
WM2020 Conference, March 8-12, 2020, Phoenix, Arizona, USA 

1 

 

Zero-Valent Iron Permeable Reactive Barrier to Remediate Volatile Organic 

Compounds in Groundwater - 20209 

 

Adam Willey*, Jeffrey Ross*, Mark Amidon*, Monique Rabin*, and Phillip Prater** 

*Savannah River Nuclear Solutions, LLC, Aiken, SC 

**United States Department of Energy-Savannah River, Aiken, SC 

 

ABSTRACT 

 

The US DOE-SRS, the US EPA, and the South Carolina Department of Health and Environmental Control 

determined it was appropriate to perform a non-time critical removal action at the P-Area Groundwater 

Operable Unit at the SRS to reduce the mass and downgradient transport of trichloroethylene in the P-Area 

groundwater plume.  Contaminated groundwater discharges to a nearby stream, Steel Creek, within the SRS 

boundaries, resulting in trichloroethylene concentrations above the maximum contaminant level.  Impact 

to surface water is limited in areal extent and supported by recently collected characterization data. 

 

The P-Area Groundwater Operable Unit encompasses the groundwater beneath an industrial area within 

SRS, P Area, where the P-Reactor once operated.  The boundaries of the P-Area Groundwater Operable 

Unit extend northwest to Steel Creek, northeast toward PAR Pond, and southeast to Meyers Branch.  

Groundwater in the Upper Three Runs Aquifer of the P-Area Groundwater Operable Unit has been 

impacted by reactor and facility operations between 1954 and 1991, including tritium and volatile organic 

compounds.  The P-Area surface units contributing to groundwater contamination were remediated as part 

of the P-Area Operable Unit in 2011.  The P-Reactor closure is one of the first of its kind in the DOE 

Complex and is one of only a few full-sized production reactors in the US to undergo completion of final 

closure activities. 

 

The nature and extent of groundwater contamination was determined using a variety of investigative 

approaches such as groundwater monitoring wells, direct-push technology, and surface water samples.  

Groundwater contamination associated with trichloroethylene is primarily exhibited in a narrow plume that 

extends from the source area at P-Reactor and west to Steel Creek.  Maximum contaminant level 

exceedances in groundwater occur over an area of ~6.9 hectares for trichloroethylene with concentrations 

as high as 7.7 milligrams per liter.  To the west of the P-Area facility area, the trichloroethylene groundwater 

plume is controlled by a buried geologic feature, assumed to be an old stream bed, that further narrows the 

groundwater plume in what has been designated as the “neck area.”  This narrowing of the groundwater 

plume provides an ideal location for a treatment barrier.  The non-time critical removal action alternative 

chosen is to install a zero-valent iron permeable reactive barrier within the neck area of the trichloroethylene 

groundwater plume, perpendicular to groundwater flow direction.  This technology will provide a treatment 

barrier that will reduce trichloroethylene groundwater concentrations by 90% and has an anticipated useful 

life of at least 25 years. 

 

A pre-design investigation was performed in the neck area to confirm site lithology, hydrogeology, 

geochemistry, and extent of trichloroethylene contamination prior to a final design.  A treatability study, 

conducted as part of the pre-design investigation, indicated that the subsurface and groundwater in the P-

Area Groundwater Operable Unit is compatible with the zero-valent iron and will not lead to excessive 

buildup from mineralization/precipitation or biofouling.   
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Probabilistic modeling was conducted using field and laboratory data to determine the expected 

performance of the zero-valent iron permeable reactive barrier.  The model simulations indicated that a 

3.81-centimeter thick barrier would provide greater than 90% reduction of trichloroethylene groundwater 

concentration. 

 

The final design of the zero-valent iron permeable reactive barrier is a barrier that will extend 80.5 linear 

meters in a “zig-zag” orientation to best transect the trichloroethylene plume and account for varying 

groundwater flow.  The barrier will be installed from 13.7 meters below ground surface to 41.1 meters 

below ground surface for 65.8 linear meters and from 13.7 meters below ground surface to 36.6 meters 

below ground surface for 14.6 linear meters, the base of which is “keyed” into a low permeability zone.  

