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EXECUTIVE SUMMARY 

Groundwater contaminated with trichloroethylene (TCE) concentrations above the maximum 

contaminant level (MCL) in Savannah River Site’s P-Area is discharging to Steel Creek, a nearby 

surface water stream.  In response, the United States Department of Energy, with concurrence from 

the United States Environmental Protection Agency and the South Carolina Department of Health 

and Environmental Control, implemented a non-time critical (NTC) removal action (RA) targeting 

the TCE plume in the P-Area Groundwater (PAGW) Operable Unit (OU).  The TCE plume extends 

from the P-Reactor Building Complex to Steel Creek.  The alternative selected was a Permeable 

Reactive Barrier (PRB) using Zero-Valent Iron (ZVI) to degrade TCE to harmless end-products.  

The selected location for this NTC RA is in an area where unique subsurface features cause the 

TCE plume to narrow, providing an opportunity for a targeted NTC RA that will achieve a high 

level of TCE mass removal.   

The location for the NTC RA was chosen based on existing data, which showed evidence of the 

groundwater plume narrowing, controlled by a local geologic feature.  The upgradient TCE vadose 

zone source was remediated in 2011, however an appreciable mass of TCE impacted the uppermost 

Upper Three Runs Aquifer (UTRA).  Groundwater concentrations upgradient of the ZVI-PRB 

location are as high as 7,710 µg/L.  Although the ZVI-PRB is constructed mid-plume, targeting 

the location where the TCE plume narrows allows for an optimized ZVI-PRB that will address a 

large amount of the upgradient TCE plume over a smaller cross-sectional treatment zone.  Over 

time, as clean groundwater moves downgradient from the ZVI-PRB and through areas of high 

TCE concentrations, changes will begin to be observed in downgradient monitoring wells.   

Before finalizing the ZVI-PRB, a pre-design investigation (PDI) was conducted to confirm the site 

lithology and plume extent.  This investigation revealed extremely complex hydrogeologic 

conditions at the site consisting of large sandy-clay matrix layers, sections of medium to large 

sized cobble stones, and sections of stiff clay lenses, all at varying depths within approximately 

250 feet.  The PDI also showed inconsistent groundwater flow directions, which differed by as 

much as 55 degrees within the ZVI-PRB site location.  Finally, chlorinated volatile organic 

compound (cVOC) concentrations were found to be much more prominent in the upper aquifer 
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zone of the Upper Three Runs Aquifer, and the highest concentrations were entrained in the low 

permeability sediments (Figure ES-1).   

The realized complexities of this NTC RA site resulted in a much more extensive PDI than 

anticipated as well as a longer and shallower ZVI-PRB.  This change in design resulted in more 

injection well locations, more resistivity strings for active resistance mapping, more ZVI, and an 

extended construction schedule.  The data acquired led to a comprehensive understanding of the 

complex lithology, contaminant distribution, and flow orientation, leading to an optimized design 

for the ZVI-PRB.  An expanded performance monitoring well network was designed, including 

four in-wall monitoring wells to directly measure ZVI TCE degradation efficiency.   

Twenty two injection wells were used to construct the 264 feet long ZVI-PRB (Figure ES-2).  

Twenty three resistivity strings, each with up to 19 receivers, were installed 12 feet offset from the 

ZVI-PRB in order to monitor the ZVI injection propagations.  Construction activities (ZVI 

injection) began August 7, 2019 and were completed with abandonment of resistivity strings and 

placement of injection wells in a closed state on January 14, 2020. 

Verification of construction completion was provided through multiple lines of evidence including 

pore pressure relief, active resistance mapping, recording injected ZVI weight, and by adhering to 

quality assurance procedures.  During ZVI injection, wells adjacent to the injection well were 

opened to atmospheric pressure and monitored for pore pressure relief, indicated by observing 

material from the injection mixture exiting the open well.  Pore pressure relief is an indicator that 

the initiated fracture is propagating along the ZVI-PRB alignment.  Active resistance mapping was 

conducted to ensure propagation of the ZVI toward adjacent injection wells and to ensure 

continuity of the ZVI-PRB.  Sodium chloride in the ZVI mixture was energized with an electrical 

current and measured by resistivity receivers inside each of the resistivity strings.  By measuring 

the electrical resistivity, the receivers were able to triangulate the ZVI injection geometry and 

produced a 2-dimensional image.  Lastly, the weight of ZVI injected in each injection well was 

recorded with a high level of detail to ensure the correct weight, and therefore volume, of ZVI was 

emplaced.  Through these lines of evidence, there is a high level of confidence that the ZVI-PRB 

was installed to meet the design. 
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Throughout the ZVI-PRB construction, the project team optimized the ZVI injection mixture and 

distribution in order to reduce the waste and to complete the ZVI-PRB ahead of schedule.  The 

vendor estimated that about 10% over the designed emplacement weight should be assumed as 

waste (nearly 70 tons).  At completion of the ZVI-PRB, only 18.9 US tons of ZVI waste (2.7% of 

the design weight) was realized.  Due to the waste minimization, the project team agreed to readjust 

the amount of ZVI being injected so that the remaining ZVI (50.2 US tons) was distributed 

throughout the ZVI-PRB in locations with the highest TCE concentrations.  This change will 

increase the long-term performance of the barrier in reducing TCE mass flux to Steel Creek.   

Throughout the ZVI injections, process adjustments were made to optimize injection performance.  

Extreme heat in August and September impacted the gel mixture geochemistry, which was 

managed through smaller batch production and daily fresh water shipments.  In cooler fall weather 

conditions, injection efficiency was significantly increased.  Subsequently, the project team took 

advantage of the optimized conditions to increase ZVI injection rates.  This resulted in completion 

of ZVI injections ahead of schedule. 

The completed ZVI-PRB installed is 264 feet long, emplaced up to 90 feet vertically between  45 

and 135 feet below ground surface, and on average approximately 4 inches thick.  A total of 741.1 

US tons of ZVI was emplaced; which exceeds the design target of 691 US tons.  The ZVI-PRB 

was constructed in a zig-zag orientation to account for the varying groundwater flow and to 

maximize residence contact time with the ZVI.  The constructed ZVI-PRB is anticipated to achieve 

the removal action objective for the NTC RA to reduce the mass and downgradient transport of 

cVOCs present in groundwater.  This will ultimately reduce the mass flux to Steel Creek.  
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Figure ES-1. ZVI-PRB Expansion Casing Layout with TCE Plume 
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Figure ES-2. Plan View of the ZVI-PRB Injection Well and Resistivity String Layout   
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1.0 GENERAL DESCRIPTION 

1.1 Purpose and Scope 

This Removal Action Report (RAR) documents the completion of the Zero-Valent Iron 

(ZVI) Permeable Reactive Barrier (PRB) Non-Time Critical (NTC) Removal Action (RA) 

construction in the neck area of the trichloroethylene (TCE) groundwater plume of the P-

Area Groundwater (PAGW) Operable Unit (OU).  This RAR will serve as the United States 

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

Health and Environmental Control (SCDHEC) notification regarding completion and 

verification of construction activities.  This report summarizes construction activities 

performed to implement the requirements defined within the Removal Action Design Plan 

(RADP) with Effectiveness Monitoring Plan (EMP) for the PAGW OU (Savannah River 

Nuclear Solutions, LLC [SRNS] 2019a).  The planned post-construction activities are 

reported in Section 7.0 in accordance with the Federal Facility Agreement (FFA) (FFA 

1993).  

This report includes the following items: 

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

requirements and objectives presented in the RADP; 

 A chronology of events related to NTC RA completion; 

 A summary of construction activities performed; 

 Deviations from the approved RADP design; 

 Performance standards and quality assurance (QA) 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;  

 Post-construction activities; and 

 Project costs. 
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1.1.1 Document Format 

The format of this RAR was based on the Post-Construction Report/Corrective Measures 

Implementation Report/Remedial Action Completion Report protocol format, as 

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

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

SCDHEC. 

The PAGW 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 assess the performance of the NTC RA (SRNS 2019a).   

1.2 Operable Unit Background 

P Area consists of a closed nuclear reactor building complex and several surface OUs.  The 

P Area structures were previously characterized and identified as sources to soil and 

groundwater contamination (Washington Savannah River Company, LLC [WSRC] 2006).  

Groundwater within portions of the PAGW OU areal extent has been impacted by reactor 

and facility operations between 1954 and 1991, leading to contaminant plumes consisting 

primarily of tritium and chlorinated volatile organic compounds (cVOCs).  A portion of 

the PAGW OU contamination is being addressed by the PAGW OU NTC RA under the 

Comprehensive Environmental Response, Compensation, and Liability Act.  

1.2.1 General Description and Location of PAGW OU 

P Area is located in the central portion of the Savannah River Site (SRS) approximately 

(~) 4.0 kilometers (km) (2.5 miles [mi]) east-southeast of the geographical center of the 

SRS and about 6.4 km (4 mi) west of the nearest site boundary (Figure 1).  The PAGW OU 

encompasses ~2,226 hectare (ha) (5,500 acres [ac]) of groundwater beneath P Area, 

extending northwest to Steel Creek, northeast toward PAR Pond and SRS Road F, and 

southeast to Meyers Branch.  A shallow aquifer in the PAGW OU, the Upper Three Runs 

Aquifer, is split into the Upper Aquifer Zone (UAZ) and the Lower Aquifer Zone (LAZ) 



RAR for the PAGW OU NTC RA SRNS-RP-2020-00021 
Savannah River Site  Revision 1 
November 2020 Page 3 of 76 

 

 
TP#2284_RPD.docx 

by a local confining zone called the tan clay confining zone (TCCZ) (Figure 2).  The UAZ 

extends from the water table (~10.7 meters [m] [35 feet {ft}] below ground surface [bgs]) 

to the TCCZ (~36.6 m [120 ft] bgs).  The tan clay confining zone at times can be subdivided 

into an upper and lower TCCZ.  The LAZ extends from the TCCZ to the Gordon Confining 

Unit (~50.3 m [165 ft] bgs).   

1.2.2 Nature and Extent of Contamination in PAGW OU 

The P Area surface units identified as posing a risk to human health, the environment, and 

contributing to groundwater contamination were remediated as part of the P-Area Operable 

Unit (PAOU) (SRNS 2008).  Remedial action activities associated with surface units 

included in the PAOU have been completed and are documented in the PAOU Post 

Construction Report (SRNS 2012b).  One surface unit, Potential Source Area (PSA)-3A, 

was determined to be the source of TCE plumes discharging to Steel Creek (Figure 3).  

PSA-3A was remediated in 2011 and the remedial goals were met using soil vapor 

extraction enhanced with soil fracturing and in-situ chemical oxidant injections. 

The nature and extent of contamination in the PAGW OU was investigated using 

groundwater monitoring wells, direct-push technology, and surface water samples  

(SRNS 2013).  Groundwater contamination associated with cVOCs is primarily exhibited 

in a narrow band north of the P-Reactor Building Complex (P-RBC) and extends toward 

the west to Steel Creek, where impact is known, and east towards an unnamed tributary to 

PAR Pond.  The cVOC groundwater plumes can be described in three parts: 1) source area, 

2) neck area, and 3) distal area (Figure 4).  Maximum contaminant level (MCL) 

exceedances in groundwater occur over an area of ~6.9/8.5 ha (17/21 ac) for TCE in the 

UAZ/LAZ, respectively.  Tetrachloroethylene (PCE) and cis-1,2-dichloroethylene (cis-

DCE) plumes present in the UAZ and LAZ are contained within the TCE plume area as 

described and shown in the Sampling and Analysis Plan Addendum (SRNS 2018b).  The 

source area represents most of the groundwater contamination and is centered north of the 

P-RBC within the P Area facility area.  The neck area represents the zone where the cVOC 

groundwater plumes are controlled by a buried geologic feature thus creating a narrowing 

of the groundwater plumes and is located to the west just outside of the P Area facility area.  
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The distal area represents the area where the plumes are closest to Steel Creek.  Table 1 

lists the maximum reported concentrations for TCE, PCE, and cis-DCE in the UAZ and 

LAZ for the three areas during the fourth quarter sampling event in 2016 (SRNS 2018a).  

Surface water in Steel Creek is impacted by discharges of TCE contaminated groundwater 

above the MCL of 5 micrograms per liter (μg/L).  The area of impact is localized to the 

upper section of the creek.  Maximum TCE concentrations were observed at 28.3 μg/L in 

2013 and more recently (2018) at 14.9 μg/L. 

A Pre-Design Investigation (PDI) was conducted in support of the RADP to finalize the 

extent of contamination within the neck area, gather a better understanding of the lithology, 

perform a treatability study, and finalize the location of the ZVI-PRB.  Nine locations 

within the ZVI-PRB area were cored and soil plug samples were collected and analyzed 

for cVOCs.  Results of the PDI soil plug data were used to generalize the TCE contaminant 

cross-section shown in Figure 5.  The PDI results indicate the TCE concentrations in the 

UAZ are an order of magnitude higher than the LAZ, and the lateral extent of the plume is 

larger than initially expected.  The results of this investigation led to optimizations in the 

ZVI-PRB design, captured in the RADP (SRNS 2019a).    

1.3 Removal Action Requirements and Objective 

1.3.1 Removal Action Objective 

As detailed in the Action Memorandum (USDOE 2018), the removal action objective 

(RAO) for the PAGW OU NTC RA is to reduce the mass and downgradient transport of 

volatile organic compounds present in groundwater.  This will reduce the mass flux 

downgradient to Steel Creek.  As stated in the Removal Site Evaluation Report/Engineering 

Evaluation/Cost Analysis (RSER/EE/CA) (SRNS 2018a), the RAO will be achieved by 

implementing the NTC RA described below. 

1.3.2 Selected Removal Action 

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

cVOC groundwater contaminant plumes in the PAGW OU warranted a NTC RA.  The 
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RSER/EE/CA (SRNS 2018a) evaluated five cleanup alternatives based on effectiveness, 

ease of implementation, and cost analysis.  The RSER/EE/CA was approved in 2018 and 

the alternative selected in an Action Memorandum consisted of installing a ZVI-PRB in 

the neck area of the TCE groundwater plumes discharging to Steel Creek (USDOE 2018).  

The ZVI-PRB design was optimized based on data gathered during the PDI to confirm site 

subsurface characteristics and TCE plume extent.  The final ZVI-PRB design was detailed 

in the RADP for the PAGW OU (SRNS 2019a) and included the following key elements:  

 Nominal thickness of 10.2 centimeters (cm) (4 inches [in.]) to reduce TCE mass flux 

through the ZVI-PRB by at least 90%, including removal of degradation products (i.e., 

cis-DCE and vinyl chloride); 

 Factor of safety (2.67) used to account for decrease in performance over time; 

 Maintain degradation for at least 25 years; 

 Keyed into the lower TCCZ to minimize contaminated groundwater flow under, over, 

or around the ZVI-PRB; 

 Maintain hydraulic conductivity equal to or greater than the existing hydraulic 

conductivity of the permeable zones; and 

 Total length of 80.5 linear meters (LM) (264 linear feet [LF]) with a cross-sectional 

area of 2,141 square meters (m2) (23,040 square feet [ft2]), requiring ~689 metric tons 

(760 US tons) of ZVI (with 10% allocated for waste). 

1.4 Chronology of Events 

Table 2 provides the Chronology of Events. 

2.0 CONSTRUCTION ACTIVITIES 

The PAGW OU construction team consisted of the following subcontractors: GeoSierra 

Environmental, Inc. (GeoSierra), Cascade Drilling (Cascade), and ConeTec, Inc. 

(ConeTec).  GeoSierra was the primary subcontractor on the project, providing design and 

field implementation support and labor.  GeoSierra also provided Technical Oversight and 
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Health and Safety Officer services.  Cascade and ConeTec provided drilling services for 

installation of ZVI-PRB injection wells and resistivity strings.  Cascade also provided 

services for installation of monitoring wells in support of the EMP.  The construction of 

the ZVI-PRB at the site required a specific construction sequence: 

1. Site preparation including mobilization and filling nearby monitoring wells with sand; 

2. Drilling and installation of injection expansion casings;  

3. Drilling and installation of active resistivity strings for monitoring ZVI placement; 

4. Emplacement of the ZVI-PRB while conducting real-time installation monitoring; 

5. Installation of four in-wall ZVI-PRB monitoring wells; 

6. Site restoration and demobilization after ZVI-PRB installation; and 

7. Post-construction hydraulic pulse interference testing (HPIT). 

Each of these various tasks is discussed further below. 

2.1 Site Preparation 

Mobilization was completed in two phases.  The first phase began on May 29, 2019 with 

the pre-job meeting and included staging and receiving equipment in the ZVI-PRB 

installation area.  GeoSierra mobilized a Moffett, dump hopper, washout skids, storage 

container, all expansion casings, and all resistivity strings.  The second phase of 

mobilization was initiated upon completion of the drilling with a pre-job meeting on  

July 24, 2019.  GeoSierra mobilized a diesel fuel tank, extended boom forklift, 70 kilovolt-

ampere (kVA) generator, storage containers, frac tanks and pump, water truck, handwash 

station, and injection and monitoring trailers.  A licensed electrician installed ground rods 

for the trailers, generators, and fuel tanks.  GeoSierra setup the injection and monitoring 

systems, laydown yard, support areas, and safety eyewash and shower.  GeoSierra 

connected the reference ground for the resistivity system at nearby well PGW035C, 

conducted baseline telemetry and tomography, and received materials for the ZVI-PRB 

injection mixture.  
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In order to protect the eight UAZ monitoring wells (DU and DL designation) within the 

ZVI-PRB area during injection activities, they were filled with #1A sand to grade prior to 

injections due to their proximity to the ZVI-PRB alignment and the potential for short-

circuiting.   

The area where the injection trailer (FracTrac 1) was staged was covered with a 

prefabricated containment pad constructed of 6 millimeter (mm) (0.24 in.) polyethylene 

sheeting.  Hard mud mats were placed, where necessary, to add stabilization to the injection 

trailer setup.  The monitoring trailer (FracTrac 2) was isolated from direct contact with the 

ground using plastic mud mats.  This was critical to ensure that the monitoring system used 

only the reference ground to isolate the monitoring square wave from potential background 

voltage.  The 70 kVA generator powered the FracTrac 2 and the dust box on the injection 

skid.  Both FracTrac 1 and FracTrac 2 were staged in one location for the duration of the 

project.  Following setup of all equipment and baseline testing, SRNS conducted a final 

acceptance inspection (FAI) prior to commencement of construction activities. 

