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EXECUTIVE SUMMARY

The Lake Champlain Basin Program’s comprehensiveagement plarQpportunities for Action
was signed by the governors of both New York andniémt in 1996. This plan identifies reducing
phosphorus to achieve in-lake water quality goaleree of its three highest priorities. The stafddew
York and Vermont and the Province of Quebec hawengitted to achieving the in-lake water quality
goals by reducing phosphorus inputs to the lake theenext 20 years. Aggressive efforts to accashpl
the first 25% of the necessary phosphorus redublyaihe fall of 2001 are underway.

Phosphorus Reduction Team Charge and Study Approach

Since signingDpportunities for Actiorin 1996, there has been interest in acceleratie@0-year
timeframe for phosphorus reduction. The PhosphReduction Team was commissioned by the Lake
Champlain Steering Committee to begin to evaluatgness towards the twenty-year phosphorus
reduction goal and to investigate the feasibilitaocelerating phosphorus reduction efforts in ptde
achieve that goal on a faster schedule. Membemshthe Team includes technical experts on
phosphorus reduction in the States of Vermont ae Mork and the Province of Quebec.

The Team began by assessing whether Vermont, Nelwafa Quebec were on track to achieve the
first 25% of the necessary phosphorus load redugtidt then assessed what additional reductionklico
be achieved by continuing to implement current paird nonpoint source reduction programs. Because
the water quality goals vary by lake segment, \al@ations were made on a lake segment by lake
segment basis. If the loadings targets couldadully achieved by implementing current programs,
then the Team examined additional options that tidghavailable to reach the goals. Finally, tharfe
outlined future challenges that managers and paotiaiters will face as they continue to move forward
with an aggressive phosphorus reduction stratedgruany time frame

First 25% Phosphorus Reduction Goal Will Be Exceede

By 2001, Vermont, New York, and Quebec will haveueed the 1995 point and nonpoint source
phosphorus inputs to Lake Champlain by about 38/ niar exceeding the five-year interim reduction
goal of 15.8 mt/yr. Most reductions in Vermont viN¥ork, and Quebec have been accomplished by
upgrading, constructing, and modifying wastewatestiment plants. By late 2001 or early 2002, al tot
of 22.7 metric tons of phosphorus per year willdhbeen removed from point sources since 1995.
Agricultural best management practices (BMPs) aiegpused to achieve the balance of the reductions.
Using a crediting system developed by the statesstimated 16.1 metric tons of phosphorus per year
will be removed from agricultural nonpoint sourgeshe Basin by 2001. Reductions in each lake
segment vary, with some segments far exceedingttdrgiets, and some just meeting them. Missisquoi
Bay is the only lake segment that may fall sligtityjow a 25% reduction in the first 5 years.

Considerations in Meeting the Twenty Year Goal

It does not appear that all lake segments candagyht to the loading targets needed to meet the in-
lake phosphorus criteria by relying solely on @rigtreduction programs. By 2001 or 2002, moshef t



planned reductions from wastewater treatment plpgtades will be accomplished. That means that the
remaining phosphorus reductions must come from eiohgource reductions, focusing on agricultural
lands. If agricultural BMPs were implementatedadirthe remaining farms in the Vermont and Quebec
portions of the Basin needing treatment, an eséichataximum reduction of about 66.8 metric tons of
phosphorus per year could be achieved. If thigweioccur, nonpoint source loads would still be 5.
mt/year in excess of the 20-year nonpoint sounggetdor the Vermont and Quebec part of the Basin,
accounting for any other changes within the Badimsome lake segments, treatment would exceed the
loadings reductions necessary, but in others,aaéithgs reductions would be far less than needed to
achieve the in-lake phosphorus goals.

Complicating the analysis, it appears that thegiased phosphorus loads generated by land use
changes in the Basin are offsetting some of thesgachieved by point and agricultural nonpoint seur
reduction efforts. Other Lake Champlain Basin Paggstudies have shown that developed land
typically contributes more phosphorus per unit argland than other land use types. As the pojauiat
within the Basin increases, more land is becomawgetbped. It appears that the Otter Creek, MakeLa
VT, Shelburne Bay, Burlington Bay, Malletts Bay,mf®ast Arm, and St. Albans Bay lake segments are
undergoing the most rapid changes in land useur&pianning for phosphorus reductions must take
these changes into account.

Options for achieving the additional phosphorusiotions necessary include both additional point
and nonpoint source treatment. Several emergofmt#ogies may make it possible to reduce point
source phosphorus concentrations in effluent béfmaevels currently achieved with advanced
treatment. The feasibility of these technologebring about cost-effective upgrades could beanepl
for those lake segments not expected to meet thettwads through the current programs.

Additional nonpoint source reductions are also ipds®n both urban and agricultural lands.
Innovative BMPs for both land uses are availablk@ore cost-effective than in the past. On
agricultural lands, conservation buffers and a nassnce approach to farm nutrient planning could
achieve additional reductions. Reducing soil emo$iom dirt roads would also limit phosphorus itgpu
to Basin tributaries. More creative site desigmd emerging stormwater management technologies for
new development can substantially reduce phosphoadgls from urban and suburban areas.

Conclusions

Vermont, New York, and Quebec have achieved vepgtamtial phosphorus loadings reductions
since the signing dDpportunities for Action However, new approaches will need to be consdity
achieve the remaining reductions necessary to aeliee in-lake phosphorus concentrations desifed.
reach the final targets in the most time- and effstient manner, individualized strategies must be
developed, tailored to the specific needs andtsitus of each watershed within the basin. Strasefpr
offsetting the phosphorus loadings increases fiaomd bise conversions will also need to be developed.
Accelerating the timeframe for meeting the reductargets will require annual funding commitmertts a
higher levels than in the past.

Vi



1.INTRODUCTION

The Lake Champlain Basin Program’s pl@pportunities for ActiorfLake Champlain Management
Conference, 1996), identified reducing phosphosusree of its highest priorities and set goals for
achieving in-lake water quality standards for ptasps within a 20-year timeframe. Through thigpla
the states of Vermont and New York committed taioedthe net loading of phosphorus to Lake
Champlain by 57 metric tons per year (mt/yr) over next 20 years relative to 1995 loads. Specific
phosphorus loading targets were established fdr ebt3 lake segment watersheds. A portion of the
load reduction responsibility assigned to Vermoilitlve shared with the province of Quebec according
to an agreement being developed by the MissisqagiBhosphorus Reduction Task Force. Vermont and
New York are implementing specific plans to achithefirst 25% reduction by the fall of 2001
(Vermont Agency of Natural Resources, 1996; NewkYstate Department of Environmental
Conservation, 1996), and Quebec has also beensaittlyéts responsibilities under the plan. Theesta
have also agreed to develop specific actions teeaelthe remaining 75% reduction within this fiiise-
year period.

When signingOpportunities for Actionthe governors of New York and Vermont responaegiublic
concerns about the timeframe for phosphorus reastutty expressing support for accelerating the 20-ye
timeframe if the means were available to do sathénfall of 1998, the Lake Champlain Committee
convened a group to investigate accelerating tiesgtorus reduction timeframe. The Vermont Citigen’
Advisory Committee to the Lake Champlain Basin Paaghas also suggested that the new timeline
coincide with the planned celebration of the 408ryanniversary of Samuel de Champlain’s arrivaho
Basin in 2009. Because of the high level of irderthe Lake Champlain Steering Committee
subsequently charged the chair of the Lake Champlasin Program’s Technical Advisory Committee
with assembling a group to gather information axah@ine what it would take to reach B@portunities
for Actionreduction goals by 2009.

This report is a working document for the Lake Chkaim Basin Program that examines the issues
surrounding phosphorus reduction efforts in thed.@kamplain basin. It summarizes anticipated
reductions under current point and nonpoint soprograms, explores additional reduction options, an
identifies future challenges that the Lake Chanmp&tieering Committee will face as it considers
potential next steps. It is the first step towardleating the progress and identifying future atdio
needed to ensure continued success of the phospieatuction plan.

2.ANTICIPATED PHOSPHORUSL 0AD REDUCTIONS UNDER CURRENT PROGRAMS

2.1 Overview

There are a number of federal, state, regional)@rad agencies involved in phosphorus reduction
efforts. Many of the on-going pollution controlbgrams in the Basin are well described in the



background technical information document that aqaniedOpportunities for Action(Lake

Champlain Basin Program, 1996) and will not be apdd here. All efforts to reduce phosphorus ispu
to Lake Champlain are based on the agreement sigr@oportunities for ActiorfLake Champlain
Management Conference, 1996). The following sadbiriefly summarized those commitments in
Opportunities for Action.

The 1996 Vermont Implementation Plan (Vermont AgeoitNatural Resources, 1996) established
an adjusted 20-year (Year 2016) total target Ida2il8.9 mt/yr, including the Quebec portion of lead
from the Missisquoi Bay lake segment watershed méet the five-year goal of reducing the overaldo
by 25% of the difference between 1995 loads argktdoads, Vermont must reduce phosphorus loads by
15.5 mt/yr by 2001 Vermont has primarily relied on wastewater et plant (WWTP) upgrades to
meet the first five-year targets. Vermont will Basompleted nearly all of the 12 facilities slated
upgrades during the first five years (see TableQpportunities for Action Eighteen additional
Vermont facilities were upgraded prior to 1996.eHalance of the reductions required in the fivst f
years are intended to be met through agricultieat lmanagement practice (BMP) implementation.

New York’s 20-year target load is 120.1 mt/yr, anckduction of 1.6 mt/yr is required by 2601
New York expects to meet the five year phosphavad reduction goals through a combination of point
and agricultural nonpoint source projects. Theg® load reduction will be realized from costrsia
of agricultural BMP and infrastructural improvemgrthe remaining reductions will result from
construction and upgrade of point source controls.

Quebec has also relied upon point source phosphedustion to meet the five-year target with
Vermont in the Missisquoi Bay lake segment. Quétsscprovided funding for construction and
connection to wastewater treatment plants throhgllean-Up Wastewater programs. At the end of
1999, 86% of the Quebec population in the Basimeoted to municipal sewer sent waste to plants with
phosphorus removal treatment.

2.2 Expected Reductions By 2001

2.2.1 Point sources

There are currently 59 Vermont facilities, 28 Newark facilities, and three Quebec facilities within
the Lake Champlain Basin that discharge significaaintities of phosphorus into the lake after
treatment. Some other municipalities within théesshed in Quebec have direct discharges with no
wastewater treatment. Table 1 summarizes the 488%rojected 2001 point source loads in Vermont,
New York, and Quebec. Units are in metric ton9QLEg) per year. By late 2001 or 2002, when tke la
of scheduled wastewater treatment plant upgradébevcompleted, a total of 22.7 metric tons of
phosphorus per year will have been reduced fromtsaiurces in the Basin since 1995.

! This number differs from the original 13.9 mt/gquired because the estimate for 1995 point sdaacks in
Vermont has been slightly revised.

2 This value is 25% of -6.3 mt/yr, which is the faaount of reductions required in New York. Tleyar target
for Cumberland Bay is higher than 1995 loads (mucéon), but increases were not considered inrGlgvalue.



Table 1. Point source phosphorus loads in the Lakéhamplain basin, 1995 and 2001

Estimated Projected
Lake Segment 1995 loads [a] 2001 loads [b]
— (mt/yr) —
Vermont
South Lake B 3.1 1.3
South Lake A 0.1 0.2
Port Henry 0.0 0.0
Otter Creek 10.8 7.9
Main Lake 21.6 13.6
Shelburne Bay 0.7 1.1
Burlington Bay 2.2 2.9
Malletts Bay 4.3 3.5
Northeast Arm 0.0 0.0
St. Albans Bay 1.6 1.0
Missisquoi Bay 6.5 3.9
Isle LaMotte 0.005 0.001
Vermont total 50.9 35.5
New York
South Lake B 2.7 2.2
South Lake A 7.0 7.1
Port Henry 2.7 0.8
Otter Creek 0.0 0.0
Main Lake 6.7 4.0
Cumberland Bay 11.8 11.6
Isle LaMotte 2.5 2.3
New York total 33.4 27.9
Quebec
Missisquoi Bay 4.4 2.7
TOTAL 88.7 66.0

Notes:

[a] 1995 loads for Vermont and Quebec are slighaiyjsed estimates that differ from those liste@pportunities
For Action Vermont data provided by Eric Smeltzer (VT DERgw York data provided by Joe Racette
(NYSDEC), and Quebec data provided by Martin Minfe@@uebec Ministry of the Environment).

[b] Projected 2001 loads are based on 1998 flawitk, planned treatment plant upgrades taken into@at. Data
provided by the same sources listed in note [a].

In Vermont, facilities discharging at a rate of titlion gallons per day (mgd) or higher are reqdir
to meet an effluent concentration standard of @yA.mLagoon facilities are currently exempt fronet
0.8 mg/L standard. New York does not have a badmstatutory phosphorus discharge limit, instead
emphasizing collaborative efforts with regulatechinipalities over expanded regulatory authority. |
New York, those facilities that are being upgradéith Clean Water/Clean Air Bond Act funding have
been designed to meet a 0.8 mg/L concentratiorejona In Quebec, facilities are required to neeet
standard of 1 mg/L.



Future phosphorus loading projections shown in ddtfor 2001 were calculated by assuming that
facility flows remain at their 1998 rates, and thabsphorus removal upgrades will continue to occur
according to the schedule listed below in Tabl&E#luent phosphorus sampling information was lagki
for some facilities, and in these cases it was ss0g to make assumptions about effluent phosphorus
concentrations, or to use data obtained at the ity during other years under similar opergtin
conditions.

Table 2. Schedule and cost of wastewater treatmeplant upgrades, 1996-2002

Vermont New York
Fiscal Cost of Date of Est. cost of
Facility year of upgrade [a] | Facility upgrade [b] | upgrade [c]
funding
[a]
Enosburg Falls [d] 1996 $288,828Champlain 1996 $1,893,8700
Castleton 1997 $548,347Cadyville [e] 1997 NA
Morrisville 1998 $654,247 Lake Placid [f] 1997 $250,000
Montpelier [g] 1999 $337,434 Great Meadows Correctional 1998 NA
West Rutland 1999 $753,207Washington Correctional 1998 NA
Brandon 2000 $500,00pWestport [h] 1998 $130,000
Fair Haven 2000 $500,050Port Henry 2000 $3,000,000
Middlebury 2000 $2,000,00p Dannemora 2001 $1,500,000
Montpelier [g] 2000 $1,601,16p Keeseville 2001 $1,800,000
Enosburg Falls [d] 2001 $355,0Q00Whitehall 2001 $2,000,000
Montpelier [g] 2001 $814,810
Poultney 2001 $1,043,000
Milton [i] 2001 $1,408,350
Northfield 2002 $2,840,000
Richmond 2002 NA
Total costs $13,644,433 Total costs (incomplete)  $10,573,800

Notes:

[a] Vermont fiscal year of funding and costs amarirEric Blatt, VT DEC. Estimates are capital cdetsthe
phosphorus reduction portion of the upgrade. Qjuerand maintenance costs are not available. iRgrfdr years
2000-2002 had not yet been awarded at the timeispublication.

