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HUMAN HEALTH AND ECOLOGICAL 

RISK ASSESSMENT 

SITE 0153 

INDIANAPOLIS, INDIANA 

U.S. EPA ID NUMBER: INN000510936 

 

EXECUTIVE SUMMARY 

 

The Indiana Department of Environmental Management (IDEM) has prepared this Human 

Health and Ecological Risk Assessment (HHERA) and follow-on documents {Feasibility Study 

(FS) and Remedial Investigation (RI)} to fulfill the requirements of the Memorandum of 

Agreement (MOA), which deferred listing of the Site (“Site 0153”) on the Superfund National 

Priorities List (NPL). 

 

Citizens Water (Citizens) operates the public drinking water supply for the City of Indianapolis, 

Indiana. In 2013, Citizens notified IDEM that low levels of chlorinated volatile organic 

compounds (cVOCs) had been detected in the untreated groundwater ("raw”) at certain wells 

located within the Riverside and White River Wellfields (“the Wellfields”). In 2014, IDEM 

sampled and found low levels of cVOCs in five of the 17 water production wells. Detected 

cVOC concentrations in the raw water samples were below the maximum contaminant levels 

(MCLs) allowed by the United States Environmental Protection Agency (U.S. EPA) under the 

Safe Drinking Water Act (SDWA). 

 

On April 7, 2016, U.S. EPA published a Proposed Rule in the Federal Register, proposing to 

include the Site on the U.S. EPA’s NPL. In response to public sentiment and updated 

information from Citizens, IDEM subsequently requested that U.S. EPA defer listing the Site on 

the Superfund NPL. On June 8, 2017, U.S. EPA and IDEM entered into a MOA in which Site 

0153 was deferred to IDEM’s State Cleanup Program as a Superfund alternative. The MOA 

outlined an Alternative Plan for addressing contamination at Site 0153. As a part of the 

Alternative Plan, IDEM and Citizens committed to response actions to address detections of 

VOCs in the Wellfields and ensure protection of human health and the environment. 

 IDEM would conduct a comprehensive search for Potentially Responsible Parties (PRPs) 

to identify the potential sources of contamination identified in the wellfields.  

 IDEM would oversee investigations of the potential sources of contamination and 

manage identified sources of contamination through one of the various remediation 

programs at IDEM, to eliminate their VOC impact contributions to the Wellfields. 

 Citizens would remove production well WR-3 from service, install aeration equipment to 

reduce VOCs, and complete confirmatory sampling of post-treatment water before 

returning the well to service. 
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 Citizens would complete the same response action (removal from service, installation of 

aeration equipment, and completion of confirmatory sampling prior to returning a well to 

service) if another production well exceeds a drinking water MCL in the future. 

 Citizens would develop and implement a Groundwater Monitoring Plan and increase the 

frequency of sampling of production wells to quarterly for VOCs to monitor 

concentrations in the wellfields, provide a plan to address potential detections, and ensure 

continued safety of the drinking water.  

 

In addition to the proposed response actions, this HHERA was performed to evaluate current and 

future exposure to cVOCs to end users of public supply water. This HHERA focused on cVOCs 

typical of solvent releases and their degradation by-products observed in the Wellfields located 

within Site 0153. Individual PRP site risks are detailed and available for review in files located 

on the IDEM’s Virtual File Cabinet (VFC). The purpose of the HHERA was to characterize 

potential adverse human health effects from exposure to public supply water, thereby satisfying 

one of the necessary steps outlined in the MOA to address investigation and remediation, as well 

as for de-proposing Site 0153 from the NPL.  

 

In accordance with the SDWA, Citizens currently samples treated (finished) water (i.e. water 

exiting the production plant) and has repeatedly demonstrated that the finished water does not 

contain detectable concentrations of cVOCs. As a conservative approach, the HHERA focused 

on assessing risk associated with the combined, mixed Wellfield/Surface Water output prior to 

any additional treatment efforts conducted by Citizens before public distribution. The potential 

for adverse health effects via the ingestion, dermal contact (e.g. showering), and inhalation 

exposure pathways were evaluated for residents (both adult and children), commercial workers, 

construction workers, and visitor/trespasser scenarios. Based on the highest exposure potential, 

the exposure of residents to public supply water via ingestion and dermal contact were used as 

the benchmark for quantitative assessment, whereas other receptor populations and exposure 

pathways were evaluated qualitatively.   

 

Cancer risks and non-cancer toxicities were quantified using U.S. EPA’s Risk Assessment 

Guidance for Superfund and U.S. EPA-developed online risk assessment tools, in tandem with 

analytical data provided from Citizens. An assessment of the Wellfields surface water and 

production water mixing strategies were performed to derive a reasonable potential cVOC 

contribution from impacted groundwater in production wells to the public water supply. A 

representative exposure concentration for each constituent of potential concern (COPC) was 

derived and used in quantitative risk calculations.  

 

Ultimately, the calculated theoretical lifetime excess cancer risk and non-cancer toxicities were 

within the acceptable ranges established by the U.S. EPA. Even in the absence of additional 
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production plant treatments, there is no reasonable potential for adverse human health effects to 

receptor populations from public supply water use.  
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HUMAN HEALTH AND ECOLOGICAL 

RISK ASSESSMENT 

SITE 0153 

INDIANAPOLIS, INDIANA 

U.S. EPA ID NUMBER: INN000510936 

 

1.0 INTRODUCTION 

 

The 0153/Riverside Groundwater Contamination Site (“Site 0153” or “Site”) is located in 

Indianapolis, Marion County, Indiana and consists of an area of impacted groundwater in 

vicinity of the Riverside and White River Municipal Wellfields (the Wellfields). The Wellfields 

are owned and operated by Citizens Water (Citizens). Low levels of chlorinated volatile organic 

compounds (cVOCs) have been detected in untreated (“raw”) groundwater samples collected 

from certain water production wells. Treated (finished) water and the drinking water provided to 

customers by Citizens has met and continues to meet all requirements of the Safe Drinking 

Water Act (SDWA). 

 

In order to address the impacts to the Wellfields, the Indiana Department of Environmental 

Management (IDEM) is managing potential individual sources within Site 0153 through one of 

the various State remediation programs. The IDEM initially identified 89 potential sources of 

cVOC impacts within a five-year time of groundwater travel to the Wellfields; however, a 

definitive source(s) of cVOCs impacting the Wellfields has not been identified to-date. It is 

likely that a number of individual sources may be contributing to a commingled groundwater 

plume, which are together, impacting the Wellfields. Individual Potentially Responsible Parties 

(PRPs) have been and will be responsible for conducting their own site investigations and 

remediation, under directive from the IDEM, to eliminate their potential cVOC impact 

contributions to the two Wellfields. During this investigation, Citizens has continued to monitor 

cVOC levels within the production wells, while the IDEM has actively pursued identifying PRPs 

within the boundary of Site 0153, narrowed the list of PRPs, and provided oversight to PRPs 

currently managed within a remediation program at the IDEM.  

 

To date, IDEM has now sent 140 Request for Information (RFI) letters to current/historic owners 

and operators of a total of 104 properties (i.e. PRPs). The IDEM has sent a total of 25 Notice of 

Liability (NOL) letters, including sites that were already enrolled in an IDEM remediation 

program prior to the formation of Site 0153. The NOL requires PRPs to confirm the potential for 

release or spill of chemicals, and requires completion of an investigation and cleanup, if 

necessary. Of the 25 facilities that received NOLs, 17 facilities are actively investigating 

contamination and 8 have received a No Further Action (NFA) or similar closure letter. 

 

Additionally, IDEM has created a focused area of interest by identifying and prioritizing 
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facilities with significant contamination1. Facilities with significant contamination (or suspected 

of having significant contamination) in close proximity to the Wellfields are considered high-

priority properties. Facilities with significant contamination (or suspected of having significant 

contamination) within the Site 0153 area, but located farther from the Wellfields, are considered 

medium-priority properties. Facilities in which investigation results have identified limited or 

less significant contamination are considered low-priority properties. All the high-, medium-, and 

low-priority PRPs are currently enrolled in one of the IDEM remediation programs and are at 

various stages of the investigation/remediation process2.  

 

1.1 Purpose of the Human Health Risk Assessment 

The purpose of this this Human Health and Ecological Risk Assessment (HHERA) is to provide 

a qualitative assessment and, where appropriate, quantitative analyses, in a conservative manner, 

of the likelihood that adverse health effects may be associated with potential exposures to 

constituents in environmental media associated with the Site. This HHERA is designed to 

provide a sound basis for current and future risk management decisions. In accordance with the 

Memorandum of Agreement between United States Environmental Protection Agency, Region 5 

and the Indiana Department of Environmental Management for the 0153/Riverside Groundwater 

Contamination Site, Indianapolis, Indiana (MOA) (IDEM/U.S. EPA, 2017), the IDEM has 

completed this HHERA for Site 0153 in Indianapolis, Marion County, Indiana. The United 

States Environmental Protection Agency (U.S. EPA) has deferred Site 0153 for inclusion on the 

National Priorities List (NPL) and is allowing the IDEM to ensure necessary investigations and 

response actions are completed at the Site under the IDEM’s State Cleanup Program (SCP) (or 

similar program e.g. Voluntary Remediation Program [VRP]). As indicated in the MOA, IDEM 

response actions for the Site must be substantially similar to that of the Comprehensive 

Environmental Response, Compensation, and Liability Act of 1980 (CERCLA) and the National 

Contingency Plan (NCP). This HHERA consists of a mix of qualitative and quantitative analyses 

of the potential for adverse effects to human health and the environment that may be associated 

with constituents present in environmental media associated with the Site. The HHERA has been 

conducted in a manner necessary to meet the requirements of a “CERCLA-protective cleanup” 

(IDEM/U.S. EPA, 2017). A copy of the MOA is provided as Appendix A.  

 

IDEM is managing characterization and cleanup of potential sources within the area of Site 0153 

under individual State Programs. The purpose of this HHERA is characterize, assess, and 

summarize risks to human health and the environment associated with the groundwater produced 

from the Wellfields. To that end, the focus of the HHERA is the Wellfields and not individual 

 
1 In general, significant contamination was determined using the concentration and depth of dissolved cVOCs 

identified in groundwater, proximity to the Wellfields, and geologic conditions identified during investigation. 
2 Refer to RI Figure 6 for the location of priority sites in the focused area of interest. Refer to RI Table 4 for 

information regarding the investigation/remediation status of the priority sites identified in the focused area of 

interest.  
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PRP sites in the immediate or surrounding area. Risk Assessment at individual sites within Site 

0153 boundaries, if necessary, will be conducted separately and as dictated under IDEM State 

Programs IDEM directed individual site risk assessments will address any PRP off-Site risks to 

residential /commercial properties including to potable wells or related to vapor intrusion, and 

soil. If required and following completion, individual site risks assessments at PRP sites will be 

available for review on the IDEM’s VFC. 

 

1.2 Site Background 

Site 0153 consists of an area of impacted groundwater in vicinity of the Wellfields. The Site 

0153 study area is depicted on Figure 1. A mix of residential, commercial, industrial, and 

recreational properties lie in close proximity to the Wellfields. Major water bodies within the 

Site include the White River, Fall Creek, and the Indianapolis Water Company Canal.  

 

1.2.1 Study Area (Riverside and White River Wellfields) 

INFORMATION REDACTED DUE TO CLAIM OF CONFIDENTIALITY – 

CONFIDENTIAL – NOT SUBJECT TO PUBLIC DISCLOSURE FOR REASONS OF 

PUBLIC SAFETY, AND CONFIDENTIAL BUSINESS INFORMATION  

 

1.2.2 Site History 

Citizens operates the public drinking water supply for the City of Indianapolis, Indiana. As 

part of its drinking water operations, Citizens mixes groundwater from its wellfields with 

surface water from the Indianapolis Central Canal. The combined raw water (CRW) is then 

treated and filtered. This finished drinking water is then distributed to customers. To ensure 

the safety of the drinking water, Citizens routinely samples the “finished” water for over 300 

constituents, including cVOCs. In addition, Citizens has routinely collected and analyzed 

untreated groundwater samples from individual production wells.  

 

On February 20, 2013, IDEM staff received notice from Citizens that cVOCs were being 

detected in the “raw” groundwater prior to treatment at the Riverside Municipal Wellfield. 

Citizens was concerned that the increasing levels of vinyl chloride (VC) in production well 

RS-29 were approaching the maximum contaminant level (MCL), which is the drinking 

water standard established by the U.S. EPA pursuant to the SDWA. Citizens expressed 

concern that the increasing VC levels might adversely impact the use of the well to supply 

drinking water to residents in Indianapolis. The Riverside Wellfield lies adjacent to the White 

River Wellfield. Both wellfields have been impacted by cVOCs migrating to their respective 

production wells.  

 

As part of the Superfund site assessment process and under a Cooperative Agreement with 

the U.S. EPA, the IDEM prepared a Preliminary Assessment (PA) Report (IDEM, 2013) and 

a Site Inspection (SI) Report (IDEM, 2014). A copy of the PA Report and the SI Report are 
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provided in Appendix B and Appendix C, respectively. (APPENDICES REDACTED 

DUE TO CLAIM OF CONFIDENTIALITY – CONFIDENTIAL – NOT SUBJECT TO 

PUBLIC DISCLOSURE FOR REASONS OF PUBLIC SAFETY, AND 

CONFIDENTIAL BUSINESS INFORMATION). Using data collected during the SI, a 

Hazard Ranking System (HRS) documentation record was submitted to U.S. EPA 

determining that the Site qualified for inclusion on the Superfund NPL.  

 

In a letter dated August 13, 2015, IDEM’s former Commissioner, Thomas Easterly, 

requested inclusion of the Site on the NPL of hazardous waste sites. In April 2016, U.S. EPA 

published a Proposed Rule in the Federal Register, proposing to include Site 0153 on the 

U.S. EPA’s NPL. The IDEM, responsive to public requests, subsequently determined that it 

would be in the best interests of the State and the City of Indianapolis to address the Site in 

the IDEM’s SCP rather than via the federal Superfund Process. During 2016, IDEM officials, 

the Governor’s Office, the Mayor’s office, Citizens, and members of the general public 

requested in letters, meetings, and formal comments on U.S. EPA’s proposed rule that U.S. 

EPA should not list the Site on the NPL, and instead allow IDEM to manage the 

investigation and remedial actions of Site 0153 pursuant to a state-lead “Alternative Plan.” In 

a letter dated August 18, 2016, the IDEM’s former Commissioner, Carol Comer, formally 

withdrew support for and rescinded IDEM’s August 2015 request to include the Site 0153 on 

the NPL. 

 

After receipt of public comments opposed to listing the Site on the NPL, U.S. EPA began 

discussions with IDEM in October 2016 to identify the criteria that IDEM would need to 

satisfy in order for U.S. EPA to consider allowing IDEM to manage Site 0153 in lieu of U.S. 

EPA. These discussions resulted in the execution of the Site 0153 MOA on June 8, 2017.  

The MOA specifies the expectations and obligations of each agency regarding Site 0153 and 

memorializes the agreements necessary to ensure that the response actions undertaken at Site 

0153 achieve a “CERCLA-protective cleanup”. 

 

1.3 Regulatory Framework and Approach 

The HHERA has been prepared pursuant to the risk assessment obligation of the MOA. This 

HHERA addresses Section III.D – Cleanup Levels of the MOA, which obligated Site 0153 to 

pursue CERCLA-protective cleanups, requiring demonstration of: 

 an acceptable risk level for carcinogens between 10-6 and 10-4; 

o The risk level agreed upon in the MOA was 1x10-5. 

 a Hazard Index (HI) of 1.0 or less for non-carcinogens; and 

 no significant adverse impacts to ecological receptors.  
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1.4 Risk Assessment Approach 

The scientific basis and validity of values used in this assessment are considered and discussed in 

the context of primary research literature in order to provide a frame of reference for the 

conclusions. The actual levels of human exposure and the potential health risks associated with 

exposure to constituents at the Site are likely to be significantly lower than the quantitative 

estimates described in this assessment, due to the conventional practice of using conservative 

assumptions in preparing a Risk Assessment (RA).  

 

The required components of the RA conform to the U.S. EPA Risk Assessment Guidance for 

Superfund (RAGS), Part A (U.S. EPA, 1989), which state that RAs performed will include the 

following five components:  

 Identification of Constituents of Potential Concern (COPCs) 

o This section will discuss data collection efforts including source characterization and 

the development of a conceptual Site model (CSM), resulting in identification of 

COPCs with regard to potential health effects;  

 Exposure Assessment 

o Identification of the exposure pathways and potential future receptors likely to be 

exposed to Site COPCs, including ingestion, inhalation, dermal contact and 

volatilization; 

 Toxicity Assessment 

o A description of the relationship between the magnitude of exposure (dose) and the 

probability of occurrence of adverse health effects (response) associated with the 

COPCs;  

 Risk Characterization 

o Evaluates if the risks meet human health protection goals in comparison to state and 

federal benchmarks regarding health risks; and  

 Uncertainty Analysis 

o The RA report will include an evaluation of the degree of uncertainty specific to the 

assessment.  

 

1.5 Risk Assessment Organization 

This report is organized in a manner consistent with U.S. EPA guidance, as follows:  

 Section 1:  

o Presents the introduction to the report objectives, the required components, and the 

organizational structure. 

 Section 2 

o Presents the procedures for identifying COPCs for the Site.  

 Section 3 

o Identifies likely human and/or ecological receptors for the Site and presents the 

exposure factors that are used to estimate the extent of exposure for each receptor. 
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 Section 4 

o Describes the standard procedures for deriving toxicity values and presents the U.S. 

EPA recommended toxicity values for the COPCs. 

 Section 5 

o Quantifies and summarizes the potential risks associated with exposure to the COPCs. 

 Section 6 

o Describes the uncertainties associated with the calculated exposures and potential 

health risks. 

 Section 7 

o Presents the conclusions of the HHERA.  

 Section 8 

o Presents the references cited in the HHERA.  

 

2.0 IDENTIFICATION OF CONSTITUENTS OF POTENTIAL CONCERN 

 

The purpose of this section is to discuss the data collection efforts resulting in identification of 

COPCs with regard to potential human health effects. COPCs for a HHERA are defined as those 

constituents present that will comprise the significant portion of the calculated non-cancer hazard 

and theoretical excess lifetime cancer risk values (U.S. EPA, 1989).  

 

First, the types of environmental media being evaluated will be examined. Risks to 

environmental media that can be addressed qualitatively will be done so in this section. The list 

of detected constituents in environmental media will then be reduced to a subgroup of 

constituents to be evaluated quantitatively in the HHERA. This stepwise reduction allows the 

elimination of constituents that will clearly not pose a contribution to overall Site risk. 

 

2.1 Environmental Media Definitions 

A basic HHERA evaluates all potentially contaminated media, areas, chemicals, and routes of 

transport. A CSM was developed for the area surrounding the Wellfields to provide information 

on how groundwater and cVOC impacts move from surrounding areas to the production wells. 

The CSM also illustrates how the hydrological cycle interacts with the local geology to allow 

cVOC impacts to interact with exposure pathways (soil, groundwater, and vapor intrusion). 

Finally, the CSM presents how the complete exposure pathways will be controlled through either 

an IDEM remediation program or through the Site 0153 Alternative Plan, detailed in the MOA, 

for the production wells at the Wellfields. The CSM for the Site is depicted graphically on 

Figure 2. The following environmental media have been considered as part of the HHERA:  

 Outdoor Air: Also referred to as ambient air, outdoor air is characterized as that portion 

of the atmosphere, external to buildings, to which the general public has access, or to 

which public access is precluded by a fence or other physical barrier. 
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 Indoor Air: Conversely, indoor air is characterized as the portion of the atmosphere 

internal to buildings or other public access barriers. 

 Private Well Groundwater: Private groundwater wells are those used to supply water to 

residential homes and commercial buildings.  

 Trench Groundwater: If a deep trench is excavated, direct contact with groundwater to 

construction personnel may be possible. 

 Trench Air: If the ambient temperature is high enough, groundwater in a trench may 

vaporize within the confines of the trench. 

 Finished Water: Prior to distribution, Citizens treats a mix of groundwater from 

production wells and surface water via various internal processes to ensure that water is 

fit for public consumption. The final product distributed to consumers is considered 

“finished” water.  

 Production Well Raw Water (PWRW): Production well raw water refers to “raw” 

groundwater extracted from production wells prior to mixing or other treatment 

processes.  

 Surface Intake Raw Water (SIRW): Surface intake raw water refers to water extracted 

from the Indianapolis Central Canal that is mixed with production water prior to 

treatment at the Citizens White River finished water distribution plant. 

 

2.2 Environmental Media Excluded from the HHERA 

 

2.2.1 Utility Property Outdoor Air 

cVOCs have migrated to the production wells from source(s) within the Site 0153 boundary. 

The target risk for the Site is groundwater ingestion and municipal wells are screened at 

depths greater than 50 ft. Impacts to outdoor air through groundwater volatilization for 

cVOCs observed at depth is highly unlikely.  

 

As presented in the Site 0153 Remedial Investigation (RI) Report (IDEM, 2020) and the 

Feasibility Study (IDEM, 2020), production well WR-3 was removed from service due to 

concentrations of trichloroethene (TCE) above the MCL in PWRW samples. In accordance 

with the Alternative Plan outlined in the MOA, Citizens installed aeration treatment for WR-

3 as an engineered control. As a conservative approach, aeration treatment was also 

considered for the outdoor air pathway. As part of the aeration treatment design, testing, and 

installation effort Citizens has conducted all necessary air emission calculations and 

state/federal permitting (if required) to ensure that potential emissions from remedial 

treatment are protective of human health and the environment.  

 

Based on the information provided above, the outdoor air pathway has been excluded from 

the HHERA.  
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2.2.2 Utility Property Indoor Air 

As noted above in Section 1 and throughout the RI, cVOC impacts from off-Site sources 

have migrated to the Wellfields. The cVOCs observed in the Wellfield are not from shallow 

releases at the utility property. Current low-level cVOC concentrations in the Wellfields are 

not expected to result in vapor intrusion issues in structures above the Wellfields. Potential 

vapor intrusion issues at off-Site structures from potential sources within the 0153 boundary 

will be addressed in individual site investigations, conducted by PRPs, under the direction of 

IDEM. Therefore, IDEM considers the exposure pathway of volatilization of cVOCs from 

groundwater into indoor air within structures on the utility property incomplete.   

 

Although considered incomplete, IDEM conducted an initial risk screening due to the low-

level cVOC concentrations observed in the Wellfield. To complete this initial screening, 

IDEM reviewed the following: 

 

 Trichloroethene (TCE) groundwater data obtained from routine monitoring of production 

wells,  

o All production wells are screened at depths greater than 50 feet below ground 

surface; and 

  U.S. EPA Vapor Intrusion Screening Level (VISL) Calculator.  

 

The U.S. EPA VISL Calculator identifies that TCE groundwater concentrations below 7.44 

parts per billion (ppb) would be unlikely to result in an  exceedance of U.S. EPA commercial 

indoor air screening levels and do not warrant further investigation of the vapor intrusion 

exposure pathway. TCE concentrations in PWRW have not been above 7 pbb since 2006, in 

production well WR-3. As noted previously, production well WR-3 has a recently installed 

engineered control. Since installation, the pre- and post-treatment confirmatory samples have 

not exceeded the TCE MCL of 5 ppb. Thus, the utility properties would have low risk for 

vapor intrusion from PWRW at these depths and concentrations. It should also be noted that 

the utility properties are access-controlled commercial properties. 

 

Information regarding vapor intrusion investigations at PRP sites (if conducted to date) can 

be found in the RI (refer to RI Table 4 and Appendix D Site Summaries). Specific PRP vapor 

intrusion reports and data are available for review on the IDEM’s VFC. 

