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EXECUTIVE SUMMARY 

Weston Solutions, Inc. (WESTON®) was contracted by the New Hampshire Department of 

Environmental Services (NHDES) to perform a Statewide Methyl Tertiary Butyl Ether (MtBE) 

risk analysis. NHDES defined the project as a two-phase study to: (1) assess the risk of MtBE 

contamination at public water supply (PWS) sources in the state; and (2) develop 

recommendations for risk reduction. This report presents the conduct and findings of Phase II of 

the study. Phase I was completed in August 2006 and presented in the Final Phase I Report, 

Statewide Methyl Tertiary Butyl Ether Risk Analysis (WESTON, 2006). Phase II consisted of 

further evaluation of several significant risk factors that were identified during Phase I and 

development of recommendations for risk reduction based on data collected during Phases I  

and II. While Phase II was underway, a ban of MtBE in New Hampshire went into effect on  

1 January 2007. Accordingly, Phase II of the Study was modified to include an evaluation of 

how long the subsurface legacy of past MtBE uses and releases would be likely to persist 

following the ban. Finally, groundwater sampling and MtBE analysis was conducted at and near 

some high at risk PWS wells that to date had not been sampled for MtBE. Phase II findings are 

summarized below. 

MtBE  

The nature and estimated duration of MtBE groundwater contamination that may persist after 

implementation of the ban was evaluated by researching the impacts of similar bans in other 

states. WESTON interviewed regulators and other knowledgeable individuals in other states that 

had banned MtBE early on in an effort to identify studies that would indicate how long the 

legacy of MtBE contamination persists after a ban is implemented. Other than a study of MtBE 

in PWS wells in Connecticut, none were identified. Regulators and other knowledgeable 

individuals in states with earlier MtBE bans were interviewed to ask about their experience with 

the MtBE legacy to date. There was a range of opinions and this would be site-specific, but in 

general the interviews collectively suggested that after instituting a ban, MtBE may persist in 

permeable environments for perhaps 5 to 10 years and in less permeable and bedrock 

environments for perhaps 20 to 30 years. 
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The state of Connecticut was of particular interest because its geology is similar to that of  

New Hampshire, MtBE concentration trends in PWS had been previously evaluated, and MtBE 

concentration data were readily available. The MtBE concentration trends in monitoring wells at 

gasoline station release sites and in PWS wells in the state were reviewed. Within 2 years of the 

implementation of the ban, statistically significant decreases in MtBE concentrations in gasoline 

station monitoring wells were observed. Based on 2 years of post-ban data, the dissipation  

half-life of MtBE in monitoring wells at gas stations is estimated to be approximately 7 months 

in Connecticut. Based on this half-life, a site with a starting MtBE concentration as low as  

100 micrograms per liter (µg/L) would take on average 2 years to attenuate to New Hampshire’s 

drinking water standard of 13 µg/L, and a site with an initial MtBE concentration of 10,000 µg/L 

would take on average 6 years to attenuate to 13 µg/L.  

The MtBE data for PWS in Connecticut were also reviewed and the above-mentioned study was 

updated with more recent data. Within 3 years of the ban, a decrease in the number of new 

detections of MtBE per year was observed in Connecticut PWS, but the detected concentrations 

of MtBE in the PWS remained fairly constant. Based on review of the MtBE data from 

Connecticut PWS wells, and assuming that New Hampshire PWS wells will react similarly to 

Connecticut PWS wells following an MtBE ban, WESTON anticipates that within 2 years, the 

number of new detections of MtBE contamination in PWS wells per year will likely decrease. 

However, median state-wide MtBE concentrations in PWS wells that were already contaminated 

before the ban are not likely to show significant decreases in the first 2 years after the ban.  

Remediation Sites 

Phase I of the study indicated that the presence of nearby remediation sites was a significant risk 

factor for MtBE contamination of PWS wells. NHDES’ rules and practices regarding assessment 

and remediation of MtBE sites were reviewed and discussed with NHDES to develop 

recommendations that would help to mitigate risks posed by these sites. Recommendations 

included: requiring three-dimensional delineation of MtBE in soil and groundwater, more 

accurate delineation of Groundwater Management Zones, improved identification of all nearby 

drinking water wells, more aggressive response actions, improved communication between the 
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Waste Management and Water Divisions at NHDES, shorter response time in assessing and 

remediating MtBE, evaluation of groundwater regardless of whether groundwater is encountered 

during source removal actions, possible requirements for water sampling at transient  

non-community PWS (transient) wells, increased enforcement, and increased funding to 

implement these recommendations. 

Motor Vehicle Salvage Yards 

During Phase I of the study, Motor Vehicle Salvage Yards (MVSY) were identified as a serious 

threat to PWS wells. In addition, it appeared that tracking of these facilities and compliance of 

MVSYs with Best Management Practices (BMP) were two areas where improvements were 

warranted. Because “End-of-Life Vehicles” (ELV) are likely to contain/leak MtBE-containing 

gasoline and waste oil for some time after the ban, MVSYs were considered to be a continuing 

threat of MtBE contamination to water supply wells. To address this risk, WESTON reviewed 

the tracking and operational requirements for facilities handling ELVs. WESTON’s  

recommendations included development of a clearer and more inclusive definition of MVSYs, 

implementing State licensing and permitting to ensure more consistent management of MVSYs, 

annual inspections to identify local water supply wells and to verify compliance with regulations 

and BMPs as part of the licensing process, at least annual updates of the MVSY information on 

OneStop, possible groundwater monitoring requirements for high risk MVSYs, and assignment 

of additional NHDES staff and funding to accomplish these tasks. 

Identifying Public Water Supplies at High Risk of MtBE Contamination  

This topic was addressed by three tasks. The first task was an evaluation of the Griffin Well,  

a threatened PWS well for the City of Dover. The well is located downgradient of an ELV 

processing facility and within a sand and gravel aquifer. The well was suspected to be a likely 

location of a “diving” contaminant plume. A cluster of five wells screened at multiple depths was 

installed in this 60-foot thick overburden aquifer to provide a three-dimensional characterization 

of the MtBE plume that is threatening the Griffin Well. Based on samples collected from these 

and other wells, the investigation confirmed that the MtBE plume is trending downward as it 

flows from the upgradient property boundary toward the Griffin Well. It is estimated that the 
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Griffin Well is at risk of becoming contaminated with MtBE in approximately 2 years based on 

calculated seepage velocities if no actions are taken.  

The second task involved using the statistical models generated during Phase I of the study to 

predict potential high risk transient or unsampled wells that were part of a blended water supply. 

The results of this task were inconclusive because the data sets available for transient and 

blended wells were much smaller than for non-transient PWS wells on which the model was 

based. An effective model could not be developed because there were too many missing 

variables.  

The third task was the sampling of selected transient wells throughout New Hampshire. 

Laboratory analytical results indicated that MtBE was detected in 6 of the 22 wells sampled or 

approximately 27% of the wells sampled. Only one sample exceeded the Ambient Groundwater 

Quality Standard of 13 µg/L and this well was already outfitted with a point of entry treatment 

system.  

Based on WESTON’s review of data from states that implemented an MtBE ban several years 

ago, MtBE contamination will continue to be a problem in the State of New Hampshire for a 

number of years. In addition, new detections of MtBE in PWS will likely continue for at least the 

next few years, although the number of new detections each year will likely decrease.  

To minimize impacts to PWS wells in the upcoming years, aggressive response actions at known 

MtBE remediation sites is recommended, and increased attention should be directed to MVSYs. 

Overall, the Phase II report can be summarized in the following five general recommendations: 

1. Require more comprehensive site characterization and delineation of contaminant 
plumes at MtBE sites, followed by more aggressive response actions. Due to its 
chemical properties, MtBE behaves differently in the environment than petroleum 
hydrocarbons and therefore requires more comprehensive and timely response 
actions. 

2. Implement procedures for better definition, identification, inspection, licensing and 
enforcement of regulations, and BMPs at MVSYs. 
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3. Consider instituting a sampling program for transient wells. It is unclear whether the 
higher average and median MtBE concentrations in transient wells are due to the fact 
that they are typically only sampled when there is a reason to suspect contamination, 
or if they are in fact at a greater risk of becoming contaminated.  

4. Institute better communication and sharing of information between the  
Waste Management and Water Divisions at NHDES to ensure that remediation site 
investigations identify all potential drinking water receptors, and to ensure that water 
supply owner/operators are aware of all the potential MtBE sources that threaten their 
wells. 

5. Procure sufficient funding and staff to implement the above recommendations, 
particularly with respect to managing MtBE remediation sites and MVSYs, in order 
to minimize the overall long-term costs of responding to MtBE. 



 

 

SECTION 1 
 

INTRODUCTION 
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1. INTRODUCTION 

Weston Solutions, Inc. (WESTON®) was contracted by the New Hampshire Department of 

Environmental Services (NHDES) to perform a Statewide Methyl Tertiary Butyl Ether (MtBE) 

Risk Analysis. NHDES defined the project as a two-phase study to: (1) assess the risk of MtBE 

contamination of public water supply (PWS) sources in the state; and (2) develop 

recommendations for risk reduction. This report summarizes the conduct and findings of  

Phase II of the study. Phase I was completed in August 2006 and was documented in the  

Final Phase I Report, Statewide Methyl Tertiary Butyl Ether Risk Analysis (WESTON, 2006). 

Phase II consisted of further evaluation of a number of significant risk factors that were 

identified during Phase I of the study and development of recommendations for MtBE risk 

reduction based on data collected during Phases I and II. Several additional related tasks were 

also performed at the request of NHDES, as indicated below. 

While Phase II of the study was underway, New Hampshire banned the use of MtBE  

(and other fuel oxygenates) in gasoline effective 1 January 2007. Section 2 is a review of the 

effect that the ban of MtBE has had on groundwater quality in other states that banned MtBE 

earlier on. In particular, the groundwater quality impact of the 2004 Connecticut ban on MtBE is 

evaluated in detail with respect to MtBE concentrations in groundwater at gasoline station 

release sites in Section 3, and with respect to PWS MtBE groundwater concentrations in  

Section 4. Section 5 presents an evaluation of NHDES regulations and policies relative to 

assessment and remediation of MtBE release sites. Section 6 addresses Motor Vehicle Salvage 

Yards (MVSY) and provides recommendations for improving the documentation, licensing, and 

inspection of these types of facilities. The results of a three-dimensional subsurface investigation 

of an MtBE plume that is approaching a PWS well in Dover are summarized in Section 7. 

Section 8 summarizes the results of a second phase of the statistical modeling following the 

modeling performed during Phase I. The second phase of the modeling was targeted at 

evaluating risks to transient non-community PWS (transient) wells and wells that were 

previously only sampled as part of a blended water system. Section 9 is a description of sampling 

and analysis performed on 22 transient wells in September 2007. These wells were collocated on 

the same properties as underground storage tanks (UST) containing gasoline and were therefore 
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considered to be at relatively high risk of being contaminated by MtBE. Section 10 presents the 

overall conclusions of Phase II of the Statewide MtBE Risk Analysis.  



 

  

SECTION 2 
 

MtBE LEGACY 
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2. MtBE LEGACY 

Documents were reviewed and interviews were conducted to evaluate the potential long-term 

impacts of MtBE on groundwater quality after its use as a gasoline additive is banned in the 

state. Regulators and several university professors in some of the first states that banned MtBE 

were interviewed by telephone in 2006 for information relative to the following questions: 

 How long does MtBE groundwater contamination generally persist after an MtBE 
ban is implemented? 

 What are the groundwater impacts of de minimus quantities of MtBE in gasoline? 

 Are data or studies available which might help answer these questions? 

States with MtBE bans were identified from the United States (U.S.) Environmental Protection 

Agency (EPA) Document EPA420-B-04-009 dated June 2004 and updated February 2006, titled  

“State Actions Banning MtBE,” included in Appendix A. Although this document provided a 

convenient starting point for our inquiries, it should be noted that our subsequent investigations 

indicated that this table may not be entirely accurate. Potential discrepancies are noted below.  

The midwestern states of Iowa, Minnesota, and Nebraska were the first to ban MtBE, all in  

July 2000, and states in other areas of the country followed. Currently, about half of the 50 states 

have banned MtBE. 

The results of the interviews are summarized below. None of the regulators or researchers 

interviewed knew of existing studies of MtBE persistence after a ban or of groundwater impacts 

of de minimus volumes of MtBE in gasoline, with the exception of a study of MtBE in PWS in 

Connecticut, which is discussed in Section 4. However, the end of this section summarizes one 

study that sheds some light on the groundwater impacts of de minimus volumes of MtBE.  

2.1 MINNESOTA 

Mark Toso, Hydrogeologist, Minnesota Pollution Control Agency, July 19, 2006. The EPA table 

states that in July 2000, there was a partial ban of MtBE allowing up to 0.33% in gasoline by 

volume (hereafter “% in gasoline” is abbreviated as “%”), and then in July 2005, a complete ban 
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went into effect. Mr. Toso thought rather that the de minimus volume was limited to 0.1% in 

2000, and that this was never followed by a complete ban. He agreed with the EPA table that 

ethyl tertiary butyl ether and tertiary amyl methyl ether were also banned. 

He reported that Minnesota uses a large volume of ethanol in gasoline. Initially, reformulated 

gasoline (RFG) with 10% ethanol was used in the metropolitan Minneapolis area during the 

summer; this was later extended to year-round use. Subsequently, gasoline with 10% ethanol was 

used statewide before the July 2000 ban. The MtBE ban was instated mainly in response to a 

widely publicized CBS 60 Minutes show about the negative impacts of MtBE. The MtBE was 

not used much in gasoline before the ban and was not a driver for site remediation. Benzene, 

toluene, ethylbenzene, and xylenes (BTEX), particularly benzene, were typically the drivers. 

However, MtBE was typically detected at about half of leaking underground storage tank 

(LUST) sites investigated. The MtBE is in gasoline as an octane enhancer and/or as a result of  

cross-contamination of petroleum products within major pipelines in the state. One terminal site 

had an MtBE concentration of 79,000 micrograms per liter (µg/L) in groundwater. Typically, 

MtBE concentrations were much lower. 

An MtBE drinking water standard of 70 µg/L was established in Minnesota in 2000 or 2001. The 

LUST program policy is to replace a drinking water well even if MtBE concentrations are below 

70 µg/L. He said no private or public wells were replaced because of MtBE (implying that MtBE 

has not been detected in drinking water wells). 

James Pearson, Executive Director, Minnesota Petrofund, January 12, 2006. Mr. Pearson said 

that MtBE was present in gasoline at about 2% before the ban in July 2000 limited MtBE to 

0.33%. He stated that benzene has always been the primary driver of remediation both before 

and after the ban; MtBE just “tags along” and is remediated as the benzene and other gasoline 

compounds are remediated. Currently, there are only a few sites where MtBE is a concern. 

2.2 NEBRASKA 

David Chambers, Nebraska Department of Environmental Quality, January 9, 2006. Nebraska 

banned MtBE (only) in July 2000, limiting the de minimus amount of MtBE in gasoline to 1%, 
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as indicated in the EPA table. Mr. Chambers said he is not sure how much MtBE was present in 

gasoline before the ban. He has not encountered many MtBE problems. In 1999, Nebraska began 

using risk-based corrective action remediation and analyzed for MtBE at sites. They found MtBE 

at 12% of Tier 1 sites (148 groundwater sites and 64 soil sites). From 1999 through  

November 2005, for Tier 1 sites, the maximum MtBE concentration in soil was  

59,000 micrograms per kilogram, and the maximum MtBE concentration in groundwater was 

38,610 µg/L). Most concentrations were much lower and below a level of concern. An official 

level of concern has not been established in Nebraska, but typically a level of 20 µg/L is used. 

He said he is not sure of trends, but if he had to guess he would say MtBE problems are dropping 

a little. The MtBE is not the driver at most sites; benzene is the driver at virtually all of the sites. 

He knows of 8 to10 public wells with MtBE, but all concentrations are below 20 µg/L. 

Roy Spalding, Professor, University of Nebraska, January 9, 2006. The MtBE contamination in 

Nebraska has not been a problem, but MtBE has been detected at some LUST sites. Nebraska did 

not analyze for MtBE until about 5 years ago.  

2.3 SOUTH DAKOTA 

Douglas Miller, UST/LUST Program Manager, South Dakota Environment and Natural 

Resources Department, July 12, 2006. The EPA table states that in July 2001, a ban of MtBE 

(only) limited MtBE in gasoline to 0.5%. This replaced a previous limit of 2%. Mr. Miller 

concurred with the EPA document and said the change has not made much difference to 

groundwater quality. He noted that they have detected MtBE in groundwater at diesel release 

sites, in addition to gasoline release sites. 

In general, South Dakota is not seeing many new spills that result in significant corrective 

actions, and response to new releases is usually rapid. There were 5 new LUSTs in the most 

recent quarter and only 15 in all of last year, in a population of approximately 1,000 active gas 

stations in the state. 

The MtBE impacts are seen more often at sites with historical contamination. The MtBE has not 

been a driver of remediation in South Dakota, whether it was limited to 0.5% or 2% in gasoline. 

Benzene is usually the driver, and MtBE and BTEX are typically collocated and remediated 
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together. The South Dakota LUST fund usually does not require aggressive cleanup beyond 

source removal. 

When asked how long he thought historic MtBE contamination would remain in the subsurface, 

he responded that it was unknown and totally site-specific. He mentioned one plume that has not 

moved in 15 years. He thought plumes may persist for 20 to 30 years in silty materials, but might 

naturally attenuate in perhaps 5 to 10 years in alluvium. In bedrock, he said it would be very 

difficult to project, but plumes could easily persist for several decades. 

2.4 COLORADO 

Marilyn Hajicek, LUST Manager, Colorado Department of Labor and Employment, Division of 

Oil and Public Safety, 10 January 2006. The EPA table states that MtBE (only) was completely 

banned in April 2002. Ms. Hajicek said that MtBE was phased out in stages between March 2000 

and April 2002. They are still seeing a lot of MtBE contamination in Colorado and in May 2005 

adopted a standard of 20 µg/L for MtBE for the groundwater ingestion pathway. In 2003, 63% of 

samples at LUST sites contained MtBE, most at concentrations above 20 µg/L. She said that the 

20 µg/L standard applies to every active site. Some of the sites have been resampled during the 

past 3 years, and although concentrations are dropping, the MtBE problem has not gone away. 

2.5 CALIFORNIA 

Kevin Graves, California State Water Resources Control Board UST/LUST Manager,  

June 30, 2006. The EPA table states that a complete ban on MtBE went into effect on  

31 December 2003. Mr. Graves said he thought there was first a de minimus level that changed 

over time, from 0.5% to 0.1% to 0.05%. The EPA table states that the ban was of MtBE only, but 

Mr. Graves said tert butyl alcohol (TBA) and other ethers were also banned. 

He said there is still a great deal of MtBE groundwater contamination in the state from past 

releases. The MtBE is not typically detected at new gasoline releases. Vapor releases of MtBE 

have stopped and have tended to dissipate.  
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When asked how long he thought MtBE would be a driver of remediation at release sites, he at 

first said MtBE would probably be a driver for at least 20 years, based on the current amount of 

active remediation. On further reflection, he revised this to say he thought MtBE might persist as 

a driver of remediation for hundreds of years, depending on how aggressive remediation efforts 

are, what MtBE levels are considered “clean,” and other factors. 

He said that 25% of the 15,000 current petroleum cases, with or without MtBE, are over 15 years 

old. There has been no change in remediation policy since the ban (in terms of strategy, pressure, 

and requirements). However, UST owners/operators want to relax release prevention efforts. 

Barbara Sieminski, San Francisco Regional Water Quality Control Board, January 4, 2006. 

There is still a great deal of MtBE groundwater contamination in California. A lot of progress 

has been made but the problem has not gone away. In 2003, a one-time survey was undertaken in 

which UST systems at 128 sites in sensitive areas were required to sample and analyze 

groundwater samples to identify facilities with ongoing undetected releases before the releases 

contaminate drinking water aquifers. Based on the results, they have opened new LUST cases at 

38 (30%) of the monitored operating UST facilities. They have been aggressively pursuing 

remediation of release sites in sensitive areas. Ms. Sieminski projects that the MtBE problem will 

persist for at least 2 more years.  

2.6 CONNECTICUT 

Peter Zack, Connecticut Department of Environmental Protection, January 27, 2006. 

Connecticut banned MtBE (only) as of 1 January 2004, as indicated in the EPA table. Banning 

MtBE has helped a lot and has been a great benefit. He thinks Connecticut will probably be 

seeing significant MtBE in the groundwater for another 6 to 7 years, and that a 10-year time 

frame for natural attenuation is a reasonable estimate. Not many new releases since the MtBE 

ban have had a major MtBE impact unless the release was close to a drinking water well.  

He personally has encountered just a handful of such sites. In new releases, MtBE is not the 

driver, benzene is back as the remediation driver, as was the case before MtBE was used in 

gasoline. A lot of old release sites with significant concentrations of MtBE in groundwater 

probably still exist in Connecticut. Many of these sites are discovered by off-site impacts or 
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during property transfers. He mentioned that someone by the name of Aaron Green is currently 

finishing a study of MtBE in bedrock groundwater at sites in Connecticut. 

Gary Robbins, Professor, University of Connecticut, January 30, 2006. He believes MtBE in 

New Hampshire will persist for “many, many years,” even if there is some biodegradation.  

His guess is that MtBE will persist for 5 to 10 years in permeable environments, and two to three 

times that long (10 to 30 years) in low permeability environments like the till that covers most of 

New Hampshire. Ongoing vapor release problems will go away rapidly. Since the start of the ban 

in Connecticut, exponential decay of MtBE concentrations has typically been observed in 

nearfield monitoring wells (decreases from 1,000 µg/L to several µg/L in groundwater).  

Major oil company environmental managers have seen contamination dissipate in Connecticut 

since the ban. (See Section 3 of this report for a summary of a study Professor Robbins 

conducted for this project that evaluates the rate of MtBE attenuation at LUST sites following 

the Connecticut ban.)  

The MtBE legacy may involve heating oil and diesel. Professor Robbins authored an article in 

the June 2000 issue of LUST Line that describes evidence for contamination of heating oil and 

diesel fuel with MtBE. In first finding this problem, he analyzed four samples of diesel fuel. The 

MtBE was in all four samples at 61 to 66 milligrams per liter (mg/L) (which is far less than any 

of the de minimus volumes of MtBE allowed in the state bans - e.g., 0.5% in gasoline is  

5,000 mg/L). He calculated that if this diesel came into contact with groundwater, MtBE at 

concentrations up to 6,000 µg/L in groundwater could result. He further calculated that only  

2.7 gallons of gasoline containing 15% MtBE would be needed to contaminate a 5,000-gallon 

diesel tank to these levels. The MtBE contamination could be the result of the use of common 

pipelines and/or vehicles during transportation of various petroleum products from the refinery to 

the end user.  

2.7 NEW YORK 

Peter DiCicco, Engineering Geologist, New York State Department of Environmental 

Conservation (NYSDEC), January 20, 2006. The MtBE (only) was banned in New York State as 

of 1 January 2004. Contrary to the EPA table which says New York has a “complete ban,” a  
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de minimus volume of 0.5% of MtBE is allowed in gasoline. Two years into the ban, MtBE is 

still a significant problem. He thinks MtBE will continue to be a problem for at least 5 years.  

He knows of a release 10 years ago that is still affecting private wells today (even though the 

sources were removed 10 years ago). New releases that are occurring with the de minimus 

amount of MtBE are still generating MtBE contamination.  

Andrew English, Petroleum Site Cleanup, New York State Department of Environmental 

Conservation, July 12, 2006. Mr. English confirmed that the ban restricts MtBE to the  

de minimus volume of 0.5% allowed in New York. The MtBE-blended gasoline is still being 

transported through the state, and results of sampling of gasoline through dispensers at gasoline 

stations indicate that significant violations of the ban were still occurring (where greater than  

de minimus volumes of MtBE were present in the gasoline). 

He has seen no significant difference in groundwater quality since the ban, mainly because many 

MtBE sites are long-term and ongoing. However, less MtBE is now entering groundwater from 

new releases. In new releases of gasoline containing de minimus amounts of MtBE, MtBE is less 

of a remediation driver. He said this may be partly due to the fact that these releases are fresher; 

MtBE may be more of a driver of remediation later, after more time has elapsed and MtBE has 

moved out ahead of other gasoline constituents. He noted that NYSDEC is still seeing MtBE in 

fuel oil, presumably as a result of cross-contamination. 

When asked how long the MtBE legacy in groundwater was likely to persist, he said he did not 

know but it would probably be on the order of decades (but how many decades is unknown).  

He mentioned that NYSDEC plans to sample private wells in the state for MtBE in the next year 

or so. The study will be similar to the sampling programs the U.S. Geological Survey has 

recently undertaken in New Hampshire. The MtBE remains a significant problem in New York. 

2.8 KANSAS 

Greg Hattan, Kansas Department of Health and the Environment (KDHE), January 9, 2006. The 

EPA table states that Kansas banned MtBE to a de minimus level of 0.5% on 1 July 2004.  

Mr. Hattan did think this was correct and did not think a ban had taken effect. Kansas has many 

MtBE sites, mainly discovered during tank upgrades required between 1988 and 1998.  
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The MtBE is present at most LUST sites (86% of sites) but is usually not the driver; BTEX is 

usually the driver. Kansas does not currently find many new MtBE sites. Kansas is not an RFG 

state, but according to the state Department of Transportation weights and measures annual 

testing, of ~3,200 gasoline samples from dispensers collected in 2002: 

 35.8% had <1.5% (“incidental”) 
 37.6% had 1.5-6% (“fuel additive”) 
 21.3% had 6-11% (“regular and premium grade”) 
 5.3% had 11-15.4% (“oxyfuel”) 

Gary Blackburn, UST/LUST Manager, Kansas Department of Health and the Environment, 

August 15 and September 7, 2006. Mr. Blackburn also did not think a ban had been instituted in 

Kansas. He recalled discussions of a ban to 0.5% or 1% de minimus volumes, but thought the 

idea was tabled. He said a ban allowing that much MtBE in gasoline would not be very effective 

anyway, because such levels of MtBE in gasoline can easily impact an aquifer. He later checked 

on the status of the ban and reported that MtBE (only) was banned to 0.5%, effective  

1 July 2001. The ban was essentially moot; however, because the only oil company that formerly 

used MtBE in gasoline in Kansas stopped using it. Hundreds of gasoline samples are analyzed 

each year, and it has been years since MtBE was detected in gasoline samples. 

He noted that statewide sampling of the gasoline supply in the last 2 to 3 years has not detected 

any MtBE. They still look for MtBE at sites, but typically benzene is more of a remediation 

driver than MtBE at sites today.  

He said that some sites have “sat” for 20 years, and they are just as contaminated now as they 

were when the release occurred. A lot depends on the environmental conditions at the site; for 

example, MtBE can be especially persistent in anaerobic conditions. KDHE is careful to 

differentiate between plumes simply moving away from a monitoring well network versus actual 

degradation of the contaminants. He said one cannot assume that the contamination is not going 

to travel and mentioned one MtBE plume a mile long that impacted a PWS well via a buried 

alluvial stream bed.  
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2.9 ILLINOIS 

Douglas Clay, LUST Manager, Illinois Environmental Protection Agency, July 12, 2006.  

Mr. Clay thought the EPA table was accurate in stating that Illinois banned MtBE (only) in  

July 2004, allowing a de minimus volume of 0.5%. Illinois uses ethanol in gasoline extensively, 

and MtBE was never much of a driver of remediation, either before or after the ban. There are 

only a few sites where MtBE was a driver. The MtBE releases they are dealing with now 

occurred 5 to 10 years ago, and typically BTEX is also present.  

When asked how long the MtBE legacy might persist in New Hampshire groundwater, he 

thought it would be at least 10 years, depending on the backlog of sites and how aggressively 

they are being identified and remediated. 

2.10 ARIZONA 

Ian Bingham, LUST Manager, Arizona Department of Environmental Quality, July 12, 2006. 

Mr. Bingham thought the EPA table was accurate in stating that Arizona banned MtBE (only) as 

of 1 January 2005, allowing de minimus volumes of up to 0.3%. He said there are several RFG 

areas in the state, around Phoenix and Tuscon. The MtBE was used in the summer, and ethanol 

was used in the winter.  

All groundwater in the state is considered drinking water. But there is no standard for MtBE, and 

it does not need to be reported. Groundwater in Arizona is generally deep and so is less impacted 

by MtBE than might otherwise be the case. In addition, he does not think MtBE was used as 

much in Arizona as in other states. They were not seeing very high MtBE concentrations in 

source areas, before or after the ban. Detected concentrations were generally in the hundreds of 

micrograms per liter or lower. 

2.11 INVESTIGATION OF SELECTED GASOLINE CONSTITUENTS IN 
GROUNDWATER IN SEVEN STATES 

In 2000, ENSR International, Applied Hydrology Associates, and the Lyondell Chemical Turtle 

Bayou Project Laboratory conducted a study of gasoline constituents in groundwater samples in 

seven Midwestern states (Colorado, Illinois, Indiana, Kansas, Minnesota, Nebraska, and 
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Wisconsin, none of which had yet implemented MtBE bans at the time, but all of which 

subsequently implemented MtBE bans). The detailed draft report was never finalized but the 

results were summarized in Gregg et al. (2001). A total of 327 groundwater samples were 

collected from PWS wells, LUST sites, and locations between PWS wells and LUST sites. The 

groundwater samples were analyzed for BTEX, MtBE, TBA, and ethanol.  

These states were selected because they were known to use gasoline containing ethanol. The 

PWS wells were selected that were deemed at high risk of contamination, i.e., shallow, near 

documented LUST sites, and with no aquiclude or aquitard above the well screen. The LUST 

sites were selected that had significant groundwater contamination; most had been reported 

within the last 5 to 10 years. 

Only two of the 75 PWS samples contained gasoline constituents above regulatory criteria 

(benzene in both cases). Only two other samples had detects, 3 µg/L of benzene and 3 µg/L of 

MtBE. Ethanol and TBA were not detected in any of the PWS samples. The detection limits  

(in µg/L) were as follows: BTEX 5 each, MTBE 0.5 or 1.0, TBA 5 or 25, and ethanol 50 or 250. 

Shallow groundwater samples were collected at 31 locations between LUST sites and  

PWS wells. The sampling locations were thought to be downgradient from the LUST sites and 

upgradient of the PWS wells; however, measurements were not taken to confirm this.  

The analytical data indicated that no significant off-site migration of gasoline constituents had 

occurred, and gasoline constituents were not detected at distances greater than 100 or 200 feet 

(ft) from the LUSTs. Ethanol, MtBE, and TBA were not detected in any of these samples.  

A total of 221 samples were collected from 70 LUST sites. Benzene, toluene, ethylbenzene, and 

xylenes were detected in groundwater samples from nearly 90% of the LUST sites. The MtBE 

was detected in groundwater samples from approximately 70% of the LUST sites. Tert butyl 

alcohol was detected at approximately half of the sites. In general, MtBE and/or TBA, where 

present, tended to be collocated with BTEX. Total BTEX was detected in higher concentrations 

than MtBE plus TBA concentrations at 68% of the sites where both BTEX and MtBE and/or 

TBA were found. The MtBE concentrations were higher than total BTEX concentrations at 

approximately 25% of the sites. The TBA concentrations were higher than total BTEX 
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concentrations at approximately 20% of the sites. Ethanol was detected in only two samples from 

two different sites. (The absence of ethanol in most groundwater samples is at least partly 

attributed to the fact that the releases at the LUST sites occurred some time before sampling was 

conducted; none of the releases were “fresh.”) 

A confounding factor in the study was that the composition of the gasoline that leaked was 

generally not known. The annual ethanol use by each state from 1992 through 1998 was 

determined from Federal Highway Administration reports related to the federal subsidy of  

$0.54 per gallon to producers of ethanol for gasoline. The RFG quantities of MtBE in gasoline 

(11% by volume) were generally not expected in these Midwestern states. The MtBE and TBA 

concentrations detected at the LUST sites indicate that MtBE and TBA can be present at 

environmentally significant concentrations even if the gasoline released did not have RFG 

quantities of MtBE. A total of 76 of the 221 groundwater samples collected from LUST sites had 

MtBE concentrations of 100 µg/L or more. 

The report concluded that, based on the data reviewed and developed for the study, gasoline 

releases have had limited impact on apparently vulnerable PWS wells in the study area, implying 

that remediation efforts and natural attenuation are adequately protecting the PWS wells from 

gasoline releases. It is important to keep in mind that geological conditions in the Midwestern 

states studied are different from those of New Hampshire. Many locations have silty or clayey 

soils that limit groundwater and contaminant movement. Furthermore, near surface fractured 

bedrock was not present at the locations studied. 

The results for the state of Minnesota may be particularly useful in predicting the effect on  

New Hampshire groundwater from future releases of gasoline containing de minimus levels of 

MtBE. Of the seven states investigated, Minnesota used the most ethanol blended gasoline in the 

years researched (1992-1998). Gasoline with 10% or more of ethanol accounted for at least 30% 

and as much as 55% of the gasoline sold each of those years. Gasoline with less than 10% of 

ethanol accounted for another 0 to 56% of the gasoline sold. The percentage of gasoline with 

ethanol increased over this period, and in 1997 and 1998, virtually all of the gasoline sold in the 

state contained some amount of ethanol. Because Minnesota used the highest percentage of 

ethanol blended gasoline, had one of the earliest bans, has a ban that allows de minimus amounts 
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of MtBE, and before the ban used only about 2% MtBE in gasoline (see notes of James Pearson 

interview above), the data for this state are useful in evaluating the impacts of gasoline 

containing small amounts of MtBE.  

The study included 33 samples from 14 PWS wells, 18 samples from 9 LUST sites, and  

25 samples from 5 locations between LUST sites and PWS wells. The only gasoline constituent 

detected in the Minnesota PWS well samples was benzene detected at one well at an estimated 

concentration of 3 µg/L. On further review, the source was thought more likely to be a nearby 

landfill rather than the LUST site which was situated 262 ft from the well. 

The MtBE was detected in one LUST site sample at an estimated concentration of 0.78 µg/L. 

Benzene was present at concentrations of 5 µg/L or more in 9 of the 18 samples. Benzene was 

clearly a major driver of remediation at the Minnesota LUST sites. 

No MtBE, TBA, or ethanol was detected in any of the groundwater samples collected at 

locations between PWS and LUST sites, and only two samples contained BTEX.  

The data set for Minnesota suggests that off-site MtBE migration and impacts to PWS wells 

were virtually non-existent.  

2.12 SUMMARY 

With the exception of an MtBE study of PWS wells in Connecticut (see Section 4), no studies 

evaluating the persistence of MtBE contamination in groundwater after an MtBE ban were 

identified. In the absence of studies, knowledgeable individuals in states with early MtBE bans 

were interviewed. There is a range of opinions among those interviewed about how long MtBE 

from pre-ban releases will persist in the subsurface. At one end of the range, MtBE persistence 

for at least two more years was projected for a region where releases are being aggressively 

identified, investigated, and remediated. Another interviewee projected that MtBE contamination 

could persist for centuries if not addressed adequately. Taking the remaining responses 

collectively, people interviewed generally expected MtBE to persist in permeable environments 

for perhaps 5 to 10 years after instituting a ban, and to persist in less permeable and bedrock 

environments for perhaps 20 to 30 years after instituting a ban. 
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One study was identified that provided some insight on the issue of the groundwater impacts of 

de minimus volumes of MtBE in gasoline. This study involved sampling of groundwater in seven 

states known to use ethanol extensively along with minimal quantities of MtBE as gasoline 

constituents. The MtBE was found extensively at LUST sites, but not in nearby PWS wells, 

implying that remediation efforts and natural attenuation in the seven states studied were 

adequately protecting PWS wells from MtBE contamination. However, geology in these states is 

very different from New Hampshire, so caution must be used in extrapolating the results of this 

study to New Hampshire.  

There was also a range of responses among interviewees regarding MtBE impacts from  

de minimus amounts of MtBE in gasoline (such as the 0.5% allowed by the New Hampshire 

ban). The bans appeared to decrease risks of MtBE contamination in PWS wells, but detectable 

levels of MtBE were still observed at sites where releases of petroleum products containing  

de minimus volumes of MtBE occurred. However, in many of these cases, benzene rather than 

MtBE was the remediation driver. 



 

 

SECTION 3 
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3. EFFECTS OF MtBE BAN ON GROUNDWATER QUALITY AT 
GASOLINE STATION RELEASE SITES IN CONNECTICUT 

One objective of Phase II of this study was to evaluate how quickly subsurface MtBE 

concentrations would be likely to change in response to instituting a ban on the use of MTBE in 

New Hampshire, which was effective 1 January 2007. In other words, what would be the MtBE 

“legacy” after an MtBE ban? Approximately half of the U.S. has banned MtBE to date, starting 

in 2000. We looked for states: 1) with generally similar geology to New Hampshire,  

2) that banned MtBE early on, and 3) which had a sufficiently long period of readily available 

monitoring data to be able to shed some light on this question. The State of Connecticut fit these 

requirements most closely. 

Connecticut instituted a ban on MtBE in gasoline on 1 January 2004. In an effort to evaluate the 

potential legacy problems following the MtBE ban in New Hampshire, WESTON contracted 

with the University of Connecticut (UCONN) to perform a study to evaluate MtBE groundwater 

contamination at a number of gasoline stations in Connecticut. The UCONN study evaluated 

whether concentrations of MtBE in groundwater had dissipated following the ban, and if so, at 

what rate. 

The UCONN performed statistical evaluations using pre- and post-ban data from 83 monitoring 

wells at 22 gasoline stations which were located in a variety of hydrogeologic conditions and met 

the following requirements:   

 The site was used as a retail gas station. 

 Active USTs were present at the site. 

 No free product was observed at the site during the study period. 

 The site was not undergoing active remediation (e.g., soil-venting system, 
groundwater pump-and-treat system, source area excavation) during the study period. 

 The MtBE contamination was observed in source area or near-field, downgradient 
monitoring wells prior to the ban.  
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 Initial MtBE concentrations were generally greater than 100 µg/L in the monitoring 
wells to be evaluated.  

 Sufficient and consistent monitoring events were conducted before and after the ban. 

By applying these control factors, UCONN assumed that any decreases in MtBE concentrations 

at the sites were the result of natural attenuation following the ban of MtBE. To determine if 

MtBE concentrations had diminished since the compound was removed from gasoline in 

Connecticut, data were compared for 2 years prior to and 2 years after the ban was instated in  

1 January 2004. The mean value of pre- and post-ban data were calculated and compared for 

each well. This comparison found that 19 (86%) of the 22 gasoline stations, and 69 (83%) of the  

83 monitoring wells, evaluated exhibited a decrease in mean pre- and post-ban MtBE 

concentrations. To determine the statistical significance of the data, UCONN utilized the  

Mann-Kendall trend analysis for the data from all of the monitoring wells. The 90th confidence 

level was used for evaluation of statistical significance in trend determination. A decreasing 

trend was determined to be statistically significant for 61% of the wells in the study.  

No statistically significant trend was determined to exist for 31% of the wells. A statistically 

significant increasing trend existed for 6 of the 83 wells, i.e., 7%.  

For the purposes of evaluating the legacy factor associated with MtBE in groundwater at 

Connecticut sites, UCONN assumed that once free product was removed, MtBE would dissipate 

by natural site-specific mechanisms. These mechanisms include biodegradation, dispersion, and 

dilution. UCONN utilized the existing site data to calculate the dissipation half-life1 of MtBE for 

each of the sites included in the study. The average half-life value for all of the sites was 

calculated to be approximately 7 months with a standard deviation of 2 months. UCONN then 

took the average half-life for the Connecticut data and utilized this information to evaluate how 

long it would take for different initial concentrations of MtBE contamination to dissipate to the 

New Hampshire drinking water standard of 13 µg/L. The chart (Figure 3-1) from the report 

compiled by UCONN (included in Appendix B) illustrates the findings. It indicates that a site 

with starting MtBE concentrations as low as 100 µg/L would take approximately 2 years to 
                                                 

1 Half-life refers to the amount of time needed for an initial concentration to be cut in half. 
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attenuate to 13 µg/L, and a site with an initial concentrations of 10,000 µg/L would take on 

average 6 years to reach 13 µg/L. 

Overall, the results of the study showed that following the ban of MtBE in gasoline in 

Connecticut, concentrations of MtBE in groundwater at gasoline release sites showed a decrease 

at the majority of sites evaluated. According to the report, an initial lag in the decrease was 

observed at most sites, but it was observed that the rate of MtBE dissipation was for the most 

part similar regardless of differences in site and well characteristics. An important note made in 

the study was that due to the controls established in the site selection process, the results 

presented could only be confidently applied at sites where free product is absent. Sites with free 

product would be expected to attenuate more slowly, since the product would serve as an 

ongoing source of dissolved contamination. 
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4. EFFECTS OF MtBE BAN ON PUBLIC WATER SUPPLIES  
IN CONNECTICUT 

The State of New Hampshire banned the use of MtBE as a gasoline additive effective  

1 January 2007. Sufficient data are not yet available to evaluate the effect of this ban on 

groundwater quality and the occurrence of MtBE contamination in PWS wells throughout  

New Hampshire. However, the State of Connecticut initiated an earlier ban of MtBE on  

1 January 2004. Because the geology of Connecticut is generally similar to that of  

New Hampshire, the trends observed in PWS wells in the State of Connecticut provide a unique 

opportunity to evaluate the effect a regulatory ban might be expected to have on MtBE 

contamination in PWS wells in New Hampshire.  

Leahy and Holdt (2006), researchers with Environmental Resources Management studying the 

impacts of MtBE on public water supplies, conducted a time trend analysis of MtBE detections 

in PWS wells in Connecticut over the period 2000 through 2005 to evaluate the impact of the 

MtBE ban. WESTON updated that analysis to include data for the year 2006, which were 

available from the Connecticut Department of Public Health (CTDPH, 2006). A summary of the 

research performed by Leahy and Holdt is provided below, followed by WESTON’s update.  

Leahy and Holdt’s 2006 paper, as well as a PowerPoint presentation by Leahy that provides 

additional detail, are included in Appendix C.  

Gasoline containing MtBE had been sold throughout Connecticut since at least the mid-1980s, 

and MtBE was first reported detected in groundwater in Connecticut in 1987. The Connecticut 

Department of Environmental Protection set an Advisory Level of 70 µg/L in March 1999. 

Gasoline stations in Connecticut began to discontinue use of MtBE-blended gasoline in the last 

few months of 2003.  

The PWS are public or privately-owned systems that provide water to 25 or more persons and 

are divided into three categories based on the frequency of use: 

 Community – serving residents year-round (e.g., regional or municipal water 
authorities, apartments, condominiums, trailer parks). 
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 Non-Transient Non-Community (NTNC) – serving persons for up to 6 months of the 
year (e.g., schools, daycare centers, churches, large businesses, and factories). 

 Transient Non-Community (transient) – serving at least 25 people for at least 60 days 
per year (e.g., restaurants, campgrounds). 

Thus, a PWS can range from a small one-well system to a large regional system that obtains 

water from multiple well fields and surface water sources. The number of PWS in Connecticut 

has trended downward since 2000, as small systems, especially transient systems, have closed or 

connected to larger systems. 

The sources of the MtBE data evaluated by Leahy and Holdt were the annual Organics Reports 

published by CTDPH, the EPA’s Safe Drinking Water Information System, and information 

available on the CTDPH website, including monitoring schedules.  

Leahy and Holdt identified some limitations in the data, including the fact that not all PWS were 

sampled for MtBE on an annual basis. Sampling was quarterly, annually, triennially, or not 

required, based on the size and type of system and whether organics had ever been detected in a 

system’s water before. Furthermore, either raw or treated water could have been sampled.  

Data was reported for each unique PWS identification number, which may have represented 

either a single well or a multiple well system. In addition, non-detects were not included in the 

database (as is the case in New Hampshire). Since some wells may never have been sampled for 

MtBE, the lack of detection did not mean that MtBE was not present. The transient systems were 

generally not required to sample regularly for organics, in addition, once an organic such as 

MtBE was detected, transient systems were not required to perform follow-up sampling  

(unlike other PWS categories).  

A total of 240 non-transient PWS, out of a total of approximately 1,197 non-transient PWS in 

Connecticut reported at least one detection of MtBE in the period of 2000 through 2006. Prior to 

the ban, the number of PWS in Connecticut reporting MtBE detections had risen from 60 in 2000 

to 208 by the end of 2003. Many of the MtBE detections were sporadic, with the majority of 

PWS (59%) reporting MtBE in only one reporting year. Following the MtBE ban, 44 additional 

PWS reported new MtBE detections in 2004, 17 additional PWS reported new detections in 

2005, and only 13 PWS reported new detections in 2006. Figure 4-2 illustrates these results.  
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Leahy and Holdt evaluated the number of PWS that had reported MtBE detections for the first 

time in a given year using the Mann-Kendall statistical test for trend at the 90th confidence level. 

This analysis indicated that the number of PWS newly reporting detections of MtBE exhibited a 

statistically significant decrease between 2000 and 2005. Immediately after the ban in 2004, 

however, the number of PWS newly reporting MtBE increased then in 2005 decreased to below 

the 2000 level. Conversely, the total number of PWS reporting the detection of any organic  

(not just MtBE) increased between 2000 and 2005, with an increasing trend by the  

Mann-Kendall test (at 90th percent confidence).  

Leahy and Holdt observed that MtBE detections occurred in locations throughout the state. They 

also found that although the number of MtBE detections by year varied, the median detected 

concentration remained consistent, ranging only from 2.5 to 2.95 µg/L. The majority of the 

detections were less than the Connecticut Advisory Level of 70 µg/L. Only 44 PWS ever 

reported maximum MtBE detections greater than 70 µg/L. Leahy and Holdt noted that of the 

PWS that reported MtBE for the first time in 2004 and 2005 after the ban, only five in 2004 and 

one in 2005 reported an MtBE concentration greater than 70 µg/L. However, based on the 

Connecticut database obtained by WESTON in 2007, only three newly contaminated PWS 

reported an MtBE concentration greater than 70 µg/L in 2004, and two in 2005. This discrepancy 

may be the result of the data assumptions used by Leahy and Holdt, of which a detailed 

description was not provided to WESTON.  

Leahy and Holdt’s study concluded that “Based on both total number of PWS reporting a 

detection of MtBE and the number of new PWS first reporting a detection of MtBE, the 

occurrence of MtBE in Connecticut’s drinking water supply has significantly decreased since the 

implementation of the ban on MtBE-containing gasoline. The geographic distribution of PWS 

first reporting MtBE in 2005 is similar to previous years with many located near other PWS that 

have reported MtBE in previous years.” 

WESTON obtained MtBE data from the CTDPH’s Annual Organics Reports for the years 2000 

through 2006 and performed an update to Leahy and Holdt’s evaluation of trends. Figure 4-1 

shows the number of PWS reporting detections of MtBE in each year between 2000 and 2006. 

Figure 4-2 shows the number of PWS wells reporting the detection of MtBE for the first time in 
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each reporting year. Both the total number of PWS wells with MtBE detections and the number 

of newly detected occurrences of MtBE continued the decreasing trend observed in 2005.  

Figure 4-3 shows the maximum detected MtBE concentrations in PWS for each year. These data 

also appear to show a downward trend with respect to maximum MtBE concentrations in wells 

since 2004. 

WESTON also evaluated the Connecticut data with respect to New Hampshire’s drinking water 

standard of 13 µg/L, which is significantly lower than the Connecticut standard of 70 µg/L. 

Figure 4-4 shows the number of PWS wells for all categories of systems exceeding 13 µg/L for 

each year from 2000 through 2006. (Note that extremely high MtBE values were adjusted, 

divided by 1000 to counter likely unit mistakes from µg/L to mg/L, if other detections from the 

same system in the 6 months before and after the sampling date of the high detection were 

approximately three orders of magnitude lower than the high detection.)   

Median detected MtBE concentrations in all PWS combined, and for community, NTNC, and 

transient PWS separately, were plotted in Figures 4-5 and 4-6 for each year from 2000 through 

2006 to evaluate differences between the various system categories. Median concentrations for 

transient wells are shown on Figure 4-6 separately from the other categories, because a different 

scale was required to accommodate the higher median values for transient wells. Except for 

transient PWS, all other median MtBE concentrations were below 13 µg/L in all of the years. 

The likely reason for high median concentrations for transient wells is because sampling for 

MtBE or other volatile organic compounds (VOC) is not routinely required for these wells. In 

general, MtBE data are only available for transient wells where VOC contamination has been 

discovered by taste, odor, or off-site impacts.  

To evaluate trends in MtBE concentrations on an individual PWS basis, MtBE data from the  

279 PWS with MtBE detections between 2000 and 2006 were reviewed. Of these 279 PWS,  

11 individual PWS were selected for trend analysis. Figures 4-7 through 4-17 show MtBE 

concentrations in the 11 selected PWS between 2000 and 2006. These PWS were selected 

because they had sufficient numbers of detections over the years of interest (at least 4 years 

including 2 years after the MtBE ban), and some of the detections were above 13 µg/L.  
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The Mann-Kendall Trend Test was used to determine if there were statistically significant  

(90% confidence level) decreases in MtBE concentrations in the 11 selected PWS. Four of the 

eleven PWS (CT1020092, CT1600513, CT0420024, and CT0180614) exhibited a statistically 

significant downward trend in MtBE concentration. These PWS had higher MtBE concentrations 

before 2004 than after 2004, but after 2004, the MtBE concentrations in these wells appeared to 

stabilize at detectable levels. In the case of CT 1020092, concentrations of MtBE appeared to 

stabilize at levels near or exceeding 13 µg/L after 2004. One PWS (CT0450011) exhibited a 

statistically significant upward trend in MtBE concentration after 2004. The other five PWS 

(CT0380094, CT1680011, CT1059193, CT1180332, and CT0189743) did not exhibit significant 

trends either up or down. Details on the Mann-Kendall Analysis are provided in Appendix D. 

These varying trends suggest that if similar conditions exist between Connecticut and  

New Hampshire, an MtBE ban is unlikely to reduce MtBE concentrations in existing PWS with 

MtBE concentrations exceeding the New Hampshire drinking water standard to below the 

standard in the short term, i.e., less than 2 years. 

Based on review of the MtBE data from Connecticut PWS data, and making a broad assumption 

that New Hampshire PWS will react similarly to Connecticut PWS following an MtBE ban,  

WESTON anticipates the following: 

 Within 2 years, it is likely that there will be some decrease in the number of new 
detections of MtBE contamination in PWS wells per year, as compared to the 
previous 3 to 4 years. 

 Median state-wide MtBE concentrations in PWS wells that were already 
contaminated before the ban are not likely to show significant decreases in the first  
2 years after the ban. 

 The MtBE concentration trends in individual PWS wells that were contaminated 
before the ban are not likely to be predictable in the first 2 years following the ban.  

 Median detected MtBE concentrations for transient PWS will likely be higher than 
for other categories of PWS in the absence of a regulatory requirement for routine 
sampling.  

These assumptions are not based on any detailed analyses, but are based upon certain 

similarities between the two states, including climate and general geologic conditions. 



 

 

SECTION 5 
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5. REVIEW OF MtBE ASSESSMENT AND REMEDIATION RULES  
AND PRACTICES IN NEW HAMPSHIRE 

After the results of the Phase I Statewide MtBE Risk Analysis were compiled, WESTON 

proposed to further evaluate the management of MtBE release sites in New Hampshire. This part 

of the study included a review of NHDES' rules and policies used to address releases of 

petroleum products. In addition, a meeting between representatives of the NHDES  

Waste Management Division (WMD) and Water Division (WD) and WESTON was held to 

review rules and policies and discuss issues such as coordination between WMD and WD staff 

and the possible need for additional MtBE site characterization and groundwater remediation.  

During the performance of the detailed PWS well investigations for the Phase I study, WESTON 

reviewed NHDES files for dozens of remediation sites. In addition, WESTON evaluated six of 

the remediation sites in more detail. Although the sample group was small, WESTON observed 

some similarities within the group which may be indicative of something more widespread and 

which were consistent with the more numerous remediation sites reviewed in less detail.  

