational Requirements .........................................8
4.1.2 Final CAGW OU Design and Operational Requirements ........................................10
4.1.3 Achieving Final Design Requirements ......................................................................11

4.2 Construction and Quality Control ..............................................................................13
4.2.1 Hydrostatic Test...........................................................................................................13
4.2.2 Injection System Acceptance Inspection....................................................................14
4.2.3 Continuous Monitoring of Injections ........................................................................14
4.2.4 EOS Temperature Requirements................................................................................16

5.0 Verification OF RA COMPLETION AND FINAL INSPECTION............................16
5.1 Verification of RA Completion ....................................................................................17
5.2 Final Acceptance of CAGW OU Removal Action Completion ................................17

6.0 AS-BUILT DOCUMENTATION...................................................................................17
6.1 Well Modifications ........................................................................................................17

7.0 POST-RAR ACTIVITIES...............................................................................................17
7.1 Removal Action Effectiveness Review ........................................................................18

8.0 PROJECT COSTS...........................................................................................................18

9.0 REFERENCES.................................................................................................................21



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page iv of vi

TP#2261-RPD.docx

LIST OF FIGURES
Figure Page No.

Figure 1. CAGW OU Location on SRS Map.....................................................................23

Figure 2. CAGW OU TCE Plume (2016)...........................................................................24

Figure 3. CAGW OU Cross Section A – A’ with 2016 TCE Values (µg/L) ....................25

Figure 4. CAGW OU Pre-Removal Action Site Plan........................................................26

Figure 5. Schematic of CAGW OU Removal Action Process ..........................................27

Figure 6. EOS Emulsified Oil Mixture Separation ...........................................................28

Figure 7. EOS Emulsified Oil Mixture Half-Batch Mixing..............................................29

LIST OF TABLES
Table Page No.
Table 1. Chronology of Events ..........................................................................................30

Table 2. Summary of Design Changes ..............................................................................31

Table 3. Oil Injection Locations, Depths and Injection Rates........................................32

Table 4. Oil Injection Field Parameters ...........................................................................33

Table 5. Project Cost Comparison ....................................................................................34

LIST OF APPENDICES

Appendix Page No.
Appendix A Correspondence Between SRNS and SCDHEC on Changes to 

the Underground Injection Control Permit to Operate, Permit 
#SCHE03020559.......................................................................................... A-1

Appendix B SCDHEC Approval of Changes to Underground Injection 
Control Permit to Operate, #SCHE03020559M1 .....................................B-1

Appendix C Notification of Start of Injection Activities............................................... C-1

Appendix D Groundwater Monitoring Well Records and Injection Point Soil 
Boring Installation Reports........................................................................ D-1

Appendix E Subcontractor Field Notebook....................................................................E-1



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page v of vi

TP#2261-RPD.docx

LIST OF ABBREVIATIONS AND ACRONYMS 

~ approximate, approximately
105-C C-Area Reactor Building
amsl above mean sea level
BAC-9 EOS Bioaugmentation Culture 9
bgs below ground surface
CAGW C-Area Groundwater
Cascade Cascade Technical Services
cm centimeter
DPT direct-push technology
EMP Effectiveness Monitoring Plan
EOS EOS Remediation, LLC
FFA Federal Facility Agreement
fl oz fluid ounce
ft foot/feet
g gram
gal gallon
gpm gallon per minute
in. inch
kg kilogram
km kilometer
L liter
lbs pounds
Lpm liter per minute
m meter
MAZ Middle Aquifer Zone
MCL Maximum Contaminant Level
mi mile
North Wind North Wind Portage
NTC non-time critical
O&M operation and maintenance
OU Operable Unit
PCR/CMIR/RACR Post-Construction Report/Corrective Measures Implementation 

Report/Remedial Action Completion Report
psi pounds per square inch
RA Removal Action
RADP Removal Action Design Plan
RAO removal action objective
RAR Removal Action Report
RSER/EE/CA Removal Site Evaluation Report/Engineering Evaluation/Cost Analysis



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page vi of vi

TP#2261-RPD.docx

LIST OF ABBREVIATIONS AND ACRONYMS 

SCDHEC South Carolina Department of Health and Environmental Control
SEMS Superfund Enterprise Management System
SRNS Savannah River Nuclear Solutions
SRS Savannah River Site
TBD to-be-determined
TCE trichloroethylene
µg/L microgram per liter
UIC Underground Injection Control
USDOE United States Department of Energy
USEPA United States Environmental Protection Agency
UTRA Upper Three Runs Aquifer
VOC volatile organic compound
WSRC Westinghouse Savannah River Company



RAR for the CAGW OU Bio-Barrier NTC Removal Action SRNS-RP-2019-00584
Savannah River Site Revision 1
June 2020 Page 1 of 34

TP#2261-RPD.docx

1.0 GENERAL DESCRIPTION 

1.1 Purpose and Scope

This Removal Action Report (RAR) documents the completion of field implementation of 

the Bio-Barrier Non-Time Critical (NTC) Removal Action (RA) for the distal portion of 

the trichloroethylene (TCE) groundwater plume of the C-Area Groundwater (CAGW)

Operable Unit (OU).  The Savannah River Site (SRS) notified the United States

Environmental Protection Agency (USEPA) Region 4 and South Carolina Department of 

Health and Environmental Control (SCDHEC) regarding completion of the construction 

activities and verification on August 14, 2019.  This report summarizes construction 

activities performed to implement the requirements defined within the Removal Action 

Design Plan (RADP) with the Effectiveness Monitoring Plan (EMP) for the CAGW OU 

(Savannah River Nuclear Solutions [SRNS] 2018a).

