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Appendix A: The Allen Brook Water shed
A.1 Background

In the fall of 2000, the Vermont Agency of Natural Resources (ANR) Department of
Environmental Conservation (DEC) retained the services of ateam of expertsto develop a
watershed restoration plan for the 14.5 square mile (mi’) Allen Brook watershed, located in the
Town of Williston. The goal of the restoration plan is to restore Allen Brook to meet VVermont
Water Quality Standards.

DEC is particularly interested in developing a new approach to the development of watershed
restoration plans for waterbodies impaired primarily by nonpoint sources. (Nonpoint source
pollution is diffuse, entering a waterbody from a wide geographic area. Point source pollution
enters awaterbody from a single point, such as a discharge pipe, making it much easier to
identify and control.)

Traditionaly, arestoration plan, under the Clean Water Act’s Tota Maximum Daily Load
(TMDL) program, contains a quantification of the actual amount of pollutant loading coming

from al sources of the problem pollutants. The potential high cost of determining the pollutant
loading from nonpoint sources caused DEC to investigate aternative approaches. DEC requested
that the team of experts develop an aternative restoration plan over a two-year time frame that
focuses on quantifiable control actions, rather than quantifiable loads. Work completed includes:

Compiled existing studies, maps, aeria photos, historic channel cross-sections, and data for
the Allen Brook watershed.

Compiled al exigting digital spatid data for the watershed into ArcView or Arclnfo.
Commenced a literature search on pollutant removal capability of control actions.
Conducted rapid field assessments at 35 sites, and walking Allen Brook and the major
tributaries in order to characterize the habitat and the geomorphic and riparian condition of
the stream.

Installed and surveyed three permanent cross-sections, including pebble counts and rapid
assessments.

Conducted a pollution prevention survey, identifying potertia stream rehabilitation sites and
candidate sites for structural and non-structural remediation options.

Devel oped quantifiable measurements for monitoring the TMDL.

Conducted public walks, meetings with Town personnel, and outreach events for the local
community.

I dentified opportunities to incorporate stormwater management into the Town Plan and local
ordinances (see Appendix E).

Allen Brook varies from low gradient wetlands in the lower and middle portion of the watershed
to steep cascades by Industrial Avenue, and upstream of Interstate 89. The presence of two
bedrock falls by Industrial Avenue offers stability to the lower watershed.

Actively eroding sites are found throughout the watershed from storm drainage systems and via
the tributaries. The 150 foot setback along the mainstem of Allen Brook and natural grade
contral in the watershed has helped protect the mainstem from incison. Recommendations will
include: (1) expanding the buffer to include dl tributaries, ephemerd, intermittent and perennidl;
and, (2) developing a better surface water layer of all tributaries to effectively reduce the input of
sediment via these pathways into Allen Brook.
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A.2  Description of the Allen Brook Water shed

The Allen Brook watershed is located in the Town of Williston in Chittenden County, Vermont.
Figure 1 is amap of the watershed. Allen Brook drains an area of about 14.5 mi.? The Brook
flows northwest to join Muddy Brook just prior to its confluence with the Winooski River, which
in turn flows west into Lake Champlain.

Topographic relief in the watershed is low; the highest point is 908 feet above sealevel and the
lowest point is 210 feet. The mainstem of Allen Brook is gpproximately 11 mileslong and has an
average gradient of 1 percent. The eight tributaries shown on the 7.5 minute topographic map are
mostly ephemeral, with drainage areas generally less than 1 mi.”

A.3  Bedrock Geology

Allen Brook watershed contains two distinctly different types of rocks formed around 450 —500
million years ago. These rock types define the watershed, and explain why the lower part of the
watershed is relatively flat, and the upper part has steeper topography.

The lower part of the watershed downstream from the village contains a complex stratigraphy of
different types of relatively easily eroded calcium-rich marbles and calcium and magnesium-rich
dolomites, with some outcrops of date and sandstone. These rocks were formed from sediment
deposited in a warm shallow sea, the | apetus Ocean. Marble and dolomite are highin calcium,
which is an important nutrient for aguatic life. Calcium raisesthe pH of the water, and increases
the productivity of the stream.

The upper part of the watershed contains more resistant rocks (and thus more topographic relief)
than the lower part of the watershed. These rocks were formed under high temperature and
pressure when the continents collided together to form the Green Mountains. They are
metamorphosed phyllites and schists, formed from sedimentary silts and mud, and schistose
greywackes, which formed from a coarser grained sedimentary sandstone. (Wright, 1999, Dall,
1961.)

A.4  Surficial Geology

Two geological events occurred to define the Allen Brook watershed. Approximately 13,000
years ago and up to approximately 650 feet in elevation, the Champlain Valley was filled with the
south-flowing Glacial Lake Vermont. After the glacier receded, between 12,500 and 10,000
years ago, the Atlantic Ocean flowed south into the depression caused by the weight of the ice.
Seawater filled the Champlain valey in Williston up to an elevation of approximately 300 feet

and became the Champlain Sea. The deposits of the Champlain Sea and the bottom of Lake
Vermont contain fine-grained clay and silt deposits. The clays and silts have low permeability.
Water runs rapidly off of them. The sands have higher permeablity and higher infiltration rates.
Unlike the clay deposits, the sandy deposits are not cohesive and are easily eroded.

This geologic history means that the surficial deposits in the watershed are primarily
unconsolidated deposits with relatively low infiltration, and high runoff potential and are
relatively easily eroded.

Above the shoreline of Glacia Lake Vermont the bedrock is blanketed with glacid till, a
conglomerate of many different grain sizes of rock that was plastered on the bedrock at the base
of the glacier. (Wright, 1999; Doll, 1970).
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A.5 Hydrology and Geomor phology

Thereisalimited amount of both hydrologic and geomorphic data on streams in the Champlain
Basin. Allen Brook is not gauged. Existing data from the U.S. Geologica Survey (USGS) for
small streams in the Champlain Valey (under 20 mi?) drainage areawith slopes less than 4

percent) were used to determine hydrology and return frequency flows. Geomorphic
measurements from Champlain streams that drain primarily disturbed urban areas were used for
width/depth and cross-sectional area shown in Figure 1 (Center for Watershed Protection, 1999).

Recently the USGS has begun to monitor Englesby Brook, a one square-mile, steep, urbanized
watershed with greater than 20 percent imperviousness in Burlington. Englesby Brook may be
used as a proxy stream for monitoring some aspects of Allen Brook.

Figure 1. Small Champlain Urban Streams, Low Slopes
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Table 1. Two-Year Return Frequency Flows. Champlain Valley Small Streams

Station DA sgmi| 2year cfsm
return flow
(cfs)
Stone Bridge Brook Near Georgia Plains, Vt 8.05 153.7 19
Saxe Brook Near Highgate Springs, Vt 2.79 54.3 19
Little Otter Creek Tributary Near Bristol, Vt 148 30 20
Neshobe River At Brandon, Vt 20.1 680.7 A
Moon Brook At Rutland, V't 2.17 73.9 A
Missisquoi River Tr At Sheldon Junction, Vt 1.69 63.2 37
Lewis Creek Tributary #2 Near Rockville, Vt 1.07 415 39
Beaver Brook At Cornwal, Vt 111 59.5 54
Lewis Creek Tributary At Starksboro, Vt 531 296 56
Mettawee River Near Pawlet, Vt 70.2 1748 25
Data source-USGS frequency analysis for VT and NH, 1998, Systematic Record (gage data)
Geomorphic Data: Center for Watershed Protection
Stream Name | Transect|Drainage| Cross | Bank- | Bank- | Mean | ER W/D |% Sope
# Area | Sec- full  |full Max| Depth | H/L | Retio
(9. mi) | tiond | Width | Depth (ft)
Area | (ft) (ft.)
(sg. ft.)
Moon Brook 1 5.3 41.3 21 33 0.9 I 23.3 0.12
Moon Brook 2 3 374 | 257 3.3 0.7 I 36.7 0.22
Stevens Brook 8 14 304 | 251 19 0.9 h 27.9 04
Potash Brook 2 6 63.6 | 309 2.6 1.9 I 16.3 1.16
Potash Brook 1 7.4 756 | 331 34 2.2 I 15.0 121
Cold Brook 4 20.7 | 201.2 61 4.5 2.6 I 235 1.39
Tenney Brook 1 4.4 57.7 | 39.6 24 15 I 26.4 156
Potash Brook 3 5 59.9 30 2.4 17 I 17.6 1.82
Cold Brook 6 106 | 1103 | 46 3.3 2.7 I 17.0 2.28
Stevens Brook| 7 14 356 | 206 1.9 17 h 12.1 243
Cold Brook 5 4.1 65,5 | 309 2.3 1.8 [ 17.2 2.46
StevensBrook| 9 6.9 60.3 | 317 2.6 2.2 h 14.4 341

A.6 Land Use Change

In 1995, the Allen Brook watershed was approximately 50 percent agricultural, 25 percent forest,

and 25 percent developed residential/commercial, with imperviousness at 5 percent. Land use
distribution in 1999, described in the 2000 Williston Comprehensive Plan, shows a marked
change in land uses (see Table 2). Farmland deceased to 21 percent, and the
residential/commercia/industria land make up 35 percent. Allen Brook is presently still
adjudting its dimensions and dope to the new hydrologica regime that accompanies

development.

Development is expected to continue. The Vermont Center for Rural Studies predicts that the
population of Williston will grow 46 percent between 1990 and 2015. Increases in impervious
cover areinevitable, as population grows. Figure 2 are ortho-photos of Old Stage Road and part
of Allen Brook for years 1978 and 1999, depicting land use changes.
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The Town of Williston's Zoning Ordinance, in Section 3.16, allows for the lower watershed to
reach afull build-out, or maximum lot coverage, of 65% in Commercia | and Il Districts and
70% in the Industria Disdtrict.

Table2: Land Use

Land Use Year = 1995 **Year = 1999
(Pease, 1997a) (Williston Comprehensive Plan, 2000)
Ag/Open (%) 50 21
Forest (%) 25 Unavailable at thistime
Res/Dev (%) 25 43
Imperviousness (%) 55 Unavailable at thistime
Annua Snowfall (inches) 78 Annua Precipitation (inches) | 35inches

* Averages of three cross-sections at each surveyed permanent monumented cross-section.
** |_and use coverage data are currently being calculated.
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Year 1999

Figure 2: Ortho-photos of Old Stage Road and
Part of Allen Brook for Years 1978 and 1999
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Appendix B: Biological Assessment Summary Fact Sheet — Allen Brook (DRAFT 9/03/02)
Vermont Agency of Natural Resour ces Bio-monitoring Unit

|. Current condition and status
1. Description of impaired water body
Allen Brook located in Chittenden County in the Town of Williston;

5.5 miles of stream extending from mile 1.0 (approx. 0.8 miles downstream from the
Industrial Avenue crossing) to mile 6.5 (just below the North Williston road crossing).

Classified as Class B/Coldwater fish habitat water pursuant to the Vermont Water Quality
Standards,

Segments of Allen Brook containing amix of pools, runs and riffles are designated as
Warm Water M oderate Gradient (WWM G) wadeable macroinvertebrate stream types and
as Mixed Water Index of Biotic Integrity (MWIBI) wadeable fish community stream
types for the purposes of biological community assessments; the remaining segments
consist of mostly pool habitat and are not classified according to biologica stream type.

Land use within the impaired segment watershed is curently exhibiting a trend of
conversion from agricultural use to residentia and commercia use.

2. Description of Data used to characterize impairment.

Fish community — six (6) assessments from five (5) sites within the waterbody designated
asimpaired;
Macroinvertebrates — three (3) assessments at two sites;

Only two sites have been assessed since 1991; the majority of the assessment data are
more than ten (10) years old;

Two of three assessments conducted since 1992 at two sites have indicated possible
improvementsin biologica condition;

Biologica assessments conducted downstream of mile 1.0 (fish community three times
1997-2000) and upstream of mile 6.5 (macroinvertebrates three times 1992-2000) have
consistently indicated good to excellent biologic condition.

Fish community assessments (6) — Two “poor” ratings at the same site during different
years, two “fair” ratings; two “good” ratings: Macroinvertebrate community assessments
(3): one “fair” rating; two “good” ratings.

Ongoing geomorphologica and physical assessments will provide additiona information
for overall assessment;

Observations by field staff have consistently described a generally enriched environment
and the abundance of silts and sediments in riffle habitats;

3. Summary statement - overdl “weight-of-evidence” summary of findings from 2 above:

Bio-Monitoring Summary
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Biological assessment data for Allen Brook provide the basis for impairment designation.
These data are of high quaity and demonstrate a pattern of impairment over time and
space. The dataindicate that the level of impairment is relatively moderate and is defined
primarily by certain characteristics of the fish community. The bulk of the data indicating
impairment is currently more than ten years old and requires updating.

4. Confidence: past, present, future:

DEC has high confidence in the gpplication of biological assessmentsto Allen Brook.
DEC is confident that the reference conditions and MWIBI eva uations applied the Allen
Brook assessments are appropriate.

The bulk of the data indicating impairment were collected during active construction
within the watershed adjacent to Allen Brook. Development within the watershed has
continued since that time. The most recent assessment data suggest improved conditions.
The recent data, while suggestive, are not adequate to dter initia findings of impairment.

Future watershed management actions resulting from TMDL development are expected
to result in improved biologic condition. Geomorphologica adjustments in response to
management actions may have a significant effect on the time needed to effect a full
recovery of the biological communitiesin Allen Brook. In the absence of comprehensive
geomorphological assessment, very little confidence can be placed in “time to recovery”
predictions.

5. Recommendations - recommended assessment needs:

Current biologica condition should be evaluated at sites demonstrating historical
impairment.

Biomonitoring should continue at several key reaches of stream that are likely to respond
to watershed improvements. It is recommended that priority be given to monitoring sites
1.8 (amore representative site than the historic 2.2 site), 4.1, and 5.6 to determine their
long-term biological condition and response to sorm-water management planned in the
watershed. Although the lowest site 0.6 has been assessed as good it should also be
evaluated periodically. The uppermost site 7.1, which has been used as a reference site,
should be assessed if development of the upper watershed occurs.

Geomorpholgy monitoring and characterization: completion of Phase | characterization.

Water Quality and Habitat monitoring and characterization: focus on parameters and
effects related to sediment loading and dynamics.
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Attachment A — Allen Brook Biological Assessment

Allen Brook - The portion of Allen Brook between river miles 1.0 and 6.5 has been identified by the
State of Vermont as impaired pursuant to the Clean Water Act, Section 303(d). The primary impairment
has been to the aguatic biota.

Present Assessment

Assessment results - The fish and or macroinvertebrate communities of Allen Brook have been sampled
atota of 17 times at 10 different stream locations since 1987. Eight of the ten sites are located within the
section of Allen Brook identified as impaired. One site is located above, and one site below the impaired
section. Table 1 below summarizes the biological assessment history of the Allen Brook sites. The
Department used the datain Table 1 to determine that impairments existed and to identify the upstream
and downstream boundaries of the impairment.

1. The boundaries of the impaired reach were established based on consistently good to excellent
findings at river mile 0.6 and 7.1:
- Three years (1997-2000) of fish community data from site 0.6 in the lower part of Allen
Brook provides the basis for non-impairment determination for the lower mile of Allen
Brook. Fish community demonstrated good condition for al three sampling events.
Macroinvertebrate communities have not been assessed in this section of the brook due to
the unavailability of appropriate habitat conditions.

- Three years (1989-2000) of macroinvertebrate community data from site 7.1 above 1-89
collected between 1992 and 2000 provides the basis for non-impairment determination

for the section of the brook upstream of mile 6.5, the next downstream assessment
location. The macroinvertebrate community has been assessed asvery good to excellent
all three years. The fish community was sampled four times at this site between 1989 and
1995 but not rated due to too few species present to run a fish community Index of Biotic

Integrity.

2. Eleven sampling events between river miles 1.0 and 6.5 have provided the data for the
Departments determination that this section of Allen Brook is impaired.
- Macroinvertebrate data have been collected at two sites within the impaired section of
Allen Brook. 1991 dataindicated good conditions at river mile 2.2. Data collected at
river mile 1.8 showed fair conditionsin 1999 and good conditionsin 2000.

- From 1987 to 1991, the fish community was sampled seven times at six sites. Of those
seven assessments, two were poor, two were fair, one was good, and two were not rated
due to habitat and sampling effort limitations. A fish community assessment at river mile
4.1 in 1999 resulted in afinding of good condition.

3. The Department has used standard protocols for determining biological condition and making
assessments of impairment.
- The Mixed Water Index of Biotic Integrity (MWIBI) was used to evaluate fish
community biologic condition. The MWIBI requires a minimum of five species of native
fishin order to be reliably calculated. Sampling guidelines require that the section of
sampled stream exhibit a representative mix of habitat types found in the stream.

- Macroinvertebrate community data was assessed using threshold criteria developed for
Warm Water Moderate Gradient (WWMG) wadeable streamsin Vermont. Analysis of
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data from reference streams throughout Vermont indicates that small streams within the
Champlain valley are appropriately evauated using this mode!.

4. The most recent macroinvertebrate community monitoring in 1999 and 2000 has taken place at
the uppermost site 7.1 and at site 1.8. The uppermost site supports a diverse macroinvertebrate
community. The community is moderate to low in dengity, but high in both tota taxa richness
and EPT (mayflies, stoneflies, and caddisflies) taxa richness. The densities of tolerant Diptera
Chironomidae and Oligocheata have been low with EPT species dominating the community.
The Bio Index has been consistently in the very good to excellent range indicating organic
enrichment is not atering the community at site 7.1.

The lower site 1.8 has consistently had a high density of animas and ardatively high Bio
Index value (about 5.5 compared to 3.5 at Site 7.1). These two metrics seem to indicate that
organic enrichment of the lower portion of the stream is elevated and significantly atering the
macroinvertebrate community composition. In 1999 this resulted in a community rating of

fair. In 2000 conditions seem to have improved dightly to good. The year 2000 however was
exceptiondly dry with little non-point runoff, which may have resulted in the improved
condition of the stream macroinvertebrate community. The enriched stream condition isaso
evident in the functional group composition, with the percent algae shredders elevated both
years. Thisis primarily due to high densities of the filamentous algae shredding midge
Cricotopus spp , and stonefly Taeniopteryx sp.

Two uncommon mussel species were observed at the lower site 1.8. These are the Creek
Heelsplitter Lasmigona costata , and the Triangle Floater Alasmindota undulata. Severa live
animals of the Creek Heel splitter were observed, but only fresh shells of the Triangle Floater
were found.

Assessment discussion — The finding of impairment of aquatic life use in the designated section of Allen
Brook (river mile 1.0-6.5) has been driven by biological conditions observed by the Department between
1987 and the present. Fish community data collected prior to 1995 within the section of Allen Brook
identified as impaired provide the strongest evidence of impairment. Four of five fish assessments
conducted at four sites during that time period resulted in assessments of poor to fair condition. Three
biological assessments have been made by the Department within the impaired section since 1995, with
one of three finding fair condition, with good conditions at the two. A single fish assessment at river mile
4.1 in 1999 demonstrated good conditions.

During the late 1980’ s and early 1990’ s when the magjority of the assessments were made, there was
significant construction activity occurring on lands adjacent to the section of Allen Brook currently
designated as impaired. Recent data suggest that current biological conditions within the impaired section
may be better than observed in 1987-1991. However, in the absence of more recent assessment data,
findings of impairment must remain until biological survey data in the section can be updated.

Fish community data were collected from two sites, river miles 4.2 and 4.3, in 1989. These sites were not
assigned a condition description because a) the length of segment sampled was shorter than required by
Department protocols, and b) habitat variability required by Department protocols was not met. The
segments sampled were 100 percent pool habitat; department protocols require amix of pooal, riffle, runin
order to apply the Index of Biotic Integrity.

Fish community data collected from river mile 7.1 likewise have not been assigned a condition
description due to too few species present to run a fish community Index of Biotic Integrity. Only three
species of fish have been collected at river mile 7.1 from four sampling events. At river mile 6.5, alittle
more than a half-mile downstream, seven species have been collected. The excellent condition of the
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macroinvertebrate community as well as best professiond judgment of habitat conditions at the site
suggest that the low species richness at river mile 7.1 is aresult of natural conditions.

The Mixed Water Index of Biotic Integrity (MWIBI) was used to evauate fish community condition in
Allen Brook. Due to minimum species richness and sampling requirements for use of the MWIBI, data
from several sampling events could not be evaluated.

The Warm Water M oderate Gradient (WWMG) model was used to evaluate macroinvertebrate data. The
Department has conducted biologica analyses that demonstrate the validity of usng the WWMG mode

in streams in the Champlain valley, such as Allen Brook. Samples are collected from riffle areas within
the stream with substrate characteristics matching those from selected reference sites. The Department is
confident that macroinvertebrate communities inhaaiting rifflesin Allen Brook are appropriate indicators
of overdl biologica condition for the brook, even if the riffle habitat is not the dominant overal habitat
type in the brook.

The Department is highly confident that the portion of Allen Brook currently listed as impaired was
impaired during the time that the mgority of sampling occurred: 1987 to 1992. At the time of sampling
there was significant construction activity in the vicinity of the impaired sites. In the absence of more
recent comprehensive biological assessment data demonstrating that conditions have changed since that
time, the Department maintains the impaired designation. Recent assessment data suggests that the
biological condition of Allen Brook may be improving. Recent data are inadequate, however, to
convincingly demonstrate any significant and consistent improvements.

Recommended monitoring

Biomonitoring should continue at severa key reaches of stream that have shown impaired biological
communities in past years. It is recommended that priority be given to monitoring sites 1.8 (a more
representative site than the historic 2.2 site), 4.1, and 5.6 to determine their long-term biologica condition
and response to storm-water management planned in the watershed. Although the lowest site 0.6 has
been assessed as good it should aso be evaluated periodically. The uppermost site 7.1, which has been
used as a reference site, should be assessed if development of the upper watershed occurs.

Geomor phology monitoring and characterization: completion of Phase Il characterization

Water Quality and Habitat monitoring and characterization: focus on parameters and effects related to
sediment loading and dynamics.
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Table 1: Biomonitoring Siteson Allen Brook for Fish and/or M acroinvertebr ates — Summary

Location Description Community Assessment Dates and Results

(river mile)

Allen Brook At Phase 1 Griswold Farm section Fish 1997 Good

0.6 1998 Good

2000 Good

Allen Brook  Just upstream of Industrial Avenue crossing Macroinvertebrates 1999 Fair

1.8 2000 Good

Allen Brook  Located 20 meters above Rt. 2 A crossing Macroinvertebrates and Fish 1987 Poor (F)

2.2 1991 Poor (F)
1991 Good (M)

Allen Brook  Located approx. 170m below bridge next to Fish 1999 Good

4.1 swim pool @ Tafts Cors. Condos

Allen Brook  Located approx. 100m below bridge next to Fish NA

42 swim pool @ Tafts Cors. Condos

Allen Brook  Located imm. Below bridge next to swim pool Fish NA

4.3 @ Tafts Cors. Condos

Allen Brook  Located 10m above bridge next to swim pool Fish 1989 Fair

4.4 @ Tafts Cors. condos

Allen Brook  Located 50m above Rd. to Turtle Crossing Fish 1989 Good

5.6 Devel opment

Allen Brook  Located 10m below N. Williston Rd. bridge. Fish 1989 Fair

6.5

Allen Brook  Located immediately above South Rd. culvert =~ Macroinvertebrates and Fish 1992 Very Good (M)

7.1 (above 1-89) 1995 Good-Very Good (M)

Bio-Monitoring Summary
Appendix B-6

2000 Excellent (M)




Table 2: Fish community assessments Allen Brook
(Most recent resultsin italics)

| Location |[Sation| Dae [MW_IBI[ Community Assessment |
Allen Brook 0.6 Sep-97 31 Good
Allen Brook 0.6 Aug-98 35 Good
Allen Brook = 0.6 Oct-00 31 Good
Allen Brook 2.2 Aug-87 23 Poor
Allen Brook 2.2 Aug-91 25 Poor
Allen Brook 4.1 Oct-99 31 Good
Allen Brook 4.2 Aug-89 NA
Allen Brook 4.3 Aug-89 NA
Allen Brook 4.4 Aug-89 27 Fair
Allen Brook 5.6 Aug-89 35 Good
Allen Brook 6.5 Aug-89 29 Fair
Allen Brook 7.1 Aug-89 NA
Allen Brook 7.1 Sep-92 NA

Table 3: Fish community metrics from stations on Allen Brook.

Location % % % %
Richnessintolerant| Benthic | Generdist | Insectivore | % Top %  |Dendty|Blacknose
Station| Date Species |Insectivores  Feeder CC&WS9Carnivoref Anomaolie Dace
Allen Brook 06 Sep97 13 0 2 45.0 53.0 19.5 1.9 0.2 137 43.3
Allen Brook 06 Aug98 16 1 2 49.7 50.3 12.6 0.0 0.8 93 24.0
Allen Brook 06 Oct-00 15 1 1 73.6 259 17.7 0.5 0.3 140 8.3
Allen Brook 22 Aug-87 7 0 2 64.9 35.1 39.8 0.0 0.0 58 9.5
Allen Brook 22 Aug9l 7 0 2 65.1 34.9 574 0.0 0.0 97 195
Allen Brook 41 Oct-9 10 0 2 77.4 22.6 8.8 0.0 0.0 202 17.8
Allen Brook 42 Aug-89 6 0 1 64.1 35.9 44.8 0.0 5.6 167 10.1
Allen Brook 43 Aug-89 6 0 1 61.5 385 22.2 0.0 6.1 180 2.5
Allen Brook 44  Aug-89 8 0 2 76.0 24.0 36.8 0.0 3.0 208 6.4
Allen Brook 56 Aug-89 7 0 2 27.7 72.3 8.3 0.0 0.0 802 67.0
Allen Brook 6.5 Aug-89 7 0 1 55.4 41.3 454 3.3 0.0 269 36.7
Allen Brook 7.1  Aug-89 2 0 0 104 89.6 104 0.0 0.0 9 89.6
Allen Brook 71  Sep92 3 0 0 285 715 285 0.0 2.0 203 715
Allen Brook 71  Aug-%4 3 0 0 40.2 59.8 40.2 0.0 0.4 155 59.8
Allen Brook 71 Oct-95 3 0 0 25.8 74.2 25.8 0.0 0.0 61 74.2
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Table 4: Macroinvertebrate community metrics from three reaches on Allen Brook.
(Most recent resultsin italics)

| Location |Station| Date | Dendty | Richness | Ept [ PMA-O1| Bl | Oligo% | Ept/EptChiro | PPCS-F1 |Assessment|
Allen Brook | 1.8 Oct-99 3990 42.0 16.0 67 5.69 0.0 0.52 0.46 Fair
Allen Brook = 1.8 Oct-00 5594 51.0 24.0 64 5.33 0.0 0.75 0.42 Good
Allen Brook 2.2 Aug-91 3010 44.0 175 69 484 0.0 0.79 051 Good
Allen Brook 7.1 Sep-92 1184 47.0 195 69 3.98 0.1 0.62 0.58 V-good
Allen Brook 7.1 Oct-95 936 40.0 19.0 70 3.22 1.0 0.93 0.61 V g-Good
Allen Brook 7.1 Oct-00 1836 51.5 22.5 78 3.12 0.6 0.87 0.76 Exc

Table5: Percent composition of Macroinvertebrate orders from sites on Allen Brook

| Location | Station | Date | Coleoptera | Diptera | Ephemeroptera | Plecoptera | Trichoptera | Oligochaeta | Other Orders |

Allen Brook 1.8 Oct-99 10.6 12.4 10.5 22.2 0.0 0.5
Allen Brook 1.8 Oct-00 4.2 26.9 8.0 14.2 46.6 0.0 0.1
Allen Brook 2.2 Aug-91 19.5 17.6 11.4 0.3 49.6 0.0 1.6
Allen Brook 7.1 Sep-92 22.0 311 7.0 45 34.0 0.1 1.3
Allen Brook 7.1 Oct-95 17.6 8.7 8.0 28.2 311 1.0 54
Allen Brook 7.1 Oct-00 6.6 16.4 17.4 15.3 38.0 0.6 5.8

Table 6: Percent composition of Macroinvertebrate functiona feeding guilds from sites on Allen Brook

| Location | Sation| Date | ColGatherer | CollFilterer | Predator | ShredDetritus | ShredHerbivore | Scraper |
Allen Brook 1.8  Oct-9 26.3 20.4 2.3 0.5 33.4 14.2
Allen Brook 1.8  Oct-00 16.5 441 2.7 0.0 26.3 8.2
Allen Brook 2.2  Aug-9l 17.0 38.1 4.8 0.0 0.4 37.3
Allen Brook 71 Sep92 259 31.9 9.6 0.5 0.2 30.8
Allen Brook 7.1  Oct-95 9.6 26.3 131 18.6 4.5 21.2
Allen Brook 7.1  Oct-00 22.8 31.0 15.9 12 4.6 174

Bio-Monitoring Summary
Appendix B-8
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Section 1. 0 Resultsof Literature Search

The results of the literature search are presented in the following categories:
Better Site Design
Erosion and Sediment Control
Maintenance and Management of Stormwater Facilities
Riparian Buffers
Stormwater Best Management Practices:
Structural Stormwater Controls
Wetlands, ponds, open channdls, filtering systems, infiltration systems,
Urban and Rura
6.Best Management Practices
Street Sweeping
Drain Cleanout

a~wNhPE

The first four sections provide the most “bang for the buck”. They are methods that are aimed at
preventing the problem from occurring in the first place as well as ensuring on-going

maintenance of existing facilities. The results of the literature search can be used to model offsets
to reduce sediment and nutrient loading to the watershed. This appendix provides pertinent data
from previous studies. In this appendix, tables are copied from the literature if they provide a
basis for determining “quantifiable controls’. The original sources should be consulted if further
detail isrequired.

The literature does not have many quantifiable studies of removal capacity of Best Management
Practices for agriculture, construction and development, road building, logging, road salting, golf
courses, Site excavation, sand and gravel operations, pollution hot-spots, snow disposal, dudge,
septic; and educationa efforts such as pet waste management, lawn care, disconnection of
impervious aress, illicit connection detection, or reduction of sediment due to properly sized
bridge and culverts for stream crossings, nor on the creation of a stormwater utility. Despite the
lack of quantifiable studies in these areas, experience has shown that these BMP' s provide water
quality benefits and should be included as part of a watershed management plan.

Table C-1. Examination Objectives of the Literature Review.

Structural Approaches Non-structural Approaches

Wetlands, ponds, open Riparian buffers, STPsfor agriculture, construction and

channdls, filtering development, road building, logging, road sdting, golf

systems, infiltration courses, site excavation, sand and gravel operations,

systems, etc. pollution hot-spots, snow disposal, dudge, septic; better Site
design, and educationa efforts such as pet waste
management, lawn care, disconnection of impervious aress,
street sweeping, illicit connection detection, etc.

Quantifiable Controls
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Section 2.0: Quantifiable Controls: Better Site Design

The methods, and benefits of Better Site Design are in Table C—2 through C-5. They are
quantified as areduction in phosphorus loading, cost, and stormwater runoff and an increase in
infiltration. Better Site Design isthe art of ‘ prevention”. Better Site Design is one of the methods
that provides the most “bang for the buck” in terms of cost-savings to the developer and reduction

in nutrient and sediment loading.

Table C-2: BMP’'sfor Better Site Design

Better Site Design includes:

BMP’'sfor Better Site Design include:

Clustering development

Skinnier and shorter residentia streets
Eliminating or minimizing cul-de-sacs

Smdller parking lots

Smdler parking stdls

Alternative paving surfaces

Open channel drainage

Preservation of natural open space, leaving
areas undisturbed

Forest and natural area conservation

Source level runoff retention

Riparian buffers

Disconnecting roof top runoff.

Careful grading of land to promote infiltration,
including subtle depression, terracing and small
berms.

Reducing impervious cover

Spreading runoff over pervious areas
Utilizing open channel drainage

Conserving forests and natural areas
Reducing the amount of managed turf and
lawn

Creating more effective stream buffers and
riparian areas, minimum 100 feet.
Increasing separation distances and setbacks
for conventiona septic systems

Employing advanced septic system
technologies

M ethods to reduce impervious cover :

Wood chip paths through community open space instead of sidewalks aong road, stone walks to

houses.

Overflow parking as grid pavers
Shorter driveways

Compact parking spaces

Narrower streets, smaller turn-arounds, shorter driveways, less sidewalk.

Providing bus depot in commercial office space

(CWP, 19983)

Quantifiable Controls
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Table C-3. Impervious Cover Reduction and Cost Savings of Conservation Development

L ocation Techniques Used Impervious Cost
Cover Savings
Reduction (%)
(%)
Sussex County, DE Reduced street widths (from 28’ to 20') 38 52
Smaller lots (from 1/2 acre to 1/8 acre)
Cluster Development
Preserve woodland areas
Use Vegetated BMPsthat promote infiltration on site
New Castle County, | Houses clustered into attached units around 6 63
DE courtyards
Reduced street widths (from 28’ to 20)
Preserve woodland areas
Use Vegetated BMPs that promote infiltration on site
Kent County, DE Reduced street widths (from 28’ to 20') 24 39

Minimum disturbance boundary

Smaller lots (from 1 acre to Y2 acre)

Cluster Development

Preserve woodland areas

Use Vegetated BMPs that promote infiltration on site

(DEDNREC, 1997, Table 30)

Quantifiable Controls
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Table C-4: Reductionsin cost, impervious cover and stormwater runoff, and increased
infiltration through Better Site Design.

Development Medium Low Density | Retail Shopping Commercial
Scenario Density Residential Center Office Park
Residential
45 acres, 108 8unitson3 -5 9.3 acres site 12.8 acre site
units, 9000 0. ft acre lots with 6.5 acres with 8.7 acres
lots impervious impervious
cover. 343 cover. 778
parking spaces parking spaces
Conventional $1,539,298 $143,553 $782,452 $948,900
Innovative $1,238,751 $126,430 $746,270 $788,432
$ Savings $300,547 $17,123 $36,182 $160,468
Percent $ 20% 12% 5% 17%
savings
PERCENTAGE CHANGE FROM A

CONVENTIONAL TO INNOVATIVE DESIGN WITH BMP'S

Reduction In
Impervious cover

24%

35%

18%

22%

Reduction in
Stormwater
Runoff

25%

23%

17%

21%

Increasein
Stormwater
Infiltration

55%8

12%

Decrease of 2%

42%

(CWP, nutrient loading)

Table C-5: ChangesIn Type Of Stormwater Treatment In Conventional And Innovative

Development
Structural Medium L ow Density Retail Shopping | Commercial
Treatment Density Residential Center Office Park
Residential
Conventional Dry Extended Wet Pond Sngle Two stormwater
Detention Infiltration wetlands
facility, rest of
site with ail and
grit separators
Innovative Treatment train Bioretention area | On-site Series of
of bioretention and dry swale bioretention, bioretention
and wet extended sand filter and facilities, dry
detention facility infiltration swaein
trench, filter strip | combination with
awet retention
pond
(CWP, 1998q)
Quantifiable Controls
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The Center for Watershed Protection (2000) has developed a model for determining benefits from
impervious cover reduction. They provide the following:

Example Calculation — Impervious Cover Reduction:

A community plansto redevel op approximately 200 acreswithin a 5,000 acre, 50% i mpervious
watershed. The current urban stormwater nitrogen load in the watershed is 51,000 Ibs/yr. On
redevel opment projects, the site impervious cover will be reduced by approximately 5%. 75% of
these projects are expected to be implemented within the timeframe of the TMDL, so that the load
reduction will be:

R = 51,000* (200* 5%)/(5000* 5%)* 0.75 = 153 |bs/year

Section 3.0 Erosion and Sediment Control

The following tables (EPA 1993) summarize the changes in sediment, nutrients, metals and cost
from implementing erosion and sediment control practices.

Table C-6: TSS Concentrations from Maryland Construction Siteswith ESC (Scheuler

1987)
Treatment at Construction Sites TSS concentration
(mg/)

Natural, undisturbed 25

Uncontrolled disturbed 4150

Increase from natural to disturbed with no controls 166 x greater
(25/4150)

with 60% efficient sediment control 1,650

with 80% efficient sediment control 800

with 65% erosion control 700

with 60% efficient sediment control and erosion control 300

with 80% efficient sediment control and erosion control 150

I ncrease from natural to disturbed siteusing erosion AND sediment 6 X greater

controls (25/150)

(EPA 1993, Figure 4-7)
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Table 4-12. hemsto Consider in Developing an Erosion and Sedinent Control Plan
{Adapted from Goldman, 1986)

Item

D escription

Schedule grading and
construction to
minitnize =0il
EXPOSLFE,

R etain existing
wegetation wherever
teasible.

Stahilize all denuded
areazwithin 15
calendar days ater
final grading.
Disturbed areas that
are inactive and wil
be exposed to rain for
30 days armore
should also be
tempoararily stabilized.

Divert runoff sway
from denuded areas
ot nesdy seeded
slopes.

Minimize length and
geepness of slopes.

Prepare
drain@gesvays and
outletzto handle
concertrated or
increased nnoff.

Trap sediment onste
(s=ditnent controls).

Inspect and maintain
cortral measures.

Schedule projedts so dearing and grading are done during the dry season orthe time of minirmum erosion potentisl. Many parts of
the courtry hawve atime of vear when erosion patertial is relatively loaand carefully planned construdion scheduling could be wery
effective.

Stage construction o that one area can be stabilized before another is disturbed. This pradice reducesthe time that an ares is
lett unstabilized.

Clear only those areas that are essential for completing ste construction.

Soid disturhing vegetstion on steep slopes or ather critical areas and locate material stockpiles, borow areas, and access roads
awvay from critical areas.

R oute construdion trafiic to avoid existing or nesdy plarted vegetation,

Phrysically mark off limits of land disturbance with tape, signs, or barriers. This ensures that the bulldozer operator knowsthe
proposed limits of dearing.

Protect natural vegetation with fencing, tree armaring, retaining walls, or ree walls.

During favorable sseding dates and in areaswhere vegetation can be established, the following should be implemernted:

- Use seeding and fertilizing in very flat, nonsensitive areaswith favorable soils.

- Use seeding and mulching for less erosive soil or on moderately steep sopes with moderately erosive sails in relatively sensitive
aress.

- Use seeding with multiple mulching treatments or sodding for highly erosive =oil, very steep slopes, or sensitive areazwith highly
erosive =oils.

If stahilization is required during the time of year that vegetation cannct be established, implement the follcwdng pradtices

- On rnoderste slopes or soil that is not highly erodible, mulching should be emploved.

- O osteep slopes o highly erodible soils, multiple mulching trestments should be wsed.

If in high elevation or desenrt sitewhere grasses cannot survive due to harsh environment, at a minimum | plant native shrubs.

Eefore stahilizing an area, make sure necessary controls (e.g., diversion ofrunoff are in place.

‘Where practical, stockpile topsoil and reapply to revegetste site.

Cowver or stabilize topsoil stockpiles.

Far high potential for wind-blown sediment transport, prior to stabilization protect with dust controls such aswind barriers,

mulching, tillage, or sprinkling.

Above disturbed areas, congrud dike or swale or install pipe slope drain to intercept runoff and convey it to a permanent channel
or gorm drain.

O long of geep disturbed or nan-made slopes, construct benches, terraces, or ditches at regular intervalzto intercept runoff,

Provide lining far any exiding or nesdy constructed channel on-ste ar off-site 20 the 2avear storm channel velocity does not cause
ErOSion.

Check datn s should be installed on temporary swales that have erozive velocity but due totheir short service life cannot supporta
vegetative lining.

Ih areas where greater than 5 acres drain to a point, sediment basin should be installed.

In areas where less than 5 acres of concentrated flovw leaves the site, sift traps should be ingalled.

In areas where sheet low leavesthe site and the drainage ares is less than 0.5 acf 00 f of flowy, fiker fabric fence should be
inztalled.