One of the key observations was that often complete delineation of groundwater contaminant 

plumes in all three dimensions was not achieved. This sometimes resulted in establishment of a 

groundwater management zone (GMZ) boundary that did not entirely encompass the volume of 

water exceeding drinking water standards. In addition, deeper groundwater in bedrock was rarely 

investigated. WESTON also observed instances in which potential receptors, including PWS 

wells, in the vicinity of the remediation site were not always identified during initial 

investigations. Finally, the overall remediation approach in many cases was to remove 

contaminated soils and then rely on natural attenuation to address groundwater contamination. 

While this approach was typically effective for petroleum hydrocarbons such as BTEX, it was 

not as effective for MtBE. 

To evaluate whether these findings were consistent with NHDES rules, WESTON reviewed the 

New Hampshire Code of Administrative Rules for addressing petroleum-impacted sites 

including Env-Wm 1403, Groundwater Management and Groundwater Release Detection 

Permits, and Env-Wm 1600, Standards for Reporting and Remediation of Oil Discharges, which 
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were in effect during Phase I of the Statewide MtBE Risk Analysis. WESTON also reviewed  

the current rules in Env-Or 600, Contaminated Site Management, which were adopted in  

February 2007. WESTON observed that the regulations provide fairly thorough and complete 

instructions for addressing gasoline release sites that, if followed, would be expected to be 

effective. Timelines and easy to follow cleanup procedures are included in Env-Wm 1403  

and 1600, as well as Env-Or 600, for sites from the time of discovery through closure.  

WESTON’s review of remediation sites during Phase I of this study indicates that strict and 

complete adherence to these rules is not consistently achieved. For instance, Env-Wm 1603.07 

stated that a responsible party is required to provide NHDES, within 60 days of obtaining 

knowledge of the discharge, a list of all properties located within 500 ft of the site that are 

serviced by water supply wells. Also Env-Wm 1403.14 stated there shall be no violation of 

groundwater quality criteria outside the boundary of the groundwater management zone, which 

as noted above was not always the case for the remediation sites reviewed. Strict adherence to 

the published rules would mitigate many of the issues brought to light during the Phase I study.  

The superseded rules in Env-Wm 1600 allowed for the potential of incomplete delineation of 

groundwater contamination. Env-Wm 1605.01 stated the site investigation shall determine the 

source, nature, location, and full extent of contamination, however, Env-Wm 1605.06 stated that 

while the site conceptual model must depict the lateral and vertical extent of soil contamination, 

it need only depict the lateral distribution of groundwater contamination. The high solubility of 

MtBE and low affinity for organic carbon allows it to travel at nearly the same rate as 

groundwater flow, resulting in an MtBE plume which typically extends beyond the BTEX 

plume. These physical/chemical characteristics also allow MtBE to more easily migrate into the 

deeper regions of overburden and/or bedrock aquifers, depending on mixing and vertical 

hydraulic gradients. (Johnson et al., 2000).  

The above-mentioned problem of incomplete delineation of groundwater contamination was 

corrected in the new Env-Or 600 rules. Rule Env-Or 606.07 requires preparation of a 

contaminant distribution map to depict the vertical extent of both soil and groundwater 

contamination at the release site.  



Phase II Report 
Statewide Methyl Tertiary Butyl Ether 
Risk Analysis for The State of New Hampshire 
 

G:\PROJECTS\20111010\002\PHASE II\PHASE II.DOC  1 MAY 2008 

 5-3 

At many of the remediation sites that were reviewed during Phase I, the vertical (and sometimes 

horizontal) migration of MtBE in groundwater at and from the site was not addressed initially. 

The typical method of assessing the potential significance of vertical migration was to sample 

water supplies in the immediate vicinity of the contaminated site. If water supply impacts were 

not observed, expensive vertical profiling was not done. In addition, reviewing remediation site 

files indicated that there were times that the consultant’s conceptual model for the remediation 

site assumed that the direction of groundwater flow in the bedrock mimicked the direction of 

flow in the overburden when this, in fact, was not the case. This assumption led to the incorrect 

conclusion that a bedrock water supply well located upgradient with respect to overburden 

groundwater hydraulic gradients was not a potential receptor. Depending on local conditions, it 

is also possible that an active water supply well may reverse the hydraulic gradients in bedrock 

fractures that would occur under non-pumping conditions, thus changing groundwater flow 

direction. Therefore, delineating the contaminant plume only in the overburden, ignoring the 

bedrock aquifer, may not necessarily be sufficient to estimate the location or total extent of 

groundwater contamination, nor to ultimately identify and protect potential receptors.  

Extensive three-dimensional plume delineation is not always conducted because the depth to 

bedrock in the New Hampshire is generally very shallow, bedrock subsurface investigations are 

expensive, and groundwater flow in bedrock fractures is often unpredictable and difficult to 

assess. However, in a state where the majority of the population obtains drinking water from 

water supply wells constructed within bedrock (NHDES, 2007), the investigation and 

remediation of MtBE plumes in bedrock may be important to protect both public and private 

drinking water supplies.  

5.1 RECOMMENDATIONS 

There are three general approaches to preventing people from ingesting MtBE via drinking 

water:  1) prevent releases of MtBE; 2) remediate MtBE after it has been released and before it 

reaches drinking water wells; and 3) remediate MtBE at the drinking water wellhead. It was 

beyond the scope of this study to compare the costs and benefits of these three approaches; 

however, it is generally accepted that prevention of groundwater contamination is least 

expensive, remediation before contamination reaches drinking water wells is intermediate in 
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cost, and treatment at the wellhead is most expensive. There are also complicating factors such 

as who should pay. New Hampshire has gone from primarily using approach #3 (treating at the 

wellhead) to approach #1 (banning MtBE). While the legacy of past MtBE releases remains  

(see Sections 2 through 4), it may be cost-effective to use approach #2 in more cases than is 

being done today. 

It appears that many of the issues discovered during Phase I of the Statewide MtBE  

Risk Analysis have been addressed in the new Env-Or 600 rules. Adherence with these rules in 

practice will be key, as indicated in our first two recommendations below, in fully characterizing 

the extent of contamination. 

Based on review of the current remediation rules and practices, as well as discussions with 

representatives of NHDES, additional recommendations are offered to help ensure that all 

potential receptors near MtBE release sites are identified and that the necessary remediation is 

implemented to prevent impacts to water supply wells in more cases. These recommendations 

could be developed into policies for implementing the current rules as they apply to MtBE 

release sites in New Hampshire:  

1. Require three-dimensional characterization and delineation of MtBE in soil and 
groundwater. Since MtBE is generally at the leading edge of a petroleum product 
plume and migrates almost as rapidly as groundwater flow, the direction of flow at a 
site should be thoroughly investigated. This investigation should include the 
evaluation of vertical as well as horizontal groundwater flow components which will 
indicate whether the deeper overburden or bedrock aquifer may be impacted.  
Three-dimensional characterization is more critical for MtBE than for petroleum 
hydrocarbons, which are less mobile. In some instances where water supplies are at 
risk, it may be prudent to expand the site investigation to evaluate the bedrock aquifer 
regardless of the observed vertical gradients. These instances may include, but are not 
limited to, scenarios where there are sensitive receptors such as bedrock drinking 
water wells in close proximity to the site, releases in areas of shallow bedrock  
(<15 ft to bedrock surface), or releases at or near USTs which required the blasting 
and removal of bedrock for installation. It is important to keep in mind that bedrock 
drinking water wells can tend to exert a downward hydraulic gradient on overlying 
overburden groundwater. 

2. Delineate GMZs more accurately. Site owners and consultants are often reluctant to 
investigate contaminant migration off-site. However, contaminant plumes do not 
respect property boundaries, and off-site investigation may be required to properly 
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delineate the plume. This is especially the case for gasoline station sites which are 
typically very small in area and therefore off-site investigation may be necessary to 
delineate the GMZ. If the GMZ boundaries have not been or can not be established, 
conservative assumptions should be made regarding whether nearby drinking water 
wells are within the GMZ or are potential receptors. 

3. Ensure that all receptors, especially drinking water wells, are identified. To help 
ensure that an adequate evaluation of all potential receptors is performed, it is 
recommended that NHDES require a list of the sources checked and the methods 
employed by the consultant to identify receptors in the site investigation report.  
To locate private water supplies, consultants should be advised to review tax maps 
and PWS distribution system maps in an effort to identify developed lots that are not 
tied into the public water distribution system and therefore would be likely to have a 
private well. It is important to keep in mind, however, that some water distribution 
systems do not require that everyone connect, so private wells can be present even in 
an area served by a municipal water system. New well construction reporting 
requirements for environmental investigation and water well drillers that will be put 
into effect in December 2007 will help ensure that locations of all new private and 
public wells are documented and can be easily identified. Rule Env-Or 600 reduces 
the problems associated with changing site surroundings by requiring annual  
re-evaluation of undeveloped properties to ensure that no new water supplies have 
been developed.  

4. Improve communication and coordination between the WMD and the WD. At the 
meeting with NHDES, it was noted that for larger PWS systems, the WMD and the 
WD coordinate well, but that this is not so much the case for smaller PWS systems.  
A mechanism should be developed for improved sharing of information on new and 
existing remediation sites, as well as on new and existing water supply wells. The 
WD should have the opportunity to provide input on MtBE release site response 
actions, and conversely, WMD should have the opportunity to provide input 
regarding the siting of new public drinking water wells.  

To facilitate communication, it is recommended that interdepartmental liaisons be 
appointed in both the WD and the WMD. When a new PWS well is being sited, the 
WD should be required to notify the WMD liaison, so that a WMD staff member can 
be assigned to investigate whether any wastes sites could have a potentially negative 
impact on the water supply. Conversely, when a new release is discovered, or new 
waste facility is being permitted, the WMD should be required to notify the WD 
liaison who can assign a staff member to determine if there are any anticipated 
impacts to water supplies. Procedures should be put in place to ensure that, at a 
minimum, notification of the interdepartmental liaisons is performed. In both 
scenarios a simple signature of notification may be sufficient indicating that the other 
department was notified and/or approves. However, some sensitive situations may 
warrant interdepartmental meetings to discuss issues, such as how aggressively 
release sites are remediated if there appears to be an imminent hazard to a nearby 
well.  
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5. Speed up the MtBE assessment and remediation process. Getting to the remediation 
phase sooner will mean that the MtBE contaminant plume has not spread as much, 
thereby reducing ultimate costs. Consideration should be given to shortening the 
required time frame of response actions if an MtBE release site is located within a set 
distance of a bedrock water supply well, regardless of whether or not the well appears 
to be hydraulically downgradient or whether or not it has been impacted. Response 
actions could also be expedited if overburden drinking water wells are located within 
a set distance of the release in the downgradient or side-gradient directions. Better 
and faster site characterization will result in lower costs due to the implementation of 
fewer phases (with correspondingly fewer mobilizations). Investigative methods that 
provide more data for less cost in a shorter time frame should be used where 
appropriate. High quality data are necessary to quantify risks and demonstrate 
compliance, but lower cost innovative investigative methods that provide more but 
lower quality data may be useful for initial site characterization and plume 
delineation. For example, depth discrete groundwater sampling with on-site analysis 
using a portable gas chromatograph is one approach for potentially more rapid  
three-dimensional plume delineation.  

6. Evaluate potential groundwater impacts. At sites where the contamination source 
(e.g., leaking UST and associated contaminated soil) has been removed without 
encountering groundwater, at least one groundwater sample should still be collected 
and analyzed to determine whether groundwater has been impacted. Groundwater 
elevations vary seasonally, and groundwater may have come into contact with 
contaminated soils at previous times even if the contaminated soil is dry at the time of 
excavation. Furthermore, it is possible that MtBE leached out of the soil and into 
groundwater over time; in these cases, lack of detection of MtBE in soil is not a 
reliable indication that MtBE would not be detected in underlying groundwater. 
Finally, preferential pathways in soils (e.g., cracks in clay) may exist that can transmit 
contamination to underlying groundwater and which may not be visually apparent 
during excavation of the soil.  

7. Consider requiring sampling transient PWS wells at gasoline stations. This will help 
identify MtBE and other gasoline constituent releases at these facilities earlier so that 
they may be remediated sooner and thus at lower cost. 

8. Increase enforcement. Enforcement or the threat of enforcement is needed in some 
cases to ensure that site owners comply with prescribed time frames for conducting 
response actions to MtBE releases. Administrative fines or other penalties could be 
imposed for non-compliance.  

9. Increase funding. It is anticipated that the total costs to respond to the MtBE legacy 
will ultimately be reduced by implementing the above recommendations. However, in 
doing so, costs may well be higher in the near term, but result in significant cost 
savings in the long term. Plumes that are allowed to grow and contaminate more 
drinking water wells will ultimately end up costing more to remediate. To implement 
the above recommendations, increased funding will be needed in the short term. Even 
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with increased funding, periodic re-evaluation of sites and the risks they pose should 
be used to focus and prioritize the available funding to maximize MtBE risk 
reduction.  
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6. MOTOR VEHICLE SALVAGE YARDS – REVIEW AND 
RECOMMENDATIONS 

The risk of MtBE contamination of groundwater at and around salvage facilities, also commonly 

referred to as MVSYs or automobile recycling facilities, has become a major concern in recent 

years. A number of MVSYs have been identified as remediation sites with significant MtBE 

contamination of both on-site and surrounding drinking water wells. In an effort to deal with 

some of the problems associated with MVSYs, New Hampshire developed the Green Yards 

program to work with motor vehicle recyclers to improve environmental practices at these 

facilities. 

During the Detailed Studies portion of the Phase I MtBE Statewide Risk Analysis, WESTON 

observed properties within the wellhead protection areas of some PWS wells which appeared to 

be MVSYs due to the presence of numerous end-of-life vehicles (ELV). However, upon further 

investigation into NHDES and local municipal files, it was determined that some of these 

properties were not classified as MVSYs. Due to these findings and because ELVs are likely to 

contain/leak MtBE-containing gasoline and waste oil for some time after the ban, and therefore 

continue to pose a risk to drinking water wells, WESTON recommended additional investigation. 

Accordingly, WESTON reviewed tracking and operational requirements for facilities handling 

ELVs to determine whether changes in operational procedures or regulatory requirements were 

appropriate to reduce future risks. This investigation included the following: 

 Review of the online Green Yards program documentation. 

 Review of Revised Statutes Annotated Chapters 146, 236, 259, and 261 indicated in 
the “Partial List of Regulations” on the Green Yards program webpage. 

 Email correspondence, telephone conversations, and interview with  
Pamela Hoyt-Denison in the NHDES WMD. 

 Review of OneStop MVSYs and remediation site information. 

The online information indicated that a facility is classified as a MVSY if it processes more than 

12 ELVs per year or if it stores 25 or more ELVs for more than 60 days. Documentation also 

indicated that local municipalities are responsible for the identification and licensing of MVSYs. 
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WESTON also reviewed MVSY Best Management Practices (BMP) posted on the website.  

The BMPs cover many topics including vehicle fuel tank and filters, vehicle crushing, 

underground and aboveground storage tanks, spill prevention and response, dismantling and 

storing ELVs, recovered fuels, and floor drains. WESTON found the BMPs to be clear and easy 

to follow, with good suggestions on how to conserve vehicle fluids and properly handle ELVs.  

If these BMPs were followed properly, the risk of MVSY operations contaminating groundwater 

with MtBE would be greatly reduced. 

Ms. Hoyt-Denison provided information on MVSY identification and monitoring. She indicated 

that the current MVSY database which is included in OneStop (which designates MVSY 

location and identification) was compiled in late 2002. An information request had been mailed 

to 400 possible MVSY facilities in the state, resulting in the identification of approximately  

180 facilities. NHDES representatives inspected these facilities in 2005 and 2006. Of the  

180 facilities, at least 75% were found to be out of compliance with one or more applicable 

regulations or BMPs. Approximately 48 are currently, or have been, in the remedial phase. Of 

these 48 facilities, approximately 12 to 15 were identified as requiring remediation as a result of 

these inspections. The inspections also resulted in the delisting of approximately 40 facilities 

which did not meet the state’s definition of a MVSY; some of these fell into another category 

such as auto-body shops, towing facilities, or private collections.  

Legislation passed into law in January 2007 amended the local licensing procedures to require 

the annual renewal of MVSY licenses in April of each year. In addition, the procedures require 

the applicant to sign a statement saying that the operator is complying and will continue to 

comply with all BMPs. NHDES is hopeful that this new legislation will increase the regulatory 

compliance of MVSYs as well as municipal oversight.  

As a follow-up to the inspections performed in 2005 to 2006 and the 2007 legislation, NHDES 

mailed a request to municipalities asking for lists of facilities that were granted licenses in  

April 2007. As of September 2007, NHDES was still waiting for responses from approximately 

35% of the municipalities and anticipated that additional facilities would be identified.  

Ms. Hoyt-Denison said she expected a total of approximately 200 MVSYs to be included in the 

program. 



Phase II Report 
Statewide Methyl Tertiary Butyl Ether 
Risk Analysis for The State of New Hampshire 
 

G:\PROJECTS\20111010\002\PHASE II\PHASE II.DOC  1 MAY 2008 

 6-3 

Ms. Hoyt-Denison indicated that the most notable problem with MVSYs and similar facilities is 

non-compliance with BMPs. Many operators are quick to make corrections to come into 

compliance with BMPs after being cited for non-compliance, but others are not. Even though 

BMPs are enforceable, the inspection process is problematic because the 2007 legislation does 

not give municipalities the right to perform inspections. According to Ms. Hoyt-Denison, there 

are currently only two NHDES employees that are tasked with inspecting MVSYs throughout 

the state, and these duties are coupled with inspections of all transfer stations, landfills, 

incinerators, and other solid waste facilities.  

The current list of MVSYs included on the OneStop website consists of the approximately  

180 MVSYs identified in 2002. NHDES personnel are currently in the process of compiling a 

new database of MVSYs based on information from the 2002 survey, 2005 to 2006 inspections, 

and 2007 responses from municipalities. When completed, the OneStop website will be updated 

with the more current database.  

The fact that 48 MVSYs are remediation sites is evidence that MVSYs are a source of 

contamination. While NHDES’s efforts to manage MVSYs are laudable, increased identification 

and management of MVSYs is recommended to reduce the risks of MtBE contaminating 

drinking water wells. Based on the above review, WESTON recommends the following to 

reduce these risks: 

 A clearer and more inclusive definition of MVSY would be helpful. This definition 
should account for variability in the number of ELVs stored at the site over time. 
Consideration should be given to including some garages, auto body shops, private 
collections, and junk motor vehicle dealers in this category. 

 To ensure more consistent management of MVSYs from municipality to 
municipality, licensing/permitting should involve the state. Require a copy of each 
application be sent to NHDES before a license/permit can be granted. This would 
result in NHDES being notified of every facility requesting licensure. However, this 
will continue to require that municipalities be critical in identifying the existence of 
unlicensed MVSYs.  

 The annual licensing process should include inspection to verify compliance with 
regulations and BMPs. One inspection every few years is not sufficient to ensure that 
all BMPs are consistently being followed. Unscheduled inspections approximately 
annually are recommended. 
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 The MVSY information on OneStop should be updated at least annually.  

 The annual licensing process for MVSYs should include the identification of nearby 
water supply wells and evaluation of potential risks of contamination. Consideration 
should be given to establishing minimum distances between a MVSY and any water 
supply well that would invoke a groundwater monitoring requirement at the MVSY.  

 To adequately track, inspect, and enforce compliance with regulations and BMPs at 
MVSYs, additional NHDES staff should be assigned, and funding should be 
increased appropriately. WESTON estimates that an increase in approximately two 
full time NHDES staff would be necessary to adequately meet the effort necessary for 
these tasks. 

 NHDES should revise its guidelines to municipalities in permitting MVSYs to 
include those recommendations listed in this section. 
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7. THREE DIMENSIONAL MTBE PLUME INVESTIGATION 

NHDES requested that WESTON perform a subsurface investigation at the site of the  

Griffin Well, one of the water supply wells for the City of Dover. This site was of interest 

because MtBE had been detected in a nearby groundwater monitoring well and there was 

concern that an MtBE plume may be migrating toward the Griffin Well, potentially impacting it 

at some time in the future. The Griffin Well is located near three potential sources of 

contamination: a metal recycling facility that processes ELVs, a closed industrial landfill, and a 

gravel pit that has been excavated to within less than 4 ft of the water table. Another reason this 

site was selected was because it provided an opportunity to evaluate the behavior of an MtBE 

plume in a deep overburden aquifer.  

The Griffin Well is screened in a sand and gravel aquifer at a depth of 84 to 114 ft below ground 

surface. Monitoring wells located on adjacent properties did not provide a clear understanding of 

the nature and extent of the MtBE plume because most were screened at shallow depths, and it 

appeared that there may be a “diving plume” passing beneath some of the shallower monitoring 

wells. To evaluate this hypothesis, WESTON installed a cluster of five micro-wells at varying 

depths at a location approximately 300 ft upgradient of the Griffin Well. The 10-foot-long 

screened intervals of these wells spanned the total saturated thickness of the aquifer, which was 

approximately 60 ft, and overlapped the screened interval of the Griffin Well. 

The five newly installed micro-wells and five existing monitoring wells on the adjacent 

properties were sampled as part of this investigation. The results of the investigation indicated 

that concentrations of MtBE generally increased with depth, and that the MtBE plume was 

apparently passing beneath some of the shallower monitoring wells. The MtBE and TBA were 

observed in the micro-wells at concentrations approaching their drinking water standards of  

13 and 40 µg/L, respectively. Based on calculated seepage velocities, it is estimated that these 

contaminants could impact the Griffin Well within approximately 2 years, under current 

pumping conditions. This estimate is based on the assumption that very little natural attenuation 

will occur to reduce MtBE concentrations in the 300 ft between the micro-wells and the  

Griffin Well. The full investigation report is provided as Appendix E. 
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8. PHASE II STATISTICAL MODELING 

During Phase I of the Statewide MtBE Risk Analysis, the University of New Hampshire (UNH) 

Department of Mathematics and Statistics was subcontracted to WESTON to perform statistical 

analyses on the data generated from queries of a comprehensive database constructed by 

WESTON. The comprehensive database was compiled from various databases throughout the 

state, including all of the sources listed in Table 8-1. Detailed information on the Phase I 

statistical analysis performed by UNH can be found in the Final Phase I Report  

(WESTON, 2006). The PWS wells included in the Phase I statistical analysis did not include 

transient wells. Transient wells represent 1,392 of the 3,264 currently active PWS wells in  

New Hampshire. However, transient wells were excluded from the Phase I analysis because 

limited analytical data are available for these wells since there is no regulatory requirement to 

monitor them for VOCs on a regular basis.  Even if they are known to be contaminated, there is 

no rule requiring regular sampling for VOCs. Since typically only contaminated transient wells 

are sampled on a voluntary basis, the transient well data that were available would likely have 

skewed the data analysis. Wells that were previously only sampled as part of a blended water 

system (hereafter referred to as “blend only” wells) were also not included in the Phase I 

statistical analysis. These wells were excluded because the water quality of the individual wells 

could not be distinguished from the blended samples that were analyzed.  

The Phase I effort utilized multivariate statistical modeling to identify combinations of 

parameters related to the wells that were statistically correlated with a higher incidence of MtBE 

contamination. The original purpose of the Phase II statistical analysis was to use the statistical 

models constructed during Phase I to identify transient wells and blend only wells that were at 

increased risk of being contaminated with MtBE. However, when the data were compiled for the 

transient and blend only wells, it was discovered that the available data for these wells were 

much more limited than the original Phase I data set. The Classification and Regression Tree 

Models, and Stepwise Logistic and Linear Regression Models created for Phase I could not be 

applied to the Phase II data because there were too many missing variables in the Phase II data 

for the models to be effective. UNH then attempted to use a different model, the  

Random Forest Classification/Estimation and Prediction Model, on the Phase II well data since it 
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was better able to handle the missing variables. The Phase I data were used to construct the 

Random Forest Model and to identify the variables associated with high risk of MtBE 

contamination. Several attempts were then made to apply the Random Forest Model to the  

Phase II data. The detailed report of the Phase II modeling is included in Appendix F. 

After several attempts, UNH was able to develop a model using only 10 predictor variables.  

(For comparison, the Phase I models had up to 124 predictor variables that were found to have 

some level of statistically significant effect on the prediction of MtBE in PWS wells.) Based on 

the Random Forest Model, a list of the 32 transient and blend only wells with the highest 

probability of being contaminated with MtBE was produced. A review of OneStop data was then 

performed for the wells on this list to decide if any of these wells should be sampled. Some were 

blend only wells that were in systems that had already been identified as having detections of 

MtBE, while others were transient wells that did not appear to be associated with any logical risk 

factors. The Random Forest Model was effective in identifying the blend wells at risk, but 

because the model was developed using data from non-transient wells, it appears that it did not 

effectively predict risks for transient wells. To effectively predict risk for transient wells, data 

from other transient wells would be the most valuable.  

Many transient wells are associated with service stations and convenience stores, where gasoline 

is stored in USTs in the proximity of the well. NHDES does not identify a separate category of 

PWS wells for service stations/convenience stores, so there is no official count of how many 

transient wells are associated with these types of facilities. However, NHDES personnel are 

aware of 115 such PWS wells in New Hampshire. Because the statistical modeling was unable to 

effectively identify transient wells at high risk, it was decided to further evaluate risks to 

transient wells by collecting samples from transient wells that were collocated on, or adjacent to, 

the same property as USTs, as this was a logical high risk category. The sampling of selected 

transient wells is discussed in Section 9. 
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9. SAMPLING OF TRANSIENT WELLS AT  
RISK OF MtBE CONTAMINATION 

The Phase I Statewide MtBE Risk Analysis evaluated risks to community and NTNC PWS wells 

in New Hampshire. Transient wells were not evaluated in the Phase I Analysis because sampling 

for MtBE or other VOCs is not required for transient wells. Hence, minimal data were available. 

In general, MtBE data are only available for transient wells where VOC contamination has been 

discovered as the result of a petroleum release and where the ODD Fund or another petroleum 

program is paying for the monitoring of the well.  

WESTON attempted to use the statistical model developed during Phase I for the community and 

NTNC wells to predict risks to transient wells, but found that the model was not easily adaptable 

for use on the transient well data. This is discussed in more detail in Section 8. 

Factors which statistically increased the risk or likelihood of MtBE impacts to a community or 

NTNC PWS well were identified during Phase I. One of the high risk factors identified was the 

distance to the nearest UST. Since the Phase I statistical model was not effective in screening 

transient wells for risk of MtBE contamination, it was decided to select a set of transient wells 

that were in the proximity of USTs for sampling and analysis. NHDES prepared a list of  

33 transient wells at various locations throughout the state where wells and USTs were 

collocated on the same or adjacent properties. These wells were located at gasoline service 

stations, restaurants, and convenience stores. No analytical data were available for any of these 

wells. WESTON chose proximity to UST rather than proximity to LUST or remediation site 

(which were found to be stronger risk factors in the Phase I study), because wells at LUST or 

remediation sites would have MtBE data available. The intent was to evaluate new locations for 

which no MtBE data were yet available. The locations of the wells selected by NHDES for 

sampling are shown on Figure 9-1 and a listing of these wells is provided in Table 9-1.  

Prior to sampling, WESTON reviewed information provided by NHDES to determine what 

treatment systems, if any, were present at each transient well to ensure that raw rather than 

treated water samples would be collected. The information reviewed indicated that no treatment 

systems were present on any of the selected transient wells. However, during the sampling of 
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well 1808010-001, WESTON personnel noted the presence of a granular activated carbon  

point-of-entry (POE) treatment system. WESTON was able to bypass the POE system and 

collect a raw sample at this location. Upon further investigation, WESTON discovered that this 

property is currently listed as a LUST project on the OneStop website (Site #199602026) and 

that periodic groundwater and drinking water monitoring is performed at the site PWS well and 

surrounding residential drinking water wells.  

Samples were collected between 6 September and 10 September 2007. WESTON obtained 

verbal approval from facility owners, managers, or employees prior to collecting any samples. 

On-site personnel gave WESTON permission to collect drinking water samples from 22 of the 

33 wells. Personnel at the remaining 11 facilities refused. This information is summarized on 

Table 9-1.  

Samples were collected directly into pre-preserved 40-milliliter glass vials from an inside faucet 

after running the water for approximately 10 minutes to purge the system. Following collection, 

the samples were packed in ice and delivered under chain of custody procedures to the NHDES 

Laboratory in Concord for analysis for MtBE and other VOCs by EPA Method 524.2.  

Laboratory analytical results indicated that MtBE was detected in six of the 22 transient wells 

sampled, or at approximately 27% of the locations. The two highest concentrations were reported 

in the sample collected from PWS wells 1808010-001 and 1278140-001, which exhibited 

concentrations at 19 µg/L and 6.3 µg/L, respectively. The PWS which exhibited concentrations 

above the Ambient Groundwater Quality Standard was the location where a POE treatment 

system was present. The other four PWS wells exhibited only trace levels of MtBE (<2.0 µg/L). 

The VOC Tertiary-Amyl-Ether was also detected in the sample collected from PWS  

well 1808010-001 at a concentration of 1.0 µg/L. The sample collected from PWS  

well 1798130-001 did not exhibit concentrations of MtBE above the laboratory detection  

limit, however, low levels of ethylbenzene (1.5 µg/L), isopropylbenzene (0.5 µg/L), and  

1,2,4-trimethylbenzene (0.6 µ/L) were detected in the sample. Laboratory analytical results are 

included in Table 9-2. The laboratory analytical data package has been included in Appendix G 

of this report.  
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10. CONCLUSIONS 

10.1 PURPOSE OF PHASE II 

The main purpose of Phase II of the Statewide MtBE Risk Analysis was to develop 

recommendations that would mitigate the risks to PWS in New Hampshire with respect to MtBE 

contamination. While Phase II was underway, a ban on the use of MtBE as a gasoline additive 

went into effect in New Hampshire on 1 January 2007. In light of this development, the first step 

in developing recommendations was to gain an understanding of potential continuing sources of 

MtBE that would remain after the ban, and the likely future fate of MtBE that had been used or 

released to the environment before the ban. Rules and practices relative to assessing and 

remediating existing MtBE release sites in New Hampshire were reviewed. The MVSYs were 

also identified as potential continuing sources, because ELVs are likely to contain/leak  

MtBE-containing gasoline and waste oil for some time after the ban. Efforts were taken to 

identify transient wells at high risk and sample and analyze groundwater samples from them for 

MtBE. To evaluate the fate of MtBE in the environment after the ban, WESTON reviewed 

information from other states where bans had been in effect for several years. Connecticut was 

considered to be of special interest because of its geology. The MtBE concentration trends in 

both monitoring wells at contaminated sites and in PWS were evaluated. 

10.2 MtBE LEGACY 

WESTON interviewed regulators in a number of states that had banned MtBE early on in an 

effort to locate studies evaluating the persistence of MtBE contamination in groundwater after an 

MtBE ban. Other than a PWS study in Connecticut, none were identified. Regulators and other 

knowledgeable individuals in states with earlier MtBE bans were interviewed to ask about their 

experience with the MtBE legacy to date. There was a range of opinions, but in general people 

interviewed generally expected MtBE to persist in permeable environments for perhaps  

5 to 10 years after instituting a ban, and to persist in less permeable and bedrock environments 

for perhaps 20 to 30 years after instituting a ban. 
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The nearby state of Connecticut was identified as having readily available MtBE groundwater 

data both before and after the ban, for both gasoline release sites and PWS. Using the 

Connecticut monitoring well data from gasoline station sites where no free product was 

observed, the average half-life of MtBE in the environment was calculated to be approximately  

7 months with a standard deviation of 2 months. Based on this half-life, a site with a starting 

MtBE concentrations as low as 100 µg/L would take on average 2 years to attenuate to 13 µg/L, 

and a site with an initial MtBE concentration of 10,000 µg/L would take on average 6 years to 

attenuate to 13 µg/L. Overall, the results of the study showed that within 2 years following the 

ban of MtBE in gasoline in Connecticut, concentrations of MtBE in groundwater at gasoline 

release sites showed a decrease at the majority of sites evaluated. However, MtBE concentrations 

at many locations still exceeded 13 µg/L. 

The review of Connecticut PWS MtBE data indicated that within 2 years of the ban, the number 

of new detections of MtBE contamination in PWS wells per year decreased. However, median 

state-wide MtBE concentrations in PWS wells that were already contaminated before the ban did 

not show significant decreases in the first 2 years after the ban.  

Based on review of the MtBE data from Connecticut PWS wells, and making a broad assumption 

that New Hampshire PWS wells will react similarly to Connecticut PWS wells following an 

MtBE ban, WESTON anticipates that within 2 years, the number of new detections of MtBE 

contamination in PWS wells per year will likely decrease. However, median state-wide MtBE 

concentrations in PWS wells that were already contaminated before the ban are not likely to 

show significant decreases in the first 2 years after the ban.  

10.3 REMEDIATION SITE RULES AND PRACTICES 

After a review of the current remediation rules and practices and discussions with WMD and 

WD representatives of NHDES, recommendations were developed to help ensure that all 

potential receptors near MtBE release sites are identified and that the sufficient assessment and 
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remediation is implemented to prevent impacts to water supply wells. These recommendations 

are summarized as follows: 

1. Require three-dimensional characterization and delineation of MtBE in soil and 
groundwater.  

2. Require more accurate delineation of GMZs, even if it involves off-site investigation.  

3. Ensure that all potential receptors, especially drinking water wells, are identified.  

4. Improve communication and coordination between the WMD and the WD.  

5. Shorten the required time-frame for both the MtBE assessment and remediation 
processes.  

6. Require evaluation of potential groundwater impacts at all MtBE sites regardless of 
whether or not groundwater is encountered during tank or other source removal.  

7. Consider requiring sampling and analysis of transient wells, particularly at gasoline 
stations.  

8. Increase enforcement of prescribed time frames for conducting response actions to 
MtBE releases.  

9. To implement the above recommendations, increased funding will be needed in the 
short term to minimize total MtBE response costs in the long term.  

10.4 MOTOR VEHICLE SALVAGE YARDS  

Based on WESTON’s review of MVSY data, 48 out of approximately 180 MVSYs in  

New Hampshire are remediation sites. The MVSYs are clearly potential sources of 

contamination and present risks to nearby water supply wells. Increased identification and 

management of MVSYs, with the State taking a larger role in licensing and enforcement, is 

recommended to reduce the risks of MtBE contaminating drinking water wells. A clearer and 

more inclusive definition of MVSY would be helpful, and annual inspections are recommended 

as a means to enforce compliance with regulations and BMPs. The annual licensing process for 

MVSYs should include the identification of nearby water supply wells, and consideration should 

be given to requiring groundwater monitoring at some high risk MVSYs. Increased funding and 

staffing will be required to implement these recommendations.  
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10.5 GRIFFIN WELL – THREE DIMENSIONAL PLUME INVESTIGATION 

NHDES requested that WESTON perform a subsurface investigation at the site of the  

Griffin Well, one of the water supply wells for the City of Dover. This site was of interest 

because MtBE had been detected in a nearby groundwater monitoring well and also because it 

provided an opportunity to evaluate the behavior of an MtBE plume in a deep overburden 

aquifer. WESTON installed a cluster of five micro-wells with screened intervals incrementally 

spanning the saturated thickness of the aquifer and overlapping the screened interval of the 

Griffin Well. The five newly installed micro-wells and five existing monitoring wells on the 

adjacent properties were sampled as part of this investigation. The results of the investigation 

indicated that concentrations of MtBE generally increased with depth, and that the MtBE plume 

was apparently passing beneath some of the shallower monitoring wells. The MtBE and TBA 

were observed in the micro-wells at concentrations approaching their drinking water standards of  

13 and 40 µg/L, respectively. Based on calculated seepage velocities, it is estimated that these 

contaminants could impact the Griffin Well within approximately 2 years, under current 

pumping conditions. 

The results of the Griffin Well investigation demonstrate the need for adequate  

three-dimensional characterization of remediation sites. Monitoring wells installed on the 

properties adjacent to the Griffin Well site to characterize remediation sites were too shallow to 

delineate the extent of MtBE contamination, allowing the plume to migrate dangerously close to 

the Griffin Well. The study also serves as a reminder that MtBE contamination may be on its 

way to some PWS wells that heretofore have not been contaminated, even though MtBE has 

been banned. 

10.6 PHASE II STATISTICAL MODELING 

The Phase II statistical modeling was originally intended to use the models developed during 

Phase I to predict potential high risk transient or unsampled wells that were part of a blended 

water supply. However, the data available for the transient wells were not as complete as for the 

non-transient wells evaluated during Phase I. The model was effective in identifying blend wells 

at risk, but because the model was developed using data from non-transient wells, and because 
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there was a large number of missing variables in the transient well data, the model did not 

effectively predict risks for transient wells. No new at risk blend wells were identified by the 

modeling. 

10.7 SAMPLING OF TRANSIENT WELLS 

Because the statistical modeling was unable to effectively identify transient wells at high risk, it 

was decided to further evaluate risks to transient wells by collecting samples from selected 

transient wells that were collocated on, or adjacent to, the same property as USTs, as this was a 

logical high risk category. On-site personnel gave WESTON permission to collect drinking 

water samples from 22 of the 33 wells. At the time this report was submitted to NHDES, sample 

results had not been received from the NHDES Laboratory.  

During the sampling of one well, WESTON personnel noted the presence of a POE treatment 

system and later found that this property is currently listed as a LUST site and sampling is 

conducted periodically. However, WD records for this PWS well did not identify it as having a 

treatment system or have any records of sampling and analysis. Better communication and 

transfer of information between the WMD and the WD would prevent these types of 

discrepancies in the records.  

10.8 SUMMARY OF RECOMMENDATIONS 

Based on WESTON’s review of data from states that implemented an MtBE ban several years 

ago, MtBE contamination will continue to be a problem in the State of New Hampshire for a 

number of years. In addition, new detections of MtBE in PWS will likely continue for at least the 

next few years, although the number of new detections each year will likely decrease.  

To minimize impacts to PWS wells in the upcoming years, aggressive response actions at known 

MtBE remediation sites is recommended, and increased attention should be directed to MVSYs. 

Overall, the recommendations in this Phase II Report can be summarized in the following five 

general recommendations: 

1. Require more comprehensive site characterization and delineation of contaminant 
plumes at MtBE sites, followed by more aggressive groundwater remediation. Due to 
its chemical properties, MtBE behaves differently in the environment than petroleum 
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hydrocarbons and therefore requires more comprehensive and timely response 
actions. 

2. Implement procedures for better definition, identification, inspection, licensing and 
enforcement of regulations and BMPs at MVSYs. 

3. Consider instituting a sampling program for transient wells. It is unclear whether the 
higher average and median MtBE concentrations in transient wells are due to the fact 
that they are typically only sampled when there is a reason to suspect contamination, 
or if they are in fact at a greater risk of becoming contaminated.  

4. Institute better communication and sharing of information between WMD and the 
WD to ensure that remediation site investigations identify all potential drinking water 
receptors, and to ensure that water supply owner/operators are aware of all the 
potential MtBE sources that threaten their wells. 

5. Procure sufficient funding and staff to implement the above recommendations, 
particularly with respect to managing MtBE remediation sites and MVSYs, in order 
to minimize the overall long-term costs of responding to MtBE. 
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Figure 3-1 
 

Dissipation of MtBE Concentrations at  
Gasoline Station Release Sites in Connecticut 
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Figure 4-1 
 

Number of PWS in Connecticut Reporting Detection of MtBE by Year 

 

 

 

 

 

 

 

 

Figure 4-2 
 

Number of Connecticut PWS Reporting the Detection of MtBE  
for the First Time In a Given Year 
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Figure 4-3 
 

Maximum Detected MtBE Concentrations in Connecticut PWS.  
(Detections greater than 10 mg/L in 2002 were corrected based on the assumption 

that data were incorrectly reported in mg/L instead of µg/L - see text). 
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Figure 4-4 
 

Number of Connecticut PWS Reporting MtBE  
Concentrations Greater Than 13 µg/L by Year 
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Figure 4-5 
 

Median Detected MtBE Concentrations in All Connecticut PWS  
Combined, Community PWS, and NTNC PWS by Year 
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Figure 4-6 
 

Median Detected MtBE Concentrations in Connecticut Transient PWS by Year  
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Figure 4-7 
 

MtBE Concentration Trend in Individual PWS CT0380094 
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Figure 4-8 
 

MtBE Concentration Trend in Individual PWS CT0450011 

CT0450011

0

0.004

0.008

0.012

0.016

0.02

Jul-98 Dec-99 Apr-01 Sep-02 Jan-04 May-05 Oct-06 Feb-08

Date

M
tB

E 
(m

g/
L)

 

 
 
 

Figure 4-9 
 

MtBE Concentration Trend in Individual PWS CT1020092 
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Figure 4-10 
 

MtBE Concentration Trend in Individual PWS CT1059193 
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Figure 4-11 
 

MtBE Concentration Trend in Individual PWS CT1180322 
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Figure 4-12 
 

MtBE Concentration Trend in Individual PWS CT1219093 
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Figure 4-13 
 

MtBE Concentration Trend in Individual PWS CT1600513 
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Figure 4-14 
 

MtBE Concentration Trend in Individual PWS CT1680011 
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Figure 4-15 
 

MtBE Concentration Trend in Individual PWS CT0189743 
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Figure 4-16 
 

MtBE Concentration Trend in Individual PWS CT0180614 
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Figure  4-17 
 

MtBE Concentration Trend in Individual PWS CT0420024 
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TABLES 



Table 8-1
MtBE Risk Analysis

Sources of Data

Database Source of Database Types of Data Obtained
Data 
Format

Safe Drinking Water Act 
(SDWA) Compliance 
Testing Analytical Data 

Water Supply Engineering 
Bureau - Laurie Cullerot

Analytical data, including MtBE, VOC, sodium, 
chloride, & nitrate concentrations. Tabular

Public Water Supply System 
Well Construction Data

Water Supply Engineering 
Bureau - Laurie Cullerot

Well depth, permitted production volume, 
yield, safe yield. Tabular

OneStop Database
Waste Management Division - 
George Hastings

Groundwater Hazard Inventory (aka 
remediation sties), Local Inventory of Potential 
Contaminant Sites, ASTs, USTs, Automobile 
Salvage Yards, Hazardous Waste 
Generators, NPDES Outfalls, Public Water 
Supply Wells, Wellhead Protection Areas, 
Water Well Inventory. GIS

GRANIT GIS Database

UNH Complex Systems 
Research Center - Fay 
Rubin/Jennifer Lingeman

Surficial & Bedrock Geology, Lineaments, 
Terrain, Air Photos, Roads & Trails, 
Railroads, Soils, Surface Water, Pipelines, 
Watershed Boundaries, Aquifers, Population 
Density, Wetlands Inventory, Floodplains, 
Roads, Watersheds, Land Use GIS

Well Completion Report 
Database

NH Water Well Board/NH 
Geological Survey - Rick 
Chorman/Derek Bennett

Well completion Report Data and approximate 
coordinates for approximately 33,000 public 
and private wells installed since 1984. Tabular

Water Use Database
NH Geological Survey - Rick 
Chorman/Derek Bennett

Monthly water usage for registered water 
users (> 20,000 gallons per day). Tabular

Underground Storage Tank 
Database

NHDES - Tom Beaulieu and 
George Hastings

Material stored, capacity, materials of 
construction, double containment, vapor 
recovery, date of installation. Tabular

NHGS Statewide Monitoring 
Well Network

NH Geological Survey - Rick 
Chorman/Derek Bennett

Monthly water level measurements in            
22 monitoring wells throughout the state. Tabular

Public Water Supply 
Assessment Database

Water Supply Engineering 
Bureau - Paul Susca/Laurie 
Cullerot

Assessments of the vulnerability of PWS 
sources to contaminant sources. Tabular

Sanitary Survey Database

Water Supply Engineering 
Bureau - Paul Susca/Laurie 
Cullerot

PWS system violations or deficiencies 
observed during NHDES site visits. Tabular

Precipitation Data
National Oceanicgraphic and 
Atmospheric Administration

Daily precipitation data at weather stations 
throughout the state. Tabular

Recreational Trail Maps
Department of Resources and 
Economic Development Locations of Recreational Trails in the State GIS

Zoning Maps
Regional Planning 
Commissions Local Zoning Maps GIS

Treatment Entities
Water Supply Engineering 
Bureau - Laurie Cullerot

Types of treatment processes used for public 
water supplies. Tabular
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Table 9-1

MtBE Risk Analysis
Transient Well Loctions

System ID Source PWS Name Address Address Sample Location Sample Date/Time Notes MtBE Result
0198130 001 MOBIL ON THE RUN 8 WHITE AVE BEDFORD NH 03110
0978020 001 DELAYS MARKET 783 FOREST RD GREENFIELD NH 03047 Downstairs Sink 9/6/07  1345 ND
0976030 001 CARBEES CORNER CNR OF RTE 136 AND SLIP RD GREENFIELD NH 03047 Kitchen sink 9/6/07  1405 No gas for 25 years ND
1998010 001 RINDGE COUNTRY CONVENIENCE 1116 RTE 119, CATHEDRAL RD RINDGE NH 03461 B-room sink 9/6/07  1455 0.6
0328070 001 BIG BEAR LODGE 106 RTE 13 BROOKLINE NH 03033 Upper bar sink 9/6/07  1545 ND
1568020 001 IRVING MAINWAY 792 ELM ST, RTE 101 MILFORD NH 03055 Hand sink at register 9/6/07  1615 ND
1468050 001 COBBLE POND FARMS RTE 113 MADISON NH 03849 Kitchen sink 9/7/07  1155 ND
2318080 001 MARKET IN THE PINES/MUNCES KNV 1517 WHITE MOUNTAIN HWY, RTE 16 TAMWORTH NH 03886 Hand sink 9/7/07  1130 ND
1848190 001 WATSONS GENERAL STORE 2345 WHITE MTN HWY, WEST OSSIPEE OSSIPEE NH 03890 B-room sink 9/7/07  1110 ND
1618370 001 ROBS GAS DEPOT 268 WHITTIER HWY MOULTONBOROUGH NH 03254
1168190 001 GOLDEN POND COUNTRY STORE SHEPARD HILL RD, JCT RTE 3 HOLDERNESS NH 03245
1948080 001 DUNKIN DONUTS TENNEY MTN HIGHWAY PLYMOUTH NH 03264
1698090 001 NEW HAMPTON IRVING ROUTE 104 NEW HAMPTON NH 03256
0888390 001 AIRPORT COUNTRY STORE 63 GILFORD EAST DR GILFORD NH 03246 Hand sink 9/7/07  0840 ND
0888380 001 GILFORD BIG APPLE STORE 4 COUNTRY CLUB RD GILFORD NH 03249
2398190 001 WAKEFIELD IRVING 18 WAKEFIELD RD, RTE 153 AND RTE 16 WAKEFIELD NH 03872 Hand sink 9/7/07  1255 0.6
1588080 001 MILLER BROOK MARKET 30 MAIN ST MILTON NH 03852
0088020 002 FOODSTOP INC 718 MAIN ST, RTE 11 ANDOVER NH 03216 Coffee sink 9/6/07  1035 ND
2518040 001 PARK N GO MARKET 18 ELKINS BUSINESS LOOP, OLD RTE 11 WILMOT NH 03287 Kitchen sink 9/6/07  1050 1.6
0378010 001 COBBLE POND FARM STORE 125 WEST RD CANTERBURY NH 03224 Kitchen sink 9/6/07  1145 ND
1408090 001 LOUDON BIG APPLE 1188 904 RTE 106 LOUDON NH 03301 Coffee sink 9/6/07  1220 ND
0148070 001 BARNSTEAD COUNTRY STORE 107 MAPLE ST BARNSTEAD NH 03225 B-room sink 9/6/07  0835 ND
1408060 001 Z1 EXPRESS 515 RTE 106S LOUDON NH 03307 ND
0048010 001 SUNCOOK RIVER CONVIENCE STORE 270 PINE WOOD RD ALLENSTOWN NH 03275 Hand sink 9/10/07  1455
0438010 001 SHAKER HEIGHTS PROF PLAZA 692 RAYMOND RD CHESTER NH 03036 Back sink 9/10/07  1230 ND
1938220 001 PLAISTOW PETRO KING 119 PLAISTOW RD, RTE 125 PLAISTOW NH 03865
1278140 001 MR MIKES MINI MART 13 37 MAIN ST KINGSTON NH 03848 Back sink 9/10/07  1140 6.3
2238070 001 STRATHAM IRVING 2 STRATHAM HEIGHTS RD, CNR OF PORTSMSTRATHAM NH 03885 Back hand sink 9/10/07  1100 ND
1688020 001 GREAT BAY CAMPING/STORE & DELI 60 RTE 108 NEWFIELDS NH 03856 Coffee sink 9/10/07  0935 0.7
0768070 001 ROSE COUNTRY VARIETY 353 CALEF HWY, ROUTE 125 EPPING NH 03042
1808010 001 LIARS PARADISE GENERAL STORE 118 STAGE RD, RTE 152 NOTTINGHAM NH 03290 Back sink 9/10/07 1010 POE system present MtBE (19 ug/L) TAME (1.0 ug/L)

1798130 001 NORTHWOOD IRVING RTE 4 AND 202 AND 9 NORTHWOOD NH 03261 Hand sink 9/7/07  1505
MtBE-ND (Ethylbenzene-1.5 µg/L, Isopropylbenzene-0.5 µg/L, 
1,2,4-trimethylbenzene-0.6 µg/L

0158130 001 BARRINGTON IRVING 143 RTE 9 BARRINGTON NH 03825

Notes:
Bold = Indicates sample was collected from this location.
POE = Point of entry filtration.
ND = Non-Detect
MtBE = Methyl tertiary Butyl Ether
µg/L = micrograms per liter

No sample - Per request of owner.

No sample - Per request of owner.

No sample - Need corporate permission

No sample - Per request of manager.

No sample - Need corporate permission

No sample - Need manager permission

No sample - Per request of owner.  

No sample - Need manager permission

No sample - Sampled last year during a property transfer.
No sample - Need owner permission
No sample - Need to contact ahead
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Table 9-2

MtBE Risk Analysis
Transient Well Results

System ID Source PWS Name Sample Date Sample Time MtBE Result
0978020 001 DELAYS MARKET 9/6/2007 1345 ND
0976030 001 CARBEES CORNER 9/6/2007 1405 ND
1998010 001 RINDGE COUNTRY CONVENIENCE 9/6/2007 1455 0.6 µg/L
0328070 001 BIG BEAR LODGE 9/6/2007 1545 ND
1568020 001 IRVING MAINWAY 9/6/2007 1615 ND
1468050 001 COBBLE POND FARMS 9/7/2007 1155 ND
2318080 001 MARKET IN THE PINES/MUNCES KNV 9/7/2007 1130 ND
1848190 001 WATSONS GENERAL STORE 9/7/2007 1110 ND
0888390 001 AIRPORT COUNTRY STORE 9/7/2007 0840 ND
2398190 001 WAKEFIELD IRVING 9/7/2007 1255 0.6 µg/L
0088020 002 FOODSTOP INC 9/6/2007 1035 ND
2518040 001 PARK N GO MARKET 9/6/2007 1050 1.6 µg/L
0378010 001 COBBLE POND FARM STORE 9/6/2007 1145 ND
1408090 001 LOUDON BIG APPLE 1188 9/6/2007 1220 ND
0148070 001 BARNSTEAD COUNTRY STORE 9/6/2007 0835 ND
0048010 001 SUNCOOK RIVER CONVIENCE STORE 9/10/2007 1455 ND
0438010 001 SHAKER HEIGHTS PROF PLAZA 9/10/2007 1230 ND
1278140 001 MR MIKES MINI MART 13 9/10/2007 1140 6.3 µg/L
2238070 001 STRATHAM IRVING 9/10/2007 1100 ND
1688020 001 GREAT BAY CAMPING/STORE & DELI 9/10/2007 0935 0.7 µg/L
1808010 001 LIARS PARADISE GENERAL STORE 9/10/2007 1010 MtBE (19 ug/L) TAME (1.0 ug/L)

1798130 001 NORTHWOOD IRVING 9/7/2007 1505
MtBE-ND (Ethylbenzene-1.5 ug/L, Isopropylbenzene-0.5 ug/L, 
1,2,4-trimethylbenzene-0.6 ug/L

Notes:
ND = Non-Detect  (<0.5 µg/L)
MtBE = Methyl tertiary Butyl Ether
µg/L = micrograms per liter

G:\PROJECTS\20111010\002\Phase II\Table 9-2 - Transient Well Results 1 of 1 5/1/2008



APPENDIX A 
 

EPA STATE MTBE BANS 



 February 2006 
 
 

G:\PROJECTS\20111010\001\Task 9000\Draft Phase II Report 9-24-07\Appendices\State MtBE Bans - App A.doc  1 

State Actions Banning MTBE (Statewide) 
 
The following states have either a partial or complete ban on MTBE (methyl tertiary-butyl ether). This list is updated when new information 
becomes available. For more information on MTBE, please visit the U.S. Environmental Protection Agency's (EPA's) Web site at 
www.epa.gov/mtbe. 
 
