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[bookmark: _Toc391467492]Background
Water has no political boundaries. As such, evaluations of water quality tend to be undertaken along watershed boundaries and to involve land areas in multiple municipalities, counties, and, in the case of the Lake Champlain, countries. For example, the Missisquoi River watershed area includes part or all of twenty northern Vermont communities in three counties. Although from a strict water quality perspective it would be ideal to manage our water resources along watershed lines, the reality is that many decisions, in particular decisions about land use, are made at the local level. This report is designed to summarize the information currently available from the suite of reports that speak to water quality in the various rivers, lakes, and streams that pass through or are located wholly within the Town of St. Albans, Vermont. Although water quality assessment data dating back to the 1970s is available for St. Albans Bay and for the Missisquoi River watershed, this summary focuses on assessments and reports that have been prepared in the past twenty years. This report will serve as the basis for developing a St. Albans Town-specific list of strategic, prioritized projects that could be undertaken to improve water quality.
[bookmark: _Toc391467493]Introduction
The Town of St. Albans is located in Franklin County in northwest Vermont. The town has a total area of 60.6 square miles, of which 37.6 square miles (62%) is land and 23.0 square miles (38%) is water[footnoteRef:1]. As of the 2010 Census, the population of the town was 5,999[footnoteRef:2]. The “water component” of St. Albans Town includes a number of rivers, streams and lakes and ponds, including Lake Champlain, St. Albans Bay, and portions of the Jewett Brook, Stevens Brook, Rugg Brook, and Mill River watersheds, as well as several tributaries to the Missisquoi River (See Figure 1 for a map of watershed boundaries). Development in the area is primarily concentrated near the City of St. Albans and along the shores of St. Albans Bay and Lake Champlain.  [1:  2012 Town of St. Albans, Franklin County, Vermont Town Plan, http://www.stalbanstown.com/wp-content/uploads/2014/03/Town-Plan-Signed.8.13.2012.pdf ]  [2:  2010 US Census data, http://www.census.gov/2010census/popmap/] 

The western three-quarters of St. Albans Town drains either to St. Albans Bay (including the portions of town within the Jewett Brook, Stevens Brook, Rugg Brook, and Mill River watersheds) or directly to Lake Champlain. Relatively small areas in the northeast corner of town are in the Missisquoi River watershed (including portions of the Hungerford Brook, Fairfield Pond, and Dead Creek watersheds), and drain to that river and ultimately to Missisquoi Bay. 
Numerous and varied groups and individuals have invested considerable effort in evaluating different components of the Town of St. Albans’s water resources, and the important interface between water resources and local land use decisions. At times these evaluations have followed watershed boundaries and other times they have followed political boundaries. The following sections identify evaluations that have been done to date and pull out the pieces 1) most relevant to St. Albans Town and 2) most relevant to future efforts to develop a list of strategic, prioritized projects that could be undertaken to improve water quality in and around the town. 
[bookmark: _Toc391467494]Watershed-Based Assessments
The ongoing assessments described below are generally led by the State of Vermont’s Agency of Natural Resources (ANR). These include:
Basin planning efforts, whose main purpose is to guide ANR in its own work and in collaborative projects with the public, municipalities, and other state and federal agencies. The basin plans have a five-year scope. The majority of the Town of St. Albans is within the Northern Lake Champlain Direct Drainages basin, which plan was last updated in 2009. The northeastern portion of the Town is within the Missisquoi Basin, which plan was last updated in March of 2013.
Stream geomorphic assessment work, undertaken to understand the natural tendencies of a particular reach of stream or river, its current condition, and what changes may be anticipated in the future. Stream geomorphic assessments have been completed for the Hungerford, Jewett, Rugg, and Stevens Brooks and for the Mill River in St. Albans Town. 
In-stream or in-lake water quality assessment work, including water chemistry and biological assessments. 
The portions of Stevens Brook and Rugg Brook that have been designated as stormwater impaired (Figure 1 and Section 3.10) are subject to specific permitting requirements and, as such, were not evaluated during this project; potential stormwater-related issues within these sub-watersheds are not included in the following section.
1.1. [bookmark: _Toc349231123][bookmark: _Toc391467495][bookmark: _Toc322087494]Northern Lake Champlain Direct Drainages Water Quality Management Plan[footnoteRef:3]  [3:  http://www.vtwaterquality.org/planning/docs/pl_basin5.Finalplan.pdf] 

The majority of the land in St. Albans Town drains directly to Lake Champlain and is therefore included in the Northern Lake Champlain Direct Drainages Water Quality Management Plan (“Basin 5 Plan”). The Basin 5 Plan includes areas draining directly to the Lake beginning at the Ferrisburgh/Charlotte town line and ending at the Canadian border, and all Vermont surface waters that drain directly into this section of the Lake, except for three major river watersheds: the Missisquoi (including the Rock and Pike Rivers), the Winooski, and the Lamoille river watersheds. ANR approved the Basin 5 Plan in October 2009.
The Basin 5 Plan does not identify strategies specific to any particular waterway but rather outlines a series of broad-based strategies that could be considered. These include recommendations for enhancing efforts to protect stream corridors, improve stormwater management, reduce agricultural pollution, and prevent the spread of aquatic invasive species.
[bookmark: _Toc391467496]Missisquoi River Watershed Water Quality Management Plan[footnoteRef:4]  [4:  http://www.vtwaterquality.org/mapp/docs/mp_Basin06Plan.pdf] 