The barrier is designed to a thickness of 10.2 centimeters, which was determined to reduce the 

trichloroethylene groundwater concentrations by greater than 90% with a safety factor of 2.67.  A total of 

approximately 689 metric tons of zero-valent iron will be injected through 22 injection wells spaced 3.66 

meters apart, using guar to suspend the zero-valent iron.  Zero-valent iron permeable reactive barrier 

construction will be monitored through 23 installed resistivity receivers offset 7.32 meters from the zero-

valent iron permeable reactive barrier.  The zero-valent iron will be energized with a low-voltage 100 Hertz 

signal during injection and will be monitored using the resistivity receivers to ensure complete coalescence 

of the zero-valent iron permeable reactive barrier. 

 

The zero-valent iron was sized to have a hydraulic conductivity greater than the natural subsurface, thus 

promoting groundwater flow through the barrier.  As contaminated groundwater contacts the zero-valent 

iron, volatile organic compounds, including trichloroethylene, are immediately degraded to harmless 

compounds such as ethylene.  The performance of the zero-valent iron permeable reactive barrier will be 

monitored using three upgradient monitoring well clusters, six downgradient monitoring well clusters, and 

four in-wall monitoring wells.  The in-wall monitoring wells will indicate immediate reduction of 

trichloroethylene mass in the groundwater and allow analyses of the zero-valent iron permeable reactive 

barrier health.   

 

INTRODUCTION 

 

P-Reactor operated at the SRS P Area between 1954 and 1991.  The groundwater beneath P Area has been 

defined as the P-Area Groundwater (PAGW) Operable Unit (OU) and has been impacted by P-Reactor 

operations, leading to tritium and volatile organic compound (VOC) contamination, namely 

trichloroethylene (TCE).  The PAGW OU encompasses the groundwater northwest to a nearby stream, 

Steel Creek, northeast toward PAR Pond and SRS Road F, and southeast toward another nearby stream, 

Meyers Branch.  Shown in Figure 1, Groundwater TCE plumes are present in the PAGW OU Upper Aquifer 

Zone (UAZ) and Lower Aquifer Zone (LAZ) of the Upper Three Runs Aquifer (UTRA).  A groundwater 

divide exists below the P-Reactor, resulting in groundwater flow northwest toward Steel Creek and east 

toward PAR Pond.  

 

The nature and extent of contamination was investigated for the PAGW OU using groundwater monitoring 

wells, direct-push technology, and surface water samples. [1] Groundwater VOC contamination is primarily 

exhibited in a narrow band north of the P-Reactor and extends to the west toward Steel Creek and east 

towards an unnamed tributary to PAR Pond.  The VOC groundwater plumes can be described in three parts: 

1) source area, 2) neck area, and 3) distal area (Figure 1).  Maximum contaminant level (MCL) exceedances 

in groundwater occur over an area of ~6.9/8.5 hectares (~17/21 acres) for TCE in the UAZ/LAZ, 

respectively.   
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Tetrachloroethylene (PCE) and cis-1,2-dichloroethylene (cis-DCE) plumes also present in the UAZ and 

LAZ are contained within the TCE plume area. [2] The source area represents most of the groundwater 

contamination and is centered north of the P-Reactor, within the P Area facility area.  The neck area 

represents the area where the VOC groundwater plumes are controlled by a buried streambed that consists 

of large cobblestones and sandy matrices (Figure 2).  The preferential flow path created by this unique 

geologic feature creates a narrowing of the groundwater plumes and is located to the west just outside of 

the P-Area facility area.  The distal area represents the area where the plumes are closest to Steel Creek.  

Table I lists the maximum reported concentrations for TCE, PCE, and cis-DCE in the UAZ and LAZ at the 

three areas, determined from sampling in 2016. [3] 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 recent TCE concentrations, measured in 2018, are 14.9 μg/L. 
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Figure 1. Removal Action site location (A) and plume map (B). 
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Figure 2. Cobblestones and sandy matrix of the neck area buried streambed. 

 

TABLE I. Maximum VOC concentrations in the PAGW OU. 

