


Brown Bag on the Lake 
Memphremagog Phosphorus Total 
Maximum Daily Load (TMDL) and 

Tactical Basin Plan 

What will be covered 
• An overview of the Lake 

Memphremagog watershed and water 
quality challenges it faces.

• A summary of how modeling was done 
to calculate loading limits and set 
allocations between source sectors.

• How the TMDL will be implemented 
through the basin planning process:
– Using volunteer water sampling for 

project identification, prioritization 
and evaluation.

– Through the development of 
partnerships to support the use of 
water quality and other assessment 
data to maximize the impact of 
project implementation efforts.
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Lake Memphremagog 
Phosphorus Total 

Maximum Daily Load 
(TMDL)

• A TMDL is a phosphorus budget that 
sets a maximum daily (or in the case 
of phosphorus, yearly) load which 
allows the lake to meet its water 
quality standard (14 ppb for Lake 
Memphremagog).

• The TMDL identifies load reductions 
by source sector necessary to meet 
the target loading.
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• The tactical basin plan includes actions for 
the first 5 years of the 20-year TMDL 
implementation timeframe to achieve 
phosphorus load reductions.

• Future iterations of the tactical basin plan will 
assess the effectiveness of the first 5-year 
effort and build upon this.
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The Lake Memphremagog Phosphorus 
TMDL was developed in an integrated 
effort with the tactical basin plan, along 
with the waste load allocation (WLA) for 
wastewater treatment facilities.

The TMDL was 
approved by EPA 
in September and 
the WLA and 
Tactical Basin Plan

were signed in October and November.   



Why are we concerned about phosphorus levels in 
Lake Memphremagog?

• Cyanobacteria blooms in 
the lake

• Increased algae and plant 
growth impact the 
recreational use of the lake

• Current levels are 
well above the 
water quality 
standard of 14 ppb. 
Ave. 17.6 ppb
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The Lake Memphremagog 
watershed is part of the St. 
Francis River Basin.



Lake Memphremagog has an 
international watershed.
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• A majority of Lake 
Memphremagog is in 
Quebec, but most of its 
watershed is in Vermont.

• The Quebec Vermont 
Steering Committee on Lake 
Memphremagog supports 
coordination across the 
watershed.

Land 
Use

Vermont

Quebec

Land use Percent of 
Vermont 

watershed

Developed 5%

Agricultural 17%

Forest/shrub 70%
Water/wetland 8%

• Partners have 
supported WQ 
sampling and 
modeling 
necessary for 
the TMDL.



A number of lakes and streams in this basin 
are stressed or impaired due to elevated levels 
of nutrients or increasing nutrient trends.
• Mud and Walker ponds are listed as 

stressed.
• Elligo, Little and Great Averill, Holland, 

Long, Parker, Norton, Salem, Seymour, 
Shadow, and Willoughby Lakes all have 
increasing nutrient trends.

• Roaring Branch and a tributary to 
Stearns Brook are impaired and others 
stressed due to nutrient runoff from 
farms. 

• Efforts to reduce phosphorus loading 
from these watersheds will benefit both 
these waters and Lake Memphremagog.
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A lot of work is already focused 
on phosphorus reductions and
we have seen indications of

Agricultural BMPs
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Buffer plantingsRoad projects

Stormwater projects lower levels 
of phos. in 
tributaries 
and the lake.



 Miles of 
buffer planted 
in the basin
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Acres of cover 
crop planted in 
Orleans County



Lake Memphremagog 
Phosphorus modeling

• Modeling is needed to 
estimate loading from 
unmonitored portions of 
the basin.

• Modeling is also needed to 
estimate the phosphorus 
loading across different 
land use categories.
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• A watershed phosphorus         
export model was developed with 
partners in Quebec to estimate 
loading in the Lake Memphremagog 
Watershed



Components of land use phosphorus export model:
1. Loading from land uses based on an average export from 

that land use per land area from published studies.
2. Stream channel instability. 
3. Septic system loading. 
4. WWTF loading based 

on monitoring data.
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• Loading from these sources 
are then reduced by 
sedimentation that occurs 
in lakes in the watershed.

• The model was calibrated 
by adjusting land use 
phosphorus export 
coefficients to best match 
modeled to measured 
loading at four major and 
24 minor tributaries.
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Phosphorus loading from the Vermont portions of the Lake 
Memphremagog Watershed based on watershed export model



Lake 
Modeling

1. Breaks the lake into segments.
2. Calculates the amount of 

water that moves between 
lake segments (red arrows).