[b] New York schedule is from Joe Racette, NYSDEC.

[c] Costs for New York are estimates from NYSDE@ aepresent total capital costs for the entirequfnot just
the phosphorus reduction). Operation and maintsnaasts are not included as part of the estimate.

[d] The Enosburg Falls project is being completethio phases.

[e] A new facility for Cadyville was constructed 1997.

[f] The Lake Placid project was not a facility upge, but installation of an effluent reuse systemirfigation.

[g] The Montpelier project is being completed inet phases.

[h] The Westport project was a constructed wetfandludge treatment rather than an upgrade fospharus
removal. Westport is seeking $1,713,564 in BontfAeding for a comprehensive upgrade.

[i] The future of the Milton expansion is uncertédiacause of environmental permitting issues.

2.2.2 Nonpoint sources
Nonpoint source phosphorus loads to Lake Champlaginate as surface runoff from farms,

residential lands, and other developed areas. elstimated that a hectare of developed land Conés
3.5 times more phosphorus than a hectare of agrialiland, and almost 40 times more than forested




land in the Basin (Hegmaat al, 1999). Agricultural land contributes approxintate6% of the
nonpoint source phosphorus loads basinwide (Hegrhah 1999); for this reason efforts to reduce
nonpoint source loads have thus far focused orw@grral sources.

A comprehensive measurement of nonpoint sourcepbtoogs loads into Lake Champlain was
completed in 1990-1992 as part of the Diagnostizskslity Study (VT DEC and NYSDEC, 1997).
Since then, assessments of nonpoint source loadsas the 1995 estimates presentgdgportunities
for Action,have used a crediting system to subtract the anwyhosphorus assumed to have been
removed by agricultural BMPs from the loads measiumeghe Diagnostic-Feasibility Study. The
crediting system for BMPs was developed by DickfCobthe USDA Natural Resource Conservation
Service (NRCS) based on field research in the ltePleatershed. Coefficients were developed and
assigned to six practices. These practices, aldtigtineir costs and credits, are listed in Table 3.
Milkhouse waste treatment is the storage of wastmianimal waste treatment system (filter strip or
other treatment). Waste utilization is a planngsteam to manage liquid and solid wastes with ulténa
disposal in a manner that does not degrade saiatar resources. Barnyard runoff treatment isstesy
to collect, control, and treat wastes from barngafeedlots, and other outdoor livestock conceiotmat
areas for disposal in a non-polluting manner. Brosontrol is a system to reduce soil erosion\aater
pollution on sloping cropland to reduce overlarahsiport of pollutants. Grazing management is the
exclusion of livestock from water bodies other tifimm planned watering points. When a farmer agplie
a practice, the credit is assigned and used fokitrg phosphorus reductions within the watershedrevh
the farm is located.

Table 3. Agricultural BMP coefficients

Phosphorus
Treatment Cost reduction | Credited | Credited | Credited
($/animal unit) | (kg/aulyr) in VT in NY in QC

Milkhouse effluent treatment 81 0.091 X X X
Waste utilization 334 0.136 X X
Barnyard runoff treatment 130 0.227 X X

Erosion control 341 0.363 X

Grazing management 45 0.227 X X

Nutrient management 108 0.091 X X

Cost and phosphorus reduction information is frambl€ 32 in the Diagnostic-Feasibility Study (VT DBad
NYSDEC, 1997) based on “edge of field” phosphorduction estimates. Cost estimates are expressad o
present value basis, including capital costs atasehnnual operation and maintenance costs, asguard%
discount rate over a 30-year period.

There are some differences in crediting amongtdtes In Vermont, milkhouse effluent treatment,
waste utilization, nutrient management, barnyarsfutreatment, and grazing management are allgbein
implemented and credited. Other practices suclreambank stabilization are being used, but cregliti
coefficients have not yet been developed and, filvereare not being taken. In New York, erosion
control, pasture management, nutrient managemiamned grazing system, waste storage system and



structure, intensive grazing management, milkhousste system, and barnyard runoff treatment are
being implemented and credited.

In Quebec, BMP credits have only been taken fokimoiise effluent treatment and waste utilization.
Quebec provides funding and technical support to@rage sustainable agriculture practices. Pmoject
include nutrient and manure management, agroenwigatal advisory services, erosion control, and
infrastructure facilities, but phosphorus reductioefficients have not been developed for all these
practices. At this time, credits for BMPs othearthmilkhouse effluent treatment and waste utilazati
have not being taken into account.

Table 4 presents nonpoint source loads for 199280d by lake segment. Using the coefficients for
BMPs listed in Table 3, the USDA NRCS, togethehwiermont Department of Agriculture, Food, and
Markets (VT DAFM), have estimated phosphorus leadlictions between 1996 and 2001 for the
Vermont side of the Basin. Similar informationrfrdNew York is not complete, but some information on
BMPs implemented with Bond Act money through 1998hown in Table 4. Quebec Ministry of the
Environment (QC MENV) has also provided an estinfiatgphosphorus reductions using the coefficients
in Table 3. By these calculations, in 2001 a totdl6.1 metric tons of phosphorus per year willeha
been removed from agricultural nonpoint sourcebéBasin since 1995.

As evident in note [d] in Table 4, the crediting®m is not perfect, but without another round of
comprehensive watershed sampling, it is our beahsef estimating nonpoint source loads at thie.tim
Several potential sources of error are explainéae

First, the original agricultural BMP estimates wbesed upon more than one source of information.
Some data came from NRCS baseline surveys fordRdaltte River project. These surveys took into
account all livestock enterprises and were condugyetrained field personnel who were qualified to
assess the functionality of any BMPs that were @manted. Some of the surveys were conducted in the
middle to late 1980’s, however, and the currentyses have not since taken into account any changes
livestock enterprises since then. Additional datane from surveys completed by VT DAFM, which
were conducted in 1995. These surveys were cothpildown (not hydrologic unit), were only
completed on dairy operations, and were condugtgeebsonnel who were not specifically trained to
properly assess the functionality of the curremtgtalled BMPs. In these surveys, smaller areas
encompassing fewer farming operations have a grpatential for error.

Another source of error comes from a discrepantyéoen lake segment boundaries and the way
agricultural BMP data are organized. The origB®lP data were organized by 11-digit hydrologic unit
Grand Isle County, however, is included in one Iditdhydrologic unit but is split into two lake
segments, Isle LaMotte and Northeast Arm. In¢hise, agricultural BMP estimates were interpolated
based upon dividing the county and town farm arichahunit data by the percent land mass in eaah lak
segment. There is no information available orritstion of farms in this area. Although the onai
agricultural BMP estimates were based upon 11-tigitologic unit boundaries, databases maintained
by VT DAFM and VT NRCS used 14-digit hydrologic tsi In the case of smaller lake segment areas, it
was slightly easier to estimate potential phosphoeductions using the 14-digit hydrologic unitajat
however, estimated loads in 2001 were still catedldy comparing to the original interpolated 1d#di
hydrologic unit estimates.



Table 4. Nonpoint source phosphorus loads in thedke Champlain basin, 1995 and 2001

1995 Ag. BMP 2001
Lake Segment estimated reductions estimated
NPS loads [a] 1996-2001 [b] NPS loads [c]
— (mt/yr) —
Vermont
South Lake B 24.5 -0.4 24.1
South Lake A 1.1 -1.9 0.0 [d]
Port Henry 0.2 (with S Lake A 0.0 [d]
Otter Creek 51.4 -3.2 48.2
Main Lake 59.1 -1.3 57.8
Shelburne Bay 11.1 -0.1 11.0
Burlington Bay 0.3 -0.0 0.3
Malletts Bay 26.9 -1.1 25.8
Northeast Arm 1.4 -0.4 1.0
St. Albans Bay 7.2 -0.3 6.9
Missisquoi Bay 142.1 -2.3 139.0 [e]
Isle LaMotte 0.3 -0.1 0.2
Vermont total 325.6 -11.0 314.3
New York
South Lake B 24.3 -2.4 21.9
South Lake A 3.1 -0.6 2.5
Port Henry 1.8 -0.2 1.6
Otter Creek 0.1 -0.0 0.1
Main Lake 30.8 -0.9 29.9
Cumberland Bay 8.3 -0.1 8.2
Isle LaMotte 19.5 -0.0 19.5
New York total 87.9 -4.2 83.7
Quebec
Missisquoi Bay (with VT) -0.9 (with VT)
TOTAL 413.5 -16.1 398.0

Notes:

[a] 1995 estimated nonpoint source (NPS) load$rane Opportunities for Action Loads are based on 1991 inputs
from the Diagnostic-Feasibility (VT DEC and NYSDE®97) data then subtracting out agricultural BM&dds.
[b] Vermont agricultural reductions are from Lynmiht (USDA NRCS) and Jeff Cook (VT DAFM). New Yor
agricultural reductions are froRrogress '99%nd include information through 1998 only. Quebggdcultural
reductions are from Martin Mimeault (QC MENV).

[c] 2001 estimated NPS loads are the sum of thequre two columns (= 1991 loads minus all BMP returs
1991-2001), with exceptions noted in [d] and [e].

[d] Estimated agricultural BMP reductions exceeel MPS loads for these two lake segments. Loads therefore
projected to be zero.

[e] 2001 load for Missisquoi Bay takes into accouatmont and Quebec BMP credits (142.1 - 2.259)0.8



2.2.3 Summary of progress toward meeting the Singtar goals

In Opportunities for Actiornthe states of New York and Vermont committed tayéduce the
difference between existing (1995) loads by contitly watershed, and target loads by contributing
watershed, by at least 25% per five year periodifemext 20 years” (Lake Champlain Management
Conference, 1996; p. 10). For this report, fivarymrgets by lake segment were calculated by gakin
25% of the differences between 1995 total loads{fTables 1 and 4) and the 20-year total targeisioa
for each lake segment, and subtracting that am@umtdding, in the case of Cumberland Bay) from the
1995 total loads. Note that the 20-year target¥&ymont are adjusted target loads from the Vetmon
Implementation Plan (VT ANR, 1996), not the tardestted inOpportunities for Action There is no
separation of point source and nonpoint sourceslaathe 5-year targets.

In Table 5, the 2001 projected total loads candmepared to the five-year target loads to deterrfine
each lake segment is on track to meet the firstfsgbals. By agreeing to reduce phosphorus inpyts
25% of the target reductions, the states of VermaodtNew York and the province of Quebec committed
to a basinwide reduction of 15.8 mt/yr in the fiise yearé. By 2001, the states and Quebec will have
reduced phosphorus inputs by 38.8 mt/yr basinwWateexceeding their goal.

On a lake segment by lake segment basis, the stadeQuebec will meet the five-year target
concentrations in most lake segments. MissisqagiiB the only lake segment that will not reach the
five-year target load. However, several other Isggments will just barely meet the targets, and
considering the possibility for error in the loagliestimates, the Shelburne Bay VT, Burlington Bay V
South Lake A NY, and Isle LaMotte NY lake segmesiteuld be examined more closely.

2.3 Relationship to the TMDL Process

Since the signing dDpportunities for Actionthe U.S. Environmental Protection Agency has begun
implementation of new provisions in the Federala@l®Vater Act that require the states to develop a
Total Maximum Daily Load (TMDL) for waters wherercently required point and nonpoint source
pollution controls are not enough to attain comm@with water quality standards. A TMDL estaldish
the maximum amount of a pollutant that may be ohiceed to a waterbody while still ensuring attaintnen
of water quality standards. TMDLs must includeasafe load allocations for point and nonpoint sesirc

Both Vermont and New York have listed Lake Champhks a water needing a TMDL for
phosphorus. The Lake Champlain phosphorus TMDLheildeveloped in a manner consistent with the
in-lake total phosphorus concentration goals eratbby New York, Vermont, and Quebec, and with the
loading targets established@pportunities for Actiorand subsequent state implementation plans. The
development of the Lake Champlain phosphorus TMIlLimclude a public participation process in
both states. It is expected that the phosphodigction scenarios and cost estimates presentédsin t
report will provide important supporting informatidor load allocation decisions made during the
development of a Lake Champlain phosphorus TMDL.

% This number differs from the original 14.25 mt(26% of 57 mt/yr) required because the estimatd 895 point
source loads in Vermont has been slightly revised.



Table 5. Total phosphorus loads for 1995 and 200and 5- and 20-year target loads. Notice that the
projected load for 2001 is significantly less thathe 5-year target load.

1995 2001 5-year total | 20-year total
Lake Segment total projected target load | target load
loads [a] total loads [a] [b] [c]
— (mtlyr) —
Vermont
South Lake B 27.6 25.4 26.0 21.0
South Lake A 1.2 0.2 1.1 0.7
Port Henry 0.2 0.0 0.2 0.1
Otter Creek 62.2 56.1 57.1 41.8
Main Lake 80.7 71.4 82.0 85.8
Shelburne Bay 11.8 12.0 12.1 13.0
Burlington Bay 2.5 3.2 3.4 6.1
Malletts Bay 31.2 29.4 30.7 29.4
Northeast Arm 1.4 1.0 1.4 1.2
St. Albans Bay 8.8 8.0 9.1 9.8
Missisquoi Bay | 153.0 [d] 145.5 [d] 142.2 109.7
Isle LaMotte 0.3 0.2 0.3 0.3
Vermont total| 380.9 352.4 365.4 318.9
New York
South Lake B 27.0 24.1 26.8 26.2
South Lake A 10.1 9.6 9.9 9.4
Port Henry 4.5 2.4 4.0 2.5
Otter Creek 0.1 0.1 0.1 0.0
Main Lake 37.5 33.9 36.9 35.0
Cumberland Bay 20.1 19.8 21.5 25.5
Isle LaMotte 22.0 21.8 21.9 21.5
New York total| 121.3 111.6 121.0 120.1
Quebec
Missisquoi Bay | (with VT) (with VT) (with VT) (withvT)
TOTAL 502.2 464.0 486.4 439.0

Notes:

[a] Total load is the sum of point source (Tabladdl nonpoint source (Table 4) loads by lake segmetin
exceptions noted in [d].

