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Municipal Separate Storm Sewer System (MS4) 
2021 Annual Report 

A. Permittee Information

1. Name of MS4:

2. Permit Number: - 9014

B. Attached Documents
The following documents have been prepared and submitted with this Annual Report: 

☐ Annual Report Workbook (.xlsx)
☐ BMP Tracking Table (.xlsx)

C. Certification of STPs constructed to comply with the FRP or PCP

The following BMPs were built or implemented within the past calendar year and were constructed in compliance 
with the approved Flow Restoration Plan (FRP) or Phosphorus Control Plan (PCP). 

Name of System Location 

______________________________________________________     _____________________________ 
Name of Qualified Designer             Title 

______________________________________________________     _____________________________ 
Signature           Date 

D. MS4 Operator Certification

This Annual Report shall be signed by a principal executive officer, ranking elected official or other duly authorized 
employee consistent with 40 CFR §122.22(b) and certified as follows: 

I certify under penalty of law that this document and all attachments were prepared under my direction or 
supervision in accordance with a system designed to assure that qualified personnel properly gathered and evaluated 
the information submitted. Based on my inquiry of the person or persons who manage the system, or those persons 
directly responsible for gathering the information submitted is, to the best of my knowledge and belief, true, 
accurate, and complete. I am aware that there are significant penalties for submitting false information, including the 
possibility of fine and imprisonment for knowing violations. 

____________________________________________________     _____________________________ 
Print Name           Title 

_____________________________________________________  _____________________________ 
Signature           Date 
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Appendix A - List of Attachments to 2021 MS4 Annual Report – Town of Colchester 
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IDDE Information 2021 38-42 
MM4 / MM5 Information 43-44 
MM6 New Staff Training Materials 46-52 
Before & After Photos – Police Station Outfall 53 
P Reduction Accounting Methodology – Police 
Station Outfall Project 
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Introduction
Since 2003, Chittenden County’s twelve MS4s have worked to pool resources to professionally engage the public in a one message, one 
outreach effort known as the Regional Stormwater Education Program. Through regular spring and summer advertisements to drive people to 
the program’s website, www.smartwaterways.org, this cooperative approach to fulfilling its NPDES Permit Minimum Control Measure #1 
(Public Education & Outreach) requirements has built a regional awareness among the public of the need for individual action to assist in 
fighting stormwater problems.

In the summer of 2016, the MS4s contracted with Tally Ho through their Lead Agency, the Chittenden County Regional Planning Commission, 
to rebrand the Smart Waterways campaign into a combined effort with the MS4’s Minimum Measure #2 regional effort known as the 
Chittenden County Stream Team. The goal was to create one cohesive organization and outreach effort to both educate the public about 
stormwater and boost public participation in implementation of projects to combat the negative impacts of stormwater. In spring of 2017, 
Rethink Runoff was publicly launched, including a new website and revised creative by Pluck (previously Tally Ho Design).

Pluck has been responsible for the creative, administration, and management of Rethink Runoff since late 2017. 

This 2021 calendar year report recaps the work done primarily related to Minimum Control Measure #1. As in prior years, this work us 
developed through coordination with CCRPC and its MS4 subcommittee of the Clean Water Advisory Committee. 

2021 Initiatives
In 2021, Pluck maintained existing creative for advertising, while introducing certain web initiatives and introducing social media in the 
2021-2022 fiscal year, all for the purpose of continuing to drive residents to visit the program website, www.rethinkrunoff.org. We continued 
our Ms. Drop’s Tip of the Month promoted animation as a way of providing monthly and seasonal topics related to stormwater runoff (A on 
page 3.)

We introduced HTML5 animations onto our What You Can Do interior pages on the website (F on page 4). These short, repeatable animations 
are based on our existing visual language and provide on-screen movement to web visitors.

We set up tracking onto the websites for conversions (or actions our visitors take while visiting the website). Our first conversion to be tracked 
was a downloadable pdf with instructions on How to Build a Rain Barrel. Rain Barrel workshops often book to capacity and are also restricted 
to residents by the host city or town, so including a downloadable pdf on the site allows us to measure of interest in visitors doing DIY 
stormwater-related projects. 

During 2020–2021, we discussed our approach to rain gardens with the subcommittee. Rain gardens are inherently expensive to install, when 
compared with other initiatives, like installing rain barrels. With that in mind, we created a new downloadable pdf (B on page 3) identifying 
plants used in rain gardens that homeowners could use in their gardens, to help alleviate stormwater runoff. The overall strategy was to 
identify and include a low-cost options for homeowners, allowing them to take action to reduce stormwater runoff, thereby raising awareness. 

In Fall 2021, we introduced Google Search ads to complement our Google Display ads and YouTube ads (E on page 4). Whereas Google Display 
ads are graphic-based ads served on websites based on content (i.e. fertilizer-related ads on a site about lawn care), Google Search are text-
based ads shown in response to users’ searches. In this way, we’re able to provide a presence and a direct call to action. For example, we created 
a series of Search ads offering non-fertilizer-based lawn care ads designed to be seen when users searched for “fall lawn care tips” or related 
topics. 

Starting in the fall of 2021, we also began to strengthen social media development as well as implementation of social media content. Our 
social media strategy focuses on Facebook and Instagram, our existing social media channels. Our work here complements the outreach 
efforts of MCM #2 effort, the Rethink Runoff Stream Team, administered by the Winooski Natural Resources Conservation District. Our 
overall strategy includes posting brand-related content, Lake Champlain news, general water pollution/clean water news (C on page 3), and 
Instagram-based engagement from Vermont residents (i.e. reposting Lake Champlain and Vermont waterways photography). In some cases, 
social media posts are promoted via ads, based on target MS4 audiences (D on page 3). 
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2021 Creative
B. RAIN GARDEN PLANTS PDFA. SOCIAL MEDIA ANIMATIONS: SAMPLE VIDEOS

C. SAMPLE SOCIAL MEDIA POSTS: NEWS D. SAMPLE SOCIAL MEDIA POSTS: CONTENT

  Learn more at RETHINKRUNOFF.ORG

WHAT YOU CAN DO AROUND YOUR HOUSE

Guide to Rain Garden plants
Rain gardens are a great way to reduce stormwater runoff around  
your home, but you can also make smaller changes around your garden 
that will help reduce stormwater, just by including certain plants in 
your garden.

Below is a list of rain garden plants that you can use in your garden to help reduce 
stormwater runoff. All of these plants are native to Vermont. In addition, we’ve noted  
their  mature height, sun exposure and when they bloom.

Salt tolerant plants
These plants are salt-tolerant, so you can plant them need walkways, driveways or other places to 
get salted during the winter.

COMMON NAME SCIENTIFIC NAME TYPE HEIGHT DESCRIPTION EXPOSURE BLOOM

Columbine Aquilegia canadensis Perennial 1–2' Showy red and yellow, 
beautiful foliage

Full Sun/ 
Partial 
Shade

Spring/
Fall

New England Aster Aster novae-angliae Perennial 2–6' Pink-purple flowers Full Sun/ 
Partial 
Shade

Summer/ 
Fall

Daylilies Hemerocallis ssp. Perennial 2.5–3.5' Purple, yellow, orange 
flowers

Full Sun/ 
Partial 
Shade

Summer

Blue Flag Iris Iris versicolor Perennial 2–3' Blue-violet flowers Full Sun/ 
Partial 
Shade

Spring/ 
Summer

Cardinal Flower Lobelia cardinalis Perennial 2–4' Vibrant Red spiky flowers, 
tricky, short lived

Full Sun/ 
Partial 
Shade

Summer

Black Eyed Susan Rudbeckia hirta Perennial 1' Orange-yellow flowers, 
short lived, deer resistant

Full Sun/ 
Partial 
Shade

Summer/ 
Fall

Check our the other side for our list of salt intolerant plants.

  Learn more at RETHINKRUNOFF.ORG

Salt Intolerant Plants
These plants are not salt-tolerant, so you want to avoid placing them in areas away from where you 
salt in the winter.

COMMON NAME SCIENTIFIC NAME TYPE HEIGHT DESCRIPTION EXPOSURE BLOOM

Big Bluestem Andropogon gerardii Grass 3–7' Purple, good for erosion 
prevention due to large 
root system

Full Sun Fall

Milkweed Asclepias tuberosa Perennial 1–2.5' Orange flower Full Sun Summer

Coneflower Echinacea purpurea spp. Perennial 1–2' Varieties include purple 
and white flowers

Full Sun/ 
Partial 
Shade

Summer

Boneset Eupatorium perfoliatum Perennial 4–6' Flattopped clusters of 
small, fluffy, white flowers

Full Sun/ 
Partial 
Shade

Summer

Bee Balm Monarda didyma Perennial 3' Red, pink, salmon colored 
flowers, aggressive

Full Sun/ 
Partial 
Shade

Summer

Bloodroot Sanguinaria canadensis Perennial 6–10" White flower, toxic Partial 
Shade/
Shade

Spring

Red Osier Dogwood Cornus sericea Shrub 6–12' White flowers, red stems  
in winter, provides food 
and cover

Full Sun Spring/
Summer
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2021 Creative
E. SEARCH ADS: SAMPLE COPY AND VARIABLE HEADLINES F  HTML 5 ANIMATIONS

RAIN BARREL

PET WASTE

PLANTING A TREE
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Media Buy Breakdown
Below is a cost breakdown of media buys, compared with previous years. We continued our Winter Campaign with a focus on both pet 
waste and reducing salt use. Similar to our past efforts to shift outreach year-round, our Winter Campaign ran in January and February, 
traditionally a quieter time from an advertising standpoint. 

Digital media buys include Google ads, Facebook ads and WCAX. TV includes WCAX and Xfinity media buys. 

Overall ,our 2021 media buy strategy continued earlier efforts to create a more year-round approach. For 2021, we reduced our broadcast 
spend, pushing more into digital/digital video (Facebook, Google and YouTube). 

In Fall 2021, we introduced Google Search ads, to complement Google Display ads and YouTube ads. 

On the social media front, we also began promoting content-based posts that also offered a direct Call-To-Action leading to our website. 

2016 — MEDIA BUY

SOURCE SPRING SUMMER FALL

RADIO $4,500 - $3,258

DIGITAL $7,500 - $4,985

TV $5,500 - $2,379

PRINT $2,500 -

TOTAL $20,000 - $10,622

2017 — MEDIA BUY

SOURCE SPRING SUMMER 
05/28–08/02

FALL

RADIO $3,088 - $1,080

DIGITAL $3,600 $3,826 $4,582

TV $2,015 - $1,833

PRINT $1,755 $585 $1,170

TOTAL $13,191 $4,235 $8,666

 2018 — MEDIA BUY

SOURCE SPRING SUMMER 
6/16–08/27

FALL 

RADIO $2,675 - $1,044

DIGITAL $3,394 $7,534 $2,987

TV $3,710 - $2,472

PRINT $1,755 - $1,006

TOTAL $11,534 $7,534 $7,509

 2019— MEDIA BUY

SOURCE WINTER SPRING SUMMER* 
5/27–09/2

FALL 

RADIO $360 $1,008 $1,025

DIGITAL $1,800 $2,320 $5,830 $3,000

TV $5,830 $3,306

PRINT $503 $2,012 $1,006

TOTAL $2,663 $11,170 $5,830 $7,509

 2020— MEDIA BUY

SOURCE WINTER SPRING SUMMER 
7/1–9/1

FALL 

RADIO $375 $375

DIGITAL $1,800 $4,557.51 $400 $3,430.33

TV $5,788.75 $2,063.83 

PRINT $1,579.50 $1,053

TOTAL $1,800 $12,301 $400 $6,922

 2021— MEDIA BUY

SOURCE WINTER SPRING SUMMER 
7/1–9/1

FALL 

RADIO $725.40 $375 $375

DIGITAL $2,640.00 $7,380.00 $3,429.45 $4195.54

TV $5,600.00 $680

PRINT $1,455.00 $1,053

TOTAL $3,365.40 $14,810 $3,429.45 $6,922

Media Buy Breakdown by Vendor

CAMPAIGN WINTER SPRING SUMMER FALL

WCAX BROADCAST X X

XFINITY BROADCAST X

GOOGLE X X X X

YOUTUBE X X X

VTDIGGER.ORG

VPR RADIO X X

WVMT RADIO X X

SEVEN DAYS X X
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 Google Advertising Metric

CAMPAIGN IMPRESSIONS INTERACTIONS COST

DISPLAY 3,405,317 3,287 $4,755.87

VIDEO 571,872 339,690 $5,704.81

SEARCH 20,488 419 $768.16

Impressions are the number of times the ads are served to web users. For Display and Search, Interactions are the number of times a web user 
clicks on the ad. 

Video ads are consider pre-roll or mid-roll, meaning they are shown either directly before, or in the middle of a video the web user is watching. 
These ads are typically skipable after the first five seconds. Interactions include web users who click on the ads, or watch the entire ad.   

Facebook Advertising Metrics

CAMPAIGN IMPRESSIONS CLICKS REACH COST

MS. DROP 113,535 618 21,083 $2,054.92

FALL 2021 571,872 87 42,513 $680.23

WINTER 2021 10,432 139 2,258 $200.70

PAGE LIKES 3,142 10 1,390 $55.09

Impressions are the number of ads served to Facebook users. Clicks are the number of people who click on an ads. Reach is the number of 
individual Facebook users that see the ad. 

Our increased focus on social media also provides us with age- and gender-related information about users who like our Facebook page (Likes) 
and individuals who follow our Instagram page (Followers). 

In this case, reach refers to the overall unique users in each platform that have seen our posts, either through other users liking and sharing 
our content, users using the Explore features, or users who see promoted posts. 

Facebook Likes Demographics
Facebook Reach: 60,998 
Likes: 318

Instagram Follower Demographics
Instagram Reach: 19,384 
Followers: 349
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Website Metrics for 2016–2021
Our 2021 website metrics bounced back after a slower 2020 calendar year (due to COVID). Overall, our users, sessions and page views all 
increased by close to 20% when compared with 2020. In addition, when compared with 2019 (the last full pre-COVID year), our sessions (10,557 
vs. 10,111), users (9,436 vs. 8,531), and pageviews (16,001 vs. 15,769) increased as well. 