 

State 
(EPA 

Region) 

 
Phaseout date 

(in chronological order) 
 

Complete or partial ban? 
 
Applies to other oxygenates? 

 
Date of adoption 

 
IA (7) 

 
7/1/00 

 
Partial: no more than trace 
amounts (0.5% by vol.) MTBE 
in motor vehicle fuel. 

 
MTBE only 

 
5/11/00 Replaced previous 
limit of 2% (vol.) 

 
MN (5) 

 
7/2/00 (partial) 
7/2/05 (complete) 
 

 
Partial/then complete: no more 
than 1/3 of 1% oxygenate as of 
7/2/00; complete ban as of 
7/2/05. 

 
MTBE, ETBE1, and TAME2 
 

 
Early 2000 

 
NE (7) 

 
7/13/00  

 
Partial: no more than 1% (vol.) 
MTBE in any petroleum 
product. 

 
MTBE only 

 
4/11/00 

                                                 
1 ETBE stands for Ethyl tertiary butyl ether 

2 TAME stands for Tertiary amyl methyl ether 
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State 
(EPA 

Region) 

 
Phaseout date 

(in chronological order) 
 

Complete or partial ban? 
 
Applies to other oxygenates? 

 
Date of adoption 

 
SD (8) 

 
7/1/01  

 
Partial: no more than trace 
amounts (less than 0.5% vol.) 
resulting from commingling 
during storage or transfer. 

 
MTBE only 

 
2/28/01 
Replaced previous limit of 
2% (vol.) 

 
CO (8) 

 
4/30/02 

 
Complete ban by 4/30/02. 

 
MTBE only 

 
5/23/00 

 
CA (9) 

 
Originally12/31/02; 
delayed to 12/31/03 

 
Complete ban by 12/31/02, but 
latest Exec. Order requires 
CARB to implement by 7/31/02 
a one-year delay in ban. On 
7/25/02, CARB delayed the ban 
by 1 year. 

 
MTBE only 

 
10/9/99  
(Orig. E.O. issued 3/25/99; 
latest E.O. issued 3/15/02) 

 
MI (5) 

 
6/1/03 

 
Complete ban by 6/1/03; can be 
extended if determined by 
6/1/02 that phaseout date is not 
achievable. 

 
MTBE only 

 
6/26/00 

 
CT (1) 

 
1/1/04 

 
Complete ban by 1/1/04, 
planned in conjunction with 
NESCAUM regional fuels task 
force. 

 
MTBE only 

 
6/1/00 (Orig. phaseout date 
10/1/03; extended to 
1/1/04 on 6/18/03) 
 

 
NY (2) 

 
1/1/04 

 
Complete ban as of 1/1/04. 

 
MTBE only 

 
5/24/00 
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State 
(EPA 

Region) 

 
Phaseout date 

(in chronological order) 
 

Complete or partial ban? 
 
Applies to other oxygenates? 

 
Date of adoption 

 
WA (10) 

 
1/1/04 

 
Partial: may not be intentionally 
added to fuel, or knowingly 
mixed in gasoline above 0.6% 
(vol.) 

 
MTBE only 

 
5/10/01 

 
KS (7) 

 
7/1/04 

 
Partial: may not sell or deliver 
any motor vehicle fuel 
containing more than 0.5% 
(vol.) MTBE 

 
MTBE only 

 
4/19/01 

 
IL (5) 

 
7/24/04 

 
Partial: may not use, sell or 
manufacture MTBE as a fuel 
additive, but may sell motor fuel 
containing trace amounts of 
MTBE (0.5% or less by volume) 

 
MTBE only 

 
7/24/01 (original ban) 
revised 6/24/02 to allow 
trace amounts  

 
IN (5) 

 
7/24/04 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline   

 
MTBE only 

 
3/14/02 

 
WI (5) 

 
8/1/04 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline 

 
MTBE only 

 
8/11/03 

 
AZ (9) 

 
1/1/05 

 
Partial: no more than 0.3% (vol.) 
MTBE in gasoline 

 
 MTBE only 

 
5/11/04 

 
OH (5) 

 
7/1/05 

 
Partial: no more than 0.5% (vol.) 
MTBE in motor vehicle fuels 

 
MTBE only 

 
5/29/02 
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State 
(EPA 

Region) 

 
Phaseout date 

(in chronological order) 
 

Complete or partial ban? 
 
Applies to other oxygenates? 

 
Date of adoption 

 
MO (7) 

 
7/31/05 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline sold or stored 

 
MTBE only 

 
7/11/02 

 
KY (4) 

 
1/1/06 

 
Partial: no more than trace 
amounts of MTBE in fuel after 
this date 

 
MTBE only 

 
4/23/02 

 
MT (8) 

 
1/1/06 

 
Partial: no more than trace 
amounts of MTBE in fuel after 
this date 

 
MTBE only 

 
4/25/05 

 
ME (1) 

 
1/1/07 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline sold. 

 
MTBE only 

 
4/14/04 

 
NH (1) 

 
1/1/07 

 
Partial: no more than 0.5% (vol.) 
in gasoline sold or stored 

 
MTBE,other gasoline ethers, or 
tertiary butyl alcohol (TBA) 

 
5/10/05 

 
VT (1) 

 
1/1/07 

 
complete 

 
MTBE 

 
5/23/05 
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State 
(EPA 

Region) 

 
Phaseout date 

(in chronological order) 
 

Complete or partial ban? 
 
Applies to other oxygenates? 

 
Date of adoption 

 
RI (1) 

 
1/1/07 

 
partial: no more than 0.5% (vol.) 
MTBE and other oxygenates in 
gasoline 

 
MTBE & “other oxygenates-
methanol, Isopropanol,  
n–Propanol, N–butonal,  
sec-butanol, tert-butanol,  
tert-pentalol (tert- amylalcohol), 
Ethyl tert butyl ether (ETBE), 
disapropyl ether (DIPE),  
tert butyl alcohol (TBA),  
Iso-butanol, tertamylmethylene 
ether (TAME) 

 
7/6/05 

 
NC (4) 

 
1/1/08 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline 

 
MTBE only 

 
6/21/05 

 
NJ (2) 

 
1/1/09 

 
Partial: no more than 0.5% (vol.) 
MTBE in gasoline 

 
MTBE only 

 
8/18/05 

NOTES:   
(1)  Oxygenated Fuels Association (OFA) has challenged New York (NY) and California (CA) bans in court.  Status of these lawsuits is as 

follows:  
NY: On May 18, 2001, the U.S. District Court for the Northern District of NY denied OFA’s motion for summary judgment in the lawsuit 
challenging the NY ban. On 21 November 2003, the U.S. District Court for the Northern District of New York rejected OFA’s request to 
strike New York’s Ban. 
 
CA:On September 4, 2001, the U.S. District Court in Sacramento granted the State’s motion to dismiss, ruling that the federal CAA does not 
prohibit the State’s action to phaseout MTBE. In June 2003, the Ninth U.S. Circuit Court of Appeals upheld California’s state MTBE ban. 
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ABSTRACT 

Connecticut instituted a ban on MTBE in gasoline on January 1, 2004.  This study was 
conducted to evaluate if MTBE ground water contamination at gasoline stations in 
Connecticut has dissipated since the ban and, if so, at what rate. Statistical evaluations 
were performed using pre- and post-ban data for 22 gasoline stations (83 monitoring 
wells) representing a cross section of hydrogeologic conditions in Connecticut. Of the 22 
sites evaluated, 19 sites exhibited a decrease in mean concentration from pre- to post-ban 
data.  Twelve of the 19 sites showed a decrease that was statistically significant at the 90th 
confidence level.  Sixty-nine of the 83 wells, or 83 percent of the wells, exhibited a 
decrease in MTBE concentration when comparing the means of data before and after the 
ban.  When the last four post-ban data rounds were compared to all earlier data, 93 
percent of the wells showed a decrease in MTBE mean concentration.  Based on a Mann-
Kendall trend analysis, decreasing trends were determined to be statistically significant 
for 51, or 61 percent of the wells in the study. No trend was determined to exist at the 90th 
confidence level for 31 percent of the wells.  A statistically significant increasing trend 
was determined to exist for 6 of the 83 wells.  The data from wells exhibiting a decrease 
in MTBE since the ban (68 wells) were regressed using a first order rate function.  An 
average dissipation half life of 7 months was calculated.  
 
 
INTRODUCTION  
 
The use of methyl tertiary butyl ether (MTBE) as a gasoline additive has been common 
practice since 1979 when MTBE began to be added to gasoline for octane enhancement.  
Levels of MTBE added to gasoline increased in the 1990s as the result of requirements of 
the Federal Reformulated Gasoline (RFG) program (CT DEP 2000).  The Federal RFG 
program was established through the 1990 amendments to the Clean Air Act in order to 
combat air quality issues in certain areas of the country called ozone non-attainment 
areas.  The Clean Air Act required gasoline to contain 2 percent oxygen by weight in 
ozone non-attainment areas.  The program was fully implemented in 1995.  It was at this 
point that the volume of MTBE in gasoline increased from generally less than 5 percent 
to up to the typical 11 percent (US EPA 1999).  The original geographic area that was 
mandated to use RFG was small; however, this area grew over time.  
 
The growing frequency of MTBE detections in public and private water supplies and the 
increased public awareness of the negative impact of MTBE on ground water quality, 
particularly in areas where MTBE RFG was used, caused a public backlash against the 
use of MTBE RFG.  Public criticism of the petroleum industry’s decision to add MTBE 
to gasoline to meet the oxygenate mandate resulted in many states requesting a waiver 
from the oxygenate requirement under the Clean Air Act (NEIWPCC 2001).  In addition, 
several states have implemented bans on the use of MTBE in gasoline.  Support for 
elimination or modification of the oxygenate requirement is widespread in Northeast 
states.   
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Beginning in 2004, Connecticut and New York instituted bans on the sale of gasoline 
with MTBE (CT DEP 2004), and other Northeast states are following suit.  Rhode Island, 
New Hampshire and Vermont have passed legislation banning the sale of MTBE RFG, 
effective in 2007.  Maine opted out of their voluntary involvement in the RFG program in 
March 1999 (Clavet 2004) and also voted to prohibit MTBE in gasoline effective January 
2007.   
 
Studying the effect of a ban of MTBE in Connecticut can have value for other Northeast 
states that intend to ban MTBE, as these states can use this evaluation for planning 
purposes.  Although it has been over two years since Connecticut stopped selling MTBE 
gasoline, the effects of this ban have not been thoroughly investigated.  Leahy (2006) has 
evaluated the effect of this ban on the quality of ground water used for public drinking 
water wells. However, we still do not know if MTBE contamination is persisting in the 
ground water where it is likely to have been released in the greatest quantity and 
concentration – at retail gasoline stations.   
 
This study was undertaken to determine if there has been a statistically significant 
decrease in MTBE ground water contamination at or near the source areas at retail 
gasoline stations.  The period of study is 2 years both before and after the January 2004 
ban.  This study evaluated Connecticut’s ban on MTBE gasoline to determine if ground 
water quality has improved 2 years after the ban and to determine the rate at which any 
potential dissipation of MTBE can be expected to occur.   
 
 
SELECTION OF SITES 
 

• Twenty-two retail gasoline stations were chosen for this study.  Files at the 
Connecticut Department of Environmental Protection (CTDEP) were 
exhaustively reviewed for sites that meet the following criteria during the study 
period (2 years before and 2 years after January 2004): 

 
• Site used as a retail gas station; 
• Active underground storage tank (UST) at site; 
• No free product observed or apparent at site during the study period; 
• Site not undergoing active remediation (e.g., soil-venting system, ground water 

pump-and-treat system, source area excavation) during the study period;  
• MTBE contamination observed in source area or near-field, downgradient 

monitoring wells prior to ban; and  
• Sufficient and consistent monitoring events before and after the ban. 

 
CTDEP files from the Remediation Division, Leaking Underground Storage Tank 
Program and Underground Storage Tank Petroleum Clean Up Account Program were 
reviewed.  Hundreds of potential sites were reviewed for inclusion in the study, but often 
the sites were excluded due to a conflict with one or more of the selection criteria. 
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The selected sites are located in multiple Towns in Connecticut and represent a cross 
section of representative hydrogeologic conditions.  The approximate location of each 
site is shown on Figure 1.   
 

 
 

Figure 1.  Approximate Location of Retail Gasoline Station Sites 
 
 
Once the sites were selected, monitoring wells from each site were chosen for use in the 
study.  Only wells located in the known or potential source areas or in a hydraulic 
downgradient location from these areas were considered.  The list of potential monitoring 
wells was further narrowed by reviewing available ground water quality data.  First, 
ground water quality data was reviewed from before and after the ban to determine if data 
were available.  Second, monitoring data were reviewed to ensure a sufficient number of 
samples from before and after the ban existed.  Initially, this study intended to use only 
monitoring wells that had quarterly ground water monitoring data throughout the study 
period, but it became apparent that this frequency of data was not commonly available.  
Preference was given to sites with a greater number of sampling rounds during the study 
period.  Third, monitoring data were screened to include wells with an elevated 
concentration of MTBE in pre-ban monitoring data.  Emphasis was given to monitoring 
wells that had initial concentrations of MTBE greater than 100 parts per billion.      
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Table 1 lists each site by Site ID and Town and presents the surficial material information 
and number of wells used from each site.  Figure 2 depicts the breakdown of sites per 
surficial materials category.   
 

Table 1. Sites, Surficial Material Information, and Number of Wells Per Site 
Site ID Town Surficial Materials Number of Wells 
CT-01 Ashford Sand and Gravel 4 
CT-02 Branford-1 Till, Fill and Other Deposits 4 
CT-03 Branford-2 Till, Fill and Other Deposits 5 
CT-04 Branford-3 Till, Fill and Other Deposits 4 
CT-05 Colchester Sand and Gravel 4 
CT-06 Danbury Till, Fill and Other Deposits 2 
CT-07 Darien Till, Fill and Other Deposits 4 
CT-08 East Haven Till, Fill and Other Deposits 4 
CT-09 Essex Sand and Gravel 3 
CT-10 Fairfield Till, Fill and Other Deposits 4 
CT-11 Farmington-1 Sand and Gravel 2 
CT-12 Farmington-2 Sand and Gravel 7 
CT-13 Groton-1 Sand and Gravel 5 
CT-14 Groton-2 Till, Fill and Other Deposits 2 
CT-15 Guilford Sand and Gravel 3 
CT-16 Hamden Sand and Gravel 2 
CT-17 Lisbon Sand and Gravel 2 
CT-18 New Fairfield Till, Fill and Other Deposits 3 
CT-19 New Haven Till, Fill and Other Deposits 4 
CT-20 Rocky Hill Till, Fill and Other Deposits 3 
CT-21 Westport Till, Fill and Other Deposits 9 
CT-22 Willington Sand and Gravel 3 

 

 

Till, Fill or Other 
Deposits

55%

Sand and 
Gravel
45%

 
Figure 2. Percentage of Sites in Different Surficial Material Categories 
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DATA EVALUATION 
 
From the 22 selected sites, 83 monitoring wells were chosen for use in this study.  Source 
area, and nearfield, downgradient monitoring wells were selected for inclusion in the 
study.  For the purposes of this study, any well greater than 50 feet from a source area or 
potential source area was categorized as a nearfield monitoring well.  Wells closer than 
50 feet were categorized as source area monitoring wells.  A minimum of 2 wells were 
used per site, and a maximum of 9 wells were chosen at one site.  The following data 
were collected for each monitoring well used in the study: 
 

• MTBE concentration reported per sampling round; 
• Total BTEX concentration reported per sampling round, if available; and 
• Depth to ground water data for each sampling round, if reported. 

 
The above data were used to create a Microsoft Excel® spreadsheet for each site that lists 
the number of wells for a site and the total number of pre- and post-ban sampling rounds.  
The site mean and standard deviation for all pre- and post-ban MTBE data and the pooled 
variance t-test summary sheet for each site also were included in the spreadsheet.  The 
site data tables are located in Appendix A.  Graphs of MTBE concentration and depth to 
ground water were plotted as a function of time for each well and also are found in 
Appendix A. The site data tables were used to calculate the pre- and post-ban MTBE 
concentration means, standard deviations, and sample sizes for each well, which can be 
found in Appendix B (attached below).  
 
The data collected for this study were evaluated in several ways:   
 

• Pre- and post-ban MTBE data were compared to determine if mean 
concentrations for each well increased or decreased.   

• The last 4 sampling rounds and all earlier MTBE data were compared to evaluate 
increases or decreases.   

• A Mann-Kendall test for detecting trends in data was conducted for each well to 
determine if a trend in MTBE concentration existed over the study period.   

• Mean concentrations of MTBE at each site prior to the ban were statistically 
compared to the mean concentrations of MTBE after the ban using the pooled 
variance t-test for the difference in two means.   

• An average dissipation half-life for MTBE was calculated using the MTBE data 
from each well where a post-ban decrease in MTBE concentration was observed. 
The dissipation rate was determined by performing a regression on log (MTBE) 
versus time plots.  This assumes that the dissipation can be approximated by a 
first order function.    
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RESULTS AND DISCUSSION 
 
Comparison of Pre- to Post-Ban Data 
 
In order to determine if MTBE concentrations have diminished since the compound was 
removed from gasoline in Connecticut in January 2004, the data for 2 years prior to and 2 
years after the ban were compared.  The mean of pre- and post-ban data were calculated 
and compared for each well.  Sixty-nine of the 83 wells, or 83 percent of the wells, 
exhibited a decrease in MTBE concentration when the means of data before and after the 
ban were compared.  While many of these decreases were visually apparent (see graphs 
for each well in Appendix A), the statistical significance of the difference in the means 
was not determined.   
 
A determination of the statistical significance of the difference of the two means was 
attempted, but the data constraints posed problems.  The data set for each well typically 
did not contain a large number of data points.  Typical n-values did not exceed 8.  These 
low n-values had a negative impact on the significance of difference of two means when 
using a high confidence interval (i.e., 90th confidence level).  Therefore, this statistical 
test was not conducted, as the value of these results did not warrant further evaluation. 
 
When the data were reviewed, it appeared that a decrease in concentration did not occur 
in January 2004, but at some point later in the study period.  It can be hypothesized that 
ground water quality improvements would not be observed until the ground water plume 
passed the monitoring locations.  Since every well used in this study is not a source area 
well, ground water contaminated prior to the ban may take longer to reach nearfield, 
downgradient wells.  This potential issue was evaluated by comparing the last 4 sampling 
rounds and all earlier MTBE data.   
 
The last 4 rounds of MTBE concentration data were used to generate a mean, which was 
compared to the mean of all prior data.  The last 4 rounds approximately represent 
quarterly sampling data.  This determination was based on the calculated average sample 
size per year for post-ban data sets.  Table 2 shows the results of the mean comparisons 
using the two approaches. 
 

Table 2. Comparison of Trends Pre-Ban to Post-Ban Data and Early Data to Last Four Data Rounds 
   
Comparing Pre-Ban to Post-Ban Data  Comparing Early Data to Last Four Data Rounds 
     
Trend in MTBE data Totals  Trend in MTBE data Totals 
MTBE increased 14  MTBE increased 6 
MTBE decreased 69  MTBE decreased 77 
% of Wells Where MTBE Decreased 83%  % of Wells Where MTBE Decreased 93% 
 
As Table 2 illustrates, a higher percentage of the 83 monitoring wells showed a decrease 
in MTBE concentration when the last 4 data rounds were compared to earlier data versus 
when a strict pre- to post-ban data comparison was made.   
 
 



 

 7

Statistical Evaluation – Mann-Kendall Trend Analysis for Well Data 
 
A statistical trend analysis was conducted on data from each monitoring well utilized in 
the study to determine if MTBE concentrations were decreasing or increasing.  The 
Mann-Kendall test for detecting trends in data collected over time was used.  This test is 
a non-parametric test that utilizes a normal approximation and requires at least 10 
sampling rounds.  For wells that contained MTBE concentrations reported as none 
detected or below detection limit, a MTBE concentration equal to the detection limit 
(unique to the subject well) was used for the purposes of the Mann-Kendall analysis.  The 
Mann-Kendall test can report a false trend if the detection limits for a monitoring well 
vary over the study period.  Detection limits identified in this study ranged from 0.5 ppb 
to 100 ppb.  The 90th confidence level was used for evaluation of statistical significance 
in trend determination. The Mann-Kendall summary table and test data sheets generated 
in Minitab® Release 14 are located in Appendix C (attached below). 
 
A decreasing trend was determined to be statistically significant for 51, or 61 percent, of 
the wells in the study.  No trend was determined to exist at the 90th confidence level for 
31 percent of the wells.  A statistically significant increasing trend exists for 6 of the 83 
wells.  Table 3 summarizes the results of the Mann-Kendall trend analysis. 
 
 

Table 3. Trend Analysis for MTBE Concentration For Wells Using 90th Confidence Level 
 
  Trend Observed Number % of Total   
       
  DECREASE 51 61.4%   
       
  INCREASE 6 7.2%   
       
  NO TREND 26 31.3%   
 

 
Statistical Evaluation – Pooled t-Test Mean Difference Analysis for Site Data 
 
Because of low n-values, pooled t-tests could not be conducted examining pre- to post-
ban MTBE data on a well-by-well basis.  However, sufficient data were available to 
examine pre- to post-ban MTBE data on a site-by-site basis by pooling all the well data 
for each site. The pooled variance t-test for determining the difference between two 
means was used to determine if there was a statistically significant difference between 
pre- and post-ban MTBE concentrations for each site.  The 90th confidence level was 
used when evaluating the resulting p-values.  If the p-value was less than the confidence 
level or α-value, then the null hypothesis was rejected.  Rejection of the null hypothesis 
indicated that there is a statistically significant difference in the two means. 

Of the 22 sites evaluated, 19 sites (or 86 percent) exhibited a decrease in means from pre- 
to post-ban data.  Twelve out of these 19 sites (or 63 percent) exhibited a decrease that is 
statistically significant at the 90th confidence level.  Three sites showed an increase in 
mean values from pre- to post-ban data, one of which was statistically significant. Table 4 
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summarizes the statistical significance of both the increases and decreases observed when 
comparing pre- and post-ban data.  Table 5 lists, for each site, the MTBE trend detected.  
Figure 3 illustrates the distribution of the detected trends for the two categories of 
surficial materials. 

 
 

 
 
 
 
 
 
 
 

 
 
 
 

 
 
 
 
 
 

Table 4. Difference in Pre- and Post-Ban Data 
 
  DECREASES 19   
  Statistically Significant 12   
  Not Statistically Significant 7   
      
  INCREASES 3   
  Statistically Significant 1   
  Not Statistically Significant 2   
 

Table 5. Sites, Surficial Material Information, and MTBE Trend for Pre- and Post-Ban Data 

Site ID Site Name Surficial Materials MTBE Trend (Pre- and Post-Ban Data) 
CT-01 Ashford Sand and Gravel Decrease 
CT-02 Branford-1 Till, Fill or Other Deposits Decrease 
CT-03 Branford-2 Till, Fill or Other Deposits Significant Decrease 
CT-04 Branford-3 Till, Fill or Other Deposits Significant Decrease 
CT-05 Colchester Sand and Gravel Significant Decrease 
CT-06 Danbury Till, Fill or Other Deposits Significant Decrease 
CT-07 Darien Till, Fill or Other Deposits Decrease 
CT-08 East Haven Till, Fill or Other Deposits Increase 
CT-09 Essex Sand and Gravel Decrease 
CT-10 Fairfield Till, Fill or Other Deposits Decrease 
CT-11 Farmington-1 Sand and Gravel Decrease 
CT-12 Farmington-2 Sand and Gravel Significant Decrease 
CT-13 Groton-1 Sand and Gravel Significant Decrease 
CT-14 Groton-2 Till, Fill or Other Deposits Significant Decrease 
CT-15 Guilford Sand and Gravel Decrease 
CT-16 Hamden Sand and Gravel Significant Decrease 
CT-17 Lisbon Sand and Gravel Significant Decrease 
CT-18 New Fairfield Till, Fill or Other Deposits Significant Decrease 
CT-19 New Haven Till, Fill or Other Deposits Significant Decrease 
CT-20 Rocky Hill Till, Fill or Other Deposits Significant Increase 
CT-21 Westport Till, Fill or Other Deposits Significant Decrease 
CT-22 Willington Sand and Gravel Increase 
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Figure 3. Comparison of MTBE Trend for Pre- and Post-Ban Data Between Two 

Categories of Surficial Materials 
 
Dissipation Half-Life Calculation 
 
It was assumed that, once MTBE was eliminated from gasoline in Connecticut, the 
concentrations of MTBE in ground water plumes would naturally attenuate by 
mechanisms such as biodegradation, dispersion, and dilution.   This assumption only is 
correct if there are no continuing sources of MTBE (i.e., free product containing MTBE, 
soil contaminated with MTBE) at a site.  If there were no such sources, MTBE 
concentrations would dissipate based on natural processes at some rate that is based on 
site-specific conditions.  The time necessary for the concentration of MTBE to dissipate 
by one half was calculated from the data collected.   
 
Before the dissipation rate was determined, the kinetics of the MTBE dissipation was 
determined.  It is possible that MTBE dissipation can be approximated by zero or first 
order kinetics.  To determine which approximation fits best, MTBE versus time plots 
were generated in Appendix A.  If MTBE dissipation followed zero order kinetics, the 
slope of the dissipation curve would approximate a straight line during a period of 
dissipation.  If the slope of the dissipation curve exhibited an exponential decrease during 
a period of dissipation, MTBE dissipation would be best approximated by first order 
kinetics.  We observed that the dissipation of MTBE was best represented by first order 
decay. As such, log (MTBE) versus time curves were regressed.  The average correlation 
coefficient of all wells was 0.64.  The dissipation half-life in months (t1/2) was calculated 
by the following equation:     
 

t1/2 = - 0.693/m, 
 
where m is the slope of the natural log (ln) of MTBE concentration versus time curve 
determined by regression.  
 
The natural log values of MTBE were calculated starting with the first sampling period 
after the ban of MTBE or the last sampling period prior to January 1, 2004.  Of the 83 
wells in the study, 68 or 82 percent of the wells showed a decreasing trend in MTBE 
concentration following the ban.  Only wells that exhibited a decrease based on the slope 
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of the natural log MTBE versus time plots were included in this analysis.  A dissipation 
half-life was calculated for these wells.  
 
The dissipation half-life data for each well is presented in Table 6 along with the surficial 
materials of the site, location of the monitoring wells (source area versus nearfield), and 
whether the monitoring wells are overburden wells or bedrock wells.   
 

Table 6. Dissipation Rate for MTBE, Surficial Materials, Location of Wells, and Overburden or Bedrock 

Site ID Site Name Surficial Materials Wells Source or 
Nearfield 

Overburden or 
Bedrock 

Calculated 
Dissipation of 

MTBE (half-life 
in months) 

MW-1 Source Area OB 2.68 
MW-2 Source Area OB 1.96 
MW-3 Nearfield OB 2.41 

CT-01 Ashford Sand and Gravel 

MW-4 Nearfield OB 2.71 
MW-1 Nearfield OB 3.85 
MW-2 Nearfield OB 7.16 CT-02 Branford-1 Till, Fill or Other Deposits 

MW-4 Source Area OB 3.02 
MW-1 Source Area OB 2.11 
MW-2 Source Area OB 5.91 
MW-3 Source Area OB 0.64 
MW-4 Source Area OB 4.04 

CT-03 Branford-2 Till, Fill or Other Deposits 

MW-5 Nearfield OB 85.97 
MW-2 Nearfield OB 21.04 
MW-3 Nearfield OB 26.40 CT-04 Branford-3 Till, Fill or Other Deposits 

MW-4 Nearfield OB 30.09 
MW-2 Nearfield BR 47.02 
MW-3 Nearfield BR 13.55 CT-05 Colchester Sand and Gravel 

MW-4 Nearfield BR 47.02 
CT-06 Danbury Till, Fill or Other Deposits MW-2 Nearfield BR 8.70 

MW-2 Source Area OB 10.90 CT-07 Darien Till, Fill or Other Deposits 
MW-3 Nearfield OB 14.47 

CT-08 East Haven Till, Fill or Other Deposits MW-1 Source Area OB 13.14 
MW-1 Source Area OB 12.80 
MW-2 Source Area OB 9.15 CT-09 Essex Sand and Gravel 

MW-3 Source Area OB 12.13 
MW-2 Source Area OB 12.64 CT-10 Fairfield Till, Fill or Other Deposits 
MW-3 Source Area OB 3.65 
MW-1 Nearfield OB 8.41 CT-11 Farmington-1 Sand and Gravel 
MW-2 Nearfield OB 2.03 
MW-1 Source Area OB 12.38 
MW-2 Source Area OB 11.80 
MW-3 Nearfield OB 7.15 
MW-4 Nearfield OB 4.41 
MW-5 Nearfield OB 2.62 
MW-6 Nearfield OB 13.43 

CT-12 Farmington-2 Sand and Gravel 

MW-7 Source Area OB 5.97 
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Table 6. Continued 

Site ID Site Name Surficial Materials Wells Source or 
Nearfield 

Overburden or 
Bedrock 

Calculated 
Dissipation of 

MTBE(half-life 
in months) 

MW-1 Source Area OB 5.73 
MW-3 Source Area OB 2.59 
MW-4 Source Area OB 3.38 

CT-13 Groton-1 Sand and Gravel 

MW-5 Source Area OB 7.32 
MW-1 Nearfield OB 3.90 CT-14 Groton-2 Till, Fill or Other Deposits 
MW-2 Source Area OB 4.89 
MW-1 Source Area OB 10.10 
MW-2 Source Area OB 4.09 CT-15 Guilford Sand and Gravel 

MW-3 Source Area OB 4.18 
MW-1 Source Area OB 6.47 CT-16 Hamden Sand and Gravel 
MW-2 Source Area OB 6.75 

CT-17 Lisbon Sand and Gravel MW-1 Source Area OB 22.62 
MW-1 Nearfield OB 4.53 
MW-2 Source Area OB 4.52 CT-18 New Fairfield Till, Fill or Other Deposits 

MW-3 Source Area OB 3.94 
MW-1 Nearfield OB 7.00 
MW-2 Nearfield OB 8.29 CT-19 New Haven Till, Fill or Other Deposits 

MW-3 Nearfield OB 9.96 
MW-1 Source Area OB 30.71 CT-20 Rocky Hill Till, Fill or Other Deposits 
MW-3 Source Area OB 13.43 
MW-1 Source Area OB 5.71 
MW-2 Source Area BR 7.74 
MW-3 Nearfield BR 6.46 
MW-4 Source Area BR 7.03 
MW-5 Nearfield BR 16.35 
MW-6 Nearfield BR 11.71 
MW-7 Nearfield BR 8.57 
MW-8 Nearfield BR 6.69 

CT-21 Westport Till, Fill or Other Deposits 

MW-9 Nearfield BR 4.08 
MW-1 Source Area OB 3.90 
MW-2 Source Area OB 10.63 CT-22 Willington Sand and Gravel 

MW-3 Source Area OB 9.61 
 
 
The calculated half-lives were found to fit a lognormal distribution (see Figure 4) having 
a mean value of about 7 months with a standard deviation of 2 months.   
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Figure 4. Histogram of Log [Half-Life] Values 
 
Dissipation half-life values can be influenced by many factors.  Data collected during this 
study was evaluated to determine the potential for select factors to influence dissipation 
half life values.  Figure 5 presents a box and whisker plot for different site and 
monitoring well characteristics.  As can be seen on the figure there is little difference in 
half life values with respect to the characteristics examined. 

0

10

20

30

40

50

60

70

80

90

100

Sand and
Gravel

Till, Fill and
Other

Source Area Nearfield Bedrock Overburden Entire Series

D
is

si
pa

tio
n 

H
al

f-L
ife

 (m
on

th
s)

Deposits

 
Figure 5. Statistical Distribution of Dissipation Half-Life Values for Various Site 

and Monitoring Well Characteristics 
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Using the average half-life determined for the Connecticut data, calculations were made 
to evaluate how long it would take for different starting values of MTBE contamination 
to dissipate to the New Hampshire drinking water standard of 13 ppb. Figure 6 presents 
the results using a starting concentration ranging from 100,000 to 100 ppb.  Figures 7 and 
8 present the time for MTBE dissipation to 5 ppb and 1 ppb, respectively.     
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Figure 6. Dissipation of MTBE to 13 ppb Based on the Calculated Average Half-Life 
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Figure 7. Dissipation of MTBE to 5 ppb Based on the Calculated Average Half-Life 
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Figure 8. Dissipation of MTBE to 1 ppb Based on the Calculated Average Half-Life 

 
 
 
CONCLUSIONS 
 
The results of this study show that following a ban of MTBE, concentrations of MTBE in 
ground water will decrease in a vast majority of monitoring wells at retail gasoline 
stations where a continuing source of MTBE is not present.  This is important since retail 
gasoline stations that sell gasoline with MTBE are often the sources for MTBE that has 
impacted private and public drinking water supply wells.  It also can be noted that there 
may be a lag in this decrease following the ban, as observed here.  Rates of MTBE 
dissipation were observed to be similar despite differences in site and well characteristics.   
It must be emphasized that the results of this study are not likely valid where continuing 
sources of MTBE remain on the site following a ban.   
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APPENDIX A 
 
 
 

Site Data Tables and Graphs 
(see the accompanying spreadsheets) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 
 
 

Summary of Means, Standard Deviations, and Sample Sizes for Monitoring Wells



 

 

MTBE Concentration Prior to Ban MTBE Concentration After Ban 
Site ID Site Name Wells Mean 

(ppb) 
Std 

Deviation 
Sample 

Size 
Mean 
(ppb) 

Std 
Deviation 

Sample 
Size 

MW-1 5179.9 10201.3 9 1457.9 4065.1 8 
MW-2 135.8 281.1 8 121.0 323.0 7 
MW-3 5.0 5.2 6 143.2 271.2 6 

CT-01 Ashford 

MW-4 332.9 377.0 8 403.4 558.5 8 
MW-1 128.0 147.4 4 79.7 114.9 8 
MW-2 1.3 0.6 3 18.0 19.3 8 
MW-3 435.4 412.6 4 66.7 54.5 9 

CT-02 Branford-1 

MW-4 305.3 153.3 4 411.6 492.2 9 
MW-1 3464.6 3285.2 4 776.9 1256.0 8 
MW-2 10530.8 17964.6 4 158.0 145.7 8 
MW-3 25.8 38.3 3 1.0 0.0 8 
MW-4 25559.0 27660.7 3 3342.3 3264.5 8 

CT-03 Branford-2 

MW-5 66.7 52.9 3 10.2 3.1 8 
MW-1 1029.0 326.2 4 139.9 89.0 9 
MW-2 69.7 42.7 4 15.1 9.3 9 
MW-3 87.3 84.3 4 70.9 28.0 9 

CT-04 Branford-3 

MW-4 220.3 58.9 4 139.7 28.3 9 
MW-1 19.9 11.9 4 4.2 7.1 7 
MW-2 8.3 9.1 6 2.1 2.0 7 
MW-3 14.1 9.4 6 2.4 1.7 7 

CT-05 Colchester 

MW-4 32.6 35.8 6 1.2 0.3 7 
MW-1 411.8 396.0 6 294.8 214.4 7 CT-06 Danbury 
MW-2 11588.3 13612.4 4 49.5 59.2 7 
MW-1 19.1 16.3 8 6.8 2.5 8 
MW-2 996.1 553.2 8 459.4 392.5 7 
MW-3 575.1 223.6 7 524.1 296.6 7 

CT-07 Darien 

MW-4 13.6 28.4 7 67.3 36.6 7 
MW-1 42.7 14.5 5 19.0 7.2 6 
MW-2 54.2 36.4 5 248.5 62.6 6 
MW-3 43.1 52.1 5 6.5 7.6 6 

CT-08 East Haven 

MW-4 85.5 52.6 4 100.1 44.2 6 
MW-1 48.4 25.3 8 7.7 3.9 8 
MW-2 88.0 66.0 8 14.1 11.6 7 CT-09 Essex 
MW-3 545.9 1210.5 8 1.6 1.5 7 
MW-1 57.0 14.2 6 44.2 7.8 6 
MW-2 1177.5 1577.8 6 295.9 185.8 5 
MW-3 922.3 1315.1 6 58.5 71.3 5 

CT-10 Fairfield 

MW-4 4782.5 9779.8 6 889.8 808.3 5 
MW-1 218.6 271.9 8 59.7 75.7 5 CT-11 Farmington-1 
MW-2 197.1 251.2 7 61.0 98.3 4 
MW-1 63.7 20.4 7 21.7 12.7 5 
MW-2 85.6 18.5 6 12.3 6.7 5 
MW-3 19.8 26.5 6 6.2 5.5 5 
MW-4 24.8 39.6 6 1.0 0.1 5 
MW-5 75000.0 59236.1 6 3304.8 3383.8 5 
MW-6 1255.3 1589.8 6 71.0 52.2 6 

CT-12 Farmington-2 

MW-7 732.0 1533.0 6 3.9 4.6 5 



 

 

         
         

MTBE Concentration Prior to Ban MTBE Concentration After Ban 
Site ID Site Name Wells Mean 

(ppb) 
Std 

Deviation 
Sample 

Size 
Mean 
(ppb) 

Std 
Deviation 

Sample 
Size 

MW-1 124.9 107.3 7 35.7 27.3 7 
MW-2 806.5 647.2 4 198.3 194.2 7 
MW-3 67.5 34.2 8 43.6 41.0 7 
MW-4 60.5 25.8 8 29.7 28.3 6 

CT-13 Groton-1 

MW-5 72.0 108.1 6 30.6 30.9 7 
MW-1 262.2 232.4 6 198.5 182.8 7 CT-14 Groton-2 
MW-2 915.7 989.0 6 62.7 71.5 7 
MW-1 78.2 6.7 3 121.9 99.6 8 
MW-2 154.3 183.4 3 114.3 130.8 8 CT-15 Guilford 
MW-3 74.3 89.0 3 26.0 45.3 8 
MW-1 1895.3 2553.6 4 3.2 4.4 7 CT-16 Hamden 
MW-2 1092.6 740.8 4 3.1 3.8 8 
MW-1 583.0 845.2 7 0.8 0.3 8 CT-17 Lisbon 
MW-2 57.1 65.5 4 1.1 0.4 7 
MW-1 726.7 516.9 3 26.6 23.3 8 
MW-2 887.0 592.7 4 35.8 24.2 7 CT-18 New Fairfield 
MW-3 1093.3 207.0 4 433.4 334.6 7 
MW-1 150.4 108.3 4 75.1 77.6 7 
MW-2 90.0 150.7 4 12.4 16.9 9 
MW-3 200.8 242.2 4 110.3 123.1 9 

CT-19 New Haven 

MW-4 242.5 385.2 4 28.1 43.5 9 
MW-1 612.2 448.9 5 2757.8 1106.1 9 
MW-2 5.3 4.1 4 112.3 73.6 8 CT-20 Rocky Hill 
MW-3 9.8 7.4 5 271.9 123.0 8 
MW-1 22.6 38.0 6 30.2 73.2 8 
MW-2 14.6 12.7 6 8.0 9.8 8 
MW-3 42.3 50.1 6 22.8 14.8 8 
MW-4 18653.6 9116.7 7 3771.4 2686.3 7 
MW-5 353.2 249.1 5 144.0 142.9 8 
MW-6 5301.6 5220.6 6 954.3 868.0 8 
MW-7 8086.0 3710.4 5 1136.1 872.3 8 
MW-8 9433.3 4061.7 6 3164.0 3323.7 8 

CT-21 Westport 

MW-9 93.6 109.1 6 48.5 106.9 8 
MW-1 57.6 69.4 6 199.6 413.5 11 
MW-2 1.7 1.6 6 18.7 52.5 10 CT-22 Willington 
MW-3 43.5 60.3 5 12.8 22.0 10 
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Mann-Kendall Summary Table and Test Data Sheets 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

 

 
 

Site ID Site Name Surficial Materials Wells Source / Nearfield OB or BR Mann-Kendall Trend Observed 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB No Trend 
MW-3 Nearfield OB Increasing 

CT-01 Ashford Sand and Gravel 

MW-4 Nearfield OB No Trend 
MW-1 Nearfield OB No Trend 
MW-2 Nearfield OB No Trend 
MW-3 Nearfield OB No Trend 

CT-02 Branford-1 Till, Fill or Other Deposits 

MW-4 Source Area OB Decreasing 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB Decreasing 
MW-3 Source Area OB Decreasing 
MW-4 Source Area OB Decreasing 

CT-03 Branford-2 Till, Fill or Other Deposits 

MW-5 Nearfield OB No Trend 
MW-1 Source Area OB Decreasing 
MW-2 Nearfield OB Decreasing 
MW-3 Nearfield OB No Trend 

CT-04 Branford-3 Till, Fill or Other Deposits 

MW-4 Nearfield OB Decreasing 
MW-1 Nearfield BR No Trend 
MW-2 Nearfield BR Decreasing 
MW-3 Nearfield BR Decreasing 

CT-05 Colchester Sand and Gravel 

MW-4 Nearfield BR Decreasing 
MW-1 Nearfield BR No Trend CT-06 Danbury Till, Fill or Other Deposits 
MW-2 Nearfield BR Decreasing 
MW-1 Nearfield OB Decreasing 
MW-2 Source Area OB Decreasing 
MW-3 Nearfield OB No Trend 

CT-07 Darien Till, Fill or Other Deposits 

MW-4 Nearfield BR Increasing 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB Increasing 
MW-3 Source Area OB No Trend 

CT-08 East Haven Till, Fill or Other Deposits 

MW-4 Source Area OB No Trend 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB Decreasing CT-09 Essex Sand and Gravel 
MW-3 Source Area OB Decreasing 
MW-1 Source Area OB No Trend 
MW-2 Source Area OB No Trend 
MW-3 Source Area OB Decreasing 

CT-10 Fairfield Till, Fill or Other Deposits 

MW-4 Source Area OB No Trend 
MW-1 Nearfield OB No Trend CT-11 Farmington-1 Sand and Gravel 
MW-2 Nearfield OB No Trend 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB Decreasing 
MW-3 Nearfield OB No Trend 
MW-4 Nearfield OB No Trend 
MW-5 Nearfield OB Decreasing 
MW-6 Nearfield OB Decreasing 

CT-12 Farmington-2 Sand and Gravel 

MW-7 Source Area OB Decreasing 
          
       
       



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Site ID Site Name Surficial Materials Wells Source / Nearfield OB or BR Mann-Kendall Trend Observed 
MW-1 Source Area OB Decreasing 
MW-2 Source Area OB Decreasing 
MW-3 Source Area OB Decreasing 
MW-4 Source Area OB Decreasing 

CT-13 Groton-1 Sand and Gravel 

MW-5 Source Area OB No Trend 
MW-1 Nearfield OB Decreasing CT-14 Groton-2 Till, Fill or Other Deposits 
MW-2 Source Area OB Decreasing 
MW-1 Source Area OB No Trend 
MW-2 Source Area OB Decreasing CT-15 Guilford Sand and Gravel 
MW-3 Source Area OB Decreasing 
MW-1 Source Area OB Decreasing CT-16 Hamden Sand and Gravel 
MW-2 Source Area OB Decreasing 
MW-1 Source Area OB Decreasing CT-17 Lisbon Sand and Gravel 
MW-2 Source Area OB Decreasing 
MW-1 Nearfield OB Decreasing 
MW-2 Source Area OB Decreasing CT-18 New Fairfield Till, Fill or Other Deposits 
MW-3 Source Area OB Decreasing 
MW-1 Nearfield OB Decreasing 
MW-2 Nearfield OB Decreasing 
MW-3 Nearfield OB Decreasing 

CT-19 New Haven Till, Fill or Other Deposits 

MW-4 Nearfield OB No Trend 
MW-1 Source Area OB Increasing 
MW-2 Source Area OB Increasing CT-20 Rocky Hill Till, Fill or Other Deposits 
MW-3 Source Area OB Increasing 
MW-1 Source Area OB Decreasing 
MW-2 Source Area BR Decreasing 
MW-3 Nearfield BR No Trend 
MW-4 Source Area BR Decreasing 
MW-5 Nearfield BR Decreasing 
MW-6 Nearfield BR No Trend 
MW-7 Nearfield BR Decreasing 
MW-8 Nearfield BR Decreasing 

CT-21 Westport Till, Fill or Other Deposits 

MW-9 Nearfield BR Decreasing 
MW-1 Source Area OB No Trend 
MW-2 Source Area OB No Trend CT-22 Willington Sand and Gravel 
MW-3 Source Area OB Decreasing 



 

 

 
ASHFORD 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: N.0o trend in MW-1  
 
The calculated Z =   -2.1354 
 
 
For Ha: Upperward trend, the p-value = 0.983637 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0163631 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =   -0.1661 
 
 
For Ha: Upperward trend, the p-value = 0.565976 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.434024 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3 
 
The calculated Z =    1.3218 
 
 
For Ha: Upperward trend, the p-value = 0.0931133 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.906887 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -0.4170 
 
 
For Ha: Upperward trend, the p-value = 0.661644 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.338356 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 

 
BRANDFORD-1 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -1.0286 
 
 
For Ha: Upperward trend, the p-value = 0.848163 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.151837 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =    0.8660 
 
 
For Ha: Upperward trend, the p-value = 0.193238 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.806762 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -0.5491 
 
 
For Ha: Upperward trend, the p-value = 0.708525 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.291475 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -2.2573 
 
 
For Ha: Upperward trend, the p-value = 0.988006 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0119938 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
 

BRANFORD-2 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -2.4000 
 
 
For Ha: Upperward trend, the p-value = 0.991803 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0081967 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =   -2.1257 
 
 
For Ha: Upperward trend, the p-value = 0.983238 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0167621 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -2.2037 
 
 
For Ha: Upperward trend, the p-value = 0.986226 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0137736 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -2.0241 
 
 
For Ha: Upperward trend, the p-value = 0.978520 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0214801 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-5  
 
The calculated Z =   -1.2456 
 
 
For Ha: Upperward trend, the p-value = 0.893544 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.106456 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
 

BRANFORD-3 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -2.2573 
 
 
For Ha: Upperward trend, the p-value = 0.988006 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0119938 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -3.1115 
 
 
For Ha: Upperward trend, the p-value = 0.999069 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0009308 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -0.3050 
 
 
For Ha: Upperward trend, the p-value = 0.619834 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.380166 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -3.7215 
 
 
For Ha: Upperward trend, the p-value = 0.999901 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0000990 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 

COLCHESTER 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -1.1809 
 
 
For Ha: Upperward trend, the p-value = 0.881187 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.118813 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.4411 
 
 
For Ha: Upperward trend, the p-value = 0.992678 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0073223 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -3.5350 
 
 
For Ha: Upperward trend, the p-value = 0.999796 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0002039 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -3.7167 
 
 
For Ha: Upperward trend, the p-value = 0.999899 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0001009 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 
 
 



 

 

 
 

DANBURY 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =    0.0610 
 
 
For Ha: Upperward trend, the p-value = 0.475676 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.524324 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.0241 
 
 
For Ha: Upperward trend, the p-value = 0.978520 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0214801 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 

DARIEN 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1 
 
The calculated Z =   -1.7342 
 
 
For Ha: Upperward trend, the p-value = 0.958557 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0414435 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.8703 
 
 
For Ha: Upperward trend, the p-value = 0.997949 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0020507 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3 
 
The calculated Z =   -1.1514 
 
 
For Ha: Upperward trend, the p-value = 0.875210 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.124790 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4 
 
The calculated Z =    1.9096 
 
 
For Ha: Upperward trend, the p-value = 0.0280904 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.971910 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
 

 
 
 
 
 



 

 

 
EAST HAVEN 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -3.2697 
 
 
For Ha: Upperward trend, the p-value = 0.999462 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0005383 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =    2.4912 
 
 
For Ha: Upperward trend, the p-value = 0.0063657 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.993634 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =    0.3961 
 
 
For Ha: Upperward trend, the p-value = 0.346012 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.653988 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4 
 
The calculated Z =    1.1674 
 
 
For Ha: Upperward trend, the p-value = 0.121517 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.878483 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 

ESSEX 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1 
 
The calculated Z =   -3.3836 
 
 
For Ha: Upperward trend, the p-value = 0.999642 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0003578 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -3.1672 
 
 
For Ha: Upperward trend, the p-value = 0.999230 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0007696 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -3.8373 
 
 
For Ha: Upperward trend, the p-value = 0.999938 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0000622 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
 

FAIRFIELD 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -0.8914 
 
 
For Ha: Upperward trend, the p-value = 0.813654 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.186346 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -1.0899 
 
 
For Ha: Upperward trend, the p-value = 0.862121 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.137879 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
 
 
 



 

 

 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -2.0241 
 
 
For Ha: Upperward trend, the p-value = 0.978520 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0214801 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4 
 
The calculated Z =    0.0000 
 
 
For Ha: Upperward trend, the p-value = 0.5 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.5 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 

 
FARMINGTON-1 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =    0.6711 
 
 
For Ha: Upperward trend, the p-value = 0.251079 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.748921 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -0.1557 
 
 
For Ha: Upperward trend, the p-value = 0.561865 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.438135 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
 

FARMINGTON-2 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -2.6743 
 
 
For Ha: Upperward trend, the p-value = 0.996256 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0037439 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =   -3.1140 
 
 
For Ha: Upperward trend, the p-value = 0.999077 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0009229 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -0.9342 
 
 
For Ha: Upperward trend, the p-value = 0.824899 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.175101 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4 
 
The calculated Z =   -0.5151 
 
 
For Ha: Upperward trend, the p-value = 0.696768 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.303232 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-5  
 
The calculated Z =   -3.7368 
 
 
For Ha: Upperward trend, the p-value = 0.999907 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0000932 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-6  
 
The calculated Z =   -3.3601 
 
 
For Ha: Upperward trend, the p-value = 0.999610 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0003896 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-7  
 
The calculated Z =   -2.7330 
 
 
For Ha: Upperward trend, the p-value = 0.996862 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0031376 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 

 
GROTON-1 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1 
 
The calculated Z =   -2.2993 
 
 
For Ha: Upperward trend, the p-value = 0.989256 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0107444 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =   -1.5570 
 
 
For Ha: Upperward trend, the p-value = 0.940265 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0597355 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3 
 
The calculated Z =   -1.7918 
 
 
For Ha: Upperward trend, the p-value = 0.963418 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0365820 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4 
 
The calculated Z =   -2.4772 
 
 
For Ha: Upperward trend, the p-value = 0.993379 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0066215 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-5  
 
The calculated Z =   -1.2812 
 
 
For Ha: Upperward trend, the p-value = 0.899936 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.100064 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 

 
GROTON-2 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1 
 
The calculated Z =   -1.5252 
 
 
For Ha: Upperward trend, the p-value = 0.936398 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0636018 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2 
 
The calculated Z =   -2.9339 
 
 
For Ha: Upperward trend, the p-value = 0.998326 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0016737 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
 

 
 
 
 



 

 

 
GUILFORD 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -0.7785 
 
 
For Ha: Upperward trend, the p-value = 0.781863 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.218137 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.4912 
 
 
For Ha: Upperward trend, the p-value = 0.993634 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0063657 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -2.2645 
 
 
For Ha: Upperward trend, the p-value = 0.988229 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0117711 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
 

 
 
 



 

 

 
HAMDEN 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -2.8792 
 
 
For Ha: Upperward trend, the p-value = 0.998007 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0019932 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -3.0714 
 
 
For Ha: Upperward trend, the p-value = 0.998935 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0010652 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 

 
LISBON 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -3.0968 
 
 
For Ha: Upperward trend, the p-value = 0.999022 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0009781 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.2394 
 
 
For Ha: Upperward trend, the p-value = 0.987435 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0125649 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 

 
NEW FAIRFIELD 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -2.9583 
 
 
For Ha: Upperward trend, the p-value = 0.998453 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0015467 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.9583 
 
 
For Ha: Upperward trend, the p-value = 0.998453 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0015467 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -3.2697 
 
 
For Ha: Upperward trend, the p-value = 0.999462 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0005383 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 

NEW HAVEN 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -1.8684 
 
 
For Ha: Upperward trend, the p-value = 0.969147 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0308533 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -2.3793 
 
 
For Ha: Upperward trend, the p-value = 0.991328 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0086717 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -1.6472 
 
 
For Ha: Upperward trend, the p-value = 0.950246 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0497544 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -0.7931 
 
 
For Ha: Upperward trend, the p-value = 0.786145 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.213855 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 

 
ROCKY HILL  
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =    1.6423 
 
 
For Ha: Upperward trend, the p-value = 0.0502591 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.949741 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =    3.9086 
 
 
For Ha: Upperward trend, the p-value = 0.0000464 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.999954 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =    1.4032 
 
 
For Ha: Upperward trend, the p-value = 0.0802779 
     At alpha = 0.1, there is enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.919722 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 

 
WESTPORT 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -1.5329 
 
 
For Ha: Upperward trend, the p-value = 0.937344 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0626556 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -1.9189 
 
 
For Ha: Upperward trend, the p-value = 0.972505 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0274954 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -0.9854 
 
 
For Ha: Upperward trend, the p-value = 0.837788 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.162212 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-4  
 
The calculated Z =   -2.6278 
 
 
For Ha: Upperward trend, the p-value = 0.995702 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0042975 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-5 
 
The calculated Z =   -2.3793 
 
 
For Ha: Upperward trend, the p-value = 0.991328 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0086717 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-6 
 
The calculated Z =   -0.9854 
 
 
For Ha: Upperward trend, the p-value = 0.837788 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.162212 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-7 
 
The calculated Z =   -3.2335 
 
 
For Ha: Upperward trend, the p-value = 0.999389 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0006115 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-8  
 
The calculated Z =   -3.1752 
 
 
For Ha: Upperward trend, the p-value = 0.999251 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0007487 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-9 
 
The calculated Z =   -1.5329 
 
 
For Ha: Upperward trend, the p-value = 0.937344 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0626556 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 

 
WILLINGTON 
 
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-1  
 
The calculated Z =   -1.1946 
 
 
For Ha: Upperward trend, the p-value = 0.883876 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.116124 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
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Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-2  
 
The calculated Z =   -0.8217 
 
 
For Ha: Upperward trend, the p-value = 0.794384 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.205616 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is a downward trend. 
 