[b] 5-year target loads represent 25% of the diffiee between the total 1995 loads and the 20-gegets.
[c] Twenty-year targets for Vermont are adjustadetloads from Table 3 in theake Champlain Phosphorus

Reduction Vermont Implementation PIAAI ANR, 1996). Twenty-year targets for New Yaie total target loads
presented in Table 2 @pportunities for Action

[d] Total load for Missisquoi is the sum of Vermantd Quebec point source and nonpoint source loads.

The 20-year target loads for Vermont and New Yo#lyrne modified when the states conduct a Lake
Champlain Phosphorus TMDL analysis. Under theergant inOpportunities for Actioneach state can
adjust its total loading targets by contributing@vahed as it sees fit, as long as the adjustefs lveet
the in-lake phosphorus concentration goals.



2.4 Expected Reductions Beyond 2001 Under Currentr&grams

As a first step in examining additional reductidingt can be used to achieve the 20-year phosphorus
reduction goals, the Phosphorus Reduction Tearrefiemined additional reductions that could be
achieved using current programs. This sectiorugses those reductions in the years beyond 2001.
Possible reductions from new programs are congidar8ection 3.

2.4.1 Point sources

In Vermont, most planned wastewater treatment plpgtades will be completed by the end of 2001.
The town of Milton is hoping to upgrade and exp#rar aerated lagoon system to a 1.0 mgd treatment
plant by 2002, but the future of the Milton expamsis uncertain because of environmental permitting
issues. Facilities in Northfield and Richmond wilso be upgraded after 2001. In Quebec, faclitii
be constructed for Abercorn and Notre-Dame-de-3idge after 2001. This will reduce phosphorus
loads by 0.3 mt/yr. Plans for future upgrades @wiNork depend on availability and application of
funding. State funding will be provided to upgrdadeilities that are likely to require phosphorus
discharge limits based upon prospective TMDL lodatations. Currently Granville and Westport are
waiting for the funding to complete the phosphorduction portion of their upgrades. A new fagibt
Chazy is being planned and is expected to redymédrirom failing septic systems and direct disghar
these sources have probably been counted as nospaitte phosphorus in the past.

Point source phosphorus loads for the next te®tgears were projected by assuming all facilities
will increase their discharges to permitted levalse assumption is consistent with the agreement
between the states and the approach tak@pportunities for Action However, this projection may
overestimate future loads for some facilities mmagably Plattsburgh, NY. It might also underestigna
loads in towns that expand their treatment plamctommodate growth. The total permitted loads fo
each lake segment are presented and discussettionsg 1 of this report.

2.4.2 Nonpoint sources

Because the majority of current programs to redwmgoint source pollution address agricultural
sources rather than urban sources, this subsetiionsses the future of these agricultural programs
exclusively. Thus far, all nonpoint source redmasi have come from the agricultural sector. All
agricultural reductions have been accomplished wiuntary basis.

Future funding for these nonpoint source redustismot clear. In New York, state Bond Act
money will be exhausted before 2001, and stateWBiBA EQIP funding is very competitive. In
Vermont, a combination of state and federal fundiag been used to provide assistance to farmats, an
the level of funding through these sources hadufated from year to year.

In Quebec, the Agroenvironmental Investment Aasis¢ program will provide funding until 2003
for efficient manure storage. By this time all messtorage units should be constructed. Quelasas
planning to control pollution from agricultural goas for 1999-2005 based on various actions alrpatly
in place by the Province of Quebec through the Agwironmental Investment Assistance and Soil and
Water Conservation programs. The main objectifésase programs are the following:

= reduction of phosphorus, nitrogen, and pesticidespéecific watersheds;
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= promotion of proper farming practices (e.g., effitimanure storage by 2003 and soil and water
conservation);

= realization of nutrient management plan as requisethe Regulation respecting the reduction of
pollution from agricultural sources by 2004;

» intensification of the application of the regulatim reduce pollution from agricultural sources;

= participation of many partners, local groups amchéx unions.

As a way to estimate the potential future reductiavailable through agricultural BMPs, the USDA
NRCS, VT DAFM, and QC MENYV have estimated credit¥ermont and Quebec if all remaining farms
in need of BMPs (see list in Table 3) were trealethle 6 presents this information. Credits wersel
on the same process described in 2.2.2. Futuuetieds in the Quebec portion of the Basin are dase
erosion control and nutrient management BMPs tonpéemented, in addition to the other BMPs
identified in Table 3. Data are not yet availdioleNew York. A timeframe for completing all BMPa#
not been set.

Table 6. Projected nonpoint source phosphorus loadf agricultural BMPs are implemented on all
farms needing treatment, compared to 20-year NPS tget loads (VT and QC)

Projected
2001 Additional NPS load
Lake Segment projected agricultural after 20-year NPS
NPS loads [a] NPS credits [b] | treatment [c] | target loads [d]
Vermont — (mtlyr) —
South Lake B 24.1 -4.0 20.1 19.2
South Lake A 0.0 [e] -8.2 0.0 [e] 0.6
Port Henry 0.0 [e] (w/ S Lake A) 0.0 [e] 0.1
Otter Creek 48.2 -10.0 38.2 27.3
Main Lake 57.8 -4.0 53.8 58.1
Shelburne Bay 11.0 -0.7 10.3 11.0
Burlington Bay 0.3 0.0 0.3 0.3
Malletts Bay 25.8 -6.8 19.0 26.1
Northeast Arm 1.0 -2.1 0.0 [e] 1.2
St. Albans Bay 6.9 -1.5 5.4 7.0
Missisquoi Bay 139.0 [f] -29.2 109.8 [f] 100.3
Isle LaMotte 0.2 -0.4 0.0 [€] 0.3
Vermont total 314.3 -52.6 256.9 251.5
Quebec
Missisquoi Bay (with VT) -14.2 (with VT) (with VT)
Notes:

[a] See Table 4.

[b] Vermont agricultural reductions are from Lynmight (USDA NRCS) and Jeff Cook (VT DAFM). Quebec
agricultural reductions are from Martin MimeaultQQMENV).

[c] Load is equal to 2001 loads minus the BMP deedi

[d] Twenty-year NPS target loads are from Yfegmont Phosphorus Reduction Implementation P1896).

[e] Agricultural BMP reductions exceed the loadstfos lake segment. Loads were therefore projetidat zero.
[f] Load for Missisquoi takes into account Vermamid Quebec BMP credits.

It is evident that in some Vermont lake segmentaifsLake A, Northeast Arm, and Isle LaMotte),
implementing all BMPs will not be necessary to nthettargets. In other lake segments, even if all
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current BMPs are implemented, the phosphorus rehscthat would occur would not be sufficient to
meet the 20-year nonpoint source target loads VEmmont lake segments that may not meet the targets
relying solely on current BMPs include South Lakedter Creek, and Missisquoi Bay.

2.5 Possible Effects of Land Use Changes on PhospimLoads

The load estimates presented thus far have nouatzbfor changes in phosphorus loading resulting
from changes in land use in the Basin. Becauseloeed land contributes much more phosphorus than
agricultural or forested land (Hegmanal, 1999), the amount of phosphorus dischargedLiake
Champlain increases as more land is developeds ifitiease in phosphorus loading must be offset in
any overall reduction strategy. In order to estérthe potential magnitude of this increase in ilogda
preliminary estimate of the change in phosphorpst®in response to land use changes has been
developed.

The rate of change for agricultural, forested, dedeloped land from 1982 to 1992 was calculated
for each 8-digit hydrologic unit in the Basin usithig USDA National Resources Inventory (NRI) (Table
7). The location of each 8-digit hydrologic ursitshown in Figure 1. The NRI is based on resodata
collected every five years at thousands of sanifde & every state except Alaska. The annual sl
use change rates in each 8-digit hydrologic unih@Basin were applied to the 1992/93 land usa @est
reported in Hegmaat al.,1999) to estimate changes in the area of foreaggdultural, and urban lands
from 1992 to 2001. Figure 2 shows the distributibeach land use type in 1982 and 1992 by state.
Notice that even though thate of increase in developed land is high, especialiyjermont (Table 7),
theamount of developed land in each state is still relativahall.

To estimate phosphorus loads resulting from lamdolisnges, the phosphorus export coefficients in
Hegmaret al. (1999) were used in each hydrologic unit. Mdghe 8-digit hydrologic units encompass
the watersheds of more than one lake segment @dgle T). The data could not be separated further,
making an analysis by lake segment impossible.dlLese and phosphorus export analysis for the
Missisquoi hydrologic unit was adjusted to accdonispecial conditions in this part of the basin.
Appendix A presents these adjustments and alsodesla more detailed presentation of the overad la
use data and nonpoint source loading calculations.

Land use changes are affected by the state otthey and many other factors. This analysis
assumes that the yearly land use conversion beth®@2%2001 is the same as the yearly change seen
from 1982-1992. Because there were significanediffices in the strength of the economy in the 1980s
compared to the 1990s, our estimates of changebmagnservative. As additional land use change
information becomes available, additional analisisarranted..

As shown in Table 8, estimates of changes in ptasighinputs resulting from land use changes on
the New York side of the basin may not be enougtignificantly affect phosphorus loads. However, i
the strong economy has resulted in increased davelnt in New York since 1992, then land use
changes may significantly affect phosphorus loadséw York in the future

In Vermont, substantial increases in phosphorudihgamight be occurring in the Otter Creek, Main
Lake/Shelburne Bay/Burlington Bay, Malletts Bay/Mhaast Arm/St. Albans Bay, and Missisquoi
Bay/lIsle LaMotte lake segments. In fact, the iases in some areas may be similar in magnitudeeto t
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Table 7. Land use changes in the Lake Champlain basin, 82-1992.

ng(rtgloglc DUl Code Laﬁ?j’i?org?cnﬁr:irt] 2 Agriculture Forest Developed
Area (Ha) Change Area (Ha) Change Area (Ha) Change
1982 1992 1982 1992 1982 1992

VERMONT
Lake George (VT) 2010001 S Lake B, S Lake A, Pamiy 34,359 28,450 -17.2% 85,593 89,883 5.0% 6,4357,446 15.7%
Otter 2010002 Otter Creek 89,073 78,834 -11.5 1538, 175,921 4.6% 8,620 11,453 32.9%
Winooski 2010003 Main Lake, Shelb. Bay, Burl. Bay 0,506 41,805 -17.2% 222,946 227,276 1.9% 19,061 7583, 24.6%
Lamoille 2010005 Malletts Bay, NE Arm, St. Alb. Bay 70,174 57,750 -17.7% 162,121 169,729 4.7% 11,372 6,754 47.3%
Missisquoi 2010007 Missisquoi, NE Arm, Isle LaMotte 55,645 46,904 -15.7% 109,146 117,361 7.5% 6,354 2447, 14.0%

NEW YORK
Lake George (NY) 2010001 S Lake B, S Lake A, Pamiy, Otter 28,652 25,253 -11.9% 156,779 163,294 2%4. 11,089 12,303 10.9%
Ausable 2010004 Main Lake 30,271 27,681 -8.6% 26,6 259,045 0.9% 10,198 10,198 0.0%
Great Chazy-Saranac 2010006 Cumberland Bay, I3lotta 75,516 67,503 -10.6% 161,716 168,312 41% 03B, 11,534 14.9%

Source: 1992 USDA NRCS National Resources Invgr{ttata provided by Ray Godfrey, NRCS Winooski, VT)
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Figure 1. Lake Champlain basin with 8-digit hydrolagic units and town boundaries
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Figure 2. Distribution of major land use types in 1982 and.992, by state.
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compared to targets

Table 8. Projected phosphorus loads for 2001, with and whout consideration of land use changes,

1995 total 2001 total 2001 total 5-year 20-year
Lake Segment loads loads - loads — With total total target
No land use land use targetload | load [d]
changesla] changeslb] [c]
— (mt/yr) —
Vermont
South Lake B
South Lake A 29.0 25.6 25.0 27.2 21.8
Port Henry
Otter Creek 62.2 56.1 60.3 57.1 41.8
Main Lake
Shelburne Bay 95.0 86.7 89.8 97.5 104.9
Burlington Bay
Malletts Bay
Northeast Arm [e] 41.4 38.3 42.0 41.1 40.4
St. Albans Bay
Missisquoi Bay 153.3 145.7 152.4 142.5 110.0
Isle LaMotte
Vermont total| 380.9 352.4 369.5 365.4 318.9
New York
South Lake B
South Lake A 41.7 36.2 35.5 40.8 38.1
Port Henry
Otter Creek
Main Lake 37.5 33.9 33.2 36.9 35.0
Cumberland Bay 42.1 41.5 40.9 43.3 47.0
Isle LaMotte
New York total| 121.3 111.6 109.6 121.0 120.1
Quebec
Missisquoi Bay (with VT) (with VT) (with VT) (withv'T) (with VT)
TOTAL 502.2 464.2 479 486.4 439.0
Notes:

[a] 2001 load without consideration of land usenges is the 2001 load as calculated in Table Sluoped by 8-
digit hydrologic unit.

[b] 2001 load with consideration of land use chang@justs the 2001 load using the change factomsrsin Table
7. Projected changes in phosphorus loads aredigi8hydrologic unit (HU), not by lake segmentchese the land
use change information is only available by 8-diyitirologic unit.

[c] Five-year target loads represent 25% of théetéhce between the 20-year targets and the 1984 [bads.

[d] Twenty-year targets for Vermont are adjustedéaloads from Table 3 in theake Champlain Phosphorus
Reduction Vermont Implementation PIAAI ANR, 1996). Twenty-year goals for New Yorleaotal target loads
presented in Table 2 @pportunities for Action

[e] The Northeast Arm lake segment is located lmothe Lamoille and Missisquoi 8-digit hydrologiaits.
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reductions from agricultural BMP implementationcgrl995. Although the predicted changes cannot be
attributed to specific locations with the hydrologinit, additional phosphorus loads from growinggear
such as Otter Creek, Shelburne Bay, and BurlinBtmyn might mean that these lake segments will not
meet their five-year targets.