This report includes the following items:

 A brief description of the OU background, including a brief statement on the NTC RA 

requirements and objectives presented in the RADP;

 A chronology of completed events related to remediation of the OU;

 A summary of construction activities performed;

 Deviations from the original design of the approved RADP;

 Performance standards and quality control inspections, including a summary of 

performance test results documenting verification of compliance with the acceptance 

criteria in the RADP;

 Final verification of the NTC RA completion;

 As-built documentation; and

 Project costs.
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1.1.1 Document Format

This RAR was prepared in accordance with the requirements for submittal of regulatory 

documents identified in the Federal Facility Agreement (FFA) (FFA 1993) between the 

United States Department of Energy (USDOE), USEPA, and SCDHEC.  The format of 

this RAR was based on the Post-Construction Report/Corrective Measures Implementation 

Report/Remedial Action Completion Report (PCR/CMIR/RACR) protocol format, as 

applicable to the RAR, found in the Environmental Compliance and Area Completion 

Projects Regulatory Document Handbook (SRNS 2012) approved by the USEPA and 

SCDHEC.

The CAGW OU NTC RA is complete and does not require long-term operation and 

maintenance (O&M) of constructed equipment or systems for treatment of contaminants 

in the source unit or in the groundwater.  Rather the EMP will be implemented for five 

years to determine if the NTC RA reduced TCE concentrations in groundwater and surface 

water (SRNS 2018a).  

1.2 Operable Unit Background

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.  Known sources 

associated with reactor operations, such as the C-Reactor Seepage Basins (904-66G, -67G, 

and -68G), C-Reactor Area TCE Vadose Zone Source, C-Reactor Purification Area Tritium 

Source, and other non-specified sources, resulted in tritium and volatile organic compound 

(VOC) contamination in groundwater.

1.2.1 General Description and Location of CAGW OU

The CAGW OU is located within the SRS and extends approximately (~) 2-kilometers 

(km) (1.2-miles [mi]) south of the C-Area Reactor perimeter fence to Castor Creek and 2-

km (1.2-mi) west of the C-Area Reactor perimeter fence to Fourmile Branch.  Located in 

the Fourmile Branch watershed, the CAGW OU encompasses groundwater beneath C 

Area, which flows west to Fourmile Branch and south to Castor Creek.  The CAGW OU 
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includes a groundwater subunit and a surface water subunit.  The groundwater subunit 

consists of two plumes: 1) a southern TCE and tritium plume originating near the C-Area

Reactor Building (105-C) extending west to Fourmile Branch and south to Castor Creek, 

and 2) a northern tritium plume in the vicinity of the Twin Lakes drainage, originating near 

the Retention Basin for 105-C Containment (904-89G) and extending to Fourmile Branch.  

VOC contamination in the Twin Lakes area is associated with releases from the C-Area 

Burning/Rubble Pit that is being remediated by monitored natural attenuation and is not 

part of the CAGW OU scope.  

1.2.2 Nature and Extent of Contamination in CAGW OU

The nature and extent of contamination at the CAGW OU was investigated beginning in 

1998 using groundwater monitoring wells and direct-push technology (DPT) samples 

(WSRC 2004).  The CAGW OU TCE groundwater plume extends south from 105-C to 

Castor Creek and an unnamed tributary to Castor Creek (Figure 2).  Data from 2016 

monitoring showed a small area above 100 micrograms per liter (µg/L) TCE near 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).  To support the RA, additional characterization of the discharge area of the distal 

plume in 2017 to 2019 demonstrated that the TCE contamination is limited to the MAZ 

which is ~5-meters (m) (16-feet [ft]) thick in the discharge area.  

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 4).  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, and the highest TCE 

result in 2019 was 23.4 µg/L.  In 2019, TCE was above the maximum contaminant level 

(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 
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the small unnamed tributary that discharges to Castor Creek (Figure 4).  This data indicates 

the margins of the TCE plume have shifted slightly towards the east relative to the 2016 

CAGW OU TCE plume location.  TCE has been detected in Castor Creek above detection 

limits but has not been detected above the MCL.

1.3 Removal Action Requirements and Objectives

1.3.1 Removal Action Objectives

The NTC removal action objective (RAO) is to protect human health and the environment 

by reducing TCE groundwater concentrations so that the MCL (5.0 µg/L) is not exceeded 

in the tributary to Castor Creek (SRNS 2018b).  

This NTC RA will reduce TCE concentrations discharging to surface water and support

the final remedial action for the CAGW OU.  There is no current or projected future use of 

groundwater or surface water as a drinking water source at the CAGW OU, and site access 

is currently controlled by SRS facility security and administrative controls. Site specific 

land use controls are expected to be part of the final remedial action for the CAGW OU.

1.3.2 Selected Removal Action

In December 2016, the USDOE, USEPA, and SCDHEC identified the distal portion of the 

CAGW OU TCE plume as a candidate for a NTC RA.  The Removal Site Evaluation 

Report/Engineering Evaluation/Cost Analysis (RSER/EE/CA) for CAGW OU (SRNS 

2018b) evaluated the following three cleanup alternatives based on effectiveness, ease of 

implementation and cost analysis: 1) No Action, 2) Treatment Barrier Using Emulsified 

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 Emulsified Edible Oil as the technology to implement in the distal portion 

of the plume (Figure 4) (USDOE 2018).  The selected alternative included the following 

key elements, as detailed in the RADP for the CAGW OU (SRNS 2018a): 
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1) Inject an emulsified oil mixture and bioaugmentation supplement along two transects 

to create two treatment barriers in the MAZ perpendicular to the groundwater flow 

(Figure 4). The treatment barriers will sequester and biodegrade TCE.