Executing from file: C:\Program Files\MINITAB 14\MACROS\mann-ken.MAC 
  
Mann-Kendall Trend Test by Normal Approximation  
  
          Ho: No trend in MW-3  
 
The calculated Z =   -2.6723 
 
 
For Ha: Upperward trend, the p-value = 0.996233 
     At alpha = 0.1, there is not enough evidence to determine that 
     there is an upward trend. 
 
 
For Ha: Downward trend, the p-value = 0.0037666 
     At alpha = 0.1, there is enough evidence to determine that 
     there is a downward trend. 
 
 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 



Site Location: Ashford

Number of Wells: 4
Monitoring Events Before Ban: 30

Monitoring Events After Ban: 29

Sampling Date WELL MTBE (ppb) BTEX (ppb) Depth to Water (ft-bgs)
14-Feb-02 MW-1 78 ND1 6
9-May-02 25 ND 4.93
6-Aug-02 76 ND 6.92
5-Nov-02 13000 ND 6.65
27-Dec-02 1800 ND NA2

18-Mar-03 100 ND NA
7-May-03 1300 ND 4.93
6-Aug-03 240 ND 6.6

18-Nov-03 30000 NA 5.2
20-Feb-04 13000 NA 6.02
14-May-04 930 99 4.64
3-Aug-04 290 ND 6.75

10-Nov-04 140 ND 6.22
25-Feb-05 45 1 4.09
25-May-05 87 69 5.58
8-Aug-05 44 7 7.93
28-Oct-05 28 10 3.24

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
14-Feb-02 MW-2 5 ND 5.73
9-May-02 4 ND 4.7
6-Aug-02 0.6 5 6.7
5-Nov-02 0 ND 6.4
18-Mar-03 0 ND NA
7-May-03 200 ND 4.72
6-Aug-03 67 2 5.7

18-Nov-03 810 NA 4.98
20-Feb-04 980 NA 5.73
14-May-04 74 1 4.4
3-Aug-04 24 1 6.47

10-Nov-04 0.9 ND 5.9
25-Feb-05 0.6 ND 4.34
25-May-05 NA NA NA
8-Aug-05 0.6 ND 7.55
28-Oct-05 0.6 ND 2.91

1 None Detected at detection limit
2 Not Analyzed
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Site Location: Ashford

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
14-Feb-02 MW-3 8 ND 6.00
9-May-02 0.6 ND 4.95
6-Aug-02 3 ND 6.96
5-Nov-02 1 ND 7.65
18-Mar-03 3 ND NA
7-May-03 14 ND 5.00
6-Aug-03 NA NA NA

18-Nov-03 NA NA NA
20-Feb-04 NA NA NA
14-May-04 120 ND 4.64
3-Aug-04 790 ND 6.76

10-Nov-04 200 ND 6.23
25-Feb-05 NA NA NA
25-May-05 1 ND 5.46
8-Aug-05 7 3.00 7.87
28-Oct-05 10 ND 3.28

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
14-Feb-02 MW-4 5 ND 6.85
9-May-02 10 ND 5.85
6-Aug-02 7 ND 7.76
5-Nov-02 1 ND 7.5
18-Mar-03 780 ND NA
7-May-03 790 ND 5.85
6-Aug-03 730 ND 7.3

18-Nov-03 340 NA 6.1
20-Feb-04 1100 NA 6.02
14-May-04 1200 ND NA
3-Aug-04 1300 ND 7.58

10-Nov-04 300 ND 7.04
25-Feb-05 48 ND 5.4
25-May-05 42 ND 6.41
8-Aug-05 20 ND 8.65
28-Oct-05 15 ND 4.01

MTBE Site Statistics

Prior to Ban After Ban
1,625.75 Average 717.14
5,757.06 Standard Deviation 2,399.00
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Site Location: Ashford

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 30
Sample Mean 1626.00
Sample Standard Deviation 5758.06

Post-Ban Site Sample
Sample Size 29
Sample Mean 717.14
Sample Standard Deviation 2399.00

Population 1 Sample Degrees of Freedom 29
Population 2 Sample Degrees of Freedom 28
Total Degrees of Freedom 57
Pooled Variance 19695587.7
Difference in Sample Means 908.9

t Test Statistic 0.7864

Lower Critical Value -1.6720
Upper Critical Value 1.6720
p -Value 0.4349

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 14-Feb-02 MW-1 78 ND 6
5 9-May-02 25 ND 4.93
8 6-Aug-02 76 ND 6.92

11 5-Nov-02 13000 ND 6.65
12 27-Dec-02 1800 ND NA
15 18-Mar-03 100 ND NA
17 7-May-03 1300 ND 4.93
20 6-Aug-03 240 ND 6.6
23 18-Nov-03 30000 NA 5.2
26 20-Feb-04 13000 NA 6.02
29 14-May-04 930 99 4.64
32 3-Aug-04 290 ND 6.75
35 10-Nov-04 140 ND 6.22
38 25-Feb-05 45 1 4.09
41 25-May-05 87 69 5.58
44 8-Aug-05 44 7 7.93
46 28-Oct-05 28 10 3.24
50
53

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 14-Feb-02 MW-2 5 ND 5.73
5 9-May-02 4 ND 4.7
8 6-Aug-02 0.6 5 6.7

11 5-Nov-02 0 ND 6.4
15 18-Mar-03 0 ND NA
17 7-May-03 200 ND 4.72
20 6-Aug-03 67 2 5.7
23 18-Nov-03 810 NA 4.98
26 20-Feb-04 980 NA 5.73
29 14-May-04 74 1 4.4
32 3-Aug-04 24 1 6.47
35 10-Nov-04 0.9 ND 5.9
38 25-Feb-05 0.6 ND 4.34
41 25-May-05 NS NA NA
44 8-Aug-05 0.6 ND 7.55
46 28-Oct-05 0.6 ND 2.91
50
53

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 14-Feb-02 MW-3 8 ND 6.00
5 9-May-02 0.6 ND 4.95
8 6-Aug-02 3 ND 6.96

11 5-Nov-02 1 ND 7.65
15 18-Mar-03 3 ND NA



17 7-May-03 14 ND 5.00
20 6-Aug-03 NA NA NA
23 18-Nov-03 NA NA NA
26 20-Feb-04 NA NA NA
29 14-May-04 120 ND 4.64
32 3-Aug-04 790 ND 6.76
35 10-Nov-04 200 ND 6.23
38 25-Feb-05 NS NS NA
41 25-May-05 1 ND 5.46
44 8-Aug-05 7 3.00 7.87
46 28-Oct-05 10 ND 3.28
50
53

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 14-Feb-02 MW-4 5 ND 6.85
5 9-May-02 10 ND 5.85
8 6-Aug-02 7 ND 7.76

11 5-Nov-02 1 ND 7.5
15 18-Mar-03 780 ND NA
17 7-May-03 790 ND 5.85
20 6-Aug-03 730 ND 7.3
23 18-Nov-03 340 NA 6.1
26 20-Feb-04 1100 NA 6.02
29 14-May-04 1200 ND NG
32 3-Aug-04 1300 ND 7.58
35 10-Nov-04 300 ND 7.04
38 25-Feb-05 48 ND 5.4
41 25-May-05 42 ND 6.41
44 8-Aug-05 20 ND 8.65
46 28-Oct-05 15 ND 4.01
50
53

Average of All BEFORE Average of All AFTER
1,625.75 717.14
5758.06 2399.00

30 n 29



BTEX/MTBE LOG MTBE

Avg. MTBE 5179.889 4074.066667 36
std. 10201.28

4.113943352 Avg. MTBE 1820.5
2.968482949 std. 4527.174
2.462397998
2.146128036
1.653212514
1.939519253
1.643452676
1.447158031

BTEX/MTBE LOG MTBE
Avg. MTBE 135.825 166.6230769 0.6
std. 281.0803

8.333333333

0.029850746

2.991226076 Avg. MTBE 154.3857
0.013513514 1.86923172 std. 365.0592
0.041666667 1.380211242

-0.045757491
-0.22184875

-0.22184875
-0.22184875

BTEX/MTBE LOG MTBE
Avg. MTBE 5 114 9
stdev. 5.163978

Avg. of last 4 
sampling events

Avg. of last 4 
sampling events

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of sampling 
events (not last 4)

Avg. of sampling 
events (not last 4)

Avg and Stdev

Avg and Stdev

Avg and Stdev



Avg. MTBE 187.92
2.08 stdev. 305.5399
2.90
2.30

-0.30
0.85
1.00

BTEX/MTBE LOG MTBE
Avg. MTBE 332.875 475.2142857 18
std. 376.967

3.041392685 Avg. MTBE 503.125
3.079181246 std. 586.7118
3.113943352
2.477121255
1.681241237
1.62324929

1.301029996
1.176091259

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)Avg and Stdev
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Ashford MW-1

y = -0.1123x + 6.3809
R2 = 0.8212
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Ashford MW-2
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Ashford MW-2

y = -0.1539x + 6.2879
R2 = 0.7802
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Ashford MW-3
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Ashford MW-3

y = -0.125x + 6.201
R2 = 0.5362
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Ashford MW-4
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Ashford MW-4

y = -0.1112x + 6.2333
R2 = 0.9133
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Site Location: Branford-1

Number of Wells: 4
Monitoring Events Before Ban: 15

Monitoring Events After Ban: 34

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-1 1 108.5 6.01

24-Oct-02 1.9 59.5 6.58
10-Mar-03 278 523.4 5.89
16-Sep-03 231 125.5 5.64
26-Feb-04 352 125 6.19
21-May-04 100 184.9 6.07
9-Aug-04 67.4 205.7 6.47
9-Nov-04 52.1 242.1 6.60
20-Jan-05 19.6 119 6.10
27-May-05 40.7 163.7 6.02
13-Dec-05 2.8 52 6.10
20-Mar-06 3.2 179.5 6.01

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-2 1 ND 6.44

24-Oct-02 2 117.3 4.80
16-Sep-03 1 ND 6.00
26-Feb-04 14.8 222.9 5.73
21-May-04 39 8 7.05
9-Aug-04 2.1 16 6.90
9-Nov-04 19.6 312.2 5.17
20-Jan-05 54.4 970 5.45
27-May-05 10.7 1.1 7.53
3-Nov-05 NA NA 5.23
13-Dec-05 1 ND 5.59
20-Mar-06 2.5 236.7 5.62
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Site Location: Branford-1

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-3 237 330.9 3.64

24-Oct-02 21.7 1.6 3.63
10-Mar-03 979 1280 1.85
16-Sep-03 504 85 3.23
26-Feb-04 1 2202 2.49
21-May-04 193 530.5 2.00
9-Aug-04 48 18.3 4.02
9-Nov-04 22.5 14.1 4.17
20-Jan-05 94.9 123.7 2.53
27-May-05 56.4 203.7 2.03
31-Aug-05 54.1 540 4.84
3-Nov-05 NA NA 2.46
13-Dec-05 73.1 142.5 2.55
20-Mar-06 57.2 386.4 2.26

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-4 247 2336.9 5.80

24-Oct-02 121 1188.8 5.88
10-Mar-03 383 4582.6 3.11
16-Sep-03 470 996.8 5.82
26-Feb-04 1490 5198.2 4.94
21-May-04 764 4125 5.45
9-Aug-04 686 3156.9 6.51
9-Nov-04 345 2258.8 6.56
20-Jan-05 236 2297.1 4.37
27-May-05 101 2619.8 4.57
31-Aug-05 49.6 1962.6 7.07
3-Nov-05 NA NA 4.56
13-Dec-05 30.8 1475.5 4.87
20-Mar-06 2 1843 4.81

MTBE Site Statistics

Prior to Ban After Ban
217.50 Average 115.21
272.07 Standard Deviation 297.16
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Site Location: Branford-1

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 15
Sample Mean 217.50
Sample Standard Deviation 272.07

Post-Ban Site Sample
Sample Size 34
Sample Mean 115.21
Sample Standard Deviation 297.16

Population 1 Sample Degrees of Freedom 14
Population 2 Sample Degrees of Freedom 33
Total Degrees of Freedom 47
Pooled Variance 84048.3
Difference in Sample Means 102.3

t Test Statistic 1.1383

Lower Critical Value -1.6779
Upper Critical Value 1.6779
p -Value 0.2608

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-1 1 108.5 6.01

10 24-Oct-02 1.9 59.5 6.58
15 10-Mar-03 278 523.4 5.89
21 16-Sep-03 231 125.5 5.64
26 26-Feb-04 352 125 6.19
29 21-May-04 100 184.9 6.07
32 9-Aug-04 67.4 205.7 6.47
35 9-Nov-04 52.1 242.1 6.6
37 20-Jan-05 19.6 119 6.1
41 27-May-05 40.7 163.7 6.02
48 13-Dec-05 2.8 52 6.1
51 20-Mar-06 3.2 179.5 6.01

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-2 1 BDL 6.44

10 24-Oct-02 2 117.3 4.8
21 16-Sep-03 1 BDL 6
26 26-Feb-04 14.8 222.9 5.73
29 21-May-04 39 8 7.05
32 9-Aug-04 2.1 16 6.9
35 9-Nov-04 19.6 312.2 5.17
37 20-Jan-05 54.4 970 5.45
41 27-May-05 10.7 1.1 7.53
47 3-Nov-05 NS NS 5.23
48 13-Dec-05 1 BDL 5.59
51 20-Mar-06 2.5 236.7 5.62

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-3 237 330.9 3.64

10 24-Oct-02 21.7 1.6 3.63
15 10-Mar-03 979 1280 1.85
21 16-Sep-03 504 85 3.23
26 26-Feb-04 1 2202 2.49
29 21-May-04 193 530.5 2
32 9-Aug-04 48 18.3 4.02
35 9-Nov-04 22.5 14.1 4.17
37 20-Jan-05 94.9 123.7 2.53
41 27-May-05 56.4 203.7 2.03
44 31-Aug-05 54.1 540 4.84
47 3-Nov-05 NS NS 2.46
48 13-Dec-05 73.1 142.5 2.55
51 20-Mar-06 57.2 386.4 2.26



Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-4 247 2336.9 5.8

10 24-Oct-02 121 1188.8 5.88
15 10-Mar-03 383 4582.6 3.11
21 16-Sep-03 470 996.8 5.82
26 26-Feb-04 1490 5198.2 4.94
29 21-May-04 764 4125 5.45
32 9-Aug-04 686 3156.9 6.51
35 9-Nov-04 345 2258.8 6.56
37 20-Jan-05 236 2297.1 4.37
41 27-May-05 101 2619.8 4.57
44 31-Aug-05 49.6 1962.6 7.07
47 3-Nov-05 NS NS 4.56
48 13-Dec-05 30.8 1475.5 4.87
51 20-Mar-06 2 1843 4.81

Average All BEFORE Average All AFTER
217.4958333 115.2052778
272.0662957 297.1577751

15 n 34



BTEX/MTBE Log MTBE Avg not last 4 Avg last 4
108.5 Avg. MTBE 127.975 135.425 16.575

31.3157895 stdev. 147.353552
1.88273381
0.54329004
0.35511364 2.54654266 Avg. MTBE 79.725

1.849 2 stdev. 114.873405
3.05192878 1.8286599
4.64683301 1.71683772
6.07142857 1.29225607
4.02211302 1.60959441
18.5714286 0.44715803

56.09375 0.50514998

BTEX/MTBE Log MTBE Avg not last 4 Avg last 4
Avg. MTBE 1.33333333 11.3571429 17.15

58.65 stdev. 0.57735027

15.0608108 1.17026172 Avg. MTBE 18.0125
0.20512821 1.59106461 stdev. 19.324702
7.61904762 0.32221929
15.9285714 1.29225607
17.8308824 1.7355989
0.10280374 1.02938378

0
94.68 0.39794001

BTEX/MTBE Log MTBE Avg not last 4 Avg last 4
1.39620253 Avg. MTBE 435.425 233.455556 60.2
0.07373272 stdev. 412.600358
1.30745659
0.16865079

2202 0 Avg. MTBE 66.6888889
2.74870466 2.28555731 stdev. 54.5009276

0.38125 1.68124124
0.62666667 1.35218252
1.30347734 1.97726621
3.61170213 1.7512791
9.98151571 1.73319727

1.9493844 1.86391738
6.75524476 1.75739603

Avg and Stdev

Avg and Stdev

Avg and Stdev



BTEX/MTBE Log MTBE Avg not last 4 Avg last 4
9.4611336 Avg. MTBE 305.25 526.888889 45.85
9.82479339 stdev. 153.328351
11.9650131
2.12085106
3.48872483 3.17318627 Avg. MTBE 411.6
5.39921466 2.88309336 stdev. 492.18845
4.60189504 2.83632412
6.54724638 2.5378191
9.73347458 2.372912
25.9386139 2.00432137
39.5685484 1.69548168

47.9058442 1.48855072
921.5 0.30103

Avg and Stdev
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Branford-1 MW-1

y = -0.0781x + 4.4127
R2 = 0.9117
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Branford-1 MW-1
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Branford-1 MW-2
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Branford-1 MW-2

y = -0.042x + 2.5127
R2 = 0.344
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Branford-1 MW-2
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Branford-1 MW-3
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Branford-1 MW-3

y = 0.0322x + 0.3722
R2 = 0.1799
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Branford-1 MW-3
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Branford-1 MW-4
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y = -0.0995x + 5.9352
R2 = 0.9132
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Site Location: Branford-2

Number of Wells: 5
Monitoring Events Before Ban: 17

Monitoring Events After Ban: 40

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-1 68.2 ND 18.38
10-Oct-02 5610 ND 21.21
28-Mar-03 6870 ND 16.02
7-Oct-03 1310 ND 18.51

24-Feb-04 1590 ND 21.76
27-May-04 3600 ND 17.20
11-Aug-04 320 ND 20.47
8-Nov-04 515 ND 20.13
27-Jan-05 93.7 ND 16.86
13-Apr-05 12.8 ND 15.19
7-Jul-05 82 ND 20.00

27-Oct-05 1.79 ND 17.41

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-2 103 905.6 22.74
10-Oct-02 200 462.9 23.46
28-Mar-03 37300 1683.7 19.67
7-Oct-03 4520 2078.1 20.45

24-Feb-04 330 63.9 20.61
27-May-04 65 358.8 20.11
11-Aug-04 316 2950.5 22.55
8-Nov-04 348 2323.6 22.35
27-Jan-05 104 973.6 19.93
13-Apr-05 40.8 754.8 18.70
7-Jul-05 32.6 1770 21.91

27-Oct-05 27.9 1038.66 21.23

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
3-Apr-02 MW-3 2.6 127.4 5.12

28-Mar-03 70 175.8 5.04
7-Oct-03 4.9 51.7 5.36

24-Feb-04 1 1.4 5.62
27-May-04 1 15.5 6.12
11-Aug-04 1 182.3 6.97
8-Nov-04 1 12.1 6.27
27-Jan-05 1 9.4 5.45
13-Apr-05 1 43.2 5.04
7-Jul-05 1 140.7 7.43

27-Oct-05 1 4.71 3.89
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Site Location: Branford-2

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
10-Oct-02 MW-4 777 ND 24.92
28-Mar-03 55400 33.5 20.79
7-Oct-03 20500 ND 13.45

24-Feb-04 9700 ND 21.76
27-May-04 4480 ND 22.66
11-Aug-04 6100 ND 24.20
8-Nov-04 2840 ND 24.06
27-Jan-05 1020 ND 21.42
13-Apr-05 9.1 ND 19.86
7-Jul-05 1560 ND 23.67

27-Oct-05 1030 ND 23.33

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
10-Oct-02 MW-5 113 ND 26.60
28-Mar-03 78 ND 25.29
7-Oct-03 9 ND 26.48

24-Feb-04 16.2 ND 25.24
27-May-04 6.3 ND 24.91
11-Aug-04 10.4 ND 25.8
8-Nov-04 12.1 ND 25.95
27-Jan-05 9.4 ND 25.38
13-Apr-05 6.8 ND 24.66
7-Jul-05 9.9 ND 25.64

27-Oct-05 10.7 ND 26.14

MTBE Site Statistics

Prior to Ban After Ban
7,819.75 Average 857.71

15,697.68 Standard Deviation 1,966.16
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Site Location: Branford-2

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 17
Sample Mean 7819.70
Sample Standard Deviation 15697.70

Post-Ban Site Sample
Sample Size 40
Sample Mean 857.70
Sample Standard Deviation 1966.20

Population 1 Sample Degrees of Freedom 16
Population 2 Sample Degrees of Freedom 39
Total Degrees of Freedom 55
Pooled Variance 74426478.5
Difference in Sample Means 6962.0

t Test Statistic 2.7873

Lower Critical Value -1.6730
Upper Critical Value 1.6730
p -Value 0.0073

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-1 68.2 ND 18.38

10 10-Oct-02 5610 ND 21.21
15 28-Mar-03 6870 ND 16.02
22 7-Oct-03 1310 ND 18.51
26 24-Feb-04 1590 ND 21.76
29 27-May-04 3600 ND 17.2
32 11-Aug-04 320 ND 20.47
35 8-Nov-04 515 ND 20.13
37 27-Jan-05 93.7 ND 16.86
40 13-Apr-05 12.8 ND 15.19
43 7-Jul-05 82 ND 20
46 27-Oct-05 1.79 ND 17.41

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-2 103 905.6 22.74

10 10-Oct-02 200 462.9 23.46
15 28-Mar-03 37300 1683.7 19.67
22 7-Oct-03 4520 2078.1 20.45
26 24-Feb-04 330 63.9 20.61
29 27-May-04 65 358.8 20.11
32 11-Aug-04 316 2950.5 22.55
35 8-Nov-04 348 2323.6 22.35
37 27-Jan-05 104 973.6 19.93
40 13-Apr-05 40.8 754.8 18.7
43 7-Jul-05 32.6 1770 21.91
46 27-Oct-05 27.9 1038.66 21.23

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 3-Apr-02 MW-3 2.6 127.4 5.12

15 28-Mar-03 70 175.8 5.04
22 7-Oct-03 4.9 51.7 5.36
26 24-Feb-04 1 1.4 5.62
29 27-May-04 1 15 5 6 12



4 10-Oct-02 MW-4 777 ND 24.92
15 28-Mar-03 55400 33.5 20.79
22 7-Oct-03 20500 ND 13.45
26 24-Feb-04 9700 ND 21.76
29 27-May-04 4480 ND 22.66
32 11-Aug-04 6100 ND 24.2
35 8-Nov-04 2840 ND 24.06
37 27-Jan-05 1020 ND 21.42
40 13-Apr-05 9.1 ND 19.86
43 7-Jul-05 1560 ND 23.67
46 27-Oct-05 1030 ND 23.33

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 10-Oct-02 MW-5 113 ND 26.6

15 28-Mar-03 78 ND 25.29
22 7-Oct-03 9 ND 26.48
26 24-Feb-04 16.2 ND 25.24
29 27-May-04 6.3 ND 24.91
32 11-Aug-04 10.4 ND 25.8
35 8-Nov-04 12.1 ND 25.95
37 27-Jan-05 9.4 ND 25.38
40 13-Apr-05 6.8 ND 24.66
43 7-Jul-05 9.9 ND 25.64
46 27-Oct-05 10.7 ND 26.14

Average All BEFORE Average All AFTER
7819.747059 857.71225
15697.68057 1966.155203

17 n 40



BTEX/MTBE Log MTBE
Avg. MTBE 3464.55 2485.4 47.5725
stdev. 3285.18515

3.20139712
3.5563025 Avg. MTBE 776.91125
2.50514998 stdev. 1255.99517
2.71180723
1.97173959
1.10720997
1.91381385
0.25285303

BTEX/MTBE Log MTBE
8.79223301 Avg. MTBE 10530.75 5397.75 51.325

2.3145 stdev. 17964.634
0.04513941
0.45975664
0.19363636 2.51851394 Avg. MTBE 158.0375

5.52 1.81291336 stdev. 145.700279
9.33702532 2.49968708
6.67701149 2.54157924
9.36153846 2.01703334

18.5 1.61066016
54.2944785 1.5132176
37.227957 1.4456042

BTEX/MTBE Log MTBE
49 Avg. MTBE 25.8333333 11.64285714 1

2.51142857 1.84509804 stdev. 38.2667393
10.5510204 0.69019608

1.4 0 Avg. MTBE 1
15 5 0 stdev 0

Avg and Stdev

Avg and Stdev

Avg and Stdev

g p g
events (not last 

4)
Avg. of last 4 

sampling events

g p g
events (not last 

4)
Avg. of last 4 

sampling events

g p g
events (not last 

4)
Avg. of last 4 

sampling events



Avg. MTBE 25559 14256.71429 904.775
stdev. 27660.6786

3.98677173 Avg. MTBE 3342.3875
3.65127801 stdev. 3264.49622
3.78532984
3.45331834
3.00860017
0.95904139
3.1931246
3.01283722

BTEX/MTBE Log MTBE
Avg. MTBE 66.6666667 35 9.2
stdev. 52.9181758

1.20951501 Avg. MTBE 10.225
0.79934055 stdev. 3.10287885
1.01703334
1.08278537
0.97312785
0.83250891
0.99563519
1.02938378

Avg and Stdev

g p g
events (not last 

4)
Avg. of last 4 

sampling events
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Site Location: Branford-3

Number of Wells: 4
Monitoring Events Before Ban: 16

Monitoring Events After Ban: 36

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
23-Apr-02 MW-1 1400 185.2 17.09
10-Oct-02 1110 ND 17.77
28-Mar-03 994 1351 16.03
7-Oct-03 612 3517.7 16.9

23-Feb-04 145 96.8 16.52
19-May-04 153 59.3 15.36
10-Aug-04 99.8 118 16.00
5-Nov-04 57.9 6.2 16.53
26-Jan-05 74.8 311.2 15.55
7-Apr-05 54.4 387.9 15.21
27-Jul-05 216 1710 15.90
20-Oct-05 125 1079.29 17.37
12-Jan-06 333 2428.3 15.56

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
23-Apr-02 MW-2 130 ND 11.91
10-Oct-02 65.9 0.73 12.58
28-Mar-03 51.6 ND 10.60
7-Oct-03 31.1 ND 10.74

23-Feb-04 19.4 ND 11.41
19-May-04 25.7 ND 9.93
10-Aug-04 12 ND 10.89
5-Nov-04 8.5 ND 11.37
26-Jan-05 8 ND 10.19
7-Apr-05 33.6 153.7 9.25
27-Jul-05 12.3 ND 10.63
20-Oct-05 6.56 ND 11.42
12-Jan-06 9.59 ND 9.83
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Site Location: Branford-3

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
23-Apr-02 MW-3 20 5.1 17.75
10-Oct-02 22.1 2.8 18.43
28-Mar-03 197 823.8 16.87
7-Oct-03 110 1313 16.56

23-Feb-04 81.1 492 17.16
19-May-04 72.1 495.2 16.89
10-Aug-04 127 964.8 16.78
5-Nov-04 100 981.2 17.29
26-Jan-05 51 2961 16.25
7-Apr-05 41.1 2413.6 15.92
27-Jul-05 49 1509.9 16.59
20-Oct-05 51.1 220.21 17.95
12-Jan-06 66 8.68 16.31

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
23-Apr-02 MW-4 300 287 12.88
10-Oct-02 197 309.5 13.60
28-Mar-03 223 205.4 11.71
7-Oct-03 161 88.6 11.71

23-Feb-04 181 155.5 12.44
19-May-04 182 78.2 11.09
10-Aug-04 153 60.5 11.79
5-Nov-04 135 29.2 12.54
26-Jan-05 131 21.5 11.26
7-Apr-05 139 111.3 10.41
27-Jul-05 114 27.2 11.81
20-Oct-05 98.2 5.25 12.43
12-Jan-06 124 14.29 11.11

MTBE Site Statistics

Prior to Ban After Ban
351.54 Average 91.39
436.54 Standard Deviation 70.73
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Site Location: Branford-3

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 16
Sample Mean 351.50
Sample Standard Deviation 436.50

Post-Ban Site Sample
Sample Size 36
Sample Mean 91.40
Sample Standard Deviation 70.70

Population 1 Sample Degrees of Freedom 15
Population 2 Sample Degrees of Freedom 35
Total Degrees of Freedom 50
Pooled Variance 60658.6
Difference in Sample Means 260.1

t Test Statistic 3.5148

Lower Critical Value -1.6759
Upper Critical Value 1.6759
p -Value 0.0009

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 23-Apr-02 MW-1 1400 185.2 17.09

10 10-Oct-02 1110 0 17.77
15 28-Mar-03 994 1351 16.03
22 7-Oct-03 612 3517.7 16.9
26 23-Feb-04 145 96.8 16.52
29 19-May-04 153 59.3 15.36
32 10-Aug-04 99.8 118 16
35 5-Nov-04 57.9 6.2 16.53
37 26-Jan-05 74.8 311.2 15.55
40 7-Apr-05 54.4 387.9 15.21
43 27-Jul-05 216 1710 15.9
46 20-Oct-05 125 1079.29 17.37
49 12-Jan-06 333 2428.3 15.56

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 23-Apr-02 MW-2 130 BDL 11.91

10 10-Oct-02 65.9 0.73 12.58
15 28-Mar-03 51.6 BDL 10.6
22 7-Oct-03 31.1 BDL 10.74
26 23-Feb-04 19.4 BDL 11.41
29 19-May-04 25.7 BDL 9.93
32 10-Aug-04 12 BDL 10.89
35 5-Nov-04 8.5 BDL 11.37
37 26-Jan-05 8 BDL 10.19
40 7-Apr-05 33.6 153.7 9.25
43 27-Jul-05 12.3 BDL 10.63
46 20-Oct-05 6.56 BDL 11.42
49 12-Jan-06 9.59 BDL 9.83

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 23-Apr-02 MW-3 20 5.1 17.75

10 10-Oct-02 22.1 2.8 18.43
15 28-Mar-03 197 823.8 16.87
22 7-Oct-03 110 1313 16.56
26 23-Feb-04 81.1 492 17.16
29 19-May-04 72.1 495.2 16.89
32 10-Aug-04 127 964.8 16.78
35 5-Nov-04 100 981.2 17.29
37 26-Jan-05 51 2961 16.25
40 7-Apr-05 41.1 2413.6 15.92
43 27-Jul-05 49 1509.9 16.59
46 20-Oct-05 51.1 220.21 17.95
49 12-Jan-06 66 8.68 16.31



Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 23-Apr-02 MW-4 300 287 12.88

10 10-Oct-02 197 309.5 13.6
15 28-Mar-03 223 205.4 11.71
22 7-Oct-03 161 88.6 11.71
26 23-Feb-04 181 155.5 12.44
29 19-May-04 182 78.2 11.09
32 10-Aug-04 153 60.5 11.79
35 5-Nov-04 135 29.2 12.54
37 26-Jan-05 131 21.5 11.26
40 7-Apr-05 139 111.3 10.41
43 27-Jul-05 114 27.2 11.81
46 20-Oct-05 98.2 5.25 12.43
49 12-Jan-06 124 14.29 11.11

Average All BEFORE Average All AFTER
351.54375 91.39305556

436.5379601 70.72797385
16 n 36



BTEX/MTBE Log MTBE
0.132285714 Avg. MTBE 1029 516.2777778 182.1

0 std. 326.2493934
1.35915493
5.747875817
0.667586207 2.161368002 Avg. MTBE 139.8777778
0.387581699 2.184691431 std. 89.00752465
1.182364729 1.999130541
0.107081174 1.762678564
4.160427807 1.873901598
7.130514706 1.7355989
7.916666667 2.334453751

8.63432 2.096910013
7.292192192 2.522444234

BTEX/MTBE Log MTBE
Avg. MTBE 69.65 39.13333333 15.5125

0.01107739 std. 42.69305174

1.28780173 Avg. MTBE 15.07222222
1.409933123 std. 9.272302543
1.079181246
0.929418926
0.903089987

4.574404762 1.526339277
1.089905111
0.816903839
0.981818607

BTEX/MTBE Log MTBE
0.255 Avg. MTBE 87.275 86.7 51.8

0.126696833 std. 84.32023778
4.181725888
11.93636364
6.066584464 1.909020854 Avg. MTBE 70.93333333
6.868238558 1.857935265 std. 28.01606682
7.596850394 2.103803721

9.812 2
58.05882353 1.707570176
58.72506083 1.613841822
30.81428571 1.69019608
4.309393346 1.7084209
0.131515152 1.819543936

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg and Stdev
Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



BTEX/MTBE Log MTBE
0.956666667 Avg. MTBE 220.25 184.7777778 118.8
1.57106599 std. 58.93145736
0.921076233
0.550310559
0.859116022 2.257678575 Avg. MTBE 139.6888889
0.42967033 2.260071388 std. 28.28287664
0.395424837 2.184691431
0.216296296 2.130333768
0.164122137 2.117271296
0.800719424 2.1430148
0.238596491 2.056904851
0.053462322 1.992111488
0.115241935 2.093421685

Avg and Stdev
Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events
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Branford-3 MW-1

y = 0.011x + 1.6643
R2 = 0.1059
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Branford-3 MW-2

y = -0.0143x + 1.6498
R2 = 0.2085
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Branford-3 MW-3
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Branford-3 MW-4
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Site Location: Colchester

Number of Wells: 4
Monitoring Events Before Ban: 28

Monitoring Events After Ban: 35

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
21-Feb-02 MW-1 17 1.1 6.6
30-Aug-02 36.8 9.68 7.04
5-Nov-02 16.6 0 6.63
24-Sep-03 9 0.67 7.45
19-Mar-04 1 0 7.06
3-Aug-04 4.2 0 7.47
29-Dec-04 1 4 7.16
31-Mar-05 1 0 5.37
15-Aug-05 1.1 1 7.11
8-Dec-05 1.2 1 5.61
29-Mar-06 20.1 1 6.21

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
21-Feb-02 MW-2 5 4234 9.4
17-May-02 10 3730 7.59
30-Aug-02 26 2890 7.91
5-Nov-02 5 1339 8.81
21-Feb-03 2 2134.9 8.4
24-Sep-03 2 1629.8 10.51
19-Mar-04 1 2730.2 8.37
3-Aug-04 1 2922 9.1
29-Dec-04 5 2710 7.01
31-Mar-05 5 2879 6.51
15-Aug-05 1 414 8.96
8-Dec-05 1 2080.5 2.1
29-Mar-06 1 2739 8.2

Page 1 of 19



Site Location: Colchester

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
21-Feb-02 MW-3 20 54.8 16.8
17-May-02 19 8.1 12.05
30-Aug-02 27.7 25.4 17.61
5-Nov-02 4.9 9.7 15.17
21-Feb-03 7 19.6 13.16
24-Sep-03 5.9 9.2 15.19
19-Mar-04 4.4 2.7 13.47
3-Aug-04 4.1 1.1 16.4
29-Dec-04 1 1.1 10.84
31-Mar-05 1 0 9.61
15-Aug-05 4.2 3.6 17.28
8-Dec-05 1 5.2 11.28
29-Mar-06 1 1 13.53

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
21-Feb-02 MW-4 99 194 13.2
17-May-02 44.2 364.2 11.45
30-Aug-02 19.7 198.8 12.74
5-Nov-02 24.7 132.15 13.07
21-Feb-03 4.8 176.9 12.54
24-Sep-03 3.3 24.6 13.32
19-Mar-04 1.9 92.9 12.7
3-Aug-04 1 19.3 13.15
29-Dec-04 1 246.6 11.12
31-Mar-05 1 296.5 11.15
15-Aug-05 1.4 0.55 13.11
8-Dec-05 1 171.79 11.2
29-Mar-06 1 29.2 12.48

MTBE Site Statistics

Prior to Ban After Ban
17.58 Average 2.42
20.63 Standard Deviation 3.44
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Site Location: Colchester

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 28
Sample Mean 17.58
Sample Standard Deviation 20.63

Post-Ban Site Sample
Sample Size 35
Sample Mean 2.42
Sample Standard Deviation 3.44

Population 1 Sample Degrees of Freedom 27
Population 2 Sample Degrees of Freedom 34
Total Degrees of Freedom 61
Pooled Variance 195.0
Difference in Sample Means 15.2

t Test Statistic 4.2814

Lower Critical Value -1.6702
Upper Critical Value 1.6702
p -Value 0.0001

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 21-Feb-02 MW-1 17 1.1 6.6
8 30-Aug-02 36.8 9.68 7.04

11 5-Nov-02 16.6 0 6.63
21 24-Sep-03 9 0.67 7.45
27 19-Mar-04 1 0 7.06
32 3-Aug-04 4.2 0 7.47
36 29-Dec-04 1 4 7.16
39 31-Mar-05 1 0 5.37
44 15-Aug-05 1.1 1 7.11
48 8-Dec-05 1.2 1 5.61
51 29-Mar-06 20.1 1 6.21

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 21-Feb-02 MW-2 5 4234 9.4
5 17-May-02 10 3730 7.59
8 30-Aug-02 26 2890 7.91

11 5-Nov-02 5 1339 8.81
14 21-Feb-03 2 2134.9 8.4
21 24-Sep-03 2 1629.8 10.51
27 19-Mar-04 1 2730.2 8.37
32 3-Aug-04 1 2922 9.1
36 29-Dec-04 5 2710 7.01
39 31-Mar-05 5 2879 6.51
44 15-Aug-05 1 414 8.96
48 8-Dec-05 1 2080.5 2.1
51 29-Mar-06 1 2739 8.2

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 21-Feb-02 MW-3 20 54.8 16.8
5 17-May-02 19 8.1 12.05
8 30-Aug-02 27.7 25.4 17.61

11 5-Nov-02 4.9 9.7 15.17
14 21-Feb-03 7 19.6 13.16
21 24-Sep-03 5.9 9.2 15.19
27 19-Mar-04 4.4 2.7 13.47
32 3-Aug-04 4 1 1 1 16 4



5 17-May-02 44.2 364.2 11.45
8 30-Aug-02 19.7 198.8 12.74

11 5-Nov-02 24.7 132.15 13.07
14 21-Feb-03 4.8 176.9 12.54
21 24-Sep-03 3.3 24.6 13.32
27 19-Mar-04 1.9 92.9 12.7
32 3-Aug-04 1 19.3 13.15
36 29-Dec-04 1 246.6 11.12
39 31-Mar-05 1 296.5 11.15
44 15-Aug-05 1.4 0.55 13.11
48 8-Dec-05 1 171.79 11.2
51 29-Mar-06 1 29.2 12.48

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 21-Feb-02 MW-5 50 2692 12.6
5 17-May-02 10 2829.5 10.88
8 30-Aug-02 10 3640 11.5

11 5-Nov-02 5 2099 11.83
14 21-Feb-03 2 1647.1 11.35
21 24-Sep-03 1 1061.9 12.38
27 19-Mar-04 1 1519.9 11.41
32 3-Aug-04 5 1314 12.05
36 29-Dec-04 1 1162 10.4
39 31-Mar-05 5 957 10.13
44 15-Aug-05 1 944 11.69
48 8-Dec-05 1 700 10.27
51 29-Mar-06 1 755 11.13

Average All BEFORE Average All AFTER
17.57666667 2.417142857
20.63389363 3.435068774

28 n 35



BTEX/MTBE Log MTBE
0.06470588 1.23044892 Avg. MTBE 19.85 12.22857143 5.85
0.26304348 1.56584782 stdev. 11.8843034

0 1.22010809
0.07444444 0.95424251

0 0 Avg. MTBE 4.22857143
0 0.62324929 stdev. 7.09617603
4 0
0 0

0.90909091 0.04139269
0.83333333 0.07918125
0.04975124 1.30319606

BTEX/MTBE Log MTBE
846.8 0.69897 Avg. MTBE 8.33333333 6.333333333 2
373 1 stdev. 9.13600934

111.153846 1.41497335
267.8 0.69897

1067.45 0.30103
814.9 0.30103
2730.2 0 Avg. MTBE 2.14285714
2922 0 stdev. 1.95180015
542 0.69897

575.8 0.69897
414 0

2080.5 0
2739 0

BTEX/MTBE Log MTBE
2.74 1.30103 Avg. MTBE 14.0833333 10.44444444 1.8

0.42631579 1.2787536 stdev. 9.44529865
0.91696751 1.44247977
1.97959184 0.69019608

2.8 0.84509804
1.55932203 0.77085201
0.61363636 0.64345268 Avg. MTBE 2.38571429
0 26829268 0 61278386 stdev 1 73053804

Avg and Stdev

Avg and Stdev

Avg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events



8.239819 1.64542227 stdev. 35.7873395
10.0913706 1.29446623
5.35020243 1.39269695
36.8541667 0.68124124
7.45454545 0.51851394
48.8947368 0.2787536 Avg. MTBE 1.18571429

19.3 0 stdev. 0.34846603
246.6 0
296.5 0

0.39285714 0.14612804
171.79 0
29.2 0

BTEX/MTBE Log MTBE
53.84 1.69897 Avg. MTBE 13 9.444444444 2
282.95 1 stdev. 18.5256579

364 1
419.8 0.69897
823.55 0.30103
1061.9 0
1519.9 0 Avg. MTBE 2.14285714
262.8 0.69897 stdev. 1.95180015
1162 0
191.4 0.69897
944 0
700 0
755 0

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev
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Colchester MW-1
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Colchester MW-2
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y = -0.0064x + 0.4545
R2 = 0.0267
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Colchester MW-2
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Colchester MW-3
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Colchester MW-3
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Colchester MW-4
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Colchester MW-4
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Site Location: Danbury

Number of Wells: 2
Monitoring Events Before Ban: 10

Monitoring Events After Ban: 14

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
25-Feb-02 MW-1 18.7 862.4 24.00
11-Nov-02 22.8 7413 23.82
11-Feb-03 310 5358 19.38
8-May-03 1070 1244 16.63
4-Aug-03 592 2080 18.08
3-Nov-03 457 4961 17.71
3-Feb-04 1 ND 15.47
7-May-04 396 300 14.57
10-Aug-04 493 5320 20.04
28-Feb-05 315 831.2 15.46
9-May-05 528 3610.9 14.49
1-Aug-05 326 7999 22.29
17-Nov-05 4.8 88 18.37

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
11-Nov-02 MW-2 NS NS NS
11-Feb-03 1550 18.8 17.83
8-May-03 29000 43.8 15.95
4-Aug-03 15800 189.6 16.82
3-Nov-03 3.1 3.1 16.82
3-Feb-04 57.2 3.7 14.84
7-May-04 23.7 8.4 14.46
10-Aug-04 128 252 18.02
28-Feb-05 1.2 7.9 14.66
9-May-05 2.4 ND 13.81
1-Aug-05 134 411 19.91
17-Nov-05 1 ND 15.02

MTBE Site Statistics

Prior to Ban After Ban
6,000.01 Average 172.24
9,755.17 Standard Deviation 197.49
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Site Location: Danbury

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 10
Sample Mean 6000.01
Sample Standard Deviation 9755.17

Post-Ban Site Sample
Sample Size 14
Sample Mean 172.24
Sample Standard Deviation 197.49

Population 1 Sample Degrees of Freedom 9
Population 2 Sample Degrees of Freedom 13
Total Degrees of Freedom 22
Pooled Variance 38953470.2
Difference in Sample Means 5827.8

t Test Statistic 2.2552

Lower Critical Value -1.7171
Upper Critical Value 1.7171
p -Value 0.0344

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 25-Feb-02 MW-1 18.7 862.4 24.00

11 11-Nov-02 22.8 7413 23.82
14 11-Feb-03 310 5358 19.38
17 8-May-03 1070 1244 16.63
20 4-Aug-03 592 2080 18.08
23 3-Nov-03 457 4961 17.71
26 3-Feb-04 1 BRL 15.47
29 7-May-04 396 300 14.57
32 10-Aug-04 493 5320 20.04
38 28-Feb-05 315 831.2 15.46
41 9-May-05 528 3610.9 14.49
44 1-Aug-05 326 7999 22.29
47 17-Nov-05 4.8 88 18.37

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
11 11-Nov-02 MW-2 NS NS DRY
14 11-Feb-03 1550 18.8 17.83
17 8-May-03 29000 43.8 15.95
20 4-Aug-03 15800 189.6 16.82
23 3-Nov-03 3.1 3.1 16.82
26 3-Feb-04 57.2 3.7 14.84
29 7-May-04 23.7 8.4 14.46
32 10-Aug-04 128 252 18.02
38 28-Feb-05 1.2 7.9 14.66
41 9-May-05 2.4 BRL 13.81
44 1-Aug-05 134 411 19.91
47 17-Nov-05 1 BRL 15.02

Average All BEFORE Average All AFTER
6000.0125 172.2357143

9755.165586 197.4927052
10 n 14



BTEX/MTBE Log MTBE
46.12 Avg. MTBE 411.75 373.3888889 293.45
325.13 stdev. 395.96822
17.28
1.16
3.51
10.86

0 Avg. MTBE 294.828571
0.75757576 2.59769519 stdev. 214.362168
10.7910751 2.69284692
2.63873016 2.49831055
6.83882576 2.72263392
24.5368098 2.5132176
18.3333333 0.68124124

BTEX/MTBE Log MTBE
Avg. MTBE 11588.275 6651.714286 34.65

0.01212903 stdev. 13612.3723
0.00151034

0.012
1

0.06468531 1.75739603 Avg. MTBE 49.6428571
0.35443038 1.37474835 stdev. 59.0632953

1.96875 2.10720997
6.58333333 0.07918125

0.38021124
3.06716418 2.1271048

Avg and Stdev

Avg. of sampling 
events (not last 4)

g
sampling 

eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

g
sampling 

events
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Danbury MW-1
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Danbury MW-1

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

Time (Sampling Month)

B
T
E
X

/
M

T
B

E

BTEX/MTBE

Feb '02 Aug '02 Feb '03 Aug '03 Feb '04 Aug '04 Feb '05 Aug '05



Danbury MW-2
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Danbury MW-2
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Site Location: Darien

Number of Wells: 4
Monitoring Events Before Ban: 30

Monitoring Events After Ban: 28

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
28-Feb-02 MW-1 21 ND 18.35
20-Jun-02 43.1 5.6 17.92
17-Sep-02 39.4 3.3 18.03
10-Dec-02 27.2 2 18.00
24-Feb-03 2.4 ND 18.03
2-Jun-03 11.3 1 18.81

25-Sep-03 7.7 2.5 18.05
25-Nov-03 1 ND 17.95
25-Feb-04 4.1 ND 18.04
25-May-04 5.8 ND 17.83
16-Aug-04 NS ND 17.94
11-Nov-04 8.1 3.2 18.20
28-Feb-05 11.8 ND 17.95
26-May-05 5.8 0.53 18.00
16-Aug-05 5.7 ND 18.17
28-Nov-05 6.4 ND 18.03

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
28-Feb-02 MW-2 1100 1345 21.73
20-Jun-02 540 1855.9 21.18
17-Sep-02 2120 3350.7 21.17
10-Dec-02 792 1648.1 21.02
24-Feb-03 578 1560.9 21.35
2-Jun-03 613 1176.8 20.70

25-Sep-03 746 892 21.36
25-Nov-03 1480 867.7 20.92
25-Feb-04 1340 1206.5 21.07
25-May-04 388 718.5 20.95
16-Aug-04 NS NS 20.91
11-Nov-04 326 552 21.25
28-Feb-05 337 430 20.42
26-May-05 334 379 20.96
16-Aug-05 288 401 20.61
28-Nov-05 203 230 20.67

Page 1 of 19



Site Location: Darien

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
28-Feb-02 MW-3 370 14 14.79
20-Jun-02 809 2967 13.28
17-Sep-02 496 207.8 13.59
10-Dec-02 665 2753 12.98
24-Feb-03 916 5080 20.14
2-Jun-03 NS NS NS

25-Sep-03 400 1689.3 13.76
25-Nov-03 370 1451.3 13.52
25-Feb-04 790 6057 12.83
25-May-04 1050 8370 12.65
16-Aug-04 NS NS 13.06
11-Nov-04 224 1130 13.55
28-Feb-05 534 3202 12.50
26-May-05 418 3975 12.82
16-Aug-05 305 2203 13.64
28-Nov-05 348 3763 12.78

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
28-Feb-02 MW-4 8.5 ND 34.17
20-Jun-02 NS NS NS
17-Sep-02 1 0 33.62
10-Dec-02 4.9 3.8 33.65
24-Feb-03 77.7 108.9 28.45
2-Jun-03 1 0 33.46

25-Sep-03 1 0 33.70
25-Nov-03 1 0 33.32
25-Feb-04 68.9 51 33.56
25-May-04 1 ND 32.60
16-Aug-04 NS NS 33.33
11-Nov-04 38 62.2 33.76
28-Feb-05 104 105.4 33.69
26-May-05 76 81.8 33.68
16-Aug-05 101 214 34.13
28-Nov-05 82.5 93.2 33.75

MTBE Site Statistics

Prior to Ban After Ban
401.00 Average 264.43
515.62 Standard Deviation 329.69

Page 2 of 19



Site Location: Darien

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 30
Sample Mean 401.00
Sample Standard Deviation 515.62

Post-Ban Site Sample
Sample Size 28
Sample Mean 264.43
Sample Standard Deviation 329.69

Population 1 Sample Degrees of Freedom 29
Population 2 Sample Degrees of Freedom 27
Total Degrees of Freedom 56
Pooled Variance 190084.9
Difference in Sample Means 136.6

t Test Statistic 1.1920

Lower Critical Value -1.6725
Upper Critical Value 1.6725
p -Value 0.2383

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different

Page 3 of 19



Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 28-Feb-02 MW-1 21 0 18.35
6 20-Jun-02 43.1 5.6 17.92
9 17-Sep-02 39.4 3.3 18.03

12 10-Dec-02 27.2 2 18.00
14 24-Feb-03 2.4 0 18.03
18 2-Jun-03 11.3 1 18.81
21 25-Sep-03 7.7 2.5 18.05
23 25-Nov-03 1 0 17.95
26 25-Feb-04 4.1 0 18.04
29 25-May-04 5.8 0 17.83
32 16-Aug-04 ND ND 17.94
35 11-Nov-04 8.1 3.2 18.20
38 28-Feb-05 11.8 0 17.95
41 26-May-05 5.8 0.53 18.00
44 16-Aug-05 5.7 0 18.17
47 28-Nov-05 6.4 0 18.03

