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1. INTRODUCTION 

Weston Solutions, Inc. has prepared this Groundwater Monitoring Plan (GWMP) on behalf of the 

Timex Group USA (Timex) for the former Timex facility previously located at 2215 Crisp Drive 

in Little Rock, Arkansas. This GWMP was prepared to satisfy the requirements of the  

First Amendment to Consent Administrative Order (CAO) LIS-04-206 between Timex and the 

Arkansas Department of Environmental Quality (ADEQ).  

In August 2011, Timex completed a Remedial Alternative Analysis (RAA) that evaluated 

various remediation technologies to address soil and groundwater contamination associated with 

the Site (WESTON, 2011). The RAA recommended excavation and off-site disposal of source 

area soils and treatment of shallow groundwater using in situ chemical oxidation (ISCO). These 

technologies would be combined with institutional controls and monitored natural attenuation 

(MNA) to mitigate potential future exposures and ultimately return the groundwater to 

productive use, respectively. The RAA was accepted by ADEQ and they subsequently issued a 

Remedial Action Decision Document (RADD) that described the approved remedy. The RADD 

was issued for public comment on 20 January 2014 and finalized on 27 February 2014. 

Simultaneously, Timex and ADEQ agreed upon on an Amendment to the CAO that specifies the 

selected remedy and lists required milestones. The CAO requires that a GWMP be submitted that 

describes the proposed groundwater monitoring to be conducted to confirm that groundwater 

remediation efforts (ISCO and natural attenuation) will be effective at meeting the approved 

cleanup goals for the Site.  

This GWMP describes the proposed monitoring program that will be implemented to document  

the effectiveness of the ISCO program in attaining the Remedial Action Level (RAL) of  

1.96 milligrams per liter (mg/L) for trichloroethene (TCE) in the shallow aquifer on-site and to 

verify the remaining groundwater contamination is attenuating naturally.   



 

SECTION 2 
 

SITE DESCRIPTION AND BACKGROUND
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2. SITE DESCRIPTION AND BACKGROUND 

For the purposes of the remedial action, the “Site” is considered to be the former Timex facility 

located at 2215 Crisp Drive in Little Rock, Arkansas, as well as all contiguous property owned 

by the Little Rock National Airport Authority. Figure 1 shows the approximate location of the 

Site. The 9-acre former Timex parcel is zoned as light industrial (I-2) and is currently a fenced 

vacant lot partially covered by aged asphalt and grassy vegetation (see Figure 2). Land uses in 

the vicinity of the Site include vacant land, Civil Air Patrol and Army Reserve facilities, aircraft 

support services, and light industrial operations. A residential neighborhood of small single-

family homes is located about 700 feet (ft) north of the former Timex parcel. 

The former Timex parcel is owned by the Little Rock National Airport Authority (Airport) and 

was formerly leased to Timex. Timex historically manufactured watches, clocks, and cameras at 

the Site between 1947 and August 2000, when operations ceased and all products were removed. 

The Airport demolished the vacant 225,000 square-foot historical split-level manufacturing 

building in January 2005. Prior to 1947, the Site had been used for the storage and assembly of 

aircraft engines and for cotton storage. 

Manufacturing processes formerly conducted by Timex at the Site included cutting, stamping, 

grinding, sanding, and plating metal and aluminum watch bezels and case backs, as well as 

injection molding of plastic watch cases. Various metals including copper, chromium, nickel, 

and gold were used in the metal plating processes. Oils and industrial solvents were used in the 

various metal working processes. 

Prior to discontinuation of manufacturing operations, the Airport conducted a Phase I 

Environmental Site Assessment. A Phase II investigation conducted jointly by Timex and the 

Airport discovered that past operations involving chlorinated solvents had affected groundwater 

quality beneath the property, and recommended that further investigation be conducted to define 

the source and extent of the impact. As a result, Timex entered into a CAO for voluntary action 

with ADEQ on 28 December 2004. The CAO required that Timex submit a Site Investigation 

Report and a RAA. The Site Investigation Report was submitted on 23 August 2007 by  

FTN Associates Ltd. (FTN), and was conditionally approved by ADEQ in a letter dated  

2 December 2008. Additional documents detailing subsequent investigations conducted in an 
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effort to respond to the ADEQ conditions presented in the approval letter have since been 

submitted.  

Following completion of the site investigation, a RAA was performed to evaluate remedial 

options in accordance with the second requirement of the CAO. The RAA recommended a 

remedial approach that consisted of a combination of active remediation, institutional controls, 

and MNA. The active remediation would consist of excavation and off-site disposal of source 

area soils and ISCO treatment of contamination within the shallow aquifer. The RAA describes 

the remedy that formed the basis of the Final RADD issued on 27 February 2014.  

2.1 HYDROGEOLOGIC SETTING 

The Site is relatively flat and located about 255 ft above mean sea level. Surface/storm water 

drainage is primarily to the west through shallow, unlined storm drains, and ditches that 

discharge to a larger ditch along Bond Avenue that is part of the City of Little Rock drainage 

system. Flow within the larger ditch continues south for approximately 1 mile and enters 

Fourche Creek, which discharges to the Arkansas River approximately 0.9 mile north of the Site 

(FTN, 2007a). 