 

2.2.3 Other Excluded Environmental Media 

As detailed in the Alternative Plan outlined in the MOA, the IDEM committed to the 

following plan aspects: 

 Coordination with the Marion County Public Health Department (MCPHD) to 

determine if cVOC concentrations are present above an MCL in any private wells 

within the five-year time of travel; 
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 Identify any completed exposure pathways (including ingestion and vapor intrusion); 

 Delineate groundwater impacts; and 

 Address sources of contamination as necessary and practical. 

 

As noted in Section 1 and the RI, IDEM is managing characterization and cleanup of 

potential sources within the area of Site 0153 under individual State Programs. By doing so, 

this allows for potentially timelier and more effective cleanups than through the more formal 

federal Superfund process. Prior to formation of Site 0153, several of the surrounding sites 

potentially contributing impacts to the Wellfields were already enrolled in an IDEM 

remediation program, making a federal Superfund designation redundant and unnecessary. 

Many of the sites had already completed remediation under a State Program or were on track 

to do so, which contributed to the decreasing concentrations observed in the Wellfields. 

Although a definitive source(s) has not been identified to date, individual potential sources to 

the Wellfields are currently being addressed through various State Programs. Additionally, 

further investigations of potential sources to the Wellfields will continue.  

 

As part of these investigation and remediation efforts under State Programs, IDEM will 

require, as needed, individual PRP site risk assessments. All IDEM required risk assessments 

will address each of the MOA items noted above, as well as risks associated with Site 0153 

groundwater contamination on a site-by-site basis. In addition, the MCPHD has investigated 

some private wells within the five-year time of travel, continues to address private well 

contamination issues (if any), and conducts sampling as needed. Therefore, potential 

exposures associated with the following exposure scenarios are not included as part of this 

HHERA, as they will be evaluated on a site-by-site basis under State programs: 

 Indoor air for residential and commercial scenarios; 

 Groundwater from private supply wells for residential or commercial use; and 

 Trench groundwater and trench vapors for construction worker exposure. 

 

A summary of the environmental media, exposure pathways, and their respective risk 

assessment approach is presented on Table 1.  

 

2.3 Finished Water Qualitative Risk Assessment 

Citizens routinely analyzes their finished water for over 300 different constituents as part of their 

mandatory reporting obligations under the SDWA. The finished water is analyzed on a quarterly 

basis for VOCs. A summary of finished water cVOC analytical results between 2016 and 2020 is 

presented in Table 2. 

 

The U.S. EPA policy presented in Role of the Baseline Risk Assessment in Superfund Remedy 

Selection Decisions (U.S. EPA, 1991) states: "For ground water actions, MCLs and non-zero 

MCL[Goals] will generally be used to gauge whether remedial action is warranted." Therefore, 
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MCLs are applicable or relevant and appropriate requirements for public drinking water supply 

systems. Since the finished water produced at the White River treatment plant is consistently 

below the MCL and the cVOCs identified in production water have not been detected in finished 

water, no further evaluation is warranted.  

 

2.4 Production Water Samples Included in the Risk Assessment 

Site 0153 originally qualified for the NPL based on detections of cVOCs in several groundwater 

production wells. These detections are believed to be associated with the historic use and 

releases of chlorinated solvents from off-Site properties in the surrounding area. As such, the 

HHERA focuses on cVOCs associated with chlorinated solvents traditionally utilized in dry-

cleaning, industrial, and manufacturing activities.  

 

The cVOCs associated with chlorinated solvents that will be evaluated in the HHERA include 

tetrachloroethene (PCE), TCE, and 1,1,1-trichloroethane (1,1,1-TCA), as well as the respective 

degradation by-products. Degradation mechanisms and by-products are presented on Figure 3 

(PCE) and Figure 4 (TCE) for reference. The union of the two degradation pathways results in 

the following nine cVOCs that will be evaluated as part of the HHERA:  

 PCE 

 TCE 

 1,1,1-TCA 

 cis-1,2-Dichloroethene (cDCE) 

 trans-1,2-Dichloroethene (tDCE) 

 1,1-Dichloroethene (1,1-DCE) 

 1,1-Dichloroethane (1,1-DCA) 

 Vinyl chloride (VC) 

 Chloroethane (CE) 

 

Citizens monitors cVOC concentrations from production wells in accordance with their ongoing 

Water Quality Monitoring Plan (Citizens, 2019). This plan specifies the frequency of monitoring, 

sample collection procedures, laboratory procedures, event triggers, and corrective actions 

associated with the water quality monitoring program.  

 

Analytical results from PWRW samples collected since 2004 have been presented in Table 3.  

This data set includes 150 water samples from the White River Wellfield and 486 water samples 

from the Riverside Wellfield. Production water samples are analyzed by U.S. EPA Drinking 

Water Method 524.2.  
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2.5 Detected Constituents  

Available data from the production well samples have been examined to determine the list of 

applicable COPCs for the HHERA and are presented on Table 5. At least one detection of the 

following seven chemicals have been identified in PWRW samples:  

 PCE 

 TCE 

 1,1,1-TCA 

 cDCE  

 tDCE 

 1,1-DCA 

 VC  

 

2.6 Data Usability 

U.S. EPA provides guidance for data usability in RAs. Data usability is the process of assuring 

or determining that the quality of the data generated meets the intended use (U.S. EPA, 1992). 

Analytical data have been evaluated with respect to data usability prior to inclusion in this 

HHERA as described in the following sections.  

 

2.6.1 Laboratory Performance 

Analytical results for PWRW and finished water samples have historically been generated by 

Citizens’ in-house water quality laboratory (Citizens lab). The Citizens lab is certified for 

drinking water analyses by the Indiana State Department of Health (ISDH) (ISDH, 2020). 

The certification process follows U.S. EPA protocols for the certification of laboratories 

analyzing drinking water (U.S. EPA, 2005). The Citizens lab therefore maintains sufficient 

quality assurance and quality control procedures to be compliant with relevant U.S. EPA 

guidance. Analytical data generated by the laboratory would therefore be of sufficient quality 

for use in this HHERA. 

 

2.6.2 Reporting Limits 

Selecting the analytical method for optimal RLs is critical to the data usability in RAs. The 

Citizens lab utilizes U.S. EPA Method 524.2 to analyze cVOCs. The default reporting limit 

(RL) for this method is 0.5 micrograms per liter (µg/L) for each compound analyzed. The 

most stringent MCL of the detected chemicals in either production water or finished water is 

for VC with a MCL of 2 µg/L. Thus, the default RLs the Citizens lab are appropriate to 

evaluate the risk to human health being assessed in this RA.  

 

However, in some cases, even with the best analytical methods, RLs may exceed risk-based 

screening criteria (RBSCs) as described in Section 2.7. If RLs are consistently greater than 

these RBSCs, the confidence of the results of the RA can be affected. There is a possibility 

that constituents are present at levels between the RBSC and the RL. Therefore, as part of 
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this RA, both the RLs and the detected concentrations for constituents have been compared 

to the appropriate RBSCs.  

 

The Citizens lab default RL exceeds the RBSC for the following detected cVOCs (published 

RBSC in parentheses):  

 TCE (0.28 µg/L) 

 VC (0.019 µg/L) 

 

RBSCs for Site cVOCs are presented on the excerpt of the U.S. EPA Regional Screening 

Level (RSL) tables included as Table 4 (U.S. EPA, 2019). However, both TCE and VC have 

been detected at least once during monitoring, and the maximum detected concentration will 

be used during the screening evaluation. Therefore, although the default RLs do not meet the 

RBSCs for all detected compounds, COPCs will still be screened appropriately.  

 

2.6.3 Qualified Data and Method Detection Limits 

For analytical results, qualifiers are attached to certain data by either the laboratories 

conducting the analyses or by persons performing data validation. These qualifiers often 

pertain to quality assurance or quality control (QA/QC) problems and indicate questions 

concerning chemical identity, chemical concentration, or both. Qualifiers must be addressed 

before the chemical can be used in quantitative risk assessment (U.S. EPA, 1989). 

 

Analytical data generated by the Citizens lab has been validated by laboratory personnel in 

accordance with U.S. EPA drinking water laboratory criteria prior to being made available to 

the public. All validated, qualified data have been considered usable for this assessment. No 

results from the Site data set have been rejected or deemed unusable.  

 

Laboratory “J” flags indicate an estimated detection of an analyte between the MDL and the 

RL. This qualifier flag indicates a certainty in the presence of analyte, but uncertainty in the 

magnitude of the reported detection. The MDL concentrations for each analyte of interest are 

a calculation based on the standard deviation of at least seven replicates multiplied by the 

Student’s t-table value for n-1. MDL studies are conducted annually as part of the ISDH 

certification and therefore vary from year to year. From 2019 onward, Citizens has internally 

reported J-flagged data. In accordance with regulatory guidance (U.S. EPA, 1991b), these 

estimated results will be incorporated into the quantitative assessment of risk. The 

implications of including qualified results in the RA will be discussed in the Uncertainty 

Analysis section of this report.  

 

2.6.4 Quality Control Samples 

Although they may be used to assess data usability, quality control samples, including 

method blanks, trip blanks, rinsate blanks, equipment blanks, laboratory control spike 
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samples and/or matrix spike samples are generally not evaluated as part of determining Site 

specific risk. The quality control samples associated with routine monitoring are used to 

validate final production or “finished” water results at the laboratory level prior to results 

being published. Therefore, no quality control samples have been evaluated as part of the 

HHERA.  

 

2.6.5 Frequency of Detection / Data Density Assessment 

In order to ensure that the frequency assessments have not been diluted by pooling the White 

River (WR) production water data with the Riverside (RS) wellfield data, the evaluation of 

contaminant frequency has been performed on both wellfields individually. The listing of 

detected compounds and their associated general statistics (i.e. frequency and maximum 

concentration) separated by wellfield is presented on Table 5. 

 

TCE and tDCE have been detected at least once but in less than 5% of the samples analyzed 

throughout routine monitoring, specifically in the Riverside Wellfield. tDCE will not be 

carried forward as a COPC based on insufficient frequency of detection in both wellfields. 

Although TCE does not meet frequency criteria for the Riverside Wellfield, TCE will be 

carried forward as a COPC for the RA since TCE meets frequency criteria in the White River 

wellfield and data from both wellfields will be incorporated to account for wellfield mixing.  

 

2.7 Identification of Constituents of Potential Concern 

Although many different agents have been detected in the water samples, through the 

preliminary reduction steps as described in the following sections, many of these do not pose a 

concern under customary RA standards and were eliminated from further consideration. Agents 

that have not been eliminated by this reduction process have been identified as COPCs and will 

be carried through to the Site-specific, quantitative portion of the RA.  

 

It is important to recognize that the selection of an agent as a COPC does not necessarily indicate 

that it poses a significant health risk. The selection of an agent only indicates that there is a need 

to evaluate it quantitatively in the HHERA to determine if the exposure levels may be associated 

with a significant health risk.  

 

2.7.1 Risk Based Screening Criteria 

U.S. EPA maintains the RSL database, most recently updated in November 2019 (U.S. EPA, 

2019), and defines screening levels for a cancer risk of 1x10-6 and a target hazard quotient 

(THQ) of both 0.1 and 1.0. These values are derived based on the methods outlined in U.S. 

EPA’s RAGS Part B (U.S. EPA, 1991).  

 

For agents in water, the COPC identification process consists of a comparison of the 

maximum detected concentration of each agent with the minimum of either the current 
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published MCL or the residential tap water screening level at the chosen THQ. This 

minimum value is considered the RBSC. The RBSCs used in this assessment are generic 

values that are based on default exposure parameters and factors that represent reasonable 

maximum exposure (RME) conditions for chronic exposures.  

 

Specifically, the RBSCs utilized for this risk assessment are the most conservative risk-based 

values corresponding to a 10-6 risk level for carcinogens, and non-carcinogenic constituents 

reflecting a THQ of 0.1. U.S. EPA’s calculation of groundwater RSBCs considers incidental 

ingestion of water, inhalation of volatiles, and dermal exposures. Those agents whose 

maximum detected concentrations are below the applicable comparison values were 

eliminated as a COPC. Agents that are above these screening levels are retained for further 

evaluation, unless they do not meet the frequency criteria described above.  

 

The results of the COPC identification process are presented in Table 5. For each detected 

agent, Table 5 presents the detection frequency, the minimum and maximum detected 

concentrations, the sample with the minimum and maximum detected concentrations, and the 

applicable U.S. EPA RBSCs.  

 

2.7.2 Summary of Constituents of Potential Concern 

Based on the processes described above, of the seven detected constituents, only three have 

been determined to be COPCs for the Site: cDCE, TCE, and VC. In Section 3, exposure 

pathways will be evaluated for completeness. Then, in Section 4, intake estimates will be 

calculated for these three compounds and the potential toxicity for exposed receptors will be 

determined.  

 

3.0 EXPOSURE ASSESSMENT 

 

“Human exposure science is the study of human contact with chemical, physical or biological 

agents occurring in their environments. Exposure science describes the environment, the 

behavior of agents in the environment, the characteristics and activities of human receptors and 

the processes that lead to human contact and uptake of agents. Exposure science uses this 

information to describe conditions in the real world that could lead to human health risks” (U.S. 

EPA, 2019b). 

 

Exposure assessment applies the doctrines of exposure science and is the process of measuring or 

estimating the magnitude, frequency, and duration of human exposure to an agent in the 

environment. This section of the RA discusses the mechanisms by which people might encounter 

COPCs and the approximate magnitude, frequency, and duration of contact between potential 

human receptors and COPCs. The quantitative assessment of exposure, based on COPC 

concentrations and the degree of absorption of each COPC, provides the basis for estimating 

constituent intake (dose) and associated health risks. The exposure assessment follows the 
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recommendations for conducting an assessment as outlined in the U.S. EPA RA Guidance (U.S. 

EPA, 1989), and generally, follows four distinct steps: 

1. Characterization of the exposure setting and potential receptors; 

2. Identification of exposure pathways; 

3. Development of exposure point concentrations, and;  

4. Quantification of chemical intakes. 

 

3.1 Exposure Assessment Definitions 

Since the publication of RAGS in the late 1980s, the risk assessment lexicon varies depending on 

where and when a guidance document was authored and the state of exposure science at the time 

of writing. To ensure standardized language, this HHERA will incorporate the definitions, 

excerpted from U.S. EPA, 2019b. HHERA definitions are presented in Appendix D.   

 

3.2  Site-Specific Exposure Assessment Methodology 

This RA will address the risk from groundwater exposure to potential receptor populations. For 

each population, viable exposure routes will be evaluated. Risk will be assessed for potential 

receptor populations based on both non-cancer toxicity and cancer risk.  

 

For the commercial exposures, the receptor population will be assumed to consist of only adults. 

For residential exposures, toxic non-cancer endpoints and cancer risk will be assessed for both 

children and adults. Residential cancer risk will be assessed assuming a resident is exposed to 

Site groundwater from birth to age 26 (U.S. EPA, 2019), accounting for age-related differences 

in water ingestion and dermal absorption. The age-related differences in risk will be assessed 

because of the disproportionate absorption uptake differences in both ingestion and dermal routes 

for ages zero to six relative to ages six to 26. In addition, residential risk will incorporate Age-

Dependent Adjustment Factors (ADAFs) that account for the disproportionate response in 

children to mutagenic carcinogens. Children and teenagers are expected to have an increased 

response to mutagenic carcinogens by up to a factor of 10.  

 

The Exposure Point Concentration (EPC), or the value used to represent RME for the 

populations, will be determined assuming the potential for equal exposure to each member of the 

population across the Site (i.e. one exposure area). The derived EPC to be used in the intake 

calculations will factor in concepts of wellfield and surface water mixing to be representative of 

the mixed surface water and production well water immediately prior to treatment at the 

distribution plant.  

 

3.3 Pathways of Human Exposure, 

 A source or agent released from a source; 

 An exposure medium; 
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 A point of potential contact for the receptor with the exposure medium (i.e. exposure point); 

and  

 An exposure route at the contact point (e.g., ingestion, dermal contact or inhalation). 

 

An exposure pathway is considered complete when each of the above elements are present. Once 

agents are released into an environmental medium, they may migrate from one medium to 

another, and the resultant exposure pathway transforms the risk potential. The RA includes 

assessment of the direct exposure pathways as well as those transformed exposure pathways. 

Pathways are considered complete when receptor contact with an environmental medium that 

contains Site COPCs is likely.  

 

3.3.1 Agents Released from a Source  

Three chlorinated solvent related cVOCs have been identified as COPCs for direct contact 

with groundwater based on the results of Section 2, specifically cDCE, TCE, and VC 

 

3.3.2 Exposure Media  

Four unique exposure media have been identified as part of a potentially complete exposure 

pathway: 

 Groundwater containing cVOCs; 

 Public supply water, which is a combination of groundwater and surface water; 

 Outdoor air in proximity to the production well aeration treatment system; and  

 Indoor air or sub-slab soil gas resulting from volatilization of groundwater (i.e. vapor 

intrusion).  

 

These pathways are illustrated on the exposure conceptual site model flow diagram included 

as Figure 5. As outlined in Table 1 and described in Section 2, evaluation of exposure to 

groundwater containing cVOCs and vapor intrusion from groundwater volatilization will be 

addressed through State-led cleanup and remediation programs for each potential contributor 

to the impacted groundwater of Site 0153.  

 

As described in Section 2, the indoor air exposure pathway on the Citizens Water White 

River Treatment Plant utility property from volatilization of impacted groundwater is 

considered incomplete. The outdoor air exposure medium on utility properties only applies to 

potential emissions from the aeration system installed to treat impacted groundwater.  

Citizens has evaluated these emissions as part of the design, testing and installation of the 

aeration system on well WR-3. Citizens has incorporated these emissions, as necessary, into 

the overall air permitting requirements associated with operations at the Treatment Plant.  

 

Thus, as part of this HHERA, the potential exposure pathway being evaluated is direct 

contact exposure with public supply water. This pathway is currently complete but under 
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control via the treatment plant processes. Control has been demonstrated by the absence of 

solvent cVOCs in the finished water, as presented in Table 2. As a conservative approach, 

the HHERA will focus on assessing risks associated with the combined, mixed 

PWRW/SIRW output prior to any additional treatment efforts conducted by Citizens before 

public distribution. 

 

3.3.3 Potential Receptors 

The receptors at the Site must be identified to evaluate potential exposure pathways. Potential 

receptors are identified based on those having unrestricted use of public supply water. This 

RA addresses potential exposure to agents in groundwater from the Site. The following 

receptors have been considered as part of the RA:  

 Adult and Child Residents 

 Commercial Workers 

 Construction Workers 

 Visitors and Trespassers 

 Ecological Receptors 

 

3.3.3.1 Adult and Child Residents 

Residents are receptors of finished water. Residents are assumed to be children and adults, 

present at their residence for 350 days per year. The direct contact pathways consist of 

ingestion and dermal contact, each with a unique set of default input parameters.  

 

The residential assessment also accounts for mutagenic compounds, where early-life 

exposure to mutagenic agents may have compounded mutagenic effects depending on stage-

of-life.   

 

3.3.3.2 Commercial Workers 

Commercial workers in the area of the distribution network are receptors of finished water. 

The base assumptions for the commercial worker scenario (e.g., exposure frequency and 

duration) are less conservative than the residential scenario and are restricted to adult 

exposure. Thus, if residential exposure results in acceptable risk, commercial worker risk is 

also acceptable.  

 

3.3.3.3 Construction Workers 

Construction workers in the area of the distribution network have a risk of being exposed to 

finished water when using the public supply for construction activities (e.g., concrete mixing 

and general washing) as well as for drinking water. The risks associated with the ingestion of 

or dermal contact with “finished” water in the construction worker scenario would be 

captured in the commercial worker scenario, except the construction worker scenario would 

present less conservative intake parameters (e.g., shorter exposure durations and exposure 
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frequencies). Therefore, the construction worker exposure pathway would only be evaluated 

if the commercial worker scenario demonstrated unacceptable risk. 

 

3.3.3.4 Visitors and Trespassers 

Visitors and trespassers have two different conceptual definitions depending on the exposure 

route being evaluated. Visitors/trespassers on the utility property could encounter production 

well water, although with the water being contained within a closed system, contact is highly 

unlikely. Since the point at which water enters the treatment system is also in a fenced area, 

monitored by video surveillance, the visitor/trespasser exposure scenario on the treatment 

plant property is highly unlikely and will not be quantitatively evaluated.  

 

Visitors/trespassers to the Site 0153 area, to either residents or commercial business, may 

also be exposed to finished water. The risks associated with the consumption of finished 

water in the visitor/trespasser scenario would be captured in the residential and commercial 

scenarios, except the visitor/trespasser scenario would involve greatly reduced exposure 

durations and exposure frequencies. Thus, the visitor/trespasser exposure pathway will only 

be quantitatively evaluated if the residential or commercial scenarios demonstrate 

unacceptable risk. 

 

3.3.3.5 Ecological Receptors 

The MOA specifies that ecological risk should be evaluated as part of the HHERA. 

Screening Level Ecological Risk Assessments (SLERAs) include a desktop review to 

determine if ecologically susceptible areas (ESAs) exist at or near the Site and whether a 

release could have occurred within or migrated to ESAs resulting in a completed exposure 

pathway (IDEM, 2012). If not, further ecological risk assessment is not necessary. 

 

Ecologically susceptible areas are locations that merit consideration of potential effects on 

ecological receptors. Because endangered, threated, and/or rare (ETR) species may reside in 

underground cave systems, karst terrain is also considered an ecologically susceptible area 

along with surface waters, wetlands, riparian areas, parks, preserves, and other protected 

habitats. The locations of national parks, forests, and wildlife refuges, state parks, nature 

preserves, and other protected areas were evaluated as part of this document. No national 

parks, forests, and wildlife refuges are in Marion County. However, three state parks are in 

Marion County: Fort Harrison State Park, Eagle Creek State Park, and White River State 

Park. White River State Park, which includes the Indianapolis Zoo and White River Gardens, 

is located within Site 0153. 

 

A review of state and federally listed ETR species and critical habitats revealed 60 reported 

ETR species and eight high quality natural communities documented within Marion County, 

Indiana (Indiana Department of Natural Resources (IDNR), 2019). According to the United 
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States Fish and Wildlife Service, the only federally-listed endangered species within Marion 

County are: the Bald Eagle, which prefer to breed and winter in forested areas adjacent to 

large bodies of water; the Indiana Bat and Northern Long-Eared Bat, which prefer 

caves/mines for hibernation and small stream corridors and woods for breeding and foraging 

habitats; and, the Rusty Patched Bumble Bee, which prefers grasslands and undisturbed soil 

for nesting and hibernating.  

 

As mentioned in Section 2.0, any additional evaluation of ESAs will be performed on a site-

by-site basis as part of risk assessment activities involved in the State remediation programs. 

To date, investigations of individual PRP sites has not identified the need to conduct an 

ecological investigation. Ecological investigations for individual sites within the 0153 

boundary will be addressed, if necessary, in individual site investigations conducted by PRPs 

under the direction of IDEM.  Therefore, further evaluation of ESAs is outside the scope of 

this document. 

 

3.3.3.6 Summary of Potential Receptors 

As described in the previous sections, the risk assessment will focus on residential and 

commercial worker receptors. If unacceptable cancer risk or non-cancer toxicity is 

demonstrated, the construction worker and visitor/trespasser pathways may also be evaluated.  

 

3.3.4 Exposure Routes 

As described in the exposure media section, only the public water supply will be evaluated as 

part of this HHERA. The exposure routes associated with exposure to public water supply 

will be the ingestion, dermal contact, and inhalation exposure routes3.  

 

3.3.5 Exposure Pathway Summary 

Complete exposure pathways require exposure media with elevated levels of COPCs and 

receptors with the opportunity to contact these media. The previous sections described the 

potential exposure pathways as well as the likely human receptors. Figure 5 presents an 

exposure conceptual site model flow diagram, which identifies receptors and potential 

exposure pathways, and the status of each pathway. The status categories presented on the 

diagram include: 

 “Incomplete”: human and/or ecological receptors are not exposed to COPCs; 

 “Complete, but under control”, meaning that the potential for exposure to COPCs 

exists, but current or future engineering controls are in place or will be implemented 

to prevent unacceptable risk from occurring, or that potential exposure risks will be 

evaluated and managed via State-led programs.  