In areas where sheet flow leavesthe ste and the drainage ares is greater than 0.5 acA 00 f of flowe perimeter dikes should be
installed and fiowy should ke diverted to & sediment trap or sediment basin,

Ingtall inlet protection around all storm drain inlets.

Install construdion entrance (gravel pad to colled mud and sediment ot wheels) and route all trafiic leaving the site tothe
construction entrance.

Install all seditn et controls priotto grading.

Remove szdimert frotn sediment traps and fiter fencewhen sitted to half capacity .
Inspect and repair, as needed, all corfrols after each storm event,

MOTE: These are recommendations onby and are not intended 1o be alkinclusjve.
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jfable 4-15. ESC Quantitative Effectiveness and Cost Summary

Annual
Design Uzeful Mairtenance Cost
Constraintzs or Life [as % congtrudtion Total Annual
Pradice Furposs Percert Remowal of TSS [years)" Construdion Cost coEt]) Cost
Sod Immediate Average: 99% Average: $0.2 per 7 Average 5% $0.20 per it
erosion Cheerved range: 98% - 99% 2 [$11,200 per acre] Range: 5% F7.500 per
protection References Minnesota Pollution Control Range: 0.9 - $1.1 Refersnce: acre
where there iz 2gency, 19839; Pennsylvania, 1953 cited in References SYWRPC, 1991 SWwRPC, 1991
high erosion USEPA, 1991 Schueler, 1957, “irginia, 1950
poteritizl during
wegetative
egtablishment.
Seed E=taklish After vegetation established- Ayverage: 400 per acre Ayrerage 20% F300 per acre
vegetation o Average: 90% 2 Range: $200 - $1000 per acre Rarge: 159% - 25%
distutbed area. Observed range: 50% - 100% R eferences: Wisconsin DOT References
References SC5, 1985 cited in EPA, 1991, cited in SWRPC, 1991; Wiscohsin DOT
Minnesota Pollution Cortral Agency, 1959; SYWRPC 1991 Goldmat, 1986,  cited in SWRPC,
Cberts, 1954 cited in City of Austing 1985 “irginia, 1980 1951; SWRPC,
D elarvare Department of Matural Resources, 1991
1959
Seed and  Establish After vegetation established- Bperage: F1 500 per acre Averace: MA 1,100 per
rulch wegetation on Average: 90% 2 Range: $500 - §3,500 peracre Range: Ma acre
distutbed area. Chserved range: 50% - 100% References. Goldman, 1956; References Mone
References: SC5, 1985 cited in EPA, 1991, Washington DOT | 1990; MC
Minnesota Pollution Control Agency, 1959; State, 1980; Schueler, 1957,
Cberts, 1964 cited in City of 2ustin, 1985 “irginia, 1980, SYwRPC, 1991
D elanvare Departrmert of Matural Resources,
1959
fulch T emporary Chserved range: Strany Stravovmulch; Averacge: MAY Strane rmulch;
sabilization of frilch: Ayverage: 1,700 per acre Rarge: M F7.500 per
disturbed area. zand: 025 Range: $500 - 3,000 peracre  References None  acre
References Wisconsin DOT
weood filber @ 1500 lbfac 50-60% 0-20% cited in SWRPC, 1991;
wood filber @ 3000 lbfac 50-55% a0-7 0% Washington DOT, 1990,
straney (@ 3000 lhiac 90-100%: 93% wirginia, 1950
Silt-loarm: Wioac Wyiond fiker mulch: Winod fikwer
fiber Ayerage: §1,000 per acre mulch:
weood fiber @ 1500 lhiac 20-60% 40-60%  mulch; Fange: $100 - $2,300 per acre F3,500 per
weood fiker @ 3000 lbiac B0-909% EO-7FO% 033 References Washington DOT | acre
straney (@ 3000 lhiac G0-95% TO-90% 1990; %irginia, 1950
Silt-clay-loarm : Jute nettingg: Jute netting:
10-30% 30-50% Ayerage: $3,700 per acre 12,500 per
slope slope  Jute Range: $3,500-54 100 per acre acre
weood fiber @ 1500 lbiac 5% -- netting: References: Washington DOT
wood filber @@ 3000 lbfac 40% -- 033 1990; %irginia, 1950
jute netting F0-60% 0%
straeey (@ 3000 lbfac 40-7 0% 20-40% Stravvand jute: Stranw aind
weoodd chips EBO0-30% S0-E09% Aerage: $5 400 per acre jute:
@0 10,000 b Range: §4,000-F9,100 per acre 15,000 per
rmulch blanket E0-50% S0-60%  Strawy References: Washington DOT Eled=]
excelzior blanket E0-50% S0-60% and 1990; “irginis, 1980
muftiple treatment 0% 0% jute: 0.33
(straney and jute)
References: Minnesota Pallution Condrol
Agency, 1959, Kay, 1953 dted in Goldman,
19586
Tetraces Break uplong Ohserved range: Average: 5 per lin it Ayerage: 20% $4 per lin it
ar steep 2 Fange: 1 - $12 Fange: 20%
slopes. Eedudion jn Erosjon References SWRPC, 1991, R eference:
1-12%. TO%: Goldman, 1986, Wirginis, 1991 SWRPC, 1991
12-15% 60%
16-24% 55%
Additionally, ifthe slope seepness is halved,
while other factors are held constant, the soil
loss potential decreazes 2-12times. If bath the
=slope and length are halved, the =oil loss
potential is decreased 4 times.
References: Goldman, 1986, Beasley, 1972
Al Reducs Average: 55% - “aries but typically low “aries but typically  Maries but
Erosion arnount of Ohbzerved range: 55% I typically lowve
Controls s=diment Reference: Schueler, 1930

entering minoff.

R - Mot available.

= Useful life estimated as length of construdtion project (assumed tobe 2 yvears),
*For Total Annual Cod, assume LAnnual Maintenance Cost = 2% of construction cost.

Quartifiable Controls
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Table 4-16. ESC Quantitative Effectiveness and Cost Summary for Sediment Control Practices

Dresign Uszeful Annual Maintenance
Constraints or Life Cog (as % construction
FPradice FPurposs Percert Removal of TS [years)” Construdion Cost cost) Total &nnual Cost
Sediment Minirmum drainage  Average: TO% Less than 50,000 f* forage Average: 25% Less than 50,000 2
basin ares = Chserved rangs: 55% - 100% 2 Ayverage: F0.60 per 2 Range: 25% storage
S acres, References: Schueler, 1990; storage References: Denwver $0.40 per ft* storage
FriEirnum Engle, B and Jarrett, AR, (51,100 per drainage acret)  CO0OG cited in SWRPC, 5700 per drainage
drainage area = 19490, Baurnann, 1930 Range: $0.20 - §1 30per 2 1991; SWRPC, 199 acret
100 acres
Grester than 50,000 42 Gresterthan 50,000 f°
sorage Sorage
Average: 0.3 per #* storage $0.20 per f* arage
(F550 per drainage acre) F300 per drainage
Range: $0.10 - $0.40 per f° acre
Refarences SWRPC, 1931
Sediment b zzirnum Awerage: G0% Leverage: $0.60 per i Awerage: 20% $0.70 per f* storage
trap drainage area = Chserved range: (-7%) - 1.5 storage Range: 20% $1,300 per drainage
S acres 1 00% (51,100 per drainage acret)  References Denwver acrer
References: Schueler, et al., Range: $0.20 - §2.00per = COG cited in SWRPC,
19490, Tahoe Regional References Denwver COG 1991 SWRPC, 1991
Planning Agency, 1989, cited in SWRPC, 1991,
Eaumant, 1990 SYWRPC, 1991; Goldman,
1956
Filter Fabric  Maximum Awverage: TO% Lverage: 3 per lin Awverage: 100% 57 per lin it
Fence drainage area = Obszerved range: 0% - 100% 05 (F700 per drainage acre Range: 100% $5:50 per drainage
0.5 acre per 100 sand: S0% - 99% Range: §1 - 55 per lin # References SWRPC, acrer
feet of fence. Mot sitt-loam: S0% - 50% R eferences Wisconsin DOT 1991
to be used in sift-clay-loam: 0% - cited in SWRPC, 1991;
concertrated flow 20% SWREPC 1991; Goldman,
areas. References: Munsan, 1991; 1986, Yirginia, 1991; NC
Fisher et al., 1954, Minnesota State, 1990
Pollution Control Agency,
1889
Stravey Bale Tl 2imum Average: TO% Average: §4 per lin Average: 100% 17 perlin it
Barrier drainage ares = Chserved Range: 70% 0.25 (%1 600 per drainage acres Range: 100% 6,500 per drainage
0.25 acre per 100 Refersnces; “irginia, 1930 Fange: 2 - §6 perlin t References SWRPC, acrer
feet of barrier. Mot cited in EP&, 1991 Refarences Goldman, 1986, 1991
to ke used in “rginia, 1991
concentrated flow
areas.
Irlet Protec storm Awerage: A Lverage: F100 per inlet Awerage: G0% F150 per inlet
Protection drain inlet. Chserved Range: WA, 1 Range: $50 - $150 Range: 20% - 100%
References: Mone References SAWRPC 1891; References SWRPC,
Denver COG cited in 1991; Denver COG
SWRPC, 1991, Yininia, cited in SWRPC, 1991
1991, EPA cited in SWRPC,
1991
Congtruction  Removes Awerage: WA Lverage: §2,000 each Average: M
Ertrance sadiment from Chserved Range: WA, 2 Range: $1,000 - §4,000 Range: Ma 1 500 each
vehicles wheels. References: Mone References: Goldman, 1856, References Mone
MC State, 1930
With washrack:
Average: $3,000 each $2.200 each
Fange: §1,000 - $5,000
Refarences Wrdginia, 1991
“egetative Must hawve sheet Average: TO% Established from existing Average: MA LY
Filter Strip flceew. Ohserved Range: 20% - 80% 2 vegetation- Range: M&

References Hayes and
Hairston, 1953 cited in
Casman, 1990; Dillaha et al.,
1989, dted in Glick et al.,
1991; Yirginia Departiment of
Conservation, 1957, Monpoint
Source Control Task Force,
1983 cited in Minhesota PCA,
1989; Schueler, 1987

Average: 0
Range: $0
References: Schueler, 1987

Established from sod-
Asverage: $11,300 per acre
Range: $4,500 - $45 000 per
L=

Referehces Schueler, 1987,
SWRPC, 19

References. Mone

A - Mot svailable.

= Useful life estirm asted as length of construdion project (assumed to be 2 years)

= For Total Annual Cogt, assume Annual Maintenance Cost=20% of construdion cost.
v Aszumestrap wolume = 1500 chiac (0.5 inches rundff per acre).

* Azzumes drainage area of 0.5 acre per 100 feet of fence (maximum allowed).

* Azzumes drainage area of 0.25 acre per 100 feet of barrier (maxdmum allowed).

Quartifiable Controls
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Table 4-17. Existing Development Management Practices Effectiveness Summany

e Removal
Management Main R emoval
Pradice TSS TF TH coD Ph Zn Efficiency Factors References
wWgter Quality Inlet - Average: 15 5 5 =1 15 5 = Mairternance Fitt, 1956, Field, 1985,
Catch Basin (1) Schueler, 1957
Feported Range: 10-95 5-10 5-10 5-10 10-35 510 = Sedimentation
storage wolume
Prokbable Range: 10-25 S-10 S-10 510 10-25  5-10
Mo, Values 2 1 1 1 3 1
Considered:
wWgter Quality Inlet - Average: 0 [§IP 35 =1 =11 55 = Sedimentation Shawver, 1951
Catch BasinsWith storage wolume
Sand Filter (1) Feported Range: 75-85 [§IP 30-45 45-70 70-890 S0-50
= Depthof fiter
Probable Range: 7O-50 - 30-40 40-70 F0-890  S0-50 media
kMo, Values 1 u] 1 1 1 1
Considered:
Water Cuality Inlet - Average: 15 a5 5 5 15 5 & Sedimentation Pitt, 1956; Schueler, 1957
DiGrid Separstor Sorage wolume
(D] Feported Ranoge: 10-25 5-10 5-10 5-10 10-25 510
= Outlet
FProbable Range: 10-25 S-10 5-10 5-10 10-25 510 configurations
Murnber of 1 1 1 1 1 1
References
Dy Pond Modified Anerace: 45 25 35 20 45 20 & Storage wolume WO 1953, City of Austing
into Ed Dry Pond & Detertion time 1990; Schueler and Helfrich,
Repoted Range: 5-90 10-55 20-50 0-40 25-65 (40)-65 = Pond shape 19585; Pope and Hess, 1989,
bl 1987 Welinski and
Probable Range (2x  70-90 10-60 20-50 30-40 20-60 40-50 Stack, 1990
kMo, Values 51 =] 4 =1 4 =1
Considered:
Dy Pond Modified Arrprage; O 45 35 40 70 EO = Pool volume Wetzka and Oberta, 1955,
into Wet Pond = Pond shape “oozef et al., 1986; Collurm,
Fepotted Range: (-300-31  10-85 5-585 5-90 10-95  10-95 1985, Drizcall, 1953; Driscoll,
1986, MWICOG, 1933, 0L,
Probable Range: S0-30 20-90 10-30 10-90  10-95  20-95 1983; Wu et al., 1988; Hatter,
1987; Martin, 1988; Darmay et
Mo, Values 11 10 7 4 a8 7 al., 1989, OmL, 1982 City of
Considered: Ay p=tin 1990
Dry Pond or vt Average: &0 =] a5 P 40 20 « Fool volume Ortario Ministry ofthe
Fond hodified = Fond shape Enviranment, 1991
into ED wWet Fond Feported Range: S0-100 S0-50 55 Y 410 20 = Detertion time
Probable Range: S0-95 S0-50 -— — — —
Mo Values 1 1 1 u] 1 1
Considered:
Streambank Average:; [N & (R 2 & [RE WO 1930
Stabilization
Feported Range: [N & (R 2 & [RE
Probable Range: - - -- -- - --
Mo Values o] u} u] u] u} u]
Considered:
Riparian Forest ArErage; 7o S0 [=1n] Yo 20 50 = Runoff volume IEF, 1991, Casman, 1990,
[assumed same sz = Slope Glick etal., 1991, WAz,
wegetated Filter Feported Range: 20-50 30-935 40-70 GO-50 20 a0 = Sail infitration 1967, Minnesota CA, 1959,
Strip) rates Schueler, 1957, Hartigen et
FProbable Range (31 40-30 30-50 20-50 - 30-30  20-50 » “egetative cover al, 1959
= Buffer length
Mo Values G 3 2 1 2 2
Considered:
whietlarno Anerace: =3 25 20 50 G5 35 & Storage wolume Harmer et al., 1956; Brovwn,
[assumed same as & Detertion time 189585; Wotzka and Obert,
Congtructed Storm Repoted Range: [-200-100 (1200100 (-15)- 20-80 30-95 (-300-30 = Pool shape 18955, Hickack et al., 1977,
Water Wietl ands) 40 & Wetland's biota Barten, 1957, Meloria, 1956;
Probable Range (5x  50-90 [-5)-50 -— 30-95 - = Seazonal Moarriz et al., 1931, Sherberger
0-40 “ariation and Davis, 1952, A5, G, 1979,
Mo. Yalues 14 14 2 -] 4 Oherts et al., 15939, Rusthton
Considered: =) and Dye, 1990, Hey and
Earrett, 1991
Quartifiable Controls
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Section 4.0: Management and Maintenance

Table C-12 summarizes areview by the Vermont ANR of 527 stormwater systems which found
that of the 35 systems reviewed in Williston that 29% of these were not built or maintained
properly. Thisis higher than the results statewide. (VT ANR 1995)

Table C-12: Summary of Results of Vermont Stormwater BMP Study 1995

Treatment Type Catch | Detention [ Overland | Sediment | Swale | Other | T otal Not
Basin Pond Flow ation maintained
Basin or built
properly
Number of Systems 103 63 143 25 165 | 28 | 527
Maintained 63 42 105 19 120 34
Not maintained 35 21 28 6 45 15| 276%
Constructed per plan 79 44 115 20 129 387
Non constructed per 24 17 28 5 28 102 | 209%
plan
Completed 93 53 123 21 137 427
Not completed 10 8 20 4 20 62 12.7 %
Properly located 91 55 124 22 129 421
Not properly located 12 6 19 3 28 68 139%
Properly sized 89 51 133 23 146 442
Not properly sized 14 10 10 2 18 4 109 %
Williston -Total Number of 35 Williston-not maintained or built| 10 29 %

Systems

properly

(ANR Vermont Stormwater Best Management Practices Assessment Study, March 1995)

It is recommended that management of stormwater treatment facilities should use a system for
evaluation based on the “ Stormwater Management System Inspection Forms’ by the Watershed
Management Institute (Watershed Management Institute, 1997). Enforceable maintenance
agreements for structural practices and stormwater filtering systems and buffers, and/or an agency
such as a stormwater utility which is responsible for maintenance can help to ensure that systems

are performing optimally.

QUANTIFIABLE CONTROLS
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Section 5.0: Riparian Buffers, Filter Strips, Grass Swales

This section summarizes reductions from riparian buffers. Buffer efficiency increases with wider
buffers. Variables include dope and length of dope and area of contributing zone, vegetation and
soil characteristics. Steeper slopes need wider buffers to provide the same removal capacity.
Buffers should only be accepted as stormwater filtering system if basic maintenance such as
annual removal of accumulated sediments and edge of areas can be assured through an
enforceable maintenance agreement or other method.

Table C-13: Percent Reduction of Filter stripsand Grass Swales

Type TSS | TP |Pesticide Notes
(%) | (%) | (%)

Filter Strips 65 75 EPA 1993 T2-1, p 215

Filter Strips 60 85 EPA 1993, T2-9, p2-37

Filter Strips |- - 0-10 |EPA 1993, T2-16,17, pp 266,67

Filter Strips 65 40 Needs level spreading device, densely vegetated, at
Probable 40-90(30- 80 least as long as contributing runoff area, need to be
range largein relation to area being drained, relatively flat,

and have ardatively low groundwater level. Rhode
Idand recommends against considering home lawns as
part of buffer strip.

Grassed 60 20 Permeability of soil will limit the utilization of swaes
swales for infiltration of runoff. There should be a minimum
Probable 20-40 | 20-40 distance of 2 feet between the bottom of the swale and
range the seasonal high water table.

(EPA 1993)

In the Allen Brook watershed, NRCS Hydrologic Group C or D (high runoff, low infiltration)
should not be used for stormwater treatment through infiltration. Infiltration basins and trenches
can be used in NRCS hydrologic group A and B soils (Table C-14).

Table C-14: Allen Brook Soils Suitable for Infiltration

Soils suitable for Infiltration Soils Not Suitable for Infiltration
NRCS Hydrologic Group A and B NRCS Hydrologic Group C and D
Adams, Covington,
Belgrade, Enosburg-Whately,
Hartland, Farmington,
Hinesburg, Stockbridge,
Munson-Belgrade, Limerick,
Winooski, Munson-Raynham,
Scantic
Au Gres
Terrace escarpments, silt and clay

“Slope and Length of Slope and Area of Contributing Zone:

Sope and length of slope of the contributing area affect velocity of runoff and therefore are
critical tofilter strip and buffer design. Wong and McCuen (1982) site research utilizing sod
buffer strips that suggests strips produce an effective“ removal of medium silt sized sediment
when the ratio of the slope length of the contributing area to the buffer strip length is 10
percent.”
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Slope and Length of the Filter Strip: Both the slope of thefilter strip itself aswell asitslength
are critical, as they determine the potential for pollutant removal to occur. The state of Ohio
(Ohio DER 1966) has tabularized pollutant removal effectiveness of vegetated filter strips for
different slopes and strip widths as shown in Table C-15.

Table C-15: Filter Strip Length as a function of slope and trapping efficiency

Slope of Filter 70% Particulate Trapping 90% Particulate Trapping
(%) efficiency. efficiency.
Width of Buffer in feet. Width of buffer in feet
1 10 50
2 30 120
3 40 135
4 60 170
5 75 210

Vegetation Characteristics: Clearly, type of vegetative cover is an essential consideration in
developing filter stripsand buffers. A high quality forest floor with arich and highly absorptive
humic layer or zone with thick, low understory performsquitewell. High quality grassed buffers,
when kept mowed so that blades are erect and not inundated by runoff also performwell. Turf
grass should be kept at a minimum length of 3 — 5 inches and a maximum length of 12 inches.
Overall, filter design should strive for a dense and deep-rooted vegetationmat whichwill serveto
slow runoff flows aswell as keep soils permeable. Itisalsoimportant to choose vegetation based
on the type of runoff expected froma particular area. For example, filterslocated near roadways
and parking lotsrequire vegetation, such astall fescue, that can withstand salt and heavy metals.

Soil Characteristics: Ingeneral, assoil particle sizeincreases, permeability increases, thereby
promoting infiltration acrossthefilter strip. For newly constructed filter strips, effort should be
taken to minimize soil manipulation and compaction which reduce permeability.

While all these factors significantly contribute to filter strip effectiveness, it isimportant to
recognize that the single greatest threat to filter strip performance is channelization and
concentration of flows” (1997, Delaware DNR).

Reduction of TSS, bacteriaand TP on Vermont Streams

A 6 year study on small agricultural watersheds near the Canadian border in the Champlain valley
showed reduction in bacteria, sediment and nutrients in watershed 1, by fencing out livestock, and
planting a narrow riparian buffer, and a 34% reduction in TSS, 29% reduction in e. coli, and 15%

reduction in TP. (Medls, 2000)

ANR Proposed Riparian Buffer Procedure (2001)

Information on removal rates can be found in the technical appendices on sediment and nutrient
removal capability of different width riparian buffers. Buffers protect water quality by removing
sediment and nutrients, and providing shade that maintains a higher water temperature. Buffers
provide habitat for terrestrial and aquatic communities, and reduce damage from flooding. (See
ANR website for a copy of the Procedure:

http://www.anr.state.vt.us/dec/buff proc/Buff ProcDft072701.PDF)
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Section 6.0: Best Management Practices

6.1 Street Sweeping

Bannerman (2000) models reduction in loads through street sweeping. His models quantify

reductions by landuse.

Table C-16 Washoff Reductions for Weekly Street Sweeping (%)

Street Type/Sweeper Type % TSS Removal % N/P Removal
Residential Street

Mechanical 30 24
Regenerative Air 64 51
Vacuum Assisted 78 62

Major Road

(applied to dl but residentia)

M echanical 5 4
Regenerative Air 2 18
Vacuum Assisted 79 63

(Claytor, 1999a; Sutherland and Jelen, 1997; Jurahashi and Associates, 1997, Table 12.7)

Environments., EPA/625/R-99/002, July 1999 (CWP, 2000)

Example: Street Sweeping
— Orlando sweeps over 40,000 curb miles per year. There are 72 residential routes, seven
industrial/commercial routes, and five downtown/near downtown routes. Over 27,000 cubic
yards of material i sremoved annually by the street sweeping program. Thismaterialstakentoa
landfill for disposal ....Chamberlin, W. “ Assessing the Effectiveness of Orlando’ s BMP Strategies
in National Conference on Retrofit Opportunities for Water Resource Protection in Urban

Table C-17. Sweeper Cost Data

Sweeper Type Life(Years) Purchase Price | Operation and Sour ces
($) M aintenance
Costs
($/curb mile)
Mechanical 5 75,000 30 Finley, 1996
SWRPC, 1991
Vacuum-assisted 8 150,000 15 Satterfield, 1996;
SWRPC, 1991

(CWP, Costs and Benefits of Storm Water BMP' s Final Report 9/14/98, Table 25)

“ New street sweeping technology promises much higher removal efficiencies. High efficiency
sweeper s can remove over 95 percent of the solids on the street. This high efficiency isachieved
with a vacuum assisted pick-up system and a series of filters that remove most of the small

particlesfromtheair flow. If the estimates of suspended solidsloads reductions are correct, the
high efficiency sweepers could lower the annual loading of solids from a residential area by
about 50 percent. Thislevel of reduction has not been verified with a water quality monitoring
project. We ar e testing the water quality benefits of a high efficiency sweeper in a cooperative
project with the Wisconsin DOT and the U. S. Geological Survey. We are doing the monitoring
on a section of interstate highway in Milwaukee, Wisconsin. The six lanes of freeway carries
about 180,000 vehicles each day. Short sections of the freeway are being used for a test and
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control site. Automated sampling stations are being used to collect water quality data fromthe
sites during periods of sweeping and non-sweeping. We ar e eval uating the differ ence between the
sites by looking for differencesin theregression relationshipsfor sweeping and non-sweeping
periods. The paired site design hel ps us to normalize the data for the influences of non-sesper
related variables, such as rainfall patterns. ...The data is not only showing water quality
differences in runoff from swept sections of freeway, but is also providing more valuable
information on the quality of freeway runoff. We are also using the data to calibrate models
capabl e of estimating the pollutant loads from urban surfaces andto predict the benefits of street
sweeping.” (Bannerman, 2000)

6.2: Storm-Drain Clean-Out

The Value of More Frequent Cleanouts of Storm Drain Inlets
by Phillip Mineart & Sujatha Singh, Woodward-Clyde Consultants, Oakland, CA

“Pitt (1985) in a study in Bellevue, Washington, concluded that catch basins could trap
and retain sediments up to about 60% of their total basin volume. However, large storm events
often flush out the trapped sediments and convey them downstream. The following questions
were addressed by this study: (1) If urban pollutants are present within the trapped sediments,
would more frequent cleaning have any value as a stormwater treatment practice? (2) If so, would
cleanouts be afeasible and cost-effective strategy compared to other stormwater practices?

The study examined both the volume and quality of trapped sediments within 60
residential, commercial and industria storm drain inlets that had been cleaned with either a
monthly, quarterly, semi-annual, or annual frequency. For industrid inlets, monthly cleanouts
removed nearly six times more sediment than annual cleanouts.

However, a substantial amount of trapped sediment flushes out prior to operation when
the operation is performed only once or twice ayear (Figure 1) and therefore, a much greater
annua mass of sediment could be removed through monthly cleaning.

The study concluded that the modest pollutant removal benefit of more frequent clean
outs of storm inlets needs to be balanced by the significant jump in municipal costs and staffing
it would create.” (CWP, Article 12)

6.3 Road Sanding

“Determine application rate, tons per year per mile of road. Default Model assumption is that
90% of the sediment is delivered to the receiving water in closed section roads, while only 35% is
delivered in open section roads.” (CWP, 2000)

6.4 Snow Disposal Guidelines

“The environmental effects of disposed snow result from high levels of sodium chloride, sand,
debris and contaminants from automobile exhaust. The method of disposa determines the
potential environmental effects: disposal in surface water; adjacent to surface water; or away
from surface water where meltwater will discharge to groundwater.

Each disposal dternative poses different problems. Chlorides, metals, and other such
contaminants are a threat to groundwater, and to some extent, surface water. Sand and silt
threaten aguatic life in surface water but pose no threat to groundwater. Debris can create awater
quality problem if dumped with snow into surface water.
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Recommended Guidelines for Snow Disposal
The following guidelines reflect the view of DES that the greatest long-term harm would occur

from contamination of groundwater, but that surface water must also be protected, and that
aesthetic concerns cannot take a higher priority than the environmental concerns:
Disposed snow should be stored near flowing surface waters, but at least 25 feet from the
high water mark of the surface water;
A silt fence or equivaent barrier should be securely placed between the snow storage area
and the high water mark;
The snow storage area should be at least 75 feet from any private water supply wells, at least
200 feet from any community water supply wells, and at least 400 feet from any municipal
wells. (Note: Snow storage areas are prohibited in wellhead protection areas [class GAA
groundwater]);
All debris in the snow storage area should be cleared from the site prior to snow storage; and
All debris in the snow storage area should be cleared from the site and properly disposed of
no later than May 15 of each year the areais used for snow storage.

Section 7.0: Transportation And Infrastructure
7.1 Bridge And Culvert Sizing

Bridge design needs to take into account the following factors:

“In projecting future trends based on measured past devel opments, allowance needsto be made
for:
- Watershed land-use changes over the life of the structure;

The past flow history in comparison with projected flows occurring over the life of the
structure, the duration of floods or flows near bankfull stagesprobably being moreimportant
than the flood magnitudes;

That lateral migration can fluctuate along a given reach and markedly fromone period tot he
next, sometimes occurring only episodically; and

That following a disturbance, an initially stable channel typically oscillates between
aggradation and degradation before the channel restabilizes (Mdville, 2000).

Reducing scour at bridges needs to be based, not just on hydrology and hydraulics, but an
understanding of fluvia geomorphology. This may include the use of regime equations, data

from field work, the Vermont Regiona Hydraulic Curve (2001) and other sources that can be
used to better understand the fluvial geomorphic cross-sectiona requirements to adequately move
both water and sediment (Simon 1995).

Bridge congtruction: Size bridges for geomorphic stability (Meville, Coleman 2000). Minimum
of bankfull width except at meander bends, should be 1.5 times bankfull width. Streams with
access to floodplain (not entrenched) consider sizing for floodprone width, thiswill not only
provide long-term flood benefits, but will aso facilitate animal passage aong the riparian
corridor.

Examine enlargement curve from Phase |1 study (CWP et al., 1999). Use Williston buildout
anaysis to predict channel enlargement and size bridges for predicted channd enlargement.

Size culverts to avoid backwater effects, channe constriction and downstream scour . This will
reduce sediment loads into the watershed.
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7.2 Bridge Assessment

Data collected during an assessment includes the presence of bed protection, the type of bed
materid, the stage of Channel Evolution, the number of piersin the channel, the percentage of
horizontal and vertical channel blockage, the presence of bank erosion and pier skew, the distance
of the meander impact point, the presence of mass wasting at pier, the degree of high-flow angle
of approach, and the percent woody vegetative cover (Simon, 1995, Johnson, 1999). These
factors are used to rank bridges for instability. New bridges and stream crossings should be
designed to reduce instability and promote stability within the fluvia system.

Assessment methods at existing or proposed stream crossings should reduce the likelihood of
causing lateral and vertica instability and scour. Instability introduces sediment into the stream
system. In the absence of any detailed assessment it is recommended that stream crossings are a
minimum of bankfull width, and 1.5 x bankfull width a meander bends (Médlville, 2000). This

will reduce contraction scour, and decrease the sediment load into the system.

“ Channel adjustment by erosion can be expected to occur if stream-power valueslie abovethe
threshold stream-power curve and conver sely, adjustment by deposition can be expected to occur
if streampower values fall below the threshold stream-power curve. Thus the likelihood of
channel instabilities can be assessed in a general manner for study sitesin a given drainage
basin “ (Smon and Downs, 1995).

7.3 Restoration And Maintenance Near Road Corridors

1. Change hydrology aong road corridors

a) fill inswaes

b) putinleve spreadersfor al drainage within corridor (from and to
roed)

c) disperse existing flow that has been concentrated either draining from
the roads or, draining towards the roads. This could be done through
the use of constructed wetlands, level spreaders etc.....to disperse flow

2. Bridge maintenance, ensure sediment isn't swept from bridges into streams.

3. Develop a maintenance and management plan for culverts and other infrastructure, based
on Watershed Management Institutes Operation, Maintenance and Management
suggestions (Watershed Management Institute. 1997).

4. Better Back roads (Windham Regiona Commission. 1995), use al applicable
suggestions.

7.4 Culverts

ANR 1999 finds that:

“These cheap culvert crossings wer e often under sized or did not match the stream mor phology
well; causing undesirable headwater depths, inlet stream channel deposition and instability, high
outlet velocity, bed scour and erosion and would experience frequent washoutsand maintenance
requirements. Where single pipeswouldn’t or didn’t work, multipletubeswereinstalled. These
caused even greater incompatibility with the channel morphology, increased debris blockage
problems, and provided little or not hydraulic improvement or reduction in frequency of
damage.” Private drives and public roads should be sized “ to efficiently transport the water
flows and sediment produced by thewatershed” . “ Significant energy or head losses occur at the
inlet to stream crossing structures. The magnitude of thisenergy loss varies by type of structure,
by tits hydraulic capacity and other inlet conditions such as alignment with the channel, stream
gradient and the physical characteristics of the structure opening.
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Asthese energy | osses occur, the stream flow slows down and builds up head, or a higher water
surface elevation , ahead of theinlet to the structure. Asthevelocity drops, the streamlosesits
ability to transport its sediment load past the culvert or bridge. Theresult isexcess deposition
and build-up (aggradation) of the bed el evation upstream of theinlet to the structure. After afew
years, streambank erosion associated with the unstable bed elevation typically results in the
stream attempting to outflank the structure and setting the stage for a flood induced failure.
Downstream of the structurethere al so occur undesirable morphological changesto the channel
due to the interruption of sediment transport. Asthe coarse sediment is trapped upstream, the
streamis still exercising its energy and ability to mobilize sediment downstream. The bed and
banks continueto be scoured away but little or no coarse material isbrought down fromaboveto
provide the balance required to maintain stability. Inanatural situation, therewould alwaysbe
an equal volume of material being transported fromabove to replace whatever isbeing eroded
away. Thisistheway a stream naturally maintainsits stability over time and how thisprocessis
being adver sely affected by an inadequate state and federal design standard for streamcrossing
structures. In the absence of any known technical analysis, it may be appropriate to apply a
lesser maximum HW/D value for stream crossing designs on high bed load streams.”

Reduce the use of culverts, and do not use double culverts (SEI, 1998).

A study of flood damage for the State of Vermont of 7 towns found that “ The result is a range of
29 to 58 percent of the total number of damage incidentsthat could have been avoided.” A lage
mgority of the avoidable damage is due to undersized culverts (SEI, 1998).

Section 8.0 Channel Protection and Structural Practices
8.1: Channel Protection

The Vermont stormwater management manual suggests reduction of erosive flows through
channel protection.

“ Resear ch studiesindicate that this method [ post-devel opment peak flows are held to two-year
pre-devel opment rates] frequently does not protect channels from downstream erosion and may
actually contribute to erosion since banks are exposed to a longer duration of erosive bankfull
and sub-bankfull events (MacRae, 1993 and 1996, McCuen and Moglen, "988). Facilitieswith
two-year control often release water above a critical discharge for effective work (Q.) for a
longer period of time, which resultsin greater transport of sediment and bedload...MacRae also
documented that facilities employing two-year control can cause channel expansion by asmuch
asthreetimesthe pre-development condition. The primary reason isthat while the magnitude of
the peak discharge doesn’t change under developed conditions, the duration and frequency of
erosive flows sharply increases. Asaresult “ effectivework’: on the channel is shifted to more
frequent runoff events that range from the half-year event up to the 1.5 year runoff event
(MacRae, 1993). (ANR, 2001)

“Theincreasein runoff rate and volume associated with ur banization has been associated with
accel erated rates of geomor phic activity often resulting in destabilization of the stream channel.
Stormwater Management ponds have been constructed to control instream erosion potential
based on the 1:2 year frequency post — to pre-development peak flow shaving
concept.....Theoretical analyses of the magnitude and transver se distribution of excess boundary
shear stress indicated that despite operation of the facility, erosion potential in the mid-bed
increased by 2.4 pre-development values under existing land use conditions....An alternate
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design criteria based on a zero net change in the transver se distribution of shear stressabout a
channel perimeter using an erosion index method is proposed.” -(MacRae, 1996)

Example Calculation — Channel Protection

Within a subwatershed, channel erosion causes 750,000 pounds per year of sediment load. The
TMDL cdlsfor stabilizing 80% of the stream channel, and applying retrofits that control small
storm events throughout 50% of the subwatershed. Thus, the load reduction is:

L(CP) = (750,000 |bs/yr) (80%)(0.5) = 300,000 lbslyr  (CWP, 2000)

Based on this research retrofitting existing stormwater management facilities to 1 year extended
detention facilities or using Distributed Runoff Control (MacRae, 1996, ANR, 2001) will reduce
channel erosion and sediment load.

The Phase Il study can be used to predict channel enlargement in the Williston watershed based
on Total percent impervious (TIMP). With predicted build-out of 65 to 70% in the lower part of
the watershed (Town of Williston Zoning Ordinance, 2000) the channel can be expected to
increase substantially in width.

* %

8.2 Structural Stormwater Treatment Facilities

Different studies report different ranges of removal for sediment, nutrients, metals and bacteria
for smilar structural and non-structural practices. “ As always, extreme caution should be

exer cised when stormwater management performance studies are compared. Individual studies
often differ in the number of storms sampled, the manner inwhich pollutant removal efficiency is
computed (e.g., as a general rule, the concentration-based technique often resultsin slightly
lower efficiency than the mass-based technique), the monitoring technique employed, theinternal
geometry and storage volume provided by the practice design, regional differencesin soil type,
rainfall, latitude, and the size and land use of the contributing catchment.” (CWP Article 64)
This section summarizes average rates of removal from various studies.

TableC-18: Stormwater Treatment Practice Selection Matrix 5. Pollutant Removal Median

Practice TSS(%) | TP (%) | TN (%) | Metals() | Bacteria | Hydro
(%) (%) carbons

(%)

Wet Ponds 80 51 33 62 70 81 (2

Stormwater 76 49 30 42 78 (2) 85 (2

Wetlands

Filtering Practices 86 59 338 69 37 (2) 842

Infiltration 95 (2 80 51 9 (2 Na Na

Practices (3)

Water Quality 84 A 84 (2 70 Na 62 (2)

Swales (4)

Quantity Control 3 19 5 75 78 Na

Ponds (2, 5)

1. Average of zinc and copper. Only zinc for infiltration

2. Based on fewer than five data points (i.e., independent monitoring studies)

3. Includes porous pavement, which is not on the list of approved practices for Vermont.
4. Higher removal rates for dry swales.

5. Quantity control ponds (a.k.a. dry detention basins or vaults) do not meet the WQv
reguirement and must be used in conjunction with acceptable water quality STPs.
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N/A: Datanot available
(Vermont Stormwater M anagement Handbook, public review draft November 2001)

Table C-19 Percent Reduction in Nitrogen, Total Suspended Sediment and Total
Phosphorus Removal of Stormwater Treatment Practicesfor Water Quality

Group [Practice N TSS TP Notes
Removal | Removal
Pond |Micropool Extended| O ND ND [Thispracticeis presumed to have removal rates similar to
Detention Pond the wet extended detention pond. While this practice has
not been monitored the pollutant removal mechanisms are
similar.
Wet Pond 29 7% 4% [Wet pond performanceis highly variable, with some
practices in the database with poor design features.
Practices that follow the recommended criteriawill exceed
80% TSS removal consistently (See Final Handbook).
Wet Extended 14 8% 55%
Detention Pond
Multiple Pond 1 91% 76%  [Although only based on one study, it is presumed that this
System practice will consistently exceed the 80%
removal. The design should result in slightly higher
removal s than the wet pond.
Pocket Pond 5 87% ND  [Pocket ponds are a subgroup of other pond designs,
including all ponds with drainage areas | ess than 10 acres.
Wetland|Shallow Marsh 23| 8% 43%
Extended Detention | 4 69% 3% [The database is dominated by highly undersized practices.
Wetland No ED wetland in the database treats more than 0.15
watershed inches. Even among these, one practice achieves
80% removal. It is commonly accepted that practices that
follow required performance criteriawill achieve 80% TSS
removal consistently.
Pond/Wetland 10 71% 56% | The current database is biased by poorly designed facilities.
System Removals similar to the Wet Pond and Shallow Marsh
designs are anticipated. Also, removals were highly
variable. Four of the 10 practices actually had higher than
90% removals. It iscommonly accepted that practices that
follow required performance criteriawill achieve 80% TSS
removal consistently.
Gravel Wetland 2 83% 64%
Quality Control <5 3% 19%
Pond 61 % 20%
Dry Extended

Detention Pond
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(Table C-19 continued)

Group Practice N TSS TP Notes
Removal Removal
Infiltration |Infiltration Trench 3 ND 100% |Infiltration practices are difficult to monitor, but are
presumed to have high removal rates based on
filtration processes of the soil and pollutant land
application studies.
Infiltration Basin 0 ND ND
Filtering  |Surface Sand Filter 8 8% 59%
Practices  |Underground Sand 0 ND ND Presumed similar removal to other filtering

Filter practices.

