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FOREWORD
Section 305b of the Federal Water Pollution Control Act (also known as the Clean Water Act or CWA)
requires each state to submit a report on a biennial basis to the US Environmental Protection Agency
(EPA) which provides information about the quality of the state's surface and ground waters. The Year
2008 Water Quality Assessment Report [often called the 305b Report] summarizes water quality
conditions throughout Vermont during the 24-month reporting period (January 1, 2006 through December
31, 2007). Also included are water resources monitoring/assessment program information for rivers and
streams, lakes and ponds, wetlands and groundwater. The report contains information on certain costs and
benefits, monitoring progress, swimming beach closures and special concerns. The Year 2008 305b
Report, following a revised reporting format from earlier years, is meant to provide the reader with an
understanding of the programs designed to assess water quality problems, as well as put forth particular
water quality based recommendations.
A rotating basin schedule is used when assessing the state's waters, assessing roughly one-fifth of the state
each year. The Year 2008 305b Report contains updated water quality information for portions of Round
Five of the rotating river basin assessments. This report also contains a summary of the entire state's water
quality, which has been updated with the aforementioned rotating basin water quality information.
The 2008 Water Quality Assessment Report describes whether or not the state's surface water uses as
defined by EPA and the State Water Quality Standards fall into one of four use support categories. The
four use support categories used by the Vermont Department of Environmental Conservation are full
support, stressed, altered, or impaired. The four use support categories are described below.
Full Support - This assessment category includes waters of high quality that meet all use support standards for
the water’s classification and water management type.
Stressed - These are waters that support the uses for the classification but the water quality and/or aquatic habitat
have been disturbed to some degree by point or by nonpoint sources of human origin and the water may require
some attention to enhance its usefulness or the water quality and/or aquatic habitat may be at risk of not
supporting uses in the future. Data or other information that is available confirms water quality or habitat
disturbance but not to the degree that any designated or existing uses have become altered or impaired.
Altered - These are waters where a lack of flow, water level or flow fluctuations, modified hydrology, physical
channel alterations, documented channel degradation or stream type change is occurring and arises from some
human activity, OR where the occurrence of exotic species has had negative impacts on designated uses. The
aquatic communities are altered from the expected ecological state. This category includes those waters where
there is a documentation of water quality standards violations for flow and aquatic habitat but EPA does not
consider the problem(s) caused by a pollutant or where a pollutant results in water quality standards not being
met due to historic or previous human-caused channel alterations that are presently no longer occurring.
Impaired - These are surface waters where there are chemical, physical and/or biological data collected from
quality assured and reliable monitoring efforts that reveal 1) an ongoing violation of one or more of the criteria in
the Water Quality Standards and 2) a pollutant of human or human-induced origin is the most probable cause of
the violation.

Water uses include, but are not limited to, drinking, aquatic life, recreation, fish consumption and
agriculture. A determination of use support is made following the Vermont Surface Water Assessment
Methodology and using information gathered and provided to the Department of Environmental
Conservation (DEC) by water resources personnel, fish and wildlife biologists, aquatic biologists, lake
association members and other qualified individuals or groups. The 2008 Water Quality Assessment
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Report identifies the distance (in miles) of rivers and streams and area (in acres) of lakes and ponds that
were assessed.
For Section 305b reporting purposes, river or stream segments and lakes and ponds where one or more
uses are not fully supported (i.e. either altered or impaired) are considered not to be meeting the Water
Quality Standards. However, for Section 303d1 listing and reporting purposes, impaired waters are those
where one or more criteria of the Water Quality Standards are violated. Violations of Water Quality
Standards are substantiated by chemical, physical or biological water quality data collected through
monitoring. In accordance with EPA 303d guidance, waters reported for 303d purposes in the year 2008
list of waters are certain impaired waters that need or would benefit from a pollution budget determination
more commonly known as a Total Maximum Daily Load (TMDL) determination. The 2008 303d list of
waters is being developed concurrently to the 2008 305b Report. As the 2008 303d list needs EPA
approval, that information is being prepared separately from the 2008 305b Report. The 305b Report, the
303d list and the other lists of waters when taken together represent Vermont integrated reporting as the
information is inextricably linked.
The 305b Report remains a highly visible mechanism for communicating to Congress, Vermont residents
and the Vermont General Assembly about the progress being made in maintaining and restoring the state's
water quality and describing the extent of remaining problems. The 305b Report has become increasingly
important to support funding award decisions to the state made at the federal level under the Clean Water
Act Section 106 formula. EPA's Index of Watershed Indicators relies heavily on 305b reports. Also, the
305b reporting process is an important tracking tool for the performance of water quality protection
initiatives under the Core Performance Measures of the Performance Partnership Agreements and the
Government Performance for Results Act. Finally, the 305b water quality assessments are one of several
important sources which assist in the identification of impaired waters under Section 303d of the Clean
Water Act. This report, as well as the last previous biennial Vermont Section 305b Report, can be found
through the internet at http://www.anr.state.vt.us/dec/waterq/wqdhome.htm.
EPA's vision for State 305b reports is the "...reports will characterize water quality and the attainment of
water quality standards at various geographic scales." EPA's more detailed vision states that the 305b
reports will:
$ Comprehensively characterize the waters of the States, Tribes, Territories and the Nation, including
surface water, ground water and wetlands.
$ Use data of known quality from multiple sources to make assessments
$ Indicate progress toward meeting water quality standards and goals.
$ Describe causes of polluted waters and where and when waters need special protection.
$ Support watershed and environmental policy decision-making and resource allocation to address these
needs.
$ Describe the effects of prevention and restoration programs as well as associated cost and benefits.
$ In the long term, describe assessment trends and predict changes.
$ Initiate development of a comprehensive inventory of water quality that identifies the location and
causes of polluted waters and that helps States, Tribes, Territories direct control programs and
implement management decisions.
1 Section 303d of the Act requires each state to identify those waters for which technology-based pollution controls are not stringent

enough to attain or maintain compliance with applicable State water quality standards.
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In order to achieve the vision and long-term goals for the 305b process and to coordinate reporting efforts
among the States, Territories, Interstate Commissions and Tribes, EPA is eager to see the following goals
be addressed in 305b reporting:
$

Adopt 2006 Integrated Water Quality Monitoring & Assessment Report Guidance (7/29/05)
For the 2008 Section 305b Report, DEC was able to partially adopt EPA's guidance document.
For this report, DEC has not been able to fully convert its assessment approach to the
"assessment unit" type/level of approach advocated by EPA guidance. Rather, DEC has
continued to rely upon the well established and functional "waterbody" as its unit of assessment
and reporting. DEC has also continued to use its own assessment database rather than fully
convert to EPA's "Assessment Database" (ADB). Vermont lakes and ponds were assessed
using the ADB. As a way for DEC to evaluate the utility and functionality of ADB, EPA’s
contractor partially loaded some of Vermont’s waterbody information for rivers into ADB.
DEC has begun to further refine and populate ADB with other river-related assessment
information. The Department, nonetheless, considers its assessment approach and findings to
be largely consistent with the five categorical listings defined in EPA guidance. DEC's
assessment process identifies surface waters in full use support (full support and stressed) and
less than full use support (altered and impaired). DEC's assessment and listing processes result
in the identification of waters considered as “impaired” (consistent with EPA guidance category
4A, 4B and 5) and in the identification of other waters in need of assessment (category 3). DEC
has identified waters altered by exotic species, altered by flow regulation or altered by historic
physical channel changes. These are waters altered by a non-pollutant and are equivalent to
waters for category 4C. DEC will continue to rely on its current assessment and listing
approaches into the foreseeable future.

$

Expand use of biological indicators and reporting
DEC has completed documentation of bio-criteria development and implementation procedures
for macroinvertebrate and fish communities in wadeable streams (refer to documents entitled
"Wadeable Stream Biocriteria Development for Fish and Macroinvertebrate Assemblages in
Vermont Streams and Rivers" and "Procedures for Determining Aquatic Life Use Status in
Selected Wadeable Streams Pursuant to Applicable Water Quality Management Objectives and
Criteria for Aquatic Biota Found in Vermont Water Quality Standards (VWQS) Chapter 3,
section 3-01, as Well as Those Specified in 3-02(A1 and B3), 3-03(A1 and B3), and 3-04(A1 and
B4: a-d). The language of these procedures is consistent with the Vermont Water Quality
Standards revisions that became effective on February 9, 2006. These procedures are currently
used by DEC to make a variety of water quality management decisions. The role of biological
indicators of ecological health has continued to expand throughout Department programs
including: NPDES and Indirect discharge permitting; CERCLA and RCRA hazardous materials
site assessments; surface water biological classifications; accidental release and spill damage
assessments; 303d listing and the development of TMDLs and restoration plans; non-target
impact assessments for pest management programs; distribution of aquatic species in Vermont;
and the development of water quality standards for a variety of water body types.
Vermont DEC continues to build upon its biological assessment database. In the last two years,
more than 450 biological site assessments have been added to its biological database. Summary
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reports of annual assessment results for wadeable streams are compiled for purposes including
but not limited to: Section 303d listing and TMDL development; Section 305b reporting;
rotating watershed assessments and watershed planning initiatives. With assistance from EPA,
DEC is assessing the use of biological assessments for establishing biological criteria for
temporary (vernal) pools and white cedar swamps. Field data have been collected and data are
being analyzed for final reporting. With the assistance of EPA, DEC continues to conduct
research on indicators of amphibian malformations among northern leopard frogs in the Lake
Champlain Valley. Development of bio-criteria for lakes is continuing.
The Water Quality Division of DEC continues to update and make improvements to its web site
(http://www.vtwaterquality.org) which includes information on biological monitoring programs
and indicators within DEC.
$

Improve data management, increase the documentation of data quality, and increase the use of
electronic databases and geographic information systems.
DEC's analytical laboratory conducts its business under the auspices of the EPA-approved
Quality Assurance/Quality Control Plan (QA/QC) and Quality Management Plan and
monitoring is carried out under QA/QC Project Plans. DEC has and continues to use an Access
database for improved 305b information management and has increased the documentation of
data quality. For this reporting period, DEC has made some progress in the use of EPA's
Assessment Database. Regarding electronic reporting, DEC annually submits rotating
assessment data to EPA as each one-fifth of the state is completed. As to geographic
information systems (GIS), Vermont is presently phasing in the ability to spatially locate water
quality information for rivers and streams. At this time, lakes and ponds data have been
spatially located for water quality reporting purposes. For certain nonpoint source projects,
DEC has begun expanding its use of EPA’s Grants Reporting and Tracking System.

$

Demonstrate a significant expansion in the number of waters assessed across all waterbody
types and uses and improve the quality of monitoring and assessment data and reporting.
Vermont has responded to this goal by implementing a rotational assessment process such that
the rivers and streams and lakes and ponds of all seventeen major basins in the state are
assessed once every five years. This has resulted in much more detailed assessments and many
more miles/acres of waterbodies being assessed each year, as well as specific follow-up action
to monitor suspected problem sites and correct impairments. Geomorphic assessment data and
increased lay monitoring data of good quality have contributed to more complete and increased
assessments of some stream miles as well. The river and stream miles assessed have increased
from 5,495 in 2006 to 5,676 in 2008.

$

Increase assessments of drinking water use support
This continues to remain a goal for DEC. Until sufficient resources are available to specifically
perform drinking water use source support assessments, they will be performed as part of the
DEC's yearly rotational basin assessments. It is conceivable that drinking water use source
support assessments can be done via the on-going Source Water Assessment and Protection
Program.

$

Develop a process for reporting by hydrologic unit (geo-referencing)
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DEC uses waterbody identification numbers (WBID) for reporting by hydrologic unit. All
waterbodies in the state are assigned waterbody identification numbers and are geo-referenced.
The WBID consists of the state two-letter abbreviation followed by a two-digit basin number,
then a two-digit (river) or five-digit (lake) waterbody number. Waterbodies may consist of
several small tributaries, a lake or a portion of the mainstem of a river. In Vermont, there are
609 lake and pond waterbodies (equal to or greater than 5 acres in size) and 208 designated
river and stream waterbodies. All 817 designated waterbodies have been spatially referenced
onto a GIS at a scale of 1:100,000 as well as onto the 1:5,000 scale afforded by the Vermont
Hydrography Dataset. The Vermont Hydrography Dataset (VHD) is based on the National
Hydrography Database. DEC has developed a database table to link hydrologic unit codes
(HUC-14) to all WBIDs. This linkage allows DEC to exchange data between three watershed
characterization systems: HUCs; 1:100,000 waters; and 1:5,000 VHD waters.
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EXECUTIVE SUMMARY/OVERVIEW
Overall Description
The water quality of Vermont’s rivers and streams and lakes and ponds is considered good. This
overall water quality rating has not changed from the overall rating level reported in the year 2006
Section 305b Report. The US Environmental Protection Agency (EPA) has requested that states also
assess the state’s water quality considering the fish consumption advisory for mercury which was
issued by the Vermont Department of Health in June 1995, revised in 2000 and most recently revised
again in 2007. The advisory was issued as the result of fish tissue sampling that showed mercury in
the tissue of all fish, particularly in walleye and lake trout, and also PCBs in lake trout1 in Lake
Champlain. Taking the fish consumption advisory into consideration, the overall water quality of all
the state's waterbodies would be rated as fair. Deposition of mercury from the atmosphere is the
predominant source believed to be responsible for elevated levels of mercury in fish. The fish
consumption advisory appears as Appendix A.
For Vermont’s wetlands, their water quality is believed to be generally good. This characterization is
speculative as Vermont does not have a specific program of assessing and monitoring wetland water
quality. Since personnel and financial resources are limited, it has been incumbent upon the state to
insure important wetland functions and values are protected from being lost or compromised to
development or other destructive practices.
No comprehensive studies have been completed on the quality of Vermont’s groundwater. The quality
of this vast resource is believed to meet drinking water standards for most of its consumers. An
accurate assessment of groundwater quality, however, requires a program with sufficient staff and
other resources to characterize the resource.
Assessment Findings
No basin specific water quality assessment report was completed by the Department of Environmental
Conservation (hereafter as DEC or the Department) in the two years since the 2006 Section 305b
report. The water quality assessment report for Basin 8 (Winooski) is undergoing final revisions as of
this writing. Each of the previously completed river basin-specific assessment reports (includes basins
#1, 2, 3, 5, 6, 7, 9, 10, 11, 12, 14, 17) is available from DEC upon request.
DEC continued to conduct its monitoring and assessment and listing of waters consistent with the
Assessment and Listing Methodology. During the reporting period, the lakes and ponds assessment
database was comprehensively revised and, where needed, lake/pond assessments were modified.
Such modifications were done consistent with the Methodology. The 2008 305b Report contains a
brief reference to the collaborative effort between DEC and EPA concerning a probability-based
monitoring and assessment study. This study was done as a way to provide the basis for estimating the
overall biological condition of Vermont's wadeable stream resources.

1

The 1989 advisory issued for PCBs (polychlorinated biphenyls) in Lake Champlain remains in effect.
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Rivers & Streams
The assessment of Vermont’s river and stream surface water quality and aquatic habitat conditions has
been updated from the 2006 305b assessment with water quality information and data from waters
monitored and assessed during the 1/1/06 to 12/31/07 reporting period. Beginning with the 2004
report and continuing with the 2006 and 2008 report, DEC instituted a substantially different way to
make use support determinations. As described above and in DEC's Assessment Methodology, miles
of rivers and streams are placed into one of four categories by degree of support to designated uses –
full support, stressed, altered or impaired. This categorization differs from the categories of full
support, full support/threatened, partial support, and non-support used in the 2002 and earlier 305b
assessment reports. The 2008 biennial report contains rivers and streams that have been re-assigned to
the new categories to the extent possible. However, the current assessment categories do not directly
equate to the former categories across all rivers and streams within Vermont. The assessment category
of these rivers and streams (considered to be in the minority) will be determined as DEC gets to them
in the assessment rotation. The numbers provided in use support categories as well as the miles of
rivers and streams affected by different causes and sources need to be considered as transitional until
a complete re-assignment and re-assessment has been done.
Vermont has approximately 7,100 miles of perennial rivers and streams (Webster, 1962). Of the 5,676
river and stream miles assessed for the 2008 305b Report, overall approximately 89% of those miles
are in compliance with the state’s water quality standards and support designated uses, and 11% do not
meet water quality standards or do not fully support the designated uses. About 1,424 river and stream
miles (20% of total miles) were not assessed for this report. These figures do not appreciably differ
from those reported in the 2006 305b Report.
Lakes & Ponds
Inland lakes & ponds
All lakes and ponds within the borders of Vermont are considered as inland lakes or ponds except for
the 11 segments of Lake Champlain. Moore Reservoir and Comerford Reservoir (found along the
upper Connecticut River), Lake Memphremagog and Wallace Pond are transboundary waters that are
reported as “inland lakes.”
Of the 55,561 inland lake/pond acres that were assessed for the 2008 305b Report, 34,716 inland lake
acres support uses and 19,921 inland lake acres do not support uses. The 2006 305b Report indicated
that 55,561 inland lake/pond acres were assessed, 37,522 inland lake acres supported uses and 17,825
inland acres did not support uses. The changes in use support acres were largely due to corrections in
impaired acreages for Lake Memphremagog.
Although all inland lake/pond waters are impacted by mercury pollution and are subject to fish
consumption advisories, Vermont’s assessment methodology indicates the need for waterbody-specific
tissue data to indicate non-support of fish consumption. Accordingly, when assessed following the
methodology, approximately 85% of inland lake acres support fish consumption use. This proportion
reflects that there are only a relatively small number of Vermont lakes from which actual fish tissue
data are available.
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Lake Champlain
In Lake Champlain and due to the combined effects of trace metal contamination, nutrient
accumulation and non-native species, none of Lake Champlain’s 174,175 acres found in Vermont fully
support designated uses.
No acres in the Vermont portion of Lake Champlain support fish consumption use due to elevated
levels of mercury and polychlorinated biphenyls (PCB) in fish tissue.
In 2005, the Lake Champlain Basin Program issued a report entitled "State of the Lake - Lake
Champlain in 2005 - A Snapshot for Citizens." The special report contained several important
questions frequently asked by the public regarding the lake and its contributing watershed. Answers to
the questions concerned water quality, public health and safety, fish and wildlife habitat and aquatic
nuisance species. The questions appearing in that report are reiterated below:
Can I swim in Lake Champlain?
Do blue green algae blooms pose a risk?
Who notifies the public about blue-green algae risks?
Can I drink the water?
Can I eat the fish from Lake Champlain?
Are there any new toxins to be concerned about?
Are phosphorus levels too high in the Lake?
Has water clarity improved?
How do increases in population and land use changes influence water quality?
Is it important to protect and restore wetlands and rivers?
Is the biodiversity of Lake Champlain changing?
Do cormorants have an effect on fish, birds and habitats?
Are fish populations changing?
Do sea lamprey threaten salmon, trout and other fish?
Do zebra mussels affect the ecosystem and human use?
Does Eurasian watermilfoil impair the Lake?
Is water chestnut still a problem?
What aquatic nuisance species pose future threats?
What are some cultural heritage and recreation opportunities in the Basin?
Are educational efforts making a difference?
Are local communities helping the cleanup?

For readers interested in the document, the entire State of the Lake report can be inspected at the Lake
Champlain Basin Program's web site: www.lcbp.org.
Wetlands
The Vermont Wetlands Program, located within DEC, administers the Vermont Wetland Rules which
regulate most palustrine wetlands that have been mapped on the Vermont Significant Wetland
Inventory maps. Mapped wetlands have a higher level of protection than unmapped wetlands.
Some years ago, the Vermont Agency of Natural Resources digitized all the National Wetland
Inventory (NWI) maps for the state. This effort identified a statewide total of 232,000 acres of
palustrine wetlands. These wetland areas are considered significant and are designated as Class Two
wetlands under the Vermont Wetland Rules. Wetland inventories conducted in selected towns around
Vermont indicate there is considerably more acres of wetland than identified by the NWI project. The
wetland areas that do not appear on the NWI maps are considered to be Class Three and are not
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regulated by the Vermont Wetland Rules. The area of Class Three wetlands is estimated as 90,000
acres.
The Vermont Wetlands Program generally reviews over 500 new projects on an annual basis. Less
than 16% of these projects result in a Conditional Use Determinations. The measure of success for the
Vermont Wetlands Program is not in the number of permits it issues but rather in the number of
projects the program reviews that do not result in wetland impact or loss. In most cases when a
Conditional Use Determination application is filed, wetland impacts have been avoided (with only
buffer zone impacts) or minimized through negotiation with the Wetland Section staff.
Groundwater
During the reporting period, a variety of groundwater concerns were addressed. These concerns
included the occurrence of naturally occurring arsenic and radionuclides. The wastewater disposal
issue regarding radionulcides at public drinking water systems is particularly problematic. MTBE (an
additive by refiners to gasoline) is also of major concern regarding groundwater and about 75,000
private wells near hazardous waste sites have been sampled for MTBE. More than 250 wells have
MBTE detections across the state.
Groundwater is currently used for drinking water by approximately 70% of Vermont’s population.
About 46% of the population is self-supplied while about 24% is served by public water systems using
groundwater.
About 87% of the public community water systems in the State have their corresponding Source
Protection Areas or aquifer recharge areas mapped. The remaining public community water systems
are using 3,000 foot radius circles as their Source Protection Areas.
In 2002, the on-site sewage statute was reformed to provide universal jurisdiction over all on-site
sewage (septic) systems. Universal jurisdiction over septic systems by the state began in July 2007
and is considered a major event in the on-going protection and improvement of Vermont’s
groundwater quality.
Listings of Waters
Development of the Year 2008 List of Impaired Waters in need of a Total Maximum Daily Load (a
reporting requirement under Section 303d of the Clean Water Act) is a process that runs concurrently
with the development of the 2008 Section 305b Report. Consequently, the final 2008 303d List of
Impaired Waters has not been included in the 2008 305b Report. The 2008 303d List of Impaired
Waters, ultimately needing approval by EPA, will be finalized and made available separately. DEC
will also make available separately the several other listings of priority waters that are considered to
fall outside the scope of Section 303d.
Vermont’s 2006 303d List of Impaired Waters was approved by the New England regional office of
EPA during the reporting period (approval on March 1, 2007). The 2006 303d listing identified a total
of 155 waters as being impaired (111 river/stream segments and 44 lakes/ponds).
Vermont's 2006 listing of other priority waters outside the scope of 303d was also finalized in 2007.
This consists of a number of listings and includes: impaired waters that do not need a TMDL; waters in
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need of further assessment; waters with completed and EPA-approved TMDLs; and, waters altered by
exotic species, flow regulation and channel alteration.
During the 2008 Section 305b reporting period, the New England regional office of EPA approved
thirty-six Total Maximum Daily Load determinations that had been completed by DEC. This brings to
eighty-six the total number of TMDLs affecting Vermont waters that have been developed by DEC
and approved by EPA since 2001.
Concerns & Recommendations
There are several concerns and recommendations which relate to the management and improvement of
Vermont’s water quality and water resources. Concerns and recommendations have been prepared for
the following topics (presented in no particular priority order) and are more fully described in Part B:
Atmospheric deposition of pollutants
Hydrologic modifications in lakes and rivers
Exotic aquatic species as pollutants
Eutrophication of lakes
Nutrient criteria
Alteration of littoral habitat & effects of shoreline development on inland lakes
Emerging contaminants
E.coli contamination & mircrobial source tracking
Lack of strategic statewide vegetated buffer requirements
Road salt and water quality
Polluting discharges from large farms
Groundwater
Floodplains & water quality
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PART A: INTRODUCTION
Within its borders, Vermont has approximately 7,100 miles of rivers and streams (Webster, 1962),
300,000 acres of fresh water wetlands and 812 lakes and ponds (those at least 5 acres in size or those
named on US Geological Survey maps) totaling about 230,900 acres. Surface waters (not including
wetlands) are classified as Class A or Class B. Class A waters are managed for enjoyment of water in
its natural condition, as public drinking water supplies (with disinfection when necessary) or as high
quality waters which have significant ecological values. Class B waters, which are managed for high
quality, may have minimal, minor or moderate change to aquatic biota or habitat according to the
water’s management type B1, B2 or B3. Certain Class B waters have an overlay Waste Management
Zone for public protection below sanitary wastewater discharges.
There are approximately 165 miles of Class A rivers and streams and 1,736 acres of Class A lakes and
ponds in Vermont (these figures do not include rivers/streams above 2,500 feet elevation which are
also Class A). In addition, there are close to 6,935 miles of Class B rivers/streams and 229,053 acres
of Class B lakes/ponds. Approximately 315 miles of the Class B rivers and about 15 acres of Class B
lakes have a Waste Management Zone. The Waste Management Zone, similar in effect to a zoning for
land use overlay, is created on a site-specific basis to accommodate the direct discharge of treated
sewage effluent to surface waters.
The Vermont portion of the Batten Kill along with the West Branch of the Batten Kill (totaling about
33 miles), the Lower Poultney River (about 22 miles), a 3.8 mile segment of the Ompompanoosuc
River and a 1.3 mile segment involving Pikes Falls on the North Branch of Ball Mountain Brook have
each been designated as an Outstanding Resource Water (ORW). The 3.8 mile segment of the
Ompompanoosuc was designated ORW in 1996. All other ORWs noted above were designated in
1991.
Wetlands within Vermont are classified as Class One, Class Two or Class Three. Class One wetlands
are considered exceptional or irreplaceable in their contribution to Vermont’s natural heritage and are
afforded the highest level of protection. Class Two wetlands are considered significant. Class One
and Class Two wetlands are those shown on the National Wetlands Inventory maps. Class Three
wetlands are areas that do not appear on the maps. The majority of wetlands within Vermont are Class
Two.
Surface water quality monitoring undertaken by the Department during the 2008 305b reporting period
(January 1, 2006 through December 31, 2007) continued to support an assortment of water program
activities. Long-term monitoring programs are designed to assess trends in water quality, as well as to
generate baseline water quality information. DEC also maintains a strong presence on Lake Champlain
and conducts a variety of short-term lake and stream-specific monitoring projects. Monitoring data is
used to manage and protect Vermont waters in a pro-active manner. The reader is referred to Part C
for a more detailed description of DEC’s surface water quality monitoring program and for the results
of monitoring and assessment activities. For 2008 assessment reporting and listing purposes, DEC
relied on its 2006 Assessment and Listing Methodology as no changes were warranted. The 2006
Assessment and Listing Methodology can be inspected by visiting DEC's Water Quality Division web
site (www.vtwaterquality.org) or by referring to the 2006 305b Report.
For the wide range of water quality management and planning purposes, there are 17 major river
basins found in Vermont. These rivers drain into one of four large regional drainages: Hudson River,
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Lake Champlain, Lake Memphremagog and the Connecticut River. A map illustrating the 17 Vermont
river basins is provided below.

Vermont’s Major Watersheds

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
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Battenkill,Walloomsac, Hoosic
Poultney-Mettowee
Otter Creek, Little Otter, Lewis
Lower Lake Champlain
Upper Lake Champlain
Missisquoi
Lamoille
Winooski
White
Ottauquechee, Black
West, Williams, Saxtons
Deerfield
Lower Connecticut
Wells, Waits, Ompompanoosuc
Passumpsic
Upper Connecticut
Lake Memphremagog

PART B: BACKGROUND & OVERALL DESCRIPTION OF VERMONT'S
WATER QUALITY AND SURFACE WATER RESOURCES
B.1. Summary Description of Vermont's Water Quality
The water quality of Vermont’s many rivers and streams and lakes and ponds is considered good. This
overall water quality rating has not changed from the overall rating level that was reported in the 2006
Section 305b Report. The US Environmental Protection Agency (EPA) has requested states to also
assess the state’s surface water quality considering the fish consumption advisory for mercury which
was issued in June 1995, revised in June 2001 and further revised in 2007. The advisory was issued as
the result of fish tissue sampling that showed mercury in the tissue of all fish, particularly in walleye
and lake trout, and also PCBs in lake trout1 in Lake Champlain (see updated advisory as Appendix A).
Taking the fish consumption advisory into consideration, the overall water quality of all the state's
waterbodies would be rated as fair. A statewide assessment of mercury in sediments, waters, and biota
of Vermont lakes was completed during the 2004 reporting cycle. Results of the project are discussed
and can be found in Part Four of the 2004 305b Report.
With regard to Vermont’s wetlands, their water quality is believed to be generally good. Since
Vermont does not have a specific program of assessing and monitoring wetland water quality, this
characterization is somewhat speculative. It has been incumbent upon the state’s limited resources to
insure important wetland functions and values are protected from being lost to development or other
destructive practices.
No comprehensive studies have been completed on the quality of Vermont’s groundwater. In most
cases it is believed that groundwater quality meets drinking water standards. A thorough evaluation of
groundwater is needed, however, to provide a factual characterization of this important resource.

B.2. Atlas/Total Waters
Vermont has approximately 7,1002 miles of rivers and streams, 230,900 acres of lakes, reservoirs and
ponds and 300,000 acres of freshwater wetlands. The surface area of lakes, ponds and wetlands
represent approximately 828 square miles of water or about 8.6% of the state's total 9,609 square mile
area.
Vermont's border waters include the Connecticut River on the east (border with New Hampshire),
Lake Memphremagog and Lake Champlain on the north (partial border with the Province of Quebec)
and the Poultney River and Lake Champlain on the west (border with New York).

1

Still in effect is the 1989 advisory for PCBs (polychlorinated biphenyls) in Lake Champlain.

2

Source of 7,100 mile figure is EPA's Total Waters Database. Earlier 305b reports relied upon Don Webster's list of
Vermont waters prepared in 1962 that showed a total of 4,936 miles. A number of omissions have been discovered in
Webster’s listing with many small streams overlooked and the lengths of some rivers and streams significantly
underestimated. The total mile figure is likely to change once the Vermont Hydrography Dataset becomes functional.
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There are 17 major river basins in Vermont (refer to map on preceding page), which drain to one of
four large regional drainages: Lake Champlain, the Connecticut River, Lake Memphremagog, or the
Hudson River. Additional surface water resource information is contained in Table B.1 below.
Table B.1. Atlas.
State population
State population change (1990 - 2000)
State surface area
State population density
Number of water basins
Miles of perennial rivers & streams3
Border miles of shared rivers/streams (subset)4
Number of lakes, reservoirs & ponds over 20 acres
Number of lakes, reservoirs & ponds from 10 to 20 acres
Number of lakes, reservoirs & ponds (at least 5 acres but less than
20 acres)
Number of significant, lakes, reservoirs & ponds less than 5 acres
Deepest in-land lake (Willoughby)
Greatest depth of Lake Champlain (off Thompsons Point)
Acres of lakes, reservoirs & ponds5
Acres of freshwater wetlands6

608,827 (2000 Census)
8.2 % increase
9,609 square miles
63.36 persons/sq mi
17
7,099
262
291
190
318
203
308 feet
394 feet
230,901
300,000

There are no coastal waters, estuaries or tidal wetlands in Vermont. However, due to the size of Lake
Champlain (approximately 120 miles long and 12 miles wide at its widest), the lake is considered an
inland sea by many residents of Vermont, New York and Quebec. The Atlantic Ocean and Inland
Waterway are accessible to the south from Lake Champlain via the New York Barge Canal. The
Richelieu River, St. Lawrence River and the Atlantic Ocean are accessible to the north through
Canada.
B.3. Estimated Total Stream Miles & Lake Acres in Vermont using the Vermont Hydrographic
Dataset
During the 2006 305b reporting period, the Vermont Center for Geographic Information developed a
new spatially referenced geographic layer and accounting of surface waters throughout the state. This
so-called Vermont Hydrographic Dataset (VHD) was derived by photo-interpretation of 1:5,000 scale
aerial orthophotographs and through use of the 1:100,000 scale National Hydrographic Dataset (NHD)
as a base layer. VHD has been approved by USGS as the NHD dataset for Vermont and, accordingly,
all reach addressing is compliant with NHD standards and specifications.
3

Includes the Connecticut River.

4

Connecticut River - 238 miles; Poultney River - 24 miles.

5

Figure includes the Vermont portion of Lake Champlain, some private waters and some waters less than 5 acres in
size. This figure also accounts for two large CT River impoundments, Moore and Comerford Reservoirs, which are 1,255
and 777 acres in size, respectively. Figure also accounts for three newly inventoried ponds. These were not previously
tracked in Vermont’s Lake Inventory Database.
6

Figure does not include wetlands found on agricultural lands that are actively used for agricultural purposes.
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For many years and concerning several previous Section 305b Reports, DEC has provided a statewide
estimate of about 7,100 river and stream miles. This estimate is based upon the older EPA Total
Waters dataset which was a precursor to the NHD and sized to capture surface waters at 1:100,000
scale. A map scale of 1:100,000 implies that waters visible on USGS 1:100,000 scale quadrangle
maps will be captured by the geographic coverage in question. The 1:5,000 scale VHD shows all
waters visible on a base layer of that scale, resulting in significantly more waterbodies being mapped.
The new VHD-based preliminary estimate for total river and stream mileage on a statewide basis is
22,525 miles, an increase of 317% over the older EPA Total Waters estimate. The total number of
lake acres captured by VHD does not appreciably change from the current DEC estimates of total
statewide lake acreage, as the largest proportion of lake acres in Vermont are already reflected by the
current Vermont Lake Inventory.
For the 2008 Section 305b Report, DEC has chosen to continue using the Total Waters estimate.
Before the VHD-based estimate is incorporated into its various water quality assessment and reporting
efforts, DEC will need to revise the lengths of rivers and streams throughout the state on a systematic
basis involving each waterbody. As of this writing, it is not known when that revision process will
begin or how long it will take. In order to ensure reporting consistency, the VHD-based mileage
values will not be employed until all river and stream waterbodies have been re-evaluated.
B.4. Effectiveness of Pollution Control Programs
The Vermont Department of Environmental Conservation (DEC) within the Agency of Natural
Resources has been designated as the lead water quality management agency for the State of Vermont.
In that role, DEC administers a wide variety of programs that are intended to control, reduce or prevent
pollution from point and nonpoint sources to the State’s surface and ground water resources. These
programs are effective at maintaining, protecting and restoring water quality and aquatic habitat
conditions. For the purpose of describing water pollution control program effectiveness, DEC’s
various water pollution control programs can be summarized into three categories: General, Point
Sources and Nonpoint Sources.
Since the 2004 305b Report, a relatively new water quality program has become established in
Vermont known as the Clean and Clear Initiative. The Clean and Clear Initiative, which cuts across
the three water pollution program categories noted above, is noted later in this chapter.
General Program
Water Quality Standards
The Water Quality Standards are the foundation of the state’s water pollution control and water quality
protection efforts. The Water Quality Standards (Standards or WQS) have been promulgated by the
Vermont Water Resources Board and provide the specific criteria and policies for the management and
protection of Vermont’s surface waters. The classification of waters (rivers, streams, lakes and ponds)
as Class A, Class B or Class B with Waste Management Zone are the management goals to be attained
and maintained. The classification also specifies the designated water uses for each class. Class A
waters are either A1 (ecological waters) or A2 (public water supplies). Class B waters fall within one
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of three water management types (B1, B2 or B3) after consideration by the Water Resources Board.7
The WQS used when preparing this report were adopted on January 25, 2006 and became effective
February 9, 2006. The WQS were revised during 2007 and became effective January 1, 2008 (go to
www.nrb.state.vt.us/wrp/rules.htm). Assuming no further changes are made, this version of the WQS
will be used for 2010 assessment reporting and listing purposes.
The Vermont WQS establish narrative and numeric criteria to support designated and existing uses.
Designated uses, as established in Sections 3-02(A), 3-03(A) and 3-04(A) of the Standards, mean any
value or use, whether presently occurring or not, that is specified in the management objectives for
each class of water. Table B.2 serves to indicate applicable designated uses.
Table B.2. Designated Uses for Water Classifications.
Designated Uses

Class
A(1)
– Class A(2) – Public Class B Waters
Ecological Waters Water Supplies
Aquatic Biota, Wildlife & Aquatic Habitat
√
√
√
Aesthetics
√
√
√
Swimming & Other Primary Contact
√
√
Recreation
Boating, Fishing & Other Recreation Uses
√
√
Public Water Supplies
√
√
Irrigation of Crops & Other Agricultural
√
Uses

Class A Re-Classifications
The 1986 "Pristine Streams Act" created the opportunity for any waterbody supporting habitat that is
ecologically significant and has water quality that meets at least Class B standards to be re-classified to
Class A. A re-classification is a rule making procedure before the Water Resources Panel where a
public interest determination must be made pursuant to Vermont's Water Pollution Control Statute,
Title 10 VSA Section1253. No streams have been re-classified to Class A since the 1998 305b Report.
Outstanding Resource Waters
An overlay of both Class A and Class B waters is the designation of Outstanding Resource Water
(ORW). ORWs are waters of the State designated by the Water Resources Panel as having exceptional
natural, recreational, cultural or scenic values. To gain an ORW designation, the petitioners must, in a
contested case hearing before the Panel, provide evidence and testimony that the waters in question
have exceptional natural, cultural, scenic, or recreational values. The following waters have been
designated as ORWs: the Batten Kill and its West Branch, Pikes Falls on the North Branch of Ball
Mountain Brook, the lower Poultney River and Great Falls on the Ompompanoosuc River. No
additional ORWs were designated during the 2008 305b reporting period.
Watershed Approach
Vermont has adopted and is implementing a watershed approach to surface water quality planning.
The DEC-prepared document, Guidelines for Watershed Planning (refer to www.vtwaterquality.org,

7 A petition for water management typing of all surface waters in the White River basin was submitted to the Water
Resources Board during the 2006 reporting period. DEC subsequently withdrew its petition. Deliberations and potential
rule making regarding water management typing – now by the Water Resources Panel - are ongoing.