 

 
3 The inhalation pathway from public supply water (e.g., inhalation of shower vapor or vapors generated when cooking 

with potable water) is considered to have insignificant contribution to overall risk.  
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Exposures resulting from complete pathways are addressed either quantitatively or qualitatively 

in this assessment, except where excluded as noted on the figure and further described in Section 

2.  

 

3.4 Quantification of Exposure Point Concentrations 

Potential exposure to constituents in the environment is directly proportional to their 

concentrations in environmental media and characteristics of exposure (e.g., frequency and 

duration). The concentrations of an agent that a receptor may contact in an environmental 

medium generally are referred to as EPCs. The analytical results for samples from a given 

medium were utilized to derive a single EPC for each COPC that conservatively represents the 

level of that COPC to which potential receptors may be exposed.  

 

3.4.1 Exposure Point Concentrations Dataset 

The 95% Upper Confidence Limit (UCL) of the mean is considered an appropriate 

estimation of an RME EPC (U.S. EPA, 1991a). U.S. EPA guidance for the calculation of 

EPCs in risk assessments recommends using “at least 10 data points (e.g. 5 wells and 2 

rounds of data representative of current conditions) to compute a 95% Upper Confidence 

Limit (UCL)” as the EPC (U.S. EPA, 2014a). In general, this HHERA uses existing available 

data, omitting data from abandoned or out-of-service wells, thereby creating a snapshot of 

the actual risk to end-users given current conditions.  Quantitatively evaluating risk on 

historical data when concentrations in the wellfield were greater, or including wells that have 

since been taken offline, would overestimate potential risk and not represent a RME scenario. 

Thus, EPCs will be calculated based on the four sampling events of 2019 for each active 

production well in the wellfield, for each respective wellfield, prior to EPC weighting as 

described in the next section. The datasets used to calculate EPCs are presented in Table 6. 

 

3.4.2 Raw Water EPC Contribution Weighting  

To present a RME under current conditions, this HHERA will assess the risk contribution 

from the Wellfields (RS and WR) by creating a combined input stream, weighting the 

contribution of COPCs from both wellfields based on ratios of gallons pumped, then 

combining again with surface water and weighting the wellfield versus surface water 

contribution.  

 

An evaluation of pumping data from both wellfields was performed and is summarized on 

Table 7 (Table 7 - INFORMATION REDACTED DUE TO CLAIM OF 

CONFIDENTIALITY – CONFIDENTIAL – NOT SUBJECT TO PUBLIC 

DISCLOSURE FOR REASONS OF PUBLIC SAFETY, AND CONFIDENTIAL 

BUSINESS INFORMATION). Although these contribution values vary from year to year, 

the 16-year average presents a reasonable approximation of the standard operating condition. 
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These percentages will be used to weight the EPC contribution from both Wellfields to be 

used in the final intake equation.   

 

Furthermore, an assessment of surface water intake was performed, also presented on Table 

7 (Table 7 - INFORMATION REDACTED DUE TO CLAIM OF 

CONFIDENTIALITY – CONFIDENTIAL – NOT SUBJECT TO PUBLIC 

DISCLOSURE FOR REASONS OF PUBLIC SAFETY, AND CONFIDENTIAL 

BUSINESS INFORMATION). Mixing of surface water with production water is performed 

prior to treatment. Based on 16 years of intake data, the combined input stream (both 

wellfield and surface water) consists of approximately 89% surface water and 11% combined 

wellfield water. INFORMATION REDACTED DUE TO CLAIM OF 

CONFIDENTIALITY – CONFIDENTIAL – NOT SUBJECT TO PUBLIC 

DISCLOSURE FOR REASONS OF PUBLIC SAFETY, AND CONFIDENTIAL 

BUSINESS INFORMATION. Thus, the 16-year average was used as the proportion for 

mixing. The final EPC will be weighted using the proportional contribution of COPCs from 

groundwater and surface water.  

 

3.4.3 Exposure Point Concentrations Based on Measured Data 

EPCs are estimated using measured concentrations in environmental media or estimated 

based on chemical fate and transport models. Depending on the statistical distribution of the 

data (e.g. normal, lognormal, gamma), the proportion of the samples reported as non-detect, 

and the total number of samples, there are several statistical techniques that may be used to 

estimate EPCs. U.S. EPA Supplemental RA Guidance stipulate that EPC estimates should be 

based on the 95% upper confidence limit (UCL) of the arithmetic mean to estimate an RME 

scenario. RME conditions are defined by U.S. EPA as the “highest exposure that is 

reasonably expected to occur at the Site.” The 95% UCL is used to evaluate all COPCs, with 

a few exceptions as noted below.  

 

In this assessment, the U.S. EPA software package, ProUCL Version 5.1.002, was used to 

calculate EPCs (U.S. EPA, 2016). This program performs statistical calculations on data sets 

with or without non-detect results. The first step in the data evaluation process is to 

determine the best fit distribution of the data. Data is tested first to determine if the 

distribution is normal, lognormal, or gamma at  = 0.05. The ProUCL output files provide 

detailed information on statistics generated for each distribution type and identify the 

recommended UCL (“Suggested UCL to Use”). In cases where ProUCL presents more than 

one “Suggested UCL to Use”, the UCL that is calculated using the statistical test best suited 

to the identified distribution is selected.   

 

The statistical outputs generated from ProUCL document the UCL calculations for each of 

the COPCs being evaluated for the direct contact pathway and are provided in Appendix E. 
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For each COPC, the final EPC is identified as the lower of the UCL or the maximum 

detected concentration. If the complete dataset for an agent is non-detect, then half the 

method detection limit was utilized as the EPC. The UCLs, distribution types, and final EPCs 

for direct contact are presented in Table 8 (Table 8 - INFORMATION REDACTED DUE 

TO CLAIM OF CONFIDENTIALITY – CONFIDENTIAL – NOT SUBJECT TO 

PUBLIC DISCLOSURE FOR REASONS OF PUBLIC SAFETY, AND 

CONFIDENTIAL BUSINESS INFORMATION). 

 

3.5 Estimation of Absorbed Dose Exposure 

The U.S. EPA’s Guidelines for Exposure Assessment define exposure as “the contact between an 

agent and an external boundary of a receptor for a specific duration” (U.S. EPA, 2019). These 

agents are contained in an environmental medium such as water, soil, or air. Generally, two steps 

are required for an agent to enter a body; an applied dose of an agent makes contact with an 

absorption barrier of the body (e.g., skin or gastrointestinal tract wall), then crosses the 

absorption barrier to inside the receptor (uptake). The final amount of agent that enters the 

receptor is the internal dose (a.k.a absorbed dose) or intake. For most exposure routes, intake is 

evaluated in terms of how much of the carrier medium containing the agents crosses the 

absorption barrier (e.g., amount of water ingested, volume of air inhaled).  

 

Two types of doses, applied and internal, are defined for evaluating agent exposure (U.S. EPA, 

2019). The applied dose is the amount of an agent present at an absorption barrier (e.g., lung) 

and available for absorption. The internal dose is the amount of agent absorbed across the barrier 

and available for internal biological interactions. It is the portion of the internal dose that reaches 

cells, sites, or membranes where adverse effects occur. Doses are generally presented as dose 

rates (dose per unit time) on a per unit body weight basis (units of mg/kg-day).  

 

The average dose of an agent over the course of an exposure period is used when calculating 

potential non-carcinogenic health effects. This dose is termed the Average Daily Dose (ADD). 

Potential carcinogenic health effects are evaluated in terms of an individual’s theoretical 

increased risk of developing cancer over a lifetime. Although the duration of exposure to an 

agent release generally does not last for an entire lifetime, agent intake for carcinogens is 

estimated as the average dose over the average human lifetime (70 years). This lifetime dose 

applies specifically to the evaluation of carcinogenic effects and is termed the Lifetime Average 

Daily Dose (LADD). In a RA, the calculated ADD or LADD are quantified using assumptions 

about the duration, frequency, and magnitude of exposure experienced by each potential 

receptor, and assumptions about the agent properties that influence absorption. In Section 4, 

these calculated ADDs and LADDs will be multiplied by their corresponding reference dose or 

cancer slope factor to determine non-cancer toxicity and cancer risk, respectively. 

 

 



 

23 

3.5.1 General Form of COPC Intake Calculations 

The general form of the equation used to evaluate agent intake is presented below. The inputs 

and units for each term are slightly different, depending on the pathway being evaluated; 

therefore, the specific equations and factors for each of the exposure pathways are discussed 

in subsequent sections.  
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  Where: 

    C = Constituent concentration  

    CR = Contact rate 

    EF = Exposure Frequency 

    ED = Exposure Duration 

    BW = Body Weight 

    AT = Averaging time 

 

U.S. EPA presents the equations for calculation of carcinogenic risk and non-cancer toxicity 

on the U.S. EPA RSL User’s Guide website (U.S. EPA, 2019c). These equations as written 

present a solution for a “screening level” with target risk (TR) or THQ as an equation input. 

To quantitatively calculate cancer risk or non-cancer toxicity, these equations are modified to 

solve for TR or THQ, respectively. When modified, the screening level in the equation is 

substituted with the derived EPC, thereby calculating TR or THQ using calculated Site-

specific exposure data. The generic equations presented by U.S. EPA are provided for 

reference in Appendix F.   

 

3.5.2 Dermal Absorption of Constituents from Water 

Dermal exposure for a given exposure event can be estimated as the concentration or mass of 

the agent in the medium contacting the skin. A general equation for estimating dermal 

exposure is shown below (U.S. EPA, 2007): 
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  Where: 

    ��� = dermal absorbed dose    (mg/kg-d) 

 ������� = absorbed dose per event     (mg/cm2-event) 

 SA = skin surface area available   (cm2) 

 EV = event frequency    (events/d) 

 ED = exposure duration    (yr) 

 BW = body weight     (kg) 

 AT = averaging time    (d) 
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The applied dose in a dermal exposure pathway is the amount of agent in the volume of 

water contacting the skin. Only a small fraction of this amount of the agent will penetrate the 

skin and enter the body of a receptor. Dermal exposure calculations are calculated as an 

absorbed dose and require calculating the fraction of the agent absorbed dermally from 

groundwater contact, which, for water exposure, is a function of the dermal permeability 

coefficient (Kp, usually in cm/h), the concentration of the COPC in groundwater, and the 

duration of the contact event. The relationship is expressed as follows:  

 

������� =  '( ∗  )* ∗  +����� 

 

  Where: 

 ������� = absorbed dose per event     (mg/cm2-event) 

 Kp = dermal permeability coefficient  (cm/h) 

 Cw = concentration in water    (mg/cm3) 

 +event = dermal exposure event duration  (h/event) 

 

Kp is agent specific; however, the remainder of the inputs have residential default values 

established. Default equation inputs for tap water exposure are listed as outputs from the U.S. 

EPA’s RSL calculator4 and are presented in Appendix F. Agent-specific default values, such 

as Kp, are included in the outputs from the U.S. EPA RSL calculator in Appendix G. 

 

3.5.3 Groundwater Ingestion  

Ingestion exposures occur when a receptor eats, drinks, or inadvertently introduces an agent 

into the gastrointestinal tract. Soil, dust, or foreign objects can be ingested, and ingestion of 

both food and nonfood items can contribute to an individual’s exposure. Once ingested, a 

chemical can directly impact the gut tissues or be absorbed through the gut into the 

bloodstream. Dietary (e.g., food, liquids) and nondietary (e.g., soil, dust, other materials) 

exposure can be estimated as shown in the equation below (U.S. EPA, 2001): 

 

Eing = Cing * IR 

 

Where: 

   Eing = ingestion exposure (mass per time) 

 Cing = concentration of the chemical in food or other exposure media 

(mass of chemical per mass of medium or mass of chemical per volume of 

medium) 

 IR = ingestion rate (mass of medium ingested during the exposure per 

time) 

 
4 U.S. EPA RSL calculator available at:  https://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search 
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3.6 Exposure Factors 

The quantitative estimation of agent intake involves incorporation of numerical assumptions for 

a variety of exposure parameters. Where guidance was available, exposure assumptions used in 

these intake calculations were based on U.S. EPA (U.S. EPA, 2017b) recommended values. 

Exposure assumptions utilized in this RA are described below.  

 

3.6.1 Factors Affecting All Pathways 

The following factors are consistent across each of the exposure pathways considered in this 

assessment. As described above, only values for commercial and residential receptors will be 

presented in this section.  

 

3.6.1.1 Exposure Frequency  

Default exposure factors for residents, both children and adults, are provided by U.S. EPA. 

The exposure frequency for residents is 350 days per year and 250 days per year for 

commercial workers.  

 

3.6.1.2 Exposure Duration 

The exposure duration used to evaluate non-carcinogenic effects for an adult resident is 26 

years, while the exposure duration used to evaluate non-carcinogenic effects for a child 

resident is six years. The carcinogenic exposure duration for a resident is age-adjusted over 

the span of 26 years, with the first six years incorporating child exposure inputs. Mutagenic 

exposure is also evaluated over a 26-year period. Commercial worker exposure durations are 

assumed to be 25 years (U.S. EPA, 2014). 

 

3.6.1.3 Exposure Time 

The exposure time used to evaluate residential scenarios is 24 hours per day, while the 

exposure time used to evaluate commercial worker scenarios assumes eight hours per day.   

 

3.6.1.4 Body Weight 

The default value for average body weight of an adult is 80 kg based on U.S. EPA (U.S. 

EPA, 2014). This value is used for the body weight of the adult resident and the commercial 

worker. The average body weight of a child is 15 kg (U.S. EPA, 2014).  

 

3.6.1.5 Averaging Time 

As described above, the doses for non-carcinogenic health effects are averaged over the 

specific period of exposure for a given receptor (i.e. 26 years for an adult resident and six 

years for a child resident). Non-carcinogenic averaging times are calculated by multiplying 

the exposure duration for the receptor by 365 days per year, or 9,490 days for an adult 

resident or commercial worker and 2,190 days for a child resident.  
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Carcinogenic health effects are calculated over a lifetime exposure. The U.S. EPA value for 

average lifetime, 70 years, is used for exposure duration, resulting in a carcinogenic 

averaging time of 25,550 days. 

 

3.6.1.6 Reference Dose (RfDo) 

The RfDo is an estimate of a daily oral exposure of a toxic substance. RfDo is chemical-

specific and can be found in reference databases (such as the U.S. EPA Integrated Risk 

Information System [IRIS]) as the maximum acceptable oral dose of a toxic substance. The 

agent-specific reference doses and the originating reference database are presented on Table 

9. 

 

3.6.1.7 Cancer Slope Factor (CSFo) 

The CSFo is chemical-specific, and is used to estimate carcinogenic exposure, defined as the 

increased cancer risk from a lifetime exposure to a substance via inhalation or ingestion. The 

agent-specific cancer slope factors and the originating reference database are presented on 

Table 9. 

 

3.6.2 Dermal Pathway Exposure Factors 

 

3.6.2.1 Dimensionless Ratio, “B” 

The term B in the dermal exposure equation is agent-specific and is defined as the 

dimensionless ratio of the permeability coefficient of a compound through the stratum 

corneum relative to its permeability coefficient across the viable epidermis (U.S. EPA, 2004). 

Agent-specific values are presented on the U.S. EPA RSL Calculator outputs in Appendix 

G. 

 

3.6.2.2 Exposure Time (ETevent) 

Exposure time is a U.S. EPA default value and defined as the time spent in an exposure event 

such as showering or swimming, measured in hours per event. The exposure time for a 

resident, either adult or child, is 24 hours per day. The exposure time for a commercial 

worker is eight hours per day.  

 

3.6.2.3 Event Frequency (EV) 

Event frequency is a U.S. EPA default value and defined as the number of exposure events 

such as the ones described above, per year, that a typical person will partake.  Event 

frequency is assumed to be one event per day for both mutagenic and non-mutagenic 

compounds. EV values are presented in Appendix G. 
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3.6.2.4 Fraction Absorbed Water (FA) 

FA is chemical-specific and defined as the percentage of the chemical that enters the body 

through exposure. This value provides an estimation of the loss of chemicals due to 

desquamation of the skin (U.S. EPA, 2019). Agent-specific values are presented on the U.S. 

EPA RSL Calculator outputs in Appendix G. 

 

3.6.2.5 Dermal Permeability Coefficient of a Compound in Water (Kp) 

Kp is agent-specific, measured in centimeters per hour, and used to account for variability of 

types of skin and how a chemical will travel throughout the body. Agent-specific values are 

presented on the U.S. EPA RSL Calculator outputs in Appendix G. 

 

3.6.2.6 Skin Surface Area (SA) 

The skin surface areas used in the assessment of exposure to soil for the adult and child 

resident are 19,652 cm2 and 6,365 cm2, respectively (U.S. EPA, 2014).  

 

Potentially exposed commercial workers are assumed to wear appropriate clothing during 

outdoor activities that may direct contact, such as long sleeve shirts and long pants. 

Therefore, the commercial worker skin surface area available for dermal contact with water 

is assumed to be the hands, forearms, and head. The exposed skin surface area corresponding 

to these body parts for the commercial worker receptor groups is approximately 3,527 cm2, 

based on guidance from U.S. EPA (U.S. EPA, 2014). 

 

3.6.2.7 Lag Time per Event (τevent) 

τevent is agent-specific, measured in hours per event. The lag time measures the amount of 

time that must pass in the event for the chemical to dissolve through layers of skin. Agent-

specific values are presented on the U.S. EPA RSL Calculator outputs in Appendix G. 

 

3.6.2.8 Time to Reach Steady-State (t*) 

t* is agent-specific, measured in hours per event. The time to reach steady state is based on 

half-lives of chemicals and can be described as the elapsed time when the rate of dissolution 

on the skin is equal to the rate of input (U.S. EPA, 2004). Agent-specific values are presented 

on the U.S. EPA RSL Calculator outputs in Appendix G. 

 

3.6.3 Ingestion Pathway Exposure Factors 

 

3.6.3.1 Water Ingestion Rate (IR) 

The IR is a U.S. EPA default value, measured in liters per day, defined as the amount of 

water ingested per day by a consumer. IR is assumed to be 0.78 liter per day for children and 

2.5 liters per day for adults (U.S. EPA, 2014). 
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3.6.4 Determining Intake for Age-Adjusted Future Residents 

For COPCs that exhibit a carcinogenic risk to future residents, U.S. EPA recommends age-

adjusting the intake equations to account for the evolving physical and exposure 

characteristics of the representative populations. This method accounts for differences in 

physical characteristics (e.g., body weight and skin surface area) and absorption differences 

(e.g., skin absorption factors) and provides a weighting based on the exposure duration for 

each sub-population.  

 

For agents with a mutagenic mode of action, the ADAFs are also incorporated as multipliers 

in the age-adjusted intake equation for carcinogenic COPCs. Details on the equations used to 

determine age-adjusted intake for direct contact exposure pathways (ingestion and dermal 

contact) for carcinogenic risk for both mutagenic and non-mutagenic modes of action are 

presented in Appendix F. 

 

3.6.5 Mutagenic Modes of Action for Potential Carcinogens 

U.S. EPA (U.S. EPA, 2005a) addresses cancer risks associated with early-life exposures 

specifically potency adjustment for carcinogens acting through a mutagenic mode of action 

(mutagens) (U.S. EPA, 2005b). Consistent with U.S. EPA mutagen definitions, for the Site, 

TCE and VC have been identified as potential carcinogens with a mutagenic mode of action. 

For each of these COPCs, ADAFs are applied to the intake factors for early-life age groups, 

as follows:  

 Based on higher carcinogenic risk in infancy, a factor of 10 is applied to the intake 

factors for residential child to evaluate exposures from age zero up to age two.  

 The risk is reduced in early childhood, therefore a factor of three is applied to the intake 

factors for residential child to evaluate exposures from age two to age six.  

 The risk remains elevated compared to adult factors during the early adventurer life 

phase, therefore a factor of three is applied to the intake factors for residential child to 

evaluate exposures from age six to 16. 

 The ADAF from ages 16-26 assumes adult factors and is therefore a factor of one.  

 No adjustment is made to evaluate exposures for non-residential receptors (i.e., the 

commercial worker), or the residential adult whose exposure occurs within the adult age 

range.  

 

Additionally, in accordance with early life exposure studies (U.S. EPA, 2005b), both VC and 

TCE have unique assessment equations used to calculate carcinogenic risk and non-cancer 

toxicity, which are presented in Appendix F. 

 

3.6.6 Mutagenic Modes of Action for Trichloroethene 

The evaluation of risk associated with TCE requires an adjustment to account for the joint 

contribution of cancer risk and mutagenic risk. The adjustment factors for cancer (CAFo) and 
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mutagens (MAFo) are defined in the U.S. EPA RSL User’s Guide (U.S. EPA, 2019c) and are 

presented in the equations and variable definitions included in Appendix F.  

 

4.0 TOXICITY ASSESSMENT 

 

The toxicity assessment, also known as the dose-response assessment, provides a description of 

the relationship between a dose of a constituent and the anticipated incidence of an adverse 

health effect. The U.S. EPA has developed dose-response assessment techniques to set 

“acceptable” levels of human exposure to agents in the environment. These U.S. EPA-derived 

risk values address both sub-chronic and chronic non-carcinogenic health effects and potential 

carcinogenic health risks.  

 

4.1 Evaluation of Non-carcinogenic Responses 

The sections that follow discuss the mechanisms of non-carcinogenic response and the derivation 

of acceptable dose levels. The way these levels are used in this RA and some of the limitations of 

these values are also covered. The limitations are addressed in greater detail in the uncertainty 

analysis section of this report (Section 6).  

 

4.1.1 Background 

Non-carcinogenic biological effects of stressors occur only after a threshold dose is achieved 

(Casarett, 2001). Physiological mechanisms exist that will minimize the adverse effect, 

through pharmacokinetic means such as absorption, distribution, excretion, or metabolism 

(Casarett, 2001). Therefore, a range of exposures and resulting doses exist that can be 

tolerated by a receptor with essentially no risk of developing adverse effects. The threshold 

dose for a compound is usually estimated from the no observed adverse effect level 

(NOAEL), the lowest observed adverse effect level (LOAEL), or the point of departure from 

a dose-response model. 

 

4.1.2 Non-carcinogenic Toxicity Values 

U.S. EPA uses the point of departure from a dose-response model and uncertainty factors to 

derive Reference Doses (RfDs) and Reference Concentrations (RfCs) for human exposure. 

An RfD or RfC is an estimate of a daily exposure level (dose) that is unlikely to present an 

appreciable risk of deleterious effects during a lifetime. U.S. EPA has derived both chronic 

and sub-chronic RfDs. For this assessment, chronic RfDs/RfCs have been conservatively 

used to evaluate all receptors.  

 

RfDs (used to evaluate the oral exposure route) are expressed in units of dose (mg/kg-day), 

while RfCs (used to evaluate the inhalation exposure route) are expressed as concentrations 

(mg/m3). Both types of toxicity values incorporate uncertainty factors to account for 

limitations in the quality or quantity of available data.  
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Dermal contact RfDs are calculated from oral RfDs. An oral RfD is converted to a dermal 

absorbed dose (dermal RfD [RfDd]) by multiplying the oral RfD by a gastrointestinal 

absorption factor (GIABS) (U.S. EPA, 2004). Oral ingestion toxicity values are not a perfect 

substitute for dermal toxicity as the ingestion route accounts for how much of an agent is 

absorbed through the intestinal lining. Thus, the GIABS corrects for this difference.  

 

Chronic Dermal Reference Dose [RfDd] = RfDo x GIABS 

 

The GIABS absorption efficiency factors recommended by U.S. EPA have been used in this 

assessment, specifically 100% (i.e. GIABS equal to one) for all COPCs (U.S. EPA, 2019). 