2) Establish and utilize fifteen DPT injection points to construct the treatment barriers

(Figure 4): five injection points ~20.2- to 23.2-m (66- to 76-ft) below ground surface 

(bgs) and ten injection points ~10.1- to 13.1-m (33- to 43-ft) bgs in the distal portion 

of the groundwater plume location.  Inject within a 3.05-m (10-ft) section of the MAZ 

where the groundwater TCE contamination is present. Within Oil Injection Area 1 the 

MAZ depth and thickness were determined by the core described at well CRW024C.  

Within Oil Injection Area 2 the MAZ depth and thickness was determined by the core 

described at well CRW023C.  Lithology CPTs CGW-68, CGW106, CSB-107, 

CSB-108 and CSB-122 provided a regional context for the MAZ depth and thickness.  

A schematic cross section of the area is shown in Figure 5.

3) Inject an emulsified oil mixture consisting of EOS Remediation, LLC (EOS) emulsified 

oil, dilution water with a dechlorination agent (e.g., ascorbic acid), and a buffer (e.g.,

EOS CoBupHMg™).  

4) Inoculate the emulsified edible oil mixture with 2 liters (L) (0.528 gallons [gal]) of 

unconcentrated EOS Bioaugmentation Culture 9 (BAC-9), an enriched 

bioaugmentation culture of Dehalococcoides mccartyi and enzymes in a water-based 

medium.

Several changes were made to the CAGW OU removal action design based on an 

independent technical review, which are documented in Section 3.0 of this document.

1.4 Chronology of Events

Table 1 provides the Chronology of Events.

2.0 CONSTRUCTION ACTIVITIES

The CAGW OU NTC RA construction activities consisted of creating two subsurface bio-barriers 

by injecting an oil mixture, microbes, and buffer into the aquifer using DPT.
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The CAGW OU construction team consisted of the following subcontractors: North Wind Portage

(North Wind) and Cascade Technical Services (Cascade).  North Wind provided Technical 

Oversight, Health and Safety Officer services, and delivery and receipt of rental equipment and 

injection materials for the NTC RA.  Cascade provided services for assembly and disassembly of 

the injection system, the installation of fifteen temporary injection points, and for monitoring the

mixing and injection of emulsified oil into the subsurface.

2.1 Construction Details

The emulsified oil was injected at two separate locations: 1) Injection Area 1 containing 

five injection points; and 2) Injection Area 2 containing ten injection points (Figure 4).  A 

Geoprobe® 7822 DPT drill rig was used to install the five temporary injection screen zones 

to about 20.1- to 23.2-m (66- to 76-ft) bgs in Injection Area 1, and ten temporary 

injection screen zones to about 10.1- to 13.1-m (33- to 43-ft) bgs in Injection Area 2. Steel 

DPT rods of 5.72-centimeters (cm) (2.25-inches [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 4.4- 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 with an inside diameter measurement of 1.905-cm (0.75-in.) and a 0.254-millimeter 

(0.010-in.) screen slot size to allow for direct contact with the formation and to prevent 

clogging of the outer screen by fine-grained sand. Upon reaching the total depth at each 

location, the emulsified oil mixture, the BAC-9, the EOS buffer product (CoBupHMg™), 

and chase water were injected through the screen zone. 

The injection strategy at each DPT location had five different components: 1) One-half of 

the emulsified oil mixture batch was injected into the subsurface, 2) the BAC-9 microbial 

supplement was injected into the subsurface, 3) the other half of the emulsified oil mixture 

batch was injected into the subsurface, 4) the EOS CoBupHMg™ buffer was injected into 

the subsurface, and 5) chase water injection.  Mixing of each component occurred in 

alternating batches using two 9,464 L (2,500 gal) polyethylene tanks. The emulsified oil 

mixture had the following batch recipe at each injection point: 5,205 L (1,375 gal) of 
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dilution water; 136 kilograms (kg) (300 pounds [lbs]) of sodium bicarbonate (baking soda); 

0.91 kg (2 lbs) of ascorbic acid (vitamin C) used to dechlorinate and deoxygenate the

dilution water; 2.37 L (80 fluid ounces [fl oz]) of vitamin B-12 (an essential nutrient for 

the microbes); and 1,041 L (275 gal) of EOS emulsified oil. After all the emulsified oil 

mixture and EOS BAC-9 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.  Domestic water, used as chase water and dilution 

water, was sourced from N-Area Central Shops. A total of 8,290 L (2,190 gal) of oil 

mixture, buffer and chase water were injected at each injection location.

Upon injecting the required volume for that location, the rod string was retracted. 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.

2.2 Construction Delays

No major delays were encountered during the construction/injection process of this RA.  

While minor operational delays were encountered, the overall time spent in the field 

injecting the emulsified oil mixture into the aquifer was less than the 30 days estimated by 

SRS.  Fewer days in the field were required as the average injection rates ranged from 

22.9 liters per minute (Lpm) (6.04 gallons per minute [gpm]) to 55.3 Lpm (14.6 gpm), 

which were twice as high as anticipated by SRS based on previous experience.

2.3 Waste Management

There was no radioactive or hazardous waste associated with this project.  All job waste 

from well installations (CRW023C and CRW024C) and DPT oil injections, including 

personal protective equipment was disposed of as sanitary waste (SGCP 2017).  All 

decontamination water and soil were land applied on location for well installations
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(CRW023C and CRW024C), including the soil cores from these wells.  All 

decontamination water, including any incidental soil on the outside of the DPT rods, was 

land applied on location for DPT oil injections.