In the Vermont portion of the Missisquoi Bay waterd, the amount of agricultural land overall has
decreased, but the area of row crops (mainly doaongased by 50% between 1982 and 1997 (USDA
Agricultural Census, 1997; Franklin and Orleansnti@s) and the number of cows and cattle in Frankli
County increased by 1.2% between 1987 and 1997 AJ&dpicultural Census, 1997). The agricultural
land that has been lost has mainly been land wsdthf/ and pasture. Thus the contribution of
phosphorus from agricultural land has probablyéased because the land is being used more
intensively. For the Missisquoi Bay lake segmémg,land use analysis was refined to account fseh
trends (for additional details, see Appendix AheTesults suggest that phosphorus loads will asere
by 6.7 mt/yr between 1992 and 2001, putting the dgment further above the five-year target (Table
8).

2.6 Costs and Funding Sources for Phosphorus Redimn

2.6.1 Vermont

Between 1996 and 2001 Vermont will have spent $a8likon, at an average cost of $883,000 per
metric ton, to reduce yearly point source phospharputs to the lake by 15.4 metric tons. Coats fo
reductions between 1991 and 1995 (77.4 metricabpsosphorus reduced) were $7 million, with an
average cost of only $91,000 per metric ton of phosus reduced. Vermont costs reflect construction
costs of the phosphorus reduction portion of the TPWipgrade; operation and maintenance costs are not
available. Funding for these projects has mainipe from the state capital budget.

Vermont and NRCS will have spent $9.6 million tduee yearly nonpoint source phosphorus inputs
to the lake by an estimated 11.0 metric tons batvi®®6 and 2001, at an average cost of $871,000 per
metric ton. Cost estimates are expressed on amirealue basis, including capital costs as wedlrasual
operation and maintenance costs, assuming a 5%udiscate over a 30-year period. Of this totaf58
came from federal financial assistance (EQIP and®&8), 22% came from the state, and 20% was paid
by the farmer. Point source and nonpoint sourdaations have had similar costs per metric tonndyri
the time period 1996—-2001.As demonstrated in T@ptkere are still substantial nonpoint source
reductions possible under the current agricultpragrams. If all agricultural BMPs are implemented
farms needing them, NRCS estimates that they vt a total of $62.7 million on the Vermont side of
the Basin, or an average cost of $1.2 million petrim ton of phosphorus reduced. This averageisost
higher than that for the period of 1996 to 2001niyabecause it is the more complex sites requinioge
expensive BMPs that are still in need of treatméihdtice that not all farms will have to be treated
meet the target loads for each lake segment. >@&mpgle, it appears that not all of the projectsiilied
in South Lake A, Port Henry, Northeast Arm, ane IshMotte lake segments will need to be
implemented to meet the target loads of those setsm@&@ herefore, $62 million overestimates theltota
cost of nonpoint reduction necessary.
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2.6.2 New York

New York has upgraded several wastewater treatpiant facilities but the cost of reducing
phosphorus at these plants is not yet availabstimBted costs presented in Table 2 represent full
construction costs, and in some cases do not tefpgrades for phosphorus removal. Point sourse co
information for New York will be prepared during@@ Holmes and Artuso (1996) estimated the cost of
some of the upgrades in New York, but the infororats incomplete and the estimates appear outef li
with the actual costs in Vermont.

Relatively little federal funding has been receiuedecent years in the New York portion of the
Basin through existing programs. Project-spedifitding has been used for wastewater treatmerityaci
improvements at Champlain and Peru, and, alongstétte funding, has contributed to constructioa of
new facility at Chazy. State funding has beerpitimary source of implementation money in New York,
through the Clean Water/Clean Air Bond Act of 199%is program allocated $15 million for Lake
Champlain management plan implementation projeetsed in part on information from Holmes and
Artuso (1996). Through the end of 1999, $11 miillaf this allocation has been committed to a broad
range of implementation projects.

2.6.3 Quebec

Between 1991 and 1998, Quebec invested $11.2 m{iian $16.4 million) to construct five new
wastewater treatment facilities, two of which disje into the Richelieu River rather than Lake
Champlain. Costs of individual projects are natently available. These costs represent the taist
of the projects rather than the phosphorus redugiastion of the total cost. Between 1999 and 2001
there will be three additional new facilities, ¢gogt$2.3 million (Can $3.3 million).

Since 1988, Quebec has invested primarily in chpitastruction funds for efficient manure storage
through the Agroenvironmental Investment Assistgsrogram. Between 1996 and 2001, Quebec will
have spent $1.8 million (Can $2.6 million) to redyshosphorus nonpoint sources by an estimated 0.9
mt/yr (probably an underestimate because not atitiges have been credited). This fund represented
70% of the total cost with 30% coming from farmef$ie BMP implementation is based on two existing
assistance programs from the Province of Québemehyironmental Investment Assistance and Soil
and Water Conservation.

If erosion control is fully implemented in Quebebosphorus nonpoint sources can be reduced by an
additional 14 metric tons per year. The QC MENVhaates that this will cost a total of $13.7 mitio
(Can $20.1 million).
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3. ADDRESSING PHOSPHORUS REDUCTION GAPS

3.1 Point Sources

In the first five years since signit@pportunities for Actionmost of the reductions achieved have
come from wastewater treatment upgrades. In dodexamine the potential for additional reductions
from point sources, three scenarios are discussledvb The scenarios are meant to be exploratory in
nature. They might be used in the future to dgvetust estimates that will allow for cost-benefit
analyses comparing several reduction strategies.

1. Currently permitted loads

This scenario assumes future loads reach theilintiie current discharge permit (permitted flow
rates and discharge concentration of 0.8 mg/Lallaapplicable facilities. Several facilities irekmont
and New York have specific phosphorus limits (Ibgll for those facilities, the specific limits warsed
instead of flow rates and concentrations. A defeahcentration of 5.0 mg/L was used for most fted
that do not have phosphorus limits in their permBgcause New York has permitted flow limits bash
not regulated loads, municipal treatment planfdémw York that have been upgraded were assumed to
meet a 0.8 mg/L phosphorus concentration and faledities were assumed to be 5.0 mg/L.

The 20-year total target load allows for futurer@ases in point source discharges up to currently
permitted flows. This scenario allows for growtreothe next 20 years, but may overestimate loads a
some facilities, particularly in Plattsburgh, NewrK, where process changes at the Georgia-Pacific
paper mill have significantly reduced influent lgagito the WWTP.

2. No aerated lagoon exemption

This scenario is the same as scenario 1 excepi@ 8 mg/L concentration limit would be
extended to eight aerated lagoon facilities withrigd or greater permitted flow that are currently
exempt from the concentration limit. The eight Ment facilities that would be affected by this samen
are Hardwick, Hinesburg, Proctor, Richford, Swanibmoy/Jay, Vergennes, and Waterbury.

In New York, aerated lagoons are in place at Aws&brks, Dannemora, and St. Armand. Only
Dannemora exceeds the 0.2 mgd threshold. It isdsdld for an upgrade by 2001 and so is expected to
meet the 0.8 mg/L concentration limit in the nadufe.

3. Large facility 0.2 mg/L concentration limit

This scenario includes the reductions in scenadse @ell as the addition of a 0.2 mg/L concentratio
limit on the 22 facilities in the Basin with a petied flow greater than 1.0 mgd. Of the facilities
affected, 15 are in Vermont and 7 are in New YorFkere are no facilities of this size in the Quebec
portion of the Basin.

A limit of 0.2 mg/L is used in this scenario foetpurposes of exploring the lowest possible
reductions from large point sources. Emergingretdygies (described below) have been developed
recently that have succeeded in reducing effluententrations to below 0.2 mg/L at pilot plantsis|
acknowledged that many factors would have to baidened and negotiated before adopting such a
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strategy; therefore this scenario is presentedihesader to demonstrate the largest reductionsghbto
be possible at this time. Costs would not be ghatmng to towns as an unfunded mandate. Other
scenarios, with higher concentrations or targef@eglities only in certain lake segments, can belewed
in the future.

Table 9 presents the phosphorus loads by lake seadarehe three scenarios described above. It
should be noted that the 20-year targets for @oidtnonpoint sources may be adjusted in the future.

Table 9. Point source phosphorus loads under alternativiiture scenarios

20-year
Currently #landno #2 and large | point source
permitted lagoon WWTPs at 0.2 target loads
Lake Segment load exemption mg/L [a]
[#1] [#2] [#3]
— (mtlyr) —
Vermont
South Lake B 1.7 1.7 1.7 1.8
South Lake A 0.2 0.2 0.2 0.1
Port Henry 0.0 0.0 0.0 0.0
Otter Creek 16.5 14.5 7.0 14.4
Main Lake 35.4 32.6 13.8 27.7
Shelburne Bay 2.1 2.0 2.0 2.0
Burlington Bay 5.5 5.5 1.5 5.9
Malletts Bay 6.1 3.9 3.1 3.3
Northeast Arm 0.0 0.0 0.0 0.0
St. Albans Bay 2.8 2.8 1.1 2.8
Missisquoi Bay 10.4 6.7 4.2 9.4
Isle LaMotte 0.2 0.2 0.2 0.0
Vermont total 80.9 70.1 34.9 67.4
New York
South Lake B 3.1 3.1 3.1 1.9
South Lake A 17.6 17.6 5.8 7.4
Port Henry 0.6 0.6 0.6 0.7
Otter Creek 0.0 0.0 0.0 0.0
Main Lake 5.2 5.2 3.2 4.3
Cumberland Bay 19.3 19.3 7.9 17.2
Isle LaMotte 14.7 14.7 1.5 2.0
New York total 60.6 60.6 22.1 33.5
Quebec
Missisquoi Bay N/A N/A N/A (with VT)

Notes:

[a] The 20-year targets for point sources may hesaed in the future during the TMDL process.
N/A — not applicable

If all facilities expand to their permitted flowtes as in scenario 1, point source loads will eddbe
20-year point source target loads in nearly evakg segment. Some of these future load estimations
may be inaccurate, particularly in the South Lakie¥y Cumberland Bay, and Isle LaMotte NY lake
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segments. Because of the high volume, low conatoitr nature of the International Paper discharge,
future loads to the South Lake A segment are pighlaing overestimated. Similarly, the city of
Plattsburgh currently discharges at less thandfdhie permitted volume because pulping operatains
the Georgia-Pacific paper mill have ceased. Tlhesehin expansion to permitted discharge volume at
this plant probably overestimates future loadirngthe Cumberland Bay lake segment. Future loaiding
the Isle LaMotte segment is strongly affected yRouses Point discharge. Because there is ableli
effluent concentration data, a concentration ofggLmwvas assumed. Also, the discharge from thisitiac
is to the lake outlet (Richelieu River), north bétRt. 2 bridge. Therefore, impacts upon the gatér
Lake Champlain from this discharge are probablyomgompared to other point sources in the Isle
LaMotte segment.

Scenario 2 offers a reduction of 10.9 mt/yr in Veninfrom permitted flow rates. If scenario 2 was
implemented, almost all Vermont lake segments wauwdet or only slightly exceed the current 20-year
point source target loads. The largest exceedafrtte 20-year total target load, 4.8 mt/yr, woadur
in the Main Lake segment. Costs associated witlvexting the eight lagoon facilities are currerifing
investigated.

Scenario 3 offers an additional reduction of 35t&nfor Vermont and 38.5 mt/yr for New York
below the permitted rates. In Vermont, only thetBd.ake A and Isle LaMotte segments would slightly
exceed the 20-year point source target loads datlidate treatment plants were converted. df thi
scenario was implemented, the loads for Otter Criglalin Lake VT, Cumberland Bay, and Missisquoi
segments would be reduced to roughly half of thge&dr point source target loads. These additilozeal
reductions would bring many lake segments closénddotal phosphorus load reductions necessary to
achieve the 20-year targets for total phosphorad,loonsidering both point and nonpoint sourcés. |
additional treatment on large plants was foundatonore cost-effective than agricultural or urban
nonpoint source BMPs, these additional point sotedections might be used to achieve the totaktarg
loads for those segments.

In the future, this scenario could be further refin Advanced treatment at selected facilities dhat
located in specific lake segments where reductoasnost needed might be the only way to achiexe th
in-lake criteria in these problem segments. Intémd reductions achieved in some lake segments, (e
Burlington Bay and Cumberland Bay) will help redilcéake concentrations in other lake segments
(Main Lake).

Using the most common phosphorus reduction methoEgment facilities typically achieve effluent
concentrations of 0.5 to 2.0 mg/L. In order toiaeh effluent phosphorus concentrations below 0.5
mg/L, it is essential to remove suspended solitiEl{®ys, 1999). By using chemical addition, tenyi
clarification, and effluent filtration it is possibto achieve effluent total phosphorus concemnatiof
0.10 to 0.25 mg/L (Stallings, 1999). There are alsveral emerging technologies that are capable of
producing effluents with very low phosphorus concstions. One new technology called the CoMag
process combines the application of a low-level medig field with the addition of bentonite and
magnetite, and resulting solid precipitates areosard with a high gradient magnetic filter (Woodarai
Curren, 1998). This process has been used imagrdgram in Marlborough, Massachusetts and
demonstrated an ability to achieve effluent phosphéevels of less than 0.1 mg/L. Very preliminary
cost information for installing the CoMag procetsshe largest facilities in the Basin have beervigked
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by Caambridge Water Technology (personal commuoithat They estimated both add-on costs,
assuming that the current facility’s effluent ig thfluent to the CoMag treatment, and an integrate
capital cost, assuming that the CoMag technologytégrated within the existing WWTP such that
additional chemical treatment ahead of the CoMagtplvould reduce the CoMag influent phosphorus to
a level that would allow bypass of a significanttjpm of the total flow. Costs varied from abodt&to
$2.8 million per million gallons of flow, dependimp the size of the WWTP.

Another new phosphorus removal method called tlm@em process uses a microfiltration
membrane combined with chemical addition. Membsaare typically submerged in existing aeration
tanks. Consistent phosphorus effluent levels s than 0.1 mg/L have been achieved with this goce
at municipal plants in Ontario, Canada (Mourato @hdmpson, 1999; Thompset al, 1999). Costs
may be lower than those of conventional treatmetibos, but estimates for Lake Champlain facilities
are not available at this time.