 

4.1.3 Estimating the Likelihood of Adverse Non-carcinogenic Response 

The likelihood of occurrence of adverse non-carcinogenic effects depends on the relationship 

between the RfD and the estimated average agent dose received by the receptor. Doses less 

than the RfD are not likely to be associated with any adverse health effects and are, 

generally, not of regulatory concern. Doses that exceed the RfD are considered to present the 

potential for adverse effects.  

 

Non-carcinogenic responses are numerically compared by their hazard quotient (HQ). The 

HQ is calculated by dividing the ADD by the RfD (or adjusted dermal reference dose) as 

presented below.  

 

,--
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The ADD is the estimated daily dose of an agent averaged over the specific duration of 

exposure, which may not necessarily be an entire lifetime. Each calculation with a specific 

combination of COPC, receptor, and exposure pathway, will have a distinct ADD and 

calculated HQ. HQs associated with all COPCs for a pathway are summed to yield the HI, as 

indicated:  

 

HQI + HQII + HQIII + … = HI 

 

If a receptor is subject to exposure through more than one pathway, the HIs for all pathways 

are summed. A calculated HI of one or less (i.e. ≤1.0) indicates that an adverse effect would 

not be anticipated. HIs are most appropriately derived for stressors that act on the same target 

organ or have similar critical effect. Therefore, if the total HI across all COPCs exceeds one, 

it is appropriate to segregate the COPCs by critical effect and mechanism of action and to 

derive separate HIs for each group (U.S. EPA, 1989). Critical effects of COPCs are listed on 

Table 9.  
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Two mutual critical effects were identified in COPC toxic endpoints. Hepatic (liver) failure is 

documented as non-cancer critical effects for both TCE and VC. Urinary failure is 

documented as non-cancer critical effects for both cDCE and TCE.  

 

4.2 Evaluation of Potential Carcinogenic Responses 

The sections that follow discuss the assumed mechanisms of carcinogenic response and the 

derivation of carcinogenic toxicity values. The way these values are used in this RA and some of 

the limitations of these values are also covered. The limitations are addressed in greater detail in 

the uncertainty section of this report (Section 6). 

 

4.2.1 Background 

U.S. EPA typically has required that potentially carcinogenic agents be treated as if 

minimum threshold doses do not exist (U.S. EPA, 2005a). The regulatory dose-response 

curve used for carcinogens only allows for zero risk at zero dose. Thus, for all environmental 

doses, some level of risk is assumed to be present using this highly conservative model.  

 

Mathematical dose-response models are used to estimate the theoretical response at various 

environmental doses. U.S. EPA commonly uses the “linearized multistage model” for low 

dose extrapolation. This model assumes that the effect of the carcinogenic agent on tumor 

formation seen at high doses is basically the same at low doses (i.e., the slope of the dose-

response curve can be extrapolated linearly toward the origin). U.S. EPA’s Guidelines for 

Carcinogen Risk Assessment recommends that the linearized multistage model be employed 

in the absence of adequate information to the contrary (U.S. EPA, 2005a). Thus, although the 

doses being evaluated as part of the HHERA are in the low parts per billion (ppb) range, a 

carcinogenic risk is still viable and needs to be quantified.  

 

4.2.2 Potential Carcinogenic Toxicity Values 

Under RAGS guidance, U.S. EPA evaluates available scientific information, using a weight-

of-evidence approach, to determine whether a constituent poses a carcinogenic hazard in 

humans. U.S. EPA uses this weight-of-evidence approach to group constituents according to 

their potential for carcinogenic effects based on clinical evidence (U.S. EPA, 1989) 

 Group A – Human Carcinogen 

 Group B – Probably Human Carcinogen 

 Group C – Possible Human Carcinogen 

 Group D – Insufficient Data to Classify as a Human Carcinogen 

 Group E – Not a Human Carcinogen 

 

In addition, constituents may have been assessed for carcinogenicity using U.S. EPA’s 

Guidelines for Carcinogen Risk Assessment (U.S. EPA, 2005a). Under this guidance, 
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standard descriptors are used as part of the hazard narrative to express the conclusion 

regarding the weight-of-evidence for carcinogenic hazard potential. There are five 

recommended standard hazard descriptors:  

 “Carcinogenic to Humans” 

 “Likely to Be Carcinogenic to Humans” 

 “Suggestive Evidence of Carcinogenic Potential” 

 “Inadequate Information to Assess Carcinogenic Potential”  

 “Not Likely to Be Carcinogenic to Humans” 

 

Both TCE and VC are classified as Carcinogenic to Humans (International Agency for 

Research on Cancer [IARC], 2019). “U.S. EPA has determined that cis-1,2-dichloroethene is 

not classifiable as to its human carcinogenicity” (Agency for Toxic Substances and Disease 

Registry [ATSDR], 2011), therefore it would fall under the fourth category, Inadequate 

Information to Assess Carcinogenic Potential. 

 

Cancer slope factors (CSFs) are the toxicity values used in quantitatively assessing potential 

carcinogenic effects from exposure. CSFs are defined as the plausible upper bound, 

approximating a 95% confidence limit, of the increased cancer risk across a lifetime exposure 

to a given level of a carcinogen.  

 

The CSF (used to evaluate the oral route of exposure) is expressed in units of reciprocal dose 

(mg/kg-day)-1. Similar to the relationship of oral toxicity to dermal toxicity described in the 

previous section, the GIABS factor is used to relate dermal cancer risk to oral cancer risk. An 

oral CSF is converted to an absorbed dose by dividing the CSF by the GIABS, hence:  

Dermal Cancer Slope Factor [CSFd] = 
2345 

6789:
 

 
The GIABS absorption efficiency factors recommended by U.S. EPA are 100% for all 

COPCs evaluated. (U.S. EPA, 2019).  

 

4.2.3 Estimating the Theoretical Excess Lifetime Cancer Risk 

For carcinogenic stressors, a RA evaluates the degree to which a receptor may have an 

increased likelihood of developing cancer over a lifetime due to exposure to Site-associated 

agents. At environmental dosage levels, the CSF is assumed to be constant and potential 

carcinogenic risk to be directly related to intake. In order to estimate the theoretical excess 

lifetime cancer risk, the LADD of a constituent is multiplied by the CSF as shown:  

LADD x CSF = Cancer Risk 

 

For each pathway, these calculations are carried out for each applicable agent, and the risks 

are summed to obtain the total risk due to that pathway. The total theoretical excess lifetime 
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cancer risk for a particular receptor is then calculated as the sum of the risks from all 

exposure pathways for that receptor.  

 

4.3 Toxicity Values for COPCs 

The toxicity values for each COPC are presented in Table 9 including the chronic non-

carcinogenic oral RfDs and the carcinogenic oral CSFs. Table 9 also lists the target organ or 

critical effect for each non-carcinogenic COPC. Gastrointestinal absorption efficiency factors 

and dermal toxicity values are estimated from the oral values in accordance with U.S. EPA’s 

RAGS and are also presented in Table 9. Toxicity values have been obtained from the U.S. EPA 

Regional Screening Level tables, which follow the hierarchy set by U.S. EPA (U.S. EPA, 2019).  

 

5.0 RISK CHARACTERIZATION 

 

Risk characterization is the final step of the human health RA process. It includes a description 

of the nature and magnitude of the potential for occurrence of adverse health effects under 

reasonable maximal exposure conditions. In this step, the toxicity assessment and Site-specific 

exposure assessment are integrated into quantitative and qualitative estimates of potential health 

risks. Potential non-carcinogenic and carcinogenic health risks are calculated and summarized 

individually for each receptor exposed to COPCs at the Site. Estimated risks are combined across 

COPCs and exposure pathways as appropriate. The following subsections describe the 

methodology and results for the evaluation of non-carcinogenic and potential carcinogenic 

effects.  

 

5.1 U.S. EPA RSL Calculator 

U.S. EPA’s online RSL calculator5 is employed to determine cancer risk and HI for COPCs for 

the residential ingestion and dermal pathways. The RSL calculator was designed to determine 

applicable screening levels given Site-specific inputs. However, as discussed in Section 3, the 

equations utilized within the calculator can be adjusted to solve for HQ and/or cancer risk. By 

selecting the “Risk Output” function on the web interface, the calculator will derive risk values 

based on either default or user-defined exposure factors given a user-defined source 

concentration.  

 

The inputs for the web interface of the online calculator are listed below. The resultant output is 

included as a PDF in Appendix G.   

 

 INITIAL WEB INPUTS 

o Screening Level Type: Regional Screening Levels 

o Hazard Quotient: 1 

o Target Risk: 10-6 

 
5 Available at https://epa-prgs.ornl.gov/cgi-bin/chemicals/csl_search 
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o Scenario: Resident 

o Media: Tap water 

o Screening Level Choice: Site-Specific 

 Chemical Info Type:  Database Hierarchy Defaults 

o Risk Output: Yes 

o RfD/RfC Choice: Chronic 

o Select Chemicals:  

 Trichloroethylene (CAS 79-01-6);  

 Dichloroethylene, 1,2-cis- (CAS 156-59-2) 

 Vinyl Chloride (CAS 75-01-4) 

o Select All Chemicals: [Unchecked] 

o Select Include Metadata: [Checked] 

 SECONDARY WEB INPUTS 

o Tap Water Concentrations (µg/L):  

 Trichloroethylene:     0.0501 µg/L  

 Dichloroethylene, 1,2-cis-:    0.301 µg/L 

 Vinyl Chloride:     0.0830 µg/L 

o Remaining fields unchanged from default values 

 

5.2 Non-carcinogenic Effects 

Potential non-carcinogenic effects associated with exposure to COPCs from the Site are 

estimated as described in Section 4. The total HIs are then calculated for each receptor by 

combining pathway-specific HIs. A HI value equal to or less than 1.0 indicates that an adverse 

effect would not be anticipated (U.S. EPA, 1989). Conversely, a target-organ specific HI greater 

than 1.0 indicates that additional evaluation of the toxicity is warranted.  

 

Appendix G presents the total HIs for each receptor exposed to COPCs associated with the Site. 

The total non-cancer HIs are less than the benchmark of 1.0 for the future residents indicating 

that the likelihood of adverse non-cancer effects would be negligible. Exposure factor inputs and 

agent-specific results, including target-organ specific HIs, for each receptor are presented in 

Appendix G and Table 10, respectively. Total HI results for each receptor are summarized in 

Table 5.2 below. 

 

Table 5.2 

Summary of Receptor Hazard Indices 

via Direct Contact Pathways 

Receptor Ingestion HQ Dermal HQ Total HI 

Future Adult Resident 0.00834 0.00110 0.00944 

Future Child Resident 0.0139 0.00165 0.0156 

Total Future Resident 0.0222 0.00275 0.0250 



 

35 

 

As described in Section 3, the exposure factors for ingestion or dermal contact by a commercial 

worker include less conservative assumptions regarding exposure frequency, exposure duration, 

and other exposure factors (e.g., skin surface area). The quantitative assessment of toxicity 

hazard to a future resident incorporates conservative exposure factors. If the toxicity hazard for 

the future resident is acceptable (i.e. less than 1.0), then it is also acceptable for all other 

receptors with less conservative exposure factors (i.e. commercial worker, construction worker, 

or recreator). Thus, a Site-specific commercial toxicity hazard index has not been calculated.  

 

It should be noted that the U.S. EPA RSL Calculator automatically provides quantitative 

estimates of non-carcinogenic inhalation health risks. Although inhalation was not considered as 

a significant completed exposure pathway in this HHERA, the calculated hazard indices are also 

less than the benchmark of 1.0 for future residents.  

 

5.3 Potential Carcinogenic Effects 

Theoretical excess lifetime cancer risks associated with exposure to COPCs from the Wellfields 

have been calculated as described in Section 4. Summed theoretical excess risks are calculated 

for each receptor by combining pathway-specific risks. The results are then compared with target 

benchmarks for acceptable risk. U.S. EPA considers theoretical excess lifetime cancer risks in 

the range of 1x10-4 to 1x10-6 to be acceptable (U.S. EPA, 1991).  

 

Table 10 presents the theoretical excess lifetime cancer risks for each receptor exposed to 

COPCs associated with the Site. The potential cumulative cancer risks are within the U.S. EPA 

acceptable risk range of 1x10-4 to 1x10-6 for the future residents (and thus commercial workers as 

described in Section 5.2), indicating that the likelihood of unacceptable potential cancer risk is 

negligible for these receptors. Pathway-specific results for each receptor are summarized in 

Table 5.3 below.  

 

Again, it should be noted that the U.S. EPA RSL Calculator automatically provides quantitative 

estimates of inhalation cancer risks. Although inhalation was not considered as a significant 

completed exposure pathway in this HHERA, the calculated values are within the acceptable 

cancer risk range for future residents.  

 

Table 5.3 

Summary of Theoretical Excess Lifetime Cancer Risk 

via Direct Contact Pathways 

Receptor Ingestion Risk Dermal Risk Total Risk 

Age-Adjusted Future Resident 3.91x10-6 3.07x10-7 4.22x10-6 
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6.0 UNCERTAINTY ANALYSIS 

 

Uncertainties are inherent in a quantitative RA and an analysis of the potential areas of 

uncertainty are a standard component of the RA process. The uncertainty analysis provides a 

context for better understanding the assessment conclusions by identifying the uncertainties that 

have most significantly affected the assessment results. U.S. EPA guidance stresses the 

importance of providing a complete analysis of uncertainties so that risk management decisions 

take these uncertainties into account when evaluating RA conclusions (U.S. EPA, 1992). The 

major sources of uncertainty in the HHERA are identified qualitatively below.  

 

6.1 Uncertainties in Sampling Methodology 

Water samples collected from the production wells were obtained from a collection point after 

the groundwater was withdrawn from the production wells. Some volatile loss may have 

occurred during sample collection. U.S. EPA Superfund protocols recommend sampling for 

cVOCs under low-flow conditions to minimize loss of cVOCs during sampling. The effect of the 

current sampling methods on concentrations of cVOCs is not quantifiable; however, volatile loss 

due to agitation during pumping would likely result in a low bias, or underestimation, of cVOC 

concentrations in groundwater. Although the production well results may have a low bias 

compared to actual concentrations in groundwater, the corresponding human health risk is based 

on the concentrations of cVOCs in the public supply water (i.e. water post-extraction from 

production wells). This uncertainty would therefore have no effect on the quantification of risk 

performed in this HHERA.  

 

6.2 Uncertainties in Hazard Identification 

Uncertainties in the hazard identification step of the RA are primarily associated with the 

available analytical data and the selection process for identification of COPCs. Multiple 

uncertainties exist in the process of identifying COPCs which include uncertainties associated 

with the number of samples selected for use in the RA, limitations of the COPC identification 

process, and the use of estimated data in quantitative assessment.  

 

6.2.1 Sampling Strategy 

The production wells are regularly sampled, usually once a quarter. As pumping rates may 

change daily, there is the potential that the presence of cVOCs were simply missed by any 

single sampling event due to the pumping regime in place at the time of sampling. This 

uncertainty is mitigated by the abundance of data over a large time period with minor 

deviations in the number and concentrations of the analytes detected in a particular well.  

 

6.2.2 Analytical Limitations and Identification of COPCs 

The default laboratory RLs for VOCs via U.S. EPA Method 524.2 is 0.5 µg/L. Any 

contaminant above a RBSC of 1x10-6 or HQ of 0.1 is carried forward in the quantitative RA. 
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However, as described previously, there exists the possibility that a cVOC may be present at 

a level above a RBSC but below the RL or MDL. If a cVOC was detected in production 

water, it either definitively screened out or was retained for further evaluation as a COPC. 

The potential presence of an unidentified compound above the RBSC adds uncertainty to the 

overall HHERA. It should be noted that if a compound were to exist under this scenario, the 

compounds has been consistently below RLs over the 16 years of monitoring and would 

unlikely affect the conclusions of overall risk. 

 

6.2.3 Managing Non-Detect Data 

Left-censored (i.e. non-detect) data are challenging to interpret when quantitatively 

evaluating risk. If a result is reported as non-detect, the U.S. EPA considers it acceptable to 

assume the presence of cVOCs at a concentration equal to half the MDL of the performing 

laboratory. This practice is a conservative approach and may overestimate the potential risk 

by attributing concentrations where none are present.   

 

6.2.4 COPC Additivity 

The cancer risk of each COPC or common critical effect was considered as additive to all 

other risks, when, in reality, this is a conservative assumption.  

 

6.2.5 Use of Qualified Data  

The reported value of “J-flagged” results are considered estimated and are assumed to 

approximate the actual value. This qualified data is appropriate to use when establishing 

presence/absence of a constituent and in determining the Site-wide EPC. However, as it is 

only an approximation of the actual value, the true dataset distribution is subject to 

uncertainty. Regardless, the inclusion of this data is appropriate in establishing Site-wide 

concentrations and quantifying overall potential risks.  

 

6.3 Uncertainties in Exposure Assessment 

The U.S. EPA approach to exposure assessment generally requires standard default exposure 

equations rather than determining Site-specific exposures via targeted studies. Under this 

approach, if an agent is identified as a COPC for a particular population and environmental 

medium it is assumed that exposure to that substance will occur at levels consistent with the 

default scenario. The default scenarios used in the human health RA evaluate current and future 

potential exposure pathways under RME conditions. The RME scenario is defined as the highest 

exposure that is reasonably expected to occur at a Site (U.S. EPA, 1989) and is unlikely to be 

reflective of actual conditions. 

 

6.3.1 Use of Default Exposure Factors 

The RA uses upper percentiles for each of the exposure factor inputs into the equations that 

are used to derive risk. The combination of upper end exposure estimates across exposure 
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frequency, time and duration are all expected to occur in all of the exposed population all of 

the time. If any one of them are not at upper end percentiles, then the risk is overestimated.  

 

Reviewing equation input parameters, which are all at upper percentile values, leads one to 

conclude the risk estimates are very conservative. The same is true of the toxicity parameters 

as they are meant to protect sensitive individuals and are also upper percentile values in 

terms of protectiveness. Some equations (e.g. dermal contact) have multiple upper end input 

parameters. This is a considerable margin of safety given that it is extremely unlikely to 

expect all exposure to occur all the time at these upper percentiles.  

 

Risks from dermal exposures were calculated based on a dermal toxicity extrapolated from 

oral values using a GIABS absorption fraction of 1. The default assumption of 100% 

absorption compared to oral values may overestimate the dermal risk. However, the degree 

of bias from this uncertainty with this assumption is believed to be small.  

 

6.3.2 Production Mixing Assumptions 

A review of available production information was performed to determine the long-term 

averages for production water contribution from each wellfield. The actual ratios of 

Riverside Wellfield contribution to White River Wellfield contribution are frequently shifted 

depending on production needs, operational performance, and seasonal effects. The use of a 

long-term averages may inadvertently minimize the actual contribution of the more impacted 

wells in the wellfield on any given day. 

 

Likewise, surface water intake was assessed to determine long-term averages as compared to 

combined wellfield contribution. The gallons of surface water intake are also frequently 

changed. The average contribution may inadvertently minimize the actual contribution of the 

contaminants from the wellfield. Additionally, calculations are based on combined mixed 

water output prior to additional treatments, therefore actual risks are expected to be lower. 

 

The use of average production information to represent a system in flux is believed to be an 

appropriate method for the application of mixing ratios. Furthermore, it is believed that based 

on the lengthy timeframe of available data (i.e. greater than a decade of operational data), the 

average represents a reasonable approximation of operational conditions. 

 

6.3.3 Surface Water Baseline Concentration Assumptions 

In order to provide a RME scenario which incorporates mixing of SIRW and PWRW, a 

baseline concentration of cVOCs had to be attributed to the SIRW. No SIRW-specific studies 

have been performed. Thus, the minimum concentration of half the laboratory specific MDL 

was attributed to the surface water contribution for cVOCs. This assumption may 

overestimate potential exposure risk.   
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6.3.4 Water Ingestion Rate (IR) 

The U.S. EPA has released updated studies quantifying the ingestion of community water by 

age groups. Using Table 3-1 – Recommended Values for Drinking Water Ingestion Rates (2-

day average community water intake) (U.S. EPA, 2019), under the Consumers-Only header, 

the estimated consumption for the “All Ages” category is 2.974 liters per day, instead of the 

default values of 2.5 liters per day used by the U.S. EPA RSL Calculator (U.S. EPA, 2014). 

If the increased value for daily ingestion is utilized rather than the default value used by the 

RSL calculator, the output calculations result in only a negligible increase to the Cancer Risk 

and Hazard Index totals presented in this HHERA (i.e. cumulative cancer risks well within 

the U.S. EPA acceptable risk range of 1x10-4 to 1x10-6 and a non-carcinogenic HI well below 

1.0). 

 

6.3.5 Sensitive Subpopulations 

The magnitude of sensitive subpopulations in the study area is unknown. Sensitive 

subpopulations cannot reasonably be excluded from the receptor populations, which 

increases uncertainty in calculated risk using default methodologies. The use of upper 

percentile default exposure parameters and toxicity factors (e.g., RfD, CSF, etc.) have been 

incorporated into this HHERA which provide a wide margin of safety and are protective of 

the sensitive subpopulations presumed present in the receptor populations.  

 

6.3.6 Environmental Fate and Transport Uncertainty  

cVOCs in groundwater originate from multiple off-Site sources from areas hydraulically 

upgradient of the wellfields. Currently, the release mechanisms and transport dynamics from 

these multiple sources are not completely understood. However, the IDEM is actively 

engaged in identifying, investigating, and remediating potential sources and their respective 

impacts to groundwater under state programs (e.g. State Cleanup Program). Thus, although 

there is uncertainty in the fate and transport of existing releases, the combination of natural 

degradation processes during contaminant transport and future remedial efforts will continue 

to decrease cVOC concentrations observed in the wellfield over time. Since exposure risk to 

future residents is based on current cVOC levels and these levels are anticipated to reduce 

over time, the potential future risk may be overestimated.  

 

6.4 Uncertainties in Toxicity Assessment 

 

6.4.1 Limitations of Toxicity Studies 

Approaches typically utilized for designating reference doses have a wide margin of safety. 

The U.S. EPA applies uncertainty factors (ranging from three to 10) to the NOAEL for a 

constituent in a toxicity study to account for factors such as animal-to-human extrapolation, 

inter-individual variation in the human population, limitations in data quality or incomplete 
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studies (U.S. EPA, 2016a). Some of this uncertainty may be reduced if the absorption, 

distribution, metabolic fate, and excretion parameters of an agent are known. Because the 

fate and mechanism of action of an agent may differ in animals and humans, effects observed 

in animals may not be observed in humans, and vice versa. Interspecies dose conversion may 

also be limited by differences in lifespan, body size, breathing rates, or the route of 

administration utilized in a study.  

 

6.4.2 cis-1,2-Dichloroethene Carcinogenic Risk 

According to U.S. EPA’s IRIS database (U.S. EPA, 2010), there is inadequate information to 

assess the carcinogenic potential of cis-1,2-DCE. No epidemiologic studies have been 

identified that review possible long-term effects of cis-1,2-DCE exposure. Likewise, no 

cancer bioassays of cis-1,2-DCE are available. Genotoxicity and mutagenicity studies do 

exist, but have provided mixed results and have been considered inconclusive. Therefore, the 

potential exists for cDCE to have a theoretical lifetime excess cancer risk, but it is currently 

not quantifiable given the limitations of the field of study and available information. 

 

6.4.3 Upper Bound CSFs 

The U.S. EPA CSFs are considered plausible upper bounds of risk at a 95% confidence level. 

Thus, actual risks are likely to be much lower.  

 

Additionally, dose-response models used to assess observed data are used to derive a Point of 

Departure (POD), or the estimated dose near the lower end of the observed range without 

significant extrapolation (U.S. EPA, 2005a). Typically, for low-dose linear models, a line is 

extrapolated from the POD of the dose-response model and forced through the origin. The 

slope of this line (i.e. slope factor) is an upper-bound estimate of risk per increment of dose. 