3.0 DEVIATIONS FROM ORIGINAL DESIGN

After submittal and regulatory approval of the CAGW OU RADP (SRNS 2018a) and CAGW OU

Underground Injection Control (UIC) Permit Application (SRNS 2019), an independent technical 

review identified several design and construction changes to improve the CAGW OU NTC RA

performance and likelihood for success.  The project team reviewed and agreed with all proposed 

changes, provided those changes to the CAGW OU UIC Permit to Operate to SCDHEC (Appendix 

A), and obtained approval from SCDHEC prior to implementation to ensure compliance with 

regulatory requirements (Appendix B).  SRS notified SCDHEC prior to the start of injection 

activities, as appropriate (Appendix C).  

Table 2 provides a summary of all such changes, including the basis and resolution of deviations 

from the original design.  Where applicable, a statement is provided on whether the deviation still 

meets a performance criterion.

4.0 VERIFICATION SAMPLING, TESTING, ANALYSIS, PERFORMANCE 
STANDARDS, AND CONSTRUCTION QUALITY CONTROL

4.1 Performance Requirements/Standards

The CAGW OU RADP with EMP (SRNS 2018a), the CAGW OU UIC Permit Application

(SRNS 2019), and the CAGW OU UIC Permit to Operate changes letter (Appendix A) 

specify the performance requirements for the CAGW OU NTC RA.

4.1.1 Initial CAGW OU Design and Operational Requirements

The CAGW OU RADP with EMP (SRNS 2018a) listed the following design criteria:
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a) Five DPT injection points 5-m (16- ft) apart along the northern transect will have screen 

zone depths of ~16.8- to 19.8-m (55- to– 65-ft) bgs.  Ten DPT injection points along 

the southern transect will have screen zone depths of ~9.8- to 12.8-m (32- to 42-ft) bgs.

b) The groundwater will first be inoculated with BAC-9, an enriched bioaugmentation 

culture of Dehalococcoides mccartyi and enzymes in a water-based medium.  It is 

estimated that about 2 L (0.528 gal) of unconcentrated BAC-9 will be used at each 

injection location.  Nitrogen will be used as a carrier gas for the injection of the 

bioaugmentation culture to avoid adding oxygen into the groundwater.  

c) The emulsified oil mixture will consist of EOS emulsified oil, dilution water with a 

dechlorination agent, and a buffer.  Dilution water obtained from N-Area Central Shops 

contains chlorine which can kill the microbes, so the dilution water must be 

dechlorinated with a chemical agent (e.g., sodium thiosulfate, or sodium ascorbate) 

prior to mixing with the emulsified oil.  A buffer solution (e.g., 1.6 to 1.8% sodium 

hydroxide with 6.9 to 7.1% sodium bicarbonate or CoBupHMg™) will be mixed into 

the dechlorinated dilution water to raise the groundwater pH to ~7.

d) The oil mixture ratios for each injection location are as follows: 2 L (0.528 gal) of

unconcentrated BAC-9 injected first followed by 1,041 L (275 gal) EOS emulsified oil; 

5,205-L (1,375-gal) dilution water with 14 g (0.494 ounce) of dechlorination agent and 

5.3-L (1.4-gal) buffer solution (1.6 to 1.8% sodium hydroxide with 6.9 to 7.1% sodium 

bicarbonate).  

e) The buffer (1.6 to 1.8% sodium hydroxide with 6.9 to 7.1% sodium bicarbonate) to 

dilution water ratio is nominally 1 to 1,000; but more or less buffer may be needed to 

adjust the final oil mixture pH to 9 +/- 0.5 prior to injection.  

f) To avoid adding oxygen to the groundwater, the emulsified oil mixture will be purged 

with nitrogen gas for five minutes and then injected into the groundwater.

g) At each DPT injection location, the contaminated aquifer is ~3-m (10-ft) thick, based 

on two recent cores from the two injection areas.  At each location, ~6,246 L 

(1,650 gal) of oil mixture will be injected through a 3-m (10-ft) DPT screen zone (e.g., 

two Geoprobe™ 2.25-in. diameter 5-ft Mill-Slotted DPT rods, or equivalent).  This 
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volume is based on the assumption that 40% of the available pore space is filled with 

the oil mixture out to a radius of 2.44 m (8 ft).  

h) The final amount of BAC-9 and emulsified oil mixture pumped into each DPT injection 

point will be recorded for all locations.

4.1.2 Final CAGW OU Design and Operational Requirements

In March 2019, the SRS requested approval to install fifteen DPT injection points at the 

CAGW OU to create two edible oil treatment barrier areas.  In April 2019, the SCDHEC 

approved the request and issued the UIC Permit to Construct and Permit to Operate.  After 

an independent third-party technical review of the project to ensure that the appropriate 

quantities of injectates would be used, SRS requested approval to modify the quantity and 

injectates for the edible oil injections.  SCDHEC approved the request and issued a 

modified UIC Permit to Operate. These changes serve as the final performance standards

and were made to increase the potential of success for this NTC RA.  The final key 

summary parameters of the NTC RA are as follows:

a) Fifteen DPT injection points are planned to create two treatment barriers (Figure 4): 

five injection points ~19.7- to 22.7-m (64.5- to 74.5-ft) bgs in Oil Injection Area 1 and 

ten injection points ~10.2- to 13.3-m (33.5- to 43.5-ft) bgs in Oil Injection Area 2 to 

treat the distal portion of the groundwater plume.

b) Each injection will be within the MAZ where the groundwater contamination is present.

c) Approximately 136 kg (300 lbs) of sodium bicarbonate will be included in the 

emulsified oil mixture and after all the oil mixture is injected into the subsurface, then 

an additional 151 L (40 gal) of EOS CoBupHMg™ buffer mixed with 757 L (200 gal) 

of dilution water will be injected into the subsurface.  The goal is to raise groundwater 

pH to the optimal range, 6 to 8, for bioremediation.