3.2 Nonpoint Sources

As shown in sections 2.4.2 and 2.5, implementihgeahaining BMPs may not be sufficient to reach
the 20-year nonpoint source targets in some laggnepts. Therefore, it may be necessary to consider
new practices that will help attain the water gyalioals in each lake segment. The next threéosect
describe some ideas for additional agricultural amhn phosphorus reduction practices.

3.2.1 Agricultural nonpoint sources

3.2.1.1 Mass Balance Approaclonsiderable work has occurred in the Lake Chaimpasin
investigating options for agricultural producerséduce nutrient usage in their operations. Moshie
work has looked at components of their operatiod, reot taken into account the effects of the ojmmat
as a whole. A whole-farm nutrient planning apploaffers farmers a detailed look at nutrient inpand
outputs and can provide a much better pictureefjladual accumulation of nutrients on the farrar F
example, an analysis of seven farms in New York\amanont in the Lake Champlain basin showed that
an average of 63% of phosphorus imported ontoairm in a single season was retained on the farm
(Allshouseet al, 1997). Accumulated phosphorus can be a threaater quality if the phosphorus is
eventually washed or eroded off the farmland.

As part of a mass balance approach, discussiong hbw much phosphorus a dairy cow needs for
health and reproductivity are occurring throughtetcountry. The NRCS in Vermont is using a
software program called Nut-Bal which is a nutritimalancer. This tool can be used to compare the
amount of phosphorus in fecal samples of cattteécstage of the animal’s growth and then preditw
supplemental nutrients are needed. In many cgsgpol has demonstrated to farmers that the @fgém
nutrient needs were being largely met by the véigetaonsumed and therefore supplemental feed could
be reduced or eliminated, which also reduces @atimports of off-site nutrients. The softwareswa
developed primarily for cattle on range lands i Midwest and West and it needs to be adaptedhéor t
lactation cycles of dairy cows and adjusted foedrand other factors. NRCS in Vermont is in thdyea
investigative stages of refining this tool.

The next logical step in pursuing a mass-balanpeaggh is to investigate the effects of optimizing
efficiency of nutrient use on whole farms withirethake Champlain basin. This investigation shdad
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done over a period of time. Implementation musiseaer all the environmental, social and economic
factors that influence a farm producer’s decisiarking process. Additional research and demonetrati
projects are proposed for fiscal year 2000. Bele#&ly’s, St. Albans Cooperative, Poulin Grain,
University of Vermont, Cornell University and othgartners have initiated a “Whole Farm Nutrient
Planning Pilot Project.” This is a unique, indyadriven project to educate cooperative members and
Poulin Grain customers about the value of develppimd following whole farm nutrient management
plans.

3.2.1.2 Buffers Conservation buffers in the form of filter sgjgiparian forest buffers, or grassed
waterways can play a large role in capturing sedimand filtering nutrients from waterways. Evethw
a full conservation system in place on farms, msjorm events can yield sediment-laden runoff. More
collaboration and attention must be paid to buffespecially with regard to offsetting the costsating
buffer land out of grain production.

Traditional USDA cost-share programs offer prodaaaoney to install buffer practices but do not
reimburse them for the lost productivity. The Gamation Reserve Program (CRP) offers farmers a
rental payment for 10-15 years in exchange for eding productive land to a buffer, but this progra
does not fully or adequately reimburse farmerddod lost from production. For example, one adre o
corn that yields 20 tons/acre/yr at $30/ton hastavalue of $106 a year. If the rental paymeiiniy
$50 per year, the farmer would have lost $840 prtde value over a 15-year CRP contract period.

The USDA has a Conservation Reserve EnhancemegitaPnd CREP) available if states submit
proposals with financial commitments to “enhand® incentives offered to farmers. The Winooski
Conservation District is currently implementingBRA 319-funded proposal in the Mad River
Watershed to demonstrate whether reimbursing farfioetthe productive value of the land is suffitien
to successfully market buffers to producers.

Table 10 presents preliminary cost estimates farian buffer installation and streambank repair
within the Lake Champlain basin.

3.2.2 Urban nonpoint sources

When water runs off the impervious areas (streetss, parking lots, etc.) of urban and developed
land it gathers the pollutants in its path and dépdhem in nearby waterbodies. On more nataral,|
the soil can adsorb and retain some of these polisit The pollutants in urban areas are from many
sources and activities — automobiles, oil and@altoads, pet wastes, construction site erosiam &nd
garden care, industrial surfaces, and atmosphepgodition are a few. These pollutants include ieav
metals, pesticides, sediment, oil and grease, acttlia, in addition to nutrients such as phosghoru
Because Vermont is the largest contributor of unb@mpoint source phosphorus in the Basin (Hegetan
al., 1999), this discussion concentrates on Vermdntidht be worthwhile to assess New York’s urban
programs and opportunities at a future time.

Phosphorus from developed areas can be contrallachiumber of ways. The most widely used
practices are structural BMPs that collect andespdrosphorus and thereby reduce the amount infrunof
The practice or practices appropriate for a givaation vary, as does their effectiveness and(sest
Table 11). Structural BMPs have a removal rat&%fto 70% of the phosphorus in runoff. Structural
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Tablel10. Cost estimates for riparian buffer installataord streambank repair

Insert USDA NRCS table.

24



Table 11. Urban BMP total phosphorus reduction and costs
Insert Bob Kort's table
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measures can be costly and their effectivenesslisced if design, construction, and maintenanceatre
appropriate.

Nonstructural runoff control practices can be ipawated with structural practices to gain increased
phosphorus removal efficiencies, and also redueaded for structural controls. Nonstructural pcas
include innovative site design, high-efficiencyestr sweeping, pollution source control, and vegetat
practices. Examples of innovative site designchrstering development, narrower and shorter
residential streets, open channel drainage, ripdmigfers, and disconnecting rooftop runoff. Inative
site design with best management practices, comdpara conventional site with best management
practices, reduces the phosphorus output by aagwef 50% (Center for Watershed Protection, 1998).
The cost of the runoff control practices is alguidglly less.

During land conversion, earthmoving activities léadhort-term soil loss and high phosphorus
loading rates. Practices are available to minirtiieeerosion and sedimentation from construction
activities. These include structural sediment mst(silt fence, basins, hay bales, etc.) and tnocisiral
(temporary seeding and mulching, phased construatic.). The nonstructural practices reduce the
amount of soil erosion and are very effective.u&trral sediment controls attempt to capture the
sediment from an eroding site before it enters ®miay. They are less effective than erosion cbsitr
and typically more costly. Table 11 shows theasid phosphorus reduction benefits of construction
site BMPs.

Because structural and nonstructural managemectigea are not 100% efficient, the end result of
urbanization, even with these controls as typidafiglemented, is a net increase in phosphorus.
Consequently, the only way to achieve either nammease or a reduction in urban nonpoint source
loads is to retrofit existing developed areas.sThvolves the use of management practices onqurshyi
developed areas, even if they are not undergoithgmedopment. This is a more costly venture than
controls for new development because less landisueailable for implementation and options are
limited. Often costly underground concrete streesue.g., the underground sand filter in Tableak#)
the only option.

In an attempt to lessen the impact of urban ruooffeceiving waters, the state of Vermont requires
construction site erosion control permits, stornawvaischarge permits, and Act 250 land use permits.
Local programs also exist in some towns, but thikhé exception rather than the rule. Overallanrb
nonpoint phosphorus issues are not being adequaddhgssed. For example, lack of field inspection
undercuts the effectiveness of permits to conawidorary runoff. In addition, many small developtne
projects do not come under any state or local vewied, therefore, have no controls. These small,
unregulated projects can have cumulative impacisaier quality.

Funding Implementation of programs to meet phosphordaaton goals in urban and developed
areas will be costly, as shown in Table 11. Snoatae, long term funding is necessary to implement
urban nonpoint source reductions. Possible sowftiemding include stormwater utilities, impacetg
general revenues, state and local government péFest and state bond sales or taxes. Choicesgamon
methods are important because burden for payméatdi

Stormwater utilitiesare local government enterprises that providersi@ter services and are
financially separate from other government functio®wners of properties pay a stormwater usermgehar
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based on stormwater runoff volume. Ultilities pdeva stable source of revenues for operations and
maintenance, and flood control and water qualipgpeims. Charges are assessed to be fair and
reasonable, and bear a substantial relationshigetoost of service. Utilities exist at many locas
around the country.

Impact feesand other developer-based actions are used tet offsts to local governments for
services required and impacts from new developm&hese are often used for capital projects, tharot
funding sources are generally needed to supplethisntevenue over the long term.

Permit feesare charged for the plan review, inspection, ahéroactivities required by new
development. These fees should represent thedstef running the programs so that new developmen
is not subsidized by the taxpayers. Permits shbeldsued for construction site erosion and saatime
control as well as post-construction stormwateragament. A system that provides financial persltie
for failure to properly install or maintain consttion site erosion and sediment controls would jgi®an
incentive for their proper implementation, and assure that any financial burden is on those litémgef
from the development.

General revenuefe.g., property and income taxes) are a posdiinléifig source as well. They are
already being used to support state and local govent programs. A case would need to be made for
water quality efforts to get a share of these raesn

Bond salesre a possible source of funds for stormwateofigtrof existing areas. Bond sales have
been used to finance retrofits in other statesndBaoney is unlikely to fund all the retrofits thaay be
necessary to obtain the desired water quality ingareents in more urbanized areas.

Performance bondingr other appropriate financial guarantees fopaijects ensure construction of
stormwater management facilities that are in coamglé with state or local standards. In additiba, t
posting of a financial guarantee by a project aapli for the satisfactory performance and mainteman
of any facility encourages proper operation andeaiance. These bonds ensure that development
projects have adequate financial resources to iimplement stormwater management plan requirements
and do not become a financial liability for thedbgovernment. This approach can also be used for
construction site erosion and sediment controls.

3.2.3 Back roads

Soil erosion is a primary source of pollution tofage waters. Soil is eroded from exposed ground
surfaces, such as roads and ditches, when raisraovd melt loosen particles and carry them downhill.
Approximately 81% of Vermont’s road miles are mained by municipalities, and the majority of these
roads are gravel roads. Simple maintenance tegbgsican save town funds and protect streams and
lakes from sediment and phosphorus accumulatidnre Viermont Better Back Roads Program is an
ongoing effort to provide information and erosiamtrol on gravel roads, and this program could gesh
be strengthened basinwide to further reduce phasphioputs from erosion off dirt roads.

In a survey of Rutland County’s (Vermont) back mathie Rutland Natural Resources Conservation
District collected two samples of road runoff ie stummer of 1998 and measured total phosphorus
concentrations of 2.9 and 4.1 mg/L (Rutland NatResources Conservation District, 1999). These
limited results suggest that road runoff may b&aicant source of nonpoint source phosphorus to
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Lake Champlain. This survey found that runoff @nalsion from town roads was the principal source of
silt and sediment in Rutland County waterbodiebeylalso found that a major problem for most town
road programs is financing, especially lack of kgl personnel, and that there is no state or region
agency in Vermont to oversee the management aadding of town roads. Other findings and
recommendations are presented in their survey tepor

3.3 Potential Reduction Scenarios for Each Lake Sewent to Meet 20-year Targets

This section summarizes the analyses in this répogach lake segment in the Basin to provide a
general overview of the current and expected fustaiis of phosphorus reduction with respect to
meeting the targets i@pportunities for Action Strategies for meeting the targets are suggested
starting point for dialogue on the subject.

For each lake segment, we begin with a table ttesiemts the current loads, the projected future
phosphorus loads, and the 20-year target loadrd-point source loads are estimated using the
permitted point source loads as in Table 9. Foméert and Quebec, future nonpoint source loads are
estimated using measured 1991 loads and subtraiimgnt and future agriculture BMPs. For New
York, information on agricultural BMPs is currentiply available through 1998, and these are suleilac
from 1991 loads. Changes in nonpoint source pharsigHoads from land use changes are also
presented, but the data are not available for deéeysegment. The methodology used to derivedutu
phosphorus loads from land use change is the saimmeSection 2.5 and is described in detail in
Appendix A. Both loads and credited reductionsiammetric tons per year.

3.3.1 Vermont and Quebec

South Lake B, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional  from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
1.7 24.8 -0.7 -4.0 —1.5[a]
Projected total load ~20 years, no land use charitfe9 21.0

[a] Land use change counts South Lake A, South Balend Port Henry lake segments together.

Summary Assessment: The 20-year total targetnuagdnot be met, even if all remaining farms are
treated using current agricultural BMPs. No addidil point source reductions are possible from the
scenarios described in Section 3.1.
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South Lake A, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0.2 2.4 -3.4 [b] -8.2 [b] See [a] above
Projected total load ~20 years, no land use charije 0.7

[b] BMP credits consider South Lake A and Port ldake segments together.

Summary Assessment: The 20-year total targetriagtt be met by 2001 using agricultural nonpoint
source controls. No additional point source reidustare possible in this lake segment from the
scenarios described in Section 3.1.

Port Henry, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0 0.4 See [b] above See [b] above See [a] aboye
Projected total load ~20 years, no land use charthe 0.1

Summary Assessment: This lake segment covers lhaa of land. The 20-year total target loadidou
possibly be met by 2001 using agricultural nonpsmirce controls.

Otter Creek, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
16.5 58.9 -10.7 -10.0 +11.3
Projected total load ~20 years, no land use charige7 41.7

Summary Assessment: This lake segment is noyliketneet the 20-year total target load under citirre
reduction programs. If all remaining farms in neétreatment are treated with current BMPs,
phosphorus loads may still exceed the target lga3l0 mt/yr. Increased phosphorus loading frana la
use changes may make the target even harder ®vachrhe Otter Creek lake segment would benefit
from a reduction of 2.1 mt/yr if point source scém& was implemented and 9.5 mt/yr if point source
scenario 3 was implemented. Even with further pgimirce reduction, a combination of additionalaurb
and agricultural nonpoint source reductions, sucthase discussed in Section 3.2, will still beassary
to meet the 20-year target loads.
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Main Lake, VT
Point source

(units in mt/yr)
Total

Nonpoint source

Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional  from land use 20-year total
load NPS load BMP credits Ag. BMP credits conversions target load
35.4 60.3 -2.5 -4.0 +20.8 [c]
Projected total load ~20 years, no land use char@fe? 85.8

[c] Land use change counts Main Lake, Shelburne Bag Burlington Bay lake segments together.