11

click on "planning" then click on "basin planning process") calls for basin surface water plans to be
developed on a periodic basis. The document was updated in 2007.
The watershed planning process is an inclusive public process that takes into account current and past
assessment, planning, and implementation activities at the state and local levels. Assessments are
followed by the basin plans that will summarize current and prior (within five years) water pollution or
water quality management activities. This rotational planning process will also identify topics or areas
of special importance in the basin, identify available management tools to address those topics, and
make specific recommendations on how to address key topics, including recommendations for
continuing community-based planning or implementation action. River basin specific "watershed
councils" provide locally based input concerning strategies and recommendations. Each basin plan
updates previous basin plans. Each basin is unique in its problems and opportunities. Nevertheless,
assessment, planning and implementation are constantly occurring at many different levels from the
activities of landowners to municipal, state and federal levels and evolving with public participation.
The Guidelines for Watershed Planning looks at all of these activities, including the condition of the
waters in a given point in time, and makes conclusions and recommendations for the future.
The Poultney-Mettowee River Basin Water Quality Management Plan was adopted by the Secretary of
the Agency of Natural Resources in 2005. The White River Basin Water Quality Management Plan
was adopted by the Secretary of the Agency of Natural Resources in 2002. Table B.3, appearing on
the following page, provides a summary update and overview of the status of basin planning activities
as of December 2007.
Point Source Control Program
Vermont administers a well-planned and comprehensive direct discharge water pollution control
program, consisting of planning loans and advances, construction grants and loans, permitting and
compliance monitoring. In March 1974, Vermont received from EPA the delegation authority to
administer discharge permits under the National Pollutant Discharge Elimination System. Within
Vermont there are 34 wastewater treatment facilities considered as “major” and 131 “minor” facilities.
With the construction of the state's last originally identified municipal waste water treatment facility
(WWTF) and completion of the upgrades from primary to secondary, the program has continued to
place emphasis on refurbishment of existing WWTFs, the completion of phosphorus reduction
upgrades (refer to Appendix B, Table B.1), advanced waste treatment, correction of combined sewer
overflows (CSO) (see Appendix B, Table B.2), control of toxics, pollution prevention activities and
facility enlargements.
During the 2008 305b reporting period, construction commenced on CSO corrections, sewer line
rehabilitations and extensions, sewer system improvements, wastewater treatment plant upgrades, and
phosphorus reductions. Various new projects, located in 5 communities within the Vermont portion of
the Lake Champlain drainage, commenced construction in 2006 and 2007 using funding from state,
federal and local sources, totaling approximately $3.2 million in ultimate expenditures (refer to Table
B.4 below). Due to the size of some of the projects and limited appropriations, some of the projects
received only partial state and federal funding during the reporting period but are not listed in the table.
Of the 34 facilities with planned phosphorus reduction projects in the Vermont portion of the Lake
Champlain basin, 32 have been or are close to being completed. Of the 33 planned CSO correction
projects, 24 have been completed, 1 is underway and 8 are pending.
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Approximately $3.2 million dollars were committed during the 2006 - 2007 reporting period on waste
water treatment facility upgrades, combined sewer overflow corrections, sewer line extensions and
rehabilitations and other waste water treatment system improvements in five communities. This figure
is notably less than the figure reported in the 2006 305b Report.
Table B.3. Basin Planning Initiative - Status for All Basins (as of December 2007).
Components of the
Basin Planning Process
Public forums held
Watershed
Council
formed
Local
water
quality
concerns identified
Panel discussions on
water quality issues held
Strategies for water
quality issues formulated
Review of town plans &
zoning regulations
Develop
water
management
type
classification proposal
Meetings with towns on
classification proposal
Watershed plan draft
Public hearings on draft
plan
Final basin plan
Basin plan adopted by
ANR Secretary
Outreach to schools and
local groups
Basin Assessment Report
Phase
I
Stream
Geomorphic
Assessments (SGA)
Phase II SGA
Bridge
&
Culvert
Inventory
Dam Inventory
Biological Monitoring
Restoration Projects

1

2

3

5

6

7

I/O

C
C

C
C

O
C

I

C

C

C

C

O

C

I

9

11

14

17

C
C

C
C

C
C

C
C

I/O

O

C

C

C

C

O

O

C

N/A

C

C

O

O

O

C

C

C

O

C

I/O

O

I

C

C

O

O

C

I/O

I

C

C

O

O

C

I/O

C

C

I

C
C

I

C

C
C

I,C
I

I

C

O

O

C
O

C
C,O

C
O/C

O

C,O
O

O/C
O/C

C
C
O

I
O
C&O

O
C&O

I

8

C
C

C
I

O

I/O

C
C

O

O

O

O

O

C
O/C

C
O/C

C
O

C
O

C
O

O

O/C
O/C

I/O/C
I/O

O

O
O

O
O

O
O

I
O
C&O

O
O

I
O

C
O

C
O
C&O

O
C&O

C

O

Key to Table: I = initiated, O = ongoing, C= completed
Basin 1 = Batten Kill, Walloomsac, Hoosic; Basin 2 = Poultney-Mettowee Rivers; Basin 3 = Otter Creek; Basin 4 =
Lower/Southern Lake Champlain; Basin 5 = Northern Lake Champlain; Basin 6 = Missisquoi River; Basin 7 = Lamoille
River; Basin 8 = Winooski River; Basin 9 = White River; Basin 11 = West, Williams & Saxtons Rivers; Basin 12 =
Deerfuield; Basin 14 = Waits, Wells, Ompompanoosuc & Stevens Rivers; Basin 17 = Lake Memphremagog.
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Table B.4. Municipal Pollution Control Project Starts.
(January 1, 2006 to December 31, 2007)

Community

Est. Project
Cost

Description
**** LAKE CHAMPLAIN DRAINAGE ****

Burlington
Colchester
Hardwick
Richford
Tro/Jay

Replace river crossing siphon
Individual on-site systems
Phosphorus removal & plant rehabilitation
Phosphorus removal & plant rehabilitation
Phosphorus removal
**** HUDSON RIVER DRAINAGE ****
No new construction projects this reporting period

$1,606,000
$ 150,000
$743,000
$582,000
$122,000
-

**** LAKE MEMPHREMAGOG DRAINAGE ****
No new construction projects this reporting period

-

**** CONNECTICUT RIVER DRAINAGE ****
No new construction projects this reporting period
TOTAL COST

$3,203,000

Nonpoint Source (NPS) Control Program
Vermont has been able to effectively target areas, design work plans, compete for and capture funding
and implement NPS projects directed at restoring and protecting water uses and values. In the sixteen
years of Clean Water Act Section 319 NPS implementation funding (1990-2007), Vermont has
received a cumulative total of about $21 million to implement a variety of activities. The goal of the
NPS management program is to encourage the successful implementation of best management
practices (also referred to as “BMPs”) by diverse interests such as farmers, developers, municipalities,
lakeshore residents, landowners and riparian landowners in order to prevent or reduce the runoff of
pollutants. Effective BMPs can be structural, vegetative or management-based as well as regulatory or
advisory.
Some notable activities carried out with Section 319 funding during this 305b reporting period include
watershed restoration efforts carried out in various drainages by the Vermont Youth Conservation
Corps, cover cropping demonstrations in three agricultural areas of Vermont, assistance targeted to
farm producers in priority watersheds to help with management intensive grazing for clean water,
stream geomorphic assessment information assisting with the strategic location of riparian planting
efforts, start up of a portable logging skidder bridge pilot program and funding assistance for
municipalities for reducing sediment runoff from unpaved backroads. Importantly, the Program was
able to assist a variety of locally-led efforts to improve water quality and/or habitat conditions (e.g.
Sucker Brook restoration in Williston, priority actions in the Castleton and Hubbardton watersheds and
stormwater mitigation in Morrisville).
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Because of the diffuse but widespread nature of NPS source pollution, there are several other important
programmatic aspects that are prominent features of Vermont’s nonpoint program. Some management
elements are part of DEC while others elements are conducted outside of DEC. Examples of the
former include stream stability assessments and floodplain management, construction sediment and
erosion control, hazardous and solid waste management, responding to spills and leaks and the control
of stormwater from construction sites and developed areas. Examples of the latter include logging
erosion control carried out by the Vermont Department of Forests, Parks and Recreation and
agricultural runoff control by the Vermont Agency of Agriculture, Food and Markets. The US
Department of Agriculture is an important nonpoint source management partner in both forestry and
agriculture arenas.
Specific details regarding the NPS program and project activities are available from DEC's Water
Quality Division. DEC has maintained a listing of 319-assisted project titles by funding year.
Vermont will continue to pursue and apply Section 319 NPS funding in targeted areas that are likely to
result in the successful implementation of BMPs and programs and in the improvement of water
quality.
Clean & Clear Initiative
The over abundance of phosphorus in many of Vermont’s waterways causes great harm because it
nourishes algae blooms, degrades the clarity and overall quality of the water and impacts wildlife. All
of these constitute a serious threat to the economic vitality and natural beauty of Vermont. With 2005
being its second year of operation, the Clean and Clear Action Plan is a comprehensive, multi-faceted
blue print for reducing phosphorus loading to Vermont’s waterways through both point and nonpoint
sources. Clean and Clear advances the pollution reduction framework established in the Lake
Champlain Phosphorus Total Maximum Daily Load (TMDL) from the year 2016 to 2009, the 400th
anniversary of the arrival of the French explorer Samuel de Champlain. During the 2008 305b
reporting period, the Center for Clean and Clear was created. The Center for Clean and Clear will
focus its water quality management efforts to waters in the Franklin County and Grand Isle County
regions. The Center has declared its targeted areas of management attention are Hungerford Brook,
Rock River and St. Albans Bay watersheds in order to reduce phosphorus to Missisquoi and St. Albans
Bays of Lake Champlain.
In 2005 Governor Douglas recommended, and the Vermont Legislature appropriated, a nearly twenty
percent increase in the Clean and Clear budget for programs in the Vermont Agencies of Agriculture,
Natural Resources and Transportation. This increase allowed for: additional stream restoration
projects; reduced a greater percentage of the backlog of expired stormwater permits; enabled the
development of nutrient management plans on farms and more water quality management financial
assistance; broadened the level of public participation in watershed planning; and, provided for more
outreach so that the public will become more aware of phosphorus issues. The major components of
the Clean and Clear Action Plan Initiative are summarized below. A more complete description of the
initiative can be found in the 2006 305b Report or by visiting the Clean and Clear web site:
www.anr.state.vt.us/cleanandclear.
Agency of Agriculture, Food and Markets (AAF&M)
Best Management Practices & Alternative Manure Management
This program provides significant financial assistance through cost share for structures designed to
address discharges from farm production areas because the majority of milkhouse waste, silage and
manure is stored there. The total estimate to fix all these major production area structural issues on
Medium Farm Operations (MFO) is $15.4 million. An additional $0.88 million is needed to assure all
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MFO farms have nutrient management plans. This totals to $16.3 million for all MFO farm fixes to
meet proposed regulatory standards. AAF&M estimates that to fix all of the manure waste storage,
silage leachate, roof runoff and milkhouse waste issues on all farms would cost over $61 million. Five
Alternative Manure Management projects have been approved totaling about $234,000.
Conservation Reserve Enhancement Program (CREP)
CREP encourages farmers to voluntarily install conservation buffers in riparian areas by offering rental
payments in exchange for taking strips of land out of production. The goal of CREP is to enroll 7,500
acres by the year 2009. After an initial spike in acreage enrolled in 2002, CREP is showing slow,
steady growth through 2007. About 1,200 acres have been enrolled. Although there was a significant
expansion of education and outreach efforts with additional staff, rental payments over the last few
years had been insufficient to draw more enrollment. Rental payment rates were increased in 2005
which should result in higher enrollment.
Nutrient Management Program
Nutrient Management Plans (NMP) are part of the Integrated Crop Management Program (ICMP) and
help bring soils to optimum phosphorus levels. Of the 205 MFOs in Vermont, 105 do not have NMPs
in place. The cost of implementing NMPs on these farms is about $0.88 million. It is anticipated that
as more farmers become aware of water quality issues and regulations, this program will grow rapidly.
Regulatory Programs
Rules regarding Accepted Agricultural Practices (AAP), Medium Farm Operations (MFO) and Large
Farm Operations (LFO) comprise the regulatory tiers of the Agricultural Water Quality Program and
are designed to prevent discharges containing phosphorus and nitrogen. AAPs are a base level of
management required of all farms regardless of size, type or location. Recent changes to the AAPs
include a mandatory 10 foot buffer on all riparian cropland. Other changes include criteria for nutrient
and pesticide storage, soil testing and riparian pasture management. MFOs are subject to an increased
level of management because of the potential impact that greater numbers of animals can have being
confined in a single area. Revisions to the LFO rules for nutrient management and waste storage
structures became effective in 2007.
Conservation District Outreach & Technical Assistance Program
Vermont's 14 Conservation Districts provide direct technical assistance to farmers to help: establish
compliance with AAPs; apply for help with conservation practices; apply for restricted exemptions
from winter spreading bans; conduct assessments of groundwater contamination and; provide
agricultural representation in basin planning being conducted by DEC. The Winooski Conservation
District hired two technicians who provide land treatment planning services in watersheds targeted by
the Federal Watershed Protection Act.
Basin Planning
Agriculture is recognized as a major source of nonpoint pollution in many of Vermont's river basins
and watersheds. The Winooski Natural Resource Conservation District has been awarded a grant to
write and provide research for agricultural elements of river basin water quality management plans
which are required by state law.
Agencies of Natural Resources and Transportation
Wastewater Discharges
Dramatic progress has been made over the last several years in reducing the level of phosphorus in
discharges from municipal wastewater facilities. Under Clean and Clear, the reduction of more than
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3.3 metric tons per year of permitted phosphorus discharge was funded in FY2005-2006 for the
Richford and Troy/Jay facilities. Funding of similar projects in Hardwick and Waterbury in FY2007
will lead to reductions of another 5 metric tons of permitted phosphorus in discharges.
River Management
The Vermont General Assembly provided a major boost to the River Management Program during the
2005 session, appropriating $1.25 million in capital funds for projects. Clean and Clear funds were
also used to leverage $1 million in FEMA grants for mapping of erosion hazards which, when
addressed, will help prevent transport of phosphorus-laden sediment. More than 3,000 miles of stream
have been assessed by River Management staff and program partners since Clean and Clear began in
2004, generating data for more “on the ground” implementation projects.
Better Backroads
The Better Backroads Program helps control phosphorus runoff by assisting towns with improved road
maintenance and construction techniques and grants to implement them. Grants pay for bank and ditch
stabilization and culvert upgrades, all of which stem erosion and decrease the transport of phosphorus.
More than 30 towns participated for the first time in the Better Backroads Program in 2005 due to a
significant boost in Clean and Clear grant awards, which slightly exceeded $328,000. Continued onsite assistance is crucial to getting towns to participate in the program.
Stormwater Management
Substantial progress in reducing the backlog of expired stormwater permits combined with an
increasing number of sites coming under permit control indicates that overall stormwater treatment is
improving in Vermont. The number of individual or general permits for new developments or
redevelopment projects has increased from 111 in 2005 to 265 in 2007. All new permits require
stormwater treatment systems consistent with state standards in the 2002 Vermont Stormwater
Management Manual. Two sets of stormwater rules have been established with one set governing
stormwater management in watersheds of impaired waters; the other set governing how stormwater is
managed in non-impaired waters. The first of 17 hydrology-based TMDLs for stormwater impaired
watersheds (Potash Brook) was approved by EPA in late 2006. Four additional hydrology-based
TMDLs were approved in 2007.
Erosion Control at Construction Sites
With additional staff provided by Clean and Clear, there has been considerable improvement in permit
processing, education and outreach and permit compliance. The overall rate of compliance is still too
low. However, projects in impaired watersheds with Individual Permits have generally shown better
compliance records. Despite a significant increase in outreach and education efforts, there were many
cases where contractors were not aware of their obligations under Construction General Permits
(CGP). In September 2006, the CGP was re-issued with a drop in the regulatory threshold from 5
acres to 1 acre of earth disturbance.
Local Municipal Actions
This program places a Water Quality Specialist at the Vermont League of Cities and Towns to
encourage towns to adopt water quality regulations not covered by state law. The Program began in
early 2005 with the specialist delivering presentations at the Town Officer Education Conference
series. In 2007 and among a range of other activities, the specialist produced a model riparian buffer
ordinance and a technical paper that was provided to over 1,000 municipal officials. The goal of the
Program is to have all towns in the Lake Champlain basin adopt good water quality protection
standards in their regulations or other non-regulatory tools and practices.
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Wetland Protection and Restoration
Because wetlands are such a valuable resource in the battle against phosphorus loading, this program
seeks to restore wetlands damaged or destroyed by development and agriculture. A restoration plan for
wetlands in the Lake Champlain Basin was completed in 2007. The plan provides information which
serves as the basis for a basin-wide wetland restoration and wetlands protection implementation plan.
Forest Management
With forested areas covering over 75 percent of the state and yielding some 900,000 cords of wood per
year, there is some concern about sediment discharges from silvicultural practices. Stream crossings
are often the most likely to create a discharge, so loggers and landowners are being encouraged to use
skidder bridges and other Best Management Practices. A watershed forester has been hired to facilitate
these efforts and began work in February 2006.
Monitoring
Monitoring of water quality and land use is necessary to determine whether the goals of the Lake
Champlain TMDL implementation plan are being met. Four segments of the Lake are not meeting
their in-lake phosphorus standard and six other segments are borderline. Three segments are seeing
increasing phosphorus levels and almost all of the lake’s major tributaries exceed allowable limits.
Development of land that had been in forested or agricultural use could increase phosphorus runoff
which could offset some of the gains from the management activities of Clean and Clear. Citizen
volunteers sampled 16 stations in Lake Champlain and 53 other inland lakes in 2007 as part of the
Vermont Lay Monitoring Program. A study of St. Albans Bay has found there is an abundant supply of
phosphorus in the sediments of the bay which is likely to nourish algae for many years to come. A
feasibility study was designed to be conducted in two phases. The phase 1 report was completed in
June 2007 and included four lake management options. The second phase will provide a detailed
treatment design for the chosen alternative and supply information needed to support environmental
permitting requirements.
Watershed Action Plans
Watershed planning educates citizens about what they can do to reduce pollution, coordinates pollution
reduction activities and invites the public to help establish priorities for management projects. Under
Clean and Clear, two additional Watershed Coordinator positions were recruited, giving the program
five positions in the Lake Champlain Basin and three in the Connecticut River Basin. Watershed
Coordinators, working to develop consensus through Watershed Councils, were the catalysts for
dozens of water protection activities more than 3,500 people.
The above narrative only serves to summarize the major components of the Clean and Clear Initiative.
For those readers interested in a more complete description of the various Clean and Clear elements,
including program history, program accomplishments and the various indicators being used to
document success, the January 2008 report prepared by the Vermont Agencies of Natural Resources
and Agriculture entitled Progress in Establishing & Implementing the TMDL Plan for Lake Champlain
should be consulted.
The report can be seen on the Clear and Clear web site:
www.anr.state.vt.us/cleanandclear.
B.5. Nature & Extent of Nonpoint Source Pollutants
Pollution from nonpoint sources of pollutants continues to be the major source of water use
impairment to Vermont surface and ground water resources. It is estimated that close to 90% of the
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miles and acres of the state's impaired surface waterbodies are the result of nonpoint source pollution.
Water quality impacts and the potential for impact from nonpoint sources are apparent in each of
Vermont’s 17 drainage basins.
The reader is referred to Part C (Surface Water Monitoring and Assessment) and Part D (Groundwater
Monitoring and Assessment) for further details regarding the causes and sources of NPS pollution
within Vermont.
B.6. Environmental Impact/Economic & Social Costs/Economic and Social Benefits of Effective
Water Programs
Point Sources
The total commitment and expenditure of state, federal and local funds for all municipal wastewater
treatment facilities and appurtenances to date has been approximately $639 million. These facilities
have improved the quality of 59 rivers and 3 lakes for such uses as swimming, fishing, boating and
aquatic life. The $639 million figure includes the $3.2 million in improvements which started
construction during the 2008 305b reporting period. Refer to Table B.4 for the location and estimated
cost of recent improvements.
Nonpoint Sources
Quantifying the financial resources expended on nonpoint source control of pollutants is not as easy to
determine or link to specific river miles/lake acres of improvement as contributions of resources occur
from many and various state, federal and local agencies as well as from landowners, volunteer groups,
foundations, businesses and even corporations. There are two Clean Water Act (CWA) programs
under DEC administration (604b regional pass through and 319) and a single state-funded program
(Conservation License Plate - Watershed Grants Program) that address nonpoint source pollution
control which can be highlighted.
Funding for the two CWA programs from 1989 through 2007 has amounted to approximately
$900,000 (604b) and over $21 million (319). The 604b Program has assisted the 11 Vermont regional
planning commissions conduct a wide variety of water quality planning related activities. A portion of
the 319 Program has provided funding assistance to a wide variety of governmental and non-profit
organizations to carry out nonpoint source implementation efforts.
The notable state funded program is the Vermont Conservation License Plate Program. In the nine
years of its existence (1998-2007), the program has awarded over $475,000 in state monies to many
diverse groups for a wide variety of projects. Many of the funded license plate projects provide water
quality and/or aquatic habitat benefits. Another extremely important state funded program (which
addresses point sources as well) is the Clean and Clear Initiative that has been described previously.
As a way to offset some of these cost-benefit uncertainties, the 2004 Section 305b Report mentioned
five fairly recent socio-economic evaluations related to recreational water use or water quality
conditions. The reader is referred to the 2004 report for the noteworthy findings of those evaluations.
In brief, the five surveys that were mentioned in that previous report include:

19

The Center for Rural Studies at the University of Vermont conducted a survey in the fall 2002 of 1,338
Vermont households regarding their opinions of recreation resources. The survey8 was done for the
Vermont Department of Forests, Parks and Recreation as one component for the 2005 Vermont Outdoor
Recreation Plan.
The Year 2000 Vermont Angler Survey9.
The Year 2001 National Survey10.
In the fall 2003 issue of LakeLine11, researchers examine property sale prices and water quality
relationships of lakes in 3 New England states (ME, NH, VT) to provide some understanding of the social
value of environmental quality and the risk of degraded environmental quality.
A report in 2002 was issued describing a study of visitors to Vermont State Parks.12 The study was
conducted to improve current knowledge of the values and functions of the 47-state park system.

B.7. Strategy to Achieve Comprehensive Monitoring & Assessment Coverage
In accordance with EPA guidance, and during the 2006 Section 305b reporting period, DEC completed
a Water Quality Monitoring Program Strategy. The Strategy document consists of ten parts and
addresses major elements necessary for monitoring the quality of ambient waters for the purpose of
water quality assessment, planning and management. The monitoring strategy is written with a tenyear lifespan and includes annual and mid-term progress evaluations. Implementation of the Strategy
began in 2004. The Strategy, found in the 2006 305b Report as Appendix D, is also on the web at:
http://www.vtwaterquality.org/lakes/docs/lp_monitoringstrat.pdf.
B.8. Special State Concerns & Recommendations
There are several special state concerns and recommendations which relate to the management and
improvement of Vermont’s water quality and water resources. Concerns and recommendations,
presented by topic in no particular priority order, are described more fully below.
Atmospheric deposition of pollutants
Deposition of pollutants (mercury and low pH) to the Vermont landscape from the atmosphere is
principally responsible for the impairment of fish consumption uses on 8,115 inland lake acres, all of
Lake Champlain and all river and stream miles. Deposition of pollutants from the atmosphere impairs
aquatic life uses on 4,420 lake acres. The two causes are linked, since in many instances, lakes that are
vulnerable to acidification are also those which transfer atmospherically deposited mercury to the
aquatic food web in the toxic methyl- form. However, many lakes that are not at risk of acidification
exhibit elevated mercury levels in fish and wildlife.

8 Center for Rural Studies. 2003. The 2002 Vermont Outdoor Recreation Survey Report and An Analysis of Change Since
1992. University of Vermont. Burlington, VT.
9 Vermont Department of Fish & Wildlife. 2000. The 2000 Vermont Angler Survey. Prepared by the University of
Vermont, School of Natural Resources. Waterbury, VT.
10 US Fish & Wildlife Service. 2003. 2001 National Survey of Fishing, Hunting and Wildlife-Associated Recreation in
Vermont. Washington, DC.
11 K.Boyle & Bouchard.R. 2003. Water Quality Effects on Property Prices in Northern New England. LakeLine. Journal of
North American Lake Management Society. Pages 24-27.
12 A.Gilbert & Manning.R. 2002. Economic and Social Values of Vermont State Parks.
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Regional and long-range emissions of acid-forming precursors cause acidification of Vermont
waterbodies. The atmospheric deposition of nitrous oxide (NOx) and sulfate (SO4) from Midwestern
sources (and NOx from regional and mid-Atlantic mobile sources) has resulted in acidification of 34
lakes and eight streams within Vermont. In Vermont, the potential for acidification is measured by
direct measurement of pH as well as corollary measures such as acid neutralizing capacity, NOx, SO4
and others. Deposition of SO4 and in-lake SO4 concentrations are presently decreasing, although
evidence of alkalinity increases and de-acidification is very limited in Vermont. All of the acidimpaired lakes are subject to an approved TMDL that address sources of the acid-forming precursors.
Regionally, there is evidence of improvements in lake-pH concentrations, though these changes have
been slower to be manifested in Vermont. Vermont continues to monitor acid-impaired lakes to track
these improvements.
Atmospheric deposition of mercury has resulted in the issuance of fish consumption advisories for
many Vermont lakes and rivers, particularly those containing walleye. In 2007, the Vermont
Department of Health issued a new fish consumption advisory incorporating results of fish-tissue
monitoring programs up to 2006. Important new contributing datasets included the USEPA
Connecticut River Fish Tissue Survey and on-going monitoring by the Agency of Natural Resources.
Some of the refinements to the advisory include new guidance on the consumption of the largest
yellow perch, a minor relaxation in the suggested allowable meals-per-month of certain other locally
caught fish species, and minor modifications to specially-identified waters. Specific advisories are in
place for Lake Champlain, the five Deerfield River waterbodies, for Moore and Comerford Reservoirs
within the Fifteen Mile Falls Project (Connecticut River), and for the Hoosic River. Guidance is
provided for species where monitoring data were previously unavailable, such as the white sucker.
The impacts of mercury deposition are not limited to loss of fish consumption uses. Reproductive and
behavioral impacts to wildlife that feed on fish are common to a subset of New England lakes,
including the reservoirs along the Deerfield River and Connecticut River (Fifteen Mile Falls). In
Vermont, research published by the Hubbard Brook Research Foundation in 2007 identified the Fifteen
Mile Falls project area as a documented mercury hotspot, and the Deerfield River area as an “area of
concern.” In these areas, mercury is known or highly likely to impact more than a single biological
guild. Potential impacts to upper trophic level biota continue to be monitored by the Vermont Loon
Recovery Project, in collaboration with the Biodiversity Research Institute.
The mercury that affects Vermont’s watersheds is largely derived from mid-Atlantic or mid-Western
sources: principally coal-fired electric generating units; non-regulated waste combustors; and smelters.
In 2007, the New England States and New York, in cooperation with NEIWPCC, issued a regional
mercury TMDL addressing virtually all waters in the northeast. The TMDL articulates the need for a
98% reduction in anthropogenic mercury emissions from in and out-of-region sources, beginning with
the base year 1998, to reduce mercury concentrations in smallmouth bass to USEPA criteria levels.
Since 1998, mercury emissions from within New England have declined by 71%, largely due to
regulation of waste incinerators within New England. In addition, mercury in effluent and sludge is
declining in light of programs to control losses of dental mercury to wastewater systems. These
reductions significantly exceed the Phase I targets established in the TMDL implementation plan.
Vermont and the Northeast States are presently implementing the TMDL through a variety of
regulatory mechanisms.
Vermont continues to work at the local, regional, and national scale to research the environmental
effects associated with atmospherically deposited pollutants, reduce Vermont’s locally-generated
emissions, and inform the development of Federal legislation aimed at reducing atmospherically21

derived pollution. Specifically, DEC has recently completed a revised mercury emissions inventory,
and has participated in the publication of two major studies published in the journal BioScience that
identify the mechanisms behind mercury hotspot formation. The results of these studies were used inpart to argue to the U.S. Court in the D.C. Circuit that the Clean Air Mercury Rule should be vacated
in favor of a more stringent control strategy. USEPA’s rule was vacated by the Court on Feb. 8, 2008.
Vermont is also party to multi-state litigation to sue Midwest coal-burning plants for violations of
federal air pollution laws that impact acidification of Vermont lakes and streams.
DEC continues to participate in several regional mercury monitoring, research, and assessment projects
including a mass-balance modeling effort for mercury in Lake Champlain and the regional
“MERGANSER” mercury modeling project. With significant assistance and support from DEC, the
Vermont Advisory Committee on Mercury Pollution continues to identify areas in Vermont where
mercury use, emissions, and exposure can be reduced, and is active in advising the Vermont General
Assembly on the efficacy of newly-passed mercury-related legislation for Vermont. Finally, DEC staff
continue to interact with Vermont’s congressional delegation to address this issue from a national
perspective.
Despite these many efforts, there remains a significant need to properly assess inland Vermont waters
for mercury contamination. During the prior reporting period, and in response to a legislative
directive, the Vermont Fish Contaminant Monitoring Committee had prepared a comprehensive fish
mercury monitoring plan This plan remains to be implemented, despite a very modest price-tag. Under
the newly described fish-tissue monitoring plan, Vermont would implement a six-year rotating tissue
assessment program that would yield a stream of new fish tissue data on a biennial basis. In addition,
Vermont would adopt a new, non-lethal approach of using biopsy-plugs for fish mercury testing.
Department staff received valuable training from USEPA during the reporting period on the use of this
technique. In addition, the Department is very appreciative of USEPA’s on-going assistance to
analyze mercury samples using the “direct mercury analyzer” that is now resident at the NERL.
Department staff hope to continue to tap into this regionally-important resource to facilitate monitoring
of mercury in multiple types of samples to meet management needs.
Hydrologic modifications in lakes & rivers
Water level manipulations are an important source of use impact to Vermont lakes. There are 19 lakes
and ponds (about 5,500 acres) for which one or more uses are altered due to water level manipulations.
There are also 17 lakes and ponds that are stressed due to water level manipulation (about 4,500 acres).
Water level manipulation affects aquatic life uses due to littoral habitat loss (i.e. de-watering).
Depending on the timing and duration of water level change, aquatic life can also experience loss of
access to adjacent tributaries for spawning. In some instances, water level changes can also affect
aesthetic, swimming, and even boating uses, depending on the severity and/or timing of the drawdown.
Exotic aquatic species as pollutants
Non-native aquatic plants and animals are established in Vermont - at least 48 non-native aquatic
species are known – and many of the state's waters, especially lakes, have a history of impacts related
to these invasions. The number of new introductions of species already known into Vermont lakes
continues to increase and one new aquatic invasive species (Didymosphenia geminata) was identified
in Vermont waters during the 2008 reporting period.
During the 2008 305b reporting period, Eurasian watermilfoil (Myriophyllum spicatum) was
discovered in 10 waters (Sadawga Pond in Whitingham; Hinkum Pond in Sudbury; three sites in the
Connecticut River; Leicester River in Salisbury; Clay Brook in Ely; three small ponds in Orwell,
22