2.2 Expansion Casing and Resistivity String Installation 

On May 29, 2019, Cascade mobilized for the pre-job meeting and to begin installation of 

the injection wells with expansion casings along the ZVI-PRB alignment.  As detailed on 

Table 3, the borehole bottom depth was targeted for ~41.8 m (137 ft) bgs, or ~37.5 m  

(123 ft) bgs, depending on location along the alignment, to support the ZVI-PRB 

installation.  On June 10, 2019, ConeTec mobilized for a pre-job meeting and to begin 

installation of the resistivity strings parallel to the ZVI-PRB alignment.  The resistivity 

strings were targeted for similar depths (Table 4), depending on location along the 

alignment, to monitor the propagation of the inclusions through active resistance mapping. 

2.2.1 Expansion Casing Installation (PGF Wells) 

The installation of injection wells PGF001 to PGF022 commenced on May 29, 2019 under 

the oversight of a South Carolina Licensed Professional Geologist (P.G.) provided by 

GeoSierra.  Sonic drilling with a 12.7 cm x 17.8 cm (5 in. x 7in.) dual tube was used for 
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casing installation on a ProSonic PS 150T drill rig.  The rig progressed from north to south, 

averaging 0.9 wells per day.  

The components of injection wells PGF001-PGF018 include the following materials from 

bottom to ground surface: 0.61 m (2 ft) aluminum stinger, 3.0 m (10 ft) aluminum 

expansion casing, 1.5 m (5 ft) carbon steel riser pipe, 3.0 m (10 ft) aluminum expansion 

casing, 1.5 m (5 ft) carbon steel riser pipe, 3.0 m (10 ft) aluminum expansion casing,  

1.5 m (5 ft) carbon steel riser pipe, 3.0 m (10 ft) aluminum expansion casing, 1.5 m (5 ft) 

carbon steel riser pipe, 3.0 m (10 ft) aluminum expansion casing, 1.5 m (5 ft) carbon steel 

riser pipe, 3.0 m (10 ft) aluminum expansion casing, 1.5 m (5 ft) carbon steel riser pipe, 

carbon steel riser pipe with fins, and carbon steel riser pipe to grade connected by steel 

couplings.  Injection wells PGF019-PGF022 include one less 3.0 m (10 ft) aluminum 

expansion casing and 1.5 m (5 ft) carbon steel riser pipe.  The aluminum expansion casings 

were prefabricated prior to mobilization, and the injection wells were assembled in the field 

by GeoSierra while the borehole was drilled by Cascade.  All components are pre-marked 

along the azimuth of the expansion casing joint to ensure vertical alignment during 

installation.  

The method of installation at each location included the following sequence:  

• Hand auger to a depth of ~1.8 m (6 ft) bgs for utility clearance;  

• Drill the borehole to target depth using dual tube casing; 

• Flood the casing with bentonite to maintain borehole integrity for expansion casing 
installation; 

• Lower the expansion casings, pre-marked along the azimuth, into the borehole followed 
by riser pipe; and  

• Begin grouting borehole while extracting outer casing with minimal vibration as 
necessary to free the drill casing. 

As the injection well sections were lowered into the borehole, all expansion casings were 

tightened by set screws to the 1.5 m (5 ft) riser pipes.  Additionally, all riser pipe joints 

above the expansion casings were tack welded.  Once installed, a compass confirmed the 
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casing orientation and markings.  After each injection well was grouted, the well was 

flushed with clean water, and the bottom depth was confirmed.  Some grout was later 

observed above the stinger in a few casings during confirmation of depth; however, this 

grout was washed out from flushing with water.  As final confirmation, a downhole camera 

was used to confirm azimuth of the installed casing. 

After all wells were installed, they remained unfinished for the duration of the ZVI-PRB 

installation with only a coupling at grade for attachment of the wellhead.  Upon completion 

of the ZVI-PRB installation, the riser pipe was cut and a 0.61 m (2 ft) steel riser was 

attached to a threaded coupling such that all points were at the same elevation above grade.  

The risers were painted safety yellow and secured with a well cap and a lock.  A concrete 

pad was formed around the well and a well tag was placed on the riser pipe.  

Since the alignment of the ZVI-PRB was offset from the soil borings collected during the 

PDI, the bottom 3 m (10 ft) of select injection well borings were cored and examined to 

confirm the lower section of the TCCZ since this was the lower confining zone of the  

ZVI-PRB.  The following locations were cored, focusing mainly on the change in direction 

of the alignment: 

 PGF002 – 38.4 – 41.5 m (126 - 136 ft) bgs  

 PGF007 – 39.0 – 42.1 m (128 - 138 ft) bgs  

 PGF009 – 39.3 – 42.4 m (129 - 139 ft) bgs  

 PGF012 – 39.3 – 42.4 m (129 - 139 ft) bgs 

 PGF014 – 36.6 – 42.4 m (120 - 139 ft) bgs  

 PGF017 – 39.0 – 42.1 m (128 - 138 ft) bgs  

 PGF022 – 34.7 – 37.8 m (114 - 124 ft) bgs 

As shown on Figure 6, the depths of the bottom expansion casings, on average, maintained 

a depth of 41.8 m (137 ft) bgs since the elevation change along the alignment was minimal.  

The final installation details of the injection wells are included in Table 3 and well 

construction logs are included in Appendix A. 
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2.2.2 Resistivity String Installation (RR Strings) 

Installation of the resistivity strings (RR01-RR23) commenced on June 14, 2019, 

concurrent with installation of the PGF wells and under the oversight of a South Carolina 

Licensed P.G. provided by GeoSierra.  A cone penetration technology (CPT) rig using  

5.7 cm (2.25 in.) rods with expendable tips was used for string installation using one  

22.7 metric ton (25 US ton) Vertek CPT truck.  The rig started at RR01 then moved to 

RR23, maintaining a safe distance from the drill rig installing the expansion casings, 

averaging 2.1 strings per day.  

The components of RR01-RR23 include the following materials: 2.5 cm (1 in.) polyvinyl 

chloride (PVC) outer tubing with 18-gauge wires connected each to a stainless steel 

receiver every 1.5 m (5 ft) from the bottom of the tubing to 13.7 m (45 ft) from the top of 

the tubing.  An additional 1.5 m (5 ft) of PVC tubing was extended at the top to account 

for elevation changes and reel connections to FracTrac 2.  RR01-RR19 had 19 receivers 

and RR20-RR23 had 16 receivers.  The resistivity strings were fabricated by GeoSierra 

and all wires were checked for continuity.  

The method of installation at each location included the following sequence: 

 Hand auger to a depth of ~1.8 m (6 ft) bgs for utility clearance;  

 Pull the bottom of the resistivity string through the lead CPT rod with the adapter and 
expendable tip and attach the adapter;  

 Advance the lead rod;  

 Thread tubing through additional CPT rods and attach to lead CPT rod while advancing 
to target depth;  

 Once target depth is met, extract rods while leaving expendable tip, and therefore 
string, in place; and  

 Apply bentonite pellets at surface to seal top of the resistivity string at grade. 

After all strings were installed, they remained unfinished for direct wiring of reels to the 

monitoring system.  Table 4 summarizes final installation details for the 23 resistivity 
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strings and installation reports for the resistivity strings are included in Appendix B.  The 

cross-section of the resistivity strings is in Figure 7. 

2.3 ZVI-PRB Construction Details  

In addition to the materials required for the expansion casings and resistivity strings, there 

was specific injection and monitoring equipment that was mobilized to the site at the start 

of installation activities.  Equipment mobilized included:  

 FracTrac 1 

o Two 11,360 liter (L) (3,000 gallon [gal]), stainless-steel mixing tanks; 

o Glove box pump skid;  

o 261 kilowatt (350 horsepower) hydraulic power unit;  

o Industrial scale/auger ZVI feed unit;  

o Blending skid;  

o Dust box; 

 Three washout skids; 

 Equipment storage and FracTrac 2 

o Office and break area;  

o Monitoring systems; 

o Field lab for hydroxypropyl guar (HPG) QA/quality control (QC);  

o Equipment and tool storage;  

 Three 2,490 kilogram (kg) (5,500 pound [lb]) capacity concrete hoppers;  

 4,540 kg (10,000 lb) Lull and Moffett fork trucks;  

 Air compressor;  

 Smeal; and  

 Other miscellaneous support equipment. 

The ZVI-PRB is comprised of 22 injection wells, labeled PGF001 through PGF022.  

Construction of the ZVI-PRB commenced August 7, 2019 on the northern end at PGF001.  

The ZVI-PRB was completed from the bottom up by panels due to the length and the 



RAR for the PAGW OU NTC RA SRNS-RP-2020-00021 
Savannah River Site  Revision 1 
November 2020 Page 12 of 76 

 

 
TP#2284_RPD.docx 

interest of maintaining consistency.  Along each panel, the ZVI-PRB was constructed in 

well groups to minimize backpressure in the formation.  As an example, odd numbered 

wells were completed concurrently one day, then even numbered wells were completed the 

next day.    

To control injections into each panel (i.e., Panel A, B, C, D, E, F), mechanical packers were 

installed to isolate injections to the desired zone, or panel.  For Panel A injections, packers 

were installed above Panel A expansion casings.  Each casing required multiple injections 

in order to attain the ZVI weight calculated to achieve the nominal design thickness.  Once 

construction of Panel A was completed, the packer and internal injection piping were lifted 

above Panel B.  Each of the injection wells were filled with ZVI to ~0.61 to 0.91 m (2 to  

3 ft) above the top of Panel A expansion casings.  With the packer set and ZVI in place, 

Panel B was successfully isolated and ready for injection.  Similarly, once all Panel B wells 

were completed, the packer and internal injection piping were lifted above Panel C and 

again filled with ZVI to 0.61 to 0.91 m (2 to 3 ft) above the top of the Panel B expansion 

casing to seal it prior to construction of Panel C.  This sequence continued for the remaining 

three panels: Panel D, E, and F.  Isolation of the panels was successful for all injection 

wells, except PGF022 which was damaged during installation.  This deviation is described 

in more detail in Section 3.0 and is not anticipated to affect the performance of the ZVI-

PRB.  Upon completion of Panel F, all packers and injection piping were removed.  To 

complete the ZVI-PRB construction, GeoSierra measured the depth to bottom of each 

injection well to confirm the depth to bottom was at the top of Panel F (i.e., 13.7 m [45 ft] 

bgs).  Each well was filled with ZVI to a depth of 12.8 m (42 ft) bgs to capture seasonal 

groundwater fluctuations and sand from 12.8 m (42 ft) bgs to grade.  All injections were 

completed on December 11, 2019.    

For each panel, SRNS allocated a skid pan for waste, including discarded gel from 

GeoSierra’s mixing skid (i.e., dumped weight) with ZVI due to low viscosity, equipment 

failures, and inclement weather.  Discarded gel that did not contain ZVI was applied to 

ground in accordance with SRNS waste management guidance.  Injection well washouts 

(washout weight), which were performed between injections to clear the well for pore 
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pressure relief (PPR) from adjacent wells, were also put in the skid pan.  Weights of any 

dumped gel batches containing ZVI were recorded.  When the panel was completed, the 

skid pan was weighed and used to calculate the washout weights from each panel.  Washout 

weights were subtracted from the total final ZVI injection weight per panel to finalize 

nominal thickness per panel.  ZVI loss due to washout was accounted for by ordering 10% 

excess ZVI material and observing the weight of ZVI being retained in the panels.  

Adjustments were made to the injected weight for each panel and injection well as 

described later in this report.  Below is an example of the formula used to determine the 

washout weight and each panel weight loss is discussed below in the panel summaries.  

[Note: the weights per skid pan included minor water weight.  Most of the water was 

decanted prior to weighing the pan.  It was assumed the water content was minimal for 

calculations.]:  

Skid Pan Weight - Dumped Weight = Washout Weight 

2.3.1 Panel A (36.6-41.1 m [120-135 ft] bgs) – PGF001 – PGF018 

ZVI-PRB Panel A construction commenced at well PGF001 and ended at well PGF018 

between August 7 and September 9, 2019, in sequence discussed above.  Panel A had a 

cross-sectional area of 301 m2 (3,240 ft2).  In order to meet the design thickness outlined 

in the RADP, 88,178 kg (194,400 lbs) of ZVI was required.  A total of 92,587 kg  

(204,120 lbs) of ZVI was injected to build Panel A as summarized on Table 5.  The final 

weight of the skid pan for Panel A was 4,354 kg (9,600 lbs), which included 1,315 kg 

(2,900 lbs) of discarded material.  The remaining weight of ~3,039 kg (6,700 lbs) was from 

washout, or 3.3% of the total injected weight.  The resulting weight in this panel is  

89,548 kg (197,420 lbs) remaining in Panel A from PGF001 to PGF018, which exceeds 

the design.   

PPR was observed at every well except PGF013 and PGF017.  A few wells exhibited PPR 

as far as two to three wells from the respective injection well.  During injections, all wells 

exhibited average casing opening and injection pressures except PGF005 to PGF007, 

where injection pressures were higher.  PGF005 to PGF007 also experienced backpressure 
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resulting in the injection hose and equipment sanding off or clogging.  Although 

backpressure was observed during injections at these wells, subsequent injections were 

successful in emplacing the target ZVI weight. 

2.3.2 Panel B (32.0-36.6 m [105-120 ft] bgs) – PGF001 – PGF022 

ZVI-PRB Panel B construction commenced at well PGF001 and ended at well PGF021 

between September 11 and October 2, 2019, in sequence to Panel A construction.  Panel B 

had a cross-sectional area of 368 m2 (3,960 ft2).  In order to meet the design thickness 

outlined in the RADP, 107,774 kg (237,600 lbs) of ZVI was required.  A total of  

108,019 kg (238,142 lbs) of ZVI was injected to build Panel B as summarized on Table 5.  

The final weight of the skid pan for Panel B was 3,211 kg (7,080 lbs), which included  

680 kg (1,500 lbs) of discarded material.  The remaining weight of ~2,531 kg (5,580 lbs) 

was from washout, or 2.3% of the total injected weight.  PGF022 was unable to be injected 

into due to an issue isolating the interval with a packer, described in more detail in  

Section 3.0.  Therefore, the total weight required for Panel B to meet the design thickness 

was 102,875 kg (226,800 lbs).  The resulting weight in this panel is 105,488 kg  

(232,562 lbs), which exceeds the design for 21 locations.   

PPR was observed at every well except PGF005, PGF009, and PGF010.  Three wells 

exhibited PPR as far as two wells from the respective injection well.  During injections at 

PGF003 and PGF017, backpressure resulted in sanding off in the injection hose and 

equipment.  Although backpressure was observed during injections at these wells, 

subsequent injections were successful in emplacing the target ZVI weight. 

2.3.3 Panel C (27.4-32.0 m [90-105 ft] bgs) – PGF001 – PGF022 

ZVI-PRB Panel C construction commenced at well PGF001 and ended at well PGF021 

between October 3 and October 21, 2019, in sequence to Panel A and B construction.  Panel 

C had a cross-sectional area of 368 m2 (3,960 ft2).  In order to meet the design thickness 

outlined in the RADP, 107,774 kg (237,600 lbs) of ZVI was required.  A total of  

135,282 kg (298,245 lbs) of ZVI was injected to build Panel C as summarized on Table 5.  
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The final weight of the skid pan for Panel C was 3,438 kg (7,580 lbs), which included  

454 kg (1,000 lbs) of discarded material.  The remaining weight of ~2,985 kg (6,580 lbs) 

was from washout, or 2.2% of the total injected weight.  PGF022 was unable to be injected 

due to an issue isolating the interval with a packer, described in more detail in Section 3.0.  

Therefore, the total weight required for Panel C to meet the design thickness was  

102,875 kg (226,800 lbs).  The resulting weight in this panel is 132,297 kg (291,665 lbs), 

which exceeds the design for 21 locations.  

PPR was observed at all locations along the ZVI-PRB Panel C.  Two wells exhibited PPR 

at least two to three wells from the respective injection well.  Two wells exhibited 

backpressure, PGF007 and PGF009, resulting in sanding off in the equipment.  Although 

backpressure was observed, subsequent injections were successful in emplacing the target 

ZVI weight. 

2.3.4 Panel D (22.9-27.4 m [75-90 ft] bgs) – PGF001 – PGF022 

ZVI-PRB Panel D construction commenced at well PGF001 and ended at well PGF021 

between October 24 and November 15, 2019, in sequence to Panel A, B, and C 

construction.  Panel D had a cross-sectional area of 368 m2 (3,960 ft2).  In order to meet 

the design thickness outlined in the RADP, 107,774 kg (237,600 lbs) of ZVI was required.  

A total of 146,647 kg (323,301 lbs) of ZVI was injected to build Panel D as summarized 

on Table 5.  The final weight of the skid pan for Panel D was 2,930 kg (6,460 lbs), which 

included 1,588 kg (3,500 lbs) of discarded material.  The remaining weight of ~1,343 kg 

(2,960 lbs) was from washout, or 0.9% of the total injected weight.  PGF022 was unable 

to be injected into due to an issue isolating the interval with a packer, described in more 

detail in Section 3.0.  Therefore, the total weight required for Panel D to meet the design 

thickness was 102,875 kg (226,800 lbs).  The resulting weight in this panel is 145,304 kg 

(320,341 lbs), which exceeds the design for 21 locations.   

PPR was observed at all injection wells except PGF002, PGF007, PGF008, PGF010, 

PGF014, and PGF020.  Heavy PPR was exhibited at PGF007 during PGF006 injections 

and at PGF016 during PGF015 injections.  Backpressure resulting in sanding off occurred 
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at PGF012.  Although backpressure was observed, subsequent injections were successful 

in emplacing the target ZVI weight. 

2.3.5 Panel E (18.3-22.9 m [60-75 ft] bgs) – PGF001 – PGF022 

ZVI-PRB Panel E construction commenced at well PGF001 and ended at well PGF021 

between November 19 and December 4, 2019, in sequence to Panel A, B, C, and D 

construction.  Panel E had a cross-sectional area of 368 m2 (3,960 ft2).  In order to meet the 

design thickness outlined in the RADP, 107,774 kg (237,600 lbs) of ZVI was required.  A 

total of 132,058 kg (291,138 lbs) of ZVI was injected to build Panel E as summarized on 

Table 5.  The final weight of the skid pan for Panel E was 2,023 kg (4,460 lbs).  There was 

no discarded material in this panel, resulting in the entire weight as washout or 1.5% of the 

total injected weight.  PGF022 was unable to be injected into due to an issue isolating the 

interval with a packer, described in more detail in Section 3.0.  Therefore, the total weight 

required for Panel E to meet the design thickness was 102,875 kg (226,800 lbs).  The 

resulting weight in this panel is 130,035 kg (286,678 lbs), which exceeds the design for  

21 locations.   