Summary Assessment: It does not appear thatakésdegment will meet the 20-year total target load
under current reduction programs. If all remairfiagns are treated with current BMPs, phosphorus
loads may still exceed the target load by 3.4 mtlgcreased phosphorus loading from land use @sang
will make the target even harder to achieve bectusgart of the Basin is under relatively heavy
development pressure. The Main Lake segment waenéfit from a reduction of 3.0 mt/yr if point
source scenario 2 was implemented and 21.6 mtpgiift source scenario 3 was implemented. This
reduction alone would be sufficient to meet they2@r total target load. The time frame for this
reduction would depend on funding for the wastenmeatment plant conversions and retrofits. If
additional reductions are necessary (and they mapauntil much later), it would be useful to carp
the cost-effectiveness of implementing urban BMRA e cost of treating all remaining farms insthi
lake segment with agricultural BMPs (see Secti@).3.

Shelburne Bay, VT
Point source

(units in mt/yr)
Total

Nonpoint source

Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total
load NPS load BMP credits Ag. BMP credits conversions target load
2.1 11.1 -0.1 -0.7 See [c] above
Projected total load ~20 years, no land use charige4 13.0

Summary Assessment: If no land use change odbisdake segment could achieve its 20-year target
load under current reduction programs. Howevdaifl use changes result in increased nonpointsour
loads, this lake segment may exceed its target ldagood estimate of the land use changes spéoific
this lake segment is not possible at this timee $helburne Bay lake segment would benefit from a
reduction of only 0.1 mt/yr if point source scena2iwas implemented. Because agricultural BMPs do
not currently offer many opportunities for reduclgpsphorus inputs to this lake segment, additional
reductions would have to come from a combinatioretbfitting existing developed areas (Section
3.2.2), or implementing new agricultural BMPs oa thmaining farms in this watershed (Section 3.2.1)
Any water quality improvements in this lake segmeatld also benefit the Main Lake.
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Burlington Bay, VT (units in mt/yr)
Point source Nonpoint source Total

Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
5.5 0.3 0 0 See [c] above
Projected total load ~20 years, no land use charig8 6.2

Summary Assessment: This lake segment may me@0tlyear total target load but increased
development within the city of Burlington has thaemtial to prevent this from happening. The @ty
already very developed, but increases in phosphopugs may come from construction runoff or
increased impervious cover. The most cost-effeatiay of reducing phosphorus inputs in this lake
segment might be to implement point source scerfanichich could reduce phosphorus loads by 4.1
mt/yr compared to permitted loads. Such a rednatiould improve water quality in both the Burlingto
Bay and Main Lake segments.

Malletts Bay, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
6.1 29.8 -4.0 -6.8 +22.7 [d]
Projected total load ~20 years, no land use charitfel 29.4

[d] Land use change counts Malletts Bay, Northéast, and St. Albans Bay lake segments together.

Summary Assessment: This lake segment appeaesdn track to meet the 20-year total target load
under current reduction programs, assuming somaingng farms are treated with BMPs and no land
use change occurs. However, this part of the Basinder relatively heavy development pressure.
Phosphorus load increases from land use changeswesy that these reductions are not enough to meet
the 20-year total target load, although the mageitof increases are not known specifically for thie
segment. The Malletts Bay lake segment would hiefnefn an additional reduction of 2.2 mt/yr
(compared to permitted loads) if point source sderfawas implemented and 3.0 mt/yr if point source
scenario 3 was implemented. To achieve additiedctions, the cost-effectiveness of implementing
urban BMPs might be compared with the cost of iingahe remaining farms with agricultural BMPs

(see Section 3.2

Northeast Arm, VT (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0.0 3.2 -2.2 -2.1 See [d] above
Projected total load ~20 years, no land use charije 1.2

31



Summary Assessment: The 20-year total targetnuagdbe met if all remaining farms are treated under
current agricultural programs. However, attensbould be paid to possible increases in phosphorus
loads from land use changes. No specific numberaailable for this lake segment. If additional
reductions are needed, a combination of urban BdPRsew development and treating some remaining
farms could reduce loads enough to meet the téget

St. Albans Bay, VT
Point source

(units in mt/yr)
Total

Nonpoint source

Projected change
in load by 2016
Permitted 1991 Measured 1991-2001 Ag. | Potential additional  from land use 20-year total
load NPS load BMP credits Ag. BMP credits conversions target load
2.8 7.2 -0.3 -1.5 See [d] above
Projected total load ~20 years, no land use charg2 9.8

Summary Assessment: In-lake phosphorus concenigaith St. Albans Bay are very high. The target
load was originally developed for this lake segmessguming that the internal load of the bay would
decrease over time, but this has been slow to oc&ltinough it appears from this numerical analybiet
the 20-year total target load may already have besnit might be necessary to continue and acaieler
nonpoint source reductions to St. Albans Bay tomamsate for the internal load in the bay. The St.
Albans Bay lake segment would benefit from an aoldél reduction of 1.7 mt/yr from permitted loafls i
point source scenario 3 was implemented.

Missisquoi Bay, VT and Quebec (units in mt/yr)

Point source Nonpoint source Total
Permitted load Projected change
in load by 2016
1991 Measured 1991-2001 Ag. | Potential additional from land use 20-year total
NPS load BMP credits Ag. BMP credits conversions target load
10.4 (VT) 94.2 (VT) -12.0 (VT) -15.0 (VT)
?>2.4 (QQC) 57.7 (QC) [e] -1.3 (QC) -14.2 (QC) +18.0 [f]
Projected total load ~20 years, no land use charnge6é (VT) 65.8 (VT)
44.6 (QC) 43.9 (QC)

[e] Total NPS load of 151.9 mt/yr, split 62%/38% MJIC based on Hegmaat al (1999).
[f] Land use change counts the Missisquoi Bay (Martrand Quebec portions) and Isle LaMotte lake ssgs
together.

Summary Assessment: The allocation of the 20-4aal target load between Vermont and Quebec is
based on the draft Missisquoi Bay Phosphorus Rexsfu€ask Force recommendation that the 20-year
total target load should be apportioned at 60%/fbiand 40% for Quebec. Credits for BMPs in Quebec
between 1991 and 2001 (see Table 3) do not tali@aowount all activities implemented during thiadi
and may underestimate actual reductions. Two iaddit practices were included in estimating potdnti
additional BMP credits beyond 2001.

Existing phosphorus reduction programs will nosh#icient to meet the 20-year target load in eithe

Vermont or the Quebec portions of the Missisquoj B&ke segment, even if loading increases from land
use changes do not occur. However, land use chamgdikely to result in increases in phosphorus
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loading to this segment. The increasing densitynifhals and the increasing amount of agricultianadi
used for row crops (mainly corn) will probably caubke phosphorus load from agricultural sources to
increase, despite an overall decrease in agriedltamd. A shift to a higher proportion of forésnd in
this lake segment watershed may slightly offsetpifi@sphorus load increases from agricultural lands.

In the Quebec portion of the watershed, a serigho$phorus reduction efforts planned by QC
MENYV and the Missisquoi Bay Basin Corporation sldowdsult in significant progress toward meeting
the target loads. The Vermont portion of the Migabi Bay lake segment would benefit from an
additional reduction of 3.6 mt/yr (compared to pitted loads) if point source scenario 2 was
implemented and 6.1 mt/yr if point source scenaneas implemented. Because urban land is minimal
in this watershed, thoughtful consideration shdaaddjiven to new, innovative, agricultural BMPs to
achieve additional reductions (Section 3.2.1).

Isle LaMotte, VT (units in mt/yr)

Point source Nonpoint source Total
Projected change
in load by 2016

Permitted 1991 Measured 1991-2001 Ag. | Potential additional  from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0.2 0.6 -0.4 -0.4 See [e] above
Projected total load ~20 years, no land use charthe 0.3

Summary Assessment: The 20-year total targetrnmagdbe met by 2001 using agricultural programs,
although the agricultural BMP data is difficultgeparate from the Northeast Arm segment. The
Champlain Islands are located in both the Isle La&land Northeast Arm lake segments, but the
agricultural database for BMPs does not recordifipdocations of farms on the islands.

3.3.2 New York

South Lake B, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional  from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
3.1 24.3 -2.4 unknown +0.3 [f]
Projected total load ~20 years, no land use charitfe0 26.2

[f] Land use change counts South Lake A, South IBikBort Henry, and Otter Creek lake segments heget

Summary Assessment: The 20-year total targetrimagnot be met in this lake segment, depending on
the distribution of land use changes in the ailéawever, potential decreases from additional agticai
BMPs have not yet been quantified. There are wdtiadal point source reductions in this lake segime
resulting from the scenarios described in Sectidén 3
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South Lake A, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
17.6 3.5 -1.0 Unknown See [f] above
Projected total load ~20 years, no land use charitfel 9.4

Summary Assessment: It does not appear that tye&0total target load is likely to be met under
current programs, although reductions from agricaltBMPs beyond 1998 have not been quantified.
This segment contains one large municipal faciitfficonderoga and the single largest volume
wastewater discharge in the Basin, the InternatiBaper Company mill. Estimation of future loading
for each of these discharges requires special deration: International Paper Company is a high
volume, low concentration discharge, and Ticondalisglesigned and operated as a combined
wastewater/stormwater treatment facility.

Port Henry, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0.6 2.6 -1.0 unknown See [f] above
Projected total load ~20 years, no land use charij2 2.5

Summary Assessment: Although it appears that@kgear total target load may have already been met
by current agricultural practices, additional pa@atirce improvement is warranted. The Port
Henry/Moriah wastewater treatment facility is beimgraded, but there are significant technical
complications resulting from infiltration/inflow tihe collection system and a severe lack of phisica
space to complete necessary expansion of the gaafacility. Additional funding is being souglat t
complete the upgrade of this point source. Themi@l phosphorus reductions achievable with such a
upgrade are unknown at this time.

Otter Creek, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
0 0.1 0 unknown See [f] above
Projected total load ~20 years, no land use charijyé 0

Summary Assessment: This lake segment covers I pneglominantly forested land area in New York.
No feasible load reductions have been identifiethis lake segment, therefore required load redaosti
must be achieved by a reallocation to adjacentdakgnents.
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Main Lake, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
5.2 31.8 -1.9 unknown -1.2
Projected total load ~20 years, no land use chargfel 35.1

Summary Assessment: It appears that this lake esgigmay meet the 20-year total target load under
current reduction programs if land use changesnamamal. Potential reductions from agricultural Bl
beyond 1998 have not been quantified. Point sosgenario 3 would reduce phosphorus inputs by an
additional 2.1 mt/yr compared to permitted loads.

Cumberland Bay, NY (units in mt/yr)

Point source Nonpoint source Total
Projected change
in load by 2016

Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
19.3 8.8 -0.6 unknown +2.5[q]
Projected total load ~20 years, no land use charije5 25.5

[g] Land use change counts Cumberland Bay and_&léotte lake segments together.

Summary Assessment: This lake segment was alloeat@ttrease of 5.3 mt/yr of phosphorus in
Opportunities for Actionprimarily because the load allocation assumetath@oint sources would grow
to their permitted levels. Plattsburgh WWTP iswBwger, operating at less than half of its desigh an
permitted capacity because pulping operationseaGiorgia-Pacific mill have ceased. This change ha
resulted in a 40% reduction in the loading to thie segment from 1991 to 1995 (17.4 mt/yr). Thtg C
of Plattsburgh has also implemented phosphorustieduutilizing chemical addition, further reducing
loading from the WWTP largest point source to thie segment. Industrial and commercial growth in
the Plattsburgh area may increase both point angaint source phosphorus loads from current levels,
but the allocated load is not likely to be exceed€le phosphorus concentration in Cumberland Bay i
relatively insensitive to loading changes due tortpid exchange of water between the Cumberlagd Ba
and the Main Lake segments during the open watsmose Point source phosphorus inputs could be
reduced by an additional 11.4 mt/yr (compared tonjtéed loads) in Cumberland Bay if point source
scenario 3 was implemented. Additional reductivos agricultural BMPs beyond 1998 are not known.

Isle LaMotte, NY (units in mt/yr)
Point source Nonpoint source Total
Projected change
in load by 2016
Permitted 1991 Measured 1991-1998 Ag. | Potential additional from land use 20-year total

load NPS load BMP credits Ag. BMP credits conversions target load
14.7 20.9 -1.4 Unknown See [g] above
Projected total load ~20 years, no land use chargye?2 215
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Summary Assessment: It appears that the 20-y&dtanget load is not likely to be met under cotre
practices. Although the in-lake phosphorus corregion in this lake segment is currently below the
interim criteria of 14ug/L, some embayments in this lake segment have listed on the New York
Priority Water List because of agricultural run@geveral agricultural load reduction projects ha@en
targeted to these area of the lake. The rapidthrofindustrial activities along the Canadian tesrohay
require continued improvements to wastewater treatrfacilities to maintain water quality in thiké
segment. A new facility at Chazy is being planaad is expected to reduce inputs from failing septi
systems and direct discharges, which has probagy bounted as part of the nonpoint source
phosphorus load in this lake segment.

4. CONCLUSIONS AND POTENTIAL NEXT STEPS

The work of the Phosphorus Reduction Team, inclyttie analyses presented in this report, is the
first step toward assessing progress toward impiéingethe phosphorus reduction actions outlined in
Opportunities for Actiorfsee Appendix B). It is intended to help the L&teamplain Basin Program
partners make decisions about the actions necessarget the reduction targets over the long tefims
section presents a set of overall conclusions basele data and information assembled for thisntep
It also presents a series of potential next steqtscould be taken to continue the progress we heage
thus far.

4.1 Conclusions

There is little doubt that Vermont, New York, anddéDec will meet the interim goal dpportunities
for Actionof reducing phosphorus loads by 25% of the oveealliction targets. In fact, by 2001,
Vermont, New York and Quebec will have reduced phosus inputs by 38.8 mt/yr basinwide, far
exceeding the five-year target reduction of 15.8/mtMissisquoi Bay VT is the only individual lake
segment that may not achieve a 25% reduction ifirtefive years.