Arlington and Hinesburg; Hough Pond in Sudbury; North Hartland Reservoir in Hartford). Water
chestnut (Trapa natans) was discovered in 5 waters (Bullis Pond in Franklin; Richville Pond in
Richville; Big Marsh Slough and Cranberry Pool in Highgate; Lily Pond in Poultney). Almost all of
the watermilfoil and water chestnut populations were found at a stage of growth when physical
removal by hand could be implemented. Management actions, in fact, occurred on 4 of the 10
watermilfoil waters and all five of the water chestnut waters.
At the present time, zebra mussels are pervasive in Lake Champlain and Lake Bomoseen but have not
emerged or become established elsewhere. If introduced to other waters, zebra mussels could threaten
aquatic life and swimming uses in inland lakes that present conditions capable of supporting them.
Particularly alarming is the expansion of the invasive alewife (Alosa pseudoharaengus) fish population
in Lake Champlain. First confirmed in 2005, alewives of all age classes have now been documented in
the lake, and schooling alewives were observed for the first time during summer 2007, indicating a
significant population increase. These fish have the potential to seriously alter trophic conditions and
food chain dynamics, as they have in the Great Lakes and in New York's Finger Lakes.
Finally, the alga Didymosphenia geminata (“didymo” or sometimes called "rock snot") was discovered
in the Connecticut River, White River and Batten Kill during summer 2007. This was the first official
report of this invasive diatom in the northeast and its presence has raised significant concerns about the
potential impact on the ecology and aesthetic value of Vermont rivers. Although direct impact on fish
populations has not been definitively documented in other parts of the world where didymo produces
nuisance blooms, it is difficult to predict what the long term impact will be for Vermont waters.
Preliminary evidence from macroinvertebrate biomonitoring in fall 2007 at several sites on the White
River and one site on the Connecticut River revealed that abundant didymo significantly altered the
composition of macroinvertebrate communities. The macroinvertebrate community response in these
oligotrophic waters resembled that normally seen in waters with excessive nutrient enrichment, with
proportionate increases in Chironomidae species and decreases in EPT (Ephemeroptera, Plecoptera and
Trichoptera) taxa. The results suggest that didymo blooms could ultimately result in infested waters
failing to meet Vermont’s Class B aquatic life biocriteria. However, additional monitoring over the
course of one or more seasons will be required to assess the long-term impact. The ability to monitor
and investigate impacts in infested waters and to survey for new infestations is likely to be limited by
insufficient staff and financial resources. Because there are no management or control options for
didymo once it has been introduced, ANR’s response has focused on public education and outreach to
promote spread prevention practices among anglers and other recreationists.
On a more positive note, sustained management efforts appear to have eliminated the water chestnut
populations in Root Pond (Benson), Lake Bomoseen (Castleton) and in over approximately 40 miles
(representing both Vermont and New York shores) of Lake Champlain so that this stretch of the lake
previously managed by mechanical harvesting is now controlled by hand pulling. Continued
surveillance efforts, however, are critical to future success. Water chestnut management in Vermont is
the result of a successful partnership between DEC, The Nature Conservancy, US Fish and Wildlife
Service and the Army Corps of Engineers. Funding from state, federal, the Lake Champlain Basin
Program and private sources contribute to this partnership. Continued funding for water chestnut
control at or above existing levels is critical in order to maintain the ground gained in the battle over
the last 10 years against water chestnut in Lake Champlain and associated waters, and in inland waters.
During the 2008 reporting period, Permittees/Co-Permittees for eight waters were engaged in long
range management plans using chemicals (whole lake fluridone treatments, spot/partial lake treatments
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with triclopyr, or both) in conjunction with non-chemical means to control Eurasian watermilfoil (the
Lake St. Catherine, Little Pond and Lily Pond three-lake system in Wells and Poultney; Star Lake in
Mt. Holly; the Burr Pond/Lake Hortonia system in Hubbardton and Sudbury; Beebe in Hubbardton;
Lake Morey in Fairlee). While control actions in all systems were deemed successful, Eurasian
watermilfoil levels require continued management.
DEC has concerns regarding the effectiveness and longevity of control from the chemical treatments,
the effects of cyclical chemical treatments on the non-target environment and the ability of the
volunteer groups (lake associations) to sustain the funding and staffing needs associated with this type
of regime. In addition, DEC has received numerous inquires from the lake associations and affected
citizens regarding these concerns with the main issue focusing on the need for adequate funding.
Currently, state dollars available to fund controls to manage invasive aquatic plants as well as methods
to prevent the introduction of any aquatic invasive species are inadequate to meet demand. The burden
for funding management (primarily Eurasian watermilfoil) and spread prevention programs falls on
affected shoreline property owners and municipalities.
DEC continues to support the concept of biological control of Eurasian watermilfoil with the native
weevil Euhrychiopsis lecontei. However, until more is understood about why naturally-occurring
weevils can successfully manage watermilfoil populations in some lakes, yet have little impact in
others, this method cannot be reliably used to manage Eurasian watermilfoil populations. Section 4005
of the Federal Water Resources Development Act (2007) requires the Army Corps of Engineers, under
the authority of Section 104 of the River and Harbor Act (1958), to conduct a study, at Federal
expense, to develop national protocols for the use of the Euhrychiopsis lecontei weevil for biological
control of Eurasian watermilfoil in the lakes of Vermont and other northeastern States. DEC requests
that EPA support this effort in every way possible.
Developing and implementing a Rapid Response Plan is crucial to prevent the introduction of new
invasive species populations. Efforts to develop such a plan continued during the reporting period for
the Lake Champlain Basin and are expected to follow for the non-Basin portion of the state in the
future.
Eutrophication of lakes
DEC commits significant resources to the management of cultural eutrophication that affects Vermont
lakes. Vermont has relatively unproductive lakes as compared to other parts of the country. Indeed,
only four lakes appear on Vermont’s draft 2008 303d list as impaired due to excessive eutrophic
conditions (Lake Carmi, Shelburne Pond, Ticklenaked Pond and Lake Memphremagog). During the
reporting period, the Department has been preparing draft TMDLs for Lake Carmi and Ticklenaked
Pond, and has carried out a comprehensive paleolimnological study of Shelburne Pond in support of
pollution control planning.
The Lake Carmi and Ticklenaked Pond TMDLs have been prepared with input from stakeholders in
the watershed. The two TMDLs will be submitted to the New England regional office of EPA for
approval during 2008. The Shelburne Pond project was carried out to determine if the hypereutrophic
conditions in that pond were the result of recent development or natural origin. The results of the
Shelburne Pond study suggest that significant eutrophication has taken place in the last 100 years, but
that at other times in geologic history, the lakes productivity has been quite high. The watershed of the
pond is a mix of agricultural and low-density residential development, and the pond is bordered in
many locations by considerable areas of wetland. The soils in the area have high clay content, the inlet
tributary flows are very small and flow through the fringing wetlands, and the sediment contributes
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considerably to the high observed phosphorus in the lake. In short, the setting of the lake does not lend
itself to a traditional TMDL approach to remediating the conditions there. The Department is presently
evaluating options for the development of a TMDL or other pollution control planning initiative for
that very eutrophic lake.
Since 2005, the Department, in partnership with the Province of Quebec and several watershed
partners in Vermont and Quebec, has carried out a comprehensive monitoring study of Lake
Memphremagog. The purpose of this sampling has been, in part, to determine if the lake is no longer
impaired due to elevated phosphorus levels. A number of years ago the Newport WWTF was
upgraded, and the lake had not, until 2005, been properly re-assessed in locations that are relevant to
the existing numeric nutrient phosphorus criteria for that lake. Follow-up sampling indicates that the
South Bay section of Lake Memphremagog now meets water quality standards for phosphorus (annual
average ≤ 24 ppb P) but the open water sections of Lake Memphremagog remain above the criterion of
14 ppb total phosphorus. The Department will be working on development of a TMDL for Lake
Memphremagog during the 2008-2009 biennium.
Eutrophication can simultaneously affect aesthetics, aquatic life, swimming, and in some instances
even boating uses. The major causes related to eutrophication for inland Vermont lakes are nutrients,
siltation, and organic enrichment. The major sources of these pollutants are construction, urban and
suburban runoff, road maintenance and runoff, agriculture, silviculture and other nonpoint sources.
Implementing protective actions to reduce human impacts on lake trophic state before impairments
develop is more efficient and effective than waiting until restoration is needed. Toward this end,
several lake protection initiatives have been carried out in Vermont with successes in some waters.
One important example of this is Lake Seymour found in Morgan, Vermont. During the reporting
period, a re-evaluation of monitoring data from this pond identified alarming increases in total
phosphorus concentrations and associated decreases in Secchi transparency. The Department is
presently working with the Seymour Lake Association on an intensive assessment aimed at identifying
actions to reverse this trend.
Nutrient criteria
Vermont has been participating in the EPA’s National Strategy for the Development of Regional
Nutrient Criteria since this initiative began several years ago. Vermont DEC staff members have
contributed to EPA technical guidance manuals, participated in the Regional Technical Advisory
Group, and conducted extensive field sampling and data analyses for nutrient criteria development
with EPA grant support. Vermont submitted a draft technical document on Developing Nutrient
Criteria for Vermont’s Lakes and Wadeable Streams to EPA for internal and external scientific review
in April 2007. This review was completed by EPA in November 2007 and resulted in some important
recommendations for additional analyses and considerations to strengthen the document.
Vermont DEC has proposed a schedule to EPA whereby a revised draft of the technical document
would be completed by October 1, 2008, with a fully reviewed final document available by December
31, 2008. The completed technical document will be made available to the Vermont Water Resources
Panel for use in adopting numeric nutrient criteria in the Vermont Water Quality Standards through a
public rulemaking process.
Alteration of littoral habitat & effects of shoreline development on inland lakes
A well vegetated lakeshore protects the soil from erosion, stabilizes banks, filters runoff, keeps
nutrients from overfertilizing a lake, and provides essential wildlife habitat to both terrestrial and
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aquatic organisms. Current lakeshore development patterns in Vermont are removing the natural
vegetation and replacing it with leveled lawns and impervious surfaces. This alteration has been
commonly noted as a threat in numerous lake assessments conducted over the last decade or more.
While the open water areas of lakes have been the traditional focus of quantitative lake monitoring
efforts, the littoral zone is essential to much of the ecological functions of a lake and has largely been
ignored by long term monitoring efforts. While the Vermont Water Quality Standards’ Water Quality
Criteria require no change from the reference condition that would prevent the full support of aquatic
habitat uses, quantitative assessment approaches to measure whether this criterion is being met have
been lacking (Vermont Water Resources Board, 2006).
Empirical data collected in Wisconsin and used to model runoff from lakeshores with a 6% slope
showed that developed lakeshore lots with lawns down to a lake's shore contribute seven times more
phosphorus and 18 times more sediment per year to a lake than a forested site (Graczyk et al., 2003;
Korth and Cunningham, 1999). To reduce the phosphorus runoff by sixty percent, a 40 foot vegetated
buffer is needed and an 82 foot vegetated buffer is needed to remove 80% of the sediment runoff
(Desbonnte et al., 1994). Since only 9% of towns in Vermont have any lakeshore buffer requirements,
most lake shoreline areas can remove this natural filtering capacity. Essentially, lakeshore
development in Vermont is resulting in direct stormwater discharges to Vermont lakes. The sum of
these alterations made by individual lakeshore owners can result in greater than 1 acre of impervious
area along the lakeshore. Meanwhle, developers in Vermont watersheds who have this much
impervious area on their properties must reduce their phosphorus runoff by 40% and their sediment
runoff by 80% to be in compliance with their stormwater permits, regardless of how far their runoff is
from a lake.
In order to quantify the effects lake shore property owners are having on lakeshore and littoral habitat,
DEC is conducting an ongoing study that began in 2005. To date, data has been collected on 28
oligotrophic and mesotrophic lakes in Vermont involving a total of 274 study sites. Results show that
developed lakeshores have an average of 97% less trees than undeveloped shores, resulting in a 59%
reduction in shading of the littoral zone 5 meters (16.4 feet) from shore. In addition, developed lots
had 83%, 91% and 69% less of fine, medium and coarse littoral woody habitat, respectively, than
undeveloped lots. Developed sites are 44% more embedded, have 56% less leaf litter, 48% less
aufwuchs, 33% more sand and 25% more aquatic plants. None of these measured changes in aquatic
habitat parameters appear to meet the water quality standards criterion of ‘no change from reference
condition.’
To better understand the implications these large changes in habitat have on fish and wildlife, a review
of the literature was conducted. Wagner et al. (2006) found that lakeshore development reduces the
nesting success of fish with a 42% reduction in the probability of a nest producing swim up fry. Other
studies have found that lakeshore development reduces fish species richness for adults and juveniles,
reduces juvenile fish abundances with sensitive species declining and more disturbance tolerant species
enduring (Engel and Pederson, 1998; Brazner, 1997; Bryan and Scarnecchia 1992; Brown et al., 2000
and Tiallon and Fox, 2004). Other aquatic organisms affected by lakeshore development include green
frogs and turtles. Green frog populations decline with increasing development. Their populations
disappear completely when lakeshore development exceeds 30 homes per mile of lakeshore (Woodford
and Meyer, 2002). Turtles loose basking sites and corridors to inland nest sites due to lakeshore
development (Engel and Pederson, 1998). Dragonfly and damselfly numbers decrease as well (Butler
and deMaynadier, 2007; Crowley and Johnson, 1982). Effects are not only limited to aquatic
organisms, with terrestrial species also affected by lakeshore development. Lindsay et al. (2002) found
that lakeshore development alters the bird composition from insect eating to seed eating species. A
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study in Ontario found that winter browse supply was four times lower on developed lakeshore lots
than undeveloped lots and that this accounted for an 84% reduction in winter carrying capacity for
white-tailed deer (Voigt and Broadfoot, 1995; Armstrong et al., 1983). In addition, mink activity along
shorelines declines as a function of the level of lakeshore development (Racey and Euler, 1983).
Twenty-four percent of all the species in Vermont identified by the Vermont Department of Fish and
Wildlife in 2005 as “Species of Greatest Conservation Need” rely on inland lakes for most of their
habitat needs. Of the 304 lakes in the Lakes Inventory database with watershed land use calculations
completed, 85% of them have undeveloped land use percentages of 90% or greater. Many times in
Vermont, there is little development in a watershed, but concentrated development is found along the
lakeshore. As part of a joint study with the University of Vermont’s spatial analysis laboratory
(UVM), 74 lakes within the northern forest of Vermont were mapped in detail with funding from the
Northeastern States Research Cooperative (NSRC). Using 2003 orthophotographs, UVM mapped in
detail the land use land cover within 600 meters of 74 lakes. Development within the 50 foot buffer
accounted for up to 75% of the lakeshore’s land use land cover. While other states like Maine,
Wisconsin and Minnesota enacted protections of the buffer zone in the late 1960s and early 1970s, in
Vermont, lakeshore development is being concentrated in the buffer zone.
Also partly funded by the NSRC grant, is a UVM masters thesis project that is using conservation
reserve design to identify remaining high quality aquatic and terrestrial lacustrine habitats in the
Northern Forest of Vermont. In 2008, as part of a Vermont Wildlife Action Plan grant, UVM and
DEC will examine the effects development are having on some species of greatest conservation need
and their lacustrine habitat. The remaining high quality riparian habitat identified by the collaborative
efforts of DEC and UVM will be shared with basin planners and others in order that protection
strategies can be developed at the local and state level.
DEC plans to continue the littoral habitat sampling. After the 2008 sampling season, DEC will have
completed sampling on 40 high alkalinity oligotrophic and mesotrophic lakes in Vermont and plans to
publish the results in the peer-reviewed literature. Then the sampling approach will be adapted. The
plan is to determine which parameters co-vary, so that the methods can be streamlined and become a
more rapid quantitative approach to be incorporated into the lake assessment protocols. Preliminary
comparisons with EPA’s National Lake Survey data suggest that a melding of the two approaches will
result in such a method. Hence, future lake assessments will not only be able to quantify the water
quality in the open water of Vermont lakes, but the condition of the littoral zone as well.
Emerging Contaminants
In the 2006 305b Report, DEC reported on initial efforts to measure emerging contaminants (ECs) and
so-called “pharmaceuticals and personal care products” (PPCPs) found in Vermont waters. This topic
is becoming increasingly important as studies in worldwide highlight the ubiquity of these substances
in certain waterbody types.
During the 2008 reporting period, the USGS carried out a screening of EC/PPCPs in several waterbody
types. The design of this project is such that treated effluents from wastewater facilities, receiving
waters, ambient lake and river waters, sediments, and control sites were sampled, and a wide variety of
contaminants were tested. In general, the study found that effluents were most enriched in EC/PPCP
concentrations, followed by immediate receiving waters, urban streams, and finally, large rivers. An
important finding of the study was that combined sewer overflows were found to be enriched in ECs,
implicating the potential for infrastructural problems (such as leaks) in the tested systems. This finding
is the subject of continuing inquiry by USGS. In general, contaminant concentrations in Lake
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Champlain were low when evaluated either by total count of detectable contaminants or contaminantspecific concentrations. One exception to this was caffeine, which is poorly removed by wastewater
treatment. One investigator of the Lake Champlain EC/PPCP project, recently concluded at the Lake
Champlain biennial research conference that the lake is “mildly caffeinated.” DEC and other watershed
groups are also partnering with International Business Machines in their efforts to investigate ECs in
the effluent of their Essex Junction manufacturing facility and eslewhere. IBM is helping to fund
PPCP/EC analysis of final effluent at six to eight wastewater treatment facilities on the lower-middle
Winooski River (including their own facility) as well as two in-stream sites.
New generation contaminants are not limited to waters and wastewater effluent. DEC remains
interested in developing the capability to analyze fish tissue for residues of the flame-retardant polybrominated diphenyl-ethers and other ECs and would be pleased to work with the EPA should these
analyses become available at EPA's New England Regional Laboratory or another facility. It is DEC’s
understanding that certain analyses of EC/PPCPs in fish tissue will be carried out in urban streams
sampled by the National Flowing Waters Survey.
DEC is now routinely contacted by the public in regards to EC/PPCPs, which reflects a growing
concern about these compounds. There is much to learn about the fate and toxicity of these compounds
and their admixtures. Nonetheless, DEC is assembling available informational materials for posting to
the internet describing the studies being undertaken and current understanding regarding EC/PPCPs.
E. coli contamination & mircrobial source tracking
Vermont’s current criterion for E. coli in Class B waters (all Water Management Types) is 77 E.
coli/100ml. This criterion is the most stringent in the nation and equates to a 75% likelihood illness
rate of 3.4 swimmers out of 1,000 over the course of a season. This level of risk assumes swimmers
are exposed to waters subject to heavy use and to wastewater treatment facility discharge. In DEC's
opinion, there are only one or two beaches in Vermont that may fit this type or description. Vermont’s
Class A(1) criterion is 33 E. coli/100ml or 18 E.coli/100ml expressed as a geometric mean.
Research from Vermont watersheds indicates the Class B criterion is exceeded 34% of the time in
completely forested and undisturbed watersheds during wet weather. As such, exceedences of the
Class B criterion are very common and can as easily be attributed to natural sources during wet
weather conditions. When strictly interpreted, Vermont’s criterion results in numerous cases where
waters may be identified as unsuitable for swimming. This creates a very difficult situation as waters
may be incorrectly identified as potentially unsuitable for swimming and there may be unwarranted
negative public opinion cast upon the waters in question. For this reason, there exists the need to
modify the Vermont criterion to be compliant with the currently accepted, scientifically defensible
criteria options now being promoted by EPA. DEC expects that existing E. coli criteria, particularly
the one associated with Class B waters, will be evaluated as part of an upcoming Water Quality
Standards review process.
The development of the LaRosa Laboratory Services Partnership Program has significantly augmented
the quantity of swimming water quality assessment data based on E. coli bacteria. Certain waters,
when assessed using DEC’s Assessment and Listing Methodology, have been identified as impaired or
in need of further assessment. There are about 290 stream miles and 945 lake acres identified as
stressed due to elevated E. coli levels and 109 river miles and 9 lake acres identified as impaired due to
repeatedly high levels of E. coli. These measures, and the enhanced attention accorded to swimming
water quality monitoring by LaRosa Partnership participants, elevates the need for microbial source
tracking (MST) tools in Vermont to determine the extent to which sources are of a natural origin. At
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present, MST technology remains largely a research-level activity, although a growing number of MST
projects in New Hampshire, Maine, and Massachusetts have made this technology more common and
precise. There are several waters in Vermont where MST would be highly relevant, including
segments of the Huntington River and West River, as well as other Section 303d listed segments
impaired by E. coli. In Vermont, as with other States, the need exists for regionally-available
microbial source tracking facilities at an accessible cost. In the 2006 Report, DEC urged EPA’s New
England Regional Laboratory to consider developing this technology as a service to the New England
states and it appears this technology is in development.
The technology of MST is changing rapidly. So-called “library-dependant” methods are being
complimented by library-independent techniques that rely on genetic biomarkers of specific microorganisms. New tools and approaches are being rapidly developed in the academic sector, and USGS
and EPA researchers are actively pursuing method demonstration for these tools. To try to develop a
sense of which techniques are most applicable to various potential microbial source categories, DEC
has engaged in a new cooperative agreement with EPA that will take place during the upcoming
biennium. This project, with funding under Section 104b3 of the Clean Water Act, DEC will: 1)
undertake an evaluation of currently-available MST techniques; 2) apply a variety of techniques to
relevant areas in two or more test watersheds using a logic-based approach; and, 3) use this
information to develop a TMDL template that can be applied to waters listed due to pathogen
contamination. This project is being carried out collaboratively with the New England Regional
Laboratory, the USGS, and at least two watershed associations. By drawing in these resources, DEC
has easily doubled the initial value of the grant. The results of this initiative will be described in the
year 2010 Section 305b Report.
Lack of strategic statewide vegetated buffer requirements
Undisturbed vegetation along rivers and streams (as well as along lake shorelines) is quite effective at
reducing pollutants from reaching surface water. Areas of undisturbed vegetation along water also
provide other functions and values. Other than Act 250 development constraints and a few regulations
adopted by a small number of municipalities, there are no strategic statewide requirements that riparian
landowners must maintain a minimum width of vegetation along bodies of water as there are in other
states. As a result, many miles and acres of Vermont’s surface waters are negatively influenced by
urban runoff, sediment, increased temperature, fertilizers, manure, and other pollutants. These effects
can be reduced or eliminated by properly maintained vegetated buffers.
The Agency of Natural Resources has a “Buffer Procedure,” finalized in 2005, that is used in the Act
250 and Act 248 processes and that serves as guidance to riparian landowners, including public and
quasi-public agencies.
The Agency and DEC continues to make some strides in the educational effort to inform the public and
municipal planning commissions about the environmental benefits of riparian vegetation. The
Vermont League of Cities and Towns (VLCT), DEC and Regional Planning Commissions have been
working with municipalities to strengthen their municipal plans and zoning regulations to maintain
streamside vegetation. A model riparian buffer ordinance was produced by VLCT, which hosts a
Clean and Clear funded Water Quality Coordinator, to focus on municipal zoning and water quality.
Workshops for town officials and the general public have been conducted regarding strategies to
encourage the maintenance of existing riparian vegetation as well as promoting the planting of riparian
areas lacking vegetative buffers.
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DEC, the Vermont Youth Conservation Corps, the various Natural Resources Conservation Districts,
watershed groups and other volunteer groups have worked on many streamside planting projects
around the state. However, there is still need for additional public education about the need to
maintain riparian buffers for water quality protection and wildlife habitat. It is recommended that the
Agency make more use of the print media, TV and radio to draw the public's attention to the benefits
of maintaining riparian vegetation.
Road salt (especially chloride) and water quality
The Water Quality Division has finalized a report on environmental implications of increasing chloride
levels in Lake Champlain and other basin waters found in Vermont, which has also been submitted to
the Lake Champlain Basin Program for inclusion in their technical report series. The full report is
provided as Appendix C.
Available chloride and water quality data is scattered and difficult to locate. Utilizing data from the
Lake Champlain Long-term Water Quality and Biological Monitoring Program, DEC’s Biomonitoring
and Aquatic Studies Section and citizen stream monitors, there is sufficient evidence to indicate that
chloride and its potential effects on the aquatic environment warrants closer scrutiny in Vermont:
•
•
•
•
•

Chloride levels are steadily increasing in Lake Champlain, though concentrations in the open
waters of the lake (less than 30 mg/L) currently are not of concern for aquatic biota or human
health.
Major tributaries are now carrying higher loads of chloride to Lake Champlain than they have
historically.
Some Vermont streams have chloride concentrations that exceed EPA chronic criteria. Streams
flowing through areas of high density development and high density road systems are likely to be
receiving the greatest inputs of chloride.
The occurrence of high chloride levels during the summer and fall low flow periods in streams near
high density development suggests that elevated concentrations in groundwater may exist at some
locations.
De-icing salt application can result in increased chloride concentrations in streams and ponds.
Though there are other sources of chloride to the environment, de-icing salts are frequently
identified as the source of elevated chloride in aquatic systems occurring in northern climates.

Continued monitoring of urban streams, Lake Champlain, tributaries to the lake will be necessary to
better identify areas of concern. Questions remain about the biological effects of elevated chloride
concentrations in surface waters, particularly the impacts of chronic exposure on aquatic biota during
summer low flow periods. Groundwater evaluations would be prudent in areas of high road density
and development. While there are areas of elevated chloride concentrations in surface waters in
Vermont, it is likely that these concentrations can be stabilized, and possibly reduced, if action is taken
to minimize inputs.
Though there are other potential sources of chloride, de-icing salts are increasingly identified as an
important source of chloride to the environment. New technologies exist that minimize environmental
impacts of winter road and sidewalk maintenance while enhancing safety. A public education
campaign to raise awareness and promote better salt management practices by homeowners, private
applicators and municipalities would benefit Vermont's surface and ground water resources. The
primary alternatives are sand, which is known to adversely affect water quality, and de-icing products
made from various agricultural byproducts, with as yet undetermined effects on water quality. As
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source reduction is addressed through the promotion of better salt/ice management, it will also be
necessary to identify environmentally sound alternatives.
Polluting discharges from large farms
From a water quality perspective, concerns continue to exist regarding shifts in agricultural production
from a large number of smaller farms to increasing numbers of larger farms. The water pollution
potential from such large farming operations is equivalent to the waste generated by a small to medium
sized city. It is recommended and essential that waste management and pollution prevention efforts
are well coordinated between farm operators and state and federal agencies. The Large Farm
Operation Rules (revised and formally adopted in late 2007), regulate about 20 farms in Vermont with
greater than 700 mature dairy cows. The LFO Rules, administered by the Vermont Agency of
Agriculture, Food and Markets (AAF&M), will help ensure animal wastes (plus odor, noise, traffic,
flies and other pests) on these larger facilities are managed effectively.
Changes at the federal level affect the Concentrated Animal Feeding Operation permit program,
currently administered by DEC under the National Pollutant Discharge Elimination System. Farms
that have between 200 and 699 mature dairy animals, known as Medium-sized Farm Operations or
MFO, now need a General Permit and need to demonstrate compliance with nutrient management
requirements. There are about 200 MFO dairy farms in Vermont. The MFO Rules, administered by
AAF&M, became effective in February 2007.
Improvements and changes to the Accepted Agricultural Practice (AAP) rules are recommended to
keep pace with the changing nature of Vermont agriculture. Revisions to the AAPs have been
promulgated by AAF&M (2006) and the revised rules will provide an important set of requirements
which all farms throughout the state will adhere to.
In order to achieve the greatest possible environmental protection benefit while supporting an
important ingredient of Vermont’s landscape and way of life, it is recommended these rule and permit
programs be developed or modified in a coordinated manner with various technical and financial
assistance programs to address waste and nutrient management.
Groundwater
Groundwater is a critical resource within the State of Vermont and continues to be vulnerable to
numerous man-made and natural risks. The resource supplies a significant portion of the drinking
water to the population of Vermont and is threatened by continued development pressures. These
pressures may jeopardize both groundwater quality and quantity and make it increasingly difficult to
site new private or public wells. While drinking water is a top priority environmental concern in the
State, the clear connection between land use activities, drinking water, and groundwater is lacking.
Groundwater efforts, however, are most limited regarding its interaction with surface water. In
particular, the contribution groundwater makes to wetlands, streams, rivers, ponds and lakes appears to
receive little attention. Its importance to sustaining the drinking water needs of the State along with
Vermont’s flora and fauna appears to be taken for granted. The lack of attention given to groundwater
when compared to the attention given to surface waters may be due, in part, to the lack of public
education regarding the role of groundwater and the associated high costs necessary to
comprehensively evaluate this resource.
Floodplains & Water Quality
Stream geomorphic assessments completed in streams throughout Vermont as part of the Clean and
Clear Program are telling a recurring story. Since European settlement, repeated watershed and
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stream channel modification (i.e., deforestation, ditching, dredging, armoring) has led to a widespread
loss of floodplain function. Changes to the shape of river channels or changes in the inputs of water
and sediment have led to imbalance, causing adjustments in river and floodplain geometry until
balance is re-established. Adjustments resulting from natural changes have been largely magnified
during the past two centuries by human-imposed alterations to the depth and slope of rivers, related to
intensive watershed and riparian land uses.
Nearly every Vermont watershed has streams “in adjustment.” Streams and rivers have become
confined to deeper, straighter channels and no longer have access to historic floodplains.
The increased power of larger floods, contained within the channel, has led to higher rates of stream
bed and stream bank erosion. The average $18-20 million being spent annually in Vermont to keep
rivers disconnected from their floodplains and kept in their place within the landscape, has become
unsustainable. Erosion hazards and flood losses are increasing. River management has become a
vicious cycle where flood recovery and structural constraints (i.e., channel straightening, berming and
rip-rapping) have led to developments along rivers where they formerly meandered and flooded.
Inevitably, and often decades later, a large flood occurs, structures fail, and the cycle repeats itself.
Economic, social, and environmental costs are increasing.
Stream geomorphic assessment data (2002-2007) being coordinated by DEC are now available in
sufficient quantity to help explain the state of many rivers in Vermont. Data that helps explain channel
evolution (see table below) are indicative of rivers being out of balance. Stages II through IV (75%)
represent departures from equilibrium conditions where floodplain access and attenuation functions are
reduced.
Stream Evolution Stream
Evolution Number of Miles
Stage
Condition
I
Equilibrium
217.8
II
Incised & steepened
183.5
III
Incise & widening
351.7
IV
Incise & depositional
165.7
V
Equilibrium
21.3
Total
939.9

Percent Length
23
20
37
18
2
100

If this cycle is not broken, land-based enterprises will suffer economically because, in addition to
erosion hazards, channelization leads to a loss of sediment storage and an overall export of life-giving
soil and nutrients from a watershed. Rivers that have down cut and lost access to their floodplains will
erode their banks until new floodplains are formed. During the early stages of this channel evolution
process, floods remain within deepened channels, and have much more power to erode and carry away
anything that enters them. Without floodplains and river meanders, it is often the lakes and reservoirs
that are the first quiet waters in which rivers deposit the eroded soil and nutrients. This process helps to
explain the increasing enrichment and algae along the shores and bays of Lake Champlain. The Clean
and Clear goal of achieving stream stability to benefit the Lake is now being aggressively pursued
through landowner and municipal incentives to protect and restore stream equilibrium. Floodplains are
essential to stable streams and sustainable water quality management.
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Part C. Surface Water Monitoring & Assessment
C.1. Surface Water Quality Monitoring Program
ANR's Ambient Water Quality Monitoring Program is described in Vermont’s strategy document at
http://www.vtwaterquality.org/lakes/docs/ lp_monitoringstrat.pdf. The document was first approved
by EPA in 2005. The top recommendations in the strategy involve addition of staff to the ANR
biomonitoring laboratory and lakes programs, consistency of funding within the monitoring program,
and resources to support information management services and wetlands strategy development. While
the Program has not been successful at obtaining permanent staff support, the allocation of EPA
supplemental and Monitoring Initiative funds plus Clean Water Act Section 104b3 funds have
provided a steady level of technician-level staff support in rivers biomonitoring, wetlands biocriteria
development, and lakes monitoring program areas. Due to the recent loss of 104b3 funding, the
progress of wetland biocriteria development will be slowed in the coming years.
In addition to staffing, ANR has made significant investments in information technology for the
monitoring program. These investments include a complete rewrite of our water quality monitoring
data archive to be compliant with the new WQX architecture, and the development of a project to
automate data collection in the field using handheld PDA’s and tablet computers. Using a combination
of EPA supplemental monitoring funds and National Environmental Information Exchange Network
grants, ANR has purchased several field-ready devices, and is finalizing a contract to support software
development that will port geo-referenced field data directly to the WQX-compliant archive. In
addition, the biomonitoring data archive has been considerably augmented to include new metric
calculations and assessment procedures, and to provide summary reports.
ANR also served on the design committee for the National Lakes Survey and has provided peer-review
comments for the design of the forthcoming National Rivers Survey. An ANR monitoring program
staff member is the Region 1 New England representative to the National Water Quality Monitoring
Council. Other noteworthy accomplishments involve completion of the initial Vermont Nutrient
Criteria analysis, completion of the first probability-based rotating basin assessment of stream
biological use attainment, participation in the National Lakes Survey, and completion of one-half of a
statewide probability survey for lakes. Results of these probability surveys are described in further
detail below. Table C.1 below lists the tasks in the workplans for FFY2005 and FFY2006
supplemental monitoring funds. These tasks were carried out over the course of the 2008 305b
reporting period.
Monitoring priorities for 2008-2009 include: completion of the lakes survey; implementation of the
rivers survey; maintenance of the routine programs for ambient biomonitoring, lakes assessment, and
stream geomorphology assessment; and, initiation of a second round probability survey for rivers.
Table C.1. Status of Supplemental Monitoring Program-Funded Workplan Items.
Task
Streamline biomonitoring sample
throughput
Automated reporting of assessments

Year
established

Monitoring
Status
Program Strategy
Priority Items

2005

Ongoing
2,5, 13,16

2005
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Completed
within
biomonitoring data archive

Pilot ½ time coordinator of LaRosa
Partnership Program
Development of littoral habitat
assessment program
Segment and enter ½ of assessed
lakes into ADB
Automated reporting of lake
assessments
Increase number of assessed lakes
Develop
fieldÆoffice
data
integration
equipment
and
programming
Implement National Lake Survey –
core lakes
Participate in New England Lakes
and Ponds Project to carry out
statewide lake survey
Assess statewide trophic condition
using statewide draw and existing
data
Support
wetlands
biocriteria
development
Pilot
project
to
implement
waterbody typing
Segment and enter second ½ of
assessed lakes into ADB

2005

Completed

2005

Program supported for 2
field seasons
3, 5, 10, 13, 16

2005

Complete

2005

Ongoing

2005

Complete
Significant
progress.
Contract in execution for
software development

2005 / 2006

15

2006

5

Complete

2006

5

Significant progress. 34/50
lakes surveyed.

2006

5

Complete, see Section C.3.I

2006

7, 12

Ongoing

2006

n/a

Complete

2006

16

Complete

The stream geomorphic assessment (SGA) program collects geomorphic data on streams and rivers
throughout Vermont to assess geomorphic condition and develop regime relations for flowing waters.
The data enable the prediction of expected rates of river adjustment and an evaluation of the effects of
various land and river management practices on geomorphic condition and physical habitat quality.
Regime relations can help guide stream protection, management and restoration projects and assist in
the establishment of Vermont-specific physical criteria for water quality classification and use
attainment determinations. SGA protocols have been developed and promoted by ANR. SGA are done
according to different levels of complexity. The figure appearing on the following page illustrates the
location and level of completed or ongoing SGA efforts within various river basin subwatersheds. A
comparison between the following figure and the one that appeared in the 2006 305b Report will
reveal significant progress in the extent of SGA data collection.
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Vermont Stream Geomorphic
Phase 2 Completed/Started
Phase 1 Completed/Started
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C.2. Assessment Methodology
C.2.A. Method & Vermont Listing Categories
The methods used to derive Vermont’s statewide assessment of water quality conditions are found in
the
Vermont
Surface
Water
Assessment
and
Listing
Methodology,
at
http://www.vtwaterquality.org/planning/ docs/pl_assessmethod.pdf. Data sources used in and during
the Vermont assessment are described in the Monitoring Program Strategy document mentioned in
Section C.1 above.
As in prior years, Vermont is presenting assessment results along with a series of lists that are
analogous, but not identical, to EPA’s reporting categories. The Vermont Part A list of 303d waters
impaired by pollutants corresponds to EPA “Category 5” impaired waters. The Vermont Part B list of
impaired waters not in need of a TMDL analysis corresponds to EPA “Category 4B.” The Vermont
Part C list of waters in need of further assessment, partially corresponds to EPA “Category 3,” and
many of which are stressed per Vermont’s methodology. The Vermont Part D list holds waters that
have approved TMDLs which is analogous to EPA “Category 4A.” In Vermont, so-called altered
waters are those where water quality impairments exist due to non-pollutants. These occur on the
Vermont Parts E, F, and G lists (exotic species, flow, and geomorphic alteration, respectively), and all
are analogous to EPA “Category 4C.” This report also provides a tabular assessment of waters by EPA
reporting category.
C.2.B. The EPA Assessment Database (ADB) Application
During the 2008 305b reporting period, ANR adopted EPA's Assessment Database (ADB) application
for managing lake water quality assessments. In the process, ANR staff comprehensively revised the
entire assessment of lake waterbodies, resulting in meaningful changes to the presentation of the
statewide lake assessment.
The underlying data model employed by ADB affords a more complete view of water quality
attainment by focusing on individually assessed uses, and the causes and sources of impairment of
these uses. Waterbodies are divided into discrete segments, with unique combinations of use support,
cause, and source. This significant increase in complexity and resolution comes at the expense of the
ability to attribute causes and sources to lower-level stresses on waterbodies. In ADB, a cause-source
combination can only be attributed to a segment that does not meet water quality standards. Waters
that are stressed are so-identified by means of “observed effects,” which are essentially a catalogue of
non-impairing conditions. Sources cannot be attributed to observed effects. Where segments have
impairments and unrelated coincident alterations (e.g., a nutrient-impaired lake with a heavy Eurasian
watermilfoil infestation), ADB captures these waters as impaired. The fact that standards are also not
met due to the non-pollutant is not tracked in ADB, and in the present example, Eurasian watermilfoil
can only be identified as an observed effect within the impaired segment. As a result of these changes,
in the tables provided in Sections C.3.9 and C.3.10, the summaries of causes and sources are presented
in relation to uses affected, and sources are not attributed to waters identified only as stressed.
In the process of completing the ADB conversion for lakes, many older assessments that were based
either on outdated or untrustworthy information were revised or eliminated. The ADB is currently
being populated with information concerning the impaired river segments.
36

C.3. Assessment Results
C.3.A. Size of Waters (Lakes) in Assessment Categories (as expressed by ADB)
Table C.3.1. below provides an EPA-required, ADB-based view of overall use attainment for Vermont
lakes and ponds. By this view, the majority of lake acres are identified as impaired, falling in EPA
Category 5, although this is the result of a relatively small number of large segments, where the size of
Lake Champlain serves to overstate the severity of impaired waters in Vermont. It is important to note
that where an impairment exists that is not yet subject to a TMDL, the acres associated with that
impairment will be identified as Category 5, even if a TMDL has been completed for another pollutant
on the same waters. For example, the existing impairments associated with PCBs cause all Lake
Champlain acres to be assessed as impaired, even though TMDLs for phosphorus and mercury have
been approved for those same segments. According to ADB, there are 47 lake segments that are
altered which comprise 6,711 acres. There are 581 lake segments that support uses that comprise
32,019 acres. A more accurate display of use support for lakes, segregated by use and Champlain/nonChamplain waters is given in Section C.3.F.
Table C.3.1. Size of Waters in EPA Assessment Categories (as per ADB).
Category

Description

Total
size Number of lake Number of river
(lake acres) *
segments *
segments **
1
All uses met
30,779
465
2
Some uses met others
1,240
116
indeterminate
3
Insufficient information
to assess any use
4A
Impaired,
TMDL
19,340
51
approved
4B
Impaired, no TMDL
needed
4C
Impaired but not by
6,711
47
pollutant
5
Impaired
171,652
35
(*) Figures in columns are provisional. Final figures pending outcome of 2008 303d list approval by EPA.
(**) No figures provided as ADB conversion for rivers has not been fully completed.

C.3.B. Probability-based Survey Results
For lakes, ANR collaborated with EPA to carry out the New England Lakes and Ponds Project (NELP)
and assisted in the design and implementation of the National Lake Survey (NLS). In conjunction with
both projects, ANR is presently carrying out a two-year probability survey of Vermont lakes,
leveraging the sample frame provided by the NLS and with resources made available by NELP. In
2007, ANR successfully sampled over 30 lakes using NLS protocols to complete the first year of the
lakes survey. In 2008, ANR plans to sample an additional 25 lakes. The resulting 55-lake survey,
which includes five re-sampled lakes, will yield a statewide estimate of lake water quality conditions
with an estimated confidence of ± 5%. Information about the survey, including specific lakes sampled,
can be found at http://www.vtwaterquality.org/lakes/ docs/lp_mon-natlakesurv.pdf. Results of the lake
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survey work to date are reported in Section C.3.I., while the results of the stream survey are
summarized immediately below.
During the 2008 reporting period, ANR completed a five-year rotational probability-based survey of
wadeable streams. From 2002-2006, fish and macroinvertebrate community assessments were made at
78 randomly selected wadeable stream sites across the state. Assessment results were related to a
determination of aquatic life use support pursuant to the Vermont Water Quality Standards. The
results, based on a hexagon overlay study design, were used to provide a statistically defined estimate
of the aquatic life use support status of assessed wadeable streams in Vermont. An alternative study
design based on Thiessen polygons was evaluated and recommended for future probability
assessments. Results for the analyses are depicted in the figure below and are expressed as the percent
of total wadeable stream miles in five biological condition categories with 95% confidence limits. For
example, for the Thiessen analysis, there is 95% certainty that between 75-93% of Vermont wadeable
streams fully support aquatic life uses (Figure C.3.B.1).
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Hex (88 ± 8%)
Thiessen (84 ± 9%)

22 ± 12.5%
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24 ± 11.5%

Hex
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Figure C.3.B.1. Proportion of Vermont streams falling within biological assessment categories, based on a
probability survey. Streams in the excellent, very good, or good categories are considered fully supporting aquatic
life uses.

This project demonstrates the potential for utilizing monitoring data from different aquatic
communities (fish and macroinvertebrates) and methodologies (DEC, EPA) to arrive at consistent
assessment conclusions derived from Bio-condition Gradient (BCG) theory in the context of tiered
aquatic life uses, as expressed in the Vermont Water Quality Standards. This project also demonstrates
an approach to incorporating probability monitoring and assessment activities into ANR’s routine
monitoring and assessment programs in a sustainable manner that meets the goals of the Clean Water
Act without unduly diverting limited resources away from state water quality management priorities.
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Using DEC's traditional assessment approach, which is a rotational watershed assessment where sites
are targeted for sampling in one-fifth of the state each fall and the sites are comprised of long-term
sampling locations, places where there are gaps in information, and places of concern for some reason,
91% of the streams fully support aquatic life use and 9% do not in 2008. These percentages were the
same in 2006.
The complete report describing the entire probability-based survey and survey results will soon be
available from the Water Quality Division and be posted on the Division's web site
(www.vtwaterquality.org).