Perimeter Sand Filter | 3 % 41% Result impacted by one study with very low inflow
concentrations. Presumed similar removal to other
filtering practices.

Organic Filter 7 88% 61%

Bioretention 1 ND 65%  |GOOD PRACTICE TO PROMOTE

Vertical Sand Filter 58% 45% Low Removal Rates

Open Dry Swae 4 93% 83%

Channels  |Wet Swale 2 74% 28%  |Thetwo wet swale designs inthe database actually
achieverelatively low outflow concentrations.
Results are biased by relatively low inflow
concentrations.

Grass Channel 3 68% 2% The current database is slightly biased by poorly
designed facilities. Removals similar to the Dry
Swal e are anticipated with appropriate design.

Open Channels with 31% -16% |Ditches

low removal rates

Notes: Removals represent median values from Winer (2000)

N = number of studies

TSS = total suspended solids; TP = total phosphorus

ND = no data

(Vermont Stormwater Management Manual Table D4-1)

“ Removal of other pollutants may be an important consideration for many applicationsaswell.
For most pollutants, insufficient data are available to make conclusions about individual
practices. Therefore, the Handbook will present data or presumed removals for the practice
groups as guidance on appropriate STP selection. Smilar to TSSand TP, these data are based
on pollutant removals reported in Winer (2000) (Table D4.2).”

(Vermont Stormwater Management Handbook, public review draft November 2001)
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Table C-20: Percent Reduction of Sediment Control M easur es

BMPLIST Design | Rangeof | Brief Design Requirements
Rate | Average
(%) TSS
removal
rates
(%)
Extended Detention Pond 70 60-80 | Sediment Forebay
Wet Pond 70 60-80 | Sediment Forebay
Constructed Wetland 80 65—-80 | Designed to infiltrate or retain.
Water Qudity Swae 70 60-80 | Designed to infiltrate or retain.
Infiltration Trench 80 75-80 | Pretreatment critical
Infiltration Basin 80 75-80 | Pretreatment critical
Dry Wdll 80 80 Uncontaminated rooftop runoff
Sand Filter 80 80 Pretreatment
Organic Filter 80 80 Pretreatment
Water Quality Inlet 25 15-35 | Off —lineonly, 0.1 min Water Quaity VVolume
(with Storage
cleanout)
Sediment Trap (forebay) 25 25with | Stormflows from 2 year event must not cause
cleanout | erosion. 0.1% minimum WQV storage
Drainage Channel 25 25 Check dams, non-erosive for 2 year.
Deep Sumps (hooded catch 25 25with | Deep sump genera rules 4” pipe diameter or 4 “
basin) cleanout | for pipes 18" or longer
Street Sweeping 10 10 Discretionary non-structural credit, part of
approved plan.

Source: Stormwater Management, Volume 1 Stormwater Policy Handbook, March 1997, MDEP, MCZB,
based on Scheuler 1996 and EPA 1993

Section 9.0 Phosphorus Removal, Urban And Agriculture

A 1999 study of phosphorus movement into Lake Champlain found that urban areas are a
disproportionate source of the problem. Urban land constituted 5.5 % of the Champlain drainage
basin, but contributed 37% of the phosphorus. Agricultura land, which constituted 17% of the
land area, accounted for approximately 56% of the phosphorus (Medls, 2000).

Table C-21. Urban land areas and current urban nonpoint source loading estimates used in the

phosphorus load reduction targeting procedure.

Hectaresurban urban load Kalyr per kglyr/acre
area (mt/yr) hectare
Main Lake, Vt, 15,429 1752 113 0.516
Winooski River
Allen Brook watershed 14.5 SQ. M1.

Total watershed | 5.5% in 1995 Kg/Y'r Phosphorus loading urban land —TIMP only, not
acres total acres= all urban land 510acres* 0.516 kg/yr/acre

TIMP acres

9280 510 263.2351 = 579 lbs/yr

(DEC 1997, Table 35)
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Better Site Design aso results in areduction in phosphorus loading Table C-22.

Table C-22:Phosphorusoutput in Each Development Scenario: Ibs/year with minimum 100
ft buffer.

Medium Density | Low Density Shopping | Office
Residential Residential
Predevel oped 3.6 36.2 11 15
Conventional w/o BMPs 27.7 45.7 13 175
Innovative w/o BMPs 22.2 23.2 10.9 13.8
% reduction conventional to 20% 49% 16% 21%
innovative without BMP's
Conventional w/BMPs 24.2 43.8 10.6 11.3
Innovative w/BM Ps 9.8 21.7 5.7 6
% reduction conventional to 60% 50% 46% 47%
innovative with BMP’s

(CWP, 19983)

A report by the Vermont Department of Environmental Conservation modeled phosphorus load
reduction from point and non-point sources using agricultural BMP's. Loads were modeled on
the basis of animal unit (au) with each anima unit =1000 Ibs or 454 kg. animal weight.

Table C-23. Cost and assumed phosphorus reduction effectiveness of agricultural nonpoint
source controls in the Lake Champlain basin, from US NRCS models. Costs are total capital and
annual operation and maintenance costs, expressed on a present value basis (30 years at 5%
discount rate). “NA” indicates data not available and treatment not considered.

Treatment Cost $/animal unit Phosphorus Reduction

(kg/aulyr
Milkhouse effluent treatment 81 0.091
Wadte utilization 334 0.136
Barnyard runoff treatment 130 0.227
Erosion control A1 0.363
Grazing Management 45 0.227
Nutrient management 108 0.091
Riparian zone management NA NA

(DEC 1997, Table 32)
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Table C-24: Percent Reductions TSSand TP —Agricultural BMP’'s

TOTAL SUSPENDED REPORTED CALCULATED
SEDIMENT REDUCTION % REDUCTION %
BMP Type TreatCnt low Avg. [ high Low Avg. | high
Animal Waste BMP Systems 4 -114 -485 | 17 -114.3 -401 | 174
Critical AreaPlanting 1 74.7 747 | 747
Cropland and Livestock BMP 1 19 19 19 187 187 | 187
Systems
Cropland BMP System 1 -51 51 | -51 -51.3 -51.3 | -51.3
Infiltration Basin or Trench 1 98.9 989 | 989
Residue Management 2 55 361 | 648
Residue Management, No-till and 3 87.3 873 | 87.3 85.1 899 | 97.3
Strip Till
Residue Management, Reduced 3 21.2 504 | 69.4
tillage
Spring Development 2 -194.9 -51.2 | 925
Vegetative Filter Strip 1 537 537 | B3.7
TOTAL PHOSPHORUS REPORTED CALCULATED
REDUCTION % REDUCTION %
BMP Type TreatCnt low Avg. | high low Avg. | high
Animal Waste BMP Systems 6 10 175 | 25 -150.0 -191 | 45.7
Constructed Wetland 1 111 111 | 111
Controlled Drainage 2 31 31 31 309 394 | 479
Cover and Green Manure Crop 1 48 48 48 479 479 | 479
Critical AreaPlanting 1 525 525 | 525
Crop Rotation 1 39.9 399 | 399
Cropland and Livestock BMP 1 54 54 54 539 539 | 539
Systems
Cropland BMP System 6 4 203 | 36 -1355 -02 | 671
Drip Irrigation 1 -88 -88 | -88
Gully Treatment 1 60.4 604 | 604
Infiltration Basin or Trench 1 97.6 976 | 976
Mulching 1 111 111 | 111
Nutrient M anagement 4 -42.5 -198 | 152
Pasture BMP Systems 1 27.0 270 | 270
Residue Management 6 785 785 | 785 -50.0 389 | %42
Residue Management, No-till and 7 904 91.95 | 935 -170.0 215 | Y44
Strip Till
Residue Management, Reduced 5 -26.3 180 | 510
tillage
Residue Management, Ridge Till 1 46.6 46.6 | 46.6
Residue Management, Seasonal 1 235 235 | 235
Riparian Forest Buffer 2 -80.0 36 | 871
Spring Devel opment 2 -37.8 287 | 95.1
Subsurface drainage 1 36 36 36 30.6 306 | 306
Terrace 1 25 25 | 25
Vegetative Filter Strip 3 -19.9 255 | 684
Water and Sediment Control Basin 2 29 29 29 289 289 | 290
Water Table Management 5 164 328 | 492 453 66.1 | 804

(Chesapeake Bay Program BMP Effectiveness Database)
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The Vermont ANR conducted the following literature review of phosphorus offsets.

PHOSPHORUS OFFSET REFERENCES - JIM PEASE ANR

WATERSHED PROTECTION MEASURES-ANR Phosphorus Removal
(References refer to page 2 of ANR Phosphorus removal document)

BMP

Buffers on wetlands
Performance criteria for site

planning

Riparian buffer criteria

P-REMOVAL
0-40%
0-40%

30-95%

(a) Exists as a secondary BMP for al new devel opment
(b) Flow velocity into buffer < 1 foot/sec
(¢) Infiltration of buffer receiving flow >.25"

(d) Buffer must provide 9 minute residence time or be extended to meet criteria
(e) Slope of buffer <10%
(f) Sail type not SCS D-series

Impervious surface area reduction 0-20%

techniques

SOURCE CONTROL MEASURES

Lawn/fertilizer regulations:

30-40%

(a) fertilizer reduction use in 300" buffer of all streams

(b) lawn size limits
(c) restriction of fertilizer use on high infiltrating soils (A-series)
(d) xerio landscaping

(e) inorganic fertilizer ban
Public education/outreach

streambank stabilization

Erosion/sediment control ordinance Reference

[llicit discharge detection and elimination
Municipal Maintenance Program/Housekeeping

(8) catch basin cleaning, 2x/yr

(b) street sweeping, 6-120x/yr

(c) roadside swale maintenance
for pollutant removal
Onsite disposal system (OSDS)

maintenance

Alternative septic system

requirements

5-20%

0-20%

40%

35%

60-90%

Maintenance of sediment basins (dry)  10-30%

Maintenance of infiltration basins

40-80%
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?
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Reference

Reference

$30/yr

$20/curb mile
$800/acr/yr
$50-100/yr
Reference
Reference

Reference

Page 1

REFERENCE
1, page 4-40
1, page 4-41

1, page 4-92,
7-49

3, page 110
5, page 17,21

1, page 4-41
4, page 100
3, page 33

1, page 4-41
2, page 121
13

1, page 7-1,7-
47, 7-33
4-92,6

1, page 4-63, 4
75

4, page 145

1, page 4-119
1, page 4-119
1, page 4-30

4, page 129

7, page 6

7, page 8
1, page 4-152
1, page 4-152

1, page 4-41
1, page 4-104
2, page 35

14

2, page 68
14



PHOSPHORUS OFFSET REFERENCES - JIM PEASE ANR Page 2

STRUCTURAL CONTROL MEASURES

Bioretention w/pretreatment %80 Reference 8, page 495
(8 all residential/commercial uses where practical 9
Infiltration requirement w/pretresat. %60 Reference 2, page 80
(@) dl residentia uses where practical 10
Wetpond w/pretreatment

(a) retention >48 hours %60 Reference 2, page 51
(b) retention >14 days %90 11, pageix
Retrofit of existing dry to wet ponds ~ %50-90 $1000/besin = 1, page 4-91
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Appendix D: Summary Of Best Management Practices Costs and Maintenance
Information From Literature Search

Outlinefor Appendix D
Section 1.0: Summary
Section 2.0: Cost of BMP's
Section 3.0: Maintenance Costs And Schedule For BMP's
References

List Of Tables

Table D-1: Balance Sheet for Watershed Protection

Table D-2: Range of Cost for Structural Treatment

Table D-3: The Unit Cost of Subdivison Devel opment

Table D-4: Typical Unit Base Costs for BMP's

Table D-5: Comparison of costs of improperly and properly constructed ditches

Table D-6: Genera Effectiveness and Cost of Various Nonstructural Control Practices
(Metropolitan Washington Council of Governments

Table D-7: Annua Maintenance Costs

Table D-8: Maintenance Schedules for BMP's.

Section 1.0 Summary

Although there are some references on the cost of BMFP's, it is still difficult to estimate the exact
cost. The referencesin this Appendix should be seen as general guidelines. The results of the
literature search are summarized below:

1) Prevention isless expensive than restoration. Better Site Design, Erosion and Sediment
Control, Riparian Buffers, use of the 6 credits in the Vermont Stormwater Manudl,
management and maintenance and education can be considered as the first phase of
prevention. For example, in Heritage Meadows a homeowner dumped gasoline down a
stormdrain and caused the evacuation of neighborhood due to gas fumes, and thousands
of dollarsin clean-up costs. An inexpensive education campaign including storm-drain
stenciling could have prevented the clean-up costs, and human health impacts associated
with the spread of gasoline fumes into houses in the neighborhood.

2) Positive economic results in terms of increased property values, lower development costs
can be associated with stormwater facilities designed with conservation benefits, property
that is adjacent to conserved land, or well-designed devel opments using “Better Site
Design” (CWP, 1998b)

3) Structures are more expensive. Structural treatment of stormwater is more expensive
than non-structural treatment.

4) Transportation infrastructure including culverts and bridges are very expensive. These
structures should be sized to consider full build-out in the watershed and channel
widening associated with the proposed level of imperviousness. Increases in impervious
area cause increases in runoff and decreases in infiltration, the channel responds by
widening, and deepening and more frequent flooding. The Phase I (CWP, 1999)
relaxation curve should be used to properly size bridges for full watershed build-out.

5) Increased flooding and property damage often occur as areas develop. For example, the
bankfull, or channel forming flood (the flows respongible for carrying the mgjority of
water and sediment in awatershed) may occur every 1 — 2 yearsin an undeveloped

Costs And Maintenance
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watershed, and as frequently as every few months in an urbanized watershed. Associated
costs include loss of land, buildings and infrastructure in addition to costs associated

with stream restoration or stabilization. Stabilization, restoration and flood prevention

costs can be up to hundreds of thousands of dollars per mile of stream for design and
implementation.

6) The Vermont Stormwater Manua recommends that watersheds which have over 8%
imperviousness require more careful stormwater treatment to protect the stream.
Impervious area in sub-watersheds and the entire watershed should be tracked, and
careful attention to implementation of development and stormwater retrofits should be
part of any planning process.

7) Expensive structura treatment will fail without proper management and maintenance, the
initial costs of structural treatment are wasted unless regular maintenance occurs.

8) Both short —term costs (initial development) and long term costs (maintenance,
reconstruction, restoration or replacement of undersized bridges and culverts) need to be
considered when making decisions as part of awatershed planning process.

9) Costs must be divided into public, private and development costs. Decision-making
based on cost should consider both short and long-term costs.  Short-term costs include
the development of town ordinances or education and storm-drain stenciling or initia
development costs. For example, poor erosion and sediment control practices during a
construction project may save the developer money, but will have long-term costs to the
Town or homeowners associations, or homeowners. Connected impervious surfaces
(roofs and driveways draining directly into stormwater facilities) may solve a problem for
the devel oper, but may create a problem for the Town. Building a driveway on a steep
dope that drains onto a public highway, may causea transfer of cost from private to
public, if the public road washes out during floods due to improper construction or
maintenance of the driveway and it’s ditches and culverts. Thisis atransfer of private
cost to public cost.

10) Some costs such as maintenance and management and education are on-going. Many
BMP' s may need maintenance on a semi-annual basis (street sweeping, storm drain
cleanout, fore-bay cleaning)

11) The most comprehensive information on cost can be found in a 127 page publication
available on the web http://www.wcdoe.org/rougeriver/pdfs/stormwater/sr10.html by
Ferguson, T, et. Al, 1997. Rouge River National Wet Weather Demonstration Project:
Cost Estimating Guidelines: Best Management Practices and Engineered Controls. This
publication is not summarized in this appendix. It is recommended that those interested
obtain it as an additional reference.

Section 2.0 Cost Of BMP’'s

“ Application of other water shed protection tools, however, can help reducethetotal cost for
Erosion and Sediment Control (ESC) control at a construction site. Forest conservation, buffers
and clustering all can sharply reduce the amount of clearing needed at a site, thereby reducing
area that must be controlled by ESC practices. ESC controls also provide direct and indirect
benefits to both the builder and the adjacent property owner. By keeping soil on the site, a
contractor needsto spend lesstime and labor regrading the site to meet final plan elevations, and
less effort stabilizing eroded slopes. Careful phasing of construction within subdivisions also
often leads to economies over the entire construction process (see article 54).

Stormwater management practices, which include stormwater ponds, wetlands, filtering,
infiltration, and swal e systems, are among the most expensive watershed protection tools.
Stormwater practices are designed to promote recharge, remove pollutants, prevent streambank
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erosion, and control downstream flooding. Despite their high construction and maintenance
costs, stormwater practices can confer several tangible economic benefits, as the following
studies show:

The cost of designing and constructing stormwater practices can be very substantial. The
most recent cost study indicates the cost of treating the quality and quantity of stormwater
runoff ranges from $2,000 to $50,000 per impervious acre (see article68). The construction
costsdo not include cost of land used for stormwater. Sormwater practice costs are greatest
for small development sites (Iess than acres), but drop rapidly at larger sites. In general,
about a third of every dollar spent on stormwater practice construction is used for quality
control, with the rest devoted for flood control.

Stormwater management can also be beneficial for devel opers, since stormwater pondsand

wetlands create a waterfront effect. For example, U.S. EPA (1995) recently analyzed twenty

real estate studiesacrossthe U.S and found that devel opers could charge a per lot premium
of up to $10,000 for homes situated next to well designed stormwater ponds and wetlands. In
addition, EPA found that office parks and apartments next to well designed stormwater
practices could be leased or rented at a considerable premium (and often at a much faster
rate). In a comparison of home pricesin Minnesota, sale priceswere nearly onethird higher
for homes that had a view of a stormwater wetland compared to homes without any

“waterfront” influence. Indeed, the homes near the stormwater wetland sold for pricesthat

were nearly identical to those homes bordering a high quality urban lake (Clean Water

Partnership, 1997).

Not all stormwater practices provide a premium. For example, Dinovo (1995) surveyed the

preferences of l1linoisresidents about living or locating next to dry ponds, and found most

residents would not pay a premiumto live next to a dry pond, and in some cases expected to
pay lessfor such alot. The study confirmed that wet ponds command a considerable premium
and they even scored higher than natural areas, golf courses, and parksin some location

decisions (see article 84).

In addition, some stormwater practices, such as grassed swales and bioretention areas,

actually areless expensive to construct than enclosed stormdrain systems, and provide better

environmental results. Liptan and KinsellaBrown (1996) documented residential and
commercial case studieswhere the use of bioretention and swal esreduced the size and cost
of conventional storm drains needed to meet local drainage and stormwater management
reguirements. The more natural drainage system eliminated the need for costly manholes,
pipes, trenches and catchbasins, while removing pollutants at the sametime. ...

After development occurs, communities still need to invest in water shed management
programs. Thistool isused to educate residents and businesses about the daily rolethey playin
protecting the quality of their watershed. Thus, many communities now invest in programs of
water shed education, public participation, water shed management, monitoring, inspection of
treatment systems, low input lawn care, household hazar dous waste collection, or industrial and
commercial pollution prevention programs. The common theme running through each programis
education. The responsibility for ongoing water shed management programsis borne by local
government, although many are now employing stormwater utilities to partially finance these
programs (for areview of trendsin stormwater utilities, see article 69). Nationally, the average
residential stormwater utility feeisabout 30 dollars per year, of which lessthan 75 centsis spent
on water shed education... Some water shed pr otection tools have the potential to save developers
money, through lot premiums, greater marketability, and lower construction costs. At the same
time, a developer has to pay outofpocket for stormwater and sediment control, as well as
consultant fees to navigate through the water shed protection maze. As might be expected, the
community at large getsthe greatest overall benefit associated with water shed protection, and
appears to bear the least cost (although they may have to pay more for housing). Reported
savings for the three projects ranged from $10,000 to $200,000.
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Sormwater practices must be maintained, and that cost burden falls on landowners or
local government. Over a 20 to 25 year period, thefull cost to maintain a stormwater practiceis
roughly equal toitsinitial construction costs (Wiegand et al., 1986). Few property ownersand
homeowner associationsare fully awar e of the magnitude of stormwater maintenance costs, and
most fail to regularly perform routine and nonroutine maintenance tasks. It is likely that
performance and longevity of many stormwater practices will decline without adequate
maintenance. Therefore, local governments need to eval uate how the future maintenance bill will
be paid and who will pay it...” (Scheuler, Tom, Center for Watershed Protection: The Economics
of Watershed Protection. Vol 2 No. 4, June 1997)
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Table D-1: Balance Sheet for Watershed Protection
(-) negative economic consequence (+) positive economic or environmental impact

Water shed Developer/Builder Adjacent Property Community L ocal Government
Protection Tools Owner
1. Watershed (-) cost of land (+) property value (+) business (+) staff and budget
Planningand (-) locational attraction resources
zoning constraints (+) protection from (+) reduced “clean
adverse uses up”’
2. Protect Sensitive | (+) natural area (+) property value (+) habitat (-) staff resources
Areas premium (+) fisheries (+) reduced “clean
(-) permitting costs up” costs
(-) locational (+) lower cost of
constraints services
3. Establish Buffer (+) buffer premium (+) property value (+) flooding risk (-) staff resources
Network (-) locational (+) wildlife (+) fewer drainage
constraints (+) greenway complaints
(+) trails
4. Cluster and (+) construction (+) property value (+) recreation (-) staff resources
Open Space costs (-) Homeowners (+) green space (+) lower cost of
Development (+) marketability Association fees (+) natural area services
(+) nolost lots preservation
5. Narrow Streets (+) reduced (+) property value (+) better sense of (+) staff resources
and Smaller construction costs (-) parking place
Parking Lots (+) pedestrian
friendly
6. Erosion and (-) higher cost (+) trees saved (+) water quality (—) staff resources
Sediment Control (+) savingsin increase value (+) tree (+) reduced
cleaning/grading (+) no off-site conservation complaintsfrom
sediment downstreamers
7. Stormwater Best | (-) higher costs (-) maintenance (+) protection of (-) staff resources
Management (+) pond/wetland (+) waterfront effect | water supply (+) reduced
Practices premium (if done right) (+) stream waterbody
protection programs/problems
8. Treat Septic (=) higher design (-) clean out costs (+) protection of (-) staff resources
System Effluent and engineering water supply
costs
9. Ongoing No impact (-) annual feefor (-) annual fee (-) staff resources
Water shed utility (+) involvement in
Management (+) continued watershed services
healthy environment
ECONOMIC MIXED POSITIVE POSITIVE NEGATIVE
TREND

Scheuler, Tom, Center for Watershed Protection: The Economics of Watershed
Protection. Vol 2 No. 4, June 1997

Table D-2: Range of Cost for Structural Treatment

Wetpond [Wetpond |Wetland lowjWetland Infiltration (Infiltration
low high High Basin Low |Basin high
Cost per
acre of $112 $2,247 $5,618 $39,896 $224 $1,348
water shed
(Pesse, 1997)

Costs And Maintenance

D-5




Table D-3: The Unit Cost of Subdivision Development

Subdivision mprovement Unit Costs

Roads, Grading $22.00 per linear foot
Roads, Paving (26 feet width) $71.50 per linear foot
Roads, Curb and Gutter $12.50 per linear foot
Sidewalks (4 feet wide) $10.00 per linear foot
Storm Sewer (24 inch) $23.50 per linear foot
Clearing (forest) $4,000 per acre
Driveway Aprons $500 per apron
Sediment Control $800 per acre
Stormwater Management $300 per acre (variable)
Water/Sewer $5,000 per lot (variable)
Well/Septic $5,000 per lot (variable)
Street Lights $2.00 per linear foot
Street Trees $2.50 per linear foot

(Source: SMIBIA 1987 and others, as published in Schueler 1995) (Scheuler, Tom, Center for
Watershed Protection: The Economics of Watershed Protection. Vol 2 No. 4, June 1997)
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Table D-4: Typical Unit Base Costsfor BMP's

BMP Typic Notes Source
al
Cost
($/cf)
Pond 0.50 — | Cost range reflects economies of scalein designing this | Adapted from
1.00 BMP. Thelowest unit cost represents approximately Brown and
150,000 cubic feet of storage, while the highest is Scheuler
approximately 15,000 cubic feet. Typicaly, dry ponds (1997)
are the least expensive design options among ponds.
Wetland 0.60 — | Although little data are available to assess the cost of Adapted from
125 wetlands, it is assumed that they are approximately 254% | Brown and
more expensive (because of plant selection and sediment | Scheuler
forebay requirements) than ponds. (1997)
Infiltration 4.00 Represents typical costs for a 100-foot long trench. Adapted from
Trench SWRPC
(1991)
Infiltration 1.30 Represents typical costs for a 0.25 acre infiltration basin. | Adapted from
Basin SWRPC
(1991)
Sand Filter 3.00— | Therangein costs for sand filter construction islargely Adapted from
6.00 due to the different sand filter designs. Of the three most | Brown and
common options available, surface sand filters are the Scheuler
most expensive, perimeter sand filters are moderate and | (1997)
underground sand filters are the most expensive.

Bioretention | 5.30 Bioretention is relatively constant in cost, because it is Adapted from
usualy designed as a constant fraction of the total Brown and
drainage area. Scheuler

(1997)

Dry Swde 4.25 Very few dry swales have been constructed, but the Adapted from
design is smilar to a bioretention facility, with less Brown and
landscaping. Thus, it is assumed that dry swales cost Scheuler
approximately 80% as much as bioretention (1997)

Grass 0.50 Based on cost per square foot, and assuming 6" of Adapted from

Channd/ storage in thefilter. SWRPC

Biofilters (1991)

Filter Strip 0.00 — | Based on cost per square foot, and assuming 6” of Adapted from

130 | storagein thefilter strip. The lowest cost assumes that SWRPC
the buffer uses existing vegetation, and the highest cost (1991)

assumes sod was used to establish the filter strip.

(CWHP, 1998, Costs and Benefits of Stormwater BMPs Final Report 9/°4/98, Table 10)
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Table D-5: Comparison of costs of improperly and properly constructed ditches

Channedl Slope Lining Thickness
0-5% Grass
5—-10% R#3 (2-6 inch diameter rock) 7.5 inches
>10% R#4 (3 — 12 inch diameter 12 inches

rock)

Cost: $36,000/mile/20 years
improperly constructed ditch

Cost: $26,000/mile/20 years
properly constructed ditch

(Vermont Better Backroads Manua Northern Vermont Resource Conservation and Development

Councils, November 1995)

Table D-6: General Effectiveness and Cost of Various Nonstructural Control Practices

(Metropolitan Washington Council of Governments

Nutrient | Sediment| Storm- | Maint- | Longew+ Com- | Coststo | Coststo
control | control water tenance ity munity | Devel- Local
control burden Ac- opers | Govern-
ceptance ments
Stream Buffers| Mod. Mod. Low Low long- | Podtive| Mod. Low
lived
Wetland Mod. Mod. Low Low long- | Podtive| High Low
Buffers lived
Steep Soils Low High Mod. Low long- | Neutral| Mod. Low
Limits lived
Septic Limits | Mod. Low High Low long- | Neutral | High Mod.
lived
Wetland High High Mod. Low long- | Podtive| Mod. Low
Protection lived
Forest Low Mod. Low Low long- | Pogtive| High Low
Protection lived
Habitat Low Low Low Low long- | Podtive| Mod. Low
Protection lived
Open Space Low Low Low Low long- | Pogdtive| High Low
Protection lived
Cluster Low Low Low Low long- | Neutral | Low Low
Development lived
Performance High High High High short- |Negative| High High
Criteria lived
Minimize Low Low Mod. - - - -
I mperviousnes
S
Erosion and Mod. Mod. Low Low long- | Pogdtive| Low Mod.
Sediment lived
Control
(Phased
Construction)
Urban Low Mod. |Ineffecti| Mod. short- | Neutral | Low Low
Housek eeping ve lived

(Table 410 EPA 1993)
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Section 3.0 Maintenance Costs And SchedulesBMP’s

Table D-7: Annual Maintenance Costs

BMP Annua Maintenance Cost for a Source(s)
Cost “Typical”
(% of Construction Application
Cost)(1) (See Table 10)
Ponds and 3-6% $3,000to Wiegland et d. 1986
Wetlands $6,000 Scheuler et. al, 1987
SWRPC, 1991
Dry Ponds -1% $1,200 Livingston et. d, 1997
Brown and Scheuler, 1997
Wetlands -2% $3,800 Livingston et. d, 1997
Brown and Scheuler, 1997
Infiltration 5—20% $2,300 to $9,000 | Scheuler, 1987
Trench SWRPC, 1991
Infiltration 1-3% $150 to $ 450 Livingston et. d, 1997
Basin ) SWRPC, 1991
5-10% $750 - $1,500 Wiegland et d. 1986
Scheuler et. al, 1987
SWRPC, 1991
Sand filters 11 - 13% $2,200 Livingston et. d, 1997
Brown and Scheuler, 1997
Swales, grassed | 5—- 7% $200 to $2,000 | (Assumes the same as swales)
channels
Bioretention 5—7% $3,000 to $4,000 | SWRPC, 1991
Filter Strips $320/acre (maintained) | $1,000

1: Livingston et al.
cities, and percentages were derived from costs in other studies.

(1997) report maintenance costs from the maintenance budgets of several

2: This value was extrapolated from the costs for much larger basins.

(CWP, 1998, Costs and Benefits of Stormwater BMPs Final Report 9/°4/98, Table 19)
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Table D-8: Maintenance Schedules for BMP’s

BMP Activity Schedule
Cleaning and removal debris after mgjor storm events; (>2” rainfall). Annual or As
Ponds and Harvest vegetation when a 50 % reduction in the original open water | Needed
Wetlands surface area occurs.
Repair of embankment and side slopes
@ Repair of control structure.
Removal of accumulated sediment from foreays or sediment storage 5year cycle
areas when 60% of the original volume has been reduced.
Removal of accumulated sediment from main cells of pond once 20 year cycle
50% of the original volume has been reduced.
Mowing and maintenance of upland vegetated areas. Annual or As
Infiltration Sediment cleanout Needed
Trench Repair or replacing of stone aggregate
Maintenance of inlets and outlets.
@ Removal of accumulated sediment from main cells of pond once 4 year cycle
50% of the original volume has been reduced.
Cleaning and removal debris after major storm events; (>2” rainfall). Annual or As
Infiltration Mowing and maintenance of upland vegetated areas. Needed
Basin Sediment cleanout
Removal of accumulated sediment from main cells of pond once 3to5year cycle
@ 50% of the original volume has been reduced.
Removal of trash and debris from control openings. Annual or As
Sand filters Repair of leaks from the sedimentation chamber or deterioration of Needed
structural components.
) Removal of the top few inches of sand, and cultivation of the
surface, when filter bed is clogged.
Clean out of accumulated sediment from filter bed chamber once 3to5year cycle
depth exceeds approximately one-half (1/2) inch, or when the filter
layer will no longer drawdown within 24 hours.
Clean out of accumulated sediment from sedimentation chamber
once depth exceeds 12 inches.
Repair of erosion areas Bi-annual or as
Bioretention Mulching of void areas needed
Removal and replacement of all dead and diseased vegetation
@ Watering of plant material
Removal of mulch and application of anew layer Annual
Mowing and litter and debris removal Annual or As
Dry swales/ Stabilization of eroded side slopes and bottom Needed
Grassed Nutrient and pesticide use management
Channel/ Detaching swale bottom and removal of thatching
Biofilter Discing or aeration of swale bottom
Scraping swale bottom, and removal of sediment to restore original 5year cycle
@ cross section and infiltration rate
Seeding or sodding to restore ground cover (use proper erosion and
sediment control)
Filter Strips Mowing and litter debrisremoval Annual or As
Nutrient and pesticide use management Needed
5 Aeration of soil on thefilter strip

Repair of eroded or sparse grass areas

Modified from Livingston, et. al (1997)
Modified from Livingston, et. a (1997), based on infiltration trench requirements

Modified from ETA and Biohabitats (1993)

1
2.
3. Modified from Claytor and Scheuler(1997)
4
5.

Modified from Livingston, et. al (1997) based on grass swale recommendations

(CWP, 1998, Costs and Benefits of Stormwater BMPs Final Report 9/°4/98, S 20)
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Appendix E: Public Process

Educating the public about the project and inviting them to get involved are criticd to its
ultimate success. Members of the public are the “eyes’ for identifying problem areas dong the
sream. They can provide the impetus for the restoration of the watershed, and influence upon
other stlakeholdersto get involved and work cooperatively with the Restoration Team to find
solutions that can work.

The godls of the public participation component of the project are to:
Work with citizen groups and town leaders to identify which of the watershed qualities
resdents most vaue, and what they would like their watershed to “look like” in the future.
Engage resdents in aresource inventory of the Allen Brook watershed. This promotesa
sense of ownership.
Educate residents and town leaders about watershed processes, existing and future sources of
pollution and the impacts their actions have on Allen Brook and its ecosystem.
Develop a consensus of control strategies and decisionmaking strategies for management of
the Allen Brook watershed.

The drategy to educate and involve as many members of the public as possible included using
the press, public meetings and tours, and advertisements.

The Allen Brook Restoration Team used avariety of tools to reach out to the public, local
officids, and stakeholdersthat live or do businessin the Allen Brook watershed. A summary of
the activities can be found in the main document. Below are the actud outreach tools and
meeting minutes that describe how we raised public awareness and involvement in this project:

Pogter of the Allen Brook Restoration Project, Used in Presentations to the Public;

Public Questionnaire, Used a Town Meeting and Available at Library, Town Hall;

Project Announcemert Included in the Town Annua Report, Used a Public Meetings,
Article, Introducing the Allen Brook Restoration Project, 03/01;

Mesting with the Williston Selectboard, 04/01;

Article, Assessing the Allen Brook and Inviting the Public to Attend the River Waks, 06/01;
Postcard, Mailed to Town Residents: Inviting the Public to the River Walks, Photos, 07/01,;
Letter Submitted to Williston Development Review Board Containing Recommendations on
a Proposed Subdivision, 08/01;

Letter from the Town of Williston, with Attachment, Inviting the Development Community
to Attend a Meeting Regarding the Allen Brook Restoration Project, 09/01;

Meseting with Williston Consarvation Commission, 10/01;

Second Meseting with the Williston Conservation Commission, 02/02;

Article, Announcing Public Meeting with Homeowner Associations, 03/02;

Article, Describing Homeowner Mesting, 04/02;

Article, Describing Buffer Planting Conducted by the local Rotary Club, 05/02;

Article, State Stormwater Rules and the Allen Brook Restoration Project, 05/02; and,
Mesting with the Willison Planning Commission, 06/02.
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1) Where are the pollution problem aress in the
Allen Brook Watershed?

| 2) What areas need to be cleaned up?

) What areas in the Allen Brok Watershed wonld
yi like t see protocted

4) What kssises shauld be addressed st public
mectings abowt the Ablen Braok cleamup?

55 Do you have any photos of what the river or
Willistom weed to be ke that von could share with
T
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Public Questionnaire, Used at Town Meeting and Available at Library, Town Hall:

ALLEN BROOK, MUDDY BEOOK, SUCKER BROOK

These braoks Mow throuph Willisten, Two of them, Allen and Muddy
Frocks, ire damaged because of land development, erosion snd urba
runaff. They we polluted with sediment, nulrients, ioxic chenycals, matals
wnd Dacteria.

W are w group ol rver and watershed experts, hired by the Yermont Agency
ol Maturad Resowces (ANR) who are working with the Town of Williston,
AN sid he Enviesnmantal Protection Ageney to address pallution i
Al Brook watershed, During 2001, we will work with cownspeople,
Lindownees, bisiness owners, developers-and town afficials to develop o
plan fo restore the water quality of Allen Broak, Federal luw reguiinss
damuged waters to becleaned wp.

We need your uctive participation in the restoration af this vital natursl
resource. We want to know what you most value about the watershed.
Pleave welle or call us, wod Fet s know abowi:

i) Pollation problem areas in the Allsn Brock wererihed

b.) Resroraiion apportnaities

&) Areas you weuld like to protect

d} Cosicerns regarding this project's aifect on Yol orF Jour
PrOETTY. -

Ity working with as many interested people a8 passibie, we hops to develip
1 consensus on the resteration and management of the Allen Drook
swatershed.

We will e holding several public meetings, so that we can hear [rom a5
many people as possible, and so that we can sleare what we have learned
abaul the watershed, existing and future sourees of pollution, and the
ifpacts we all have on waler quatity,

Wi lonk forward to hearing froam yoil,
Larl Rarg, Cindy Cook, Kari Dalan, Cielly Hession, Ttk Kori, & Cralg Macrae

Allen Breok Restoration Project
Farl Dolan dolan@nwlorg

R Stnte Sireet

Maontpelier, Vormont 05602

Your interest and participation in-this effort will help
make the communities of the Allen Brook Watershed
healthler and more livable.

The londs within tha Allen Drask watershed were Lirgely converbed from
foresis to agriculture. MNow, the watersheds are experiencing development
pressure. How the lsnd and partlealarly the river bonks wre maiiaged can
have 8 hig impact an the canununity of ¥Williston and the health of these
slresms,

TAKE A FEW MO

PLEASE RETURN DY MAY 1, 2001

Where are there pollution prohlem areas in the Allen Brook watershed?
What areas need 1o be cleaned up?

Wit nrens in the Allen Brook watershed would you like o see
protected?

"____r.__n. isguees should be addressed at public meetings aboul the Allen Trools
cleanup? j

Do you have photos of what the river or Wiiliston used to be ke that you
gould share with w? (f 50, pleanse be aure to fill cut the contact info belaw)

Do you want to wander along the civer with us for 8 day {n lote April, Moy
or June?

Your Mame;
Address:
Phone:
Brnadly
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Announcement Included in the Town Annual Report, Used at Public M eetings:

ALLEN BROOK POLLUTION CLEAN-UP PROGRESS REPORT

In the fall of 2000, the Vermont Agency of Natural Resources (ANR) retained the services of ateam of
experts to develop the watershed restoration plan for the 14.5 square mile Allen Brook watershed, located
in the town of Williston. The goa of the restoration plan isto restore Allen Brook to meet Vermont Water
Quality Standards.

Office work and field assessments were completed during 2001 that characterize the biological,
geomorphic, and riparian condition of Allen Brook; Field work included conducting a pollution
prevention survey and identifying potentia stream rehabilitation and candidate sites for remediation;
Conducting public walks, meetings with Town personnel, and outreach events for the local community;
and identifying opportunities to incorporate stormwater management into the Town Plan and ordinances.

The Town of Williston is experiencing rapid growth. In 1995, the Allen Brook watershed was
approximately 50 percent agricultural, 25 percent forest, and 25 percent developed (Pease, 1997). Land
use distribution in 1999, described in the 2000 Williston Comprehensive Plan, shows a marked change.
Agriculture has decreased from 50 percent to 25 percent, and residential, commercid/industrial
development has increased to 43 percent of the land use.

Actively eroding sites are found throughout the watershed from storm systems and via the tributaries.
The 150 ft setback aong the mainstem of Allen Brook and natura grade control in the watershed has
helped protect the mainstem from incision. Recommendations will include 1) expanding the buffer to
include dl tributaries, ephemera, intermittent and perennial and 2; developing a better surface water layer
of dl tributaries to effectively reduce the input of sediment via these pathways into Allen Brook.

The Williston Town Plan is designed to direct future growth to locations with adequate town services near
its commercial areas (the Sewer Service Ared), however, growth pressures outside this area have been
sgnificant. According to the 2000 Annua Growth and Development Report for the town of Williston,

the target for new dwelling units outside the Sewer Service Area of 20 percent has been exceeded amost
every year for the past 10 years.

Thisleve of growth and the increase in impervious surface will change the hydrology of the watershed
and contribute to further impairment of Allen Brook. The rapid growth requires that extra attention be
paid to erosion and sediment control, stormwater management and maintenance and improved site design
to reduce impervious area. These areas may be addressed through the development of ordinances and
incentives to prevent further degradation of Allen Brook.