d) Within Oil Injection Area 1, SRS planned to inject up to 5,205 L (1,375 gal) of EOS 

emulsified oil, up to 4.54 kg (10 lbs) of ascorbic acid, up to 11.8 L (400 fl oz) of vitamin 

B-12, up to 10 L (2.64 gal) of unconcentrated BAC-9, 680 kg (1,500 lbs) of sodium 

bicarbonate, up to 755 L (200 gal) CoBupHMg™ buffer and up to 35,490 L (9,375 gal) 
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of dilution water and chase water.  SRS estimated this would create a bio-barrier in the 

MAZ 3-m (10-ft) high, 24.4-m (80-ft) long and 4.88-m (16.0-ft) thick.

e) Within Oil Injection Area 2, SRS planned to inject up to 10,410 L (2,750 gal) of EOS 

emulsified oil, up to 9.08 kg (20 lbs) of ascorbic acid, up to 23.7 L (800 fl oz) of vitamin 

B-12, up to 20 L (5.28 gal) of unconcentrated BAC-9, 1,360 kg (3,000 lbs) of sodium 

bicarbonate, up to 1,510 L (400 gal) CoBupHMg™ buffer and up to 70,980 L 

(18,750 gal) of dilution water and chase water.  SRS estimated this would create a bio-

barrier in the MAZ 3-m (10-ft) high, 48.8-m (160-ft) long and 4.88-m (16.0-ft) thick.

f) Nominally, at each of the fifteen DPT injection points, SRS planned to inject ~1,041 L 

(275 gal) of EOS emulsified oil, ~0.91 kg (2 lbs) of ascorbic acid, ~2.37 L (80 fl oz) of 

vitamin B-12, ~2 L (0.528 gal) of unconcentrated BAC-9, ~136 kg (300 lbs) of sodium 

bicarbonate, ~151 L (40 gal) CoBupHMg™ buffer, and up to 7,098 L (1,875 gal) of 

dilution water and chase water. 

4.1.3 Achieving Final Design Requirements

The final design requirements, as detailed by the changes to the UIC Permit to Operate

(Section 4.1.2), are compared against the field performance to determine if the 

requirements have been met.  The design requirements for this project were met based on 

the following:

a) Oil Injection Area 1 injection elevations were intended to match the screen zone 

elevation for well CRW024C (42.29- to 45.37-m [138.7- to 148.8-ft] above mean sea 

level [amsl]).  Oil Injection Area 2 injection elevations were intended to match the 

screen zone elevation for well CRW023C (46.16- to 49.21-m [151.4- to 161.4-ft] amsl).  

No tolerances were defined for injection elevations, but the differences in injection 

elevations due to surface topography (maximum of 5.4-ft at CCIW 15) are not expected 

to affect the RA performance, because the oil mixture and buffer will flow into the 

more permeable MAZ sand zone and not into the clay layers above or below the MAZ 

sand (Appendix D).
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b) The emulsified oil mixture injections were primarily within the MAZ where the 

groundwater contamination is present.  Within Oil Injection Area 1 the MAZ depth and 

thickness was determined by the core described at well CRW024C.  Within Oil 

Injection Area 2 the MAZ depth and thickness was determined by the core described 

at well CRW023C.  Lithology CPTs CGW-68, CGW106, CSB-107, CSB-108 and 

CSB-122 provide a regional context for the MAZ depth and thickness.

c) The emulsified oil mixture contained 136 kg (300 lbs) of sodium bicarbonate, per the 

final design.  After all the emulsified oil mixture was injected into the subsurface, an 

additional 151 L (40 gal) of EOS CoBupHMg™ buffer mixed with 757 L (200 gal) of 

dilution water was injected into the subsurface, per the final design. The goal of these 

two buffers is to raise groundwater pH to the optimal range, 6 to 8, for bioremediation

by the microbes.  Five wells (CRW023C, CRW024C, CRW026C, CRW027C and 

CRW028C) monitor the groundwater chemistry near Oil Injection Areas 1 and 2.  

These wells have pH measurements taken every sample event and will identify pH 

changes in the groundwater.  These data will be reported in the annual CAGW OU 

Removal Action Effectiveness Monitoring Reports.

d) Within Oil Injection Area 1 a total of 5,205 L (1,375 gal) of EOS emulsified oil,

4.55 kg (10 lbs) of ascorbic acid, 11.8 L (400 fl oz) of vitamin B-12, 10 L (2.64 gal) of 

unconcentrated BAC-9, 680 kg (1,500 lbs) of sodium bicarbonate, 755 L (200 gal)

CoBupHMg™ buffer was injected into the subsurface, per the final design.  35,490 L 

(9,375 gal) of dilution water was injected into the subsurface in Oil Injection Area 1, 

as this was a sufficient amount of water for the emulsified oil mixture, CoBupHMg™

buffer and chase water.

e) Within Oil Injection Area 2 a total of 10,410 L (2,750 gal) of EOS emulsified oil, 

9.1 kg (20 lbs) of ascorbic acid, 23.7 L (800 fl oz) of vitamin B-12, 20 L (5.28 gal) of 

unconcentrated BAC-9, 1,360 kg (3,000 lbs) of sodium bicarbonate, 1,510 L (400 gal) 

CoBupHMg™ buffer was injected into the subsurface, per the final design.  70,980 L 

(18,750 gal) of dilution water was injected into the subsurface in Oil Injection Area 2, 
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as this was a sufficient amount of water for the emulsified oil mixture, CoBupHMg™

buffer and chase water.

f) At each of the fifteen DPT injection points, SRS injected 1,041 L (275 gal) of EOS 

emulsified oil, 0.91 kg (2 lbs) of ascorbic acid, 2.37 L (80 fl oz) of vitamin B-12, 2 L 

(0.528 gal) of unconcentrated BAC-9, 136 kg (300 lbs) of sodium bicarbonate, 151 L 

(40 gal) CoBupHMg™ buffer and 7,098 L (1,875 gal) of dilution water.