C.3.C. Total Maximum Daily Load Program & Summary of Impaired Waters
Under Section 303d of the Clean Water Act, all states are required to develop lists of impaired surface
waters. These impaired waters are lakes, ponds, rivers and streams that do not meet the water quality
standards developed by each individual state. In Vermont, these waters are described on the state’s
Part A 303d List of Impaired Waters in Need of a TMDL. The Clean Water Act requires that a Total
Maximum Daily Load (TMDL) be developed for impaired waters on Part A of the list and the list
provides a schedule as to when TMDLs will be completed.
A TMDL is the calculation of the maximum amount of a pollutant that a waterbody can receive and
still meet the water quality standards. A TMDL serves as a plan that identifies the pollutant reductions
a waterbody needs to meet Vermont’s Water Quality Standards and develops a means to implement
those reductions. TMDL determinations are unique to each individual waterbody but the general
process by which they are developed can be summarized in the following manner:
Problem Identification B the pollutant for which the TMDL is developed must first be identified. Examples
might include sediment that impacts habitat for aquatic organisms, nutrients that cause excessive algal
growth, or bacteria that creates an unsafe environment for swimming.
Identification of Target Values B this establishes water quality goals for the TMDL. These may be given
directly in the Water Quality Standards or may need to be interpreted.
Source Assessment B all significant sources of the pollutant in question must be identified in the watershed.
This often requires additional water quality monitoring.
Linkage Between Targets and Sources B this process establishes how much pollutant loading can occur
while still meeting the water quality standards. This step can vary in complexity from simple calculations
to development of complex watershed models.
Allocations B once the maximum pollutant loading is established, the needed reductions must be divided
among the various sources. This is done for both point sources and nonpoint sources.
Public Participation B stakeholder involvement is critical for the successful outcome of TMDLs. Draft
TMDLs are also released for public comment prior to their completion.
EPA Approval B EPA approval is needed for all TMDLs as required by the Clean Water Act.
Follow-up Monitoring B additional monitoring may be needed to ensure the TMDL is effective in restoring
the waters.
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Table C.3.C.1. appearing below is provided as a summary update of overall TMDL progress since
2001. During the 2008 305b reporting period, 36 TMDLs were completed and approved which
concerned 5 hydrology-based stormwater impaired waterbodies and 31 mercury impaired waterbodies.
Table C.3.C.1. also serves an expression of future TMDL direction for Vermont.
Table C.3.C.1. Update on Vermont TMDL Projects.
Segment

Pollutant &
Waterbody
ID number

Project Status

Projected
Submittal

31 Mercury Impaired
waterbodies
Bartlett Brook
(South Burlington)
Centennial Brook
(South Burlington &
Burlington)
Englesby Brook
(Burlington)
Morehouse
Brook
(Winooski)
Potash Brook
(South Burlington)
Acid
impaired
waterbodies

Mercury

TMDL Complete

EPA Approved (12/07)

Hydrology
VT05-11
Hydrology
VT08-02

TMDL Complete

EPA Approved (9/07)

TMDL Complete

EPA Approved (9/07)

Hydrology
VT05-11
Hydrology
VT08-02
Hydrology
VT05-11

TMDL Complete

EPA Approved (9/07)

TMDL Complete

EPA Approved (9/07)

TMDL Complete

EPA Approved (12/06)

pH
7 ponds

TMDLs Complete

EPA Approved
(9/04)

Acid
waterbodies

pH
30 ponds

TMDLs Complete

EPA Approved
(9/03)

Lake Champlain

Phosphorus
9 segments

TMDL Complete

EPA Approved
(11/02)

Styles Brook
(Stratton)

Sediment
VT11-15

TMDL Complete

EPA Approved
(6/02)

Trib #1, North Branch
Ball Mtn. Brook
(Stratton)

Sediment
VT11-15

TMDL Complete

EPA Approved
(6/02)

Black River
(Ludlow)

Phosphorus
VT10-14

TMDL Complete

EPA Approved
(5/01)

Winooski River
(Cabot)

Pathogens
VT08-09

TMDL Complete

EPA Approved
(3/01)

Lake Carmi

Phosphorus
VT05-02L01

In Development

2008

Ticklenaked Pond

Phosphorus
VT14-07L01

In Development

2008

Other
stormwater
impaired waters

Approx.
8
other segments

Developing TMDLs based on
setting hydrological targets versus
relying solely on pollutant loading
targets

Initial draft TMDL
submittal occurred in
11/05 (Potash Brook); 4
other TMDLs in 2008

impaired
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TMDL

Northeast Regional Mercury TMDL
Vermont began working with the six other New England states plus New York State and the New
England Interstate Water Pollution Control Commission (NEIWPCC) on the regional TMDL in
December 2005. The draft of the plan was released for public comment on April 11, 2007. EPA
approved the Northeast Regional Mercury TMDL on December 20, 2007. The TMDL is a regional
cleanup plan to reduce mercury entering into the states’ waters from a range of pollution sources. The
plan focuses on reducing atmospheric deposition of mercury so that concentrations of mercury in fish
can be reduced to healthier levels. Based on calculations in the TMDL, atmospheric deposition of
mercury needs to be reduced by 98% from sources both inside and outside the region in order to meet
desired fish tissue concentrations.
Development of Stormwater TMDLs
For the last four years, the Water Quality Division of DEC has been working collaboratively to
develop TMDLs for the 17 stormwater impaired waters identified on the Vermont 303d List of
Impaired Waters. The genesis of the current approach came about when the Vermont Water Resources
Board (now called Water Resources Panel) initiated a hearing process to explore the scientific
uncertainties in remediating stormwater-impaired waters. The docket hearings drew a large number of
participants from the business community, consulting groups, EPA, state agencies, environmental
groups and the general public. The Board’s conclusions are set forth in a document entitled “A
Scientifically Based Assessment and Adaptive Management Approach to Stormwater Management”
(Stormwater Cleanup Plan Framework, 2005). The primary outcome of the docket proceedings was
general agreement regarding the scientific uncertainties involved in remediating stormwater-impaired
waters. Additionally, a design was formulated using hydrology and sediment as surrogates to predict
how the aquatic biota in impaired waters will respond to stormwater controls, making it feasible for
ANR to develop and implement TMDLs for stormwater impaired waters.
This Framework identified a reference watershed approach whereby hydrologic targets are developed
by using similar “attainment” watersheds as a guide. The agreed upon concept was that if the
hydrologic and sediment dynamics of the impaired streams are brought into closer alignment with
attainment streams, the aquatic biota will respond positively to the resulting better habitat conditions.
The first step in using this attainment stream approach was to select appropriate attainment streams,
which, ideally, are as similar to the impaired watershed as possible in physical makeup, such as slope,
soils, climatic patterns, channel type, and land use/cover, etc. Since all of the lowland stormwaterimpaired streams are located in the Lake Champlain Valley, a collection of similarly located streams
were identified as a pool from which the most representative attainment watersheds could be selected
for each stormwater-impaired watershed.
Next, modeled hydrologic regimes of existing conditions for both the impaired and attainment streams
were developed; achieved by applying the P8-Urban Catchment Model to all the streams. Flow output
from this model was utilized to develop flow duration curves (FDC) which give a picture of the long
term hydrologic conditions in any given watershed. The differences in particular measures within the
FDCs (i.e. high and low flows) between impaired and attainment streams provide insight as to the
extent of stormwater controls necessary to bring the impaired waters into compliance.
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With the FDCs for all attainment and impaired streams in hand, a statistical approach was developed
cooperatively by researchers at the University of Vermont and DEC that allowed the selection of the
most appropriate attainment streams for each stormwater-impaired stream. Using this approach,
watersheds were grouped based on intrinsic similarities that effect flow, resulting in attainment streams
being grouped with the most similar stormwater-impaired streams. Within each group, the attainment
stream FDCs represent a hydrologic regime that will likely support healthy aquatic life and thus the
attainment of the Vermont Water Quality Standards.
From the extensive efforts involved in the above steps, the necessary information was derived allowing
the development of hydrology-based TMDLs for the stormwater impaired streams in Vermont. Upon
completion and approval by EPA, these TMDLs will provide the targets necessary to develop
stormwater implementation plans for each individual watershed. These plans will specify stormwater
control actions necessary to meet the TMDL derived hydrologic targets and, therefore, ultimately
attain the applicable Vermont Water Quality Standards.
Overview of the Vermont 2008 Priority Waters List - including Section 303d List of Waters
Development of the 2008 Section 303d List of Impaired Waters is a process that is ongoing and
concurrent to the development of the 2008 Section 305b Report. Consequently, the final 2008 303d
listing has not been included in this report. The 2008 303d list will assume a content and format
similar to the EPA-approved 2006 list. The 2008 303d list was developed consistent with DEC’s
Assessment and Listing Methodology (2006).
The 2006 303d List of Impaired Waters was approved during the 2008 305b reporting period (EPA
approval on March 1, 2007). The 2006 303d List of Impaired Waters has been made available
separately and can be inspected on the Water Quality Division's web site: www.vtwaterquality.org.
A brief summary of the Vermont Priority Waters List, which identifies and tracks both impaired and
non-impaired waters, is given in Table C.3.C.2. It should be noted that the Section 303d List of
Impaired Waters is only a portion of the overall Vermont Priority Waters List and much of the Priority
Waters List process occurs outside the scope of Section 303d. It is important to be aware of the
overall listing process because it is indirectly involved with the 303d listing process. Table C.3.C.2
gives an overview of all sections of the Vermont Priority Waters List. Part A, the single component of
the 303d List of Impaired Waters, has been highlighted.
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Table C.3.C.2. Overview of Vermont Priority Waters List.
Included as Part of 303d
Listing?

Vermont Priority Description
List Section
Part A
Interim List

Part B
Part C
Part D
Part E
Part F
Part G

Impaired Waters in Need of a TMDL
Candidate Waters for Section 303d De-listing

Yes

Yes, until EPA approval. After
approval these waters are
removed from 303d. EPA
approved 303d list does not
include de-listed waters.
Impaired Waters - No TMDL Required or No
Needed
Surface Waters in Need of Further Assessment No
Waters with Completed & EPA Approved
No
TMDL
Surface Waters Altered by Exotic Species
No
Surface Waters Altered by Flow Regulation
No
Surface Waters Altered by Physical Channel No
Changes/Adjustments

A summary of the number of waterbody segments listed as impaired on the year 2008 DRAFT Lists is
given in Table C.3.C.3. Figures in table are tentative as list is pending approval by EPA.
Table C.3.C.3. Number of Impaired Segments (taken from DRAFT 2008 listings).
Impaired Segments

Lakes & Ponds Streams & Rivers

Listed in Part A – impaired waters needing a
TMDL (newly listed waters in 2008 are given in
parentheses)
Listed in Part B – impaired waters not needing a
TMDL ( no new waters were added in 2008)
Total number of impaired segments

Total

15 (0)

101 (5)

116 (5)

1

12

13

16

113

129

There are four nutrient-impaired lakes on the current 303d list for which TMDLs have not yet been
prepared. These lake waterbodies are: Lake Memphremagog (Newport), Lake Carmi (Franklin),
Ticklenaked Pond (Ryegate) and Shelburne Pond (Shelburne).
Lake Memphremagog was comprehensively reassessed during the reporting period, owing to questions
about the validity of the prior impairment listing. It has been determined that water quality standards
remain unmet and a phosphorus-based TMDL is needed. It has been determined, however, that
phosphorus standards are met in the South Bay segment of the lake, and consequently, that segment
has been proposed for de-listing. The development of a TMDL for Lake Memphremagog is planned to
coincide with the Basin Planning Process for the Memphremagog watershed, which has just recently
commenced.
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Also during the reporting period, the remaining lakes were the study sites of a 104b3 cooperative
agreement with EPA aimed at the development of nutrient TMDLs. In concert with this agreement,
draft phosphorus-based TMDLs have been prepared for Lake Carmi and Ticklenaked Pond. These
documents are being reviewed internal to ANR and will be provided to EPA for informal review
during spring 2008.
A comprehensive reconstruction of the eutrophication history of Shelburne Pond using paleolimnology
was also carried out under this agreement. The goal of that analysis was to determine whether
Shelburne Pond may be a naturally-eutrophic lake. The results of the analysis indicate that while the
trophic state of Shelburne Pond has deteriorated considerably over the past 50 years, conditions in the
pond were equally or more eutrophic as far back as 5000 years ago. The results of the study implicate
prior land-use activities as having caused the current conditions of the pond, yet there are several
reasons for which a TMDL may not be an appropriate approach to addressing these conditions. ANR
is currently discussing options for addressing Shelburne Pond that are compliant with the Clean Water
Act but that do not require the preparation of a TMDL.
C.3.D. Summary of Designated Use Support
Lakes
In Table C.3.D.1 below, a more informative view of use support for lakes and ponds than that provided
in Section C.3.A. In the table below, use support is presented in relation to designated use, and is
consistent with the reporting ANR has provided in prior 305b reports. Changes in use support from the
2006 report result from changes in impairment acreages in the Lake Memphremagog system,
modifications to altered acres due to Eurasian watermilfoil and other invasive species infestations, and
adjustments made to individual waterbody assessments during the conversion to ADB. The reader
should note that not all uses are assessed at all waters (e.g., swimming and boating uses are sometimes,
but not always precluded at drinking water supply reservoirs). Therefore the total sum of acres by use
will not necessarily tally to 55,561 acres for inland lakes or 174,175 acres for Lake Champlain.
Table

C.3.D.1.

Summary

of

Use

Lake Champlain

Inland

Aesthetic
Aquatic Biota, Wildlife, and Aquatic Habitat
Boating, Fishing, and Other Recreational
Uses
Fish Consumption
Public Water Supply
Swimming and Other Primary Contact
Recreation
Aesthetic
Aquatic Biota, Wildlife, and Aquatic Habitat
Boating, Fishing, and Other Recreational
Uses
Fish Consumption
Public Water Supply
Swimming and Other Primary Contact
Recreation

Use

Support

Fully Supporting
acres
32,202

for

Vermont

Stressed acres

Altered acres

Lakes

&

Ponds.

Impaired
Unassessed
acres
acres
7,974
936

11,627

2,822

17,008

17,708

7,527

12,394

924

30,960
1,454
1,196

10,348
45,992
-

4,345

7,974
8,115

935
5

32,661
35,289

10,818
-

2,154
6,833

7,974
132,053

942
-

152,671

-

21,504

156,979

17,196

148,690

-

35,289

-
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-

-

15,674

174,175
-

-

6,824

132,062

-

Rivers
According to Webster (1962), Vermont has approximately 7,100 miles of perennial rivers and streams.
Of the approximately 5,676 river and stream miles assessed for this report, overall about 89% of those
miles are in compliance with the state’s water quality standards and support designated uses, and 11%
do not meet water quality standards or do not fully support the designated uses. Of the 89% meeting
standards, approximately 16% are considered stressed by some pollutant or activity. These results are
similar to the 2006 305b Report where 88% of the river miles assessed supported uses and 12% did not
support uses.
Table C.3.D.2. Summary of Use Support for Vermont Rivers & Streams (in miles).
Designated Use
Overall

Full
support
4208.0
(4055.2)
4307.1
4916.2
4774.8

Stressed
838.3
(790.7)
859.9
436.8
606.6

Aquatic biota/habitat
Contact recreation
Secondary contact
recreation
Aesthetics
4659.6
704.7
Drinking
water
279.8
10.3
supply
Fish consumption
0
6214.1
(Note: 2006 305b values appear in parenthesis)

Altered

Impaired

Total
Assessed

300.2
(294.8)
300.1
6.5
122.0

329.4
(354.8)
208.8
144.0
54.8

5675.9
(5495.5)
5675.9
5503.5
5558.2

169.1
10.4

122.0
13.2

5655.4
313.7

2.1

66.5

6282.7

Table C.3.D.2 is a summary of the number of miles of rivers and streams throughout Vermont that
support or do not support the water quality standards or designated uses of the waters. For each river
use or value that is assessed, the miles of river or stream fully supported, stressed, altered, or impaired
are determined. For example, river miles that are supported for aquatic biota have macroinvertebrate
and fish communities in good to excellent health based on a number of metrics for each community.
River miles that are supported for swimming have no or very few known high levels of E. coli, a
bacterium that is used as an indicator for the presence of pathogens from warm-blooded animals.
The number of miles in each support category are provided for six uses or values: aquatic biota and/or
habitat, contact recreation (swimming, tubing), secondary contact recreation (boating, fishing),
aesthetics, fish consumption, and drinking water supply. The use called “overall” reflects the miles for
which one or more of the uses are fully supported, stressed, altered, or impaired. The fish consumption
use is not factored into the “overall” category because all miles of river and stream are at least stressed
for fish consumption due to a statewide fish consumption advisory. If taken into account in “overall”,
this status would mask the extent of other stresses.
C.3.E. Summary of Causes & Sources of Impairment, Alteration, and Stress - Lakes
For the 2008 305b reporting period, and in conjunction with the revision of Vermont assessment
database to the ADB, the causes of impairment and alteration have been significantly streamlined. For
impaired and altered waters, the principal cause of the impact is now identified, with corollary causes
being listed as observed effects. For example, for Vermont’s nutrient-impaired waters, the principal
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cause of impairment is identified as phosphorus, while the associated algae and plant growth are
identified as observed effects. As a result, the statements of causality for impairments and alterations
are more precise, while those phenomena that are related retained in the ADB.
Causes of impairment for Lake Champlain and for Vermont's inland lakes are shown in Table C.3.E.1.
Related sources of impairment are provided in Table C.3.E.2. For Lake Champlain, the most
important causes of impairment are mercury and PCB contamination, caused respectively by
atmospheric deposition of toxics and improper waste disposal. The second most important cause for
Lake Champlain is phosphorus pollution. The sources of phosphorus vary by segment but are from
various categories of nonpoint source pollution, along with minor contributions from municipal
wastewater effluents. Eurasian watermilfoil and zebra mussel infestations are the causes of alterations
to Lake Champlain, which result from transport of plant fragments and larval zebra mussels through
recreational boating and fishing activities.
For the inland lakes of Vermont, mercury in fish tissue impairs the largest number of lake acres, this
resulting largely from atmospheric deposition. In the case of two reservoirs in the Connecticut River,
mercury levels are attributed to water-level fluctuations. In the case of reservoirs within the Deerfield
River drainage, mercury levels are attributed to natural watershed susceptibility. The second largest
cause of impairment is phosphorus pollution. The total acreage affected by this cause has increased
significantly from the 2006 report, due to the comprehensive re-assessment of Lake Memphremagog.
Previously, only 51 acres were thought to be impaired by elevated phosphorus. A new monitoring
program between Vermont and Quebec has identified that the entire acreage of the lake (5,966 acres)
exceeds the applicable water quality criterion of 15 ppb phosphorus. Under the same monitoring
program, the South Bay segment of Lake Memphremagog has been shown to meet the applicable
water quality standard of 25 ppb, and this segment has been delisted. For all nutrient-impaired lakes,
the sources of phosphorus are largely nonpoint sources of a variety of types, including agriculture, road
maintenance, and sediment losses related to development. Acidity due to atmospheric deposition of
acid-forming precursors and natural susceptibility also affects a significant number of lake acres in
Vermont. The principal causes of alterations to inland lakes arise from water-level management and
Eurasian watermilfoil infestations. These infestations are believed to originate from the transport of
plant fragments through recreational boating and fishing activities.
The so-called observed effects that stress uses on Lake Champlain include sedimentation, Eurasian
watermilfoil and other exotic species, native plants, and E. coli bacteria. The observed effects that
stress uses on inland lakes are more diverse, the principal amongst which are algal growth, Eurasian
watermilfoil and other exotic species, flow alteration, phosphorus and nutrients, and sedimentation.
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Table

C.3.E.1.

Summary

of

Causes

of

Impact

Use →

Fully supporting but Stressed
Impaired
Altered
Fully Supporting
but Stressed

Lake Champlain

Inland Lakes

Altered

Impaired

Waterbody
Type ↓

Assessment
of waterbody
↓

Cause of Impact ↓
Mercury in Fish Tissue
Organic Enrichment - DO
pH
Phosphorus
Sedimentation/Siltation
Eurasian Water Milfoil
Exotic Species
Flow Alteration
Zebra Mussel
Escherichia coli
Eurasian Water Milfoil
Excess Algal Growth
Exotic Species
Flow Alteration
Mercury in Fish Tissue
Noxious Aquatic Plants Algae
Noxious Aquatic Plants Nutrient/Eutrophication
Biological Indicators
Nutrients
Organic Enrichment - DO
pH
Phosphorus
Salinity
Sedimentation/Siltation
Zebra Mussel
Escherichia coli
Mercury in Fish Tissue
PCB in Fish Tissue
Phosphorus
Eurasian Water Milfoil
Zebra mussel
Escherichia coli
Eurasian Water Milfoil
Exotic Species
Noxious Aquatic Plants Native
Sedimentation/Siltation
Zebra mussel

Aesthetic

to

Aquatic Biota,
Wildlife, and
Aquatic
Habitat

Vermont
Boating,
Fishing, and
Other
Recreational
Uses

Lakes

&

Fish
Consumption

Ponds
Public Water
Supply

(in

acres).

Swimming and
Other Primary
Contact
Recreation

8,115
700
4,420
7,874
100
1,015
628
5,985
236

7,874
100
1,015
628
1,280

7,346
27
1,751
216

6,840
27
1,761
4,596

7,874
100
1,015
628
2,803

7,874
100
1,015
628
612

7,199
27
847
216

904
7,219
101
847
26
46,586

9,471
1,141

9,438
1,144

9,838
1,606

9,674
1,606

23
3,216

67
3,404
1,548
5,870
3,404

23
3,045

23
3,142

3,045

3,142

3,982
357

3,395

3,437
593

3,216
9
3,638

9
174,175
163,678
132,053
6,833

10,363
1,600

16,116
21,504

17,196

1,600

1,600

15,674

500
5,388
5,281

5,388

47

132,053
6,824
6,824
41
10,372
1,600
500
5,388
6,171

Table

C.3.E.2.

Summary

of

Sources

of

Impact

to

Vermont

Use →
Waterbody
Type ↓

Assessment
of waterbody
↓

Source of Impact ↓

Impaired
Altered

Lake Champlain

Altered

Inland

Impaired

Agriculture
Animal Feeding Operations (NPS)
Atmospheric Depositon - Acidity
Atmospheric Depositon - Toxics

All Waters

Stressed

Flow Alterations from Water Diversions
Internal Nutrient Recycling
Managed Pasture Grazing
Natural Sources
Non-irrigated Crop Production
Non-Point Source
Post-development Erosion and
Sedimentation
Streambank
Modifications/destablization
Flow Alterations from Water Diversions
Impacts from Hydrostructure Flow
Regulation/modification
Other Marina/Boating On-vessel
Discharges
Other Shipping Releases (Wastes and
Detritus)
Agriculture
Atmospheric Depositon - Toxics
Combined Sewer Overflows
Highway/Road/Bridge Runoff (Nonconstruction Related)
Inappropriate Waste Disposal
Industrial Point Source Discharge
Municipal Point Source Discharges
Natural Sources
Non-Point Source
Post-development Erosion and
Other Marina/Boating On-vessel
Discharges
Other Shipping Releases (Wastes and
Detritus)

Aesthetic

1,456
1,456

Aquatic Biota,
Wildlife, and
Aquatic Habitat
2,156
2,156
4,420

Lakes

&

Ponds

Boating,
Fishing, and
Fish
Other
Consumption
Recreational
Uses
1,456
1,456

(in

acres).

Public Water
Supply

Swimming
and Other
Primary
Contact
Recreation
1,456
1,456

8,115
2,012
54
1,854

54
2,554

54
1,854

54
1,854

2,378
1,456

4,420
3,078
1,456

2,378
1,456

2,378
1,456

452

452

452

452

100

100

100

100

1,280

5,985

2,803

612

300

2,198

235

215

832

913

832

913

1,481

1,562

1,481

3,692

1,562

31,859

30,259
174,175

13,725

13,725

13,725

13,725
163,678

4,423
73,869
5,388
132,053
13,725

58,184

6,579

28,710

4,423
72,269
5,388
130,453
13,725
12,741

6,833
37,620
17,196
Sources are not attributed to stressed waters
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11,219

13,158

15,674

13,648

C.3.F. Summary of Causes & Sources of Impairment, Alteration, and Stress – Streams
A cause is a pollutant or condition that results in a water quality or aquatic habitat
impairment, alteration or stress; a source is the origin of the cause and can be a facility, a
land use, or an activity. Tables C.3.F.1 and C.3.F.2 below summarize the miles of rivers
and streams affected by various causes and sources, respectively.
Because a stretch of river or stream may be affected by more than one cause or source,
the same mileage may be tallied in several places in the tables. For this reason, the two
columns on each table are not additive because the total would overestimate the total
number of miles affected by all causes and sources in Vermont. The purpose of these
summaries is to give natural resource managers and the public an idea of the relative size
of the impact from different pollutants or conditions on Vermont’s waters and from
which land uses or activities they may originate.
Causes
Sedimentation/siltation is the largest cause of stresses and impairments to river or stream
water quality or aquatic habitat in Vermont. Sedimentation/siltation has long been the
leading pollutant of the state's flowing waters. Unnatural levels of sediment alter or
destroy macroinvertebrate habitat and fish spawning areas, fill in swimming holes, and
cause the river or stream channel to become unstable and move more dramatically than it
would naturally. The number of miles impaired by sediment is overall slightly less than
in 2006 while the number of miles stressed is up – about 749 miles of stream stressed by
sedimentation. The next three largest causes of alterations or impairments are flow
alterations, physical habitat alterations (channelization, blow-outs of bridges and culverts
that were not properly sized, gravel mining), and nutrients as was the case in 2006.
Table C.3.F.1. Summary of Causes of Impact to Vermont Rivers & Streams (in miles).
Cause of impairment, Length impaired Length stressed
alteration or stress
or altered by due to the cause
cause
Sediments
*283.4
748.6
Flow alterations
*233.4
69.5
Physical habitat alterations
187.3
464.3
Nutrients
159.8
457.7
Pathogens
109.0
290.1
Turbidity
108.2
153.4
Metals
99.9
133.3
Temperature
83.1
475.8
(Note: values in parenthesis are from 2006 305b Report)

Total length on which
causes have an impact
1032.0
302.9
651.6
617.5
399.1
261.6
233.2
558.9

(1055.1)
(317.3)
(650.6)
(642.5)
(402.4)
(272.7)
(263.6)
(572.0)

(*) These numbers do not include the 34.1 miles put into the newly created (for this database) cause of
stormwater. The changes were made to better align the database with the impaired waters list pollutant
names. Some miles of pathogens, temperature and other causes also went into the stormwater mix
depending on the waterbody.
The other substantial causes identified include pathogens, metals, turbidity and
temperature in order of the number of miles impaired by these pollutants. It should be
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noted that although temperature impaired fewer miles than these other causes, many more
miles were stressed due to thermal modifications of streams than the others.
Past assessments have generally had similar results in terms of which pollutants or
conditions have the most impact on water quality or aquatic habitat. The total miles on
which each cause has an impact is quite similiar between the 2006 and 2008 assessments.
Sources
The five sources of pollution identified as having the greatest impacts or causing the
greatest stresses on miles of river and stream are flow alteration from hydroelectric
facilities, snowmaking water withdrawals and other sources; streambank erosion;
agricultural land uses and activities; removal of riparian vegetation; and atmospheric
deposition. Additional significant sources of impacts include urban/developed land
runoff, flood impacts resulting from poorly sited or designed human structures or
activities, and channel instability due to human activity. See Table C.3.F.2. below for
sources affecting Vermont rivers and streams.
Table C.3.F.2. Summary of Sources of Impact to Vermont Rivers & Streams (in miles).
Source
of
impairment, Length
Length
alteration or stress
impaired
or stressed due to
altered due to source
source
Streambank erosion/
226.6
573.0
de-stabilization
Flow modification
178.0
46.4
Agriculture
161.4
538.9
Riparian vegetation removal
135.0
540.6
Atmospheric deposition
118.6
29.5
Developed land runoff
90.4
180.5
Floods
77.0
75.9
Channel instability/ Confined 69.2
175.9
streams
Land development
57.4
57.0
Upstream impoundment
53.3
70.0
(Note: values in parenthesis are from 2006 305b Report)

Total length on which
sources have an impact
799.6

(803.7)

224.4
700.3
675.6
148.1
270.9
152.9
245.1

(310.4)
(699.6)
(667.3)
(157.9)
(263.0)
(152.9)
(217.8)

114.4
123.3

(115.8)
(123.0)

Streambank erosion is described above as a source in and of itself, but this ‘source’
results from other ‘sources’ such as riparian vegetation removal and channel instability.
In addition, the interrelationship and overlap between several of these sources such as
agricultural activities, riparian vegetation loss, streambank erosion, and channel
instability makes the attribution of miles stressed, altered, or impaired to each of these
sources an imprecise task. The relative contribution of each source should be the focus of
the numbers in the table.
Removal of riparian vegetation continues to be a growing problem in the state.
Individual residential and commercial landowners, farmers, town road crews and the
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Agency of Transportation all encroach on the riparian zone with their activities and the
result is the loss of the trees and shrubs protecting rivers and riverbanks. Flooding and
channel instability also result in loss of riparian vegetation, but the loss of riparian
vegetation also increases a stream’s vulnerability to channel changes in an unstable
system.
Atmospheric deposition is primarily responsible for mercury and acidified conditions in
Vermont’s surface waters. While these conditions are exacerbated in lake systems, stream
biological communities do exhibit quantifiable impacts, particularly due to acidification.
Urban/developed land as a source includes runoff from any urban, suburban, village or
other developed areas. Developed land changes the amount and timing of runoff
reaching rivers and streams and the runoff contains many pollutants including sediment,
metals, nutrients and organic compounds. The impacts from rapidly developing suburbia
and residential sprawl seem to outpace progress in erosion and runoff control, streamside
vegetation re-establishment, and stream stabilization efforts.
The flood impacts are those that result from poorly sited or designed human structures
(road, bridges, culverts), which blow out during a flood resulting in more damage to the
river or stream habitat than would be otherwise. Channel instability can be a result of
flood impacts, flood “repair” work, instream gravel mining, stormwater runoff, and
watershed hydrology changes. A variety of human activites can cause channel instability
but channel instability is a source of sedimentation and habitat alteration.
C.3.G. Trophic Status of Lakes
Of the 556 lakes tracked in the assessment, trophic status has been determined for 233
lake waterbodies. This number of waterbodies comprises 217,245 acres of the total
229,735 assessed acres. Trophic state is determined by evaluating data from a
combination of programs: Spring Phosphorus, Lay Monitoring, Lake Champlain
Monitoring, and Lake Assessment. Assessment thresholds for the determination of
trophic state are used to classify lakes along a gradient of oligotrophic to hyper-eutrophic
(Table C.3.G.1). When assessing trophic state, summer monitoring data are prioritized
over spring data when available.
Table C.3.G.1. Trophic State of Assessed Vermont Lakes & Ponds (assessment thresholds
also shown).

Trophic State
Undetermined
Hypereutrophic
Eutrophic
Mesotrophic
Oligotrophic

--

Chlorophyll-a
Average
Summer
concentration
(ug/L)
--

0 - 3.0
3.0 - 5.5
> 5.5

> 7.0
> 3.5 - 7.0
0 - 3.5

Secchi
Average
Summer
(m)

TP
Spring
average
concentration
(ug/L)
->100
> 15
>7 - 15
<7
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TP Summer
photic zone
- LMP

Number of
lakes in
assessment

Acres

--

323
2 (1%)
39 (17%)
134 (58%)
34 (15%)

12,490
473
26,702
179,450
9,933

> 15
>7 - 15
<7

<20 (and PtCo
> 50)

Dystrophic
Number of NLA
draw lakes with
data

33

33

49

31

24 (10%)

687

469*

229,656*

(*) The total number of Vermont lakes & lake acres represented by the National Lake Survey
draw.

The newly-available National Lakes Survey list of Vermont sample sites (the “sample
draw”) also provides an opportunity to view trophic state from a probability-standpoint.
As part of its FFY2006 supplemental monitoring agreement with EPA, ANR committed
to examining trophic state of Vermont lakes by combining the sample draw with
available monitoring data. For this purpose, data from the Spring Phosphorus and Lay
Monitoring Programs were averaged for each lake in the draw for which data were
available and plotted using continuous frequency distributions. These distributions
describe statewide trophic status independently for each of the four assessment
parameters described in the table above. The draw was comprised of 53 lakes greater
than or equal to 10 acres in size, and lake weights were taken from the National Lake
Survey draw.
The assessment confidence and percent breakdown by trophic state varies by assessment
parameter. The greatest confidence and precision is given by the Spring phosphorus
dataset (estimated confidence 95%), since the largest number of lakes are captured by
that program. Confidence and precision is lesser for the remaining parameters (on the
order of 80%).
Figure C.3.G.1 provides the results of the assessment.
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Figure C.3.G.1. Cumulative frequency distributions of total phosphorus (spring and summer), and summer chlorophyll-a and Secchi transparency,
based on the National Lakes Survey draw for Vermont. Drop-lines show the percent of lakes exhibiting oligotrophic (blue), mesotrophic (yellow), or
eutrophic
(green)
conditions.
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For most of these parameters, the distribution of lakes across trophic states is similar to
the assessment derived from all assessed lakes (Table C.3.G.1). Table C.3.F.2 shows the
proportion of lakes in the three trophic categories.
Table C.3.F.2. Probability Estimates of the Occurrence of Lakes ≥ 10 Acres in Three
Trophic State Categories.
Trophic
category

Oligotrophic
Mesotrophic
Eutrophic

Percent of
lakes based
on spring
phosphorus

Percent of
lakes based
on summer
phosphorus

Percent
of
lakes based
on summer
chlorophyll-a

20
53
27

8
55
37

45
28
27

Percent
of Percent of
lakes based lakes from
on summer Assessment
Secchi
transparency
21
17
51
58
28
15

Some caution is warranted in interpreting the results in the above table. While a
statistically-designed, random set of waterbodies was used to generate the estimates, the
underlying data were not randomly generated. Under a true probability survey of trophic
conditions, all lakes within the draw would be sampled simultaneously, resulting in an
unbiased view of condition. In this instance, existing data were used, but only on those
waters where they were available. Therefore, there exists bias in the assessment related
to the choices made relating to why certain lakes were sampled in the underlying
monitoring programs. The majority of summer sampling was derived from Lay
Monitoring Program data. This program strives to provide monitoring services for
citizens where their interests lie. The majority of lakes that are monitored are those with
larger constituencies, and therefore a larger number of likely stressors. As such, using
exclusively these data biases the resulting estimates of conditions towards a higher
trophic state. The Spring Phosphorus program is more objectively designed. ANR
strives to sample all lakes in excess of 20 acres on a rotating basis. The bias that exists in
the assessment based on spring phosphorus relates to lake size. The estimates of trophic
conditions should only be considered applicable to lakes that are greater than or equal to
20 acres. In all instances, the mean values used for the lakes may not be from the same
set of years; another inconsistency in the underlying dataset. Once ANR has completed
the statewide lakes survey (2008), these estimates will be revised to provide an unbiased,
statistically representive estimate of trophic state of Vermont lakes.
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C.4. Wetlands Program
Background & Extent of Wetland Resources
Vermont wetlands are significant resources that contribute to the economic, cultural, and
physical well being of its residents. Wetlands provide numerous ecological functions and
social values, including habitat for fish and wildlife, recreational and educational
opportunities, habitat for threatened and endangered species, temporary storage of flood
waters, and they aid in the maintenance of water supply and quality. These important
resources, however, have been significantly affected by human activities.
The primary function of the Vermont Wetlands Program within DEC is to administer the
Vermont Wetland Rules. The Wetland Rules regulate most palustrine wetlands which
are identified on the Vermont Significant Wetland Inventory maps. The Wetlands
Program also provides comment on Act 250 applications that involve wetland issues and
conducts pre-Act 250 determinations to assist potential developers in meeting the
requirements of the Act. Wetlands Program staff provides comment and advice to other
state agencies and they are called upon as wetland experts wherever testimony is deemed
appropriate. DEC reviews projects that involve wetland filling under Section 401 of the
Clean Water Act based on compliance with the Vermont Water Quality Standards and
other applicable provisions of State law. On January 23, 1996, the Vermont Water
Quality Standards included the statement that the Standards shall apply to “all waters of
the United States,” as defined in 40 C.F.R. §122.2 (1995). This wording includes
wetlands as being part of “all water...” with respect to having to meet the goals of the
Water Quality Standards.
The Vermont Agency of Natural Resources has digitized all the National Wetland
Inventory (NWI) maps developed for the state. For Vermont, a total of 232,000 acres of
palustrine wetlands are depicted on the maps. Mapped wetland areas are considered
significant and are designated as Class Two wetlands under the Vermont Wetland Rules.
Wetland inventories conducted in selected towns around Vermont indicate there are
considerably more acres of wetland than identified by the NWI project. A comparison of
USDA-NRCS mapped hydric soils versus Class Two wetlands in the Lamoille River
watershed found that hydric soils covered approximately 3% more of the landscape than
mapped wetlands, bringing total coverage of total wetland acreage in the watershed to
about 7%. The wetlands that do not appear on the NWI maps are considered to be Class
Three by the Vermont Wetland Rules. Extrapolating the soil information in the Lamoille
watershed to the rest of the state indicates there may be approximately 90,000 acres of
Class Three wetlands in Vermont. Class One wetlands are considered exceptional or
irreplaceable in their contribution of Vermont’s natural heritage and are therefore are
afforded the highest level of protection under the Vermont Wetland Rules. In order for a
wetland to be given Class One status, it must be petitioned for reclassification through the
Water Resources Panel.
Four wetland complexes, totaling 2,138 acres, have been given the status of Class One
since 1990. Dorset Marsh in Dorset, Vermont is a 200 acre wetland complex that was
successfully petitioned to Class One by the Dorset Citizens for Responsible Growth
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(1991) and was given a 100 foot buffer zone. The North Shore Wetland (Burlington) is a
15 acre wetland complex on Lake Champlain that was petitioned by the Vermont Natural
Resources Council (VNRC) and given Class One status and a 300 foot buffer zone in
2000. Tinmouth Channel (Tinmouth) was reclassified to Class One in 2001. This 1,473
acre wetland complex was petitioned by VNRC, and in addition to Class One status, now
contains a buffer zone that is 300 feet on the North End and 100 feet on the southern end.
The Lake Bomoseen Wetland was successfully petitioned to Class One by VNRC in
2003. This 450 acre wetland complex in Hubbarton was given a 100 foot buffer in most
places but retained a 50 foot buffer zone in one heavily developed area. This decision
was repealed by the Vermont Supreme Court in 2006.
Program Accomplishments During the 2008 Reporting Period
Clean & Clear Initiative
The State of Vermont has jurisdiction over wetlands through a variety of regulatory
programs including the Vermont Wetland Rules, Act 250, and Clean Water Act Section
401 Water Quality Certification. There are also some federal restrictions on wetlands that
are managed by the US Army Corps of Engineers. These regulatory programs help
maintain the water quality benefits and other functions of existing wetlands.
To supplement these regulatory programs, and to reverse the trend of losing valuable
wetland acreage, capital funds under the Clean and Clear Action Plan have been provided
to protect and restore critical riparian wetlands. Funding has also been provided for a
Wetland Restoration Specialist and for the preparation of a wetland restoration plan for
the Vermont portion of the Lake Champlain Basin.
The Agency of Natural Resources commissioned a study to identify and prioritize
wetland restoration opportunities in the Vermont portion of the lake's basin. Once
complete, this information will provide the basis for a watershed-wide wetland
restoration implementation plan for guiding future wetland restoration and protection
activities. The contractor has completed the following tasks:
• Site identification and model development within a pilot watershed.
• Field evaluation within the pilot watershed.
• Site identification, model revision and implementation for the entire basin.
• Landowner contact and preparation for feasibility analysis.
• Completion of site evaluation and feasibility analysis.
• Drafting of a portion of the plan summarizing and presenting the results of the
prioritization model.
Readers interested in learning more about this program can go to the following web site:
http://www.anr.state.vt.us/cleanandclear/wetlands.htm
Vermont’s Purple Loosestrife Biological Control Program
During the 2006 season, the Purple Loosestrife Biological Control Program released a
total of 53,525 Galerucella spp. beetles throughout 37 towns and 45 sites totaling nearly
29.8 acres of new purple loosestrife affected area treated. In order to further increase the