PPR was observed at all injection wells except PGF005, PGF009, PGF015, PGF016, 

PGF019, and PGF021.  Five injection wells, PGF003, PGF007, PGF008, PGF012, and 

PGF014 exhibited PPR upwards of two to three wells away.  Although backpressure was 

observed at PGF011, subsequent injections were successful in emplacing the target ZVI 

weight. 

2.3.6 Panel F (13.7-18.3 m [45-60 ft] bgs) – PGF001 – PGF022 

ZVI-PRB Panel F construction commenced at well PGF001 and ended at well PGF022 

between December 5 and December 11, 2019, in sequence to Panel A, B, C, D, and E 

construction.  Panel F had a cross-sectional area of 368 m2 (3,960 ft2).  In order to meet the 

revised design thickness (See Section 3.0), 53,887 kg (118,800 lbs) of ZVI was required.  

A total of 69,903 kg (154,110 lbs) of ZVI was injected to build Panel F as summarized on 

Table 5.  The final weight of the skid pan for Panel F was 1,162 kg (2,560 lbs), which 
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included 227 kg (500 lbs) of discarded material, as well as 635 kg (1,400 lbs) of excess 

ZVI that was not injected.  The remaining weight of ~299 kg (660 lbs) was from washout, 

or 0.4% of the total injected weight.  The resulting weight in this panel is 69,604 kg 

(153,450 lbs) remaining in Panel F from PGF001 to PGF022, which meets the required 

ZVI weight. 

Minimal PPR was observed in Panel F.  Only eight wells exhibited PPR mostly along the 

southern end, with PPR observed two wells away while injecting into PGF019. 

2.3.7 ZVI-PRB Construction Summary 

In summary, the ZVI-PRB was constructed from the bottom up in six panels and all panels 

were injected with more than the minimum ZVI required to meet the target thickness for 

each interval.  Table 5 summarizes the total ZVI-PRB construction quantities.  Actual 

quantities for each casing are included in Appendix C.  The following averages are noted: 

 Panel A required 24 days to complete, averaging ~3.9 metric tons/day (4.3 US 
tons/day);  

 Panel B required 16 days to complete, averaging 6.7 metric tons/day (7.4 US tons/day);  

 Panel C required 13 days to complete, averaging 10.4 metric tons/day (11.5 US 
tons/day);  

 Panel D required 19 days to complete, averaging 7.7 metric tons/day (8.5 US tons/day);  

 Panel E required 10 days to complete, averaging 13.2 metric tons/day (14.6 US 
tons/day); and  

 Panel F required 5 days to complete, averaging 14.0 metric tons/day (15.4 US 
tons/day).  

A total of 689,460 kg (1,520,000 lbs), or 689.5 metric tons (760 US tons) of ZVI was 

delivered in support of the ZVI-PRB NTC RA.  Discarded waste accounted for ~4.9 metric 

tons (5.4 US tons) of ZVI, resulting in 684.5 metric tons (754.6 US tons) of ZVI that was 

injected into the 22 injection wells.  ZVI in washout of the injection wells totaled  

~12.2 metric tons (13.5 US tons).  Therefore, 672.3 metric tons (741.1 US tons) of ZVI 

remains in-situ to construct the 80.5 LM (264 LF) ZVI-PRB.  In anticipation of ZVI losses 
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due to discarded material, washout, etc., 10% extra ZVI was ordered.  Installation of the 

ZVI-PRB was performed with high efficiency and only 2.7% of the delivered ZVI weight 

was not emplaced.  Therefore, 107.3% of the required ZVI weight for a nominal thickness 

of 10.2 cm (4 in.) across the entire ZVI-PRB was emplaced. 

2.4 ZVI-PRB In-Wall Monitoring Wells 

In order to further monitor and evaluate ZVI-PRB performance, four of the PGF injection 

wells (PGF005, PGF011, PGF017, and PGF021) were converted to monitoring wells for 

groundwater sampling in support of the EMP.  The locations of the monitoring wells and 

screen intervals were chosen based on the highest levels of TCE observed from soil plug 

data collected during the PDI.  

Cascade mobilized on December 16, 2019 to begin conversion of the injection wells to 

monitoring wells.  The method of installation included water jetting to total depth to 

remove existing ZVI.  Once the target depth was met, Cascade installed a 2.5 cm (1 in.) 

Schedule 40 PVC well comprised of a 6.1 m (20 ft), 0.025 cm (0.010 in.) slot screen, riser 

pipe to 0.76 m (2.5 ft) above grade, and a well cap.  The annulus of the well was backfilled 

with ZVI as a filter pack to 12.8 m (42 ft) bgs, maintaining the continuity of the installed 

ZVI-PRB.  Above the ZVI filter pack, Cascade installed #2 filter sand to 0.91 m (3 ft) bgs 

followed by bentonite hole plug to grade.  All four wells were secured with an aluminum 

cap and locked.  Well tags were placed on the riser stickups and in the concrete pad.  All 

wells were installed under the oversight of a South Carolina Licensed P.G.  Figure 8 depicts 

the location of the monitoring wells and Table 6 includes the well construction details.  The 

well construction logs are included in Appendix D. 

2.5 Site Restoration and Demobilization 

Following completion of all ZVI injection activities, the injection wells were filled with 

ZVI to ~12.8 m (42 ft) bgs to ensure continuity of the ZVI-PRB, and then filled with #2 

sand to grade.  Injection wells were left this way to allow for reinjection if required at a 

later date for enhancing the ZVI-PRB performance, increasing the ZVI thickness, injecting 
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amendments to address precipitation or biofouling, etc.  The entire well column was not 

filled with ZVI because, if exposed to air, the ZVI would oxidize and therefore would not 

be able to be removed for future access to the injection wells.  Resistivity strings posed a 

potential for creating a preferential vertical flow path for contaminated groundwater.  

Therefore, resistivity strings were abandoned by excavating 15.2 cm (6 in.) bgs, cutting the 

strings as close to ground as possible, and capping with grout.   

Concurrently with the abandonment of resistivity strings, Cascade evacuated all the UAZ 

monitoring wells of sand and redeveloped them for post-construction HPIT.  It was noted 

that there was no ZVI present in these monitoring well pairs located ~6.1 to 7.6 m (20 to 

25 ft) from the ZVI-PRB alignment.  The sand was placed in the wells before injection 

activities to eliminate any short-circuiting of ZVI to the monitoring wells.   

Demobilization of the ZVI-PRB installation equipment and materials was completed the 

week of December 16, 2019 concurrent with ZVI-PRB in-wall monitoring well installation.  

GeoSierra staged all downhole injection tooling and packers for radiation screening out on 

December 16, 2019.  All equipment on FracTrac 1 was secured and FracTrac 2 was loaded 

with ancillary equipment, piping, hoses, and packers.  All secondary containment was 

disposed of and grounding rods were removed.  FracTrac 1 was demobilized offsite on 

December 19, 2019 and FracTrac 2 was moved to the laydown yard for post-construction 

HPIT, to be completed in January 2020.  

A second demobilization was completed on January 30, 2020 by GeoSierra concurrently 

with performance of post-construction HPIT.  FracTrac 2, the Smeal, Moffett, hoppers, 

fuel tank, storage container, and handwash station were demobilized during this event.  A 

FAI was conducted on January 27, 2020 with final acceptance pending due to a hose clamp 

issue that needed action.  Upon fixing the issue, final acceptance was completed effective 

March 2, 2020. 
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2.6 Construction Delays 

No major delays were encountered during the construction of this NTC RA.  While minor 

planning and operational delays were encountered, the overall time spent in the field 

injecting ZVI into the subsurface met expectations.  Installation of the injection wells and 

resistivity strings was performed concurrently, taking ~25 workdays.  Construction of the 

ZVI-PRB took ~97 total workdays, with 69 days of injection to emplace 684.6 metric tons 

(754.6 US tons) of ZVI.   

2.7 Secondary Waste Disposal 

All waste generated throughout this project was handled in accordance with the 

requirements set by applicable SRS manuals and procedures and with waste management 

guidance.  During drilling, all generated fluids were discharged to ground within the area 

of contamination (AOC).  Water generated during decontamination of CPT rods following 

resistivity string installation was applied to ground within the AOC.   

Two waste streams were created during ZVI injections, gel with ZVI and gel without ZVI.  

Batches of gel (mixture of HPG, acetic acid, sodium chloride, and water) were tested prior 

to adding ZVI to ensure the properties of the mixture were adequate to hold the ZVI in 

suspension.  Batches that were not able to be used due to low viscosity, equipment failures, 

and inclement weather and that did not contain ZVI were discharged to ground within the 

AOC.  Unused batches of gel that contained ZVI, as well as washout fluids from the 

expansion casings, were put into a skid pan.  After setting, the water was decanted off the 

skid pan and discharged to ground within the AOC.  ZVI and solids from the gel mixture 

that were left in the skid pan were disposed of at the Three Rivers Solid Waste Authority 

Class Three Landfill (Permit #024202-1101).  All job control waste and personal protective 

equipment was disposed of as sanitary waste. 

3.0 DEVIATIONS FROM ORIGINAL DESIGN 

Several deviations were needed during construction of the NTC RA to resolve problems or 

to optimize the ZVI-PRB implementation.  The project team reviewed all changes prior to 



RAR for the PAGW OU NTC RA SRNS-RP-2020-00021 
Savannah River Site  Revision 1 
November 2020 Page 21 of 76 

 

 
TP#2284_RPD.docx 

implementation to ensure compliance with regulatory requirements in the RSER/EE/CA 

and the RADP.  Consistent with the RADP, notifications were made to USEPA and 

SCDHEC prior to implementation, as appropriate.  Table 7 provides a summary of all such 

changes.  The basis and resolution of deviations from the original design are detailed in the 

table.  Where applicable, a statement is provided on whether the deviation still meets a 

performance criterion. 

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

4.1 Performance Requirements/Standards 

The PAGW OU RADP with EMP (SRNS 2019a) and the PAGW OU Underground 

Injection Control (UIC) Permit Application (SRNS 2019b) specify the performance 

requirements for the PAGW OU NTC RA as follows: 

a) Installation of 22 injection wells and 23 resistivity strings along four segments.  The 

locations and depths per the design are detailed in Table 3 and Table 4 and shown in 

Figure 9. 

b) Suspension of ZVI in a proprietary gel mixture with adequate viscosity to initiate a 

fracture and inject ZVI into the subsurface.  The gel mixture would consist of HPG, 

acetic acid, sodium chloride, a proprietary cross-linker, a proprietary enzyme, and ZVI.  

The maximum mass for each ingredient per the UIC Permit Application is included in 

Table 8.  The ratios of ingredients was expected to vary with each batch depending on 

variables such as temperature, humidity, and source water geochemistry.   

c) Injection of 627 metric tons (691 US tons) (689 metric tons [760 US tons] including 

10% waste) of ZVI into the subsurface through 22 injection wells to produce a  

2,140 m2 (23,040 ft2) ZVI-PRB with a nominal thickness of 10.2 cm (4 in.).  The 

resulting barrier was envisioned to be 80.5 LM (264 LF) in total length along a zig-zag 

alignment with four segments.  The anticipated segment lengths and depths are shown 

in Figure 6 and Figure 9 and detailed below: 
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i. Segment A – Consist of six injection wells (PGF001-PGF006) for a length of 22 

LM (72 LF).  Each injection well to be constructed using six expansion casings 

with a target depth interval of 13.7-41.1 m (45-135 ft) bgs (Panel A-F). 

ii. Segment B – Consist of seven injection wells (PGF007-PGF013) for a length of 26 

LM (84 LF).  Each injection well to be constructed using six expansion casings 

with a target depth interval of 13.7-41.1 m (45-135 ft) bgs (Panel A-F). 

iii. Segment C – Consist of three injection wells (PGF014-PGF016) for a length of 11 

LM (36 LF).  Each injection well to be constructed using six expansion casings 

with a target depth interval of 13.7-41.1 m (45-135 ft) bgs (Panel A-F). 

iv. Segment D1 – Consist of two injection wells (PGF017-PGF018) for a length of 7.3 

LM (24 LF).  Each injection well to be constructed using six expansion casings 

with a target depth interval of 13.7-41.1 m (45-135 ft) bgs (Panel A-F).  

v. Segment D2 – Consist of four injection wells (PGF019-PGF022) for a length of 15 

LM (48 LF).  Each injection well to be constructed using five expansion casings 

with a target depth interval of 13.7-36.6 m (45-120 ft) bgs (Panel B-F). 

d) The installed ZVI-PRB was anticipated to intersect groundwater flow and was not 

expected to decrease the hydraulic conductivity of the subsurface in the treatment zone.  

ZVI injections would be monitored using active resistance mapping to show evidence 

of injection propagation and complete coalescence of the barrier.  Active resistance 

mapping was to be performed using 23 resistivity strings.  Records of field indicators, 

active resistance mapping images, and qualitative results from post-construction HPIT 

would be used to demonstrate the ZVI-PRB was completed as intended per the design. 

e) Following completion of the ZVI-PRB construction, four in-wall monitoring wells 

were to be installed within injection wells PGF005, PGF011, PGF017, and PGF021 at 

depths specified in Table 6.  The injection wells would be abandoned by filling with 

ZVI to ensure continuity of the ZVI-PRB.  The resistivity strings would be cut at 

ground surface and abandoned in place. 
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4.1.1 Achieving Design Requirements 

The design requirements, as detailed above, are compared against the field performance to 

determine if the requirements have been met.  The following discussion will describe how 

the performance requirements were met with approved deviations in Section 3.0. 

All injection wells were installed in the correct location without issue.  The injection wells 

were installed with a target depth of 41.8 m (137 ft) bgs, which deviated from the design 

as described in item 3 of Table 7.  All resistivity strings were installed as intended with the 

exception of RR01 and RR11-RR14, as described in item 2 of Table 7 and Appendix A.  

All resistivity strings were successfully installed at the target depth, as shown in Table 4 

and Appendix B. 

The amounts of each ingredient mixed for each batch of gel are provided in Table 9.  The 

amounts used in Table 9 are totals for each ingredient, including bad batches that were not 

injected into the injection wells.  Therefore, these totals are conservative when compared 

with the UIC Permit.  The total amounts of each ingredient used did not exceed the limits 

set by the UIC Permit, and therefore there were no nonconformities in the injected amounts 

of materials.   

At completion of ZVI-PRB construction, 684.6 metric tons (754.6 US tons) of ZVI were 

injected into the 22 injection wells and ~672.3 metric tons (741.1 US tons) of ZVI was 

retained in the subsurface.  This exceeds the required 626.9 metric tons (691 US tons) by 

7.2%.  The final ZVI-PRB thickness met or exceeded 10.2 cm (4 in.) at all intervals, except 

in Panel F (13.7-18.3 m [45-60 ft] bgs) for all injection wells and in injection well PGF022 

in all panels.  The project team agreed that the TCE concentrations in Panel F were 

significantly lower, and therefore agreed that the reduced thickness in this panel would 

provide sufficient residence time to degrade the cVOCs at the influent concentrations by 

at least 90%, therefore meeting the performance objective.  Injection well PGF022 was 

damaged during construction and could not be used to inject for Panel B-E.  As discussed 

in item 5 of Table 7, a deviation to the design was considered and approved by the project 

team that would ensure the performance objective was still met across the entire ZVI-PRB.  
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Overall, the nominal thickness of the entire ZVI-PRB still exceeds 10.2 cm (4 in.) and the 

barrier is expected to achieve an overall reduction in influent TCE concentrations of at least 

90% even considering the reduction in ZVI thickness in Panel F. 

Active resistance mapping was conducted to ensure the ZVI injections were propagating 

as intended and to complete coalescence of the ZVI-PRB was achieved.  Active resistance 

mapping images were monitored in real-time as shown in Figure 10.  The change in 

resistance in the images provided evidence of ZVI propagation toward adjacent injection 

wells.  Evidence of ZVI propagation was observed at each injection casing, and no voids 

in ZVI coverage were observed.   

The final constructed ZVI-PRB was installed with a “zig-zag” alignment due to varying 

groundwater flow directions in the UAZ (Figure 11).  This alignment increased the angle 

that groundwater intersected the barrier, thus promoting groundwater flow through the 

ZVI-PRB.  To provide assurance that the ZVI-PRB did not decrease the hydraulic 

conductivity of the subsurface, post-construction HPIT was conducted and compared with 

pre-construction testing.  The results are shown in Table 10.  It is important to note that 

well pairs for this testing did not allow for testing to be conducted parallel to groundwater 

flow direction, as the test is intended.  Therefore, the data is interpreted qualitatively as 

opposed to quantitatively.  The results indicate that there was not a significant reduction in 

hydraulic conductivity across the ZVI-PRB, and communication was observed in all well 

pairs post-construction.  In conclusion, the constructed ZVI-PRB is not anticipated to alter 

the groundwater flow path through the treatment area. 

In support of the EMP for the NTC RA, four in-wall monitoring wells were installed within 

injection wells PGF005, PGF011, PGF017, and PGF021.  In-wall monitoring wells were 

installed with screen depths that differed from the design slightly (Table 6).  This was an 

expected deviation, as the screen depths were to be optimized based on observations of the 

boring core and from analyses of soil plug samples taken from the core.  In-wall monitoring 

wells were installed without issue.   
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After completion of all ZVI injections, resistivity strings were abandoned and injection 

wells were filled with ZVI and #2 filter sand as described in Section 2.5, therefore, meeting 

the performance objective.   

4.2 Construction and Quality Assurance  

As outlined in the design, construction QA procedures were followed to ensure the  

ZVI-PRB was installed in accordance with the Construction Quality Assurance Project 

Plan (CQAPP).  Criteria of focus in the CQAPP included:  

 Well installation details will be checked versus design and deviations will be noted; 

 ZVI bulk density and sieve analysis will be within technical specifications;  

 HPG mix parameters including pH, resistivity, viscosity and cross link breaking time 
(gel only) will be monitored and recorded; 

 Density of gel/ZVI mix will be within technical specifications; 

 Wellhead injection pressures will be monitored and recorded;  

 Well injection flow rates will be monitored and recorded; 

 Batch feed rates of ZVI will be monitored and recorded; and 

 Active resistance mapping will be monitored for ZVI-PRB geometry deficiencies. 