    
Maximum Concentration in UAZ 

[µg L-1] 
Maximum Concentration in LAZ 

[µg L-1] 

Contaminant MCL [µg L-1] 
Source 
Area 

Neck 
Area 

Distal 
Area 

Source 
Area 

Neck 
Area 

Distal 
Area 

TCE 5 3,140 4,120 7,440 7,710 1,500 7,600 

PCE 5 260 50 25 100 <MDLa 2.09 

Cis-1,2-DCE 70 4,720 107 432 104 400 200 
a MDL:  minimum detection limit 

 

The US DOE-SRS, the US EPA, and the South Carolina Department of Health and Environmental Control 

(SCDHEC) agreed to a non-time critical (NTC) removal action (RA) to address PAGW OU TCE 

contamination.  The US DOE selected an alternative for the NTC RA that consisted of a zero-valent iron 

(ZVI) permeable reactive barrier (PRB) installed in the neck area of the TCE plume.  The proposed ZVI-

PRB would extend across the width of the TCE plume at the neck area and would extend to a depth that 

addressed the UAZ and LAZ of the UTRA. [3] This alternative is expected to exceed the required reduction 

of TCE mass flux and would address other VOC contaminants in groundwater.  Prior to design of the ZVI-

PRB, further characterization of the groundwater plume within the treatment area was required and was 

conducted through a Pre-Design Investigation (PDI). 

 

ZVI has been studied extensively for treatment of VOC contamination.  ZVI provides a strong reducing 

environment and provides electrons needed to reduce VOC’s to harmless end products such as ethane or 

ethene. [4] The designed ZVI-PRB is expected to have a useful life of at least 25 years based on findings 

of the treatability study using site groundwater samples and field performance of past ZVI-PRB’s. [5,6] 
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DESCRIPTION 

 

Initial design activities included review of geotechnical, hydrogeological, and groundwater chemistry data 

that was collected during previous investigations.  After this review, it was determined that additional site-

specific data was needed to better define the local extent of TCE contamination and geologic parameters 

required to develop the ZVI-PRB design.  The following activities were conducted under a Design Data 

Acquisition Plan (DDAP) for the PDI:  

• Installation of two monitoring well clusters upgradient of the ZVI-PRB (PRW001 and PRW003) 

and two monitoring well clusters downgradient of the ZVI-PRB (PRW002 and PRW004).  Each 

well cluster consists of one upper UAZ monitoring well (DU designation), one lower UAZ 

monitoring well (DL designation), and one LAZ monitoring well (C designation) (Figure 3);  

• Continuous coring and geophysical logging of select locations along the original alignment of the 

ZVI-PRB (PRB001SB, PRB003SB, PRB004SB, PRB006SB, and PRB007SB) and of 4 LAZ 

monitoring well locations (PRW001C, PRW002C, PRW003C, and PRW004C) (Figure 3);  

• Treatability study to determine contaminant degradation rates and long-term performance of the 

ZVI-PRB; and  

• Hydraulic pulse interference testing (HPIT) of the new monitoring wells to collect aquifer 

permeability data. 

 

 
Figure 3. Locations of PDI soil borings and monitoring wells. 

 

In addition to the DDAP, synchronous water level data was collected in the ZVI-PRB area to confirm site 

groundwater potentiometric data utilizing the newly installed PRW groundwater monitoring wells.  

Original groundwater flow direction was estimated based on regional 2016 water level data collected from 

groundwater wells in the surrounding area (shown in Figure 1 for the UAZ).   
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Using the newly installed PRW groundwater monitoring wells, a more accurate groundwater flow estimate 

for the localized area was created.  The 2018 synchronous water level data indicated that the groundwater 

flow into the ZVI-PRB differed from original expectations by 30 to 85 degrees, depending on the zone 

(shown in Figure 3 for the UAZ).  This data was important in determining the final ZVI-PRB orientation.   