56

effectiveness and scope of the program, each year beetles are released in towns where no
prior releases have occurred. In 2005, 39 new sites were added in 12 new towns, covering
75 acres. This strategy of adding sites to areas that have not received much beetle
attention was continued in 2006; 30 new sites in 15 towns over 29.8 acres were added.
Fifteen sites that were already a part of the program also received releases in 2006 for a
total of 45 release sites in over 162.18 acres in 12 counties and 37 towns.
In 2007, the Purple Loosestrife Biological Control Program released a total of 10,928
Galerucella spp. beetles throughout 14 towns and 18 sites totaling 22 new acres treated
and 16 additional acres treated by spring re-releases. In 2007, approximately one-fifth
the number of beetles were released as compared to 2006. This was due to a re-focusing
of program priorities on different aspects of the biocontrol effort, such as involving
volunteer groups. Thirteen volunteers or groups of volunteers reared beetles this season
as well as located new sites and released beetles.
Education & Outreach Activities
Education and outreach activities included the ongoing logging workshops, field days
with conservation commissions, presentations to towns and municipalities, educational
workshops for teachers, lectures for universities and other school groups, and regional
conservation field days Most of these efforts were undertaken in response to specific
requests for the participation of the Vermont Wetlands Program. The purpose of these
education and outreach activities was to provide information about Vermont’s wetlands
and the regulations that pertain to these wetlands.
A special Wetlands Tour was also given in 2007 to the members and staff of the Natural
Resources Board and to the ANR Secretary. Several wetlands were visited in the town of
Berlin, including a mitigation wetland, wetlands adjacent to Berlin Pond (Water Source
Protection area for Montpelier), and a vernal pool. The focus of the presentation and tour
was to discuss how the Wetlands Program assesses wetland functions and values in the
context of administering the Vermont Wetland Rules. The timing of this outreach effort
was critical as the discussion of changes to the Vermont Wetlands Program was
underway via the Wetland Investigative Docket.
Wetland Investigative Docket
A Wetland Investigative Docket started in 2006, and at the request of the legislature,
continued into 2008. A workgroup of wetland scientists and many stakeholder groups
met for several months to: explore the issue of wetland regulation; propose a new statute
for the Vermont legislature; propose amended rules based upon the new statute; and
develop a framework for a new permit program that expands the number of acres of
wetlands protected under the Vermont Wetland Rules. Funds needed to implement the
new rules are also being requested. Strong differences of opinion remained throughout
the meetings with the legislative workgroup, ultimately resulting in several proposed
versions of statute changes making it to the legislature. A mediated process for this
workgroup began in 2007 and will continue through 2008 to resolve differences between
the regulated community, the regulators, and environmental groups.
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Vermont Wetland Monitoring & Assessment Project Summary
The purpose of the wetlands bioassessment program is to assess slow-winding stream and
lake and pond-associated wetlands to obtain an understanding of overall wetland
condition statewide. The wetland bioassessment program builds on the findings of an
EPA-funded pilot wetland bioassessment project involving vernal pools and northern
white cedar swamps in June 2003. Wetland bioassessment sampling was coordinated
with on-going stream and lake bioassessment sampling, allowing the project to capitalize
on the expertise of individuals currently engaged in similar monitoring projects while
branching into an area of assessment in the State that has received little biomonitoring
attention.
The specific objectives of the project have been to 1) gather data on the chemical and
physical condition of Vermont’s riparian wetlands; 2) to sample the macroinvertebrate
community in wetlands as described above, to enumerate and quantify the community,
and to develop metrics of wetland integrity; 3) to sample and describe the vegetation in
these wetlands to develop vegetation-related metrics of wetland integrity, and 4) to begin
to expand the use of these metrics in assessing the overall ecological health of Vermont’s
wetlands. Over the long-term, it is expected that results from the wetlands bioassessment
program may be used for improved permitting and regulatory decisions, creation of an
index of biological integrity for Vermont’s wetlands across all biophysical regions, and
identification of the effects of changing developmental and environmental stressors on
wetlands over time.
A chemical, physical, and biological assessment of six lake-associated wetlands and
eleven slow winding stream-associated wetlands was conducted during field season 2006,
covering a range of minimally disturbed (reference) and disturbed conditions.
Differentiating the study into the lake- and slow-winding stream-associated wetland sites
allows for a broader understanding of the effects of various disturbances on the wetlands
affiliated with these water bodies. Reference condition study is imperative for both lakeand slow-winding stream-associated wetlands for comparison purposes with disturbed
sites. Criteria assessed included measures of aquatic macroinvertebrates, vascular plants,
water chemistry, and landscape condition.
Between mid-October 2006 and February 2007, macroinvertebrate samples were
processed by picking and sorting and water chemistry and vegetation data were digitized.
Contractors were solicited by a request for proposals in January and a contractor was
selected shortly thereafter. Paperwork for macroinvertebrate taxonomic identification
was completed mid-March, and all macroinvertebrate samples were shipped to the
contractor the last week of the month. Taxonomic results are expected mid-May, and
data analysis will begin shortly thereafter.
All wetland sites were assessed with the intent of identifying and evaluating standard
protocols for sampling aquatic macroinvertebrates, vegetation, water quality, and other
biological and physical characteristics associated with the wetland and affiliated water
body. It was expected that upon identification and standardization of appropriate
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sampling methods, data collected from these sites could be to assess the variability and
effects of biological, chemical, and physical composition of wetlands ranging from
reference to disturbed condition. Finally, these results were used to identify the effects of
disturbance on wetland’s ecological integrity and produce biological metrics reflecting
the ecological integrity.
Responses to the first submitted draft of the QAPP were received mid-December, and the
QAPP was updated addressing the EPA comments, re-submitted, and approved in April.
In March 2007, the wetlands bioassessment program presented findings and results from
the previous field season at the joint meeting of NEAEB and NEBAWWG.
Regulatory Overview for 2006 (2007 information is pending)
The Vermont Wetlands Section is called upon to review a variety of projects including
residential developments, commercial and industrial developments, roads, public works,
utilities, agricultural projects, silvicultural projects and others. In more than 93% of the
projects, Wetlands Program clients are private citizens, 6% are local governments, and in
less than 1% of the projects the clients are state or federal government. The primary
function of the Vermont Wetlands Section is to administer the Vermont Wetland Rules,
which regulate most palustrine wetlands that have been mapped on the Vermont
Significant Wetland Inventory maps. The Wetlands Section also reviews projects under
the jurisdiction of Vermont’s Act 250 Land Use Permits, and Section 401 of the Federal
Clean Water Act. Figure C.4.1 represents a breakdown of the project categories the
Vermont Wetlands Section reviewed in 2006.
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Figure C.4.1. Review Categories for Wetland Projects (2006).
The Wetland Section logged in 466 new projects during the 12 months of 2006. A total
of 0.32 acres of wetland were lost for projects started in 2006. Of the projects that were
both started and completed in 2006, 0.28 acres of Class Two wetlands were lost, 0.11
acres of wetland were permanently impaired, and 3.34 acres of Class Two wetlands were
temporarily impaired. Of those projects reviewed by this office in 2006, a total of 0.11
acres of Class Three wetlands were lost, and 0. 11 acres were permanently impaired, and
0.26 acres of Class Three wetlands were temporarily impaired. A breakdown of Class
Two and Class Three wetland and buffer zone impacts for projects started and completed
in 2006 is summarized in Table C.4.1. (Due to staff shortages and turnover for the last
few years, data entry for regulatory projects is not complete. The data included below is
the most up-to-date. An amended report will be completed in the future with the updated
numbers.)
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Table C.4.1. Wetland and Buffer Zone Loss & Impairment (in acres) for Projects Started in
2006.
Wetland
Loss
Class Two
Wetlands
Class
Three
Wetlands

Temporary
Wetland
Impairment
3.34

Permanent Buffer
Zone Impairment

0.28

Permanent
Wetland
Impairment
0.11

2.58

Temporary
Buffer Zone
Impairment
0.61

0.04

0.11

0.26

N/A

N/A

Vermont Conditional Use Determinations (CUD)
The Vermont Wetland Rules designated all palustrine wetlands identified on the maps
and contiguous wetland areas as significant (i.e. Class Two) wetlands. Any activity in a
Class Two wetland or associated 50-foot buffer zone, other than the allowed uses
specified in Section 6.2 of the Wetland Rules, requires a Conditional Use Determination
(CUD) from the Agency of Natural Resources. The Agency may only grant such a
determination if the applicant demonstrates that the proposed activity will not have an
undue adverse impact on the protected wetland functions.
Wetland Loss through the CUD Process
In addition to the 466 projects logged during 2006, approximately 241 projects were
continued from previous years. In 2006, the Wetlands Section received 83 new CUD
applications and 81 CUDs were issued. The following data was compiled from projects
that were issued CUDs in 2006, even though many projects may have been started in
previous years. The data was compiled from the CUD database, and represents the most
accurate measurement of wetland impacts as regulated by the Vermont Wetland Rules.
Of the CUDs issued in 2006, a total of 2.84 acres of Class Two wetland were lost, and
0.29 acres of wetland were permanently impaired, and 1.42 acres of wetland were
temporarily impaired. The CUDs issued in 2006 approved approximately 13.65 acres of
permanent buffer zone impairment, and 2.96 acres of temporary buffer zone impairment.
CUDs by Project Types
Table C.4.2 below breaks down the number of CUDs and associated loss of Class Two
wetlands by project type. Residential projects accounted for the greatest number of
projects in 2006 (19 CUDs issued in 2006 for single family homes, and 29 issued for
residential subdivisions). The Program was able to break down what type of activity
proposed within the project results in the most wetland and buffer zone impact. For
single family homes, most of the impact occurs as a result of the construction of utilities
(0.17 acres of wetland loss). For residential subdivisions, the greatest amount of impacts
(0.42 acres of wetland loss, and 1.67 acres of buffer zone impairment) were the result of a
single project (Lamoille Housing), which had road, driveways, buildings, parking,
utilities and stormwater located in the wetland and buffer zone. In general, most impacts
in residential subdivisions are from driveways to access usable portions of the upland on
a site.
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A number of road projects received CUDs during the year but are not yet in the database.
Some long-delayed large AOT projects (such as the Bennington Bypass, the CabotDanville US Route 2 upgrade and the Burlington International Airport) have received
CUDs, and others (such as the Circumvential Highway) are still in the pre-application
review process. Additionally, the Vermont Electric Company has planned major upgrades
of transmission lines and substations proposed around the state. All of these projects
required compensatory mitigation by the state and federal programs.
Table C.4.2. CUDs Issued in 2006 & Associated Loss of Class Two Wetlands (by project
type).
Project Type

Number
CUDs
Issued

Residential Single
Family
19
Residential
29
Subdivision
Industrial
12
Commercial
Parks/Recreation
3
Agriculture
1
Forestry
0
Transportation
2
Institutional
2

of

Acres of
Wetland
Loss

Acres of
Acres of Acres of Perm.
Acres of
Perm. WL Temp. WL Buffer Impair Temp. Buffer
Impair
Impair
Impair

0.41

0.02

0.007

2.94

0.08

0.94

0.11

1.37

5.39

2.61

0.96
0.22
0
0
0
0.05

0.13
0.005
0.002
0
0
0

0.036
0

3.83
0.10

0
0.002
0

0
0
0.66

0.08
0
0.03
0
0.0004
0.14

CUDs by River Basin
Table C.4.3 breaks down CUD projects by river basin planning areas. This data was
gathered by overlaying project points entered into the GIS database with the 17 river
basins. If a project was not entered into this spatial database, it was not included in these
numbers. The Winooski River basin is under heavy development (20 CUDs), and
includes Washington County and part of Chittenden County. The Winooski River basin
had the highest acreage of permanently impaired Class Two wetlands (0.85 acres), and
the highest acreage of buffer zone impact (4.04 acres). The Northern Lake Champlain
basin is also under the heavy development pressure, and includes Chittenden County,
parts of Franklin County and Grand Isle County. Thirteen CUDs were issued in this
basin for Class Two wetlands, and a single CUD for a buffer zone encroachment in a
Class 1 wetland – North Shore wetland.
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Table C.4.3. CUDs Issued in 2006 & Associated Loss (in acres) of Class Two Wetlands (by
river basin).
Basin Name

Perm. WL Temp. WL Perm. Buffer Temp. Buffer
Number of
Impairment Impairment Impairment Impairment
CUDs issued Wetland loss

Deerfield
Lake
Memphremagog
Lamoille

0

0

0

0

0

0

2

0

0

0.002

0.66

0.0004

5

0.01

0

0

2.61

0

1

0.65

0

0

0.12

0

1

0.06

0

0

0.12

0

14
2

0.41
0.01

0.08
0

1.33
0

1.72
0.25

2.35
0

2

0.007

0

0

.017

0

3

0.01

0

0

0.13

0

2

0.02

0.002

0.

0.05

0.03

20

0.85

0.16

0.06

4.04

0.34

Lower Connecticut
Missisquoi
Northern
Lake
Champlain
Ottauquechee-Black
Otter
Creek-Little
Otter Creek-Lewis
Creek
Passumpsic
West-WilliamsSaxtons
Winooski

Technical Assistance
Technical assistance is provided to interested landowners, applicants, District
Environmental Commissions, Conservation Commissions, and Planning Commissions,
Natural Resources Conservation Service, and other state departments and agencies.
Projects range from consultation on Superfund natural resource damages and remediation
to determining the boundary of a wetland for a landowner. The amount of technical
assistance provided by the Program is reflected in the number of site visits made (792),
phone calls (4,492), and letters sent (287) during the year. An important value of this
technical assistance is communication, and the opportunity for education and outreach.
Program involvement with individual projects gives us an opportunity to educate the
stakeholder about the value of wetlands, and the particulars of wetland regulation.
Through technical assistance and project involvement, wetland impacts were minimized
by approximately 2.30 acres, and buffer zone impacts were minimized by approximately
0.75 acres. At least 30 project that initially proposed impacts to the wetland and buffer
zone were completed with no impact whatsoever to these resources due to staff
interaction.
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Enforcement & Complaint Investigations
There were 44 complaints made to the Wetlands Section in 2006. Of these complaints,
only 18 were actual violations. Seven additional violations were received by some other
means than a complaint (referral from the enforcement division, or personal observation).
In general, complaints and violations are down in numbers from previous years. It is our
practice to respond to all complaints, which could involve resolution over the phone,
referral to another program, or to a thorough investigation with enforcement action
through the Enforcement Division. Because these cases tend to be more complicated,
violations usually take multiple years to resolve. Table C.4.4 breaks down the acres of
wetland and buffer lost and impaired due to violations.
Table C.4.4. Wetland and Buffer Zone Loss & Impairment as a Result of Violations.

Acres of
Wetland Loss
Class Two Wetlands
2.26
Class
Three
0.06
Wetlands

Acres of
Acres of Acres of Perm.
Acres of
Perm. WL Temp. WL Buffer Impair Temp. Buffer
Impair
Impair
Impair
1.162

2.29

1.03

0.62

0

0

0

0

Summary
The Vermont Wetlands Program generally reviews over 500 new projects annually. Less
than 16% of these projects result in a CUD. The measure of success for the Vermont
Wetlands Program is not in the number of permits it issues but rather in the number of
projects the Program reviews that do not result in wetland impact or loss. In most cases,
when a CUD application is filed, wetland impacts have been avoided (with only buffer
zone impacts) or minimized through negotiation with staff of the Wetlands Program.

64

C.5. Trend Analysis for Surface Waters
In the 2006 305b Report, ANR reported on trends in water quality of Lake Champlain
and its major tributaries. The design of monitoring programs on Lake Champlain support
the re-calculation of tributary loads and in-lake concentrations on a biennial basis. The
re-evaluation of Lake Champlain water quality trends will be presented in the
forthcoming Lake Champlain Basin Program State of the Lake (anticipated June 2008).
For the 2008 305b Report, ANR is providing a trend analysis of long-term inland lake
water quality monitoring data based on the Lay Monitoring (LMP) and Spring
Phosphorus (SP) Program datasets. This trend analysis is specific to eutrophication
conditions in lakes. The analysis was carried out for both datasets using a two-step
approach of screening and verification.
In step one, datasets were prepared for analysis, then subjected to an automated statistical
screening using Kendall-tau measures of association. To prepare the data for analysis,
the following decisions were made: 1) only lakes with a minimum of 6 years LMP or 8
years SP data were included in the screening; 2) only quality-assured datasets were used
in the analysis, meaning that only data through the 2006 season is included in this
analysis; 3) all phosphorus data prior to 1980 was omitted since there are significant
analytical method differences between the pre- and post 1980 data.. The Kendall-tau
statistic is an ideal screening tool to rapidly identify the existence of trends in large
numbers of regularly monitored waterbodies for these reasons. The Kendall-tau statistic
is similar to a non-parametric Spearman correlation coefficient in that it is based on the
number of like and dissimilar pairs of observations. It is a rank-based statistic. However,
it also employs a correction for tied pairs (equal response values across multiple years).
Using the Kendall-tau statistic, four parameters were screened against the values for year
of sampling: summer Secchi transparency; summer chlorophyll-a; summer total
phosphorus; and, spring total phosphorus. All values were expressed as arithmetic means
by year, which is consistent with how these data are reported to Vermont’s interested
citizenry.
In step two, the resulting Kendall-tau statistics were screened for statistical significance
at two levels (p≤0.01 or 0.05), and arrayed in increasing order to identify lakes with
improving or declining trends. Screening lakes at both the p<0.05 and P<0.01 levels
accounted for the possibility that some of the relationships observed were due to random
error. This is an important consideration. A total of 126 lakes were tested in this analysis.
Using a probability to accept that a trend exists of ≥95% (p<0.05) implies that for these
126 lakes, 5% of the observed significant relationships, or 6 lakes, would be an artifact of
random chance. Using the probability level of 99% (P<0.01) results in only one lake
potentially showing a spurious relationship. For phosphorus and chlorophyll-a, positive
Kendall-tau values imply increases in trophic condition with time, meaning degradations
in water quality. For Secchi transparency, positive values imply deeper water
transparency, or improved trophic conditions. Where Kendall-tau coefficients were nonsignificant, this was taken to imply that there was no linear trend in the eutrophication
state of the lake with time. In addition, for each lake with significant Kendall-tau values,
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relationships were re-tested using linear regression on log-transformed variables. In these
analyses, the year of sampling was considered the independent variable. The magnitude
of the slope of these regressions indicated the importance of the linear trend in
eutrophication measures for the tested lakes, while the magnitude of the p-value was
taken as an indication of strength of the trend. This second look provided an important
visual evaluation of each trend as well. Lakes were classified as improving or declining
(p-value <0.01 for one or more parameters), potentially improving or declining (p-value
<0.05 for one or more parameters), or insufficient information (p-value between 0.05 and
0.01, and Kendall-tau value <0.4).
Results of the Kendall-tau screening are provided for all lakes with significant trends
(Table C.5.1). In summary, of the 126 lakes tested, 44 showed significant trends in one
or more parameters. Of these 44 lakes, 11 showed improvements, 13 showed potential
improvements, nine showed declines, and three showed potential declines. In addition,
four lakes displayed “mixed messages” (e.g., improvements with Secchi and declines due
to phosphorus), and another three did not have sufficient information to determine a trend
with confidence.
Table C.5.1. Summary of Eutrophication Trends (inland lakes 1980-present).
LakeId
BIG
BLISS
BOMOSEEN
CARMI
CASPIAN
CEDAR
CHIPMAN
CRYSTAL (BARTON)
CURTIS
DANBY
DUNMORE
EAST LONG
ECHO (CHARTN)
EDEN
ELFIN
FAIRFIELD
FAIRLEE
FERN
FOREST (CALAIS)
FOSTERS
GREAT HOSMER
GREENWOOD
HALLS
HARVEYS
HORTONIA
INDIAN BROOK
(ESSEX)
LYFORD
MAIDSTONE
MILES

Summer Secchi
transparency
Kendall Tau p-value
-0.611
0.022
0.429

0.026

0.448

0.001

Summer chlorophyll-a
Kendall Tau

-0.275

p-value

Summer total
phosphorus
Kendall Tau p-value

0.006
0.015

0.398

0.048

0.511
0.673

0.040
0.004

-0.355

0.015

0.347

0.015

0.400
0.667

0.031
0.003

0.304

0.042

0.439

0.001

0.649

0.000

0.641
0.343
0.556

0.002
0.030
0.037

-0.359

0.037

0.519

<0.001

-0.373

0.006

0.473

0.019

0.429

0.033

-0.471

0.008

-0.576
0.368

0.009
0.039

-0.527

0.024

-0.359

0.019

0.436

0.038

0.733

0.003

0.576
0.758
0.511

0.009
0.000
0.040

-0.543

0.005

0.733

0.003

0.733

0.003

-0.900

MOREY
NICHOLS
NULHEGAN
PARAN
PARKER
PEACHAM
PINNEO
SABIN
SEYMOUR
SHADOW (GLOVER)
SPRING (SHRWBY)

-0.291

0.030

-0.467

0.015

ST. CATHERINE

-0.420

0.005

STAR
SUNSET (BENSON)
WAPANACKI

0.764
0.582
0.643

0.009
0.004
0.026

0.527
-0.714

-0.509

p-value

-0.57

0.048

-0.46

0.024

-0.51

0.001

0.019

0.024
0.024

0.68
-0.61

0.033
0.022

-0.35

0.017

-0.64

0.026

-0.79

0.007

0.48

0.032

0.58

0.020

0.042

-0.867
0.452

0.015
0.032

0.560

0.005

0.394

0.010

-0.714

0.024

0.644

0.009

0.002

66
-0.733

Kendall Tau

0.040

0.636
0.867

-0.392

Spring total phosphorus

0.039

Synosis of trend
Potential Decline
Potential Improvement
Potential Improvement
Improvement, but poorer conditions have prevailed for the past four years.
Lake in TMDL development presently.
Potential Decline
Potential Improvement
Mixed message
Potential Improvement, but old data
Decline
Decline
Potential Decline
Potential Improvement, but older data
Improvement
Potential Improvement
Insufficient Information
Improvement
Decline, likely sediment-driven
Insufficient Information
Mixed message
Potential decline
Potential Improvement
Potential Improvement
Improvement
Potential Improvement 1985-1990, then stable since then.
Improvement, but old data
Potential Improvement
Improvement
Mixed message - more data needed
Potential Improvement, but old data
Improvement over long-term due to alum treatment, but patterns in LMP
data show that since 2000, TP has been increasing, and Secchi
declining.
Mixed message
Improvement
Improvement. Patterns in LMP data is for declining TP as well
Insufficient Information
Decline
Potential Improvement, but old data
Potential decline, more data needed to verify
Decline
Improvement - pattern in chla is improving as well
Decline - considerable increase in spring phosphorus
Decline, but only in Secchi, due to alewife introduction. Chlorophyll-a
shows significantly increased variability with the introduction.
Improvement
Improvement
Potential Improvement

A similar analysis using only the Lay Monitoring Program data (for inland lakes and
Lake Champlain) preceded that described above, but omitted the evaluation of Kendalltau statistics. In that analysis, more weight was given to best professional judgment in
the evaluation of potential trends (Figure C.5.1).

Figure C.5.1. Long-term nutrient enrichment trends for Lay Monitoring Program locations.
Reprinted from Picotte, 2008 (Proc. Lake Champlain: Our Lake, Our Future research conference.
Lake Champlain Research Consortium. Burlington, VT. www.smcvt.edu/lcrc).
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C.6. Public Health Issues
C.6.A. Size of Water Affected by Toxicants
With the exception of fish consumption advisories described in Appendix A, there are no
waterbodies in Vermont where toxicants are known to be impairing public health related
uses. Nonetheless, water quality monitoring by NPDES permit holders and by suppliers
of drinking water continues to provide data and other information related to
environmental occurrences of toxicants in permitted municipal and industrial discharges
and public water supplies.
C.6.B. Fish Consumption Monitoring
Sampling
During the 2008 305b reporting period, an additional 127 individual fishes beyond those
reported during the 2006 305b Report were acquired from seven inland Vermont lakes
for the purpose of revising fish consumption advisories. Analysis of mercury (Hg) from
these samples is being carried out with assistance from EPA. EPA also assisted ANR
with the analysis of PCBs for 50 lake trout taken from Lake Champlain. DEC remains
interested in testing a subset of fishes for polybrominated diphenyl ether flame retardants.
Vermont Fish Monitoring Plan
In the 2006 305b Report, ANR reported on the formalization of fish tissue monitoring
approaches into a plan that was delivered to the Vermont Legislature. The plan, which
was described in detail in the 2006 Report, has seen no legislative action.
During 2007, EPA provided field assistance in sampling two Vermont lakes for Hg in
fish using the newly emerging biopsy-plug approach. Under this approach, fish are no
longer sacrificed for contaminant monitoring. Instead, the fishes are caught, a small
biopsy sample of tissues removed, and the fish are returned alive. The analysis of biopsy
plugs greatly simplifies the process of sample preparation and analysis. ANR has
requested further training in biopsy plug sampling during 2008 as a means to educate
Vermont Department of Fish and Wildlife fisheries biologists about the technique.
The following text, taken from the 2008 Annual Report prepared by the Vermont
Advisory Committee on Mercury Pollution (ACMP), articulates the need to codify the
fish mercury monitoring plan:
“The Committee reiterates its recommendation in its 2006 and 2007 reports to the
Legislature for a proposed fish mercury monitoring program for Vermont’s freshwaters.
The proposed fish mercury monitoring program would enable the Vermont Fish
Contaminant Monitoring Committee (Vermont Departments of Health, Fish and Wildlife
and Environmental Conservation) to document the occurrence of and trends in mercury
contamination in fresh water fishes in Vermont’s lakes and rivers and relate trends to
mercury reduction management actions. This monitoring program is essential to
understanding and managing the risk of mercury contamination from fresh water fish
consumption.
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“The cost of an ongoing fish mercury monitoring program is $40,000 per biennium.
Vermont’s efforts to monitor fish mercury from inland waters presently lag behind those
of most New England states, but this can easily be changed. Adequate funding should be
available to the Departments of Environmental Conservation and Fish and Wildlife to
perform this important task.”
New Fish Consumption Guidance Issued
Based on the newly obtained fish tissue mercury data from the period 2003-2006, the
Vermont Department of Health (VDH) in 2007 has revised the Vermont fish advisory.
This advisory clarifies, improves upon, and replaces the advisory issued by VDH in 2001.
In order to disseminate the newly updated advisory, VDH, in partnership with ANR,
developed a new fish mercury poster containing the advisory. Some of the refinements to
the advisory include new guidance against the consumption of the largest yellow perch, a
minor relaxation in the suggested allowable meals-per-month of certain other locally
caught fish species, and minor modifications to specially-identified waters. Also guidance
was provided for species where monitoring data were previously unavailable, such as
white sucker. The newly revised and updated advisory is reproduced in Appendix A.
Other Mercury (Hg) Monitoring and Research
The following text summarizes monitoring and analytical activities related to Hg
contamination in Vermont during the 2008 305b reporting period. Some of these items
are not specifically from Vermont but all bear on Vermont’s approach to dealing with the
mercury problem.
METALLICUS: The Mercury Experiment to Assess Loadings in Canada & the US
This major study being carried out in the northern Experimental Lakes Area of Manitoba
has been mentioned in prior Advisory Committee on Mercury Pollution (ACMP) Annual
Reports. METALLICUS is a multi-million dollar study where researchers from the
United States and Canada have experimentally dosed a small lake with known quantities
of chemically distinguishable forms of Hg known as stable isotopes. The design of the
study is such that researchers can understand whether Hg deposited to land, water, or
wetlands is most readily available to fish. The study has allowed researchers to observe
both increases and decreases in biota Hg that would be attributable to changes in Hg
deposition rates. The authors have just reported their groundbreaking results in the
Proceedings of the National Academy of Sciences and their findings are as pertinent to
Vermont waters as to that tiny Manitoba Lake that was experimentally dosed for the
study. The most salient finding is directly quoted here from the Proceedings:
“Essentially all of the increase in fish methylmercury concentrations came from mercury
deposited directly to the lake surface. In contrast, <1% of the mercury isotope deposited
to the watershed was exported to the lake (…). Lake mercury isotope concentrations
were still rising in lake biota, and watershed mercury isotope exports to the lake were
increasing slowly. Therefore, we predict that mercury emissions reductions will yield
rapid (years) reductions in fish methylmercury concentrations and will yield concomitant
reductions in risk. However, a full response will be delayed by the gradual export of
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mercury stored in watersheds. The rate of response will vary among lakes depending on
the relative surface areas of water and watershed.”
Release of the Northeast Regional Mercury Total Maximum Daily Load
As described earlier in Part C.3, the six New England states and New York have
completed a TMDL analysis addressing all mercury-impaired water bodies in the region.
The northeast regional mercury TMDL is novel in three respects. It is the first in the
country to adopt a regional set of goals and allocations to address a regional collection of
water bodies. The TMDL calls for more aggressive emission controls within the national
Clean Air Mercury Rule than are presently envisioned by the current EPA administration.
The plan imposes an allocation of nonpoint (e.g. atmospheric) mercury upon jurisdictions
outside of the region in which the plan applies. Many other states are looking closely at
the outcome of EPA’s approval decision and are considering adopting a similar TMDL
approach. While this was a regional initiative, ANR staff played a significant role in the
development of this plan.
Important Synthesis Studies by Hubbard Brook Research Foundation
The Hubbard Brook Research Foundation’s ScienceLinks team published two important
journal articles that stand as statements on the overall footprint of the Hg problem in the
Northeast. These studies served to spotlight that Hg remains an environmental issue in
the northeastern United States despite the initial implementation of the Federal Clean Air
Mercury Rule. These studies provided critical technical support to the regional Mercury
TMDL described previously.
National Mercury Monitoring Program
Both of the Hubbard Brook journal articles speak to the need for a National Mercury
Monitoring Program to consistently track changes in Hg contamination over time, across
a suite of selected locations. A bill has been drafted by US Senators Snowe and Collins
(both of Maine) that would establish the program. In the past two years, northeastern
Senators have been approached to dedicate funds to establish pilot National Monitoring
Program studies in Vermont, New Hampshire and Maine. At present, one earmark has
been dedicated to the Hubbard Brook Research Foundation to pilot the program at the
Hubbard Brook Research Forest in New Hampshire. The sponsoring Senators have
recently made mention of the clear link between the need for EPA to approve the
Northeast Regional TMDL and the associated need to establish the National Mercury
Monitoring Program.
Wet & Dry Mercury Deposition Monitoring Continues at the Underhill Mercury
Monitoring Station
In 2006, the Committee reported on the work of Dr. Eric Miller of the Ecosystems
Research Group, (Norwich, VT) who has been making wet and dry Hg deposition
measurements at the Underhill monitoring station. Dr. Miller has developed stronger
evidence than ever before that certain Hg deposition events measured in Vermont can be
directly attributed to Hg emissions from midwestern areas, reinforcing the understanding
that meaningful reductions in emissions from coal fired power plants will result in an
important reduction in Hg deposition in Vermont.
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In early 2007, Dr. Miller lost earmark-based EPA funding that had, for the prior several
years, supported advanced atmospheric monitoring initiatives at Underhill. Other EPA
funding was made available to ten locations nationwide to begin the atmospheric
monitoring portion of the National Mercury Monitoring Program, with the specific goal
of tracking changes attributable to implementation of the Clean Air Mercury Rule. The
researcher secured the advanced monitoring operations at Underhill for the next two
years. In addition to the advanced initiative, monitoring of wet Hg deposition also
continues at Underhill. The more routine monitoring supported by this latter funding
stream is critical to maintain a complete understanding of Hg deposition in Vermont. At
present, ACMP understands that funding provided through LCRC may not be sustainable
over the long-term. The Underhill monitoring location is the longest running Hg
monitoring station in the world.
Continuation of the Lake Champlain Modeling Project
This long-standing project is in the second of a three-year cycle, and is now also being
led by Dr. Miller. The project was substantially augmented during 2007 and has been
redesigned to link measurements of reactive gaseous mercury deposition (measured dry
deposition) to mercury in water, then to methylmercury, and in-turn to the biota that
accumulate methylmercury. In this way, the project team will be able to track deposition
events of mercury from known sources into the aquatic food web in Lake Champlain.
This project is a unique partnership of Dr. Miller, Dartmouth College, ANR, and USGS.
Mercury Monitoring by United States Geologic Survey (USGS)
During 2007, USGS commenced monitoring of Hg discharges from the stormwaterimpaired Englesby Ravine watershed in Burlington. This is an interesting study site, in
that the installation of stormwater detention ponds can have simultaneous and
counteracting effects on Hg bioavailability. On one hand, the detention ponds are
expected to reduce total Hg delivery from Englesby Ravine to Lake Champlain.
However, the pollutant-trapping ponds that are so important to hydrologic and sediment
controls can themselves exacerbate the mercury problem by creating an environment
wherein mercury is readily methylated. As such, the combined effect of the Englesby
stormwater project may be to reduce total Hg discharge but increase methylmercury
discharge. This important research carries implications for stormwater controls
throughout the country.
In addition to this, USGS monitoring of mercury at their experimental site on the
Sleepers River (Danville) continues. Dr. Jamie Shanley (USGS office in Montpelier) and
others from USGS recently published an important scientific article in the journal Water
Air and Soil Pollution describing the movement and methylation of mercury from the
Sleepers River site.
Finally, during 2008 the USGS also plans to augment the Lake Champlain Modeling
Project by initiating a collaborative project with Dr. Mark Marvin DiPasquale, one of the
nation’s foremost mercury scientists. Dr. DiPasquale specializes in the mechanisms by
which methylmercury is produced, retained, and distributed in lake sediments.
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Modeling Mercury in the New England Region: The EPA-led MERGANSER Project
The main objective of this collaborative project is to integrate environmental models,
observational databases, and a rich body of research findings from Vermont and the
remainder of New England to produce a regional GIS-based tool that will enhance
understanding of mercury sources, fates, risks, and exposures throughout the region. With
recently obtained EPA funding, the project team, consisting of scientists from EPA,
USGS, ANR, NEIWPCC, and the Northeast States for Cooperative Air Use
Management, will develop this modeling system. The model will allow managers to
identify ecosystem features (such as stream density, watershed size, amount and type of
wetlands, water chemistry, mercury sources, and land-use and topological patterns that
determine wet and dry deposition patterns of mercury) associated with high levels of
mercury in fish and fish-eating birds (e.g., loons), and to predict mercury levels in fish
and birds at lakes where no tissue data are available. In addition, the model will be useful
for determining optimal locations for long-term monitoring and identifying monitoring
needs for lakes that may be most susceptible to elevated mercury. The MERGANSER
initiative is to commence during 2008.
Loon Recovery Project
Abandoned loon eggs and feathers from Vermont lakes continue to be analyzed for
mercury in conjunction with the Loon Recovery Project, in partnership with the
Biodiversity Research Institute in Maine.
Mercury is No Longer Only a Water Issue
While mercury has long been considered to be a problem of the aquatic world, new
research in New England and elsewhere is beginning to broaden this perspective. In
2005, ACMP reported to the legislature on the discovery of high levels of mercury in the
mountaintop-dwelling Bicknell’s thrush. Recent investigations show that many birds are
affected by mercury contamination, in landscapes where this would not be expected. For
example, in the Sudbury River (Massachusetts), the Biodiversity Research Institute has
shown that common redwing blackbirds, a species that feeds from an insectivorous food
chain, can have as mercury levels as much as two times that of kingfisher who eat only
fish, in habitats where these birds both occur. The redwing blackbirds feed upon spiders,
that themselves feed upon smaller spiders or other insects that live in the margins of
wetlands. By contrast, the kingfisher feeds on small fishes within the wetland, which
themselves depend on plankton. This research is showing that the methylmercury
generated in the aquatic environment can negatively impact terrestrial birds in wetland
habitats and that the risks from mercury are pervasive across the environment.
C.6.C. Cyanobacteria
Monitoring for cyanobacteria continued on Lake Champlain in 2006 and 2007 as funded
by the Lake Champlain Basin Program and the University of Vermont (UVM). The
tiered sampling and analysis program, first implemented in 2003, was expanded to
include citizen monitors in the southern Vermont and northern New York portions of the
lake. UVM continues to manage the program, collect samples, conduct taxonomic
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assessments, and analyze for the presence of microcystin. Analysis for anatoxin and
other cyanobacterial toxins is conducted at the SUNY College of Environmental Science
and Forestry in Syracuse. The DEC Lake Champlain team collects algae samples from
stations around the lake each week during its routine sampling and sends the samples,
along with pertinent observations, to UVM for analysis. Monitoring emphasizes
identification and rapid enumeration of potentially toxic cyanobacteria, with testing for
microcystin and anatoxin occurring as conditions warrant. Results are distributed weekly
to stakeholders, including health agencies in Vermont, New York and Quebec. Health
alert notices remain the responsibility of each respective agency and are posted when
algal counts or toxin levels reach a defined threshold[1]. Microcystin remains the focus of
the monitoring program on Lake Champlain because it is the most frequently detected
cyanotoxin and rapid assessment capabilities exist at several facilities. In 2005, the
Vermont Department of Health (VDH) implemented a new recreational standard of 6
µg/L microcystin. VDH also updated its cyanobacteria webpage to include the Lake
Champlain weekly monitoring results in a map format, a photo gallery to assist in
identifying cyanobacteria, and general information about cyanobacteria and toxins.
In 2006, the occurrence of cyanobacteria in Lake Champlain followed typical patterns,
with the most consequential blooms being observed in mid-late summer, and into fall.
Interestingly, blooms of cyanobacteria were observed in the meso-oligotrophic Malletts
Bay segment of Lake Champlain, in December. This had not been reported previously,
but occurred again in 2007. Even more unusual, however, was the near lack of
cyanobacteria blooms in the severely eutrophic Mississquoi Bay segment during 2007.
Indeed, the 2007 season had the lowest occurrence of cyanobacteria in the Bay in many
years. This has tentatively been attributed to anomalously-low concentrations of nitrogen
in the Bay. Despite the lack of blooms, preventative water use advisories were issues for
Quebec portions of Missisquoi Bay based on the historical occurrence of blooms in those
waters.
Due to increased pubic awareness, ANR and VDH have received increasing numbers of
citizen reports of cyanobacterial blooms from concerned citizens. Notable amongst these
were several modest blooms in Lake Memphremagog during 2006 and 2007. While
testing did not show these blooms to have reached toxin-producing densities, the
occurrence of the blooms in Lake Memphremagog generated news articles and
preventative water use advisories by the Quebec Ministry of the Environment. In the
nutrient-impaired Shelburne Pond, a severe cyanobacteria bloom prompted advisories
against swimming and other uses by the VDH in 2006. Cyanobacteria blooms also occur
in high densities in the impaired Lake Carmi and Ticklenaked Pond. Cyanobacteria
blooms also occur on other inland lakes but with limited frequency. Occasional testing of
these blooms has not revealed problematic densities. In addition, the Army Corps of
Engineers issued preventative closures at Stoughton Pond and at the North Springfield
Reservoir due to blooms observed at those facilities.