The Allen Brook team isinterested in your input. We will be holding more public meetings and
meetings with town officias throughout the year. Fed free to contact Kari Dolan, 58 State S,
Montpelier, VT. 05602

Thank you very much. Sincerdly, the project team:

Dr. Cully Hession, Kari Dolan, Lori Barg, Chris Cianfrani, Bob Kort
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Article, Introducing the Allen Brook Restoration Project:

March B, 2001, Willlsion Whistle

ernsion. The wedlands kepl
the waier pure aned provided
nabital for & wite variety of
birils, manumals, repiiles,
Nish and amphilans,
However, Allen Brook |5

damaged. Bank erosion la
evldent along the stream.
The water quality o this
brook draps as (F Nows
through Wilikston. The
Vermont Agency of Natural
Rescurces (ANR] has ldent-
fied Allen Brook as polluted
and o meed of restoration.
fllen Brook's water guality
problems edude:

+ Bediment, which reduces
aguatic habitak tor flsh and
_ut.._._..ﬂ OrJANISITE, SCours
bridge abu tments and river
banks and makes streams
mare eloady,

+ Mutrlenis, which set ke
ferfilizere to eause aquatlo
algas blpoms thal damags
Lake Champlain

+ Toxle chemicals and
matala from oils, prit and
grease that ane plcked up by
rafnwaler,

* Bacleria, an indicator of
waler-borne GIACRSLS,

How-did the Allen Brook

__ Guest COLUMN 7|[

There's still time to save Allen Brook

By Hari Dolan

I you are driving, biking

or walking aroumd Willla-
tom. yau “_.__u..u_. TICHEE 3
stream [lowing northwesl.
Meet Allen Hrook —
WHEston's very osm SLrekon,
running through the heart
of the town and dradndng
roughty 12 square miles of
waleraled,

Allen Brook gets its name
from Eiban Allen. the

Revalullenary War veleran
wh [with the Grestr Moun-
tain boya) defended settlers
living in Vermaont.

Fallowing the dow of Allen
Brook Is & great way lo get
to know the stream better,
Start at the beautiful Mud
Pond Comiservalbog Area,
where It flowrs north abang
Sguth Road, then wesiward
along Foule 2.

The stzeaun then cuts
nocthweat of Talt Corners

and passes under Roule 24
and Indwstrial Avenue, You
can see Allen Brook emplby:
g into Muddy Brook alang
Fooy Farm Road just before
1t emples lnto the Winoeski
River o Soyth Burlinglon.
Like most of Vermont's -
rivers, Allen Brook wos ooce
clean. Floods spilled oui nio
the Moodplains, enriching the
sail and preventing high
waters from causing land

1948, the pepulation in-
creased by 77 parcent to
5,800,

As land 18 eonverted {Fom
woods and fields to parking
lods; coads, bulldings and
houses, raimwater and
snowmelt can no lotiger
mflltrale the ground. In-
stead, a greater vafume of
waler runs off the hard
surfaces, pleking up con-
taminants and carrying
thesn 8o Ehe slream,

In addition, tnereased
runall durlng stormd
causes warer o spil over
the banks, and flosds occur
meore frequenily. More water
running tn the atream alsa
causes more crosian, which
dameges both publle and
private properiy.

But there Iz atill hope for
Williaton's stream, Last fadl,
we spotied a fermale moose
near the brock's motith.
Oiter are known Lo have
plaved in 1t waters, Allen

Brook is home to mafyy
speclea of fish, birds and
two rare freshwater miss
‘sela. Il is also close 1o
Willlston's schools, allowing

{rmani's eharacter, The
Wilikston Historical Soclely,
sines 1s formation n 1873,
has worked hard (o preserve
the town's conngction with
Itz past. In 1980, much of
Williston viklage was added
to the Metional Reglater of
Historle Places, Restoring
Allen Breok, which flows
through the very heart of
Williston, presecls an
opportunity Lo preserve an
Imigsor tant natwral elermenl
of the town character.

We can reverse the dani-
age and restore the towm's
brook with your help, The
ANR has hired o teass of
river @bl watzrshed experts
to work with residents,
landowners, busliveas
cwmers, developess and
fown olficlals o develap &
plan to reatare the waler
quality of Allen Brook.

The toam wants to hear
fram you, By working with
as many lnterested people
a3 possibile, the team hopes
te develop a community-
embraced plan on the

contimeed on poage 5

The Aliga Hrook rung dhrough the heerd of Willision aind dralus reughly
12 square mites of waiesshed. Contrihided phola,

resiorallon and manage-
ment of the Allen Brook
wnterahed

Fleage take a few minuies
and filfl out the survey in-
ehaded in Willlstor's annual
repoc . Coples of the aurvey
are alse-avalable at Williston
Towti Hall and Dorothy Alling
Memorial Liboary.

For more information
about the projest or how o
get involved, contact: Harl
Dolan. Allen Brook restera-
thoci Leam member at (B02]
229-0680, or send e-mall Lo

dolangmwl.org. You can
also condact Amy Cantor,
Williston Conaervation
Commission lladson at B7E-
8704, or sendd e-mall to
caniorasiwlllis tontown. comh.
Yaour Interest and partici-
pation 1n this effort will heip
make the covamunities sf the
Alken Broak watershed
healthler ard niore iivabie. B

Fort [elaty 15 & water rescurcds
spertalist for the fobiorel
Wildlife Federntion s nartheas]
ol yened memeher of the Adlen
Hrpok resloralien leom
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Announcement, Meeting with the Williston Selectboard:

Times are
appraximale
700 1.
705 2
T:10 A
720 4,
Ay A
7240 a,
&:00 i
3:30 B,
L0 .
o:10 L.
8:20 11
0:25 12
0:30 i3.
G40 14
G:43 15

WILLISTON SELECTBOARD MEETING
Thursday, April 26, 2001
Town Hall Meeting Room
T:00 PM

Call g0 Order

Minutes - Febroary 22, 2001

Board [nterview/Appointments
Amn applicant for the Conservation Commission will be interviewed and the Board

will consider making an appointment, Board will also consider making an
appointment to the Board of Listars

icense icati s d
Acting as the Local Liquor Control Board, review applications

Puhlic Comment - General [ssues

Allenbrook Watershed Sindwv Update
Board will receive a progress report on the study of the Allenbrook Watershed

Meadowridee Sewer Connection Request
Review a request from the Meadowridge homeowners association to connect to the
Town's sewer system

IBM FExpansion
Consider adopting a resolution in support of the expansion plans of IBM

usiness Round Table Forum
Receive an update on the planned forum

Sewer Allocation Requests

Review a sewer allocation request for the current fiscal yvear from Mansfield
Investments to serve buildings fo be constructed on lot #6 in the Mansfield Business
Park

Request to Extend Transfer Station Hours
Review & request to extend the hours of the transfer station during Green Up Day,
2001 |

Maple Tree Place Affordable Housing Grant E- esplutions

Consider adopting the proposed resolutions concéming the grant agreement for the
affordable housing at Maple Tree Place

" Manager's Report

Other Business

Adjournment
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Article, Assessing the Allen Brook and Inviting the Public to Attend the River Walks:

TVM faculty member Cully
Tession checks oul erosion af
Alen Brook (Photo by Jason
{oornick)

Residents invited to
tour stream with
restoration group

By Jason Hoornlck

A team of environmental
professionals and students
waded along the muddy banks
af Allen Brook in Williston
earlier this week collecting
data and making measure-
ments.

The group was assessing the
condition of Allen Brook as
part of a state-funded effort (o
clean up the damaged stream.

Team assesses ailing Allen Brook

The Allen Brook Restoration
Team plans will eventually
make recommendations to the
town and the statz ob how the
siream can be renewed and
Sustained for many vears to
come, Team members are
currently {aking the siream's
vital signa, the first phase of
the project.

The seven.member team of
bicloglats, water speclalists,
conservationists, students and
Untversity of Vecmont teach-
ers was rabing the stream
based on 14 different varl-
ables Including width. stabil-
ity and biclogical data.

What they were finding was

dune 7, 2001, Willtston Wihistle

ihat Allen Brook suffers fron
eroalon, irem stainlng, sedi-
ment collectlon and poor water
quality — all signs that the
stream |8 not as healthy as it
Once was.

Most of the damage has
been caused by sediment
collected through runeif,
Water flows off of roofs and
paved surfaces inbo Allen
Brook, washing many foreign
substances and contaminants
into the streambed, where
they accumulate and cause
chvironmental damage, The
Increased volume of waler
cAuscs the siream to overflow

Allen Brook

cafitinued on page 25

;

more frequently, eroding the It runs north from Bud

banks and damagming public
and private property.

“Theére are many areas
here that are unstable,”
said project leader Logi
Barg, pointing toa siream
bank that was recently
eroded. "Yuu can also see
that the whaole river has
drapped down,”

An abandened riverbed
waa more thaa 4 fe=t higher
tham the stream |isel,
suggeating that the stream
has sunk into the feld at an
Yabrormal rate.

The grouwp s concerned
about the futare of Allen
Brook for a varlety of rea-
sons, They potnt out that
the sfream 1s an Important
part of the town’s charmcter,

Pend though the village of
Willlston then passes under
Route 24 and Industrial
Avenue until 1t empties into
Muddy Brook along Foor
Farm Road. Runnilng all the
way aoross Williston, Allen
Brock alsa prevides a hame
for many types of wildlife.
“WWe have seer slgna of
muskrats, deer, beaver and
lols of birds, There was
ever a moose sighitng by
the Allen Brook last fall,”
sald Karl Dolan, a water
resgurces specialist for the
MNational Wildlife Federation.
Dodan emphasizes that
the public’s knowledge
aboul the state of Allen
Brook and thelr support for
management actlons 14

eagential in presecving the
natural resourcs,

“The public's Invalvemnent
la very iImportant,” she aald
“Feople have to know that
the degradation ls caused
by urbanization upstream
and we want to work with
landowners so that the
erosion doesn'l eRt away ot
their land,”

Allen Broock was chosen
lar funding bje the state
Agency of Natural Re-
SoUrces Becsaigs E:._ﬁ_.._.m._._
the body of water |8 dam-
aged, It can still be repalred
using low-cost solutions,
*Allart Brook is on the _.-_ﬂmn
of urbanization, which can
cause seriows problems for
the patural snvironment,”
sald Tim Clear af the atate

Departmean! of Environmen-
tal Conservation. “There Is
plenning that can be done tn
thie future to malke it beiter.”

Small steps can be taken
by muankcipalitles, private
citizens and businesses to
preserve the vitality of the
lown’'s streams, These can
be as simple as draining &
rainapout an a piece of land
that can absorb water or as
complex as implementlng
regulations that attempt to
limit the amount af ranafl
from paved surfaces,

When the project {s
completed, the group plans
1o propose a number of low-
toat aclutions hat will
enhiance the vitality of Allen
Brock, This particular
milaslon was underteken so
that the group can sdentify
the probiem arcas and
_u.nm“_"_. td address them.
Although there has been &
significant amount of data

gathared abaut Allen Brook
in the past — particularly
aboul the blology of the
nrea — the Allens Brook
Restoratlon Team 18 looking
af every variable to deter.
mine how the stream can he
cleaned up, They want (o
make sure that its beauty
and character can be
enjoyed by many fulure
Eenerations.

Willtsien resldents are
levvlted 1o join the team on an
educational and recreational
will along the stream.

*People can walk along
the river, see the elfects of
runoff and see what they
can do to help.” sakd Dolan,

Wialks adng Atlen Drook ore
scheduled for Wednesday, Jusie
30 from 4 p.m, {6 T p.m. and an
Saturday, June 23 from 8 a.m.
o 1] gm. Calf Kart Delan ai
(E0E] 238-08%0_for divections
and dmnils.
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Postcard, Mailed to Town Residents: Inviting the Public to the River Walks and Photos:
INVITES YOU TQ ATTENLC
INE OF THE TWO:

Allen Brook RIVER WALKS

e Wednesday, July 20, 4-7pm GR
Saturday, July 257, &-Mam
WMeet us behing the Williston Town Hal

OMLa kar Dolan, Allen Brook Esstoration leam, UL 222U

''''''''''

Viewing an eroding tributary cauised by
hydrologic changes from stormwater runoff.

" e

Brook cascades, Industrial Ave.

i

Allen
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Letter Submitted to Williston Development Review Board Containing Recommendations
on a Proposed Subdivision:

Town of Williston Development Review Board August 23, 2001
Town of Williston Offices

7900 Williston Road

Williston, VT 05495

Dear Members of the Williston Development Review Board:

We have been hired by the state of Vermont Agency of Natural Resourcesto develop the
restoration plan for Allen Brook. Thank you for the opportunity to provide comments to the
proposa for subdivision approval for a50-1ot subdivison on Beaudry Lane, submitted by Allen
Brook Investments.

Allen Brook isimpaired due to polluted runoff. The problem pollutants are chiefly
sedimentation, pathogens, and nutrient pollution, with some indication of toxic contamination,
due to the urban nature of the runoff.

As communities like Williston grow, the amount of impervious surfaces— roads, parking lots,
sdewalks, and rooftops — grows. The amount of impervious cover is a concern because it
prevents infiltration of water into the soil, forcing more water to move a higher speedsinto
watercourses. In addition, runoff picks up pollutants from the hard surfaces, such as dirt, litter,
oil from cars, salts, and bacteria

More ssormwater runoff flowing a higher speeds can cause bank erosion and sedimentation.
Sedimentation increases turbidity in the water column, greetly reducing the growth of beneficia
aquatic plants. Sedimentation reduces aquatic habitat. Sedimentation also contributes to the
nutrient problem, since phosphorus binds to sediment. Sediment is often amgor problem at
congtruction Sites, if the disturbed land isleft unprotected from wind and precipitation.

Since the subdivison is being proposed prior to the completion of our plan, we fed obligated to
submit the following comments to you to provide guidance, to minimize problems associated
with stormwater runoff, and to ensure that the town of Williston is on itsway to restore the Allen
Brook for its resdents. We would like to see the following items as conditions to the gpprova of
this subdivison:

The development should not affect the integrity of the buffer. We recommend there be no
encroachment into the buffer or buffer averaging, because it could potentially compromise
the functions that the buffer ordinance attempts to protect, namely, protection of water
quality, aquatic and terrestrial habitat, stream channed stability, flood control, and aesthetic
and recrestional values.

The State of Vermont Agency of Natural Resources recently released a draft Riparian Buffer
Procedure. The state buffer procedure makes no distinction between main channels and

Public Process
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unnamed streams or tributaries. Smaler streams are more vulnerable to changesin

hydrology and erosion caused by the development. Therefore, to be consstent with the State
procedure, the development, regardiessiif it drains into the mainstem of Allen Brook or its
unnamed streams or tributaries, should comply with the town’s 150-foot setback
requirement.

The need to minimize imperviousness is an important way to prevent sormwater runoff-
related problems (as well as an opportunity for the developer to save money), without
compromising safety. With regpect to Sdewaks, the development should: (a) have sdewalks
on one sde of agtreet, if the development plans to have sidewalks; and, (b) the sdewak
width should be no more than 3 to 4 feet wide, placed away from the street, and graded so
that they drain to vegetation.

Since the road network isamgjority of the impervious cover in awatershed, revising the
dreet width standards can help achieve sormwater management objectives while il
alowing for expected traffic volumes and safety considerations. Severa communities
recommend street widths of 22 feet, which include parking on one sde of the street. We
would like to seer (8) that street widths are minimized; (b) curbing is avoided in order to
dlow precipitation to reach vegetation and infiltrate into the ground; and (c) al cul-de-sacs,
if plamned, must be designed with a smdler radius, ranging from 33 to 45 feet and have a
pervious, vegetated idand in the center of the turn (idedly with shrubsto prevent
interference with vighility. The perviousidand isto be designed to filter sormwater and
enhances the attractiveness of the Ste.

Driveway design is another opportunity to reduce impervious cover. We would like to see
conditions placed on the permit that require drivewaysto: (a) have narrower widths (limited
to 9 feet); (b) dlow for multiple homes to share driveways, and, (C) have reduced lengths by
minimizing the building setback from the road.

Rooftops can dso be designed to minimize stormwater-related problems. We recommend
that rooftops be “disconnected,” meaning that roof runoff will not flow, viarain gutters, onto
driveways. The housing will be developed such that the rooftop runoff will be directed to
vegetation and away from the driveway.

Periodic maintenance, conducted according to a set schedule, isavitd yet often overlooked
necessity for ensuring the continued performance of storm drainage systems.  Therefore,
explicitly stating the need to maintain ssormweter controls by first the subdivider, to be
continued by the homeowner, tenant=s association, or other responsible party, may increase
the likelihood that maintenance will be continued. We recommend that the developer be
required to maintain sormwater controls, until such time that the homeowner’ s association or
other responsible party assumes the respongibility, to be established in writing.

During construction, vegetation and topsoil are removed, bare soils are exposed to wind and
precipitation, steep dopes may be cut, the natural contours and drainage patterns are atered,
and riparian areas can be disturbed. To avoid the threat of erosion and sediment pollution
problems during construction, we recommend that the developer provide, in writing, his or
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her obligation to maintain erosion and sediment controls before, during, and after
congruction. Thisis necessary because many studies show that erosion and sediment
controls do not work very well for many reasons, namely: (a) they were never indaled in the
fird place; (b) they were not ingalled correctly; and (c) they were not maintained.  Well
maintained controls not only provide therr intended environmenta benefits, they ensure that
the investment made to reduce erosion was well worth the cost. Williston needs to reduce
sediment and erosion anyway, as part of the town’ s obligations under the EPA:=s Phase I
Stormwater Rules.

The town should consider relaxing the setback requirements to give the Town greater
flexibility to reduce totd impervious areas. Minimizing setbacks from the road will reduce
driveway length, thereby reducing impervious cover. Often, smaller setbacks are more
consstent with Vermont’ s historical neighborhood character.

Thank you for your consideration.

Sincerdly,

Kari Dolan, Allen Brook Restoration Project Outreach Coordinator

Cc: Scott Gudtin, Williston Zoning Administrator
Michad Munson, Williston Planner
Richard McGuire, Williston Town Manager
Amy Cantor, Williston Conservation Commission Liaison
Nel Boydon, Williston Public Works Director
Allen Brook Restoration Team:
Lori Barg, Project Team Manager, Consulting Hydrogeol ogist
Dr. Cully Hession, Assistant Professor, Civil and Environmental Engineering, UVM
Bob Kort, Planning Engineer/Hydrologist, USDA Natural Resources Conservation Service
Chris Cianfrani, Doctora Student, Civil and Environmental Engineering, University of Vermont
Jm Pease and Tim Clear, Vermont Agency of Natural Resources
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Letter from the Town of Williston, with Attachment, I nviting the Development Community
to Attend a Meeting Regarding the Allen Brook Restoration Project:

Dear engineers, developers, landowners, and othersin the Williston development community:

The Town of Williston would like to invite you to attend a meeting to discuss the Allen Brook
Regtoration Project on September 12, 2001, at the Williston Town Hall a 7:00 PM.

Since the Allen Brook is designated as an "impaired water” on Vermont’s Clean Water Act Section
303d list (“Impaired Waters List”), The Town of Williston, in conjunction with the Vermont Agency of
Natural Resources (“ANR”) and the U.S. Environmental Protection Agency (“EPA”) isrequired to
produce a plan to restore Allen Brook using pollution control actions. Such actions may be of interest to
you. They include:

Local stormwater regulations,
“Better Site Design” standards; and,
Riparian buffer initiative that is gpplied to al tributaries.

Some additiona background information on the study is presented on the reverse side of this invitation.

The meeting on September 12 will begin with a presentation of the Allen Brook Restoration Study to date
and a summary of the findings and conclusions. There will then be time for discussion where we
welcome any questions or concerns you might have.

Please let us know if you can make this meeting. To RSV P, contact: Kari Dolan, Allen Brook Restoration
Project Team Outreach Coordinator at 229-0650 dolan@nwf.org or Amy Cantor, Williston

Consarvation Commisson Liaison at 878-6704 cantora@willistontown.com. If you are not able
to attend this meeting but would like more information or be kept informed, please let Kari or Amy know.

Thank you for your attention to this matter. We look forward to meeting with you soon.

Sincerely,

Michad J. Munson, Ph.D., AICP
Williston Town Planner
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Attachment that Accompanied the Letter to the Development Community:
SOME BACKGROUND ON THE ALLEN BROOK RESTORATION STUDY

Allen and Muddy Brooks, both of which flow through the Town of Williston, are listed asimpaired

waters on Vermont's Clean Water Act Section 303d list (“Impaired Waters List”). The brooks are
included on the Impaired Waters List because they fail to meet the state of Vermont’s Water Quality
Standards, which were established to protect public health and welfare. These standards identify the types
of uses the particular water body should support (such as water supply, swimming, fishing) and the
specific criteria necessary to protect those uses. Water quality standards also contain an “anti-degradation
policy,” which is intended to prevent any further degradation that would compromise existing uses of the
water body.

The two brooks in Williston are listed as impaired due to excessive amounts of sediment from erosion,
nutrient pollution, bacteria (an indicator of water-borne diseases), and toxic contaminants from
stormwater runoff. The state's surveys of fish and macroinvertebrate populations, common indicators for
detecting water pollution, demonstrate that the brooks do not currently meet Vermont Water Quality
Standards.

The water quality problems stem from land-based activities and are common in an urbanizing landscape.
Each development project adds more impervious cover, contributing to ssormwater runoff, and thus
making the current water quality conditions potentialy worse. The growing amount of impervious cover
produces greater volumes of water that runs off the land into the stream, picking up contaminants along
the way. Increased runoff at greater velocities is causing significant bank erosion and increased flooding.

The Town of Williston, in conjunction with the Vermont Agency of Natural Resources (“ANR”) and the
U.S. Environmental Protection Agency (“EPA”), isrequired to produce a plan to restore Allen Brook
using pollution control actions. These actions would likely be implemented town-wide, and include
severd in which you may be interested, such as:

Loca stormwater regulations;
“Better Site Design” standards; and,
Riparian buffer initiatives applied to dl tributaries.

The first restoration plan will be carried out on Allen Brook, which is degraded but not so significantly

that it would be difficult to clean it up. The steps necessary to restore Allen Brook today are doable,
affordable, and have a high chance of bringing Allen Brook into compliance with the Vermont Water
Quality Standards. ANR has retained the services of ateam of experts who are assessing the condition of
Allen Brook, involving the public in their work, and developing the restoration plan.

We wish to invite Williston’ s devel opment community to participate in the restoration efforts for Allen
Brook and the town planning process for the protection of these water resources. We hope that you can
attend a meeting on September 12, 2001 at the Williston Town Hall at 7:00 PM. We plan to describe the
project, present the preliminary results of the assessment. In addition, we wish to hear about any
questions or concerns that you may have. We aso welcome any ideas on how you can help in the
restoration effort.
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Minutes, Williston Conservation Commission M eeting: Approved 11/07/01
Williston Conservation Commission
Minutes of October 17, 2001
1. Call to order: 7:10AM
Members present: Mike Harris, Gary Hawley, Jean Kissner, Bill Skiff
Members absent: Richard Pritsky, Beth Wright, Carl Runge
Staff present: Amy Cantor
Others Present: Kari Dolan, Bob Kort, Allen Brook Consultants
2. Approval of Minutes: Mike moved to approve the minutes of October 3, 2001. Bill seconded.
Passed unanimoudly.
3. Update of Current Projectsunder Review:
SUB-01-03 Page The project was approved by the DRB
SUB-02-02 Engisch: The WCC said getting this section of trall is key because
there are a number of easements in the area. Only a smdl piece will 4ill be
needed to link a significant portion of trail.
-SUB-02-06 Village Associates: Mike said he spoke with the developer and they
will include the dreams on the plan. All proposed development appears to be
outside the stream buffer.
4. 2003 Budget: Amy said thet it is time to put in requests for the 2003 budget. The WCC sad
they would like to again try to increase dtaff time. They would like to be gble to offer a postion
with more hours and with benefits in the hope of reducing the turnover in the pogtion. Members
will spesk to Mike Munson and Neil Boyden about needs for increased time in their departments
that could be part of the liaison position.
5. Isham: Isham is scheduled to go to the Seectboard for find agpprova on October 25. The
closing can occur shortly after the approva is obtained. Amy will work on setting up a thank you
celebration and gathering to take place after the closing.
6. Mud Pond: The management plan is being passed onto the Salectboard for their gpproval.
7. Five Tree Hill: Amy reported that Seth Coffey, WVPD, has finished blazing the boundaries.
She dso showed the WCC the sgns, which arived earlier in the week. She and Seth will be
going out in early November to pogt trail and boundary signs. Gary reported that he had seen a
group of Mountain Bikers entering the trall & Five Tree. He sad he spoke to the group who
seemed to be under the impresson that it was now ok to bike there because of the ongoing
negotiations. Gary told them that when the no biking Sgns are removed that will mean the trals
are open and not before.
8. Allen Brook Project: Kari Dolan and Bob Kort, consultants on the Allen Brook Project, came
to update the WCC on the project and answer questions. They explained that the project is
looking at the condition of the stream and working with the dtate to creste a TMDL plan for the
dream. They sad that the Town has asked for specific recommendations and ordinance language
to assg in implementing changes. Kari said tha they have gone through the exising Town Plan
and zoning regulations and have suggested where changes can be made. These will be available
to the Town shortly. Most of the changes are rdated to improving stormwater treatment and
controlling erosgon. They sad the eroson control is especidly important during condruction and
that existing state standards are not doing a good enough job. The WCC said they would support
making these types of changes.
9. Next Meeting: November 7, 2001
10. Adjourned: 9:10AM ; minutes submitted by A. Cantor, Conservation Commission Liaison
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Minutes, Second Williston Conservation Commission M eeting:
Approved March 6, 2002
Williston Conservation Commission
Minutes of February 20, 2002
1. Call to order: 7:00AM
Member s present: Mike Harris, Gary Hawley, Jude Hersey, Jean Kissner, Carl Runge, Bill
iff
Members absent: Richard Pritsky
Staff present: Amy Cantor
Others Present: Kari Dolan, Lori Barg, Bob Kort, Allen Brook Consultants (8:15AM).
2. Approval of Minutes. Carl moved to approve the minutes of January 16, 2002. Bill seconded.
Passed unanimoudly.
3. Update of Current Projectsunder Review:
SUB-02-10 Browndl Mountain Corp: Amy reported that find plans have not
been submitted. Carl reported that he spoke with the owner and fdt the Sting of
the project as they described it was fine. Since he will be out of town for severd
weeks he will put together findings which can be modified if submitted plans are
different than expected.
SUB-02-19 McMaster: Gary was hot able to attend the meeting because he was
ill. Amy will find out what happened with the project.
SP-02-21 Wamsganz: An easement will be needed for the bike path.
SP-02-22 Berlin City: Amy reviewed this project. It is a car display area. They ae
outside of the wetlands. Amy will check with Scott about the lot coverage.
SP-02-23 D&D Enterprises This project is being hed up untl a wetland
delinestion can be done.
SP-02-24 Agway: An easement for the bike path will be needed.
4. Liaison report Amy reported that she has been working on agrant for Sucker Brook
5. Mud Pond Guide Printing: Amy handed out copies of the new trail guide. She said she plans
to have abox built for the trailhead smilar to the one a Five Tree Hill.
6. Cost of Growth Study: The WCC discussed the Cost of Growth study. Members were
concerned that the study did not adequatdly illustrate the school side of the issue. In particular
when a new school is needed. Amy said she had spoken with Mike Munson about the study. He
indicated that he has run severa scenarios and the methods appear to work correctly.
7. Five Tree Hill Trail Map: The WCC looked at the Scout proposa to create a trail map for
Five Tree Hill. Members agreed that it is a good project. Amy said she will work closdy with the
Scout to make sure we have a usable product. The focus will be on mapping the tralls, not
interpretation like the Mud Pond guide. Mike moved to accept the proposd from Steven Behun
to create atrail guide for Five Tree Hill. Carl seconded. Passed unanimoudly.
8. Tdecommunication and Ridgeline Ordinance Updates: Amy reported that both are till
going through the process with the Sdectboard.
9. Ezerman Property: There is nothing new on the project. Mike sad he had sent an email
recently inquiring how thing were going to Mike Mauss and Jacob Glaser, but has not had any
response.
10. Allen Brook Study: Kari Dolan, Lori Barg and Bob Kort spoke to the WCC about the
recommended changes to the Town Plan and Zoning and Subdivision regulations. They aso sad
that the State will be sending letters out in April thet they will be looking & exiging sormweter
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systems to make sure they match what was origindly in the plans. In some cases these |etters
will go to homeowners associations. In an effort to educate the homeowner associations and give
them an underganding of why this is happening the consultants would like to have a meeting for
the associations. Jude sad she would be interested in hdping to organize this meeting and
getting a list of associaions together. The consultants aso handed out some additiond
information on buffers and Ste design. Jean asked what are the most important things to tackle
because the WCC had been given a lot of information. Kari lised four areas. 1. Improve the
buffer ordinance. She sad the tributary and intermittent streams are important for water quality.
2. Eroson Control. The State regulations are outdated. A large amount of sediment is released
into dreams during condruction. 3. Adopt a Sormwater management ordinance. Many
sormwater sysems are not affective if they are not maintained. 4. Adopt the draft 2002 Vermont
sormwater regulations.

11. Next Meeting: March 6, 2002

12. Adjourned: 9:00AM

minutes submitted by Amy Cantor, Conservation Commisson Liason
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Article, Announcing Public M eeting with Homeowner Associations:
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Article, Describing Homeowner Mesting:
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Article, Describing Buffer Planting Conducted by the local Rotary Club:

May 2, 2002, Williston Whistle p- 11

Do-gooders

Members of the Williston/
Richmond Rotary Club recently
planied tiees along Allen Brook in
ovder to stabilize the stream’s

barks and prevent evosion, Al left,
Ken Stone readies n spot for
planting. Below, Rotary Club
President Bill Roberts {right} and
another club member make sure a
sapling is rooted. The Kofary
Club, along with several Williston
Federated Church members, also
recently built @ 32-foot ramp for a
Williston couple that needed the
shucture to get in and out of their
home, (Contributed photo)

Public Process
E-20



Article, State Stormwater Rules and the Allen Brook Restoraﬂon Pro;ect
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Minutes, Williston Planning Commission M esting:

TOWN OF WILLISTON PLANNING COMMISSION
WILLISTON TOWN HALL
June 18, 2002
MEMBERS PRESENT: Steve Bradish, Judy Sassoross, Kevin Batson, Ted Kenney, Bob
Bickford
MEMBERS ABSENT: Scott Luria, Sharon Gutwin
OTHERS PRESENT: Mike Munson, Dave Libby, Kari Dolan, Bob Court
AGENDA:
1. Approva of Minutes of May 21, 2002
2. Introduction of New Members
3. Public Hearing: Proposed Changes to the Industrid Didrict
4. Meet with Kari Dolan and Team Studying Allen Brook
5. Discussion of Preparations for an AR Didtrict Display Table duly 4
6. Other Business and Correspondence
7. Future Meetings
8. Adjournment
Chair Sassoross called the mesting to order a 7:25 p.m.
1. APPROVAL OF MINUTESOF MAY 21, 2002
The approva of the minutes was deferred until alater meeting.
2. INTRODUCTION OF NEW MEMBERS
Mr. Munson introduced Steve Bradish, Kevin Batson, and Ted Kenney as new members of the
Planning Commission. He explained that Scott Luria, the fourth new member, had along
gtanding commitment for tonight and was unable to be present for this meeting.
3. PUBLIC HEARING: PROPOSED CHANGESTO THE INDUSTRIAL DISTRICT
Chair Sassoross opened the hearing at 7:30 p.m. by reading the warning.
Mr. Munson explained that the proposed changes were originated by IBM. They had wanted to
subdivide alot but the current regulations require a 15’ setback with no structures. IBM wished
to build connecting wakways between the subdivided lots and this would not be alowed under
the current regulations because of the 15’ setback. The best way to address this issue was to
amend the zoning ordinance.
Mr. Munson noted that the industria digtrict had been divided into two parts. The northern
digtrict, consigting of IBM, would permit structures within the setbacks. Permitted usesin this
district had also been changed.
Dave Libby, IBM representative, stated that he felt that the new setback requirements were
excellent. However, IBM did have afew concerns.
Mr. Libby noted that one of these concerns was the fact that wholesde distribution was a
conditiona use. They occasiondly had building equipment and/or spare parts that they might
want to store for disposal. This could be perceived as wholesd e distribution. Chair Sassoross
explained that conditional use does not deny the use, it means that IBM would have to obtain a
conditiond use permit from the DRB.
Mr. Libby stated that restaurants had been changed from permitted to conditiona use and
questioned if thiswould prohibit use of their corporate cafeteria by another company who might
purchase or rent buildings on their property. Chair Sassoross explained that they were trying to
eliminate additiond traffic to the Ste as a destination for shopping and dining. Shefelt that a
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facility serving only the employees on the site would be permitted. Mr. Libby suggested a
footnote to this effect.

Chair Sassoross stated that the Planning Commission should consider corporate cafeteriaas a
separate category when they are revising the use table.

Mr. Libby gtated that he was not concerned with outside storage, however, they might want to
consolidate equipment from other lots for disposal on one lot. He was concerned that this would
be prohibited the way the proposed amendment is written. Mr. Munson suggested handling this
issue with afootnote that ingde storage of equipment owned by the owner of the business was
permitted.

There was no public inpt.

A MOTION was made by Ted Kenney, SECONDED by Kevin Batson, to close the public
hearing.

VOTING: 5 ayes, motion carried.

The public hearing was closed a 7:53 p.m.

Chair Sassoross tated she fdt that they should address the corporate dining facilities in the use
table particularly since thiswill not be anissue for IBM until after the use table revison is
finished.

Mr. Munson noted that the Planning Commission wanted to prevent wholesde digtribution in the
digrict. However, leaving wholesale distribution as a conditiona use would dlow IBM to
distribute their obsol ete equipment. Chair Sassoross agreed and noted that distribution of
obsolete equipment by IBM could be handled adminigtratively.

Mr. Munson stated that he felt that storage issue could be handled with a footnote stating "in the
Indudtrid B District, ingde storage of equipment from other lotsis permitted if the equipment
stored is owned by the owner of the business'. Chair Sassoross suggested that nearby lots be
added.

Chair Sassoross noted that the Planning Commission might want to think about shared parking
in the other indugtria didtrict a alater meeting. For Indudtrid B, it could be trested the same as
storage with afootnote.

A MOTION was made by Steve Bradish, SECONDED by Ted Kenney, that the proposed
changes to the Indudtrid District be forwarded to the Selectboard with the changes made at this
meeting and with the recommendation that they be approved.

VOTING: 5 ayes, motion carried.

4. MEET WITH KARI DOLAN AND TEAM STUDYING ALLEN BROOK

Kari Dolan explained that Allen Brook had been chosen as apilot project for restoration of
waterways with water quality problems in the State of Vermont and explained the project.

Ms. Dolan noted that they had prepared a report that identifies the problem areas in Allen Brook
and made recommendations for Williston. In preparing the report, they had reviewed dl of
Willigton' s regulations including the stream buffer ordinance, Public Works specs, and the
zoning ordinances. They aso met with the Sdectboard, the Conservation Commission, and
homeowners associations as well as holding community meetings.

Mr. Munson stated that recommendations from the report could be incorporated into the zoning
ordinances.

Ms. Dolan mentioned that there is anew manua from the State on how to design state of the art
stormwater ponds.

Bob Court stated that the biggest problem with ssormwater pondsin that they are not designed
well and/or maintained.
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Mr. Munson pointed out that in Phase 2 of the Water Quality Act, towns are required to prepare
plans addressing sx ways to correct water quality problems. These include such things as
educetion of the public and congtruction site erosion control.

Ms. Dolan stated that congtruction erosion is one of the most important items to address. Mr.
Court noted that if erosion is prevented then it will not be necessary to clean sediment from the
ponds.

Mr. Munson mentioned that he felt education should be on aregiond levd.

Ms. Dolan commended the Planning Commission on their stream buffer ordinance as she felt it
was aleader in the State. She urged the Commission to include al tributariesin the ordinance as
they have impact on what is going into Allen Brook. At present, only named tributaries are
included.

Mr. Bradish noted thet dl of the drainage from the village goesinto Allen Brook and asked how
this could be fixed. Mr. Court answered that there are some wetlands by the schooal to filter the
drainage. They aso addressed retrofitting in their recommendations. Chair Sassoross said that
this would be a good science project for the upper housesin the school.

Chair Sassoross asked if subterranean systems would work for new developments as she
wondered if soils could be created to make them work. Mr. Court noted that dry wells will work
if soilsaretheright type. If the soils are tight, under drains and sand filters can be used.

Mr. Batson asked what the biggest problem will be. Ms. Dolan replied she felt the biggest
problem was prioritizing and making recommendations for sormwater runoff and pollution
prevention. Mr. Court stated he did not believe they could tell what the biggest problem will be
asthey arelooking a thisissue at the present time.

Mr. Munson mentioned thet the study will be completed in the fal and the Town will reviewing
the incluson of recommendationsin their ordinances in the next two-three years. He stated he
hoped that the study team would be available to help in this process.

5. DISCUSSION OF PREPARATIONS FOR AN AG/R DISTRICT DISPLAY TABLE
JULY 4

Mr. Munson stated that it was going to be difficult to saff adigplay dl thetime. They would
have to develop adisplay that did not need to be staffed with perhaps a box for questionnaires.
Chair Sassoross said shefdlt that a display on July 4 was agreat idea, however, she felt that they
were not able to do it this year. She suggested deferring until next year. The Commisson wasin
agreement with this.

6. OTHER BUSINESS AND CORRESPONDENCE

Mr. Munson noted that there should be two citizen representative on the Pecor Property Future
Development Study Committee. It had been suggested that Larry Jackson and Jay Fitrillo who
had been gpplicants to the Planning Commission be gppointed to this Committee.

Mr. Munson stated thet |etters had been sent to dl the homeowners associations asking for
volunteers to the Committee. The only volunteer they had received was Greg Domingque from
Chelsea Commons.

Mr. Bradish said he felt that the two representatives should be people that are closaly associated
with the property.

A MOTION was made by Ted Kenney, SECONDED by Steve Bradish, to gppoint Larry
Jackson and Greg Dominque to the Pecor Property Future Development Study Committee.,
VOTING: 5 ayes, motion carried.

Mr. Munson noted that the Sdectboard is congdering the ridgeline ordinance amendments and
are making proposals for severa minor changes. The Town attorney stated that these changes
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will not require the ordinance to be sent back to the Planning Commission for another public
hearing. However, the Planning Commission will need to comment on the changes and the
Sdectboard will have to hold a second public hearing.

6. FUTURE MEETINGS

The Commission agreed to hold an orientation session for the new members on ether July 2 or
Jduly 16.

Mr. Munson reminded the Commission that they need to hold an annua reorganization mesting.
7. ADJOURNMENT

A MOTION was made by Steve Bradish, SECONDED by Kevin Batson, to adjourn the
meeting.

VOTING: 5 ayes, motion carried.

The meeting was adjourned at 9:55 p.m.

Minutes Submitted by Ann M. Gray

THESE MINUTES ARE SUBJECT TO CORRECTION BY THE PLANNING COMMISSION.
CHANGES, IF ANY, WILL BE RECORDED IN MINUTES OF SUBSEQUENT MEETINGS
OF THE COMMISSION.
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Appendix F: Recommendations for Changesto L ocal Ordinances

i. Recommended Text for Williston

We evauated the Town of Williston’sloca ordinances, specifically the: “(1) Conservation/Open
Space and Watercourse Protection Overlay District” (to be referred to as the Buffer Ordinance);
(2) 2000 Comprehensive Plan; (3) Subdivision Regulations; (4) Zoning Ordinance, Amended
2000; and, (5) Public Works Standards and Specification, 1997. We considered and tried to
integrate the comments on draft recommendations that we had received at various public
meetings. We offer the following observations and recommendations to enhance these
ordinances. To assg in identifying our recommendations, we italicized our suggestions.