Despite this considerable success, future plarisinghosphorus reductions must account for
changes in nonpoint source loads resulting frome®ed urbanization in the basin. Increased
phosphorus loads generated by land use changeardpp® offsetting some of the gains achieved by
point and agricultural nonpoint source reductidioref. As the population within the Basin incregse
particularly on the Vermont side of the lake, mianed will become developed. The Otter Creek, Main
Lake, Shelburne Bay, Burlington Bay, Malletts Blprtheast Arm, and St. Albans Bay lake segments
are undergoing the most rapid changes in land Aggan for offsetting the increased phosphorusi$oa
from developed land is needed for the future, dbagea reliable way of tracking land use changes i
timely fashion. Because phosphorus is releasdddiging construction and afterwards, urban BMPs
used on new construction will not reduce the amofinbnpoint source phosphorus loading into Lake
Champlain, however, they can dramatically reduedrnhbreases. Techniques that minimize increases, a
well as reduce overall inputs, will be necessargriter to meet the 20-year targets.

Thus far, implementation of the phosphorus redagbian has not targeted reductions to specific
watersheds. Most of the agricultural BMPs havenlmmmpleted on a voluntary basis, wherever thexe ar
willing landowners. In order to achieve the finadluction targets in the most time- and cost-effiti
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manner, resources may need to be targeted totpnmeaitersheds. Phosphorus reduction programs will
also need to be tailored to the specific needsséndtions of each lake segment watershed.

The analysis presented in this report suggestgtibe20-year phosphorus reduction targets cannot be
met in several lake segments if we rely solelylendurrent programs. In these lake segments iawialit
options must be considered in order to reach thditg reductions necessary. The options available
each of these segments are summarized below.

Otter Creek VT- Additional point source reductions could helpiage the targets in this lake
segment, but by themselves, cannot achieve the.géalditional urban and/or agricultural nonpoint
source controls must also be considered in thedagenent..

Main Lake VT— All necessary reductions for this lake segmentadbe achieved through innovative
new treatments on the larger wastewater treatmantsp Additional urban and agricultural nonpoint
source treatment might also be considered. Aryaisabf cost-effectiveness would help evaluateonysti

Shelburne Bay VT Load reductions sufficient to achieve the tamgehis lake segment might only
be possible by retrofitting existing developed areiéth urban BMPs. Because this lake segment is
experiencing considerable new development, BMRsminaimize phosphorus loading ducring
construction could be essential in reaching thgd@mm goal. .

Burlington Bay VT—- Further reductions of the phosphorus loads fBamington’s main wastewater
treatment plant would be sufficient to meet theelakgment target load, however, urban BMPs might
also be considered to reach the targets..

Malletts Bay VT— Even if agricultural BMPs are implemented ortladl farms still in need of
treatment and point sources are further reducetitiaal reductions are likely to be necessaryabee
this lake segment is receiving increased phospHoads from development in the Lamoille River
watershed. These reductions could be achievedhsr@rban or additional agricultural nonpoint sz
treatment.

Missisquoi Bay VT and QuebeeNonpoint source loads are high in this lake sagrhecause of
high animal density. Current agricultural programilé not be sufficient to reduce phosphorus inptots
target levels. Innovative, cost-effective agriatd BMPs will need to be explored and implemerited
achieve the targets in this watershed. Implemematf urban BMPs would not substantially reduce th
phosphorus load because the acreage of develapddda is not high.

South Lake A NY- Additional agricultural BMP implementation beybh998 and additional
adjustments of point source loads at large wastviidatment plants may be able to reduce loads
enough to meet the 20-year target in these lakeaeig. Urban nonpoint source treatment iss also an
option worth exploring in these lake segments.

Main Lake NY—-Urban nonpoint source treatment might be consitlar ensure that the 20 year
target load is met in this lake segment.

Cumberland Bay NY- Further reductions of the phosphorus loads fatattsburgh’s main
wastewater treatment plant would be sufficient eetihe target load in this lake segment. Addiion
agricultural BMP implementation beyond 1998 mayadds able to reduce loads.
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Accelerating the timeframe for meeting the 20-yteagets would largely require allocating funding
to reduction programs at a much greater rate thdnel past. Table 12 summarizes the dollars dpent
Vermont, New York, and Quebec to reduce phosphsinee 1995. Costs of point source reduction
programs cannot be directly compared between Vermaw York, and Quebec because the costs
represent different accounting methods.

Table 12. Summary of costs, 1996-2001

Reduction Program Vermont New York Quebec
Capital costs for R
Point Source portion of upgrade
$10,804,433 Total construction costs Total construction costs
Total project costs for various projects (new WWTP) in US$
$35,413,280 >$10,573,800 $2,259,406
Agricultural
Nonpoint Source $9,572,186 Not available $1,365,200

Costs of potential future programs per metric tbpfmsphorus removed are summarized in Table
13. Itis important to recognize that not all loé farms included in the cost estimate will neebdeo
treated to achieve the phosphorus reduction gnaagéh lake segment. Likewise, not all point sesirc
will need to be treated, in fact, only a few magdéreatment. Tailoring programs to particular
watersheds will be the best way to achieve thd fargets in the most time and cost-efficient manne
Also, future costs may be borne by both public piridate entities. As described in Section 3.2rBan
BMPs and retrofits may be funded in a variety of/sva

Table 12. Projected future costs per metric ton gbhosphorus removed

Cost range
P reduction program (US $/ mt-yr P) Source of information
Nonpoint Sources
Remaining Agricultural BMPs $970,000 to $1.2 miflio] Table 6 and costs in Section
2.6.1 and 2.6.3
Stream buffers and streambank repair Not available -
New development urban BMPs $521,000 to $7.8 millipTable 11, Total Cost Benefit far
Life of BMP column
Urban BMP retrofits $3.6 to $11.1 million Table 12
Construction site BMPs $30,000 to $62,000 Tablerbial Cost Benefit for
Life of BMP column
Point sources
Scenario 2 (lagoons) Not available -
Scenario 3 (large facilities at 0.2 mg/L) $596,000 - $2.6 million Table 9 and Cambridge Water
Technology

It is difficult to project the future costs neededmeet the targets. The most complete informadtion
available for Vermont, which has spent approxime$22 million (from the state and the federal
governments, and individual farmers) in the firgefyears of implementing the plan. More than lo&lf
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that money was spent to upgrade wastewater treaptats, which will be complete by 2001 or 2002.
These expenditures achieved reductions far excgéllirse necessary in the first five years ovetdlis
likely, however, that at least the same amount @&y will be needed for each subsequent 25%
reduction. It will be necessary to develop newgpams to achieve the total phosphorus loadings
reductions needed for Lake Champlain. The exattaftthese new programs is not currently known, bu
the data in Table 13 provides some context. Tausis will vary by lake segment, depending on the m
of point source and nonpoint source controls tratchosen.

4.2 Potential Next Steps to Further the PhosphoruReduction Goals

Since the agreement @pportunities for Actionmvas signed, significant phosphorus reductions have
been achieved by controlling both point and nonpsanirces. Refinements to existing approaches, suc
as those outlined in this section, could help @ize the phosphorus reductions needed to meet the
established targets in all lake segments, possildy accelerated time frame.

Point Source- Most of the reductions in phosphorus loadsakd Champlain have been
accomplished by upgrades to wastewater treatmantsl As shown in this report, there may still be
additional reductions possible in this area. Tegiigate the feasibility of applying emerging pblosrus
removal technologies, site-specific cost estimagisg these technologies (including CoMag and
ZenoGem) could be developed. Feasibility studiesldvbe most useful if they focused on one or more
“representative” municipal treatment facility irode lake segments not expected to meet their ieduct
targets through other methods.

Agricultural Nonpoint Source Most nonpoint source efforts have focused oicaljural sources.
Much has been accomplished in recent years, edlgegith respect to waste storage on farms. Begaus
further reductions are needed, new programs miyetd to be developed to reach the reductionsgoal
The most promising approaches include the following

= “Whole farm” programs to insure that farmers usgrtbn-farm nutrients in the most environmentally
and economically efficient manner, and that phosphtost to waterways in runoff is minimized.

» Programs that reduce phosphorus inputs into thenBsisch as promoting low-phosphorus feeds or
reducing grain imports).

= Programs that assist in exporting phosphorus autkiel Basin or moving phosphorus within
watersheds (for example, selling manure and conipagrdeners), rather than importing it to meet
farm needs.

= Programs that promote establishing riparian bufderagricultural land, which may include
reimbursing farmers for lost productivity.

= State programs that organize and facilitate watet$teams” comprised of local stakeholders that
would focus on implementing nonpoint source phosghoeductions. This could encourage
reduction efforts in specific lake segments, andld@lso allow local people to develop the
programs that work best for them.

» The LCBP should assist the QC MENYV in its effodgenerate support from all the ministries
involved, including funding and technical suppant implementation of agricultural BMPs.
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Urban Nonpoint Source Our analysis suggests that some of the nonpointe phosphorus
reductions achieved to date are being offset thrangreased urbanization. This problem is mosteacu
in Vermont where developed land is increasingralatively rapid pace. Urban nonpoint source amntr

therefore, seems to be a more pressing need indreran this time. The following steps could cdmtite
to offsetting the phosphorus generated by new dewstnt in Vermont. New York may choose to
follow suit where applicable (please note that awNyork, state stormwater controls manuals areeith
current or in revision).

The state of Vermont could create a new stormwasgeragement planning and design manual and
revise its outdated erosion and sediment controlualato provide innovative, and more effective
implementation guidance for land developers andllgovernments. Stakeholders should be
involved in the development of these manuals.

In enhancing and upgrading its stormwater managearehits erosion and sediment control
programs, the state of Vermont might consider tiewing:

O Evaluating the phosphorus loads as part of the ip@rgprocess for development projects so that
the best strategy for phosphorus control can béeimgnted on projects with significant potential
impacts.

[0 Encouraging innovative site design and other nangiral controls.
O Requiring retrofits for stormwater management wétievelopment of existing urban land.

[0 Working to increase the funding for stormwater anasion and sediment control programs so
that planning, design, construction, compliance, maintenance activities can be more
effectively implemented. A variety of funding meetisms could be explored, including revising
the permit fees to reflect the true cost of adnémiag the program.

Research could be conducted to quantify the magdmitdi some phosphorus sources such as the

loading from back roads and their drainage systam contributions from urban source areas (for

example, lawns, roads, commercial lots, etc.).

Efforts for improved back road construction andmtenance could be promoted to reduce erosion
and nonpoint source pollution from runoff.

4.3 Steps to Enhance the Evaluation of Progress

Assessments and predictions of phosphorus loadsbaussed on sound science and reliable data.

The following steps could provide the informaticgeded to more accurately evaluate progress towards
phosphorus goals in the future.

The Diagnostic-Feasibility Study (VT DEC and NYSDE97) was conducted in the early 1990's

to gather baseline data on phosphorus loads, exghksphorus concentrations, and other parameters
needed to set the reduction target®pportunities for Action As time passes, it is increasingly
difficult to estimate nonpoint source loads acaisaby crediting against these outdated measured
loads. Existing data from the Long-Term Water @uaind Biological Monitoring Program for Lake
Champlain on 18 basin tributaries could be usexhtdyze trends in nonpoint source loading in these
watersheds. Regular rounds of comprehensive “shafi sampling, perhaps every ten years, could
be used to supplement these data.
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* |n conjunction with the comprehensive sampling,atpd land use data could be developed to
document the impact of changing land use on phasgHoads. At a minimum, the USDA National
Resources Inventory data could be used to idetitdy spots,” and attention could be focused on
those lake segments undergoing a large amountanigeh Such an analysis could be completed
using satellite imagery or digitized aerial photggrs. This type of information is not currentlyrige
collected by any state agency.

» To track reductions between comprehensive sampliegts, the crediting system for BMPs in
Vermont, New York, and Quebec could be refinedl. BMP implementation in the Basin, whether
by federal, state, and local programs, should bditad in a comprehensive manner. The credits for
certain agricultural BMPs should also be enhanoezhsure that Vermont, New York, and Quebec
are consistently applying appropriate credits fomajor practices, including erosion control and
riparian restoration practices. Some of this werkurrently underway.

= Tracking phosphorus loads from point sources caldd be improved by complete monitoring of
effluent flows and concentrations from all wastewdteatment plants. Vermont, New York, and
Quebec are working to improve such monitoring.
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APPENDIX A. METHODOLOGY FOR ESTIMATING LAND USE CONVERSION AND I TS IMPACT ON
PHOSPHORUSL OADS TO L AKE CHAMPLAIN

Recently, concerns have been expressed aboutféutsadf urban sprawl on water quality. Studies in
the Lake Champlain region have shown that develtgaditypically contributes more phosphorus per
unit area of land than other land use types (BudbNeals, 1994; Hegmaat al,, 1999). In certain areas
of the Lake Champlain basin, the amount of agricaltland being converted to housing and other
development appears to be significant, but the mexsint land use data for the basin are 7-8 y@drs
[i.e., 1992/1993 satellite data ]. To assessiegeffects of land use change on phosphorus loaulitige
Lake Champlain basin, a method was developedeigirthe potential land use distribution in theiba
beyond 1992.

Hegmaret al. (1999) estimated the relative magnitude of nonpsdnirce phosphorus loads from
three general land use categories (forested, dignialand developed). They developed phosphorus
export coefficients based on the Basin Program@211®93 land use data set and phosphorus monitoring
data from the Diagnostic-Feasibility Study (VT &d DEC, 1997). To estimate future land use areas
and expected changes in phosphorus loads, conveegis for agricultural, forested, and developedi|
were calculated for each 8-digit hydrologic unitlie basin, based on USDA National Resources
Inventory (NRI) data for 1982-1992. Table A-9 at #nd of this appendix presents the NRI land ute da
and identifies the land use categories that weneaalated for the analysis.

The annual NRI land use change rates were apiolidge 1992/93 land use data to estimate the
change in the area of forested, agricultural, abdmlands from 1992 to 2001 (Section 2.5) and from
1992 to 2016 (Section 3.3). It was assumed thaaineial change rate in each hydrologic unit for any
year beyond 1992 is the same as the average athraraie between 1982 and 1992.

The phosphorus export coefficients from Hegraaal (1999) (Table A-1) were then applied to the
current and future land areas to estimate phospHoads by hydrologic unit. Most of the 8-digit
hydrologic units encompass the watersheds of niane done lake segment, therefore it was not possible
to assign loads to each specific lake segmenimBwd loads for 1992, 2001, and 2016 are shown in
Tables A-2 through A-4 below. The Missisquoi Balkd segment was analyzed using a different method,
described below. Note: The increase in total lamd of the basin over time is an artifact of using
approximate land use change rates to predict rgditure. The increase is less than 1% over 1fsyea

Table A-1. Area phosphorus export coefficients fomajor land uses in the Lake Champlain Basin (kg/hgr).