Portions of St. Albans Town fall outside the Lake Champlain Direct Drainages basin and thus are not covered by that Water Quality Management Plan. The Missisquoi River Basin Water Quality Management Plan, most recently revised in March of 2013, overviews water resources, and identifies concerns and threats to water quality within the more than 619 square miles of Vermont that drain to the Missisquoi River. Utilizing recommendations from a broad array of stakeholders, the Plan summarizes strategies and specific actions to guide efforts to sustain and improve water quality and aquatic habitat over the next five years. 
The Plan’s high priority strategies include the following: 
Implement projects to meet the phosphorus reduction targets for Lake Champlain and Lake Carmi, and to meet the bacteria reduction targets for Berry, Godin and Samsonville Brooks.
Work with towns, VTrans and private landowners to use existing culvert assessments to identify appropriate replacement size and placement to improve fish passage and the geomorphic stability of the stream. 
Use the Critical Source Area study to direct technical and financial agricultural resources to identified critical sources. 
Work with towns to protect river corridors and promote flood resiliency by establishing Fluvial Erosion Hazard zones and buffer zones in local zoning. 
Identify wetlands on agricultural lands for phosphorus retention, and in the river corridor for sediment attenuation, and then prioritize and conserve and/or restore. 
Encourage use of the basin’s rivers and lakes to increase people’s appreciation of the water resources. 
Assist the towns in addressing specific wastewater treatment infrastructure upgrade needs identified in the Clean Water Fund’s forthcoming Water Survey. 
The Plan does not identify any specific concerns for waters located in St. Albans Town; it does state that the Missisquoi River (whole length) is considered to be stressed from high sediment loads, turbidity, nutrient enrichment, and increased water temperature, likely from agricultural land uses, loss of riparian vegetation, and stream-bank erosion. 
1.2. [bookmark: _Toc349231124][bookmark: _Toc391467497]Links Between Geomorphic Condition, Water Quality, and Phosphorus Loading in Hungerford Brook, Vermont (Dani Newcomb)[footnoteRef:5] [5:  http://www.lcbp.org/PDFs/IJC_MBBP/P_loading_Hungerford_Brook.pdf] 

A 2007 masters thesis developed by a University of Vermont Rubenstein School student examined the links between geomorphic condition, water quality, and phosphorus loading in Hungerford Brook. Specifically, the thesis focuses on:
The impacts of land use at the watershed and near-stream scales on total suspended solids, total phosphorus, and soluble reactive phosphorus.
The link between geomorphic condition and phosphorus and sediments in the Hungerford Brook watershed as the spatial scale varies.
The contribution of soil phosphorus in stream banks to the total phosphorus load in Hungerford Brook.
The results of the study found that in Hungerford Brook:
Phosphorus and sediment transport happens mainly during storm events and that concentrations greatly exceed the state standards.
Phosphorus concentrations are significantly lower at the mouth of Hungerford Brook than upstream in the subwatershed, indicating that deposition is occurring in the downstream subwatersheds.
Agricultural land use is closely associated with stream instability.
[bookmark: _Toc391467498]Landscape Modeling and Spatial Optimization of Management Practices to Restore Water Quality in the St. Albans Bay Watershed (Erica Gaddis) [footnoteRef:6] [6:  http://www.iemss.org/iemss2006/papers/s2/345_Gaddis_1.pdf ] 

The primary objective of the study was to develop and implement a framework to examine the effectiveness of proposed solutions to diffuse phosphorus pollution, including identifying the relative importance of different sources (spatially and temporally) and transport processes of phosphorus in the watershed.  In order to achieve this objective, the author developed a landscape model of the bay watershed.
Key findings of the study include:
The majority of phosphorus runs off during storm events, rather than during spring runoff as was previously hypothesized.
Soil test results showed that residential and commercial properties are significantly over-fertilized with phosphorus.
Missisquoi Areawide Plan[footnoteRef:7]  [7:  http://www.nrcs.usda.gov/wps/portal/nrcs/detail/vt/technical/dma/?cid=stelprdb1176944 ] 

In 2008, the NRCS completed the Missisquoi Areawide Plan, a watershed-based plan designed to reduce the phosphorus load delivered to Missisquoi Bay. The document was structured to inform and help partner agencies and cooperating farmers. The Areawide Plan consists of a series of water quality improvement strategies that target efforts to specific priority areas. The strategies were developed in consultation with local stakeholders and representatives of various state and federal agencies. The Areawide Plan was designed to help move conservation implementation actions away from a “first come, first served basis” in order to target financial and technical resources to the areas of the watershed with the greatest conservation need. The plan includes a considerable amount of geospatial data, including information on farmstead location, annual crop and hay lands, and the adjacency of cropland to areas with steep slopes.
[bookmark: _Toc391467499]Identification of Critical Source Areas of Phosphorus in the Vermont Sector of the Missisquoi Bay Basin[footnoteRef:8]  [8:  http://www.lcbp.org/wp-content/uploads/2013/04/63_Missisquoi_CSA.pdf] 

Critical Source Areas are areas of the landscape that, absent proper management, are likely to produce disproportionate amount of phosphorus loading to adjacent waterways. Detailed data about the distribution of potential Critical Source Areas (CSAs) of phosphorus to Missisquoi Bay were developed using a Soil and Water Assessment (SWAT) model. The areas identified using this modeling approach were selected primarily by their soils, landscape features, proximity and connectivity to streams, and the land use or farm crop practices that are in place or are likely to be in place. To view this data in an interactive map, visit lcbp.stone-env.com. 
From a stormwater management standpoint, phosphorous critical source areas are areas of development (including roads) with a high potential for stormwater runoff. In general, roads with steep grades are particularly vulnerable to runoff and likely to be identified as CSAs. In the Missisquoi Basin portion of St. Albans Town, CSAs identified by the model include:
VT Route 105 near the Swanton town line 
Fairfield Hill Road (VT Route 36) near the Fairfield town line
[bookmark: _Toc391467500]Stream Geomorphic Assessment Final Reports[footnoteRef:9]  [9:  https://anrnode.anr.state.vt.us/SGA/finalReports.aspx] 

Stream geomorphic assessments have been completed for Hungerford Brook, Jewett Brook, Stevens Brook, and Rugg Brook. The assessment results are designed to direct future stream corridor restoration and protection measures. The nature of each section of the watershed is characterized and each reach described. Potential restoration projects identified during this work with ties to stormwater management and/or high flows are listed and briefly described below by stream and stream reach. 
[bookmark: _Toc391467501]Phase 2 Stream Geomorphic Assessment[footnoteRef:10] and Corridor Plan[footnoteRef:11], Hungerford Brook [10:  https://anrnode.anr.state.vt.us/SGA/report.aspx?rpid=28_P2A&option=download ]  [11:  https://anrnode.anr.state.vt.us/SGA/report.aspx?rpid=28_CPA&option=download ] 