1.0 Conservation/Open Space and Water cour se Protection Overlay District (Buffer
Ordinance)

1.1 Identify other important values of buffers.

Williston Zoning Ordinance, Article 111, Section 3.11.1 Purpose

We recommend adding language to the second sentence of the stated purpose to read:

“It isthe purpose of this digtrict...to protect non-nuisance agquatic habitat, to protect and maintain
native vegetation in the riparian area, to provide tree canopy to shade streams, to stabilize
streambanks, to reduce erosion, to protect, restore, and maintain the chemical, physical, and
biological integrity of water resources, and to promote the goals of pollution prevention, and the
public hedlth.”

1.2 Add definitions of a stream and buffer zone to the ordinance to match the State of Vermont's
draft Riparian Buffer Procedure.

Williston Zoning Ordinance, Article I11, Section 2.3.11 D

The State of Vermont Agency of Natural Resources recently released a draft Riparian Buffer
Procedure. To be consistent with the state buffer procedure, the Town'’s ordinance should include
adefinition of a stream and have al references to “unnamed streams or brook tributaries’ be
changed to state: “...top of bank of streamsthat are unnamed or brook tributaries, ...” The state
definition of a stream is as follows:

Stream: The full length and width, including the sediment bed and banks, of any moving
watercourse, including creeks, brooks, rivers, branches, and kills. A stream has a channel,
whether natura or artificial, that periodicaly or continuoudly contains moving water, has a

defined bed, and has banks that serve to confine water at low to moderate flows. Typicaly
streams support communities of plants and animals within the channel and the riparian corridor
vegetation zone. Within the definition of stream are included intermittent and ephemeral streams.
The following are offered to make this digtinction: I nter mittent streams have a defined channel
and evidence of sediment transport (scour or deposition) but usually do not have surface water
flow throughout the year and/or throughout the channel. Often the surface flow is reduced to a
series of separated pools, with subsurface flow through riffle aress, for al or part of the year.
Intermittent streamsinclude ephemeral streams that have a defined channel with evidence of
sediment transport. Ephemeral streams are streamsthat carry surface water during snowmelt or
in response to precipitation events. Ephemeral streams may or may not have a defined channel
and evidence of sediment transport. These watercourses are above the water table.

We recommend adopting the State’ s definition of riparian buffer zone, which is: “ The width of

land adjacent to streams or lakes between the top of the bank or top of dope or mean water level
and the edge of other land uses. Riparian buffer zones are typically undisturbed areas, consisting
of trees, shrubs, groundcover plants, duff layer, and a naturally vegetated uneven ground surface,
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that protect the water body and adjacent riparian corridor ecosystem from the impact of these land
uses.”

1.3 Protect tributaries.

A. Conservation/Open Space Lands

Williston Zoning Ordinance, Article I11, Section 2.3.11, D

Protecting the smaller streams that are unnamed or tributaries with an adequate buffer ordinance
can be just as important as establishing one on the stream’s main tributary. Often, the smaller
streams are more vulnerable to hydrologic impacts related to increases in impervious cover.
Moreover, activities that create instability at the tributary can contribute to water quality problems
downstream on the main channel. Therefore, towns need to protect their tributaries in order to
improve the health of the watershed. For example, Tables Two and Three in the report,

Water shed Improvement Plan and Recommendations for a TMDL for Sediment, Allen Brook, lig
four tributaries that are unstable and in need of greater protection.

The amount of impervious cover is a concern because impervious cover prevents infiltration of
water into the soil, forcing more water to move at higher speeds into watercourses, potentialy
causing erosion. In addition, runoff picks up pollutants from the hard surfaces, such as dirt, litter,
oil from cars, sdlts, and bacteria. Greater runoff and less infiltration also result in less recharge of
groundwater, which is essential for kegping streams flowing during dry weather.

The State of Vermont’s draft Riparian Buffer Procedure applies to all streams. Therefore, we
recommend applying the buffer ordinance fully to the streams that are unnamed or brook
tributaries, which will be consistent with the State’ s draft riparian buffer procedure. Thus, D
should reed: “All lands within 100 ft of the top of the bank of the streams that are unnamed or
brook tributaries...”

1.4 Update town maps to show mainstem and tributary buffer protection.

Many participants at various public events concerning the Allen Brook restoration project asked
for maps to show the applicability of the Town'’s buffer ordinance. Geographic Information
Systems (GIS) maps, idedly at 1:5000 scale and based on ortho-photo data, are important tools to
help residents, businesses, and the development community understand where the buffer
ordinance applies. The Vermont Center for Geographic Information isin the process of
developing surface water data layers at this scale throughout the state and may be a helpful
resource for developing such maps.

1.5 Allow for flexibility in buffer width.

Williston Zoning Ordinance, Article I11, Section 2.3.11, ¢, D

The ordinance should provide the opportunity to modify the size of buffer along specific stream

or tributary reaches, to better incorporate the 100 year floodplain, steep slopes, presence of
existing forested buffer, presence of natural, well vegetated drainage ways, or existence of
adjacent wetlands or other critical areas. Wetlands need to be included here because they provide
important functions, such as serving as filters to remove a variety of water borne pollutants. In
addition, they help control stormwater events and mitigate floods. However, the trend in wetland
loss in the county is significant. According the Agency of Natural Resources, 35 percent of
Vermont’s historic wetlands were destroyed by 1988. Chittenden County lost 65 acres of
wetlands between 1990 and 1995 — three times the state average over that time period. We
recommend adding to Part 1, Section 2.3.11, C, and D, pg. 2: “Forested buffers could be extended
beyond the 150 foot buffer to encompassthe 100 year flood plain, with a minimumwidth of 25 ft
beyond the edge of the floodplain. Such buffers could also be extended to include wetlands and
25 ft beyond the edge of the wetland.”
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1.6 Remove parking lots from the list of permitted uses.

Williston Zoning Ordinance, Article 111, Section 3.11.2, C, Permitted Uses

Parking lots should not be an acceptable use of the buffer, which would compromise the water
quality filtering and shading functions of the buffer. In fact, the impacts from transportation-
related impervious cover, parking lots and roads, can be quite significant when they are directly
connected to the stormwater collection system. In addition, the runoff from roads and parking
lots is more contaminated, carrying with it oil, grease, and anti-freeze from leaking cars, as well
as hest, grit, and litter. We acknowledge that the ordinance requires that parking lots be at least
100 ft from named streams. However, we recommend removing parking lots from the list of
permitted uses.

1.7 Provide some additional buffer protection from recreational paths.

Williston Zoning Ordinance, Article 111, Section 3.11.2, D, Permitted Uses

Running a path next to the river can result in the removal of tree canopy, which is essential for
stream shading and habitat functions of the stream and riparian area. Moreover, streams naturally
meander laterally, which could compromise the integrity of path and become expensive to repair.
Therefore, we recommend: “Recreation paths which are open to the public, and bridges
associated with such paths, provided that there is at the minimum of 25 ft between the
recreational path and the top of bank to preserve the purpose of this watercourse protection
overlay district, described above.”

1.8 Provide some specific practices for minimizing runoff from paved paths and parking areas.
Williston Zoning Ordinance, Article 11, Section 3.11.6 A. 2 and 3, pg. 4

There should be some suggested practices to minimize runoff associated with paved paths (and
parking areas). The 2001 Vermont Stormwater Management Manual Public Review Draft,
beginning on page 4-6, contains guidance on how to ensure that the impervious surface of the

path does not create a stormwater problem that would compromise the integrity of the buffer.

We recommend adding to Section 3.11.6 A. 2.: “Pavement associated with public recreation
paths...to minimize runoff into the adjacent watercourse, using guidance contained in the 2001
Vermont Stormwater Management Manual Public Review Draft. Require practicesto minimize
runoff, such as, though not limited to: discouraging the use of curbing, using perviousmaterials,
installing vegetated filter stripsand directing flow into vegetation, and applying level spreaders.
These techniques help to ensure that the runoff will enter the buffer as sheet flow (or lessthan
0.25 ft per second) to increase infiltration.”

If Williston eiminates parking as a permitted use, this section could be deleted. Otherwise,
combine parking to Section 3.11.6 A. 2: “Pavement associated with public recreation paths and
parking areas...”

1.9 Place additional protections regarding buffer crossings.

Williston Zoning Ordinance, Article I11, Section 3.11.6 A. 9. c2

Breaks in the riparian buffer need to be minimized, in order to maximize the buffers ecologica
vaue for instream habitat, shading, and as awildlife travel corridor. In addition, the impact of

the stream crossing to channel functions could be minimized through application of techniques

that leave anatural channe bottom. This technique includes the use of bridges and structural

plate steel arches. We aso recommend adding additiona conditions for buffer crossings, such as.
“The crossing frequency — the number of District crossings within each subdivision— should be
minimized and should not exceed one crossing for every 1000 ft of buffer. Crossingsshould be
located on gently sloping terrain (less than 5 percent) where possible. Impact of the stream
crossing should be minimized by installing, where feasible, bridges and open-bottom culverts.”
See, The Architecture of Urban Stream Buffers, pg. 4-5.
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1.10 Discourage encroachment.

Williston Zoning Ordinance, Article 111, Section 3.11.6 B

To be congistent with our recommendeation to apply this ordinance to tributaries, this section

should be modified to read: “Encroachment of the 100 foot tributary buffers....” In addition, this
section needs to reflect the position that encroachment is really an option for handling existing
structures. We approve of the hardship clause under 3.11.6 B. 3, however, the ordinance should
discourage the use of waivers for new developments and require that all new devel opments
comply with the buffer ordinance. We recommend introducing the opportunity for encroachment
with a statement that reads. “The intent of encroachment isto allow for the presence of existing
structures. Existing structures should not compromise the purpose of the ordinance.”

Encroachment is a particular threat during construction. Therefore, we recommend adding steps
to prevent encroachment: “(a) Construction plans must illustrate buffer limits, (b) the buffer
location must be staked befor e construction begins, (c) silt or snow fences and signs preventing
entry to the buffer must be used to limit disturbance during construction, and (d) contractors
must become familiar with the location of the buffer.”

1.11 Remove the buffer averaging policy.

Williston Zoning Ordinance, Article I11, Section 3.11.6 C. 1.b. Mitigation Plan for Encroachment
Buffer averaging is atechnique that is used in limited circumstances, such as to accommodate an
exigting structure or to recover a“logt lot.” The problem with buffer averaging isthat it tends to
compromise the very functions that a buffer ordinance is trying to protect, namely, protection of
water quality, aguatic and terrestrial habitat, stream channel stability, flood control, and aesthetic
and recreational values. Buffer averaging also provides the unfortunate incentive to develop a
Site prior to securing local permits. The unintended result could be a development with more land
in the buffer zone, but of poor quality due to “holes’ from structures located within the buffer
zone. The Stat€’ s draft Riparian Buffer Procedure does not alow for buffer averaging, and
defines buffer zones to be: “undisturbed areas, consisting of trees, shrubs, groundcover plants,
duff layer, and a naturally vegetated uneven ground surface, that protect the water body and
adjacent riparian corridor ecosystem from the impact of these land uses.” Theintent of the state's
procedure is to establish quality buffers — continuous, uninterrupted, well-functioning streamside
zones. We recommend eliminating buffer averaging as an option.

1.12 Give specid attention to water pollution hazards.

Williston Zoning Ordinance, Article 111, Section 3.11

The Buffer Ordinance needs to include a section of water pollution hazards that need setbacks.
We recommend a statement, “ Activities and landuses that are potential water pollution hazards
must comply with the 150 foot setback fromthe watercourse. Activitiesthat pose greater health
risks, such asraised septic systems because of poorly drained soils, and solid waste landfills must
comply with a 300 setback.”

2.0 2000 Williston Comprehensive Plan
The Allen Brook Restoration Team evaluated the 2000 Williston Comprehensive Plan. We offer
the following recommendations to enhance the local management of stormwater runoff and water

quality:

2.1 Specify streamside protection.

I1. B. 1. Resource Conservation, pg. 8

Add the following to the third sentence: “Open and natura areas and cultural...woodlands,
riparian or streamside and shoreline areas, slopes and ridges, ..."
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I1. B. 3. Development Distribution, pg. 8
Add the following to the first sentence: “The Town will support...by open land, and away from
environmentally sensitive land, such as flood plains, riparian and shoreline areas.”

2.2 Specify stormwater management.

[1. B. 13. Environmenta Protection, pg. 11

Add the following sentence: “The Town will also promote better stormwater management
practices to protect watercourses and riparian areas from the impacts of growth.”

2.3 Bring in the concept of watershed and stormwater management.

IV. pg. 18, following A. Trends

The Town Plan should contain a watershed map, showing the major watersheds within the town
and adjacent towns — Allen Brook, Muddy Brook, the Winooski River, and Sucker Brook. The
section could aso contain a map of the general soil types, describing how they affect drainage
and erodibility potential. For example, the most erodable soils generally contain fine sands and
slt. Clay and organic matter are more binding, and therefore, less susceptible to erosion.
Combining information on the watershed, topography, vegetation, and soil type will help to
identify environmentally sensitive areas, and sites that are vulnerable to erosion.

The section could describe the concept of imperviousness, showing how the percent
imperviousness has changed over time. The section would then describe the objectives of loca
stormwater management, namely, (a) to improve water quality, (b) to enhance the character of
Williston, (c) to reduce property loss through erosion, (d) the provide recreationa benefits, and
(e) the recover aguatic and riparian habitat conditions. Finaly, the section would state that the
Town will go about redlizing those benefits by encouraging: stormwater retrofitting, pollution
prevention, streamside buffer protection, and stream restoration opportunities.

2.4 Minimize imperviousness by having sidewalks on one side of the street instead of two.

IV. C. 3. (3% paragraph) pg. 32

Sidewalks are important for enhancing a neighborhood’ s character, providing safe corridors for
pedestrians, and encouraging pedestrian travel. However, the Town should look for opportunities
to reduce imperviousness. One way is to eliminate redundant pavement by having sidewaks on
one side of astreet. We recommend that all references to providing sidewalks state that
sidewalks should be provided on only one side of the Street. Sidewalks are aso discussed below
under Section 3, Town of Williston, Vermont Subdivision Regulations and Section 5, Town of
Williston, Vermont Public Works Sandards and Specifications, below.

2.5 Include a general statement that roads should be designed and built to minimize adverse
impacts to watercourses.

VI. C. 4. pg. 63

As stated in Recommendation #5 of the buffer ordinance, parking lots and roads can cause
significant impacts to watercourses because they are typically connected directly to the
stormwater collection system, and water, running off the road network, carries with it
contaminants from leaking cars, sand, litter, and heat. Therefore, we recommend modifying the
last paragraph to state: “In general, al roads should be designed...and minimizing adverse
impacts on nearby properties, neighborhoods, and watercour ses.”

2.6 Include areference to a ssormwater utility as a possible initiative to achieve the Town's
conservation godls.
XI1. 9. pg. 9
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The benefit of aloca stormwater utility is to reduce the impact of stormwater runoff and flooding
to watercourses and protect public hedth, primarily by: (1) efficiently addressing the inadequate
management of stormwater that is threatening the hedlth, safety, and welfare of the public; (2)
providing regular maintenance and improvements to stormwater practices, ditches, and the loca
stormwater collection system; (3) raising funds through a fee system to implement actions to
correct existing water quality problems and prevent future ones; and, (4) educating property
owners and the genera public about how they can reduce polluted runoff from their land. We
recommend adding the establishment of a stormwater utility as another initiative for the Town to
consider as a means to achieve its conservation goals.

The mode ordinance listed in Appendix K cdled, Kitsap County Public Works Stormwater
Management Ordinance, 1997, contains good information to consider when establishing a
stormwater utility (http://www.kitsapgov.com/sswm/ordinancel99.htm). Additional guidance

can be found in a document entitled, "How to Create a Stormwater Utility," produced by Pioneer
Valey Planning Commission in Massachusetts. Y ou can find the document on their website:
www.pvpc.org/library/html/library envir.ntml. Also refer to the discussion in the Allen Brook
Report entitled, “ How to Succeed in Pollution Prevention by Really Trying,” which describes
an interesting aternative to a stormwater utility implemented by the Massachusetts town of
Chicopee.

3.0 Town of Williston Subdivision Regulation

3.1 Include under maintenance of facilities a statement concerning the maintenance of stormwater
controls.

Article IX, Section 950 pg. 28

Maintenance, conducted according to a set schedule, is avita yet often overlooked necessity for
ensuring the proper and prolonged performance of stormwater management systems. The
importance of maintenance cannot be overstated. Today’s stormwater practices, which typically
store and treat runoff, are more complex than their runoff conveyance system predecessors.
Regular maintenance can prevent failure of afacility to operate as designed, structural failure that
creates a safety hazard, appearance issues, and more. Failure to provide adequate maintenance
may even create worse conditions than if nothing had been constructed at all. Therefore,
explicitly stating the need to maintain stormwater controls by first the subdivider, to be continued
by the homeowner, tenant’ s association, or other responsible party, may increase the likelihood
that maintenance will be continued. We recommend adding: “ The subdivider shal be required to
maintain dl facilities, including stormwater controls, and provide for snow removal...” A good
source for additiona information about maintenance of stormwater systems is the Watershed
Management Institute, 1997. “Operation, Maintenance, and Management of Stormwater
Management Systems.”

3.2 Reference erosion and sediment control measures and ordinance (if adopted), which are
described below in the Town “Public Works Standards and Specification” , 1997.

Article X, Section 1010 E pg. 31

Provide areference to the Town Public Works Standards document: Control measures shall
follow the guiddlines of the Vermont Handbook for Soil Erosion and Sediment Control on
Condgtruction Sites (VT Geological Survey, 1987), and the Williston Public Works Standards and
Specification.
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3.3 Provide a statement on the need to maintain erosion and sediment controls before, during, and
after construction.

Article X, Section 1010 pg. 32

Many studies show that erosion and sediment controls do not work very well for many reasons,
namely: (a) they were never installed in the first place; (b) they were not installed correctly; (c)
they were not maintained. Well maintained controls not only provide their intended

environmental benefits, they ensure that the investment made to reduce erosion was well worth
the cost. Therefore, we recommend adding a section on the maintenance of erosion and sediment
controls.

3.4 Include information for minimizing the runoff potential from the impervious cover of the cul-
de-sac.

Article X, Section 1020 H. pg. 35

Cul-de-sacs are often designed with alarge impervious surface and no capacity for stormwater
runoff to enter vegetation. \We recommend incorporating stormwater-related design
considerations into this section: To better manage stormwater from cul-de-sacs, they should be
designed to feature: (a) a smaller radius, ranging from 33 to 45 ft; (b) the installation of a
perviousisland in the center of the turn and built below grade and without curbs or with curb
breaksto allow water to flowintoit. Applicantsshould also consider alternativesto cul-de-sacs
that use lessimpervious cover, such as“ T-shaped” turnaroundsand looped roads. A pervious
idand (such as a bioretention STP) provides stormwater infiltration and enhances the
attractiveness of the site. Looped roads offer additional benefits, such as allowing for more
building units and providing two exits which improves the performance of the road.

3.5 Allow for greater flexibility when ingtalling sidewalks.

Article X, Section 1030 A pg. 36

A sidewalk is another type of impervious cover. The Center or Watershed Protection’s
publications, “Better Site Design: A Handbook for Changing Development Rulesin Y our
Community” and “An Introduction to Better Site Design” state that the placement and width of
sidewalks could be modified to reduce impervious cover without compromising travel and safety.
Another reference isthe article, Skinny and One-sided Sdewalks: A Strategy for Not Paving
Paradise, Article 50 in the Practice of Watershed Protection, found at the Center’ s website:
www.stormwatercenter.net. Improved sidewalk designsinclude: (a) having a sdewalk on one side

of the street; (b) using narrower sidewalk widths; and, (c) placed away from the street and graded
so that they drain to vegetation. We recommend a change to the language to allow greater
flexibility: “Sidewalks or recreation paths shall be required, with preference given to installing
sidewalks on one side of the street, indl zoning districts. We a so recommend adding stormwater
design criteriafor sidewalks here or under the Town Public Works Standards document, which
would recommend: sidewal ks be placed away from the street, and graded so that they drain to
vegetation. A Willison official commented that sSidewalks 4 feet or less may actually discourage
pedestrian use because they are not wide enough for two people to walk side-by-side. Requiring
sidewak widths of 3 to 4 feet is an appropriate step to minimize impervious cover. Nevertheless,
due to this concern, we do not recommend reduction in sidewalk widths to four feet at thistime.

3.6 Allow for greater flexibility regarding curbing.

Article X, Section 1030 B pg. 36

Discouraging the use of curbing and grading the sidewalks to direct rainwater to vegetation will
help to increase infiltration. We recommend modifying the language hereto read “ In general,
the use of curbing should be minimized in order to allow precipitation to reach vegetation and
infiltrateinto the ground. Where sidewalks are provided, allow for either breaksin curbing or
other means, such as separation between road and sidewalk, to allow infiltration to occur” .
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3.7 Add additional considerations to reduce the impact of stormwater runoff from other
impervious surfaces, such as driveways and rooftops.

Article X Section 1020 pg. 32

Driveways can be better designed to reduce impervious cover by: (a) having narrower widths
(limited to 9 ft); (b) alowing multiple homes to share driveways, and reducing the length by
minimizing the building setback (see recommended changes to Williston's Zoning Ordinance,
below). Moreover, runoff problems become exasperated when the runoff of impervious surfaces
is“directly connected.” Directly connected impervious cover means that roof runoff flows onto
driveways, into streets, and ultimately into the stormwater conveyance system. Disconnecting
runoff requires directing rooftop runoff to vegetation and away from the road network (driveway,
sidewalk, and street). Making sure that runoff is disconnected will make a huge differencein
preventing additional stormwater runoff-related water quality problems. We recommend
including a statement that refers to these other opportunities to reduce stormwater runoff.

3.8 Address opportunities to minimize stormwater-rel ated problems associated with parking lots.
Either in the subdivision regulations or the public works standards, the Town needs to incorporate
stormwater controls at another important source: parking lots. Parking lots are another example
of an impervious surface. Reducing the impervious surface coverage of parking

requires: (a) decreasing parking ratio requirements below 3 spaces per 1,000 ft* as much as
possible; (b) reducing the size of parking stalls to 9-by-18-ft, and 7.5-by-15 ft for compact stalls
(which can reduce imperviousness associated with parking by 20-50 percent.); and (c) allowing
for spillover parking where a pervious surface can be used.

Reducing the size of parking areas involve: (a) encouraging shared parking and paired parking
(where daytime parking can be used for evening demand); (b) investigating shared parking before
developing excess parking; (c) adopting parking standards based on average parking needs; and
(d) congtructing multi-story or below-ground parking facilities.

Parking lots for office complexes could be designed with vegetative borders to alow infiltration
of the runoff. This design may be appropriate for office complexes, where less congestion and
truck traffic would minimize the likelihood of contamination from petro-chemical products from
leaking vehicles. However, large parking lots may pose the added risk of petro-chemical
contamination. Preventing water quality problems due to parking lot runoff may require the
ingdlation of controls, such as dry and wet bio-filters. (Center for Watershed Protection, 1997).

4.0 Town of Williston Zoning Ordinance, Amended 2000

4.1 Be consistent with the recommended changes to the Buffer Ordinance to protect tributaries
Articlell, Section 2.3.11 D pg. 8

See Recommendation #2 under the Buffer Ordinance, which describes our recommendation to
protect streams that are unnamed and brook tributaries. This language should state: “All lands
within 150 ft of the top of the bank of the streams that are unnamed or brook tributaries...”

4.2 Relax setback requirements to give the Town greater flexibility to reduce total impervious
areas.

Section 3.16 pg. 53

Modifying the shape, size, and layout of the residentia lot can help reduce impervious cover. For
example, the Town has a setback requirement for residential street of 35 ft. Minimizing this
requirement will reduce driveway length, thereby reducing impervious cover. Often, smaller
setbacks are more consistent with Vermont’ s historical neighborhood character.
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5.0 Public Works Standards and Specification, 1997

5.1 Consider aternative permeable surfaces and location of sidewalks and recreation paths away
from the existing road network and draining to vegetation.

Part | C.1.c. pg. 1-9, and Appendix E — Highway Details.

The Town should encourage opportunities to minimize impervious cover and use pervious
materials. We recommend changing the language to read: “Walks/paths 6 ft wide or less may be
concrete and walks/paths more than 6 ft wide may be bituminous concrete. To minimize
impervious cover while maintaining the goal of improve pedestrian movement and safety, walks
and paths should be placed away fromthe road network, graded so that they drain to vegetation,
and possibly built with more pervious materials.”

5.2 Include a maintenance plan for testing and ingpection requirements of storm drainage systems
and reflect maintenance in the title of Section K.

Part Il K 4 pg. |1-6

As mentioned above, maintenance is essentia for ensuring the continued adequacy of stormwater
controls. We recommend adding a schedule for periodic maintenance to the checklist for
determining the completion of a storm drainage system. We a so recommend changing the title
of Section K to read: “ Testing, Inspection, and Maintenance Requirements.”

5.3 Incorporate erosion and sediment control measures into the inspection of road construction.
Part I1 K 5 pg. 11-7

Sedimentation in watercourses, due to erosion and unchecked runoff, is the leading water quality
problem in Vermont and nationally. Sedimentation increases turbidity in the water column,
greatly reducing the growth of beneficial aquatic plants. The high volume of stormwater runoff,
carrying the sediment, can be abrasive to bridge infrastructure and streambanks. Sedimentation
reduces spawning habitat, suffocates fish eggs, and smother bottom-dwelling organisms that are
food sources for fish. Erosion and resultant off-site sedimentation becomes amajor problem at
congtruction sites, if the disturbed land is left unprotected from wind and precipitation.

The Town should take all steps necessary to reduce the vulnerability of erosion by wind and

water. We recommend adding, the installation of erosion and sediment control measures, asan
early phase in the road construction. We aso recommend expanding the roadway genera
inspection checklist to state: seeding and erosion controls (mulch or temporary vegetation) for dl
areasthat have been cleared and graded but will not be constructed on for morethan 14 days (7
days for steep slopes). Temporary seeding and mulching, as well as phased construction
techniquesto prevent the mass grading when only a small siteisactively under development, are
necessary erosion control measures.

5.4 Emphasize erosion and sediment control.

Part Il M pg. I1-10

To emphasize the important objective of controlling erosion and sediment pollution during the
construction process, we recommend modifying the agenda item for the pre-construction meeting
with the town to state: “Erosion, sediment, and dust control measures.”

5.5 Consider adopting an erosion and sediment control/grading ordinance or guidance.

Part V

As stated in Section A.1 of the Town's Public Works Standar ds and Specification, the control
measures described in this part of the document are not intended to be a complete set of
specifications. However, this part contains nothing at all on erosion and sediment control, even
though it is entitled ” Storm Drainage and Erosion Control Measures.” The Town should consider
including at least some basic information on this topic, including the rationae for utilizing these
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control measures. Guidance contained in this part and in the technical appendices could be
enhanced by containing a new ordinance for controlling erosion and sediment. Thisis

particularly important, since studies show that construction is potentialy the most damaging

phase of development to stream stability and aguatic health. During construction, vegetation and
topsoil are removed, bare soils are exposed to wind and precipitation, steep sopes may be cut, the
natural contours and drainage patterns are atered, and riparian areas can be disturbed. Moreover,
Williston must develop sediment and erosion control standards anyway, as part of the US. EPA’s
Phase Il Stormwater Rules.

A good reference for erosion and sediment control and stormwater management, which contains
sample ordinances, is the stormwater Manager’ s Resource Center, at www.stormwatercenter.net.
This reference offers the following principles to help make any erosion and sediment control
ordinance more effective: (a) areference to technical manuals; (b) clear enforcement measures to
ensure maintenance of erosion and sediment control measures; () flexibility to allow a process to
change the plan in response to field conditions; (d) authority for inspectors from the town to
inspect construction sites regularly; (€) incorporation of measures to protect natural resources
such as wetlands and vegetative buffers; and, (f) guidelines in developing an approving an

erosion and sediment control plan.

We recommend including erosion and sediment control guidance directly in Section A of the
Town's Public Works Standards and Specification. The guidance would give the developer or
designer of stormwater controls greater understanding of the Town’s goals on stormwater
management. If the Town decides to include the guidance in an alternative ordinance, Section A
should refer to that ordinance.

5.6 Specify that streets need to be designed to minimize impervious cover, while maintaining
safety objectives.

Part V

Since the road network is a mgjority of the impervious cover in awatershed, revising the street
width standards can help achieve sscormwater management objectives while gill dlowing for
expected traffic volumes, parking needs, and safety considerations. The Center or Watershed
Protection’s, A Better Ste Design: A Handbook for Changing Development Rulesin Your
Community (pg. 29) contains examples of modified street pavement widths. In addition, the
Stormwater Center has information on road widthsin “ Better Ste Design Fact Sheet: Narrower
Residential Streets” (see www.stormwatercenter.net). Several communities use street widths of 22
to 26 ft, which include parking on one side of the street. We suggest modifying the specifications
to include stormwater management considerations, such as: (a) recommended street design
widths; (b) a statement to discourage street cul-de-sacs or modify them to reduce imperviousness
and alow for greater stormwater infiltration (see discussion above); and, (c) a statement to
discourage curbing and the use of vegetated open channelsto alow for infiltration.

Another technique for minimizing impervious cover associated with the road network isto use
aternative street layouts to maximize the number of homes per length of road. Developers may
favor this approach to reduce costs. Homeowners could be attracted to the clustering of homes
because of the larger amount of open space now available to them.

5.7 Enhance the gpecification for storm drainage and erosion control to incorporate stormwater
management techniques.

Appendix D, pg. D-7

The details for erosion and sediment control need to provide better guidance. Any changesto
include better guidance should also be reflected in Part V of the Standards and Specifications.
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The current details promote the use of “hay bale sediment dams’ or silt fence as site perimeter
controls. Properly used, hay baes become one possible component of an erosion and sediment
control plan, but must not be the only component. The use of haybales as afirst choice
contradicts the “ Vermont Handbook for Soil Erosion and Sediment Control on Construction
Stes’ (VT Geological Survey, 1987), which states that “ The hay bale dike is used where ... no
other practiceisfeasible....” Haybale or silt fence check dams are routinely installed across
Vermont, despite the fact that neither practice should be used where there is a concentration of
water in achanne or other drainageway. The Vermont handbook notes that haybales should not
be used for this but fails to say the same for silt fence (the handbook is in need of updating). In
addition to guidance for other structural practices, standards and specifications for nonstructural
practices aso needs to be provided (such as phased congtruction, temporary stabilization with
seeding and/or mulching, etc.). Details from the “Vermont Handbook for Soil Erosion and
Sediment Control on Construction Sites” and other more current erosion and sediment control
documents could be incorporated by reference.

5.8 Enhance the detailed specifications for residentia roads and trails to incorporate stormwater
management techniques.

Appendix E

For example, the specifications show concrete curbing for most developments. It is best to
manage stormwater on site by promoting infiltration. Grading should be done to: (a) direct sheet
flow onto pervious surfaces, rather than concentrating flow into ditches or storm systems; and (b)
generate diffuse sheetflow, rather than concentrated storm flow. Refer to the Vermont
Stormwater Management Manua (CWP 2001) for design details.

5.9 Reference technical guidance for managing stormwater using Stormwater Treatment Practices
(STP's).

We recommend providing additional guidance and reference materials for BMPs, such as. ()
erosion and sediment control; (b) infiltration; (C) retention basins, (d) extended detention basins;

(e) filters; and (f) open channel STP's. The Public Works Specifications could reference the State
of Vermont’s enhanced stormwater program and its new (albeit draft) Vermont Stormwater
Manua (Center for Watershed Protection, November, 2000). That manual contains standards for
design and construction of stormwater management facilities and incentives to reduce collected
stormwater volume through better site design and planning.

5.10 Promote additiona “better Site design practices’ that rely on existing contours and natural
vegetation to minimize stormwater runoff and protect natura resources including tillable soils.
The landscape with natural contours and vegetation work to slow down runoff and increase
infiltration, thus avoiding the liability of having to collect and treat stormwater runoff. Allowing
for natural contours with vegetation is much more effective at infiltration than lawns, where the
contours were removed, and soil compacted.

5.11 Consider adopting channd protection design criteriafor ssormwater practices, which isan
important inclusion in the State of Vermont's draft ssormwater management handbook (Center for
Watershed Protection, November 2000).

“The Vermont Stormwater Management Handbook, Technical Support Document” (Center for
Watershed Protection. November, 2001), includes a “ 24-hour extended detention of the one-year
storm” channel protection criteria (see, pp. 2-11-2-14). Recent studies conclude that controlling
for such storms will protect downstream channels from erosion caused by development.

Research has found that the traditional criteria— controlling for the “two-year, 24-hour storm
event — frequently does not protect channels from erosion. In fact, studies indicate that such
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controls may actualy contribute to erosion, since banks are exposed to alonger duration of
erosive events.

Alternatively, controlling for the one-year, 24 hour storm event, releases the runoff volumes
gradually over the 24-hour period, thereby reducing erosive velocities. Therefore, we
recommend that the Town adopt the channel protection criteria contained in the draft handbook.

5.12 Consider adding a section that allows for alternatives to culverts, such as prefabricated
bridges.

Bridges are a better aternative than culverts because they better maintain the integrity of the
natural channel. Bridges, as opposed to culverts, do not increase the velocity of streamflow
(which could be erosive downstream), are more dependable in providing fish passage, and alow
for the transport of sediment aswell asflow. (Undersizing of culvertsis a common problem,
which interferes with the transport of sediment).

ii. Reference List of Model Ordinances

The model ordinances referenced below can provide towns like Williston useful guidance on how
to best manage future growth while protecting local water resources. The ordinances offer
language and ideas for town officials to incorporate when constructing their own local
ordinances. The Allen Brook Restoration Team has copies of these ordinances. Feel free to
contact the Team, or you can get an electronic copy of these ordinances directly from the Center
for Watershed Protection’s Stormwater Center: http://www.stormwatercenter.net.

Buffer Protection

1. Rhode Idand Ordinance, see: Rhode Iland Ordinance

2. Stream Buffer and Open Space Zoning Model Ordinances from the Stormwater Center (the
Center for Watershed Protection’s clearinghouse of information for management of stormwater):
www.stormwatercenter.net

Erosion and Sediment Control

1. City of Minnespolis Planning Department, 1996

2. Erosion and Sediment Control/Grading Modd Ordinance: www.stormwatercenter.net (also
attached)

Stormwater M anagement

1. Kitsap County Public Works Stormwater Management Ordinance, 1997:

http://mww . kitsapgov.com/sswm/ordinancel99.htm

Albemarle County, VA Water Resources Management, “ Stormwater Management/BMP
Facilities Agreement

State of Colorado, Performance Bond Agreement

Post Construction Stormwater Management Model Ordinance: www.stormwatercenter.net
Golf Course Management Guidelines, Baltimore County, MD

“Enforcing Sediment Regulations in North Carolina,” Center for Watershed Protection,
Article #62: Technical Note #41 from Watershed Protection Techniques 1(3) 143-144.
Modéd Illicit Discharge and Connection Stormwater Ordinance

N
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Appendix G: Rapid Stream Assessment M ethods

This section describes the methods used in conducting the rapid field assessments. A literature
search and data review was completed to select parameters for the collection and analysis of field
data. Thefina field forms integrate information from the sources listed below.

Rapid Geomorphic Assessment (Center for Watershed Protection et al., 1999).

Rapid Bioassessment Protocols (USEPA, 1999b; Fishenich and Allen, 2000).

Vermont Agency of Natural Resources Section Protocols (VT ANR- River Management
Section, 2001).

Rapid Assessment of Channel Stability in Vicinity of Road Crossing (Johnson et d., 1999).
Fluvia Processes in Geomorphology (Leopold et a., 1964).

Schumm’s Channel Evolution Modd (Figure 1, Schumm, 1984).

Stream Management, Water Operations Technical Support Program (Fishenich and Allen,
2000).

8. Urban Stream Assessment Methods, developed by Pizzuto and Hession (Pizzuto et a., 2000).

W e

No oM~

The mainstem of Allen Brook was divided into 11 reaches for assessment purposes. Reaches
were defined relative to road crossings or access points. They were not defined as “like reaches.”
In fact, within each reach the stream types were likely to vary substantially from bedrock
controlled cascades to low-gradient riffle-pool systems. Thirty-five sites dlong the mainstem and
headwater tributaries were assessed both quantitatively and quditatively. Tributaries that appear
as perennia streams on the USGS 7.5-minute topographic maps were walked. Features of special
interest (such as beaver dams, stream crossings, etc.), which occurred between assessment
locations were noted on aeria photos and logged on the Map Descriptions data sheet. Maps of
the reaches, rapid assessments, and sampling locations for the map descriptions can be seenin
figuresin the fina report. Field data were collected using a four-page field form, Map

Description form, and Photo Log form (Also contained here in Appendix G). The field form was
developed for this study and supplements the Phase || protocols outlined by ANR (ANR, 2001c).
All assessments determined left bank/right bank by facing downstream. The appendix of the
interim report for this study contains photos of all cross-sections.

Floodplain Assessment

The floodplain assessment examines the condition of the floodplain, the streams accessto it, and
whether there have been any natural or anthropogenic encroachments.

Streambank Assessment
The bank assessment includes physical descriptions of the bank materias, typica bank dopes,
length and height of bank erosion, and type and amount vegetation present.

Rapid Bioassessment Protocols
The U.S. Environmental Protection Agency (U.S. EPA) Rapid Bioassessment Protocols (RBP' 9)
(USEPA 1999b) are used to:

Determine if a stream is supporting or not supporting aguatic life.
Characterize the existence and severity of impairment.

Help to identify sources and causes of impairment.

Evduate the effectiveness of control actions and restoration activities.
Support use attainability studies and cumulative impact assessments.

The RBP s rely on an assessment of a reference condition that is either specific to the stream
(usually in the upper watershed), or aregiond reference. They contain 10 physical parameters
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that can be measured along a scale of 0 (poor) to 20 (optimal). The total score for al parameters
is summed and compared to a reference condition score. The results of the stability assessment
can be used either as atota score, or can be divided into categories such as floodplain/channd
dterations, sediment deposition, or bank erosion/dope failure.

The parameters used for Allen Brook are those outlined in the Phase Il Protocols from the ANR

(2001c) They include the following:
Epifauna Substrate/Available Cover — habitat suitability for aquatic macroinvertebrates
and fish (we also added the number of pieces of large woody debris (LWD)).

2a. Embeddedness (High Gradient Streams) — amount of surface area of cobbles, boulders,
snags and other stream bottom structures covered with sand and silt (we modified the
approach by measuring 10 cobbles in each assessed riffle).

2b. Pool Substrate Characterization (Low Gradient Streams) — type and variety of pool
substrates.

3a Velocity/Depth Regime (High Gradient Streams) — diversity of flow regimes and
indicator of habitat diversity.

3b. Pool Variability (Low Gradient Streams) — overdl mixture of pool types based on size
and depth.

4 Sediment Deposition — accumulation of sediments on the streambed.

5. Channd Flow Status — degree to which the channd is filled with flow.

6. Channel Alteration — degree of channel dteration.

Ta Morphologica Diversity/Frequency of Riffles (High Gradient Streams) — ratio of
distance between riffles to stream depth.

7b. Channd Sinuosity (Low Gradient Streams) — ratio of channel length to valey length.

Bank Stability — condition of streambanks.

V egetative Protection — percent of native vegetation in riparian zone and disruption.

10. Riparian Vegetative Zone Width — width of natural vegetation from stream through
riparian zone.

Rapid Geomor phic Assessment

The Vermont Rapid Geomorphic Assessment (RGA) (ANR, 2001) is a semi-quantitative
assessment of a stream’s stability designed to supplement the U.S. EPA’s Rapid Bioassessment
Protocols. The RGA assesses four methods of channel adjustment: widening, aggradation,
degradation and change in plan form. The RGA scores can be used to classify the streams overall
stability as well asidentify the maor mode of adjustment.