4.2 Construction and Quality Control

There were five primary quality control parameters the subcontractor was required to meet 

for the CAGW OU NTC RA: 

1) Prior to the start of mixing and injection operations, the injection system had to pass a 

hydrostatic test (see Section 4.2.1); 

2) The injection system had to pass an acceptance inspection (see Section 4.2.2); 

3) Continuous monitoring of key injection parameters (e.g., pressure and flow rate) and 

total amount of oil, buffer, microbes, water, and nutrients injected at each location (see 

Section 4.2.3); 

4) The EOS emulsified oil and EOS CoBupHMg™ buffer could not exceed 37.8°C 

(100°F) or be stored lower than 1.67°C (35°F) per the manufacturer’s instructions (see 

Section 4.2.4); and

5) The BAC-9 culture was to be stored at 4°C (40°F).  To achieve that criteria, the 

BAC-9 canisters were stored in a cooler surrounded by ice during the day and only 

taken out of the cooler to inject the microbes into the subsurface.  At night the BAC-9 

canisters were stored in a controlled refrigerator.

4.2.1 Hydrostatic Test

The hydrostatic test was conducted from July 10, 2019 through July 15, 2019.  Cascade set

up the injection system per the injection procedures for operation, then a B31.3 certified 

pressure technician conducted and approved the hydrostatic test.
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4.2.2 Injection System Acceptance Inspection

An acceptance inspection of the injection system was conducted in accordance with SRS 

Manual 8Q, Employee Safety, Procedure 51, Final Acceptance Inspection of New, Altered, 

or Dispositioned Facilities or Equipment, on July 15, 2019.  The inspection identified the 

following five safety, procedural, or administrative items that had to be corrected prior to 

starting injection operations:

1) A camlock fitting needed to have a pin, or be replaced with a self-locking fitting;

2) Not all valves were labeled, and the labels needed to match the injection procedure;

3) The tanks needed to be labeled with injection ingredients and hazard diamond to match 

the injection procedure;

4) The nitrogen cylinders needed to be labeled, and the labels needed to match the 

injection procedure; and 

5) A slow leak was identified on the recirculation pump hose, which needed to be fixed.

All five items were verified as corrected on July 16, 2019.

4.2.3 Continuous Monitoring of Injections

The total amount of planned components for the CAGW OU NTC RA were injected into 

the subsurface as identified in the final design.  At each of the fifteen injection locations 

the following components were injected into the MAZ:

1) 1,041 L (275 gal) of EOS emulsified oil; 

2) 0.91 kg (2 lbs) of ascorbic acid; 

3) 2.37 L (80 fl oz) of vitamin B-12;

4) 136 kg (300 lbs) of sodium bicarbonate; 

5) 2 L (0.528 gal) of unconcentrated BAC-9;

6) 151 L (40 gal) CoBupHMg™ buffer; and 

7) 7,098 L (1,875 gal) of dilution and chase water.
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The minimum average flow rate for the oil mixture was 22.9 Lpm (6.04 gpm), and the 

maximum average flow rate for the oil mixture was 55.3 Lpm (14.6 gpm) for all fifteen of 

the injection locations (Table 3).  The minimum average injection pressure was 3.45 bar 

(50 pounds per square inch [psi]), and the maximum average injection pressure was 10.7 

bar (155 psi) for all fifteen of the injection locations.  Parameters and amounts were 

monitored and recorded in field notes (Table 4), provided by the subcontractor (Appendix 

E), as verification that the RA was completed in accordance with the final design. The oil 

injection crew visually monitored for day-lighting (i.e., oil observed at the ground surface) 

at all locations.  Day-lighting was observed on two occasions: 1) On 7-18-2019 at 

CCIW-01 the emulsified oil mixture was observed at the ground surface around the DPT 

rod; 2) On 7-30-2019 at CCIW-13, the emulsified oil mixture was observed at the ground 

surface around the DPT rod.  At CCIW-01 the injection was stopped immediately, all 

fittings and connectors were tightened, the DPT screen heighted was adjusted up by one 

foot, and injections were resumed without issue. At CCIW-13, the injection was 

immediately stopped, the rods were pulled, the first rod was re-taped and tightened.  Then 

the rods were driven back to the target depth and the injection was resumed without issue

Rather than true day-lighting from over-pressurization, both observed cases were due to a 

loose connections at the top of the DPT rods.  These two episodes caused only minor 

delays.

Observation of the emulsified oil mixing process shortly after injection began led to a 

process improvement for all ten injections in Oil Injection Area 2.  One-half of the

emulsified oil mixture at CCIW-02 was injected on July 23, 2019, and the second half was 

to be injected on July 24, 2019, following injection of the BAC-9.  After sitting over-night, 

the project team observed oil separation in the 9,464 L (2,500 gal) polyethylene tank 

(Figure 6).  Approximately 757 L (200 gal) of EOS was still in the tank, but only about 520 

L (137.5 gal) should have been in the remaining half-batch.  It was determined that mixing 

of the oil via recirculation was occurring primarily in the lower half of the tanks because 

of the height of the tanks and the injection and extraction port locations being near the 

bottom of the tanks.  Although the total amount of oil injected is not affected, it is not clear 

if the proportional differences in oil over the course of the injection may cause the bio-
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barrier to sequester less efficiently in Oil Injection Area 1. This issue was resolved in Oil 

Injection Area 2 by mixing only one-half of a batch of the oil mixture at one time, and then 

injecting it into the aquifer to ensure a better distribution of the EOS emulsified oil in the 

subsurface (Figure 7).  The mixing and injecting procedures were revised to reflect this 

change, which caused approximately a 2-day delay.