Potential restoration projects identified during this work with ties to stormwater management and/or high flows are listed and briefly described below by stream and stream reach. See Figure 2 for a stream geomorphic assessment reach map.
For the geomorphic assessment, Hungerford Brook was divided into twelve reaches (Figure 2). The four southernmost, headwaters reaches of the brook (M12 through M08) are completely or partially in St. Albans Town. The goal of this study was to identify stream conditions, including sediment and nutrient inputs, channel constrictions, and other features. Common stressors found in the watershed were:
Lack of woody buffers
Accelerated erosion due to increased hydrologic pressure
Undersized culverts
[bookmark: _GoBack]Straightened channels
Drainage of wetlands
Of these reaches, only reach M08 has undergone a Phase 2 geomorphic assessment. This reach was found to be in minor adjustment, but to be very sensitive to additional disruption from a number of stressors. 
The Hungerford Brook Corridor Plan, completed in April 2008, “identifies scientifically sound and ecologically beneficial river restoration and conservation projects that will not only improve water quality, but also improve the community’s relationship with the river”. Projects identified in this report with ties to stormwater management or high flows included:
Reach M08B: Replace undersized culverts - Three private culverts noted as channel/floodplain constriction with structure width/channel width ratios of 30%, 60%, and 30%.
Reach M09A: Replace undersized Culvert on Route 105 – Current culvert undersized acts as channel/floodplain constriction. May need further Phase III Assessment prior to replacement; current structure only ~35% of channel width.
Reach M09B: Replace undersized culvert on Private Farm Road - Current culvert undersized acts as channel/floodplain constriction. Current structure only ~40% of channel width.
[bookmark: _Toc391467502]Stevens, Rugg, and Jewett Brook Watersheds, Phases 1 and 2 Stream Geomorphic Assessment (2005)[footnoteRef:12] [12:  https://anrnode.anr.state.vt.us/SGA/report.aspx?rpid=7_P2A&option=download ] 

Potential restoration projects identified during this work with ties to stormwater management and/or high flows are listed and briefly described below by stream and stream reach. 
Jewett Brook: 
For the Phase 1 geomorphic assessment, Jewett Brook was divided into seven reaches (Figure 3). Part or all of five reaches—M01 through M05—are completely or partially in the Town of St. Albans. All of these reaches were characterized as “slightly entrenched but with access to a floodplain, moderate to high width to depth ratios, and gentle slopes.” The report noted that there was very little topographic relief in the watershed (lowest point 97 feet, highest point 206 feet) and that the dominant land cover in all reaches was agricultural – either crop or field. 
The report concluded that many of the challenges in managing Jewett Brook came from systemic conditions in the watershed. Specifically, the report notes:
The original forested land cover has been replaced by an agricultural landscape. 
The agricultural lands often have narrow stream buffers
Infrastructure investments (e.g., road, bridges and culverts) limit the streams’ ability to widen.
Large portions of the stream system have been straightened.
Stevens Brook: 
The Phase I assessment divided Stevens Brook into 11 main stem reaches (M01-M11 labeled downstream to upstream), two tributaries with four (T1.01-T1.04) and three (T2.01-T2.03) reaches, and one sub-tributary (T1S1.01). Reaches M01 through M04 pass through agricultural land in St. Albans Town. Reaches M05 through M10 pass through St. Albans City and continue across I-89. Reach M11 is principally a mountain stream on the east of St. Albans City. The portion of the watershed upstream of river mile 6.8 (Pearl Street in St. Albans City), roughly corresponding to reach M05 and greater, has been designated as stormwater-impaired (see Section 3.11) and cannot be further considered here. 
The Phase II assessment found that Reach M01 showed little need for projects to improve water quality, with riparian corridor and wetlands appeared appearing essentially intact. Reach M02 is principally agricultural with a mixture of crop and pasture land; the most downstream section (M02A) was straightened and heavily influenced by high lake levels causing back flow; pastured cattle had access to the water. In reaches M02B and C, extensive erosion is occurring at each meander bend. No substantial needs for projects to improve water quality were noted for reach M03, and reach M04, as the least impacted stream reach in the Stevens Brook system during the Phase I assessment, was not further investigated in the Phase II work. 
Rugg Brook: 
The Phase I assessment identified eleven reaches along the main stem of Rugg Brook. From downstream to upstream, reaches M01 through M05 drained principally agricultural land, while reach M06 receives drainage from the St. Albans industrial park and Nason Drive. The diversion structure, which shunts water from Stevens Brook to Rugg Brook during high flows, discharges to reach M07, increasing the volume of storm flows for all reaches downstream. Reaches M07 through M09 pass through the most heavily developed portion of the watershed, while reach M10 ran from Quentin Court nearly to Rt. 104 and M11 was located between Rt. 104 and I-89. The portion of the watershed upstream of river mile 3.1, roughly corresponding to reach M06 and greater, has been designated as stormwater-impaired (see Section 3.11) and cannot be further considered here.
Of the non-stormwater-impaired stream reaches of Rugg Brook in St. Albans Town, only reach M05 has undergone Phase II assessment. In this reach, the downstream portion was extensively straightened, and substantial bank erosion and slumping was observed, but specific projects to improve water quality in this reach were not identified.
[bookmark: _Toc391467503]Fluvial Erosion Hazard Mapping & Phase 2 Assessment Report (Mill River and Rugg Brook) [footnoteRef:13] [13:  https://anrnode.anr.state.vt.us/SGA/report.aspx?rpid=109_P2B&option=download ] 

During the summer of 2006, Phase 2 stream geomorphic assessments (SGA) were completed on approximately 26 miles of stream located throughout Franklin County, Vermont. The purpose of completing the Phase 2 assessments was to provide NRPC with field data to develop Fluvial Erosion Hazard (FEH) maps for participating municipalities. The results of the Phase 2 SGAs and the FEH maps can be used by the municipalities and NRPC to guide management decisions regarding future development and land use within the FEH corridor. The project included additional analysis of the Rugg Brook watershed (as part of the Mill River watershed), but did not provide new information regarding potential water quality improvement projects for the non-stormwater-impaired portion of the watersheds in St. Albans Town. Likewise, no issues or potential projects were identified on the small portions of the Mill River watershed outside of Rugg Book that are located along the southern edge of St. Albans Town. 
[bookmark: _Toc391467504]LaRosa Volunteer Data[footnoteRef:14] (2004 – 2005)  [14:  http://www.vtwaterquality.org/cfm/larosavm/mp_larosavolmon.cfm] 

