S\
i )

MAP UNITS OF HIGHLY ERODIBLE LAND

INTRODUCTION

Natural processes continually create new soil from the raw underlying parent
material or from bedrock. For most soils in the State, these processes offset
about 3 tons per acre of erosion each year. Erosion slower than the rate of
replacement is considered "tolerable". Each soil is assigned a tolerance

value based mainly on the thickness of the soil above bedrock or unaltered
parent material. : S

Soil Conservation Service Soil Scientists and Soil Conservationists determine
if a soil or map unit is highly erodible or potentially highly erodible due to
sheet and rill erosion. This is done by using the Universal Soil Loss
Equation (USLE). The USLE relates the effects of rainfall, soil
characteristics, and length and steepness of slope to the soil's tolerable
erosion rate by water. '

DEFINITION OF HIGHLY ERODIBLE SOIL

A highly erodible soil/map unit is a soil with a maximum potential for erosion
that equals or exceeds eight times the tolerable erosion rate. This can be
represented by the formula - RKLS/T=28. The formula does not consider crop
management or conservation practices, which influence the actual erosion rate.

CRITERIA FOR HIGHLY ERODIBLE SOIL MAP UNITS

The procedure used to determine whether a given soil map unit qualifies as
highly erodible land or potentially highly erodible land follows:

Step 1. For each soil map unit in the county soil legend, calculate the
minimum LS value required for RKLS/T=8 by solving for LS, ie.
LS = 8T/RK.

Step ‘2. For the specific combinations of slope and steepness specified in
Steps 3 and 4, obtain LS values from table 3 in the Appendices
(from Agriculture Handbook 537, December, 1978).

Step 3. A soil map unit qualifies as highly erodible land if the LS value
for the shortest length and minimum percent of slope expected for
the unit equals or exceeds the minimum value calculated in Step 1,
je. LS = 8T/RK. See Appendices A-F.

CT II-D-1
September 1986



Step 4. A soil map unit qualifies as potentially highly erodible land if -- é&

a. The LS value for the shortest length and minimum percent
of slope expected for the unit is less than 8T/RK and

b. The LS value for the longest length and maximum percent of
slope expected for the unit exceeds 8T/RK.

See Apendices A-F.

This information is to be used in conjunction with published courty soil
surveys. :
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List of Map Units that Qualify as Potentially Highly Erodible Land

AfB
BoB

CbB
CsB

HfB
HkC

LpB

MgC
MyB

PbB

WkB
WxB

YaB

Middlesex County, Connecticut
(Correlated and Published, 1980)

Agawam fine sandy loam, 3 to 8 percent slopes

Branford silt loam, 3 to 8 percent slopes

Canton and Charlton fine sandy loams, 3 to 8 percent slopes

Cheshire silt loam, 3 to 8 percent slopes

Hartford sandy loam, 3 to 8 percent slopes
Hinckley gravelly sandy loam, 3 to 15 percent slo

Ludlow silt Toam, 3 to 8 percent slopes

Manchester gravelly sandy loam, 3 to 15 percent s
Merrimac sandy loam, 3 to 10 percent slopes

Paxton and Montauk fine sandy loams, 3 to 8 perce

Wethersfield loam, 3 to 8 percent slopes
Woodbridge fine sandy loam, 3 to 8 percent slopes

Yalesville fine sandy loam, 3 to 8 percent slopes

pes

lopes -

nt slopes
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Middlesex County, Connecticutv
;(Correlated and Published 1980);

'Branford silt loam, 8 to 15 percent slopes

: ese- :bl»t‘Cheshire sllt loam. 8 to 15 percent lepes
HME H1nckley and Manchester soils, 15 to 45 percent slopes
PbC Paxton and Montauk fine sandy loams, 8 to 15 percent slopes = .
- PbD Paxton and Montauk fine sandy loams, 15 to 25 percent slopes - 3
WkC Wethersfield loam, 8 to 15 percent slopes ' : T
WkD Wethersfield loam, 15 to 35 percent slopes '
YaC Yalesville fine sandy loam, 8 to IS percent slopes
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LIST OF MAP UNITS THAT QUALIFY AS ADDITIONAL FARMLAND OF STATEWIDE

IMPORTANCE

Middlesex County, Connecticut - Correlated and Published, 1980

o e
o e
;