3. Calculates the amount of 
phosphorus that settles out in 
each segment (white arrows).
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4. Model indicates that we need to reduce 29% of 
watershed loading to meet phosphorus standard for the 
lake and allow for an 8% margin of safety (MOS).



Lake Memphremagog 
Scenario Tool

• Allows us to estimate the 
load reduction by applying 
a Best Management 
Practice (BMP) to a 
percentage of a land use 
across a portion of the Lake 
Memphremagog Basin.

• Phosphorus removal 
efficiency for each BMP was 
developed for each land 
use from a SWAT model for 
Lake Champlain and other 
sources in the literature.

• Load reductions from 
scenario can be feed back 
into lake model to see 
predicted lake response.
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Lake Memphremagog Scenario Tool 
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Proposed allocations for Lake 
Memphremagog TMDL
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• Phosphorus loads need to be 
reduced by over 35,000 pounds to 
meet TMDL target (including 7,180 
pound margin of safety).

• TMDL reduction percentages tied 
directly to the TMDL scenario across 
each land use sector.



How to we make these phosphorus reductions 
happen across all these different land uses?

• In 2015, the Vermont Legislature passed Act 64, the Vermont Clean 
Water Act, which strengthens statutes related to water quality in the 
State addressing:
– Farms through new Required Agricultural Practices and small farm 

regulations
– Municipal and state roads though new stormwater permits
– Updating stormwater regulations including previously unpermitted 

developments with over 3 acres of impervious surfaces
– Updating acceptable management practices for forestry
– Act 64 also establishes the requirement that all water quality 

improvement actions undertaken by the State be integrated by 
means of tactical basin plans, and establishes partnerships with 
regional planning commissions, conservation districts, and other 
organizations to support this work.
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Tactical Basin Plans use 
assessments to identify 
priority watersheds and 
then specific projects to 

address pollutant sources
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Basin plan has 
66 summary 
actions + 350 

specific projects
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Memphremagog Stormwater Collaborative 
leads stormwater efforts and Magog RCPP 

coordinates farm efforts.
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Stream 
Geomorphic 
Assessments



Both efforts are defined by partners working together 
to identify, fund and install priority practices.
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Common Partners 
for both projects



Memphremagog Regional Conservation Partnership 
Program
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Water quality 
sampling

Nutrient 
Management 

Planning

Farm 
Technical 
assistance

Required Agricultural 
Practice Compliance

Vermont AAFM 
BMP projects

NRCS funding for 
implementing on farm water 
quality improvement projects

MFO 
LFO 

Permits

• An additional $674,000 in significant contributions has been 
committed by partners across the watershed.

• Water Quality sampling identifies target areas for project 
instillation and will allow for evaluating impact.

• Farmers that need to meet required agricultural practices or 
MFO/LFO permits may benefit from this technical assistance

• $674,000 in funding 
over 5 years to 
support a nutrient 
management 
planning course, 
provide technical 
assistance to 
farmers and install 
practices.

stormwater 
plans

Farmer 
workshops 
on BMPs

BMP 
success 
stories



Water Quality Testing 
in the Lake 

Memphremagog Basin

• 166 sites sampled over 11 years.
• 8 sample events with 2+ rain per year.
• Sample for total phosphorus,

nitrogen and turbidity.
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• Fritz Gerhardt has led sampling efforts with support from 
MWA, NorthWoods Stewardship Center, VT DEC, OCNRCD

• Funded through the LaRosa Volunteer Partnerships, 
Ecosystem Restoration funding, 604(b), 319, MCI.

• Results are presented to the lake Memphremagog 
Agricultural Partners Workgroup which supports BMP 
implementation



Identification 
of high 

phosphorus 
export 

watersheds

Target 
areas:
Yellow 
Orange 

Red 
Purple 
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2- Stearns 
Tributary

3 - Strawberry 
Acres

1 - Maxwell



2017 Water Quality sampling efforts are being done 
in coordination with 8 farms in the watershed.

• Sampling at 3-8 
sites per farm 
where farmers are 
in target 
watersheds or 
where farmers are 
interested in 
installing BMPs.