Important aspects of the CQAPP and a QA Surveillance conducted by SRNS are described 

in more detail below. 

4.2.1 Injection Gel Mixture 

Seventy-two batches of gel (~747,240 L [197,400 gal]) were mixed to complete injections 

of 684.6 metric tons (754.6 US tons) of ZVI and cleanout of equipment at the site.  After 

mixing the gel, a sample of the batch mixture was tested in FracTrac 2’s field lab for 

temperature, viscosity, pH, and resistance to determine if it meets the specifications for 

injection.  In the event a batch of gel could not be injected, typically due to inclement 

weather or equipment issues, the gel was retested the next day to determine if it could be 
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reused for injections.  Thirteen batches were tested the second day, totaling 85 total gel 

tests.  Results of the batch testing are included in Table 9.  If the gel was out of 

specification, the gel was dumped to the ground in the AOC per the waste guidance.  A 

total of 50,000 L (13,200 gal) of gel were discarded to the ground.  

Initial batch mixtures of gel in support of Panel A injections faced difficulty suspending 

ZVI, although the gel test results indicated viscosity was within specification.  High 

ambient temperatures and humidity caused the gel to breakdown quicker as the day 

progressed, resulting in a thinner gel that could not suspend the ZVI long enough for 

emplacement.  The gel recipe was adjusted to target a higher viscosity to extend the time 

of ZVI suspension, which resulted in viscosities out of specification with the original 

CQAPP.  Other factors that may have influenced the carrier fluid include a larger diameter 

pump on the injection skid and a less dense ZVI based on the adjusted grain size from the 

design.  The gel specification included in the design was based on tests that were prepared 

using a smaller diameter pump and ZVI with a bulk density of 2,883 kilograms per cubic 

meter (kg/m3) (pounds per cubic foot [180 pcf]).  While these factors may or may not have 

contributed to the changes in the gel recipe, only five tests were within specifications.  This 

variance was determined to have no major effect on the ZVI injections or performance of 

the ZVI-PRB.  

Over the course of the project, the resistance was also measured to ensure the ranges met 

the requirements for active resistance mapping.  Typically, the amount of salt is also field 

adjusted based on the quality of images obtained.  For this project, six measurements were 

higher than the specification.  Although higher readings exceeded the specification, this 

did not affect the quality of imaging or use of the active resistance mapping for 

confirmation of injection geometry and coalescence of the ZVI-PRB. 

As described in Section 3.0, and in Appendix E, the bulk density of the ZVI delivered to 

the site was significantly lower than the ZVI bulk density used in the ZVI-PRB design.  

The change in bulk density was due to an error updating the ZVI properties in the design 

after the ZVI gradation was optimized for site specific conditions.  The design called for a 

2,883 kg/m3 (180 pcf) ZVI, while the certificate of analysis’ (COA’s) for the delivered ZVI 
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had an average bulk density of 2,419 kg/m3 (151 pcf).  The difference in the ZVI bulk 

density affects the density of ZVI in the gel mixture to be injected, and therefore affects 

the thickness of the constructed ZVI-PRB.  The project team discussed this and agreed that 

the change would not result in a reduction in the ZVI-PRB performance and would actually 

result in an increase in the ZVI-PRB thickness. 

4.2.2 Injection Pressure 

Wellhead injection pressures were monitored throughout the duration of injections.  In 

general, injection wellhead pressures averaged between 689 to 862 kilopascal (kPa) (100 

to 125 pounds per square inch [psi]) although random higher pressures were noted 

predominantly during backpressure or sanding off events in the injection hose and 

equipment.  Pressures noted during opening of the casings ranged between 1,034 and  

1,379 kPa (150 and 200 psi).  A typical injection pressure graph in Figure 12 shows a full 

injection from the beginning with the casing opening, pump start/stop, and injection.  Not 

every graph will be “typical.”  After the first injection, which initiates the fracture to 

adjacent injection wells, the spike in pressure will likely not be apparent in subsequent 

injections.  Injection pressures remained within specification throughout the ZVI-PRB 

installation. 

4.2.3 SRNS Quality Assurance Surveillance 

SRNS performed a QA surveillance of the ZVI-PRB construction to ensure the criteria 

outlined in the QA procedures were being followed.  Observations from the QA 

surveillance and resolutions are listed in Table 11.  The significant issues resulting from 

the QA surveillance were:  

 Discrepancy on the COA’s of analyses for the delivered ZVI; 

 No QC test of the first 181 metric tons (200 US tons) of delivered ZVI, as recommended 

in the subcontractor’s design report; and 

 Evidence of recording field notes on important QC parameters for the gel mixture and 

ZVI injections was not apparent. 
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All identified concerns from the QA surveillance were explained to satisfaction in the field 

except for some action items, as identified in Table 11.  All action items were resolved to 

satisfaction from the project team.  

5.0 VERIFICATION OF CONSTRUCTION COMPLETION AND FINAL 
INSPECTION 

Construction activities required for the NTC RA have met the performance requirements 

established in the approved RADP with EMP for the PAGW OU (SRNS 2019a) and the 

approved PAGW OU UIC Permit Application (SRNS 2019b), with acceptable deviations 

as detailed in Section 3.0.  The NTC RA described in this RAR is expected to achieve the 

RAO outlined in the RSER/EE/CA for PAGW OU (SRNS 2018a).  Verification of NTC 

RA completion is addressed in Section 5.1.  The NTC RA implementation was accepted 

based on a FAI detailed in Section 5.2.  

5.1 Verification of Construction Completion 

Members of the SRNS project team maintained constant coverage of the NTC RA 

implementation.  Verification of injection well and resistivity string installation was 

provided through oversight by a South Carolina Licensed P.G. provided by GeoSierra.  The 

Cascade driller performing installations and the P.G. also provided well construction logs 

(Appendix A) and CPT installation reports (Appendix B) for further verification. 

Verification of the ZVI-PRB installation was provided by the subcontractor through the 

following evidence: 

 Active resistance mapping images; 

 Recorded field notes including PPR observations; 

 Records of injected ZVI weight; and 

 Post-construction HPIT results compared with pre-construction HPIT. 
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The NTC RA is expected to meet the RAO through field implementation of the NTC RA 

per the approved RADP (SRNS 2019a).  Verification is based on the discussion in this 

section, as well as the FAI described in Section 5.2.  It is concluded that the PAGW OU 

NTC RA has been completed satisfactorily in accordance with the requirements of the 

PAGW OU RADP.  As detailed in the RADP, an EMP will be implemented for the next 

five years, described in more detail in Section 7.0.  

5.1.1 Active Resistance Mapping 

During construction of the ZVI-PRB, active resistance mapping was utilized to track the 

propagation of the ZVI/gel mixture through the subsurface by real-time measurement of 

voltage changes surrounding the injection casings.  The captured images depict the lateral 

propagation during an injection.  An example of a time lapse sequence of a ZVI injection 

at PGF014 is included in Figure 10.  The resistivity outputs were used as a guide to ensure 

continuity and coalescence of the injected ZVI during construction.  

From observations of the resistivity images over time, it was estimated that propagations 

extended laterally up to 7.3 to 7.9 m (24 to 26 ft) along the azimuth of the barrier.  With a 

3.7 m (12 ft) center-to-center spacing of the injection wells, this results in an overlap of 

ZVI distribution, thereby, achieving complete coalescence along the entire ZVI-PRB.  

Figure 13 represents a composite image of resistivity images indicating a coalesced ZVI-

PRB.  Using the estimated propagations from the active resistance mapping images, 

thickness calculations were performed and are presented on Figure 14.  

5.1.2 Field Observations 

Detailed field notes summarizing visual evidence of panel propagation and overlap were 

maintained.  Visual evidence can be in the form of surface cracks along the ZVI-PRB 

alignment, although none were observed for this project, or through PPR.  PPR is an 

important phenomenon that provides concrete evidence that lateral distribution of ZVI or 

continuity of the ZVI-PRB has been achieved.  A summary of notable observations is 

provided in Appendix F. 
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PPR was observed throughout this project with all injection well panels either achieving 

PPR during injections or experiencing PPR from adjacent well injections, with the 

exception of Panel B at PGF010, Panel D at PGF001, Panel E at PGF009, and Panel F at 

PGF001-PGF003 and PGF005-PGF007.  Panel F received less ZVI injections than the rest 

of the ZVI-PRB, which may be a factor in the injections wells not experiencing PPR at six 

locations.  At the completion of the ZVI-PRB, 115 of 124 expansion casings that received 

injections experienced PPR.  Therefore, strong evidence was provided through visual 

observations that ZVI was propagating along the azimuth of the ZVI-PRB for the entire 

length of the barrier. 

Throughout the construction of the ZVI-PRB, there were no observed bypasses, short-

circuiting, daylighting, or breaches to the surface of amendment through any abandoned or 

active wells or boreholes or surface expansion. 

5.1.3 Construction Quantities 

Installation of the ZVI-PRB concluded with a total of 684.5 metric tons (754.6 US tons) of 

ZVI injected, as shown in Table 5 and in Appendix C.  Accounting for the weight of ZVI 

in the washout of each injection well, the final total amount of ZVI that was emplaced in 

the subsurface is 672.3 metric tons (741.1 US tons).  The completed ZVI-PRB installation 

is ~80.5 LM (264 LF) with a height of 27.4 m (90 ft) for 65.8 LM (216 LF) and 22.9 m  

(75 ft) for the remaining 14.6 LM (48 LF) to the south with varying thicknesses, depending 

on the “hot-spot” locations along the alignment as well as adjustments to Panel F.  Using 

the bulk density of the delivered ZVI (2,419 kg/m3 [151 pcf]), the average thickness is  

13.0 cm (5.11 in.), which is 28% greater than the design thickness to achieve the RAO.  

Across the ZVI-PRB Panels A through Panel E, the maximum thickness is 17.0 cm  

(6.71 in.) and the minimum thickness is 12.3 cm (4.84 in.).  The thickness in Panel F at all 

locations is 7.82 cm (3.08 in).  Therefore, the thickness at all locations across the ZVI-PRB 

exceeds the design specifications, with deviations described in Section 3.0.  
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5.1.4 Post-Construction HPIT 

HPIT was conducted prior to and following the installation of the ZVI-PRB to qualitatively 

verify that installation of the ZVI-PRB did not impact the natural groundwater flow.  HPIT 

is highly sensitive and defines the degree of hydraulic continuity between a source and 

receiver well pair.  Post-construction HPIT was conducted on four monitoring well pairs 

beginning January 27, 2020, along the ZVI-PRB alignment with upgradient wells as the 

source wells and downgradient wells as the receiver wells.  The same pairs were tested in 

reverse for repeatability.  A majority of the well pairs tested post-construction were the 

same as the pairs tested pre-construction of the ZVI-PRB, allowing for a direct comparison. 

The HPIT arrangement, typical data, and type-curve matching are shown on outputs in 

Appendix G for pre- and post-construction HPIT.  The HPIT was conducted across the 

monitoring well pairs as follows with the last four pairs measured for repeatability: 

 Source Well  Receiver Well 

 1DU  2DU 

 1DL  2DL 

 3DU  4DU 

 3DL  4DL 

 2DU  1DU 

 2DL  1DL 

 4DU  3DU 

 4DL  3DL 

The hydraulic conductivity and storativity values computed for each well pair are detailed 

in Table 10 for comparison between pre- and post-construction HPIT results.  Background 

into the application and usefulness of HPIT is provided in the RADP (SRNS 2019a).  The 

hydraulic conductivity calculated for the ZVI-PRB ranged from 0.09 to 146 meters per day 

(m/day) (0.30 to 479 feet per day [ft/day]) with an average of 37.1 m/day (122 ft/day).   

The calculated storativity values ranged from 5.84x10-6 to 1.28x10-4 m-1 (1.78x10-6 to  

3.91x10-5 ft-1).   

HPIT is intended to be conducted parallel to groundwater flow direction for reliable data.  

In the case of this project, the available monitoring well pairs and varying flow directions 
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of the UAZ in the ZVI-PRB area did not allow for ideal HPIT conditions.  Therefore, the 

data was assessed qualitatively and was not considered to be reliable results for subsurface 

properties in the ZVI-PRB area.  In comparing the data of the post-construction and pre-

construction HPIT, there are discernable responses in the receiver wells, indicating the well 

pairs are communicating and providing confidence that there is flow through the ZVI-PRB 

(Appendix G.2).  While this is a qualitative evaluation, the results indicate that the  

ZVI-PRB installation did not cause any negative impacts to the natural aquifer 

characteristics or to the natural groundwater flow through the area targeted by the NTC 

RA.  This provides further confidence that the ZVI-PRB achieves the performance criteria.   

5.2 Final Inspection for Acceptance of PAGW OU RA Construction Completion 

An internal FAI was performed on 02/05/2020 by the PAGW OU project team, SRNS 

safety and operations personnel, and USDOE.  The FAI was accepted by SRNS on 

03/02/2020, marking completion of construction of the ZVI-PRB.  Performance of the 

NTC RA will be monitored and assessed as identified in the EMP.    

6.0 AS-BUILT DOCUMENTATION 

6.1 As-Built Drawings 

The following as-built drawings are provided for the completion of the PAGW OU NTC 

RA: 

 Appendix J.1 – PAGW OU NTC RA As-Built of Resistivity Strings and Injection 

Wells, Plan View 

 Appendix J.2 – PAGW OU NTC RA As-Built of Monitoring Wells in Support of the 

EMP, Plan View 

 Appendix J.3 – PAGW OU NTC RA As-Built of the ZVI-PRB Trace, Plan View 
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6.2 Well Modifications 

In support of this NTC RA, seven downgradient groundwater monitoring wells 

(PRW005DL, PRW005DU, PRW006C, PRW006DL, PRW006DU, PRW007DL, and 

PRW007DU) and four in-wall groundwater monitoring wells (PIW001D, PIW002D, 

PIW003D, and PIW004D) were installed in the PAGW OU for effectiveness monitoring 

(Figure 8).  The newly installed wells will be sampled and analyzed under the EMP in 

support of this NTC RA, as described in Section 7.1.  Well records and soil boring 

installation reports for the newly installed wells are provided in Appendix H, and in 

Appendix D for the new in-wall monitoring wells. 

7.0 POST-CONSTRUCTION ACTIVITIES 

Construction activities in support of the ZVI-PRB NTC RA at the PAGW OU are complete.  

Land use of the entire PAGW OU area will be controlled consistent with the SRS Land 

Use Control Assurance Plan (WSRC 1999).  There is no current or projected future use of 

groundwater or surface water as a drinking water source at the PAGW 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 PAGW 

OU.  Post-construction effectiveness monitoring for the ZVI-PRB will be completed 

through the implementation of the EMP, as detailed below. 

7.1 Removal Action Effectiveness Monitoring 

The RAO to protect human health and the environment is to reduce the mass and 

downgradient transport of volatile organic compounds present in groundwater.  This will 

reduce the mass flux downgradient to Steel Creek.  The PAGW OU NTC RA, consisting 

of initiating vertical fractures perpendicular to groundwater flow, and injecting a ZVI 

mixture that will leave, in-situ, a permeable barrier.  The ZVI-PRB will degrade cVOCs in 

groundwater to harmless end products, and is expected to achieve the 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 2019a). 
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The EMP consists of eight upgradient monitoring wells, 14 downgradient monitoring 

wells, and four in-wall monitoring wells.  Table 12 and Figure 8 depict the location and 

construction details of the monitoring wells to be used for the EMP.  Wells will be sampled 

quarterly for all wells, except one well cluster farthest downgradient of the ZVI-PRB 

(PRW006), which will be sampled annually.  Sampling will be conducted for five years 

and results will be reported annually in an Effectiveness Monitoring Report (EMR).  In 

accordance with the closure requirements of the RADP, the annual EMRs for the PAGW 

OU NTC RA will evaluate the overall effectiveness of the NTC RA in reducing TCE mass 

flux in the contaminated groundwater as well as the sustainability of the ZVI-PRB.  After 

five years of effectiveness monitoring and reporting as part of the NTC RA Effectiveness 

Monitoring Plan, long-term monitoring of the ZVI-PRB will continue as necessary and will 

be reported in the Biennial PAGW Groundwater Monitoring Report.  Any potential future 

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

final remedial decision process.  

8.0 PROJECT COSTS 

Table 13 provides a cost comparison of the final costs for the NTC RA to the original 

RSER/EE/CA cost estimate.  The RSER/EE/CA capital cost estimate was $2,901,583 and 

the O&M cost estimate was $1,709,506, for a total project cost estimate of $4,611,089 

(SRNS 2018a).  There was a significant difference in actual cost versus the estimate in the 

total capital cost for this project and therefore the costs have been broken down in Table 

13 for further explanation below.    

The capital cost incurred in each phase is detailed in Table 13 with a combined total actual 

capital cost of $9,349,456, which is 222% higher than estimated in the RSER/EE/CA.  The 

ZVI-PRB project activities, and respective costs, occurred in three phases, the data design 

acquisition plan (DDAP) phase, the design phase, and the construction phase.  Due to the 

unique subsurface at the ZVI-PRB target location, an extensive DDAP was required to 

optimize the NTC RA design which consisted of installing two upgradient monitoring well 

clusters (consisting of 3 wells/cluster), installing two downgradient monitoring well 

clusters (consisting of 3 wells/cluster), continuous coring, soil sampling and analysis, and 
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geophysical logging at nine locations, treatability study to determine contaminant 

degradation rates and long-term performance of the ZVI, and pre-construction HPIT.  This 

effort was not accounted for in the RSER/EE/CA cost estimate and therefore is a major 

factor in the large overall variance in cost.  The design phase consisted of analyzing the 

DDAP data and producing a final design report.  The cost of the design phase was in line 

with the estimate.      