Map
Unit Description Class
BoC Branford silt loam, 8 to 15 percent slopes ITT
CsC Cheshire silt loam, 8 to 15 percent slopes ITT1
HkC Hinckley gravelly sandy loam, 3 to 15 percent
slopes Iv
MgAa Manchester gravelly sandy loam, 0 to 3 percent '
' slopes IIT
MgC Manchester gravelly sandy loam, 3 to 15 percent
slopes v
PbC Paxton & Montauk fine sandy loams, 8 to 15 percent
slopes ITT
PnA Penwood loamy sand, 0 to 3 percent slopes ITT
PnB Penwood loamy sand, 3 to 8 percent slopes ITT
Rb Raypol silt loam I1T
Ru Rumney fine sandy loam ITTI
Rv Rumney Variant silt loam ITT
St Suncook loamy sand ITI
wWd Walpole sandy loam ‘ ITI
WkC Wethersfield loam, 8 to 15 percent slopes III
Wr Wilbraham silt loam I1T
WvA Windsor loamy sand, 0 to 3 percent slopes ITT
WvB Windsor loamy sand, 3 to 8 percent slopes III
YaC Yalesville fine sandy loam, 8 to 15 percent slopes ITI
6/13/83
gr



ON-SITE SEWAGE DISPOSAL SYSTEMS

TABLE 2-3. EXAMPLE WASTEWATER FLOW
REDUCTION METHODS

37

I. Elimination of nonfunctional water use
A. Improved water use habits
B. Improved plumbing and appliance maintenance
C. Nonexcessive water supply pressure

Il. Water saving devices, fixtures and appliances
A. Toilet
1. Water carriage toilets
a. Toilet tank inseris
b. Dual-flush toilets
¢. Water-saving toilets
d. Very low-volume flush toilets
i. Wash down flush
ii. Mechanically assisted
. Pressurized tank
. Compressed air
. Vacuum
. Grinder
2. Non-water carriage toilets
a. Pit privies
b. Composting toilets
c. Incinerator toilets
d. OQil-carriage toilets
B. Bathing devices, fixtures, and appliances
1. Shower flow controls
2. Reduced-flow showerheads
3. On/off showerhead valves
4. Mixing valves
5. Air-assisted low-flow shower system
C. Clotheswashing devices, fixtures, and appliances
’ 1. Front-loading washer
2. Adjustable cycle settings
3. Washwater cycle settings
D. Miscellaneous
Faucet inserts
Faucet aerators
Reduced-flow faucet fixtures
Mixing valves
‘Hot water pipe insulation
Pressure-reducing valves

oA WN =

IIl. Wastewater recycle/reuse systems
A. Bath/laundry wastewater recycle for toilet flushing
B. Toilet wastewater recycle for toilet flushing
C. Combined wastewater recycle for toilet flushing
D. Combined wastewater recycle for several uses

From: Clements etal., 1980.
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Taxes and Water Quality

Ad Hoc Lake Advisory Committee

One of the Ad Hoc Lake Advisory committee’s charges is to conduct research and make recommendations to the Town
Council to address algae blooms in Lake Pocotopaug. Part of these recommendations include a lake management plan.

This report focuses on the effects of current property tax policy on the maintenance of watershed forest land, and its
importance with respect to the water quality of Lake Pocotopaug.

Why is undeveloped land in the watershed important to the future of Lake Pocotopaug?

Lake water quality is largely dependent on the intensity of land use in its watershed. Most important is the delivery of
nutrients to the lake, such as phosphorus, as a result of various land uses. Undeveloped forest land exports the least
amount of phosphorus and other eutrophication causing materials to lakes (Worden 1993). As forest land is developed
into residential, commercial and industrial uses, the export of phosphorus increases greatly (NYDEC 1992). If the
watershed of Lake Pocotopaug was developed to the full extent of todays zoning using todays practices, the water clarity
in the lake would likely decline substantially from what it is today. Figure 1 and Table 1 show past, present and future

projections for Lake Pocotopaug based on a model derived from the inlet sampling program done in 1991 and 1992 and
watershed mapping project (LAC 1993).
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Figure 1: Phosphorus export rates and transparency for various intensities of development as predicted by the

model.
Time | Developed Phosphorus Export Total P Input, | Spring P | Spring Trans- Trophic
Area From Land Areas (all sources) Conc. parency Classification*
(%) (Ib/acre-year) | (Ib/year) (Ib/year) (ppb) (meters)
Past 5 .20 476 704 9 4.9 Oligotrophic
Present 33 32 791 1,277 17 1.8 Eutrophic
Future 84 .76 1,817 2,303 31 .6 Highly Eutrophic
* Based on spring transparency. (“The Trophic Classification of Seventy Connecticut Lakes”, CT DEP 1982)

Table 1: Past, present and future conditions as predicted by the model.