[1]

One may contact the Vermont Department of Health by dialing 800-464-4343 or visit their web site:
www.healthyvermonters.info.
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C.6.D. Small Community Untreated Waste Discharges
The three villages in the Town of Pownal began construction of their sewer systems in
2004 and of their wastewater treatment plant in 2005. The treatment plant, which
discharges treated effluent to the Hoosic River, began operations in 2006. Two villages
had sewer systems built and are now connected to the treatment plant. The last sewer
contract will be finished in 2008 and the entire system will then be complete.
DEC provides direct funding and technical assistance to small communities without
sewers to help them evaluate and plan for their wastewater needs. It is anticipated there
will be a steady demand by several small communities for wastewater evaluations and
planning in the coming years. These communities have not been identified in the past as
being the sources of surface water pollution, but residents are now realizing that they may
have problems with their small lot and older on-site sewage systems. Another factor is
the economic viability of small communities which cannot have commercial or
residential growth due to limiting soil conditions for septic system leachfields. During
the 2008 reporting period, the Towns of East Montpelier, Shaftsbury and Westford
completed such studies for their village centers.
C.6.E. Sites of Known Sediment Contamination
The removal of contaminated sediments from Lake Memphremagog at the Lake
Memphremagog-South Bay railyard site in Newport, Vermont was completed during the
2008 305b reporting period. Tens of thousands of cubic yards of material have been
removed, remediated on-site, and replaced within the yard site itself. In addition,
contaminated sediments were also removed from the lake. There is now a groundwater
interception trough in-place to preclude contaminated waters from reaching the lake.
C.6.F. Restrictions on Bathing Areas During the 2008 Reporting Period
Lake Champlain
The most notable news of the reporting period regarding bathing areas concerns the reopening of Burlington's Blanchard Beach. This popular swimming beach had been
closed since 1992 due to ongoing bacterial contamination from Englesby Brook. Due to
significant remediation efforts in the watershed, the beach was re-opened and water
testing instituted beginning June 2007. After two years of data, the existing impairment
segment (VT05-10L01_03) will be re-evaluated. During the 2007 swimming season,
zero exceedances of the Vermont criterion for E.coli in Class B swim waters were
observed. The count of beach closures for other Lake Champlain public beaches in 2006
and 2007 is shown in the table below.
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Table C.6.1. Number of Beach Closures - Vermont Portion of Lake Champlain.
Segment & Beach
NORTHEAST ARM
North Hero State Park
St. Albans Town Beach
Kill Kare State Park
Burton Island State Park
Knight Point State Park
Grand Isle State Park
Sand Bar State Park
MALLETTS BAY
Bayside Beach
MAIN LAKE
Leddy Beach
North Beach
Blanchard Beach
Cove Beach (Oakledge
Park)
Red Rocks Park Beach
Shelburne Town Beach
Charlotte Town Beach
Kingsland Bay State Park
Alburg Dunes

Year
2006
2007
1
2
2
3
1
2
0
0
2
1
0
0
2
2
2006
2007
0
7
2006
2007
0
0
0
0
*
0
0
2
4
0
0

0
1
1
0
1
2

Notes

Closures due to cyanobacteria blooms

Not open in 2006

No data reported 2006

Inland Lakes
There were seven State Park beaches located on inland lakes that were closed during the
2008 305b reporting period (see next page). In most cases, re-sampling taken the day
that high results were received by the beaches revealed E.coli concentrations below the
Vermont standard. Shaftsbury Lake, however, saw continuing but low magnitude
violations of the Vermont standard. Previous goose control efforts had proven successful
at reducing the number of violations at that lake and the Vermont Department of Forests,
Parks and Recreation is coordinating discussions with the US Fish and Wildlife Service
on appropriate strategies for addressing bacterial contamination attributable to geese.
Waterbody
Lake Carmi
Crystal Lake (Barton)
Lake Elmore
Echo Lake (Plymouth)
Osmore Pond
Shaftsbury Lake
Waterbury Reservoir
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2006
2
0
2
0
0
0
0

2007
2
2
0
1
1
12
1

Five inland reservoir beaches, all located at facilities owned and operated by the US
Army Corps of Engineers, were reported as closed for swimming during the reporting
period (expressed below as estimated number of days).
Waterbody
Ball Mountain Lake
North Hartland Reservoir
North Springfield Reservoir
Townsend Lake
Union Village Dam

2005
2
0
0
2
33

2006
0
0
2
10
67

C.6.G. Rivers & streams – citizen monitoring-based testing
In the 2006 305b Report, ANR highlighted the efforts of citizens groups involved in the
LaRosa Partnership Program. This successful program has seen considerable expansion
since its inception in 2003. As of this writing, the Program has supported 29 individual
groups. Collectively, these groups have monitored in excess of 447 sites, comprising
over 24,000 quality-assured data records. Of these records, just over 5,000 are for E. coli
bacteria at various locations, including swimming beaches. This data source provides a
major component to the Agency's ability to assess and list waters based on support of
swimming uses. Figure C.6.G.1 shows the geometric mean E. coli concentrations by
monitoring location.
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Figure C.6.G.1. Monitoring locations tested for E. coli by the LaRosa Partnership Program
participating organizations. Geometric mean values in excess of 77 E. coli /100ml may invoke a 303d
listing, while values in excess of 126 are considered in excess of current EPA recommendations. Only
locations for which 5 or more samples have been collected are shown. Some 2007 data are not
included in this map.
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C.6.H. Restrictions on Surface Drinking Water Supplies During the 2008 Reporting
Period
Table C.6.H.1 lists restrictions on surface water supplies during the reporting period.
While none of these systems have received formal enforcement, the systems may have
received notices of alleged violation.
Table C.6.H.1. Drinking Water Systems with Use Restrictions (2006-2007).

WSID
#

System Name

5137 ALBURG FIRE DISTRICT 1

5272 MONTPELIER WATER SYSTEM

Type
of
PWS
C

ALBURG

Coutny
GRAND ISLE

Boil

Drilled well under the influence of
surface water

CHITTENDEN

31-Oct-06 still on

Boil

Inadequate treatment to comply with
Surface Water Treatment Rule

Boil

Inadequate treatment to comply with
SWTR. System drilled well(s) pending
hookup

CHARLOTTE

NTNC BARNARD

27-Apr-06 Do not drink Major intake/ system upgrades

14-Jul-06 still on

8204 POINT BAY MARINA

20575 TWIN FARMS HOSPITALITY INC

Reason

WINDHAM

WESTMINSTER

FERRISBURG

Public notice
type

Boil

5308 NORTH WESTMINSTER WATER COOP C

TNC

22-Oct-05

Date lifted

28-Jun-93 still on

WASHINGTON

TNC

Date on

Only for 4 homes still on on un-treated
surface water following installation of
treatment plant in 2000

MONTPELIER

8350 LONG POINT

C

City

ADDISON

04-Apr-05 still on

WINDSOR

18-Sep-06

28-Jun-07 Boil

Drilled well under the influence of
surface water

C - community, TNC- transient non-community, NTNC-non-transient non-community

C.6.I. Chronic or Recurring Fish Kills
There were no known chronic or recurring fish kills in Vermont during the 2008 305b
reporting period, except for the commonly observed, natural mortality associated with
post-spawning stress. Such natural fish mortality often occurs in Vermont on some lakes
and ponds during late spring and early summer. The Vermont Department of Fish and
Wildlife (DF&W) maintains a fish pathology laboratory which responds to reports of fish
kills and maintains records of the events.
During the 2008 reporting period, however, there were a total of nine fish kills
documented by the DF&W fish pathology laboratory that were more than incidental in
magnitude and exceeded typical mortality associated with post-spawning stress. These
waters are as follows:
•
•

June/July 2006 – Lake Carmi - minor fish kill attributed to rapid water warming.
Brown bullhead, yellow perch, pumpkinseed, and a few walleye witnessed.
June 2006 – Ticklenaked Pond – evidence of minor fish kill attributed to rapid
water warming and low oxygen levels. Yellow perch.
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•
•
•
•
•
•
•

August 2006 – Job’s Pond – minor fish kill attributed to rapid water warming.
Investigated. Columnaris disease associated.
March/April 2007 - Dead Creek/Little Otter Creek – evidence of a large winterkill
event. Kill consisted mostly of common carp, pumpkinseed, and brown bullhead.
April 2007 – Monkton Pond (Cedar Lake) – evidence of a minor winterkill event.
Few northern pike witnessed.
June 2007 – Harvey’s Lake - evidence of a minor fish kill, few dead perch
witnessed.
July 2007 – Dead Creek – minor fish kill attributed to low oxygen levels. Dead
pike and common carp witnessed.
August 2007 – Shelburne Pond – minor fish kill attributed to rapid water
warming. Dead mussels, pike and sunfish reported.
August 2007 – Lake Champlain, Watch Point, Shoreham – minor fish kill
attributed to rapid warming water temperature. Bluegill, freshwater drum,
pumpkinseed largemouth bass, white crappie, walleye, brown bullhead, northern
pike reported. Columnaris disease associated.
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PART D. GROUNDWATER MONITORING & ASSESSMENT
D.1.

Introduction

The Groundwater Coordinating Committee (GWCC) has prepared this Groundwater Biennial Report
for activities completed during 2005 and 2006. The GWCC was established through legislation
(Chapter 48: Groundwater Protection, 1985) with committee representation from the Department of
Environmental Conservation, Department of Forests, Parks and Recreation, Agency of Agriculture,
Food and Markets, Department of Health, along with representatives of other agencies and the private
sector. Since its creation the committee has endeavored to meet on a monthly basis.
The purpose of the GWCC is to advise the Secretary of the Agency of Natural Resources (the
Secretary) on the development and implementation of the groundwater management program. This
program includes:
•
•
•
•
•
•

Developing a groundwater strategy and integrating the groundwater management strategy with other
regulatory programs administered by the Secretary,
Cooperating with other government agencies in collecting data on the quantity and quality of
groundwater and location of aquifers,
Investigating and mapping groundwater currently used as public water supply sources and groundwater
determined by the Secretary as potential future public water supply sources,
Providing technical assistance to municipal officials, classifying the groundwater resources and
adopting technical criteria and standards for the management of activities that may pose a risk to their
beneficial uses,
Developing public information and education materials, and
Cooperating with federal agencies in the development of programs for protecting the quality and
quantity of the groundwater resources.

Also, the Secretary shall adopt rules for the protection of public water source protection areas (Chapter
56: Public Water Supply). The administrative functions of the Committee are performed by the Water
Supply Division (WSD) within the Department of Environmental Conservation (DEC).
In carrying out these duties the Secretary shall give due consideration to the recommendations of the
GWCC. This relationship was most realized through the development of the strategy for the
management and protection of groundwater along with the adoption of the Groundwater Protection
Rule and Strategy (GWPR&S) Chapter 12 (adopted February 1988 and revised September 2005). The
committee’s interaction with the Secretary has most actively been involved with the reclassification of
nine contaminated groundwater areas to Class IV Groundwater.
The GWCC has met on a monthly basis since the mid-1980s. Activities of the committee have
included developing the GWPR&S and procedures for groundwater classification, providing input on
State regulations impacting groundwater, developing educational materials, and assessing and
providing input on groundwater contamination.
The purpose of this report is to bring to the attention of the Secretary the activities of the committee for
the biennium and provide a snapshot of events, issues, and characteristic surrounding the groundwater
resources of the State.
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D.2. State of Vermont’s Groundwater (2005-2006)
Groundwater Quality
The quality of Vermont’s groundwater varies due to both natural and human influences. No
comprehensive studies have been completed on the quality of the resource. The WSD requires water
quality monitoring for a substantial number of contaminants at public community and non-transient
non-community water systems1. Below are results of the monitoring as it pertains to public water
systems on increased monitoring:
•

•
•
•
•
•

In 2005, 97 groundwater supplied public water systems received boil-water notices mostly due to
bacterial contamination. Boil-water requirements were also due to leaks in the distribution system,
water system infrastructure deficiencies, lack of water, or other reasons. In 2006, this number decreased
to 92.
Eight public water systems were on increased monitoring in 2005, and 6 systems were on increased
monitoring in 2006 because arsenic levels were above the Maximum Contaminant Level (MCL)
concentration.
Eight public water systems were on increased monitoring because their radionuclides were above the
MCL. There were 7 water systems above the MCL for radionuclides in 2006. One water system
exceeded the uranium standard in 2005 and 2006.
There were 6 water systems that exceeded the nitrate MCL concentration in 2005 and 2006.
27 public water systems were required to perform increased monitoring because these systems have had
volatile organic chemical detections over the 0.5 micrograms per liter (ug/L) limit in 2005 and in 2006
there were 24 water systems on increased monitoring schedule due to detections over the 0.5 ug/l limit.
In both 2005 and 2006, synthetic organic chemicals were not detected for groundwater systems serving
public community or non-transient non-community public water systems.

Vermont’s Agency of Agriculture, Food and Markets (AAFM) oversees agricultural activities and
promotes best management practices with respect to groundwater protection. As part of this effort the
Agency conducts an Agricultural Water Quality Program and found that:
•

Over a four year period ending in 2006, the AAFM sampled 625 private wells for herbicides and found
detections in 71 wells. Only one well was over the herbicide standard. During the same period nitrate
was sampled at the 625 wells. There were no nitrate detections at 298 wells and 240 wells had
detections below the 10 parts per million (ppm) standard for nitrate while 87 wells were found to be
above the standard.

The Waste Management Division (WMD) of DEC regulates and manages a wide variety of hazardous
wastes, hazardous materials, and underground storage tanks along with the groundwater clean-up that
occurs regarding these materials. The WMD reports that:
•
•

The Division maintains a list that is called: the “Vermont Active Hazardous Sites List.”
There are nearly 1,500 active hazardous sites in Vermont which have degraded or have the potential to
degrade groundwater to the point where it is non-potable. There are over 2,000 sites where the WMD
has addressed the existing or potential release of hazardous materials and completed site management.
In addition, the WMD has identified 140 sites where vapor intrusion from groundwater has
compromised the indoor air quality of homes and businesses.

1

A Public Community System means a water system which serves at least 15 service connections used by year-round
residents or regularly serves at least 25 year-round residents. A Non-transient, Non-Community System means a system
that regularly serves at least 25 of the same persons daily for more than 6 months per year (e.g. schools, factories, office
buildings). The list of contaminants and their maximum contaminant levels (MCL) can be found in the Water Supply Rule,
Chapter 21.
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•

There are about 2,500 underground storage tanks (UST) in Vermont that could each individually pose a
threat to groundwater quality in the event of a leak.

The Vermont Health Department (VDH), Environmental Health Program, uses a variety of outreach
methods to encourage private well owners to sample their wells. In 2001, VDH started recommending
that private well owners monitor their well quality annually for bacteria and once every five years for
an inorganic scan and radiological (gross alpha) screening. A toll-free phone line is operated for
educational assistance with health effects and treatment options. Laboratory Services provides VDH
fact sheets with water quality results where elevated levels are reported.
•

In 2005, VDH tested 2,657 private well water samples for bacteria and in 2006, 2,841 tests were
performed. Inorganic tests were provided for 527 water samples in 2005 and 607 the following year.
Radionuclide testing included testing 413 water samples in 2005 and 377 samples in 2006.

Groundwater Quantity & Use
Public groundwater sources are expected to supply sufficient water quantities. However, other than
those regulated as public water sources and those used for commercial and industrial withdrawals of
groundwater greater than 50,000 gallons per day (as per Act 144 passed by the Vermont Legislature in
2006, discussed below), the quantity of groundwater withdrawn is not regulated. Likewise, the
significance of groundwater to the ecosystem is not routinely evaluated. Groundwater assessments are
driven by the regulatory requirements mentioned above and by several interested parties such as the
United States Geological Survey (USGS). Information from these assessments provides the basis for
characterizing groundwater in the State. The following provides some facts regarding groundwater:
•

•

•
•
•
•
•

•

About 50 million gallons of groundwater is estimated to be withdrawn on a daily basis in Vermont.
Withdrawals from public and private groundwater sources account for 33 million gallons per day.
Agricultural withdrawal accounts for 2 million gallons daily, approximately another 12 million is used
for commercial and industrial purposes, and the remaining groundwater withdrawals are used for mining
and the generation of thermoelectric power.
Groundwater is currently used for drinking water by approximately 70% of Vermont’s population.
About 30% of the population is self supplied while about 24% are served by public water systems using
groundwater. In 2005 and 2006, there were 39 new or modified groundwater sources that required a
public water system source permit from the WSD.
It is estimated that 320,000 Vermonters get their drinking water from about 105,000 private wells. This
number does not include dug wells or springs. Approximately 2,591 new private wells were drilled and
reported to the WSD in 2005. About 2,737 private wells were drilled and reported to the WSD in 2006.
Of the 2,078 active farms within Vermont, 85-90% rely on groundwater for agriculture use.
It is estimated that 80% of the private wells are completed in bedrock and 20% in gravel aquifers. The
mean well depth is about 200 feet and the mean yield for a drilled well in Vermont is about 6 gallons
per minute.
During the biennium there were 66 licensed well drillers in Vermont.
Groundwater levels in Vermont are measured by the USGS at 13 monitoring wells that were drilled in
unconsolidated material and are located throughout the state. In 2005, water levels were above normal
for February, April, May, June, July, August, September, and December. In March. the water levels
were below normal, and normal water levels were reported for the remaining months. For the year 2006
water levels at the 13 monitoring wells were above normal, with the exception of March and April,
when they were below normal.
Approximately 350 groundwater dependent public community water systems in Vermont have a
hydrogeologically delineated Source Protection Area or aquifer recharge area mapped. The remaining
40 public community water systems are using 3,000 foot radius circles as their Source Protection Areas.
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•

A grant has been awarded to re-delineate the radius based Source Protection Areas using hydrogeologic
means by September 2008.
Existing aquifer maps include the Groundwater Favorability Maps (1966 to 1968) which cover the
entire state, the Geology for Environmental Planning series (1975) that covers 66% of Vermont and was
primarily based on data from the Surficial Geologic Map of Vermont (1970) and the Centennial
Geologic Map of Vermont (1961). In the 1980s, ANR provided aquifer maps to 20 towns for planning
purposes along with the maps prepared by the Vermont Geological Survey (VGS) as mentioned above.

D.3. Groundwater Legislation (2005-2006)
Vermont Act 144
State legislation in 2005 and 2006 included Act 144 that established an interim groundwater
withdrawal permit program for new commercial or industrial groundwater withdrawals of 50,000
gallons or greater of groundwater a day. The following are exempted from this program: groundwater
withdrawals for fire safety, agriculture, dairy and agriculture processing, dewatering operations during
building construction, geothermal energy production, and public sanitation. The purpose of the new
permit program is to ensure that these withdrawals of groundwater do not interfere with pre-existing
water supplies or cause adverse environmental impacts. The program is also designed to assist the
State Geologist in collecting information on Vermont’s groundwater resources.
In addition to creating the interim permit program, Act 144 established a Legislative Study Committee
of Groundwater Regulation and Funding to examine potential regulatory programs to protect the
groundwater resources of Vermont. Act 144 provides the Groundwater Study Committee two years in
which to meet its statutory charge. Prior to the Committee’s final report in 2008, Act 144 requires the
Groundwater Study Committee to issue a preliminary report regarding the establishment, actions, and
findings of the Committee to date. A number of other issues that the Legislative Study Committee is
tasked with include:
(1) A recommendation from the committee as to whether the groundwater resources of the state of
Vermont should be declared a public trust resource.
(2) An analysis of the regulatory implications of declaring the groundwater of the state as a public
trust resource.
(3) A proposed schedule for the groundwater mapping of the state by the Agency of Natural
resources.
(4) A proposed appropriation to the ANR for the groundwater mapping of the state, including any
proposed new or existing revenue sources that may be used by the agency to aid in funding the
groundwater mapping.
In its January 2007 preliminary report, the Groundwater Study Committee determined that it is
essential to conduct groundwater mapping in Vermont as soon as reasonably possible. The Vermont
Legislature appropriated funding for aquifer mapping in 2007.
In January 2008, and as part of reporting for Act 144, ANR provided a report on efforts to collect and
analyze information regarding groundwater resources of the State. That report is provided and can be
found as Appendix D.
Vermont Agricultural Water Quality Law
The Vermont Legislature also enacted amendments to the Agricultural Water Quality Law during the
2005 session that provide the AAFM with direct authority and responsibility to protect groundwater
quality by regulating agricultural practices that have the potential contaminate groundwater. The
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AAFM’s groundwater protection authority is implemented through three regulatory programs:
Accepted Agricultural Practices Rules (AAPs), Medium Farm Operations Rules (MFOs) and Large
Farm Operations Rules (LFOs).
The AAPs define a baseline set of practices and standards that apply to all farm operations. The MFO
and LFO Regulations establish additional permit conditions that apply to farm operations based on
size. Each of these regulations has been revised during 2006-2007 and now includes a section
specifically dedicated to groundwater quality protection. In accordance with Section 12-104 of the
Groundwater Protection Rule and Strategy, the AAFM has adopted the primary and secondary
groundwater quality standards contained in the GWPR&S as the groundwater quality standards for
agricultural activities regulated by the Secretary of Agriculture.
Federal Groundwater Law
At the federal level, the Groundwater Rule was promulgated by EPA in 2006. This rule will require
that sanitary surveys be conducted every three years for community water systems and every five years
for the remaining systems. A focus of the Rule is to increase State efforts to identify public water
sources at risk of viral contamination. This requires source water microbial sampling for nondisinfecting systems, and if found vulnerable, to require the state to have public water systems either
install disinfection treatment, remove the contaminant source, or develop a new water supply source
that is not vulnerable. This rule becomes effective in 2009.
D.4. Case Studies (3) of Groundwater Contamination
East Montpelier Nitrate Contamination
The VGS coordinated with the WSD and the AAFM regarding the nitrate contamination of
groundwater near a farm in East Montpelier. Elevated nitrate has been found in several private
residential wells near some of the farm’s fields. In April 2003, VGS obtained an EPA nonpoint source
pollution control grant (Section 319) to evaluate groundwater conditions. The study integrated bedrock
mapping and structural analysis, borehole camera surveys, monitor well installation, analysis of
bedrock aquifer flow directions, geophysical surveys, and sampling of groundwater from wells. The
work continued through 2005.
By analyzing nitrate levels in the bedrock wells over time, groups of wells with similar nitrate
concentration patterns were identified. Groundwater flow directions calculated from static water levels
indicate multiple flow domains in the bedrock aquifer. In combination with geophysical surveys, the
configuration of flow domains can explain the distribution of well groups with different nitrate
concentration patterns. Herbicide concentration patterns are similar to nitrate patterns for some wells.
Bristol Nitrate Contamination
Nitrate contamination has also been a long term problem for a public community water system in
Bristol. Sampling has shown a very steady concentration of nitrate, with no discernible seasonal
variation. These data suggest a potential regional source for the nitrate. A hydrogeological study of the
Bristol Area conducted by the USGS in the mid 1990s indicated that groundwater flows from the
Bristol village center, currently unsewered, directly toward the public water system. Furthermore, the
study provided evidence that the public well is completed in sand and gravel deposits that sit in a
bedrock low, within an area of shallow hydraulic gradient. A local clay layer serves as an effective
hydraulic barrier for downward movement of contaminants in the vicinity of the well, so the septic
systems for the apartment complex are an unlikely source. Therefore, nitrate-laden groundwater from
the village may be entering this area and essentially stagnating there.
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The WSD has met with officials from the VDH and officials of the Town of Bristol. This coordination
effort has resulted in a door-to-door nitrate education/outreach and sampling campaign for private
well-owners in the neighborhood to find out if the contamination issue extends beyond the public well.
Thetford Salt Contamination
In summer 2005, a railroad company constructed a road salt storage and transfer facility on land it
leases from the Vermont Agency of Transportation (AOT) bordering the towns of Thetford and
Fairlee. Over the winter, a private well in Thetford adjacent to the facility exhibited significant salt
contamination. Citizens and town officials seeking recourse had contacted the railroad, AOT, and the
governor’s office and all had cited federal laws that grant railways exemptions from state and local
land use laws.
The Thetford Selectboard issued an “Intent to Seek a Health Order” against the railroad company and
the AOT. The railroad company agreed to mitigate the problem and replace all contaminated water
supplies.
The GWCC decided it would be useful to prepare a case study of this situation and present it to the
Secretary to highlight the importance of groundwater protection on state-owned land. Although
federal law grants railroad companies exemptions from many state and local land use laws, state
agencies need to place land use standards in its lease agreements to ensure protection of the
environment.
D.5. Naturally Occurring Contamination of Groundwater
The VGS also has sponsored Middlebury College interns to assist in private well sampling in
collaboration with VDH in situations where elevated uranium has been identified
(Marshfield/Peacham, Starksboro) and elevated arsenic (Stowe). Analyses results have been valuable
to assist the State Geologist’s efforts to better define which bedrock formations in Vermont contain
arsenic and uranium/radium. In addition, there has been ongoing collaboration between the VDH and
DEC’s Water Supply and Waste Management Divisions and the AAFM where questions have arisen
on health issues due to groundwater quality.
D.6. Statewide Groundwater Program Highlights (2005-2006)
Groundwater Investigations & Monitoring
Investigations were conducted during 2005 and 2006 by WSD’s Water Resource Section staff. The
WSD staff provides input to land use development and particularly to development that may not be
compatible with the groundwater resource. New development that is identified by Vermont’s Act 250
Land Use and Development Process is assessed for its potential impact on groundwater. A wide range
of land uses are evaluated in response to the development. Septic systems, underground storage tanks,
stormwater systems, quarries, and landfills are a few examples of some of the land uses that have been
evaluated. Protection measures such as groundwater monitoring or well construction controls are often
put in place. These protection measures are not aimed at precluding development, rather the emphasis
is placed on groundwater awareness and protection.
To protect groundwater, an understanding of the resource is needed. To this end, the WSD receives
and reviews a considerable amount of invaluable groundwater data. In part, this information consists
of approximately 100,000 well completion reports. This information is submitted by water well
85

drillers. Well drillers submitted approximately 2,600 well completion reports to the WSD for each year
of the biennium. The well completion reports describe the geology, well depth, and well yield of wells
drilled. This information is vital to characterization of this resource. With an understanding of the
groundwater resource, the potential impacts of a given development can be assessed and corresponding
protection measures can be put in place.
Groundwater data is also obtained from a cooperative arrangement with the USGS. The WSD and the
USGS have recorded groundwater level data measured at 13 monitoring wells in Vermont for years.
The wells are drilled in unconsolidated materials and are located throughout the State. Some of this
data goes back to the 1950s. Comparing these data over the years is particularly vital to the
development of a drought management program.
The staff of WSD permitted 27 public water systems in 2005 and another 12 in 2006. As part of the
permitting process each proposed public water source is hydrogeologically assessed. Data examined
includes well completion reports, pump tests or aquifer analysis data, potential for adverse interference
with existing water uses, water quality data, bedrock and surficial geology information, along with
orthophoto and topographic maps. In addition, a site visit is conducted at the proposed water source
with a focus on potential sources of contamination. Once the above information is assessed a Source
Protection Area (SPA) is delineated for the water source.
The VGS is currently undertaking a pilot program that looks at existing and new geologic and well
data to identify areas that have the potential to yield significant quantities of groundwater to wells.
Glacial overburden and bedrock geology is examined in combination with subsurface information that
includes such parameters as yield and depth. The potential surface and subsurface extent of both
aquifer types can be distinguished if the information is sufficient. This information is used to develop
overburden potential aquifer and thickness maps for planning purposes.
The maps provide guidance at the planning level and are part of a second step in a three phased
approach outlined in a 2003 report to the Legislature on the status of groundwater and aquifer mapping
in Vermont - http://www.anr.state.vt.us/dec/geo/grndwaterinx.htm. To quantify the long-term
sustainable yield of an aquifer, drilling and test pumping are required along with other measured
parameters and is considered to be a third phase of study.
Partner towns recently active in the program are Brandon, Woodstock, Williston, Dorset, and
Londonderry. Mapping is complete in Woodstock and Brandon
The VGS is also investigating natural contamination in groundwater with respect to arsenic and
radionuclides. Analysis of 30 bedrock groundwater wells in the vicinity of Stowe reveals three wells
with arsenic concentrations that exceed the Environmental Protection Agency (EPA) MCL of 10 parts
per billion (ppb), with two of the wells producing water containing 86 and 275 ppb arsenic. Seven
additional wells contained between 1.5 and 7.0 ppb arsenic. The elevated concentrations of arsenic
within the rocks from the Barnes Hill Formation, and the lack of elevated arsenic in nearby rock
formations, suggest that the ultramafic rocks are the source of the high arsenic concentrations in the
groundwater. The next steps in this project will be to analyze more groundwater wells in transects
across ultramafic bodies, and conduct additional field and geochemical analysis of a larger ultramafic
sample suite.
With respect to radionuclides, the VGS investigated two public and five private groundwater wells in
the towns of Marshfield and Peacham. All seven contaminated wells are completed deep within
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fractured bedrock. These wells demonstrated elevated uranium concentrations exceeding EPA and
VDH maximum contaminant levels. There is a prevalence of private wells in the region that are not
required to sample for uranium. Therefore, the extent of uranium contamination is unknown. The VGS
has also looked at elevated levels of naturally-occurring radioactivity that were discovered in
numerous bedrock groundwater wells in the towns of St. George and Hinesburg. By integrating
geologic maps with well driller logs, it was found that eight of eleven bedrock wells with elevated
radioactivity were completed in metamorphic rocks whereas the other three wells penetrated carbonate
rocks. Finally, the occurrence of elevated radioactivity from a public water supply well in Montpelier
led to a groundwater sampling investigation. Sixteen of 50 (32%) ground water samples, collected
from all major lithologic units in the field area, exceeded the VDH action level.
These studies combine groundwater and bulk rock geochemistry to assess the distribution of
radionuclide-enriched groundwater in the study areas; and the potential of differing lithologies as
sources of radionuclides in the groundwater. With a greater understanding of radionuclide
groundwater contamination in Vermont, the public’s awareness of drinking water can be raised, which
in turn will allow for safer and more cost-effective siting of wells in the future.
During the biennium, the Town of Woodstock requested surficial and aquifer mapping from the VGS
to aid in groundwater protection and planning. Bedrock mapping was included since many residential
wells penetrate bedrock. Maps that combine information from the bedrock and surficial studies help to
identify areas where thin till with relatively high recharge potential coincide with areas underlain by
more permeable, moderately inclined marble layers. Derivative groundwater resource maps and
recharge area maps are the result of these studies. In a second location, the southern Worcester
Mountains in central Vermont, a multi-disciplinary geologic framework was established to evaluate the
groundwater resources in the watersheds. The analyses seek to identify the relationship(s) between
well yield and l) lithologic and surficial units, 2) proximity to topographic lineaments, 3) surficial
material thickness and permeability, 4) surface water proximity, 5) major bedrock structures, 6) slope
and other topographic indices, and 7) drainage area size. In a third area, the VGS studied the
deglaciation and overburden groundwater resource of Brandon. Subsurface data from water well logs
were consulted to determine the 3-dimensional distribution of glacial deposits. Depth-to-rock data
were contoured at 40-foot intervals and highlight overburden in glacially deepened troughs that might
contain aquifers capable of sustaining high yields. One trough at the base of the Green Mountains is a
promising aquifer prospect. Brandon Fire District #1 wells 001, 002 and 003 and Fire District #2 well
001 tap an aquifer system where the Neshobe River empties into this trough from the mountains.
Recharge potentials were assessed based upon knowledge of the surficial geology, overburden
thickness and stratigraphy.
The Agency of Agriculture, Food, and Markets (AAFM) conducts an Agricultural Water Quality
Program that combines the activities of the Pesticide Management Program and the Non-Point Source
Reduction Program. The goal of these regulatory programs is to protect the statewide groundwater
resources that serve as both public and private sources of drinking water. The AAFM also conducts
surface water monitoring at specific sites and in selected watersheds to determine the impacts of
groundwater and surface water interactions on water quality.
The Pesticide and Groundwater Monitoring Program has completed 20 years of sampling groundwater
from drinking water supplies at farm operations and their neighbors’ properties adjacent to agricultural
lands. The AAFM has sampled 1,530 private drinking water supplies in 182 towns across each of
Vermont’s fourteen counties. Farm wells account for 64% of all wells sampled and non-farm,
neighboring wells account for 36%.
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Although the Groundwater Monitoring Program was founded to investigate the quality of drinking
water on Vermont farms because of concern for the potential for groundwater contamination by
pesticides, results continue to show the occurrence of nitrate is far more common than the detection of
pesticides in groundwater. Sampling conducted during 2006 found 129 of the199 well sites sampled
had positive detections of nitrate and 30 of these exceeded the drinking water standard of 10 ppm.
This represents a violation rate of 15%. By comparison, 32 sites had positive detections for an
herbicide, but none of them exceeded a state or federal drinking water standard or health advisory.
The longer term trend and status of groundwater quality as the result of agricultural practices is mixed.
For sampling conducted from 2002 to 2006, 327 of 625 wells tested positive for nitrate and 87
exceeded the MCL at some point during this time frame, a long term violation rate of 14%. Of these
wells, 71 wells had positive detections for an herbicide with only one well exceeding an MCL, a
violation rate of less than 1%.
In 2006, the AAFM identified eight farm sites of concern with elevated concentrations of nitrate in
groundwater and drinking water wells. The wells impacted at these sites include both farm and nonfarm wells. The potential sources of contamination under investigation at these sites include manure
storage facilities, field application practices, barnyards and animal holding areas, improper/deficient
well construction, domestic on-site septic systems and the vulnerability characteristics of the soil and
bedrock particular to each location.
The above investigations illustrate the importance of aquifer characterization with respect to drinking
water. Both water quality and quantity are dependent upon a multitude of hydrogeologic factors. A
lack of awareness regarding these factors, as illustrated above, can result in unfavorable drinking water
sources. Such sources, in turn, may pose health risks, financial burdens, and adversely impact the
environment. Still missing at ANR is the characterization of groundwater with respect to surface water
in Vermont. Scientists estimate groundwater accounts for more than 95% of all fresh water available
for use. About 40% of river flow nationwide (on average) depends on groundwater and during
droughts this percentage is between 80 to 90%. It is also known that approximately a third of the water
in lakes and ponds come from groundwater. Assessment of groundwater/surface water interactions is
needed to fully understand the status of the water resources in Vermont.
D.7. Information & Public Education
Each of the source protection area (SPA) delineations includes a public notice. The town, residents or
property owners in the SPA, and officials of the water system are contacted. An opportunity for a
hearing regarding the SPA is also provided. In addition to the 39 public water systems that were
permitted during the biennium, another 222 non-transient non-community water system were publicly
noticed to have source protection areas during this period. Until 2005, non-transient non-community
water systems did not have active source protection areas. This public process is also provided in the
reclassification of groundwater. The outcome of both processes includes the identification of the
groundwater resources along with the development of a rapport with concerned citizens at the town
level. Groundwater planning at the local level can be better applied through such efforts. Such
processes will go a long way towards educating the public and protecting the resource.
Each year, the WSD publishes and distributes several newsletters entitled The Waterline. While the
newsletter focuses on all public water systems, most of these water systems use groundwater. With
this in mind, the newsletter has a direct bearing on groundwater. Hard copies of the publication can be
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obtained directly from WSD
www.vermontdrinkingwater.org.

and

can

also

be

found

on

the

WSD’s

website:

The WSD annually sponsors Drinking Water Day at the State House. The event provides a number of
exhibits that explains the importance of drinking water and its protection. Attendance often includes
students, the general public, interested parties, and members of the legislature.
The VDH toll-free phone line and its website have assisted well owners in better understanding the
quality of their water. Also, when there is a confirmed exceedance of a water quality standard,
whether naturally occurring or due to nearby land activities, there is technical assistance outlining
treatment options so as to minimize a family’s risk of exposure. VDH has also been present at Home
Shows and realtor meetings regarding water quality sampling and testing.
EPA Region 1, in collaboration with WSD and the Vermont Rural Water Association, sponsored a
source water protection conference in Montpelier in November, 2006. There were 120 attendees
including municipal officials and water system operators and the agenda emphasized the protection of
groundwater sources. More than 50 of the evaluation forms were returned, and most rated the
conference as “good” or “excellent”. The most popular presentations were those with a technical and
scientific focus. Due to the high level of interest, subsequent workshops were planned as a follow up
to this highly successful conference.
D.8. Activities of the Groundwater Coordinating Committee (2005-2006)
Groundwater Reclassification
During the 2005 to 2006 biennium, the GWCC focused on the classification of groundwater as
specified in the GWR&S.
The Groundwater Protection Statute (Chapter 48) along with the GWR&S defines four classes of
groundwater in Vermont. Vermont’s groundwater classification system defines:
(1) Class I groundwater as suitable for a public water supply with character that is uniformly
excellent and is not exposed to any activities that pose a risk to its use. (Currently, there are no
Class I groundwater areas classified in Vermont.)
(2) Class II groundwater as suitable for public water supply with character that is uniformly
excellent but exposed to activities that may pose a risk to its use. (There are no Class II
groundwater areas in Vermont. One municipality, Brandon is interested in applying for Class
II.
(3) Class III groundwater is defined as suitable as a source of water for individual water supply,
irrigation, agricultural use, and general industrial and commercial use. (Other than the Class IV
groundwater areas discussed below, this is the default groundwater classification for all
Vermont groundwater.)
(4) Class IV groundwater is not suitable as a source of potable water, but suitable for some
agricultural, industrial, and commercial uses. (There are nine areas classified as Class IV
groundwater areas in Vermont, including the Burgess Brothers Landfill (Bennington), Parker
Landfill (Lyndon), Transitor Electronics (Bennington), Pine Street Barge Canal (Burlington),
Maska Inc. (Bradford), Windham Solid Waste District Unlined Landfill (Brattleboro), the
Bennington Landfill (Bennington), and the Unifirst sites in Brookfield and Randolph. The
Hartford Landfill (Hartford) is currently being proposed as a Class IV groundwater area.)
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Class IV Groundwater is groundwater that has been mapped and classified by the Secretary as nonpotable. Groundwater may be non-potable due to its natural chemical characteristics, or it may have
been rendered non-potable by land use activities. All of the above Class IV areas have been
contaminated as a result of land use activities.
While it is not suitable for drinking, Class IV Groundwater may be suitable for some agricultural,
industrial, and commercial uses. The Class IV designation serves as a warning to present and future
landowners and to governmental permitting agencies that groundwater beneath a Class IV
Groundwater Area should not be used for potable water supplies. The State of Vermont will not issue
permits for drinking water sources within a Class IV Groundwater Area. All new ANR-regulated
activities proposed within these areas are required to show that the activity will not further degrade
groundwater quality or cause the contamination to spread.
Although there are no Class I or Class II designations in the state, the GWCC updated the Class I and
Class II Groundwater Mapping Procedure. The intent of updating the procedure was in part to provide
a broad awareness of the procedures and an opportunity to obtain comment regarding the procedures.
In addition, the GWCC thought sections of the procedures needed clarification. The purpose of the
document was to detail the technical procedures used to delineate the geographic boundaries of Class I
and Class II groundwater and determine whether or not the proposed groundwater area meets the
criteria for Class I or Class II designation.
The methods used to define a Class I or Class II area are similar to those required to designate a public
water supply SPA. One difference between a Class I or Class II area and a SPA is that the water
supply need not be fully developed and permitted for a Class I or Class II area. Therefore, a
municipality can, with sufficient planning and forethought, protect the recharge area of a future water
supply without immediately incurring the expense of full development of that supply. A second
difference is the requirement for uniformly excellent character of water in a Class I or Class II area.
This requirement means that some SPAs, which contain groundwater with impurities, are not eligible
for Class I or Class II designation.
To adopt the procedure, the GWCC must obtain approval from the Secretary. The Groundwater
Protection Rule and Strategy was signed by the Secretary in February 2005.
GWCC Recommendations to the Secretary
Groundwater is a critical resource for the State of Vermont and continues to be vulnerable to numerous
man-made and natural risks. It supplies a significant portion of the drinking water to Vermont’s
population and is threatened by continued development pressures. These pressures may jeopardize
both water quality and quantity and make it increasingly difficult to site new private or public wells.
While drinking water is a top priority environmental concern in the State, the clear connection between
land use activities, drinking water, and groundwater is lacking. Groundwater efforts, however, are
most limited regarding its interaction with surface water. Specifically, the contribution groundwater
makes to wetlands, streams, rivers, ponds and lakes appears to receive little attention. Its importance
to sustaining the drinking water needs of the State along with Vermont’s flora and fauna appears to be
taken for granted. The lack of attention given to groundwater when compared to the attention given to
surface waters may be due, in part, to the lack of public education regarding the role of groundwater
and the associated high costs necessary to comprehensively evaluate this resource.
The GWCC concludes that groundwater is fundamental to the ecosystem and as a drinking water
resource. It recharges wetlands, streams, rivers, lakes, and ponds, which is critical to wildlife. It is a
source of drinking water for most of the State’s population. While groundwater is addressed through
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the Safe Drinking Water Act, this Act’s prime focus has been on monitoring, treatment, operation, and
infrastructure needs of public water systems. Additional regulations that address groundwater are
often in reaction to contamination. Yet, the quantity and quality of groundwater which define its use
remain largely unknown. Characterizing the groundwater resources is overdue relative to the
continuing threats of contamination, the pressures and pace of economic development, and the
importance of this resource. Specifically, the GWCC recommends the following:
1) The Agency request GWCC comment on proposed legislation in order to provide technical review of its
implications due to the Committee’s broad range of representatives;
2) Institute water conservation incentives to proactively prepare for the next drought cycle along with
expanding the drought monitoring capabilities of the ANR; and
3) Fully implement the Groundwater Protection Statute, Chapter 48, with adequate resources for a
comprehensive groundwater program and which also identifies and funds groundwater research.
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Appendix A

Vermont Fish Consumption Advisory
Vermont Department of Health
June 2007

Table B.1. Status of Phosphorus Removal/Reduction Projects.
Municipality

Construction Status

Comments

***** LAKE CHAMPLAIN DRAINAGE *****
Barre City

completed

Brandon

completed

Burlington (North)

completed

Burlington (Main)

completed

Burlington (East)

completed

Cabot

completed

Castleton

completed

Enosburg Falls (Phase 1 - chem)

completed

Essex Junction

completed

Fair Haven

completed

Hardwick

completed

Hinesburg

completed

Johnson

completed

Middlebury

completed

Milton

completed

Montpelier

completed

Morrisville

completed

Northfield

completed

Proctor

under design

Poultney

completed

Richford

completed

Richmond

completed

Rutland City

completed

South Burlington (Bartlett Bay)

completed

South Burlington (Airport Parkway)

completed

Shelburne (Plant #1)

completed

Shelburne (Plant #2)

completed

St. Albans City & NW Correctional
Facility

completed

2

under construction 2009

Municipality

Construction Status

Stowe

completed

Swanton

completed

Vergennes

completed

Waterbury

in planning

West Rutland

completed

Winooski

completed

Comments

*** LAKE MEMPHREMAGOG DRAINAGE ***
Barton Village

completed

Newport City

completed

Orleans

completed

3

Table B.2. Construction Status - Combined Sewer Overflow (CSO) Projects.
Municipality

Construction Status

Comments

**** LAKE CHAMPLAIN DRAINAGE ****
Brandon

completed

Burlington

completed

Enosburg Falls

completed

Hardwick

completed

Middlebury

completed

Montpelier (Phase 1)

completed

Montpelier (Phase 2)

completed

Northfield

completed

Poultney

completed

Richford

partially completed

Rutland City (Phase 1)

completed

Rutland City (Phase 2A)

completed

Rutland City (Phase 2B)

pending

Swanton

completed

Vergennes

completed

monitoring 2 CSO’s

monitoring Phase 2A

**** LAKE MEMPHREMAGOG DRAINAGE ****
Barton

completed

Newport City

partially complete

Orleans

completed

monitoring

**** CONNECTICUT RIVER DRAINAGE ****
Bellows Falls

completed

Hartford

partially completed

Ludlow

completed

Lunenburg

completed

Lyndon

completed

Randolph

completed

Springfield (Phase 1)

completed

Springfield (Phase 2)

Contract 1 completed
Contract 2 under construction

Order issued to abate remaining 2 overflows

4

Contract 3 delayed to 2011 due to funding shortfall
being requested by the Town

Municipality

Construction Status

St. Johnsbury (Phase 1)

complete

St. Johnsbury (Phase 2)

Phase 2A completed

Phase 2B pending

St. Johnsbury (Phase 3A)

scheduled for 2010

on holding pending study of system status

St. Johnsbury (Phase 3B)

scheduled for 2010

on holding pending study of system status

St. Johnsbury (Phase 4)

scheduled for 2010

on holding pending study of system status

Wilmington

completed

Windsor

completed

5

Comments

HEALTH
ALERT
The Vermont Department of Health recommends that people
limit eating some fish caught in Vermont waters.

These advisories are

Women of childbearing age
and children age 6 and under

Everyone else

based on tests of fish caught

GENERAL ADVISORY:

in Vermont waters and

Brown Bullhead
Pumpkinseed

No more than 5 meals/month

No Restrictions

Walleye

0 Meals

No more than
1 meal/month

Lake Trout
Smallmouth Bass
Chain Pickerel
American Eel

No more than 1 meal/month

No more than
3 meals/month

Largemouth Bass
Northern Pike
Yellow Perch (larger than 10 inches)

No more than 2 meals/month

No more than
6 meals/month

scientific information about
the harmful effects of
mercury and, in the case of
large lake trout in Lake
Champlain and all fish in the
Hoosic R i ver, PCBs (polychlorinated biphenyls).
You can mix and match

Brook Trout
No more than 3-4 meals/month
Brown Trout
Rainbow Trout
Yellow Perch (smaller than 10 inches)

No Restrictions

All Other Fish

No more than 2-3 meals/month

No more than
9 meals/month

fish (you catch or buy) with
the same limits, but once
you meet the lowest limit

SPECIAL ADVISORIES:

eat no more fish that

Lake Carmi - Walleye

No more than 4 meals/month

No Restrictions

monthly limit within a

Lake Champlain - Lake Trout
(larger than 25 inches)

0 meals
(includes all children under 15)

No more than
1 meal/month

single week.

Hoosic River - All Fish

0 meals

0 meals

month. Do not eat the

Store bought fresh and
canned fish—including

Deerfield Chain
(Grout Pond, Somerset Reservoir, Harriman Reservoir,
Sherman Reservoir, and Searsburg Reservoir)
Brown Bullhead
Brook Trout

No more than 5 meals/month

No Restrictions

Rainbow Trout
Brown Trout
(smaller than 14 inches)
Rock Bass
Rainbow Smelt
Yellow Perch

No more than 1 meal/month

No more than
3 meals/month

0 meals

No more than
1 meal/month

fish meals to eat each

Brown Trout
(larger than 14 inches)
All Other Fish

month.

15 Mile Falls Chain (Comerford Reservoir and Moore Reservoir)

tuna—have mercury levels
that are about the same as
many Vermont-caught fish.
Add in store bought fish
when you decide how many

One fish meal = 8 ounces
uncooked fish

White Sucker

No more than 1 meal/month

All Fish

0 meals

No more than
3 meals/month
No more than
2 meals/month

15 Mile Falls Chain (McIndoes Reservoir)
Yellow Perch

No more than 2 meals/month

No more than
6 meals/month

All Other Fish

No more than 1 meal/month

No more than
3 meals/month

For more information call 1-800-439-8550
healthvermont.gov

June 2007

APPENDIX B
Vermont Point Source Control Program Update
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Table B.2. Construction Status - Combined Sewer Overflow (CSO) Projects.
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Construction Status

Comments
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Contract 3 delayed to 2011 due to funding shortfall
being requested by the Town
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Appendix C

Environmental Implications of Increasing Chloride Levels
Ion Lake Champlain and Other Basin Waters
Vermont Department of Environmental Conservation
February 2008
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Prepared for the Lake Champlain Basin Program
February 2008

Angela Shambaugh
Lake Champlain Long-Term Water Quality and Biological Monitoring Program
Water Quality Division, Vermont Department of Environmental Conservation
Waterbury Vermont

1

The Vermont Agency of Natural Resources, Department of Environmental Conservation is an equal opportunity agency
and offers all persons the benefits of participating in each of their programs and competing an all areas of employment
regardless of race, color, religion, sex, national origin, age, disability, sexual preference or other non-merit factors.
The Vermont Department of Environmental Conservation
Laura Pelosi, Commissioner
The Vermont Agency of Natural Resources
George Crombie, Secretary
James Douglas, Governor
February 2008

cover photo: view of the Adirondack Mountains from the Shelburne Vermont town beach, Angela Shambaugh

2

Executive Summary
Chloride is not usually considered a pollutant of concern in freshwater. However, data emerging
in the northeastern United States and elsewhere indicate that chloride concentrations may be
elevated far above typical background levels of less than 10 mg/L, especially in urban
environments.
Environmental effects of severely elevated chloride can result in physical changes (e.g.,
increased water density that can change mixing and stratification cycles in lakes) or biological
toxicity. Biological effects are highly variable. Many organisms are tolerant of chloride
exceeding 5,000 mg/L while others are sensitive to concentrations below 500 mg/L. Little data
exist to determine effects of chronic exposure on aquatic organisms. Sensitivity to salinity has
been shown to be species-specific, and influenced by the extent and periodicity of exposure.
Sources of chloride in temperate regions include industrial and municipal wastewaters,
agricultural wastes, and deicing salt. In arid regions, rising salinity is linked to anthropogenic
activities that have raised water table levels.
In Vermont, there is sufficient evidence that chloride and its effects on the aquatic environment
warrant closer scrutiny:
• Chloride levels are steadily increasing in Lake Champlain, though concentrations
in the open waters of the lake (less than 30 mg/L) currently are not of concern for
aquatic biota or human health.
• Major lake tributaries are now carrying higher loads of chloride to the lake than
they have historically.
• Some streams have chloride concentrations exceeding EPA chronic criteria.
Streams flowing through areas of high density development and high density road
systems are likely to be receiving the greatest inputs of chloride.
• The occurrence of high chloride levels during the summer and fall low flow
periods in streams near high density development suggests that elevated
concentrations in groundwater may exist at some locations.
• Deicing salt application can result in increased chloride concentrations in streams
and ponds. Though there are other sources of chloride to the environment,
deicing salts are frequently identified as the source of elevated chloride in aquatic
systems occurring in northern climates.
Because chloride has not been considered a pollutant in the Lake Champlain Basin, available
data are limited. Monitoring of urban streams, Lake Champlain, and lake tributaries should be
continued. Biological assessments are needed to understand the impacts of chronic exposure.
Groundwater evaluations would be prudent in areas of high road density and development.
While there are areas of elevated chloride in the Basin, it is likely that these concentrations can
be stabilized, and possibly reduced, if action is taken to minimize inputs. Deicing salts are
increasingly identified as an important source of chloride to the environment. New technologies
exist that minimize environmental impacts of winter road and sidewalk maintenance while
enhancing safety. A public education campaign to raise awareness and promote better salt
management practices by homeowners, private applicators and municipalities would benefit
Vermont lakes and streams.
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Introduction
Chloride is the primary component of oceanic salinity, but in freshwater it is generally a minor
component of total ionic composition. Mean concentrations of chloride in river waters around
the world are about 8 mg/L (Wetzel 1983), which is well below levels of concern. However,
chloride from anthropogenic sources is increasingly identified as a significant pollutant of
freshwater lakes and stream (Environment Canada 2001, Kauschal et al. 2005).
Because environmental concentrations of chloride have only recently come under scrutiny, local
data reside primarily in the grey literature or individual, often small, datasets. The purpose of
this report is to bring together these data and available literature resources to evaluate whether
chloride concentrations in the Lake Champlain Basin may be of concern to water quality or
aquatic biota.
The report is organized in four sections:
• A review of available literature discussing the sources and impacts of chloride on
the aquatic environment (Part 1);
• A summary of the available data from Lake Champlain, its major tributaries,
Vermont and western New York (Part 2);
• A discussion of the environmental implications of these local findings (Part 3);
and
• Recommendations (Part 4).
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Part 1 - Sources and Environmental Effects of Elevated Chloride in Aquatic Systems
Chloride can affect the aquatic environment by causing changes in water chemistry or affecting
the health of aquatic organisms. Most research in northern climates has focused on the effects of
deicing salt. Research in arid climates focuses on secondary salinization of freshwater and soil
which occurs as water table levels fluctuate due to human activity. Though salinization of this
type generally results in increasing concentrations of several ions, chloride is often prominent.
Therefore, the following section includes research from both perspectives.
Evidence for changes caused by deicing salts
Salt has been used as a deicing mechanism since the 1940s. Roughly 16 million tons of rock salt
were mined in the United States in 2004, and used primarily for road deicing (Salt Institute
2006). While deicing salt is not the only source of chloride in the environment, there is evidence
that application at current rates is resulting in increased chloride concentrations and conductivity
levels in surface and ground waters.
Robinson et al. (2003) found that increasing concentrations of chloride in three New England
Rivers corresponded to salt sales in the United States (Figure 1), as did conductivity and sodium
concentrations. Jackson and Jobbagy (2005) suggest that chloride loading from deicing salt
applications in Vermont may be two orders of magnitude higher than estimated atmospheric
deposition rates.

Figure 1. Chloride trends for selected northeastern rivers and U.S. deicing salt sales. (reprinted with permission
from Robinson et al. 2003)
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Investigations into the sources of increasing chloride and sodium in Scituate Reservoir, Rhode
Island (Nimiroski and Waldron 2002), found that more than 90% of the chloride entering the
reservoir basin came through deicing programs. There was a strong correlation between miles of
state-maintained roads and concentrations of sodium and chloride in the reservoir. Deicing salt
applications to state-maintained roads were approximately 8 tons per lane per mile during the
study.
Construction of I-93 in New Hampshire resulted in increased sodium and chloride levels in
nearby Mirror Lake despite precautions taken to reduce the amount of direct discharge to the
lake (Rosenberry et al. 1999). Over the course of 25 years, chloride increased from 25 to 100
µeq/L (0.9 – 3.5 mg/L). A stream bisected by the highway contributed 53% of the lake’s
chloride but only 3% of the total inflow to the lake. Gradient reversals during summer months,
possibly linked to tree transpiration, drew contaminated stream water into adjacent groundwater,
which was then discharged to the lake along the shoreline. Chloride levels in the stream reached
maximum concentration during late summer when gradients returned to normal and salt-laden
groundwater was flushed back into the stream.
Mason et al. (1999) investigated the effects of long-term deicing salt application on stream
chemistry in a fully forested Maine watershed that had been receiving salt inputs for thirty years.
In addition to increased chloride levels, they concluded that deicing salt significantly increased
downstream concentrations of Ca, K, and Mg as Na replaced these ions in the soil. Increases
were greatest in fall when rainfall increased, and in spring when snowmelt flushed quantities of
salt through the soil.
Studies in Toronto (Bowen and Hinton 1998) found that background chloride concentrations
ranged between 10 – 25 mg/L. Highest stream chloride concentrations (more than 1,000 mg/L)
were found in areas with the most urbanization. Findings from previous studies estimated that
45 – 55% of applied deicing salt entered the groundwater around Toronto and reached streams
during baseflow.
Godwin et al. (2003) found that chloride concentrations in the Mohawk River of rural upstate
New York had increased more than 200% between the 1950s and late 1990s, a period of
“declining population, increased environmental stewardship and the Clean Water Act.” Deicing
salt was considered the primary reason for the observed increase of approximately 20 mg/L in
the river’s mean chloride concentration.
Thunqvist (2003) investigated chloride in surface and groundwater as a result of deicing salt
applications in Sweden. Concentrations in both surface and groundwater have increased since the
1970s, as have the number of affected water supplies. These changes were linked to increasing
usage of deicing salt.
Canada completed an assessment of deicing salt in 2001 and concluded that it is entering the
environment at potentially harmful concentrations or under conditions that may be harmful.
Consequently, Canada has declared road salt to be “toxic” according to the Canadian
Environmental Protection Act (www.ec.gc.ca/substances/ese/eng/psap/final/roadsalts.cfm).
Among the water-related data cited in the assessment are:
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Observed chloride concentrations of 2,800 mg/L in groundwater adjacent to salt
storage areas, 2,000 – 5,000 mg/L in urban impoundment lakes, and 150 – 300 mg/L
in rural lakes.
Stream concentrations in densely populated areas reached 4,000 mg/L.
Concentrations more than18,000 mg/L were observed in roadway runoff.
Modeling indicated that “regional scale groundwater contamination (more than 250
mg/L chloride) will likely result under high-density road systems with annual road
salt loadings more than 20 metric tonnes/two lane kilometer.”

Kauschal et al. (2005) found that chloride concentrations in streams of Maryland, New York and
New Hampshire reached 5,000 mg/L in winter and that high chlorides persisted into the summer.
The increasing density of roads and usage of deicing agents were identified as the primary reason
for these increases. The authors predicted that northeastern surface waters would become
unpotable and toxic to freshwater organisms in the 21st century if current trends continue
unabated.
Other sources of chloride in the environment
While deicing salt was, and continues to be, added to roadways each year, there are other sources
of chloride that contribute to overall loading. Panno et al. (2002) evaluated a variety of chloride
sources including industrial effluents, landfill leachate, municipal wastewater, agricultural wastes
and septic system effluent. They noted that household water softeners can add large quantities of
sodium and chloride to septic systems, and hence to the environment. A family of four utilizing
a water softener on moderately hard water may contribute up to 660 kg/yr of salt to surface and
groundwater resources. Moll et al. (1992) estimated that industry represented the major sources
of chloride to Lakes Huron and Erie, while deicing salt contributed 35% of the chloride reaching
the Great Lakes in 1975.
In a study of three New England river basins, land usage strongly influenced the quantity of
chloride in surface aquifers (Grady and Mullaney 1998). Median concentrations in agricultural
areas were 12 mg/L, four times higher than in undeveloped areas while urban areas had medians
ten times higher (29 mg/L). Possible sources of chloride were identified as manure, septic
systems, exfiltration from sanitary sewers, deicing salts and domestic animal waste.
Chemical and Physical Effect on Lakes
The annual cycle of lake stratification and mixing is driven by changes in water temperature and
corresponding changes in water density. Dissolved substances increase water density, requiring
a greater input of energy to begin the mixing process. In Irondequoit Bay New York (Lake
Ontario), the effects of deicing salts on mixing characteristics were noted in the 1960s and strong
chemical stratification prevented spring mixing of the bay from 1970 – 1973 (Bubeck and Burton
1989). Winter chloride discharge from major streams ranged from 260 – 46,000 mg/L while
water column concentrations at the time ranged from 120 – 230 mg/L. Cooperative efforts
reduced deicing salt applications by 70% resulting in the return of normal mixing regimes by the
mid-70s.
Sodium and chloride concentrations in Third Sister Lake (southeastern Michigan) have increased
by 20% since 1980 (Judd et al. 2005), corresponding to the construction of an industrial park and
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adjacent parking lots in the basin. Lake stability (defined as resistance to mixing) is estimated to
have increased 63% between 1981 and 1999, resulting in irregular spring mixing, increasing
nutrient concentrations in the lower strata of the lake and increasing bottom anoxia.
Winter/spring chloride concentrations during the study of Third Sister Lake ranged from 217 –
293 mg/L at a depth of 2 m to 408 – 445 mg/L at 15 m.
Salinity Effects on Aquatic Biota
Hart et al. (1990) describe increasing secondary salinity in Victoria, Australia, as the “single
greatest threat to the state’s environment.” Based on their assessment of Australian biota, they
predicted that macroinvertebrates were most sensitive to changes in salinity, with toxic effects
becoming apparent at 1,000 mg/L. Most macrophyte plant species would disappear at salinities
around 4,000 mg/L.
Cant et al. (2003) noted that exposure to salinities of 1,000 – 2,000 mg/L for even short periods
of time is likely to have a significant deleterious effect on Australian lowlands, streams and
rivers.
Physiological life stages were expected to influence an individual’s sensitivity to
salinity, e.g. juveniles are likely to be more sensitive than adults. There were insufficient
Australian data to identify the sublethal and indirect effects that were likely to occur below
concentrations that result in direct mortality. The authors suggested that site management to
protect 99% of the species present in many cases would require salinity levels to be less than
1,000 mg/L.
Marshall and Bailey (2004) conducted a series of experiments on Australian macroinvertebrates
that explored the effects of acute and chronic exposure as well as community response to pulses
of elevated salinity. Most macroinvertebrates tested were not affected by acute 6 day exposures
up to 2,000 mg/L salinity. Species richness, diversity, evenness and the distribution of functional
feeding groups did not change in high salinity solutions. In contrast, extent and periodicity of
exposure was important. Exposure to a series of high concentration pulses was more detrimental
than constant exposure to a lower concentration, although total salinity loading was identical.
Recovery periods were taxa-specific and the frequency and magnitude of the pulses were
expected to determine how well individual taxa could recover. Species diversity, abundance and
feeding groups were all affected by pulses of elevated salinity. The authors concluded that most
organisms were saline tolerant but sensitive taxa were affected at relatively low salinities and by
the timing and intensity of their exposure.
The diversity of net-spinning caddisflies was investigated in the Meurthe River, France by
Piscart et al. (2005). Four sites were chosen along a gradient of salinity (210 – 2,600 mg/L) that
resulted from the discharge of soda production effluent high in chloride, calcium, sodium and
magnesium. Monthly macroinvertebrate samples were analyzed using a variety of biotic indices.
Total abundances did not vary along the gradient though individual taxa abundances varied
considerably. The authors concluded that there were differences in sensitivity among the taxa
along the gradient. Preferences were reflected in the varying abundance of individual taxa along
the gradient. Because intermediate salinities provided habitat for both saline-sensitive and
saline-insensitive taxa, overall abundance was greatest at these sites.
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Chloride and deicing salt effects on biota
Dixit et al. (1999) used diatoms in top and bottom sediments of cores collected from 257 lakes in
the northeastern United States to develop an index to assess historical water quality changes.
The authors were able to infer changes in historical chloride concentrations in a variety of natural
lakes and reservoirs from these sediment diatoms and concluded that even small changes at low
chloride concentration can affect the phytoplankton taxa present in freshwater systems.
Laboratory and field investigations of Michigan macroinvertebrates found Gammerus and two
caddisfly species to be most sensitive to chloride (96-hr LC50 values between 3500 and 7700
mg/L NaCl). Most other invertebrates tested were unaffected by concentrations up to 10,000
mg/L during 24 and 96 hr exposures. The investigators concluded no differences in the
macroinvertebrate communities studied could be attributed to deicing salts (Blasius and Merritt
2002).
The USEPA maintains an on-line database (ECOTOX, www.cfpub.epa.gov/ecotox/) of toxicity
data from peer-reviewed literature. ECOTOX survival data available for sodium chloride are
summarized in Table 1. Many of the fish, macroinvertebrates and nematodes tested were
tolerant of concentrations greater than 5,000 mg/L. A number of species have been found to be
sensitive to sodium chloride concentrations less than 3,000 mg/L, including cladocerans which
were affected between 300 and 2,000 mg/L. There were essentially no data looking at long-term
(more than 15 days) exposure.
Table 1. Acute and chronic testing data assessing aquatic organism response to sodium chloride (NaCl) exposure.
Data were summarized from the USEPA’s ECOTOX on-line database. LC50 is the estimated concentration which
would result in the death of 50% of the exposed organisms.

Organism
Cladocerans
Eels
Fish
Leech
Macroinvertebrates
Snails
Nematodes

Minimum LC50
observed
(mg/L NaCl)
280
17,880
1,000
7,500
2,500
2,540
14,899

Maximum LC50
observed
(mg/L NaCl)
6,447
21,450
24,700
10,000
32,000
10,000
25,786

Number of
observations
34
2
149
5
35
30
9

Environment Canada (2001) used available toxicity data for four to seven day exposures to
predict long-term (chronic) exposure for freshwater organisms. Based on this work, the authors
concluded that 5% of the species in aquatic ecosystems would be exposed to median lethal
concentrations when chloride was approximately 210 mg/L (Table 2.). Seventy-five percent of
the organisms were expected to be affected by 960 mg/L chloride.
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Table 2. Predicted cumulative percentage of species affected by chronic exposure to chloride.
Environment Canada (2001).
Cumulative percentage
of
species affected
5
10
25
50
75
90

Modified from

Mean chloride
concentration (mg/L)

Lower confidence limit
(mg/L)

Upper confidence limit
(mg/L)

212.6
237.9
328.7
563.2
963.7
1341.1

135.9
162.3
260.2
504.8
882.3
1253.8

289.5
313.6
397.2
621.7
1045.1
1428.4

The US EPA ambient aquatic life water quality criteria for chloride associated with sodium (EPA
1988) are:
• To meet acute criteria, the 1-hour average concentration of chloride must not exceed 860
mg/L more than once every three years on average.
• To meet chronic criteria, the 4–day average must not exceed 230 mg/L more than once
every three years on average.
The Vermont Department of Health has established a Secondary Maximum Contaminant Level
of 250 mg/L for drinking water.
Part 2. Chloride in Lake Champlain and Its Tributaries
The Lake Champlain Long-term Water Quality and Biological Monitoring Program (LTM) was
implemented in 1992 and currently monitors 15 open water stations and 18 major gauged
tributaries. Chloride has been monitored since the program’s inception. Detailed discussion of
collection and analytical methods can be found in the project Quality Assurance Plan
(www.anr.state.vt.us/dec/waterq/lakes/docs/lcmonitoring/lp_lc-ltmworkplan.pdf). Changes in
chloride concentrations over time were assessed using linear regression (SigmaStat version 3.1).
Chloride concentrations have changed at many of the LMP sampling stations (Figure 2). The
trends were statistically significant (p<0.001) except at stations 4 (South Lake B), 34 (the
Northeast Arm) and 40 (St. Albans Bay). Increases of 2 – 3 mg/L have occurred at most stations
since 1992, with the exception of Malletts Bay (station 25) and Missisquoi Bay (station 50),
where significant decreases in chloride concentration have been observed. Concentrations in
2007 ranged from 4.8 to 26.7 mg/L across the lake. Available historical data for 1980 -1986
document chloride concentrations between 8 – 9 mg/L at Rouses Point, New York (International
Lake Environment Committee, World Lake Database www.ilec.or.jp.database/nam/nam38.html). In 2007, chloride concentrations ranged from 12.0 – 13.8 mg/L at Station 46 near
Rouses Point.
Chloride concentrations have also been increasing in 13 of the 18 major tributaries monitored in
the basin since 1990 (Figures 3 and 4, p<0.001). The exceptions were the Lamoille River (VT),
the LaPlatte River (VT), the Missisquoi River (VT), the Poultney River (VT), and the Pike River
(QC). The LaPlatte River typically has higher chloride concentrations than other rivers in the
basin. In 2007, tributary chloride concentrations ranged from 3 – 73 mg/L.
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Annual mean chloride concentrations (mg/L) in Lake Champlain, 1992 - 2007
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Figure 2. Mean annual chloride concentrations in Lake Champlain, 1992 – 2007. Data represent composite samples
collected from the full water column during unstratified conditions or from above the thermocline during stratified
conditions. Stars indicate stations with statistically significant linear trends (p< 0.001) identified by linear
regression. Error bars represent the 95% confidence interval. Note change in scale for stations 2 and 4.
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Annual mean chloride concentrations (mg/L) in major New York tributaries
to Lake Champlain, 1990 - 2007
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Figure 3. Mean annual chloride concentrations in major New York tributaries to Lake Champlain, 1990 – 2007.
Data represent composite samples collected from locations near the outlet. Stars indicate stations with statistically
significant linear trends (p<0.001) identified by linear regression. Error bars represent the 95% confidence interval.
Note the differences in scale.
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Annual mean chloride concentrations (mg/L) in major Vermont and Quebec tributaries
to Lake Champlain, 1990 - 2007
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Figure 4. Mean annual chloride concentrations in major Vermont and Quebec tributaries to Lake Champlain, 1990 –
2007. Data represent composite samples collected from locations near the outlet. Stars indicate stations with
statistically significant linear trends (p<0.001) identified by linear regression. Error bars represent the 95%
confidence interval. Note the differences in scale.
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Chloride in other Vermont and western New York waters
Chloride has not been considered a pollutant of concern in the Lake Champlain Basin. As a
result, there are limited data on concentrations in streams, rivers and lakes within the watershed.
The following discusses available chloride data from Vermont and western New York.
Forester Pond, Vermont
Forester Pond is a 9 acre pond surrounded by a 217 acre wooded watershed. The pond lies at the
bottom of a steep hillside and receives runoff from the Stratton Mountain Access Road serving
the Stratton Mountain Ski Resort in Jamaica, Vermont. The Biomonitoring and Aquatic Studies
section of the Vermont Department of Environmental Conservation (BASS) began collecting
data here in 1981 when the lake was declared acid sensitive (H. Pembrook, personal
communication). In 1989, the existing dirt road was upgraded to pavement. There was a
corresponding change in winter management practices, including application of deicing salt.
This upgrade resulted in an immediate increase in chloride, sodium, and conductivity in the pond
over a time period when no such increases occurred in comparable but remote Grout Pond
(Figure 5). Because these parameters responded in a similar way in Forester Pond, and were the
only measured parameters to change significantly after the road surface change, it was concluded
that these changes were caused by deicing salt reaching the pond.
Forester Pond vs Grout Pond.
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Figure 5. Changes in chloride and sodium in Forester Pond (Jamaica, Vermont) since 1986. Grout Pond represents
background conditions at remote high elevation lakes. Blue arrows identify when the road upgrade occurred. 100
µeq chloride = 3.57 mg/L. (Reprinted with permission, the Vermont Department of Environmental Conservation,
Biomonitoring and Aquatic Studies Section.)
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Developed versus undeveloped high elevation watersheds – West Branch of the Waterbury River
Wemple et al. (2002, 2007) explored the relationship between high elevation development and
water quality in the valley of the West Branch of the Waterbury River in Stowe. The West
Branch drainage basin, on the eastern slope of Mount Mansfield, includes a large ski area.
Ranch Brook, an undeveloped drainage on the southern side of the West Branch valley, served as
the control watershed. The study found that chloride levels in spring snowmelt were an order of
magnitude higher in the developed watershed than in the control watershed (Figure 6). The
authors concluded that deicing salts were impacting stream water quality.
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Figure 6. Water discharge (Q) and chloride concentrations (Cl) in snowmelt from developed (West Branch) and
undeveloped (Ranch Brook) watersheds in the West Branch of the Stowe River. 100 µmol/L Cl =3.5 mg/L Cl; 250
µmol/L Cl = 8.7 mg/L Cl. (Figure reprinted with permission, Wemple et al 2002).

Vermont Stream and Rivers
BASS routinely samples water chemistry and biota in streams throughout Vermont. These data
are used to assess the biological integrity of the streams according to Vermont water quality
standards. Chloride data and information on the extent of development surrounding the sites
have been collected as part of these evaluations. Typically, stream locations are sampled once a
year, during the late summer and fall. Stream chloride concentrations were clearly linked to the
level of development surrounding the sampling site (D. Burnham, personal communication).
Sites with little development had low chloride levels reflective of historical background
concentrations while some developed sites had much higher concentrations, in some cases
exceeding 400 mg/L at locations sampled during 2003 - 2004 (Figure 7). Many of the sites
surrounded by highly developed land have been designated as “impaired” under the Vermont
Water Quality Standards.
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Figure 7. Chloride concentrations in Vermont streams during late summer and fall, identified by relative intensity of
upstream development, 2003 - 2004. N = 431. High = sites in highly developed areas, low = sites with little
development, undefined indicates the development status was not assessed. Box plots show the median, 25th, and
75th percentiles. Whiskers indicate 10th and 90th percentiles. (Figure reprinted with permission, the Vermont
Department of Environmental Conservation, Biomonitoring and Aquatic Studies Section.)