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 28-Feb-02 MW-2 1100 1345 21.73
6 20-Jun-02 540 1855.9 21.18
9 17-Sep-02 2120 3350.7 21.17

12 10-Dec-02 792 1648.1 21.02
14 24-Feb-03 578 1560.9 21.35
18 2-Jun-03 613 1176.8 20.70
21 25-Sep-03 746 892 21.36
23 25-Nov-03 1480 867.7 20.92
26 25-Feb-04 1340 1206.5 21.07
29 25-May-04 388 718.5 20.95
32 16-Aug-04 NS NS 20.91
35 11-Nov-04 326 552 21.25
38 28-Feb-05 337 430 20.42
41 26-May-05 334 379 20.96
44 16-Aug-05 288 401 20.61
47 28-Nov-05 203 230 20.67



21 25-Sep-03 400 1689.3 13.76
23 25-Nov-03 370 1451.3 13.52
26 25-Feb-04 790 6057 12.83
29 25-May-04 1050 8370 12.65
32 16-Aug-04 NS NS 13.06
35 11-Nov-04 224 1130 13.55
38 28-Feb-05 534 3202 12.50
41 26-May-05 418 3975 12.82
44 16-Aug-05 305 2203 13.64
47 28-Nov-05 348 3763 12.78

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 28-Feb-02 MW-4 8.5 0 34.17
6 20-Jun-02 NS NS NS
9 17-Sep-02 1 0 33.62

12 10-Dec-02 4.9 3.8 33.65
14 24-Feb-03 77.7 108.9 28.45
18 2-Jun-03 1 0 33.46
21 25-Sep-03 1 0 33.70
23 25-Nov-03 1 0 33.32
26 25-Feb-04 68.9 51 33.56
29 25-May-04 1 0 32.60
32 16-Aug-04 - - 33.33
35 11-Nov-04 38 62.2 33.76
38 28-Feb-05 104 105.4 33.69
41 26-May-05 76 81.8 33.68
44 16-Aug-05 101 214 34.13
47 28-Nov-05 82.5 93.2 33.75

Average All BEFORE Average All AFTER
400.9977679 264.4321429
515.6181947 329.6886759

30 n 28



BTEX/MTBE Log MTBE
0.00 Avg. MTBE 19.1375 15.55454545 7.425
0.13 stdev. 16.2770599
0.08
0.07
0.00
0.09
0.32
0.00
0.00 0.61 Avg. MTBE 6.81428571
0.00 0.76 stdev. 2.49494727

0.40 0.91
0.00 1.07
0.09 0.76
0.00 0.76
0.00 0.81

BTEX/MTBE Log MTBE
1.22272727 Avg. MTBE 996.125 911.1818182 290.5
3.43685185 stdev. 553.161417
1.58051887
2.08093434
2.70051903
1.91973899
1.19571046
0.58628378
0.90037313 3.1271048 Avg. MTBE 459.428571
1.85180412 2.58883173 stdev. 392.465649

1.69325153 2.5132176
1.27596439 2.5276299
1.13473054 2.52374647
1.39236111 2.45939249
1.13300493 2.30749604

g p g
events (not last 

4)
Avg. of last 4 

sampling eventsAvg and Stdev

g p g
events (not last 

4)
Avg. of last 4 

sampling eventsAvg and Stdev



4.22325
3.92243243
7.66708861 2.89762709 Avg. MTBE 524.142857
7.97142857 3.0211893 stdev. 296.565017

5.04464286 2.35024802
5.99625468 2.72754126
9.50956938 2.62117628
7.22295082 2.48429984
10.8132184 2.54157924

BTEX/MTBE Log MTBE
0 Avg. MTBE 13.5857143 20.3 90.875

stdev. 28.4181532
0

0.7755102
1.4015444

0
0
0

0.74020319 1.83821922 Avg. MTBE 67.3428571
0 0 stdev. 36.6197514

1.63684211 1.5797836
1.01346154 2.01703334
1.07631579 1.88081359
2.11881188 2.00432137
1.12969697 1.91645395

g p g
events (not last 

4)
Avg. of last 4 

sampling eventsAvg and Stdev
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y = 0.0056x + 0.6022
R2 = 0.0907
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Site Location: East Haven

Number of Wells: 4
Monitoring Events Before Ban: 19

Monitoring Events After Ban: 24

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
18-Mar-02 MW-1 32.3 20.43 13.07
24-Jul-02 64.5 403.1 11.00
26-Nov-02 46.5 425.8 10.25
20-May-03 27.2 310.6 9.05
13-Nov-03 42.9 842 10.19
16-Feb-04 26.4 407.7 10.06
14-May-04 28.3 407 8.88
21-Oct-04 18.8 361 11.19
14-Jan-05 17.7 110.5 10.03
12-Apr-05 12.2 167.3 8.44
7-Oct-05 10.5 147 12.74

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
18-Mar-02 MW-2 42.2 4409.4 12.41
24-Jul-02 112 14552 10.17
26-Nov-02 16.6 11021.8 9.61
20-May-03 36.6 12875 8.35
13-Nov-03 63.5 10502.5 9.40
16-Feb-04 194 11536.5 9.31
14-May-04 148 8510.8 8.13
21-Oct-04 285 5809.5 10.34
14-Jan-05 306 3147.7 9.35
12-Apr-05 283 6517.3 7.80
7-Oct-05 275 3049.5 12.04

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
18-Mar-02 MW-3 100 6964 14.10
24-Jul-02 100 6793.4 10.60
26-Nov-02 2 1270.3 9.74
20-May-03 12.6 615.4 8.65
13-Nov-03 1 67.6 9.48
16-Feb-04 1 504.8 9.46
14-May-04 5.4 1038.5 8.42
21-Oct-04 2 542.2 10.39
14-Jan-05 1 3096 9.76
12-Apr-05 8.7 796.9 8.15
7-Oct-05 20.6 5740 13.00
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Site Location: East Haven

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
18-Mar-02 MW-4 NS NS 9.71
24-Jul-02 10 0.5 9.42
26-Nov-02 113 10264 9.53
20-May-03 90.8 8665 8.44
13-Nov-03 128 11220.4 9.43
16-Feb-04 57.7 379.9 9.31
14-May-04 137 4715.8 8.24
21-Oct-04 128 11474.3 9.59
14-Jan-05 32.1 1816.1 9.24
12-Apr-05 114 4351.4 7.96
7-Oct-05 132 5137.4 9.59

MTBE Site Statistics

Prior to Ban After Ban
45.09 Average 74.81
41.88 Standard Deviation 104.91

0
0.10

19
45.09
41.88

24
74.81

104.91

Population 1 Sample Degrees of Freedom 18
Population 2 Sample Degrees of Freedom 23
Total Degrees of Freedom 41
Pooled Variance 6943.6
Difference in Sample Means -29.7

-1.1617

-1.6829
1.6829
0.2521

Samples Not Significantly Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)

Page 2 of 18



Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
3 18-Mar-02 MW-1 32.3 20.43 13.07
7 24-Jul-02 64.5 403.1 11.00

11 26-Nov-02 46.5 425.8 10.25
17 20-May-03 27.2 310.6 9.05
23 13-Nov-03 42.9 842 10.19
26 16-Feb-04 26.4 407.7 10.06
29 14-May-04 28.3 407 8.88
34 21-Oct-04 18.8 361 11.19
37 14-Jan-05 17.7 110.5 10.03
40 12-Apr-05 12.2 167.3 8.44
46 7-Oct-05 10.5 147 12.74

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
3 18-Mar-02 MW-2 42.2 4409.4 12.41
7 24-Jul-02 112 14552 10.17

11 26-Nov-02 16.6 11021.8 9.61
17 20-May-03 36.6 12875 8.35
23 13-Nov-03 63.5 10502.5 9.40
26 16-Feb-04 194 11536.5 9.31
29 14-May-04 148 8510.8 8.13
34 21-Oct-04 285 5809.5 10.34
37 14-Jan-05 306 3147.7 9.35
40 12-Apr-05 283 6517.3 7.80
46 7-Oct-05 275 3049.5 12.04

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
3 18-Mar-02 MW-3 100 6964 14.10
7 24-Jul-02 100 6793.4 10.60

11 26-Nov-02 2 1270.3 9.74
17 20-May-03 12.6 615.4 8.65
23 13-Nov-03 1 67.6 9.48
26 16-Feb-04 1 504.8 9.46
29 14-May-04 5.4 1038.5 8.42
34 21-Oct-04 2 542.2 10.39
37 14-Jan-05 1 3096 9.76
40 12-Apr-05 8.7 796.9 8.15
46 7-Oct-05 20.6 5740 13.00

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
3 18-Mar-02 MW-4 NS NS 9.71
7 24-Jul-02 10 0.5 9.42

11 26-Nov-02 113 10264 9.53
17 20-May-03 90.8 8665 8.44
23 13-Nov-03 128 11220.4 9.43
26 16-Feb-04 57.7 379.9 9.31
29 14-May-04 137 4715.8 8.24



34 21-Oct-04 128 11474.3 9.59
37 14-Jan-05 32.1 1816.1 9.24
40 12-Apr-05 114 4351.4 7.96
46 7-Oct-05 132 5137.4 9.59

Average All BEFORE Average All AFTER
45.086 74.81333333

41.87871303 104.9052934
19 n 24



Log MTBE BTEX/MTBE
0.63250774 Avg. MTBE 42.68 38.3 14.8
6.249612403 stdev. 14.47522
9.156989247
11.41911765
19.62703963

1.421603927 15.44318182 Avg. MTBE 18.98333
1.451786436 14.38162544 stdev. 7.231436
1.274157849 19.20212766
1.247973266 6.242937853
1.086359831 13.71311475
1.021189299 14

Log MTBE BTEX/MTBE
104.4881517 Avg. MTBE 54.18 87.55714286 287.25
129.9285714 stdev. 36.38285
663.9638554
351.7759563
165.3937008

2.28780173 59.46649485 Avg. MTBE 248.5
2.170261715 57.50540541 stdev. 62.6123
2.45484486 20.38421053
2.485721426 10.28660131
2.451786436 23.02932862
2.439332694 11.08909091

Log MTBE BTEX/MTBE
69.64 Avg. MTBE 43.12 31.71428571 8.075

67.934 stdev. 52.12266
635.15

48.84126984
67.6

0 504.8 Avg. MTBE 6.45
0.73239376 192.3148148 stdev. 7.557711
0.301029996 271.1

0 3096
0.939519253 91.59770115
1.31386722 278.6407767

Log MTBE BTEX/MTBE
Avg. MTBE 85.45 89.41666667 101.525

0.05 stdev. 52.57005
90.83185841
95.42951542

87.659375
1.761175813 6.584055459 Avg. MTBE 100.1333
2.136720567 34.42189781 stdev. 44.20994

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



2.10720997 89.64296875
1.506505032 56.57632399
2.056904851 38.17017544
2.120573931 38.91969697
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East Haven MW-2
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East Haven MW-3
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East Haven MW-3
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East Haven MW-4
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Site Location: Essex

Number of Wells: 3
Monitoring Events Before Ban: 19

Monitoring Events After Ban: 24

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
8-Feb-02 MW-1 37 4.6 4.94
6-May-02 32 2.3 4.15
31-Jul-02 29 3.4 8.29
4-Nov-02 54 5.7 4.70
3-Feb-03 70 3.4 4.44
8-May-03 28 1.6 3.69
4-Aug-03 37 2.8 4.67

11-Nov-03 100 1.1 4.45
14-Jan-04 16 2 4.35
21-May-04 8 0 3.91
10-Aug-04 9.2 2.9 5.30
9-Nov-04 7.3 3.3 4.82
14-Feb-05 5.6 2.6 4.18
6-May-05 7.5 1.6 3.69
10-Aug-05 2.6 1.5 5.32
16-Nov-05 5.6 3.7 4.41

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
8-Feb-02 MW-2 12 4 4.58
6-May-02 135 0.54 4.03
31-Jul-02 220 4 5.19
4-Nov-02 89 4 4.32
3-Feb-03 32 4 7.08
8-May-03 99 4 3.55
4-Aug-03 65 4 5.41

11-Nov-03 52 4 4.21
14-Jan-04 24 4 4.20
21-May-04 NS NS 3.75
10-Aug-04 36 ND 4.72
9-Nov-04 11 ND 4.32
14-Feb-05 6.7 ND 3.56
6-May-05 6.9 ND 3.45
10-Aug-05 4.2 ND 4.79
16-Nov-05 9.7 ND 4.02
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Site Location: Essex

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
8-Feb-02 MW-3 3500 2.5 7.63
6-May-02 568 1.08 6.97
31-Jul-02 19 4.8 8.76
4-Nov-02 260 158.1 7.27
3-Feb-03 5 4 6.91
8-May-03 5 4 3.55
4-Aug-03 5 4 7.21

11-Nov-03 5 4 7.10
14-Jan-04 5 4 7.00
21-May-04 NS NS 6.65
10-Aug-04 1 ND 7.62
9-Nov-04 1.1 ND 7.35
14-Feb-05 1 ND 6.91
6-May-05 1 ND 6.31
8-Oct-05 1 ND 7.97

16-Nov-05 1.1 ND 6.99

MTBE Site Statistics

Prior to Ban After Ban
227.42 Average 7.80
707.57 Standard Deviation 8.38
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Site Location: Essex

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 24
Sample Mean 227.42
Sample Standard Deviation 707.57

Post-Ban Site Sample
Sample Size 22
Sample Mean 7.80
Sample Standard Deviation 8.38

Population 1 Sample Degrees of Freedom 23
Population 2 Sample Degrees of Freedom 21
Total Degrees of Freedom 44
Pooled Variance 261740.2
Difference in Sample Means 219.6

t Test Statistic 1.4544

Lower Critical Value -1.6802
Upper Critical Value 1.6802
p -Value 0.1529

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 8-Feb-02 MW-1 37 4.6 4.94
5 6-May-02 32 2.3 4.15
7 31-Jul-02 29 3.4 8.29

11 4-Nov-02 54 5.7 4.7
14 3-Feb-03 70 3.4 4.44
17 8-May-03 28 1.6 3.69
20 4-Aug-03 37 2.8 4.67
23 11-Nov-03 100 1.1 4.45
25 14-Jan-04 16 2 4.35
29 21-May-04 8 0 3.91
32 10-Aug-04 9.2 2.9 5.3
35 9-Nov-04 7.3 3.3 4.82
38 14-Feb-05 5.6 2.6 4.18
41 6-May-05 7.5 1.6 3.69
44 10-Aug-05 2.6 1.5 5.32
47 16-Nov-05 5.6 3.7 4.41

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 8-Feb-02 MW-2 12 <4 4.58
5 6-May-02 135 <0.54 4.03
7 31-Jul-02 220 <4 5.19

11 4-Nov-02 89 <4 4.32
14 3-Feb-03 32 <4 7.08
17 8-May-03 99 <4 3.55
20 4-Aug-03 65 <4 5.41
23 11-Nov-03 52 <4 4.21
25 14-Jan-04 24 <4 4.2
29 21-May-04 NS NS 3.75
32 10-Aug-04 36 ND 4.72
35 9-Nov-04 11 ND 4.32
38 14-Feb-05 6.7 ND 3.56
41 6-May-05 6.9 ND 3.45
44 10-Aug-05 4.2 ND 4.79
47 16-Nov-05 9.7 ND 4.02

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 8-Feb-02 MW-3 3500 2.5 7.63
5 6-May-02 568 <1.08 6.97
7 31-Jul-02 19 4.8 8.76

11 4-Nov-02 260 158.1 7.27
14 3-Feb-03 5 <4 6.91
17 8-May-03 5 <4 3.55
20 4-Aug-03 5 <4 7.21
23 11-Nov-03 5 <4 7.1
25 14-Jan-04 5 <4 7
29 21-May-04 NS NS 6.65



32 10-Aug-04 1 ND 7.62
35 9-Nov-04 1.1 ND 7.35
38 14-Feb-05 1 ND 6.91
41 6-May-05 1 ND 6.31
44 8-Oct-05 1 ND 7.97
47 16-Nov-05 1.1 ND 6.99

Average All BEFORE Average All AFTER
227.4166667 7.798809524

707.570609 8.381923707
24 n 22



BTEX/MTBELog MTBE
0.124324 Avg. MTBE 48.375 35.625 5.325
0.071875 stdev. 25.30351
0.117241
0.105556
0.048571
0.057143
0.075676

0.011
0.125 1.20412 Avg. MTBE 7.725

0 0.90309 stdev. 3.89606
0.315217 0.963788
0.452055 0.863323
0.464286 0.748188
0.213333 0.875061
0.576923 0.414973
0.660714 0.748188

BTEX/MTBELog MTBE
Avg. MTBE 88 70.45454545 6.875
stdev. 66

1.380211 Avg. MTBE 14.07143
stdev. 11.62751

1.556303
1.041393
0.826075
0.838849
0.623249
0.986772

BTEX/MTBELog MTBE
Avg. MTBE 545.875 397.6454545 1.025
stdev. 1210.481

0.69897 Avg. MTBE 1.6
stdev. 1.5

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



0
0.041393

0
0
0

0.041393



Essex MW-1

0

20

40

60

80

100

120

Time (Sampling Month)

M
T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

 (
p

p
b

)

0

2

4

6

8

10

D
e
p

th
 t

o
 W

a
te

r 
(f

e
e
t)

MTBE (ppb)

DTW (ft)

Feb '02 Aug '02 Feb '03 Aug '03 Feb '04 Aug '04 Feb '05 Aug '05



Essex MW-1

y = -0.0235x + 1.6937
R2 = 0.6271
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Essex MW-1
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Essex MW-2
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Essex MW-2

y = -0.0329x + 2.2689
R2 = 0.5681
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Essex MW-3
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Essex MW-3

y = -0.0248x + 1.0417
R2 = 0.5153
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Site Location: Fairfield

Number of Wells: 4
Monitoring Events Before Ban: 24

Monitoring Events After Ban: 21

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
10-Apr-02 MW-1 67 6 8.58
26-Jun-02 68.4 16.7 8.14
4-Sep-02 35.5 11.2 8.47

14-Nov-02 44.9 0.6 8.01
15-May-03 69.9 10.1 7.49
25-Sep-03 56.1 5.62 8.46
20-Jan-04 NS 10.6 8.12
8-Apr-04 40.2 4.7 7.30
1-Jul-04 35.4 ND 8.41

18-Aug-04 52.3 ND 8.09
28-Dec-04 36.9 ND 8.26
1-Mar-05 53.5 ND 7.69
16-Jun-05 46.9 0.72 8.35

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
10-Apr-02 MW-2 4200 ND 7.66
26-Jun-02 18.9 ND 8.21
4-Sep-02 1090 ND 8.78

14-Nov-02 1360 2.6 8.15
15-May-03 266 1.6 7.63
25-Sep-03 130 ND 8.58
20-Jan-04 NS ND 7.84
8-Apr-04 195 10.2 7.57
1-Jul-04 562 0.7 8.44

18-Aug-04 248 ND 8.25
1-Mar-05 392 45 7.79
16-Jun-05 82.4 0.86 8.43

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
10-Apr-02 MW-3 3550 350 9.40
26-Jun-02 211 21.6 9.04
4-Sep-02 3.6 ND 9.50

14-Nov-02 665 191.3 8.88
15-May-03 713 227.6 8.52
25-Sep-03 391 235.2 9.45
20-Jan-04 NS 120.6 7.95
8-Apr-04 173 330.7 8.03
1-Jul-04 80.3 75.9 9.34

18-Aug-04 NS 74.4 9.09
28-Dec-04 1 1.9 9.17
1-Mar-05 6.7 85.3 8.49
16-Jun-05 31.4 175.5 9.31
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Site Location: Fairfield

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
10-Apr-02 MW-4 3050 5999 9.08
26-Jun-02 259 1113 8.58
4-Sep-02 44.8 174.9 8.94

14-Nov-02 1.4 8.1 8.52
15-May-03 24608 63627 8.06
25-Sep-03 732 20008.2 8.95
20-Jan-04 NS 6380 8.51
8-Apr-04 104 2567.2 7.50
1-Jul-04 1870 3741 8.82

18-Aug-04 NS NS 8.60
28-Dec-04 211 917 8.72
1-Mar-05 1610 2838.6 8.10
16-Jun-05 654 2006.8 8.78

MTBE Site Statistics

Prior to Ban After Ban
17.58 Average 2.42
20.63 Standard Deviation 3.44
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Site Location: Fairfield

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 24
Sample Mean 1734.81
Sample Standard Deviation 5012.02

Post-Ban Site Sample
Sample Size 21
Sample Mean 322.09
Sample Standard Deviation 509.61

Population 1 Sample Degrees of Freedom 23
Population 2 Sample Degrees of Freedom 20
Total Degrees of Freedom 43
Pooled Variance 13557257.2
Difference in Sample Means 1412.7

t Test Statistic 1.2840

Lower Critical Value -1.6811
Upper Critical Value 1.6811
p -Value 0.2060

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
4 10-Apr-02 MW-1 67 6 8.58
6 26-Jun-02 68.4 16.7 8.14
9 4-Sep-02 35.5 11.2 8.47

11 14-Nov-02 44.9 0.6 8.01
17 15-May-03 69.9 10.1 7.49
21 25-Sep-03 56.1 5.62 8.46
25 20-Jan-04 NS 10.6 8.12
28 8-Apr-04 40.2 4.7 7.30
31 1-Jul-04 35.4 0 8.41
32 18-Aug-04 52.3 0 8.09
36 28-Dec-04 36.9 0 8.26
39 1-Mar-05 53.5 0 7.69
42 16-Jun-05 46.9 0.72 8.35

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
4 10-Apr-02 MW-2 4200 ND 7.66
6 26-Jun-02 18.9 ND 8.21
9 4-Sep-02 1090 ND 8.78

11 14-Nov-02 1360 2.6 8.15
17 15-May-03 266 1.6 7.63
21 25-Sep-03 130 ND 8.58
25 20-Jan-04 NS ND 7.84
28 8-Apr-04 195 10.2 7.57
31 1-Jul-04 562 0.7 8.44
32 18-Aug-04 248 ND 8.25
39 1-Mar-05 392 45 7.79
42 16-Jun-05 82.4 0.86 8.43

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
4 10-Apr-02 MW-3 3550 350 9.40
6 26-Jun-02 211 21.6 9.04
9 4-Sep-02 3.6 0 9.50

11 14-Nov-02 665 191.3 8.88
17 15-May-03 713 227.6 8.52
21 25-Sep-03 391 235.2 9.45
25 20-Jan-04 NS 120.6 7.95
28 8-Apr-04 173 330.7 8.03
31 1-Jul-04 80.3 75.9 9.34
32 18-Aug-04 NS 74.4 9.09
36 28-Dec-04 1 1.9 9.17
39 1-Mar-05 6.7 85.3 8.49
42 16-Jun-05 31.4 175.5 9.31

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
4 10-Apr-02 MW-4 3050 5999 9.08



6 26-Jun-02 259 1113 8.58
9 4-Sep-02 44.8 174.9 8.94

11 14-Nov-02 1.4 8.1 8.52
17 15-May-03 24608 63627 8.06
21 25-Sep-03 732 20008.2 8.95
25 20-Jan-04 NS 6380 8.51
28 8-Apr-04 104 2567.2 7.50
31 1-Jul-04 1870 3741 8.82
32 18-Aug-04 NS NS 8.60
36 28-Dec-04 211 917 8.72
39 1-Mar-05 1610 2838.6 8.10
42 16-Jun-05 654 2006.8 8.78

Average All BEFORE Average All AFTER
1734.8125 322.09

5012.020296 509.6110885
24 n 21



BTEX/MTBELog MTBE
0.089552 Avg. MTBE 56.96667 52.175 47.4
0.244152 stdev. 14.18332
0.315493
0.013363
0.144492
0.100178

Avg. MTBE 44.2
0.116915 1.604226 stdev. 7.824577

0 1.549003
0 1.718502
0 1.567026
0 1.728354

0.015352 1.671173

BTEX/MTBELog MTBE
Avg. MTBE 1177.483 1037.128571 321.1
stdev. 1577.778

Avg. MTBE 295.88
2.290035 stdev. 185.8103
2.749736
2.394452
2.593286
1.915927

BTEX/MTBELog MTBE
0.098592 Avg. MTBE 922.2667 815.2285714 29.85
0.10237 stdev. 1315.071

0
0.287669
0.319215
0.601535

Avg. MTBE 58.48
1.911561 2.238046 stdev. 71.25551
0.945205 1.904716

1.9 0
12.73134 0.826075
5.589172 1.49693

BTEX/MTBELog MTBE
1.966885 Avg. MTBE 4782.533 4114.171429 1086.25

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



4.297297 stdev. 9779.83
3.904018
5.785714
2.585623
27.33361

Avg. MTBE 889.8
24.68462 2.017033 stdev. 808.2903
2.000535 3.271842

4.345972 2.324282
1.763106 3.206826
3.068502 2.815578



Fairfield MW-1
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Fairfield MW-1

y = 0.0063x + 1.4215
R2 = 0.1851
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Fairfield MW-1
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Fairfield MW-2
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Fairfield MW-2

y = -0.0238x + 3.2065
R2 = 0.1912
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Fairfield MW-3
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Fairfield MW-3

y = -0.0825x + 4.1984
R2 = 0.2785

0

0.5

1

1.5

2

2.5

Time (Sampling Month)

L
o

g
 o

f 
M

T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

Apr '04 Oct '04 Apr '05



Fairfield MW-3
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Fairfield MW-4
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Fairfield MW-4

y = 0.0377x + 1.4012
R2 = 0.1545
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Fairfield MW-4
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Site Location: Farmington-1

Number of Wells: 2
Monitoring Events Before Ban: 15

Monitoring Events After Ban: 9

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-1 14.4 3.6 12.27

15-May-02 55.4 2.9 10.70
1-Aug-02 4 2.2 12.31
7-Nov-02 20 0.72 11.58
19-Feb-03 176 89.8 11.24
16-May-03 346 41 10.13
15-Jul-03 339 154.7 11.28
22-Dec-03 794 90.1 8.88
9-Mar-04 195 50.1 10.48
16-Jun-04 21.2 284.44 10.87
24-Nov-04 27.3 94.74 12.25
28-Feb-05 30.2 467.1 NS
24-Aug-05 24.6 18.6 NS

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
05-Feb-02 MW-2 10.4 ND 11.81
15-May-02 114 3.1 10.36
01-Aug-02 1 6.4 11.83
07-Nov-02 33.4 5.84 11.13
16-May-03 153 9.4 9.68
15-Jul-03 680 1.4 11.00
22-Dec-03 388 18.33 8.46
09-Mar-04 207 ND 10.03
16-Jun-04 31.6 1.8 10.40
24-Nov-04 3.8 ND 11.97
28-Feb-05 NS ND NS
24-Aug-05 1.4 NS NS

MTBE Site Statistics

Prior to Ban After Ban
207.86 Average 60.31
253.23 Standard Deviation 80.58
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Site Location: Farmington-1

0
0.10

15
207.86
253.23

9
60.31
80.58

Population 1 Sample Degrees of Freedom 14
Population 2 Sample Degrees of Freedom 8
Total Degrees of Freedom 22
Pooled Variance 43169.1
Difference in Sample Means 147.6

1.6843

-1.7171
1.7171
0.1063

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Samples Not Significantly Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-1 14.4 3.6 12.27
5 15-May-02 55.4 2.9 10.70
8 1-Aug-02 4 2.2 12.31

11 7-Nov-02 20 0.72 11.58
14 19-Feb-03 176 89.8 11.24
17 16-May-03 346 41 10.13
19 15-Jul-03 339 154.7 11.28
24 22-Dec-03 794 90.1 8.88
27 9-Mar-04 195 50.1 10.48
30 16-Jun-04 21.2 284.44 10.87
35 24-Nov-04 27.3 94.74 12.25
38 28-Feb-05 30.2 467.1 NS
44 24-Aug-05 24.6 18.6 NS

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 05-Feb-02 MW-2 10.4 ND 11.81
5 15-May-02 114 3.1 10.36
8 01-Aug-02 1 6.4 11.83

11 07-Nov-02 33.4 5.84 11.13
17 16-May-03 153 9.4 9.68
19 15-Jul-03 680 1.4 11.00
24 22-Dec-03 388 18.33 8.46
27 09-Mar-04 207 ND 10.03
30 16-Jun-04 31.6 1.8 10.40
35 24-Nov-04 3.8 ND 11.97
38 28-Feb-05 NS ND NS
44 24-Aug-05 1.4 NS NS

Average All BEFORE Average All AFTER
207.86 60.31
253.23 80.58

15 n 9



BTEX/MTBE LOG MTBE
0.2500
0.0523 Avg. MTBE 218.6 215.98 26
0.5500 std. 271.886
0.0360
0.5102
0.1185
0.4563
0.1135
0.2569 2.290034611

13.4170 1.326335861 Avg. MTBE 59.66
3.4703 1.436162647 std. 75.73036

15.4669 1.480006943
0.7561 1.390935107

BTEX/MTBE LOG MTBE

Avg. MTBE 197.1143 198.35 12
std. 251.1956

2.315970345
1.499687083
0.579783597 Avg. MTBE 60.95

std. 98.32658
0.146128036

Avg and Stdev
Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



Farmington-1 MW-1

0

100

200

300

400

500

600

700

800

900

1000

Time (Sampling Month)

5

7

9

11

13

15

D
T
W

 (
fe

e
t)

MTBE (ppb)

DTW (ft)

Feb '02 Aug '02 Feb '03 Aug '03 Feb '04 Aug '04 Feb '05 Aug '05

M
T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

 (
p

p
b

)



Farmington-1 MW-1

y = -0.0358x + 2.8321
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Farmington-1 MW-2
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Farmington-1 MW-2

y = -0.1215x + 5.2665
R2 = 0.8709

-0.5

0

0.5

1

1.5

2

2.5

Time (Sampling Month)

L
o

g
 o

f 
M

T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

Feb '04 Aug '04 Feb '05 Aug '05



Site Location: Farmington-2

Number of Wells: 7
Monitoring Events Before Ban: 43

Monitoring Events After Ban: 36

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-1 36 379.8 18.05
2-Aug-02 88.3 1052.2 14.38
2-Oct-02 86.6 912.3 15.43

30-Dec-02 66.4 363.6 11.21
20-May-03 43.2 728.6 10.67
16-Sep-03 72.1 671 12.66
18-Dec-03 53.1 309.2 10.61
27-Apr-04 41.3 805.3 10.05
18-Nov-04 NS NS NS
24-Feb-05 26 103.3 10.42
27-Jun-05 10.4 189.1 12.03
4-Oct-05 11.1 193 16.34

23-Dec-05 19.7 263 10.39

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-2 120 26 16.18
2-Aug-02 79.1 8.9 14.47
2-Oct-02 76.9 14.1 14.87

30-Dec-02 NS NS NS
20-May-03 68.3 15.1 11.54
16-Sep-03 77.3 3.3 12.67
18-Dec-03 91.7 1.3 10.90
27-Apr-04 23.3 2.1 10.58
18-Nov-04 NS NS NS
24-Feb-05 14.1 56.1 10.91
27-Jun-05 8.6 135.8 12.58
4-Oct-05 7.4 7.2 16.12

23-Dec-05 NS NS 11.17
29-Dec-05 8.2 ND 12.00

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-3 6.8 ND 17.38
2-Aug-02 3.3 ND 14.91
2-Oct-02 3 ND 14.68

30-Dec-02 4.4 ND 12.99
16-Sep-03 68.5 ND 12.18
18-Dec-03 32.8 ND 11.20
27-Apr-04 15.4 ND 11.71
18-Nov-04 NS NS NS
24-Feb-05 7.3 ND 11.49
27-Jun-05 3.4 ND 13.00
4-Oct-05 2.5 ND 13.80

23-Dec-05 NS NS 12.14
29-Dec-05 2.6 ND 11.70
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Site Location: Farmington-2

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-4 1 ND 11.50
2-Aug-02 1 ND 10.34
2-Oct-02 1.2 ND 10.36

30-Dec-02 20.5 ND 7.88
16-Sep-03 22.1 ND 8.43
18-Dec-03 103 1.3 7.51
27-Apr-04 1.2 ND 7.36
18-Nov-04 NS NS NS
24-Feb-05 1 ND 8.13
27-Jun-05 1 ND 9.27
4-Oct-05 1 ND 11.17

23-Dec-05 NS NS 8.19
29-Dec-05 1 ND 7.80

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-5 140000 3316 16.97
2-Aug-02 119000 1980 13.74
2-Oct-02 125000 4229 13.45

30-Dec-02 NS NS NS
20-May-03 37400 1450 10.10
16-Sep-03 7200 209 10.92
18-Dec-03 21400 636 9.35
27-Apr-04 8750 248.9 8.90
18-Nov-04 3930 83.6 11.62
24-Feb-05 2660 78.4 9.15
27-Jun-05 1150 37.7 10.60
4-Oct-05 NS NS NS

23-Dec-05 33.8 1.9 9.49

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-6 4300 50 11.87
2-Aug-02 494 17.3 11.54
2-Oct-02 1650 26.8 10.84

30-Dec-02 NS NS NS
20-May-03 762 12.1 8.73
16-Sep-03 195 12.4 8.74
18-Dec-03 131 17 7.35
27-Apr-04 176 10.4 7.34
18-Nov-04 39 5.5 8.80
24-Feb-05 60.8 7.8 7.63
27-Jun-05 56.6 3.4 9.12
4-Oct-05 39.6 4.3 10.87

23-Dec-05 54.1 4.7 7.53
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Site Location: Farmington-2

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
5-Feb-02 MW-7 21 153.8 13.52
2-Aug-02 356 337.3 11.19
2-Oct-02 36.4 336.6 12.14

30-Dec-02 NS NS NS
20-May-03 3850 41.2 8.38
16-Sep-03 124 0.6 10.09
18-Dec-03 4.8 BDL 8.43
27-Apr-04 11.9 7.1 8.46
18-Nov-04 NS NS NS
24-Feb-05 3.3 ND 8.64
27-Jun-05 1 ND 10.31
4-Oct-05 2.2 ND NG

23-Dec-05 NS NS 8.91
29-Dec-05 1 ND 9.90

MTBE Site Statistics

Prior to Ban After Ban
11,025.88 Average 488.71
33,217.59 Standard Deviation 1,623.58

Page 3 of 29



Site Location: Farmington-2

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 43
Sample Mean 11025.88
Sample Standard Deviation 33217.59

Post-Ban Site Sample
Sample Size 36
Sample Mean 488.71
Sample Standard Deviation 1623.58

Population 1 Sample Degrees of Freedom 42
Population 2 Sample Degrees of Freedom 35
Total Degrees of Freedom 77
Pooled Variance 603057134.5
Difference in Sample Means 10537.2

t Test Statistic 1.8994

Lower Critical Value -1.6649
Upper Critical Value 1.6649
p -Value 0.0613

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-1 36 379.8 18.05
8 2-Aug-02 88.3 1052.2 14.38

10 2-Oct-02 86.6 912.3 15.43
12 30-Dec-02 66.4 363.6 11.21
17 20-May-03 43.2 728.6 10.67
21 16-Sep-03 72.1 671 12.66
24 18-Dec-03 53.1 309.2 10.61
28 27-Apr-04 41.3 805.3 10.05
35 18-Nov-04 NS NS NS
38 24-Feb-05 26 103.3 10.42
42 27-Jun-05 10.4 189.1 12.03
46 4-Oct-05 11.1 193 16.34
48 23-Dec-05 19.7 263 10.39

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-2 120 26 16.18
8 2-Aug-02 79.1 8.9 14.47

10 2-Oct-02 76.9 14.1 14.87
12 30-Dec-02 NS NS NS
17 20-May-03 68.3 15.1 11.54
21 16-Sep-03 77.3 3.3 12.67
24 18-Dec-03 91.7 1.3 10.90
28 27-Apr-04 23.3 2.1 10.58
35 18-Nov-04 NS NS NS
38 24-Feb-05 14.1 56.1 10.91
42 27-Jun-05 8.6 135.8 12.58
46 4-Oct-05 7.4 7.2 16.12
48 23-Dec-05 NS NS 11.17
48 29-Dec-05 8.2 ND 12.00

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-3 6.8 ND 17.38
8 2-Aug-02 3.3 ND 14.91

10 2-Oct-02 3 ND 14.68
12 30-Dec-02 4.4 ND 12.99
21 16-Sep-03 68.5 ND 12.18
24 18-Dec-03 32.8 ND 11.20
28 27-Apr-04 15.4 ND 11.71
35 18-Nov-04 NS NS NS
38 24-Feb-05 7.3 ND 11.49
42 27-Jun-05 3.4 ND 13.00
46 4-Oct-05 2.5 ND 13.80
48 23-Dec-05 NS NS 12.14
48 29-Dec-05 2.6 ND 11.70

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)



2 5-Feb-02 MW-4 1 BDL 11.5
8 2-Aug-02 1 BDL 10.34

10 2-Oct-02 1.2 BDL 10.36
12 30-Dec-02 20.5 BDL 7.88
21 16-Sep-03 22.1 BDL 8.43
24 18-Dec-03 103 1.3 7.51
28 27-Apr-04 1.2 BDL 7.36
35 18-Nov-04 NS NS NG
38 24-Feb-05 1 BDL 8.13
42 27-Jun-05 1 BDL 9.27
46 4-Oct-05 1 BDL 11.17
48 23-Dec-05 NS NS 8.19
48 29-Dec-05 1 BDL 7.8

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-5 140000 3316 16.97
8 2-Aug-02 119000 1980 13.74

10 2-Oct-02 125000 4229 13.45
12 30-Dec-02 NS NS NG
17 20-May-03 37400 1450 10.1
21 16-Sep-03 7200 209 10.92
24 18-Dec-03 21400 636 9.35
28 27-Apr-04 8750 248.9 8.9
35 18-Nov-04 3930 83.6 11.62
38 24-Feb-05 2660 78.4 9.15
42 27-Jun-05 1150 37.7 10.6
46 4-Oct-05 NS NS DRY
48 23-Dec-05 33.8 1.9 9.49

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-6 4300 50 11.87
8 2-Aug-02 494 17.3 11.54

10 2-Oct-02 1650 26.8 10.84
12 30-Dec-02 NS NS NG
17 20-May-03 762 12.1 8.73
21 16-Sep-03 195 12.4 8.74
24 18-Dec-03 131 17 7.35
28 27-Apr-04 176 10.4 7.34
35 18-Nov-04 39 5.5 8.8
38 24-Feb-05 60.8 7.8 7.63
42 27-Jun-05 56.6 3.4 9.12
46 4-Oct-05 39.6 4.3 10.87
48 23-Dec-05 54.1 4.7 7.53

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 5-Feb-02 MW-7 21 153.8 13.52
8 2-Aug-02 356 337.3 11.19

10 2-Oct-02 36.4 336.6 12.14
12 30-Dec-02 NS NS NG



17 20-May-03 3850 41.2 8.38
21 16-Sep-03 124 0.6 10.09
24 18-Dec-03 4.8 BDL 8.43
28 27-Apr-04 11.9 7.1 8.46
35 18-Nov-04 NS NS NG
38 24-Feb-05 3.3 BDL 8.64
42 27-Jun-05 1 BDL 10.31
46 4-Oct-05 2.2 BDL NG
48 23-Dec-05 NS NS 8.91
48 29-Dec-05 1 BDL 9.9

Average All BEFORE Average All AFTER
11025.88401 488.7080952
33217.58681 1623.578795
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BTEX/MTBELog MTBE
10.55 Avg. MTBE 63.67143 60.875 16.8

11.91619 stdev. 20.44225
10.53464
5.475904
16.86574
9.306519
5.822976
19.49879 1.61595 Avg. MTBE 21.7

stdev. 12.71515
3.973077 1.414973
18.18269 1.017033
17.38739 1.045323
13.35025 1.294466

BTEX/MTBELog MTBE
0.216667 Avg. MTBE 85.55 76.65714286 9.575
0.112516 stdev. 18.47525
0.183355

0.221083
0.042691
0.014177
0.090129 1.367356 Avg. MTBE 12.32

stdev. 6.684834
3.978723 1.149219
15.7907 0.934498

0.972973 0.869232

0.913814

Log MTBE
Avg. MTBE 19.8 19.17142857 3.95
stdev. 26.46258

1.187521 Avg. MTBE 6.24
stdev. 5.484797

0.863323
0.531479
0.39794

0.414973

BTEX/MTBELog MTBE
Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg and Stdev

Avg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events



Log MTBE Avg. MTBE 24.8 21.42857143 1
stdev. 39.57489

2.012837
0.079181 Avg. MTBE 1.04

stdev. 0.089443
0
0
0

0

BTEX/MTBELog MTBE
0.023686 Avg. MTBE 75000 65535.71429 1943.45
0.016639 stdev. 59236.07
0.033832

0.03877
0.029028
0.02972

0.028446 3.942008 Avg. MTBE 3304.76
0.021272 3.594393 stdev. 3383.765
0.029474 3.424882
0.032783 3.060698

0.056213 1.528917

BTEX/MTBELog MTBE
0.011628 Avg. MTBE 1255.333 968.375 52.775
0.03502 stdev. 1589.792

0.016242

0.015879
0.06359

0.129771
0.059091 2.245513 Avg. MTBE 71.01667
0.141026 1.591065 stdev. 52.21488
0.128289 1.783904
0.060071 1.752816
0.108586 1.597695
0.086876 1.733197

BTEX/MTBELog MTBE
7.32381 Avg. MTBE 732.0333 629.1571429 1.875

0.947472 stdev. 1533.047
9.247253

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



0.010701
0.004839

0.596639 1.075547 Avg. MTBE 3.88
stdev. 4.58443

0.518514
0

0.342423

0
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Farmington-2 MW-1

y = -0.0243x + 2.261
R2 = 0.5826
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Farmington-2 MW-2
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Farmington-2 MW-2

y = -0.0255x + 2.077
R2 = 0.933
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Farmington-2 MW-3
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Farmington-2 MW-3
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Farmington-2 MW-4
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Farmington-2 MW-4
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Farmington-2 MW-5
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Farmington-2 MW-5

y = -0.1147x + 7.4912
R2 = 0.838

0

0.5

1

1.5

2

2.5

3

3.5

4

4.5

Time (Sampling Month)

L
o

g
 o

f 
M

T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

Apr '04 Oct '04 Apr '05 Oct '05
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Farmington-2 MW-6

0

500

1000

1500

2000

2500

3000

3500

4000

4500

5000

Time (Sampling Month)

M
T
B

E
 C

o
n

ce
n

tr
a
ti

o
n

 (
p

p
b

)

5

7

9

11

13

15

D
e
p

th
 t

o
 W

a
te

r 
(f

e
e
t)

MTBE (ppb)

DTW (ft)

Feb '02 Aug '02 Feb '03 Aug '03 Feb '04 Aug '04 Feb '05 Aug '05



Farmington-2 MW-6

y = -0.0224x + 2.6672
R2 = 0.4774
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Farmington-2 MW-6
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Farmington-2 MW-7
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Farmington-2 MW-7

y = -0.0504x + 2.424
R2 = 0.8051
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Farmington-2 MW-7
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Site Location: Groton-1

Number of Wells: 5
Monitoring Events Before Ban: 33

Monitoring Events After Ban: 34

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
26-Feb-02 MW-1 149 271 4.59
4-Sep-02 262 17 6.08

30-Dec-02 134 150 3.32
11-Feb-03 26 3 4.09
22-May-03 4 ND 3.70
22-Aug-03 40 189 4.21
20-Nov-03 259 235 4.05
3-Feb-04 NA NA NA

12-May-04 63 3 3.43
3-Aug-04 68 125 4.83
1-Nov-04 61 381 4.28
3-Feb-05 20 15 4.00

10-May-05 3 ND 3.14
10-Aug-05 23 4 4.88
9-Nov-05 12 ND 3.79

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
26-Feb-02 MW-2 1100 17154 4.15
4-Sep-02 1560 27545 5.55

30-Dec-02 448 16702 2.90
11-Feb-03 118 6585 3.68
22-May-03 NA NA 3.32
22-Aug-03 NA NA 3.87
20-Nov-03 NA NA 3.61
3-Feb-04 NA NA NA

12-May-04 21 3742 NA
3-Aug-04 353 9649 NA
1-Nov-04 185 21561 NA
3-Feb-05 153 10307 3.53

10-May-05 33 4886 2.85
10-Aug-05 557 8418 4.92
9-Nov-05 86 3662 3.40
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Site Location: Groton-1

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
26-Feb-02 MW-3 58 ND 4.11
4-Sep-02 95 2 5.41
30-Oct-02 114 ND NA
30-Dec-02 58 ND 3.38
11-Feb-03 68 ND 3.75
22-May-03 2 ND 3.26
22-Aug-03 92 ND 3.82
20-Nov-03 53 ND 3.68
3-Feb-04 76 1 4.30

12-May-04 93 13 3.20
3-Aug-04 59 5 4.49
1-Nov-04 74 ND 3.98
3-Feb-05 NA NA NA

10-May-05 1 ND NA
10-Aug-05 1 2 4.58
9-Nov-05 1 ND 3.00

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
26-Feb-02 MW-4 63 ND 3.66
4-Sep-02 65 ND 4.97
30-Oct-02 86 ND NA
30-Dec-02 80 ND 2.62
11-Feb-03 62 ND 3.25
22-May-03 2 ND 2.89
22-Aug-03 54 ND 3.34
20-Nov-03 72 ND 3.15
3-Feb-04 NA NA NA

12-May-04 38 ND 2.66
3-Aug-04 62 4 4.91
1-Nov-04 62 ND 3.41
3-Feb-05 NA NA NA

10-May-05 3 ND 2.40
10-Aug-05 12 4 4.43
9-Nov-05 1 ND 3.03
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Site Location: Groton-1

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
26-Feb-02 MW-5 64 131 3.62
4-Sep-02 285 168 5.04

30-Dec-02 63 25 2.33
11-Feb-03 1 ND 3.18
22-May-03 NA NS NA
22-Aug-03 7 ND 3.28
20-Nov-03 12 ND 3.08
3-Feb-04 89 ND 3.62

12-May-04 10 ND 2.41
3-Aug-04 49 36 3.85
1-Nov-04 39 ND 3.32
3-Feb-05 NA NA NA

10-May-05 3 ND 2.17
10-Aug-05 16 17 4.37
9-Nov-05 8 ND 2.81

MTBE Site Statistics

Prior to Ban After Ban
226.27 Average 67.56
319.62 Standard Deviation 110.01
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Site Location: Groton-1

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 33
Sample Mean 226.27
Sample Standard Deviation 319.62

Post-Ban Site Sample
Sample Size 34
Sample Mean 67.56
Sample Standard Deviation 110.01

Population 1 Sample Degrees of Freedom 32
Population 2 Sample Degrees of Freedom 33
Total Degrees of Freedom 65
Pooled Variance 56437.6
Difference in Sample Means 158.7

t Test Statistic 2.7339

Lower Critical Value -1.6686
Upper Critical Value 1.6686
p -Value 0.0081

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 26-Feb-02 MW-1 149 271 4.59
9 4-Sep-02 262 17 6.08

12 30-Dec-02 134 150 3.32
14 11-Feb-03 26 3 4.09
17 22-May-03 4 BDL 3.7
20 22-Aug-03 40 189 4.21
23 20-Nov-03 259 235 4.05
26 3-Feb-04 NS NS NM
29 12-May-04 63 3 3.43
32 3-Aug-04 68 125 4.83
35 1-Nov-04 61 381 4.28
38 3-Feb-05 20 15 4
41 10-May-05 3 BDL 3.14
44 10-Aug-05 23 4 4.88
47 9-Nov-05 12 BDL 3.79

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 26-Feb-02 MW-2 1100 17154 4.15
9 4-Sep-02 1560 27545 5.55

12 30-Dec-02 448 16702 2.9
14 11-Feb-03 118 6585 3.68
17 22-May-03 NS NS 3.32
20 22-Aug-03 NS NS 3.87
23 20-Nov-03 NS NS 3.61
26 3-Feb-04 NS NS NM
29 12-May-04 21 3742 NA
32 3-Aug-04 353 9649 NA
35 1-Nov-04 185 21561 NA
38 3-Feb-05 153 10307 3.53
41 10-May-05 33 4886 2.85
44 10-Aug-05 557 8418 4.92
47 9-Nov-05 86 3662 3.4

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 26-Feb-02 MW-3 58 BDL 4.11
9 4-Sep-02 95 2 5.41

10 30-Oct-02 114 BDL NM
12 30-Dec-02 58 BDL 3.38
14 11-Feb-03 68 BDL 3.75
17 22-May-03 2 BDL 3.26
20 22-Aug-03 92 BDL 3.82
23 20-Nov-03 53 BDL 3.68
26 3-Feb-04 76 1 4.3
29 12-May-04 93 13 3.2
32 3-Aug-04 59 5 4.49
35 1-Nov-04 74 BDL 3.98



38 3-Feb-05 NS NS NM
41 10-May-05 1 BDL 2.34
44 10-Aug-05 1 2 4.58
47 9-Nov-05 1 BDL 3

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 26-Feb-02 MW-4 63 BDL 3.66
9 4-Sep-02 65 BDL 4.97

10 30-Oct-02 86 BDL NM
12 30-Dec-02 80 BDL 2.62
14 11-Feb-03 62 BDL 3.25
17 22-May-03 2 BDL 2.89
20 22-Aug-03 54 BDL 3.34
23 20-Nov-03 72 BDL 3.15
26 3-Feb-04 NS NS NM
29 12-May-04 38 BDL 2.66
32 3-Aug-04 62 4 4.91
35 1-Nov-04 62 BDL 3.41
38 3-Feb-05 NS NS NM
41 10-May-05 3 BDL 2.4
44 10-Aug-05 12 4 4.43
47 9-Nov-05 1 BDL 3.03

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 26-Feb-02 MW-5 64 131 3.62
9 4-Sep-02 285 168 5.04

12 30-Dec-02 63 25 2.33
14 11-Feb-03 1 BDL 3.18
17 22-May-03 NS NS --
20 22-Aug-03 7 BDL 3.28
23 20-Nov-03 12 BDL 3.08
26 3-Feb-04 89 BDL 3.62
29 12-May-04 10 BDL 2.41
32 3-Aug-04 49 36 3.85
35 1-Nov-04 39 BDL 3.32
38 3-Feb-05 NS NS NM
41 10-May-05 3 BDL 2.17
44 10-Aug-05 16 17 4.37
47 9-Nov-05 8 BDL 2.81

Average All BEFORE Average All AFTER
226.2714286 67.56190476
319.6211447 110.0134208

33 n 34



BTEX/MTBE Log MTBE
1.818791946 Avg. MTBE 124.8571 106.6 14.5
0.064885496 stdev. 107.276
1.119402985
0.115384615

4.725
0.907335907

Avg. MTBE 35.71429
0.047619048 1.799340549 stdev. 27.28684
1.838235294 1.832508913
6.245901639 1.785329835

0.75 1.301029996
0.477121255

0.173913043 1.361727836
1.079181246

BTEX/MTBE Log MTBE
15.59454545 Avg. MTBE 806.5 540.7142857 207.25
17.65705128 stdev. 647.1628

37.28125
55.80508475

Avg. MTBE 198.2857
178.1904762 1.322219295 stdev. 194.1638
27.33427762 2.547774705
116.5459459 2.267171728
67.36601307 2.184691431
148.0606061 1.51851394
15.11310592 2.745855195
42.58139535 1.934498451