In 2004-2005, water samples were collected by the St. Albans Bay Association at up to 15 sites in the St. Albans Bay watershed; five of these sites are located in St. Albans Town and are not in stormwater-impaired watersheds. Three of the locations were in the Stevens Brook watershed, and two were in the Jewett Brook watershed. Samples were analyzed by the VT DEC’s LaRosa laboratory for total nitrogen, total phosphorus, total suspended solids, and turbidity. All sample results are available online at the source listed below, and are summarized in Table 2. Average total phosphorus and total nitrogen measurements on an annual basis in monitored streams in the St. Albans Town portions of the St. Albans Bay watershed are generally elevated, with annual average total phosphorus levels routinely exceeding 100 ug/L. Unfortunately, it is not possible to determine what portion of the measured pollutant load is attributable to stormwater runoff as compared to other sources (such as agriculture).
[bookmark: _Toc391467505]Lay Monitoring Lake Water Quality Data[footnoteRef:15] (1979-2013) [15:  https://anrweb.vermont.gov/dec/dec/LayMonitoring.aspx ] 

Since 1979, in-lake water samples have been collected in St. Albans Bay by volunteer monitors. Volunteers collect water samples that are analyzed for total phosphorus, chlorophyll-a, and Secchi transparency. All sample results collected through this program are available online at the source listed below. 
1.3. [bookmark: _Toc349231130][bookmark: _Toc391467506]Lake Champlain Long-Term Water Quality and Biological Monitoring Program[footnoteRef:16] [16:  http://www.lcbp.org/PDFs/MissisquoiPLoadMonitoringPlan.pdf ] 

The Lake Champlain Long-Term Water Quality and Biological Monitoring Program began in 1992 and has continued each year since then. The project is conducted by the Vermont Department of Environmental Conservation (DEC) and the New York State DEC, with funding provided by the Lake Champlain Basin Program and the two states. The program includes 22 monitoring stations spread throughout the basin, including a station in St. Albans Bay (station 40). A summary of total nitrogen, total phosphorus, and total dissolved solids for this station is included as Table 3. Mean annual total phosphorus measurements at Station 40, near the center of St. Albans Bay, has increased from 20-22 ug/L in the early 1990s to 30-35 ug/L in 2010-2013.
1.4. [bookmark: _Toc378248696][bookmark: _Toc391467507]Impaired Surface Waters[footnoteRef:17] [17:  http://www.vtwaterquality.org/mapp/docs/mp_2012_303d_Final.pdf] 

Every two years, under section 303(d) of the Clean Water Act (CWA), states are required to list impaired waters in need of total maximum daily loads (TMDL). Impaired waters are those that continually fail to meet quantitative water quality criteria (Vermont Water Quality Standards (VWQS) in the case of Vermont waters). TMDLs are load allocations for point and nonpoint sources of pollution appropriate for a particular body of water for it to meet water quality standards. The following are water bodies within St. Albans Town listed under section 303(d) as impaired surface waters in need of TMDL.     
Rugg Brook, from its mouth to approximately 3.1 miles upstream, fails to meet VWQS because of E. coli, nutrients, and sediment pollution due to agricultural runoff. This segment of Rugg Brook has a high TMDL priority, suggesting completion of TMDL within 1-3 years 
Jewett Brook (3.5 miles of main stem) fails to meet VWQS because of E. coli, nutrients, and sediment pollution due to agricultural runoff. Jewett Brook has a high TMDL priority, suggesting completion of TMDL within 1-3 years. 
Stevens Brook, from its mouth upstream 6.8 miles, fails to meet VWQS because of E. coli, nutrients, and sediment pollution due to agricultural runoff and morphological instability. This segment of Stevens Brook has a high TMDL priority, suggesting completion of TMDL within 1-3 years.
Stevens Brook, from its mouth upstream 6.8 miles, fails to meet VWQS because of E. coli, nutrients, and sediment pollution due to agricultural runoff and morphological instability. This segment of Stevens Brook has a high TMDL priority, suggesting completion of TMDL within 1-3 years.
Stevens Brook, from approximately 1 mile below the Central Vermont Rail Yard upstream to that yard, fails to meet VWQS because of sediment, oil, grease, and hydrocarbons due to sediment, soil & water contamination from fuel spills and management. This segment of Stevens Brook has a low TMDL priority, suggesting that eight or more years may pass before a TMDL is developed. 
Portions of the Stevens Brook[footnoteRef:18] and Rugg Brook[footnoteRef:19] watersheds in St. Albans Town (Figure 1) have been designated as impaired by stormwater runoff, and TMDLs for both watersheds were developed and approved by the U.S. EPA in February 2009. Flow restoration planning efforts are now underway for both watersheds. [18:  http://www.vtwaterquality.org/stormwater/docs/sw_ste_tmdl_finalapproved.pdf ]  [19:  http://www.vtwaterquality.org/stormwater/docs/sw_rug_tmdl_finalapproved.pdf ] 

[bookmark: _Toc391467508]Municipality-Specific Assessments
In addition to the watershed-based assessments, a number of pieces of data are developed on a municipality-by-municipality basis. These are important to fold into any effort to develop a list of strategic, prioritized projects that could be undertaken to improve water quality in and around the Town of St. Albans. These include direct feedback from the Town, work by the Vermont Agency of Transportation, as well as past and current planning initiatives.
[bookmark: _Toc391467509]Town Feedback
In meetings with Stone Environmental, St. Albans Town officials indicated that many of their current areas of highest priority and concern were located within the stormwater-impaired watersheds of Stevens and Rugg Brooks. Once Stone’s preliminary problem area identification field efforts are completed, staff will meet again with Town officials to discuss findings and learn more about the Town’s concerns.  
[bookmark: _Toc321128829][bookmark: _Toc391467510]Vermont Agency of Transportation-Sponsored Programs 
[bookmark: _Toc391467511]Vermont Online Bridge and Culvert Inventory Data[footnoteRef:20] [20:  http://apps.vtrans.vermont.gov/BridgeAndCulvert/Login.aspx?ReturnUrl=%2fBridgeAndCulvert%2fDefault.aspx ] 