4.2.4 EOS Temperature Requirements

To ensure the EOS emulsified oil and EOS CoBupHMg™ buffer did not exceed the 

specified temperature range, the totes and pails were stored in a shaded area of Oil Injection 

Area 2 (Figure 4).  The air temperature was monitored daily and during the project time 

frame (July 10, 2019 to August 8, 2019) the minimum air temperature was 18.3°C (65°F)

and the maximum air temperature was 37.2°C (99°F) (Appendix E).  In addition, the 

temperature was measured for each batch of oil mixture and buffer.  The highest 

temperature measured for the oil mixture was 35.3°C (95.5°F), and the highest temperature 

measured for the buffer was 34.4°C (93.9°F).  Collectively, temperature data indicated the 

EOS emulsified oil and EOS CoBupHMg™ buffer did not exceed 37.8°C (100°F), the 

manufacturer’s upper limit. 

5.0 VERIFICATION OF RA COMPLETION AND FINAL INSPECTION

As detailed in Section 4.0, construction activities required for the RA have met the performance 

requirements established in the approved RADP with EMP for the CAGW OU (SRNS 2018a) and 

the approved CAGW OU UIC Permit Application (SRNS 2019), with acceptable deviations as 

detailed in Section 3.0.  The RA described in this RAR is expected to achieve the RAO outlined 

in the RSER/EE/CA for CAGW OU (SRNS 2018b).  Verification of RA completion is addressed

in Section 5.1.  The RA implementation was accepted based on field observations and evidence 

provided by the subcontractor as detailed in Section 5.2.
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5.1 Verification of RA Completion

Members of the CAGW OU Project Team conducted frequent site visits to ensure the 

emulsified edible oil injections were being performed according to the approved design.  

No outstanding issues resulted from field observations.  The subcontractor provided field 

notes taken throughout the duration of the RA, provided in Appendix E.  Site visits and 

field notes provided adequate verification that injection totals were met at all 15 locations.

5.2 Final Acceptance of CAGW OU Removal Action Completion

Based on field observations and field notes provided by the subcontractor, the RA field 

activities were completed on August 14, 2019. RA project completion was accepted by 

SRS on September 5, 2019, with the subcontractor delivery of the final field summary 

report.

6.0 AS-BUILT DOCUMENTATION

6.1 Well Modifications

In support of this NTC RA, four downgradient groundwater monitoring wells (CRW025C, 

CRW026C, CRW027C, and CRW028C), one upgradient groundwater monitoring well in 

Injection Area 1 (CRW024C), and one upgradient groundwater monitoring well in

Injection Area 2 (CRW023C) were installed in the CAGW OU for effectiveness 

monitoring (Figure 4).  The NTC RA consisted of fifteen DPT injection points.  Following 

each injection, a 5% bentonite grout slurry was used to abandon each DPT borehole to the 

surface using a tremie pipe system and in accordance with South Carolina regulations.  

Well records and soil boring installation reports are provided in Appendix D for the

monitoring wells and DPT borings.

7.0 POST-RAR ACTIVITIES

Removal actions at the CAGW OU are complete.  Land use of the entire CAGW OU area will be 

controlled consistent with the SRS Land Use Control Assurance Plan (WSRC 1999) to prevent use 
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of groundwater or surface water that exceeds MCLs.  There is no current or projected future use 

of groundwater or surface water as a drinking water source at the CAGW OU and site access is 

controlled by SRS facility security and administrative controls.  Site specific land use controls are 

expected to be addressed as part of the final remedial action for the CAGW OU.

7.1 Removal Action Effectiveness Review

The 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, consisting of injecting an emulsified edible oil mixture inoculated with a 

microbial culture, is expected to achieve the 75% mass flux reduction in TCE that is 

required to meet the RAO.  Verification will be provided by the results of the approved 

EMP in support of the RADP (SRNS 2018a).

In accordance with the closure requirements of the RADP, the annual effectiveness 

monitoring reports for the CAGW OU NTC RA will evaluate the overall effectiveness of 

the RA in reducing TCE mass in the MAZ and its sustainability.  Any potential future 

actions will be addressed by the USDOE, USEPA, and SCDHEC as part of the CAGW OU

final remedial decision process. 

8.0 PROJECT COSTS

Table 5 provides a cost comparison of the final costs for the RA to the original RSER/EE/CA cost 

estimate.  The RSER/EE/CA total capital cost estimate was $799,744 and the total O&M cost 

estimate was $517,322, for a total project cost estimate of $1,317,066 (SRNS 2018b).  The cost 

breakdown is limited to that which was presented in the RSER/EE/CA.  