BTEX/MTBE Log MTBE
Avg. MTBE 67.5 69.81818182 19.25
stdev. 34.22614

1.880813592 Avg. MTBE 43.57143
1.968482949 stdev. 41.01974
1.770852012
1.86923172

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



0
0
0

BTEX/MTBE Log MTBE
Avg. MTBE 60.5 58.4 19.5
stdev. 25.79036

Avg. MTBE 29.66667
1.579783597 stdev. 28.30312
1.792391689
1.792391689

0.477121255
1.079181246

0

BTEX/MTBE Log MTBE
2.046875 Avg. MTBE 72 64.44444444 16.5

0.589473684 stdev. 108.0555
0.396825397

1.949390007 Avg. MTBE 30.57143
1 stdev. 30.9023

0.734693878 1.69019608
1.591064607

0.477121255
1.0625 1.204119983

0.903089987

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev
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Groton-1 MW-1

y = -0.0525x + 3.3717
R2 = 0.4767
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Groton-1 MW-1
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Groton-1 MW-2
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Groton-1 MW-2

y = 0.0177x + 1.4029
R2 = 0.0486
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Groton-1 MW-2
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Groton-1 MW-3
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Groton-1 MW-3

y = -0.1163x + 5.2916
R2 = 0.8429
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Groton-1 MW-4
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Groton-1 MW-4

y = -0.0891x + 4.5044
R2 = 0.7177
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Groton-1 MW-5
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Groton-1 MW-5

y = -0.0411x + 2.7489
R2 = 0.4002
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Groton-1 MW-5
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Site Location: Groton-2

Number of Wells: 2
Monitoring Events Before Ban: 12

Monitoring Events After Ban: 14

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
12-Feb-02 MW-1 560 1101 6.00
17-May-02 5.1 ND 4.38
14-Aug-02 160 5.1 6.50
18-Nov-02 24 13.9 5.29
13-Aug-03 452 1091 5.42
11-Nov-03 372 1672 5.55
13-Feb-04 355 2195 5.51
28-Jul-04 358 2218 5.94
5-Oct-04 54 1122 5.69

10-Feb-05 27 980 5.22
25-Apr-05 26.7 834.2 5.05
21-Jul-05 109 2074 9.75
21-Oct-05 5 233.4 4.91

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
12-Feb-02 MW-2 2400 1777 6.42
17-May-02 1100 24 5.85
14-Aug-02 1700 1689 6.87
18-Nov-02 2.2 ND 5.72
13-Aug-03 243 3838 5.81
11-Nov-03 49 836 5.84
13-Feb-04 171 3736 5.85
28-Jul-04 162 5193 6.22
5-Oct-04 27 576 5.77

10-Feb-05 28 1621 5.30
25-Apr-05 1.2 21387 5.46
21-Jul-05 25 15160 6.27
21-Oct-05 25 15731 5.31

MTBE Site Statistics

Prior to Ban After Ban
588.94 Average 130.62
765.25 Standard Deviation 122.12

Page 1 of 10



Site Location: Groton-2

0
0.10

12
588.94
765.25

14
130.62
122.12

Population 1 Sample Degrees of Freedom 11
Population 2 Sample Degrees of Freedom 13
Total Degrees of Freedom 24
Pooled Variance 276483.0
Difference in Sample Means 458.3

2.2157

-1.7109
1.7109
0.0365

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Samples Statistically Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations

Page 2 of 10



Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 12-Feb-02 MW-1 560 1101 6.00
5 17-May-02 5.1 0 4.38
8 14-Aug-02 160 5.1 6.50

11 18-Nov-02 24 13.9 5.29
20 13-Aug-03 452 1091 5.42
23 11-Nov-03 372 1672 5.55
26 13-Feb-04 355 2195 5.51
31 28-Jul-04 358 2218 5.94
34 5-Oct-04 54 1122 5.69
38 10-Feb-05 27 980 5.22
40 25-Apr-05 26.7 834.2 5.05
43 21-Jul-05 109 2074 9.75
46 21-Oct-05 5 233.4 4.91

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 12-Feb-02 MW-2 2400 1777 6.42
5 17-May-02 1100 24 5.85
8 14-Aug-02 1700 1689 6.87

11 18-Nov-02 2.2 0 5.72
20 13-Aug-03 243 3838 5.81
23 11-Nov-03 49 836 5.84
26 13-Feb-04 171 3736 5.85
31 28-Jul-04 162 5193 6.22
34 5-Oct-04 27 576 5.77
38 10-Feb-05 28 1621 5.30
40 25-Apr-05 1.2 21387 5.46
43 21-Jul-05 25 15160 6.27
46 21-Oct-05 25 15731 5.31

Average All BEFORE Average All AFTER
588.9416667 130.6214286
765.2520327 122.1202661

12 n 14



BTEX/MTBE Log MTBE
1.9660714 Avg. MTBE262.1833 260.0111111 41.925

0 stdev. 232.4003
0.031875

0.5791667
2.4137168
4.4946237
6.1830986 2.5502284 Avg. MTBE 198.5
6.1955307 2.553883 stdev. 182.7795
20.777778 1.7323938
36.296296 1.4313638
31.243446 1.4265113
19.027523 2.0374265

46.68 0.69897

BTEX/MTBE Log MTBE
0.7404167 Avg. MTBE 915.7 650.4666667 19.8
0.0218182 stdev. 988.9809
0.9935294

0
15.794239
17.061224
21.847953 2.2329961 Avg. MTBE62.74286
32.055556 2.209515 stdev. 71.52246
21.333333 1.4313638
57.892857 1.447158

17822.5 0.0791812
606.408 1.39794
629.24 1.39794

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev
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Groton-2 MW-1

y = -0.0771x + 4.6165
R2 = 0.6501
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Groton-2 MW-1
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Groton-2 MW-2
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Groton-2 MW-2

y = -0.0615x + 3.7224
R2 = 0.36
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Groton-2 MW-2
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Site Location: Guilford

Number of Wells: 3
Monitoring Events Before Ban:  

Monitoring Events After Ban:  

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
27-Feb-02 MW-1 84 ND 7.35
3-Jun-03 79.8 ND 7.08

16-Sep-03 70.8 ND 6.79
13-Jan-04 180 ND 6.94
28-Apr-04 139 0.3 6.13
26-Aug-04 326 21.5 7.27
16-Dec-04 33.3 1 6.72
7-Mar-05 51.4 1.5 6.75
1-Jun-05 137 ND 6.83

26-Sep-05 85.5 ND 7.22
5-Jan-06 23 3.2 5.67

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
27-Feb-02 MW-2 67 142 7.27
3-Jun-03 365 329.6 7.17

16-Sep-03 30.8 60.8 6.84
13-Jan-04 351 86.9 7.08
28-Apr-04 272 100.3 6.17
26-Aug-04 145 135.8 7.26
16-Dec-04 46.8 91.9 6.90
7-Mar-05 54.8 51.1 6.75

31-May-05 27.6 150.19 6.84
26-Sep-05 8.4 97.63 7.38
5-Jan-06 8.8 54.99 5.80

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
27-Feb-02 MW-3 20 ND 7.21
3-Jun-03 25.9 ND 6.93

16-Sep-03 177 ND 6.45
13-Jan-04 134 ND 6.80
28-Apr-04 35.9 ND 5.98
26-Aug-04 19.9 ND 7.06
16-Dec-04 3.9 ND 6.57
7-Mar-05 1.1 ND 6.60
1-Jun-05 1.6 ND 6.68

26-Sep-05 9.7 ND 7.06
5-Jan-06 1.6 ND 5.37
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Site Location: Guilford

MTBE Site Statistics

Prior to Ban After Ban
102.26 Average 87.39
109.20 Standard Deviation 104.08

0
0.10

9
102.26
109.20

24
87.39

104.08

Population 1 Sample Degrees of Freedom 8
Population 2 Sample Degrees of Freedom 23
Total Degrees of Freedom 31
Pooled Variance 11114.2
Difference in Sample Means 14.9

0.3608

-1.6955
1.6955
0.7207

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Samples Not Significantly Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 27-Feb-02 MW-1 84 ND 7.35

18 3-Jun-03 79.8 ND 7.08
21 16-Sep-03 70.8 ND 6.79
25 13-Jan-04 180 ND 6.94
28 28-Apr-04 139 0.3 6.13
32 26-Aug-04 326 21.5 7.27
36 16-Dec-04 33.3 1 6.72
39 7-Mar-05 51.4 1.5 6.75
42 1-Jun-05 137 ND 6.83
45 26-Sep-05 85.5 ND 7.22
49 5-Jan-06 23 3.2 5.67

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 27-Feb-02 MW-2 67 142 7.27

18 3-Jun-03 365 329.6 7.17
21 16-Sep-03 30.8 60.8 6.84
25 13-Jan-04 351 86.9 7.08
28 28-Apr-04 272 100.3 6.17
32 26-Aug-04 145 135.8 7.26
36 16-Dec-04 46.8 91.9 6.90
39 7-Mar-05 54.8 51.1 6.75
41 31-May-05 27.6 150.19 6.84
45 26-Sep-05 8.4 97.63 7.38
49 5-Jan-06 8.8 54.99 5.80

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 27-Feb-02 MW-3 20 ND 7.21

18 3-Jun-03 25.9 ND 6.93
21 16-Sep-03 177 ND 6.45
25 13-Jan-04 134 ND 6.80
28 28-Apr-04 35.9 ND 5.98
32 26-Aug-04 19.9 ND 7.06
36 16-Dec-04 3.9 ND 6.57
39 7-Mar-05 1 1 ND 6 60



BTEX/MTBE Log MTBE
Avg. MTBE 78.2 130.4142857 74.225
stdev. 6.74388612

2.25527251 Avg. MTBE 121.9
2.1430148 stdev. 99.6273198
2.5132176
1.52244423
1.71096312
2.13672057
1.93196611
1.36172784

BTEX/MTBE Log MTBE
2.11940299 Avg. MTBE 154.266667 182.5142857 24.9
0.9030137 stdev. 183.395783
1.97402597
0.24757835 2.54530712 Avg. MTBE 114.3

0.36875 2.4345689 stdev. 130.820007
0.93655172 2.161368
1.96367521 1.67024585
0.93248175 1.73878056
5.44166667 1.44090908
11.622619 0.92427929
6.24886364 0.94448267

BTEX/MTBE Log MTBE
Avg. MTBE 74.3 59.51428571 3.5
stdev. 88.9897185

2.1271048 Avg. MTBE 25.9625
1.55509445 stdev. 45.2990677
1.29885308
0.59106461
0 04139269

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev
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Guilford MW-1

y = -0.0298x + 3.0491
R2 = 0.4052
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Guilford MW-2
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Guilford MW-2

y = -0.0736x + 4.4453
R2 = 0.9597
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Guilford MW-2
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Guilford MW-3
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Guilford MW-3

y = -0.072x + 3.5418
R2 = 0.6498
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Site Location: Hamden

Number of Wells: 2
Monitoring Events Before Ban: 8

Monitoring Events After Ban: 15

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
11-Dec-02 MW-1 383 ND 9.42
11-Mar-03 98.3 ND 7.83
9-Jun-03 1480 2.1 7.35

22-Sep-03 5620 26.4 10.11
17-Feb-04 12.9 ND 8.95
20-May-04 NA NA 9.98
18-Aug-04 3.1 ND 10.77
17-Nov-04 1.0 ND 9.46
24-Feb-05 2.4 ND 8.90
23-May-05 1.0 ND 10.27
31-Aug-05 1.0 ND 10.78
20-Dec-05 1.0 ND 8.36

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
11-Dec-02 MW-2 1320 ND 25.92
11-Mar-03 10.2 8.1 25.51
9-Jun-03 1350 ND 24.69

22-Sep-03 1690 5.4 26.76
17-Feb-04 11.1 ND 26.29
20-May-04 6.9 ND 26.13
18-Aug-04 1.4 ND 26.78
17-Nov-04 1.0 ND 26.27
24-Feb-05 1.0 ND 25.51
23-May-05 1.0 ND 26.35
31-Aug-05 1.0 ND 26.99
20-Dec-05 1.0 ND 25.41

MTBE Site Statistics

Prior to Ban After Ban
1,493.94 Average 3.13
1,792.74 Standard Deviation 3.94
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Site Location: Hamden

0
0.10

8
1493.94
1792.74

15
3.13
3.94

Population 1 Sample Degrees of Freedom 7
Population 2 Sample Degrees of Freedom 14
Total Degrees of Freedom 21
Pooled Variance 1071318.1
Difference in Sample Means 1490.8

3.2900

-1.7207
1.7207
0.0035

Samples Statistically Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
12 11-Dec-02 MW-1 383 ND 9.42
15 11-Mar-03 98.3 ND 7.83
18 9-Jun-03 1480 2.1 7.35
21 22-Sep-03 5620 26.4 10.11
25 17-Feb-04 12.9 ND 8.95
29 20-May-04 NA NA 9.98
32 18-Aug-04 3.1 ND 10.77
35 17-Nov-04 1.0 ND 9.46
37 24-Feb-05 2.4 ND 8.90
41 23-May-05 1.0 ND 10.27
44 31-Aug-05 1.0 ND 10.78
48 20-Dec-05 1.0 ND 8.36

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
12 11-Dec-02 MW-2 1320 ND 25.92
15 11-Mar-03 10.2 8.1 25.51
18 9-Jun-03 1350 ND 24.69
21 22-Sep-03 1690 5.4 26.76
25 17-Feb-04 11.1 ND 26.29
29 20-May-04 6.9 ND 26.13
32 18-Aug-04 1.4 ND 26.78
35 17-Nov-04 1.0 ND 26.27
37 24-Feb-05 1.0 ND 25.51
41 23-May-05 1.0 ND 26.35
44 31-Aug-05 1.0 ND 26.99
48 20-Dec-05 1.0 ND 25.41

Average of All BEFORE Average of All AFTER
1,493.94 3.13
1792.74 3.94

8 n 15



BTEX/MTBE LOG MTBE

Avg. MTBE 1895.325 1085.471429 1.4
std. 2553.568

1.11058971

0.491361694
0

0.380211242
0 Avg. MTBE 3.2
0 std. 4.36081
0

BTEX/MTBE LOG MTBE

Avg. MTBE 1092.55 548.825 1.0
std. 740.8198

1.045322979
0.838849091
0.146128036

0
0
0 Avg. MTBE 3.05
0 std. 3.842618
0

Avg and Stdev
Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling events

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



Hamden MW-1
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Hamden MW-1

y = -0.0465x + 2.0236
R2 = 0.731
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Hamden MW-2
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Hamden MW-2

y = -0.0446x + 1.8752
R2 = 0.6406
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Site Location: Lisbon

Number of Wells: 2
Monitoring Events Before Ban: 11

Monitoring Events After Ban: 15

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
21-Feb-02 MW-1 2.2 6 NA
30-Mar-02 2.8 6 NA
20-Jun-02 810 6 NA
28-Oct-02 2300 32 NA
14-Jan-03 840 6 NA
22-May-03 120 6 NA
30-Sep-03 6.32 6 NA
27-Jan-04 1 6 NA
12-Apr-04 1 6 NA
7-Jun-04 1 6 NA
9-Nov-04 1 6 NA
17-Feb-05 0.5 2.5 NA
12-May-05 0.5 2.5 NA
31-Aug-05 1 6 NA
19-Dec-05 NA NA NA
2-Mar-06 0.5 2.5 NA

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
20-Jun-02 MW-2 95 1.2 NA
15-Jan-03 130 8.6 NA
22-May-03 2.3 8.6 NA
30-Sep-03 1.14 6 NA
27-Jan-04 1 6 NA
12-Apr-04 1 6 NA
7-Jun-04 1 6 NA
9-Nov-04 1 6 NA

12-May-05 2 2.5 NA
31-Aug-05 NS 6 NA
19-Dec-05 1.1 6 NA
2-Mar-06 0.5 2.5 NA

MTBE Site Statistics

Prior to Ban After Ban
320.08 Average 0.95
707.36 Standard Deviation 0.37
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Site Location: Lisbon

0
0.10

11
320.08
707.36

15
0.95
0.37

Population 1 Sample Degrees of Freedom 10
Population 2 Sample Degrees of Freedom 14
Total Degrees of Freedom 24
Pooled Variance 208480.7
Difference in Sample Means 319.1

1.7607

-1.7109
1.7109
0.0910

Samples Statistically Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
2 21-Feb-02 MW-1 2.2 <6 NA
3 30-Mar-02 2.8 <6 NA
6 20-Jun-02 810 <6 NA

10 28-Oct-02 2300 32 NA
13 14-Jan-03 840 <6 NA
17 22-May-03 120 <6 NA
21 30-Sep-03 6.32 <6 NA
25 27-Jan-04 1 <6 NA
28 12-Apr-04 1 <6 NA
30 7-Jun-04 1 <6 NA
35 9-Nov-04 1 <6 NA
38 17-Feb-05 0.5 <2.5 NA
41 12-May-05 0.5 <2.5 NA
44 31-Aug-05 1 <6.0 NA
48 19-Dec-05 NS NS NA
51 2-Mar-06 0.5 <2.5 NA

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
6 20-Jun-02 MW-2 95 1.2 NA

13 15-Jan-03 130 8.6 NA
17 22-May-03 2.3 8.6 NA
21 30-Sep-03 1.14 <6 NA
25 27-Jan-04 1 <6 NA
28 12-Apr-04 1 <6 NA
30 7-Jun-04 1 <6 NA
35 9-Nov-04 1 <6 NA
41 12-May-05 2 <2.5 NA
44 31-Aug-05 NS <6.0 NA
48 19-Dec-05 1.1 <6.0 NA
51 2-Mar-06 0.5 <2.5 NA

Average of All BEFORE Average of All AFTER
320 1

707.356764 0.373783742
11 n 15



BTEX/MTBE Log MTBE
0.342422681 Avg. MTBE 583.0457 371.3927273 0.625
0.447158031 stdev. 845.2373
2.908485019

0.013913043 3.361727836
2.924279286
2.079181246
0.800717078

0 Avg. MTBE 0.8125
0 stdev. 0.258775
0
0
0
0
0
0
0

BTEX/MTBE Log MTBE
1.977723605 Avg. MTBE 57.11 33.06285714 1.15
2.113943352 stdev. 65.53722
0.361727836
0.056904851

0 Avg. MTBE 1.085714
0 stdev. 0.448808
0
0

0.301029996
0

0.041392685
0

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev

Avg. of sampling 
events (not last 4)

Avg. of last 4 
sampling eventsAvg and Stdev



Lisbon MW-1
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Lisbon MW-1

y = -0.0133x + 0.5603
R2 = 0.2787
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Lisbon MW-2
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Lisbon MW-2

y = 0.0013x - 0.0029
R2 = 0.0202
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Site Location: New Fairfield

Number of Wells: 3
Monitoring Events Before Ban: 11

Monitoring Events After Ban: 22

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
16-Apr-02 MW-1 669 0.82 12.17
8-Oct-02 1270 ND 12.86
4-Apr-03 241 ND 8.71
8-Jan-04 34.6 ND 8.94
29-Apr-04 53.8 ND 9.29
12-Jul-04 46.7 ND 11.53
28-Oct-04 55 ND 10.29
13-Jan-05 9.6 ND 9.08
4-Apr-05 1.1 ND 8.67
2-May-05 8.4 ND 10.68
18-Nov-05 3.7 ND 10.54

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
16-Apr-02 MW-2 906 1.2 11.77
8-Oct-02 1520 1 12.03

30-Jan-03 1030 ND 9.75
4-Apr-03 91.8 ND 8.34
8-Jan-04 51.2 ND 8.80
29-Apr-04 39.9 ND 9.07
12-Jul-04 49.3 ND 10.77
28-Oct-04 64.2 ND 10.58
13-Jan-05 41.4 ND 9.76
4-Apr-05 1.4 ND 10.05

18-Nov-05 3.5 ND 10.47

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
16-Apr-02 MW-3 803 0.5 12.59
8-Oct-02 1190 0.88 13.18

30-Jan-03 1280 ND 11.24
4-Apr-03 1100 ND 9.90
8-Jan-04 772 ND 10.54
29-Apr-04 799 ND 10.21
12-Jul-04 689 ND 12.60
28-Oct-04 457 ND 11.63
13-Jan-05 257 ND 10.80
4-Apr-05 12.2 ND 10.91

18-Nov-05 47.4 ND 11.49

Site Location: New Fairfield
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MTBE Site Statistics

Prior to Ban After Ban
902.29 Average 165.28
441.96 Standard Deviation 262.98

0
0.10

11
902.29
441.96

22
165.28
262.98

Population 1 Sample Degrees of Freedom 10
Population 2 Sample Degrees of Freedom 21
Total Degrees of Freedom 31
Pooled Variance 109860.8
Difference in Sample Means 737.0

6.0215

-1.6955
1.6955
0.0000

Upper Critical Value
p -Value

Samples Statistically Different

Intermediate Calculations

t Test Statistic

Two-Tail Test
Lower Critical Value

Post-Ban Site Sample
Sample Size
Sample Mean
Sample Standard Deviation

Pre-Ban Site Sample
Sample Size
Sample Mean
Sample Standard Deviation

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 16-Apr-02 MW-1 669 0.82 12.17

10 8-Oct-02 1270 ND 12.86
16 4-Apr-03 241 ND 8.71
25 8-Jan-04 34.6 BRL 8.94
28 29-Apr-04 53.8 BRL 9.29
31 12-Jul-04 46.7 BRL 11.53
34 28-Oct-04 55 BRL 10.29
37 13-Jan-05 9.6 BRL 9.08
40 4-Apr-05 1.1 BRL 8.67
41 2-May-05 8.4 BRL 10.68
47 18-Nov-05 3.7 BRL 10.54

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 16-Apr-02 MW-2 906 1.2 11.77

10 8-Oct-02 1520 1 12.03
13 30-Jan-03 1030 ND 9.75
16 4-Apr-03 91.8 ND 8.34
25 8-Jan-04 51.2 BRL 8.8
28 29-Apr-04 39.9 BRL 9.07
31 12-Jul-04 49.3 BRL 10.77
34 28-Oct-04 64.2 BRL 10.58
37 13-Jan-05 41.4 BRL 9.76
40 4-Apr-05 1.4 BRL 10.05
47 18-Nov-05 3.5 BRL 10.47

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 16-Apr-02 MW-3 803 0.5 12.59

10 8-Oct-02 1190 0.88 13.18
13 30-Jan-03 1280 ND 11.24
16 4-Apr-03 1100 ND 9.9
25 8-Jan-04 772 BRL 10.54
28 29-Apr-04 799 BRL 10.21
31 12-Jul-04 689 BRL 12.6
34 28-Oct-04 457 BRL 11 63
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BTEX/MTBE Log MTBE
Avg. MTBE 726.666667 338.585714 5.7
stdev. 516.918111

1.5390761 Avg. MTBE 26.6125
1.73078228 stdev. 23.3278152
1.66931688
1.74036269
0.98227123
0.04139269
0.92427929
0.56820172

BTEX/MTBE Log MTBE
Avg. MTBE 886.95 526.885714 27.625
stdev. 592.689359

1.70926996 Avg. MTBE 35.8428571
1.6009729 stdev. 24.1549758
1.69284692
1.80753503
1.61700034
0.14612804
0.54406804

BTEX/MTBE Log MTBE
Avg. MTBE 1093.25 947.571429 193.4
stdev. 206.983695

2.8876173 Avg. MTBE 433.371429
2.90254678 stdev. 334.595286
2.83821922
2 6599162

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev



New Fairfield MW-1
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New Fairfield MW-1

y = -0.0664x + 3.4994
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New Fairfield MW-3
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Site Location: New Haven

Number of Wells: 4
Monitoring Events Before Ban: 16

Monitoring Events After Ban: 34

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
18-Apr-02 MW-1 263 1049.1 8.56
2-Oct-02 5.5 192.4 7.73
3-Apr-03 144 759.4 8.83

26-Sep-03 189 2193.2 9.06
8-Jan-04 208 168.2 9.00
5-Apr-04 25.8 2171.8 8.80
13-Jul-04 104 1205.4 9.45
12-Oct-04 142 7336.4 9.25
31-Jan-05 16.9 1875.8 9.24
1-Apr-05 15.8 2492.6 8.54

19-Aug-05 NA NA 9.48
1-Nov-05 NA NA 8.42
2-Feb-06 13.1 6127.2 8.99

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
18-Apr-02 MW-2 316 1215.1 8.86
2-Oct-02 12.3 1456.6 9.00
3-Apr-03 14.6 1463.9 9.27

26-Sep-03 17.2 674.3 9.46
8-Jan-04 53 500.9 9.41
5-Apr-04 1.8 220.4 9.15
13-Jul-04 24.2 556.6 9.89
12-Oct-04 13.9 570.3 9.65
31-Jan-05 4.4 647.7 9.65
1-Apr-05 3 283.5 8.96

19-Aug-05 6.9 512.2 9.91
1-Nov-05 2.5 412.6 8.77
2-Feb-06 2.1 51.7 9.33
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Site Location: New Haven

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
18-Apr-02 MW-3 125 124.2 8.48
2-Oct-02 53.7 128.1 8.96
3-Apr-03 63.4 271.3 9.35

26-Sep-03 561 323.6 9.49
8-Jan-04 311 190.6 9.37
5-Apr-04 16.1 63 9.11
13-Jul-04 323 236.1 9.87
12-Oct-04 143 184.9 9.65
31-Jan-05 45.5 118.3 9.65
1-Apr-05 43 66.2 8.91

19-Aug-05 60.6 13.6 9.86
1-Nov-05 20.6 26.9 8.77
2-Feb-06 30 44.7 9.29

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
18-Apr-02 MW-4 6.5 99.4 7.34
2-Oct-02 812 6374 5.66
3-Apr-03 7.3 354.5 8.01

26-Sep-03 144 158.5 8.29
8-Jan-04 4.7 154.9 8.12
5-Apr-04 4.4 204 7.85
13-Jul-04 4.3 126.5 9.63
12-Oct-04 139 103 8.43
31-Jan-05 26.3 52.4 8.40
1-Apr-05 3.8 47 7.64

19-Aug-05 37 64.9 8.68
1-Nov-05 27.4 72.1 7.56
2-Feb-06 6.1 143.2 8.03

MTBE Site Statistics

Prior to Ban After Ban
170.91 Average 56.48
227.49 Standard Deviation 83.10
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Site Location: New Haven

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 16
Sample Mean 170.91
Sample Standard Deviation 227.49

Post-Ban Site Sample
Sample Size 34
Sample Mean 56.48
Sample Standard Deviation 83.10

Population 1 Sample Degrees of Freedom 15
Population 2 Sample Degrees of Freedom 33
Total Degrees of Freedom 48
Pooled Variance 20920.0
Difference in Sample Means 114.4

t Test Statistic 2.6095

Lower Critical Value -1.6772
Upper Critical Value 1.6772
p -Value 0.0121

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 18-Apr-02 MW-1 263 1049.1 8.56

10 2-Oct-02 5.5 192.4 7.73
16 3-Apr-03 144 759.4 8.83
21 26-Sep-03 189 2193.2 9.06
25 8-Jan-04 208 168.2 9
28 5-Apr-04 25.8 2171.8 8.8
31 13-Jul-04 104 1205.4 9.45
34 12-Oct-04 142 7336.4 9.25
37 31-Jan-05 16.9 1875.8 9.24
40 1-Apr-05 15.8 2492.6 8.54
44 19-Aug-05 NS NS 9.48
47 1-Nov-05 NS NS 8.42
50 2-Feb-06 13.1 6127.2 8.99

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 18-Apr-02 MW-2 316 1215.1 8.86

10 2-Oct-02 12.3 1456.6 9
16 3-Apr-03 14.6 1463.9 9.27
21 26-Sep-03 17.2 674.3 9.46
25 8-Jan-04 53 500.9 9.41
28 5-Apr-04 1.8 220.4 9.15
31 13-Jul-04 24.2 556.6 9.89
34 12-Oct-04 13.9 570.3 9.65
37 31-Jan-05 4.4 647.7 9.65
40 1-Apr-05 3 283.5 8.96
44 19-Aug-05 6.9 512.2 9.91
47 1-Nov-05 2.5 412.6 8.77
50 2-Feb-06 2.1 51.7 9.33

Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 18-Apr-02 MW-3 125 124.2 8.48

10 2-Oct-02 53.7 128.1 8.96
16 3-Apr-03 63.4 271.3 9.35
21 26-Sep-03 561 323.6 9.49



Sample Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
4 18-Apr-02 MW-4 6.5 99.4 7.34

10 2-Oct-02 812 6374 5.66
16 3-Apr-03 7.3 354.5 8.01
21 26-Sep-03 144 158.5 8.29
25 8-Jan-04 4.7 154.9 8.12
28 5-Apr-04 4.4 204 7.85
31 13-Jul-04 4.3 126.5 9.63
34 12-Oct-04 139 103 8.43
37 31-Jan-05 26.3 52.4 8.4
40 1-Apr-05 3.8 47 7.64
44 19-Aug-05 37 64.9 8.68
47 1-Nov-05 27.4 72.1 7.56
50 2-Feb-06 6.1 143.2 8.03

Average All BEFORE Average All AFTER
170.90625 56.48253968

227.4868772 83.10368028
16 n 34



BTEX/MTBE Log MTBE
3.98897338 Avg. MTBE 150.375 134.185714 46.95
34.9818182 stdev. 108.329263
5.27361111
11.6042328
0.80865385 2.31806333 Avg. MTBE 75.0857143
84.1782946 1.41161971 stdev. 77.6224286
11.5903846 2.01703334
51.6647887 2.15228834
110.994083 1.2278867
157.759494 1.19865709

467.725191 1.1172713

BTEX/MTBE Log MTBE
3.84525316 Avg. MTBE 90.025 50.8222222 3.625
118.422764 stdev. 150.663297
100.267123
39.2034884
9.4509434 1.72427587 Avg. MTBE 12.4222222
122.444444 0.25527251 stdev. 16.9149178

23 1.38381537
41.028777 1.1430148
147.204545 0.64345268

94.5 0.47712125
74.2318841 0.83884909

165.04 0.39794001
24.6190476 0.32221929

BTEX/MTBE Log MTBE
0.9936 Avg. MTBE 200.775 182.411111 38.55

2.38547486 stdev. 242.21674
4.27917981
0.57682709

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev



BTEX/MTBE Log MTBE
15.2923077 Avg. MTBE 242.45 127.611111 18.575
7.84975369 stdev. 385.161235
48.5616438
1.10069444
32.9574468 0.67209786 Avg. MTBE 28.1111111
46.3636364 0.64345268 stdev . 43.4912763
29.4186047 0.63346846
0.74100719 2.1430148
1.99239544 1.41995575
12.3684211 0.5797836
1.75405405 1.56820172
2.63138686 1.43775056
23.4754098 0.78532984

g
sampling 

events (not 

g
sampling 

eventsAvg and Stdev
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New Haven MW-1

y = -0.043x + 3.1409
R2 = 0.5005
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New Haven MW-2
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New Haven MW-2

y = -0.0363x + 2.1542
R2 = 0.3691
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New Haven MW-2
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New Haven MW-3
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New Haven MW-3

y = -0.0302x + 2.9299
R2 = 0.2935
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New Haven MW-3
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New Haven MW-4
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New Haven MW-4

y = 0.0166x + 0.4765
R2 = 0.066
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Site Location: Rocky Hill

Number of Wells: 3
Monitoring Events Before Ban: 14

Monitoring Events After Ban: 25

Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
13-Feb-02 MW-1 395 6798.7 13.61
12-Jun-02 1400 2436.9 11.85
2-Oct-02 433 3627.5 13.21

26-Feb-03 538 274.6 11.38
6-Aug-03 295 28.5 12.72
30-Jan-04 2720 24.7 12.84
8-Apr-04 4510 1445.5 10.44
13-Jul-04 1890 24.6 13.07
26-Oct-04 4120 1885 12.39
20-Jan-05 3070 2460 NA
25-Apr-05 2140 2115 NA
8-Jul-05 1120 2129.9 NA

26-Oct-05 3300 3758 NA
13-Dec-05 1950 2455 NA

Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
13-Feb-02 MW-2 NA NA 13.4
12-Jun-02 1 ND 12.58
2-Oct-02 7.2 ND 13.46

26-Feb-03 3 ND 11.75
6-Aug-03 10 ND 13.05
30-Jan-04 72.5 ND 12.88
8-Apr-04 41.2 12.1 12.27
13-Jul-04 58.9 ND 13.37
26-Oct-04 76.6 ND 12.81
20-Jan-05 120 ND NA
25-Apr-05 83 3.2 NA
8-Jul-05 194 63.7 NA

26-Oct-05 252 287.7 NA

Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
13-Feb-02 MW-3 22.9 446.8 13.33
12-Jun-02 7.5 133 12.17
2-Oct-02 5.6 65.96 13.18

26-Feb-03 5.7 ND 11.75
6-Aug-03 7.3 5.9 12.82
30-Jan-04 381 ND 12.82
8-Apr-04 312 68.3 11.37
13-Jul-04 387 7.9 13.33
26-Oct-04 145 32.6 12.63
20-Jan-05 421 329.3 NA
25-Apr-05 247 146.3 NA
8-Jul-05 196 66.7 NA

26-Oct-05 86.2 68.6 NA
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Site Location: Rocky Hill

MTBE Site Statistics

Prior to Ban After Ban
45.09 Average 74.81
41.88 Standard Deviation 104.91

0
0.10

14
209.10
390.32

25
1047.32
1413.49

Population 1 Sample Degrees of Freedom 13
Population 2 Sample Degrees of Freedom 24
Total Degrees of Freedom 37
Pooled Variance 1349496.5
Difference in Sample Means -838.2

-2.1616

-1.6871
1.6871
0.0372

Sample Size

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Hypothesized Difference
Level of Significance (90% Confidence)

t Test Statistic

Sample Mean
Sample Standard Deviation

Sample Size

Samples Statistically Different

Post-Ban Site Sample

Pre-Ban Site Sample

Two-Tail Test
Lower Critical Value
Upper Critical Value
p -Value

Sample Mean
Sample Standard Deviation

Intermediate Calculations
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Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 13-Feb-02 MW-1 395 6798.7 13.61
6 12-Jun-02 1400 2436.9 11.85

10 2-Oct-02 433 3627.5 13.21
14 26-Feb-03 538 274.6 11.38
20 6-Aug-03 295 28.5 12.72
25 30-Jan-04 2720 24.7 12.84
28 8-Apr-04 4510 1445.5 10.44
31 13-Jul-04 1890 24.6 13.07
34 26-Oct-04 4120 1885 12.39
37 20-Jan-05 3070 2460 NA
40 25-Apr-05 2140 2115 NA
43 8-Jul-05 1120 2129.9 NA
46 26-Oct-05 3300 3758 NA
48 13-Dec-05 1950 2455 NA

Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 13-Feb-02 MW-2 NA NA 13.4
6 12-Jun-02 1 0 12.58

10 2-Oct-02 7.2 0 13.46
14 26-Feb-03 3 0 11.75
20 6-Aug-03 10 0 13.05
25 30-Jan-04 72.5 0 12.88
28 8-Apr-04 41.2 12.1 12.27
31 13-Jul-04 58.9 0 13.37
34 26-Oct-04 76.6 0 12.81
37 20-Jan-05 120 ND NA
40 25-Apr-05 83 3.2 NA
43 8-Jul-05 194 63.7 NA
46 26-Oct-05 252 287.7 NA

Sampling Date Well MTBE (ppb) BTEX (ppb) DTW (ft)
2 13-Feb-02 MW-3 22.9 446.8 13.33
6 12-Jun-02 7.5 133 12.17

10 2-Oct-02 5.6 65.96 13.18
14 26-Feb-03 5.7 0 11.75
20 6-Aug-03 7.3 5.9 12.82
25 30-Jan-04 381 0 12.82
28 8-Apr-04 312 68.3 11.37
31 13-Jul-04 387 7.9 13.33
34 26-Oct-04 145 32.6 12.63
37 20-Jan-05 421 329.3 NA
40 25-Apr-05 247 146.3 NA
43 8-Jul-05 196 66.7 NA
46 26-Oct-05 86.2 68.6 NA



Average before Average after
209.10 Average 1047.32
390.32 Std. Dev. 1413.49

14 n 25



BTEX/MTBE Log MTBE
17.21189873 Avg. 612.2 1994.692308 1950
1.740642857 stdev. 448.898
8.377598152
0.510408922
0.096610169
0.009080882 3.43457 Avg. 2757.78
0.320509978 3.65418 stdev. 1106.14
0.013015873 3.27646
0.457524272 3.6149
0.801302932 3.48714
0.988317757 3.33041
1.901696429 3.04922
1.138787879 3.51851
1.258974359 3.29003

BTEX/MTBE Log MTBE
Avg. 5.3 60.67272727 252

0 stdev. 4.0612
0
0
0
0 1.86034 Avg. 112.275

0.29368932 1.6149 stdev. 73.5566
0 1.77012
0 1.88423

2.07918
0.038554217 1.91908
0.328350515 2.2878
1.141666667 2.4014

BTEX/MTBE Log MTBE
19.51091703 Avg. 9.8 141.5555556 237.55
17.73333333 stdev. 7.37564
11.77857143

0
0.808219178

0 2.58092 Avg. 271.9
0.218910256 2.49415 stdev. 123.032
0.020413437 2.58771
0.224827586 2.16137
0.782185273 2.62428
0.592307692 2.3927
0.340306122 2.29226
0.795823666 1.93551

Avg. Last 4 
Events

Avg. Last 4 
Events

Avg. Last 4 
Events

Avg. and stdev.

Avg. and stdev.

Avg. and stdev.

Avg. of Events Prior to 
Last 4

Avg. of Events Prior to 
Last 4

Avg. of Events Prior to 
Last 4



Rocky Hill MW-1
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Rocky Hill MW-1

y = -0.0098x + 3.767
R2 = 0.1714
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Rocky Hill MW-1
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Rocky Hill MW-2
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Rocky Hill MW-2

y = 0.0309x + 0.8792
R2 = 0.743
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Rocky Hill MW-2
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Rocky Hill MW-3
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Rocky Hill MW-3

y = -0.0224x + 3.1795
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Site Location: Westport

Number of Wells: 9
Monitoring Events Before Ban: 53

Monitoring Events After Ban: 71

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-1 NA NA NA
27-Feb-02 10 412 12.62
27-Aug-02 100 408 12.51
10-Mar-03 8 1 9.83
14-May-03 10.8 101 10.66
3-Sep-03 2.4 123 11.03

12-Nov-03 4.6 101 11.17
24-Feb-04 211 389 11.53
1-Jun-04 1.1 31 10.84

19-Aug-04 3.1 39 9.68
15-Dec-04 3.3 44 12.39
22-Feb-05 14.9 150 10.78
2-Jun-05 1 53 12.00

31-Aug-05 5.4 545 12.08
18-Nov-05 1.7 26 10.46

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-2 NA NA NA
27-Feb-02 15.8 23 12.65
27-Aug-02 17.3 19 11.70
10-Mar-03 1.4 1 10.38
14-May-03 9.3 13 10.85
3-Sep-03 37.4 121 11.25

12-Nov-03 6.2 1 11.22
24-Feb-04 9.5 1 11.50
1-Jun-04 31.1 1 11.00

19-Aug-04 6.7 1 10.28
15-Dec-04 4.6 13 10.65
22-Feb-05 1 ND 10.77
2-Jun-05 3.7 1 11.91

31-Aug-05 1 ND 11.00
18-Nov-05 6.4 41 10.82
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Site Location: Westport

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-3 NA NA NA
27-Feb-02 13.5 661 11.80
27-Aug-02 134 1043 12.42
10-Mar-03 67.6 7003 9.71
14-May-03 18.5 3374 10.18
3-Sep-03 7.7 451 10.19

12-Nov-03 12.3 1331 10.45
24-Feb-04 39.2 2812 10.74
1-Jun-04 28.6 1044 10.13

19-Aug-04 22.9 2608 9.60
15-Dec-04 41.2 2928 9.99
22-Feb-05 23 5124 10.15
2-Jun-05 2.2 804 11.07

31-Aug-05 1.3 936 11.04
18-Nov-05 24.1 819 9.96

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-4 21700 10820 8.07
27-Feb-02 15200 9918 8.53
27-Aug-02 27700 11910 8.80
10-Mar-03 475 13081 5.92
14-May-03 17200 5544 6.75
3-Sep-03 25300 11500 7.68

12-Nov-03 23000 9828 7.23
24-Feb-04 6670 8884 7.47
1-Jun-04 8270 8188 7.10

19-Aug-04 3450 11600 5.92
15-Dec-04 3000 13010 6.31
22-Feb-05 1510 13081 6.71
2-Jun-05 2330 8300 8.08

31-Aug-05 1170 13081 8.17
18-Nov-05 NA NA NA

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-5 NA NA NA
27-Feb-02 382 15 10.20
27-Aug-02 774 3 10.70
10-Mar-03 NA NA NA
14-May-03 213 229 8.53
3-Sep-03 236 1 9.59

12-Nov-03 161 16 9.11
24-Feb-04 174 74 8.70
1-Jun-04 476 113 9.39

19-Aug-04 80.6 27 8.47
15-Dec-04 53.6 9 7.96
22-Feb-05 42.4 28 8.03
2-Jun-05 71.1 11 9.45

31-Aug-05 169 ND 10.66
18-Nov-05 85.4 39 8.61
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Site Location: Westport

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-6 NA NA NA
27-Feb-02 6670 13949 11.95
27-Aug-02 7550 6481 13.40
10-Mar-03 46.4 44 7.03
14-May-03 143 1979 8.52
3-Sep-03 3600 5590 12.42

12-Nov-03 13800 2889 9.63
24-Feb-04 786 1752 8.77
1-Jun-04 1070 2397 9.80

19-Aug-04 2870 3938 9.67
15-Dec-04 592 595 8.28
22-Feb-05 154 472 8.33
2-Jun-05 679 2800 11.32

31-Aug-05 1300 3784 13.14
18-Nov-05 183 987 8.57

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-7 NA NA NA
27-Feb-02 5830 10130 9.85
27-Aug-02 13700 9413 11.07
10-Mar-03 NA NA NA
14-May-03 4370 2531 8.16
3-Sep-03 9780 5417 10.18

12-Nov-03 6750 2926 8.73
24-Feb-04 2510 2859 8.44
1-Jun-04 2280 2167 9.02

19-Aug-04 1590 2148 8.07
15-Dec-04 345 1774 7.70
22-Feb-05 486 2319 7.80
2-Jun-05 564 2369 9.87

31-Aug-05 869 3969 10.42
18-Nov-05 445 1949 8.30

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-8 NA NA NA
27-Feb-02 11900 15780 11.40
27-Aug-02 14700 9404 13.33
10-Mar-03 3130 1891 7.15
14-May-03 7700 2101 8.59
3-Sep-03 11300 4598 11.60

12-Nov-03 7870 6818 9.61
24-Feb-04 10500 2318 9.02
1-Jun-04 5280 1350 9.65

19-Aug-04 2590 1387 9.20
15-Dec-04 757 871 8.31
22-Feb-05 1190 2262 8.31
2-Jun-05 1950 2482 10.96

31-Aug-05 2560 5299 12.73
18-Nov-05 485 977 8.54
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Site Location: Westport

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
15-Jan-02 MW-9 NA NA NA
27-Feb-02 10.8 1 14.36
27-Aug-02 22.1 1 14.49
10-Mar-03 67.6 1 11.38
14-May-03 3.3 1 12.83
3-Sep-03 261 1 13.71

12-Nov-03 197 1 12.99
24-Feb-04 312 2 13.18
1-Jun-04 33.5 1 13.23

19-Aug-04 9.3 1 10.28
15-Dec-04 6.9 1 12.10
22-Feb-05 3 ND 12.38
2-Jun-05 14.3 ND 14.94

31-Aug-05 1 ND 14.03
18-Nov-05 8.2 ND 12.84

MTBE Site Statistics

Prior to Ban After Ban
4,666.75 Average 1,031.04
7,520.96 Standard Deviation 1,923.61

Page 4 of 39



Site Location: Westport

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 53
Sample Mean 4666.75
Sample Standard Deviation 7520.96

Post-Ban Site Sample
Sample Size 71
Sample Mean 1031.04
Sample Standard Deviation 1923.61

Population 1 Sample Degrees of Freedom 52
Population 2 Sample Degrees of Freedom 70
Total Degrees of Freedom 122
Pooled Variance 26232732.4
Difference in Sample Means 3635.7

t Test Statistic 3.9104

Lower Critical Value -1.6574
Upper Critical Value 1.6574
p -Value 0.0002

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Statistically Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-1 NA NA NA
2 27-Feb-02 10 412 12.62
8 27-Aug-02 100 408 12.51

15 10-Mar-03 8 1 9.83
17 14-May-03 10.8 101 10.66
21 3-Sep-03 2.4 123 11.03
23 12-Nov-03 4.6 101 11.17
26 24-Feb-04 211 389 11.53
30 1-Jun-04 1.1 31 10.84
32 19-Aug-04 3.1 39 9.68
36 15-Dec-04 3.3 44 12.39
38 22-Feb-05 14.9 150 10.78
42 2-Jun-05 1 53 12.00
44 31-Aug-05 5.4 545 12.08
47 18-Nov-05 1.7 26 10.46

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-2 NA NA NA
2 27-Feb-02 15.8 23 12.65
8 27-Aug-02 17.3 19 11.70

15 10-Mar-03 1.4 1 10.38
17 14-May-03 9.3 13 10.85
21 3-Sep-03 37.4 121 11.25
23 12-Nov-03 6.2 1 11.22
26 24-Feb-04 9.5 1 11.50
30 1-Jun-04 31.1 1 11.00
32 19-Aug-04 6.7 1 10.28
36 15-Dec-04 4.6 13 10.65
38 22-Feb-05 1 ND 10.77
42 2-Jun-05 3.7 1 11.91
44 31-Aug-05 1 ND 11.00
47 18-Nov-05 6.4 41 10.82

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-3 NA NA NA
2 27-Feb-02 13.5 661 11.80
8 27-Aug-02 134 1043 12.42

15 10-Mar-03 67.6 7003 9.71
17 14-May-03 18.5 3374 10.18
21 3-Sep-03 7.7 451 10.19
23 12-Nov-03 12.3 1331 10.45
26 24-Feb-04 39.2 2812 10.74
30 1-Jun-04 28.6 1044 10.13
32 19-Aug-04 22.9 2608 9.60
36 15-Dec-04 41.2 2928 9.99
38 22-Feb-05 23 5124 10.15



42 2-Jun-05 2.2 804 11.07
44 31-Aug-05 1.3 936 11.04
47 18-Nov-05 24.1 819 9.96

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-4 21700 10820 8.07
2 27-Feb-02 15200 9918 8.53
8 27-Aug-02 27700 11910 8.80

15 10-Mar-03 475 13081 5.92
17 14-May-03 17200 5544 6.75
21 3-Sep-03 25300 11500 7.68
23 12-Nov-03 23000 9828 7.23
26 24-Feb-04 6670 8884 7.47
30 1-Jun-04 8270 8188 7.10
32 19-Aug-04 3450 11600 5.92
36 15-Dec-04 3000 13010 6.31
38 22-Feb-05 1510 13081 6.71
42 2-Jun-05 2330 8300 8.08
44 31-Aug-05 1170 13081 8.17
47 18-Nov-05 NA NA NA

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-5 NA NA NA
2 27-Feb-02 382 15 10.20
8 27-Aug-02 774 3 10.70

15 10-Mar-03 NA NA NA
17 14-May-03 213 229 8.53
21 3-Sep-03 236 1 9.59
23 12-Nov-03 161 16 9.11
26 24-Feb-04 174 74 8.70
30 1-Jun-04 476 113 9.39
32 19-Aug-04 80.6 27 8.47
36 15-Dec-04 53.6 9 7.96
38 22-Feb-05 42.4 28 8.03
42 2-Jun-05 71.1 11 9.45
44 31-Aug-05 169 ND 10.66
47 18-Nov-05 85.4 39 8.61

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-6 NA NA NA
2 27-Feb-02 6670 13949 11.95
8 27-Aug-02 7550 6481 13.40

15 10-Mar-03 46.4 44 7.03
17 14-May-03 143 1979 8.52
21 3-Sep-03 3600 5590 12.42
23 12-Nov-03 13800 2889 9.63
26 24-Feb-04 786 1752 8.77
30 1-Jun-04 1070 2397 9.80



32 19-Aug-04 2870 3938 9.67
36 15-Dec-04 592 595 8.28
38 22-Feb-05 154 472 8.33
42 2-Jun-05 679 2800 11.32
44 31-Aug-05 1300 3784 13.14
47 18-Nov-05 183 987 8.57

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-7 NA NA NA
2 27-Feb-02 5830 10130 9.85
8 27-Aug-02 13700 9413 11.07

15 10-Mar-03 NA NA NA
17 14-May-03 4370 2531 8.16
21 3-Sep-03 9780 5417 10.18
23 12-Nov-03 6750 2926 8.73
26 24-Feb-04 2510 2859 8.44
30 1-Jun-04 2280 2167 9.02
32 19-Aug-04 1590 2148 8.07
36 15-Dec-04 345 1774 7.70
38 22-Feb-05 486 2319 7.80
42 2-Jun-05 564 2369 9.87
44 31-Aug-05 869 3969 10.42
47 18-Nov-05 445 1949 8.30

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-8 NA NA NA
2 27-Feb-02 11900 15780 11.40
8 27-Aug-02 14700 9404 13.33

15 10-Mar-03 3130 1891 7.15
17 14-May-03 7700 2101 8.59
21 3-Sep-03 11300 4598 11.60
23 12-Nov-03 7870 6818 9.61
26 24-Feb-04 10500 2318 9.02
30 1-Jun-04 5280 1350 9.65
32 19-Aug-04 2590 1387 9.20
36 15-Dec-04 757 871 8.31
38 22-Feb-05 1190 2262 8.31
42 2-Jun-05 1950 2482 10.96
44 31-Aug-05 2560 5299 12.73
47 18-Nov-05 485 977 8.54

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 15-Jan-02 MW-9 NA NA NA
2 27-Feb-02 10.8 1 14.36
8 27-Aug-02 22.1 1 14.49

15 10-Mar-03 67.6 1 11.38
17 14-May-03 3.3 1 12.83
21 3-Sep-03 261 1 13.71



23 12-Nov-03 197 1 12.99
26 24-Feb-04 312 2 13.18
30 1-Jun-04 33.5 1 13.23
32 19-Aug-04 9.3 1 10.28
36 15-Dec-04 6.9 1 12.10
38 22-Feb-05 3 ND 12.38
42 2-Jun-05 14.3 ND 14.94
44 31-Aug-05 1 ND 14.03
47 18-Nov-05 8.2 ND 12.84

Average All BEFORE Average All AFTER
4666.752381 1031.037897
7520.962944 1923.610472

53 n 71



BTEX/MTBELot MTBE
Avg. MTBE 22.63333 35.43 5.75

41.2 stdev. 38.0367
4.08
0.125

9.351852
51.25

21.95652
1.843602 2.324282 Avg. MTBE 30.1875
28.18182 0.041393 stdev. 73.19981
12.58065 0.491362
13.33333 0.518514
10.06711 1.173186

53 0
100.9259 0.732394
15.29412 0.230449

BTEX/MTBELog MTBE
Avg. MTBE 14.56667 13.93 3.025

1.455696 stdev. 12.6606
1.098266
0.714286
1.397849
3.235294
0.16129

0.105263 0.977724 Avg. MTBE 8
0.032154 1.49276 stdev. 9.769925
0.149254 0.826075
2.826087 0.662758

0
0.27027 0.568202

0
6.40625 0.80618

BTEX/MTBELog MTBE
Avg. MTBE 42.26667 38.55 12.65

48.96296 stdev. 50.08396
7.783582
103.5947
182.3784
58.57143
108.2114
71.73469 1.593286 Avg. MTBE 22.8125
36.5035 1.456366 stdev. 14.78179

113.8865 1.359835
71.06796 1.614897
222.7826 1.361728

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev



365.4545 0.342423
720 0.113943

33.9834 1.382017

BTEX/MTBELog MTBE
0.498618 Avg. MTBE 18653.57 14896.5 2002.5

0.6525 stdev. 9116.702
0.429964
27.53895
0.322326
0.454545
0.427304
1.331934 3.824126 Avg. MTBE 3771.429
0.990085 3.917506 stdev. 2686.276
3.362319 3.537819
4.336667 3.477121
8.662914 3.178977
3.562232 3.367356
11.18034 3.068186

BTEX/MTBELog MTBE
Avg. MTBE 353.2 283.3556 91.975

0.039267 stdev 249.1158
0.003876

1.075117
0.004237
0.099379
0.425287 2.240549 Avg. MTBE 144.0125
0.237395 2.677607 stdev. 142.9344
0.334988 1.906335
0.16791 1.729165