Since these dose-response models do not empirically evaluate low-dose response and use 

mathematical extrapolation to assess the proportional risk, there is uncertainty in the 

application of these derived cancer slope factors. Realistically, when biological factors are 

considered, the best estimate of the risk at very low concentrations is often zero.  

 

6.4.4 Assessment of the Mutagenic Mode of Action 

U.S. EPA guidance suggests that some agents (e.g., TCE and VC) may act as mutagens, and 

therefore require a modified approach to address the potential for risk during early life stage 

exposure (U.S. EPA, 2005b). Therefore, this RA has incorporated age-dependent adjustment 

factors for the residential child receptors (ages 0 up to age 16). However, this approach is 

considered speculative, and the guidance emphasizes that the preferable approach is to 

estimate risk based on analyses of data rather than on default adjustment factors. “When data 

are available for a susceptible life stage, they should be used directly to evaluate risks for 

that chemical and that life stage on a case-by-case basis” (U.S. EPA, 2005b). The use of 

default adjustment factors in the risk calculations for the potential mutagens has resulted in 
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calculated potential risks for young children that are three to 10 times greater than would be 

calculated using the standard, linear low-dose extrapolation approach (due to the toxicity 

values being multiplied by a factor of three or 10 depending on the age group). The use of 

default adjustment factors incorporates a margin of safety into the risk calculations, but also 

potentially overestimates risk. 

 

6.5 Uncertainties in Risk Characterization 

The typical approach to RA, and that used for the Site, involves conservatively multiplying a 

combination of average and upper bound exposure assumptions together to evaluate exposure. 

U.S. EPA RAGS specifies that numerous factors in the exposure equation should each be 

represented by the 95% UCL on the mean for that variable (U.S. EPA, 1989). These factors 

include the exposure point concentration, the contact rate with the environmental medium, and 

the exposure frequency and duration.  

 

In summary, estimates of exposure and risk are subject to multiple uncertainties that may result 

in an overestimation or underestimation of risk. While the magnitude and directional bias for 

many of these uncertainty factors is unknown, it is most likely that the conservative approach of 

using upper bound and RME estimates have likely overestimated the risks described in this 

HHERA. 

 

7.0 CONCLUSIONS 

 

IDEM prepared the HHERA to provide a qualitative assessment and, where appropriate, 

quantitative analyses, in a conservative manner, of the potential for adverse health effects from 

exposure to constituents in environmental media associated with the Wellfields. The purpose of 

the HHERA is to characterize, assess, and summarize risks to human health and the environment 

associated with the groundwater produced from the Wellfields. Due to the fact that current and 

historic finished drinking water results are below MCLs, quantitative analysis of finished 

drinking water is not warranted or necessary and the quantitative portion of the HHERA 

concentrated on the PWRW produced from the Wellfields. 

 

Site 0153 was proposed for the NPL based on detections of cVOCs in PWRW drawn from 

certain well located within the Wellfields. The potential source(s) of cVOCs detected in the 

Wellfields is believed to have migrated to these production wells from historic releases from off-

Site properties in the surrounding area. Based on the detections of cVOCs in the Wellfields, the 

HHERA focused on cVOCs associated with chlorinated solvents traditionally utilized in dry-

cleaning, industrial, and manufacturing activities. COPCs for risk assessing purposes were 

developed utilizing production well analytical results collected from the Wellfields since 2004.  

COPCs utilized in the HHERA include: TCE, cis-1,2-DCE, and VC.  
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An exposure assessment was completed to determine potential exposure pathways, potential 

future receptors that could be exposed to Wellfield COPCs, and potential exposure routes. The 

HHERA focused on the public water supply and calculated risk based on Residential (Adult and 

Child) receptors and potential dermal and ingestion exposure routes. Operating data, including 

standard mixing of groundwater and surface water prior to treatment, from 2004 – 2019 were 

incorporated into the risk calculation to provide accuracy. 

 

The U.S. EPA RSL calculator was utilized to determine both carcinogenic risk and non-

carcinogenic hazard index for COPCs in the combined, blended Wellfield/Surface Water output.  

The HHERA Risk Characterization identified results well within U.S. EPA-acceptable levels 

(i.e. no unacceptable risk). Total calculated Carcinogenic Risk of 4.22x10-6. U.S. EPA considers 

theoretical excess lifetime cancer risks in the range of 1x10-6 to 1x10-4 to be acceptable under 

CERCLA. Additionally, the MOA identified the target risk criteria for Site 0153 to be at or 

below 1x10-5 (which the calculated value, 4.22 x 10-6, falls below). Total calculated Non-

Carcinogenic Hazard Index of 0.0250. U.S. EPA considers any Hazard Index of <1.0 acceptable 

under CERCLA. 

 

As indicated by the results of the HHERA, there is no reasonable potential for adverse effects to 

human health or the environment. 
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Natural Attenuation of Chlorinated Volatile Organic Compounds (cVOCs) 
Tetrachloroethene Degradation  
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Reaction Types: 

          Abiotic: Reactions occur without microbial influence. Reactions include: OH/Cl substitution 

(hydrolysis), HS/Cl substitution (from sulfides), reductive dechlorination (ferrous iron) and elimination 

of HCl (dehydro-halogenation). 

          Halorespiration: Anaerobic reductive dechlorination that replaces Cl with H. 

          Aerobic/Anaerobic Oxidation: cVOCs act as electron donors and sources of organic carbon for 

microbes. In aerobic oxidation, oxygen acts as the electron acceptor; in anaerobic oxidation, other 

compounds such as nitrate, ferric iron, or sulfate, act as electron acceptors.   

          Cometabolism: Enzymes from microbes partially degrade cVOCs. These reactions are limited, and 

the microbe obtains no energy through the reaction. 
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Exposure Conceptual Site Model Flow Diagram  
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Site 0153 TABLE 1

SELECTION OF EXPOSURE PATHWAYS

Emissions from aeration treatment 

of impacted production wells

Volatilization from groundwater 

plume to soil gas to outdoor air

Commercial / 

Industrial Worker
Adult Inhalation Plume Extent Excluded

Resident
Adult; 

Child
Inhalation Plume Extent Excluded

Commercial / 

Industrial Worker
Adult

Dermal; 

Ingestion
Plume Extent Excluded

Resident
Adult; 

Child

Dermal; 

Ingestion
Plume Extent Excluded

Groundwater Groundwater in a Trench
Dermal; 

Ingestion
Excluded

Trench Air Trench Air Inhalation Excluded

Finished Water
Commercial / 

Industrial Worker
Adult

Dermal; 

Ingestion
Supply Extent Qualitative

Finished Water Resident
Adult; 

Child

Dermal; 

Ingestion
Supply Extent Qualitative

Production Water
Commercial / 

Industrial Worker
Adult

Dermal; 

Ingestion
Supply Extent Quantitative

Production Water Resident
Adult; 

Child

Dermal; 

Ingestion
Supply Extent Quantitative

Indoor Air
Volatilization from groundwater 

plume to soil gas to indoor air

Commercial / 

Industrial Worker
Adult Inhalation Utility Property Qualitative

The inhalation exposure route for vapor intrusion associated with raw water from the Wellfields is 

incomplete due to the low-level of cVOCs observed at depths greater than 50 ft below grade 

surface.

Abbreviations & Notes

cVOC = Chlorinated Volatile Organic Compounds = Pathway excluded from HHRA

HHRA = Human Health Risk Assessment = Pathway addressed in HHRA

IDEM = Indiana Department of Environmental Management

MCL = Maximum Contaminant Limit

Plume Extent = the extent of the contaminated groundwater plume

Supply Extent = the extent of the Citizens Water utility supplying water to homes and businesses

Utility Property = White River and Riverside Wellfield properties owned and operated by Citizens Water

Utility Property

Tap water 

(Public Supply)

Under current and anticipated future conditions, production waters containing cVOC 

contamination in excess of the MCL will be treated prior to mixing and other processing. The 

resultant finished water will be verified to contain concentrations less than the federal MCL.   As 

the federal MCL was established to be protective of human health, no additional evaluation of risk 

for consumers of finished water is necessary.

Tap water 

(Public Supply)

The quantitative approach would incorporate the current Citizens Water production scenario, i.e., 

wellfield mixing between the White River and Riverside wellfields and surface water mixing from 

the White River. Using post-mixing raw water concentrations in the intake assumption will 

provide a conservative estimate of potential risk.  

Utility Property Excluded

The target risk for the Site is groundwater ingestion and municipal wells are screened at depths 

greater than 50 ft. Impacts to outdoor air through groundwater volatilization for cVOCs observed 

at depth is highly unlikely.  As part of the aeration treatment design, testing, and installation effort 

Citizens will conduct all necessary air emission calculation and state/federal permitting (if 

required) to ensure that potential emissions from remedial treatment are protective of human 

health and the environment.

Indoor Air
Volatilization from groundwater 

plume to soil gas to indoor air
In Attachment A of the 2015 Memorandum of Agreement, under Section 2 of the Alternative Plan, 

the IDEM has committed to the following plan aspects:

  -- Determine cVOC concentrations in any private wells within the 5-yr time of travel

  -- Identify any completed exposure pathways (including ingestion and vapor intrusion)

  -- Delineate groundwater impacts

  -- Address sources of contamination as necessary and practical.

The IDEM will be addressing the clean-up of source properties through various State-led 

programs, and each clean-up will require the assessment of risk element.   Therefore, individual 

risks associated with the overall groundwater contamination plume will be assessed on a site-by-

site basis by the State. 

Groundwater
Tap water 

(Private Well Supply)

Construction Worker Adult

Exposure 

Route(s)

Location: 
(Utility Property; 

Plume Extent; or 

Supply Extent)

Type of 

Analysis
Rationale for Selection or Exclusion of Exposure Pathway

Current / 

Future
Groundwater

Outdoor Air
Commercial / 

Industrial Worker
Adult Inhalation

Scenario 

Timeframe

Environmental 

Media

Exposure 

Medium
Exposure Point

Receptor 

Population

Receptor 

Age



TABLE 2

RIVERSIDE AND WHITE RIVER

 FINISHED WATER cVOC ANALYTICAL RESULTS

02/08/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/11/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/09/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/07/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/08/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/16/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/15/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/16/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/15/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/12/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/11/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/12/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/11/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/12/2020 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

WHITE RIVER

PLANT

(WR PD)

µg/L µg/Lµg/L µg/L µg/Lµg/LSample ID Date Collected µg/L µg/L µg/L
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 0.67 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 2.23 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 1.74 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 3.20 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 3.40 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 3.92 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 4.00 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 6.01 <0.50 <0.50 <0.50 0.55 <0.50

12/02/2009 <0.50 <0.50 <0.50 1.83 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 0.96 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 1.43 <0.50 <0.50 <0.50 <0.50 <0.50

02/20/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 1.00 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/02/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 0.70 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 0.71 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 1.13 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 0.30 J <0.50 <0.50 <0.50 <0.50 <0.50

08/27/2019 <0.50 <0.50 <0.50 1.00 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 1.78 <0.50 <0.50 <0.50 <0.50 <0.50

RS7

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/22/2005 <0.50 <0.50 <0.50 1.72 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 5.17 <0.50 <0.50 <0.50 1.52 <0.50

04/20/2006 <0.50 <0.50 <0.50 6.30 <0.50 <0.50 <0.50 1.56 <0.50

07/18/2006 <0.50 <0.50 <0.50 5.01 <0.50 <0.50 <0.50 0.57 <0.50

10/25/2006 <0.50 <0.50 <0.50 7.79 <0.50 <0.50 <0.50 1.28 <0.50

02/02/2007 <0.50 <0.50 <0.50 9.44 <0.50 <0.50 <0.50 1.61 <0.50

04/25/2007 <0.50 <0.50 <0.50 8.21 <0.50 <0.50 <0.50 1.02 <0.50

10/03/2007 <0.50 <0.50 <0.50 9.03 <0.50 <0.50 <0.50 1.35 <0.50

07/24/2008 <0.50 <0.50 <0.50 7.24 <0.50 <0.50 <0.50 0.61 <0.50

10/22/2008 <0.50 <0.50 <0.50 10.4 <0.50 <0.50 <0.50 1.10 <0.50

03/25/2009 <0.50 <0.50 <0.50 6.97 <0.50 <0.50 <0.50 0.83 <0.50

12/02/2009 <0.50 <0.50 <0.50 4.48 <0.50 <0.50 <0.50 1.13 <0.50

03/03/2010 <0.50 <0.50 <0.50 4.92 <0.50 <0.50 <0.50 0.99 <0.50

08/25/2010 <0.50 <0.50 <0.50 3.64 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 2.52 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 6.39 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 5.86 <0.50 <0.50 <0.50 0.56 <0.50

02/19/2013 <0.50 <0.50 <0.50 6.38 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 7.06 <0.50 <0.50 <0.50 0.56 <0.50

05/20/2014 <0.50 <0.50 <0.50 5.79 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 3.02 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 6.69 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 3.09 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 5.30 <0.50 <0.50 <0.50 <0.50 <0.50

03/02/2017 <0.50 <0.50 <0.50 5.87 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 3.58 <0.50 <0.50 <0.50 <0.50 <0.50

09/19/2017 <0.50 <0.50 <0.50 2.56 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 2.03 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 4.12 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 4.83 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 4.28 <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2018 <0.50 <0.50 <0.50 2.57 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 4.85 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 4.35 <0.50 <0.50 <0.50 <0.50 <0.50

08/27/2019 <0.50 <0.50 <0.50 4.84 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 4.59 <0.50 <0.50 <0.50 <0.50 <0.50
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 0.80 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 0.92 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 0.56 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 1.07 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 1.51 <0.50 <0.50 <0.50 0.51 <0.50

04/25/2007 <0.50 <0.50 <0.50 0.91 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 1.73 <0.50 <0.50 <0.50 0.56 <0.50

01/09/2008 <0.50 <0.50 <0.50 2.86 <0.50 <0.50 <0.50 0.52 <0.50

04/15/2008 <0.50 <0.50 <0.50 2.26 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 2.14 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 2.07 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 2.82 <0.50 <0.50 <0.50 0.58 <0.50

10/20/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 0.63 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 0.65 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 0.84 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 1.13 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 0.68 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 1.18 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 0.68 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 1.14 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 0.85 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 0.67 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2018 <0.50 <0.50 <0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50

01/16/2019 <0.50 <0.50 <0.50 0.97 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 0.30 J <0.50 <0.50 <0.50 <0.50 <0.50

08/27/2019 <0.50 <0.50 <0.50 0.59 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 2.42 <0.50 <0.50 <0.50 <0.50 <0.50
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS
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10/19/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/01/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/20/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/09/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/01/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/20/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/20/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/23/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/28/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RS19
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/11/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/27/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/28/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RS22
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE
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07/22/2005 <0.50 <0.50 <0.50 0.58 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 0.63 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 0.62 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 1.18 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 0.54 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 1.35 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 1.14 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 0.96 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 1.67 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 1.06 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 1.43 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 1.26 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 1.01 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 0.65 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 2.47 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 2.26 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 2.12 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 0.60 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/27/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/16/2019 <0.50 <0.50 <0.50 0.36 J <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 0.16 J <0.50 <0.50 <0.50 <0.50 <0.50

RS26
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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04/06/2004 <0.50 <0.50 NDP - 14.2 <0.50 <0.50 <0.50 2.25  ^ <0.50

07/22/2005 <0.50 <0.50 <0.50 11.7 <0.50 <0.50 <0.50 1.47 <0.50

01/25/2006 <0.50 <0.50 <0.50 18.4 0.54 <0.50 <0.50 3.07  ^ <0.50

04/20/2006 <0.50 <0.50 <0.50 13.9 <0.50 <0.50 <0.50 1.81 <0.50

07/18/2006 <0.50 <0.50 <0.50 13.1 <0.50 <0.50 <0.50 1.31 <0.50

10/25/2006 <0.50 <0.50 <0.50 12.3 <0.50 <0.50 <0.50 1.34 <0.50

02/02/2007 <0.50 <0.50 <0.50 13.7 <0.50 <0.50 <0.50 1.32 <0.50

04/25/2007 <0.50 <0.50 <0.50 10.8 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 13.5 <0.50 <0.50 <0.50 1.23 <0.50

03/03/2010 <0.50 <0.50 <0.50 15.1 <0.50 <0.50 <0.50 1.63 <0.50

08/25/2010 <0.50 <0.50 <0.50 10.5 <0.50 <0.50 <0.50 0.91 <0.50

03/17/2011 <0.50 <0.50 <0.50 12.2 <0.50 <0.50 <0.50 1.10 <0.50

03/08/2012 <0.50 <0.50 <0.50 16.6 <0.50 <0.50 <0.50 1.02 <0.50

11/28/2012 <0.50 <0.50 <0.50 15.4 <0.50 <0.50 <0.50 1.17 <0.50

02/19/2013 <0.50 <0.50 <0.50 16.1 <0.50 <0.50 <0.50 0.57 <0.50

11/25/2013 <0.50 <0.50 <0.50 15.7 <0.50 <0.50 <0.50 1.09 <0.50

05/20/2014 <0.50 <0.50 <0.50 15.3 <0.50 <0.50 <0.50 0.67 <0.50

09/19/2014 <0.50 <0.50 <0.50 10.8 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 9.91 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 12.2 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 9.05 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 10.6 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 10.3 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 9.29 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 10.5 <0.50 <0.50 <0.50 <0.50 <0.50

11/21/2017 <0.50 <0.50 <0.50 9.58 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 8.55 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 9.54 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 9.14 <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2018 <0.50 <0.50 <0.50 10.8 <0.50 <0.50 <0.50 <0.50 <0.50

01/16/2019 <0.50 <0.50 <0.50 6.59 <0.50 <0.50 <0.50 0.19 J <0.50

04/29/2019 <0.50 <0.50 <0.50 6.76 <0.50 <0.50 <0.50 <0.50 <0.50

08/27/2019 <0.50 <0.50 <0.50 6.54 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2018 <0.50 <0.50 <0.50 2.81 <0.50 <0.50 <0.50 <0.50 <0.50

01/17/2019 <0.50 <0.50 <0.50 1.55 <0.50 <0.50 <0.50 <0.50 <0.50

RS29

RS30
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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12/17/2004 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/22/2004 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/28/2005 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/21/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/19/2005 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/01/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/24/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/17/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/21/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/27/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RSA
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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Chlorinated Volatile Organic Compounds (cVOCs)
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12/22/2004 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/27/2005 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/19/2005 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/01/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/27/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/30/2019 <0.50 0.41 J <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 0.25 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 0.25 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 0.29 J <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RSB
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/19/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/27/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/03/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/04/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/18/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/09/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/18/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/27/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RSC
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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10/19/2005 <0.50 <0.50 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/27/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 0.57 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/29/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/20/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/21/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/15/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/13/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/02/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/05/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/27/2019 <0.50 <0.50 <0.50 0.23 J <0.50 <0.50 <0.50 <0.50 <0.50

10/16/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RSD
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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04/06/2004 <0.50 0.52 NDP - <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/21/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 0.54 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/19/2006 <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 0.62 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/31/2007 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 0.53 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 0.61 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/21/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/14/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/13/2016 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/22/2017 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/27/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/22/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/29/2019 <0.50 0.20 J <0.50 0.21 J <0.50 <0.50 <0.50 <0.50 <0.50

08/26/2019 <0.50 0.14 J <0.50 0.26 J <0.50 <0.50 <0.50 <0.50 <0.50

10/15/2019 <0.50 0.22 J <0.50 0.31 J <0.50 <0.50 <0.50 <0.50 <0.50

WR7
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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Chlorinated Volatile Organic Compounds (cVOCs)
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07/21/2005 <0.50 <0.50 <0.50 0.95 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 1.09 <0.50 <0.50 0.57 <0.50 <0.50

04/19/2006 <0.50 0.52 <0.50 0.90 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 0.73 <0.50 1.12 <0.50 <0.50 0.51 <0.50 <0.50

10/25/2006 <0.50 1.76 <0.50 0.91 <0.50 <0.50 <0.50 <0.50 <0.50

01/31/2007 <0.50 0.58 <0.50 1.02 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 0.84 <0.50 1.05 <0.50 <0.50 0.51 <0.50 <0.50

10/03/2007 <0.50 1.09 <0.50 0.96 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 0.81 <0.50 0.94 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 0.84 <0.50 0.97 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 1.02 <0.50 0.93 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 1.69 <0.50 0.91 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 1.87 <0.50 0.67 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 0.81 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 0.66 <0.50 0.91 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 0.81 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 0.60 <0.50 0.92 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 0.94 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 0.57 <0.50 1.07 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 0.65 <0.50 1.14 <0.50 <0.50 0.54 <0.50 <0.50

05/21/2014 <0.50 0.64 <0.50 1.02 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 0.94 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 0.55 <0.50 1.13 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 0.64 <0.50 1.14 <0.50 <0.50 <0.50 <0.50 <0.50

03/14/2016 <0.50 0.67 <0.50 1.00 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2016 <0.50 0.81 <0.50 0.90 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 0.71 <0.50 0.92 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 0.63 <0.50 1.17 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 0.81 <0.50 1.01 <0.50 <0.50 <0.50 <0.50 <0.50

11/22/2017 <0.50 0.87 <0.50 0.65 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 0.53 <0.50 0.93 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 0.65 <0.50 1.27 <0.50 <0.50 <0.50 <0.50 <0.50

08/22/2018 <0.50 0.50 <0.50 1.00 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2018 <0.50 0.70 <0.50 1.10 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 0.64 <0.50 1.36 <0.50 <0.50 0.47 J <0.50 <0.50

04/29/2019 <0.50 0.44 J <0.50 1.19 <0.50 <0.50 0.36 J <0.50 <0.50

08/26/2019 <0.50 0.47 J <0.50 1.13 <0.50 <0.50 0.40 J <0.50 <0.50

10/15/2019 <0.50 0.59 <0.50 1.35 <0.50 <0.50 0.42 J <0.50 <0.50

WR8
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/21/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/19/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/31/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 6.12  ^ 6.54 <0.50 <0.50 <0.50 2.46 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.51 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 1.28 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/09/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 0.52 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 0.52 <0.50 <0.50

05/21/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/21/2015 <0.50 2.87 1.87 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/14/2016 <0.50 0.70 0.62 <0.50 <0.50 <0.50 0.55 <0.50 <0.50

10/12/2016 <0.50 1.20 0.84 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/01/2017 <0.50 0.60 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/14/2017 <0.50 0.54 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/29/2017 <0.50 0.68 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/22/2017 <0.50 0.91 0.57 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/20/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

06/06/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/22/2018 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/12/2018 <0.50 0.55 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/15/2019 <0.50 0.32 J 0.21 J <0.50 <0.50 <0.50 0.42 J <0.50 <0.50

04/29/2019 <0.50 0.22 J <0.50 <0.50 <0.50 <0.50 0.33 J <0.50 <0.50

08/26/2019 <0.50 0.19 J 0.23 J 0.19 J <0.50 <0.50 0.34 J <0.50 <0.50

10/15/2019 <0.50 0.19 J <0.50 0.19 J <0.50 <0.50 0.38 J <0.50 <0.50

WR9
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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The following wells have been abandoned or taken out of service over the course of monitoring. Data presented is for reference only.