Forest Agriculture Urban

0.04 0.42 1.50

Source: Hegman et al, 1999.
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Table A-2: 1992/1993 Land use and phosphorus loafts major watersheds in the Lake Champlain basin.

1992/1993 Hegman et al. (1999) land use 1992/1993 nonpoint source phosphorus loads
Hydrologic Unit HU Lake Segment Agricultural | Forested | Develope Water Total Agricultural | Forested | Developed Total
Name d
Area (hectares) Loads (mt/yr)
VERMONT
Lake George (VT) 02010001 S Lake B, S Lake A, Port Henry 29,438 77,125 5,743 8,837 121,143 12.4 3.1 8.6 24.1
Otter 02010002 Otter Creek 70,192 182,907 15,701 15,484 284,284 29.5 7.3 23.6 60.3
Winooski 02010003 Main Lake, Shelb. Bay, Burl. Bay 43,594 210,450 31,520 15,042 300,605 18.3 8.4 47.3 74.0
Lamoille 02010005 Malletts Bay, NE Arm, St. Alb Bay 49,753 164,545 18,118 17,940 250,355 20.9 6.6 27.2 54.7
Missisquoi 02010007 Missisquoi, NE Arm, Is LaMotte 79,971 199,815 14,655 15,945 310,386 (see separate analysis)
NEW YORK
Lake George (NY) 02010001 S Lake B, S Lake A, Port Henry 39,960 151,890 11,387 4,365 207,602 16.8 6.1 17.1 39.9
Ausable 02010004 Main Lake 15,779 225,785 8,952 6,391 256,906 6.6 9.0 13.4 29.1
Great Chazy- 02010006 Cumberland Bay, Isle LaMotte 37,482 212,544 10,563 15,174 275,763 15.7 8.5 15.8 40.1
Saranac
Total| 366,168 1,425,060 | 116,638 99,179 2,007,045 120.2 49.0 153.0 322.2
Table A-3: Projected 2001 Land use and phosphorusads for major watersheds in the Lake Champlain bain.
Projected 2001 land use 2001 NPS phosphorus loads
Hydrologic Unit Name HU Lake Segment Agricultural | Forested | Develope Water Total Agricultural | Forested | Developed Total
d
Area (hectares) Loads (mt/yr)
VERMONT
Lake George (VT) 02010001 |S Lake B, S Lake A, Port Henry 24,882 80,604 6,555 8,837 120,878 10.5 3.2 9.8 23.5
Otter 02010002 |Otter Creek 62,931 190,514 20,345 15,484 289,273 26.4 7.6 30.5 64.6
Winooski 02010003 |Main Lake, Shelb. Bay, Burl. Bay 36,835 214,128 35,374 15,042 301,380 15.5 8.6 53.1 77.1
Lamoille 02010005 |Malletts Bay, NE Arm, St. Alb Bay 41,825 171,494 22,644 17,940 253,904 17.6 6.9 34.0 58.4
Missisquoi 02010007 |Missisquoi, NE Arm, Is LaMotte 68,665 213,351 15,915 15,945 313,876 (see separate analysis)
NEW YORK
Lake George (NY) 02010001 |S Lake B, S Lake A, Port Henry 35,693 157,571 11,948 4,365 209,577 15.0 6.3 17.9 39.2
Ausable 02010004 |Main Lake 14,564 227,675 8,792 6,391 257,422 6.1 9.1 13.2 28.4
Great Chazy-Saranac {02010006 |Cumberland Bay, Isle LaMotte 33,902 220,347 10,985 15,174 280,408 14.2 8.8 16.5 39.5
Total 319,295 1,475,685 | 132,559 99,179 2,026,717 105.3 50.5 175.0 330.7
Table A-4: Projected 2016 Land use and phosphorusads for major watersheds in the Lake Champlain bain.
Projected 2016 land use 2016 NPS phosphorus loads
Hydrologic Unit Name HU Lake Segment Agricultural | Forested | Develope Water Total Agricultural | Forested | Developed Total
d
Area (hectares) Loads (mt/yr)
VERMONT
Lake George (VT) 02010001 |S Lake B, S Lake A, Port Henry 17,288 86,402 7,910 8,837 120,437 7.3 3.5 11.9 22.6
Otter 02010002 |Otter Creek 50,828 203,192 28,084 15,484 297,589 21.3 8.1 42.1 71.6
Winooski 02010003 |Main Lake, Shelb. Bay, Burl. Bay 25,570 220,260 50,151 15,042 311,022 10.7 8.8 75.2 94.8
Lamoille 02010005 |Malletts Bay, NE Arm, St. Alb Bay 28,612 183,077 38,699 17,940 268,329 12.0 7.3 58.0 77.4
Missisquoi 02010007 |Missisquoi, NE Arm, Is LaMotte 49,820 235,911 19,583 15,945 321,260 (see separate analysis)
NEW YORK
Lake George (NY) 02010001 |S Lake B, S Lake A, Port Henry 28,582 167,040 14,380 4,365 214,365 12.0 6.7 21.6 40.3
Ausable 02010004 |Main Lake 12,539 230,826 8,952 6,391 258,707 5.3 9.2 13.4 27.9
Great Chazy-Saranac |02010006 |Cumberland Bay, Isle LaMotte 27,936 233,352 14,345 15,174 290,807 11.7 9.3 21.5 42.6
Total| 241,175 1,560,059 | 182,104 99,179 2,082,516 80.4 53.0 243.8 377.1




Land use analysis for Missisquoi Bay lake segment

For the Missisquoi Bay lake segment, the analysizva showed a decline in phosphorus
loadingbecause forested land increased at a reliatingh rate between 1982 and 1992, and forested! |
has a much lower phosphorus export coefficient #gaicultural land (Table A-1). However, despite th
decrease in agricultural land overall in the MigeiBay watershed, more land is being used for row
crops and there has been no decline in the nunfloews in the region despite the decline in agtigal
land. In addition, Hegmaet al (1999) found that the three sub-watersheds thrapdse the Missisquoi
Bay watershed did not fit the export coefficientdabdeveloped for the rest of the basin To acclyrate
predict phosphorus loads, the density of animalthé watershed was factored into the model, aldtiy
land use.

To predict phosphorus loads from nonpoint sounce¢le Missisquoi Bay lake segment watershed
that reflected these anomalies, the density of animits was factored into the load estimates from
agricultural land, and new export coefficients waeeeloped for two specific types of agricultusaid:
row crops and hay/pasture. First, the area of tavered by these land types was determined. @Adtho
the two land types were classified in the Hegmregal. (1999) report, the area of land used as row crops
was very high compared to that of the NRI and t&®W Agricultural Census (data obtained from
USDA NRCS, VT State Office). Because the sateilfitagery used to develop the 1992/1993 land use
data is difficult to interpret with respect to sifiedand use types, the 1992 USDA Agricultural Ges
for Franklin and Orleans Counties was used to deter the percent of agricultural land in row crops
(15%) (seavww.nass.usda.gov)The NRI value for the Missisquoi HU is in clasgreement (15.9%),
but the margin of error is higher. The amountaoid in row crops tends to vary widely from yeayear.

Next, new agricultural coefficients were determiteded on the Diagnostic-Feasibility Study
loading data for the Missisquoi, Pike, and Rockesstieds. Literature coefficients for corn row srop
and hay/pasture were reviewed (Budd and Meals,)1&%dl it was assumed that row crops have a
coefficient three times that of hay and pastursinythe export coefficients from Hegmeinal. (1999)
for urban land, forested land, and animal units, land use area data from Hegneial (except using
the percentage of row crops from the USDA Agria@tCensus), an export model was developed for
each watershed. The equation was set equal tnehsured load resulting from the Diagnostic-
Feasibility Study (VT DEC and NYSDEC, 1997) andvsal for the export coefficient for hay/pasture.
The resulting coefficients are shown in Table A-5.

Table A-5. Areal phosphorus export coefficients wel for Missisquoi Bay sub-watersheds (kg.ha/yr,
except Animal Units, kg.yr).

Sub-watershed Forest Ag —row crop Ag — pasture Uidn Animal Units
Missisquoi 0.04 1.01 0.34 15 1.75
Pike 0.04 0.64 0.21 15 1.75
Rock 0.04 5.2 1.74 1.5 1.75

These phosphorus export coefficients were therniepf the current and future land areas and
animal unit data to estimate phosphorus loads ligralaed. According to the 1997 Agricultural Census
for Franklin and Orleans counties, the area of coops increased by approximately 50% and the drea o
hay/pasture land decreased by 24%, with an owvéealiease of 17% agricultural land between 1982 and



1997. The land use change rates from the USDAcAltiral Census were used instead of those from the

NRI in this case because the margin of error olNRé¢ data in the Missisquoi area was higher tha th

of the Census. The land use change rates wermaddo be the same for the three watersheds that

comprise the Missisquoi lake segment. Land uselsren the Quebec portion of the watershed are not

currently available. In addition, a yearly increas the number of cattle and calves in the lakgremnt
was assumed based on a 5% increase in the Pikewwershed between 1992 and 1997 (personal
communication, Martin Mimeault; data cited from N&itére de I'Agriculture, des Pécheries et de
I'Alimentation du Québec), and a 1.2% increaseranklin County between 1987 and 1997 (USDA
Agricultural Census). The Franklin County rate \apglied to the Missisquoi and Rock River
watersheds. Estimated loads for 1992, 2001, até afe shown in Tables A-6 through A-8 below.

Table A-6: 1992/1993 Land use and phosphorus loafls Missiquoi Bay sub-watersheds.

1992/1993 Hegman et al. (1999) land use 1992/1993 NPS phosphorus loads
Watershed | Ag-row |Ag-pasture| Forested | Developed | Excess AU | Ag-row crop Ag-pasture Forested | Developed | Animal Unit Total
crop
Area (hectares) Loads (mt/yr)
VERMONT
Missisquoi 5,633 31,923 157,160 10,158 21,224 5.7 10.8 6.3 15.2 37.1 75.1
Pike 4,540 25,729 28,724 3,058 17,307 29 55 1.1 4.6 30.3 44.4
Rock 909 5,152 5,863 796 7,864 4.7 9.0 0.2 1.2 13.8 28.9
Total| 11,083 62,803 191,747 14,012 46,395 13.3 25.2 7.7 21.0 81.2 148.4
Table A-7: Projected 2001 land use and phosphorusdds for Missiquoi Bay sub-watersheds.
Projected 2001 land use 2001 NPS phosphorus loads
Watershed [ Ag-row |Ag-pasture| Forested | Developed | Excess AU | Ag-row crop Ag-pasture Forested | Developed | Animal Unit Total
crop
Area (hectares) Loads (mt/yr)
VERMONT
Missisquoi 7,323 27,230 167,806 11,439 21,453 7.4 9.2 6.7 17.2 37.5 78.0
Pike 5,902 21,947 30,670 3,444 18,865 3.8 4.7 1.2 5.2 33.0 47.9
Rock 1,182 4,395 6,260 896 7,949 6.1 7.6 0.3 1.3 13.9 29.3
Total| 14,408 53,571 204,736 15,779 48,267 17.3 215 8.2 23.7 84.5 155.1
Table A-8: Projected 2001 land use and phosphoruedds for Missiquoi Bay sub-watersheds.
Projected 2016 land use 2016 NPS phosphorus loads
Watershed | Ag-row |Ag-pasture| Forested | Developed | Excess AU | Ag-row crop Ag-pasture Forested | Developed | Animal Unit Total
crop
Area (hectares) Loads (mt/yr)
VERMONT
Missisquoi 10,140 19,409 185,550 13,574 21,835 10.2 6.5 74 20.4 38.2 82.8
Pike 8,173 15,643 33,913 4,086 21,461 5.2 3.3 14 6.1 37.6 53.6
Rock 1,636 3,132 6,922 1,064 8,090 8.5 55 0.3 1.6 14.2 30.0
Total| 19,949 38,184 226,385 18,724 51,386 24.0 15.3 9.1 28.1 89.9 166.4

Note that total nonpoint source phosphorus loadsdch watershed in 1992/93 are equal to the
measured values from the Diagnostic-Feasibilityd$i{y T DEC and NYSDEC, 1997).




Insert Tables A-9 andA-10 here.



APPENDIX B. PHOSPHORUSREDUCTION RECOMMENDATIONS IN OPPORTUNITIES FOR ACTION

Included below in Table 15, as a reference, ar@ltosphorus reduction recommendations listed in
Opportunities for Action.These recommended actions are the framework fquhtbephorus reduction
efforts now and in the future.

Table B-1. Priority actions for phosphorus reducton, as listed inOpportunities for Action

1. Identify specific actions by October 1, 1996, dttaining the first 25% of the targeted
phosphorus load reductions
2. Focus phosphorus reduction efforts on targeteeénsheds

Highest (targeted watersheds are South Lake A VT, Soutle llakY, South Lake B VT, South Lake B
Priority VT, Port Henry NY, Otter Creek VT, Missisquoi BayrVMain Lake VT, Main Lake NY,
Actions Malletts Bay VT, Northeast Arm VT, and Isle LaMoft)
3. Develop and begin implementing phosphorus réclustrategies for targeted
watersheds
4. Provide funding for point source phosphorus cédas
High 5. Expand and accelerate implementation of exiddédgral agricultural nonpoint source
Priority pollution programs
Actions 6. Expand implementation of state agricultural m@npsource programs
7. Promote the implementation of nutrient managemkems
8. Expand NRCS/FSA, USFWS, and other agency castrahfor streambank restoration
Priority  and the installation of buffer strips
Actions 9. Implement retrofitted stormwater managementesystand other measures for reducing
phosphorus from urban and developed land withigetaxd sub-basins identified in
Action 2 above
10. Research and demonstrate the effectivenesgridgm management practices
11. Continue to support the Agricultural Advisorguicil (AAC)
12. Develop and implement an awards program fantfasmers
13. Upgrade state stormwater control programs
A%g:)irs 14. En_courage local and state implementation of BE®P road construction, repair, and
; maintenance
Coggid- 15. Encourage local governments to implement BMPsiéw development
eration 16- Encourage cooperative development of localedand

17. Encourage continued implementation of stateagament practices for forestry
activities

18. Demonstrate the use of constructed wetlandsdating wastewater and improving
water quality

19. Investigate cumulative water quality impact moefologies and demonstrate their
utility in sub-basins
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