2.1.1 Geology 

Regional geology is characterized by 75 to 100 ft of Quaternary alluvium overlying older, more 

consolidated, Tertiary deposits of the Wilcox and Midway Groups. The Quaternary alluvium is a 

relatively thick sequence of fluvial deposits from the Arkansas and Mississippi Rivers and their 

tributaries that is composed primarily of sand, silt, and clay. These deposits make up the Surficial 

Alluvial Aquifer System. 

Based on information gathered during previous investigations (FTN, 2007b), site geology is 

characterized by a surficial silt and clay unit overlying two predominate sand layers separated by 

a confining clay unit. The units are summarized below in descending order from the ground 

surface. 

 Surficial Silt and Clay: A sequence of interbedded sandy silts and clays extending 
from approximately 2 to 13 ft below the ground surface. Thin discontinuous silty sand 
lenses are also present and may be associated with paleo channels. A silty clay or clay 
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layer 2 to 4 ft thick typically marks the base of this unit (also sometimes referred to as 
the “upper clay”). 

 Shallow Sand: This unit ranges in thickness from 3 to 14 ft and consists of reddish 
brown to brown silty sands and sandy silts. 

 Confining Clay: The shallow sand unit is underlain by a reddish-brown to brown 
clay that is approximately 14 to 22 ft thick. 

 Intermediate Sand: The intermediate sand layer, which has a thickness ranging from 
3.5 to 6 ft, is located within the confining clay unit described above and consists of 
silt, silty sand, and poorly sorted sands. This layer is discontinuous across the Site and 
may represent a paleo channel deposit. 

 Deep Sand: The deep sand unit is poorly graded fine to medium-grained, loose sand 
with a silty sand interval directly below the overlying clay stratum. This unit is about 
35 ft thick and extends to a depth of roughly 60 or 65 ft below grade, where it rests 
unconformably on the more consolidated Tertiary age deposits. 

2.1.2 Hydrogeology 

Two distinct hydrostratigraphic zones have been identified at the Site; the shallow sand aquifer 

and the deep sand aquifer. 

The shallow sand aquifer corresponds to the shallow sand unit described above. Hydrogeologic 

conditions within the shallow sand aquifer in and around the Site vary from being completely 

saturated and partially confined (south) to unsaturated (north). Groundwater flow within this unit 

is predominantly north and northeast toward the Arkansas River, although there is a minor 

westward component towards Bond Avenue that is likely related to a paleo stream channel. 

Groundwater level measurements indicate that groundwater is present at depths ranging from 

between 5 to 17 ft below grade. An average site-wide hydraulic gradient of 0.0064 was 

calculated for the shallow sand aquifer. Hydraulic conductivity estimates for the shallow sand, 

based on slug tests performed on monitoring wells, average 2 to 4 feet per day (ft/day). The 

calculated seepage velocity for the shallow sand aquifer was about 25 feet per year (ft/yr). Based 

on the limited saturated thickness and hydraulic conductivity of this zone, it is not considered a 

viable source of groundwater for economic uses. A well search conducted by FTN did not 

document any current use of the shallow groundwater. 
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The deep sand aquifer corresponds to the deep sand layer and is confined in all areas of the Site. 

Groundwater flow in the deep sand aquifer is to the northeast towards the Arkansas River, which 

is the regional groundwater discharge point. Potentiometric surface levels within the deep sand 

aquifer rise to within about 14 to 18 ft of the ground surface. An average site-wide hydraulic 

gradient of 0.00067 was calculated for the deep sand aquifer. Hydraulic conductivity estimates 

for the deep sand, based on slug tests performed on monitoring wells, average 115 to 175 ft/day. 

The calculated seepage velocity for the deep sand aquifer was about 150 ft/yr. The greater 

saturated thickness (35 ft) and hydraulic conductivity of this zone suggests that it could be used 

as a water source, although municipal water is available at the Site and all surrounding areas.  

A well search performed by FTN confirmed two nearby industrial supply wells (Little Rock 

Crate and Basket and the former Northwest Hardwoods) screened in the deep sand, but four 

other wells listed in online databases could not be located and are presumed to no longer be in 

operation. 

Groundwater elevation monitoring has suggested that there is some hydraulic communication 

between the two groundwater zones. Vertical hydraulic gradients between the shallow and deep 

sand aquifer are strongly downward, with groundwater potentiometric surface elevation 

differences between the two units ranging from about 6 to 9 ft in the vicinity of the Site. The 

vertical gradient remains downward northeast (downgradient) of the Site, but the differences in 

potentiometric elevations between the two aquifers decreases as you move away from the Site 

(FTN, 2007b). 

2.2 NATURE AND EXTENT OF CONTAMINATION 

Investigation of environmental conditions has been ongoing at the Site for the last 10 years. 

Hundreds of samples of various environmental media (including soil, groundwater, surface 

water, sediment, and indoor air) have been collected and analyzed for potential site 

contaminants. The investigations have shown that some industrial solvents and their breakdown 

products are present in the environment as a result of manufacturing operations at the facility. 