Channel Evolution Model

The Channd Evolution Mode (CEM) (Schumm, 1984), shown in Figure 1, has five stages. In
Stage 1, theriver is stable. In Stage 2, the channel responds to increased runoff caused by
changes in the watershed (for example, increased development, forest clearcutting)) by incising,
or cutting down deeper into the bed. Incision or degradation is indicated by: (1) the presence of
recent terraces which indicates loss of access to floodplain; (2) the presence of till in the bed; and,
(3) nickpoints or headcuts. As the riverbed elevation lowers, the banks become steeper and more
unstable and collapse, widening the river (Stage 3). During Stage 4, the banks continue to
collapse until a stable dope is reached and the river widens, but at alower elevation than it was
during Stage 1. In Stage 5, the stream has the same dimensions (width and depth) asit did during
Stage 1, but the river has created a new floodplain at alower elevation. During the Rapid
Geomorphic Assessment, reaches were categorized using one or two of the above stages of the
CEM modd.
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Figure 1: Channel Evolution Model
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Bankfull and Cross-Sections

Bankfull width was measured, using a tape strung level across the channel and bankfull
indicators, including tops of bars, vegetation lines, breaks in dope, and lichen or moss lines.
Measured cross-sections a a minimum went from top of bank to top of bank, and included al
flood and cut-off chutes. Where applicable, the widths of active floodplains or abandoned
terraces were measured using either a tape or rangefinder. Depths were measured at |ocations
across the stream approximately every one ft and at the thalweg (point of greatest flow aong the
channel cross-section, which is usualy at the degpest cross-section point) across the bankfull
width. Beyond the bankfull width, measurements were taken at breaks in dope, changesin
elevation and other physica features. Physical parameters measured include bankfull width,
entrenchment ratios, width/depth ratios, and channel gradient (see next section).

Water Surface Slope

Water slope was measured with a hand level and two stadiarods. Slope was measured at similar
features, for example, from top of riffle to top of riffle, or base of pool to base of pool. Distance
was measured with arangefinder or tape. Generally the dope was measured along a distance that
ranged from 150-250 ft in length. Water surface dopes were taken by holding the bottom of the
rod at the top of the water surface.

Stream Classification

Reaches of the stream were placed into the Rosgen (1996) and Montgomery and Buffington
(1997) stream classification systems (see table below) primarily on the basis of dope and
entrenchment ratio. Entrenchment ratio is calculated by dividing the flood-prone width by the
bankfull width. These classification systems were developed for less disturbed systems and
hence are difficult to use in an unstable system.
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Stream Classification

M-B Bed Form Substrate Valley Gradient | Associated | W/D ratio*
Reach Rosgen
Type Type and
Gradient
Cascade | Tumbling jet Boulder Narrowly | Steep A <12 (Rosgen)
and wake flow confined >6.5% 4—10%
Step-Pool | Stepsand Boulder- Confined Steep A, B Steeper
channel cobble 3-6.5% gradients = 17
spanning 2-4%
pools gradient = 21
Plane- Run, riffle, Cobble- Confined Mod.- B2-4% 21
Bed and rgpid Gravel or High
Unconfined | 1.5— 3%
Poal- Undulating Gravel Unconfined | Mod.-Low | C <2% 28
Riffle Cobble <1.5%
Dune- Ripples, dunes | Sand Unconfined | Low D, E Wide variation
Ripple and anti-dunes <1.5% <4%, <2%

*Types based on a combination of Rosgen and Montgomery-Buffington Stream Types

Bed Substrate Composition
Bed substrate composition over the length of the reach was estimated using six categories.

bedrock, boulder, cobble, gravel, sand/silt and clay. The largest particle observed on both the bed
and bars was a so noted.

Erosion Processes
The erosion processes considered were bed, toe, upper bank, piping, seeps and undercut banks.
The length and height of mass failures was measured as well as the presence of nickpoints. The
process was characterized as shear dominated or faling stage dominated based on the form and
type of failure.

Photo Documentation
Each rapid and detailed assessment site was documented with four photographs. Standing at the
cross-section location photos were taken looking upstream, downstream, towards the left bank

and towards the right bank.

Detailed Stream Assessment

Three sites along Allen Brook were permanently monumented for detailed assessment. Two of
the sites are used by the DEC Biomonitoring Section (see figure in fina report). Reach lengths
were determined on site and were sized to include 3 riffle features, or 10-20 bankfull widths. The
reach lengths were 150 to 400 feet long. Once the top and bottom points were chosen, the reach
was flagged for alongitudinal profile and the cross-sections. The longitudina profile and the

cross-sections were surveyed using a laser level. The exact location of the top and bottom of the
reach as well as the rebar markers on the permanent cross-sections were recorded using a Trimble
ProXR GPS unit.
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Longtitudinal Profile

For the longitudinal profile, water surface and thalweg (the portion of channe with mgority of
flow — often the deepest part of channel) elevations were recorded at feature locations such astop
of pool (TP), deep point of pool (DPP), and top of riffle (TR) aong the entire reach.

Occasionally, intermediate riffle and pool points were surveyed, if the distance between features
was too great. A tape was stretched along the thalweg for distance measurements.

Cross-Sectional Survey

Three cross-sections per reach were surveyed within riffle features. The survey team chose one
cross-section per reach (the middle cross-section) as a permanent site to alow for future surveys
to assess channel change over time. Stedl rebar markers were driven into opposite sides of the
flood plains to permanently mark its location.

Steel pins were placed perpendicular to the stream on opposite banks of the channel for each
cross-section, approximately level. A measuring tape was attached to opposite pins, taught, with
the zero point at the location of the left pin (on left bank, looking downstream). Beginning at the
left pin (0" marker), elevations were measured at one to two foot intervals. In addition, elevations
and horizontal distances were recorded for special features such as left and right top of bank,
bankfull, left and right edge of bed, |eft and right water surface, thalweg, and any other significant
features (e.g., idands, protruding rocks).

Four photographs were taken of the permanent cross-section (XS) in the following order:
from left bank across the XS, standing over the left rebar.
from right bank across the XS, standing over the right rebar.
upstream, standing at center of stream and looking upstream at the XS.
downstream, standing at center of stream and looking downstream at the XS.

Streambed Material Characterization
The composition of the channel substrate was characterized using a modified Wolman pebble

count procedure (Wolman, 1954; Potyondy, 1994; Bevenger, 1995) at the three detailed reaches.
Pebbles were chosen at random from the channel substrate in the riffle and pool sections aong
length of thereach. The“B axis’ (the intermediate axis (width); neither the longest axis (length)
nor the shortest axis (thickness)) of pebbles was measured. The reach feature (riffle or pool) was
noted, and the sections tried to mimic the balance of pooals, riffles and runs within the reach. For
example, areach with 30 percent riffles and 70 percent pools and runs would have 30 percent of
the pebbles counted in riffle sections. A minimum of 200 pebbles was counted at each site. Ten
“samples’ were taken randomly at each of 20 transects across the channel by closing ones eyes
and placing afinger on the channel bottom, sizing the first particle touched, and moving
incrementally across the channel until ten samples have been taken across the channel. Particle
Size was measured using a Wentworth gravelometer.

Embeddedness

A process similar to that used for the rapid geomorphic assessment measured embeddedness for
each detailed reach. We measured the amount of surface area of particles (gravel that was larger
than golfball size, cobbles, and boulders) that was covered with sand and silt. We repeated that
measurement for atotal of 10 particles within each cross-section riffle along the reach (for atotal
of 30 samples per reach). Particles were categorized according to percentage of surface area
covered: 0-25 percent, 25-50 percent, 50-75 percent, and 75-100 percent.
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ALLEN BROOK STREAM GEOMETRY DATA SHEET

Reach
Number

M1
M1

M1
avg

M3
M3
M3
avg

XONNDOODO O UAADWW

11
Tributaries
5

N~N~N~NO

Site
Number

[
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T21
T3.1
T6.1
T6.2
T6-1.1
T6-2.1

Bankfull Width Thalweg

(ft)

25.3
33.9
38.2
224
22.6
21.7
22.23
33.5
34.2
42.5
24.6
248
28.7
26.03
38.8
40.3
31.4
32.6
28.7
215
24
12
12.7
16.7
40.8
23.7
20.3
8.2
10.8
18.7
9.7
14.3
16.6
124
10.83
14.1
14.8
8.5

3.1
7.5
6
29
6.3
2.8

BF
Depth
(ft)

4.1
25
29

2.7
24

24
2.50
25
31
3.6
1.8
1.2
15
1.50
26
29
1.8
25
24
1.6
24
1.2
1.2
1.6
1.8
1.7
24
1.8
1.3
1.8

0.8
1.3
1
11
0.6

Mean
Depth (ft)

3.30
1.50
21

1.80
1.50

1.60
1.63
1.7
1.7
1.8
1.10
0.90
1.00
1.00

SO 0wy

0.90
0.90
0.50
0.58

o~

wwo~No»®

Low Bank
Height

1.50
2.90
3.20

6.50
3.10
6.70

3.70
3.40
3.60
4.10
3.30
2.80

4.30
1.70
2.80
4.20
1.80
2.80
2.00
2.10
3.70
3.40
2.70
4.70
3.30
2.30
2.50
2.60
1.50
2.00
1.90

3.40
4.40
0.80

1.70
4.30
2.40
3.00
1.20
2.00

* (bed slope on perman@ermahent cross-sections in bold, M1, M3 and M9

Incision
Ratio (Low
Bank
Height/
Dmax)

0.37
1.16
1.10

241
1.29
2.79

1.48
1.10
1.00
2.28
2.75
1.87

0.00
1.48
0.94
1.12
1.75
1.13
1.17
1.67
1.75
2.31
1.89
1.59
1.96
1.83
1.77
1.39
2.60
1.15
1.256
1.90
0.00
2.62
1.76
1.14

1.70
5.38
1.85
3.00
1.09
3.33

Entrench

24
27
3.9

27
22

23
24
1.5
29
24
1.6
1.3
11
1.3
23
22
1.9
31
1.7
1.9
1.3
1.7
1.8
1.6
1.2
1.9
24
1.8
1.3
27
4.1
20
26
1.2
20
28
26
1.8

32.0
20
11.6
14
24
21

ANR PHASE Il PROTOCOL RESULTS

Cross-
Sectional

ment Ratio  Area (sq.

Feet)

83.9
52.3
78.7

40.6
40.9

35.7
39.07
56.5
58.1
76.7
28
225
28.6
26.37
80.3
92.1
36.8
68.2
52.1
27.3
52.1
9.7
11.6
17.5
42.6
19.1
34.8
11.5
9.9
18.4
5.8
13
14.4
6.1
8.38
13.5
17.5
3.6

25
4.2
4.5
25
21
0.9

Water
Surface
Slope*
%

0.6
0.1
0.3

0.3
0.3

0.3
0.3
11
20
0.7
14
14
14
1.4
1.3
1.3
0.2
1.2
0.2
14
0.2
1.5
22
0.2
1.0
14
1.0
0.3
1.2
1.0
0.4
3.0
3.0
3.0
2.3
5.3
0.1
29

X
X
0.4
0.6
3.7
1.3

Estimated
Width of
Flood
Prone
Area (ft)
61
92
149

60
50

50
53
50
100
100
40
31
33
35
89
90
60
100
50
40
30
20
23
26
48
45
49
15
14
50
40
29
43
15
22
40
38
15

99
15
70

15

Riparian
Buffer

Typelfores
or

grass/wetl
and
9
9
q
flg

flg

flg
0.00

- =h =h —h —h —h

)
-9
S

MO hQQQQ ~Q QQ —h—h

-

-

Width/
Depth
Ratio

7.7
22.6
18.2

12.4
15.1

13.6
13.69
19.7
20.1
23.6
22.4
27.6
28.7
26.21
18.5
18.0
27.0
15.5
15.9
16.5
13.3
15.0
141
16.7
39.0
29.6
11.9

5.9
12.0
18.7
16.2
15.9
19.0
248
14.92
14.1
12.3
213

3.9
12.5
8.6
3.2
21.0
9.3

DA
14.5

13.4

9.8

Rosgen
Stream
Type:

E5
C5
C5

E5
C5
C5

C3
BC3
C3
B3
F3
F3

C3
B3
B3
C3
B5
BC3
F3-5
B3
B4
G4
F3
BC3
E5
B5
F5
Cc4
C3

B3

C5b
E5
B3

E6
B4
E5
G5
C5
B5



SITE
NUMBER NUMBER

N NN = =

—H o

T6.1 alternate

T6.2 alternate
T6-1.1 none
T6-2.1 alternate

© © 0 N N NN NYNOoOooo oo a b~ s D 0woww

- O

ANR PHASE Il PROTOCOL RESULTS SHEET 5

5.2 Chute Channel

Sediment Cut-offs:  Avulsions

Storage:

point
point
mcb, point

point

a4 a4 a o o

[ T

2
3
1 point
2
3 point

none
point
mcb

none
mcb

point
none

1

2

3

1

2

3

1

2 diagonal
2 none
3 point

1 mcb

2 mcb

3 none

4 ehind LD jan
1 ncb, alternat

2 alternate

mcb, point
point

alternate
none

O 0O o0 o 00 20 =~ 000 = 2~ 0 = 0 = 0O OO o o o
O O OO0 0O o0 oo 0 0O oo 00 =~ 0 -~ O O o o o o

none
none / mid-
channel bars /
point bars /
diagonal bars /
delta bars

/alternate bars YIN YIN YN

5.1 Bed 5.3 Steep Height of
Riffles or
Head Cuts

- O O o o ©

- O O O O O OO O O O -~ OO0 O O O o oo o o o o o

5.4
Evidence 5.5 5.6 Stream
of gravel "r Ford or EROSION
) Channelized/ .
mining or Straightened: Anln!al ) PROCESSES
re- Crossing:
arranging:
0 0 0
0 0 0 upper bank
0 0 0 none
0 0 0 none
0 0 0 toe, upper bank
0 0 0 toe
none

undercut bank
mass failure
none
none

undercut bank
bed, undercut
none
bed
none
rer bank, mass fai
none
none
undercut bank
undercut bank
undercut bank
undercut bank
none
undercut bank
0
undercut bank
none
none

O O O O O O O O O O O O O O O o0 oo oo o o o o o
O O O O O O O O O O O O O O O O oo oo o o o o o
O O O O O O O O O O OO =~ 0O 0O 0O O O oo o o o o o

none

None / Bed / Toe /
Undercut Bank /
Upper Bank / Piping /
Seeps / Failure at
YN YN YN contact

Length Height

Mass Mass
Failure Failure
(feet) (feet)
20 7

180 14-20
120 4
30 6
15 2
50 6
60 20
60 35

40,30 2,2
10 1
20

- O O © o
o = O © o

o

Bank

right
left

left

left

right

left, right

left, right

left

Dominant

Channel Chanr_\el
Adjustment Evolution
Process Stage

4
A 2
A 1
CP 1
A, CP 5
1
ow, D 3
A 1
A 4
A 1
A 1
ow 4
CP 3
CP 3
A 1
D 2-3
CP 1-2
CP 3
A 3
CP 2
D 2
D,OW 2-3
D 2
D 2-3
D 1
D 2
CP 3
ow 2-3
n/a 1
none 5
none 1

Degradation (D) /

Aggradation (A)/  Stable (1) /
Over-Widened  Incision (2) /
Channel (OW)/ Widening (3) /

Change in Stabilizing (4)
Planform (CP) / Stable (5)



ANR PHASE Il PROTOCOL RESULTS SHEET 4

4.1 42 43 Historic 4.4 4.5 Flow 4.7 Bridge or

REACH SITE Springs or Adjacent Ice or Stormwater regulations or 4.6 Culvert: = Channel

NUMBER NUMBER Seeps: Wetlands ?_eb"s. Ja"_‘ Outfalls:  withdrawals Constriction
ocations:

1 1 0 0 0 1 0 0 0
1 2 0 0 no info 0 0 0 0
1 3 0 1 1 0 0 0 0
2 1 0 1 no info 0 0 0 0
2 2 0 0 no info 0 0 0 0
2 3 0 1 no info 0 0 0 0
3 1 1 1 0 1 0 0 0
3 2 1 1 0 0 0 0 0
3 3 0 0 0 0 0 0 0
4 1 0 0 0 1 0 0 0
4 2 0 1 no info 0 0 1 0
4 3 0 0 0 1 0 0 0
5 1 0 0 0 0 0 0 0
5 2 0 0 0 0 0 0 0
5 T2.1 1 1 0 0 0 0 0
5 T3.1 0 0 0 0 0 0 0
6 1 0 0 no info 0 0 0 0
6 2 0 0 1 0 0 0 0
6 3 0 0 no info 0 0 0 1
6 4 0 1 1 0 0 0 0
7 1 0 1 1 0 0 0 0
7 2 0 1 0 0 0 0 0
7 T6.1 0 1 1 0 0 0 0
7 T6.2 0 1 0 0 0 0 0
7 T6-1.1 0 1 0 0 0 0 0
7 T6-2.1 0 1 0 0 0 1 0
8 1 0 1 1 0 0 0 0
8 2 0 1 1 0 0 0 0
9 1 0 0 0 0 0 0 0
10 1 0 1 0 0 0 1
11 1 0 1 0 0 0 1 0

CHOICES Y/N Y/N Y/N/No info Y/N Y/N Y/N Y/N



ANR PHASE Il PROTOCOL RESULTS SHEET 3A

rip-rap/
3.1 Left gabion/ 3.1 Right
REACH SITE . Percentag Bank . . Percentage Bank
NUMBER NUMBER Stream  Canopy: e covered: Erosion: Length (ft) Height (ft) concrete/o Length (ft) Stream  Canopy: covered: Erosion: Length (ft)
Bank ther/ Bank
none
1 1 h open <25 1 60 4-8 d,h open <25 0
1 2 d (few), h open <25 0 tree revet 20 d (few), h open <25 0
1 3 d,h closed 50-75 1 200 2-3 none d,h open 25-50 1 20
2 1 d closed 75-100 0 none d closed 75-100 1 20
2 2 cd closed 75-100 1 60 12-18 none d closed 50-75 1 180
2 3 d,s open 25-50 1 75 10 none cd closed 75-100 0
3 1 d,h open <25 0 none d,h open 25-50 0
3 2 c,h closed 75-100 1 30 3 none c,h closed 50-75 1 120
3 3 d,h closed 75-100 1 30 6 rip-rap 90 d,h closed 50-75 0
4 1 d closed 75-100 0 s,h open <25 0
4 2 d closed 25-50 1 30 3 none d,s closed 50-75 0
4 3 d closed 50-75 1 30 4 d,h open 25-50 0
5 1 h open <25 1 10 1 h open <25 0
5 2 d,h open <25 1 150 3 d,h open <25 1 40
5 T2.1 h open <25 0 h open <25 0
5 T3.1 d,h closed 75-100 1 50 3-6 d,h closed 75-100 1 10
6 1 d,h open 25-50 0 d,h open 25-50 0
6 2 c closed 75-100 0 cd closed 75-100 1 60
6 3 h open <25 0 d closed 75-100 0
6 4 s,h open 25-50 0 h open <25 0
7 1 h open <25 1 60 3.5 h open <25 1 60
7 2 h open <25 1 35 15 h open <25 1 30
7 T6.1 h open <25 1 20 3 s,h open <25 1 6
7 T6.2 h open <25 1 40 2 h open <25 1 30
7 T6-1.1 h open <25 0 h open <25 0
7 T6-2.1 h open <25 1 8 1 h open <25 1 8-10
8 1 d closed 75-100 0 d closed 75-100 0
8 2 h open <25 1 20 d,h open <25 0
9 1 d closed 75-100 0 d closed 75-100 0
10 1 p open <25 0 p open <25 0
11 1 d,h closed 75-100 0 d,h closed 75-100 0
vonnerous vonnerous
trees (c) / trees (c) /
deciduous deciduous
trees (d)/ trees (d)/
shrubs (s) / shrubs (s) /
herbaceous herbaceous
(h) / pasture- (h) / pasture-
lawn (p) / lawn (h) /
meadow (m) / meadow (m) /
invasives (i) / Open/ invasives (i) / Open/

CHOICES bare (b) Closed YN bare (b) Closed YN



ANR RESULTS SHEET 3B

rip- 3.3 Left Right
rap/gabion 3.2 Left 3.2 Right . Right Bank: Bank: 3.4 Lower Upper
NOMEER  NUMEER  Height (ft) Joonaretel Length (f) Adjacent Left Buffer Left Buffer Adiacent aght Butfer Typical  Typical  Bank Bank
other/non Land Use: Land Use: Width Bank Bank Texture: Texture:
e Slope: Slope:
vert,
1 1 o h 10-40 a d,h 50 high undercut fa fa
concrete,
1 2 tree revet 2,20 m h >100 m h >100 vert vert ca fa
1 3 2-3 none f d >200 r d,h 150 medium vert ca fa
2 1 5 none m d >150 f d >150 low high ca ca/fa
2 2 14 none f c,d >200 f d >200 medium medium Hulder in grabulder in gra
2 3 asphalt 50 fi d,s >60 f c,d >100 low high ablation till ablation till
3 1 none i cd 100 r d >200 high high fa fa
3 2 4 none f c >200 r c 100 medium medium ca fa
30 up
3 3 none m d 30 f.r d 100 down vert vert ca fa
4 1 f >100 m d,s >100 medium  medium fa fa
4 2 c d,s 50 r d,s >100 high high fa fa
4 3 c d 50 r d 100 high high fa fa
5 1 none m h >300 m s,h >300 high medium ca fa
5 2 3 f,m c,h >300 f,m d,h >300 high high fa fa
5 T2.1 m d,s,h >500 a d,s,h >400 high high fa fa
5 T3.1 6 m d 30 m d,h 20 vert high ca fa
6 1 m h 30 r h 40 high high ca fa
6 2 20 f d >100 f d >100 sert,undercu vert ca ca
6 3 a d,h 3-20 m d 10 low low ca ca
6 4 m s,h 50-100 m s,h >100 vert vert s s
7 1 3.5 m d >200 r h 100 vert vert fa fa
7 2 15 f,m d,h 300 f,m d,h 400 high vert ca fa
7 T6.1 3 f s,h 40 r d,s,h 150 high high fa fa
7 T6.2 2 f,m d,h >300 f,m d,h >300 high high fa fa
7 T6-1.1 f h >400 f h >400 high high sc sc
7 T6-2.1 1 a h >200 m h >100 high high fa fa
8 1 c,r d 30-100 r d,h 60-100 rert, underct vert ca ca
8 2 m h >100 m h >100 vert vert ca ca
9 1 minor, from farms d d 200 a d 100 medium low fa ca
10 1 a h 0 a h 0 low low t t
11 1 f d,h >100 f d,h >100 high high ca ca
forest (f) / forest (f) /
agricultural- coniferous agricultural- coniferous
crop or trees (c) / crop or trees (c) /
pasture (a) / deciduous pasture (a) / deciduous till (t) / coarse il (t) / coarse
meadow (m)/  trees (d)/ meadow (m)/  trees (d)/ Low (3:1)/ Low (3:1)/ alluvial (ca)/ alluvial (ca)/
commercial (c) shrubs (s)/ commercial (c) shrubs (s)/ Medium (2:1) / Medium (2:1) /  fine alluvial fine alluvial
/industry (i)/  herbaceous /industry (i)/  herbaceous High (1:1) / High (1:1)/ (fa)/sand (s)/ (fa)/ sand (s)/
residential (r) / (h) / invasives residential (r) / (h) / invasives Vert/ Vert/ silt/clay (sc)/ silt/clay (sc) /

CHOICES other (o) (i) other (o) (i) Undercut Undercut other (o) other (o)



REACH

NUMBER NUMBER

CEONNNNNNVOODODONTNUTADRDRWWONNN = o =

-
)

CHOICES

ANR PHASE Il PROTOCOL RESULTS SHEET 2

SITE

— -
N2BDRWN2WONN_2CWN 2 WON_2WN 2 WN =

RGN

T6.1

T6.2
T6-1.1
T6-2.1

A aaN

2.6
Sinuosity

high
high
high
moderate
low
high
low
moderate
low
high
high

moderate
high
low
high
moderate
moderate
low
high
low
low
moderate
high
moderate
low
high
high
moderate
low
low

Low /
Moderate /
High /
Oxbows

2.7 Stream  Stream

A
B
D

3

Type:

G

E
1

4

Type:

RD
SP, PB

Cascaae (U)
Step-Pool
(SP) Plane
Bed (PB)

F  Riffle-Pool

C (RP) Ripple-

5

2 Dune (RD)
Braided (B)

2.8
Riffles/Ste
ps:

runs only
partial
partial
complete
complete
complete
complete
complete
complete
runs only
complete
runs only
partial
complete
runs only
partial/di
runs
rtial, transve
complete
runs only
runs only
rtial, transve
partial
runs only
runs only
partial
rtial, transve
plete, transv
partial
runs only
complete

complete /
partial / runs
only /
transverse

29
Riffle/Step
Spacing
(ft)

120
20-80
30
n/a
40

Pool
Spacing:
(ft)

n/a
50
30-40
100
none

D50 in
riffle

0.1
0.1

N

3.5

6-8
2.5
2.5
<0.1

<0.1

0.1
<0.1
0.01

1.5

<0.1
<0.1

<0.1
<0.1
<0.1
<0.1

0.2

<0.1
1.5

2.10
Percent
Bed
Substrate
Compositi
on (should
add up to
100%):
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

Bedrock

[eNeNoNoNoNeNo o oo No o o oo No o oo No No o o No No o No No o o N o]

Boulder
(>10in)

C0OO0OO0O0O0O0OUMUIOOOO~UIONUIgUIS 200 O

= o N
oo~

Cobble
(25-10
in)

[ - -} 0
So8Bococococococo-~F

Gravel (0.1 Sand/ Silt

-2.5in)

(<0.1in)

Clay

[eNeNoNoNoNeNoNoNoNoNo o oo No o oo No No NoNo el

N
o

[=NelololoNoNa}

CPOM

[eNeNoNoNoNeNo o oo No No o oo No o oo No o o oo No No No N Ne S =

211
Largest
Particle on
bed: (in)

Largest
Particle on
bar: (in)

<0.1

18
1.5
none

n/a



ANR PHASE Il PROTOCOL RESULTS SHEET 1A

1.5 1.5
1.2 Flood
REACH  SITE . . . site 1.1 Alluvial 1.2 Plain 1.3 Berms 1.3Berms L+ Roads, 1.4 Roads, Developm Developm
NUMBER NUMBER Latitude Longitude Elevation Length Fan: Floodplain Encroach LB RB RalILrgads Ral:;gads Flents in ents in
ment oodplain Floodplain
LB RB
1 1 210 500 0 i 0 1 0 1 0 0 0
1 2 550 0 i 0 0 0 0 0 0 0
1 3 440 0 a 0 0 0 0 0 0 0
2 1 210 450 0 a 0 0 0 0 0 0 0
2 2 675 0 a 0 0 0 0 0 0 0
2 3 270 450 0 i 1 1 0 0 0 0 0
3 1 664 0 a 0 0 0 0 0 0 0
3 2 44.45988 73.10541 420 320 0 a 0 0 0 0 0 0 0
3 3 460 0 a 0 0 0 0 0 0 0
4 1 360 400 0 i 0 0 0 0 1 0 0
4 2 250 0 a 0 0 0 0 0 0 0
4 3 370 270 0 i 0 0 0 0 0 0 0
5 1 4444575 73.09998 406 108 0 a 0 0 0 0 0 0 0
5 2 4444431 73.09364 405 210 0 a 0 0 0 0 0 0 0
5 T2.1 4444464 73.10227 40 0 a 0 0 0 0 0 0 0
5 T3.1 4444621 73.09276 384 114 0 i 0 0 0 0 0 0 0
6 1 390 250 0 i 0 0 0 0 0 0 0
6 2 395 300 0 a 0 0 0 0 0 0 0
6 3 250 0 a 1 0 0 0 0 0 1
6 4 450 360 0 i 0 0 0 0 0 0 0
7 1 4454534 73.07023 517 78 0 i 0 0 0 0 0 0 0
7 2 4443969 73.06735 500 120 0 i 0 0 0 0 0 0 0
7 T6.1 4444541 73.07021 498 56 0 a 0 0 0 0 0 0 0
7 T6.2 4444593 73.06736 512 86 0 i 0 0 0 0 0 0 0
7 T6-1.1 30 0 a 0 0 0 0 0 0 0
7 T6-2.1 4444585 73.06595 514 40 0 i 0 0 0 0 0 0 0
8 1 480 300 0 i 0 0 0 1 1 0 0
8 2 200 0 i 0 0 0 1 0 0 0
9 1 4442698 73.06992 506 240 0 a 1 0 0 0 0 0 0
10 1 630 630 0 a 0 0 0 0 0 0 0
11 1 640 100 0 i a 0 0 0 0 0 0
active (a) /
inactive (i) /
unsure (u) /
CHOICES YN bedrock (b) YN YN YN YN YN YN YN



REACH

NUMBER NUMBER

T o0WOONNNNNNODOODUIUNUOBRRARWWWNNN - 2 =

CHOICES

SITE

— -
N2 DRWON_2ONN A WON 2 WON 2 WN 22 WN =

RGN

T6.1
T6.2
T6-1.1
T6-2.1

A aN

Adjacent
Slope: Left

PO WRARPAALEADADRMDRMDIMNDMNDMNDADADNDNOW_,L,WORANOWWOWRARWRAALELSDS

1.6

Adjacent
Slope:
Right

[ I S S I S I SN S S S N N S S I S S S N N N N N

x-steep (1) /
steep (2)/

mod.(3

1.7 Valley Upstream

Type:

BU
BU
BU
BU
BAT
BAT

BU
SC
BAT
BU
BAT
BU
BU
BU
BU
BU
BAT
BAT
BAT
BU
BU
BU
BU
BU
BU
BU
BU
SC
BU

NC/SC/NU/BU
/BAT

1.8

Grade
Controls

0O, 2000000 ~,P00 P00, 00000000000 ~0O0

Y/N

Distance
to Grade
Control (ft)

>100

top of reach

30

350
30

70

Grade
Control

Type

dams

dams

boulders

LWD, dams
dams

ate bottom b
oulders, LW

stream culve
Bedrock /
Boulders /

LWD / Dams /
Weirs / in-

stream

culverts /
concrete

bottom bridges

ANR RESULTS SHEET 1B

Fish
Barrier

~O0OO0Oo0coo

el NoNo]

-~ 00O -~0

Y/N/U

1.8
Downstrea
m Grade
Controls

[eNe N eoNeNoNoNeNoNe o NoNoNoNe ol el Yo o NoNo NoNo o NoNe P Yo N

Y/N

Distance
to Grade
Control (ft)

300

200

30

Grade
Control

Type

dams

stream culve

culverts

oulders, LW

Bedrock /
Boulders /
LWD / Dams /
Weirs / in-
stream
culverts /
concrete
bottom bridges

Fish
Barrier

o o

~O0Oo0Oo0coo

[cNeoNoNoNe]

Y/N/U



ALLEN BROOK RAPID GEOMORPHIC ASSESSMENT RESULTS

9-1: Degree 9-2: Degree 9-4: RATING

Of Channel  Of Channel 9-3: Over- Changes (TOTAL

Reach Site Degradation Aggradatio Widened In TOTAL SCORE
Number Number (Incision) n Channel Planform SCORE /80)
1 1 13 8 11 14 46 0.58
1 2 10 6 13 13 42 0.53
1 3 18 11 18 13 60 0.75
2 1 18 15 18 13 64 0.80
2 2 18 13 11 8 50 0.63
2 3 13 13 9 8 43 0.54
3 1 13 18 13 18 62 0.78
3 2 15 13 15 14 57 0.71
3 3 15 11 13 14 53 0.66
4 1 16 8 18 18 60 0.75
4 2 18 14 18 18 68 0.85
4 3 14 10 12 18 54 0.68
5 1 12 15 12 6 45 0.56
5 2 8 8 9 5 30 0.38
5 T2.1 20 8 20 18 66 0.83
5 T3.1 1 3 1 17 22 0.28
6 1 15 13 13 8 49 0.61
6 2 18 13 13 2 46 0.58
6 3 18 13 18 18 67 0.84
6 4 11 8 18 2 39 0.49
7 1 10 11 5 13 39 0.49
7 2 8 13 8 11 40 0.50
7 T6.1 9 10 13 11 43 0.54
7 T6.2 9 10 10 13 42 0.53
7 T6-1.1 15 16 18 16 65 0.81
7 T6-2.1 12 15 15 18 60 0.75
8 1 16 6 7 4 33 0.41
8 2 13 13 8 18 52 0.65
9 1 20 18 17 18 73 0.91
10 1 18 18 18 18 72 0.90
11 1 18 18 18 18 72 0.90

TOTAL 14 12.3 13.7 13.4 54 0.67



ALLEN BROOK TMDL QUANTITATIVE RESULTS

Reach Site % Left % Right Total # Total # # particles # particles # particles # particles Number of Size of
Number  Number Bank Bank pieces pieces Embedded Embedded Embedded Embedded Mid- Mid-
Eroded Eroded LWD NLWD ness (0- ness(25- ness (50- ness (75- Channel channel
25%) 50%) 75%) 100%) Bars bars (ft)
1 1
1 2 5 5 32 0 2 0 1 0
1 3 <1 <1 55 0 5 3 2 0
2 1 1 1 33 0 6 4 0 0
2 2 <1 25 48 7 5 3 2 0
2 3 18 1 4 3 3 0
3 1 10 0 28 0 6 4 0 0 0
3 2 10 25 27 0 5 3 2 0
3 3 5 0 8 5 4 5 1 0
4 1 <1 <1 10 0
4 2 0 <2 11 0 3 4 3 0 4x6
4 3 <1 <1 45 0 0 4 6 0
5 1 20 0 1 0 8 2 0 0 0
5 2 80 20 18 0 0 0 0 0 0
5 T2.1 0 0 4 0 0 2 8 0 0
5 T3.1 50 20 1 0 0 3 1 6
6 1 0 0 16 1 5 5 0 0
6 2 10 0 32 0 2 6 2 0
6 3 <1 <1 2 0 0 5 5 0
6 4 <1 <1 126 0 0
7 1 80 80 16 0
7 2 25 25 15 0 0
7 T6.1 30 15 10 0
7 T6.2 50 30 7 1
7 T6-1.1 <5 <5 5 0 0
7 T6-2.1 20 20 0 0
8 1 <1 <1 43 1 2
8 2 10 <1 13 0 2 7 1 0
9 1 0 0 25 0 6 3 1 0 0
10 1 0 0
11 1 0 0 1 0 4 6 0 0



Allen Brook-Comments

Reach #

Site #

N

fairly stable, incised stream

lots of sss (soft sediment)

not enough cobble in riffle to get embeddness
tree revetments

N

multiple flood chutes upstream RB

large mcb upstream, well vegetated

nice stable reach, with good floodplain area

mcb's with large woody debris

vegetated mcb's downstream with flood chute, RB
iron staining

long 180 foot mass failure RB at upstream end of reach

large woody debris at downstream end of reach with channel avulsion
downstream/upstream end of reach has good floodplain area

lots of periphyton

about 50 years old filled in abandoned channel

w

mcb downstream with island and flood chute
large woody debris upstream

highly sinuous - scour at outside bends

delta in planform wetland used to be channel
black stripy fish

lots of filamentous algae and silt

N

no pools

straight

almost all riffle/run

fairly good riparian conditions
slick rocks

N

seems pretty stable

some indications of widening
lots of sediment from upstream
well vegetated bars

w

not downcutting
featureless wide channel, all run
lots of old sediment, not highly embedded

N

this area could be restored with alternate bars to create thalwag - narrow channel and move fine sediment
trib 1 has Brennan Woods and stormwater pond entering

bottom 100 feet trib rip rapped

bed at confluence - ephemeral channel reach

slow run - sand bed - 2-3 riffles between 4.1 and 4.2

lots of small fish

mussels on bed and bars

this is short-steep reach upstream of long homogenous run

T1 is ephemeral - did not do rapid

flow through wetland at mouth enter wetland at 18 inch culvert with 1 ft scour

culvert: 3.5 inches wide, 0.7 deep at upstream end of reach, LB, active stormwater gully

LB stormwater gully

rip rap from swale to inlet and down hill

except for 4.2 downstream of double culvert, this whole reach is lots of silt and sand - mostly runs
big mussels alive in bed

N

doesn't appear to be downcutting, is widening
good candidate for tree planting restoration
riffles, runs, no pools

N

good for fish, bad for bugs

unable to sample embeddness -- no cobble

lots of beaver dams

evidence of beaver everywhere, some clay lenses in bed substrate

T2.1

no bars, small meadow stream
typical meadow
probably aggrading due to culvert downstream

T3.1

inset floodlains beginning to form
just finished downcutting, about to start widening
buckthorn, exotic invasive plant along bank

N

culvert downstream end

3-4 small vmcb, 2-3 in. wide, up to 6 in. long
vegetated narrow channel

lots of small fish

1 nice overhanging bank with big tree




Reach #

Site# 2

RB with mass failure at downstream end

over-widened

2 flood chute - RB

history of current and historic channel avulsions

about 3-4 channel avulsion in reach, 2 current

woody debris jam at base of reach with tires and drums

mass failure RB

forest is about 60-90 yards wide of large ~18" diameter maples
many gullies, ephemeral channels on RB

some steep transverse riffles

w

plane bed system with occasional step pool
minor agriculture on either side

narrow right bank but not actively farmed

14h x 12 (in.) culvert

VT rip rap (old car), upstream RB, end of reach

channel avulsions due to woody debris jams, possibly due to beaver activity
highly sinuous channel with change in planform

oil slick on surface

SSS

no trees

N

beaver dam 2 ft high just upstream
not real good riffles

top of reach right at beaver dam
bottom just above confluence with trib

N

downstream of here all beaver dams and ponds

upstream some urbanization and widening

beaver dams serving as grade control, but not in upstream portion
some downcutting

looks okay

T6.1

low gradient

LWD keeping it from downcutting too badly
appears to be downcutting due to urbanization
very fine sediments

T6-1.1

channel very stable

little erosion

upstream stormwater pond outlet

stormwater pond is one we visited previously with small inlet and very big outlet pipe
looks like little actual "detention” in pond

upstream of pond drained splits and left branch is wide with nice substrate but very dry
need to figure out why it is dry

T6-2.1

small stream

not really a gully

upstream evidence of stream split may have been filled in for agriculture
upstream appears to be channelized

stream goes into culver and under property to road

no real evidence of storm flows

N

many mcb and unvegetated point bars

steep bar faces

LWD throughout reach

bridge at downstream end with aggraded vmcb under bridge
bridge out of planform alignment

bad odor

stream appears over-widened

concrete culvert 8' x 8' x 120 (ft.)