 

Soil Boring Results 

 

Nine (9) locations were continuously cored within the ZVI-PRB location to characterize the site’s 

subsurface conditions.  The cores were described in the field and the boreholes were geophysically logged 

in order to confirm stratigraphy of the formation.  Three confining zones were identified, as shown in Figure 

4.  The presence of a stream bed feature (area of ~2.54- to 10.2-centimeter [cm] [1- to 4-inch {in.}] cobbles) 

was observed at borings conducted along the southern 30 meters (m) (100 feet [ft]) of the ZVI-PRB 

alignment at depths between 24.4 and 31.1 m (80 and 102 ft) below ground surface (bgs) with the feature 

starting at 1.3-m (4-ft) thick at the southernmost monitoring wells then widening to 4.3-m (14-ft) thick and 

narrowing back to 3-m (10-ft) thick at the two southernmost borings. 

 

 
Figure 4. Cross-section of the TCE plume in the PAGW OU. 

 

Headspace VOC analyses were conducted on soil plugs taken from the cores, starting at 9.1 m (30 ft) bgs 

and at select depths throughout.   
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Analyses of the soil plug data indicated that the majority of TCE contamination existed at the well clusters 

(central portion of the ZVI-PRB) (Figure 4).  TCE contamination was measured in the UAZ and LAZ of 

the ZVI-PRB area with maximum soil concentrations of 2,491 micrograms per kilogram (μg/kg) and 198 

μg/kg, respectively.  This data indicates that greater than 95% of the contaminant mass is present in the 

UAZ.  In addition, the lateral extent of the TCE contamination was found to extend further than expected.  

Figure 4 shows the generalized plume cross-section from the soil boring data.  Contaminant distribution 

was found to be extremely variable in the ZVI-PRB area with high concentrations sometimes found in low 

permeability formations.  The soil plug data was used to determine the extent of contamination and to aid 

in selection of monitoring well screen depths, ZVI-PRB target depths, and ZVI-PRB length. 

 

Groundwater Analyses Results 

 

Four well clusters, consisting of 12 monitoring wells, were installed and developed in the ZVI-PRB area 

(Figure 3).  Initial TCE groundwater concentrations ranged between 2.92 to 535 μg/L in the UAZ and 

between 380 to 836 μg/L in the LAZ.  However, maximum soil concentrations observed at the completed 

soil borings indicate UAZ TCE soil concentrations at 2,490 μg/kg and LAZ TCE soil concentrations at 198 

μg/kg.  Based on previous investigations, TCE water concentrations are normally 2 to 5 times greater than 

observed soil concentrations.  Therefore, the range of UAZ TCE groundwater concentrations could be 

expected to range from 5,000 to 12,500 μg/L, which is consistent with nearby monitoring well groundwater 

data that ranged from 2,110 to 7,070 μg/L between 2011 and 2014.  The observed TCE groundwater 

concentrations from the recently installed wells are much lower, which could be due to a combination of 

factors such as 1) sampling approach of wells, especially ones that are poor producers or pump dry; 2) 

portion of the well’s screen installed in less contaminated media; and 3) insufficient time for potable water 

that was introduced during well installation to flush out.  However, since higher measured concentrations 

were seen in the P002U, P003U, and upgradient monitoring wells, a maximum concentration of 7,700 μg/L 

was used as the conservative basis of design. 

 

Hydraulic Pulse Interference Testing Results 

 

HPIT consists of cyclic injection of potable water into a source well with the pressure pulses measured in 

a receiver well.  HPIT is used to compute the in-situ hydraulic properties (hydraulic conductivity and 

specific storage) of subsurface materials in the saturated groundwater zone between two wells by measuring 

a response at varying distances between the well pairs.  HPIT was performed on nine (9) existing monitoring 

well pairs at various distances to evaluate the baseline conditions of the hydraulic conductivity of the 

formation for comparison with HPIT data post-PRB installation. 