The construction phase cost is most comparable to the majority of the RSER/EE/CA 

estimate and was just slightly above the estimate for SRNS costs.  The main contributor to 

the large delta cost in this project was the subcontractor costs in the construction phase of 

this project.  This difference in cost can be attributed in part to the increase in total length 

of the ZVI-PRB, requiring additional drilling for injection wells and resistivity strings, 

more material for the injection casing construction, and more ZVI for the additional 

injection volume to construct the barrier.  In addition to increasing the ZVI-PRB size, the 

larger extent of the barrier required additional monitoring wells.  These changes to the NTC 

RA design were necessary based on the contaminant distributions that were identified 

during the DDAP phase.  O&M costs for this NTC RA are to-be-determined (TBD), as 

O&M is ongoing through performance monitoring of the ZVI-PRB.   
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Figure 1. NTC RA Site Location at SRS 
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Figure 2. Cross-Section of ZVI-PRB Target Area   
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Figure 3. PAOU Remedial Action PSA-3A Location 
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Figure 4. PAGW OU TCE Plume Map 
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Figure 5. PAGW OU TCE Plume Cross-Section for UAZ and LAZ 
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Figure 6. ZVI-PRB Expansion Casing Layout with TCE Plume 
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Figure 7. ZVI-PRB Resistivity String Layout with Lithology Cross-Section 
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Figure 8. Locations of EMP Wells 

Node 1 

Node 2 

Node 3 



RAR for the PAGW OU NTC RA SRNS-RP-2020-00021 
Savannah River Site  Revision 1 
November 2020 Page 47 of 76 

 

 
TP#2284_RPD.docx 

 

Figure 9. Plan View of the ZVI-PRB Injection Well and Resistivity String Layout 

Node 1 

Node 2 

Node 3 
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Figure 10. Active Resistance Mapping Time-Lapse Imaging 
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Figure 11. PAGW OU UAZ Groundwater Flow Direction and Potentiometric Surface 
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Figure 12. Typical ZVI Injection Pressure Graph 
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Figure 13. Composite Active Resistance Mapping Image of Completed ZVI-PRB 
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Figure 14. ZVI-PRB Final ZVI Thickness Calculations 
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Table 1. Maximum cVOC Concentrations in the PAGW OU Groundwater Plume 

Contaminant MCL 
(µg/L) 

Maximum Concentration  
in UAZ (µg/L) 

Maximum Concentration  
in LAZ (µg/L) 

Source 
Area 

Neck 
Area 

Distal 
Area 

Source 
Area 

Neck 
Area1 

Distal 
Area 

TCE 5 3140 4120 7440 7710 1500 7600 
PCE 5 260 50 25 100 <MDL 2.09 

cis-DCE 70 4720 107 432 104 400 200 
1 Based on 2011 DPT data; no LAZ wells in this area 

Based on 4Q2016 data unless otherwise noted 

MCL - maximum contaminant level 
MDL - minimum detection limit 
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Table 2  Chronology of Events 

Description of Activity Date 

Action Memorandum and Responsiveness Summary Submitted to SCDHEC and 
USEPA 

5/29/2018 

PDI Field Activities 9/2018 – 1/2019 

Subcontractor Submitted Final Design Report to SRNS 3/28/2019 

SCDHEC Issues UIC Permit to Construct ZVI Injection Wells 4/25/2019 

RA Field Activities Start 5/29/2019 

Installation of ZVI-PRB Injection Wells 5/29/2020 

SCDHEC Issues Approval of Program Plan to Install Resistivity Strings and In-Wall 
Monitoring Wells 

6/3/2019 

Installation of Resistivity Strings 6/10/2020 

RADP with EMP (Rev. 1) Submitted to SCDHEC and USEPA 7/8/2019 

SCDHEC Issues UIC Permit to Operate 34 Wells (22 Injection Wells and 12 
Monitoring Wells) 

7/23/2019 

ZVI Injections Begin 8/7/2019 

ZVI-PRB Site Visit by USEPA and SCDHEC 8/20/2019 & 10/8/2019 

ZVI Injections Completed 12/11/2019 

Installation of 4 In-Wall Monitoring Wells 12/17/2019 

Placement of Injection Wells (18 of 22) in Closed State 1/14/2020 

Abandonment of 23 Resistivity Strings 1/14/2020 

Post-Construction HPIT 1/27/2020 

ZVI-PRB Construction Demobilization Completed 1/30/2020 

Acceptance of FAI Documenting Completion of ZVI Injection, In-Wall Monitoring 
Well Installation, Resistivity String Abandonment, Placement of Injection Wells in 
Closed State  

3/2/2020 

Installation and Development of Additional Monitoring Wells Begin 3/9/2020 

Installation and Development of Additional Monitoring Wells Completed 6/2/2020 

Acceptance of FAI Documenting Completion of 8 Additional Monitoring Wells 6/8/2020 

Placement of Access Controls (Concrete Jersey Barriers, Barricades, Signage) at the 
ZVI-PRB Site 

6/24/2020 
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Table 3. ZVI-PRB Injection Well Construction Details 

PRB Information Boring Information Panel A Panel B Panel C 
Station ID 

Number 
of 

Expansion 
Casings 

Bottom  
PRB Target 

Depth  
[ft bgs] 

Surface 
Elevation 
of Boring  
[ft amsl] 

Total 
Depth of 
Boring  
[ft bgs] 

Bottom 
Elevation of  

A Casing  
[ft amsl] 

Bottom  
of  

A Casing  
[ft bgs] 

Top 
Elevation  

of  
A Casing  
[ft amsl] 

Top  
of  
A 

Casing  
[ft bgs] 

Bottom 
Elevation 

of  
B Casing  
[ft amsl] 

Bottom  
of  

B Casing  
[ft bgs] 

Top 
Elevation 

of  
B Casing  
[ft amsl] 

Top  
of  

B Casing  
[ft bgs] 

Bottom 
Elevation 

of  
C Casing  
[ft amsl] 

Bottom  
of  

C Casing  
[ft bgs] 

Top 
Elevation 

of  
C Casing  
[ft amsl] 

Top  
of  

C Casing  
[ft bgs] 

Old 
ID 

New ID 

F01 PGF001 6 136.5 309.80 138.5 172.80 137.0 182.80 127.0 187.80 122.0 197.80 112.0 202.80 107.0 212.80 97.0 

F02 PGF002 6 136.5 309.83 138.5 172.83 137.0 182.83 127.0 187.83 122.0 197.83 112.0 202.83 107.0 212.83 97.0 

F03 PGF003 6 136.8 310.07 138.5 173.07 137.0 183.07 127.0 188.07 122.0 198.07 112.0 203.07 107.0 213.07 97.0 

F04 PGF004 6 136.9 310.17 139.5 172.17 138.0 182.17 128.0 187.17 123.0 197.17 113.0 202.17 108.0 212.17 98.0 

F05 PGF005 6 136.7 310.38 138.5 173.38 137.0 183.38 127.0 188.38 122.0 198.38 112.0 203.38 107.0 213.38 97.0 

F06 PGF006 6 137.4 310.80 142.1 170.20 140.6 180.20 130.6 185.20 125.6 195.20 115.6 200.20 110.6 210.20 100.6 

F07 PGF007 6 137.5 310.94 140.1 172.34 138.6 182.34 128.6 187.34 123.6 197.34 113.6 202.34 108.6 212.34 98.6 

F08 PGF008 6 137.8 311.22 139.2 173.52 137.7 183.52 127.7 188.52 122.7 198.52 112.7 203.52 107.7 213.52 97.7 

F09 PGF009 6 138.1 311.46 139.8 173.16 138.3 183.16 128.3 188.16 123.3 198.16 113.3 203.16 108.3 213.16 98.3 

F10 PGF010 6 138.2 311.59 139.8 173.29 138.3 183.29 128.3 188.29 123.3 198.29 113.3 203.29 108.3 213.29 98.3 

F11 PGF011 6 137.0 311.81 138.5 174.81 137.0 184.81 127.0 189.81 122.0 199.81 112.0 204.81 107.0 214.81 97.0 

F12 PGF012 6 137.2 312.03 139.5 174.03 138.0 184.03 128.0 189.03 123.0 199.03 113.0 204.03 108.0 214.03 98.0 

F13 PGF013 6 137.3 312.18 139.5 174.18 138.0 184.18 128.0 189.18 123.0 199.18 113.0 204.18 108.0 214.18 98.0 

F14 PGF014 6 137.5 312.40 139.4 174.50 137.9 184.50 127.9 189.50 122.9 199.50 112.9 204.50 107.9 214.50 97.9 

F15 PGF015 6 137.7 312.55 139.3 174.75 137.8 184.75 127.8 189.75 122.8 199.75 112.8 204.75 107.8 214.75 97.8 

F16 PGF016 6 136.4 312.75 137.8 176.45 136.3 186.45 126.3 191.45 121.3 201.45 111.3 206.45 106.3 216.45 96.3 

F17 PGF017 6 136.5 312.87 137.9 176.47 136.4 186.47 126.4 191.47 121.4 201.47 111.4 206.47 106.4 216.47 96.4 

F18 PGF018 6 136.9 313.26 138.7 176.06 137.2 186.06 127.2 191.06 122.2 201.06 112.2 206.06 107.2 216.06 97.2 

F19 PGF019 5 122.6 313.64 125.4         189.74 123.9 199.74 113.9 204.74 108.9 214.74 98.9 

F20 PGF020 5 123.0 314.02 125.9         189.62 124.4 199.62 114.4 204.62 109.4 214.62 99.4 

F21 PGF021 5 122.3 314.391 124.2         191.69 122.7 201.69 112.7 206.69 107.7 216.69 97.7 

F22 PGF022 5 122.6 314.91 124.0         192.41 122.5 202.41 112.5 207.41 107.5 217.41 97.5 
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Table 3. ZVI-PRB Injection Well Construction Details (Continued) 

PRB Information Boring Information Panel D Panel E Panel F 

Station ID 
Number of 
Expansion 

Casings 

Bottom 
PRB 

Target 
Depth  
[ft bgs] 

Surface 
Elevation of 

Boring  
[ft amsl] 

Total 
Depth of 
Boring  
[ft bgs] 

Bottom 
Elevation 

of  
D Casing  
[ft amsl] 

Bottom  
of  

D Casing  
[ft bgs] 

Top 
Elevation 

of  
D Casing  
[ft amsl] 

Top  
of  

D Casing  
[ft bgs] 

Bottom 
Elevation  

of  
E Casing  
[ft amsl] 

Bottom 
of  

E Casing  
[ft bgs] 

Top 
Elevation 

of  
E Casing  
[ft amsl] 

Top  
of  

E Casing  
[ft bgs] 

Bottom 
Elevation 

of  
F Casing  
[ft amsl] 

Bottom 
of  

F Casing  
[ft bgs] 

Top 
Elevation 

of  
F Casing  
[ft amsl] 

Top  
of  

F Casing  
[ft bgs] 

Old ID New ID 

F01 PGF001 6 136.5 309.80 138.5 217.80 92.0 227.80 82.0 232.80 77.0 242.80 67.0 247.80 62.0 257.80 52.0 

F02 PGF002 6 136.5 309.83 138.5 217.83 92.0 227.83 82.0 232.83 77.0 242.83 67.0 247.83 62.0 257.83 52.0 

F03 PGF003 6 136.8 310.07 138.5 218.07 92.0 228.07 82.0 233.07 77.0 243.07 67.0 248.07 62.0 258.07 52.0 

F04 PGF004 6 136.9 310.17 139.5 217.17 93.0 227.17 83.0 232.17 78.0 242.17 68.0 247.17 63.0 257.17 53.0 

F05 PGF005 6 136.7 310.38 138.5 218.38 92.0 228.38 82.0 233.38 77.0 243.38 67.0 248.38 62.0 258.38 52.0 

F06 PGF006 6 137.4 310.80 142.1 215.20 95.6 225.20 85.6 230.20 80.6 240.20 70.6 245.20 65.6 255.20 55.6 

F07 PGF007 6 137.5 310.94 140.1 217.34 93.6 227.34 83.6 232.34 78.6 242.34 68.6 247.34 63.6 257.34 53.6 

F08 PGF008 6 137.8 311.22 139.2 218.52 92.7 228.52 82.7 233.52 77.7 243.52 67.7 248.52 62.7 258.52 52.7 

F09 PGF009 6 138.1 311.46 139.8 218.16 93.3 228.16 83.3 233.16 78.3 243.16 68.3 248.16 63.3 258.16 53.3 

F10 PGF010 6 138.2 311.59 139.8 218.29 93.3 228.29 83.3 233.29 78.3 243.29 68.3 248.29 63.3 258.29 53.3 

F11 PGF011 6 137.0 311.81 138.5 219.81 92.0 229.81 82.0 234.81 77.0 244.81 67.0 249.81 62.0 259.81 52.0 

F12 PGF012 6 137.2 312.03 139.5 219.03 93.0 229.03 83.0 234.03 78.0 244.03 68.0 249.03 63.0 259.03 53.0 

F13 PGF013 6 137.3 312.18 139.5 219.18 93.0 229.18 83.0 234.18 78.0 244.18 68.0 249.18 63.0 259.18 53.0 

F14 PGF014 6 137.5 312.40 139.4 219.50 92.9 229.50 82.9 234.50 77.9 244.50 67.9 249.50 62.9 259.50 52.9 

F15 PGF015 6 137.7 312.55 139.3 219.75 92.8 229.75 82.8 234.75 77.8 244.75 67.8 249.75 62.8 259.75 52.8 

F16 PGF016 6 136.4 312.75 137.8 221.45 91.3 231.45 81.3 236.45 76.3 246.45 66.3 251.45 61.3 261.45 51.3 

F17 PGF017 6 136.5 312.87 137.9 221.47 91.4 231.47 81.4 236.47 76.4 246.47 66.4 251.47 61.4 261.47 51.4 

F18 PGF018 6 136.9 313.26 138.7 221.06 92.2 231.06 82.2 236.06 77.2 246.06 67.2 251.06 62.2 261.06 52.2 

F19 PGF019 5 122.6 313.64 125.4 219.74 93.9 229.74 83.9 234.74 78.9 244.74 68.9 249.74 63.9 259.74 53.9 

F20 PGF020 5 123.0 314.02 125.9 219.62 94.4 229.62 84.4 234.62 79.4 244.62 69.4 249.62 64.4 259.62 54.4 

F21 PGF021 5 122.3 314.391 124.2 221.69 92.7 231.69 82.7 236.69 77.7 246.69 67.7 251.69 62.7 261.69 52.7 

F22 PGF022 5 122.6 314.91 124.0 222.41 92.5 232.41 82.5 237.41 77.5 247.41 67.5 252.41 62.5 262.41 52.5 
1 F21 (PGF021) surface elevation is an approximation.  
amsl - above mean sea level   
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Table 4. ZVI-PRB Resistivity String Construction Details 

Station 
ID 

Number of 
Receivers 

Target 
End of 

Tip  
[ft bgs] 

Surface 
Elevation  
[ft amsl] 

Actual End 
of Tip  
[ft bgs] 

Location 
Along 

Alignment1 
[ft] 

Elevation 
of Black 
Receiver  
[ft amsl] 

Depth of 
Black 

Receiver  
[ft bgs] 

Elevation 
of White 
Receiver  
[ft amsl] 

Depth of 
White 

Receiver  
[ft bgs] 

Elevation 
of Red 

Receiver  
[ft amsl] 

Depth of 
Red 

Receiver  
[ft bgs] 

Elevation 
of Green 
Receiver  
[ft amsl] 

Depth of 
Green 

Receiver  
[ft bgs] 

Elevation 
of Orange 
Receiver  
[ft amsl] 

Depth of 
Orange 
Receiver  
[ft bgs] 

RR01 19 137.0 309.56 137.3 -2.0 173.26 136.3 178.26 131.3 183.26 126.3 188.26 121.3 193.26 116.3 

RR02 19 137.2 309.76 137.3 8.2 173.46 136.3 178.46 131.3 183.46 126.3 188.46 121.3 193.46 116.3 

RR03 19 137.2 309.83 137.3 20.2 173.53 136.3 178.53 131.3 183.53 126.3 188.53 121.3 193.53 116.3 

RR04 19 137.3 309.99 137.3 32.7 173.69 136.3 178.69 131.3 183.69 126.3 188.69 121.3 193.69 116.3 

RR05 19 136.9 310.07 137.0 44.3 174.07 136.0 179.07 131.0 184.07 126.0 189.07 121.0 194.07 116.0 

RR06 19 137.6 310.29 137.5 56.5 173.79 136.5 178.79 131.5 183.79 126.5 188.79 121.5 193.79 116.5 

RR07 19 136.0 310.22 136.1 68.3 175.12 135.1 180.12 130.1 185.12 125.1 190.12 120.1 195.12 115.1 

RR08 19 136.3 310.52 136.3 92.7 175.22 135.3 180.22 130.3 185.22 125.3 190.22 120.3 195.22 115.3 

RR09 19 136.9 310.78 136.3 105.5 175.48 135.3 180.48 130.3 185.48 125.3 190.48 120.3 195.48 115.3 

RR10 19 137.1 310.96 137.0 117.8 174.96 136.0 179.96 131.0 184.96 126.0 189.96 121.0 194.96 116.0 

RR11 19 137.6 311.34 137.5 130.8 174.84 136.5 179.84 131.5 184.84 126.5 189.84 121.5 194.84 116.5 

RR12 19 137.9 311.61 137.7 142.9 174.91 136.7 179.91 131.7 184.91 126.7 189.91 121.7 194.91 116.7 

RR13 19 135.6 311.96 135.7 155.2 177.26 134.7 182.26 129.7 187.26 124.7 192.26 119.7 197.26 114.7 

RR14 19 136.0 312.28 136.6 167.0 176.68 135.6 181.68 130.6 186.68 125.6 191.68 120.6 196.68 115.6 

RR15 19 136.4 312.16 136.4 183.0 176.76 135.4 181.76 130.4 186.76 125.4 191.76 120.4 196.76 115.4 

RR16 19 136.4 312.20 136.4 195.9 176.80 135.4 181.80 130.4 186.80 125.4 191.80 120.4 196.80 115.4 

RR17 19 134.2 312.37 134.4 209.7 178.97 133.4 183.97 128.4 188.97 123.4 193.97 118.4 198.97 113.4 

RR18 19 135.9 312.792 136.1 222.2 177.69 135.1 182.69 130.1 187.69 125.1 192.69 120.1 197.69 115.1 

RR19 19 136.3 313.19 136.3 234.2 177.89 135.3 182.89 130.3 187.89 125.3 192.89 120.3 197.89 115.3 

RR20 16 122.5 313.56 122.5 246.1 192.06 121.5 197.06 116.5 202.06 111.5 207.06 106.5 212.06 101.5 

RR21 16 122.9 314.02 123.5 258.6 191.52 122.5 196.52 117.5 201.52 112.5 206.52 107.5 211.52 102.5 

RR22 16 121.7 314.35 121.7 270.2 193.65 120.7 198.65 115.7 203.65 110.7 208.65 105.7 213.65 100.7 

RR23 16 122.0 314.65 121.9 282.5 193.75 120.9 198.75 115.9 203.75 110.9 208.75 105.9 213.75 100.9 
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Table 4. ZVI-PRB Resistivity String Construction Details (Continued) 