Vermont has 2,699 long structures (bridges and culverts) greater than 20 feet on interstate, state, and town routes and another 1,276 short structures between 6 and 20 feet on the state system that the state Agency of Transportation (VTrans) inspects. Inspections are conducted every 24 months on long structures and every 60 months on short structures unless conditions warrant more frequent inspections. Data collected as part of these inspections can help identify not only bridges and culverts with structural deficiencies but also structures that may be adversely impacting water quality. The system contains basic information for nine bridges and 319 culverts in St. Albans Town. Of the culverts, 235 are located outside of the stormwater-impaired portions of the Stevens Brook and Rugg Brook watersheds; 132 (or about 55%) of these culverts are listed in the VTrans inventory as being in “fair” or worse overall condition. Eleven of these culverts were listed as being in “urgent” or “critical” condition (Figure 4 and Table 4). 
[bookmark: _Toc391467512]Stream Geomorphic Assessment, Bridge and Culvert Data[footnoteRef:21] [21:  https://anrnode.anr.state.vt.us/SGA/datasets/selectReport.aspx?sortType=Town&bid=06&bnm=Missisquoi] 

Failure Modes- Problems and Causes 
This document records the failure modes of a select group of bridges and culverts in the Missisquoi River watershed in St. Albans Town. The tables provide a structure number and a road name for the structure. Typical problems with structures are scouring of the bank, other erosion issues, and poor structure placement. Although the database indicates that reports are currently available for structures and crossings on French Hill Road, no report results are currently returned.
Structure Failure Modes
This document is similar to the Failure Modes Problems and Causes, but includes issues such as sediment deposits, obstructed structures, floodplain problems, and beaver dams. No report data are currently available for culverts located in St. Albans Town. 
[bookmark: _Toc391467513]Better Backroads Program[footnoteRef:22] [22:  http://www.vtwaterquality.org/erp/htm/backroads.htm] 

St. Albans Town has been successful in obtaining multiple grants from the Agency of Natural Resources and the Better Backroads Program to address several pressing erosion issues that threatened public roads and bridges.
The Better Backroads Program helps fund work on gravel roads to alleviate erosion issues and improve water quality, using grants to municipalities, under the leadership of VTrans and VANR. In 2013, in response to federal funding requirements and program needs, VTrans and VANR made a variety of changes to this program, including use of state (rather than federal) funding, and movement of administrative and technical assistance from the Northern Vermont Resource Conservation and Development Council to VTrans. 
The Vermont Local Roads Program[footnoteRef:23], sponsored by the Vermont Agency of Transportation (VTrans) and the Federal Highway Administration (FHWA) and currently operated from St. Michael’s College, provides information, training and technical assistance to cities, towns and villages in Vermont. This is done through seminars and workshops, distribution of materials and technical assistance to fulfill service requests. The administration and technical assistance offered through this program will also be transitioning from St. Michael’s College to VTrans in 2015[footnoteRef:24]  [23:  http://www.vermontlocalroads.org/index.html ]  [24:  http://www.leg.state.vt.us/docs/2014/bills/Passed/H-872.pdf ] 

1.4.1. [bookmark: _Toc391467514]Ecosystem Restoration Program Projects[footnoteRef:25] [25:  http://www.vtwaterquality.org/erp/projects/] 

St. Albans Town has 14 listed Ecosystem Restoration Program (ERP) projects, many of which are for work in the stormwater-impaired portions of Stevens and Rugg Brooks. Below is a brief description of each project and its status:
	Project
	ERP Program
	Description
	Start Year
	Status

	Rugg Brook Project Implementatio
	River Management
	Reconstruction of flood plain for severely incised reach of Rugg Brook.
	2006
	Complete

	St. Albans Bay Sediment Phosphorus Core Study
	Monitoring
	Study  to determine long-term sediment phosphorus trends in St. Albans Bay
	2004
	Complete

	Subwatershed Mapping of Stormwater Impaired Streams
	Stormwater Management
	Identify discharge points within the Rugg Brook stormwater-impaired watersheds and delineate the associated watersheds for those discharge points.
	2005
	Complete

	Subwatershed Mapping of Stormwater Impaired Streams
	Stormwater Management
	Identify discharge points within the Stevens Brook stormwater-impaired watersheds and delineate the associated watersheds for those discharge points.
	2005
	Complete

	St. Albans Bay water quality forum
	Basin Planning
	The St. Albans Area Watershed Assoc, with assistance from the Water Quality Division, organized a meeting attended by 33 people to discuss water quality problems in the Bay with the community.
	2003
	Complete

	Water quality monitoring in St. Albans Bay tributaries
	Basin Planning
	Water quality monitoring study to identify land uses that contribute phosphorus to the Bay via Stevens and Rugg Brooks.
	2004
	Complete

	A spatial model of hydrology and nutrient transport
	Basin Planning
	UVM graduate students developed a spatially explicit/dynamic model of hydrology and nutrient transport with community input and technical advice from the Water Quality Division.
	2004
	Complete

	Nason Street buffer planting
	Basin Planning
	The St. Albans Area Watershed Association coordinated the planting of a riparian buffer. The buffer averaged 35’ wide along a 1250' stretch of Rugg Brook previously maintained as lawn.
	2005
	Complete

	Feasibility Study for the Control of Internal Phosphorus Loading in St. Albans Bay
	Monitoring
	The Agency of Natural Resources initiated a feasibility study in 2006 to examine alternative methods for controlling this internal phosphorus loading.
	2006
	Complete

	Stevens, Rugg, and Jewett Brook River Project Identification
	River Management
	This project will do a complete phase 1 stream geomorphic assessment on Stevens, Rugg, and Jewett Brooks located in St. Albans.
	2005
	Complete

	Evaluation of Effectiveness of SolarBee (TM) Water Circulation Devices
	Monitoring
	Three SolarBee (TM) water circulator devices were operated in St. Albans Bay during May-August 2007 with the goal of reducing algae levels and improving water clarity over a total area of approximately 100 acres at the northern end of the bay.
	2007
	Complete

	Road Inventory and Planning for French Hil
	Better Backroads Program
	Comprehensive road inventory and plan to address the stormwater drainage issues and related stream erosion on French Hill.
	2008
	Complete