24" wide scour pool

2.5" wide scour downstream end of I-89 culvert

bankful LB - alluvium exposed

channel incised

widening, slumping

town road culvert 10'H x 9.5'W x 100'L with riprap at downstream end

N

doesn't seem to be doing anything, except where widening there is LWD

very stable

very good

appears that farmers may have dumped rocks or other debris over the edge (some gas cans, antifreeze)
some large LWD

grade control from boulders spaced along stream

10

N

grass channel may have been straightened at some point, pastured but not much
Cows pastured at night and some weekends (hardly a cow patty in site)
lots of frogs and turtles

11

N

stable steep reach above mud pond




ALLEN BROOK RAPID HABITAT ASSESSMENT RESULTS

Reach Site 8. Bank 8. Bank 9. 9. Vegetative 10. Riparian 10. Riparian 1. Epifaunal 2.a 2.b 3.a Velocity/ 3.b 4. Sediment 5. Channel 6. Channel 7.a 7.a Total Ranking =
Number Number  Stability Stability  Vegetati Protecti Vegetati Vegetati Substrate/ Embedded- Embed Depth Regime Velocity/ Deposition Flow Alteration Frequency Frequency Score Total
(left bank) (right bank) Protection (right bank) Zone Width Zone Width Available ness ded- Depth Status of Riffles/ of Riffles/ Score/200
(left bank) (left bank) (right bank) Cover ness Regime Steps (or  Steps (or
bends) bends)
1 1 4 8 4 7 1 5 7 8 13 8 18 13 13 109 0.55
1 2 8 8 7 7 7 9 8 16 " 6 1 18 13 129 0.65
1 3 9 9 9 9 10 9 18 16 18 13 18 18 18 174 0.87
2 1 9 9 9 9 9 9 18 16 18 15 18 18 18 175 0.88
2 2 7 5 9 9 9 9 14 15 13 8 6 18 13 135 0.68
2 3 6 9 9 7 7 9 12 13 11 9 14 18 10 134 0.67
3 1 7 8 8 8 8 9 15 17 13 18 13 17 13 154 0.77
3 2 7 6 10 10 10 6 16 17 15 1 18 18 14 158 0.79
3 3 6 9 9 9 8 6 13 13 10 13 17 18 7 138 0.69
4 1 9 9 9 7 9 9 8 1 1 3 18 18 1 102 0.51
4 2 9 9 9 9 7 8 13 13 14 13 18 18 18 158 0.79
4 3 7 7 9 9 7 8 13 10 1 8 18 18 1 116 0.58
5 1 7 9 8 8 10 10 14 18 10 14 18 19 13 158 0.79
5 2 1 5 2 3 9 9 13 4 14.5 4 15 18 9 106.5 0.53
5 T21 10 10 10 10 10 10 11 9 7 4 19 18 7 135 0.68
5 T3.1 1 2 8 8 9 9 9 5 1 4 5 18 2 81 0.41
6 1 9 9 7 7 8 8 13 15 11 1 13 18 11 140 0.70
6 2 9 7 9 9 9 9 18 13 11 8 8 18 13 141 0.71
6 3 9 9 9 9 4 4 13 11 18 18 18 18 18 158 0.79
6 4 9 9 7 7 9 9 13 8 13 6 18 18 13 139 0.70
7 1 2 2 7 7 9 9 10 9 10 5 14 18 8 110 0.55
7 2 5 5 9 9 9 9 10 8 10 10 8 18 10 120 0.60
7 T6.1 6 8 8 8 9 9 8 11 10 8 13 16 13 127 0.64
7 T6.2 4 4 9 9 10 10 5 8 3 8 13 18 15 116 0.58
7 T6-1.1 8 8 8 8 10 10 3 8 5 13 13 18 13 125 0.63
7 T6-2.1 7 7 10 10 10 10 3 8 1 2 7 18 6 99 0.50
8 1 9 9 9 9 6 8 11 11 1 8 18 12 111 0.56
8 2 7 9 7 7 9 9 13 15 13 13 18 18 13 151 0.76
9 1 10 10 10 10 9 7 20 17 15 15 15 20 18 166 0.83
10 1 9 9 8 8 7 7 13 18 18 18 18 18 3 6 160 0.80
11 1 9 9 9 9 9 9 18 15 18 18 18 18 18 177 0.89



Cross Section

M?1.1 Allen Brook.
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4.1

FS FS W fpa
bankfull___top of bank (ft) sl (%)
2.7 61 5825243 020

5

83.9

12 253
08 44
0.1 5.0
0 61

hydraulics

Xx-section area
width

dmax

bank ht

W flood prone area

0.1 1134
0.1 951.3
0.1 1.03
0.3 0.73
13 0.46
23 156

76
break inslor

flat after tha
0.0
0.000

check from channel material

velocity (fsec)
discharge rate, Q (cfs)
shear stress ((Ibs/ft sq)
shear velocity (ft/sec)
stream power (bs/fUsec)
friction factor u/u*

threshold grain size (mm)

measured Do.(mm)
relative roughness

Manning's n from channel material

height of ab

245

2.9

channel
sloj

Manning's
"

FS FS W fpa
bankfull___top of bank (ft) (%)
2.25 92 3 020

hydraulics

Xx-section area
width

dmax

bank ht

W flood prone area

ent ratio

5.18
2709
0.27
037
0.04
13.9
15

0.0
0.000

check from channel material

velocity (fsec)
discharge rate, Q (cfs)
shear stress ((Ibs/ft sq)
shear velocity (ft/sec)
stream power (bs/fUsec)
friction factor u/u*

threshold grain size (mm)

measured Do.(mm)
relative roughness

0.0

Manning's n from channel material

fric. factor

REW
bar

RTOE
RBF/RTB

Width from River Left to Right (ft)

~
3
=

0

channel  Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 1 149 0.3252033 30

29 32
787  xsection area 21 dmean
382 width 405 wetP
29 dmax 19 hydradi

32 bankht 19 widratio
149 Wflood prone area 39 entraio
hydraulics

440 velocity (fUsec)

3463 discharge rate, Q (cfs)
039 shear stress ((Ibs/ft sq)
045 shear velocity (ftsec)
005 stream power (Ibs/fUsec)
9.8 friction factor ulu*

24 threshold grain size (mm)
check from channel material
measurad Do.mm)
19.0  relative roughness 101 fric. factor

0.029  Manning's n from channel material



Cross Section

M2.1 Allen Brook 12.2 Allen Brook M2.3 Allen Brook
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Width from River Left to Right (ft) Width from River Left to Right (ft) Width from River Left to Right (ft)

A m2.2
Allen Brook EUH Allen Brook

upstream farm bridge steep LB - FPA RB 1/3 up

W fpa channel  Manning's
i "

Fs Fs
bankfull___top of bank (ft) sl (%)
2.2 1 50 1428571 040

channel  Manning's
sloj i

FS FS W fpa
bankfull___top of bank (ft) (%)
0.85 100 1900498 040

channel  Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 0. 100 0.7317073 40

84 . 25 37 305 34 36 36
1.4
breakinslor 144
OE 154 X 5 x-section area x-section area 22 767  xsection area 18 dmean
EW " ¥ 09 335 width 343 wetP 04 342 width 351 wetP 19 425 width 445 wetP
08 25  dmax 16 hydradi 09 31 dmax 17 hydradi 17 36 dmax 17 hydradi
05 37 bankht 20 widratio 12 34 bankht 20 widratio 15 36  bankht 24 widratio
04 50  Wiflood prone area 15 entratio 16 100 Wflood prone area 29 entratio 14 100 Wiflood prone area 24 entratio
15
hydraulics hydraulics 14 hydraulics
0 554 velocity (ftisec) 28 733 velocity (ftisec) 13 456 velocity (fUsec)
0 3133 discharge rate, Q (cfs) 34 4257 discharge rate, Q (cfs) 13 3498 discharge rate, Q (cfs)
02 118 shear stress ((Ibs/ft sq) 39 205  shear stress ((Ibs/ft sq) 07 079 shear stress ((Ibs/ft sq)
04 078 shear velocity (ftsec) 103 shear velocity (fUsec) 02 064 shear velocity (ftsec)
13 019 stream power (Ibs/fUsec) 044 stream power (Ibs/fUsec) 0 008 stream power (Ibs/fUsec)
25 74 friction factor u/u* 74 friction factor u/u* 14 7.2 friction factor u/u*
threshold grain size (mm) 295 threshold grain size (mm) 43 51 threshold grain size (mm)
83
check from channel material check from channel material check from channel material
measured Do.(mm) measured Do.(mm) measured Do.(mm)
00 relative roughness 00 fic. factor 00 relative roughness 00 fic. factor 166 relative roughness 98 fic. factor

0.000  Manning's n from channel material 0.000  Manning's n from channel material 0.029  Manning's n from channel material



Cross Section

M3.1 Allen Brook.

M3.2 Allen Brook.

M3.3 Allen Brook.
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o 10 20 30 40 50 60 0 80 o 5 10 15 20 25 30 35 40 45 50

Width from River Left to Right (ft)

A m3.2
Allen Brook ZUH Allen Brook

Width from River Left to Right (ft)

upstream of chiropractors aways right near stormwater pond of Meadow something

channel  Manning's
I i

FS FS W fpa
bankfull___top of bank (ft) sl (%)
14 0 90 2711864 050

29 43

1.825

FS FS W fpa
bankfull___top of bank (ft) (%)
75 4 60 083333 040

channel  Manning's
sloj i

17

x-section area

0.6 403 width 419 wetP
04 29  dmax 22 hyd radi 14 18
0 43 bankht 18 wid ratio 03 17
W flood prone area 22 entratio 0 60

hydraulics hydraulics

x-section area

width 325  wetP
dmax 14 hydradi
bank ht 27 widratio
W flood prone area 19 entratio

0 566  velocity (ftisec) 05 185
04 5216  discharge rate, Q (cfs) 17 68.0
16 174 shear stress ((Ibs/ft sq) 21 0.15
21 095  shear velocity (ftsec) 22 028
26 025 stream power (Ibs/fUsec) 14 0.01
34 6.0 friction factor ulu* 13 67

threshold grain size (mm)

check from channel material
measurad Do.mm)

0.0  relative roughness 00 fric. factor
0.000  Manning's n from channel material

5.7 0.0
0.000

check from channel material

velocity (fsec)
discharge rate, Q (cfs)
shear stress ((Ibs/ft sq)
shear velocity (ft/sec)
stream power (bs/fUsec)
friction factor u/u*
threshold grain size (mm)

measurad Do.mm)
relative roughness 00 fric. factor
Manning's n from channel material

Width from River Left to Right (ft)

channel

Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 0. 100 1.25 40

25 28
682  x-section area 21 dmean
326 width 348 wetP

25  dmax 20 hydradi
28 bankht 16 widratio
100 Wflood prone area 31 entratio
hydraulics
650  velocity (fUsec)
4437 discharge rate, Q (cfs)
153 shear stress ((Ibs/ft sq)
089  shear velocity (ftsec)
030 stream power (Ibs/fUsec)
7.3 friction factor u/u*
166 threshold grain size (mm)
check from channel material
measured Do.(mm)
193 relative roughness 102 fric. factor
0029 Manning’s n from channel material



Cross Section

M4.1 Allen Brook. M4.2 Allen Brook

M4.3 Allen Brook.
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Width from River Left to Right (ft)

A maa
Allen Brook

above confluence with Brennan Woods stormwater trib

descri
height of instrument (ft
distance FS
() (1)

FS FS W fpa channel  Manning's
bankfull___top of bank (ft) sle (%) “n"
* 8 1 50 1550388 020

24 42

channel  Manning's
sloj i

FS FS W fpa
bankfull___top of bank (ft) (%)
4 40 888889 030

16 1.8

notes_

x-section area x-section area

24 287 width 296  wetP 0.3 215 width 223 wetP

14 24 dmax 18 hyd radi 0 16 dmax 12 hyd radi

0.9 42 bankht 16 wid ratio 0.05 18 bankht 17 wid ratio
W flood prone area 17 entratio 04 40 WHlood prone area 19  entratio

hydraulics hydraulics

02 426 velocity (fUsec) 46 668 velocity (fUsec)

02 2223 discharge rate, Q (cfs) 1824 discharge rate, Q (cfs)

01 047 shear stress ((Ibs/ft sq) 106 shear stress ((Ibs/ft sq)
0 030 shear velocity (ftsec) 074 shear velocity (ftsec)

03 003 stream power (Ibs/fUsec) 033 stream power (Ibs/fUsec)

05 144 friction factor u/u* 9.0 friction factor u/u*

10 threshold grain size (mm) 81 threshold grain size (mm)

check from channel material
measurad Do.mm)

0.0  relative roughness 00 fric. factor
0.000  Manning's n from channel material

check from channel material
measurad Do.mm)

0.0  relative roughness 00 fric. factor
0.000  Manning's n from channel material

channel  Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 2. 30 0.1234568 20

23 27
440 x-section area 18  dmean
240 width 263 wetP

24 dmax 17 hydradi

28 bankht 13 widratio

30 Wflood prone area 13 entratio
hydraulics

368 velocity (ftisec)
1620 discharge rate, Q (cfs)
013 shear stress ((Ibs/ft sq)
026 shear velocity (ftsec)
002 stream power (Ibs/fUsec)
143 friction factor u/u*

8 threshold grain size (mm)

check from channel material
measurad Do.mm)
169  relative roughness 98 fric. factor

0.029  Manning's n from channel material



Cross Section Cross Section

MS5.1 Allen Brook M5.2 Allen Brook
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Elevation (ft)

Elevation (ft)
b N
- o N o ow

[y

0.5

REEEA-aEREmE

E

Width from River Left to Right (ft)

Width from River Left to Right (ft)

section: |74 section: {11772
stream: |[LUETHEIGTE S stream: [LUETHEIGTE S
watershed: watershed:
[[Je=10e11N just upstream of Tafts Farms development location:
description: description:

height of instrument (ft): 2.10 height of instrument (ft): 3.40
distance ‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ distance FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
elevation bankfull | top of bank ft, slope (%. "n" ft, elevation bankfull | top of bank ft, slope (%, "n"
. 05 NN
0.6 1.4 1.1 2.3 1.2 21
E 1.3 21
dimensions 1.2 dimensions
9.7 x-section area 0.8 d mean 0.2 11.6 x-section area 0.9 d mean
12.0 width 12.5 wet P 0 12.7 width 13.3 wet P
1.2 d max 0.8 hyd radi 0.2 1.2 d max 0.9 hyd radi
2.0 bank ht 15 w/d ratio 1.2 21 bank ht 14 w/d ratio
20 W flood prone area 1.7 ent ratio 24 23 W flood prone area 1.8 ent ratio
34
hydraulics hydraulics

5.26 velocity (ft/sec)

50.8 discharge rate, Q (cfs)
212 shear stress ((Ibs/ft sq)
1.05 shear velocity (ft/sec)
0.93 stream power (Ibs/ft/sec)
5.0 friction factor u/u*

315 threshold grain size (mm)

10.01 velocity (ft/sec)
115.8  |discharge rate, Q (cfs)
1.18 shear stress ((Ibs/ft sq)
0.78 shear velocity (ft/sec)
0.93 stream power (Ibs/ft/sec)
12.8 friction factor u/u*

101 threshold grain size (mm)

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material




M5 T2.1 Allen Brook M5 T3.1 Allen Brook

Elevation (ft)
Elevation (ft)

AriT T e

Width from River Left to Right (ft) Width from River Left to Right (ft)

section: section: {1/ EH ]

stream: |[LUETHEIGTE S stream: [LUETHEIGTE S
watershed: watershed:

location: [[{{[51 8 %72 location: [ITsR i ETTER o)
description: description:

height of instrument (ft): height of instrument (ft):
distance ‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ distance ‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
ft, bankfull | top of bank ft, slope (%. "n" ft, bankfull | top of bank ft, slope (%. "n"
o 0 0o 14 ocesssoss oo
-1.3 .6 -0.6
dimensions
25 x-section area 0.8 d mean x-section area 0.6 d mean
3.1 width 4.5 wet P width 8.0 wet P
1.0 d max 0.6 hyd radi d max 0.5 hyd radi
1.7 bank ht 4 w/d ratio bank ht 13 w/d ratio
W flood prone area 2.9 ent ratio W flood prone area 1.9 ent ratio

-3.2 hydraulics
3.90 velocity (ft/sec)
16.5 discharge rate, Q (cfs)
0.21 shear stress ((Ibs/ft sq)
0.33 shear velocity (ft/sec)
0.11 stream power (Ibs/ft/sec)
11.8 friction factor u/u*

12 threshold grain size (mm)

hydraulics
0.00 velocity (ft/sec)

0.0 discharge rate, Q (cfs)
0.00 shear stress ((Ibs/ft sq)
0.00 shear velocity (ft/sec)
0.00 stream power (Ibs/ft/sec)

0.0 friction factor u/u*

0 threshold grain size (mm)

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material
measured Do.(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material




Cross Section

M6.1 Allen Brook M6.2 Allen Brook M6.3 Allen Brook
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Width from River Left to Right (ft)

Allen Brook

upstream Southridge (2?) development

descri
height of instrument (ft
distance FS
() (1)

W fpa channel  Manning's
i "

Fs Fs
bankfull___top of bank (ft) sl (%)
4.2 1 26 1626016 030

channel  Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 5 48 1638298 030

channel  Manning's
"

FS FS W fpa
bankfull___top of bank (ft) slope (%)
* 0 45 1.4492754 40

16 37 18 34 17 27

x-section area x-section area 08 191 xsection area 08  dmean

1 167 width 185  wetP 04 408 width 429 wetP 09 237 width 244 wetP

108 16 dmax 09 hydradi 08 18 dmax 10 hydradi 08 17 dmax 08  hydradi
22 37 bankht 16 widratio 07 34 bankht 39 widratio 0 27 bankht 29 widratio

W flood prone area 16 entratio bar . 09 48 Wflood prone area 12 entratio 0 45 W flood prone area 19 entratio

08
B - pool ¥ . hydraulics 27 hydraulics

08 193 velocity (ftisec) EW § . 08 509  velocity (ftisec) 47 380  velocity (ftisec)

03 338  discharge rate, Q (cfs) VMCB/BF A ¥ 15 2169 discharge rate, Q (cfs)
0 040 shear stress ((Ibs/ft sq) VMCB/BF X 18 066 shear stress ((Ibs/ft sq)

725  discharge rate, Q (cfs)
071 shear stress ((Ibs/ft sq)

02 022 shear velocity (ftsec) VMCB/BF X 18 058 shear velocity (ftsec) 060 shear velocity (ftisec)
04 001 stream power (Ibs/fUsec) 12 008 stream power (Ibs/fUsec) 041 stream power (Ibs/fUsec)
08 87 friction factor ulu* EW-FC § X 06 87 friction factor ulu* 63 friction factor ulu*

threshold grain size (mm) FCB 2 K 42 threshold grain size (mm) 45 threshold grain size (mm)

EW-FC
check from channel material TOE £ . check from channel material check from channel material

measured Do.(mm) B . . measured Do.(mm) measured Do.(mm)

58 00 relative roughness 00 fic. factor RP 43 00 relative roughness 00 fic. factor 75 relative roughness 78 fric. factor

0.000  Manning's n from channel material 0.000  Manning's n from channel material 0.032  Manning's n from channel material



Cross Section Cross Section

M6.4 Allen Brook

R N R

Elevation (ft)

= [

0 0.2 0.4 0.6 0.8 1
Width from River Left to Right (ft)

N

Width from River Left to Right (ft)

section: {1/ (513 section:
stream: |[LUETHEIGTE S stream:

watershed: WEICIEEWH INTENTIONALLY LEFT BLANK
[e=1e11N upstream bike bridge, E. of old stage road location:

description: description:

height of instrument (ft): 4.70 height of instrument (ft):
‘ distance ‘ FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ ‘ distance ‘ FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
notes elevation bankfull | top of bank ft, slope (%. "n" notes ft, ft, elevation bankfull | top of bank ft, slope (%, "n"
5 24 4.7 0 —

dimensions dimensions
34.8 x-section area 1.7 d mean 0.0 x-section area 0.0 d mean
20.3 width 215 wet P 0.0 width 0.0 wet P
24 d max 1.6 hyd radi 0.0 d max 0.0 hyd radi
4.7 bank ht 12 w/d ratio 0.0 bank ht 0 w/d ratio
49 W flood prone area 24 ent ratio 0 W flood prone area 0.0 ent ratio

hydraulics hydraulics

12.13 | velocity (ft/sec)

421.7  |discharge rate, Q (cfs)
1.42 shear stress ((Ibs/ft sq)
0.85 shear velocity (ft/sec)
0.85 stream power (Ibs/ft/sec)
14.2 friction factor u/u*

143 threshold grain size (mm)

0.00 velocity (ft/sec)

0.0 discharge rate, Q (cfs)
0.00 shear stress ((Ibs/ft sq)
0.00 shear velocity (ft/sec)
0.00 stream power (Ibs/ft/sec)

0.0 friction factor u/u*

0 threshold grain size (mm)

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material




Cross Section Cross Section

M7.1 Allen Brook M7.2 Allen Brook
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Width from River Left to Right (ft) Width from River Left to Right (ft)

section: ||/ F£4! section: [\ v/¥]
stream: |[LUETHEIGTE S stream: [LUETHEIGTE S
watershed: watershed:
[[Je=1e11H just above confluence of main and trib [[fe=1e11N about 100 to 200 ft downstream of road
description: description:
height of instrument (ft): 3.90 height of instrument (ft):

3.60

‘ distance ‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ ‘ distance FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
elevation bankfull | top of bank ft, slope (%. "n" ft, ft, elevation bankfull | top of bank ft, slope (%, "n"
. o oz W
. 1.8 3.3 2 0.5 3.1 1.3 2.3
. 3.3
dimensions 4.3 5 . dimensions
1.5 x-section area 14 d mean 5.5 5 1.3 9.9 x-section area 0.9 d mean
8.2 width 10.5 wet P 7 o . 10.8 width 12.0 wet P
1.8 d max 1.1 hyd radi b . 1.3 d max 0.8 hyd radi
3.3 bank ht 6 w/d ratio 12.2 . . 23 bank ht 12 w/d ratio
W flood prone area 1.8 ent ratio 13 I 14 W flood prone area 1.3 ent ratio
16.1
hydraulics 1.3 hydraulics

4.49 velocity (ft/sec)
51.6 discharge rate, Q (cfs)
0.22 shear stress ((Ibs/ft sq)
0.34 shear velocity (ft/sec)
0.12 stream power (Ibs/ft/sec)
13.3 friction factor u/u*

13 threshold grain size (mm)

4.79 velocity (ft/sec)
476 discharge rate, Q (cfs)
0.62 shear stress ((Ibs/ft sq)
0.57 shear velocity (ft/sec)
0.28 stream power (Ibs/ft/sec)
85 friction factor u/u*
39 threshold grain size (mm)

check from channel material
measured Dos(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material

measured Dos(mm)

561.0 |relative roughness \ 18.5 \ fric. factor
0.014 \Manning's n from channel material




[ Cross Section

Elevation (ft)

M7 T6.1 Allen Brook

BRG] s

Fitis (4= Frer
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section: [ vA (4|

SicEInR Allen Brook
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upstream of trib confluence with main

Cross Section
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M7 T6.2
Allen Brook

section:
stream:
watershed:

description:
height of instrument (ft):

distance FS
bankfull

‘ ‘ FS
elevation

FS

‘ W fpa ‘
top of bank ft

Manning's ‘

-0.2
dimensions
4.5 x-section area 0.7 d mean
6.0 width 6.7 wet P
1.3 d max 0.7 hyd radi
24 bank ht 8 w/d ratio
20 W flood prone area 3.3 ent ratio
hydraulics
3.37  |velocity (ft/sec)
15.2 discharge rate, Q (cfs)
0.15 shear stress ((Ibs/ft sq)
0.28 shear velocity (ft/sec)
0.08 |stream power (Ibs/ft/sec)
12.3  |friction factor u/u*
9 threshold grain size (mm)
check from channel material
measured Do.(mm)
0.0 relative roughness 0.0 \fric. factor
0.000 \ Manning's n from channel material

Width from River Left to Right (ft)

downstream of T6-2 and upstream of T6-1

distance ‘ FS ‘
ft elevation
0 -0.5

‘ FS
bankfull

‘ FS W fpa ‘ channel
top of bank ft slope (%

‘ Manning's ‘

0.5813953

0.030

-1.1 -2.7 -0.7
-0.7
dimensions
25 x-section area 0.9 d mean
29 |width | 43 wet P
1.0 d max 0.6 hyd radi
3.0 bank ht 3 w/d ratio
5 W flood prone area 1.7 ent ratio
hydraulics
2.60 |velocity (ft/sec)
6.4 discharge rate, Q (cfs)
0.21 shear stress ((Ibs/ft sq)
0.33 shear velocity (ft/sec)
0.19  |stream power (lbs/ft/sec)
8.0 friction factor u/u*
12 threshold grain size (mm)
check from channel material
measured Dos(mm)
0.0 relative roughness 0.0 \fric. factor
0.000 \ Manning's n from channel material



Cross Section Cross Section

M7 T6-1.1 Allen Brook M7 T6-2.1 Allen Brook
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Width from River Left to Right (ft) Width from River Left to Right (ft)

section: [1rA 5 ] section: [1vA E74]
stream: |[LUETHEIGTE S stream: [LUETHEIGTE S
watershed: watershed:
location: [[oJe=1e11H just above confluence about 100 ft
description: description:
height of instrument (ft): height of instrument (ft):

‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ distance FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
elevation bankfull | top of bank ft, slope (%. "n" ft, ft, elevation bankfull | top of bank ft, slope (%, "n"
. 004 D
-1.3 -1.2 5 0.5 -0.5 -2 -0.6
5.6 0.6 -0.6
dimensions 6.3 -2 dimensions
21 x-section area 0.3 d mean 7.8 . . 0.9 x-section area 0.3 d mean
6.3 width 7.2 wet P 8.6 d . 2.8 width 3.2 wet P
1.1 d max 0.3 hyd radi ] . . 0.6 d max 0.3 hyd radi
1.2 bank ht 19 w/d ratio 9.1 2.0 bank ht 9 w/d ratio
W flood prone area 24 ent ratio 10.8 I . 6 W flood prone area 21 ent ratio
hydraulics hydraulics

6.24 velocity (ft/sec)

13.1 discharge rate, Q (cfs)
0.66 shear stress ((Ibs/ft sq)
0.58 shear velocity (ft/sec)
0.66 stream power (Ibs/ft/sec)
10.7 friction factor u/u*

42 threshold grain size (mm)

3.60 velocity (ft/sec)

33 discharge rate, Q (cfs)
0.22 shear stress ((Ibs/ft sq)
0.34 shear velocity (ft/sec)
0.28 stream power (Ibs/ft/sec)
10.6 friction factor u/u*

13 threshold grain size (mm)

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material

measured Do,(mm)
0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material
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section: [

stream: |[LUETHEIGTE S
watershed:
location:

description:

height of instrument (ft): 2.80

upstream mountain view road

Cross Section

M8.2 Allen Brook
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Elevation (ft)

section:

stream:

watershed:

location:

description:

height of instrument (ft):

‘ distance ‘ FS ‘ FS

elevation

‘ FS W fpa ‘

channel

bankfull | top of bank ft slope (% n" ‘
1 0.3 50 0.52631579 0.030
1.8 25

‘ Manning's

dimensions
18.4 x-section area 1.0 d mean
18.7 width 19.9 wet P
1.8 d max 0.9 hyd radi
25 bank ht 19 w/d ratio
W flood prone area 2.7 ent ratio

hydraulics

3.41
62.9
0.30
0.40
0.06
8.6
18

velocity (ft/sec)

discharge rate, Q (cfs)

shear stress ((Ibs/ft sq)

shear velocity (ft/sec)

stream power (Ibs/ft/sec)

friction factor u/u*

threshold grain size (mm)

0.0
0.000

check from channel material

measured Do,(mm)

relative roughness \

0.0 [fric. factor

\Manning's n from channel material

‘ distance FS
notes ft, ft,
(1]

LB
G

3.60

‘ elevation

M8.2
Allen Brook

Width from River Left to Right (ft)

350 ft (direct measure D) 5189 - N

3.6
3.2

‘ FS

‘ FS W fpa ‘

TB

26

channel

bankfull | top of bank ft) slope (% n" ‘
2.6 1 40 0.42857143 0.030
1 2.6

‘ Manning's

BF

EW
T™W
BF

EW

G

G

G

1.1 dimensions
0.4 58 x-section area 0.6 d mean
0 9.7 width 10.0 wet P
0.2 1.0 d max 0.6 hyd radi
0.4 26 bank ht 16 w/d ratio
0.9 40 W flood prone area 4.1 ent ratio
1.2
1 hydraulics
1.6 2.26 velocity (ft/sec)
13.2 discharge rate, Q (cfs)
0.16 shear stress ((Ibs/ft sq)
0.28 shear velocity (ft/sec)
0.04 stream power (Ibs/ft/sec)
8.0 friction factor u/u*
9 threshold grain size (mm)
check from channel material
measured Do,(mm)
0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material




Cross Section Cross Section

M9.1 Allen Brook
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section: L[4 section: INTENTIONALLY LEFT BLANK

stream: [LUETHEIGTE S stream:
watershed: watershed:
[[oJe=1e11N just upstream where hemlock forest ends, before ag location:

description:
height of instrument (ft): 5.10

description:
height of instrument (ft):

‘ FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ ‘ distance ‘ FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
ft, elevation bankfull | top of bank ft, slope (%. "n" ft, ft, elevation bankfull | top of bank ft, slope (%, "n"
I . 1.3 34 0 —
dimensions dimensions
13.5 x-section area 1.0 d mean 0.0 x-section area 0.0 d mean
141 width 14.6 wet P 0.0 width 0.0 wet P
1.3 d max 0.9 hyd radi 0.0 d max 0.0 hyd radi
34 bank ht 15 w/d ratio 0.0 bank ht 0 w/d ratio
40 W flood prone area 2.8 ent ratio 0 W flood prone area 0.0 ent ratio
hydraulics hydraulics

8.07 velocity (ft/sec)
109.1  |discharge rate, Q (cfs)
3.01 shear stress ((Ibs/ft sq)
1.25 shear velocity (ft/sec)
1.72 stream power (Ibs/ft/sec)
6.5 friction factor u/u*
623 threshold grain size (mm)

0.00 velocity (ft/sec)

0.0 discharge rate, Q (cfs)
0.00 shear stress ((Ibs/ft sq)
0.00 shear velocity (ft/sec)
0.00 stream power (Ibs/ft/sec)

0.0 friction factor u/u*

0 threshold grain size (mm)

check from channel material
measured Do.(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material

check from channel material
measured Do,(mm)

0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material




Cross Section Cross Section

M10.1 Allen Brook Allen Brook

oo mrfiree

Elevation (ft)

Elevation (ft)
o =2 N W s OO N ®

Width from River Left to Right (ft)

Width from River Left to Right (ft)

section: L[4 section: 1§ K|

stream: |[LUETHEIGTE S stream: [LUETHEIGTE S
watershed: watershed:

[[Je=10e11N Siple Farm upstream of farm bridge [ofe=1e11N driveway xing upstream Mud Pond
description: description:

height of instrument (ft): 6.70 height of instrument (ft): 1.50
distance ‘ FS ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘ ‘ distance ‘ FS ‘ ‘ FS ‘ FS W fpa ‘ channel ‘ Manning's ‘
elevation bankfull | top of bank ft, slope (%. "n" ft, ft, elevation bankfull | top of bank ft, slope (%. "n"
) oo
0.9 2.8 1.9 0.7 0.8 0.7 0.8
. 2 1.1 0.4
dimensions 2.6 1.3 0.2 dimensions
17.5 x-section area 1.2 d mean 3 1.2 0.3 3.6 x-section area 0.4 d mean
14.8 width 16.6 wet P 4 1.2 . 85 width 8.9 wet P
25 d max 1.1 hyd radi . 1.5 0.7 d max 0.4 hyd radi
4.4 bank ht 12 w/d ratio 1.5 0 0.8 bank ht 20 w/d ratio
38 W flood prone area 2.6 ent ratio 14 0.1 15 W flood prone area 1.8 ent ratio
g 1.3 0.2
hydraulics ! 0.9 0.6 hydraulics
1.99 velocity (ft/sec) 0.7 0.8 4.58 velocity (ft/sec)
34.9 discharge rate, Q (cfs) 0.6 0.9 16.4 discharge rate, Q (cfs)
0.04 shear stress ((Ibs/ft sq) (1] 1.5 0.72 shear stress ((Ibs/ft sq)
0.15 shear velocity (ft/sec) 0.61 shear velocity (ft/sec)
0.01 stream power (Ibs/ft/sec) 0.39 stream power (Ibs/ft/sec)
13.2 friction factor u/u* 7.5 friction factor u/u*
3 threshold grain size (mm) 46 threshold grain size (mm)
check from channel material check from channel material
measured Dos(mm) measured Dos(mm)
0.0 relative roughness \ 0.0 \fric. factor 0.0 relative roughness \ 0.0 \fric. factor
0.000 \Manning's n from channel material 0.000 \Manning's n from channel material




Appendix H: Monitoring Plan for Allen Brook, Williston, Vermont
H.1. Introduction

Changes in hydrology associated with land use change in the Allen Brook watershed have led to a loss of
a stable morphology combined with a loss of bank vegetation, sedimentation, loss of aquatic habitat,
change in water temperatures and increased hazards during flood events. These factors combine to
deteriorate the biological, recreational, natural resource and aesthetic values of the watershed.

EPA states:

Each storm water permit should include coordinated and cost-effective monitoring program to gather
necessary information to determine the extent to which the permit provides for attainment of applicable
water quality standards and to determine the appropriate conditions or limitations for subsequent
permits. Such a monitoring program may include, ambient monitoring, receiving water assessment,
discharge monitoring (as needed), or a combination of monitoring procedures designed to gather
necessary information....

Under the Clean Water Act (CWA) and NPDES regulations, permitting authorities may employ a variety
of conditions and limitations in storm water permits, including best management practices, performance
objectives, narrative conditions, monitoring triggers, action levels (e.g., monitoring benchmarks, toxicity
reduction evaluation action levels), etc....

Uses may be impacted by both water quality and water quantity. Depending on site-specific
considerations, some of the water quality impacts of storm water discharges may be more related to the
physical effects (e.g., stream bank erosion, streambed scouring, extreme temperature variations, sediment
smothering) than the type and amount of pollutants present in the discharge.

For most dischargers, storm water monitoring can be conducted for two basic reasons: (1) to identify if
problems are present, either in the receiving water or in the discharge, and to characterize the cause(s) of
such problems, and (2) to assess the effectiveness of storm water controls in reducing contaminants and
making improvements in water quality.”

(-EPA, 1996, Questions and Answers Regarding Implementation of an Interim Permitting Approach for
Water Quality Based Effluent Limitations in Storm Water Permits 61FR 57425).

H.2 Monitoring Report
The monitoring report shall:

A. Include discussions about the condition of the stream. The monitoring data will be compared to
results obtained during the 2001 field season for the RGA and RHA.

B. Discuss the condition and geometry of permanent cross sections and whether or not changes
have been observed in cross section geometry or lateral migration of the channel. The report
shall include particle size distributions for each permanent cross section, Comparisons shall be
made between assessments from different years. The cross-sectional data will be entered in a
spreadsheet and compared to previous years. The spreadsheet designed by Mecklenburg (1999)
and adapted by the VT ANR (2002) should be used to enter cross-sectional data. The
parameters listed below shall be analyzed.

C. Assess changes in slopes of individual reaches. Changes in the slope of a reach serves as an
indicator of bedload transport, change in stream power, active degradation, changes in
planform, or other signs of instability.

D. Place the streams reaches within Schumm’s Channel Evolution Model.

Monitoring
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E. Include results and conclusions of fish surveys including population estimates and species types
and abundance.

F. Assess the need for additional monitoring on the basis of new development projects in the
watershed.

G. Include water quality data collected as part of any on-going WQ monitoring project, for
example: stormwater, indirect or direct discharges, pesticide monitoring, golf course, NPDES
monitoring or other study will be compared.

H. Include photos of the monumented and rapid assessment sites. A compass reading in the
direction of the photo is sometimes helpful to obtain reproducible photographs from one year to
the next. The photos and maps from the initial (2001) assessment should be carried in the field
to use for site comparison. This will help to ensure replicability of sites from year to year. Four
photos of each site, upstream, downstream, right bank and left bank should be taken.

The results of these and any other assessment methods will be presented in an easy to compare format for
the period of record. Data collected in the field for each of the categories of monitoring will be evaluated
using basic statistics, simple numerical comparisons, and graphical and photographic representations.
Relationships between various channel parameters will also be evaluated using geomorphic channel
classification principles.

If re-vegetation or re-planting has been undertaken, than the report shall detail the condition of riparian
vegetation and include an assessment of whether or not vegetative success has been achieved. Vegetative
success shall be defined as 30% cover by non-invasive species after one full growing season, 60% cover
after two full growing seasons, and 75% cover after three full growing seasons. The report shall include
recommendations for remedial plantings, if required to achieve vegetative success. Remedial plantings
shall occur in areas of deficient cover, as determined in consultation with the State and Federal resource
agencies.

H.3 Proposed Projects/New construction/Updating Plan

“In the proposed rule, TMDL’s are defined as follows:
“...written plans and analyses established to ensure that the waterbody will attain and maintain
water quality standards (as defined in 1-1140 CFR 131) including consideration of reasonably
foreseeable increases in pollutant loads....”
The proposed language. *“ including...foreseeable increases in pollutant loads” fundamentally changes
the way that TMDL's are written. With this addition, a community is faced not only with removing
existing pollutants, but with the additional task of ensuring that new development does not cause
additional degradation or increase in pollutant loads.” (CWP, Guidance for Developing TMDL’s in
Urban Watersheds, June 2000).

It is recommended that the monitoring plan be updated regularly, or a maximum of every 5-7 years. As
changes occur throughout the watershed additional monitoring may be called for. Changes in the
monitoring plan are likely to be required for any project that requires a stormwater permit under
the Vermont Stormwater Management Manual.

The Vermont Stormwater Management Manual standards “apply to any construction activity that results
in the creation of at least 5,000 feet of impervious cover and an on-site impervious cover percentage of
greater than or equal to 8%, or the creation of at least one acre (43,560 square feet) of impervious cover
on a site.” ANR, Feb. 2001 Management of Stormwater Runoff in Vermont.

New projects will be required to do initial monitoring including the RGA, RHA, CEM, biological
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monitoring and stream geometry and substrate. This will provide a baseline for post-construction
comparisons of the physical and biological systems.

H.4 Erosion and Sediment Control

“The rate of erosion on construction sites for highways, houses and shopping centers across the nation is
about ten times greater than on agricultural land, 200 times greater than on pasture land, and 2000 or
more times greater than on forest land. ’-1982 Vermont Handbook For Soil Erosion and Sediment
Control On Construction Sites, Vermont Geological Survey, Special Publication No. 3.

US EPA Phase II regulations will by March 2003 require that all construction activities which will disturb
over 1 acre to obtain an NPDES permit from the DEC. Implementation of Erosion and Sediment Control
Best Management Practices (Appendix A) and monitoring and enforceable maintenance agreements
according to recommendations by the Watershed Management Institute and the Center for Watershed
Protection are strongly recommended prior to this time.

H.5 Phosphorus Monitoring

Allen Brook is located in the Champlain basin. Permit conditions, or other plans for restoring Lake
Champlain may require phosphorus monitoring. A 1999 study of phosphorus movement (Meals, 1999)
into Lake Champlain found that urban areas are a disproportionate source of the problem. Phosphorus

monitoring may include algal monitoring as well as water quality sampling during storm events.

Table H-1- Phosphorus loading in Champlain Basin

Percent of Champlain
basin in Land Use Phosphorus loading
Land Use type % Phosphorus per land type
Urban 5.5 37 6.7
Agriculture 17 56 3.3
Forest 66 7 0.1

H.6 Quality Control

Quality control will primarily be achieved through replication and random sampling of rapid assessment
sites in addition to monumented cross-sections. Replication is also achieved by established photo
monitoring stations on both sides of the channel. Data will be plotted and analyzed within one week of
field monitoring. Results will be compared to previous years data and unexpected variations or trends
will be identified. Photo-monitoring also provides a tool for checking the validity of the monitoring
results (Van Horn, M. and K. Van Horn. 1996. Quantitative Photomonitoring for Restoration Projects.
Restoration & Management Notes. 14:1.).

Quality control of the geomorphic data will be achieved through the use of benchmarks and verification
of the channel position relative to previous years data. Data will be plotted and analyzed within 3 months
of the field monitoring.
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Appendix |: Watershed Modding — SWAT-Impervious Cover

1.0 Background

The Soil and Water Assessment Tool (Srinivasan and Arnold 1994; Neitsch et d. 2001; SWAT -
http://www.brc.tamus.edu/swat/) was chosen to modd watershed level processesincluding
annua average sediment loads and instream sediment concentrations for Allen Brook. This
modd is physicdly based and relies on actua data for the watershed (soils, topography, landuse,
weather, etc.) as opposed to developed regression equations. It isacontinuous mode providing
average annud estimates. It is not suitable for modeling sngle events.