Station 
ID 

Number of 
Receivers 

Target 
End of 

Tip  
[ft bgs] 

Surface 
Elevation  
[ft amsl] 

Actual End 
of Tip  
[ft bgs] 

Location 
Along 

Alignment1 
[ft] 

Elevation 
of Yellow 
Receiver  
[ft amsl] 

Depth of 
Yellow 

Receiver  
[ft bgs] 

Elevation 
of Blue 

Receiver  
[ft amsl] 

Depth of 
Blue 

Receiver  
[ft bgs] 

Elevation 
of Purple 
Receiver  
[ft amsl] 

Depth of 
Purple 

Receiver  
[ft bgs] 

Elevation 
of Gray 
Receiver  
[ft amsl] 

Depth of 
Gray 

Receiver  
[ft bgs] 

Elevation 
of Brown 
Receiver  
[ft amsl] 

Depth of 
Brown 

Receiver  
[ft bgs] 

RR01 19 137.0 309.56 137.3 -2.0 198.26 111.3 203.26 106.3 208.26 101.3 213.26 96.3 218.26 91.3 

RR02 19 137.2 309.76 137.3 8.2 198.46 111.3 203.46 106.3 208.46 101.3 213.46 96.3 218.46 91.3 

RR03 19 137.2 309.83 137.3 20.2 198.53 111.3 203.53 106.3 208.53 101.3 213.53 96.3 218.53 91.3 

RR04 19 137.3 309.99 137.3 32.7 198.69 111.3 203.69 106.3 208.69 101.3 213.69 96.3 218.69 91.3 

RR05 19 136.9 310.07 137.0 44.3 199.07 111.0 204.07 106.0 209.07 101.0 214.07 96.0 219.07 91.0 

RR06 19 137.6 310.29 137.5 56.5 198.79 111.5 203.79 106.5 208.79 101.5 213.79 96.5 218.79 91.5 

RR07 19 136.0 310.22 136.1 68.3 200.12 110.1 205.12 105.1 210.12 100.1 215.12 95.1 220.12 90.1 

RR08 19 136.3 310.52 136.3 92.7 200.22 110.3 205.22 105.3 210.22 100.3 215.22 95.3 220.22 90.3 

RR09 19 136.9 310.78 136.3 105.5 200.48 110.3 205.48 105.3 210.48 100.3 215.48 95.3 220.48 90.3 

RR10 19 137.1 310.96 137.0 117.8 199.96 111.0 204.96 106.0 209.96 101.0 214.96 96.0 219.96 91.0 

RR11 19 137.6 311.34 137.5 130.8 199.84 111.5 204.84 106.5 209.84 101.5 214.84 96.5 219.84 91.5 

RR12 19 137.9 311.61 137.7 142.9 199.91 111.7 204.91 106.7 209.91 101.7 214.91 96.7 219.91 91.7 

RR13 19 135.6 311.96 135.7 155.2 202.26 109.7 207.26 104.7 212.26 99.7 217.26 94.7 222.26 89.7 

RR14 19 136.0 312.28 136.6 167.0 201.68 110.6 206.68 105.6 211.68 100.6 216.68 95.6 221.68 90.6 

RR15 19 136.4 312.16 136.4 183.0 201.76 110.4 206.76 105.4 211.76 100.4 216.76 95.4 221.76 90.4 

RR16 19 136.4 312.20 136.4 195.9 201.80 110.4 206.80 105.4 211.80 100.4 216.80 95.4 221.80 90.4 

RR17 19 134.2 312.37 134.4 209.7 203.97 108.4 208.97 103.4 213.97 98.4 218.97 93.4 223.97 88.4 

RR18 19 135.9 312.792 136.1 222.2 202.69 110.1 207.69 105.1 212.69 100.1 217.69 95.1 222.69 90.1 

RR19 19 136.3 313.19 136.3 234.2 202.89 110.3 207.89 105.3 212.89 100.3 217.89 95.3 222.89 90.3 

RR20 16 122.5 313.56 122.5 246.1 217.06 96.5 222.06 91.5 227.06 86.5 232.06 81.5 237.06 76.5 

RR21 16 122.9 314.02 123.5 258.6 216.52 97.5 221.52 92.5 226.52 87.5 231.52 82.5 236.52 77.5 

RR22 16 121.7 314.35 121.7 270.2 218.65 95.7 223.65 90.7 228.65 85.7 233.65 80.7 238.65 75.7 

RR23 16 122.0 314.65 121.9 282.5 218.75 95.9 223.75 90.9 228.75 85.9 233.75 80.9 238.75 75.9 
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Table 4. ZVI-PRB Resistivity String Construction Details (Continued) 

Station 
ID 

Number of 
Receivers 

Target 
End of 

Tip  
[ft bgs] 

Surface 
Elevation  
[ft amsl] 

Actual End 
of Tip  
[ft bgs] 

Location 
Along 

Alignment1 
[ft] 

Elevation 
of B/Red 
Receiver  
[ft amsl] 

Depth of 
B/Red 

Receiver  
[ft bgs] 

Elevation of 
B/White 
Receiver  
[ft amsl] 

Depth of 
B/White 
Receiver  
[ft bgs] 

Elevation 
of B/Green 
Receiver  
[ft amsl] 

Depth of 
B/Green 
Receiver  
[ft bgs] 

Elevation of 
B/Yellow 
Receiver  
[ft amsl] 

Depth of 
B/Yellow 
Receiver  
[ft bgs] 

Elevation 
of B/Blue 
Receiver  
[ft amsl] 

Depth of 
B/Blue 

Receiver  
[ft bgs] 

RR01 19 137.0 309.56 137.3 -2.0 223.26 86.3 228.26 81.3 233.26 76.3 238.26 71.3 243.26 66.3 

RR02 19 137.2 309.76 137.3 8.2 223.46 86.3 228.46 81.3 233.46 76.3 238.46 71.3 243.46 66.3 

RR03 19 137.2 309.83 137.3 20.2 223.53 86.3 228.53 81.3 233.53 76.3 238.53 71.3 243.53 66.3 

RR04 19 137.3 309.99 137.3 32.7 223.69 86.3 228.69 81.3 233.69 76.3 238.69 71.3 243.69 66.3 

RR05 19 136.9 310.07 137.0 44.3 224.07 86.0 229.07 81.0 234.07 76.0 239.07 71.0 244.07 66.0 

RR06 19 137.6 310.29 137.5 56.5 223.79 86.5 228.79 81.5 233.79 76.5 238.79 71.5 243.79 66.5 

RR07 19 136.0 310.22 136.1 68.3 225.12 85.1 230.12 80.1 235.12 75.1 240.12 70.1 245.12 65.1 

RR08 19 136.3 310.52 136.3 92.7 225.22 85.3 230.22 80.3 235.22 75.3 240.22 70.3 245.22 65.3 

RR09 19 136.9 310.78 136.3 105.5 225.48 85.3 230.48 80.3 235.48 75.3 240.48 70.3 245.48 65.3 

RR10 19 137.1 310.96 137.0 117.8 224.96 86.0 229.96 81.0 234.96 76.0 239.96 71.0 244.96 66.0 

RR11 19 137.6 311.34 137.5 130.8 224.84 86.5 229.84 81.5 234.84 76.5 239.84 71.5 244.84 66.5 

RR12 19 137.9 311.61 137.7 142.9 224.91 86.7 229.91 81.7 234.91 76.7 239.91 71.7 244.91 66.7 

RR13 19 135.6 311.96 135.7 155.2 227.26 84.7 232.26 79.7 237.26 74.7 242.26 69.7 247.26 64.7 

RR14 19 136.0 312.28 136.6 167.0 226.68 85.6 231.68 80.6 236.68 75.6 241.68 70.6 246.68 65.6 

RR15 19 136.4 312.16 136.4 183.0 226.76 85.4 231.76 80.4 236.76 75.4 241.76 70.4 246.76 65.4 

RR16 19 136.4 312.20 136.4 195.9 226.80 85.4 231.80 80.4 236.80 75.4 241.80 70.4 246.80 65.4 

RR17 19 134.2 312.37 134.4 209.7 228.97 83.4 233.97 78.4 238.97 73.4 243.97 68.4 248.97 63.4 

RR18 19 135.9 312.792 136.1 222.2 227.69 85.1 232.69 80.1 237.69 75.1 242.69 70.1 247.69 65.1 

RR19 19 136.3 313.19 136.3 234.2 227.89 85.3 232.89 80.3 237.89 75.3 242.89 70.3 247.89 65.3 

RR20 16 122.5 313.56 122.5 246.1 242.06 71.5 247.06 66.5 252.06 61.5 257.06 56.5 262.06 51.5 

RR21 16 122.9 314.02 123.5 258.6 241.52 72.5 246.52 67.5 251.52 62.5 256.52 57.5 261.52 52.5 

RR22 16 121.7 314.35 121.7 270.2 243.65 70.7 248.65 65.7 253.65 60.7 258.65 55.7 263.65 50.7 

RR23 16 122.0 314.65 121.9 282.5 243.75 70.9 248.75 65.9 253.75 60.9 258.75 55.9 263.75 50.9 
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Table 4. ZVI-PRB Resistivity String Construction Details (Continued/End) 

Station 
ID 

Number of 
Receivers 

Target 
End of 

Tip  
[ft bgs] 

Surface 
Elevation  
[ft amsl] 

Actual End 
of Tip  
[ft bgs] 

Location 
Along 

Alignment1 
[ft] 

Elevation of 
B/Purple 
Receiver  
[ft amsl] 

Depth of 
B/Purple 
Receiver  
[ft bgs] 

Elevation of 
B/Orange 
Receiver  
[ft amsl] 

Depth of 
B/Orange 
Receiver  
[ft bgs] 

Elevation of 
W/Blue 

Receiver  
[ft amsl] 

Depth of 
W/Blue 
Receiver  
[ft bgs] 

Elevation of 
W/Red 

Receiver  
[ft amsl] 

Depth of 
W/Red 

Receiver  
[ft bgs] 

RR01 19 137.0 309.56 137.3 -2.0 248.26 61.3 253.26 56.3 258.26 51.3 263.26 46.3 

RR02 19 137.2 309.76 137.3 8.2 248.46 61.3 253.46 56.3 258.46 51.3 263.46 46.3 

RR03 19 137.2 309.83 137.3 20.2 248.53 61.3 253.53 56.3 258.53 51.3 263.53 46.3 

RR04 19 137.3 309.99 137.3 32.7 248.69 61.3 253.69 56.3 258.69 51.3 263.69 46.3 

RR05 19 136.9 310.07 137.0 44.3 249.07 61.0 254.07 56.0 259.07 51.0 264.07 46.0 

RR06 19 137.6 310.29 137.5 56.5 248.79 61.5 253.79 56.5 258.79 51.5 263.79 46.5 

RR07 19 136.0 310.22 136.1 68.3 250.12 60.1 255.12 55.1 260.12 50.1 265.12 45.1 

RR08 19 136.3 310.52 136.3 92.7 250.22 60.3 255.22 55.3 260.22 50.3 265.22 45.3 

RR09 19 136.9 310.78 136.3 105.5 250.48 60.3 255.48 55.3 260.48 50.3 265.48 45.3 

RR10 19 137.1 310.96 137.0 117.8 249.96 61.0 254.96 56.0 259.96 51.0 264.96 46.0 

RR11 19 137.6 311.34 137.5 130.8 249.84 61.5 254.84 56.5 259.84 51.5 264.84 46.5 

RR12 19 137.9 311.61 137.7 142.9 249.91 61.7 254.91 56.7 259.91 51.7 264.91 46.7 

RR13 19 135.6 311.96 135.7 155.2 252.26 59.7 257.26 54.7 262.26 49.7 267.26 44.7 

RR14 19 136.0 312.28 136.6 167.0 251.68 60.6 256.68 55.6 261.68 50.6 266.68 45.6 

RR15 19 136.4 312.16 136.4 183.0 251.76 60.4 256.76 55.4 261.76 50.4 266.76 45.4 

RR16 19 136.4 312.20 136.4 195.9 251.80 60.4 256.80 55.4 261.80 50.4 266.80 45.4 

RR17 19 134.2 312.37 134.4 209.7 253.97 58.4 258.97 53.4 263.97 48.4 268.97 43.4 

RR18 19 135.9 312.792 136.1 222.2 252.69 60.1 257.69 55.1 262.69 50.1 267.69 45.1 

RR19 19 136.3 313.19 136.3 234.2 252.89 60.3 257.89 55.3 262.89 50.3 267.89 45.3 

RR20 16 122.5 313.56 122.5 246.1 267.06 46.5             

RR21 16 122.9 314.02 123.5 258.6 266.52 47.5             

RR22 16 121.7 314.35 121.7 270.2 268.65 45.7             

RR23 16 122.0 314.65 121.9 282.5 268.75 45.9             
1 Location along alignment is from Northernmost injection (PGF) well.  
2 RR18 surface elevation is an approximation. 
Colors denote wire colors used for receivers. 
amsl - above mean sea level  
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Table 5. ZVI Injection Quantities 

Station ID Panel Designation Total ZVI 
Weight 

[lbs or US tons] 

RADP Target 
Weight2 

[lbs or US tons] Old ID New ID A B C D E F 
F01 PGF001 11340 11340 11340 11340 11340 7005 63705 64800 
F02 PGF002 11340 11340 15347 15402 11340 7005 71774 64800 
F03 PGF003 11340 11340 15347 15347 11340 7005 71719 64800 
F04 PGF004 11340 11340 15347 15347 11340 7005 71719 64800 
F05 PGF005 11340 11340 15347 15347 11340 7005 71719 64800 
F06 PGF006 11340 11340 15347 15347 11340 7005 71719 64800 
F07 PGF007 11340 11340 15347 15347 11340 7005 71719 64800 
F08 PGF008 11340 11340 15347 15347 11340 7005 71719 64800 
F09 PGF009 11340 11340 15347 15347 11340 7005 71719 64800 
F10 PGF010 11340 11340 15347 15347 15347 7005 75726 64800 
F11 PGF011 11340 11340 15347 15347 15347 7005 75726 64800 
F12 PGF012 11340 11340 15347 15347 15347 7005 75726 64800 
F13 PGF013 11340 11342 15347 15347 15347 7005 75728 64800 
F14 PGF014 11340 11340 15347 15347 15347 7005 75726 64800 
F15 PGF015 11340 11340 15347 15347 15347 7005 75726 64800 
F16 PGF016 11340 11340 15347 15399 15347 7005 75778 64800 
F17 PGF017 11340 11340 11340 15347 15347 7005 71719 64800 
F18 PGF018 11340 11340 11340 15347 15347 7005 71719 64800 
F19 PGF019   11340 11340 15347 15347 7005 60379 54000 
F20 PGF020   11340 11340 15347 15347 7005 60379 54000 
F21 PGF021   11340 11340 20261 20261 7005 70207 54000 
F22 PGF022   0 0 0 0 7005 7005 54000 

Total ZVI Injected [lbs] 204120 238142 298245 323301 291138 154110 1431844 1274400 
Total ZVI Injected [US tons] 102.1 119.1 149.1 161.7 145.6 77.1 715.9 637.2 

Washout Weight [lbs] 6700 5580 6580 2960 4460 660 26940 - 
Retained Weight [lbs] 197420 232562 291665 320341 286678 153450 1482116 - 

Retained Weight [US tons] 98.7 116.3 145.8 160.2 143.3 76.7 741.1 - 
1 Quantities represent injected quantities.  This does not account for ZVI losses due to washout.   
2 RADP target weights were determined based on a design thickness of 4 in. and a ZVI bulk density of 180 pcf.  Actual ZVI bulk densities averaged 151 pcf. 
Highlighted weights indicate the "hot-spots" agreed on by the project team.       

 

  



RAR for the PAGW OU NTC RA SRNS-RP-2020-00021 
Savannah River Site  Revision 1 
November 2020 Page 62 of 76 

 

 
TP#2284_RPD.docx 

Table 6. In-Wall Monitoring Well Construction Details 

Station 
ID 

Ground 
Elevation  
[ft amsl] 

Pad 
Elevation  
[ft amsl] 

Total 
Depth  
[ft bgs] 

Casing 
Diameter  

[in.] 

Construction 
Material 

Top of 
Screen  
[ft bgs] 

Screened 
Interval  
[ft bgs] 

Screen 
Length  

[ft] 

Screen 
Size  
[in.] 

Filter Pack/Depth  
[ft bgs] 

Completion 
Date 

PIW001D 310.268 310.599 106.6 1 PVC Schedule 40 86.6 86.6-106.6 20 0.010 #2 Sand/4.6-43.0 ZVI/43.0-106.6 12/17/2019 

PIW002D 311.739 312.138 93.0 1 PVC Schedule 40 78.0 78.0-93.0 15 0.010 #2 Sand/3.0-44.5 ZVI/44.5-93.0 12/17/2019 

PIW003D 312.987 313.134 92.1 1 PVC Schedule 40 72.1 72.1-92.1 20 0.010 #2 Sand/4.7-45.0 ZVI/45.0-92.1 12/18/2019 

PIW004D 314.324 314.577 82.9 1 PVC Schedule 40 62.9 62.9-82.9 20 0.010 #2 Sand/4.0-43.7 ZVI/43.7-82.9 12/18/2019 
amsl - above mean sea level                     
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Table 7. Summary of Deviations 

Item Change Reason 
1 The injection well station IDs 

changed from F01-F22 to 
PGF001-PGF022. 

This change was necessary as there are already wells within SRNS' database of wells with IDs F01-F22. 

2 The locations and depths of 
the resistivity strings differed 
slightly from the design in the 
RADP.  RR01 was moved 
slightly toward RR02.  RR11, 
RR12, and RR13 were moved 
1.2 m (4 ft) closer to the ZVI-
PRB and RR14 was moved 0.9 
m (3 ft) closer.  The depths of 
all resistivity strings were 
slightly deeper than proposed 
in the RADP and are 
summarized in Table 4. 

Prior to the PAGW OU NTC RA construction, a gravel pad was constructed at the ZVI-PRB site to provide stability.  This pad increased the 
ground surface elevation slightly in some areas.  The total depths of the resistivity strings were increased to account for this change in elevation.   
 