Figure 1 and Table 2 shows that increasing development of the watershed is associated with decreasing transparency in the
lake because of the increased nutrient export associated with increasing intensity of land use in the basin.

Today 67 percent of Lake Pocotopaug’s watershed is undeveloped woodland. Although it would be best for the lake, it is
unrealistic to try to prevent the development of all remaining woodland in the lake basin. However, not all woodland
owners may wish to develop their land. Some may want to keep it the way it is, as woodland. However, today’s method
of taxation and high property values make it difficult for many landowners to afford to keep their land as undeveloped
woodland. Often, the eventual result is the forced sale of land. Few people are in the position to buy land for the purpose
of keeping it for conservation purposes. Usually it is purchased and subdivided as building lots. The result is added
nutrients for Lake Pocotopaug.

There are two tax situations that may cause this to happen. 1) Ever increasing local property taxes cause ownership of
open land to become prohibitive, thus forcing sale, and 2) state and federal estate (death) taxes can cause the forced sale of
land within 9 months of the death of the owner to settle an estate when the land comprises most of the deceased total
assets.

The following discussion focuses on the property tax issue, since it is something a town government can do something
about.

How have rising taxes affected landowners?
The revaluation in 1991 demonstrates how rising land values and increasing tax rates have especially affected the owners
of undeveloped land. The following example, showing before and after tax bills of four typical landowners in different

situations, summarizes how landowners were affected:’

Landowner 1: Owns a home of average value on a 1 1/2 acre lot in a 1 1/2 acre zone, and has an average
number of cars.

Landowner 2: Owns the same as landowner 1, except his lot is 15 acres.
Landowner 3: Owns a vacant 15 acre lot.
Landowner 4: Owns the same home and cars as landowners 1 and 2 except he has 5 acres of land that

borders Lake Pocotopaug.

Landowner Before After Change %

1: House and 1 1/2 acres $2152 $2127 -$25 -1.2%
2: House and 15 acres $3013 $3550 $537 18%
3: Vacant 15 acres $1206 $2073 $867 2%
4: House and 5 acre lake lot $3790 $6867 $3077 81%

Table 2: Taxes for four landowners before and after revaluation.

The reason for the varied change in taxes in the four cases shown in Table 2 is because tax revenues from land went up
dramatically as a result of the revaluation. Revenues from all other sources went down. (Figures 2 and 3). As can be
seen in these examples, taxpayers with little excess land, like land owner 1, may have seen a decrease in tax, because land
was a smaller proportion of their total assessed property. In contrast, taxpayers with excess and vacant land, such as
landowners 2, 3 and 4, saw substantial increases, because the increases on their land far overshadowed any reductions on
their dwellings and cars. The size of their net increase depended on how much land they owned, and where it was located.
It should be noted that most landowners’ need for town supplied services changed little in the course of a year; their
additional tax buys them nothing extra.

"The tax information used in this report is from draft reports “The Fiscal Impact of Three Major Land Uses for the Town of
East Hampton™ and “The Fiscal Impact of Open Space” which were based on fiscal years 1990-1991 and 1991-1992.
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Figure 2: Revenues before and after revaluation Figure 3: Revenue source change due to revaluation

What can be done about the heavy tax penalty for owning undeveloped land?

Fortunately, there is a program that allows tax reductions on undeveloped land. This allows an opportunity to reduce
negative incentives that may force watershed landowners to sell their property into development.

Public Act 490

Public Act 490 (PA 490)* was enacted as a state statute by the 1963 Session of the General Assembly in response to

concerns that local property taxation policies were adversely affecting crucial characteristics of our society and
environment.

PA 490 provides that taxes be reduced for:

1) Farm tracts of any size.
2) Certified forest land aggregating more than 25 acres.
3) Other open space land as designated by the local planning commission® .

This reduction is based on what the land is actually used for (use value), such as pasture land, woodland. etc., and not on
what it might bring on the market if sold for its highest use (fair market value). This is justified because open space land
requires little if any support from local government revenues. Local property taxes largely support education with much
of the balance for roads, and fire and police protection. Lower taxes on open space land recognizes a low utilization of
town services and a high social value resulting from maintenance of open space land for environmental, conservation and
recreational purposes. The East Hampton Plan of Development encourages the use of PA 490 tax incentives for the
maintenance of agricultural and other open space lands (East Hampton 1989).