Total Sessions/Visits (1/1—12/31)

TOTAL TIME PERIOD

10,557 2021

8,908 2020

10,111 2019

7,832 2018

7,407 2017

6,004 2016

4,659 2015

7,728 2014

3,541 2013

2,787 2012

Top Vermont Cities and Towns

TOTAL USERS

BURLINGTON* 1,152

SOUTH BURLINGTON* 589

COLCHESTER* 539

ESSEX* 487

SHELBURNE* 196

STOWE* 65

JERICHO 58

WILLISTON 51

MIDDLEBURY 28

MONTPELIER 27

MILTON: 13 
WINOOSKI 6

* SAME POSITION AS LAST YEAR

Website Visits by Device

DEVICE 2021 2020 2019 2018 2017 2016

DESKTOP 46.9% 51.25 40.2% 50.1% 52.8% 65.7%

MOBILE 44.6% 41.28% 44% 40.6% 36.4% 24.5%

TABLET 8.5% 7.47% 15.8% 9.3% 10.8% 9.8%

 
Most Visited Pages

PAGE TOTAL

HOMEPAGE 4,465 (27.90%)

/EDUCATIONAL-RESOURCES/PICK-UP-DOG-POOP/ 1,239 (7.74%)

/WHAT-YOU-CAN-DO/ 1,076 (6.72%)

/EDUCATIONAL-RESOURCES/REDUCE-ROAD-SALT/ 702 (4.39%)

/THE-STREAM-TEAM/ 551 (3.44%)

/WHAT-YOU-CAN-DO/REDUCE-FERTILIZER-USE/ 551 (3.44%)

/WHAT-YOU-CAN-DO/PICK-UP-DOG-POOP/ 528 (3.30%)

/WHAT-YOU-CAN-DO/PLANT-A-RAIN-GARDEN/ 472 (2.95%)

/EDUCATIONAL-RESOURCES/FOR-KIDS/CREATE-YOUR-OWN-WATER-CYCLE/ 460 (2.87%)

/EXPLORE-THE-LAKE-CHAMPLAIN-BASIN/ 410 (2.56%)

Website Event Tracking

DEVICE 2021 2020

MAILCHIMP FORM 48 61

RAIN GARDEN PDF 56 N/A

RAIN BARREL PDF 17 8

SOIL TEST CTA 18 5

SCIENCE EXPERIMENT PDF 15 N/A
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SESSIONS 10,557 8,908 10,111

USERS 9,436 7,861 8,531

PAGEVIEWS 16,001 13,112 15,769
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:KHQ� PRZLQJ� \RXU� ODZQ�� NHHS� FOLSSLQJV� RII� RI�������
VLGHZDONV�� VWUHHWV�� DQG� GULYHZD\V�� ,I� XQDEOH� WR� PXOFK�
\RXU� FOLSSLQJV�� EDJ� WKH� FOLSSLQJV� DQG� VWRUH� WKHP� LQ� D�
FRPSRVW�DUHD�ZKHUH�WKH�RUJDQLF�PDWHULDO�FDQ�EH�XVHG�DV�
D�IHUWLOL]HU�DV�D�ODWHU�GDWH�� 
3OHDVH�GR�QRW�GXPS�\DUG�ZDVWH�DORQJ�VWUHDPV��QHDU�
FDWFK�EDVLQV��RU�QHDU�VWRUP�GUDLQV�� 

3HW� ZDVWH� WKDW� LV� OHIW� RQ�
WKH� ODQGVFDSH� WR� GHFRP�
SRVH� FRQWDLQV� EDFWHULD�
WKDW� LV� KDUPIXO� WR� ZDWHU�
ZD\V�� 3LFN� XS� SHW� ZDVWH�
DQG�SODFH�LQ�WKH�JDUEDJH��
RU� ORRN� LQWR� GRJ� ZDVWH�
FRPSRVWLQJ—WKHUH� DUH�
GRJ-VSHFLILF�� DIIRUGDEOH�
DQG� HIIHFWLYH� RSWLRQV�
DYDLODEOH� 

 
 

6DOW�DQG�VDQG�DUH�DQRWKHU�JURZLQJ�KD]DUG�WR�ZDWHUZD\V���
,QFUHDVHG�VDOW�OHYHOV�LQ�VXUIDFH�ZDWHUV�FDQ�UDLVH�VDOLQLW\�
OHYHOV�KLJK�HQRXJK�WR�NLOO�YHJHWDWLRQ�DQG�HQGDQJHU�PD�
ULQH� ZLOGOLIH�� 3OHDVH� FKHFN� \RXU� VLWH� WR� HQVXUH� H[FHVV�
VDOW�RU�VDQG�IURP�WKH�ZLQWHU�LV�UHPRYHG�RU�VWRUHG�RXW�RI�
WKH�UDLQ�IRU�QH[W�VHDVRQ��7KH�7RZQ�GRHV�WKLV�RQ�RXU����
PLOHV�RI�URDGZD\V�XVLQJ�WKH�VWUHHW�VZHHSHU�� 

 
 

&RQVLGHU�WHVWLQJ�\RXU�VRLO�WR�EH�VXUH�IHUWLOL]HU�LV�QHHGHG��
����VRLO� WHVWV�DUH�RIIHUHG�E\�890�—FDOO����-�����IRU�
PRUH� LQIRUPDWLRQ�� 8VH� IHUWLOL]HUV� VSDULQJO\� DQG� VZHHS�
XS� DQ\� WKDW� IDOOV� RQ� GULYHZD\V�� VLGHZDONV� DQG� ZDON�
ZD\V��([FHVV� IHUWLOL]HU�ZLOO�ZDVK� DZD\� LQ� VSULQJ� UDLQV��
SROOXWLQJ� \RXU� ORFDO� ZDWHUZD\V� ZLWK� SKRVSKRUXV� DQG�
ZDVWLQJ� \RXU� KDUG� HDUQHG� PRQH\� $YRLG� VSUHDGLQJ�
IHUWLOL]HUV�RQ�ZLQG\�GD\V��RU�GD\V�ZKHUH�LW�LV�JRLQJ�WR�
UDLQ� 

 8SFRPLQJ�:DWHU�4XDOLW\�3URMHFWV 

*UHHQ�8S�'D\������LV�6DWXUGD\���0D\��VW��*UHHQ�XS�EDJV�
ZLOO�EH�DYDLODEOH�IRU�FRQWDFWOHVV�SLFNXS�DW� WKH�3ROLFH�6WD�
WLRQ�EHJLQQLQJ�$SULO���WK��$�VLJQ-XS�VKHHW�ZLOO�EH�ORFDWHG��
RXWVLGH�WKH�IURQW�HQWUDQFH�IRU�SHRSOH�WR�SXW���RI�EDJV�WDN�
HQ����RI�SHRSOH�KHOSLQJ�DQG�ORFDWLRQ�RI�WUDVK�SLFNXS��%DJV�
FDQ�EH�OHIW�RQ�WKH�VLGH�RI�DQ\�SXEOLF�URDG�LQ�D�SODFH�ZKHUH�
WRZQ�VWDII�DQG�D�WUXFN�FDQ�VDIHO\�VWRS--DQG�QRW�RQ�WKH�ELNH�

SDWK� RU� VFKRRO� JURXQGV��
LI� WKDW
V� WKH� DUHD� EHLQJ�
FOHDQHG�� %DJV� FDQ� DOVR�
EH� GURSSHG� RII� LQ� WKH�
FRQWDLQHU� LQ� IURQW� RI� WKH�
WRZQ� RIILFHV� E\� 0D\�
�QG�� 0HWDO� VKRXOG� EH�
NHSW�VHSDUDWH�DQG�SODFHG�
QH[W� WR� WKH� EDJV� DORQJ�
ZLWK� RWKHU� EXON\� LWHPV��
7KDQN�\RX�LQ�DGYDQFH�WR�
DOO� ZKR� YROXQWHHU� WR�
NHHS� RXU� FRPPXQLW\�
FOHDQ�DQG�JUHHQ� 

 %/8(��&97��3URJUDP 

- *DOYLQ�+LOO�DQG�&RRQ�+LOO�'UDLQDJH�:RUN 
 

7KLV�VXPPHU������SURMHFW� LQYROYHV�URDGZD\�LPSURYHPHQWV�
LQFOXGLQJ�UHVWRUDWLRQ�RI�URDGVLGH�GLWFKHV��LQVWDOOLQJ�QHZ�FXO�
YHUWV� DQG� KHDGZDOOV�� DQG� UHSODFLQJ� ROGHU� FXOYHUWV�� 7KHVH�
���� JUDQW� IXQGHG� LPSURYHPHQWV� ZLOO� EH� RFFXUULQJ� DORQJ�
DSSUR[LPDWHO\� ������ IHHW� RI� URDGZD\� RQ� &RRQ� +LOO� 5RDG��
DQG�������IHHW�RI�*DOYLQ�+LOO�5RDG�� 
 

- 3ROLFH�6WDWLRQ�2XWIDOO�,PSURYHPHQWV � 
7KLV�SURMHFW� LQFOXGHV�UHSDLU�ZRUN�RQ�D�7RZQ-RZQHG�RXWIDOO�
ORFDWHG� EHKLQG� WKH� 3ROLFH� 6WDWLRQ� WKDW� GUDLQV� ���� DFUHV� RI�
LPSHUYLRXV� VXUIDFH� WR�6PLWK�&UHHN��7KH�3XEOLF�:RUNV�'H�
SDUWPHQW�KDV�UHFHLYHG������JUDQW�IXQGLQJ�IRU�WKLV�FRQVWUXF�
WLRQ� SURMHFW� IURP� WKH� 6WDWH� RI� 97�� &RQVWUXFWLRQ� ZLOO� WDNH�
SODFH�EHWZHHQ�HDUO\�-XQH��DQG�ODWH�$XJXVW������ 
 

- 6WRUPZDWHU�3LSH�/LQLQJ� 
 

2YHU�WKH�QH[W� WZR�PRQWKV� WKH�'HSDUWPHQW�RI�3XEOLF�:RUNV�
ZLOO�EH�RYHUVHHLQJ�WKH�OLQLQJ�RI�������OLQHDU�IW�RI�VWRUPZDWHU�
SLSLQJ��7KLV�LV�D�OHVV�FRVWO\�PHWKRG�RI�UHVWRULQJ�WKH�VWUXFWXU�
DO�LQWHJULW\�RI�WKHVH�SLSHV�WKDQ�KDYLQJ�WR�GLJ�XS��SXEOLF�URDG�
ZD\V�� ZKLFK� HOLPLQDWHV� WUDIILF� GLVUXSWLRQV� DQG� PLQLPL]HV�
FRVWV�WR�XWLOLW\�FXVWRPHUV�� 

<HDU���RI�%/8(��&97�KDV�EHJXQ� 

5HVLGHQWLDO�SURSHUWLHV�XQGHU���
XQLWV�DUH�HOLJLEOH�WR�DSSO\�IRU�
WKLV�SURJUDP�WKDW�SURYLGHV�
ILQDQFLDO�UHEDWHV�IRU�VWRUP�
ZDWHU�LPSURYHPHQWV�FRQ�
VWUXFWHG� �$�%/8(��&97�
HPSOR\HH�WUDLQHG�LQ�VWRUP�
ZDWHU�PLWLJDWLRQ�VWUDWHJLHV�
ZLOO�DUUDQJH�DQ�DSSRLQWPHQW�
WR�VXUYH\�\RXU�SURSHUW\�DQG�
GLVFXVV DQ\�ZDWHU�TXDOLW\�
FRQFHUQV�\RX�PD\�KDYH��7KH\¶OO�SURYLGH�D�GHWDLOHG�UH�
SRUW�ZLWK�UHFRPPHQGDWLRQV�IRU�\RXU�VLWH��,I�\RX�FKRRVH�
WR�LPSOHPHQW�DQ\�RI�WKH�UHFRPPHQGDWLRQV��\RX¶OO�UH�
FHLYH�D�UHEDWH� 

7KH�VLWH�HYDOXDWLRQ��UHSRUW��DQG�UHFRPPHQGDWLRQV�DUH�
SURYLGHG��)5((—�WKHUH�LV�QR�REOLJDWLRQ�WR�FRQVWUXFW�
LPSURYHPHQWV�DIWHU�DQ�HYDOXDWLRQ��6KRXOG�\RX�FKRRVH�
WR�FRQVWUXFW�DQ\�RI�WKH�LPSURYHPHQWV�UHFRPPHQGHG��
UHEDWHV�DV�KLJK�DV��������DUH�DYDLODEOH�GHSHQGLQJ�RQ�WKH�
SURMHFW�W\SH�DQG�\RXU�SURSHUW\¶V�FRQQHFWLYLW\�WR�VXUIDFH�
ZDWHUV�� 
 
1HZ�WKLV�\HDU��7KH��SURSHUW\�ZKR�PLWLJDWHV�WKH�PRVW�
DPRXQW�RI�VWRUPZDWHU�UXQRII�ZLOO�UHFHLYH�D�ERQXV��������
)RU�PRUH�LQIRUPDWLRQ��YLVLW�WLQ\XUO�FRP�%/8(&97�� 

����.HHS�DQG�XVH�\RXU�/DZQ�&OLSSLQJV 

 0D\��VW��*UHHQ�8S�'D\ 

���&OHDQ�XS�DIWHU�SHWV� 

���5HPRYH��OHIWRYHU�ZLQWHU�VDOW�RU�VDQG 

���)HUWLOL]H�ZLWK�FDUH 

 6WRUPZDWHU�8WLOLW\�%LOOLQJ� 
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7KH�7RZQ�UHFHQWO\�UHFHLYHG�D�%HVW�6WRUPZDWHU�
,GHD�LQ�1HZ�(QJODQG�³6WRUP\�$ZDUG´�IRU�RXU�
%/8(���&97�SURJUDP��7KH�1HZ�(QJODQG�6WRUP�
ZDWHU�&ROODERUDWLYH�VHHNV�WR�UHFRJQL]H�³VLPSOH��LP�
DJLQDWLYH��XQLTXH��DQG�LQYHQWLYH´�VWRUPZDWHU�LGHDV��
DQG�RXU�SURJUDP�ZDV�UHFRJQL]HG�LQ�WKH�)XQGLQJ�DQG�
2XWUHDFK�FDWHJRU\�� 
7KH�%/8(�&97�SURJUDP�SURYLGHV�ZDWHUVKHG�HGX�
FDWLRQ�DQG�ILQDQFLDO�UHEDWHV�WR�UHVLGHQWLDO�SURSHUW\�
RZQHUV�ZKR�PDNH�GUDLQDJH�LPSURYHPHQWV�WKDW�HLWKHU�
UHGXFH�WKH�DPRXQW�RI�UXQRII�OHDYLQJ�WKHLU�VLWH��RU�
LPSURYH�WKH�TXDOLW\�RI�ZDWHU�OHDYLQJ�WKHLU�VLWH��7KLV�
SDVW�VXPPHU�ZDV�WKH�WKLUG�\HDU�RI�WKH�SURJUDP��
ZKHUH�ZH�RIIHUHG�D�ERQXV�RI������WR�WKH�RZQHU�ZKR�
FRQVWUXFWHG�WKH�ODUJHVW�LQVWDOODWLRQ��,Q�DOO��WKH�SUR�
JUDP�KDV�HYDOXDWHG����SURSHUWLHV�DQG�OHG�WR�WKH�PLWL�
JDWLRQ�RI�������VT�IW�RI�LPSHUYLRXV�VXUIDFH��6WD\�
WXQHG�QH[W�VXPPHU�WR�VHH�KRZ�WKH�SURJUDP�HYROYHV�� 