0.660377 1.627366
0.154712 1.85187

2.227887
0.456674 1.931458

BTEX/MTBELog MTBE
Avg. MTBE 5301.567 3712.74 579

2.091304 stdev. 5220.62
0.858411
0.948276
13.83916
1.552778
0.209348
2.229008 2.895423 Avg. MTBE 954.25
2.240187 3.029384 stdev. 867.9665

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev



1.372125 3.457882
1.005068 2.772322
3.064935 2.187521
4.123711 2.83187
2.910769 3.113943
5.393443 2.262451

BTEX/MTBELog MTBE
Avg. MTBE 8086 5239.444 591

1.737564 stdev. 3710.449
0.68708

0.579176
0.553885
0.433481
1.139044 3.399674 Avg. MTBE 1136.125
0.950439 3.357935 stdev. 872.3419
1.350943 3.201397
5.142029 2.537819
4.771605 2.686636
4.200355 2.751279
4.567319 2.93902
4.379775 2.64836

BTEX/MTBELog MTBE
Avg. MTBE 9433.333 7572.7 1546.25

1.32605 stdev. 4061.702
0.639728
0.604153
0.272857
0.406903
0.866328
0.220762 4.021189 Avg. MTBE 3164
0.255682 3.722634 stdev. 3323.72
0.535521 3.4133
1.150594 2.879096
1.90084 3.075547

1.272821 3.290035
2.069922 3.40824
2.014433 2.685742

Log MTBE
Avg. MTBE 93.63333 92.35 6.625
stdev. 109.0986

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev

Avg. of 
sampling 

Avg. of 
last 4 Avg and Stdev



2.494155 Avg. MTBE 48.525
1.525045 stdev. 106.9343
0.968483
0.838849
0.477121
1.155336

0
0.913814
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Westport MW-1

y = -0.0527x + 2.6316
R2 = 0.2521
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Westport MW-1
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Westport MW-2
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Westport MW-2
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Westport MW-2
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Westport MW-3
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Westport MW-3
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Westport MW-3
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Westport MW-4
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Westport MW-4

y = -0.0428x + 4.9986
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Westport MW-4
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Westport MW-5
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Westport MW-5

y = -0.0184x + 2.7031
R2 = 0.1549
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Westport MW-6

y = -0.0257x + 3.7663
R2 = 0.1949
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Westport MW-7

y = -0.0351x + 4.2335
R2 = 0.5695
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Westport MW-8

y = -0.045x + 4.9708
R2 = 0.5656
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Westport MW-9

y = -0.0738x + 3.7663
R2 = 0.5278
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Site Location: Willington

Number of Wells: 3
Monitoring Events Before Ban: 17

Monitoring Events After Ban: 31

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
25-Jun-02 MW-1 130 1.8 10.99
12-Nov-02 160 1 11.75
30-Jan-03 34 ND 11.35
2-Apr-03 17 ND 11.18
11-Jul-03 3.3 ND 11.13
6-Oct-03 1.1 ND 11.27

27-Jan-04 246 ND 11.35
13-Feb-04 81.6 ND 11.30
12-Apr-04 16.2 ND 11.19
12-Jul-04 37.9 93.7 11.26
20-Oct-04 1410 671.3 11.35
13-Jan-05 293 12.5 11.12
12-Apr-05 40.9 98.2 11.11
19-Jul-05 52.2 20.5 11.32
11-Oct-05 16 ND 11.51
1-Feb-06 1 ND 10.98
11-Apr-06 0.25 ND 11.13

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
25-Jun-02 MW-2 4.9 1 11.01
12-Nov-02 1 ND 11.83
30-Jan-03 1.3 ND 11.38
2-Apr-03 1 ND 11.20
11-Jul-03 1 ND 11.15
6-Oct-03 1 ND 11.31

27-Jan-04 1 ND 11.37
12-Apr-04 1 ND 11.22
12-Jul-04 1 ND 11.30
20-Oct-04 168 60.9 11.37
13-Jan-05 10.9 3.3 11.03
12-Apr-05 1.5 14.6 11.12
19-Jul-05 1 ND 11.35
11-Oct-05 2.1 1 11.51
1-Feb-06 0.42 ND 10.98
11-Apr-06 0.25 ND 11.09
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Site Location: Willington

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
12-Nov-02 MW-3 150 ND 13.79
30-Jan-03 32 ND 13.47
2-Apr-03 8.4 ND 13.31
11-Jul-03 11 ND 13.33
6-Oct-03 15.9 ND 13.46

27-Jan-04 5.68 ND 13.55
12-Apr-04 1.2 ND 13.35
12-Jul-04 1.7 ND 13.42
20-Oct-04 70.5 27.2 12.45
13-Jan-05 29.7 7.6 13.21
12-Apr-05 5.3 17.6 13.25
19-Jul-05 8 ND 13.46
11-Oct-05 5.1 ND 13.67
1-Feb-06 0.62 ND 13.23
11-Apr-06 0.25 ND 13.45

MTBE Site Statistics

Prior to Ban After Ban
34.24 Average 77.02
55.14 Standard Deviation 256.81
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Site Location: Willington

Hypothesized Difference 0
Level of Significance (90% Confidence) 0.10

Pre-Ban Site Sample
Sample Size 17
Sample Mean 34.24
Sample Standard Deviation 55.14

Post-Ban Site Sample
Sample Size 31
Sample Mean 77.02
Sample Standard Deviation 256.81

Population 1 Sample Degrees of Freedom 16
Population 2 Sample Degrees of Freedom 30
Total Degrees of Freedom 46
Pooled Variance 44069.9
Difference in Sample Means -42.8

t Test Statistic -0.6753

Lower Critical Value -1.6787
Upper Critical Value 1.6787
p -Value 0.5029

t  Test for Differences in Pre- and Post- Ban MTBE 
Concentration Means

Intermediate Calculations

Two-Tail Test

Samples Not Significantly Different
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Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 25-Jun-02 MW-1 130 1.8 10.99

11 12-Nov-02 160 1 11.75
13 30-Jan-03 34 ND 11.35
16 2-Apr-03 17 ND 11.18
19 11-Jul-03 3.3 ND 11.13
22 6-Oct-03 1.1 ND 11.27
25 27-Jan-04 246 ND 11.35
26 13-Feb-04 81.6 ND 11.30
28 12-Apr-04 16.2 ND 11.19
31 12-Jul-04 37.9 93.7 11.26
34 20-Oct-04 1410 671.3 11.35
37 13-Jan-05 293 12.5 11.12
40 12-Apr-05 40.9 98.2 11.11
43 19-Jul-05 52.2 20.5 11.32
46 11-Oct-05 16 ND 11.51
50 1-Feb-06 1 ND 10.98
52 11-Apr-06 0.25 ND 11.13

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 25-Jun-02 MW-2 4.9 1 11.01

11 12-Nov-02 1 ND 11.83
13 30-Jan-03 1.3 ND 11.38
16 2-Apr-03 1 ND 11.20
19 11-Jul-03 1 ND 11.15
22 6-Oct-03 1 ND 11.31
25 27-Jan-04 1 ND 11.37
28 12-Apr-04 1 ND 11.22
31 12-Jul-04 1 ND 11.30
34 20-Oct-04 168 60.9 11.37
37 13-Jan-05 10.9 3.3 11.03
40 12-Apr-05 1.5 14.6 11.12
43 19-Jul-05 1 ND 11.35
46 11-Oct-05 2.1 1 11.51
50 1-Feb-06 0.42 ND 10.98
52 11-Apr-06 0.25 ND 11.09

Sampling Date WELL MTBE (ppb) BTEX (ppb) DTW (ft)
1 12-Nov-02 MW-3 150 ND 13.79

11 30-Jan-03 32 ND 13.47
16 2-Apr-03 8.4 ND 13.31
19 11-Jul-03 11 ND 13.33
22 6-Oct-03 15.9 ND 13.46
25 27-Jan-04 5.68 ND 13.55
28 12-Apr-04 1.2 ND 13.35
31 12-Jul-04 1.7 ND 13.42
34 20-Oct-04 70.5 27.2 12.45



37 13-Jan-05 29.7 7.6 13.21
40 12-Apr-05 5.3 17.6 13.25
43 19-Jul-05 8 ND 13.46
46 11-Oct-05 5.1 ND 13.67
50 1-Feb-06 0.62 ND 13.23
52 11-Apr-06 0.25 ND 13.45

Average All BEFORE Average All AFTER
34.24222222 77.024
55.14097841 256.8115751

17 n 31



BTEX/MTBELog MTBE
Avg. MTBE 57.56666667 190.0769231 17.3625
stdev. 69.388145

2.390935 Avg. MTBE 199.55
1.91169 stdev. 413.4555472
1.209515
1.578639
3.149219
2.466868
1.611723
1.717671
1.20412

0
-0.60206

BTEX/MTBELog MTBE
Avg. MTBE 1.7 16.13333333 0.9425
stdev. 1.572259521

0 Avg. MTBE 18.717
0 stdev. 52.54674957
0

2.225309
1.037426
0.176091

0
0.322219
-0.376751
-0.60206

BTEX/MTBELog MTBE
Avg. MTBE 43.46 30.12545455 3.4925
stdev. 60.25884167

0.754348 Avg. MTBE 12.805
0.079181 stdev. 22.02977543
0.230449
1.848189

Avg. of 
sampling 

Avg. of last 
4 sampling Avg and Stdev

Avg. of 
sampling 

Avg. of last 
4 sampling Avg and Stdev

Avg. of 
sampling 

Avg. of last 
4 sampling Avg and Stdev



1.472756
0.724276
0.90309
0.70757

-0.207608
-0.60206



Willington MW-1
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Willington MW-1

y = -0.0772x + 4.4035
R2 = 0.4698
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Willington MW-2
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Willington MW-2

y = -0.0283x + 1.3704
R2 = 0.1038
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Willington MW-3
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Willington MW-3

y = -0.0313x + 1.7988
R2 = 0.1507
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Impact of MtBE Ban on Connecticut Public Water Systems 
 

Maureen C. Leahy, Ph.D. (maureen.leahy@erm.com) and Brian Holdt 
(ERM, East Hartford, Connecticut, USA) 

 
ABSTRACT: The State of Connecticut has provided a unique opportunity to evaluate the 
effect of a regulatory ban on the occurrence of methyl-tert-butyl ether (MtBE) in 
groundwater and surface water.   As of 1 January 2004, Connecticut banned the sale and 
use of MtBE as a gasoline additive, as did neighboring state New York.  Gasoline 
stations in Connecticut began the change over in the last few months of 2003.  Prior to 
the ban, the cumulative number of Public Water Systems (PWS) in Connecticut reporting 
the detection of MtBE had risen from 60 in 2000 to 208 by the end of 2003.  Many of 
these MtBE detections were sporadic, with the majority of these PWS only reporting 
MtBE in one reporting year.  After the MtBE ban, 44 additional PWS reported MtBE 
detections in 2004, while only 16 additional PWS reported detections in 2005.  This 
paper presents the results of an analysis of the MtBE detections and the geographical 
distribution of PWS before and after the ban. 
 
INTRODUCTION 

The oxygenate MtBE has been added to gasoline since 1979 and gasoline containing 
MtBE has been sold throughout Connecticut since the mid-1980’s (CTDEP, 2000).  
MtBE was first reported detected in groundwater in Connecticut by the Connecticut 
Department of Environmental Protection (CTDEP) in 1987 (CTDEP, 2000).  By 
February 2000, MtBE had been detected in 4 public water supply wells at concentrations 
exceeding the State Advisory Level set in March 1999 at 0.07 milligrams per liter (mg/L) 
and at trace levels in 51 other Public Water Systems (PWS) (CTDEP, 2000).  In response 
to this groundwater contamination, Connecticut passed legislation in July 2000 to ban the 
sale and use of MtBE as an additive in gasoline.  After some amendments to the law, the 
ban became effective on 1 January 2004 (Section 22a-450a of the CT General Statutes) 
and coincided with a similar ban in neighboring New York State.  Bans in other New 
England states - Maine, New Hampshire, Rhode Island and Vermont - are due to become 
effective on 1 January 2007, with Massachusetts the only New England  state to continue 
to allow the use of MtBE-containing gasoline. 

Gasoline retailers in Connecticut began transitioning their supplies over to non-MtBE 
containing gasoline in late 2003.  Some MtBE-containing gasoline was still available in 
Connecticut after the ban; for example, marinas still had MtBE containing gasoline in 
their tanks as of February 2004 as safety concerns limited removal (Rocque, 2004). 

 
Public Water Systems in Connecticut.  Public Water Systems (PWS) are defined as 
public or privately-owned systems that provide water to 25 or more persons and are 
divided into three types that are defined based on the frequency of use: 

• Community (C) – year-round residents (e.g. regional or municipal water 
authorities, apartments, condominiums, trailer parks, etc.); 



  

• Non-Transient Non-Community (NTNC) – serving persons for six months of 
the year (e.g. schools, daycares, churches, large businesses and factories); and 

• Transient Non-Community (TNC) – (e.g. restaurants, campgrounds). 
PWS can range from small one-well systems to large regional systems that obtain water 
from an integrated system of multiple well fields and surface water sources.  Each PWS 
has a unique ID number (PWSID) that is assigned by the State (e.g. CT0400143).  As of 
February 2005, Connecticut reported approximately 2866 PWS throughout the State  

(CTDPH, 2005).  As shown in Figure 1, 
the number of PWS in Connecticut has 
trended downward since 2000, as small 
systems, especially TNC systems, have 
closed or have tied into larger systems. 

Approximately 79% of Connecticut’s 
3.4 million people are served by 
community systems, with the three largest 
community PWS serving over 1.1 million 
people.   Community systems obtain 
about two-thirds of their water from 
surface water and one-third from 
groundwater sources.  Almost all of the 

non-community systems (NTNC and TNC) use groundwater. 
 
Sources of MtBE Detection Data.  The Connecticut Department of Public Health 
(CTDPH) has published an annual Organics Report on the detection of organic 
compounds in PWS in Connecticut since 2000 (CTDPH 2001, 2002, 2003, 2004, 2005, 
and 2006).  The information provided in the reports has evolved over the years but, in 
general, includes the name of the PWS reporting detections, the sampling date, the 
compounds and concentrations detected and, in later reports (for years 2002 through 
2005), PWSID and the sampling location in the system at which the detection was made.  
In order to analyze this information, the MtBE data were entered into an Access database.  
Other sources of data included the U. S. Environmental Protection Agency’s (USEPA) 
Safe Drinking Water Information System and information available on the CTDPH 
website, such as monitoring schedules (USEPA, 2006b; CTDPH, 2006).  Where 
discrepancies existed, the most recent information provided by CTDPH was assumed to 
be the most reliable. 

These sources of information have some limitations in terms of the types and 
accuracy of information.  One limitation is that not all PWS are sampled for MtBE or 
other organics on an annual basis.  Sampling may be quarterly, annually, triennially, or 
not required, based on the size and type of system and whether organics have ever been 
detected in a system’s water, and may be from raw or treated water.  Since some systems, 
especially small TNC systems, may never have been sampled for MtBE, the lack of 
detection in a specific year does not mean that MtBE is not present.  Compliance with the 
required monitoring is likely to be more consistent for large systems than for small 
systems.  CTDPH has been focusing attention on the non-community systems and, 
therefore, more non-community systems have been reporting monitoring results since 
2000.  TNC systems are generally not required to sample regularly for organics, but once 

0

1000

2000

3000

4000

2000 2001 2002 2003 2004 2005

Reporting Year

N
um

be
r o

f P
W

S

C NTNC TNC Total Systems

0

1000

2000

3000

4000

2000 2001 2002 2003 2004 2005

Reporting Year

N
um

be
r o

f P
W

S

C NTNC TNC Total SystemsC NTNC TNC Total Systems



  

an organic such as MtBE has been detected, quarterly monitoring is required.  Another 
limitation is that not all PWS are equal in size or coverage.  A detection of MtBE 
reported for a large community system may mean that MtBE has been detected in one 
well out of several well fields and surface water sources, while a detection in a small 
system may mean that MtBE is present in the sole well that comprises that system.   
 
DETECTION OF MtBE IN CONNECTICUTS WATER SYSTEMS 

A total of 266 PWS have reported the detection of MtBE in the years 2000 through 
2005 as shown in Figure 2.  In all 
but two systems, the detections 
have been in groundwater as 
opposed to surface water sources.  
The majority of the PWS reporting 
MtBE detections have been 
Community and NTNC systems.  
However, this skewed distribution 
away from TNC is likely the result 
of the less stringent monitoring 
requirements and compliance of 
TNC systems than the lower 
occurrence of MtBE in the TNC 
systems. 

A better way to track systems 
that are impacted by MtBE is to 
look at the number of systems that 
report MtBE detections for the first 

time in a given year, as shown in Figure 3.  Analysis of these data using the Mann-
Kendall statistical test for trend 
indicates that the number of PWS 
newly reporting detections of MtBE 
has decreased (at the 90th confidence 
level) between 2000 and 2005.  
Immediately after the ban in 2004, 
however, the number of PWS newly 
reporting MtBE increased then in 
2005 decreased to below the 2000 
level. 

The increase in 2004 may be an 
artifact of the variation in monitoring 
frequency and compliance with the 
required monitoring.  The number of 
new detections is influenced by the 
number of PWS that are screened for 
volatiles in a given year and more 
PWS tend to be screened for 
volatiles every year due to increased 

FIGURE 2.  Number of PWS reporting 
the detection of MtBE by year. 

0

20

40

60

80

100

120

2000 2001 2002 2003 2004 2005
Reporting Year

N
um

be
r o

f S
ys

te
m

s

C NTNC TNC

0

20

40

60

80

100

120

2000 2001 2002 2003 2004 2005
Reporting Year

N
um

be
r o

f S
ys

te
m

s

C NTNC TNCC NTNC TNC

FIGURE 3.  Number of PWS first reporting 
the detection of MtBE in a given year.

0

20

40

60

80

2000 2001 2002 2003 2004 2005

Reporting Year

N
um

be
r 

of
 S

ys
te

m
s



  

surveillance and the requirement for quarterly volatiles monitoring once a PWS reports a 
detection of a volatile organic such as MtBE.  While the number of PWS actually 
monitoring for volatiles was not readily available, the total number of PWS reporting the 
detection of any organic compound was available through the CTDPH Organics Reports.  
As can be seen in Figure 4, the total number of PWS reporting the detection of an organic 
has increased between 2000 and 2005, with an increasing trend by the Mann-Kendall test 
(at 90th percent confidence). 

FIGURE 4.  Number of PWS reporting the detection of any organic. 
 
Figure 5 shows the number of PWS reporting MtBE detections as a percentage of the 

total number of PWS reporting a detection of any organic.  These percentages peaked in 
2001, leveled off in 2002 and 2003, and dropped back down to below the 2000 levels in 
2004 and 2005. 

FIGURE 5.  Number of PWS reporting the detection of MtBE as a percentage of 
PWS reporting the detection of any organic. 
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MAGNITUDE AND FREQUENCY OF MtBE DETECTIONS 
Figure 6 summarizes the maximum MtBE detections in each PWS by year.  Although 

the number of detections has varied, the median concentration has remained remarkably 
consistent ranging from 0.0025 to 0.00295 mg/L.  The majority of the detections have 
been not only less than the State Action limit of 0.07 mg/L, but less than 0.003 mg/L.  
Only 44 PWS have ever reported maximum MtBE detections greater than 0.07 mg/L.  Of 
the PWS that reported MtBE for the first time in 2004 and 2005 after the ban, only 5 in 
2004 and 1 in 2005 reported an MtBE concentration greater than 0.07 mg/L.  Some of the 
MtBE detections reported in 2002 greater than 10 mg/L are suspect since the 
concentrations are about three orders of magnitude higher than other detections reported 
in these PWS.  Such errors may be the result of mistakes in reporting units (i.e. reporting 
a value that is in micrograms per liter as milligrams per liter). 

The majority of systems (59 %) have only reported the detection of MtBE in one 
reporting year.  Most of these detections appear to be associated with sporadic MtBE 
detections (data not shown). However, a number of reporting PWS were closed after 
detection of MtBE and some reporting PWS may have not been compliant with the 
requirement to monitor for MtBE on a quarterly basis following the detection of an 
organic. 
 
GEOGRAPHIC DISTRIBUTION 

Figures 7 and 8 show the approximate locations of the PWS that reported the 
detection of MTBE for 2000 through 2004 and 2000 through 2005, respectively.  The 
locations shown are approximate.  

As shown in Figure 7, PWS with MtBE detections are scattered around the State with 
some dense clusters, which are often centered near one or more retail gasoline stations 
(based on mapping).  Few MtBE detections have been reported in the more densely 
populated towns along the southeast coast line and northward in the central portion of the 
State.  Most towns in these areas have few, if any, PWS and are generally served by large 
regional or municipal systems.  Towns with two or fewer PWS are shaded.    MtBE has 
only been detected in one well of the 10 largest PWS. 

In 2005, 16 PWS reported MtBE detections for the first time.  The approximate 
locations of these PWS are shown in Figure 8.  At least half of these PWS are located in 
close proximity to other PWS that had reported MtBE in previous years and may be 
related to earlier releases.  Interestingly, no PWS in towns bordering the states that still 
sell MtBE-containing gasoline (Massachusetts to the north and Rhode Island to the east) 
reported the detection of MtBE in 2005. 
 
CONCLUSIONS 

Based on both total number of PWS reporting a detection of MtBE and the number of 
new PWS first reporting a detection of MtBE, the occurrence of MtBE in Connecticut’s 
drinking water supply has significantly decreased since the implementation of the ban on 
MtBE-containing gasoline.  The geographic distribution of PWS first reporting MtBE in 
2005 is similar to previous years with many located near PWS that have reported MtBE 
in previous years. 
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FIGURE 6.  Maximum reported MtBE concentration in PWS; see note in text 
regarding detections greater than 10 mg/L in 2002. 



  

 
FIGURE 7. Locations of PWS reporting MtBE detections between 2000 and 2005: 

PWS reporting MtBE detections higher than 0.07 mg/L are highlighted; towns 
with 2 or fewer PWS are shaded 

 

 
FIGURE 8.  Locations of PWS reporting MtBE detections between 2000 and 2005; 

PWS reporting MtBE detections in 2005 are highlighted; towns with 2 or fewer 
PWS are shaded. 
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MtBE in Gasoline in Connecticut

• USEPA-approved gasoline additive since 1979
• Alternative to alkyl lead as octane enhancer

- 3 to 5% v/v

• Used in CT since at least mid-1980’s (CTDEP)
• Oxygenate under Clean Air Act

• Winter Oxygenated Fuel Program
- 15% v/v MtBE in winter (1992-93 until 1999-2000)

• Reformulated Gasoline Program
- 11% v/v year round
- (Phase 1 in 1995; Phase 2 in 2000)
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MtBE in Groundwater in Connecticut

• State Advisory Level for MtBE set in March 1999
• 70 micrograms per liter (μg/L)

• Detection in groundwater reported by CTDEP:
• 1987 - first reported detection of MtBE

• as of February 2000, at least one detection:
- 232 private and 4 public wells reported MtBE >70 μg/L
- 236 private and 51 Public Water Systems MtBE <70 μg/L
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MtBE in Gasoline in Connecticut

• Ban on the sale and use of MtBE in gasoline
• Public Act 00-175 passed 1 July 2000

• <0.5% v/v MtBE in gasoline

• Effective date – 1 January 2004
- Delayed from original start date to match New York’s ban

• Some MtBE gasoline in CT in early 2004
- e.g. marinas



Delivering sustainable solutions in a more competitive world

Public Water Systems (PWS)
Public Water System

• >25 consumers
• Ownership can be private, municipal, etc.

• C – Community
• Residential, year round
• Water company, apartment, condominiums, trailer park

• NTNC – Non-Transient Non-Community
• Non-residential, but serving the same people
• Company, school, etc.

• TNC – Transient Non-Community
• Non-residential, not serving the same people every day
• Restaurant, camp grounds, etc.
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PWS in Connecticut

• Community Systems
• ~ 590 systems

• serve over 79% of Connecticut’s 3.4 M people

• 2 largest systems serve 1.1M people



• THis

Two-thirds of Community Systems use surface water
But almost all NTNC and TNC use groundwater

Delivering sustainable solutions in a more competitive world
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PWS in Connecticut
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Data Sources for MtBE in CT PWS
“Organic Reports”

• Detection of organics in PWS

• Publicly available

• Limited by reporting requirements and compliance

• Not all PWS report all sampling locations every 
year

• Once an organic is detected, monitoring is required

• Non-detects not reported
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CT PWS Reporting Detection of MtBE

• 267 PWS have reported MtBE from 2000 to 2005
• 59% have only reported MtBE during one year
• 44 PWS have reported MtBE >70 ug/L
• Nearly all MtBE detections in groundwater

• 2 PWS have reported MtBE in surface water
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PWS Reporting Detection of MtBE
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PWS Newly Reporting Detection of MtBE
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PWS Newly Reporting MtBE per Year
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PWS Reporting MtBE vs. Any Organic

PWS reporting Any Organic
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PWS Reporting MtBE Normalized
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Geographic Distribution of PWS with MtBE

2000 2001
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Geographic Distribution of PWS with MtBE

2002 2003
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Geographic Distribution of PWS with MtBE

2004 2005
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MtBE Concentrations Reported by Year
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MtBE Concentrations Reported by Year
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MtBE Concentrations Reported by Year
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MtBE Concentrations Reported by Year
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All MtBE Detections
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Median MtBE Concentrations
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Distribution of Detections
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Distribution by Type of System
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Community System - Woodbury
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NTNC – North Stonington (Gas Station)
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NTNC – Ridgefield (Automotive)
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NTNC – Willington (Gas Station)
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PWS Newly Reporting MtBE 
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APPENDIX D 
 

MANN-KENDALL TREND ANALYSIS 



Mann-Kendall Trend Analysis Summary 

Data from eleven public water supply (PWS) systems were evaluated using selected 
statistical tests to examine temporal trends in MTBE concentrations. Data were 
collected prior to and following January 2004 – the date when the use of MTBE as a fuel 
oxygenate was discontinued in Connecticut. 

The data spanned approximately six years (2000 – 2006), and was provided in filtered 
form – only detections above the protection standard were reported, and individual 
sample locations associated with individual PWS systems were not provided. On given 
collection dates, some individual sample results appeared to represent field duplicate 
samples (collected from the same location), while others appeared to have been 
collected from various locations within the PWS. The former were processed as unique 
samples (tied values), but an average value was calculated for the latter. 

All data were evaluated using the statistical software application Chemstat v6.2 
(Starpoint Software, 2007). Trend analyses were performed using the Mann-Kendall 
Trend Analysis (two-tailed, upward trend, and downward trends) and Sen’s Non-
Parametric Estimator of Slope tests.  These non-parametric tests were performed at the 
90-percent confidence level (alpha = 0.10). The null hypothesis (H°) was that there is no 
trend in the data. Table XX lists the statistical significance associated with comparison of 
calculated results to H° - if a statistically-significant difference between the test criteria 
and the field results exists the designator “TRUE” was applied. In this analysis, TRUE 
indicates that a trend in the data is observed at the specified level of confidence.  

The dataset lacked granularity due to filtering of results and lack of sample location 
information as received for the analysis.  Based on this, results from these analyses 
should not be considered conclusive. 



CT PWS - All Dates 
 

Concentrations Page 1 
 

Concentrations (ug/L) 
Parameter: MTBE 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
Total Measurements:  235 
Total Non-Detect:  0 
Percent Non-Detects:  0% 
Total Background Measurements:  0 
There are 0 background locations 
 
Loc. Meas. ND Date Conc. Original 
 
There are 11 compliance locations 
 
Loc. Meas. ND Date Conc. Original 
 
CT0380094 22 0 (0%) 10/9/2002 750  750  
   11/27/2002 800  800  
   3/25/2003 194  194  
   5/13/2003 355  355  
   8/28/2003 5400  5400  
   12/16/2003 250  250  
   2/4/2004 38.2  38.2  
   5/26/2004 562  562  
   12/13/2004 283  283  
   2/14/2005 0.5  0.5  
   5/11/2005 572  572  
   8/15/2005 736  736  
   11/3/2005 292  292  
   11/3/2005 309  309  
   2/7/2006 604  604  
   2/7/2006 604  604  
   2/7/2006 687  687  
   5/1/2006 343  343  
   9/5/2006 442  442  
   9/5/2006 517  517  
   12/6/2006 450  450  
   12/6/2006 625  625  
 
CT1680011 33 0 (0%) 4/25/2002 3  3  
   11/26/2002 5.1  5.1  
   12/18/2002 22  22  
   3/15/2004 2.2  2.2  
   4/13/2004 2.2  2.2  
   5/26/2004 3.2  3.2  
   6/11/2004 4.2  4.2  
   7/28/2004 8.5  8.5  
   7/28/2004 10.2  10.2  
   8/16/2004 8.1  8.1  
   9/14/2004 7.1  7.1  
   10/18/2004 11  11  
   10/18/2004 14.6  14.6  
   11/12/2004 20.4  20.4  
   12/20/2004 19.6  19.6  
   1/14/2005 14  14  
   1/14/2005 28.6  28.6  
   2/9/2005 14.6  14.6  
   3/14/2005 15  15  
   4/18/2005 12.2  12.2  
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Concentrations Page 2 
 

   5/11/2005 17.1  17.1  
   6/23/2005 13.4  13.4  
   7/20/2005 17.5  17.5  
   7/20/2005 24.2  24.2  
   8/31/2005 16.2  16.2  
   9/12/2005 14.9  14.9  
   10/19/2005 22  22  
   10/19/2005 29.3  29.3  
   11/14/2005 6.7  6.7  
   12/5/2005 2  2  
   1/11/2006 2.1  2.1  
   2/27/2006 1.3  1.3  
   3/10/2006 1.5  1.5  
 
CT0189743 11 0 (0%) 1/1/2000 14  14  
   2/20/2002 1.5  1.5  
   4/8/2003 13.3  13.3  
   1/27/2004 22  22  
   4/12/2005 9.4  9.4  
   7/19/2005 14.8  14.8  
   10/11/2005 12  12  
   1/17/2006 15.9  15.9  
   4/18/2006 12.5  12.5  
   7/18/2006 13.4  13.4  
   10/10/2006 12  12  
 
CT0420024 15 0 (0%) 1/1/2000 2  2  
   1/1/2001 46  46  
   2/21/2002 31  31  
   3/7/2002 5  5  
   5/14/2002 10  10  
   8/8/2002 6  6  
   12/4/2002 50  50  
   3/5/2003 3  3  
   6/4/2003 4.1  4.1  
   9/30/2003 5  5  
   10/29/2003 2  2  
   3/3/2005 3  3  
   1/6/2006 2  2  
   4/4/2006 3  3  
   7/11/2006 6  6  
 
CT1600513 42 0 (0%) 1/1/2001 20  20  
   1/1/2001 20.7  20.7  
   1/24/2002 27.6  27.6  
   4/19/2002 15.3  15.3  
   7/8/2002 18.5  18.5  
   10/11/2002 33  33  
   12/11/2002 136  136  
   1/16/2003 31  31  
   2/20/2003 34.3  34.3  
   3/5/2003 31  31  
   4/7/2003 2  2  
   4/7/2003 33  33  
   5/13/2003 31.7  31.7  
   6/12/2003 39  39  
   7/18/2003 10.3  10.3  
   10/17/2003 25.8  25.8  
   12/3/2003 2.1  2.1  
   12/3/2003 2.9  2.9  
   12/3/2003 23  23  
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   12/3/2003 38  38  
   2/12/2004 2.4  2.4  
   4/12/2004 2.4  2.4  
   4/12/2004 2.7  2.7  
   1/10/2005 4.7  4.7  
   1/10/2005 4.7  4.7  
   4/11/2005 4.7  4.7  
   6/20/2005 2.2  2.2  
   6/20/2005 2.3  2.3  
   6/22/2005 2.7  2.7  
   6/22/2005 2.9  2.9  
   7/29/2005 2.4  2.4  
   7/29/2005 2.4  2.4  
   12/15/2005 2.5  2.5  
   12/15/2005 2.6  2.6  
   2/10/2006 2.1  2.1  
   2/10/2006 2.2  2.2  
   4/25/2006 2.1  2.1  
   4/25/2006 2.2  2.2  
   8/25/2006 2.6  2.6  
   8/25/2006 2.7  2.7  
   10/30/2006 2.6  2.6  
   10/30/2006 2.7  2.7  
 
CT1219093 16 0 (0%) 1/1/2000 100  100  
   1/1/2001 50  50  
   3/28/2002 50  50  
   4/14/2003 26  26  
   7/28/2003 2  2  
   1/5/2004 9.4  9.4  
   2/9/2004 3.8  3.8  
   4/12/2004 26  26  
   8/9/2004 21  21  
   10/5/2004 17  17  
   4/5/2005 21  21  
   7/13/2005 25  25  
   10/4/2005 21  21  
   1/30/2006 26  26  
   4/17/2006 18  18  
   8/14/2006 24  24  
 
CT0450011 20 0 (0%) 1/1/2000 2.1  2.1  
   1/1/2001 2.1  2.1  
   11/20/2002 3.5  3.5  
   2/24/2004 2.3  2.3  
   5/13/2004 2.8  2.8  
   8/17/2004 2.7  2.7  
   11/4/2004 3  3  
   11/4/2004 3  3  
   2/15/2005 2.1  2.1  
   2/15/2005 3.8  3.8  
   5/13/2005 4  4  
   10/5/2005 2.8  2.8  
   11/18/2005 5.7  5.7  
   2/10/2006 4.4  4.4  
   2/17/2006 11.4  11.4  
   5/18/2006 2.5  2.5  
   5/18/2006 6.1  6.1  
   8/28/2006 3  3  
   8/28/2006 6.9  6.9  
   11/14/2006 11.9  11.9  



CT PWS - All Dates 
 

Concentrations Page 4 
 

 
CT1059193 14 0 (0%) 5/1/2003 11  11  
   7/9/2003 11  11  
   11/19/2003 5  5  
   2/12/2004 9  9  
   4/1/2004 7  7  
   7/22/2004 8  8  
   10/12/2004 20  20  
   3/17/2005 9  9  
   8/9/2005 7  7  
   2/16/2006 27  27  
   4/11/2006 17  17  
   7/6/2006 5  5  
   9/21/2006 6  6  
   12/15/2006 8  8  
 
CT0180614 13 0 (0%) 1/1/2000 64  64  
   1/1/2001 50  50  
   9/12/2002 12  12  
   5/20/2003 13  13  
   12/10/2003 23  23  
   1/20/2004 7.5  7.5  
   6/16/2004 8.9  8.9  
   11/2/2005 10.6  10.6  
   1/16/2006 13  13  
   2/16/2006 9.5  9.5  
   3/22/2006 8  8  
   4/13/2006 7.8  7.8  
   7/14/2006 9.2  9.2  
 
CT1020092 30 0 (0%) 1/1/2001 35  35  
   1/18/2002 36  36  
   2/14/2002 38  38  
   3/15/2002 34  34  
   3/18/2002 34  34  
   4/24/2002 71  71  
   4/30/2002 35  35  
   5/18/2002 30  30  
   6/19/2002 31  31  
   7/24/2002 28  28  
   8/30/2002 27  27  
   9/27/2002 33  33  
   10/15/2002 34  34  
   11/26/2002 35  35  
   12/26/2002 34  34  
   1/16/2003 29  29  
   3/24/2003 35  35  
   4/1/2003 18  18  
   5/21/2003 38  38  
   7/14/2003 28  28  
   11/5/2003 21  21  
   2/16/2004 8.5  8.5  
   2/16/2004 8.7  8.7  
   4/26/2004 21  21  
   10/5/2004 18  18  
   3/22/2005 21  21  
   4/4/2005 23  23  
   7/6/2005 19  19  
   10/26/2005 9.9  9.9  
   2/24/2006 30  30  
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CT1180322 19 0 (0%) 1/16/2002 318  318  
   1/16/2002 321  321  
   2/20/2002 217  217  
   3/6/2002 240  240  
   6/20/2002 331  331  
   7/24/2002 134  134  
   8/15/2002 196  196  
   10/10/2002 56  56  
   2/13/2003 52  52  
   6/2/2003 153  153  
   8/19/2003 850  850  
   12/10/2003 740  740  
   2/23/2004 296  296  
   2/23/2004 330  330  
   4/14/2004 256  256  
   9/30/2004 463  463  
   12/2/2004 96  96  
   3/9/2005 44  44  
   6/28/2005 146  146  

 
There are 0 unused locations 
 
Loc. Meas. ND Date Conc. Original 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0380094 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 119 - 106 = 13 

 
Tied Group Value Members 
1 604 2 

 
Time Period  Observations 
10/9/2002  1 
11/27/2002  1 
3/25/2003  1 
5/13/2003  1 
8/28/2003  1 
12/16/2003  1 
2/4/2004  1 
5/26/2004  1 
12/13/2004  1 
2/14/2005  1 
5/11/2005  1 
8/15/2005  1 
11/3/2005  2 
2/7/2006  3 
5/1/2006  1 
9/5/2006  2 
12/6/2006  2 
There are 4 time periods with multiple data 

 
A = 18 
B = 120 
C = 0 
D = 6 
E = 2 
F = 12 
a = 22638 
b = 83160 
c = 924 
Group Variance = 1250.03 
Z-Score = 0.339408 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
0.339408 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1680011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 298 - 222 = 76 

 
Tied Group Value Members 
1 22 2 
2 2.2 2 
3 14.6 2 

 
Time Period  Observations 
4/25/2002  1 
11/26/2002  1 
12/18/2002  1 
3/15/2004  1 
4/13/2004  1 
5/26/2004  1 
6/11/2004  1 
7/28/2004  2 
8/16/2004  1 
9/14/2004  1 
10/18/2004  2 
11/12/2004  1 
12/20/2004  1 
1/14/2005  2 
2/9/2005  1 
3/14/2005  1 
4/18/2005  1 
5/11/2005  1 
6/23/2005  1 
7/20/2005  2 
8/31/2005  1 
9/12/2005  1 
10/19/2005  2 
11/14/2005  1 
12/5/2005  1 
1/11/2006  1 
2/27/2006  1 
3/10/2006  1 
There are 5 time periods with multiple data 

 
A = 54 
B = 90 
C = 0 
D = 0 
E = 6 
F = 10 
a = 74976 
b = 294624 
c = 2112 
Group Variance = 4157.36 
Z-Score = 1.16319 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
1.16319 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0189743 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 27 - 27 = 0 

 
Tied Group Value Members 
1 12 2 

 
Time Period  Observations 
1/1/2000  1 
2/20/2002  1 
4/8/2003  1 
1/27/2004  1 
4/12/2005  1 
7/19/2005  1 
10/11/2005  1 
1/17/2006  1 
4/18/2006  1 
7/18/2006  1 
10/10/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 2970 
b = 8910 
c = 220 
Group Variance = 164 
Z-Score = 0 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
0 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0420024 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 33 - 64 = -31 

 
Tied Group Value Members 
1 2 3 
2 5 2 
3 6 2 
4 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
2/21/2002  1 
3/7/2002  1 
5/14/2002  1 
8/8/2002  1 
12/4/2002  1 
3/5/2003  1 
6/4/2003  1 
9/30/2003  1 
10/29/2003  1 
3/3/2005  1 
1/6/2006  1 
4/4/2006  1 
7/11/2006  1 
There are 0 time periods with multiple data 

 
A = 168 
B = 0 
C = 12 
D = 0 
E = 16 
F = 0 
a = 7350 
b = 24570 
c = 420 
Group Variance = 399 
Z-Score = -1.50188 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-1.50188 < -1.28155 indicating a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1600513 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 215 - 603 = -388 

 
Tied Group Value Members 
1 33 2 
2 31 2 
3 2.1 3 
4 2.9 2 
5 2.4 4 
6 2.7 4 
7 4.7 3 
8 2.2 3 
9 2.6 3 

 
Time Period  Observations 
1/1/2001  2 
1/24/2002  1 
4/19/2002  1 
7/8/2002  1 
10/11/2002  1 
12/11/2002  1 
1/16/2003  1 
2/20/2003  1 
3/5/2003  1 
4/7/2003  2 
5/13/2003  1 
6/12/2003  1 
7/18/2003  1 
10/17/2003  1 
12/3/2003  4 
2/12/2004  1 
4/12/2004  2 
1/10/2005  2 
4/11/2005  1 
6/20/2005  2 
6/22/2005  2 
7/29/2005  2 
12/15/2005  2 
2/10/2006  2 
4/25/2006  2 
8/25/2006  2 
10/30/2006  2 
There are 13 time periods with multiple data 

 
A = 630 
B = 372 
C = 72 
D = 24 
E = 54 
F = 36 
a = 153258 
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b = 619920 
c = 3444 
Group Variance = 8459.23 
Z-Score = -4.20771 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-4.20771 < -1.28155 indicating a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1219093 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 45 - 68 = -23 

 
Tied Group Value Members 
1 50 2 
2 26 3 
3 21 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
3/28/2002  1 
4/14/2003  1 
7/28/2003  1 
1/5/2004  1 
2/9/2004  1 
4/12/2004  1 
8/9/2004  1 
10/5/2004  1 
4/5/2005  1 
7/13/2005  1 
10/4/2005  1 
1/30/2006  1 
4/17/2006  1 
8/14/2006  1 
There are 0 time periods with multiple data 

 
A = 150 
B = 0 
C = 12 
D = 0 
E = 14 
F = 0 
a = 8880 
b = 30240 
c = 480 
Group Variance = 485 
Z-Score = -0.998969 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-0.998969 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0450011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 142 - 38 = 104 

 
Tied Group Value Members 
1 2.1 3 
2 2.8 2 
3 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
11/20/2002  1 
2/24/2004  1 
5/13/2004  1 
8/17/2004  1 
11/4/2004  2 
2/15/2005  2 
5/13/2005  1 
10/5/2005  1 
11/18/2005  1 
2/10/2006  1 
2/17/2006  1 
5/18/2006  2 
8/28/2006  2 
11/14/2006  1 
There are 4 time periods with multiple data 

 
A = 150 
B = 72 
C = 12 
D = 0 
E = 14 
F = 8 
a = 17100 
b = 61560 
c = 760 
Group Variance = 937.814 
Z-Score = 3.3634 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
3.3634 >= -1.28155 indicating no evidence of a downward trend 
 
 



CT – PWS All Dates 
 

M-K Analysis - Downward Page 9 
 

Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1059193 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 38 - 48 = -10 

 
Tied Group Value Members 
1 11 2 
2 5 2 
3 9 2 
4 7 2 
5 8 2 

 
Time Period  Observations 
5/1/2003  1 
7/9/2003  1 
11/19/2003  1 
2/12/2004  1 
4/1/2004  1 
7/22/2004  1 
10/12/2004  1 
3/17/2005  1 
8/9/2005  1 
2/16/2006  1 
4/11/2006  1 
7/6/2006  1 
9/21/2006  1 
12/15/2006  1 
There are 0 time periods with multiple data 

 
A = 90 
B = 0 
C = 0 
D = 0 
E = 10 
F = 0 
a = 6006 
b = 19656 
c = 364 
Group Variance = 328.667 
Z-Score = -0.496438 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-0.496438 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0180614 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 18 - 59 = -41 

 
Tied Group Value Members 
1 13 2 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
9/12/2002  1 
5/20/2003  1 
12/10/2003  1 
1/20/2004  1 
6/16/2004  1 
11/2/2005  1 
1/16/2006  1 
2/16/2006  1 
3/22/2006  1 
4/13/2006  1 
7/14/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 4836 
b = 15444 
c = 312 
Group Variance = 267.667 
Z-Score = -2.44491 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-2.44491 < -1.28155 indicating a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1020092 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 100 - 315 = -215 

 
Tied Group Value Members 
1 35 4 
2 38 2 
3 34 4 
4 30 2 
5 28 2 
6 18 2 
7 21 3 

 
Time Period  Observations 
1/1/2001  1 
1/18/2002  1 
2/14/2002  1 
3/15/2002  1 
3/18/2002  1 
4/24/2002  1 
4/30/2002  1 
5/18/2002  1 
6/19/2002  1 
7/24/2002  1 
8/30/2002  1 
9/27/2002  1 
10/15/2002  1 
11/26/2002  1 
12/26/2002  1 
1/16/2003  1 
3/24/2003  1 
4/1/2003  1 
5/21/2003  1 
7/14/2003  1 
11/5/2003  1 
2/16/2004  2 
4/26/2004  1 
10/5/2004  1 
3/22/2005  1 
4/4/2005  1 
7/6/2005  1 
10/26/2005  1 
2/24/2006  1 
There are 1 time periods with multiple data 

 
A = 450 
B = 18 
C = 54 
D = 0 
E = 38 
F = 2 
a = 56550 
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b = 219240 
c = 1740 
Group Variance = 3115.71 
Z-Score = -3.83385 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-3.83385 < -1.28155 indicating a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1180322 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 72 - 97 = -25 

 
Tied Group Value Members 

 
Time Period  Observations 
1/16/2002  2 
2/20/2002  1 
3/6/2002  1 
6/20/2002  1 
7/24/2002  1 
8/15/2002  1 
10/10/2002  1 
2/13/2003  1 
6/2/2003  1 
8/19/2003  1 
12/10/2003  1 
2/23/2004  2 
4/14/2004  1 
9/30/2004  1 
12/2/2004  1 
3/9/2005  1 
6/28/2005  1 
There are 2 time periods with multiple data 

 
A = 0 
B = 36 
C = 0 
D = 0 
E = 0 
F = 4 
a = 14706 
b = 52326 
c = 684 
Group Variance = 815 
Z-Score = -0.840683 
Comparison Level at 90% confidence level = -1.28155 (downward trend) 
-0.840683 >= -1.28155 indicating no evidence of a downward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0380094 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 119 - 106 = 13 

 
Tied Group Value Members 
1 604 2 

 
Time Period  Observations 
10/9/2002  1 
11/27/2002  1 
3/25/2003  1 
5/13/2003  1 
8/28/2003  1 
12/16/2003  1 
2/4/2004  1 
5/26/2004  1 
12/13/2004  1 
2/14/2005  1 
5/11/2005  1 
8/15/2005  1 
11/3/2005  2 
2/7/2006  3 
5/1/2006  1 
9/5/2006  2 
12/6/2006  2 
There are 4 time periods with multiple data 

 
A = 18 
B = 120 
C = 0 
D = 6 
E = 2 
F = 12 
a = 22638 
b = 83160 
c = 924 
Group Variance = 1250.03 
Z-Score = 0.339408 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|0.339408| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1680011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 298 - 222 = 76 

 
Tied Group Value Members 
1 22 2 
2 2.2 2 
3 14.6 2 

 
Time Period  Observations 
4/25/2002  1 
11/26/2002  1 
12/18/2002  1 
3/15/2004  1 
4/13/2004  1 
5/26/2004  1 
6/11/2004  1 
7/28/2004  2 
8/16/2004  1 
9/14/2004  1 
10/18/2004  2 
11/12/2004  1 
12/20/2004  1 
1/14/2005  2 
2/9/2005  1 
3/14/2005  1 
4/18/2005  1 
5/11/2005  1 
6/23/2005  1 
7/20/2005  2 
8/31/2005  1 
9/12/2005  1 
10/19/2005  2 
11/14/2005  1 
12/5/2005  1 
1/11/2006  1 
2/27/2006  1 
3/10/2006  1 
There are 5 time periods with multiple data 

 
A = 54 
B = 90 
C = 0 
D = 0 
E = 6 
F = 10 
a = 74976 
b = 294624 
c = 2112 
Group Variance = 4157.36 
Z-Score = 1.16319 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|1.16319| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0189743 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 27 - 27 = 0 

 
Tied Group Value Members 
1 12 2 

 
Time Period  Observations 
1/1/2000  1 
2/20/2002  1 
4/8/2003  1 
1/27/2004  1 
4/12/2005  1 
7/19/2005  1 
10/11/2005  1 
1/17/2006  1 
4/18/2006  1 
7/18/2006  1 
10/10/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 2970 
b = 8910 
c = 220 
Group Variance = 164 
Z-Score = 0 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|0| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0420024 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 33 - 64 = -31 

 
Tied Group Value Members 
1 2 3 
2 5 2 
3 6 2 
4 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
2/21/2002  1 
3/7/2002  1 
5/14/2002  1 
8/8/2002  1 
12/4/2002  1 
3/5/2003  1 
6/4/2003  1 
9/30/2003  1 
10/29/2003  1 
3/3/2005  1 
1/6/2006  1 
4/4/2006  1 
7/11/2006  1 
There are 0 time periods with multiple data 

 
A = 168 
B = 0 
C = 12 
D = 0 
E = 16 
F = 0 
a = 7350 
b = 24570 
c = 420 
Group Variance = 399 
Z-Score = -1.50188 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-1.50188| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1600513 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 215 - 603 = -388 

 
Tied Group Value Members 
1 33 2 
2 31 2 
3 2.1 3 
4 2.9 2 
5 2.4 4 
6 2.7 4 
7 4.7 3 
8 2.2 3 
9 2.6 3 

 
Time Period  Observations 
1/1/2001  2 
1/24/2002  1 
4/19/2002  1 
7/8/2002  1 
10/11/2002  1 
12/11/2002  1 
1/16/2003  1 
2/20/2003  1 
3/5/2003  1 
4/7/2003  2 
5/13/2003  1 
6/12/2003  1 
7/18/2003  1 
10/17/2003  1 
12/3/2003  4 
2/12/2004  1 
4/12/2004  2 
1/10/2005  2 
4/11/2005  1 
6/20/2005  2 
6/22/2005  2 
7/29/2005  2 
12/15/2005  2 
2/10/2006  2 
4/25/2006  2 
8/25/2006  2 
10/30/2006  2 
There are 13 time periods with multiple data 

 
A = 630 
B = 372 
C = 72 
D = 24 
E = 54 
F = 36 
a = 153258 
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b = 619920 
c = 3444 
Group Variance = 8459.23 
Z-Score = -4.20771 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-4.20771| > 1.64485 indicating a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1219093 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 45 - 68 = -23 

 
Tied Group Value Members 
1 50 2 
2 26 3 
3 21 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
3/28/2002  1 
4/14/2003  1 
7/28/2003  1 
1/5/2004  1 
2/9/2004  1 
4/12/2004  1 
8/9/2004  1 
10/5/2004  1 
4/5/2005  1 
7/13/2005  1 
10/4/2005  1 
1/30/2006  1 
4/17/2006  1 
8/14/2006  1 
There are 0 time periods with multiple data 

 
A = 150 
B = 0 
C = 12 
D = 0 
E = 14 
F = 0 
a = 8880 
b = 30240 
c = 480 
Group Variance = 485 
Z-Score = -0.998969 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-0.998969| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0450011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 

 
S Statistic = 142 - 38 = 104 

 
Tied Group Value Members 
1 2.1 3 
2 2.8 2 
3 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
11/20/2002  1 
2/24/2004  1 
5/13/2004  1 
8/17/2004  1 
11/4/2004  2 
2/15/2005  2 
5/13/2005  1 
10/5/2005  1 
11/18/2005  1 
2/10/2006  1 
2/17/2006  1 
5/18/2006  2 
8/28/2006  2 
11/14/2006  1 
There are 4 time periods with multiple data 

 
A = 150 
B = 72 
C = 12 
D = 0 
E = 14 
F = 8 
a = 17100 
b = 61560 
c = 760 
Group Variance = 937.814 
Z-Score = 3.3634 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|3.3634| > 1.64485 indicating a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1059193 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 38 - 48 = -10 

 
Tied Group Value Members 
1 11 2 
2 5 2 
3 9 2 
4 7 2 
5 8 2 

 
Time Period  Observations 
5/1/2003  1 
7/9/2003  1 
11/19/2003  1 
2/12/2004  1 
4/1/2004  1 
7/22/2004  1 
10/12/2004  1 
3/17/2005  1 
8/9/2005  1 
2/16/2006  1 
4/11/2006  1 
7/6/2006  1 
9/21/2006  1 
12/15/2006  1 
There are 0 time periods with multiple data 

 
A = 90 
B = 0 
C = 0 
D = 0 
E = 10 
F = 0 
a = 6006 
b = 19656 
c = 364 
Group Variance = 328.667 
Z-Score = -0.496438 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-0.496438| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0180614 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 18 - 59 = -41 