Some of these compounds have migrated downgradient and extend off the former Timex 

property in all directions. Two suspected source areas were identified: a former plating 

room/effluent treatment plant area within the footprint of the former manufacturing building, and 
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a storm drain located near the northwest corner of the former building. The two source areas 

have slightly different chemical constituents. Contaminants associated with the storm sewer are 

predominately TCE and its associated breakdown products, whereas contamination related to  

the former plating room/effluent treatment plant area is predominately 1,1,1-trichloroethane  

(1,1,1-TCA) and its breakdown products.  

The RADD identifies the chemicals of potential concern (COPCs) for soil at the Site as: 

 1,1,1-TCA 
 1,1-dichloroethane (1,1-DCA) 
 TCE 
 1,1-dichloroethene (1,1-DCE) 
 cis-1,2-dichloroethene (cis-1,2-DCE) 

The following compounds were listed in the RADD as COPCs for site groundwater:  

 1,1,1-TCA 
 1,1,2-trichloroethane 
 1,1-DCA 
 1,2-dichloroethane (1,2-DCA) 
 Tetrachloroethene (PCE) 
 TCE 
 1,1-DCE 
 cis-1,2-DCE 
 1,4-dioxane 
 Freon 113 
 Vinyl chloride 
 Manganese  

Manganese was not specifically named as a chemical of concern in the Site Investigation Report 

(FTN, 2007b) because it was not released into the environment as a result of former 

manufacturing operations, but rather is a naturally-occurring compound that is mobilized by 

biodegradation of the chlorinated solvents that were a result of historical releases at the Site. 

However, ADEQ has required that manganese be included as a COPC for groundwater and that 

concentrations in groundwater be evaluated during the MNA portion of the remedy. 
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2.2.1 Soil Contamination 

The COPCs for soil were identified largely due to the risk to degrade groundwater quality. The 

majority of samples containing elevated concentrations of COPCs were collected from within the 

capillary zone or saturated zone, indicating the observed contamination is associated with 

groundwater and not a soil release. Vadose zone impacts were identified beneath the west end of 

the storm drain that runs along the north side of the former building and at MW-10, which is 

located within the footprint of the building beneath the former plating room/effluent treatment 

plant. 

2.2.2 Groundwater Contamination 

The most pervasive COPC for groundwater is the industrial solvent TCE and its breakdown 

products, including 1,1-DCE. Concentrations as high as 32 mg/L of TCE have been observed in 

groundwater beneath the Site. 

Although no definitive source for the TCE contamination in groundwater was found, it is 

believed that the western end of the storm drain on the north side of the former building (near 

MW-18S/D) may have been the release point for the TCE contamination. The suspected source 

area was identified based on small areas of vadose soil contamination that were found, and on 

the pattern of groundwater contamination. Figures 3 and 4 show the estimated extent of volatile 

organic compound (VOC) contamination in the shallow and deep aquifers, respectively, and 

were developed based on a compilation of historical groundwater sampling results.  

A small area of 1,1,1-TCA contamination exists in shallow groundwater in the vicinity of 

monitoring well MW-10S and is believed to be related to the former plating room/effluent 

treatment plant located in the south central portion of the former manufacturing building. 

2.3 SELECTED REMEDIAL ALTERNATIVE 

As mentioned above, Timex completed a comprehensive RAA that screened 24 different 

remedial technologies, of which 10 were determined to be potentially applicable to the Site. The 

ten applicable technologies were used to develop four remedial action alternatives, which were 
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then evaluated against nine performance criteria. Based on this evaluation, ADEQ selected the 

approved remedy for the Site that is described in the Final RADD. 

The approved remedy includes the application of institutional controls that will limit site use to 

industrial activities and prevent the use of shallow and deep groundwater on-site and off-site 

within the area affected by the groundwater contamination.  

Active soil remediation consisting of excavation and off-site disposal of unsaturated soils 

exceeding the RAL of 0.78 milligrams per kilogram of TCE will be performed to mitigate 

potential vapor intrusion risk to future industrial workers. It is estimated that approximately 

2,800 cubic yards of soil will be removed and disposed off-site. The excavation will be 

backfilled with imported clean fill. 

For the shallow groundwater aquifer on-site, ISCO will be implemented to treat TCE 

contamination in the shallow aquifer exceeding the RAL of 1.96 mg/L. The sodium 

permanganate will react with and destroy the TCE, producing only inert byproducts. 

Groundwater monitoring will be performed during ISCO treatment to confirm that the injections 

are effective and to determine when the RAL has been achieved. Following attainment of the 

RAL via active treatment, Timex will transition to MNA, subject to ADEQ approval. 

For the deep groundwater and shallow off-site groundwater, MNA will be implemented. The 

plume exhibits signs of natural degradation with the presence of daughter products such as DCE. 

For all groundwater remedies, attainment of the maximum contaminant levels (MCL) is the 

ultimate cleanup goal. This document describes the monitoring program that will be 

implemented to verify that MNA is progressing at the Site.   

 



 

SECTION 3 
 

GROUNDWATER MONITORING PLAN
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3. GROUNDWATER MONITORING PLAN 

As mentioned above, the approved remedy for the Site as described in the RADD includes 

source remediation (soil excavation), active groundwater treatment (ISCO), institutional controls, 

and natural attenuation. There will be three phases of groundwater monitoring in support of the 

approved remedy. These will include: 

 Baseline monitoring 
 ISCO monitoring 
 Natural attenuation monitoring  

The following subsections describe the objective, parameters, location, and frequency for each of 

the three monitoring phases. All groundwater monitoring will be performed using low-flow 

sampling methods in general accordance with the site-specific Field Sampling Plan (FTN, 2004). 