%/8(���&97�5HEDWH�3URJUDP�:LQV�$ZDUG�  

 

 

 

 

 
 

:HOFRPH�WR�DQRWKHU�EHDXWLIXO�IDOO�VHDVRQ—QRZ�LV�
WKH�WLPH�IRU�KRW�DSSOH�FLGHU��SXPSNLQ�FDUYLQJ��DQG�
FUXQFKLQJ�WKURXJK�OHDYHV�DW�%D\VLGH�3DUN��SLFWXUHG�
DERYH�� 7KH� 3XEOLF� :RUNV� 'HSDUWPHQW� KDV� EHHQ�
EXV\�ZRUNLQJ�RQ�FOHDQ�ZDWHU�SURMHFWV�DQG�SODQQLQJ�
IRU�IXWXUH�ILHOG�VHDVRQV��7KLV�QHZVOHWWHU�LQFOXGHV� 
· ,QIR�RQ�&RPSOHWHG�&RQVWUXFWLRQ�3URMHFWV 
· 3ODQQHG������,PSURYHPHQWV 
· *UDQW�)XQGLQJ�5HFHLYHG 
· 6SULQJ������%LOOLQJ�,QIRUPDWLRQ 
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,Q�������7RZQ�VWUHHW�VZHHSHUV�FROOHFWHG�����FXELF�
\DUGV�RI�PDWHULDO�RQ�SXEOLF�URDGZD\V������GXPS�
WUXFNV�IXOO����5HPRYLQJ�WKLV�OHDI�DQG�RWKHU�GHEULV�LV�
LPSRUWDQW�WR�NHHS�GUDLQDJH�QHWZRUNV�IXQFWLRQLQJ� 

 6WRUPZDWHU�,QIRUPDWLRQ 
7KH�7RZQ�LPSOHPHQWV�FOHDQ�ZDWHU�SURJUDPV��UH�
YLHZV�GHYHORSPHQW�DSSOLFDWLRQV��PDQDJHV�FDSLWDO�
SURMHFWV��DQG�RYHUVHHV�UHJXODWLRQV�GHVLJQHG�WR�LP�
SURYH�DQG�SURWHFW�WKH�FRPPXQLW\¶V�ZDWHU�UHVRXUFHV��

)RU�PRUH�LQIR�SOHDVH�YLVLW�� 
ZZZ�FROFKHVWHUYW�JRY������6WRUPZDWHU8WLOLW\� 

:DWHU�4XDOLW\�+RWOLQH�������-���-���� 
*HQHUDO�VWRUPZDWHU�LQTXLULHV�������-���-����� 

7RZQ�RI�&ROFKHVWHU� 
3XEOLF�:RUNV�'HSDUWPHQW 
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$QQXDO�VWRUPZDWHU�LQYRLFHV�ZLOO�EH�PDLOHG��LQ�-DQX�
DU\� ����� ZLWK� SD\PHQWV� GXH� )HEUXDU\� ���� ������
7KHVH� IHHV� IXQG� FULWLFDO� V\VWHP� UHSDLUV�� NHHS� WKH�
WRZQ� VWRUPZDWHU� V\VWHP� LQ� FRPSOLDQFH� ZLWK� SHU�
PLWV�� SODQ� IRU� IXWXUH� XSJUDGHV� DQG� LPSURYHPHQWV��
SHUIRUP� ZDWHU� TXDOLW\� WHVWLQJ�� DQG� H[SORUH� QHZ�
VWRUPZDWHU�WUHDWPHQW�SURJUDPV�OLNH�%/8(�&97� 
 

&RPPHUFLDO� SURSHUWLHV� DUH� HOLJLEOH� IRU� FUHGLWV� WR�
UHGXFH� WKHLU� VLWH� IHH�� )RU� PRUH� LQIRUPDWLRQ� DERXW�
FUHGLWV��YLVLW�WKH�ZHESDJH�OLVWHG�RQ�WKH�EDFN�SDQHO� 

 6SULQJ������%LOOLQJ�,QIRUPDWLRQ 

 2QJRLQJ�$VVHVVPHQW�3URMHFWV 
 

&XOYHUW�$VVHVVPHQW 
7KLV�IDOO��3XEOLF�:RUNV�VWDII�LV�SUHSDULQJ�WR�LQVSHFW�
HDFK�7RZQ-RZQHG�URDGZD\�FXOYHUW�WR�HYDOXDWH�WKH�
FRQGLWLRQ� RI� WKH� VWUXFWXUH�� LGHQWLI\� DQ\� DUHDV� RI�
HURVLRQ�� GHWHUPLQH� ZKHWKHU� WKH� FXOYHUW� VKRXOG� EH�
XSVL]HG� LQ� WKH� IXWXUH� WR� EXLOG� UHVLOLHQF\� LQWR� WKH�
V\VWHP�ZLWK� UHJDUG� WR� IORRGLQJ�KHDY\� UDLQ� HYHQWV��
DQG�XVH�WKDW�LQIRUPDWLRQ�WR�SUHSDUH�D�IXQGLQJ�SODQ�
IRU�XSFRPLQJ�LPSURYHPHQWV�� 

$ERYH��'UDLQDJH�RXWIDOO�LQ�JRRG�FRQGLWLRQ� 
 

2XWIDOO�$VVHVVPHQW 
7KH�7RZQ�UHFHLYHG�D���������JUDQW�IURP�WKH�&KLW�
WHQGHQ�&RXQW\�5HJLRQDO� 3ODQQLQJ�&RPPLVVLRQ� WR�
SHUIRUP�D�VLPLODU�DVVHVVPHQW�IRU�7RZQ-RZQHG�RXW�
IDOOV�� ZKLFK� DUH� GLVFKDUJH� SRLQWV� IRU� URDGZD\�
GUDLQDJH�� ,W� LV� LPSRUWDQW� WR� PDNH� VXUH� HURVLRQ� LV�
QRW� RFFXUULQJ� DW� WKHVH� ORFDWLRQV� WKDW� DUH� QHDU� RU�
VRPHWLPHV� GLUHFWO\� DGMDFHQW� WR� ZDWHUZD\V�� 7KLV�
LQIRUPDWLRQ�ZLOO�KHOS�SULRULWL]H�IXWXUH�PDLQWHQDQFH�
HIIRUWV�E\�7RZQ�+LJKZD\�FUHZV�DQG�LGHQWLI\�ORFD�
WLRQV�WKDW�DUH�JRRG�FDQGLGDWHV�IRU�XSJUDGHV�� 

 
 

 &RPSOHWHG�:DWHU�4XDOLW\�3URMHFWV  :DWHU�4XDOLW\�,QIRUPDWLRQ 
- *DOYLQ�+LOO�DQG�&RRQ�+LOO�'UDLQDJH�:RUN 

1HZ�VWRQH�OLQHG�GLWFKHV�DQG�FXOYHUWV�ZHUH�LQVWDOOHG�
DORQJ�DSSUR[LPDWHO\�������IHHW�RI�URDGZD\�RQ�&RRQ�
+LOO�5RDG��DQG�������IHHW�RI�*DOYLQ�+LOO�5RDG��7KLV�
��������SURMHFW�ZDV�����JUDQW�IXQGHG�DQG�ZLOO�LP�
SURYH�GUDLQDJH�DQG�UHGXFH�HURVLRQ�RQ�WKHVH�URDGV� 

- 6WRUPZDWHU�3LSH�/LQLQJ 

,Q�WKH�VSULQJ�RI������RYHU�������IHHW�RI�VWRUPZDWHU�
SLSLQJ�ZDV�ILWWHG�ZLWK�ULJLG��KHDY\�GXW\�OLQHUV��7KLV�
PDLQWHQDQFH�VWUDWHJ\� LV� URXJKO\��[� OHVV�FRVWO\� WKDQ�
GLJJLQJ� XS� ROGHU� SLSHV� WR� UHSODFH� WKHP�� DOORZLQJ�
HDFK�GROODU�WR�EH�VWUHWFKHG�IXUWKHU�DQG�UHGXFLQJ�WUDI�
ILF�LPSDFWV�WR�WKH�WUDYHOLQJ�SXEOLF��7KLV�DQQXDO�SUR�
JUDP� ZLOO� UHVXPH� QH[W� \HDU� ZLWK� DQRWKHU� ��� SLSH�
VHJPHQWV�WR�EH�FRPSOHWHG��� 

- 3ROLFH�6WDWLRQ�2XWIDOO�,PSURYHPHQWV 

�����JUDQW�IXQGHG�RXWIDOO�UHSDLU�ZRUN�ZDV�FRPSOHW�
HG�WKLV�VXPPHU�EHKLQG�WKH�&ROFKHVWHU�3ROLFH�6WDWLRQ�
�SKRWR� EHORZ� VKRZV� FRPSOHWHG� SURMHFW���7KHVH� XS�
JUDGHV� HQVXUH� WKH� VWRUPZDWHU� V\VWHP� VHUYLQJ� WKH�
7RZQ� RIILFH� FRPSOH[� LV� IXQFWLRQLQJ� LQ� D� ZD\� WKDW�
SURWHFWV�6PLWK�&UHHN�IURP�HURVLRQ� 

3KRVSKRUXV� LV� RQH� RI� WKH� SULPDU\� ZDWHU� TXDOLW\�
FKDOOHQJHV�LQ�/DNH�&KDPSODLQ��)RXQG�LQ�ODZQ�IHUWL�
OL]HUV��PDQXUH��KXPDQ�DQG�DQLPDO�ZDVWH��ULYHUEDQN�
VRLOV�� DQG� VWRUPZDWHU� UXQRII�� SKRVSKRUXV� FDXVHV�
DOJDO� EORRPV� DQG� H[FHVVLYH� DTXDWLF� SODQW� JURZWK��
:KHQ� WKHUH� LV� WRR�PXFK� SKRVSKRUXV� LQ� WKH�ZDWHU��
FHUWDLQ�SODQWV�RU�DOJDH�FDQ�GRPLQDWH�WKH�HFRV\VWHP�
DQG� FKRNH� RXW� RWKHU� VSHFLHV�� ([FHVVLYH� QXWULHQWV�
FDQ� FDXVH� F\DQREDFWHULD� EORRPV�� DOVR� NQRZQ� DV�
EOXH-JUHHQ� DOJDH�� DQG� FDQ� EH� KDUPIXO� WR� DTXDWLF�
VSHFLHV��RWKHU�DQLPDOV��DQG�KXPDQV� � 
 
$OO� FRPPXQLWLHV� LQ� 9HUPRQW� PXVW� FRPSO\� ZLWK�
0XQLFLSDO� 5RDG� *HQHUDO� 3HUPLW� UHTXLUHPHQWV��
ZKLFK�UHTXLUHV�XSJUDGHV�DQG�PDLQWHQDQFH�RI�URDG�
ZD\� GUDLQDJH� QHWZRUNV� WR� UHGXFH� HURVLRQ�� 5HFHQW�
XSJUDGHV�RQ�*DOYLQ�+LOO�DQG�&RRQ�+LOO�5RDGV��VHH�
RWKHU� SDQHO�� ZHUH� IRU� SXUSRVHV� RI� PHHWLQJ� WKHVH�
UHTXLUHPHQWV�� &ROFKHVWHU� KDV� DOVR� GHYHORSHG� D�
3KRVSKRUXV� &RQWURO� 3ODQ� WR� LGHQWLI\� DGGLWLRQDO�
ZD\V� ZH� FDQ� UHGXFH� RXU� QXWULHQW� ORDGLQJ� WR� WKH�
/DNH�IURP�URDGZD\V�DQG�RWKHU�LPSHUYLRXV�VXUIDFHV��
7KHVH� SURMHFWV� IXQGHG� E\� VWRUPZDWHU� IHHV� DQG�
JUDQWV� UHFHLYHG� PXVW� EH� FRQVWUXFWHG� E\� ����� WR�
PHHW� VWDWH�PDQGDWHV�� 3URMHFWV� LQFOXGH� WKH� LQVWDOOD�
WLRQ�RI�WUHDWPHQW�IDFLOLWLHV�OLNH�JUDYHO�ZHWODQGV�DQG�
ELRUHWHQWLRQ�DUHDV�LQ�NH\�ORFDWLRQV�WKDW�WUHDW�VWRUP�
ZDWHU�UXQRII�SULRU�WR�UHDFKLQJ�ORFDO�ZDWHUZD\V� 

)$4��:K\�LV�PDQDJLQJ�SKRVSKRUXV�LPSRUWDQW" 
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2021 BLUE Stormwater Mitigation Program 
Final Report 

 
 
 
 
 
Prepared by: 
Juliana Dixon, Salix-Solutions 
juliana@salix-solutions.com 

 
 
Abstract 
2021 brought many successes to the program, despite the challenges of COVID-19. 
There were 10 properties evaluated, 1 BLUE® certification and 4 mitigation projects 
implemented (mitigating roughly 3,700 ft2), with more than $3,000 in rebates issued 
throughout the town of Colchester. 
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Introduction 
2021 marked the third year of BLUE® stormwater mitigation 
programing for the Town of Colchester. In many ways the 
partnership solidified, streamlining program operations between 
the Town and Salix Solutions. In other ways barriers restricted the 
Team’s ability to meet objectives despite our best efforts. COVID-
19 remains a very present factor affecting staffing, homeowner 
access to contractors, property evaluations at times, and methods 
of outreach.  
 
Both Salix Solutions and the Town of Colchester experienced staff 
turnover and internal complications, impeding efforts to grow the 
program and bring new homeowners to the water quality 
conversation.  

   
Despite this, more than 3,700 ft2 of impervious surface was mitigated – nearly 83% of last year’s 
achievement, we encountered significant accolades on the program, and received notification 
that we won the New England Stormy Award!  
 

 

 
The team at Salix Solutions was once again honored to receive very positive feedback from 
many program participants, bolstering our sense that the collaboration has left a marked 
benefit to the residents of the Town of Colchester.  