	St. Albans comprehensive review of road system
	Better Backroads Program
	Inventory and assessment of road drainage system and identification of water quality improvement opportunities.
	2009
	Complete

	French Hill Road
	Better Backroads Program
	Drainage work to include a new culvert to reduce erosion on French Hill Road
	2009
	In progress


[bookmark: _Toc391467515]Vermont DEC Stormwater Permitting Program
[bookmark: _Toc391467516]State Stormwater Permits[footnoteRef:26] [26:  http://www.vtwaterquality.org/stormwater.htm ] 

Currently, Vermont DEC requires that a stormwater permit be obtained when any construction, new development, or redevelopment results in impervious or disturbed area equal to or greater than one acre, with stricter requirements in watersheds that are classified as stormwater impaired. The State has developed a suite of technical standards for stormwater-related mitigation that are outlined in the Vermont Storm Water Management Manual, Volumes I and II. For example, the goal of a stormwater management program during construction is to mitigate sediment loss during storm events—while during and after construction, the objective is to maintain as much of the pre-developed hydrology as possible.
[bookmark: _Toc391467517]Environmental Research Tool[footnoteRef:27] [27:  http://www.anr.state.vt.us/WMID/StormWater.aspx ] 

ANR’s Environmental Research Tool allows the user to look up the location of stormwater permits that have been issued by ANR, as well as the locations of hazardous waste sites, brownfields, and spills. There are approximately 462 documented stormwater permits (individual, 9010, 9003, or 9015) that have been issued to 82 sites in St. Albans Town. Roughly a third of these permits (a total of 162) are issued for 31 sites located outside of the stormwater-impaired portions of the Stevens and Rugg Brook watersheds. None of the permits are currently expired, but the permit records database indicates that routine maintenance and reporting may not be consistently performed. Of the 31 sites, nearly half (14 sites) are overdue for submittal of an annual inspection report, a designer’s restatement of compliance, or both. The table below summarizes sites where the state stormwater permits database indicates that there may be maintenance needs. Depending on the age, style, size, and upkeep of an existing facility, these may be excellent candidates for improvement to enhance stormwater management capabilities. 
	Site ID
	Permit Number
	Project Name
	Permittee Business
	Status

	3154
	3154-9010.1, 
3154-9015.1
	Franklin Business Park East
	GMS Derby, LLC
	needs inspection, restatement

	3655
	3655-9010
	St. Albans Wal-Mart
	JLD Properties of St. Albans, LLC
	needs inspection

	3759
	3759-9015
	Phase II - Franklin Park West
	
	needs inspection

	3830
	3830-9015
	TC's RV's
	TC's RV's
	needs inspection, restatement

	4149
	4149-9015
	Brigham Road Subdivision
	
	needs restatement

	4219
	4219-9010.R
	Franklin Park West Lot 19 Fine Lines Equipment
	Franklin Park West Assoc.
	needs inspection

	4260
	4260-9015
	Newton's Forest Site Development
	Newton's Forest Development, LLC
	needs inspection, restatement

	5222
	5222-9010
	Brigham Road Storage, LLC
	
	needs inspection, restatement

	5897
	5897-9015
	Route 7 South PUD
	Route 7 South Condominium Homeowners Association
	needs inspection, restatement

	6076
	6076-9015
	Lowe's of St. Albans
	Lowe's Home Centers, Inc.
	needs inspection

	6212
	6212-9010
	Meadow Crossing
	Meadow Crossing HOA, Town of St. Albans
	needs inspection

	6504
	6504-9015
	Hard Ack Ski Lodge
	Hard'ack Inc.
	needs inspection

	6597
	6597-9015
	McDonalds Restaurant
	McDonalds USA, LLC
	needs inspection

	6765
	6765-INDS
	US7 & VT207 intersection improvements
	VT Agency of Transportation
	needs inspection


[bookmark: _Toc391467518]Town of St. Albans, Franklin County, Vermont, Town Plan[footnoteRef:28] [28:  http://www.stalbanstown.com/wp-content/uploads/2014/03/Town-Plan-Signed.8.13.2012.pdf] 