 
Tied Group Value Members 
1 13 2 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
9/12/2002  1 
5/20/2003  1 
12/10/2003  1 
1/20/2004  1 
6/16/2004  1 
11/2/2005  1 
1/16/2006  1 
2/16/2006  1 
3/22/2006  1 
4/13/2006  1 
7/14/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 4836 
b = 15444 
c = 312 
Group Variance = 267.667 
Z-Score = -2.44491 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-2.44491| > 1.64485 indicating a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1020092 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 

 
S Statistic = 100 - 315 = -215 

 
Tied Group Value Members 
1 35 4 
2 38 2 
3 34 4 
4 30 2 
5 28 2 
6 18 2 
7 21 3 

 
Time Period  Observations 
1/1/2001  1 
1/18/2002  1 
2/14/2002  1 
3/15/2002  1 
3/18/2002  1 
4/24/2002  1 
4/30/2002  1 
5/18/2002  1 
6/19/2002  1 
7/24/2002  1 
8/30/2002  1 
9/27/2002  1 
10/15/2002  1 
11/26/2002  1 
12/26/2002  1 
1/16/2003  1 
3/24/2003  1 
4/1/2003  1 
5/21/2003  1 
7/14/2003  1 
11/5/2003  1 
2/16/2004  2 
4/26/2004  1 
10/5/2004  1 
3/22/2005  1 
4/4/2005  1 
7/6/2005  1 
10/26/2005  1 
2/24/2006  1 
There are 1 time periods with multiple data 

 
A = 450 
B = 18 
C = 54 
D = 0 
E = 38 
F = 2 
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a = 56550 
b = 219240 
c = 1740 
Group Variance = 3115.71 
Z-Score = -3.83385 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-3.83385| > 1.64485 indicating a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1180322 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 72 - 97 = -25 

 
Tied Group Value Members 

 
Time Period  Observations 
1/16/2002  2 
2/20/2002  1 
3/6/2002  1 
6/20/2002  1 
7/24/2002  1 
8/15/2002  1 
10/10/2002  1 
2/13/2003  1 
6/2/2003  1 
8/19/2003  1 
12/10/2003  1 
2/23/2004  2 
4/14/2004  1 
9/30/2004  1 
12/2/2004  1 
3/9/2005  1 
6/28/2005  1 
There are 2 time periods with multiple data 

 
A = 0 
B = 36 
C = 0 
D = 0 
E = 0 
F = 4 
a = 14706 
b = 52326 
c = 684 
Group Variance = 815 
Z-Score = -0.840683 
Comparison Level at 1.0 - (0.1 / 2) = 95% confidence level = 1.64485 (two-tailed) 
|-0.840683| <= 1.64485 indicating no evidence of a trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0380094 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 119 - 106 = 13 

 
Tied Group Value Members 
1 604 2 

 
Time Period  Observations 
10/9/2002  1 
11/27/2002  1 
3/25/2003  1 
5/13/2003  1 
8/28/2003  1 
12/16/2003  1 
2/4/2004  1 
5/26/2004  1 
12/13/2004  1 
2/14/2005  1 
5/11/2005  1 
8/15/2005  1 
11/3/2005  2 
2/7/2006  3 
5/1/2006  1 
9/5/2006  2 
12/6/2006  2 
There are 4 time periods with multiple data 

 
A = 18 
B = 120 
C = 0 
D = 6 
E = 2 
F = 12 
a = 22638 
b = 83160 
c = 924 
Group Variance = 1250.03 
Z-Score = 0.339408 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
0.339408 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1680011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 298 - 222 = 76 

 
Tied Group Value Members 
1 22 2 
2 2.2 2 
3 14.6 2 

 
Time Period  Observations 
4/25/2002  1 
11/26/2002  1 
12/18/2002  1 
3/15/2004  1 
4/13/2004  1 
5/26/2004  1 
6/11/2004  1 
7/28/2004  2 
8/16/2004  1 
9/14/2004  1 
10/18/2004  2 
11/12/2004  1 
12/20/2004  1 
1/14/2005  2 
2/9/2005  1 
3/14/2005  1 
4/18/2005  1 
5/11/2005  1 
6/23/2005  1 
7/20/2005  2 
8/31/2005  1 
9/12/2005  1 
10/19/2005  2 
11/14/2005  1 
12/5/2005  1 
1/11/2006  1 
2/27/2006  1 
3/10/2006  1 
There are 5 time periods with multiple data 

 
A = 54 
B = 90 
C = 0 
D = 0 
E = 6 
F = 10 
a = 74976 
b = 294624 
c = 2112 
Group Variance = 4157.36 
Z-Score = 1.16319 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
1.16319 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0189743 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 27 - 27 = 0 

 
Tied Group Value Members 
1 12 2 

 
Time Period  Observations 
1/1/2000  1 
2/20/2002  1 
4/8/2003  1 
1/27/2004  1 
4/12/2005  1 
7/19/2005  1 
10/11/2005  1 
1/17/2006  1 
4/18/2006  1 
7/18/2006  1 
10/10/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 2970 
b = 8910 
c = 220 
Group Variance = 164 
Z-Score = 0 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
0 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0420024 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 33 - 64 = -31 

 
Tied Group Value Members 
1 2 3 
2 5 2 
3 6 2 
4 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
2/21/2002  1 
3/7/2002  1 
5/14/2002  1 
8/8/2002  1 
12/4/2002  1 
3/5/2003  1 
6/4/2003  1 
9/30/2003  1 
10/29/2003  1 
3/3/2005  1 
1/6/2006  1 
4/4/2006  1 
7/11/2006  1 
There are 0 time periods with multiple data 

 
A = 168 
B = 0 
C = 12 
D = 0 
E = 16 
F = 0 
a = 7350 
b = 24570 
c = 420 
Group Variance = 399 
Z-Score = -1.50188 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-1.50188 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1600513 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 215 - 603 = -388 

 
Tied Group Value Members 
1 33 2 
2 31 2 
3 2.1 3 
4 2.9 2 
5 2.4 4 
6 2.7 4 
7 4.7 3 
8 2.2 3 
9 2.6 3 

 
Time Period  Observations 
1/1/2001  2 
1/24/2002  1 
4/19/2002  1 
7/8/2002  1 
10/11/2002  1 
12/11/2002  1 
1/16/2003  1 
2/20/2003  1 
3/5/2003  1 
4/7/2003  2 
5/13/2003  1 
6/12/2003  1 
7/18/2003  1 
10/17/2003  1 
12/3/2003  4 
2/12/2004  1 
4/12/2004  2 
1/10/2005  2 
4/11/2005  1 
6/20/2005  2 
6/22/2005  2 
7/29/2005  2 
12/15/2005  2 
2/10/2006  2 
4/25/2006  2 
8/25/2006  2 
10/30/2006  2 
There are 13 time periods with multiple data 

 
A = 630 
B = 372 
C = 72 
D = 24 
E = 54 
F = 36 
a = 153258 
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b = 619920 
c = 3444 
Group Variance = 8459.23 
Z-Score = -4.20771 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-4.20771 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1219093 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 45 - 68 = -23 

 
Tied Group Value Members 
1 50 2 
2 26 3 
3 21 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
3/28/2002  1 
4/14/2003  1 
7/28/2003  1 
1/5/2004  1 
2/9/2004  1 
4/12/2004  1 
8/9/2004  1 
10/5/2004  1 
4/5/2005  1 
7/13/2005  1 
10/4/2005  1 
1/30/2006  1 
4/17/2006  1 
8/14/2006  1 
There are 0 time periods with multiple data 

 
A = 150 
B = 0 
C = 12 
D = 0 
E = 14 
F = 0 
a = 8880 
b = 30240 
c = 480 
Group Variance = 485 
Z-Score = -0.998969 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-0.998969 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0450011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 142 - 38 = 104 

 
Tied Group Value Members 
1 2.1 3 
2 2.8 2 
3 3 3 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
11/20/2002  1 
2/24/2004  1 
5/13/2004  1 
8/17/2004  1 
11/4/2004  2 
2/15/2005  2 
5/13/2005  1 
10/5/2005  1 
11/18/2005  1 
2/10/2006  1 
2/17/2006  1 
5/18/2006  2 
8/28/2006  2 
11/14/2006  1 
There are 4 time periods with multiple data 

 
A = 150 
B = 72 
C = 12 
D = 0 
E = 14 
F = 8 
a = 17100 
b = 61560 
c = 760 
Group Variance = 937.814 
Z-Score = 3.3634 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
3.3634 > 1.28155 indicating an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1059193 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 38 - 48 = -10 

 
Tied Group Value Members 
1 11 2 
2 5 2 
3 9 2 
4 7 2 
5 8 2 

 
Time Period  Observations 
5/1/2003  1 
7/9/2003  1 
11/19/2003  1 
2/12/2004  1 
4/1/2004  1 
7/22/2004  1 
10/12/2004  1 
3/17/2005  1 
8/9/2005  1 
2/16/2006  1 
4/11/2006  1 
7/6/2006  1 
9/21/2006  1 
12/15/2006  1 
There are 0 time periods with multiple data 

 
A = 90 
B = 0 
C = 0 
D = 0 
E = 10 
F = 0 
a = 6006 
b = 19656 
c = 364 
Group Variance = 328.667 
Z-Score = -0.496438 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-0.496438 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT0180614 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 18 - 59 = -41 

 
Tied Group Value Members 
1 13 2 

 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
9/12/2002  1 
5/20/2003  1 
12/10/2003  1 
1/20/2004  1 
6/16/2004  1 
11/2/2005  1 
1/16/2006  1 
2/16/2006  1 
3/22/2006  1 
4/13/2006  1 
7/14/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 4836 
b = 15444 
c = 312 
Group Variance = 267.667 
Z-Score = -2.44491 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-2.44491 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1020092 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
S Statistic = 100 - 315 = -215 

 
Tied Group Value Members 
1 35 4 
2 38 2 
3 34 4 
4 30 2 
5 28 2 
6 18 2 
7 21 3 

 
Time Period  Observations 
1/1/2001  1 
1/18/2002  1 
2/14/2002  1 
3/15/2002  1 
3/18/2002  1 
4/24/2002  1 
4/30/2002  1 
5/18/2002  1 
6/19/2002  1 
7/24/2002  1 
8/30/2002  1 
9/27/2002  1 
10/15/2002  1 
11/26/2002  1 
12/26/2002  1 
1/16/2003  1 
3/24/2003  1 
4/1/2003  1 
5/21/2003  1 
7/14/2003  1 
11/5/2003  1 
2/16/2004  2 
4/26/2004  1 
10/5/2004  1 
3/22/2005  1 
4/4/2005  1 
7/6/2005  1 
10/26/2005  1 
2/24/2006  1 
There are 1 time periods with multiple data 

 
A = 450 
B = 18 
C = 54 
D = 0 
E = 38 
F = 2 
a = 56550 
b = 219240 
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c = 1740 
Group Variance = 3115.71 
Z-Score = -3.83385 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-3.83385 <= 1.28155 indicating no evidence of an upward trend 
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Mann-Kendall Trend Analysis 
Parameter: MTBE 
Location: CT1180322 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
 
S Statistic = 72 - 97 = -25 

 
Tied Group Value Members 

 
Time Period  Observations 
1/16/2002  2 
2/20/2002  1 
3/6/2002  1 
6/20/2002  1 
7/24/2002  1 
8/15/2002  1 
10/10/2002  1 
2/13/2003  1 
6/2/2003  1 
8/19/2003  1 
12/10/2003  1 
2/23/2004  2 
4/14/2004  1 
9/30/2004  1 
12/2/2004  1 
3/9/2005  1 
6/28/2005  1 
There are 2 time periods with multiple data 

 
A = 0 
B = 36 
C = 0 
D = 0 
E = 0 
F = 4 
a = 14706 
b = 52326 
c = 684 
Group Variance = 815 
Z-Score = -0.840683 
Comparison Level at 90% confidence level = 1.28155 (upward trend) 
-0.840683 <= 1.28155 indicating no evidence of an upward trend 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT0380094 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is 7 
 
Tied Group Value Members 
1 604 2 
 
Time Period  Observations 
10/9/2002  1 
11/27/2002  1 
3/25/2003  1 
5/13/2003  1 
8/28/2003  1 
12/16/2003  1 
2/4/2004  1 
5/26/2004  1 
12/13/2004  1 
2/14/2005  1 
5/11/2005  1 
8/15/2005  1 
11/3/2005  2 
2/7/2006  3 
5/1/2006  1 
9/5/2006  2 
12/6/2006  2 
There are 4 time periods with multiple data 

 
A = 18 
B = 120 
C = 0 
D = 6 
E = 2 
F = 12 
a = 22638 
b = 83160 
c = 924 
Group Variance = 1250.03 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 58.1549 
M1 = (225 - 58.1549)/2.0 = 83.4225 
M2 = (225 + 58.1549)/2.0 + 1 = 142.577 
Lower limit is -20.3333 = Q(83) 
Upper limit is 24.9 = Q(143) 
-20.3333 < 0 < 24.9 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1680011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is 0.428571 
 
Tied Group Value Members 
1 22 2 
2 2.2 2 
3 14.6 2 
 
Time Period  Observations 
4/25/2002  1 
11/26/2002  1 
12/18/2002  1 
3/15/2004  1 
4/13/2004  1 
5/26/2004  1 
6/11/2004  1 
7/28/2004  2 
8/16/2004  1 
9/14/2004  1 
10/18/2004  2 
11/12/2004  1 
12/20/2004  1 
1/14/2005  2 
2/9/2005  1 
3/14/2005  1 
4/18/2005  1 
5/11/2005  1 
6/23/2005  1 
7/20/2005  2 
8/31/2005  1 
9/12/2005  1 
10/19/2005  2 
11/14/2005  1 
12/5/2005  1 
1/11/2006  1 
2/27/2006  1 
3/10/2006  1 
There are 5 time periods with multiple data 

 
A = 54 
B = 90 
C = 0 
D = 0 
E = 6 
F = 10 
a = 74976 
b = 294624 
c = 2112 
Group Variance = 4157.36 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 106.056 
M1 = (523 - 106.056)/2.0 = 208.472 
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M2 = (523 + 106.056)/2.0 + 1 = 315.528 
Lower limit is -0.0631579 = Q(208) 
Upper limit is 0.75 = Q(316) 
-0.0631579 < 0 < 0.75 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT0189743 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is 0 
 
Tied Group Value Members 
1 12 2 
 
Time Period  Observations 
1/1/2000  1 
2/20/2002  1 
4/8/2003  1 
1/27/2004  1 
4/12/2005  1 
7/19/2005  1 
10/11/2005  1 
1/17/2006  1 
4/18/2006  1 
7/18/2006  1 
10/10/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 2970 
b = 8910 
c = 220 
Group Variance = 164 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 21.0644 
M1 = (55 - 21.0644)/2.0 = 16.9678 
M2 = (55 + 21.0644)/2.0 + 1 = 39.0322 
Lower limit is -0.56 = Q(17) 
Upper limit is 0.8 = Q(39) 
-0.56 < 0 < 0.8 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT0420024 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.428571 
 
Tied Group Value Members 
1 2 3 
2 5 2 
3 6 2 
4 3 3 
 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
2/21/2002  1 
3/7/2002  1 
5/14/2002  1 
8/8/2002  1 
12/4/2002  1 
3/5/2003  1 
6/4/2003  1 
9/30/2003  1 
10/29/2003  1 
3/3/2005  1 
1/6/2006  1 
4/4/2006  1 
7/11/2006  1 
There are 0 time periods with multiple data 

 
A = 168 
B = 0 
C = 12 
D = 0 
E = 16 
F = 0 
a = 7350 
b = 24570 
c = 420 
Group Variance = 399 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 32.8559 
M1 = (105 - 32.8559)/2.0 = 36.072 
M2 = (105 + 32.8559)/2.0 + 1 = 69.928 
Lower limit is -1.475 = Q(36) 
Upper limit is 0 = Q(70) 
-1.475 < 0 < 0 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1600513 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.773913 
 
Tied Group Value Members 
1 33 2 
2 31 2 
3 2.1 3 
4 2.9 2 
5 2.4 4 
6 2.7 4 
7 4.7 3 
8 2.2 3 
9 2.6 3 
 
Time Period  Observations 
1/1/2001  2 
1/24/2002  1 
4/19/2002  1 
7/8/2002  1 
10/11/2002  1 
12/11/2002  1 
1/16/2003  1 
2/20/2003  1 
3/5/2003  1 
4/7/2003  2 
5/13/2003  1 
6/12/2003  1 
7/18/2003  1 
10/17/2003  1 
12/3/2003  4 
2/12/2004  1 
4/12/2004  2 
1/10/2005  2 
4/11/2005  1 
6/20/2005  2 
6/22/2005  2 
7/29/2005  2 
12/15/2005  2 
2/10/2006  2 
4/25/2006  2 
8/25/2006  2 
10/30/2006  2 
There are 13 time periods with multiple data 

 
A = 630 
B = 372 
C = 72 
D = 24 
E = 54 
F = 36 
a = 153258 
b = 619920 
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c = 3444 
Group Variance = 8459.23 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 151.284 
M1 = (843 - 151.284)/2.0 = 345.858 
M2 = (843 + 151.284)/2.0 + 1 = 498.142 
Lower limit is -1.14375 = Q(346) 
Upper limit is -0.416667 = Q(498) 
-0.416667 < 0 indicating a  downward trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1219093 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.720779 
 
Tied Group Value Members 
1 50 2 
2 26 3 
3 21 3 
 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
3/28/2002  1 
4/14/2003  1 
7/28/2003  1 
1/5/2004  1 
2/9/2004  1 
4/12/2004  1 
8/9/2004  1 
10/5/2004  1 
4/5/2005  1 
7/13/2005  1 
10/4/2005  1 
1/30/2006  1 
4/17/2006  1 
8/14/2006  1 
There are 0 time periods with multiple data 

 
A = 150 
B = 0 
C = 12 
D = 0 
E = 14 
F = 0 
a = 8880 
b = 30240 
c = 480 
Group Variance = 485 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 36.2241 
M1 = (120 - 36.2241)/2.0 = 41.8879 
M2 = (120 + 36.2241)/2.0 + 1 = 79.1121 
Lower limit is -2.77778 = Q(42) 
Upper limit is 0.6 = Q(79) 
-2.77778 < 0 < 0.6 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT0450011 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is 0.281667 
 
Tied Group Value Members 
1 2.1 3 
2 2.8 2 
3 3 3 
 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
11/20/2002  1 
2/24/2004  1 
5/13/2004  1 
8/17/2004  1 
11/4/2004  2 
2/15/2005  2 
5/13/2005  1 
10/5/2005  1 
11/18/2005  1 
2/10/2006  1 
2/17/2006  1 
5/18/2006  2 
8/28/2006  2 
11/14/2006  1 
There are 4 time periods with multiple data 

 
A = 150 
B = 72 
C = 12 
D = 0 
E = 14 
F = 8 
a = 17100 
b = 61560 
c = 760 
Group Variance = 937.814 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 50.3716 
M1 = (186 - 50.3716)/2.0 = 67.8142 
M2 = (186 + 50.3716)/2.0 + 1 = 119.186 
Lower limit is 0.133333 = Q(68) 
Upper limit is 0.442857 = Q(119) 
0.133333 > 0 indicating an upward trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1059193 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.166667 
 
Tied Group Value Members 
1 11 2 
2 5 2 
3 9 2 
4 7 2 
5 8 2 
 
Time Period  Observations 
5/1/2003  1 
7/9/2003  1 
11/19/2003  1 
2/12/2004  1 
4/1/2004  1 
7/22/2004  1 
10/12/2004  1 
3/17/2005  1 
8/9/2005  1 
2/16/2006  1 
4/11/2006  1 
7/6/2006  1 
9/21/2006  1 
12/15/2006  1 
There are 0 time periods with multiple data 

 
A = 90 
B = 0 
C = 0 
D = 0 
E = 10 
F = 0 
a = 6006 
b = 19656 
c = 364 
Group Variance = 328.667 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 29.8198 
M1 = (91 - 29.8198)/2.0 = 30.5901 
M2 = (91 + 29.8198)/2.0 + 1 = 61.4099 
Lower limit is -0.5 = Q(31) 
Upper limit is 0.666667 = Q(61) 
-0.5 < 0 < 0.666667 indicating no trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT0180614 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.908333 
 
Tied Group Value Members 
1 13 2 
 
Time Period  Observations 
1/1/2000  1 
1/1/2001  1 
9/12/2002  1 
5/20/2003  1 
12/10/2003  1 
1/20/2004  1 
6/16/2004  1 
11/2/2005  1 
1/16/2006  1 
2/16/2006  1 
3/22/2006  1 
4/13/2006  1 
7/14/2006  1 
There are 0 time periods with multiple data 

 
A = 18 
B = 0 
C = 0 
D = 0 
E = 2 
F = 0 
a = 4836 
b = 15444 
c = 312 
Group Variance = 267.667 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 26.9107 
M1 = (78 - 26.9107)/2.0 = 25.5447 
M2 = (78 + 26.9107)/2.0 + 1 = 53.4553 
Lower limit is -3.70909 = Q(26) 
Upper limit is -0.28 = Q(53) 
-0.28 < 0 indicating a  downward trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1020092 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -0.714286 
 
Tied Group Value Members 
1 35 4 
2 38 2 
3 34 4 
4 30 2 
5 28 2 
6 18 2 
7 21 3 
 
Time Period  Observations 
1/1/2001  1 
1/18/2002  1 
2/14/2002  1 
3/15/2002  1 
3/18/2002  1 
4/24/2002  1 
4/30/2002  1 
5/18/2002  1 
6/19/2002  1 
7/24/2002  1 
8/30/2002  1 
9/27/2002  1 
10/15/2002  1 
11/26/2002  1 
12/26/2002  1 
1/16/2003  1 
3/24/2003  1 
4/1/2003  1 
5/21/2003  1 
7/14/2003  1 
11/5/2003  1 
2/16/2004  2 
4/26/2004  1 
10/5/2004  1 
3/22/2005  1 
4/4/2005  1 
7/6/2005  1 
10/26/2005  1 
2/24/2006  1 
There are 1 time periods with multiple data 

 
A = 450 
B = 18 
C = 54 
D = 0 
E = 38 
F = 2 
a = 56550 
b = 219240 
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c = 1740 
Group Variance = 3115.71 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 91.8133 
M1 = (434 - 91.8133)/2.0 = 171.093 
M2 = (434 + 91.8133)/2.0 + 1 = 263.907 
Lower limit is -1 = Q(171) 
Upper limit is -0.48 = Q(264) 
-0.48 < 0 indicating a  downward trend in data. 
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Sen's Slope Analysis 
Parameter: MTBE 
Location: CT1180322 
Original Data (Not Transformed) 
Non-Detects Replaced with Detection Limit 
 
90% Confidence Level 
 
Sen's Estimator (Median Q) is -5.25 
 
Time Period  Observations 
1/16/2002  2 
2/20/2002  1 
3/6/2002  1 
6/20/2002  1 
7/24/2002  1 
8/15/2002  1 
10/10/2002  1 
2/13/2003  1 
6/2/2003  1 
8/19/2003  1 
12/10/2003  1 
2/23/2004  2 
4/14/2004  1 
9/30/2004  1 
12/2/2004  1 
3/9/2005  1 
6/28/2005  1 
There are 2 time periods with multiple data 

 
A = 0 
B = 36 
C = 0 
D = 0 
E = 0 
F = 4 
a = 14706 
b = 52326 
c = 684 
Group Variance = 815 
For 90% confidence interval (two-tailed), Z at (1-0.9)/2 = 1.64485 
C = 46.9576 
M1 = (169 - 46.9576)/2.0 = 61.0212 
M2 = (169 + 46.9576)/2.0 + 1 = 108.979 
Lower limit is -20.625 = Q(61) 
Upper limit is 7.9 = Q(109) 
-20.625 < 0 < 7.9 indicating no trend in data. 
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Time-Series Graph of CT1680011
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Time-Series Graph of CT0189743
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Time-Series Graph of CT0420024
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Time-Series Graph of CT1600513
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Time-Series Graph of CT1219093
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Time-Series Graph of CT0450011
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Time-Series Graph of CT1059193
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Time-Series Graph of CT0180614
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Time-Series Graph of CT1020092
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Time-Series Graph of CT1180322
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Table 1
Well Construction Details 
Griffin Well Investigation
Madbury, New Hampshire

PVC Elev: Ground Elev: DTB Bottom of Screen
Well ID Install Date (ft amsl) (ft amsl) (ft) Elev: (ft amsl)

Griffin Well† - - 135 114 30 21
JW-3 May-06 136.43 136.6 54 15 82.43
MM-1 Jun-90 176.67 174.01 83.3 20 93.37
M-1 - 98.55 97.5 16.4 10 82.15

MM-2R - 114.12 111.2 28.5 - 85.62
MM-4 Apr-93 - 126.9 48.6 - 78.3
MM-5 Apr-93 135.13 135.1 56.7 - 78.43
M-5 - 156.21 153.9 82 30 74.21

MM-6 Mar-93 137.80 135.5 59 - 78.80
M-6 - 127.46 125.1 53 - 74.46

MM-7 - 119.77 116.9 51.9 - 67.87
MM-8 Mar-93 113.26 110.3 40 - 73.26
MM-9 Mar-93 109.69 106.7 39.55 - 70.14
MM-10 Mar-93 99.11 96.2 37.3 - 61.81
MM-11 Mar-93 93.78 90.9 52.2 - 41.58
MM-12 - 91.32 90.2 40.2 - 51.12
MM-13 Mar-93 93.51 90.9 47 - 46.51
MM-14 Mar-93 97.12 94.1 58.1 - 39.02
MM-15 - 131.56 129.3 58 - 73.56

RDW-1D Apr-01 107.68 105.1 30.4 20 77.28
RDW-2D Apr-01 109.96 106.8 31 20 78.96
RDW-3D Apr-01 108.61 106.4 31.3 20 77.31
RDW-4D Apr-01 110.93 108.7 30.6 20 80.33
RDW-5 Dec-02 102.03 - 25 20 77.03
RDW-6 Dec-02 106.71 104.2 31.05 20 75.66
RDW-7 Dec-02 103.65 100.4 29.1 20 74.55
RDW-8 Dec-02 104.82 100.5 33.45 20 71.37
B-103 - 125.78 124.4 52 10 73.78

MW-203A Dec-06 102.04 97.6 15 10 87.04
MW-203B Dec-06 101.00 97.6 27 10 74.00
MW-203C Dec-06 101.71 97.6 39 10 62.71
MW-203D Dec-06 102.74 97.7 49 10 53.74
MW-203E Dec-06 102.53 97.8 65.5 10 37.03

B-205 May-89 128.88 127.6 78 30 50.88
B-205A Apr-93 137.29 132.9 55 - 82.29
B-303 - 117.46 114.8 37.8 - 79.66

Well survey performed by Chas. H. Sells, Inc. in February 2007.
† = Griffin Well ground surface was not surveyed and value included in table is estimated.
Bold indicates well included in February 2007 sampling event.
ft = feet
ft amsl = feet above mean sea level
DTB = depth to bottom
Screened elevation generated by Weston Solutions, Inc. from top of polyvinyl chloride (PVC) elevation  
and DTB measurements.

Screen 
Length (ft)
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Table 2
Final - Field Water Quality Measurements

Griffin Well Investigation
Madbury, New Hampshire

Surface Sampling Specific
Water Time Temperature Conductance1 ORP DO

Location Date (24 HR) (ºC) (uS/cm) pH (mV) (mg/L) Comments

MW-203A 02/01/07 1331 5.79 79 7.65 -10.1 9.3 OVM = 0.0 ppm

MW-203B 02/01/07 0945 8.53 62 6.45 18.2 7.2 OVM = 0.0 ppm

MW-203C 02/01/07 1105 7.37 176 6.99 -47.1 4.6 OVM = 0.0 ppm

MW-203D 02/01/07 1215 7.04 249 7.10 -74.8 7.5 OVM = 0.0 ppm

MW-203E 02/01/07 1245 8.83 497 7.06 -100.4 7.8 OVM = 0.0 ppm

B-205 02/01/07 1439 8.72 433 7.20 -45.3 6.6 OVM = 0.0 ppm

B-205A 02/01/07 1455 9.09 48 7.41 13.9 16.2 OVM = 0.0 ppm

M-5 02/01/07 1513 9.52 460 6.61 -115.2 9.7 OVM = 0.0 ppm

M-6 02/01/07 1525 10.55 45 6.45 106.0 10.8 OVM = 0.0 ppm

JW-3 02/01/07 1600 8.50 48 6.20 136.5 16.0 OVM = 0.0 ppm

1.  uSiemens per centimeter (same as umhos/cm) at 25 degrees Celsius (ºC)
HR = hour
pH = hydrogen ion concentration
ORP = oxidation-reduction potential
DO = dissolved oxygen
mV = millivolt
mg/L = milligrams per liter
ppm = parts per million
OVM = Organic Vapor Meter
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Table 3
Summary of Overburden Potentimetric Surface Data

Griffin Well Investigation
Madbury, New Hampshire

Date Location
Well Elevation 

(ft amsl)
Depth to Water 

(ft)
Water Table Elevation 

(ft amsl)
2/1/2007 MM-1 (B-304) 176.67 83.03 93.64
2/1/2007 MM-2R 114.12 19.1 95.02
2/1/2007 MM-4* 126.9 34.65 92.25
2/1/2007 MM-5 135.13 40.4 94.73
2/1/2007 MM-6 137.8 43.32 94.48
2/1/2007 MM-7 (M-4) 119.77 28 91.77
2/1/2007 MM-8 113.26 23.22 90.04
2/1/2007 MM-9 109.69 15.29 94.4
2/1/2007 MM-10 99.11 4.88 94.23
2/1/2007 MM-11 93.78 0 93.78
2/1/2007 MM-12 (B-107D) 91.32 0 91.32
2/1/2007 MM-13 93.51 0 93.51
2/1/2007 MM-14 97.12 3.82 93.3
2/1/2007 MM-15 131.56 36.84 94.72
2/1/2007 M-1 (B-106) 98.55 5.7 92.85
2/1/2007 M-5 156.21 61.67 94.54
2/1/2007 M-6 127.46 33 94.46
2/1/2007 B-103 125.78 31.09 94.69
2/1/2007 MW-203A 102.04 9.75 92.29
2/1/2007 MW-203B 101 8.85 92.15
2/1/2007 MW-203C 101.71 9.18 92.53
2/1/2007 MW-203D 102.74 10.2 92.54
2/1/2007 MW-203E 102.53 10.01 92.52
2/1/2007 B-205 128.88 35.91 92.97
2/1/2007 B-205A 137.29 45.59† -
2/1/2007 RDW-1D 107.68 12.99 94.69
2/1/2007 RDW-2D 109.96 15.38 94.58
2/1/2007 RDW-3D 108.61 14.09 94.52
2/1/2007 RDW-4D 110.93 16.58 94.35
2/1/2007 RDW-5 102.03 8.48 93.55
2/1/2007 RDW-6 106.71 12.11 94.6
2/1/2007 RDW-7 103.65 9.11 94.54
2/1/2007 RDW-8 104.82 10.54 94.28
2/1/2007 JW-3 136.43 44.5 91.93
2/1/2007 B-303 117.46 22.28 95.18

Note:
ft = feet
ft amsl = feet above mean sea level
"0" = Water level was higher than the top of polyvinyl chloride (PVC) casing.
* = MM-4 elevation is at ground surface. The PVC extends approximately 1.5 above ground.
† = Reading not accurate due to depth to water instrument malfunction in field.
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Table 4
Groundwater Analytical Data February 2007

Griffin Well Investigation
Madbury, New Hampshire

Well ID
Screen Interval

Screen Bottom Elevation
Date

VOCs  
Acetone 6000 5 U 5 U 5 U 5 U 7.6 5 U 5 U 5 U 5 U 5 U
Benzene 5 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.5 0.5 U 0.5 U 0.5 U 0.5 U
Methyl t-butyl ether (MtBE) 13 0.5 U 0.5 U 9.8 11 3.1 16 0.5 U 16 4.6 0.5 U
t-Butyl alcohol 40 10 U 10 U 10 U 10 U 38 37 10 U 11 10 U 10 U
t-Amyl methyl ether 140 0.5 U 0.5 U 1.3 1 0.4 J 1.7 0.5 U 0.4 J 0.5 0.5 U
cis-1,2-Dichloroethene 70 0.5 U 0.5 U 0.3 J 0.3 J 0.3 J 0.5 0.5 U 0.3 J 0.5 U 0.5 U
Trichloroethene 5 0.5 U 0.5 U 0.4 J 0.6 0.5 U 0.5 U 0.5 U 0.3 J 0.5 U 0.5 U
Tetrahydrofuran 154 2.5 U 2.5 U 2.5 U 2.5 U 2.9 4.4 2.5 U 2.5 U 2.5 U 2.5 U
Isopropylbenzene 800 0.5 U 0.5 U 0.5 U 0.5 U 0.5 U 0.3 J 0.5 U 0.5 U 0.5 U 0.5 U
Notes:
bgs = below ground surface
The bottom of the Griffin Well Screen is approximately 114 ft bgs and estimated to be 21 ft amsl.
Elevations presented are in feet (ft) above mean sea level (amsl).
All values shown in units of micrograms per liter (μg/L)
U = Not detected at associated numerical reporting limit.
J = Concentration is estimated.
NHDES: New Hampshire Department of Environmental Protection
AGQS: Ambient Groundwater Quality Standards
Bolded values meet or exceed NHDES AGQS criteria.
VOC = volatile organic compound
* = Well construction information was not readily available for review.  Depth to bottom measurements were collected in the field and the screen length is assumed to be 10 feet.

39-54' bgs

NHDES 
AGQS

MW-203D
5-15' bgs 17-27' bgs 29-39' bgs 39-49' bgs 55.5-65.5' bgs 48-78' bgs

53.74 ft

MW-203A

2/1/2007

MW-203CMW-203B

87.04 ft 74 ft 62.71 ft
2/1/2007

MW-203E B-205 B-205A M-5
45-55' bgs* 51-82' bgs 43-53' bgs*

37.03 ft 50.88 ft
2/1/2007

M-6 JW-3

2/1/2007 2/1/2007 2/1/2007 2/1/2007 2/1/2007 2/1/2007 2/1/2007
82.29 ft 74.21 ft 71.46 ft 82.43 ft
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ATTACHMENT A 
 

MONITORING WELL TABLE FROM SURVEY 



Attachment A
Monitoring Well Table from Survey

Griffin Well Investigation
Madbury, New Hampshire

Monitoring Well Northing Easting RIM Elev PVC Elev Ground Elev Screened Elev* Comments
MW-JW-3 244380.5217 1187189.395 136.55 136.43 136.6 97.6-82.6
MW-MM-1 244132.9566 1185995.638 117.60 117.46 114.8
MW-M-1 244925.2892 1184212.45 98.60 98.55 97.5 92.5-82.5
MW-2-R 244331.7198 1185837.36 114.50 114.12 111.2 93.2-83.2

MW-MM-4 244612.26 1186000.73 - - 126.9 88.9-78.9 CASING LOCKED
MW-MM-5 244756.83 1185986.15 - 135.13 135.1 89.1-79.1 NO CASING FOUND
MW-M-5 244713.73 1186110.96 156.48 156.21 153.9 102.9-71.9

MW-MM-6 244916.3 1185967.87 137.98 137.80 135.5 86.5-76.5
MW-M-6 244955.81 1186021.14 127.78 127.46 125.1 82.1-72.1

MW-MM-7 245060.32 1185972.36 119.87 119.77 116.9 75.9-65.9  
MW-MM-8 245206.91 1185932.55 113.47 113.26 110.3 80-70
MW-MM-9 245348.0985 1185902.53 109.87 109.69 106.7 77.7-67.7

MW-MM-10 245503.25 1185891.19 99.36 99.11 96.2 69.2-59.2
MW-MM-11 245645.9248 1185836.796 93.78 93.78 90.9 48.9-38.9 PVC & RIM AT SAME HEIGHT
MW-MM-12 245800.15 1185708.29 - 91.32 90.2 60.2-50.2 NO CASING OR PVC FOUND, 2" METAL PIPE ONLY
MW-MM-13 245833.5753 1185489.47 93.64 93.51 90.9 53.9-43.9
MW-MM-14 245870.1 1185246.78 97.25 97.12 94.1 46.1-36.1
MW-MM-15 244524.68 1186001.62 131.91 131.56 129.3 81.3-71.3

MW-RDW-1D 244762.85 1185585.42 107.91 107.68 105.1 95.1-75.1
MW-RDW-2D 245156.07 1185464.85 109.99 109.96 106.8 96.8-76.8
MW-RDW-3D 245200.75 1185391.29 108.88 108.61 106.4 96.4-76.4
MW-RDW-4D 245291.17 1185302.43 111.17 110.93 108.7 98.7-78.7
MW-RDW-5 244669.24 1185267.07 102.27 102.03 -
MW-RDW-6 245103.18 1185315.35 106.97 106.71 104.2 89.2-74.2
MW-RDW-7 245025.95 1184925.74 103.80 103.65 100.4 90.4-75-4
MW-RDW-8 245306.42 1184981.4 104.93 104.82 100.5 87.5-70.5
MW-B-103 244993.92 1185966.8 126.07 125.78 124.4 84.4-74.4

MW-W-203-A 244427.77 1186904.697 - 102.04 97.6 92.6-82.6 NO CASING FOUND, 8" METAL PIPE ONLY
MW-W-203-B 244426.78 1186905.77 - 101.00 97.6 80.6-70.6 NO CASING FOUND, 8" METAL PIPE ONLY
MW-W-203-C 244426.47 1186904.95 - 101.71 97.6 68.6-58.6 NO CASING FOUND, 8" METAL PIPE ONLY
MW-W-203-D 244425.14 1186905.07 - 102.74 97.7 58.7-48.7 NO CASING FOUND, 8" METAL PIPE ONLY
MW-W-203-E 244425.25 1186906.01 - 102.53 97.8 42.3-32.3 NO CASING FOUND, 8" METAL PIPE ONLY

MW-B-205 244746.12 1186657.4 - 128.88 127.6 79.4-49.4
MW-B-205-A 244739.04 1186485.88 136.91 137.29 132.9 88-78
MW-B-303 244270.47 1185719.17 117.60 117.46 114.8 86.8-76.8

* = Screened elevation generated by WESTON from existing data.
PVC = polyvinyl chloride

G:\PROJECTS\20111025\Attachment A MW Table from Survey 1 of 1 3/22/2007
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Predictor Variables: 
 
Phase 2 wells data consists of 99 variables, 58 of whom are common with Phase 1 variables. 
 
Ag.LC  
BR.Depth  
BR.GW.Depth  
BUW  
BWC  
COP  
DWC  
ENF  
FLW  
FPH  
HPH  
HWR  
Highways  
KCSs  
Lineament.200.ft  
MIN  
New.System.Categories  
OverburdenDepth  
PCS  
PCSs  
PDENSITY  
RFG.county  
Range.category  
SAN  
SIG  
SPA  
SYSTEM.TYP  
Sanitary.radius  
Septics  
Spot  

TOTAL  
Urban.LC  
VLT  
WELL.DEPTH  
WELL.TYPE  
WHPA.Acres  
Well.Intake  
X.COORD  
X10ft.into.Bedrock  
X2003.Ave.GPM  
Y.COORD  
bedrock.ty  
floodplain  
log.Chloride.avg  
log.Chloride.max  
log.Chloride.min  
log.POPULATION  
log.Sodium.avg  
log.Sodium.max  
log.Sodium.min  
log.YIELD  
nwi  
sqrt.NEAR.DIST.UST  
sqrt.NEAR.DIST.remed.poly  
sqrt.NEAR.DIST.remedpt  
sqrt.NEAR.DIST.trail  
sqrt.pws.near.lineaments.NEAR.DIST  
sqrt.pws.near.road.NEAR.DIST  

 

 
In the Phase 1 data many of the above variables had large number of missing values.  We proceed by 
selecting several subsets of these variables and use the random forest imputation routine to create a full 
set of data for the training of the random forest.  
 
 
Set 0:   
 
Keep only variables that have fewer than 1000 missing values  
 
This set results in 43 predictor variables. 
However there are no Phase 2 wells that have complete data in all 43 predictor variables. 
Therefore we can not perform prediction. 
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Set 1 
 
Keep only variables that have fewer than 600 missing values 
This set has 37 predictor variables.  There are 423 Phase 2 wells that have no missing values in 
these predictors i.e. for which we can perform prediction. 
 

Random Forest For Classification of detect / non-detect 
 
Wells classified as detects if prob(detect) > 0.23 
 
OOB estimate of error rate: 24.5% 
 

 
Random Forest For Regression 

 
Mean of squared residuals: 0.196                    % Var explained: 15.1 

 

Mean Decr. Gini
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New.System.Categories 
log.Chloride.avg 
log.Chloride.min 
log.Chloride.max 
log.Sodium.max 
log.Sodium.min 

Y.COORD 
log.Sodium.avg 

BR.Depth 
sqrt.NEAR.DIST.UST 

X.COORD 
sqrt.NEAR.DIST.remedpt 

WELL.DEPTH 
BR.GW.Depth 

TOTAL 
sqrt.pws.near.road.NEAR.DIST 

sqrt.NEAR.DIST.trail 
sqrt.NEAR.DIST.remed.poly 

log.POPULATION 
sqrt.pws.near.lineaments.NEAR.DIST 

log.YIELD 
PDENSITY 

WHPA.Acres 
Ag.LC 

Urban.LC 
KCSs 

Septics 
Sanitary.radius 

Highways 
RFG.county 

PCSs 
WELL.TYPE 

SYSTEM.TYP 
Well.Intake 
bedrock.ty 

Lineament.200.ft 
nwi 

Classification Variable Importance, nmiss < 600

Incr Node Purity
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log.Chloride.avg 
log.Chloride.min 

sqrt.NEAR.DIST.UST 
sqrt.pws.near.road.NEAR.DIST 

log.Chloride.max 
X.COORD 
Y.COORD 

WELL.DEPTH 
sqrt.pws.near.lineaments.NEAR.DIST 

log.POPULATION 
sqrt.NEAR.DIST.trail 

BR.GW.Depth 
TOTAL 

log.Sodium.max 
log.Sodium.avg 
log.Sodium.min 

sqrt.NEAR.DIST.remed.poly 
log.YIELD 
BR.Depth 

PDENSITY 
KCSs 

Urban.LC 
Ag.LC 

Sanitary.radius 
WHPA.Acres 

Septics 
RFG.county 

Highways 
WELL.TYPE 

PCSs 
bedrock.ty 

SYSTEM.TYP 
Lineament.200.ft 

Well.Intake 
nwi 

Regression Variable Importance, nmiss < 600

 

Confusion matrix: 
         n     y      class.error 
n    769  237       0.236 
y      83  215      0.279 
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Effects of Predictor Variables on the logit(probability of a detect) in the classification Random 
Forest 
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Predictions from Random Forests: nmiss < 600

Effects of Predictor Variables on the log.max(MtBE) in the Regression Random Forest 
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RF Prediction: 

There are 423 Phase 2 wells with no missing  
values in the 37 predictor variables. 
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Set 2 
 
Keep only variables that have fewer than 400 missing values 
This set has 31 predictor variables 
There are 615 Phase 2 wells with no missing values in these predictors 
 
Random Forest For Classification of detect / non-detect 
 
Wells classified as detects if prob(detect) > 0.23 
OOB estimate of  error rate: 28.1% 

 
Random Forest For Regression of log(max.MtBE) 
Mean of squared residuals: 0.192    % Var explained:16.8 
 

Mean Decr. Gini
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log.YIELD 
PDENSITY 

WHPA.Acres 
Urban.LC 

KCSs 
Ag.LC 

Highways 
RFG.county 

Sanitary.radius 
Septics 

PCSs 
WELL.TYPE 

SYSTEM.TYP 
bedrock.ty 

Well.Intake 
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Regression Variable Importance, nmiss < 400

 

Confusion matrix: 
         n    y      class.error 
n    724  282       0.280 
y      85  213       0.285
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Effects of Predictor Variables on the logit(probability of a detect) in the classification Random 
Forest 
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Effects of Predictor Variables on the log.max(MtBE) in the Regression Random Forest 
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There are 615 Phase 2 wells with no  
missing values in the 31 predictors 
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Set 3 
 
Keep only variables that have fewer than 200 missing values 
This set has 28 predictor variables 
There are 719 Phase 2 wells with no missing values in these predictors 
 
Random Forest For Classification of detect / non-detect 

 
Wells classified as detects if prob(detect) > 0.23 
 OOB estimate of  error rate: 28.8% 
 
Random Forest For Regression of log(max.MtBE) 
 
Mean of squared residuals: 0.190        % Var explained: 17.6 
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Confusion matrix: 
       n     y     class.error 
n   716  290       0.288 
y     86 212       0.289 
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Effects of Predictor Variables on the logit(probability of a detect) in the classification Random 
Forest 

1 3 5 9 12
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Effects of Predictor Variables on the log.max(MtBE) in the Regression Random Forest 
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Set 4 
 
Keep only variables that have fewer than 5 missing values 
This set has 18 predictor variables 
There are 880 Phase 2 wells with no missing values in these predictors 
 
Random Forest For Classification of detect / non-detect 
 
Wells classified as detects if prob(detect) > 0.23 
      OOB estimate of error rate: 29.1% 

 
Random Forest For Regression of log(max.MtBE) 
 
Mean of squared residuals: 0.189     % Var explained: 17.9 
 

Mean Decr. Gini

0 20 40 60

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

New.System.Categories 

Y.COORD 

sqrt.NEAR.DIST.remedpt 

sqrt.NEAR.DIST.UST 

X.COORD 

sqrt.pws.near.road.NEAR.DIST 

sqrt.NEAR.DIST.remed.poly 

log.POPULATION 

sqrt.NEAR.DIST.trail 

sqrt.pws.near.lineaments.NEAR.DIST 

WHPA.Acres 

PDENSITY 

RFG.county 

WELL.TYPE 

bedrock.ty 

SYSTEM.TYP 

Lineament.200.ft 

nwi 

Classification Variable Importance, nmiss < 5

Incr Node Purity

0 5 15 25

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

o

Y.COORD 

sqrt.NEAR.DIST.remedpt 

New.System.Categories 

sqrt.pws.near.road.NEAR.DIST 

sqrt.NEAR.DIST.UST 

sqrt.NEAR.DIST.trail 

X.COORD 

log.POPULATION 

sqrt.pws.near.lineaments.NEAR.DIST 

sqrt.NEAR.DIST.remed.poly 

PDENSITY 

WHPA.Acres 

RFG.county 

WELL.TYPE 

bedrock.ty 

SYSTEM.TYP 

Lineament.200.ft 

nwi 

Regression Variable Importance, nmiss < 5

 

Confusion matrix: 
       n     y     class.error 
n   715 291       0.289 
y    88 210       0.295
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Effects of Predictor Variables on the logit(probability of a detect) in the classification Random 
Forest 
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Predictions 

There are 880 Phase 2 wells with no  
missing values in the 18 predictors 
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Comparing predictions from all four Random Forest models 
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A Model with Fewer Variables 
 

It is possible to miss some very polluted wells in the above analysis.  Of the 3021 Phase 2 wells only 
880 were included in the above predictions.  
In order to be able to include as many Phase 2 wells as possible, without losing too much predictive 
information we considered the following “minimal” models  
 
Model 1: Include the 3 most important variables of Set 4 (the set with few than 5 missing values) 
  Y.COORD   New.System.Categories   sqrt.NEAR.DIST.remedpt 
Model 2   Include the 7 most important variables 
The above plus:  sqrt.NEAR.DIST.UST   sqrt.pws.near.road.NEAR.DIST    X.COORD    
        sqrt.NEAR.DIST.trail 

Model 3  Include the 10 most important variables 
The above plus  sqrt.NEAR.DIST.remed.poly    log.POPULATION   

        sqrt.pws.near.lineaments.NEAR.DIST 

 
All of the above models resulted in 923 Phase 2 wells that have nonmissing values for all predictors.  
Hence we only consider Model 3 with 10 predictor variables. 
 

“Minimal” Model with 10 predictor variables 
 
Random Forest For Classification of detect / non-detect 
  OOB estimate of  error rate: 28.5% 
 
Random Forest For Regression of log(max.MtBE) 
Mean of squared residuals: 0.190          % Var explained: 17.6 
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Confusion matrix: 
       n     y      class.error 
n   723  283       0.281 
y     89 209       0.299
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Predictions: 
There are 923 Phase 2 wells for which we can do predictions. 
 

0.0 0.2 0.4 0.6 0.8
prob.detect

10-1.0

100.0

2

3

4
5
6
7
8
9

2

3

4
5

m
ax

.M
tB

E

 
 
 



 19

Examining Predictions for the most serious wells 

 

We select the 64 most serious wells as predictied from the “minimal” model with 10 predictor 
variables.  Most serious is defined as:  prob(detect) > 0.4  or predicted maxMtBE > 1 

The wells are sorted (downward) by the predicted probability of a detect (classification) and arranged 
in two groups: (1) the 32 most serious wells  (2) wells 33- 64. 

 

The 32 most serious wells: Predicting probability(detect) 
Left:  Predicted prob(detect) according to “minimal” model with 10 predictor variables 
Right: Predicted prob(detect) according to all models:   
      6: <600 missing,   4:<400 missing,   2:<200 mising,   0: <5 missing 
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Wells 33 - 64: Predicting probability(detect) 

 
Left:  Predicted prob(detect) according to “minimal” model with 10 predictor variables 
Right: Predicted prob(detect) according to all models:   
      6: <600 missing,   4:<400 missing,   2:<200 mising,   0: <5 missing 
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The 32 most serious wells: Predicting maxMtBE 
Left:  Predicted maxMtBE according to “minimal” model with 10 predictor variables 
Right: Predicted maxMtBE according to all models:   
      6: <600 missing,   4:<400 missing,   2:<200 mising,   0: <5 missing 
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Wells 33 - 64:  Predicting maxMtBE 
Left:  Predicted maxMtBE according to “minimal” model with 10 predictor variables 
Right: Predicted maxMtBE according to all models:   
      6: <600 missing, 4:<400 missing, 2:<200 mising, 0: <5 missing 
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Comment:  Clearly how we rank the wells depends on the choice of model.  In the above we ranked 
wells according to the random forest classification model with 10 predictor variables.  The predictions 
from the other models that have more than 10 predictor variables can be quite different, such as “6”, 
the model with 37 predictor variables (< 600 missing values). 
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Glossary (from Random Forest Manual) 

Here are the definitions of the variable importance measures. For each tree, the prediction accuracy on 
the out-of-bag portion of the data is recorded. Then the same is done after permuting each predictor 
variable. The difference between the two accuracies are then averaged over all trees, and normalized 
by the standard error. For regression, the MSE is computed on the out-of-bag data for each tree, and 
then the same computed after permuting a variable. The differences are averaged and normalized by 
the standard error. If the standard error is equal to 0 for a variable, the division is not done (but the 
measure is almost always equal to 0 in that case).  

The second measure is the total decrease in node impurities from splitting on the variable, 
averaged over all trees. For classification, the node impurity is measured by the Gini index. For 
regression, it is measured by residual sum of squares.   (This is the measure we used). 

Data Included: 

Preds.xls   

 [1] "PWSID"         
 [2] "p.detect.600"   predicted prob(detect) according to model with < 600 missing values 
 [3] "log.max.600"   predicted log(maxMtBE) according to model with < 600 missing values 
 [4] "maxMtBE.600"  predicted maxMtBE according to model with < 600 missing values 
 [5] "p.detect.400"   predicted prob(detect) according to model with < 400 missing values 
 [6] "log.max.400"      etc. 
 [7] "maxMtBE.400" 
 [8] "p.detect.200" 
 [9] "log.max.200" 
[10] "maxMtBE.200" 
[11] "p.detect.5"  
[12] "log.max.5"   
[13] "maxMtBE.5"   
[14] "p.detect.min"  predicted prob(detect) according to minimal model with 10 predictors 
[15] "log.max.min" 
[16] "maxMtBE.min" 
[17] "max.p.detect"  maximum value of prob(detect) over all 5 models 
[18] "min.p.detect"  minimum value of prob(detect) over all 5 models 
[19] "max.maxMtBE"  maximum value of maxMtBE over all 5 models 
[20] "min.maxMtBE"  minimum value of maxMtBE over all 5 models 

Wellsbad.xls 

The 64 worst wells from Pred.xls determined by the 64 highest values of p.detect.min 

 



APPENDIX G 
 

TRANSIENT WELL SAMPLING DATA 
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