86 Mallets Head 
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304 Shore Acres 

2021 Program Objectives 

 
● 25 property evaluations 
● 10 mitigation projects implemented 
● Not to exceed $9,380 in labor & mileage 
● Issuance of up to $6,600 in rebates available 
● Issuance of a $100 bonus to the property that mitigated the most impervious surface 
● Continuation of water quality conversations in pursuit of a more educated population 
 

2021 Program Accomplishments 
2020 Output 2019 Output 
● 10 Property Evaluations 
● 4 mitigation installations on two properties 
● $3,000 in rebates issued  
● An estimated 3,700 ft2 were mitigated  
● an estimated 81,400 gallons of stormwater captured annually 
● Total program cost of $7,093.08 
● $100 bonus awarded to 304 Shore Acres 
 
Soft goals of the project were also vital to the program. The program was designed to extend 
water quality education and information to landowners within the Town of Colchester, conduct 
site assessments, provide site reports and recommendations, and provide technical support for 
the installation of green stormwater infrastructure. 
 
Soft goals included: 
● Improving landowner understanding of threats to Vermont’s water resources 
● Inspiring property owner motivation to take action for the protection of Vermont’s waters 
● Identifying opportunities to reduce or fully mitigate nutrient-laden runoff from private 
property, and engage homeowners in the solutions choice and design process 
● Identify opportunities to mitigate chemical and pathogen pollution in stormwater runoff 
from private property, and to inspire homeowners to consider behavior changes that will 
make a difference 
● Recommend the installation of green infrastructure as appropriate and assist property owner 
understanding of the watershed benefits of these installations 
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BLUE CVT participants 2019 - 2021 

 
 
 

Methods 
For the 2021 season, marketing efforts were more limited than they were the previous season. 
Reduced staff resources affected the amount of touchpoints on Front Porch Forum and other 
social media sites, while the mailer at the beginning of the season did not go out due to covid 
staffing complications.  One new marketing tactic was the use of a school flier that went home 
on one of the last days of school. While the flier went home with every student, it is suspected 
that the timing was less than ideal, as many students drop their backpack and don’t take the 
time to go through every paper. Most 2021 program participants either knew about the 
program from previous years, or discovered it through word of mouth. 
 
Clients would initiate contact via email or through the ‘request an appointment’ form on the 
BLUE® website. All requests would be responded to within one business day to schedule the 
site evaluation. Prior to the evaluation, a preliminary desk analysis was conducted. The Agency 
of Natural Resources Atlas was utilized to identify soil type, hydrological connection, 
impermeable surface area, stormwater infrastructure and to identify any sensitive habitat or 
natural resources within the vicinity. The evaluation appointment was confirmed via a 
telephone call or email prior to the site visit. 
 
Evaluation sessions began with an educational component, commingled with an interview. 
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Lifestyle habits such as lawn care, animal waste disposal, medication care, septic pumping 
habits etc. were discussed. The importance of stormwater friendly habits and solutions were 
discussed for both how they contribute to water quality concerns as well as a full explanation of 
why and how BLUE recommendations reduce impact. Discussions were tailored to each 
landowner, with awareness of the individual’s prior knowledge level, priorities and perspectives 
as the efforts of the program are non-regulatory and considered an effort to build a Culture of 
Clean Water. 

 
Following the education and interview, the physical property was 
evaluated. Areas of concern 
for the homeowner were discussed as well as an analysis of 
impermeable surfaces, drainage 
features, low spots and the drainage characteristics of the 
property. Photos were taken and notes recorded. If available, the 
VT Homeowner’s Guide to Stormwater Management was given to 
property owners to help them understand Green Stormwater 
Infrastructure options and visualize how an installation might look 
and function on their property.  
 

Within one week of the evaluation, a report was sent to the property owner (sample attached). 
Reports include the results of the interview questions, analysis and recommendations for 
problem areas, information of solution options and next steps for implementation and 
qualifying for a rebate. Property owners receive a follow-up phone call a couple of weeks after 
receiving the evaluation. This call is to answer any questions about the process and gage 
interest in implementing a mitigation project. 
 

Water Quality Threats 
The overwhelming extent of cyanobacteria blooms, chemicals, and pathogens in the Lake 
Champlain Basin have become an apparent concern to its residents. Annually, the state of 
Vermont contributes 69% of the volume of phosphorus entering Lake Champlain, a drastically 
higher load than that of neighboring regions, New York State (23%) and Quebec (8%). 
Vermont’s contribution is sourced from a combination of sectors including agriculture, 
developed lands, forests, streambanks, and wastewater treatment facilities. Excess phosphorus 
coupled with increasingly warm temperatures have resulted in a higher frequency of observed 
cyanobacteria blooms in Lake Champlain. Cyanobacteria blooms may contain harmful 
cyanotoxins such as Microcystin or Anatoxin that threaten the health of humans and animals. If 
ingested, these cyanotoxins can cause organ damage, muscle paralysis, or even death. 
Though not a direct issue for Colchester, an often-overlooked threat is combined sewage 
overflows from municipalities with aging wastewater infrastructure and increased impervious 
footprints. High volumes of stormwater containing chemical pollutants, pathogens, and 
pharmaceuticals inundate the town’s sewer system and ultimately discharge into Lake 
Champlain due to the limited capacity of the infrastructure. It is of urgent priority to address 
these water quality threats in order to protect the lake and its valuable natural resources that 
are essential to Vermont’s economy, culture, and ecosystems. 
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304 Shore Acres 

 

 

 
 
2021 Program Accomplishments 
This year, implementations in Colchester included a gutter system with a rain chain and dry well 
designed to capture and infiltrate roof runoff, and two rain gardens designed to capture both 
driveway runoff and roof / slope runoff reducing pressure on the Shore Acres drainage system. 
These were exciting improvements for the homeowners, both of whom are motivated to help 
communicate the benefits of these installations to more local residents. 
 

Overcoming Hurdles 
2021 programming was overshadowed by the COVID-19 pandemic similarly to 2020. This year 
covid safety protocols were already in place and as such were not as much of a barrier as the 
previous season, but staffing was indirectly affected by the pandemic, proving more 
complicated than was anticipated.  
 

Planned adjustments for 2022 programing 
If the Town of Colchester decides to move forward with the program in partnership with Lake 
Champlain Sea Grant, the following suggestions may inspire greater action: 
 
▪ Carry more copies of the VT Homeowner’s Guide to Stormwater Management, assisting  
   property owners to visualize potential installations during the site assessment 
▪ Develop a handout to facilitate homeowner understanding of the term ‘hydrologically 
   connected’ 
▪ Increase the connectivity of messaging to help homeowners understand their property in the 
   context of the greater watershed 
▪ Implement a feedback form to capture participant thoughts and recommendations for  
   program improvement 
▪ We would also like to tailor outreach and educational materials as appropriate, working with 
   Town staff to target high priority areas 
▪ Implement more Tea-and-Talks in neighborhoods with a passionate landowner 
▪ Offer a water quality talk to middle and high school classes prior to sending home program  
   fliers 
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Lawn converted to perennials at 2069 East Rd Opportunity for erosion mitigation at  

2159 Middle Rd 

Opportunity for shoreline protection 

at 158 Horizon View 

Opportunity for chemical pollutant reduction at 86 Mallets Head Opportunity for shoreline hardscape removal at 8 Beach Rd 

Conclusions 
2021 was a moderately successful year, despite unpredicted challenges. While evaluation goals 
were not fully met, participating homeowners expressed highly positive feedback, and 
representation for the Town of Colchester in the field is believed to be very strong. Even given 
the limitations, projects were implemented, and several homeowners are hoping to continue 
their work next season. 
 
We again thank the Town of Colchester for the partnership, and want to express our pleasure 
at the strong working relationship we have enjoyed. 
 

Notes from the Field  
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BLUE® Evaluation Results 
2159 Middle Rd 

 

BLUE® Level:      ◻ None at this time      Basic     ◻ Advanced     ◻ Leader 
 

 

BASIC 
Wastewater Management 

Yes   No    N/A 

 

         ◻     ◻    (1a) Septic system legally compliant with current law and maintained every 3-5 
years (or more frequently if required by law) 

 
Homeowner is committed to proper maintenance of the septic.  
 
A suggestion we discussed is asking the septic service provider where they 
dispose of septic waste and request they take it to a wastewater treatment plant, 
as opposed to field application, due to common household pharmaceutical use 
and potential for contamination. 

 

  ◻     ◻ (1b) Utilize Phosphorus-free detergents 

 

Homeowner commits to using phosphorus-free detergents. 

 

  ◻     ◻ (1c) Personal Care Products, Pharmaceuticals, and all toxic substances, including 
automotive vehicle fluids are recycled or disposed of in accordance with EPA-
recommended practices  

 

Homeowner commits to properly disposing of all toxic substances and personal 

care products according to EPA recommendations. 

 

Landscape 

  ◻     ◻ (1d) Utilize only fertilizers that soil tests indicate are needed 

 

Homeowner uses compost created on site. If interested in soil tests to ensure 

meeting plant needs, tests such as this one can be found at most landscaping 
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stores, and are easy to use, allowing you to apply only the nutrients found to be 

deficient in appropriate amounts. 
 

  ◻     ◻ (1e) Commit to a pesticide-free lawn while using no other pesticides within 100 

feet of receiving water 

 

  Homeowner commits to a pesticide-free lawn.  

  ◻     ◻ (1f) Grass clippings left in place or properly disposed of and lawn mowed no 
shorter than 3 inches 

 

We commend your ‘mow-where-you-go’ approach to lawn management! Your  

choice to mow at a 3-4in blade height has increased the land’s stormwater 

management potential, and leaving areas unmown provides habitat for native 

birds and pollinators, and encourages biodiversity. 

 

 
 

We discussed the correlation between grass blade height and root depth and 

complexity. Below are a couple of graphics illustrating the increase in soil 

stabilization via root depth when grass is allowed to grow longer.  This increase 

in root depth will allow more water to be retained in the landscape. 
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   ◻    ◻ (1g) No trash or other manmade refuse stored or disposed of within 50 feet of 
bank or shore 

 

No waste is stored in such a way that leachate is a concern. Homeowner 

composts yard and food waste > 100 ft of stream. 

 

  ◻    ◻   (1h) All animal waste is collected and disposed of in the trash or composted or 
buried a minimum of 50 feet from shore or wetland boundary, 100 feet if 
composting/disposal area slopes toward waterway or waterbody 
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There are currently no dogs living on the property. 

 

Infrastructure 

◻             ◻ (1i) Stormwater remediation maintained on site via retention ponds, swales, rain 
  gardens, dripline trenches, and barrels, as appropriate 

 
We commend your water conservation efforts! Several rain barrels installed on 
the house capture roof runoff to use for crop irrigation. 
 
We agree that focusing on mitigation of runoff from neighbor’s lawn pools in the 
north side of the grassy area would be impactful on this property. Suggestions to 
reduce the pooling include, planting water-loving species (willows - maybe 
propagated from trees located near the road), building a berm or series of berms 
to slow the flow across the front lawn. 

 

 
Location for berm or series of berms and additional plantings. 

 
 

    

Berm, planted      Berm not yet seeded 

Page 25 of 72

https://www.willowsvermont.com/planting-instructions.html


  

Coal tar sealant is a thick, black goop applied to driveways, 
asphalt parking lots and playgrounds, primarily in the eastern 
United States.  This shiny, black sealant contains toxic compounds 
known as polycyclic aromatic hydrocarbons, or PAHs, which can 
seep into the environment. The sealcoat contains high levels of 
toxic chemicals that can cause cancer and environmental harm. 
 

PAHs are poisonous to fish and other aquatic life and they’ve been 
linked to cancer in humans. PAHs develop whenever carbon is 
heated or combusted. As such, the contaminants are common in 
used motor oil, industrial emissions and automobile tires. They’re 
also plentiful in coal tar pitch, which is a key ingredient in coal tar 
paver. 
 

More than 200 types of PAH compounds are found in coal tar 
pitch, and at least seven types of PAHs are classified by the 
Environmental Protection Agency as probable human carcinogens. 
 

Buildings 

  ◻     ◻    (1j) Redirect downspouts, sump-pump drainage, perimeter drains to maintain 
water onsite 

 
All roof runoff is managed using rain barrel collection systems. Sump-pumps and 
perimeter drains are not utilized on this property. 
 
Homeowner expressed interest in scaling rain barrel systems. Here are some 
ideas for additional rain harvesting systems and images below. 
 

  
 

Paved surfaces 

◻       ◻    (1k) Use of approved environmentally friendly sealers (no coal-tar or petroleum) 

 

Driveway is not currently sealed with environmentally friendly sealers, but 

homeowner is interested in pursuing eco-friendly alternatives in the future. 
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The gravel road is a potential source of sediment loss and erosion over time due 

to the steep slope. Some suggestions for slowing the flow include, implementing 

water bars or rubber razors (potentially using old tires).  

 

 
 

Location of several rubber razors that could be inserted into the slope of the 
gravel road, with rip rap or an infiltration trench on the side of the road 
 

 
 

Nature of runoff to be mitigated 

   ◻     ◻ (1l) Is the property subject to run-on?  If so, is it from public property? 

 

Yes, there is run-on and pooling that occurs in the spring and heavy rains on the 
north side of the property from the neighbor's mown lawn. Solutions are 
discussed above. Shrubs and trees could be planted in this area to stabilize the 
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lawn and a berm could be installed to direct water to a pooling location for 
evapotranspiration. 
 
 

 

 
Thank you for taking the time to participate in BLUE® CVT! 

 

This property is a couple steps away from becoming BLUE® certified! We look forward to 
supporting you as you continue to help manage water quality on your property, and in turn, 
protect Lake Champlain.  
 
For BLUE® certification: 
 

1. If you are willing to commit to the ongoing environmental stewardship of your lot, you 
may sign the Homeowner Agreement confirming a commitment to using watershed 
friendly principles as detailed on the attached ‘Practices Sheet’. 

 
This certification is good for three years. We appreciate your commitment to watershed 
stewardship through the BLUE® program! 
 
For Rebate Funding: 
If you would like to move forward with any of the following water mitigation projects, you may 
apply for rebate funding of up to $1500 for your property: 
 

1. Gravel driveway maintenance     costs up to $1,500 
2. Installation of berm in north lawn and plantings   costs up to $300 
3. Live staking or hardscape in the seasonal drainage ditch   variable 

 
 

1. Decide if you would like to move forward with any of these projects. 
2. Decide whether you intend to self-install or hire a contractor. 
3. Submit a site design plan to BLUE® CVT staff. 
4. Upon approval of the site plan, you may begin your project! 
5. When the project is complete, BLUE® CVT staff will inspect the installation, if the 
installation is true to the approved site plan, the rebate form may then be submitted. 
6. BLUE® CVT staff will process your rebate, and you will receive a check in the mail. 

 
Feel free to reach out to us with any questions or for additional support. 
 