Three sections of St. Albans Town’s 2012 Town Plan relate to stormwater management: Land Use (Chapter 3), Transportation (Chapter 4); Historic, Scenic and Natural Resources (Chapter 5); and Facilities, Utilities and Services (Chapter 7). 
The Land Use section contains “general development standards” that apply to all proposed development in the town of St. Albans. These standards include minimum environmental considerations for all development proposals, including that projects must adhere to the Town’s Storm water Management Plan standards; Erosion Control Plan standards, especially for access permits and construction sites; landscape screening; and stream and wetland set-backs and standards. This section also includes limited information about the minimum National Flood Hazard Insurance Program (NFIP) standards, along with a statement restricting Flood Hazard Overlay regulations to meet and not exceed the minimum National Flood Insurance Program requirements, so that property owners may obtain flood insurance.
The Transportation section includes information about the Town of St. Albans’ road network. Two policies and goals in this chapter relate directly to stormwater management: 
Policy 7. The Town shall explore mandated storm water regulations and determine the impact and implementation.
Suggested Action 13. Explore and analyze storm water regulations, maps and tools to assure the regulations will not be overbearing for the Town to implement. 
The Historic, Scenic, and Natural Resources section includes a summary of surface water resources (including Jewett, Stevens, and Rugg Brooks, St. Albans Bay, and Lake Champlain). The Lake Champlain phosphorus TMDL is described, and its (then-current) status as being under review by US EPA is noted. The history of water quality issues in St. Albans Bay is described, as well as the Town’s efforts to improve the Bay’s overall health. Storm water runoff is noted as “a consistent issue that the Town of St. Albans is and will continue to address”, and the plan notes that the Town of St. Albans “should take a careful and logical approach to storm water management. Any storm water project should be accompanied with a feasibility study to ensure the cost/benefit analysis has been thoroughly considered and that taxpayers monies are efficiently being utilized.” Stormwater management needs in portions of the Stevens and Rugg Brook watersheds, and the then forthcoming MS4 stormwater permit for the Town of St. Albans, are also described.  Several policies and suggested actions in this section related directly to stormwater management: 
Policy 5. The Town shall explore programs and methods to protect streams and brooks.
Policy 8. The Town shall explore programs and methods to protect all water sources.
Policy 10. The Town shall explore storm water and water quality issues and regulations.
Suggested Action 9. Review and update regulations, as necessary, related to storm water in response to regulatory changes.
Suggested Action 10. Review and coordinate information with other municipalities, agencies and organizations in implementing MS-4 and other storm water/water quality permits.
Suggested Action 11. Explore and analyze other communities who have implemented MS-4 permit requirements and other storm water strategies.
Suggested Action 12. Proactively engage with the State and other agencies for the MS-4 permit.
Suggested Action 13. Explore, review and update community BMP's for storm water control during construction.
Suggested Action 14. Review and update regulations for proposed developments to include a BMP plan and storm water plan.
Suggested Action 15. Explore and analyze funding options in anticipation of the MS-4 permit and other storm water/water quality permits/programs.
Suggested Action 19. Explore and analyze the surrounding communities impacts to the streams and brooks within the Town.
Suggested Action 20. Explore opportunities to coordinate storm water strategies with the surrounding communities.
Suggested Action 21. Review and update regulations to ensure storm water compliance and permits with the State.
The Facilities, Utilities and Services section outlines current and expected future infrastructure-related services and needs. It notes that the Town Highway Department is responsible for road maintenance and repair of Town highways and drainage systems, including the maintenance of culverts and ditches annually in accord with the Town’s Capital Improvement Plan. Several suggested actions in this section directly related to stormwater management: 
Suggested Action 11. Review and update the inventory of the location, condition and size of current infrastructure in the Town including water and sewer lines, culverts, ditches, etc.
Suggested Action 15. Review and update regulations, as necessary, related to storm water in response to regulatory changes.
Suggested Action 16. Review and coordinate information with other municipalities, agencies and organizations in implementing MS-4 and other storm water/water quality permits.
The Town of St. Albans’ 2009 Zoning Bylaws and Subdivision Regulations[footnoteRef:29] also contain language specific to stormwater management through the implementation of a minimum setback distance, in the Lakeshore Zoning District, of 75 feet from the mean high water mark of Lake Champlain (95.5 feet) for all structures other than seawalls. Seawalls shall be constructed at an elevation of 98’ or higher, meaning that the base of the wall where entering the ground must be 98’ or higher. [29:  http://www.stalbanstown.com/wp-content/uploads/2014/03/Bylaws-Subdivision-Regulations-2009.pdf ] 

Proposed subdivisions containing more than two lots are required to undergo a review process; submittal requirements include the locations of existing and proposed utilities. Section 221.5 of the Regulations provides specific review standards related to stormwater management, including a requirement that “Drainage Facilities shall be provided sufficient to accommodate the two and ten year return period storm runoff from all roads, lots and upstream drainage areas, whether inside or outside the development. Post-development runoff/drainage (volume & rate) shall not exceed Pre-development runoff/drainage (volume & rate).” Section 221.6 sets standards for maintaining existing vegetation, including that “[v]egetated buffers along stream banks are to be maintained or enhanced as required by the Development Review Board for filtration, erosion control and aesthetic purposes.” 
In addition to the 75-foot setback for structures from Lake Champlain specified for the Lakeshore Zoning district, Section 403.1 specifies minimum setbacks to be used in locating structures, roadways, and parking in relation to stream banks, classified wetlands, and the shore of Lake Champlain: 
	Land Use
	Named Streams
	Water Courses
	Class 1 Wetland
	Class 2 Wetland

	Structure
	75 feet
	25 feet
	50 feet
	50 feet

	Impervious Roadways/Parking*
	60 feet
	20 feet
	50 feet
	50 feet

	Permeable Roadways/Parking*
	50 feet
	15 feet
	50 feet
	50 feet

	* Excluding dwellings
Measurements made from: 
Lake Champlain: Mean Water Mark (95.5’)
All streams and water courses: Center of Stream
Wetlands: Edge of Delineation


[bookmark: _Toc391467519]Other Related Information
There are a significant number of farm operations in St. Albans Town. Farmsteads (barn areas) often contain a large amount of impervious surface and may be an important source of stormwater pollution.
[bookmark: _Toc391467520]NRCS Conservation Practice #558—Roof Runoff Structure[footnoteRef:30] [30:  http://efotg.sc.egov.usda.gov//references/public/VT/VT558-0311.pdf ] 

NRCS Standard #558 addresses the management of stormwater from farm structures; specifically, where roof runoff from precipitation needs to be:
diverted away from structures or contaminated areas;
collected, controlled, and transported to a stable outlet; or
collected and used for other purposes such as irrigation or animal watering facility. 
The total barn roof area on a farm can be substantial, often in excess of one acre (the threshold for state stormwater regulation in the developed landscape) and therefore roof runoff from farm barns can be an important source of unmanaged stormwater. 
[bookmark: _Toc391467521]Conclusions
This report is part of a larger project, funded by Vermont DEC, which will ultimately lead to a set of community-specific, prioritized projects to address stormwater runoff. Rather than starting from scratch in identifying stormwater management needs, the project (and this report) is drawing from the extensive library of water quality assessments and information that already exists, and augmenting them with interviews with local officials. 
As this report demonstrates, there are numerous agencies and entities whose activities touch on various aspects of water quality in the St. Albans Bay, Lake Champlain, and Missisquoi River watersheds in general, and in the Town of St. Albans more specifically. This work is dynamic and ongoing, and so, while this summary is believed to be comprehensive, it will be important to periodically review and update the content to ensure the most current information can be incorporated. A comprehensive inventory of existing water quality assessments serves as a basis for connecting land use, stormwater management, floodplain management, river management activities; and public infrastructure needs to more effectively address all of the issues which contribute to degradation of a watershed.
[bookmark: _Toc189451156]
[bookmark: _Toc391467522]Figures & Tables
[image: O:\Proj-14\WRM\14-053 FNLC Stormwater Planning & Design\GIS\MapDocuments\PresentationsAndReports\StAlbansTown_Watersheds_v2.png]Figure 1. St. Albans Town watershed boundaries.  

[bookmark: _Toc349231151][image: ]Figure 2. Hungerford Brook Reach Map
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[image: ]Figure 4. Stevens Brook reach map.  