The Open Space Provision of PA 490

Most people are aware of the agriculture and forestry provisions of PA 490. Lower taxes are required on qualified
agricultural and forest land by state statute. However, the open space provision is an option to towns. It is enacted by a
vote of its legislative body, once a designation has been made in the Plan of Development. Open space land is defined in
the statutes as any area of land, including forest land, not excluding farm land that if preserved would:

1. Promote orderly urban or suburban development.

2. Maintain and enhance natural or scenic resources.

? CGS 12-63, 12-107a through e, and 12-504a through h

® What is open space? Open space is a very broad term that means any undeveloped or open land, public or private,
farmland, and lands traditionally used for active or passive recreation. Examples include state forest, Sears Park, ball fields,
sportsman’s club land, the wood lot next door, farms, abandoned fields, lakes, streams, ponds and wetlands, etc.
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Protect streams or water supplies.

Promote conservation of soils, wetlands, beaches or tidal marshes.

Enhance public recreation opportunities.

Preserve historic sites.

Enhance the value to the public of neighboring or abutting parks, forests, wild life preserves, reservations,
sanctuaries, or other open space.

Nk w

Several of these qualities would be applicable to Lake Pocotopaug’s watershed to enhance the lake’s viability as a valuable
natural and recreational resource.

Once the planning commission has designated open space lands in the Plan of Development, and the provision has been
enacted, landowners may qualify for lower taxes if the land in question meets any of the above listed characteristics of
open space, and has not been modified since the land was designated as open space in the Plan of Development. This is
done through application to the local tax assessor.

To reduce the possibility of misuse of PA 490 status, the legislature has provided penalties in the form of an additional
conveyance tax of up to 10% of the parcel’s selling price for the sale or conversion of land to other uses within 10 years
of it’s acceptance as open space by the assessor.

Many towns in our area have enacted the open space provision in varying forms, including Clinton, Durham, East
Haddam, Essex, Haddam, Hebron, Killingworth, Middlefield, Old Saybrook, Portland, Lyme, Old Lyme, and Willington.

How applicable is the open space provision to the watershed of Lake Pocotopaug? Would it make
a difference?

No detailed study of woodland ownership specific to the watershed has been done, however some statistics for Connecticut
woodlands are likely similar. (Figures 4 and 5).

Non-Forest

38% FOREST OWNERSHIP IN CONNECTICUT

Private 9-100 acre parcels
26%

Forest \

62%

Private, 100+ acre parcels

3%
LAND USE IN CONNECTICUT

Private, 1-9 acre parcels

Public/Quasi Public 539

13%

Figure 4: Land use and forest ownership in Connecticut. (Gibbons and Ricard)

What is interesting to note in Figure 4 is that most of the privately held woodland is in small parcels of less than 9 acres.
Since forest land must aggregate over 25 acres to qualify for the PA 490 forestry program, most of privately held forest is
subject to high taxes and the probability of forced sale, unless the PA 490 open space provision is enacted to include the
smaller parcels.

The average age of Connecticut woodland owners is 61 years (Gibbons and Ricard). Most are at or near retirement and
have limited incomes. The property they own was either inherited or bought years ago when land was cheap. Paying
taxes on this property is often a burden.

The watershed of the lake is much like the state in terms of the proportion of forest land, and the proportion of that forest
4



in private ownership (Figure 5). Forest land comprises 67 percent of the lake basin, and 83 percent of it is privately held.
As a consequence, PA 490 tax reductions likely play an important role in reducing the forced sale of land into
development. The open space provision could extend this important program to forest owners of smaller parcels, as a

positive incentive to maintain their lands as open space, and provide subsequent benefits to the water quality of Lake
Pocotopaug.

Developed

33% FOREST LAND OWNERSHIP IN THE WATERSHED
Public
17%

T~

Forest
67%

Private
83%

LAND USE IN THE WATERSHED

Figure 5: Land use and forest ownership in Lake Pocotopaug’s watershed (LAC 1993).

PA 490 may be good for the open space owners in the watershed, but isn’t development good to
keep taxes down for everyone else because it increases the tax base?