Salix Solutions, BLUE® certifying team: 
Jill Sarazen  ▪  blue.stormwater@outlook.com 
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Minimum Control Measure #2: Public
Involvement & Participation Rethink Runoff
Stream Team Summary of Activities

Prepared by Winooski Natural Resources Conservation District

2021 Calendar Year

Overview
Although the pandemic continued to present challenges for the Stream Team in 2021 the
Winooski Natural Resources Conservation District (WNRCD) was able to engage many residents
in meaningful actions to improve stormwater in their community. We organized a watershed
field-day for students in the Winooski Middle School summer school program, reinstated our
volunteer water quality monitoring program, explored new opportunities for remote community
engagement with the Adopt-a-Drain program and recruited volunteers to install a new rain
garden at the Milton Municipal building.

RRST Estimated Impact by Municipality
The table below depicts the estimated number of individuals engaged in each RRST municipality
in 2021. This table reflects in-person interactions where it was possible to log participants' town
of residence. For information about residents reached through digital efforts on the website and
social media outlets, see final report from Pluck.

Municipality # of people reached in-person in 2021

Burlington 4

Colchester 0

Town of Essex 0

Village of Essex Junction 2

Milton 3

Shelburne 0

South Burlington 14

Williston 3

Winooski 16

1
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TOTAL 42

Table 1: Interaction with the Stream Team by municipality

Organizational Partnerships
The Rethink Runoff Stream Team partnered with 2 non-municipal organizations in 2021:

1. Hamline University: Created the Adopt-a-Drain website based on social science
research to engage more volunteers in maintaining the health of storm drains in MS4
communities across the country. This year RRST municipalities engaged in a discussion
about joining the Adopt-a-Drain program. See "Projects'' section for more details

2. Winooski Middle School: A summer school teacher at Winooski Middle School asked if
RRST could present a hands-on watershed lesson to students. See "Outreach Events"
section for more details.

Outreach ------------------------------------------------------------------

Social Media
The Stream Team coordinator periodically updated the Facebook and Instagram pages with
information about upcoming outreach events or volunteer opportunities.

Figure 1: Two Facebook posts from 2021 related to the Milton Municipal Rain Garden installation project

2
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RRST Website
We maintained the "events" section of the website and occasionally helped to develop ideas for
new web content in collaboration with Pluck Design.

Newsletter
At the end of 2021 there were 799 subscribers to the RRST newsletter (an increase from 770 in
2020). One newsletter was published this year in December.

Outreach Events
One "outreach" event was held in 2021. A total of 16 people participated.. The event is described
in more details below:

1. Winooski Middle School Watershed Field Day: The Stream Team Coordinator delivered a
2-hour hands-on lesson to 12 students and 4 teachers at Winooski Middle School as
part of their summer school program. Students met the coordinator at Landry Park in
Winooski. The focus of the lesson was watersheds and community. Students looked at a
map of watersheds that drain to Lake Champlain, built their own 3D watershed model,
explored Morehouse Brook and played a game about ecological connections. Two
WNRCD summer interns helped to facilitate small-group activities for students. Teachers
provided positive feedback after the event and expressed an interest in continued
partnership for the 2021/22 school year. Total # of people reached in-person in
Winooski = 16

Figure 2: Students at Winooski Middle School participate in hands-on watershed activities at Morehouse Brook in
Landry Park.

Projects -------------------------------------------------------------------
Three in-person "project" events were held in 2021 and planning for a fourth initiative
(Adopt-A-Drain) began. A total of 29 people participated in hands-on volunteer events in their
communities. The projects are described in detail below:

1. Milton Rain Garden Installation
2. Stream Team Water Quality Sampling
3. Adopt-a-Rain Garden Program
4. Planning for Regional Adopt-a-Drain Program
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Milton Project: Rain Garden Planning and Installation

Summary: RRST assisted staff at the Town of Milton with the design and installation of a new
rain garden at the Municipal Building on Bombardier Road. The Stream Team Coordinator
provided municipal staff with a tailored list of recommended plants for the project. All project
supplies were paid for by the town, but the Stream Team Coordinator did harvest about 30
perennial transplants from other over-crowded gardens to add to the planting plan. 5
community volunteers assisted with planting & mulching the garden on installation day.

Advertising: Advertising was completed through direct email outreach to our list of active
volunteers, posting on social media and inviting community members to share a post on Front
Porch Forum.

Impact: 5 community volunteers and three staff members participated in two planting shifts
throughout the day. Volunteers learned more about the function of the rain garden and the
pollinator and wildlife benefits of the plants that were selected. The area was quickly
transformed from an empty hole to a beautifully planted and mulched stormwater feature. Most
participants accepted a Stream Team t-shirt and sticker as thanks for assisting. The Stream
Team Coordinator is currently working with town staff to design an educational sign to
accompany the garden since it is in a location with high foot-traffic.

Fig 3: Community volunteers, Milton municipal staff and WNRCD communications intern help to install
perennial plants in a new rain garden at the Milton Municipal Building.

Water Quality Monitoring

Summary: The Stream Team has maintained an ongoing water quality monitoring program
since 2012. Community science volunteers collect water samples in urban or suburban streams
that are impacted by excessive nutrient loading, high chloride and other pollution.

This year VT DEC’s LaRosa Program provided financial support for analysis of the water
samples at the Vermont Agriculture and Environmental Laboratory (VAEL), wrote the Quality
Assurance Project Plan (QAPP), transported samples from partners' offices to the lab, and took
on the responsibility of analyzing data from all state-wide partners. This change allowed us to
focus more on volunteer recruitment and engagement and less on behind-the-scenes
paperwork. Of note, the state-wide data analysis has not been published yet, so a Stream Team

4
Page 32 of 72



Data Analysis document is not available with this report.

Fourteen Stream Team volunteers collected biweekly water quality samples at fourteen sites on
eight streams in 2021. Volunteers collected biweekly grab samples from June 2 - August 11.
Grab samples were analyzed for total phosphorus, chloride, and at some sites, nitrogen. These
parameters were also sampled at all sites after two rain events. Eight of the sites were new this
year and some required special equipment for sampling like a throw-bucket or dipper stick.
Appropriate tools were purchased and/or created to assist with sampling while maintaining
volunteer safety around swift waters.

The training day for volunteer samplers took place in late May. This year two sessions were
offered - one in person at the stream adjacent to the WNRCD Williston Office and one online -
to accommodate volunteers’ schedules and comfort with gathering in-person. During both
trainings the Stream Team coordinator demonstrated sampling procedures, described the data
collection sheets, explained how the collected data would be used and answered questions.
Throughout the season, volunteers returned their samples through a contactless dropoff system
to the WNRCD office. The Stream Team coordinator ensured all samples were properly
checked-in and prepared for delivery to the lab. The Stream Team coordinator sent bi-weekly
emails to WQ volunteers to check in about sampling procedure and share interesting local
water tidbits, and other ways to get involved.

Advertising: Advertising was completed through direct email outreach to our list of active
volunteers. Recognizing that covid-restrictions may make a fully in-person training impossible,
we targeted samplers with prior experience. Next year we look forward to adding new
volunteers to the team.

Impact: In total volunteers collected 250 individual samples. This data provides information
about long term trends that may help towns analyze effectiveness of stormwater BMPs or
identify new opportunities for action. Perhaps more importantly, we believe that engaging
community members directly in clean-water work creates greater public understanding of the
issues VT watersheds are facing and creates greater public support for clean-water initiatives
like GSI installation or wastewater treatment plant improvements. In 2022 we plan to add data
from this sampling season to the Stream Storytelling online map and use it as an educational
tool during outreach events.

Figure 4: Stream Team volunteers collect water samples at sites at various sites across the RRST service area
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Stream Team Volunteers 2021

Municipality # of Volunteers

Burlington 3

Colchester 0

Village of Essex Junction 2

Town of Essex 0

Milton 1

South Burlington 6

Shelburne 0

Williston 1

Winooski 0

Non-RRST Municipalities 1

TOTAL 14
Table 2: Stream Team Water Quality Sampling Volunteers by town
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Fig 5: Stream Team Water Quality Sampling sites map. See interactive online version here:
https://www.google.com/maps/d/u/0/edit?mid=15P_lsNKpOTLeedE0uaGgRXeEcyNGrGrO&usp=sharing

Adopt-a Rain Garden Program Summary
The Stream Team’s Adopt-a-Rain Garden program is an opportunity for individuals to assist in
keeping public rain gardens in their community functional and attractive. This involves basic
maintenance activities like picking up trash, pruning, pulling weeds, installing new mulch, and
informing the coordinator of non-functioning gardens. There are currently seven public rain
gardens managed by Stream Team. In 2021 all seven gardens were cared for by approximately
10 volunteers. The gardens that have been removed from this list are either now cared for by
municipal staff or hired landscaping crews, so it is no longer appropriate to recruit community
volunteers. We plan to add 1-4 new gardens for adoption in 2022. See table below for more
details.

Rain Garden Volunteers 2021

Location Adopter Name

Williston Annex Rita D.

Callahan Park, Burlington Brad K.
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Chamberlin School, South
Burlington Chris P.

Coast Guard Station, Burlington Larry K.

Farrell Park, South Burlington Roan O.

South Burlington Fire Station Cub Scouts 678

South Burlington Library Cub Scouts 678
Table 3: 2021 Rain Garden Adopters 2021

Regional: Adopt-a-Drain Launch

Summary: This year we completed significant behind-the-scenes research and coordination to
launch a robust Adopt-a-Storm-Drain program similar to Adopt-a-Rain-Garden. Based on
early interest from the Village of Essex Junction and the City of Burlington in improving and/or
starting new storm drain steward programs and based on the success of a small pilot program
in 2020 (see 2020 RRST Annual Report) we began to explore options for offering "Adopt a
Drain'' as a rotating program for interested municipalities. The goal of the program would be to
recruit volunteers to care for storm drains in their neighborhood by clearing trash, sediment,
salt and other pollutants on a regular basis.

In early conversations we discussed the feasibility of municipal staff creating and maintaining
in-house interactive maps where volunteers could view "adoptable" drains and sign up to help.
After discussing the idea with GIS specialists in multiple towns (including Burlington where a
pilot platform had already been developed, but experienced technical difficulties), the
Adopt-a-Storm-Drain initiative developed by Hamline University was brought to our attention.

Adopt-a-Storm-Drain is a model developed by staff at Hamline University based on research
about best practices for community engagement around stormwater. Their website offers a
template for towns to input available drains and for volunteers to sign up and find training
resources easily. Their interface is supported by technical staff at the university, which means
we can spend more time engaging people in our communities and less time working on coding
and data management.

Challenges: The main challenge of this project was that the Adopt-A-Storm-Drain package
comes at an additional cost to current MS4 dues. With most MS4 staff and the Stream Team
Coordinator working and meeting remotely, the process of discussing this opportunity was
lengthy. Gauging the level of interest from each municipality and assessing which funding
options would be most feasible took many months, but we have now determined the cohort of
municipalities that would like to participate and plan to move forward with a project launch in
2022.

Impact: With the Chittenden County RPC as the administrative partner, the five  MS4
communities entered into an MOU with Hamline University (effective Jan 2022) to gain access
to the web platform and volunteer training resources. The Stream Team Coordinator will help to
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launch the program by taking the lead on volunteer recruitment as a core goal for 2022. We
believe launching the Adopt-a-Storm-Drain program is a great fit for these communities in a
year that will still be impacted by COVID restrictions. We anticipate that this program will
engage hundreds of community volunteers in a project that can be completed without requiring
any in-person interaction. Adopting a storm drain is a small and simple action that may inspire
community members to participate in other Rethink Runoff activities in the years to come and
consider the ways water flows through their neighborhood.

Figure 6: Screenshot from Adopt-a-Drain Website illustrating volunteer sign-up map format

Volunteer Appreciation Summary
Due to covid we were not able to host an in-person volunteer event. All volunteers were
offered Stream Team t-shirts and stickers at the time of the event and many accepted one or
both. We are planning to send handwritten thank-you notes and a small gift in the mail to our
most dedicated volunteers in early 2022.

This document was prepared by the Winooski Natural Resources Conservation District, which

is contracted by Chittenden County’s MS4 Committee to run the RRST program.

9
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Laboratory Report

IDDEPROJECT:

DATE RECEIVED:

WORK ORDER:

DATE REPORTED:

100580

Colchester, Town of

PO Box 55

Colchester, VT  05446

Atten: Robin Parry SAMPLER:

August 11, 2021

2108-23280

Steffen

August 10, 2021

Enclosed please find the results of the analyses performed for the samples referenced on  the 
attached chain of custody.  All required method quality control elements including 
instrument calibration were performed in accordance with method requirements and  
determined to be acceptable unless otherwise noted.    
 

The column labeled Lab/Tech in the accompanying report denotes the laboratory facility 
where the testing was performed and the technician who conducted the assay.  A "W" designates 
the Williston, VT lab under NELAC certification ELAP 11263; "R" designates the Lebanon, NH 
facility under certification NH 2037 and “N” the Plattsburgh, NY lab under certification ELAP 
11892.    “Sub” indicates the testing was performed by a subcontracted laboratory.  The 
accreditation status of the subcontracted lab is referenced in the corres ponding NELAC and Qual 
fields.  The Williston, VT facility is also ISO/IEC 17025:2017  accredited for Total Coliform and E 
coli by SM9223B. 

 
The NELAC column also denotes the accredit ation status of each laboratory for each 

reported parameter.  “A” indicates the referenced laboratory is NELAC accredited for the 
parameter reported.  “N” indicates the laboratory is not accredited.  “U” indicates that NELAC 
does not offer accreditation fo r that parameter in that specific matrix. Test results denoted with an 
“A” meet all National Environmental Laboratory Accreditation Program requirements except 
where denoted by pertinent data qualifiers.   Test results are representative of the samples as t hey 
were received at the laboratory  

 
Endyne, Inc. warrants, to the best of its knowledge and belief, the accuracy of the analytical 

test results contained in this report, but makes no other warranty, expressed or implied, especially 
no warranties of merchantability or fitness for a particular purpose.   

Page 1 of 2

Reviewed by:

___________________

Harry B. Locker, Ph.D.