Some of the instruments described in the 2004 Field Sampling Plan have been replaced (e.g., an 

HF Scientific turbidity meter has replaced the LaMotte 220 and a YSI 556 multi-parameter meter 

and flow through cell have replaced the HydroLab DataSonde 4A). Subsequent to approval of 

the 2004 Field Sampling Plan, a contained-out determination allowed Timex to treat purge water 

and decontamination fluids on-site and discharge treated water to the ground. As the project 

moves forward, these fluids will be collected and stored in 55-gallon drums, sampled for off-site 

disposal parameters as required by the receiving facility (using the methods and frequency 

described in the Field Sampling Plan), and disposed off-site based on the results of the testing.  

3.1 BASELINE MONITORING 

Baseline monitoring will be performed before any of the treatment remedies are implemented at 

the Site. The objective of the baseline monitoring will be to provide a comprehensive 

understanding of groundwater conditions for all COPCs prior to implementing active 

remediation. The results of the baseline sampling will provide a basis of comparison for the other 

two monitoring programs, allowing Timex and ADEQ to evaluate their effectiveness.    

3.1.1 Baseline Monitoring Approach 

The baseline monitoring round will be a single comprehensive evaluation of COPC 

concentrations at all existing monitoring wells.    
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3.1.2 Baseline Monitoring Parameters 

The analytical parameters to be used for the baseline monitoring round are: 

VOCs via SW-846 Method 8260B: This method includes all of the COPCs for groundwater as 

listed in the RADD, with the exception of manganese. 

Manganese via Method 6010: This method will be used for manganese.  

Chloride via Method 9056: Chloride will be produced by the ISCO process as the chlorinated 

solvents are destroyed.   

Field Parameters: These parameters will be measured in the field using calibrated direct-reading 

instruments and include: 

 Dissolved oxygen (DO)  
 Oxidation/reduction potential (ORP)  
 pH 
 Specific conductance  
 Turbidity 
 Temperature 

Dissolved oxygen and ORP are indicators of oxidizing conditions produced by the ISCO 

injections. Specific conductance is an indicator of the presence of oxidants. Pre-injection 

measurements for these parameters will be important for evaluating the extent of ISCO impacts 

during subsequent active remediation.     

3.1.3 Baseline Monitoring Locations 

All existing monitoring wells at the Site will be sampled for the baseline monitoring round to 

provide a comprehensive evaluation of pre-remediation groundwater conditions. The monitoring 

wells are listed in Table 1 along with pertinent well construction details. Monitoring well 

locations are shown on Figure 2.  

3.1.4 Baseline Monitoring Frequency 

The baseline monitoring round will be performed one time, prior to starting remedial activities at 

the Site (soil excavation or ISCO injections).        
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3.2 IN SITU CHEMICAL OXIDATION MONITORING 

In situ chemical oxidation involves injecting a chemical oxidant into the groundwater that will 

destroy the COPCs. 

Two oxidants are proposed for use at this Site:  

 Sodium Permanganate 
 Sodium Persulfate 

Sodium permanganate has the longest persistence of all of the common oxidants, often persisting 

in the subsurface for 1 to 2 years after injection. This is a great advantage because it allows the 

oxidant more time to react with the contaminants, which provides more complete treatment of 

contaminants with less chance for rebound. Sodium permanganate is very effective at treating 

chlorinated ethenes such as PCE, TCE, and their breakdown products. However, sodium 

permanganate is not strong enough to break down the chlorinated ethane compounds such as 

1,1,1-TCA and 1,1-DCA. Sodium permanganate will be used to treat groundwater containing 

predominately TCE and its associated breakdown products that are located in the vicinity of the 

former storm drain and related downgradient areas.  

Sodium persulfate will be used to reduce the amount of residual 1,1,1-TCA mass in the  

vicinity of the former plating room/effluent treatment plant area (near MW-10S). Reducing the 

1,1,1-TCA mass in this area will facilitate natural attenuation of this compound. Persulfate is a 

stronger oxidant than permanganate and is capable of destroying the chlorinated ethanes. It is 

somewhat less persistent however, typically lasting less than 6 months in the subsurface. Given 

the objective of mass reduction, the lower concentrations of 1,1,1-TCA in groundwater, and the 

substantially smaller area impacted; the shorter persistence of persulfate is not a significant 

concern at this Site.        

3.2.1 In situ Chemical Oxidation Monitoring Approach 

There are two objectives of the ISCO monitoring program:  

1) Track the persistence of the two oxidants and determine when and where they have 
become depleted so that contaminant destruction can be assessed.  
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2) Measure concentrations of COPCs once the oxidants have been depleted to determine 
whether the RAL of 1.96 mg/L TCE has been achieved on-site and to document the 
amount of 1,1,1-TCA mass reduction.   

As a result, there are two distinct types of ISCO monitoring: 1) oxidant monitoring and  

2) contaminant monitoring.    