The final actual total capital cost, as provided in Table 5, was $987,996, which was 23.5% higher 

than estimated in the RSER/EE/CA.  The deviation in cost is attributed to the increase in the 

amount of injection points for the RA and a change in the emulsified oil mixture formula, as 

detailed in Section 3.0.  These changes were made to the RA design in order to increase the chance 
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of success for this technology in meeting the objectives of the RA. O&M costs for this RA are to-

be-determined (TBD), as O&M is ongoing.  
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Figure 1. CAGW OU Location on SRS Map
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Figure 2. CAGW OU TCE Plume (2016)
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Figure 3. CAGW OU Cross Section A – A’ with 2016 TCE Values (µg/L)
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Figure 4. CAGW OU Pre-Removal Action Site Plan  
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Figure 5. Schematic of CAGW OU Removal Action Process
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Figure 6. EOS Emulsified Oil Mixture Separation  
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Figure 7. EOS Emulsified Oil Mixture Half-Batch Mixing  
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Table 1. Chronology of Events

Description of Activity Date

SRS submit CAGW OU Action Memorandum and Responsiveness Summary
to USEPA and SCDHEC

May 18, 2018

SRS submit CAGW OU RADP with EMP (Rev. 1) to USEPA and SCDHEC October 18, 2018

Removal Action Start November 19, 2018

SCDHEC issues CAGW OU UIC Permit to Operate (Permit 
#SCHE03020559)

April 8, 2019

Submittal of the Request to Change the CAGW OU UIC Permit to Operate May 15, 2019

SCDHEC issues CAGW OU UIC Permit to Operate (Permit 
#SCHE03020559M1)

May 20, 2019

Initiate Emulsified Oil, Microbes, and Buffer Injections July 18, 2019

Complete Emulsified Oil, Microbes, and Buffer Injections August 8, 2019

Complete Clean-up of Field Area August 14, 2019
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Table 2. Summary of Design Changes

Item Change Reason

1

Increased the amount of ascorbic acid at 
each injection location from 20 grams (g) 
(0.04 lbs) to 907 g (2.0 lbs).

Inject enough ascorbic acid to dechlorinate and deoxygenate 
the groundwater and chase water not just the dilution water 
for the emulsified oil mixture.  This meets the performance 
objective.

2
Added 2.37 L (80 fl oz) of vitamin B-12 at 
each injection location.

Vitamin B-12 is an essential nutrient for the microbes.  This 
meets the performance objective.

3

Added 136 kg (300 lbs) of sodium 
bicarbonate and decreased the EOS 
CoBupHMg™ from 757 L (200 gal) to 
151 L (40 gal) at each injection location.

The sodium bicarbonate is more conducive to the microbial 
culture while the CoBupHMg™ provides longer lasting pH 
buffering of the aquifer, which is also important for the well-
being of the microbial culture.  This meets the performance 
objective.

4
Nitrogen gas was not utilized to remove 
oxygen from the oil mixture.

The increase in ascorbic acid made the nitrogen purge step 
unnecessary.  This meets the performance objective.

5
Injecting 1,136 L (300 gal) of clean chase 
water was added as a final step at each 
injection location.

The addition of clean chase water as a final step was done to 
help push/mix all the mixture components into the aquifer.
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Table 3. Oil Injection Locations, Depths and Injection Rates
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Table 4. Oil Injection Field Parameters

Station Matrix Temp. (°C) DO (mg/L) pH Temp. (°C) DO (mg/L) pH Comments

CCIW-01 Emulsified Oil Misture 34.2 0.40 8.21 Mixed in 1 Batch.

CCIW-02 Emulsified Oil Misture 33.7 0.78 8.26 Mixed in 1 Batch.

CCIW-03 Emulsified Oil Misture 35.3 0.94 8.24 Mixed in 1 Batch.

CCIW-04 Emulsified Oil Misture 30.2 0.66 8.15 Mixed in 1 Batch.

CCIW-05 Emulsified Oil Misture 32.2 0.93 8.11 Mixed in 1 Batch.

CCIW-06 Emulsified Oil Misture 28.7 0.95 8.17 30.6 0.64 8.15 Mixed in 2 Batches.

CCIW-07 Emulsified Oil Misture 29.0 0.70 7.86 28.6 0.12 8.39 Mixed in 2 Batches.

CCIW-08 Emulsified Oil Misture 25.7 0.98 8.05 25.3 0.98 8.25 Mixed in 2 Batches.

CCIW-09 Emulsified Oil Misture 31.3 0.95 8.21 29.6 0.98 8.26 Mixed in 2 Batches.

CCIW-10 Emulsified Oil Misture 29.2 0.97 7.23 28.7 0.91 8.47 Mixed in 2 Batches.

CCIW-11 Emulsified Oil Misture 30.9 0.95 8.51 30.7 0.16 8.43 Mixed in 2 Batches.

CCIW-12 Emulsified Oil Misture 30.1 0.90 8.14 32.0 0.66 8.08 Mixed in 2 Batches.

CCIW-13 Emulsified Oil Misture 29.6 0.94 8.18 30.4 0.95 8.23 Mixed in 2 Batches on 7/30.

CCIW-13 Emulsified Oil Misture --- --- --- 29.8 0.96 8.27 Injected on 7/31.

CCIW-14 Emulsified Oil Misture 32.1 0.91 8.10 31.6 0.91 8.25 Mixed in 2 Batches.

CCIW-15 Emulsified Oil Misture 31.0 0.43 8.38 30.7 0.22 8.36 Mixed in 2 Batches on 7/29

CCIW-15 Emulsified Oil Misture 29.8 0.79 9.22 30.0 0.82 8.14 Injected on 7/30.

Tank 1 Tank 2
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Table 5. Project Cost Comparison

Cost Comparison Summary
RSER/EE/CA Cost ($) Actual Cost ($) Delta Cost (%)

Total Capital Costs 799,744 987,996 +23.5

Total O&M Costs 517,322 TBD TBD

Total Project Costs 1,317,066 TBD TBD
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APPENDIX A

Correspondence Between SRNS and SCDHEC on 
Changes to the Underground Injection Control Permit to Operate, 

Permit #SCHE03020559
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APPENDIX B

SCDHEC Approval of Changes to Underground Injection Control Permit to Operate, 
#SCHE03020559M1
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APPENDIX C

Notification of Start of Injection Activities
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APPENDIX D

Groundwater Monitoring Well Records 
and Injection Point Soil Boring Installation Reports
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APPENDIX E

Subcontractor Field Notebook
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