Laboratory Director

 ELAP 11263

160 James Brown Dr., Williston, VT 05495

Ph  802-879-4333          Fax 802-879-7103

www.endynelabs.com

NH2037

56 Etna Road, Lebanon, NH 03766

Ph  603-678-4891   Fax  603-678-4893Page 38 of 72



Laboratory Report

Colchester, Town of

Page 2 of 2

CLIENT:
PROJECT: IDDE

WORK ORDER:
DATE RECEIVED:

2108-23280
08/10/2021

DATE REPORTED: 08/11/2021

001 Date Sampled: 8/10/21Site: D4-001 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

6.3 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

002 Date Sampled: 8/10/21Site: CP-1402 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

1300 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

003 Date Sampled: 8/10/21Site: B3-018 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

650 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

004 Date Sampled: 8/10/21Site: C3-005 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

< 1.0 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

005 Date Sampled: 8/10/21Site: CP-1428 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

260 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

006 Date Sampled: 8/10/21Site: C3-019 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

330 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

007 Date Sampled: 8/10/21Site: CP-1399 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

2.0 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

008 Date Sampled: 8/10/21Site: CP-1397 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

920 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14

009 Date Sampled: 8/10/21Site: C3-003 Time:  9:00

Analysis Date/TimeMethodParameter NELACLab/TechUnits Qual.Result

9.8 MPN/100ml 8/10/21 AKJWE. coli SM 9223B(04) A15:14
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Location ID# Flow pH E.Coli Notes
Lexington Road6 / CP1397 YES 7.0 920 Rusty Color
112 Wyndham Road7 / CP1399 YES 7.2 2 Slime / Rusty Colo
Coventry Road8 / CP1398 DRY BROKEN OUTFLOW - Tree Fall
196 Liberty Lane11 / CP1402 YES 7.6 1600 Bank Erosion
122 Foreman Drive18 / CP1428 YES 7.2 260 Homeowner Mitigation Falling Apart
12 Woodrose 5 / OC1483 DRY No Change
Severance Road48 / CP1391 DRY Less Yard Waster This Year
Young Street NO 7.2 Continued Erosion / Debris
Opposite International SailingB3-016 NO 7.2 Piles of Pallets
Between Moorings & Shore AcresB3-017 DRY Buried
Moorings Baffle BoxB3-018 YES 7.2 650 Disgusting growth in baffle
1086 E. Lakeshore DriveC2-001 NO 8.0 Pipe is short of lake
1063 E. Lakeshore DriveC2-002 No evidence of drainage Recent Construction
E, Lakeshore DriveC2-003 DRY Good shape
1277 E. Lakeshore DriveC2-004 DRY Pipe disconnected
Lefevre's C2-005 DRY Good Shape
230 Stone DriveC2-006 DRY Heavy vegetation - No water
230 Stone DriveC2-007 DRY Heavy vegetation - No water
Tower Ridge C3-002 DRY No new erosion
Everbreeze C3-003 YES 7.2 9.8 Flow comes out above pipe
Blakely Road C3-004 NO 6.8 Low, lots of frogs
Opposite Williams RoadC3-005 YES 6.8 0.9 Flow comes out around pipe
Opposite Williams RoadC3-006 Lake covers drainage Significant ice damage to structure
Acorn Lane - UpperC3-018 SITE GONE - New Driveway Covered it
Acorn Lane - LowerC3-019 YES 8.0 330 Steady flow, moderate erosion
Champlain DriveC3-021 NO 8.0 Debris
118 Orchard DriveC3-025 DRY Significant erosion / Pipe damaged
Route 2 & 7 (Shaws)C4-015 DRY No change
Shaw's 1 C4-017 DRY Pond very low
Hampton Inn / I89 RampC4-018 DRY Heavy vegetation - No water
Shaw's 2 C4-019 DRY Pond very low
Main Street D3-010 DRY Good shape
Fort Ethan AllenD4-001 YES 7.2 6.3 Flow comes out around pipe
Fort Ethan AllenD4-003 DRY Pond dry, construction debris

2021 - Samples & Observations on August 10th
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TO:  Karen Adams, Technical Services Manager 

FROM: Cathyann LaRose, Director of Planning & Zoning 

DATE:  March 16, 2022 

RE:  Stormwater Reporting Calendar Year 2021 

 

Please find attached a spreadsheet enumerating projects advanced to construction for the 

period beginning January 1, 2021 through December 31, 2021 with more than one acre 

but less than five acres of disturbance. In calendar year 2021, the Department issued 644 

permits and conducted 593 inspections.  
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Permit # APN Description Acres Disturbed ImperviousArea Date Issued OWNER STATUS

28164 16-020120-0000000 5 Bedroom single family home 1-5 8/5/2021 RYAN GARDNER Under Construction
CU2105 04-030013-0000000 Construction of a 4-story 36 unit apartment building located at 111 Stuart Ave within the Sunderland Farm Community.1-5 11/1/2021 IRELAND INDUSTRIES INC Under Construction
SP2115 78-008030-0000000 Modify 2-24-20 Site Plan approval for Extension of shoreline stabilization 300 feet to the North1-5 3/1/2021 RUPERTS CASTLE TRUST C/O BURTON GOLDSTEN Under Construction
SP2120 04-030013-0000000 Construction of a 4-Story 36 unit apartment building with supporting infrastructure,1-5 11/1/2021 IRELAND INDUSTRIES INC Under Construction
FP2116 16-020030-0000000 The proposed development is on a 10.84 acre parcel at 356 Watkins Road, zoned R-1, Residential. The parcel is currently occupied by a single-family home and two detached garages. The project proposes to retain the existing home and one detached garage on proposed Lot #1, and construct two (2) new 4-Bedroom Carriage Homes on Lot #2. The detached garage on proposed Lot #2 is to be removed. Each of the two Carriage Home units will be on individual ?footprint lots? within Lot #2. Access will be provided to the proposed Carriage Homes by a 15? wide private drive off of the 20? wide drive with 40? wide easement through the abutting parcel to the south. A full frontage waiver will be required for Lot #2.1-5 3/25/2021 FREDERICK GEORGE BLONDIN/JOAN ALICE BLONDIN LVG TRUST Under Construction
SP2117 01-007001-0000000 The proposed project involves dewatering the existing West Lime Kiln Quarry adjacent to Lime Kiln Road, installing a new access drive from Lime Kiln Road, installing a temporary staging area, and installing fill material in the Lime Kiln Quarry to re-establish pre-quarry elevations.1-5 5/4/2021 J HUTCHINS INC Under Construction
28185 16-020140-0020000 1 new 4 bedroom single family home 1-5 7/9/2021 RYAN GARDNER Complete
28186 16-020140-0030000 1 new 4 bedroom single family home 1-5 7/9/2021 RYAN GARDNER Under Construction

Colchester Projects, Under Construction as of December 2021 over 1 acre
Colchester Planning & Zoning Department Monthly Report
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3/10/2022

1

Department of Public Works
Annual Municipal Separate Storm Sewer System (MS4) Training

www.colchestervt.gov

• MS4 stands for Municipal Separate Storm Sewer System
• MS4 permits are issued to municipalities having storm sewer systems 

that discharge to waters of the state i.e. Lake Champlain, Winooski 
River, Lamoille River, etc.

• MS4 construction and maintenance standards are similar to those of 
the Municipal Roads General Permit (MRGP) issued to municipalities 
not covered by MS4

2 www.colchestervt.gov

What is MS4? 
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3/10/2022

2

3 www.colchestervt.gov

MS4 Training Requirements

• MS4 permits require annual training of municipal maintenance crews that 
covers:
• Procedures to minimize discharge of sediments, toxins, phosphorous, 

nutrients, and other harmful contaminants
• Understanding of location and characteristics of natural resources 

that may be vulnerable to municipal operations
• Sources of contamination that may be generated by municipal 

operations and how they impact natural resources
• Procedures to minimize the potential effects of municipal operations 

on natural resources
• Specific conditions and requirements of the Town’s permit
• Procedures for complying with any federal and state laws for proper 

disposal of wastes

4 www.colchestervt.gov

MS4 Natural Resources

• 30 miles of shoreline on Lake 
Champlain
• 10 square miles of lake 

within Malletts Bay
• 9 miles of shoreline along 

Winooski River
• 3 miles of shoreline along 

Lamoille River
• 186 acre Colchester Pond
• 165 mapped wetlands

• 3,066 acres
• Numerous brooks, streams, and 

unnamed tributaries 
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3/10/2022

3

5 www.colchestervt.gov

MS4 Natural Resources

• During municipal operations, we need to consider the impacts we may 
have on natural resources:
• Lakes
• Rivers
• Ponds
• Streams – perennial and intermittent
• Wetlands  

LAKES, RIVERS AND PONDS ARE PRETTY EASY TO IDENTIFY
WHAT ABOUT STREAMS AND WETLANDS?

6 www.colchestervt.gov

Characteristics 

• Wetland – land consisting of marshes or swamps, may be permanently or 
seasonally flooded, and contains aquatic plants
• Often found in lowland areas but may be present at higher elevations 

that hold water
• Presence of aquatic plants such as cattails, buttonbush, and spotted 

joe pye weed
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3/10/2022

4

7 www.colchestervt.gov

Characteristics 

• Perennial Stream – flows year round under normal rainfall conditions
• Aquatic plants and organisms may be present
• Defined channel, stream bed, and/or banks 

8 www.colchestervt.gov

Characteristics 

• Intermittent Stream – only flows during periods of high runoff such as 
spring snow melt and heavy rain 
• Defined channel 
• Seasonal 
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3/10/2022

5

9 www.colchestervt.gov

Special Considerations 

• Wetlands will typically have required disturbance boundaries where no 
work may take place without a special permit and hazard mitigation steps 
taken
• This may require state approval, additional engineering design work, 

or special equipment, materials, or construction methods
• Streams should not be altered in any way without approval from the state 

• This includes work replacing cross culverts, repairing head walls, or 
work within the state designated buffer zone

• Emergency protective measures may be taken without prior state 
approval to preserve life or protect against severe imminent damage 
to public or private property, or both

10 www.colchestervt.gov

Types of Contamination 

• Trash/Litter
• Sediment such as sand, silt, gravel
• Toxins such as VOCs (Volatile Organic Compounds) like gas, oil, paint, and 

other petroleum based products or other chemicals that may be spilled
• Phosphorous or other nutrients from things like fertilizer and decaying 

leaves
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3/10/2022

6

11 www.colchestervt.gov

Sources of Contamination 

• Litterbugs/Illegal dumping
• Vehicle/equipment leaks
• Spills
• Excavation activities
• Runoff picking up pollutants from driveways, lawns, roadways, etc
• Poor stormwater management practices

12 www.colchestervt.gov

Contamination Prevention 

• How do we prevent, or at least minimize, contamination of the natural 
resources in our area?
• Vehicle/Equipment Inspection and Maintenance

• Check for and correct leaks and drips
• BMP’s – Best Management Practices

• Seed/mulch/stabilize excavations ASAP
• Protect basin inlets during activity
• Inspect/Clean basins regularly
• Silt fence or erosion matting where appropriate

• Public Education and Awareness
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3/10/2022

7

13 www.colchestervt.gov

Our Programs – What We Do 

• Green-Up Day/Litter Picking
• Spring Sweeping – pick up the silt, sand, and debris/litter before it gets 

into basins and waterways
• Fall Sweeping – pick up the leaves and other phosphorous and nutrient 

carrying debris
• Basin Inspection/Cleaning – remove build up from the basin sumps before 

it enters the pipes and eventually discharges to a waterway
• Collected materials – stockpile in a suitable location and test for 

contaminants 
• Disposal – properly dispose of collected materials either in an approved 

clean fill site or landfill if certain contaminants are found thru testing

14 www.colchestervt.gov

Our Programs – What We Do 

• Road grading – proper crown and dirt curb removal to improve drainage, 
which protects the road’s surface and minimizes material loss into the 
ditch

• Chloride application – prevents airborn dust on gravel roads which can 
enter runoff or accumulate in nearby wetlands or other waterways

• Ditching – proper construction and stabilization, direct runoff away from 
waterways whenever possible

• Smart Salt/Sand application in winter – avoid using sand where it can 
accumulate in stormwater systems and limit salt use when possible to 
reduce chloride load in runoff
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3/10/2022

8

15 www.colchestervt.gov

Rules, Regulations, and Other Fun 
Stuff 

• Ditches – stabilization type based on slope, shall be stabilized as soon as 
possible after disturbance
• 0-5% Grass lined minimum
• 5-8% Stone check dams minimum
• 8%+ Stone lined 

• Spills – any chemical or hazardous material spill of 2 gallons or more shall
be reported to a supervisor and reported to VTDEC

• Illicit Discharge – any unauthorized discharge or connection to a public 
stormwater system or waterway shall be reported immediately

• PCP – Phosphorous Control Plan
• Town is currently developing this for state approval
• State requires a PCP to reduce phosphorous load going in to Lake 

Champlain

16 www.colchestervt.gov

ANY QUESTIONS?
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Before & After  

1

Police Station Outfall Repair

Spring 2021 Fall 2021
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Project Narrative: 

There is significant erosion at the stormwater outfall located behind the Colchester Police Station 

at 835 Blakely Road. The outfall discharges into Smith Creek, which drains into Malletts Bay. 

Runoff from a total area of approximately 3.7 acres is collected and routed to this outfall. This 

catchment area is comprised of parts of the properties for the Colchester Police Station, 

University of Vermont Medical Center, and Town Offices. 

 

The existing drainage system includes a combination of catch basins, drainage manholes, and 

infiltration practices connected by drainpipes. The two existing infiltration practices were added 

on the site of the Town Offices when they were constructed in 2007, and catch basins and yard 

drains collect the remainder of runoff from the outfall catchment area. This runoff is then 

conveyed to and discharged from the Smith Creek outfall. 

 

Construction of a plunge pool is proposed at the outfall for energy dissipation and flow diffusion 
purposes. Discharge and outlet velocity must be estimated at this outfall to appropriately size 
the plunge pool.   
 
Phosphorus Loading: 

The erosion at the Smith Creek outfall has resulted in significant phosphorus lost from the bank 

to the stream, subsequently discharging to Mallett’s Bay. AutoCAD analysis suggests an 

estimated sediment loss of approximately 85 CY, or 2300 CF. Municipal Roads General Permit 

(MRGP) guidance outlines a method for estimation of phosphorus loading. This approach is 

explored below. 

𝑅𝑎𝑡𝑒 𝑜𝑓 𝐸𝑟𝑜𝑠𝑖𝑜𝑛 = 𝐸 =  
𝑉 ∗ 𝑆

𝑇
 

 Where: 

  E = sediment erosion rate, kg sediment (TSS)/year 

  V = total volume of erosion measured from outlet, CF 

  S = sediment bulk density, 43.48 kg/CF 

  T = age of erosion observed, kg sediment (TSS)/year 

 

𝐸 =
2300 𝐶𝐹 ∗ 43.48 𝑘𝑔 𝐶𝐹⁄

5 𝑦𝑒𝑎𝑟𝑠
= 𝟐𝟎, 𝟎𝟎𝟎 𝒌𝒈 𝒔𝒆𝒅𝒊𝒎𝒆𝒏𝒕 (𝑻𝑺𝑺) 𝒚𝒆𝒂𝒓⁄  

 

𝑃ℎ𝑜𝑠𝑝ℎ𝑜𝑟𝑢𝑠 𝐿𝑜𝑎𝑑𝑖𝑛𝑔 𝑅𝑎𝑡𝑒 = 𝑃𝑖 = 𝐸 ∗ 𝑆𝐶  

 Where: 

  Pi = phosphorus loading rate, kg (P)/year 

  SC = sediment to phosphorus wt. conversion, 0.000396 kg (P)/kg sediment (TSS) 
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𝑃𝑖 = (20,000 𝑘𝑔 𝑠𝑒𝑑𝑖𝑚𝑒𝑛𝑡 (𝑇𝑆𝑆) 𝑦𝑒𝑎𝑟⁄ ) ∗ 0.000396 = 𝟕. 𝟗𝟐 𝒌𝒈 (𝑷)/𝒚𝒆𝒂𝒓 

 

This analysis indicates that the Smith Creek outfall has experienced approximately 100,000 kg of 

sediment erosion, or 20,000 kg of sediment erosion per year over the last 5 years, which is an 

assumed value based on observations of recent erosion. This translates to nearly 8 kg of 

phosphorus discharged into Smith Creek annually, or a total of nearly 40 kg over the last 5 years. 