3.2.2 In situ Chemical Oxidation Monitoring Parameters 

Oxidant Monitoring: The parameters for the oxidant monitoring will vary slightly for the two 

source areas (where different oxidants will be used). Sodium permanganate is the proposed 

oxidant for the TCE source area near the northwest corner of the former building. Sodium 

permanganate has a highly distinctive pink-purple color that is visible to the naked eye at 

concentrations as low as 1 mg/L. As such, visual inspection of water samples in the field is a 

reliable method of assessing whether sodium permanganate is present at sufficient concentrations 

to provide continuing treatment. In addition, groundwater samples will be analyzed in the field 

for DO, ORP, and specific conductance. Specific conductance is a reliable indicator for sodium 

persulfate levels. 

Contaminant Monitoring: Monitoring of contaminant concentrations will be performed to assess 

the effectiveness of the permanganate injections at meeting the groundwater RAL for TCE and to 

document the 1,1,1-TCA mass reduction. As a result, groundwater samples will be analyzed for 

volatile COPCs via SW-846 Method 8260B.   

3.2.3 In situ Chemical Oxidation Monitoring Locations 

The ISCO performance monitoring program must be somewhat flexible to allow for response to 

real-time field observations of oxidant impacts as well as variations between injection events. As 

such, the monitoring locations listed in this subsection are intended as a general guide, 

particularly for the oxidant monitoring. The actual wells sampled may include additional or 

fewer wells as the data warrant.    

Oxidant Monitoring: The locations initially selected for oxidant monitoring were based on 

estimates of how far the oxidant will travel before it fully reacts with the contamination. 

Groundwater seepage velocity (25 ft/yr), the volume of oxidant injected, and previous experience 
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at similar sites were used in developing this estimate. The list of oxidant monitoring locations 

will be further evaluated periodically during the monitoring program and will be expanded or 

reduced based on the results. Specifically, the data listed in Subsection 3.2.2 Oxidant Monitoring 

(color, DO, ORP, and specific conductance) will be evaluated to assess the likely presence of 

unreacted oxidant. When oxidants such as sodium permanganate and sodium persulfate are 

present, these indicator parameters will be elevated above background levels. A pink or purple 

color of the water indicates sodium permanganate is present. When these parameters return to 

near-background values that indicates the oxidant has fully reacted with the contamination. If the 

oxidant monitoring data indicate that unreacted oxidant extends farther from the source area than 

expected, the oxidant monitoring well network will be expanded outward until the extent of 

oxidant has been defined. If the results suggest the extent of the oxidant is smaller than 

anticipated, monitoring at some of the outlying monitoring wells may be discontinued. Any such 

changes in the monitoring program will be communicated to ADEQ via Monthly Status Reports. 

The monitoring wells included in the initial oxidant monitoring program include those in close 

proximity to the two ISCO injection areas. The density of the 20 percent (%) sodium 

permanganate solution is very similar to TCE and at other sites it has been observed to penetrate 

deeper pathways, following the TCE. As a result, a few deep sand aquifer monitoring wells 

located in the vicinity of the TCE treatment area are included in the monitoring program to see if 

the permanganate will penetrate into that zone even though it will not be directly injected into the 

deep sand aquifer. The wells included in the post-injection monitoring program will include: 

 TCE source area (where permanganate will be used as the oxidant): MW-4, MW-14, 
MW-15, MW-18S, MW-18D, MW-19, MW-20, MW-21, MW-26, MW-29S,  
MW-29D, and MW-30S. 

 1,1,1-TCA source area (where persulfate will be used as the oxidant): MW-2S,  
MW-09, MW-10S, MW-10D, and MW-11.  

Contaminant Monitoring: Volatile COPC concentrations will be measured in selected monitoring 

wells between injection events to assess the effectiveness of the prior treatment(s) and the need 

for additional injection(s).    

 For the TCE source area, monitoring wells where the groundwater RAL of 1.96 mg/L 
is exceeded in the baseline sampling round will be sampled. Most recently this has 
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included the following monitoring wells: MW-4, MW-14, MW-15, MW-18S,  
MW-20, MW-21, MW-26, MW-29S, and MW-29D. 

 For the 1,1,1-TCA source area, MW-10S and MW-16 will be sampled following 
dissipation of the persulfate to document 1,1,1-TCA mass reduction. MW-10S is the 
only monitoring well where significant concentrations of 1,1,1-TCA have been 
historically observed. 

The wells listed above were selected based on the most recent groundwater monitoring sampling 

results. This list will be updated based on the results of the baseline groundwater sampling 

round.  

3.2.4 In situ Chemical Oxidation Monitoring Frequency 

Oxidant Monitoring: The frequency of oxidant monitoring will be variable, with more frequent 

measurements after an injection event and tapering off over time. Oxidant monitoring will be 

conducted weekly for the first month following injection and then monthly thereafter. After  

4 months, the frequency will be further reduced to quarterly. If additional injections are 

performed after the initial one, the oxidant monitoring program will start over at weekly testing. 

It is likely that the TCE and 1,1,1-TCA source areas will be on different monitoring frequencies 

because of the longer persistence of the permanganate compared to persulfate. The oxidant 

monitoring program for permanganate will be terminated when the RAL of 1.96 mg/L TCE has 

been achieved on-site and no further permanganate injections are needed. The persulfate 

monitoring will be terminated when a sufficient reduction in 1,1,1-TCA mass in the source area 

(MW-10S) has been achieved. It is anticipated that this will be after one or perhaps two 

persulfate injections.     