As part of a citizen monitoring effort on the LaPlatte River watershed in 2004, the LaPlatte
Watershed Partnership (2005) documented the localized influence of the Hinesburg Vermont
wastewater treatment facility on chloride concentration in the river. On 5 of 6 sampling dates,
background chloride concentrations above the plant outfall were between 20 and 30 mg/L. At
the station below the outfall, concentrations ranged between 40 and 220 mg/L. In-stream
concentrations decreased at stations further below the facility outfall, but did not fall to the
baseline concentrations observed upstream.
Urban Chittenden County streams
Fagliano et al. (1979) investigated deicing salt impacts on Potash Brook as a class project during
the winter of 1977-78. Daily grab samples for sodium chloride, conductivity, flow and
temperature were made at three stations from October through mid-march. The authors
concluded that precipitation during the pre-snow season lowers salt concentrations in the brook,
but that temperature became the main regulator of salt during the snow season. Salt
concentrations remained low at temperatures below freezing, but increased rapidly as
temperatures neared the freezing mark. Concentrations dropped at temperatures well above
freezing, presumably due to dilution from increased snow melt. Estimated mean NaCl loading
for the snow periods was 8371 kg/day, 2.2 times higher than during non-snow periods.
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A study conducted in 2005 by BASS of six Chittenden County urban streams utilizing automated
conductivity sensors found elevated chloride levels occurred June through November (Langdon
2007). Centennial Brook, an unnamed tributary to Sunderland Brook, and an unnamed tributary
to Muddy Brook all had mean daily calculated chloride exceeding the EPA chronic criterion of
230 mg/L (EPA 1988). For these three streams, 66-79% of daily mean chloride values exceeded
the chronic criterion during the study period (Table 3).
Table 3. Calculated chloride concentrations in six urban Burlington Vermont streams, June through November
2005. Values were calculated from continuously monitored conductivity data using linear regression.
Location
Daily Mean and total range of
Percent of daily mean chloride
calculated chloride values in
concentration values exceeding
mg/l
EPA chronic criterion
Allen Brook
78 (10-205)
0
Bartlett Brook
121 (4-244)
0.7
Centennial Brook
277 (53-754)
70
Muddy Brook Trib.
257 (14-490)
66
Sunderland Brook
103 (3-199)
0
Sunnyside Brook
261 (82-449)
79

Monitoring, which occurred primarily during non-winter months, showed a clear relationship
between precipitation events and stream chloride concentrations. Larger runoff events had lower
chloride concentrations, suggesting that in-stream chloride levels were being diluted by
precipitation runoff. Conversely, extended periods of dry weather resulted in higher chloride
concentrations. The study concluded that, as discharge dropped during these periods, an
increasing proportion of stream water was likely comprised of groundwater seepage, presumably
containing high chloride levels that were not being diluted by surface inputs.
The Essex Waterway Association (Levine 2007) documented mean chloride concentrations in
three Essex Town (VT) streams ranging from 22 – 126 mg/L during biweekly sampling in
summer 2006. Three to four-fold increases in chloride were observed along Indian and Alder
Brooks.
Stormwater in Burlington Bay
As part of a project evaluating the overall health of Burlington Bay, winter runoff from several
stormwater drains was analyzed for chloride over the course of four winters (Watzin et al. 2005).
The average concentration of chloride in 100 samples was 1,040 mg/L, with an observed
maximum concentration of nearly 9,000 mg/L. In contrast, in-lake background concentrations at
the Burlington Boathouse during this same time frame were around 12 mg/L.
Adirondack Streams and Lakes
Demers and Sage (1990) evaluated the effects of deicing salts on four Adirondack tributaries to
Rich Lake during a two year study. All four exhibited significant increases in chloride
concentration 50 – 100m downstream of the highway, up to 31 times higher than upstream
concentrations. Upstream concentrations were <1.35 mg/L, while downstream concentrations
were 1.7 – 17.0 mg/L. Elevated chloride concentrations persisted throughout the six months
following the end of deicing salt applications. Slight increases in chloride concentrations were
observed at lower depths of Rich Lake.
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Langen et al. (2006) evaluated the effects of deicing practices on water quality in the Cascade
Lakes and Chapel Pond. Extreme environmental conditions around the Cascade lakes have
resulted in frequent deicing salt application and high annual loadings. Mean chloride
concentrations ranged from 2.45 – 3.6 mg/L in the Cascade lakes compared to 0.04 – 0.074 mg/L
in Chapel Pond. The authors concluded that the Cascade Lakes have chloride levels 100 – 150
times higher than comparable Adirondack lakes, and that there has been a 250% increase of
chloride levels in the lakes during the last five years. This was attributed directly to a dramatic
increase in deicing salt applications. Chloride loading peaked in summer when percolating
groundwater reached the lakes. Though a strong chloride gradient was detected in the Cascade
Lakes, they have continued to exhibit normal turn-over patterns. Phytoplankton and periphyton
communities were considered by the authors to be at risk because of current chloride
concentrations, though levels were not considered high enough to impact zooplankton,
macroinvertebrates, aquatic plants or fish.

Part 3. Discussion
Data are emerging indicating that chloride exceeds the levels considered acutely toxic to
freshwater biota (more than 1,000 mg/L) more frequently than previously believed (Kauschal et
al. 2005, Environment Canada 2001, Bowen and Hinten 1998). There are indications that
exposure to lower concentrations may also be harmful to aquatic biota, but significant work is
needed to adequately assess sublethal effects (Cant et al. 2003, Environment Canada 2001).
There is sufficient evidence that chloride and its effects on the aquatic environment warrant
closer scrutiny in the Champlain Basin:
1. Chloride levels have steadily increased in Lake Champlain, though concentrations in
the open waters of the lake (27 mg/L or less) currently are not of biological concern. If
chloride inputs to the lake were sufficiently reduced, chloride would be expected to
return to historical background levels over time. Not enough data exists to evaluate the
effect of chloride on nearshore environments where high levels of chloride (>8000
mg/L) have been documented in Burlington storm drain effluent reaching the lake.
2. Major lake tributaries are now carrying higher loads of chloride to the lake than they
have historically. The LTM program does not routinely sample tributaries during
periods of expected high chloride concentrations (e.g. low flow during winter storms,
summer low flow) yet has documented increasing chloride concentrations in the last
ten years. Because peak chloride concentrations are likely not sampled under the
current monitoring strategy, the magnitude and duration of these events in large
tributaries is unknown.
3. Chloride concentrations exceeding the EPA ambient aquatic life chronic criterion have
been documented around Vermont. Streams flowing through areas of high density
development and high density road systems are likely to be receiving the greatest
inputs of chloride, based on BASS stream monitoring data and the results of the
Canadian environmental assessment.
4. The occurrence of high chloride levels during the summer and fall low flow periods in
streams suggests that elevated concentrations in groundwater may exist at some
locations. Available groundwater data on chloride has not yet been evaluated.
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5. Deicing salt application can result in increased chloride concentrations in streams and
ponds. Forester Pond in Jamaica, the West Branch of the Waterbury River in Stowe,
and the Cascade Lakes area in the Adirondacks had clearly detectable increases in
chloride linked to deicing salt.
6. There is much to be learned about how the aquatic ecosystem is affected by chloride.
Most fish, for example, are not physiologically harmed by chloride at the
concentrations now being observed, yet fish consume organisms that may be sensitive
to the same chloride concentrations. We do not yet understand how timing of chloride
delivery affects aquatic ecosystems. High chloride concentrations during the winter
months when many organisms are less active may elicit a completely different
response than elevated concentrations during the summer.
Results of studies in the United States and elsewhere indicate that chloride has negative
consequences on the environment and that deicing salt is a major source of chloride. There has
been a growing movement at the federal, state and municipal level to minimize the use of deicing
salt while maintaining road safety through improved technologies, alternative deicers, and
heightened public awareness. New technologies focus on anti-icing to prevent snow and ice
from bonding to pavement rather than de-icing to break the bond after it has formed (Brink and
Auen 2004). The Vermont Agency of Transportation (VTrans) re-evaluated its deicing practices
in the mid-1990s and the new “smart salting” practices have resulted in lower salt usage (Figure
8, VTrans unpublished data). Guidelines and best management practices are available from
many sources including
• EPA road maintenance strategies to protect water
www.epa.gov/safewater/protect/pdfs/ highwaydeicing.pdf
• Environment Canada’s Implementation Guide for the Environmental
Management of Road salts www.ec.gc.ca/nopp/roadsalt/cop/guide/en/index.cfm
• The Center for Environmental Excellence’s Environmental Stewardship
Practices, Procedures and Policies for Highway Construction and Maintenance
www.environment.transportation.org/center/products_programs/environmental_st
ewardship.aspx
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Figure 8: Average total tons of salt used per single-lane mile in Vermont, all Districts. The trend was identified
using bivariate scattergrams and applying a Lowess curve fit. P-value = 0.018. (Figure reprinted with permission,
the Vermont Agency of Transportation).

Vermont is currently one of the few states to require the state Agency of Transportation to
provide “real time” reporting of deicing salt application rates to the division overseeing water
quality (Title 10, Chapter 47, 1272 of the Vermont Statutes). Reporting of deicing salt loadings
is also a requirement of New Hampshire’s recently released draft TMDL plans for four
watersheds in the I-93 corridor between Manchester and Massachusetts state line
(www.rebuildingi93.com/content/environmental/waterquality/documents).
Deicing activities
were identified as the principal sources of chloride, with reductions targeting applications on
state highways, municipal roadways, and privately maintained facilities such as parking lots and
sidewalks. Modeling indicated that large reductions, between 24 and 39% of baseline FY05
loading, are necessary to reach in-stream target concentrations for chloride. A key finding in
these documents is that to meet these criteria, loading caps cannot be exceeded even as new
development occurs in the watershed.
Part 4. Recommendations
While there are areas of elevated chloride in some Basin waters, all indications are that these
concentrations can be stabilized, and possibly even reduced, if sources action is taken to
minimize further input. Initially, the extent of the problem and sources of chloride should be
evaluated. Deicing practices have been identified as contributing significantly to chloride loads
in other parts of the country, but other sources may be important contributors in the Basin.
Watersheds of greatest risk should be identified and monitored in the short-term, particularly
areas of high development and/or high road density. Groundwater near streams with high
summer chloride concentrations should be evaluated for possible contamination. Monitoring of
chloride in Lake Champlain and its major tributaries should continue. The effects on Basin biota
are unknown and warrant further investigation.
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The development of Best Management Practices and comprehensive planning will facilitate
reductions in target areas. Most of the focus to date has been on deicing practices by large scale
applicators. There is a need to identify or develop practices appropriate for small scale
applicators and homeowners. A variety of alternative products are available on the market,
which could be evaluated for use in the Basin. Stormwater permits and pollution abatement
plans provide opportunities to incorporate chloride monitoring and reduction strategies in areas
where chloride loading is known or expected to be high. There may also be a need for BMPs for
facilities processing municipal wastewater, which contains large amounts of chloride.
Most people are not aware of the environmental and water quality effects of excessive chloride.
An education campaign to raise awareness would assist in reduction efforts. Road safety
remains a priority component of winter road maintenance and outreach efforts must incorporate
this important message.
It is only recently that chloride has come under scrutiny as a widespread potential contaminant of
aquatic environments. This report documents steadily increasing chloride concentrations in Lake
Champlain since the early 1990s and areas of concern within its watershed. Chloride reduction
strategies should be incorporated into water quality protection efforts around the Basin.
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Executive Summary
Groundwater is a fundamental resource and one that is essential to the health and well
being of the citizenry and the economy of Vermont. The State of Vermont recognizes that
there can be impacts to the use and quality of groundwater and surface water from the
withdrawal of groundwater from wells and/or springs. As a result, the Agency of Natural
Resources (ANR) employs existing regulatory processes for managing such impacts in
addition to developing methods for evaluating the resource, developing maps and
programs to avoid future shortages and water quality problems.
A statewide effort is underway that focuses more specifically on: areas of well
interference; areas of low yielding wells; a compilation of water quality data and
potential contamination sites and the search for potential higher yield areas for future
supplies. Impacts from public water system well pumping are known to occur and
interference testing is required as part of mitigation to insure that no adverse impact
results. Public water systems and bottled water extractions from springs can interrupt
stream flows; as a result applicants for permits are required to maintain minimum stream
flows. ANR also maintains a water well database which contains records from 93,788
wells of all types completed statewide since 1966. The database includes data for 76
different fields, including why the well was drilled, 23 different well use codes, well
statistics such as yield, depth, casing length, and screening, date completed, well type,
and location information. In a preliminary look at growth, 33% of Vermont towns have at
least some small portion of towns experiencing growth pressure. ANR plans to report
back to the legislature in 2009 on progress/results from the statewide effort and
recommend any needed legislative actions.
Introduction
Groundwater provides approximately seventy percent of Vermont’s drinking water. In
the past forty years stewardship over this resource has increased to address evolving
issues. In the late 1960s, Vermont well drillers began filing reports of wells drilled
following periods of drought. In the 1970s, Act 250 land use regulation began to evaluate
environmental impacts, including well interference and water quantity issues. In the late
1970s, public water systems began testing new wells for interference with neighboring
wells as part of water source permitting. In the 1980s, groundwater quality problems
emerged ranging from naturally occurring radionuclides and arsenic to man-made
solvents and petroleum products. Clean up efforts began to address groundwater
contamination from waste disposal sites, and source water protection area mapping and
protection planning began for public water system wells. In the 1980s and 1990s, rules
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were adopted to better protect new wells from septic systems following increased
concerns of pathogens. In the 2000s, groundwater issues include areas of low yielding
wells, tighter health standards for naturally occurring elements, and concerns about
locating and protecting future municipal sources of drinking water. Today virtually all
wells are permitted under rules adopted by the Agency of Natural Resources.
Passed during the 2006 session of the 2005 Biennium, Act 144, Section 5 directs the
Agency of Natural Resources to report on:
(1) An analysis by the ANR of whether the withdrawal of groundwater or
bottling of drinking water in certain geographic areas of the state has
impacted the use or quality of groundwater or surface water for domestic
drinking water or other purposes;
(2) A listing of any areas identified under subdivision (1) of this section, a
summary of how the ANR responded to groundwater or surface water
shortages in those areas, and agency recommendations on how to avoid
similar impact areas in the future;
(3) A compilation of groundwater supply information included in the well
completion or closure reports submitted to the ANR in the last 15 years by
licensed well drillers;
(4) The amount of drinking water approved for bottling per day from each
source in the state permitted under 10 V.S.A. § 1675 for use by a bottled
water facility;
(5) Any groundwater mapping completed by the Agency; and
(6) Any other information deemed relevant by the Agency.
In January 2007, ANR provided an Act 144, Section 4 report on: Groundwater Mapping
Efforts, USGS Coordination, and EPA Funding Request.
A statewide groundwater map project is underway supported by a 2007 one-time general
fund appropriation for groundwater mapping. A townwide planning level of effort
continues supported by a federal grant.
Impacts on Use and Quality of Groundwater and Surface Water
The State of Vermont recognizes that there can be impacts to the use and quality of
groundwater and surface water from the withdrawal of groundwater from wells and/or
springs. As a result, ANR addresses such issues by rule for public water systems and nonpublic water system sources.
The Water Supply Division has been evaluating and permitting public water systems and
addressing drought impacts since the late 1970’s, while Act 250 also evaluates land use
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projects for impact to water resources. The Water Supply Division licenses well drillers
and maintains a database of wells constructed since 1966. State, consulting, and well
drilling professionals are aware of some areas in the state with water quantity and quality
problems (information from a recent query is provided later in the report). During the
drought of 2001, the ANR Drought Task Force worked with the drilling community,
provided assistance and outreach to public water systems, municipalities and private
homeowners. Water systems yield tested and permitted under ANR programs faired
significantly better than private or non-tested wells. In most cases, additional data
collection will be needed to confirm suggested problem areas. Further analysis of
statewide well water quantity and quality data can reveal additional areas of concern for
further action. A statewide effort is underway that will focus on: areas of well
interference related to public water supply wells; areas of low yielding wells; and a
compilation of water quality data and potential contamination sites.
Processes for Managing Impacts – Quantity and Quality
Quantity
Impacts from Public Water System well pumping are known to occur and interference
testing has been required for decades as part of mitigation to insure that no adverse
impact results. Public system and bottled water extractions from springs can interrupt
stream flows; as a result applicants for permits are required to evaluate possible impacts
and if shown, maintain minimum stream flows. Act 250 screens projects for impact to
neighboring water sources and sufficiency of water to serve the proposed land use.
Public Water Systems include municipalities, fire districts, mobile home parks, schools,
non agricultural businesses, and in-state bottled water sources. Under the Water Supply
Rule, bottled or bulk water suppliers are also considered public water systems. In July
2007, new Environmental Protection regulations established jurisdiction and permitting
for almost all water sources not previously regulated.
For Public Water Systems and non-public water sources requiring a permit, an
interference review process is triggered when an applicant applies for a new Source
Permit (see reference (a)). Non-public water systems above a specified size or water
demand also trigger yield and interference review. An applicant is required to submit
information locating all current water uses within a specified radius of the proposed
source. A Source Permit is also required for the deepening, hydro-fracturing, or
performing any other source alteration that could affect the water quantity of an existing
water source. The applicant must evaluate the proposed source’s impact on the
surrounding water uses through pump testing the proposed source and monitoring the
potentially affected water uses for adverse interference. Careful consideration is given to
the potential impact the project and its water demands will have on surrounding activities
such as: neighboring water supplies (wells and springs); water bodies (streams, rivers,
and lakes); storm and wastewater discharges; wetlands, and other vulnerable features. If
adverse interference is found, then the applicant must mitigate the adverse interference
through a mutually agreeable means prior to a Source Permit being issued. Otherwise,
the permitted yield of the source is restricted to prevent an adverse interference from
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occurring. Act 250 land use permits require a project to evaluate land use impact to
water resources and rely on the ANR source permits to address Criteria 2 and 3.
Act 144 established an interim groundwater withdrawal permit program for new
commercial or industrial groundwater withdrawals that exceed 50,000 gallons of
groundwater a day. To date, no applications have been received, but an interference
analysis will be required for any commercial and industrial extraction proposed that is
equal to or exceeds the threshold.
Existing Supplies – Number of Interference Analyses
There are 2,898 public water supply sources and approximately 250 pumping well tests
since the late seventies or early 1980s have interference analyses. Approximately 9% of
the public water supply sources have interference testing because many of the sources
predate permitting requirements and have been operating to ANR’s knowledge without
any discernable interference effects.
Non-Public Water Systems
When designing projects under the non-public water system rules (see rule reference (b))
a designer shall review not only the project itself but also all potable water supplies and
wastewater systems, in existence or permitted at the time the permit application for the
project is deemed complete, that are potentially affected by the proposed project. This
review shall, at a minimum, assure that the project will not adversely affect such potable
water supplies and/or wastewater systems.
If the consultant believes that interference may occur then a pumping test, interference
monitoring and evaluation would be done. If adverse interference is found, then the
applicant must mitigate the adverse interference through a mutually agreeable means
prior to a Potable Water and Wastewater Permit being issued.
Water Quality
Public supplies must meet stringent water quality standards and those developed within
150 feet of surface water are required to determine whether they will be adversely
affected by protozoan pathogens that originate in the surface water body. The definitive
test to determine this is the Microscopic Particulate Analysis (MPA) test. While this test
does determine the groundwater source’s vulnerability to surface water borne protozoa, it
does not quantify the amount of surface water the source may affect. If the groundwater
source is found to be under the direct influence of surface water, then it must chose to
abandon the source, provide adequate filtration and disinfection, or undertake additional
watershed management activities that limit the influence of protozoan contamination.
The ANR regional offices require additional information when there is a landfill or
designated hazardous waste site within 5000 feet of a proposed project. Information is
then required to show that any plume will not reach or be drawn to a newly permitted
well. The hazardous waste site data base is also available to the public at the ANR web
site.
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Class IV Areas
Class IV groundwater areas are designated by the Secretary of the Agency of Natural
Resources. These are areas that are contaminated and likely to become contaminated
above the groundwater quality standards and are not expected to be remediated in the
near future. Developing groundwater sources that are to be used for human consumption
are prohibited in Class IV groundwater areas. However the groundwater may be suitable
for some industrial, commercial, or agricultural uses. The area is expected to be managed
so as not to increase the contamination and to eventually improve the water quality.
Currently there are nine Class IV groundwater areas designated in the state.
Bottled Water
There are 12 bottled water system points of withdrawal associated with permits. A
summary of Vermont Bottled Water Systems with location, source type and source yield
information is in Table 1. Permitted spring source users divert natural discharge but are
required to maintain minimum stream flows as natural groundwater release supports
surface flow regimes. One point of extraction is a gravel well that meets interference
testing requirements.
Table 1 - Vermont Bottled Water Systems Summary Table
Source
number

Water System Name

Town

Source Type

Source Yield explanation

001

Vermont Heritage

Derby

Spring

2 gpm

002

Vermont Heritage

Derby

Spring

1 gpm

003

Vermont Heritage

Derby

Spring

1 gpm

004

Vermont Heritage

Derby

Spring

1.25 gpm

002

Walden Springs
Company

Wheelock

Spring

9 gpm (Source Permit)

Vermont Natural Water

Brattleboro

Gravel Well –
pumped

125 gpm (pump capacity 75 gpm)

001
001

Clear Source

Randolph

Hidden Spring

002

Clear Source

Randolph

Spring A

004

Clear Source

Randolph

Spring B

001

Pristine Springs of
Vermont

Stockbridge

Colton Spring

Pre-dates files
Source permit – Blaisdell Brook low flow restriction to
maintain 0.2 CFS/sq.mile flow
Source permit – Blaisdell Brook low flow restriction to
maintain 0.2 CFS/sq.mile flow
Deeded rights to overflow after Chalet Village demand is
met, estimated overflow 100+ gpm

001

Merrill Spring

Tinmouth

SPRG-1

001

Spring Realty Trust

Topsham

Spring

CC001

Crystal Rock LLC
(bottling plant)

Hartford

Restriction: maintain 42 gpm minimum stream flow during
4/1-9/30; and 84 gpm during 10/1-3/31. Can only use 1
gpm when below these flows
Purchases water from Pristine Springs and trucks water to
plant for bottling

CC001

Booth Brothers Dairy

Barre Town

Purchases water from Pristine Springs and trucks water to
plant for bottling

35 gpm (Source Permit)
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Water Quantity and Quality Impact Areas – Informal Query
ANR staff who address water quantity and quality issues were queried as to their general
knowledge of geographic areas of concern. ANR Regional Office, Water Supply
Division and Vermont Geological Survey personnel were contacted. Health Department
data and a limited phone survey to licensed well drillers also support the list below.
Some areas with deep wells are included but this topic and information on wells that are
further deepened will receive further review during well database analysis. The listings
below are presented as general categories with some examples for each but should not be
considered complete or exhaustive. One anthropogenic category of concern is listed but
there could be others. An aesthetically unpleasing naturally occurring chemical is
reported below as an example but others such as, iron and manganese, can emerge from
further investigation. Some constituents may have health based risk while others such as
iron, manganese, or sulfur are non-health related/aesthetic issues.
•

Low Yield, Deep Wells, Shortage, or Interference
Alburgh; Ascutney – along Route 5; Charlotte - Greenbush Road; Dorset parts of; Corinth – Parts of; Dover – West Dover; Dummerston – parts of;
Ferrisburg –parts of; Grand Isle - along the lake; Groton; Hinesburg - parts of;
Jamaica – central hill area; Jericho – East; Killington – an area on Killington
Mountain; Lyndon – Cotton Road; Manchester - Barnumville Road; Newport Vance Hill; Norwich - Brigham Hill Rd; Pownal – south; Putney – Area of
Santa’s Land; Richmond - Dugway Road; Royalton - Avery Lane; Shelburne
beach; South Hero – parts of; Southwestern Rutland County - E. Poultney,
Bomosseen, Lake St. Catherine (one side) parts of the slate bedrock on ridges in
the Taconic Range; Strafford – Old City Falls Road; Stratton – developed high
elevation areas; Tunbridge – Village; Underhill – Poker Hill Road; Williston Oak Knoll and Oak Hill Road areas; Windham County eastern side - Vernon,
Guilford, Brattleboro, Dummerston, Putney, and Westminister in pyllites and
schists of the Littleton formation; Woodstock - south

•

Naturally-Occurring Constituents of Concern – Identified Quality Problem Areas
Elevated naturally-occurring radioactivity in bedrock (gross alpha, uranium, and
radium) - areas in the following towns: Milton and Colchester; Hinesburg,
Williston, St. George; Marshfield; Peacham
Elevated levels of Arsenic: Williston, St. George, Hinesburg; Stowe

•

Natural-Occurring Constituents of Concern - Emerging Problem Areas,
Parts of the following towns:
Radionuclides: West Rutland, Barton, Derby Line, New Haven, Bomoseen,
Castleton, Underhill, Jericho, Sheldon, Middletown Springs, Ludlow, Eden;
Arsenic: Wells, Poultney, East Burke,Westminster, Bomoseen, Castleton,
Dummerston, Pawlet, Newport, Thetford, Cavendish

6

•

Anthropogenic Constituent of Concern
Nitrate: Bristol, East Montpelier, Sheldon, Rutland Town north of Rutland

•

Aesthetic Naturally-Occurring Constituent of Concern
Sulfur: Pawlet, Sheffield, Grand Isle, South Hero

•

Class IV Areas: Pine Street Barge Canal, Burlington; Tansitor Electronics,
Bennington; Windham SWD Landfill, Brattleboro; Bennington Landfill,
Bennington; Maska, Inc., Bradford; UniFirst Bressett, Randolph/Braintree;
UniFirst Wheatley, Brookfield; Burgess Brothers Landfill, Bennington; Parker
Landfill, Lyndon

Response to Groundwater or Surface Water Shortages
ANR regional offices have commonly required additional information for non-public
projects involving a relatively large number of proposed individual wells, or a high
density of proposed wells, but that approach has generally been based on the project
characteristics, rather than on any presumed aquifer features.
From time to time, well drillers report a particular dry hole or certain locales are not
expected to produce more than a modest yield. If a marginal yield is produced, but it is
adequate for single family residential usage, no additional requirements are made as long
as the proposal involves a single or small number of residential wells. However, the
regional office staff does ask for more upfront water information, including drilling and
testing prior to approval/construction if the local aquifer is known to be low yielding or
contaminated. This is in addition to a request for more information when there is a high
demand project proposed.
As reported above, Public Water Systems are required to conduct an interference analysis
and meet permit requirements.
Avoiding Similar Impacts in the Future
The ANR recognizes that as new public and non–public water supply projects are sited
procedures for addressing low yield or water quality areas of concern will reduce the
likelihood of water quantity and quality problems for such permitted wells. On-going
and proposed statewide groundwater map and interference assessment projects will
evaluate existing low yield wells and water quality data to indicate areas where low yield
wells tend to occur and potential water quality threats are identified. In such areas,
procedures to analyze conditions will trigger action thresholds that may require drilling
first so that yield and quality of a new water source is adequate for the intended use.
In addition during the mapping phase, existing interference tests for Public Water System
wells will be analyzed for cumulative impact in areas where there are concentrations of
extractions (likely to correlate with certain growth areas). In turn, these data and GIS
representations will be used to further review non - public water supply projects and as an
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added tool in reviewing public water supply applications. If areas of long term
interference are identified, then ANR can further plan for impact avoidance in the future.
The ANR has a drought task force which developed an agency drought plan in
conjunction with and as part of a state task force. The plan provides methods to identify
the severity of a drought and action items for the various drought levels.
General Data Analysis - Water Well Database Compilation
The water well database used for this analysis contains records from 93,788 wells
completed between 1966 and 2006. The database includes data for 76 different fields,
including why the well was drilled (ex. new, replace existing supply, deepen existing), 23
different well use codes (ex. domestic, heating, industrial, agricultural), well statistics
such as yield, depth, casing length, screen length, date completed, well type (gravel or
bedrock), and location information. The data was derived from well driller reports and
the accuracy of the data is varied. The compilation presented here focuses on the data
from January 1991 – December 2005, the most recent complete 15 year time interval but
includes the 40 year data in 5 year increments to highlight long term trends. Basic data
and graphs are presented but a detailed analysis has not been conducted to quantify or
interpret any trends, if they exist.
Well Summary
In the past 15 year interval, 41,901 wells have been reported and have an average depth
of 317 feet and an average yield of 15 gallons per minute (gpm). Of these wells, 1,190 or
2.8% were gravel wells and the remainder were drilled in bedrock. Most wells drilled in
Vermont in the past 15 years are new wells (96%) for domestic use (95%). The 40 year
well data includes records for a total of 91,416 wells. The number of wells, plus depth
and yield information is presented in Table 2.
Table 2. 40 Year Well Data in 5 Year Increments
Years

1966-1970
1971-1975
1976-1980
1981-1985
1986-1990
1991-1995
1996-2000
2001-2005
Total
Average

# of Water
Wells
5669
7475
8328
10874
17169
13717
13053
15131
91416
11427

Average
Depth (ft)

Average
Yield (gpm)

210.15
226.39
240.65
261.19
281.71
294.17
319.19
337.58

13.87
15.48
13.36
13.91
13.85
14.30
15.24
16.77

271.38

14.60

Median
Depth (ft)
177
197
205
225
250
265
298
303

Median
Yield
(gpm)
6
6
6
6
6
6
7
8

gpm/ft

0.07
0.07
0.06
0.05
0.05
0.05
0.05
0.05

Although the number of wells has increased in the past 15 years, this number has
decreased from the high of 17,169 in 1986-1990. Forty year trends for well yield and well
depth are shown in Figure 1 and Figure 2. As shown in Table 1 and Figures 1 and 2, the
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trend is towards a higher average yield, an increase in well depth and a decrease in gpm/ft
(average yield divided by average depth).
Figure 1. 40 Year Trends for Well Yield in Gallons per Minute (gpm)
Well Yields - 40 year Trends ( 01/1966-12/2005)
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Figure 2. 40 Year Trends for Well Depth
Well Depths - 40 Year Trends
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Well Type
The majority (87,300) or 95.5% of wells are completed in bedrock. 4.5% of wells are
completed in the overburden on top of bedrock (primarily sand and gravel). The percent
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of overburden wells has decreased from 8.3% to 1.8% since 1966. Statistics for the
overburden wells are in Table 3 and Figure 3.
• Dividing the yield in gallon per minute (gpm) by the depth of a well gives gpm
per foot (gpm/ft). Gpm/ft for overburden wells averages 0.27 gpm/ft compared to
0.05 gpm/ft for bedrock wells.
• The average depth for overburden wells is 133 feet compared to 271 ft for all
wells and 290 ft for bedrock wells.
• The average yield is 36 gpm for overburden wells compared to 14 gpm for
bedrock wells.
• In general, overburden wells are shallower and have a higher yield than bedrock
wells.
Table 3. 40 Year Summary of Overburden Wells in 5 Year Increments

Years
1966-1970
1971-1975
1976-1980
1981-1985
1986-1990
1991-1995
1996-2000
2001-2005
Total

# of
Gravel
Wells
475
511
594
637
684
452
465
273
4091

Average
Depth (ft)
114.25
116.6
138.61
151.22
120.95
130.55
148.04
143.33

Average
Yield (gpm)
24.14
52.14
24.82
31.98
37.75
34.88
39.35
42.85

Median
Depth
(ft)
88
98
107
117
105
110
119
120

Median
Yield
(gpm)
14
20
15
20
20
25
20
30

Maximum
Depth (ft)
697
545
810
1330
980
1235
700
925

Maximum
Yield (gpm)
500
2030
400
1200
1080
300
1200
1000

Figure 3. Summary of Overburden Well Data
Number of Overburden Wells, Depth and Yield - 40 Year period
800

700

600

500

400

300

200

100

0
1966-1970

1971-1975

1976-1980

1981-1985

1986-1990

1991-1995

1996-2000

2001-2005

year (5 year increments)
# of Overburden Wells

Av. Depth (ft)

Av. Yield (gpm)

Well Use
The water well database contains 23 codes used to describe the intended use of a well.
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For the purpose of this summary, well use codes were grouped as follows: Domestic (1),
Business (4,5,6,8,9,10,12,13,14,15,18,19,20,22,23), Agricultural (3), Heating (7,11), and
Testing and Other (16,21). The number of wells in each category and the 40 year trend in
5 year increments is presented in Figure 4. The large majority of wells (94%) are for
domestic use over the 40 year period.
Table 4. Well Use Codes
1 Domestic
2 Abandoned
3 Agriculture
4 Apartments
5 Business Establishment
6 Condominiums
7 Heating

8 Hospital/ Clinic
9 Hotel/ Motel/ Lodge
10 Housing Development
11 Injection
12 Industrial
13 Monitoring
14 Municipal
15 Nursing/ Retirement
Home

16 Other
17 Recharge
18 Recreation Facility
19 Restaurant
20 School
21 Test
22 Trailer Park
23 Public

Figure 4: Summary of Intended Use of Water Well
Intended Use of Water Well - 40 Year Trends
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Although domestic wells clearly represent the largest number of wells drilled, the average
gallon per minute for wells by use in Figure 5 shows that average yield for agriculture
and business wells both exceed the average yield for domestic wells. The number likely
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reflects the need for higher yield to support a business/school/condominium etc. and
agriculture. However, when considering the total number of wells in each category and
the total gpm, yield for domestic use is the highest as shown in Figure 6. These numbers
report the well driller yield and do not record actual water usage/withdrawal.
Figure 5. Average Well Yield (gpm) by Use Category – 15 Year Period
15 Year Well Yield by Use Category
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Figure 6. Total Yield (gpm) by Use Category – 15 Year period
15 Year Total GPM by Use Category
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Identifying High and Low Yield
A reported yield of 1 gpm was selected as the upper limit for low yielding wells. 1 gpm is
1440 gallons per 24 hours. A single family three bedroom home requires 420 gpd
(average day demand) but peak demands are designed for 2 times the average day
demand. Wells driller yields are based on tests of a few hours or less and do not reflect
the long-term safe yield of a well. Therefore, a value of less than or equal to 1gpm was
used to identify a low yield well. In Vermont, the average percent of low yield wells to
total wells over the 40 year period is 14%. 28% of the wells are in the high yield category
of 20 gpm or greater over the 40 year period. The Vermont Geological Survey is
evaluating the low and high yield wells in GIS on a generalized basis to determine if
there are geologic and geographic correlations.
Figure 7. 40 Year Trend for Low and High Yield Wells:
The figure shows the total number of wells and the wells with yield less than or equal to 1
gpm or greater than or equal to 20 gpm.
40 Year Trend for Low and High Yield Wells
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Groundwater Mapping
Statewide
In response to a 2007 legislative appropriation for groundwater mapping, the Vermont
Geological Survey of the Agency of Natural Resources is implementing a plan to
complete a number of statewide map products that serve to address societal issues
associated with Vermont’s groundwater resource.
Higher yielding wells in bedrock and overburden deposits will be evaluated to determine
areas that may have a higher potential for future municipal supplies. The evaluation will
include the identification of areas of higher growth for use in focusing future efforts to
develop more detailed information about groundwater conditions. Locations of areas of
lower yielding wells and well interference problems, along with known groundwater
quality problems will be developed for use in permitting new wells.
This work will make significant progress towards the Agency’s goal of making all
appropriate natural resources information available to the general public, applicants for
permits, and the permitting authorities. This project will create a robust State GIS system
with map outputs that can be queried by citizens, professionals, state scientists, analysts
and regulators to use as a base for further decision making.
Steps
1. New Statewide GW Favorability Maps – GIS Query and 1:100,000 maps
a. Well Parameter Analysis – Analyze yields, depths, etc. for all wells.
b. General Favorability: Higher to Lower – Make general determination by
integrating water well data, digital geology, and other factors as an
information base to begin the search for resources.
2. Low Yielding and Well Interference Analysis
a. Lower Yield Areas – Focus from above analysis on areas with the lowest
yields with added geologic context.
b. Well Interference Areas – Analyze public water supply pumping tests and
the cumulative impact in areas where there are concentrations of
extractions (will likely correlate with certain growth areas).
3. Statewide Data Improvement
a. Water Well Database – Improve positional accuracy for a limited number
of wells through computer techniques. About 30% of wells will likely
have firm locations.
b. Statewide Geology – Complete digitization for statewide maps and
existing detailed geology as applied to groundwater.
c. Growth Area Determination – Add groundwater use, public GW system
reserve capacities, and future needs indicated by well data and other
parameters to compliment census data.
d. Water Quality Data – Make data on contaminated sites, solid waste, in
direct discharges, DOH data, geologic study data, public well water
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quality concerns and commercial and industrial extractions available for
easy presentation and query by the GIS system.
4. Timing – Approximately One and a Half to Two Years
Townwide Planning Level of Effort
The Agency of Natural Resources - Vermont Geological Survey continues a program that
looks at existing well data integrated with new geologic mapping to identify areas that have
the potential to yield significant quantities of groundwater to wells at a townwide planning
level of effort.
Thick and extensive saturated sand and gravel in the overburden and open and interconnected
fractures in bedrock are the targets for identifying potential higher yield. A Town’s glacial
overburden and bedrock geology is examined. In combination with subsurface information
that includes such parameters as yield, depth, nature of the overburden and bedrock, the
potential surface and subsurface extent of both aquifer types can be distinguished if the
information is sufficient.
This information is used to develop overburden potential aquifer and thickness maps and
town-wide groundwater flow directions. Analysis of the bedrock aquifer focuses on rock
type, structure, well yield, and other well parameters. The geologic map of surface deposits
also serves as a source for percolation rates, soils information, and land use capability for
planning purposes.
To date, the program is funded through a competitive federal grant (STATEMAP) available
to State Geological Surveys for geologic mapping that encourages the use of the base data for
applied products such as groundwater maps. The grant program is competitive, peer reviewed
by a panel of State Geologists, and administered through the USGS. Towns participating in
the pilot program are asked to contribute seed money to help with match and letters of
support to bring added strength to the mapping proposals.
The program works in one to two towns per year. The pilot maps provide guidance at the
planning level and are part of a second step in a three phased approach outlined in a 2003
report to Legislature on the status of groundwater and aquifer mapping in Vermont http://www.anr.state.vt.us/dec/geo/grndwaterinx.htm. Truly quantifying the long-term
sustainable yield of an aquifer requires drilling and test pumping along with other measured
parameters and is considered to be a third phase of study.
Mapping at the planning level of effort is complete for Arlington, Manchester, Wallingford,
Brandon, Woodstock, Williston, and Dorset. Groundwater resource planning tools differ in
presentation because geologic conditions that control groundwater availability and movement
are variable from town to town and region to region. The most complete set of planning tools
developed to date are for Woodstock.
A research project that includes a multi-disciplinary geologic base to evaluate groundwater
resources in the watersheds surrounding the southern Worcester Mountains in central
Vermont is complete. These watersheds are underlain by bedrock and surficial deposits. The
data layers for this framework include: 1) bedrock geologic map, 2) surficial material map, 3)
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photolineament map with structural control, and 4) water well data. Through integration of
these data sets, the Vermont Geological Survey is assessing the factors that affect well yields
in the bedrock and surficial groundwater resources in this area. This study will be a prototype
for further ground water investigations.

As reported above field work is complete for targeted areas of naturally-occurring
constituents of concern that includes radionuclides in Milton and Colchester; Hinesburg,
Williston, St. George; and for arsenic in Williston, St. George, Hinesburg, and Stowe.
Growth Areas
As a preliminary look at growth areas, the Agency of Natural Resources created a data
layer to reflect development pressure based on changes in the Theobald housing density
data from 2000 and 2030. The Theobald dataset shows housing density in 2030 based on
2000 US Census Bureau block (SF1) datasets. The ANR data subtracted the 2000 data
from the 2030 data and assigned a relative low to high scale of 0-11 to indicate areas of
change. 33% of Vermont towns have at least some small portion of town in the 8-11
category. However, there is no indication if a high change area is from undeveloped to
rural or from rural to urban and so on. Further work with available census datasets,
groundwater reserve capacity information, numbers of wells drilled in an area, etc. will
allow us to relate water needs and future use to growth areas in Vermont.
Next Steps
ANR plans to report back in 2009 to the legislature on progress/results from the statewide
effort and recommend any needed legislative actions.
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