 

Raw data from each of the 9 well pairs was analyzed against a verification program used to back calculate 

and plot theoretical receiver response using the test conditions.  A comparison of the raw data against the 

theoretical data is used to estimate values for conductivity and storativity.  HPIT data did not consistently 

match the criteria for reproducibility and verification with the check program and had a high level of 

variability.  This was attributed to groundwater flow direction that differed from expectations.  Therefore, 

the results obtained during this HPIT were used along with historical site data for design purposes of the 

ZVI-PRB.  The HPIT results will be used to qualitatively compare to post-installation HPIT results, to 

verify that hydraulic conductivity through the ZVI-PRB does not differ from the hydraulic conductivity 

prior to installation.  Table II provides historical conductivity values as well as values calculated from HPIT.   
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TABLE II. Hydraulic conductivity values for the PAGW OU area. 

  
  

Well Location Depth [m bgs] Ka [m day-1]b K [ft day-1]c 

Historical Data 
  
  

POS001 14.3-30.2 13.0 42.4 

POS002 16.8-35.7 22.6 73.9 

POS003 15.5-35.7 18.7 61.2 

Slug Test Data 
  
  
  
  

POS001 20.2 0.341 1.12 

POS001 24.2 0.052 0.170 

POS003 19.5 0.567 1.86 

POS003 22.6 1.28 4.20 

POS003 27.1 0.539 1.77 

Sieve Analysis 
  
  
  
  
  

POS002 16.8 28.5 93.5 

POS002 26.5 43.9 144 

POS002 31.7 0.0002 0.001 

POS002 35.7 58.0 58.0 

POS002 41.9 6.10 6.10 

POS002 45.3 169 169 

HPIT Data 
  
  
  
  
  

1DU/2DU 24.4-27.4 N/A N/A 

1DL/2DL 32.6-35.7 20.3 20.3 

3DU/4DU 19.8-22.9 3.01 3.01 

3DL/4DL 34.1-37.2 3.39 3.39 

2DU/1DU 25.0-28.0 58.3 58.3 

2DL/1DL 33.5-36.6 88.9 88.9 
a m day-1:    meters per day 
b ft day-1:    feet per day 
c K:    hydraulic conductivity 

 

Bench-Scale Treatability Testing 

 

A bench scale treatability test was conducted using groundwater collected from PRW003C and 

PRW003DL, as well as site specific subsurface soil.  The purpose of the treatability test was to determine 

the reactivity of the granular ZVI and long-term ZVI reaction by evaluating groundwater flow through 

columns of ZVI material.  The ZVI material (14D, -12 to +200 US Standard Mesh Size) was procured from 

Peerless Metal and Abrasives of Detroit, Michigan and packed into two columns.  Groundwater was spiked 

to a concentration of 7,700 μg/L and fed into the columns.  Sample ports were positioned along the central 

axis of the columns at various distances from the inlet. 

 

The objectives of the ZVI reactivity column test were to quantify degradation rates for the VOC’s in site 

groundwater, the generation and degradation of any VOC daughter products, and the potential for 

precipitation and reduction of iron permeability due to changes in groundwater chemistry within the ZVI-

PRB.  The only variable between the two columns was the groundwater flow velocity, which were 0.64 

m/day (2.1 ft/day) and 0.18 m/day (0.6 ft/day).  The higher flow rate was selected to evaluate long-term 

effects on the ZVI surface by groundwater geochemistry with more pore volumes, whereas, the slower flow 

rate was comparable to historical site estimates of groundwater flow velocities. 
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VOC concentrations in groundwater in the column were measured until steady-state (unchanging) 

conditions were achieved.  The groundwater VOC concentrations can be related to the residence time of 

the groundwater in the presence of the iron to calculate degradation half-lives of the VOC’s, daughter 

product generation rates, and their respective degradation half-lives.  Data from this treatability test has 

been used to estimate the effectiveness of the ZVI-PRB in treating site groundwater that will flow through 

the ZVI-PRB. 

 

Analytical test data from the ZVI reactivity treatability study was used to evaluate the potential for 

precipitation and biofouling, leading to clogging, of the ZVI-PRB.  Based on the geochemical composition 

and estimated flux of the groundwater to pass through the full-scale ZVI-PRB, the potential for clogging 

resulting in significant loss of porosity is considered very low.  While the longevity of the iron’s reactivity 

cannot be determined from the column tests, the tests did confirm that precipitation and/or biofouling should 

not be an issue.  To address uncertainty regarding the iron’s long term reactivity and the very low potential 

for porosity loss, a minimum engineering safety factor of 2x in the ZVI volume design was recommended 

to assure long-term performance. 