04/07/2004 <0.50 6.95  ^ NDP - 1.74 <0.50 <0.50 0.90 <0.50 <0.50

01/26/2005 <0.50 6.78  ^ NDP - 1.60 <0.50 <0.50 0.87 <0.50 <0.50

04/21/2005 <0.50 7.20  ^ 1.26 1.68 <0.50 <0.50 0.84 <0.50 <0.50

07/21/2005 <0.50 7.57  ^ 1.31 1.87 <0.50 <0.50 0.92 <0.50 <0.50

10/19/2005 <0.50 6.65  ^ 1.29 1.57 <0.50 <0.50 0.83 <0.50 <0.50

01/25/2006 <0.50 8.18  ^ 1.27 1.81 <0.50 <0.50 0.95 <0.50 <0.50

04/19/2006 <0.50 7.69  ^ 1.23 1.63 <0.50 <0.50 0.88 <0.50 <0.50

10/25/2006 <0.50 5.64  ^ 0.94 1.30 <0.50 <0.50 0.74 <0.50 <0.50

01/31/2007 <0.50 6.92  ^ 1.26 1.42 <0.50 <0.50 0.83 <0.50 <0.50

04/25/2007 <0.50 5.37  ^ 0.91 1.40 <0.50 <0.50 0.82 <0.50 <0.50

07/23/2008 <0.50 4.67 <0.50 1.69 <0.50 <0.50 0.66 <0.50 <0.50

10/22/2008 <0.50 5.27  ^ 0.55 1.95 <0.50 <0.50 0.79 <0.50 <0.50

12/02/2009 <0.50 4.43 0.58 1.43 <0.50 <0.50 0.60 <0.50 <0.50

03/03/2010 <0.50 5.55  ^ 0.75 1.63 <0.50 <0.50 0.72 <0.50 <0.50

08/25/2010 <0.50 5.60  ^ 0.83 1.59 <0.50 <0.50 0.78 <0.50 <0.50

03/17/2011 <0.50 6.09  ^ 0.83 1.32 <0.50 <0.50 0.63 <0.50 <0.50

11/28/2012 <0.50 6.54  ^ 0.88 1.59 <0.50 <0.50 0.82 <0.50 <0.50

02/19/2013 <0.50 6.12  ^ 0.71 1.70 <0.50 <0.50 0.79 <0.50 <0.50

11/25/2013 <0.50 5.33  ^ 0.84 1.69 <0.50 <0.50 0.69 <0.50 <0.50

02/19/2014 <0.50 6.36  ^ 0.96 1.63 <0.50 <0.50 0.76 <0.50 <0.50

05/21/2014 <0.50 6.11  ^ 0.72 2.01 <0.50 <0.50 0.79 <0.50 <0.50

09/17/2014 <0.50 5.24  ^ 0.61 1.67 <0.50 <0.50 0.61 <0.50 <0.50

03/10/2015 <0.50 5.68  ^ 0.76 1.72 <0.50 <0.50 0.66 <0.50 <0.50

10/21/2015 <0.50 5.44  ^ 0.62 1.70 <0.50 <0.50 <0.50 <0.50 <0.50

03/14/2016 <0.50 5.55  ^ 0.70 1.67 <0.50 <0.50 0.68 <0.50 <0.50

04/06/2004 <0.50 12.7  ^ NDP - 1.26 <0.50 <0.50 1.84 <0.50 <0.50

01/26/2005 <0.50 12.4  ^ NDP - 1.22 <0.50 <0.50 1.43 <0.50 <0.50

04/21/2005 <0.50 13.3  ^ 9.99 1.26 <0.50 <0.50 1.44 <0.50 <0.50

07/21/2005 <0.50 15.9  ^ 11.5 1.39 <0.50 <0.50 1.67 <0.50 <0.50

10/19/2005 <0.50 15.6  ^ NDP - 1.42 <0.50 <0.50 1.59 <0.50 <0.50

01/25/2006 <0.50 18.9  ^ 12.1 1.44 <0.50 <0.50 1.61 <0.50 <0.50

04/19/2006 <0.50 19.2  ^ 12.3 1.25 <0.50 <0.50 1.42 <0.50 <0.50

10/25/2006 <0.50 18.3  ^ 12.0 1.11 <0.50 <0.50 1.26 <0.50 <0.50

WR6

(Out of Service - 2007)

(Abandoned)

WR3

(Out of Service - June 2016)
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TABLE 3

RIVERSIDE AND WHITE RIVER PRODUCTION WATER cVOC ANALYTICAL RESULTS

5 5 200 70 100 7 NE 2 NE

µg/Lµg/Lµg/L µg/L µg/L µg/LSample ID Date Collected µg/L µg/L µg/L

USEPA Maximum Contaminant Level
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07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 3.25 <0.50 <0.50 <0.50 0.51 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/17/2011 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/25/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

05/20/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

09/17/2014 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/10/2015 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/22/2005 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/20/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/18/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/25/2006 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/02/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/25/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/03/2007 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

01/09/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

04/15/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

07/23/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

10/22/2008 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/25/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

12/02/2009 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/03/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

08/25/2010 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

03/08/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

11/28/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

02/19/2013 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RS28

(Out of Service - 1989)

(Abandoned)

09/18/2012 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50 <0.50

RS2

(Out of Service - March 

2015)

(Abandoned)

RS27

(Out of Service - March 

2014)

(Abandoned)
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TABLE 4

Regional Screening Level (RSL) Summary Table (TR=1E-06, HQ=0.1) November 2019 (Excerpt)

Analyte CAS No.

Tapwater

(ug/L) key

MCL

(ug/L)

Dichloroethane, 1,1- 75-34-3 2.8E+00 c
Dichloroethylene, 1,1- 75-35-4 2.8E+01 n 7.0E+00
Dichloroethylene, 1,2-cis- 156-59-2 3.6E+00 n 7.0E+01
Dichloroethylene, 1,2-trans- 156-60-5 3.6E+01 n 1.0E+02
Ethyl Chloride (Chloroethane) 75-00-3 2.1E+03 n
Tetrachloroethylene 127-18-4 4.1E+00 n 5.0E+00
Trichloroethane, 1,1,1- 71-55-6 8.0E+02 n 2.0E+02
Trichloroethylene 79-01-6 2.8E-01 n 5.0E+00
Vinyl Chloride 75-01-4 1.9E-02 c 2.0E+00

Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = PPRTV Screening Level; H = HEAST; W = TEF applied; E = RPF 

applied; G = user's guide Section 5; M = mutagen; V = volatile; R = RBA applied ; c = cancer; n = noncancer; * = where: n SL < 100X c 

SL; ** = where n SL < 10X c SL; SSL values are based on DAF=1; m = ceiling limit exceeded; s = Csat exceeded.
Contaminant Screening Levels
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TABLE 5

IDENTIFICATION OF CONSTITUENTS OF POTENTIAL CONCERN (COPCs)

 SITE 0153

Frequency of 

Detection
Frequency

Sample with 

Minimum 

Detect

Minimum 

Detect Sample 

Date

Sample with 

Maximum 

Detect

Maximum Detect Sample 

Date

Minimum of 

USEPA RSL or 

MCL

(TR 1x10-6; 

0.1 THQ)

detect / total 

samples
Percentage Well ID Date Well ID Date µg/L

Tetrachloroethene 0/486 0.00% NA NA NA NA NA NA 4.1 No No No

Trichloroethene * 5/486 1.03% 0.25 J RSB 4/29/2019 0.52 RS7 10/3/2007 0.28 No Yes No

1,1,1-Trichloroethane 0/477 0.00% NA NA NA NA NA NA 200 No No No

cis-1,2-Dichloroethene 145/486 29.84% 0.16 J RS26 4/29/2019 18.4 RS29 1/25/2006 3.6 Yes Yes Yes

trans-1,2-Dichloroethene 1/486 0.21% 0.54 RS29 1/25/2006 0.54 RS29 1/25/2006 36 No No No

1,1-Dichloroethene 0/486 0.00% NA NA NA NA NA NA 7 No No No

1,1-Dichloroethane 0/486 0.00% NA NA NA NA NA NA 2.8 No No No

Vinyl Chloride * 37/486 7.61% 0.19 J RS29 1/16/2019 3.07 RS29 1/25/2006 0.019 Yes Yes Yes

Chloroethane 0/486 0.00% NA NA NA NA NA NA 2,100 No No No

Tetrachloroethene 0/150 0.00% NA NA NA NA NA NA 4.1 No No No

Trichloroethene * 90/150 60.00% 0.14 J WR7 8/26/2019 19.2 WR6 4/19/2006 0.28 Yes Yes Yes

1,1,1-Trichloroethane 34/144 23.61% 0.21 J WR9 1/15/2019 12.3 WR6 4/19/2006 200 Yes No No

cis-1,2-Dichloroethene 77/150 51.33% 0.19 J WR9 8/26/2019 2.01 WR3 5/21/2014 3.6 Yes No No

trans-1,2-Dichloroethene 0/150 0.00% NA NA NA NA NA NA 36 No No No

1,1-Dichloroethene 0/150 0.00% NA NA NA NA NA NA 7 No No No

1,1-Dichloroethane 48/150 32.00% 0.33 J WR9 4/29/2019 2.46 WR9 1/9/2008 2.8 Yes No No

Vinyl Chloride * 0/150 0.00% NA NA NA NA NA NA 0.019 No No No

Chloroethane 0/150 0.00% NA NA NA NA NA NA 2,100 No No No

Abbreviations: 

* = Constituent is a mutagen

µg/L = micrograms per liter

COPCs = Constituents of Potential Concern

Cwater = Detected Water Concentration

J = Value estimated between the RL and MDL

MCL = Maximum Contamination Limit

MDL = Method Detection Limit

NA = Not Applicable

RA = Risk Assessment

RL = Reporting Limit

RSL = Regional Screening Level

THQ = Target Hazard Quotient

TR = Target Cancer Risk

USEPA = United States Environmental Protection Agency

VOCs = Volatile Organic Compounds

Notes:

cVOCs

Riverside 

Wellfield

White River 

Wellfield

Constituents are included as a COPCs in the risk assessment if their maximum detected water concentration (C water) is greater than 

the minimum of the USEPA Residential Tapwater RSL or the MCL (TR 1x10-6; 0.1 THQ) and their frequency exceeds 5%.   

In the case that two detection/sample date pairs have the same maximum or minimum, the most recent detection/sample date is 

used.

If a constituent is identified as a COPC in either wellfield, both wellfields will be evaluated for that COPC.

Site 0153 

Chlorinated Volatile Organic Compounds 

(cVOCs)

Analytical Metadata COPC Screening

Minimum 

Detected 

Water 

Concentration 

(Cwater)

Maximum 

Detected 

Water 

Concentration 

(Cwater)

Acceptable 

Frequency

(>5%)

Max Cwater 

Greater than 

USEPA 

RSL/MCL?

Final COPCs 

included in the RA

µg/L µg/L
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TABLE 6

DATASETS USED FOR EPC CALCULATION

SITE 0153

1/15/2019 1.13 1.13 <0.50 0.0325 <0.50 0.0825

4/29/2019 0.30 0.30 J <0.50 0.0325 <0.50 0.0825

8/27/2019 1.00 1.00 <0.50 0.0325 <0.50 0.0825

10/16/2019 1.78 1.78 <0.50 0.0325 <0.50 0.0825

1/15/2019 4.85 4.85 <0.50 0.0325 <0.50 0.0825

4/29/2019 4.35 4.35 <0.50 0.0325 <0.50 0.0825

8/27/2019 4.84 4.84 <0.50 0.0325 <0.50 0.0825

10/16/2019 4.59 4.59 <0.50 0.0325 <0.50 0.0825

1/16/2019 0.97 0.97 <0.50 0.0325 <0.50 0.0825

4/29/2019 0.30 0.30 J <0.50 0.0325 <0.50 0.0825

8/27/2019 0.59 0.59 <0.50 0.0325 <0.50 0.0825

10/16/2019 2.42 2.42 <0.50 0.0325 <0.50 0.0825

1/15/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

4/29/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/26/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/15/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

4/29/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/26/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

4/29/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/26/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

4/29/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/26/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/16/2019 0.36 0.36 J <0.50 0.0325 <0.50 0.0825

4/29/2019 0.16 0.16 J <0.50 0.0325 <0.50 0.0825

1/16/2019 6.59 6.59 <0.50 0.0325 0.19 0.19 J

4/29/2019 6.76 6.76 <0.50 0.0325 <0.50 0.0825

8/27/2019 6.54 6.54 <0.50 0.0325 <0.50 0.0825

1/15/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

4/29/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/26/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/15/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/30/2019 0.55 0.55 0.41 0.41 J <0.50 0.0825

4/29/2019 <0.50 0.0885 0.25 0.25 J <0.50 0.0825

8/26/2019 <0.50 0.0885 0.25 0.25 J <0.50 0.0825

10/16/2019 <0.50 0.0885 0.29 0.29 J <0.50 0.0825

1/15/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

8/27/2019 0.23 0.23 J <0.50 0.0325 <0.50 0.0825

10/16/2019 <0.50 0.0885 <0.50 0.0325 <0.50 0.0825

1/15/2019 0.50 0.50 <0.50 0.0325 <0.50 0.0825

4/29/2019 0.21 0.21 J 0.20 0.20 J <0.50 0.0825

8/26/2019 0.26 0.26 J 0.14 0.14 J <0.50 0.0825

10/15/2019 0.31 0.31 J 0.22 0.22 J <0.50 0.0825

1/15/2019 1.36 1.36 0.64 0.64 <0.50 0.0825

4/29/2019 1.19 1.19 0.44 0.44 J <0.50 0.0825

8/26/2019 1.13 1.13 0.47 0.47 J <0.50 0.0825

10/15/2019 1.35 1.35 0.59 0.59 <0.50 0.0825

1/15/2019 0.50 0.50 0.32 0.32 J <0.50 0.0825

4/29/2019 0.50 0.50 0.22 0.22 J <0.50 0.0825

8/26/2019 0.19 0.19 J 0.19 0.19 J <0.50 0.0825

10/15/2019 0.19 0.19 J 0.19 0.19 J <0.50 0.0825

Notes & Abbreviations: 

EPC = Exposure Point Concentration The first column presents laboratory data as reported.  The second column presents final data 

MDL = Method Detection Limit used in EPC calculation.

Only 2019 data is included in EPC calculation to be reflective of current conditions.

If a raw result is non-detect, EPC data is assumed to be detected at half the associated MDL.
Results and MDLs reported in micrograms per liter (µg/L).

J = Result is reported between the MDL and the reporting limit, and is considered estimated.

Results and MDLs provided by Citizens Water internal laboratory. 

White River

(WR)

WR Well 7

WR Well 8

WR Well 9

RS Well 22

RS Well 26

RS Well 29

RS Well A

RS Well B

RS Well D

EPC 

DATA

RAW 

DATA

EPC 

DATA

Riverside

(RS)

RS Well 7

RS Well 8

RS Well 9

RS Well 17

RS Well 18

RS Well 19

Wellfield ID Well ID Sample Date

Constituents of Potential Concern

cis-1,2-Dichloroethene

(MDL = 0.177µg/L)

Trichloroethene 

(MDL = 0.065µg/L)

Vinyl Chloride 

(MDL = 0.165µg/L)

RAW 

DATA

EPC 

DATA

RAW 

DATA
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TABLE 7  

 

WELLFIELD MIXING RATIOS 

AND  

SURFACE WATER MIXING RATIOS 
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TABLE 8  

 

MIXED EXPOSURE POINT CONCENTRATION RESULTS 
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TABLE 9

TOXICITY AND CANCER RISK FACTORS 

FOR CONSTITUENTS OF POTENTIAL CONCERN

SITE 0153

Dermal Factor

Gastrointestinal Absorption 

Factor

(GIABS)

mg/kg-day Key (mg/kg-day)
-1 Key unitless

cis-1,2-Dichloroethene 0.002 I NE 1.0 Urinary
Inadequate Information to Assess 

Carcinogenic Potential

Trichloroethene * 0.0005 I 0.046 I 1.0
Developmental, cardiovascular, 

hematologic, hepatic (liver), urinary
Carcinogenic to Humans

Vinyl Chloride * 0.003 I 0.72 I 1.0 Hepatic Carcinogenic to Humans

Abbreviations & Notes: 

C = California EPA

I = USEPA Integrated Risk Information System (IRIS)

Key = Reference database for factor based on USEPA Superfund Hierarchy

mg/kg = milligrams per kilogram

NE = Not Established (CSFo are not available in USEPA Hierarchy)

USEPA = United States Environmental Protection Agency

Primary Target Systems/ 

Critical Effects
Hazard Description

VOCs

* = Constituent is a mutagen.

(mg/kg-day)-1

Gastrointestinal Absorption Factor GIABS unitless

Constituent-Specific Factors & Values

Constituents of Potential Concern

(COPCs)

Ingestion Factors Associated Risk Effects

Chronic Oral 

Reference Dose

(RfDo)

Chronic Oral

 Cancer Slope Factor

(CSFo)

Factor Symbol Units Source

Chronic Oral Reference Dose RfDo mg/kg-day

Constituent-specific 

(see Key below)
Chronic Oral Cancer Slope Factor CSFo

Definitions

Chronic Dermal Reference Dose (RfDd) (mg/kg-day)  = RfDo x GIABS

Dermal Cancer Slope Factor (CSFd) ((mg/kg-day)-1) = CSFo / GIABS



TABLE 10

SUMMARY OF COPC RISK RESULTS

SITE 0153

Combined 

Adult and 

Child 

Residents

Ingestion

CR

Dermal 

CR

Theoretical 

Lifetime Excess 

CR

Ingestion 

HQ

Dermal 

HQ

Ingestion 

HQ

Dermal 

HQ

Total

HQ

cis-1,2-Dichloroethene 0.301 NA NA NA 0.00750 0.000829 0.00451 0.000550 0.0134

Trichloroethene 0.0501 4.24E-08 6.73E-09 4.91E-08 0.00500 0.000727 0.00300 0.000482 0.00921

Vinyl Chloride 0.083 3.87E-06 3.00E-07 4.17E-06 0.00138 0.0000930 0.000829 0.0000642 0.00237

3.91E-06 3.07E-07 4.22E-06 0.0139 0.00165 0.00834 0.00110 0.0250

Abbreviations: 

CR = Cancer Risk

EPCs = Exposure Point Concentrations (reported in micrograms per liter [µg/L]).

HI = Hazard Index

HQ = Hazard Quotient

NA = Not Applicable (Cancer Slope Factor is not available in USEPA Hierarchy)

RSL = Regional Screening Level

USEPA = United States Environmental Protection Agency

Notes: 

CR and HQ results calculated via the USEPA RSL Online Calculator.

Due to a rounding difference, the Total CR was reported by the USEPA RSL Calculator as 4.23E-06.

Target CR/HI 1.0E-04 to 1.0E-06 Less than 1.0

Constituents of Potential 

Concern (COPCs)

EPCs

(µg/L)

Age Adjusted 

Future Resident
Child Resident Adult Resident

Total CR/HI for Exposure Unit



 

 

APPENDIX A 

Memorandum of Agreement for the 0153/Riverside Ground Water Contamination Site, 

Indianapolis, Indiana 

  





















































































APPENDIX B  

 

Preliminary Assessment Report, Indiana Department of Environmental Management, 
November 1, 2013 
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APPENDIX C  

 

Site Inspection Report, Indiana Department of Environmental Management, dated 
October 23, 2014 
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APPENDIX D 

 

Definitions 

  



 

APPENDIX D 
EXPOSURE ASSESSMENT DEFINITIONS 

1 
 

 
 Absorption barrier:  Any exposure surface that can retard the rate of penetration of an agent 

into a receptor. Examples of absorption barriers are the skin, respiratory tract lining and 
gastrointestinal tract wall (outer and inner exposure surfaces). 

 Agent:  A chemical, physical or biological entity that contacts a receptor. 
 Bioavailability:  The extent to which an agent can be absorbed by an organism and be 

available for metabolism or interaction with biologically significant receptors. Bioavailability 
involves both release from a medium (if present) and absorption by an organism. 

 Biomarker (Biological marker):  An indicator of changes or events in biological systems. 
Biomarkers of exposure refer to cellular, biochemical, analytical or molecular measurements 
obtained from biological media such as tissues, cells or fluids that are indicative of exposure 
to an agent. Biomarkers of effect indicate cellular, biochemical or molecular changes 
occurring as a result of human exposure to the agent. 

 Combined Raw Water: The mixed intake of production well raw water and surface intake 
raw water. 

 Dose:  Types of doses include: 
o Applied: amount of agent at an absorption barrier. 
o Biologically effective: amount of agent that reaches the target internal organ, tissue or 

toxicity pathway where the adverse effect occurs. 
o Delivered: amount of agent transported to the location where the adverse effect occurs. 
o Absorbed/Internal: amount of agent that enters a receptor by crossing an exposure surface 

acting as an absorption barrier. 
o Potential: amount of agent that enters a receptor after crossing an exposure surface that is 

not an absorption barrier. 
 Dose rate:  The dose per unit time. 
 Exposure:  The contact between an agent and the external boundary (exposure surface) of a 

receptor for a specific duration. Types of exposure include:  
o Aggregate exposure: combined exposure of a receptor to a specific agent from all sources 

across all routes and pathways.  
o Cumulative exposure: total exposure to multiple agents that causes a common toxic 

effect(s) on human health by the same, or similar, sequence of major biochemical events. 
 Exposure assessment:  The process of estimating or measuring the magnitude, frequency 

and duration of exposure to an agent and the size and characteristics of the population 
exposed. 

 Exposure duration:  The length of time of contact with an agent. For example, if a receptor 
is in contact with an agent expressed as x minutes per day for y days per year, the exposure 
duration is the y variable.   

 Exposure factors:  Factors related to human behavior and characteristics that help determine 
a receptor’s exposure to an agent. 

 Exposure frequency:  The number of exposure events in an exposure duration. 
 Exposure pathway:  The course an agent takes from the source to the receptor. 
 Exposure period:  The time of continuous contact between the agent and receptor. For 

example, if a receptor is in contact with an agent for x minutes per day, for y days per year, 
the exposure period is the x variable. 

 Exposure point:  The location at which the receptor contacts the agent. 



 

APPENDIX D 
EXPOSURE ASSESSMENT DEFINITIONS 

2 
 

 Exposure point concentration:  An estimation of exposure parameters in specific media 
(e.g., air, water, sediment). 

 Exposure route:  The way an agent enters a receptor after contact (e.g., by ingestion, 
inhalation, dermal application). 

 Exposure scenario:  A combination of facts, assumptions and inferences that define a 
discrete situation in which a potential exposure might occur. 

 Exposure science:  A discipline that characterizes and predicts the intersection of an agent 
and receptor in space and time. 

 Exposure surface (Contact boundary):  A surface on a receptor where an agent is present. 
For example: 
o Outer exposure surfaces (e.g., the exterior of an eyeball, the skin surface, a conceptual 

surface over the nose and open mouth). 
o Inner exposure surfaces (e.g., gastrointestinal tract, respiratory tract, urinary tract lining). 

 Finished water: Raw water that undergoes a treatment process prior to distribution to 
recipients. 

 Medium:  The material (e.g., air, water, soil, food, consumer products) surrounding or 
containing an agent. 

 Production Well Raw Water: Water extracted from the local groundwater aquifer via 
production wells. 

 Receptor:  Any biological entity (e.g., a human, human population, lifestage within a human 
population) that receives an exposure or dose. 

 Source:  The origin of an agent for the purposes of an exposure assessment. 
 Stressor:  Any chemical, physical or biological entity that induces an adverse response. 
 Supply water: Synonymous with finished water.  
 Surface Intake Raw Water: Water extracted from the White River for use in drinking water 

production. 
 Uptake (Absorption):  The process by which an agent crosses an absorption barrier. 
 