[image: ]Figure 5. Rugg Brook reach map.  




Figure 6. Dead Creek reach map.  
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Table 2. Tabulated summaries of pollutant concentrations for LaRosa Volunteer Data monitoring sites in selected St. Albans Bay tributaries.
	Location
	Average Total Phosphorus (ug/L)
	Average Total Nitrogen (mg/l)
	Average Total Suspended Solids (mg/l)
	Average Turbidity (NTU)

	
	2004
	2005
	2004
	2005
	2004
	2005
	2004
	2005

	Jewett Brook at Newton Rd and Middle Rd (500878)
	443
	531
	2.6
	4.7
	39
	54
	12.7
	26.2

	Jewett Brook at Dunsmore Rd (500879)
	501
	--
	2.3
	--
	18
	--
	11.4
	--

	Stevens Brook, Unnamed Tributary 7 at Route 7 (North of Warner’s) (500880)
	155
	272
	2.2
	2.1
	5
	72
	2.0
	4.5

	Stevens Brook at Mitch Montagne’s Farm (500877)
	131
	285
	1.7
	2.5
	18
	62
	10.5
	13.0

	Stevens Brook at Kellogg Rd Bridge (500876)
	91
	126
	1.2
	1.5
	4
	28
	1.9
	2.1





Table 3. Tabulated summaries of pollutant concentrations for the DEC Long Term Lake Champlain Monitoring Program in St. Albans Bay.
	 
	Station 40 (St. Albans Bay)

	Year
	Total Nitrogen (mg/L)
	Total Phosphorus (ug/L)
	Total Suspended Solids (mg/L)

	1992
	0.4
	22.6
	1.5

	1993
	0.4
	25.4
	1.9

	1994
	0.5
	23.9
	2.0

	1995
	0.4
	21.7
	1.5

	1996
	0.4
	27.6
	2.2

	1997
	0.4
	21.6
	1.8

	1998
	0.4
	28.2
	2.4

	1999
	0.5
	27.3
	2.6

	2000
	0.4
	30.2
	3.5

	2001
	0.4
	26.2
	2.6

	2002
	0.6
	43.0
	3.8

	2003
	0.5
	31.2
	2.7

	2004
	0.4
	27.7
	2.4

	2005
	0.4
	29.5
	2.5

	2006
	0.4
	29.3
	--

	2007
	0.4
	28.9
	--

	2008
	0.4
	28.1
	--

	2009
	0.3
	25.4
	--

	2010
	0.3
	26.8
	--

	2011
	0.4
	31.0
	--

	2012
	0.3
	34.3
	--

	2013
	0.4
	31.8
	--




[image: ]Figure 4. Areas of concern and priority projects identified by town officials and in other reports.


Table 4. Areas of concern and priority projects identified by town officials, and in other reports and data sources. 
	ID
	Watershed
	Problem Type
	Description
	ID Source

	SB-03
	Stevens Brook
	Erosion
	Stream crossing in good condition, but incising noted in nearby ditches
	Geomorphic Assessment

	SB-04
	Stevens Brook
	Infrastructure; Erosion
	Large scour pool at outlet; outlet is perched. 
	Geomorphic Assessment

	SB-05
	Stevens Brook
	Encroachment
	Straightened section of stream in developed area near water treatment facility. Banks appear stable, but existing vegetation may not resist erosion during flood conditions.
	Geomorphic Assessment

	SB-10
	Stevens Brook
	Infrastructure; Erosion
	Inlet is mostly buried and clogged with debris. The bank above the outlet is steep (1:2). The culvert outlet is perched
	Geomorphic Assessment

	HB-01
	Hungerford Brook
	Infrastructure; Erosion
	Culvert is undersized. Upstream banks are unstable and may meander away from culvert inlet. 
	Geomorphic Assessment

	HB-02
	Hungerford Brook
	Infrastructure; Erosion
	Small scour pool at culvert outlet. Water ponds at inlet. Area identified as having high potential for stormwater runoff and as a potential critical source of phosphorus.
	Geomorphic Assessment; Critical Source Areas Study

	HB-03
	Hungerford Brook
	Infrastructure
	Replace undersized culverts - Three private culverts noted as channel/floodplain constriction with structure width/channel width ratios of 30%, 60%, and 30%.
	Geomorphic Assessment

	HB-04
	Hungerford Brook
	Infrastructure
	Private culverts noted as channel/floodplain constriction.
	Geomorphic Assessment

	DC-01
	Dead Creek
	Erosion
	Three culverts identified as being in critical condition; center of the three culverts is perched and downstream banks are eroding.
	Culvert Inventory

	DC-02
	Dead Creek
	Erosion
	Area identified as having high potential for stormwater runoff and as a potential critical source of phosphorus.
	Critical Source Areas Study

	LC-01
	Lake Champlain
	Infrastructure
	Four culverts along Samson Road were identified in the culvert inventory as “critical.”
	Culvert Inventory

	LC-02
	Lake Champlain
	Erosion
	Culvert condition identified in the culvert inventory as “critical”. The ditch upstream from the culvert is narrow and V-shaped and is beginning to incise
	Culvert Inventory

	LC-03
	Lake Champlain
	Infrastructure
	Culvert is undersized and the bank above the outlet is too steep.
	Culvert Inventory

	LC-04
	Lake Champlain
	Infrastructure
	Culvert is undersized and too short. The bank above the inlet is too steep.
	Culvert Inventory

	LC-05
	Lake Champlain
	Infrastructure
	Three culverts in this area identified as in “critical” condition
	Culvert Inventory

	LC-06
	Lake Champlain
	Infrastructure
	Culvert identified as in “critical” condition
	Culvert Inventory

	SAB-01
	St. Albans Bay
	Infrastructure
	Culvert condition identified in the culvert inventory as “critical”.
	Culvert Inventory

	SAB-02
	St. Albans Bay
	Infrastructure
	Culvert condition identified in the culvert inventory as “critical”.
	Culvert Inventory

	SAB-03
	St. Albans Bay
	Infrastructure
	Culvert condition identified in the culvert inventory as “critical”.
	Culvert Inventory

	SAB-07
	St. Albans Bay
	Infrastructure
	Culvert condition identified in the culvert inventory as “urgent”.
	Culvert Inventory
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