 

Iron-Soil Analysis 

 

Soil samples collected during the PDI underwent sieve analysis and hydrometer analysis.  The grain size 

gradation coefficients of the iron and soil were compared to ensure the iron particles do not migrate into 

the site soils.  Based on this evaluation, a blend of two iron products (-12/+100 mesh) and coarser material 

(-8/+50) was selected for injection, resulting in a -8/+100 mesh (0.15 to 2.36 millimeters).  ZVI grain size 

was also selected to ensure a permeability of the ZVI-PRB that is greater than, or equal to, that of the 

surrounding subsurface.  This is important to ensure flow of groundwater through the ZVI-PRB.  

 

DISCUSSION 

 

During the Removal Site Evaluation Report/Engineering Evaluation/Cost Analysis process, the assumption 

was that both the UAZ and LAZ TCE plumes would be targeted with the ZVI-PRB. [3] Data from the PDI 

indicated that TCE concentrations in the UAZ accounted for more than 90% of the total TCE mass.  Water 

level data taken in 2018 showed that the groundwater flow direction in the LAZ was much more northerly 

than what was expected.  Considering these pieces of evidence, the ZVI-PRB design was adjusted to target 

only the UAZ TCE contamination.  The final ZVI-PRB design cross-section is shown in Figure 4 and the 

plan view is shown in Figure 5. 
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Figure 5. Plan view of the ZVI-PRB design. 

 

Design Modeling 

 

Using data collected from the field and the test results described in the previous sections, Monte-Carlo 

modeling was used to quantify the overall reactive barrier system performance and the impact of system 

parameters on barrier performance, based on expected variability.  The system parameters consisted of site 

hydraulic conductivity, hydraulic gradients, barrier thickness and porosity, VOC degradation half-lives, 

VOC daughter product generation, and influent maximum observed (historical) VOC concentrations.  

Numerous ZVI-PRB design cases were evaluated for the ZVI-PRB alignment.  The ZVI reactive barrier 

system performance was evaluated based on the ability of the system to reduce TCE concentrations in 

groundwater by 90%. 

 

The results of the probabilistic analysis performed for design cases with properties representing the UAZ, 

indicate that a 3.8-cm (1.5-in.) average ZVI effective thickness PRB is sufficient to bring VOC’s in site 

groundwater to 90% less than the design influent concentrations.  An additional engineering factor of safety 

of 2.67 would provide a 10.2-cm (4-in.) ZVI average thickness and would ensure that the desired 

concentration reductions are met in the effluent as well as account for potential clogging of the iron for 

increased PRB longevity. 
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Design Details 

 

The ZVI-PRB will be constructed using 22 ZVI injection wells (F1-F22) spaced ~3.7-m (12-ft) apart.  The 

3.7-m (12-ft) spacing of the ZVI injection wells is based on the subcontractor’s field experience from prior 

implementations and site-specific conditions to ensure complete coalescence of the ZVI-PRB.  The ZVI- 

PRB will extend for a total of 80.5 linear meters (LM) (264 linear feet [LF]) in a “zig-zag” orientation, 

transecting the TCE plume in the UAZ (Figure 5).  The ZVI-PRB will be one continuous permeable barrier 

comprised of four segments.  Figure 6 shows cross-sections of the expansion casing construction.    

 

 
Figure 6. Expansion casing cross-section. 

 

The ZVI injection well expansion casings are specifically designed for the Vertical Inclusion Propagation 

technology used by the subcontractor performing the installation.  Five or six 10-foot expansion casings 

per location are designed to create a vertical, 1-in. thick fracture between injection points.  The ZVI is then 

injected into the fracture in a guar carrier gel, propagating from one injection well to the next.  Propagation 

and complete coalescence is controlled by pore pressure relief, provided by venting adjacent injection wells 

to the atmosphere during injection. 