During installation of RR01, the resistivity string was pulled up ~3.7 m (12 ft) while trying to extract the CPT rods and had to be abandoned in 
place.  Therefore, RR01 was installed a second time and its location was moved less than 0.30 m (1 ft) toward RR02 in order to decrease with 
interference with the abandoned RR01.  In addition, the locations of RR11-RR14 were moved due to drill rig access constraints from 
monitoring wells in close proximity.  RR11-RR13 were moved 1.2 m (4 ft) closer to the ZVI-PRB and RR14 was moved 0.91 m (3 ft) closer to 
the ZVI-PRB.  The remaining resistivity strings maintained a 7.3 m (24 ft) offset from the ZVI-PRB. 
 
The changes to resistivity string locations and depths did not hamper the ability to monitor, and therefore all associated performance objectives 
were met. 

3 Per the RADP, injection wells 
were to be installed with a 
total depth of 41.1 m (135 ft) 
bgs for PGF001-PGF018 and 
36.6 m (120 ft) bgs for 
PGF019-PGF022.  These 
depths were increased slightly 
and are summarized in Table 
3. 

Prior to the PAGW OU NTC RA construction, a gravel pad was constructed at the ZVI-PRB site to provide stability.  This pad increased the 
ground surface elevation slightly in some areas.  The total depths of the injection wells were increased to account for this change in elevation.  
In addition, injection well PGF006 was installed deeper than intended due to difficulties in reaching a stable bottom during drilling.  At PGF006 
the formation washed out to a depth of 44.2 m (145 ft) bgs.  After adding 13 bags of #2 filter sand (22.7 kg [50 lb] bags) the driller attempted to 
install the injection well at target depth.  The injection well assembly settled to a depth of 42.7 m (140 ft) bgs.  The project team discussed this 
with the subcontractor and determined the slight difference in elevation would not cause an issue with ZVI-PRB construction, as the ZVI 
fracture would propagate toward the adjacent injection wells.  The change is not anticipated to affect the ZVI-PRB performance, and therefore 
the performance objective is met. 

4 ZVI was not injected in 
PGF022 for the depth interval 
18.3-36.6 m (60-120 ft) 
(Panels B, C, D, and E).   

During installation of the injection wells, the riser for PGF022 was damaged.  GeoSierra excavated down 1.8 m (6 ft) around the riser, cut the 
riser, and welded on new riser piper to grade.  During installation of the packer in PGW022 for injections, the packer ended up lodged in Panel 
E at 22.3 m (73 ft) bgs.  Therefore, no ZVI could be injected in Panels B, C, D, and E of PGF022.  The ZVI allocated for the four panels that 
could not be isolated was redistributed in a targeted approach, as described in item 5 below.  During injections in PGF021, active resistance 
mapping images showed evidence of ZVI propagation toward PGF022 for Panels B-E.  Considering that ZVI was propagating from PGF021 
toward PGF022, and that the TCE concentrations in Panels B-E of PGF022 are relatively low, the project team agreed to not injecting in Panels 
B-E at PGF022.  This deviation is not anticipated to reduce the overall performance of the ZVI-PRB and the final ZVI-PRB still addresses over 
90% of the cVOC contaminant plume, therefore the performance objective is met. 
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Table 7. Summary of Deviations (Continued) 

Item Change Reason 

5 The envisioned ZVI-PRB in the RADP had a 10.2 cm (4 in.) 
nominal thickness and required 627 metric tons (691 US tons) 
of ZVI with 10% additional ZVI allocated for waste (total of 
~689 metric tons [760 US tons] of ZVI).  The design intended 
the ZVI-PRB thickness to be consistent throughout.  However, 
the constructed ZVI-PRB has varying thicknesses throughout 
the barrier due to changes in the target injection weight of ZVI 
made by the project team.  The amount of ZVI injected in 
Panel C of PGF002-PGF016, Panel D of PGF002-PGF021, 
and Panel E of PGF010-PGF021 was increased.  The amount 
of ZVI injected in Panel F of all injection wells was 
decreased.   

For construction of a typical ZVI-PRB, GeoSierra orders an additional 10% of ZVI to account for potential 
losses in broken supersacks, bad batches, washout, etc. in order to ensure the correct amount of ZVI is 
retained in the subsurface per the design.  For Panel A and B injections, GeoSierra injected 105% of the 
target weight of ZVI to account for washout losses and held 5% of the ZVI back as a buffer for unforeseen 
losses.  After completing Panel A and B, it was determined that actual losses were much lower due to 
process efficiency and low washout returns.  Therefore, 3% of the remaining 5% buffer was distributed to a 
list of 47 "hot-spots" determined by SRNS to be the expansion casings that transect the highest TCE 
concentrations in the cVOC plume.   
 
In addition to redistributing a portion of the buffer ZVI, the project team agreed that the top panel (Panel F) 
thickness could be reduced due to TCE concentrations being significantly lower than the remainder of the 
ZVI-PRB.  The thickness in Panel F was reduced from 10.2 cm (4 in.) to 5.1 cm (2 in.).  The reduction in 
ZVI thickness will not have an impact on ZVI-PRB effectiveness.  The 'excess' ZVI was redistributed to the 
47 "hot-spots" determined from analysis of soil boring plugs.    
 
Lastly, 'excess' ZVI was realized from Panels B-E of PGF022 due to no injections as described in item 4.  
ZVI allocated for Panel B and C of PGF022 was distributed to the "hot-spots."  Half of the ZVI allocated 
for Panel D and E of PGF022 was distributed to the "hot-spots," and the other half was added to the weights 
for Panel D and E of PGF021 based on observations of propagation from PGF021 to PGF022 in the active 
resistance mapping images. 
 
The resulting ZVI-PRB thickness in Panels A-E is greater than the design thickness described in the RADP.  
The final thickness of Panel F is ~7.8 cm (3.1 in.) based on a bulk density of 151 pcf (See item 6).  Panel F 
is the only panel that saw a reduced thickness from the RADP but is still anticipated to achieve at least 90% 
reduction in TCE mass flux due to lower influent concentrations.  Therefore, the performance objective is 
met. 
 
This deviation is explained in detail in SDDR 7 (Appendix H)   

6 The ZVI bulk density in the RADP was to be 2,883 kg/m3 
(180 pcf).  The average bulk density of the delivered ZVI was 
2,419 kg/m3 (151 pcf). 

The difference in bulk density was the result of an incorrect reference in the RADP.  The design referenced 
the bulk density of ZVI used in the Treatability Study during the PDI.  The bulk density of 151 pcf is within 
specifications for the ZVI selected for the PAGW OU NTC RA.  This deviation is explained in SDDR 6 
(Appendix I).  The correction in the ZVI bulk density shows that the ZVI-PRB nominal thickness is greater 
than calculated with the higher value.  Therefore, this deviation does not lead to a reduction in the ZVI-PRB 
performance, and the performance objective is met.    
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Table 8. ZVI Gel Mixture Ingredient Quantities 

Ingredient 
Product per Gallon 

 of Water 
[lbs] 

Max Weight By  
UIC Permit1 

[lbs] 

Total Amount  
Used2 
[lbs] 

ZVI 8 - 10 1,600,000  1,520,000 
HPG 0.05 - 0.06 13,000  11,202 
Acetic Acid 0.001 - 0.002 500  237 

HPG Cross-Linker 0.046 - 0.065 20,000  12,8313 

HPG Enzyme 0.001 - 0.002 500  3953 

Sodium Chloride 0.02 - 0.03 4,000  3,462 
1 Maximum weights set by UIC Permit Table 6C (SRNS 2019b).   
2 Totals are the amounts of each ingredient used.  Therefore, the injected amount is slightly less than these values. 
3 Weight of cross-linker and enzyme was estimated based on the typical amounts used per gallon of water.  Approximately 197,400 gal of 

water was used for gel mixtures. 
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Table 9. Gel Batch Testing Results 

Date 
Gel 

Batch 
No. 

Temperature 
[°C] 

Shear Rate [sec-1] 
Gel 
pH 

Gel 
Resistivity 
[ohms-cm] 

Batch Size/Remarks 1 10 100 
Gel Viscosity [cP] 

8/7/2019 1 31.8 1,400 690 195 5.74 250 
1,500 gal, 80 lbs HPG, 30 lbs salt, 800 mL acetic 
acid 

8/8/2019 1 29 800 390 200 5.5 250 Test 2nd day 

8/9/2019 2 31.3 1,600 750 202 5.72 280 
1,500 gal, 80 lbs HPG, 25 lbs salt, 750 mL acetic 
acid 

8/14/2019 3 33.1 975 495 145 5.88 295 
3,000 gal, 145 lbs HPG, 50 lbs salt, 1500 mL 
acetic acid; 2,900 gal dumped for quality issues 

8/15/2019 4 30.7 700 320 100 5.89 280 
2,000 gal, 95 lbs HPG, 50 lbs salt, 1,000 mL 
acetic acid; dumped 1700 gal  

8/19/2019 5 28.5 1,000 520 168 6.2 265 
500 gal, 27 lbs HPG, 8.5 lbs salt, 200 mL acetic 
acid 

8/19/2019 6 32.4 1,300 600 167 6.1 282 
1,500 gal, 80 lbs HPG, 25 lbs salt, 750 mL acetic 
acid 

8/20/2019 7 28.5 1,000 525 155 6.02 287 
3,000 gal, 162 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

8/21/2019 8 31.6 1,500 660 188 6.12 280 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

8/22/2019 9 31.2 800 498 147 6.08 280 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

8/23/2019 10 32.9 1,200 630 175 6.24 280 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid; dumped 2,300 gal due to bad weather 

8/27/2019 11 26.7 1,500 657 186 6.12 280 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

8/28/2019 12 26.3 2,000 700 201 6.16 310 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

8/29/2019 13 28 1,600 740 185 6.27 310 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

9/4/2019 14 31.2 1,700 760 190 6.24 310 
3,000 gal, 169 lbs HPG, 50 lbs salt, 1,500 mL 
acetic acid 

9/5/2019 14 28.2 1,300 650 180 5.73 300 Test 2nd day 

9/5/2019 15 31.6 1,100 550 150 6.1 290 
2,500 gal, 131 lbs HPG, 40 lbs salt, 1,250 mL 
acetic acid 

9/6/2019 15 29.5 950 440 135 5.77 290 Test 2nd day 

9/9/2019 16 30.8 2,100 900 225 6.58 270 
500 gal water, 35 lbs HPG, 8.5 lbs salt, 200 ml 
acetic acid 

9/11/2019 17 29.2 1,400 620 165 6.21 280 
3,000 gal water, 169 lbs guar, 50 lbs salt, 1,500 
ml acetic acid 

9/12/2019 18 30.8 1,400 600 160 6.13 280 
3,000 gal water, 174 lbs HPG, 50 lbs salt, 1,550 
mL acetic acid 

9/13/2019 19 29.6 1,000 510 155 6.1 280 
3,000 gal water, 174 lbs HPG, 50 lbs salt, 1,550 
mL acetic acid; dumped 1500 gal due to low 
viscosity 

9/16/2019 20 31.2 1,100 580 165 6.11 280 
3,000 gal water, 174 lbs HPG, 50 lbs salt, 1,550 
mL acetic acid 

9/17/2019 21 30.9 1,300 600 175 6.09 280 
3,000 gal water, 174 lbs HPG, 50 lbs salt, 1,550 
mL acetic acid 

9/18/2019 22 28.1 1,200 570 155 6.13 280 
3,000 gal water, 174 lbs HPG, 50 lbs salt, 1,550 
mL acetic acid 

9/19/2019 22 25.1 700 375 137 6.03 280 Test 2nd day 
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Table 9. Gel Batch Testing Results (Continued) 

Date 
Gel 

Batch 
No. 

Temperature 
[°C] 

Shear Rate [sec-1] 
Gel 
pH 

Gel 
Resistivity 
[ohms-cm] 

Batch Size/Remarks 1 10 100 
Gel Viscosity [cP] 

9/19/2019 23 27.1 1,100 550 155 6.08 350 
3,000 gal water, 174 lbs HPG, 50 lbs salt,  
1,550 mL acetic acid 

9/20/2019 23 19.9 600 350 120 6.08 350 Test 2nd day 

9/20/2019 24 27.4 1,100 550 155 5.85 300 
2,500 gal water, 125 lbs HPG, 50 lbs salt,  
1,300 mL acetic acid 

9/26/2019 25 31.2 1,000 500 150 6.13 310 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

9/27/2019 25 27.8 500 320 120 5.95 - 
Test 2nd day; dumped 300 gal due to broken 
cross-link pump 

9/30/2019 26 30.1 1,100 550 155 6.1 280 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/1/2019 26 27.1 300 240 97 5.72 - 
Test 2nd day; dumped 1,000 gal due to low 
viscosity 

10/1/2019 27 29.5 1,500 750 195 6.12 280 
1,500 gal water, 84 lbs HPG, 30 lbs salt,  
775 mL acetic acid 

10/2/2019 28 27.1 1,100 580 160 5.93 270 
1,500 gal water, 84 lbs HPG, 30 lbs salt,  
775 mL acetic acid 

10/3/2019 29 28.9 1,100 520 150 6.02 280 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/4/2019 29 26.8 500 310 120 6 280 Test 2nd day 

10/4/2019 30 29.6 1,600 770 195 5.96 310 
2,200 gal water, 128 lbs HPG, 30 lbs salt,  
1,130 mL acetic acid 

10/7/2019 31 27.2 1,100 580 165 6.14 320 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/8/2019 32 27.6 1,200 610 165 6.15 320 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/9/2019 33 24.5 1,300 620 170 6.26 330 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/10/2019 34 24.3 1,200 580 165 6.13 340 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/11/2019 35 24 1,400 620 165 6.16 360 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,550 mL acetic acid 

10/15/2019 36 24 1,500 650 170 6.14 380 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/16/2019 37 24 1,400 650 170 6.15 370 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/17/2019 38 21.7 1,700 740 180 6.15 340 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/18/2019 39 22.1 1,400 610 165 6.05 350 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/21/2019 40 21.2 1,800 750 185 6.22 350 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/23/2019 41 19.7 1,400 700 370 6.04 350 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid 

10/24/2019 41 19.7 700 370 130 6.04 350 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid; 2nd test 

10/24/2019 42 21.7 1,700 750 190 6.28 350 
3,000 gal water, 175 lbs HPG, 60 lbs salt,  
1,570 mL acetic acid; dumped 1,500 gal due to 
broken chem grout pump 

10/29/2019 43 23 1,400 610 165 6.08 410 
3,000 gal water, 175 lbs HPG, 50 lbs salt,  
1,570 mL acetic acid 

10/30/2019 44 23.2 1700 620 170 6.06 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 
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Table 9. Gel Batch Testing Results (Continued) 

Date 
Gel 

Batch 
No. 

Temperature 
[°C] 

Shear Rate [sec-1] 
Gel 
pH 

Gel 
Resistivity 
[ohms-cm] 

Batch Size/Remarks 1 10 100 
Gel Viscosity [cP] 

10/31/2019 
DI 

45 25.9 1,300 555 150 5.96 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt,  
1,570 mL acetic acid 

11/1/2019 
DL 

46 16.5 1,500 665 163 6.12 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt,  
1,570 mL acetic acid 

11/5/2019 47 19.2 1,600 750 185 6.16 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/6/2019 48 21 1,500 660 171 6.16 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/7/2019 48 19.3 850 390 122 6.31 370 Test 2nd day 

11/7/2019 49 22.1 1,200 570 162 6.09 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/8/2019 50 20.3 1,200 530 135 6.11 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid; dumped 1000 gal due to broken 
blender 

11/12/2019 51 18.9 1,500 650 169 6.21 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/13/2019 51 8.9 1,400 615 166 6.35 370 
Test 2nd day; dumped 500 gal due to blown 
bypass line 

11/13/2019 52 15.6 1,700 690 175 6.22 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/14/2019 52 10.1 1,400 600 165 6.39 370 Test 2nd day 

11/14/2019 53 14.2 1,700 740 184 6.22 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid; dumped 500 gal due to weather 

11/18/2019 54 13.5 2,800 1050 240 6.17 370 
1,500 gal water, 90 lbs HPG, 25 lbs salt, 800 mL 
acetic acid 

11/19/2019 55 13.3 2,000 840 205 6.18 370 
3,000 gal water, 175 lbs HPG, 50 lbs salt, 1,570 
mL acetic acid 

11/20/2019 56 14.3 1,600 720 180 5.99 370 
2,700 gal water, 135 lbs HPG, 25 lbs salt, 1,500 
mL acetic acid 

11/21/2019 57 14.8 1,500 700 200 6 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

11/22/2019 58 15.7 1,500 700 201 6.16 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

11/25/2019 59 13 1,700 730 186 6.15 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

11/26/2019 60 13 1,200 670 190 6.06 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

11/26/2019 61 15.4 1,100 640 183 6.1 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

11/26/2019 62 14.5 1,000 420 150 6.15 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

12/2/2019 63 16.3 1,200 570 150 6.15 370 
1,500 gal water, 75 lbs HPG, 25 lbs salt, 700 mL 
acetic acid 

12/2/2019 64 17.3 1,400 640 165 6.22 370 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 

12/3/2019 64 12.6 800 420 139 6.14 275 Test 2nd day 

12/3/2019 65 15.1 1,700 710 178 6.04 280 
1,500 gal water, 75 lbs HPG, 25 lbs salt, 700 mL 
acetic acid 

12/4/2019 65 7.8 700 275 95 6.39 245 Test 2nd day 

12/5/2019 66 16.6 700 375 130 6 250 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 
mL acetic acid 
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Table 9. Gel Batch Testing Results (Continued/End) 

Date 
Gel 

Batch 
No. 