 

 

APPENDIX E 

 

ProUCL Outputs 

  



     45      19

      0

     0.0885       1.125

      6.76      0.0885

      1.997       0.298

      1.775       1.94

      0.576

      0.945

      0.339

      0.131

      1.625       1.706

      1.639

      6.211

      0.823

      0.336

      0.14

      0.461       0.445

      2.44       2.527

     41.48      40.05

      1.125       1.686

     26.55

     0.0447      26.18

      1.697       1.72

      0.711

      0.945

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Assuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF TestLognormal GOF TestLognormal GOF TestLognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma StatisticsGamma StatisticsGamma StatisticsGamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance Level

Gamma GOF TestGamma GOF TestGamma GOF TestGamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal DistributionAssuming Normal DistributionAssuming Normal DistributionAssuming Normal Distribution

   95% Normal UCL   95% Normal UCL   95% Normal UCL   95% Normal UCL    95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF TestLilliefors GOF TestLilliefors GOF TestLilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance Level

Normal GOF TestNormal GOF TestNormal GOF TestNormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General StatisticsGeneral StatisticsGeneral StatisticsGeneral Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

RS c12DCERS c12DCERS c12DCERS c12DCE

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/22/2020 8:23:15 AM



      0.343

      0.131

    -2.425     -1.278

      1.911       1.587

      2.061       1.803

      2.201       2.753

      3.838

      1.614       1.625

      1.612       1.754

      1.663       1.606

      1.684

      2.018       2.422

      2.983       4.086

      2.422

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to UseSuggested UCL to UseSuggested UCL to UseSuggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance Level

Lognormal StatisticsLognormal StatisticsLognormal StatisticsLognormal Statistics

Minimum of Logged Data Mean of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF Test



     45       4

      0

     0.0325      0.0563

      0.41      0.0325

     0.0795      0.0118

      1.412       3.363

      0.343

      0.945

      0.529

      0.131

     0.0762      0.0821

     0.0772

     15.16

      0.767

      0.548

      0.134

      1.561       1.471

     0.0361      0.0382

   140.4    132.4

     0.0563      0.0464

   106.8

     0.0447    106.1

     0.0698      0.0703

      0.337

      0.945

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Assuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF TestLognormal GOF TestLognormal GOF TestLognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma StatisticsGamma StatisticsGamma StatisticsGamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance Level

Gamma GOF TestGamma GOF TestGamma GOF TestGamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal DistributionAssuming Normal DistributionAssuming Normal DistributionAssuming Normal Distribution

   95% Normal UCL   95% Normal UCL   95% Normal UCL   95% Normal UCL    95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF TestLilliefors GOF TestLilliefors GOF TestLilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance Level

Normal GOF TestNormal GOF TestNormal GOF TestNormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General StatisticsGeneral StatisticsGeneral StatisticsGeneral Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

RS TCERS TCERS TCERS TCE

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/22/2020 8:23:41 AM



      0.532

      0.131

    -3.427     -3.231

    -0.892       0.636

     0.0587      0.0629

     0.0696      0.0789

     0.0971

     0.0758      0.0762

    N/A        N/A    

    N/A        N/A    

    N/A    

     0.0918       0.108

      0.13       0.174

      0.108

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to UseSuggested UCL to UseSuggested UCL to UseSuggested UCL to Use

95% Chebyshev (Mean, Sd) UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance Level

Lognormal StatisticsLognormal StatisticsLognormal StatisticsLognormal Statistics

Minimum of Logged Data Mean of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF Test



     45       2

      0

     0.0825      0.0849

      0.19      0.0825

     0.016     0.00239

      0.189       6.708

      0.152

      0.945

      0.537

      0.131

     0.0889      0.0914

     0.0893

     16.97

      0.747

      0.539

      0.131

     50.13      46.81

    0.00169     0.00181

  4512   4213

     0.0849      0.0124

  4063

     0.0447   4058

     0.088      0.0881

      0.152

      0.945

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data Not Lognormal at 5% Significance Level

Assuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF TestLognormal GOF TestLognormal GOF TestLognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma StatisticsGamma StatisticsGamma StatisticsGamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Data Not Gamma Distributed at 5% Significance Level

Data Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance LevelData Not Gamma Distributed at 5% Significance Level

Gamma GOF TestGamma GOF TestGamma GOF TestGamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF Test

5% A-D Critical Value Data Not Gamma Distributed at 5% Significance Level

Assuming Normal DistributionAssuming Normal DistributionAssuming Normal DistributionAssuming Normal Distribution

   95% Normal UCL   95% Normal UCL   95% Normal UCL   95% Normal UCL    95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF TestLilliefors GOF TestLilliefors GOF TestLilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance Level

Normal GOF TestNormal GOF TestNormal GOF TestNormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General StatisticsGeneral StatisticsGeneral StatisticsGeneral Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

RS VCRS VCRS VCRS VC

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/22/2020 8:23:57 AM



      0.537

      0.131

    -2.495     -2.476

    -1.661       0.124

     0.0874      0.0894

     0.0915      0.0945

      0.1

     0.0888     N/A    

    N/A        N/A    

    N/A        N/A    

    N/A    

     0.0921      0.0953

     0.0998       0.109

     0.0889      0.0893

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to UseSuggested UCL to UseSuggested UCL to UseSuggested UCL to Use

95% Student's-t UCL or 95% Modified-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)Data do not follow a Discernible Distribution (0.05)

Nonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data Not Lognormal at 5% Significance Level

Data Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance LevelData Not Lognormal at 5% Significance Level

Lognormal StatisticsLognormal StatisticsLognormal StatisticsLognormal Statistics

Minimum of Logged Data Mean of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF Test



     12       9

      0

      0.19       0.641

      1.36       0.5

      0.474       0.137

      0.739       0.666

      0.808

      0.859

      0.284

      0.243

      0.886       0.894

      0.891

      0.726

      0.742

      0.205

      0.249

      2.005       1.559

      0.32       0.411

     48.11      37.42

      0.641       0.513

     24.41

     0.029      22.82

      0.982       1.051

      0.872

      0.859

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Assuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50)    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF TestLognormal GOF TestLognormal GOF TestLognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma StatisticsGamma StatisticsGamma StatisticsGamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance Level

Gamma GOF TestGamma GOF TestGamma GOF TestGamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF Test

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Assuming Normal DistributionAssuming Normal DistributionAssuming Normal DistributionAssuming Normal Distribution

   95% Normal UCL   95% Normal UCL   95% Normal UCL   95% Normal UCL    95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF TestLilliefors GOF TestLilliefors GOF TestLilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance LevelData Not Normal at 5% Significance Level

Normal GOF TestNormal GOF TestNormal GOF TestNormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data Not Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General StatisticsGeneral StatisticsGeneral StatisticsGeneral Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

WR c12DCEWR c12DCEWR c12DCEWR c12DCE

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/22/2020 8:29:36 AM



      0.192

      0.243

    -1.661     -0.715

      0.307       0.779

      1.203       1.098

      1.304       1.59

      2.153

      0.866       0.886

      0.854       0.95

      0.824       0.873

      0.892

      1.051       1.237

      1.495       2.001

      1.051

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to UseSuggested UCL to UseSuggested UCL to UseSuggested UCL to Use

95% Adjusted Gamma UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance Level

Lognormal StatisticsLognormal StatisticsLognormal StatisticsLognormal Statistics

Minimum of Logged Data Mean of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF Test



     12      10

      0

     0.0325       0.304

      0.64       0.22

      0.189      0.0545

      0.621       0.62

      0.913

      0.859

      0.256

      0.243

      0.402       0.404

      0.404

      0.4

      0.741

      0.18

      0.248

      2.321       1.797

      0.131       0.169

     55.71      43.12

      0.304       0.227

     29.06

     0.029      27.31

      0.452       0.481

      0.877

      0.859

Shapiro Wilk Test Statistic Shapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF TestShapiro Wilk Lognormal GOF Test

5% Shapiro Wilk Critical Value Data appear Lognormal at 5% Significance Level

Assuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma DistributionAssuming Gamma Distribution

   95% Approximate Gamma UCL (use when n>=50))    95% Adjusted Gamma UCL (use when n<50)

Lognormal GOF TestLognormal GOF TestLognormal GOF TestLognormal GOF Test

MLE Mean (bias corrected) MLE Sd (bias corrected)

Approximate Chi Square Value (0.05)

Adjusted Level of Significance Adjusted Chi Square Value

Gamma StatisticsGamma StatisticsGamma StatisticsGamma Statistics

k hat (MLE) k star (bias corrected MLE)

Theta hat (MLE) Theta star (bias corrected MLE)

nu hat (MLE) nu star (bias corrected)

K-S Test Statistic Kolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF TestKolmogorov-Smirnov Gamma GOF Test

5% K-S Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Detected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance LevelDetected data appear Gamma Distributed at 5% Significance Level

Gamma GOF TestGamma GOF TestGamma GOF TestGamma GOF Test

A-D Test Statistic Anderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF TestAnderson-Darling Gamma GOF Test

5% A-D Critical Value Detected data appear Gamma Distributed at 5% Significance Level

Assuming Normal DistributionAssuming Normal DistributionAssuming Normal DistributionAssuming Normal Distribution

   95% Normal UCL   95% Normal UCL   95% Normal UCL   95% Normal UCL    95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)   95% UCLs (Adjusted for Skewness)

   95% Student's-t UCL    95% Adjusted-CLT UCL (Chen-1995)

   95% Modified-t UCL (Johnson-1978)

Lilliefors Test Statistic Lilliefors GOF TestLilliefors GOF TestLilliefors GOF TestLilliefors GOF Test

5% Lilliefors Critical Value Data Not Normal at 5% Significance Level

Data appear Approximate Normal at 5% Significance LevelData appear Approximate Normal at 5% Significance LevelData appear Approximate Normal at 5% Significance LevelData appear Approximate Normal at 5% Significance Level

Normal GOF TestNormal GOF TestNormal GOF TestNormal GOF Test

Shapiro Wilk Test Statistic Shapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF TestShapiro Wilk GOF Test

5% Shapiro Wilk Critical Value Data appear Normal at 5% Significance Level

Maximum Median

SD Std. Error of Mean

Coefficient of Variation Skewness

General StatisticsGeneral StatisticsGeneral StatisticsGeneral Statistics

Total Number of Observations Number of Distinct Observations

Number of Missing Observations

Minimum Mean

Number of Bootstrap Operations   2000

WR TCEWR TCEWR TCEWR TCE

From File   WorkSheet.xls

Full Precision   OFF

Confidence Coefficient   95%

UCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data SetsUCL Statistics for Uncensored Full Data Sets

User Selected Options

Date/Time of Computation   ProUCL 5.14/22/2020 8:29:49 AM



      0.216

      0.243

    -3.427     -1.42

    -0.446       0.804

      0.624       0.56

      0.667       0.816

      1.108

      0.394       0.402

      0.388       0.424

      0.395       0.391

      0.396

      0.468       0.542

      0.645       0.847

      0.402

These recommendations are based upon the results of the simulation studies summarized in Singh, Maichle, and Lee (2006).

However, simulations results will not cover all Real World data sets; for additional insight the user may want to consult a statistician.

When a data set follows an approximate (e.g., normal) distribution passing one of the GOF test

When applicable, it is suggested to use a UCL based upon a distribution (e.g., gamma) passing both GOF tests in ProUCL

Note: Suggestions regarding the selection of a 95% UCL are provided to help the user to select the most appropriate 95% UCL.

Recommendations are based upon data size, data distribution, and skewness.

 97.5% Chebyshev(Mean, Sd) UCL    99% Chebyshev(Mean, Sd) UCL

Suggested UCL to UseSuggested UCL to UseSuggested UCL to UseSuggested UCL to Use

95% Student's-t UCL

   95% Hall's Bootstrap UCL    95% Percentile Bootstrap UCL

   95% BCA Bootstrap UCL

   90% Chebyshev(Mean, Sd) UCL    95% Chebyshev(Mean, Sd) UCL

Data appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance LevelData appear to follow a Discernible Distribution at 5% Significance Level

Nonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLsNonparametric Distribution Free UCLs

   95% CLT UCL    95% Jackknife UCL

   95% Standard Bootstrap UCL    95% Bootstrap-t UCL

   95% Chebyshev (MVUE) UCL  97.5% Chebyshev (MVUE) UCL

   99% Chebyshev (MVUE) UCL

Nonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL StatisticsNonparametric Distribution Free UCL Statistics

Maximum of Logged Data SD of logged Data

Assuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal DistributionAssuming Lognormal Distribution

   95% H-UCL    90% Chebyshev (MVUE) UCL

5% Lilliefors Critical Value Data appear Lognormal at 5% Significance Level

Data appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance LevelData appear Lognormal at 5% Significance Level

Lognormal StatisticsLognormal StatisticsLognormal StatisticsLognormal Statistics

Minimum of Logged Data Mean of logged Data

Lilliefors Test Statistic Lilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF TestLilliefors Lognormal GOF Test
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HHERA EQUATION VARIABLE DEFINITIONS 

Appendix F  Page 1 of 11 
Table extracted from USEPA’s Regional Screening Levels Users Guide.   
Available at https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide 
 

Symbol Definition (units) Default Reference 

Screening Levels (SLs) 

Resident SLs 

SLwater-nc-ing 
Resident Tapwater 
Noncarcinogenic Ingestion 
(µg/L) 

Contaminant-
specific 

Determined in this 
calculator 

SLwater-nc-der 
Resident Tapwater 
Noncarcinogenic Dermal 
(µg/L) 

Contaminant-
specific 

Determined in this 
calculator 

SLwater-ca-ing 
Resident Tapwater 
Carcinogenic Ingestion 
(µg/L) 

Contaminant-
specific 

Determined in this 
calculator 

SLwater-ca-der 
Resident 
Tapwater Carcinogenic 
Dermal (µg/L) 

Contaminant-
specific 

Determined in this 
calculator 

SLres-water-ca-

vc-ing 

Resident Tapwater 
Carcinogenic Vinyl Chloride 
Ingestion (µg/L) 

Vinyl Chloride-
specific 

Determined in this 
calculator 

SLres-water-ca-

vc-der 

Resident Tapwater 
Carcinogenic Vinyl Chloride 
Dermal (µg/L) 

Vinyl Chloride-
specific 

Determined in this 
calculator 

SLwater-tce-ing 
Resident Tapwater 
Trichloroethylene Ingestion 
(µg/L) 

Trichloroethylene-
specific 

Determined in this 
calculator 

SLwater-tce-der 
Resident Tapwater 
Trichloroethylene Dermal 
(µg/L) 

Trichloroethylene-
specific 

Determined in this 
calculator 

Toxicity Values 



HHERA EQUATION VARIABLE DEFINITIONS 

Appendix F  Page 2 of 11 
Table extracted from USEPA’s Regional Screening Levels Users Guide.   
Available at https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide 
 

RfDo or 
RFDOC 

Chronic Oral Reference 
Dose (mg/kg-day) 

Contaminant-
specific 

EPA Superfund 
hierarchy 

CSFo or 
SFO 

Oral Slope Factor (mg/kg-
day)-1 

Contaminant-
specific 

EPA Superfund 
hierarchy 

CAFo 
Oral toxicity value 
adjustment factor for 
cancer 

0.804 U.S. EPA 2004 

MAFo 
Oral toxicity value 
adjustment factor for 
mutagens 

0.202 U.S. EPA 2004 

Miscellaneous Variables 

FA Fraction absorbed water 
Contaminant-
specific 

U.S. EPA 2004 

B 

Dimensionless ratio of the 
permeability coefficient of a 
compound through the 
stratum corneum relative to 
its permeability coefficient 
across the viable epidermis 

Contaminant-
specific 

U.S. EPA 2004 

t* Time to reach steady state 
Contaminant-
specific 

U.S. EPA 2004 

event Lag time per event 
Contaminant-
specific 

U.S. EPA 2004 

TR target risk 1 x 10-6 Selected by user 

THQ target hazard quotient 0.1 Selected by user 

Kp 
Dermal Permeability 
Constant (cm/hour) 

Contaminant-
specific 
Inorganic default = 
0.001 

U.S. EPA 2004 
Exhibit 3-1 and 
Section 3.1.2.1 
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Kp,ve 
Steady-state Permeability 
Coefficient (cm/hour) 

Contaminant-
specific 

U.S. EPA 2004 

Kew 

Equilibrium Partition 
Coefficient between 
epidermis and water 
(unitless) 

1 - assuming 
epidermis behaves 
essentially as 
water 

U.S. EPA 2004 

De 
Effective Diffusivity of 
absorbing chemical in the 
epidermis (cm2/sec) 

(7.1 × 10-6 ) / 
(√MW) 

U.S. EPA 2004 

Le 
Effective Thickness of the 
Epidermis (cm) 

10-2 U.S. EPA 2004 

ATres-c 
Averaging time - 
resident child (days) 

365 x EDres-c = 
2190 

U.S. EPA 1989 (pg. 
6-23) 

ATres-a 
Averaging time - resident 
adult (days) 

365 x EDres = 9490 
U.S. EPA 1989 (pg. 
6-23) 

ATres 
Averaging time - resident 
age adjusted (days) 

365 x LT = 25550 
U.S. EPA 1989 (pg. 
6-23) 

ATw-a 
Averaging time - composite 
worker (days) 

365 x EDw = 9125 
(non-carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATw 
Averaging time - composite 
worker (days) 

365 x LT = 25550 
(carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATiw-a 
Averaging time - indoor 
worker (days) 

365 x EDiw = 9125 
(non-carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATiw 
Averaging time - indoor 
worker soil (days) 

365 x LT = 25550 
(carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATow-a 
Averaging time - outdoor 
worker (days) 

365 x EDow = 9125 
(non-carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 
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ATow 
Averaging time - outdoor 
worker (days) 

365 x LT = 25550 
(carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATcw-a 
Averaging time - 
construction worker (days) 

EWcw x 7 (d/wk) x 
EDcw = 350 (non-
carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

ATcw 
Averaging time - 
construction worker (days) 

365 x LT = 25550 
(carcinogenic) 

U.S. EPA 1989 (pg. 
6-23) 

LT Lifetime (years) 70 
U.S. EPA 1989 (pg. 
6-22) 

Ingestion and Dermal Contact Rates 

IRWres-c 
Resident Drinking Water 
Ingestion Rate - Child 
(L/day) 

0.78 

U.S. EPA 2011, 
Tables 3-15 and 3-
33; weighted 
average of 90th 
percentile 
consumer-only 
ingestion of drinking 
water (birth to <6 
years) 

IRWres-a 
Resident Drinking Water 
Ingestion Rate - Adult 
(L/day) 

2.5 

U.S. EPA 2011, 
Table 3-33; 90th 
percentile of 
consumer-only 
ingestion of drinking 
water (>= 21 years) 

IFWres-adj 
Resident Drinking Water 
Ingestion Rate - Age-
adjusted (L/kg) 

327.95 
Calculated using the 
age adjusted intake 
factors equation 

IFWMres-

adj 

Resident Mutagenic 
Drinking Water Ingestion 
Rate - Age-adjusted (L/kg) 

1019.9 
Calculated using the 
age adjusted intake 
factors equation 
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DFWres-adj 
Resident water dermal 
contact factor- age-
adjusted (cm2 - event/kg) 

2610650 
Calculated using the 
age adjusted intake 
factors equation 

DFWMres-

adj 

Resident Mutagenic water 
dermal contact factor- age-
adjusted (cm2 - event/kg) 

8191633 
Calculated using the 
age adjusted intake 
factors equation 

SAres-c 
Resident surface area 
water - child (cm2) 

6365 

U.S. EPA 2014, 
weighted average of 
mean values for 
children <6 years. 

SAres-a 
Resident surface area 
water - adult (cm2) 

19652 

U.S. EPA 2014, 
weighted average of 
mean values for 
adults, male and 
female 21+. 

SA0-2 
Resident/Recreator surface 
area water - age segment 
0-2 (cm2) 

6365 

U.S. EPA 2014, 
weighted average of 
mean values for 
children <6 years. 

SA2-6 
Resident/Recreator surface 
area water - age segment 
2-6 (cm2) 

6365 

U.S. EPA 2014, 
weighted average of 
mean values for 
children <6 years. 

SA6-16 
Resident/Recreator surface 
area water - age segment 
6-16 (cm2) 

19652 

U.S. EPA 2014, 
weighted average of 
mean values for 
adults, male and 
female 21+. 

SA16-26 
Resident/Recreator surface 
area water - age segment 
16-26 (cm2) 

19652 

U.S. EPA 2014, 
weighted average of 
mean values for 
adults, male and 
female 21+. 

BWres-c 
Resident Body Weight - 
child (kg) 

15 
U.S. EPA 1991a 
(pg. 15) 
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BWres-a 
Resident Body Weight - 
adult (kg) 

80 

U.S. EPA 2011, 
Table 8-3; weighted 
mean values for 
adults 21 - 78 

BW0-2 
Resident/Recreator Body 
Weight - age segment 0-2 
(kg) 

15 
U.S. EPA 1991a 
(pg. 15) 

BW2-6 
Resident/Recreator Body 
Weight - age segment 2-6 
(kg) 

15 
U.S. EPA 1991a 
(pg. 15) 

BW6-16 
Resident/Recreator Body 
Weight - age segment 6-16 
(kg) 

80 

U.S. EPA 2011, 
Table 8-3; weighted 
mean values for 
adults 21 - 78 

BW16-26 
Resident/Recreator Body 
Weight - age segment 16-
26 (kg) 

80 

U.S. EPA 2011, 
Table 8-3; weighted 
mean values for 
adults 21 - 78 

GIABS 

Fraction of contaminant 
absorbed in gastrointestinal 
tract (unitless) Note: if the 
GIABS is >50% then it is 
set to 100% for the 
calculation of dermal 
toxicity values. 

Contaminant-
specific 
Inorganic default = 
1.0 
VOC default = 1.0 
SVOC default = 
1.0 

U.S. EPA 2004 
(Exhibit 4-1 and 
section 4.2) 

DAevent 
Absorbed dose per event 
(µg/cm2 - event) 

Contaminant-
specific 

U.S. EPA 2004 
(Equation 3.2 and 
3.3) 

Exposure Frequency, Exposure Duration, and Exposure Time Variables 

EFres 
Resident Exposure 
Frequency (days/year) 

350 
U.S. EPA 1991a 
(pg. 15) 
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EFres-a 
Resident Exposure 
Frequency - adult 
(days/year) 

350 
U.S. EPA 1991a 
(pg. 15) 

EFres-c 
Resident Exposure 
Frequency - child 
(days/year) 

350 
U.S. EPA 1991a 
(pg. 15) 

EFw 
Composite Worker 
Exposure Frequency 
(days/year) 

250 
U.S. EPA 1991a 
(pg. 15) 

EFiw 
Indoor Worker Exposure 
Frequency (days/year) 

250 
U.S. EPA 1991a 
(pg. 15) 

EFow 
Outdoor Worker Exposure 
Frequency (days/year) 

225 
U.S. EPA 2002 
(Exhibit 1-2) 

EFcw 
Construction Worker 
Exposure Frequency 
(days/year) 

250 
U.S. EPA 2002 
Exhibit 5-1 

EF0-2 
Resident/Recreator 
Exposure Frequency - age 
segment 0-2 (days/year) 

Resident - 350 
Recreator - Site-
specific 

Resident - U.S. EPA 
1991a (pg. 15) 
Recreator - Site-
specific 

EF2-6 
Resident/Recreator 
Exposure Frequency - age 
segment 2-6 (days/year) 

Resident - 350 
Recreator - Site-
specific 

Resident - U.S. EPA 
1991a (pg. 15) 
Recreator - Site-
specific 

EF6-16 
Resident/Recreator 
Exposure Frequency - age 
segment 6-16 (days/year) 

Resident - 350 
Recreator - Site-
specific 

Resident - U.S. EPA 
1991a (pg. 15) 
Recreator - Site-
specific 

EF16-26 
Resident/Recreator 
Exposure Frequency - age 
segment 16-26 (days/year) 

Resident - 350 
Recreator - Site-
specific 

Resident - U.S. EPA 
1991a (pg. 15) 
Recreator - Site-
specific 
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EDres 
Resident Exposure 
Duration (years) 

26 

EPA 2011, Table 
16-108; 90th 
percentile for 
current residence 
time. 