 

Active resistivity mapping will be used to verify complete coalescence and accurate construction of the 

ZVI-PRB.  During injection, the ZVI mixture will be electrically energized with a low voltage, 100 Hertz 

signal.  Downhole resistivity receivers will be monitored to record the in-phase induced voltage by the 

propagating inclusions and estimate the extent of the ZVI injection (Figure 7).  23 resistivity strings (RR1-

RR23) will be installed 7.3 m (24 ft) from the ZVI-PRB using cone penetrometer technology (Figure 5).   
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Figure 7. Graphic of resistivity mapping during installation of the ZVI-PRB. 

 

Approximately 689 metric tons (760 tons) of ZVI will be required to construct the proposed ZVI-PRB.  

This is determined based on a total ZVI-PRB surface area of 2,140 square meters (23,040 square feet), a 

thickness of 10 cm (4 in.), an average ZVI density of 2,883 kilogram per cubic meter (180 pounds per cubic 

foot), and 10% accounted for waste.  Prior to injection, the ZVI filings will be mixed with 

hydroxypropylguar (HPG) to produce an extremely viscous mixture that suspends the ZVI throughout.  

After a few hours of injection, the HPG will degrade into sugars and water, leaving a permeable ZVI barrier. 

 

Performance Monitoring 

 

The location of this NTC RA is in the middle of a VOC plume, with contamination upgradient and 

downgradient of the proposed ZVI-PRB.  Due to the ZVI-PRB installation being mid-plume, and the 

presence of high TCE concentrations in the low-permeability sediments of the UAZ, back diffusion is 

expected to occur downgradient of the ZVI-PRB for many years following implementation.   
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Back diffusion occurs when clean groundwater exits the ZVI-PRB and flows through the low-permeability 

sediments. [7] Therefore, to demonstrate the immediate effectiveness of the ZVI-PRB, four monitoring 

wells will be retrofitted into injection wells along the ZVI-PRB transect.  These in-wall monitoring wells 

are anticipated to show complete degradation of VOC’s in groundwater. 

 

Performance of the ZVI-PRB will be assessed by effectiveness monitoring as required by the Effectiveness 

Monitoring Plan (EMP) submitted to the US EPA and SCDHEC in July 2019. [8] The EMP consists of 

eight upgradient monitoring wells, four in-wall monitoring wells, and 14 downgradient monitoring wells 

(Figure 8).  Results of the fifth annual effectiveness monitoring report will be used to evaluate the 

effectiveness of the ZVI-PRB, as well as the sustainability of the ZVI-PRB in treating VOC contamination.  

 

 
Figure 8. EMP monitoring well locations. 

 

CONCLUSIONS 

 

An 80.5 LM (264 LF) ZVI-PRB will be implemented in order to address TCE contamination in the PAGW 

OU of the SRS.  The designed ZVI-PRB will have a permeability greater than that of the surrounding 

sediments, therefore allowing contaminated groundwater to flow through the iron matrix.  VOC 

contaminants that come in contact with the ZVI will be reduced to harmless end product such as ethene or 

ethane.  ZVI-PRB’s have been used successfully in similar applications to treat VOC contamination and 

have achieved useful lives of at least 25 years.  Site specific soil and groundwater samples were used to 

assess the potential for clogging within the ZVI-PRB and produced favorable results.   
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The potential for clogging was found to be very low, and therefore the ZVI-PRB is expected to have a 

useful life of at least 25 years.  Construction of this NTC RA began in July of 2019 and is expected to be 

completed in January of 2020. 

 

The performance of the ZVI-PRB will be evaluated through monitoring and reporting as required by the 

EMP submitted to the US EPA and SCDHEC.  Immediate degradation of TCE in the groundwater will be 

demonstrated by in-wall monitoring wells installed within the ZVI-PRB.  Since the ZVI-PRB will be 

installed mid-plume, it is expected that back-diffusion will result in elevated TCE concentrations 

downgradient of the ZVI-PRB.  Expectations are that it may take many years to see a significant decrease 

in TCE concentrations downgradient of the ZVI-PRB.  In the long term, the removal of TCE from this well 

defined geologically controlled flow path should result in a demonstrated reduction in TCE flux to the 

creek.     
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