Temperature 
[°C] 

Shear Rate [sec-1] 
Gel 
pH 

Gel 
Resistivity 
[ohms-cm] 

Batch Size/Remarks 1 10 100 
Gel Viscosity [cP] 

12/6/2019 67 13.1 1,300 630 178 6.1 270 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 mL 
acetic acid 

12/6/2019 68 16.7 700 370 111 5.92 300 
1,500 gal water, 65 lbs HPG, 25 lbs salt, 700 mL acetic 
acid 

12/9/2019 69 17.5 1,200 620 155 6.02 300 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 mL 
acetic acid 

12/10/2019 70 20.1 1,300 620 165 5.92 290 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 mL 
acetic acid 

12/11/2019 71 16.3 1,000 500 152 6.11 200 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 mL 
acetic acid 

12/11/2019 72 16.7 1,500 700 183 6.05 200 
3,000 gal water, 170 lbs HPG, 50 lbs salt, 1,600 mL 
acetic acid 
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Table 10. Comparison of Pre- and Post-Construction HPIT Data 

Direction of 
Test 

Source Well 
Receiver 

Well 

Distance 
Between 

Wells 
[ft] 

Pre-Construction HPIT Post-Construction HPIT 

K 
[ft day-1] 

K 
[cm sec-1] 

Ss 
[ft-1] 

Groundwater 
Flow Velocity1 

[ft day-1] 

K 
[ft day-1] 

K 
[cm sec-1] 

Ss 
[ft-1] 

Groundwater 
Flow Velocity1 

[ft day-1] 

Upgradient to 
Downgradient 

PRW001DU PRW002DU 40.6 6.19E+01 2.18E-02 5.27E-05 2.17E+00 - - - - 

PRW001DL PRW002DL 40.1 3.40E-01 1.20E-04 1.78E-06 1.19E-02 2.03E+01 7.15E-03 3.14E-05 7.09E-01 

PRW003DU PRW004DU 44.0 - - - - 3.01E+00 1.06E-03 - 1.05E-01 

PRW003DL PRW004DL 40.0 5.06E+01 1.78E-02 2.26E-06 1.77E+00 3.39E+00 1.20E-03 1.31E-09 1.19E-01 

Downgradient 
to Upgradient 

PRW002DU PRW001DU 40.6 4.79E+02 1.69E-01 3.91E-05 1.68E+01 5.83E+01 2.06E-02 1.62E-05 2.04E+00 

PRW002DL PRW001DL 40.1 2.36E+00 8.33E-04 7.50E-06 8.26E-02 8.89E+01 3.13E-02 1.19E-05 3.11E+00 

PRW004DU PRW003DU 44.0 1.36E+02 4.81E-02 8.87E-06 4.77E+00 - - - - 

PRW004DL PRW003DL 40.0 - - - - - - - - 

      Average 1.22E+02 4.29E-02 1.87E-05 4.26E+00 3.48E+01 1.23E-02 1.49E-05 1.22E+00 
1 Groundwater flow velocity calculated using 0.007 ft/ft horizontal gradient and 20% effective porosity.         

K - hydraulic conductivity                     

Ss - specific storage                     

cm sec-1 - centimeters per second               
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Table 11. SRNS QA Surveillance Findings and Responses 

CQAPP Section Page 
Surveillance 

Request/Questions 
Surveillance Notes GeoSierra's Response 

2.2 Expansion Casings   
  2.2.3 Documentation 10 Where is documentation of the quality 

data as described in the bullets? 
Documentation of review and 
approval by QC Officer? 

Per GeoSierra Quality Control Officer (QCO): 
 Bentonite data was provided with well installation information and 5%/95% 

bentonite/cement mixture QC information was documented in the Field Notes. 
 Riser pipe certification was provided by vendor to GeoSierra and reviewed by 

GeoSierra. Some were returned because they were not straight. 

Addressed in field by QCO. 
GeoSierra provided steel riser documentation to 
SRNS for review.  

2.3 Resistivity Receiver Wells and Strings   
  2.3.2 & 2.3.3 

Procedures and 
Documentation 

11 & 
12 

Provide evidence of QC officer 
monitoring, documenting, and 
approving the installation of all 
resistivity strings? 

Per QCO: 
 GeoSierra Site Manager was acting as the QC Officer for the installation of 

resistivity strings, due to his extensive field experience. 
 Resistivity strings are usually installed by a “local” driller. 
 Resistivity strings installed by CPT are preferable because they are in direct 

contact with the native soil vs. a sand packing if installed by rotosonic drilling. 

Addressed in field by QCO. 

  2.3.3 Documentation 11 Provide proof of manufacturer's QC 
test data for resistivity receivers. 

Per QCO: 
 QCO received the manufacturer’s component data, however the resistivity 

strings were fabricated by GeoSierra. 

QC data is provided from the manufacture for 
the stainless-steel receivers.  All connects and 
wires are checked for continuity by GeoSierra 
before installation. 
Resistivity Receiver data was provided to SRNS 
for review. 

3.0 Iron/Guar Mixture   
  3.1 Iron 14 Provide evidence of QC tests prior to 

shipment or at receipt. 
Per QCO: 
 A certificate of analysis (COA) for each batch of iron is provided by the iron 

vendor (Peerless) and reviewed by QCO. COA includes sieve test and density. 
 QCO provided the COAs to us during our breakout meeting in the control room. 

COA documentation will be provided per load 
and cross-checked by the QCO to ensure it is 
within acceptable range. 

  3.1.1 Supplier Quality 
Control 

14 Provide evidence that suppliers 
certificates/analyses have been 
reviewed for conformance with 
Technical Specifications. 

Copies of COAs were supplied during surveillance. No evidence of QC officer 
review.  This will be resolved via SDDR #6.  A subsequent review of this 
documentation identified a discrepancy with the design parameters.  This 
discrepancy was discussed with GeoSierra and documented/resolved in SDDR 
#6. 

SDDR-06 submitted and approved by SRNS on 
10/3/2019. 

  3.1.1 Supplier Quality 
Control 

14 Provide information of any site visits 
to iron supplier. 

No site visits have been made by GeoSierra to the iron vendor.  
GeoSierra and Peerless (the iron vendor) have had communications as a result of 
the identified discrepancies.  Communications captured in SDDR #6. 

GeoSierra conducted a vendor visit in April 
2018.  Raw materials, processing, and 
sampling/testing were observed during the site 
visit.  All communication with respect to the 
QA/QC were communicated with the vendor 
and captured in the SDDR-06. 
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Table 11. SRNS QA Surveillance Findings and Responses (Continued) 

CQAPP Section Page 
Surveillance 

Request/Questions 
Surveillance Notes GeoSierra's Response 

3.0 Iron/Guar Mixture  (continued) 
  3.1.2.1 Delivery 

Evaluation (Iron 
Filings) 

15 Provide evidence of iron delivery 
details and inspection. 

Although the bags are inspected upon delivery as part of the unloading, there are 
no specific tests of the material performed by GeoSierra for conformance to the 
design specifications. See next item for action 

See next item (3.1.2.2 for action). 

  3.1.2.2 Quality Control 
Testing (Iron Filings) 

15 Provide evidence of testing per 
recommended frequency (for 1st 200 
tons) 

GeoSierra has not performed a QC test of the iron. SDDR 0006 will address.  
ACTION ITEM: GeoSierra will perform at least one sample be analyzed for the 
items recommended in paragraph 2 of Section 3.1.2.2 of the CQAPP. 

SDDR-06 addressed 3rd party sampling of 
loads shipped 9/19/19-9/20/19.  Samples will be 
analyzed for grain size, bulk density, pH, 
permeability, and chemical composition. 

3.2 Uncross-linked Gel Fluid   
  3.2.3 Documentation 16 Provide evidence that the weights, 

volumes, resistivity, viscosity and 
temperature of uncross-linked gel are 
being recorded. 

QCO showed us the spreadsheet with this information in the control room which 
is recorded daily. 

Addressed in field by QCO. 

3.3 Iron/Gel Mixture   
  3.3.1 Requirements 16 Provide evidence that volumetric flow 

rates are recorded in the field log 
book. 

QCO described the process. 
ACTION ITEM: QCO will provide an example of a field log book entry for 
SRNS review. 

A sample of the field book has been provided 
along with an example of calculations in our 
average flow rate & iron/gel density calculator. 
Log and Average Q & Iron-Gel Density 
Calculator were provided to SRNS for review. 

  3.3.2 Sampling and 
Testing Procedures 

16 Provide evidence that the density of 
the iron/gel is being recorded in a field 
log book. 

QCO described the process. 
ACTION ITEM: QCO will provide an example of a field log book entry for 
SRNS review. 

A sample of the field book has been provided 
along with an example of calculations in our 
average flow rate & iron/gel density calculator. 
Injection Log and Average Q & Iron-Gel 
Density Calculator were provided to SRNS for 
review. 

  3.3.3 Documentation 17 Provide evidence of iron/gel volumes 
and/or weights by ingredient are being 
documented for QC Officer review. 

During discussions with QCO, evidence was provided showing these 
requirements are being met.  SMEs observed spreadsheets where data was 
recorded. 

Addressed in field by QCO. 

4.1 Injection Pressures (Emplacement Requirements)   
  4.1.3 Documentation 18 Provide calibration records in 

accordance with manufacturer's 
recommendations for MSI pressure 
transducers. 

Pressure transducers are a fail/operate device and don’t have much drift.  Failed 
transducers are replaced with new ones. 

Addressed in field by QCO. 
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Table 11. SRNS QA Surveillance Findings and Responses (Continued) 

CQAPP Section Page 
Surveillance 

Request/Questions 
Surveillance Notes GeoSierra's Response 

4.1 Injection Pressures (Emplacement Requirements)  (continued) 
  4.1.3 Documentation 18 Provide evidence of continuous 

pressure monitoring and recording. 
What is impact of absent pressure 
data?  
Documentation of QC officer 
evaluations?  
How is pore pressure relief 
documented and evaluated? 

Per QCO: 
 Pressure monitoring is performed continuously and is stopped if pressure transducers 

fail.  In some rare cases if the last reading was good prior to transducer failure, the 
injection will continue so as not to disrupt the fracture/injection.  Because there are 
several injections in each casing a few missed pressure readings would not be 
detrimental to the evaluation. 

 QCO showed SMEs example files of the pressure data and described how he reviewed 
it each day. 

 QCO also showed us the computer files that are used to document pore pressure relief. 

Addressed in field by QCO. 

4.2 Flow Rates (Emplacement Requirements)   
  4.2.3 Documentation 19 Provide calibration records in 

accordance with manufacturer's 
recommendations for flow 
instrumentation, if used. 

A flow meter is not used for recording flow.  Scales are used for the weight/mass of 
material and stop watches are used to calculate the flow rate. 

Addressed in field by QCO. 

  4.2.3 Documentation 19 Provide evidence of continuous flow 
monitoring and recording. 

Data used to calculate flow is recorded in the log book.   
ACTION ITEM: QCO will provide an example log book entry page to show that 
this is being done. 

A sample of the field book has been 
provided along with an example of 
calculations in our average flow rate 
& iron/gel density calculator.   
Injection Log and Avg. Q and Iron-
Gel Density Calculator provided to 
SRNS for review. 

4.3 Batch Feed Rate of Iron Filings (Emplacement Requirements)   
  4.3.2 Procedures for 

Determining Weight of 
Iron 

20 Provide calibration data for Fairbanks 
Omnicell (or equivalent). 

The scales are calibrated prior to every job.  A certificate of calibration was 
provided to us during the visit to the control room. 

Addressed in field by QCO. 

  4.3.3 Documentation 19 Provide evidence of batch feed weight 
documentation. 

This data is recorded in the log book. 
ACTION ITEM: QCO will provide an example log book entry page to show that this is 
being done. 

A sample of the field book and 
Injection Log were provided to SRNS 
for review. 

4.4 Emplacement Geometry of PRB   
  4.4.1 Requirements 20 Has the geometry of the PRB been 

determined for any intervals? 
The geometry has been evaluated/determined for the “A” interval.  This was shown to us in 
the control room. In addition to evaluation of the daily injection data, a high voltage was 
induced on one injection well to measure the in-place iron in the lower casing for all wells.  
This was done at each end of the PRB.  QCO showed us the images. 
ACTION ITEM: QCO will provide PDF copies of these two images. 

Both images produced on either side 
of the wall have been provided.   
PGF001 Panel A Post Baseline and 
PGF017 Panel A Post Baseline were 
provided to SRNS for review. 
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Table 11. SRNS QA Surveillance Findings and Responses (Continued/End) 

CQAPP Section Page 
Surveillance 

Request/Questions 
Surveillance Notes 

GeoSierra Environmental's 
Response 

4.4 Emplacement Geometry of PRB (continued)   

  4.4.2 Procedures for 
Determining 
Reactive Barrier 
Geometry 

20 What is the implication of all 
receivers not functioning correctly? 
What is the receiver failure 
frequency in past projects? 

Per QCO, he believes that there is only one resistivity point (out of >400) that is 
not functioning correctly.  Other points may appear as “absent data” in the 
visualizations because if the data from that point is considered to be anomalous 
by the computer program, the data will not be used in analyses and is marked 
with a hashtag in the text file.  QCO can remove the hashtag (or add one) if he 
thinks the data point is valid (or invalid). QCO thinks the percentage of 
functioning receivers is good and better than at other sites. 

Addressed in field by QCO. 

  4.4.2 Procedures for 
Determining 
Reactive Barrier 
Geometry 

20 Provide evidence that the injection 
signal is monitored and recorded 
continuously. (reference Section 1.3) 

Text files of the induced voltages and output voltages were shown to us in the 
control room.  This data is interrupted whenever a snapshot of the geometries is 
produced.  This interruption only happens for a few intervals (seconds) during 
each injection. 

Addressed in field by QCO. 

  4.4.2 Procedures for 
Determining 
Reactive Barrier 
Geometry 

21 Provide evidence that the receivers 
signals and total volume are 
recorded and evidence that inclusion 
geometries are calculated. Provide 
an example of satisfactory conditions 
that meet the technical 
specifications. 

A 2-D geometry was provided.  The volumes injected are calculated based on 
the mass and injection times.  The calculation and records of this data was 
shown to us in the control room. 

Addressed in field by QCO. 

  4.4.3 Documentation 21 When control room is unmanned 
during injections, are receiver signals 
still being recorded continuously? 

Per QCO, it is important the control room is manned at all time during 
injections. Based on field visits, it was observed that there were occasions where 
the control room was not manned during injections due to field conditions. QCO 
indicated he will remind the team that it is important not to miss the resistivity 
data while injecting. 

Addressed in field by QCO. 
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Table 12. EMP Well Details 

Station ID Location 
Ground Elevation 

[ft amsl] 
Total Depth 

[ft bgs] 
SRS Northing SRS Easting 

Screen Interval  
[ft bgs] 

PRW001C Upgradient 310.95 206.0 44430.09 64299.54 146 - 156 
PRW001DL Upgradient 310.8 122.5 44441.59 64301.86 109.9 - 119.9 
PRW001DU Upgradient 310.6 98.0 44451.96 64301.23 81.8 - 91.8 
PRW002C Downgradient 311.13 196.0 44439.09 64260.32 148.3 - 158.3 

PRW002DL Downgradient 311.36 119.7 44450.85 64261.83 107.3 - 117.3 
PRW002DU Downgradient 310.85 93.2 44461 64265.69 80.8 - 90.8 
PRW003C Upgradient 311.01 206.0 44363.47 64294.85 136.8 - 146.8 

PRW003DL Upgradient 311.53 107.5 44391.79 64291.73 95.0 - 105.0 
PRW003DU Upgradient 311.44 74.5 44350.37 64287.02 61.9 - 71.9 
PRW004C Downgradient 312.5 216.0 44385.39 64249.94 144.5 - 155.5 

PRW004DL Downgradient 312.31 124.5 44395.72 64252.8 111.6 - 121.6 
PRW004DU Downgradient 312.51 77.5 44369.91 64246.71 64.91 - 74.91 

P002U Downgradient 311.48 92.6 -81°35'2.19" 33°13'43.73" 87.5 - 92.5 
P003U Upgradient 310.72 89.4 -81°35'1.06" 33°13'44.13" 84.3 - 89.3 
P003L Upgradient 310.74 118.7 -81°35'1.08" 33°13'44.17" 113.6 - 118.6 

PRW005DL Downgradient 310.197 186.6 -81°35'2.13" 33°13'44.67" 114.34 - 124.31 
PRW005DU Downgradient 310.366  54.7 -81°35'2.19" 33°13'44.59" 37.4 - 52.37 
PRW006C Downgradient 327.361 185.12 -81°35'3.65" 33°13'43.84" 163.77 - 173.74 

PRW006DL Downgradient 327.423 152.25 -81°35'3.53" 33°13'43.86" 134.94 - 149.92 
PRW006DU Downgradient 327.547 95.58 -81°35'3.42" 33°13'43.90" 83.29 - 93.26 
PRW007DL Downgradient 314.258 186.0 -81°35'2.12" 33°13'42.59" 107.36 - 117.33 
PRW007DU Downgradient 313.886 80.13 -81°35'2.14" 33°13'42.68" 67.82 - 77.79 

PIW001D In-Wall 310.27 106.6 44462.51 64297.01 86.6 - 106.6 
PIW002D In-Wall 311.74 93.0 44401.71 64274.37 78.0 - 93.0 
PIW003D In-Wall 312.99 92.1 44346.28 64238.87 72.1 - 92.1 
PIW004D In-Wall 314.32 82.9 44301.46 64221.77 62.9 - 82.9 
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Table 13. NTC RA Cost Comparison Summary 

Entity Item 
RSER/EE/CA Cost 

Estimate 
[$] 

Actual Cost 
[$] 

Delta Cost 
[%] 

SRNS DDAP  $                                -     $                464,640.00  - 
Design  $               156,842.00   $                129,765.00  -17% 

Construction  $           1,176,318.00   $            1,250,054.00  6% 
Subcontractor DDAP  $                                -     $            1,410,161.00  - 

Design  $               100,000.00   $                  89,400.00  -11% 
Construction  $           1,468,423.00   $            6,005,436.00  309% 

Total Capital Cost  $           2,901,583.00   $            9,349,456.00  222% 
Total O&M Cost  $           1,709,506.00  TBD TBD 

1 Actual O&M costs include costs associated with the EMP, which extends for  
   5 years. Therefore, the amount is TBD. 
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APPENDIX A 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ZVI-PRB Injection Well Construction Logs 
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APPENDIX B 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

ZVI-PRB Resistivity String Installation Reports 
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ZVI-PRB As-Built Layout Drawings 
 

Appendix J.1 
PAGW OU NTC RA As-Built of Resistivity Strings and Injection Wells, Plan View 

 

Appendix J.2 
PAGW OU NTC RA As-Built of Monitoring Wells in Support of the EMP, Plan View 

 

Appendix J.3 
PAGW OU NTC RA As-Built of the ZVI-PRB Trace, Plan View 
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Appendix J.1 
PAGW OU NTC RA As-Built of Resistivity Strings and Injection Wells, Plan View 
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Appendix J.2 
PAGW OU NTC RA As-Built of Monitoring Wells in Support of the EMP, Plan View 
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Appendix J.3 
PAGW OU NTC RA As-Built of the ZVI-PRB Trace, Plan View 
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