Contaminant Monitoring: Sampling for volatile COPCs will not be performed on a prescribed 

frequency. Rather, contaminant monitoring will be conducted after the oxidant monitoring has 

shown that the oxidant in a particular source area has fully dissipated. Experience at other sites 

has shown that if an oxidant is present at concentrations that are detectable via field methods  

(i.e., visual observation for permanganate and elevated specific conductance for persulfate) that 

VOCs concentrations will be below laboratory detection levels. Further, laboratories cannot 

analyze groundwater samples that contain elevated oxidant concentrations without incurring 

damage to their instruments. Based on previous experience, it is anticipated that the contaminant 
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monitoring will be conducted approximately annually for the TCE source area and semi-annually 

for the persulfate source area, but these are only rough estimates as oxidant persistence can vary 

considerably from site to site.     

Volatile COPC monitoring in support of the ISCO program will be discontinued when the 

groundwater RAL for TCE (1.96 mg/L) has been met in all on-site monitoring wells, at which 

point the natural attenuation monitoring program will take over.  

3.3 NATURAL ATTENUATION MONITORING 

Natural attenuation and long-term monitoring will be used for restoration of groundwater quality 

in the downgradient portion of the shallow aquifer and for all areas of the deep aquifer at the 

former Timex facility. 

Natural attenuation (also known as intrinsic remediation or natural restoration) is a method in 

which natural processes remove contaminants from groundwater under closely monitored 

conditions. Natural attenuation describes a range of physical and biological processes that, 

unaided by deliberate human intervention, reduces mass, toxicity, mobility, and volume or 

concentration of chemical contaminants in subsurface media. These in situ processes include 

biodegradation, dispersion, dilution, adsorption, volatilization, chemical and biological 

stabilization or destruction of contaminants. 

The extent of contaminant degradation depends on a variety of parameters, such as contaminant 

types and concentrations, temperature, moisture, and the availability of nutrients and other 

compounds that influence the metabolism of microorganisms. A biodegradation capability of 

indigenous organisms (reductive dechlorination) as well as the dispersive characteristics of the 

aquifer material to attenuate contaminant levels is a primary factor for natural attenuation. 

Long-term monitoring is necessary to demonstrate that contaminant concentrations continue to 

decrease at a sufficient rate to ensure that they would not become a health threat or violate 

regulatory criteria. 

A long-term monitoring program has been designed to verify that potentially toxic 

transformation products are not created at levels that are a threat to public health; that the plume 



G:\PROJECTS\13568004\Planning Documents\Groundwater Monitoring Plan\Revised Timex GW Monitoring Plan 9_23_14.doc  24 September 2014 

 3-8 

is not expanding either vertically or laterally; and that there are no changes in hydrogeological, 

geochemical, or microbiological parameters that might reduce the effectiveness of natural 

attenuation. 

The available site data and conceptual site model were used to assess whether natural attenuation 

is occurring at the Site. Natural attenuation is being considered for this Site because breakdown 

products of TCE and 1,1,1-TCA (the known parent chlorinated solvents) have been observed at 

significant concentrations in site groundwater; thus, demonstrating that natural biodegradation is 

occurring. 

3.3.1 Natural Attenuation Monitoring Approach 

The objective of the MNA program is to monitor changes in contaminant concentrations as they 

move from the groundwater source area on the former Timex property toward the residential area 

north of 12th Street and the airport runway to the east. The approach is based on monitoring 

several transects across the axis of the plume in each of the two hydrostratigraphic zones 

(shallow and deep aquifers). 

3.3.2 Natural Attenuation Monitoring Parameters 

The groundwater samples would be analyzed for volatile COPCs using SW-846 Method 8260B 

and manganese via Method 6010C to monitor the degradation process. Samples will also be 

analyzed in the field for DO, ORP, pH, turbidity, temperature, and specific conductance. 

3.3.3 Natural Attenuation Monitoring Locations 

Natural attenuation would be monitored using the existing monitoring well network. The 

monitoring network will provide adequate information on the concentrations of contaminants 

and breakdown products within the plume areas, to track degradation of contaminants in 

groundwater located in the shallow and deep aquifers, and verify reduction of contaminant mass. 

A total of 26 monitoring wells would be sampled and analyzed as part of program. Table 1 lists 

the monitoring wells, and Figure 5 shows the location of the monitoring wells included in this 

monitoring program. As COPC concentrations in monitoring wells included in the MNA 

network achieve the MCL, they will be dropped from the program, with ADEQ approval.  
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3.3.4 Natural Attenuation Monitoring Frequency 

The frequency of Natural Attenuation Monitoring will be evaluated after the ISCO treatments are 

complete and will be based upon the most recent groundwater quality data, contaminant transport 

timeframe estimates, and the conceptual site model. The initial sampling frequency will be no 

less than semi-annual, but could be as frequent as quarterly. Groundwater samples will be 

collected from the monitoring wells and analyzed for volatile COPCs and manganese for a 

period of 3 years to document seasonal variations. At a minimum, sampling rounds will be 

performed in April/May and September/October of each year to coincide with the wet and dry 

periods (high and low groundwater conditions, respectively).  