It is clear that there is significant erosion at the Smith Creek outfall, and mitigative measures must 

be taken to armor the bank and reduce erosion in the future. 

 

Modeling: 

A hydrologic and hydraulic model was built in HydroCAD to estimate the outfall discharge in 

various storm scenarios. Rainfall values for the storm events were estimated using Northeast 

Regional Climate Center (NRCC) data, and the values are shown below in Table 1. These values 

are based on a 24-hour storm duration under a Type II rainfall distribution. 

 

Table 1: Precipitation by storm event for project site in Colchester, VT 

 
 
The HydroCAD model was built to reflect the drainage conditions present at the site under each 

of the examined storm event scenarios. The routing diagram is shown below in Figure 1. ‘EXIST 

DMH 1477’ represents the drainage manhole immediately upstream of the outfall, so the 

outflows at that node and the inflows at the ‘Smith Creek’ node represent the outfall discharge 

for each storm event. 

Storm Event, 24-hr Duration 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

Precipitation, P (in) 2.19 2.65 3.07 3.72 4.30 5.54
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Figure 1: Routing diagram for HydroCAD model of Smith Creek outfall 

 
The HydroCAD model was run for each of the listed storm events. The peak discharge and velocity 

at the outfall into Smith Creek is shown below in Table 2 for each of the storm events. 

 

Table 2: Smith Creek outfall peak discharge and velocity for each modeled storm event 

 
 
The peak discharge and velocity increase dramatically for the storm events with greater return 

periods. This is the result of runoff volume exceeding the storage capacity of the on-site 

infiltration practices and overflow entering outlet devices, eventually being discharged through 

the Smith Creek outfall. At lower return periods, the reduced flows did not exceed the storage 

capacity of the infiltration practices and were instead entirely infiltrated into the ground rather 

than being conveyed to the outfall. 

 
Design Standards: 

The Vermont Stormwater Manual provides a set of guidelines and requirements for design of 

plunge pools, as discussed in Section 6.5.2.1 (p. 6-19).  

 
Required Elements (for pipes ≤18” dia. and flows ≤9 cfs): 

Storm Event, 24-hr Duration 2-yr 5-yr 10-yr 25-yr 50-yr 100-yr

Outfall Discharge, Q (cfs) 0.78 1.19 1.62 2.35 4.99 11.02

Outfall Velocity, V (fps) 2.12 2.37 2.57 2.84 3.56 5.73
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• Max allowable discharge for 18” pipe is 10 cfs for Q10 

• See Section 5.3.2 of VTrans Hydraulic Manual, 2015 for stone fill thickness and other 

design requirements 

o Summarized on VTrans Design Criteria and Standards webpage for culvert 

crossings, found at https://vtrans.vermont.gov/highway/structures-

hydraulics/hydraulics/designcriteria-standards  

• Base of plunge pool is square, width calculated as follows: 

o Base width = 3 * Discharge Pipe Size 

• Side slopes for all four sides no greater than 2:1 

• Min depth is 1 ft 

• Max depth is 3 ft 

 

Design Guidance (for pipes ≤18” dia. And flows ≤9 cfs): 

• Plunge pool should be installed in undisturbed soil instead of fill material to prevent 

shifting of pool after installation. 

• Confirm that riprap consists of well-graded mixture of stone. Smaller stones should be 

used to fill voids between larger stones. 

• Confirm that plunge pool has easy access for maintenance.  

 
Design Parameters: 

As discussed in the VT Stormwater Manual, plunge pools are typically sized for a 10-year, 24-hour 

storm event. The parameters used for sizing of the proposed plunge pool are listed below. 

 

Outfall Pipe Diameter: 18” 

 

10-year, 24-hour Storm Precipitation: 3.07” 

10-year, 24-hour Outfall Discharge, Q10 = 1.62 cfs 

10-year, 24-hour Outfall Velocity, V10 = 2.57 fps 

 

Plunge Pool Sizing: 

According to the VSMM, the base of a plunge pool with outfall pipe dia. ≤ 18” and Q10 ≤ 9 cfs is 

square, with both the width and length equivalent to 3 times the pipe diameter. 

 

𝐵𝑎𝑠𝑒 𝑊𝑖𝑑𝑡ℎ = 𝐵𝑎𝑠𝑒 𝐿𝑒𝑛𝑔𝑡ℎ = 3 ∗ 𝑃𝑖𝑝𝑒 𝐷𝑖𝑎𝑚𝑒𝑡𝑒𝑟 = 3 ∗ 18" = 3 ∗ 1.5′ = 𝟒. 𝟓′ 

 

The base of the proposed plunge pool will be 4.5’ x 4.5’. 
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The minimum and maximum depths of a plunge pool with outfall pipe dia. ≤ 18” and Q10 ≤ 9 cfs 

are 1 ft and 3 ft, respectively. There is no specific guidance on selecting a depth for lower-flow 

scenarios. Given the 10-year design discharge value of 1.62 cfs (<<9 cfs) and the site constraints, 

the selected depth for design is 1 ft.  

 

Base: 4.5’ x 4.5’ 

Side Slopes: 2:1 

Depth: 1’ 

Top: 8.5’ x 8.5’ 

Basin Volume: 44 CF 

 

Riprap Sizing: 

As indicated in the VSMM guidelines, for an 18” pipe outfall Type II Stone Fill should be used to 

line the plunge pool. 

 
While Stone Fill Type II is recommended by the SWMM, this material has minimal fines and is 

prone to allowing subsurface flow within the channel. As a result, environmental stone, or E-

stone, is recommended in lieu of typical VTrans stone fill. E-stone includes some finer materials 

to help fill void space and limit subsurface flow. E-stone fill is hard, blasted, angular rock other 

than serpentine rock containing the fibrous variety chrysotile (asbestos). Refer to the VTrans 

Design Criteria and Standards webpage linked above in the ‘Design Standards’ section for further 

discussion of E-stone. This reference recommends specification of E-stone type based on flow 

velocity for a 50-year design discharge at the structure outlet. 

 

As discussed previously, the 50-year, 24-hour design discharge is 4.99 cfs with a velocity of 3.56 

fps. See Table 3, shown below, for E-stone sizing design guidance. 

 

     Table 3: E-stone sizing design guidance 
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Table 3 indicates that E-stone, Type E1 should be used for 50-year design discharge velocities of 

<9 fps (3.56 < 9) with an embedded depth of 18 inches, or 1.5 ft. As specified in the Vermont 

Standard River Management Principles and Practices (VSRMPP) Appendix M, E-stone Type E1 is 

a well-graded material with a dmax of 18 inches and a d50 of 12 inches, while at least 25% of the 

particles shall have a maximum dimension of 2 inches. 

 

Stream Channel Hydraulics: 

While E-stone Type E1 is adequate for the velocities in the plunge pool, riprap armoring is 

proposed on the plunge pool outfall channel to Smith Creek. The riprap must also be sized for 

this outfall channel since it will be exposed to flows within the stream channel for Smith Creek. 

To do this, StreamStats was used to estimate Smith Creek flows in different storm scenarios. See 

Figure 2, shown below, for the StreamStats watershed delineation of the Smith Creek outfall 

location and Table 4, also shown below, for the StreamStats peak flow statistics. 

 

 
Figure 2: Estimated drainage basin for Smith Creek at outfall location 

 

StreamStats estimated the drainage area for the Smith Creek outfall location to be 0.97 square 

miles, with a mean annual precipitation of 37.3 inches based on data from 1981 to 2010. Flood 

scenarios are provided in the context of exceedance probabilities. These represent the 

probability that a storm in any given year will produce flow in excess of the listed discharge 

values. In other words, a 50% annual exceedance probability (AEP) flood represents a storm flow 

that will be exceeded on average once every 2 years, or a flood that there is a 50% chance of 
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occurring every year. This is carried throughout the other flood scenarios, so 20%, 10%, 4%, 2%, 

and 1% floods represent the 5-year, 10-year, 25-year, 50-year, and 100-year flood scenarios, 

respectively. For this analysis, since E-stone riprap is sized based on 50-year flow velocities, the 

10-, 25-, and 50-year flood scenarios were assessed to estimate flow velocity. The estimated 

discharges for these three flood scenarios are 66.9 cfs, 89.3 cfs, and 109 cfs. 

 

By estimating the velocity, the water surface elevation (WSE) can also be estimated. This should 

also dictate design decisions since the WSE will ideally be less than the plunge pool outfall weir 

elevation of 164.0’. If the WSE does overtop the weir the plunge pool would still work as an 

energy dissipator for the proposed outfall, but it would likely lead to sediment deposition within 

the plunge pool and require additional maintenance to keep the pool clean. 

 

Table 4: StreamStats peak flow statistics for Smith Creek at outfall location 
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Estimating stream velocity and water surface elevation requires the use of Manning’s Equation 

since more detailed cross-section and water stage data further upstream and downstream of the 

outfall were not collected. Manning’s Equation is shown below. 

 

𝑄 =
1.486

𝑛
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 𝑆1/2 

 Where: 

  Q = flow/discharge (cfs) 

  n = Manning’s roughness coefficient 

  A = cross-sectional flow area 

  Rh = hydraulic radius 

  S = stream channel slope 

 

Using data from the survey, StreamStats, and visual observations, all of the parameters except A 

and Rh can be determined. However, these two parameters can be estimated in terms of depth 

of flow, d, so Manning’s Equation can be solved for d, which can then be used to estimate water 

surface elevation and flow velocity. 

 

To estimate these two parameters, three different cross-sections perpendicular to the Smith 

Creek channel flow direction were examined at the outfall: one at the upstream limits of riprap, 

one at the center of the plunge pool outfall channel, and one at the downstream limits of riprap. 

These cross-section locations are shown below in Figure 3 as white lines crossing Smith Creek. 

Cross-section 1 refers to the most upstream cross-section (shown at the bottom of the image) 

with cross-section 3 referring to the furthest downstream. Stream cross sections were estimated 

based on contours from the survey data. 

 

Since more detailed cross-section data was not collected, the three cross-sections were used in 

lieu of modeling for estimation of velocity and WSE. Manning’s Equation dictates that each of 

these cross sections be treated as discrete and unrelated scenarios, so each were analyzed 

independently and the greatest value for both critical parameters was considered controlling. 
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Figure 3: Smith Creek cross-section locations 

 

By solving Manning’s Equation for d, flow velocity and water surface elevation can be estimated. 

Calculations for these parameters at each cross-section are presented in the attached Backup 

Calculations document. Estimated results are exhibited below in Table 5. 

 

Table 5: Flow velocities and water surface elevations for each cross-section under 10-, 25-, and 50-year storms 

 
 

For the three cross-sections assessed in this analysis, the maximum velocity was 8.52 fps for 

cross-section 1 under a 50-year storm scenario and the maximum WSE was 162.95’ for cross-

section 3 under a 50-year storm scenario. This indicates that the upstream cross-section controls 

flow velocity through the stream channel at the outfall while the downstream cross-section 

controls the flow depth. As discussed previously, the upper limit of flow velocity for E-stone Type 

E1 is 9 fps for a 50-year storm, so this analysis indicates that Type E1 riprap is adequately sized 

for the plunge pool outfall channel on the stream bank of Smith Creek. Additionally, the 

maximum WSE of 162.95’ is less than the plunge pool outfall weir elevation of 164.0’. This 

indicates that the weir would not be overtopped by a 50-year storm, and potential maintenance 

requirements for the plunge pool should be minimized. 

 

It is worth noting that by treating these three cross-sections as independent analysis scenarios, 

there is some level of inaccuracy in this analysis. This cannot take into account the continuation 

XS 1 XS 2 XS 3 XS 1 XS 2 XS 3

10-year 7.26 4.72 3.85 161.79 162.16 162.37

25-year 8.01 5.14 4.20 161.99 162.44 162.69

50-year 8.52 5.44 4.41 162.15 162.66 162.95

Flow Velocity (fps) Water Surface Elevation (ft)

Storm Scenario
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or relationship of flow between the cross sections, instead estimating flow characteristics based 

on the inherent assumption that each cross-section is unaffected by variation in geometric or 

qualitative characteristics within the channel. In reality, flow velocities at cross-section 1 would 

be lower than estimated since flow would back up and slow down at cross-section 2, while flow 

depth at cross-section 3 would be lower than estimated since velocities would increase from 

cross-section 2 as the channel narrows. Hydraulic modeling would allow a more comprehensive 

analysis of these three flow scenarios, but given the limited data available from the survey and 

the fact that none of the estimated velocities or water surface elevations exceed thresholds at 

which the design would need modification, this approach is adequate. 

 

Site Restoration 

Following the construction of the proposed plunge pool, site restoration practices will be 

essential to return the vegetation and soil to their original conditions. Proposed site restoration 

practices include: 

 

• Placement of 4 inches of new topsoil over the entire regraded area for regrowth of 

vegetation 

• Placement of permanent rolled erosion control product over entire regraded area to hold 

soil in place and prevent further erosion 

o Proposed in place of mulch due to steep slopes (2:1) 

• Placement of Vermont Conservation seed mix at 80 lb/acre over entire regraded area to 

promote re-establishment of undergrowth layer of vegetation 

o Root structures will improve soil stability 

o Undergrowth will add to aesthetic appeal 

• Placement of 5 new deciduous trees outside maintenance access corridor 

o Root structures will improve soil stability 

o Trees will add to aesthetic appeal 
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Cross-Section 1: 

Cross-section 1 is located at the upstream limit of the proposed riprap. See Figure 1, shown 

below, for a plot of this cross-section. 