• Data will inform 
BMP locations and 
evaluate 
phosphorus 
reduction  
effectiveness.26



Stearns tributary 
mapping flow paths 

to prioritize BMP 
implementation and 

evaluate project 
effectiveness.
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New clean water diversion and 9-acre filter strip 
installed in 2015 with average annual phosphorus 
concentration dropping by two orders of magnitude.
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Strawberry Acres Tributary BMP success story...

Estimated 80 kg & 
50% reduction in 
annual phosphorus 
loading to Lake



Farmer WQ success story being published!
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Memphremagog Stormwater Collaborative

The Memphremagog Stormwater Collaborative is led
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Road erosion 
inventories

Lake Wise 
Assessment

Rain Barrel & 
Garden etc. 
instillation

Stormwater 
Master 

PlanningMunicipal 
Road 

General 
Permit

Road 
Implementation 

plans

Better Road 
Grants

Preliminary 
design

Project 
instillation

Grant-
In-Aid 

funding

Technical 
assistance

Public 
Workshops

Press 
articles

Work Crew 
instillation

BMP 
DesignLandowner 

instillation

Lake 
Wise 

Award

3-acre 
permit

Final 
design

Town 
planning

Stream 
restoration 

projects

by the Memphremagog Watershed Association, which was able to hire a staff member 
through a $40,000 High Meadows Fund Grant, with the goal of making this position self-
sustaining over the life of the 18-month grant and through strong local partnerships. 

Stream 
Geomorphic 
Assessments



Better road 
practices

TOWN
Inventory 

date
MRGP 

compliant 

Active 
partner or 
Consultant 

Target 
MRGP 
date

Brighton 2015 N ECNRCD 2019
Albany 2018 Y NVDA 2019
Barton

Brownington 2017 Maybe
David 

Antone

Charleston 2018 y
NVDA?/ 

NorthWoods 2018
Coventry 2017 Y OCNRCD 2018
Craftsbury 2018 Y NVDA 2019
Derby 2018 Y OCNRCD 2018
Glover
Greensboro
Holland 2018 Y OCNRCD 2018
Irasburg 2015 N NVDA
Morgan 2015 N MWA?

Newport City 2018 Y
East 

Engineering 2018
Newport 
Town OCNRCD 2019
Westmore 2015 N
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Road erosion 
inventories

Municipal 
Road 

General 
Permit

Road 
Implementation 

plans

Better Road 
Grants Grant-

In-Aid 
funding
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Lake Wise 
Assessment

Work Crew 
instillation

BMP 
DesignLandowner 

instillation

Lake 
Wise 

Award

Echo and Seymour Lakes 
are the first two Lake 

Wise lakes in the state!

Lake Wise BMP installed at 
the Shadow Lake beach



Using Lake Wise 
assessments to 

target BMPs
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Lake Wise 
Assessment

Work Crew 
instillation

BMP 
DesignLandowner 

instillation

Lake 
Wise 

Award



Large scale stormwater practices
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Stormwater 
Master 

Planning

Preliminary 
design

Project 
instillation

3-acre 
permit

Final 
design
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Rain Barrel & 
Garden etc. 
instillation

Technical 
assistance

Public 
Workshops

Press 
articles

Stormwater 
Outreach

Increasing 
community  

understanding of 
stormwater  BMPs



The wastewater treatment facility wasteload 
allocation was revised to reduce each 
facilities annual phosphorus loading by 33%.

• WWTF loading reductions will 
be required in next round of 
permits, but will not require 
major investments

• Facilities will be required to 
optimize phosphorus reductions39



TMDL and Tactical Basin Plan Outreach
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• Targeted workshops and presentations of the TMDL and 
tactical basin plan

• One on one meetings though stormwater collaborative & 
targeting farmers through the RCPP 

• Restoring Lake Memphremagog Fact Sheets
– Describe the Memphremagog watershed, phosphorus 

targets, and why action is needed
– Outline specific actions to reduce phosphorus by land use



Questions or 
Comments?

Ben Copans
Watershed Coordinator
374 Emerson Falls Road, Suite 4
St. Johnsbury VT 05819 
(802) 751-2610 Cell (802) 490-6143
ben.copans@vermont.gov
www.watershedmanagement.vermont.gov
Basin 17 webpage:
http://dec.vermont.gov/watershed/map/basin-planning/basin17
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