Assuming that the data from the first 3 years show consistent results, and with ADEQ approval, 

the frequency will be reduced to annual. After 2 years of annual sampling (5 years from 

attainment of the RAL for TCE), Timex will perform a 5-Year Review of the MNA program. If 

the MNA results show that contaminant concentrations are decreasing or remaining stable in all 

areas of the plume, Timex will seek to reduce the MNA monitoring to once every 5 years, 

subject to ADEQ approval. If contaminant concentrations are found to be increasing in any 

portion of the plume, then the monitoring program will be extended. Contaminant trends will be 

statistically evaluated using the Mann-Kendall (M-K) Test with an 80% confidence level. The 

M-K Test is a nonparametric statistical method for evaluating trends that is commonly used to 

assess groundwater quality data. Because variation is anticipated in the data sets from April/May 

and September/October, a “seasonal” M-K Test will be used. This method evaluates the spring 

and fall data sets separately, calculating a test statistic for each, and then summing the two to get 

an overall S statistic that will be used to assess the trend (Gilbert, 1987). Prior to the 5-year 

review, insufficient data will have been collected to perform the M-K Test (taking into 

consideration seasonality in the dataset). As a result, the initial data will be plotted versus time 

on a standard trend graph and a best-fit line will be drawn through the data. The slope of the 

best-fit line will be used as an approximation of the data trend until sufficient data is collected to 

support the more rigorous M-K Test.     

If groundwater monitoring results indicate that MNA is not effective (i.e., contaminant 

concentrations are observed to be increasing) in either aquifer after 5 years of monitoring, then 
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active remediation such as that described in the other three alternatives would be considered, and 

an analysis submitted to ADEQ for review and approval. 

3.4 REPORTING 

Summary reports will be submitted annually. The reports will include groundwater contour maps 

for the two hydrostratigraphic units as well as summary tables, trend graphs, and maps 

presenting the analytical results. Any recommended changes to the frequency or monitoring 

locations will be included in the annual reports for ADEQ review and approval.   

In addition to the annual summary reports, a monthly status update will be submitted to ADEQ. 

The monthly status update will be in the form of a cover letter and will contain a summary of 

actions performed on the property during the month; analytical data, if obtained, from any 

sampling or analyses during the month; details of all contacts relating to Timex with the local 

community, public interest groups, and State government during the month; updates included in 

the community relations plan and website; details of problems or potential problems encountered 

during the month; actions being taken to rectify problems; and projected work for the next 

month. 

3.5 5-YEAR REVIEWS 

A 5-Year Review will be conducted 5 years after the implementation of the remedial action to 

confirm that remedy is effective. A comprehensive round of groundwater samples would be 

collected from all existing shallow and deep monitoring wells and compared to the baseline 

monitoring results and RALs to assess the effectiveness of the remedy and to ensure that it 

continues to be protective of human health and the environment. 
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TABLE 