 

 

Figure 1: Smith Creek Cross-Section 1 

 

The blue line indicates the cross-section based on the contours from the topographic survey data, 

with the stations measured from the 164 contour on the west (outfall) side of the stream across 

to the 163 contour on the east side of the stream. Estimation of flow depth from Manning’s 

Equation requires rearranging of cross-sectional flow area and hydraulic radius in terms of d. To 

get these two parameters in terms of d, the cross-section needs to be simplified to either a 

rectangular, triangular, or trapezoidal shape. Given the real cross-section, the Smith Creek 

channel was estimated to be most similar to a trapezoidal shape. This is represented by the red 

line, which was sketched onto the plot to indicate the shape most representative of the existing 

channel. This cross-section was then used to estimate the geometric channel characteristics 

indicated below in Figure 2. 

 

 

Figure 2: Stream channel characteristics 
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In this figure, b represents the bottom width, T represents the top width, y represents the flow 

depth, and z1 and z2 represent side slope parameters, while S represents the channel slope. For 

the simplified cross-section 1, these parameters were estimated to be: 

 

 b = 4 ft, z1 = 0.81, z2 = 2.78, S = 0.0694 (from survey data) 

 

y, or d, represents the flow depth, and T is a function of the flow depth, bottom width, and side 

slopes. Solving Manning’s Equation for d (or y) requires that the cross-sectional flow area (A) and 

hydraulic radius (Rh) be put in terms of d. This is demonstrated below. 

 

𝐴 = 𝐶𝑟𝑜𝑠𝑠 − 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎 =  
1

2
∗ [𝑏 + 𝑇] ∗ 𝑑 

 

𝑇 = 𝑏 + 0.81𝑑 + 2.78𝑑 

 

𝐴 =
1

2
∗ [2𝑏 + 3.59𝑑] ∗ 𝑑 =

1

2
∗ [(2 ∗ 4) + 3.59𝑑] ∗ 𝑑 = (4 + 1.8𝑑) ∗ 𝑑 = 𝟒𝒅 + 𝟏. 𝟖𝒅𝟐 

 

Hydraulic radius represents the cross-sectional flow area divided by wetted perimeter, which is 

the total perimeter of the flow area. 

 

𝑅ℎ =
𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
=

𝐴

𝑃
 

 

Solve for hypotenuse of triangle for z1 and z2 to find slope contribution to wetted perimeter: 

 

𝑥1 = √12 + 0.812 = 1.29, 𝑥2 = √12 + 2.782 = 2.95 

 

𝑃 = 𝑏 + 1.29𝑑 + 2.95𝑑 = 4 + 4.24𝑑 

 

𝑅ℎ =
𝟒𝒅 + 𝟏. 𝟖𝒅𝟐

𝟒 + 𝟒. 𝟐𝟒𝒅
 

 

For the 10-year storm scenario, solve Manning’s Equation in terms of d: 

 

𝑄 =
1.486

𝑛
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 𝑆1 2⁄  
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Q = 66.9 cfs, S = 0.0694 

n = 0.04 (clean, winding channel with some pools and shoals; 

http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm) 

 

66.9 =
1.486

0.04
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 0.00751 2⁄ → 𝐴𝑅ℎ

2 3⁄
= 6.84 

 

6.84 = (4𝑑 + 1.8𝑑2) ∗ (
4𝑑 + 1.8𝑑2

4 + 4.24𝑑
)

2 3⁄

→ 𝒅 = 𝟏. 𝟐𝟒 𝒇𝒕 

 

Given a depth of 2.19 ft, the cross-sectional flow area can be solved. 

 

𝑑 = 1.24 𝑓𝑡 → 𝐴 = 4𝑑 + 1.8𝑑2 = (4 ∗ 1.24′) + [1.8 ∗ (1.24′)2] = 𝟗. 𝟐𝟐 𝒇𝒕𝟐 

 

Given a cross-sectional flow area of 9.22 ft2 and a discharge of 66.9 cfs, the flow velocity can be 

solved using the continuity equation. 

 

𝑄 = 𝑉𝐴 → 𝑉 =
𝑄

𝐴
=

66.9 𝑐𝑓𝑠

9.22 𝑓𝑡2
= 𝟕. 𝟐𝟔 𝒇𝒑𝒔 

 

The water surface elevation can be estimated by adding the estimated flow depth to the bottom 

elevation of the cross-section as determined from the survey. 

 

𝑊𝑆𝐸 = 160.55′ + 2.19′ = 𝟏𝟔𝟏. 𝟕𝟗′ 

 

This process was repeated for the 25- and 50-year storm scenarios, and the collective results for 

cross-section 1 are exhibited in Table 1. 

 

Table 1: Smith Creek flow velocity and water surface elevation estimates for cross-section 1 under 10-, 25-, and 50-

year storm scenarios 

 
 

Cross-Section 2: 

Cross-section 2 is located at the center of the plunge pool outfall channel. See Figure 3, shown 

below, for a plot of this cross-section. 

Storm Scenario Q (cfs) AR2/3 = d (ft) A (sf) V (fps) WSE (ft)

10-year 66.9 6.84 1.24 9.22 7.26 161.79

25-year 89.3 9.12 1.44 11.15 8.01 161.99

50-year 109 11.14 1.6 12.79 8.52 162.15
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Figure 3: Smith Creek Cross-Section 2 

 

The blue line indicates the cross-section based on the contours from the topographic survey data, 

with the stations measured from the 164 contour on the west (outfall) side of the stream across 

to the 163 contour on the east side of the stream. Given the real cross-section, the Smith Creek 

channel was estimated to be most similar to a trapezoidal shape. This is represented by the red 

line, which was sketched onto the plot to indicate the shape most representative of the existing 

channel. This cross-section was then used to estimate the geometric channel characteristics. For 

the simplified cross-section 2, these parameters were estimated to be: 

 

 b = 5.8 ft, z1 = 1.77, z2 = 2.35, S = 0.0098 (from survey data) 

 

y, or d, represents the flow depth, and T is a function of the flow depth, bottom width, and side 

slopes. Solving Manning’s Equation for d (or y) requires that the cross-sectional flow area (A) and 

hydraulic radius (Rh) be put in terms of d. This is demonstrated below. 

 

𝐴 = 𝐶𝑟𝑜𝑠𝑠 − 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎 =  
1

2
∗ [𝑏 + 𝑇] ∗ 𝑑 

 

𝑇 = 𝑏 + 1.77𝑑 + 2.35𝑑 

 

𝐴 =
1

2
∗ [2𝑏 + 4.12𝑑] ∗ 𝑑 =

1

2
∗ [(2 ∗ 5.8) + 4.12𝑑] ∗ 𝑑 = (5.8 + 2.06𝑑) ∗ 𝑑

= 𝟓. 𝟖𝒅 + 𝟐. 𝟎𝟔𝒅𝟐 
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Hydraulic radius represents the cross-sectional flow area divided by wetted perimeter, which is 

the total perimeter of the flow area. 

 

𝑅ℎ =
𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
=

𝐴

𝑃
 

 

Solve for hypotenuse of triangle for z1 and z2 to find slope contribution to wetted perimeter: 

 

𝑥1 = √12 + 1.772 = 2.03, 𝑥2 = √12 + 2.352 = 2.55 

 

𝑃 = 𝑏 + 2.03𝑑 + 2.55𝑑 = 5.8 + 4.58𝑑 

 

𝑅ℎ =
𝟓. 𝟖𝒅 + 𝟐. 𝟎𝟔𝒅𝟐

𝟓. 𝟖 + 𝟒. 𝟓𝟖𝒅
 

 

For the 10-year storm scenario, solve Manning’s Equation in terms of d: 

 

𝑄 =
1.486

𝑛
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 𝑆1 2⁄  

 

Q = 66.9 cfs, S = 0.0098 

n = 0.04 (clean, winding channel with some pools and shoals; 

http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm) 

 

66.9 =
1.486

0.04
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 0.00751 2⁄ → 𝐴𝑅ℎ

2 3⁄
= 20.76 

 

18.19 = (5.8𝑑 + 2.06𝑑2) ∗ (
5.8𝑑 + 2.06𝑑2

5.8 + 4.58𝑑
)

2 3⁄

→ 𝒅 = 𝟏. 𝟕𝟑 𝒇𝒕 

 

Given a depth of 1.73 ft, the cross-sectional flow area can be solved. 

 

𝑑 = 1.73 𝑓𝑡 → 𝐴 = 5.8𝑑 + 2.06𝑑2 = (5.8 ∗ 1.73′) + [2.06 ∗ (1.73′)2] = 𝟏𝟒. 𝟏𝟖 𝒇𝒕𝟐 

 

Given a cross-sectional flow area of 14.18 ft2 and a discharge of 66.9 cfs, the flow velocity can be 

solved using the continuity equation. 
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𝑄 = 𝑉𝐴 → 𝑉 =
𝑄

𝐴
=

66.9 𝑐𝑓𝑠

14.18 𝑓𝑡2
= 𝟒. 𝟕𝟐 𝒇𝒑𝒔 

 

The water surface elevation can be estimated by adding the estimated flow depth to the bottom 

elevation of the cross-section as determined from the survey. 

 

𝑊𝑆𝐸 = 160.43′ + 1.73′ = 𝟏𝟔𝟐. 𝟏𝟔′ 

 

This process was repeated for the 25- and 50-year storm scenarios, and the collective results for 

cross-section 2 are exhibited in Table 2. 

 

Table 2: Smith Creek flow velocity and water surface elevation estimates for cross-section 2 under 10-, 25-, and 50-

year storm scenarios 

 
 

 

 

Cross-Section 3: 

Cross-section 3 is located at the downstream limits of proposed riprap. See Figure 4, shown 

below, for a plot of this cross-section. 

 

 

Figure 4: Smith Creek Cross-Section 3 

Storm Scenario Q (cfs) AR2/3 = d (ft) A (sf) V (fps) WSE (ft)

10-year 66.9 18.19 1.73 14.18 4.72 162.16

25-year 89.3 24.28 2.01 17.36 5.14 162.44

50-year 109 29.64 2.23 20.02 5.44 162.66
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The blue line indicates the cross-section based on the contours from the topographic survey data, 

with the stations measured from the 164 contour on the west (outfall) side of the stream across 

to the 163 contour on the east side of the stream. Given the real cross-section, the Smith Creek 

channel was estimated to be most similar to a trapezoidal shape. This is represented by the red 

line, which was sketched onto the plot to indicate the shape most representative of the existing 

channel. This cross-section was then used to estimate the geometric channel characteristics. For 

the simplified cross-section 3, these parameters were estimated to be: 

 

 b = 5.5 ft, z1 = 0.77, z2 = 2.35, S = 0.0075 (from survey data) 

 

y, or d, represents the flow depth, and T is a function of the flow depth, bottom width, and side 

slopes. Solving Manning’s Equation for d (or y) requires that the cross-sectional flow area (A) and 

hydraulic radius (Rh) be put in terms of d. This is demonstrated below. 

 

𝐴 = 𝐶𝑟𝑜𝑠𝑠 − 𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙 𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎 =  
1

2
∗ [𝑏 + 𝑇] ∗ 𝑑 

 

𝑇 = 𝑏 + 0.77𝑑 + 2.35𝑑 

 

𝐴 =
1

2
∗ [2𝑏 + 3.12𝑑] ∗ 𝑑 =

1

2
∗ [(2 ∗ 5.5) + 3.12𝑑] ∗ 𝑑 = (5.5 + 1.56𝑑) ∗ 𝑑

= 𝟓. 𝟓𝒅 + 𝟏. 𝟓𝟔𝒅𝟐 

 

Hydraulic radius represents the cross-sectional flow area divided by wetted perimeter, which is 

the total perimeter of the flow area. 

 

𝑅ℎ =
𝐹𝑙𝑜𝑤 𝐴𝑟𝑒𝑎

𝑊𝑒𝑡𝑡𝑒𝑑 𝑃𝑒𝑟𝑖𝑚𝑒𝑡𝑒𝑟
=

𝐴

𝑃
 

 

Solve for hypotenuse of triangle for z1 and z2 to find slope contribution to wetted perimeter: 

 

𝑥1 = √12 + 0.772 = 1.26, 𝑥2 = √12 + 2.352 = 2.55 

 

𝑃 = 𝑏 + 1.26𝑑 + 2.55𝑑 = 5.5 + 3.81𝑑 

 

𝑅ℎ =
𝟓. 𝟓𝒅 + 𝟏. 𝟓𝟔𝒅𝟐

𝟓. 𝟓 + 𝟑. 𝟖𝟏𝒅
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For the 10-year storm scenario, solve Manning’s Equation in terms of d: 

 

𝑄 =
1.486

𝑛
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 𝑆1 2⁄  

 

Q = 66.9 cfs, S = 0.0075 

n = 0.04 (clean, winding channel with some pools and shoals; 

http://www.fsl.orst.edu/geowater/FX3/help/8_Hydraulic_Reference/Mannings_n_Tables.htm) 

 

66.9 =
1.486

0.04
∗ 𝐴 ∗ 𝑅ℎ

2 3⁄
∗ 0.00751 2⁄ → 𝐴𝑅ℎ

2 3⁄
= 20.79 

 

20.79 = (5.5𝑑 + 1.56𝑑2) ∗ (
5.5𝑑 + 1.56𝑑2

5.5 + 3.81𝑑
)

2 3⁄

→ 𝒅 = 𝟐. 𝟎𝟏 𝒇𝒕 

 

Given a depth of 2.01 ft, the cross-sectional flow area can be solved. 

 

𝑑 = 2.01 𝑓𝑡 → 𝐴 = 5.5𝑑 + 1.56𝑑2 = (5.5 ∗ 2.01′) + [1.56 ∗ (2.01′)2] = 𝟏𝟕. 𝟑𝟔 𝒇𝒕𝟐 

 

Given a cross-sectional flow area of 17.36 ft2 and a discharge of 66.9 cfs, the flow velocity can be 

solved using the continuity equation. 

 

𝑄 = 𝑉𝐴 → 𝑉 =
𝑄

𝐴
=

66.9 𝑐𝑓𝑠

17.36 𝑓𝑡2
= 𝟑. 𝟖𝟓 𝒇𝒑𝒔 

 

The water surface elevation can be estimated by adding the estimated flow depth to the bottom 

elevation of the cross-section as determined from the survey. 

 

𝑊𝑆𝐸 = 160.36′ + 2.01′ = 𝟏𝟔𝟐. 𝟑𝟕′ 

 

This process was repeated for the 25- and 50-year storm scenarios, and the collective results for 

cross-section 3 are exhibited in Table 3. 
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Table 3: Smith Creek flow velocity and water surface elevation estimates for cross-section 3 under 10-, 25-, and 50-

year storm scenarios 

 
 

Storm Scenario Q (cfs) AR
2/3

 = d (ft) A (sf) V (fps) WSE (ft)

10-year 66.9 20.79 2.01 17.36 3.85 162.37

25-year 89.3 27.76 2.33 21.28 4.20 162.69

50-year 109 33.88 2.59 24.71 4.41 162.95
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