EDres-c 
Resident Exposure 
Duration - child (years) 

6 
U.S. EPA 1991a 
(pg. 15) 

EDres-a 
Resident Exposure 
Duration - adult (years) 

20 
EDres (26 years) - 
EDres-c (6 years) 

EDw 
Composite Worker 
Exposure Duration - (years) 

25 
U.S. EPA 1991a 
(pg. 15) 

EDiw 
Indoor Worker Exposure 
Duration - (years) 

25 
U.S. EPA 1991a 
(pg. 15) 

EDow 
Outdoor Worker Exposure 
Duration (years) 

25 
U.S. EPA 1991a 
(pg. 15) 

EDcw 
Construction Worker 
Exposure Duration (years) 

1 
U.S. EPA 2002 
Exhibit 5-1 

ED0-2 
Resident/Recreator 
Exposure Duration - age 
segment 0-2 (years) 

2 
U.S. EPA 2005 (pg. 
37) 

ED2-6 
Resident/Recreator 
Exposure Duration - age 
segment 2-6 (years) 

4 
U.S. EPA 2005 (pg. 
37) 

ED6-16 
Resident/Recreator 
Exposure Duration - age 
segment 6-16 (years) 

10 
U.S. EPA 2005 (pg. 
37) 

ED16-26 
Resident/Recreator 
Exposure Duration - age 
segment 16-26 (years) 

10 
U.S. EPA 2005 (pg. 
37) 
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ETres-a 
Resident Exposure Time 
(hours/day) 

24 The whole day 

ETres-c 
Resident Exposure Time 
(hours/day) 

24 The whole day 

ETres 
Resident Exposure Time 
(hours/day) 

24 The whole day 

ETw 
Composite Worker 
Exposure Time (hours/day) 

8 The work day 

ETiw 
Indoor Worker Exposure 
Time (hours/day) 

8 The work day 

ETow 
Outdoor Worker Exposure 
Time (hours/day) 

8 The work day 

ETcw 
Construction Worker 
Exposure Time (hours/day) 

8 The work day 

ETevent-res-c 
Resident Water Exposure 
Time - child (hours/event) 

0.54 

U.S. EPA 2011, 
Table 16-28; 
weighted average of 
90th percentile time 
spent bathing (birth 
to <6 years) 

ETevent-res-a 
Resident Water Exposure 
Time - adult (hours/event) 

0.71 

U.S. EPA 2011, 
Tables 16-30 and 
16-31; weighted 
average of adult (21 
to 78) 90th 
percentile of time 
spent bathing/ 
showering in a day, 
divided by mean 
number of 
baths/showers 
taken in a day. 
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ETevent-res-adj 
Resident Water Exposure 
Time - age-adjusted 
(hours/event) 

0.6708 
Calculated using the 
age adjusted intake 
factors equation 

ETevent-res-

madj 
Resident Exposure Time - 
age-adjusted (hours/event) 

0.6708 
Calculated using the 
age adjusted intake 
factors equation 

ET0-2 
Resident/Recreator 
Exposure Time - age 
segment 0-2 (hours/day) 

Resident - 24 
Recreator - Site-
specific 

Resident - The 
whole day 
Recreator - Site-
specific 

ET2-6 
Resident/Recreator 
Exposure Time - age 
segment 2-6 (hours/day) 

Resident - 24 
Recreator - Site-
specific 

Resident - The 
whole day 
Recreator - Site-
specific 

ET6-16 
Resident/Recreator 
Exposure Time - age 
segment 6-16 (hours/day) 

Resident - 24 
Recreator - Site-
specific 

Resident - The 
whole day 
Recreator - Site-
specific 

ET16-26 
Resident/Recreator 
Exposure Time - age 
segment 16-26 (hours/day) 

Resident - 24 
Recreator - Site-
specific 

Resident - The 
whole day 
Recreator - Site-
specific 

ETevent-res(0-

2) 

Resident Exposure Time - 
age segment 0-2 
(hours/event) 

0.54 
Calculated based on 
the ET given for 
ETevent-res-c 

ETevent-res(2-

6) 

Resident Exposure Time - 
age segment 2-6 
(hours/event) 

0.54 
Calculated based on 
the ET given for 
ETevent-res-c 

ETevent-res(6-

16) 

Resident Exposure Time - 
age segment 6-16 
(hours/event) 

0.71 
Calculated based on 
the ET given for 
ETevent-res-a 
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ETevent-

res(16-26) 

Resident Exposure Time - 
age segment 16-26 
(hours/event) 

0.71 
Calculated based on 
the ET given for 
ETevent-res-a 

EVres-c 
Resident Events - child 
(events/day) 

1 
U.S. EPA 2004; 
Exhibit 3-2 

EVres-a 
Resident Events - adult 
(events/day) 

1 
U.S. EPA 2004; 
Exhibit 3-2 

EV0-2 
Resident/Recreator Events 
- age segment 0-2 
(events/day) 

Resident - 1 
Recreator - Site-
specific 

U.S. EPA 2004; 
Exhibit 3-2 

EV2-6 
Resident/Recreator Events 
- age segment 2-6 
(events/day) 

Resident - 1 
Recreator - Site-
specific 

U.S. EPA 2004; 
Exhibit 3-2 

EV6-16 
Resident/Recreator Events 
- age segment 6-16 
(events/day) 

Resident - 1 
Recreator - Site-
specific 

U.S. EPA 2004; 
Exhibit 3-2 

EV16-26 
Resident/Recreator Events 
- age segment 16-26 
(events/day) 

Resident - 1 
Recreator - Site-
specific 

U.S. EPA 2004; 
Exhibit 3-2 

 



RISK EQUATIONS USED IN HHERA 
INGESTION 

Appendix F     Page 1 of 12 
Table extracted from USEPA’s Regional Screening Levels Users Guide.   
Available at https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide 
 

 

Residential 
Tap Water 
Ingestion 

Noncarcinogenic 
– Child 

 
 
 
 
 
 
 
 

Noncarcinogenic - 
Adult 

 
 
 
 
 
 
 

Age-Adjusted 
Carcinogenic 
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Residential 
Tap Water 
Ingestion 
(Cont.) 

Vinyl Chloride - 
Carcinogenic 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Trichloroethene - 
Carcinogenic and 

Mutagenic 
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Residential 
Tap Water 

Dermal 

Noncarcinogenic - 
Child 
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Residential 
Tap Water 

Dermal 
(Cont.) 

Noncarcinogenic - 
Adult 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



RISK EQUATIONS USED IN HHERA 
DERMAL CONTACT 

Appendix F     Page 5 of 12 
Table extracted from USEPA’s Regional Screening Levels Users Guide.   
Available at https://www.epa.gov/risk/regional-screening-levels-rsls-users-guide 
 

Residential 
Tap Water 

Dermal 
(Cont.) 

Carcinogenic 
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Residential 
Tap Water 

Dermal 
(Cont.) 

Vinyl Chloride - 
Carcinogenic 
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Residential 
Tap Water 

Dermal 
(Cont.) 

Trichloroethene - 
Carcinogenic and 

Mutagenic 
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Residential 
Tap Water 
Supporting 
Equations 

Child 
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Residential 
Tap Water 
Supporting 
Equations 

(Cont.) 

Adult: 
Exposure Factors  
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Residential 
Tap Water 
Supporting 
Equations 

(Cont.) 

Age-adjusted 
Exposure 
Durations, 

Frequencies, and 
Times 
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Residential 
Tap Water 
Supporting 
Equations 

(Cont.) 

B 
(Dimensionless 

Ratio of 
Permeability 
Coefficient) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

t* 
(Time to Reach 

Steady State 
[hours]) 
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Residential 
Tap Water 
Supporting 
Equations 

(Cont.) 

event 

(Lag time per 
event in 

hours/event) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CAFo – oral 
toxicity value 

adjustment factor 
for cancer 

 
 
 
 
 
 
 

MAFo - oral 
toxicity value 

adjustment factor 
for mutagens 
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Output generated   06MAY2020:12:38:40

Site-specific 1

Resident Equation Inputs for Tap Water

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Tap

Water
Default
Value

Form-input
Value

BW
0-2

 (mutagenic body weight) kg 15 15
BW

2-6
 (mutagenic body weight) kg 15 15

BW
6-16

 (mutagenic body weight) kg 80 80
BW

16-26
 (mutagenic body weight) kg 80 80

BW
res-a

 (body weight - adult) kg 80 80
BW

res-c
 (body weight - child) kg 15 15

DFW
res-adj

 (age-adjusted dermal factor) cm 2-event/kg 2610650 2610650
DFWM

res-adj
 (mutagenic age-adjusted dermal factor) cm 2-event/kg 8191633 8191633

ED
res

 (exposure duration - resident) years 26 26
ED

0-2
 (mutagenic exposure duration first phase) years 2 2

ED
2-6

 (mutagenic exposure duration second phase) years 4 4
ED

6-16
 (mutagenic exposure duration third phase) years 10 10

ED
16-26

 (mutagenic exposure duration fourth phase) years 10 10
ED

res-a
 (exposure duration - adult) years 20 20

ED
res-c

 (exposure duration - child) years 6 6
EF

res
 (exposure frequency) days/year 350 350

EF
0-2

 (mutagenic exposure frequency first phase) days/year 350 350
EF

2-6
 (mutagenic exposure frequency second phase) days/year 350 350

EF
6-16

 (mutagenic exposure frequency third phase) days/year 350 350
EF

16-26
 (mutagenic exposure frequency fourth phase) days/year 350 350

EF
res-a

 (exposure frequency - adult) days/year 350 350
EF

res-c
 (exposure frequency - child) days/year 350 350

ET
res

 (exposure time) hours/day 24 24
ET

event-res-adj
 (age-adjusted exposure time) hours/event 0.67077 0.67077

ET
event-res-madj

 (mutagenic age-adjusted exposure time) hours/event 0.67077 0.67077
ET

0-2
 (mutagenic dermal exposure time first phase) hours/event 0.54 0.54

ET
2-6

 (mutagenic dermal exposure time second phase) hours/event 0.54 0.54
ET

6-16
 (mutagenic dermal exposure time third phase) hours/event 0.71 0.71

ET
16-26

 (mutagenic dermal exposure time fourth phase) hours/event 0.71 0.71
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Site-specific 2

Resident Equation Inputs for Tap Water

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Tap

Water
Default
Value

Form-input
Value

ET
res-a

 (dermal exposure time - adult) hours/event 0.71 0.71
ET

res-c
 (dermal exposure time - child) hours/event 0.54 0.54

ET
0-2

 (mutagenic inhalation exposure time first phase) hours/day 24 24
ET

2-6
 (mutagenic inhalation exposure time second phase) hours/day 24 24

ET
6-16

 (mutagenic inhalation exposure time third phase) hours/day 24 24
ET

16-26
 (mutagenic inhalation exposure time fourth phase) hours/day 24 24

ET
res-a

 (inhalation exposure time - adult) hours/day 24 24
ET

res-c
 (inhalation exposure time - child) hours/day 24 24

EV
0-2

 (mutagenic events) per day 1 1
EV

2-6
 (mutagenic events) per day 1 1

EV
6-16

 (mutagenic events) per day 1 1
EV

16-26
 (mutagenic events) per day 1 1

EV
res-a

 (events - adult) per day 1 1
EV

res-c
 (events - child) per day 1 1

THQ (target hazard quotient) unitless 0.1 0.1
IFW

res-adj
 (adjusted intake factor) L/kg 327.95 327.95

IFWM
res-adj

 (mutagenic adjusted intake factor) L/kg 1019.9 1019.9
IRW

0-2
 (mutagenic water intake rate) L/day 0.78 0.78

IRW
2-6

 (mutagenic water intake rate) L/day 0.78 0.78
IRW

6-16
 (mutagenic water intake rate) L/day 2.5 2.5

IRW
16-26

 (mutagenic water intake rate) L/day 2.5 2.5
IRW

res-a
 (water intake rate - adult) L/day 2.5 2.5

IRW
res-c

 (water intake rate - child) L/day 0.78 0.78
K (volatilization factor of Andelman) L/m 3 0.5 0.5
LT (lifetime) years 70 70
SA

0-2
 (mutagenic skin surface area) cm 2 6365 6365

SA
2-6

 (mutagenic skin surface area) cm 2 6365 6365
SA

6-16
 (mutagenic skin surface area) cm 2 19652 19652

SA
16-26

 (mutagenic skin surface area) cm 2 19652 19652
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Site-specific 3

Resident Equation Inputs for Tap Water

* Inputted values different from Resident defaults are highlighted.

Variable

Resident
Tap

Water
Default
Value

Form-input
Value

SA
res-a

 (skin surface area - adult) cm 2 19652 19652
SA

res-c
 (skin surface area - child) cm 2 6365 6365

l
sc

 (apparent thickness of stratum corneum) cm 0.001 0.001
TR (target risk) unitless 1.0E-06 1.0E-06
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Site-specific 4

Resident Regional Screening Levels (RSL) for Tap Water
Key: I = IRIS; P = PPRTV; O = OPP; A = ATSDR; C = Cal EPA; X = PPRTV Screening Level; H = HEAST; D = DWSHA; W = TEF applied; E = RPF applied; G = see
user's guide; U = user provided; ca = cancer; nc = noncancer; * = where: nc SL < 100X ca SL; ** = where nc SL < 10X ca SL; SSL values are based on
DAF=1; max = ceiling limit exceeded; sat = Csat exceeded.

Chemical
CAS

Number Mutagen? Volatile?
Chemical

Type
SF

o

(mg/kg-day) -1

SF
o

Ref
IUR

(ug/m 3)-1

IUR
Ref

RfD
(mg/kg-day)

RfD
Ref

RfC
(mg/m 3)

RfC
Ref GIABS

K
p
\

(cm/hr) MW
Dichloroethylene, 1,2-cis- 156-59-2 No Yes Organics - - 2.00E-03 I - 1 1.10E-02 96.944
Trichloroethylene 79-01-6 Yes Yes Organics 4.60E-02 I 4.10E-06 I 5.00E-04 I 2.00E-03 I 1 1.16E-02 131.39
Vinyl Chloride 75-01-4 Yes Yes Organics 7.20E-01 I 4.40E-06 I 3.00E-03 I 1.00E-01 I 1 8.38E-03 62.499

B
(unitless)

t*

(hr)
τ

event

(hr/event)
FA

(unitless)
In

EPD? DA
event (ca)

DA
event(nc child)

DA
event(nc adult)

MCL
(ug/L)

Ingestion
SL

TR=1E-06
(ug/L)

Dermal
SL

TR=1E-06
(ug/L)

Inhalation
SL

TR=1E-06
(ug/L)

Carcinogenic
SL

TR=1E-06
(ug/L)

Ingestion
SL

Child
THQ=0.1

(ug/L)
4.17E-02 8.81E-01 3.67E-01 1 Yes - 4.92E-04 8.49E-04 7.00E+01 - - - - 4.01E+00
5.11E-02 1.37E+00 5.72E-01 1 Yes 1.48E-04 1.23E-04 2.12E-04 5.00E+00 1.18E+00 7.45E+00 9.57E-01 4.94E-01 1.00E+00
2.55E-02 5.65E-01 2.35E-01 1 Yes 2.64E-06 7.37E-04 1.27E-03 2.00E+00 2.14E-02 2.77E-01 3.35E-01 1.88E-02 6.02E+00

Dermal
SL

Child
THQ=0.1

(ug/L)

Inhalation
SL

Child
THQ=0.1

(ug/L)

Noncarcinogenic
SL

Child
THI=0.1
(ug/L)

Ingestion
SL

Adult
THQ=0.1

(ug/L)

Dermal
SL

Adult
THQ=0.1

(ug/L)

Inhalation
SL

Adult
THQ=0.1

(ug/L)

Noncarcinogenic
SL

Adult
THI=0.1
(ug/L)

Screening
Level
(ug/L)

3.63E+01 - 3.61E+00 6.67E+00 5.47E+01 - 5.95E+00 3.61E+00 nc
6.89E+00 4.17E-01 2.83E-01 1.67E+00 1.04E+01 4.17E-01 3.23E-01 2.83E-01 nc
8.93E+01 2.09E+01 4.44E+00 1.00E+01 1.29E+02 2.09E+01 6.43E+00 1.88E-02 ca
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Site-specific 5

Resident Risk for Tap Water

Chemical
SF

o

(mg/kg-day) -1

SF
o

Ref
IUR

(ug/m 3)-1

IUR
Ref

RfD
(mg/kg-day)

RfD
Ref

RfC
(mg/m 3)

RfC
Ref GIABS

K
p
\

(cm/hr) MW
B

(unitless)
t*

(hr)
Dichloroethylene, 1,2-cis- - - 2.00E-03 I - 1 1.10E-02 96.944 4.17E-02 8.81E-01
Trichloroethylene 4.60E-02 I 4.10E-06 I 5.00E-04 I 2.00E-03 I 1 1.16E-02 131.39 5.11E-02 1.37E+00
Vinyl Chloride 7.20E-01 I 4.40E-06 I 3.00E-03 I 1.00E-01 I 1 8.38E-03 62.499 2.55E-02 5.65E-01
*Total Risk/HI - - - - - - - - -

Chemical
τ

event

(hr/event)
FA

(unitless)
In

EPD? DA
event (ca)

DA
event(nc child)

DA
event(nc adult)

MCL
(ug/L)

Concentration
(ug/L)

Ingestion
Risk

Dermal
Risk

Inhalation
Risk

Dichloroethylene, 1,2-cis- 3.67E-01 1 Yes - 4.92E-04 8.49E-04 7.00E+01 3.01E-01 - - -
Trichloroethylene 5.72E-01 1 Yes 1.48E-04 1.23E-04 2.12E-04 5.00E+00 5.01E-02 4.24E-08 6.73E-09 5.24E-08
Vinyl Chloride 2.35E-01 1 Yes 2.64E-06 7.37E-04 1.27E-03 2.00E+00 8.30E-02 3.87E-06 3.00E-07 2.48E-07
*Total Risk/HI - - - - - - - 3.92E-06 3.07E-07 3.00E-07

Chemical
Carcinogenic

Risk

Ingestion
Child
HQ

Dermal
Child
HQ

Inhalation
Child

HQ

Noncarcinogenic
Child

HI

Ingestion
Adult

HQ

Dermal
Adult

HQ

Inhalation
Adult

HQ

Noncarcinogenic
Adult

HI
Dichloroethylene, 1,2-cis- - 7.50E-03 8.29E-04 - 8.33E-03 4.51E-03 5.50E-04 - 5.06E-03
Trichloroethylene 1.01E-07 5.00E-03 7.27E-04 1.20E-02 1.77E-02 3.00E-03 4.82E-04 1.20E-02 1.55E-02
Vinyl Chloride 4.42E-06 1.38E-03 9.30E-05 3.98E-04 1.87E-03 8.29E-04 6.42E-05 3.98E-04 1.29E-03
*Total Risk/HI 4.52E-06 1.39E-02 1.65E-03 1.24E-02 2.79E-02 8.34E-03 1.10E-03 1.24E-02 2.18E-02
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Inhalation Unit Risk Toxicity Metadata 6

Chemical CASNUM
Chemical

Type

Inhalation Unit
Risk

(&micro;g/m 3)-1

Toxicity
Source

EPA Cancer
Classification

Inhalation Unit Risk Tumor
Type

Inhalation
Unit Risk

Target
Organ

Inhalation
Unit Risk
Species

Inhalation
Unit Risk
Method

Inhalation
Unit Risk

Route
Dichloroethylene,
1,2-cis-

156-59-2 Organics

Trichloroethylene 79-01-6 Organics 4.10E-06 IRIS carcinogenic to
humans

Renal cell carcinoma,
non-Hodgkin's lymphoma, and
liver tumors

Kidney,
Liver

human LEC01 NA

Vinyl Chloride 75-01-4 Organics 4.40E-06 IRIS Known/likely
human carcinogen

Liver angiosarcomas,
angiomas, hepatomas, and
neoplastic nodules

Liver Rat LED 10/
linear method

NA

Inhalation
Unit Risk

Treatment
Duration

Inhalation Unit Risk Study
Reference

Inhalation
Unit Risk

Notes

NA Charbotel et al. 2006, EPA
2011, Raaschou-Nielsen et
al. 2003

NA

NA Maltoni et al. 1981, Maltoni et
al. 1984

NA
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Oral Slope Factor Toxicity Metadata 7

Chemical CASNUM
Chemical

Type

Oral Slope
Factor

(mg/kg-day) -1

Toxicity
Source

EPA Cancer
Classification

Oral Slope
Factor Tumor

Type

Oral
Slope
Factor
Target
Organ

Oral
Slope
Factor

Species

Oral
Slope
Factor
Method

Oral
Slope
Factor
Route

Oral
Slope
Factor

Treatment
Duration

Oral Slope
Factor
Study

Reference

Oral
Slope
Factor
Notes

Dichloroethylene,
1,2-cis-

156-59-2 Organics

Trichloroethylene 79-01-6 Organics 4.60E-02 IRIS carcinogenic to
humans

Derived from IUR Derived
from
IUR

Derived
from IUR

Derived
from
IUR

NA NA Derived
from IUR

NA

Vinyl Chloride 75-01-4 Organics 7.20E-01 IRIS Known/likely
human
carcinogen

Total of liver
angiosarcoma,
hepatocellular
carcinoma, and
neoplastic
nodules

Liver Rat LMS
method

NA NA Feron et
al. 1981

NA
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Oral Chronic Toxicity Metadata 8

Chemical CASNUM
Chemical

Type

Chronic
Oral

Reference
Dose

(mg/kg-day)
Toxicity
Source

Oral
Chronic

Reference
Dose
Basis

Oral
Chronic

Reference
Dose

Confidence
Level

Oral Chronic
Reference Dose

Critical Effect

Oral
Chronic

Reference
Dose

Target
Organ

Oral
Chronic

Reference
Dose

Modifying
Factor

Oral
Chronic

Reference
Dose

Uncertainty
Factor

Oral
Chronic

Reference
Dose

Species

Oral
Chronic

Reference
Dose
Route

Dichloroethylene,
1,2-cis-

156-59-2 Organics 2.00E-03 IRIS BMDL10:
5.1
mg/kg-day

low increased relative
kidney weight in
male rats

kidney 1 3000 rat NA

Trichloroethylene 79-01-6 Organics 5.00E-04 IRIS BMDL01
(HED99):
0.0051
mg/kg/day

High Increased fetal
cardiac
malformations in
Sprague-Dawley
rats

Heart 1 10 rat NA

Vinyl Chloride 75-01-4 Organics 3.00E-03 IRIS NOAEL
(HED):
0.09
mg/kg-day

Medium Liver cell
polymorphism

Liver 1 30 Rat NA

Oral
Chronic

Reference
Dose
Study

Duration

Oral Chronic
Reference Dose Study

Reference

Oral
Chronic

Reference
Dose
Notes

NA McCauley et al. 1995,
1990

NA

NA Johnson et al. 2003
(Supported by Keil et al.
2009 and Peden-Adams
et al. 2006)

NA

NA Til et al. 1983, Til et al.
1991

NA
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Inhalation Chronic Toxicity Metadata 9

Chemical CASNUM
Chemical

Type

Chronic
Inhalation
Reference

Concentration
(mg/m 3)

Toxicity
Source

Inhalation
Chronic

Reference
Concentration

Basis

Inhalation
Chronic

Reference
Concentration

Confidence
Level

Inhalation Chronic
Reference

Concentration
Critical Effect

Inhalation
Chronic

Reference
Concentration
Target Organ

Inhalation
Chronic

Reference
Concentration

Modifying
Factor

Inhalation
Chronic

Reference
Concentration

Uncertainty
Factor

Dichloroethylene,
1,2-cis-

156-59-2 Organics -

Trichloroethylene 79-01-6 Organics 0.002 IRIS LOAEL
(HEC99): 0.19 
mg/m3

High Decreased thymus
weight in female
B6C3F1 mice
(immunotoxicity)

Thymus 1 100

Vinyl Chloride 75-01-4 Organics 0.1 IRIS NOAEL (HEC): 
2.5 mg/m3

Medium Liver cell
polymorphism

Liver 1 30

Inhalation
Chronic

Reference
Concentration

Species

Inhalation
Chronic

Reference
Concentration

Route

Inhalation
Chronic

Reference
Concentration

Study
Duration

Inhalation
Chronic

Reference
Concentration

Study
Reference

Inhalation
Chronic

Reference
Concentration

Notes

mice NA NA Keil et al. 2009
(Supported by
Johnson et al.
2003)

NA

Rat NA NA Til et al. 1991,
Til et al. 1983

NA
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