From To

MW-1 10/30/2002 19.9 Shallow PVC 2 19.9 254.59 4.9 19.9 15

MW-2S 11/8/2002 19.5 Shallow PVC 2 19.5 253.51 4.5 19.5 15

MW-2D 4/16/2007 45 Deep PVC 2 44.6 252.41 34.6 44.6 10

MW-3 10/31/2002 19.8 Shallow PVC 2 19.8 253.55 4.8 19.8 15

MW-4 10/31/2002 19.8 Shallow PVC 2 19.8 253.62 4.8 19.8 15

MW-5 11/1/2002 22.4 Shallow PVC 2 22.4 257.26 7.4 22.4 15 Decommissioned

MW-6 11/4/2002 23 Shallow PVC 2 23.0 256.1 8 23 15 Decommissioned

MW-7 11/6/2002 22.6 Shallow PVC 2 22.6 256.21 7.6 22.6 15 Decommissioned

MW-8 11/7/2002 22 Shallow PVC 2 22.0 256.08 7 22 15 Decommissioned

MW-9 6/22/2006 23 Shallow PVC 2 22.7 254.47 12.7 22.7 10

MW-10S 6/22/2006 20 Shallow PVC 2 19.9 254.83 9.9 19.9 10

MW-10D 4/27/2007 45 Deep PVC 2 44.9 254.87 34.9 44.9 10

MW-11 6/27/2006 20 Shallow PVC 2 19.7 254.13 9.7 19.7 10

MW-12 6/26/2006 23 Shallow PVC 2 22.9 255.07 12.9 22.9 10

MW-13S 6/30/2006 18 Shallow PVC 2 17.7 253.12 7.7 17.7 10

MW-13D 4/26/2007 45 Deep PVC 2 44.5 253.08 34.5 44.5 10

MW-14 6/30/2006 20 Shallow PVC 2 19.7 253.62 9.7 19.7 10

MW-15 6/21/2006 23 Shallow PVC 2 22.7 252.92 12.7 22.7 10

MW-16 6/22/2006 20 Shallow PVC 2 19.8 252.82 9.8 19.8 10

MW-17 6/26/2006 20 Shallow PVC 2 19.7 252.64 9.7 19.7 10

MW-18S 6/27/2006 18 Shallow PVC 2 17.7 252.89 7.7 17.7 10

MW-18D 4/25/2007 45 Deep PVC 2 44.7 252.93 34.7 44.7 10

MW-19 6/27/2006 20 Shallow PVC 2 19.7 253.04 9.7 19.7 10

MW-20 6/29/2006 18 Shallow PVC 2 17.7 253.59 7.7 17.7 10

MW-21 6/29/2006 20 Shallow PVC 2 19.5 253.75 9.5 19.5 10

MW-22 6/29/2006 20 Shallow PVC 2 19.8 254.41 9.8 19.8 10

MW-23 6/27/2006 20 Shallow PVC 2 19.7 254.33 9.7 19.7 10

MW-24 6/28/2006 20 Shallow PVC 2 19.8 254.47 9.8 19.8 10

MW-25 6/28/2006 18 Shallow PVC 2 17.7 254.34 7.7 17.7 10

MW-26 6/29/2006 18 Shallow PVC 2 17.8 253.85 7.8 17.8 10

MW-27 6/28/2006 18 Shallow PVC 2 17.6 254.52 7.6 17.6 10

MW-28 7/6/2006 23 Shallow PVC 2 22.7 254.68 12.7 22.7 10

MW-29S 7/7/2006 18 Shallow PVC 2 17.7 254.55 7.7 17.7 10

MW-29D 4/20/2007 45 Deep PVC 2 44.7 254.73 34.7 44.7 10

MW-30S 4/18/2007 18 Shallow PVC 2 17.9 255 7.9 17.9 10

MW-30D 6/23/2006 43 Deep PVC 2 42.6 254.72 32.6 42.6 10

MW-31S 7/6/2006 18 Shallow PVC 2 17.8 254.86 7.8 17.8 10

MW-31D 4/20/2007 45 Deep PVC 2 44.6 254.82 34.6 44.6 10

MW-32 6/6/2006 20 Shallow PVC 2 19.6 254.62 9.6 19.6 10

MW-33S 4/19/2007 22 Shallow PVC 2 21.7 255.63 11.7 21.7 10

MW-33D 7/7/2006 43 Deep PVC 2 42.5 255.42 32.5 42.5 10

MW-34S 4/18/2007 18 Shallow PVC 2 17.8 254.04 7.8 17.8 10

MW-34D 4/26/2007 45 Deep PVC 2 44.7 253.91 34.7 44.7 10

MW-35S 4/18/2007 23 Shallow PVC 2 22.9 255.17 12.9 22.9 10

MW-35D 4/26/2007 45 Deep PVC 2 44.7 255.06 34.7 44.7 10

MW-36S 4/18/2007 23 Shallow PVC 2 22.9 255.96 12.9 22.9 10

MW-36D 4/23/2007 45 Deep PVC 2 44.7 255.87 34.7 44.7 10

MW-37D 4/24/2007 65 Deep PVC 2 65.0 255.13 55 65 10

MW-38S 4/21/2008 23 Shallow PVC 2 22.9 254.58 10 20 10

MW-38D 4/21/2008 53 Deep PVC 2 53.0 254.60 43 53 10

MW-39S 4/22/2008 18 Shallow PVC 2 17.7 253.10 5.67 15.67 10

MW-39D 4/23/2008 45 Deep PVC 2 44.7 253.07 34.7 44.7 10

MW-40D 4/23/2008 45 Deep PVC 2 44.9 252.74 34.9 44.9 10

MW-41D 4/24/2009 45 Deep PVC 2 44.8 254.66 34.8 44.8 10

MW-42D 4/24/2009 45 Deep PVC 2 44.5 255.63 34.5 44.5 10

MW-43D 4/24/2008 45 Deep PVC 2 44.7 256.43 34.7 44.7 10

MW-44D 4/22/2008 45 Deep PVC 2 45.0 253.47 35 45 10

MW-45D 7/22/2010 32 Deep PVC 2 31.0 254.81 21 31 10

MW-46S 7/21/2010 23 Shallow PVC 2 23.0 255.14 13 23 10

MW-46D 7/22/2010 42 Deep PVC 2 42.0 255.23 32 42 10

MW-47S 9/20/2010 22 Shallow PVC 2 22.0 255.34 12 22 10

MW-47D 9/21/2010 40 Deep PVC 2 40.0 255.38 30 40 10

MW-48S 7/20/2010 23 Shallow PVC 2 20.0 255.59 10 20 10

MW-48D 7/27/2010 43 Deep PVC 2 43.0 255.46 33 43.0 10

MW-49S 9/21/2010 20 Shallow PVC 2 20.0 255.26 10 20 10

MW-49D 9/22/2010 55 Deep PVC 2 55.0 255.29 45 55.0 10

Notes:

 = Shallow monitoring well included in Monitored Natural Attenuation program.

 = Deep monitoring well included in Monitored Natural Attenuation program.

ft = feet TOC = top of casing

bgs = below ground suface amsl = above mean sea level

PVC = polyvinyl chloride

Comments

Former Timex Facility, Little Rock, Arkansas
Monitored Natural Attenuation Network

Table 1

Total Depth 

(ft below 

TOC)

Screened Interval (ft bgs)

Length of 

Screen (feet)

TOC Elevation 

(ft amsl)Well ID

Casing 

Diameter 

(inches)

Casing 

MaterialAquifer

Total Depth 

(ft bgs)

Installation 

Date
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