SWAT can berun using an ArcView GIS (ESRI, Redland, CA) interface. Data layers readily
available for most watersheds in the US can be incorporated into the model. It also provides the
user the opportunity to input avariety of very specific parameters (mostly agricultura practices)
if they are available, but can use default valuesif thisinformation is not available.

2.0 Inputs

Three basic data layers provide the mgority of information required for running SWAT. Digitd
elevation models (DEM) provide the topography information required for delinesting watersheds
and stream networks. For Allen Brook, the DEM grid had a30 m pixd sze. Landuse
information isaso required. The 1992 Landsat Thematic Mapper landuse grid (30 m pixd size)
was used as the base landuse information.  Updates were made to this data layer using 1999
digitd orthophotosand ground-truthing. Soils data was obtained from the STATSGO soil
database (USDA NRCS).

Climate information is also required. SWAT uses aweether generating modd to create daily
precipitation, air temperature, wind speed and solar radiation from monthly averagesfor given
wegther sations throughout the US. Information for Allen Brook was generated using
Burlington wesather data.

3.0 Model Processes

SWAT usesthe DEM and user specified parametersto divide the watershed into subwatersheds.
Modd results are summed for each subwatershed. Allen Brook was divided into 25
subwatersheds. Each subwatershed is further divided into individua hydrologic response units
based on landuse and soil combinations.

SWAT uses awater balance gpproach in estimating the movement of water and sediment
throughout the watershed. It divides the hydrologic cycle into aland phase and a water phase.
The land phase water baance is calculated using weether data, soil temperature, hydrologic
processes (infiltration, evapotranspiration, etc.) and surface runoff (volume computed using the
NRCS curve number method and pesk rate computed using a modification of the rationa
method). Erosion for the land phaseis cdculated using the Modified Universal Soil Loss
Equation (MUSLE).

SWAT uses the information generated in the land phase of the water balance to route water and
sediment loads through the stream system. Flow in the stream system ismodeled using a
Muskingum routing method. Sediment is routed, taking into consideration two main processes —
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deposition and degradation. The peak channd ve ocity determines which of these processesis
occurring and how sediment is trangported within a stream reach.

4.0 Outputs

SWAT can produce a variety of outputs on a watershed, subwatershed, hydrologic response unit,
or reach bads. These outputs include: precipitation, potentia evapotranspiration, actua
evapotranspiration, water yield, and sediment yield. For Allen Brook, the subwatershed basis
seemed the most gppropriate. Ten years of data was generated and averaged to produce annual
average results for sediment loads for each subwatershed. These results are presented in the

main body of the report.
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Impervious Cover for Allen Brook Water shed (completed February 2003)

Description:

This datalayer contains the impervious cover for the Allen Brook watershed in ArcView
shapefile format. The watershed boundary was determined by digitizing from USGS 1:24000
topographical maps and from the watershed boundary generated using the Soil and Water
Assessment Tool (SWAT) Modeling software. Impervious cover in some aress is digitized
beyond the watershed boundary.

Impervious cover was heads up digitized from digitd orthophotos* using an on screen scae of
1:1000. Impervious cover includes: roads (paved and unpaved), driveways, sSdewalks, roofs,
swimming pools, parking lots. No effort is made to distinguish the different types within the
data st (i.e. there are no attributes within the data layer).

*|nformation on Digitia Orthophotos from the Vermont Department of Taxes— Vermont
Mapping Program

(http:/Mmww.gtate.vt.us/tax/V ermont%200rtho%20Program. htm#Products)

Digita Orthophotography Quadrangles (DOQ), defined as raster image of the stereo pair of
aerid photographs mathematicaly and opticaly corrected to eiminate distortion and to meet
national map accuracy standards, but sill have the readability of an aerid photograph. Each
DOQ isa64-mb file with a 1/2-meter pixd resolution. In Rutland and Windsor counties, the file
format isa.LAN extensgon. Addison, Franklin, Grand Ide, Lamoille, and Washington are
avalable arein a .BIP extenson. Orange, Cdedonia, Orleans, Essex, Chittenden, Windham and
Bennington are available in a GeoTiff (.tif) extention. Two additiond files are o available;

i.e00 (interior data for the DOQ, i.e. River and mountain names), e.€00 (exterior data around the
sheet edge, i.e. scale bars, sheet name and number, coordinate vaues, etc.). Also on the CD-
ROM isthe world file, which ties the digital image to a specific location on the surface of the
earth. If you copy the DOQ to your hard dive, you must dso copy the world file for the same
image, for the images to match other DOQs or GIS datalayers. NOTE al Vermont DOQs arein
NADS3, in Vermont State Plane Coordinates System, Meters.

Map Projection:

Vermont State Plane Coordinate System
Meters

NAD 83

GRS 80

Contact information:

Cully Hesson

University of Vermont

Depatment of Civil and Environmenta Engineering
213 Votey Building

Burlington, VT 05405

hess on@emba.uvm.edu

Watershed Modeling — SWAT-Impervious Cover
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Appendix J

. Table J-1: Allen Brook Watershed Stormwater Retrofit Inventory

. Figure J-1: Hydrologic Soil Groups A & B in Allen Brook Watershed

. Figure J-2: Highly Erodible Soils in Allen Brook Watershed

. Figures J-3 to J-14: Allen Brook Retrofit Inventory Photographs

. Allen Brook Stormwater Retrofit Reconnaissance Inventory form

. Allen Brook Pollution Prevention Survey forms



Table J-1: Allen Brook Watershed Stormwater Retrofit Inventory
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SITE

Allen Brook
School

Avenue B

Avenue C

Brennan
Woods

Catamount

Golf Club

Chatham
Woods

VTDEC
PERMIT
1-1230-1

1-1230-2

none

none

1-1272-2

No permit
required

1-1517-1

1-1517-2

SW
TREATMENT

GS, OF, DB

GS, OF

Infiltrate

Infiltrate

CB,DB, GS, OF

GS, OF

OF, GS, CB, DB

OF, GS, CB, DB

IC

53

0.6+

16.1

3.7

1.3

DA

15.1

43

153.2

235

4.4

CURRENT CONDITION

Some swale erosion
Roadside erosion

Good GS vegetation height
School expansion impacts GS

Highly erodible soils (end of
road)
HSG A

SD outfalls into old sandpit at
end of road

Some erosion but it never leaves
site (highly erodible soils at end
road)

HSG A

No GS / OF visible

Some silting in of basin

DB not designed for total IC
Some HES and HSG A/B

No treatment
Originally permitted as 1-1092-
1,2,3

Not built
Designed to 2002 standards

Not built

J-3

RECOMMENDED
RETROFIT

Pursue grants for STP education
-demonstration site

Bioretention

Evaluate impact of expansion on
SWM

Evaluate need for pretreatment
before infiltration
Source controls

Evaluate need for pretreatment
before infiltration

Engineered infiltration STPs will
eventually be needed

Source controls

Remove accumulated sediments
Modify outlet structure

Size DB for total IC

Rooftop runoff infiltration for
HSG A

Treatment of runoff from
impervious cover

none

none

RANK



SITE

Commons at
Williston

Coyote Run

Foxwood
Circle /
Cadieux Ln.

Golf Links

VTDEC
PERMIT

1-1052-1

1-1052-2

1-1507-1

1-1507-2

1-1507-3

1-1507-4

none

2-1180-1

2-1180-2

SW
TREATMENT

CB, GS, OF, DB

OF

CB, EDB

CB, EDB

OF, GS

OF, GS

OF, GS

CB, WP

CB, WP

IC

2.7

0.1

4.4

2.2

0.9

0.6

1.5

1.8

DA

23.1

9.0

23.8

7.5

3.6

23

47.8

28

CURRENT CONDITION
Designed to 2002 standards

DB outlet pipe partially blocked
with debris

Pond in tributary floodplain
SD enters DB 6 ft. from OS
OS pipe direct to tributary
Yard debris dumped in DB
Not built

Receiving tributary has erosion
problems

Not built

Receiving tributary has erosion
problems

Not built

Receiving tributary has erosion
problems

Adjacent to AB
HSG B

IC roads only

Shallow wet pool, cat-tails,
pretreatment WP

Some HSG B

IC roads only

J-4

RECOMMENDED
RETROFIT

Modify OS

Remove accumulated sediments
Stop dumping of landscaping
debris in GS / DB

none

Modify to reduce short circuiting
(even though OS and SD outfall

appear to be located as per plans)

Design to 2002 standards

Design to 2002 standards

Design to 2002 standards

Bioretention (preferred) or
enhance vegetation for OF, GS

Size for total IC
Remove accumulated sediments
Modify outlet structure

Size for total IC

RANK



SITE

Heritage
Meadows

Hideaway
Lane (Country
Crossings)

Hurricane
Lane

VTDEC
PERMIT

1-1258-1

2-0911

1-0530-1

1-0754-1

1-0763-1

1-1078-1

SW
TREATMENT

CB, DB, GS

CB, OF, GS

DB

OF, GS, SB

DB

CB, OF, DB

IC

5.0

1.4

0.5

1.8

DA

42.0

4.6

1.3

2.5

CURRENT CONDITION

Shallow wet pool, cat-tails
Some HSG B

Little storage volume
No GS constructed
No WQ treatment

GS vegetation short
HSG A/B

Small gravel bottom basin

Sediment tanks

Road swale — wet, erosion
Erosion below culvert under
Hurricane Lane

Culvert outfall includes flow
from other parcels

Includes 1-1301-1 runoff
DB short circuiting

OS in bank, gravel covered
Short circuiting

Erosion downstream of outfall
Some erosion at inflow RR

J-5

RECOMMENDED
RETROFIT
Remove accumulated sediments
Modify outlet structure
Reduce short circuiting
Utilize second basin for
pretreatment

Enlarge DB and modify OS
and/or provide other treatment
Provide DB maintenance access

GS vegetation height & type

Modify OS

Check/maintain tanks

Wet swale

CDs / streambank stabilization
below Hurricane Lane culvert

Modify OS

Baffle to eliminate short
circuiting

CDs / streambank stabilization
below Hurricane Lane culvert
Retrofit OS

Baffle to eliminate short
circuiting

Check dams / RR below outfall

RANK



SITE

Immaculate
Heart of
Mary

Korner Kwik
Stop

Lamplite
Acres

LeFebvre
Lane (Allen

VTDEC

PERMIT

1-1078-2

1-1205-1

1-1245-1

1-1301-1

2-1172-2

none

none

none

2-0954-1

SW

TREATMENT

OF, GS

DB

OF, DB

GS, CB

DB

CB, OF

CB

CB

OF, GS, DB

IC

0.8

1.1

3.6

3.0

DA

3.1

2.6

9.6

7.1

CURRENT CONDITION

Eroded swale

No treatment

Erosion downstream of outfall
OS in bank, gravel covered
Short circuiting

Basin looks good

Some erosion downstream of
basin outfall

Flows to 1-0763 DB

Entry drive to GS along road
GS wet / erosion

OS in bank, gravel covered,
SWM for access road

Some runoff over steep bank to
AB tributary — no treatment

Runoff to wetland
Some runoff from roads, offsite,
and church also to wetland

No curb & gutter
CB in grass. Not many CBs
HSG A part of subdivision

No curb & gutter
DB not located

J-6

RECOMMENDED
RETROFIT
Repair RR entry swale
Dry swale or bioretention
Check dams / RR below outfall

Modify OS

Baffle to eliminate short
circuiting

Check dams below outfall and
existing RR

Wet swale

Modify OS

Pursue grants for STP
Bioretention / filtration

Hotspot: install filtering STP or
manufactured treatment device
OS for wetland outlet culvert
Evaluate SWM for intersection

none

Evaluate need for DB
modification

RANK



SITE
Brk Meadow)

Maple Road

Martell Hill

Meadow
Brook

Meadow
Ridge

Meadow Run

VTDEC
PERMIT

none

none

none

2-1107

2-0646-1

2-1190-1

2-1190-2

2-1190-3

2-1190-4

SW
TREATMENT

CB

GS

CB

CB, GS, OF, DB

GS

OF, GS

CB, GS

CB, OF, GS

CB, OF

IC

11.1

2.5

1.7

DA

204

94

5.0

3.0

5.5

34

CURRENT CONDITION

HSG A/B

No treatment
HSG A/B

Some highly erodible soils
Steep slope

No treatment
Erosion below SD outfall
HSG B

DB not constructed

GS not constructed as designed

No treatment

Impacts on adjacent property
Some HES

Short vegetation

WQ treatment questionable

No GS

Channel with vegetation
Limited WQ treatment

No treatment with GS — RR
bottom ditch on steep slope
HSG B

No treatment with GS
Gully erosion below outfall
Some HSG A

Not constructed as designed
Connected to SD 2-1190-3

J-7

RECOMMENDED
RETROFIT

Infiltration of rooftop runoff

Check dams

WQ treatment
Stabilize drainage channel

Build DB to 2002 standards
Checkdams for GS

Build GS to 2002 standards

Open channel treatment system

Grass channel or dry swale

Stabilize gully
Infiltration, bioretention, or

manufactured treatment device
Include drainage area and IC in

design for SD 2-1190-3

RANK



SITE

Forest Run

Mountain
View Manor

N. Brownell

Ave at Indust.

Dr.

O’Brien Ct.

Old Stage
Estates

Oneida Acres

VTDEC
PERMIT

2-1190-A

2-1190-B

none

none

none

2-1146-1

2-1146-2

2-1146-3

none

SW
TREATMENT

CB, DB

CB, GS

GS

CB

CB, GS

OF, DB

OF, DB

CB, GS

IC

1.6

1.4

0.4

1.1

0.3

DA

2.1

11.9

11.0

CURRENT CONDITION

Some HSG A
Cattails

Sediment deposition
HSG B

Discharges into wetland
Ditch drains wetland to AB
No GS or WQ treatment
HSG B

One section of swale replaced
with pipe

Auto body shop
Construction company yard
HSG A

End of cul-de-sac has no SD
Small DA

CB drain to GS

GS retrofitted with inlets
Basin partially silted in

OS orfice buried in sediment
No WQ treatment

Basin partially silted in

OS orfice buried in sediment
Embankment breached

No WQ treatment

Mix of curb & gutter, GS

J-8

RECOMMENDED
RETROFIT

Remove accumulated sediments
Modify outlet structure

Rooftop runoff infiltration if
feasible

Install outlet structure
Construct embankment
Rooftop runoff infiltration if
feasible

Do not pipe any more sections of
swale

Evaluate need for pretreatment
before infiltration

none

Evaluate effectiveness of
modified system (WQ, etc.)
Remove accumulated sediments
Modify outlet structure

Repair embankment

Remove accumulated sediments
Modify outlet structure

Repair embankment

Check dams in GS

RANK



SITE

Onion River

Pinecrest
Circle

Pinecrest
Village

Pleasant
Acres

Roadside

VTDEC
PERMIT

none

none

none

1-1047-1

2-0231-1

none

none

SW
TREATMENT

CB

CB

OF

CB, OF, GS

GS, CB,

CB

none

IC

4.4

2.2

DA

35.1

9.9

CURRENT CONDITION

Steep slope for some GS
Gully erosion

Some highly erodible soils
HSG A/B

Includes some Industrial Ave
runoff (CB)

Outfall at AB

HSG A/B

No treatment

Ditch erosion — River Cove
Road.

Not all drainage from Onion
River development.

HSG B

No storm drain or catch basins.

HSG A

Not all IC treated
Some OF lengths too short

No curbs

Permit only includes road IC
GS behind houses / by road
Not treated as new phase of
permitted development

Curb and gutter

No treatment

No treatment

J-9

RECOMMENDED
RETROFIT
Gully stabilization

Little room for STP
Manufactured treatment device

Stabilize ditch
Install check dams

None
Filtering system or manufactured
treatment device

Evaluate/treat runoff from non-
road IC

Filtering system or manufactured
treatment device

Infiltrate roof runoff

RANK



SITE

Marine

Rossignol
Park

South Ridge

Taft’s Farm
LotsE/F

VTDEC
PERMIT

none

1-0664-1

1-0664-2

1-0664-3

1-0664-4

1-0664-5

1-0664-6

1-0513-9

SW

TREATMENT IC DA
CB

CB, DB 2.9 10
CB, DB 6.5 414
CB, GS 0.1 0.5
CB, GS 1.1 10.9
CB, DB 2.5 12.6
CB, DB 1.6 6.1
CB, OF 0.2 1.1

CURRENT CONDITION

HSG A/B
Erosion at end of parking lot

SW infiltrates in sandy soils
No designed infiltration
structures

HSG A

Some silting in of basin

No manhole lid for OS
Room for enlargement

Some silting in of basin

OS orfice buried in sediment
Cattails in basin

Room for enlargement

Not as designed (no GS)
Tied into SD for DB1-0664-1
No GS treatment

Flows into drainage channel
Basin totally silted in

OS orfice buried in sediment
Embankment breached

Little room for enlargement
HSG B

Silting in of basin

OS discharge directly to AB
Room for enlargement

Vegetation too short

J-10

RECOMMENDED
RETROFIT
Further stabilize bank at end of
lot.
Filtering STP

Evaluate need for pretreatment
before infiltration

Remove accumulated sediments
Modify outlet structure

Enlarge if necessary

Remove accumulated sediments
Modify outlet structure

Enlarge if necessary

Check sizing of DB 1-0664-1 for
added drainage area

Divert to DB2 for treatment or
create DB above Metcalf Road
Remove accumulated sediments
Modify outlet structure

Repair embankment

Remove accumulated sediments
Modify outlet structure
Enlarge if necessary

Increase vegetation height

RANK



SITE

Lots C/D

LotF

Townhouses
Townhouses

Townhouses

Townhouses

Townhouse/IR

Lot G

LotH

LotH

LotH

LotH

VTDEC
PERMIT

1-0513-10

1-0513-11

1-1519-1

1-0513-13
1-0513-14

1-0513-15

1-0513-16

1-0513-17

1-0513-A

1-0513-B

1-0513-C

1-0513-D

1-0513-E

SW
TREATMENT

CB, GS, OF

CB, OF, GS

OF, DB

CB, GS, DB
OF, DB

OF, GS, DB

OF, GS, DB

CB, OF, GS

OF, DB

CB, OF, GS

OF

none

CB, OF, GS, DB

IC

1.3

4.5

0.9

0.7

0.8

1.2

1.0
1.1

0.8

DA

3.7

10.6

1.8

2.4
1.5

1.4
4.2

2.4

CURRENT CONDITION

Severe gully erosion at SD
outfall

Marginal WQ treatment
Connects to SD for 1-1275-2

Not built

Designed to 1997 standards
Flows to S/N 1-0513-9
Little treatment

Not constructed as designed
Two OS — design has one
Storage volume low
Cattails

Sediment accumulation
Manhole grate OS

Swale vegetation short

A little swale erosion
Cattails

Erosion at outfall
Accumulated sediments DB
Gully erosion at outfall
Little treatment

Short OF treatment length
Very short vegetation

No treatment

Gully erosion at steep bank
No treatment

Some gully erosion
Clogged OS

J-11

RECOMMENDED
RETROFIT

Plant warm season grasses
Stabilize gully
Plunge pool at outfall
Biofiltration or dry swale
Confirm DB sized to include all
flows directed to it
Design / build to 2002 standards
Use bioretention instead of OF
for one parking area
Modify outlet structure
Enlarge DB
Modify OS

Remove accumulated sediments
Modify outlet structure

Modify OS

Vegetation repair / enhancement
Check dams or dry swale
Stabilize outfall

Remove accumulated sediments
Modify outlet structure

Stabilize outfall — plunge pool &
rip rap

Raingarden

Bioretention or other filtering
STP

Stabilize bank

Filtering STP

Stabilize eroded areas

Remove accumulated sediments

RANK



SITE

LotH

Indian Ridge

Taft Farm
Village Center

VTDEC
PERMIT
A-E

1-1217-3

1-1217-4

1-1217-6

1-1217-A

1-1217-B

1-1275-1

1-1275-2

1-1275-3

1-1275-A

SW
TREATMENT

CB, GS, DB

CB, OF

CB, DB

OF, GS

OF, GS

CB, GS, DB

(south)

CB, OF, DB

(north)

OF

OF

IC

2.4

6.1

0.7

1.5

0.4

0.8

3.8

0.2

DA

16.6

2.1

3.9

1.4

1.4

11.8

5.0

CURRENT CONDITION

Cattails
IC total for S/N A-E

Not much treatment

No treatment

Gully erosion

SD outfall covered by RR
No outlet structure

Short circuiting

Sediment accumulation
No treatment

Drainage from back of lots
(old S/N 005)

Drainage from back of lots
(old S/N 012)

Shopping center — hot spot

Shopping center plus senior
housing and S/N 11 runoff
OF useless for parking lot
Shopping center — hot spot
Flow concentrates in spots
Erosion on steep slope

No treatment

Flow into existing wetland
Haybale dike

Little treatment

J-12

RECOMMENDED
RETROFIT
Modify outlet structure

Remove accumulated sediments
Modify outlet structure
Stabilize gully

Install manufactured treatment
device or filtering system
Remove sediment

Construct outlet structure
Eliminate short circuiting

Evaluate effectiveness and
modify as needed
Evaluate effectiveness and
modify as needed

Modify basin outlet

Add curb stops on south side
Vegetation on south side
Bioretention - parking lot
median

Modify basin outlet

Treatment prior to slope.
Filtering STP.

Bioretention

RANK



SITE

Turtle

Crossing

Turtle Pond

VT 287 (Circ)

VT I-89
Welcome

Vermont
Rt 2

Village Grove

Whitcomb
Industrial

VTDEC

SW

PERMIT TREATMENT

1-0792-1

2-1191-1

1-1557-1

1-1401-1

none

none

CB, OF, GS

GS, OF, WP

CB, GS, OF,
EDB

CB, GS, OF, DB

CB, OF, ditches

CB

IC

1.2

1.1

4.1

DA

10.1

12.0

14.2

CURRENT CONDITION

No SW (GS, OF) treatment
GS is eroding channel
Very close to AB

Some HSG A/B & HES

No curbs
Nice looking

Not built
Some HES
Supercedes 1-0788

Trees on pond embankment
GS by northbound lane has some

erosion beginning

Eroding ditches
No WQ treatment

No treatment
HSG A most of subdivision

All sites granted a discharge
permit waiver based on no

J-13

RECOMMENDED
RETROFIT

Infiltration for rooftops

Install manufactured treatment
device or filtering system for
roads

Rip rap outfall channel

None

Construct wet pond instead of
dry basin

Transplant tress on embankment
Reinforce turf in center of GS

Stabilize ditches after clean out
Improve ditch design

Install dry swales, wet swales &
grass channels

Infiltration for rooftops

DB upstream of culvert below
subdivision (will also provide

added treatment for Williston

Elementary School)

All infiltration sites should
include proper pretreatment (as

RANK



SITE

Park
(Avenue D)

Roads & open
space

Roads & open

space

Roads & open

space

Lot 1

Lot 2

VTDEC
PERMIT

2-0260-1

2-0260-2

2-0260-3

Probably
not
required
Not
required

SW
TREATMENT

CB, GS,RR

CB, GS

CB, GS, DB

French drain,
gravel parking
area, CB

CURRENT CONDITION

collection & discharge of SW
from the site need to verify
compliance with waiver: STPs
exist (built as designed, properly
maintained, and operational) &
that there is no offsite discharge.
All sites are HSG A.

Severe gully erosion at SD
outfall

HSG A

RR less than permit required

Erosion below outfall

Flows into off-site wetland

No treatment

HSG A

No DB found

Significant erosion below outfall
Little treatment of discharged
stormwater

HSG A

No treatment found

HSG A

Some HES

French drain not found
Gravel parking areas do not
infiltrate stormwater

HSG A

Some HES

J-14

RECOMMENDED
RETROFIT

per 2002 standards) due to very
high soil infiltration rates.
Adequate SW treatment should
be provided for all lots and
roadways.
Septic systems should be 100
feet from infiltration STPs.
Verify installation &
maintenance needs of “leach line
trench”
Plunge pool and RR channel
below outfall
Evaluate GS effectiveness
Verify installation &
maintenance needs of “leach line
trench”
Evaluate GS effectiveness
Verify installation &
maintenance needs of “leach line
trench”
On-site infiltration
Check dams / RR below outfall
Evaluate GS effectiveness
On-site infiltration

On-site infiltration



SITE
Lot3

Lot4

Lot4

Lots 4

Lots5 & 6

Lot7

VTDEC SW
PERMIT TREATMENT

Not French drain,

required gravel parking
area, CB

1-1077-1 GS, OF

1-1077-2  CB, OF, RR

1-1077-A  RR

Probably -

not

required

Not OF, stone lined

required French drain,

CB, DW, gravel
parking area

IC

1.8

DA

6.4

CURRENT CONDITION

Gravel parking areas do not
infiltrate stormwater
Parking lot runoff flows into
road CB and 2-0260-2
French drain not found
HSG A

Some HES

Erosion below outfall

Flows into off-site wetland
Connects to 2-0260-2 SD above
outfall

HSG A

Some HES

No treatment

A little erosion below RR
Drains into off-site wetland
HSG A

Some HES

No treatment

Erosion below outfall
Likely includes some runoff
from lots 5 & 6

HSG A

No treatment found

HSG A

Some HES

Gravel parking area on plans is
paved

Gravel parking areas do not
infiltrate stormwater

Only one of two dry wells on

J-15

RECOMMENDED
RETROFIT
On-site infiltration

Retrofit grate to create OS for
DB/infiltration basin
Evaluate GS effectiveness

Stabilize outfall
Onsite infiltration of rooftop
runoff

On-site infiltration
Check dams

On-site infiltration

Verify CB goes to DW
On-site infiltration

RANK



SITE

Lot 7C

Lot 7D

Lot 7E

Lot 7F

Lot 8

Lot 9

Lot 10

Lot 11

VTDEC
PERMIT

No permit
for point
of
discharge

No permit
for point
of
discharge
No permit
for point
of
discharge
No permit
for point
of
discharge
Not
required

Not
required
Not
required

Not

SW
TREATMENT

CB, OF

CB

CB

CB

OF, French
drain, DW

OF, French
drain
OF, French
drain,

French drain

IC

DA

CURRENT CONDITION

plans found

French drains not found

HSG A

CB as OS for OF

CB and possible infiltration area
appears to be in septic
replacement area

HSG A

No treatment

Significant erosion below outfall
HSG A

No treatment
A little erosion below outfall
HSG A

CB at loading dock

Some erosion at outfall
Flows into off-site wetland
HSG A

French drains not found

Dry well not found unless the
one on Lot 7 is sized for both
lots

HSG A

French drains not found

HSG A

French drains not found

CB found — does it go to a DW?
HSG A

French drains not found

J-16

RECOMMENDED
RETROFIT

Infiltration basin
(modify CB) if suitable site

Filtration
Check dams

Filtration
RR below outfall

On-site infiltration
RR at outfall

On-site infiltration

On-site infiltration

On-site infiltration

On-site infiltration

RANK



VTDEC SW RECOMMENDED
SITE PERMIT TREATMENT IC DA CURRENT CONDITION RETROFIT RANK
required Erosion in road ditch
Infiltration basin for parking lot
addition
Runoff via CB and ditch to 2-
0260-3
Some runoff into ditch adjacent
to parking area — possible

infiltration
HSG A
Lot 12 Not French drain French drains not found On-site infiltration |
required HSG A
Lot 13 Not Two dry wells Two of three CB for DW not Verify DW construction 1
required CB feed DW constructed On-site infiltration
HSG A
Lot 14 Not OF, GS GS not constructed On-site infiltration 1
required Some infiltration possible in
open space
Some runoff to off-site parking
lot
HSG A
Lot 15 Not OF, gravel Gravel parking areas do not Verify OF is providing 1
required parking area infiltrate stormwater infiltration
HSG A Provide additional on-site
infiltration as needed
Lot 16 Probably Gravel parking No treatment found On-site infiltration |
not area Gravel parking areas do not
required infiltrate stormwater
HSG A
Lot 17 Probably = ----- Slope erosion from flows On-site infiltration 1
not Erosion in road ditch
required Flows to GS to CB to 2-0260-3

J-17



SITE

Lot 18

Lot 19

Lot 20

Lot 1-2
WIP Ext.

Lot 1-2
WIP Ext.

Lot 1-2
WIP Ext.

Whitney Hill
Homestead

Williston
Chiropractic
Center

Williston
Country Club

VTDEC
PERMIT

Probably
not
required
Not
required

Not
required

1-1493-1

1-1493-2

1-1493-3

1-0963-1

none

none

SW
TREATMENT
CB

Gravel parking
area

OF, gravel
parking area

DB

OF

OF

CB, OF, DB

OF

none

IC

1.9

DA

17.0

CURRENT CONDITION

HSG A

Flows to parking lot CB to 2-
0260-3

HSG A

No treatment found

Gravel parking areas do not
infiltrate stormwater

HSG A

Stormwater to CB to 2-0260-2
Gravel parking areas do not
infiltrate stormwater

HSG A

Under construction

HSG A

Under construction
HSG A

Under construction
HSG A

Rock lining for some GS

Grassed area from building and
parking area to Allen Brook
HSG B

Stone lined drainage channel
leading to culvert under North
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RECOMMENDED
RETROFIT

On-site infiltration

On-site infiltration

On-site infiltration

Verify design accommodates
flows from other lots and/or stop
flows from other lots

Verify design accommodates
flows from other lots and/or stop
flows from other lots

Verify design accommodates
flows from other lots and/or stop
flows from other lots

Modify DB outlet structure

Create buffer area by AB

Modify channel for WQ
Treatment of runoff from

RANK



SITE

Williston
Elementary
School

Williston
Federated
Church

Williston
Hills
Hillside Drive

Sundown
Drive

Sundown
Drive

Williston
Town Offices

VTDEC SW
PERMIT TREATMENT

1-0932-1 CB, GS, DB
1-0932-2 CB, GS, DB
none CB, OF

none CB

none curb & gutter
none none

none CB, OF

IC

2.4

3.0

DA

7.1

19.7

CURRENT CONDITION

WillistonRoad
Considerable HSG A/B

CB in grass & pavement
Offsite flow bypasses DB
Cattails

Runoff in swale behind school
not treated

Erosion in swale. Cattails

Some runoff to CB to behind
Korner Kwik Stop
Some OF to AB

Culvert outfall for CB/SD
Severe gully erosion
Highly erodible soils
Sediment deposits at AB
HSGB

Gully erosion at end road
Highly erodible soils
HSG B

Gully erosion behind houses
north side Sundown
Highly erodible soils
HSG B

Some rooftop direct to SD
Most runoff to CBs
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RECOMMENDED
RETROFIT
impervious cover
Infiltration where feasible

Treat runoff from roof of
addition that drains north — wet
swale or filtration

Stabilize swale

Bioretention / filtration for non-
addition runoff

Pursue grants for STP
Bioretention / filtration behind
parking lot

Stabilize SD outfall
ED wet basin

Stabilize bank at end of road
Disperse runoff into yards

Check dams
Channel stabilization

Pursue grants for STP
demonstration site

RANK



VTDEC SW
A PERMIT TREATMENT
Williston none CB, OF,
Town Roads ditches
Wintersport none CB, OF
Lane
ABBREVIATIONS:

AB — Allen Brook

CB — catch basin
CD — check dam

DA — drainage area (acres)
DB — detention basin
EDB — extended detention basin

GS — grass swale

HES — highly erodible soils

HSG A — NRCS hydrologic soil group A
HSG B — NRCS hydrologic soil group B

IC — impervious cover

OF — “overland flow across vegetated terrain”

IC

DA

CURRENT CONDITION
Some runoff OF to CB

Eroding ditches
No WQ treatment

SW infiltrates in sandy soils
No designed infiltration
structures

Some HSG A

1-0094 (not a SW permit) for
building infiltration

OS — outlet structure

RANK - priority ranking

MH — manhole
RR —rip rap
SD — storm drain

RECOMMENDED
RETROFIT
SW filtering system
Offline DB below Old Stage
Road culvert

Stabilize ditches after clean out
Improve ditch design

Install dry swales, wet swales &
grass channels

Evaluate need for pretreatment
before infiltration

S/N —VTDEC permit discharge point
STP — stormwater treatment practice

SW — stormwater

SWM — stormwater management

WP — wet pond
WQ — water quality
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PRIORITY:

1 —Highest priority retrofit (significant contributor due to proximity to AB, size of development (IC), high traffic volume, poor or nonexistent
treatment, etc.)

2 — High priority retrofit (lack of STP; deficient design, construction, and/or maintenance; significant offsite impacts)

3 — Retrofit recommended

4 — Low priority retrofit (pretty good treatment already; small DA, high cost for treatment gained, etc.)

5 — No retrofit recommended at this time

SUMMARY: Stormwater Treatment Retrofit Ranking

Priority Rank 1 2 3 4 5

Number of Retrofits 48 30 29 21 8

NOTES:

Table contains an entry for each discharge point of a permitted site plus any additional locations found in the field. Non-permitted location entries
are for significant discharge points found in the field.

“SW TREATMENT” is as per permit requirements or as seen in field for non-permitted sites.

CERTAIN CHRONIC PROBLEMS SITE CONDITIONS needing attention that were found to be common at most every site were generally not
listed in the table under current condition or recommended retrofit:

OF — This commonly applied permit condition was found to typically be ineffective due to concentrated flow, poor vegetative cover (sparse and/or
short), steep slope and/or erosion. Each site with OF as part of its SW treatment needs to evaluate its effectiveness and provide an alternative
treatment if necessary.

GS - This commonly applied permit condition was often found to be ineffective due to short vegetation height, steep slope, and/or erosion,
resulting in detention time too short to provide adequate treatment. Each site with GS as part of its SW treatment needs to evaluate its effectiveness
and provide an alternative treatment if necessary.

Areas adjacent to roadways and parking lots often had no or poor vegetative cover and rutting and/or erosion from vehicular traffic.
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“Modify OS” in Retrofit column — DB should be designed to standards in the 2002 Vermont SWM manual.
Vegetation based STPs as primary treatment measure is not preferred due to Vermont’s cold climate considerations.
Inadequate STPs have recommended replacement or modifications.

HYDROLOGIC GROUP A & B soil group sites should investigate SW infiltration feasibility. Not all B soils have an infiltration rate suitable for
infiltration STPs. On-site testing needed for all potential infiltration sites.

IC for certain older permits is for roads only (or roads and high density housing) and should be revised to include all impervious cover.
IC listed is from VTDEC permit unless better data was available
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Figure J-1. Hydrologic Soil Groups A and B
in Allen Brook Watershed,

Scale 1:48,000
1 inch = 4,000 feet

Legend
[ ] Hydrologic Group A
Hydrologic Group B
| | Roads
2 Unnamed Streams
/\./ Named Streams

Watershed
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Figure J-2. Highly Erodible Soils in the
Allen Brook Watershed.

Scale 1:48,000
1 inch = 4,000 feet

Legend

[ ] Highly Erodible Soils
[ ] Roads

~Unnamed Streams

'/ Named Streams
| Watershed
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Figures J-3 & J-4: Detention Ponds
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Figures J-5 & J-6: Detention Ponds Needing Maintenance
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Figures J-7 & J-8: Gully Erosion at Storm Drain Outfalls
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10: Eroding Swales
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Figures J-9 & J-



Figures J-1 & J-12: Poor Vegetative Cover

Figure J-13: Poor Vegetative Cover / Erosion
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Site Silt Fence

0n

: Old Constructi

Figure J-14
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Allen Brook Stormwater Retrofit Reconnaissance Inventory

Site name:
1. Site number:

2. Type of site:

het

Vermont DEC permit number and year of issue:

4. Location:

5. Map:

6. Existing structure / treatment description:

Type(s):

Design criteria:
Date of construction:

Onsite conditions / issues:
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10.

1.

12.

13.

14.

15.

Allen Brook Stormwater Retrofit Reconnaissance Inventory

Offsite conditions / issues:

Preliminary assessment of most likely retrofit (quality, quantity, both, or none):

Retrofit issues

Priority of retrofit:

Drainage area (ac): (permit)

Impervious cover (ac): (permit)

Approximate imperviousness (%): MIA
MIA
MIA
Date of field survey:

Photo numbers:

Additional notes and/or sketch information:
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(stormsewer)

EIA
EIA

EIA

(TMDL)

(TMDL)

(permit)
(stormsewer)

(TMDL)



Allen Brook Site Pollution Prevention Opportunity Survey
Commercial/Industrial/Retail Sites

Site No. Photo Nos.

Name of Business:

Type of Business:
Vehicle Maintenance Operation _ Industrial
Commercial _ Other
Office
Address:
Owner: RCRA/NPDES Permit? _
Phone No.
Approximate Area (acres): On-site Stormwater Treatment?

Parking Area (acres):

Evidence of Pollutant Sources:

_ Outside Material Storage _ Loading docks

_ Dumpster spillage _ Outside vehicle maintenance

_ Leakage from Vehicles (including wrecked vehicles)
_ Above ground tanks _ Trash/Debris

_ Vehicle Washing _ Intensive Landscaping

_ Steam cleaning _ Erosion or bare surfaces.

_ Floor Drains connected to storm _ Other sources of possible pollution

drain system
Uncovered vehicle fueling

Inadequate BMP Maintenance

Evidence of pollutants leaving the site and entering Allen Brook (describe):

Recommendations for correcting problem:

Additional comments on the site:
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Allen Brook Site Pollution Prevention Opportunity Survey
Residential and Institutional Areas

Area No. Photo Nos.
(i.e., limits of survey area by street name or block)

Condition of Storm Drain Inlets & Catchbasins:

Are Storm Drains Stenciled? (Y) (N)

Pervious Area Condition (needless turf, exposed soils, etc.)

Residential Lawns (condition, lawn clipping dumping evidence, overuse of fertilizer/pesticides):

Vacant Areas (dumping, erosion, etc.)

Opportunities for Reforestation/Revegetation (Location and Approximate Area):

Other Opportunities for Pollution Prevention:

Downspout Disconnection

Pet Waste Disposal Areas

Signage Opportunities (buffer, wetland, bacteria, etc)
Turf Conversion to Landscaping or Xeriscaping
Other

Additional Comments and Recommendations for Correcting Problems:
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Allen Brook
Pollution Prevention Survey
April 26 2001
Road,lg:::lceh #Or Brief Description | Gutters Disconnected Problem * Opportunity
Hickory Hill Older Development mostly commuq1ty
composting
Meadow Run New Development direct connection to carwash on pervious
storm system area, education
direct connection t reduce width of roads,
Chelsea Commons New Development ect connechion to size of drives,
storm system . . .
disconnect impervious
sink parking islands for
Blair Park/Fletcher . biofilters, remove cuts
Commercial connected .
Allen in curbs for stormwater
onto pervious surface
storm drain broken,
Exxon Near Corner Of . some overlanq flow
Gas Station connected thru gas station;
Rt 2 And 2a . .
disconnect, incorporate
WwQ
high flow outlet for
storm pond appears
Taft Farm Village . higher than syvale, parking lot has some
Commercial both stream nutrient . . ;
Center . flow into bio-filters;
enriched below beaver
dam, Allen Brook
needs riparian buffer.
Taft Farms Newer Development mOSt roofs streets n§ed .to be
disconnected swept earlier in year
South Ridge Newer Development 1/2 connected clean streets sooner
almost all lower circle
Commons New Development |connected, upper circle short drives, curbs
direct into storm drain
Old Stage Estates Older Development minimal connection Maintain swales
Turtle Pond Older Development | minimal connection Good example
Reduce agrichemical
Williston Country Golf Course NA _ use, increase IPM,
Club incorporate golf course
BMP's
Golf Links New Development some short-circuited storm
pond
Marty's Golf Course Golf Course NA Same as Williston

Country Club

NOTE: All connected impervious areas can be disconnected. Except for Old Stage Estates, almost all developments use

stormwater ponds.
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