At first glance it seems that development would have a beneficial effect to lower taxes. As land is subdivided and new
houses and businesses are built, the Grand List goes up. With a larger tax base one would expect the mill rate to g0
down. This is true for commercial and industrial (or economic) development. However, the mill rate will actually go up

as open space is converted to residential use to compensate for the increased need for town supplied services generated by
residential land use.

It has been shown in several studies that commercial and industrial uses bring in more tax dollars than they use in services
(American Farmland Trust 1986, Lincoln Institute of Land Policy 1992). This beneficial relationship is recognized in
East Hampton and demonstrated by our commitment to encourage new business to locate here by providing a number of
positive incentives through zoning and tax abatement programs. In contrast, residential land use has been shown to use
more dollars in town provided services than it produces in tax revenues. What is less recognized is that these studies also
show that like economic development, vacant lands bring in more revenue than they use in services.

Using a method similar to that used in a study conducted in Hebron in 1986 (American Farmland Trust 1986), the cost of
services verses tax revenues for three types of land use in East Hampton are estimated as follows:

Land use type Revenues Expenditures Difference
Residential $15,491,400 $16,824,400 -$1,333,000
Commercial & Industrial 1,162,500 724,800 437,800
Private Open Space 954,700 59,400 895,300

Table 3: Revenues and Expenditures for Three Major Land Uses*

In terms of a ratio of revenues to expenditures, for each dollar of tax received, residential used $1.09 in services,

* From draft report “The Fiscal Impact of Three Major Land Uses for the Town of East Hampton” 1992.
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commercial and industrial used $0.62, and open space used $0.06. (See Figures 6 and 7)

1000
E 0 .
) (000%) -
-1000 =
-2000 T v
Residential Com & Ind Open Space Residential Com & Ind Open Space
Figure 6: Cost of services per dollar of revenue received Figure 7: Surplus/shortfall

As shown in Table 3, each of the three land uses generates some revenue. However, as can be seen in Figures 6 and 7, it
is not until the income from each is viewed in relation to the costs of town supplied services associated with them, that
the net fiscal impact of the land use can be fully understood.

Because open space lands use so little in services when compared to the revenue they bring in, these lands effectively
subsidize residential use. For fiscal year 1991-1992 this subsidy is nearly $900,000, almost double that contributed by
commercial and industrial use. This makes sense; our biggest expenditures are for education, police and fire protection.
Open space uses no education dollars, and very few in police and fire protection. However, unlike commercial and

industrial land, open space rarely generates much income. Consequently, it provides this subsidy at a considerable burden
to its owners.

What happens when open woodland is changed to residential use?

As a result of the above relationship, the conversion of vacant woodland, a net producer of revenue, into residential use, a
net user of revenue, creates a fiscal deficit that can only be made up by raising the mill rate. This in turn makes it less
affordable to keep open land, which forces its sale into development, and so on. The result is an ever increasing mill rate.
The legislature enacted PA 490 to prevent this from happening.

Table 4 illustrates the fiscal impact of the conversion of open space to residential use using the 15 acre parcel of land in
the previous example.

Revenue Cost of services |Revenue less services| Net change
Vacant 15 acre lot $2,073 -$24 $2,098 -
Developed in R1 Zone (no sewers) 15,110 15,533 -423 -2,521
Developed in R1 zone (on sewers) 31,337 33,285 -1,948 -4,046

Table 4: The fiscal impact of land use change for a 15 acre parcel in the R1 zone.

It is interesting to note that a parcel of forest land that is given to a land trust, the state, or to the town, and is taken off
the Grand List, causes a net change of -$2,098, which is less than if that same parcel were developed into house lots,
because the residences would require more in services than the revenue they bring in with taxes.

Towns have the option of defining what land would be included for PA 490 open space. The following is a proposed
open space designation for the watershed of Lake Pocotopaug. It is similar to those adopted by Durham, East Haddam,
Essex, Haddam, Lyme, Old Lyme, and Willington. It has been designed to accomplish the following objectives:

1. To reduce the probability of forced sale of open space land into residential development due to property
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taxes.

2. To promote the establishment of permanent open space dedications.

3. To designate only those areas that can be converted to residential use under the zoning regulations, so as to
have the least initial impact to the Grand List while still accomplishing the objectives listed.

4. To not discourage the conversion of vacant industrial and commercial land into industrial and commercial
uses in the watershed.

The following language is suggested for the proposed designation:

DESIGNATION:

1. That proportion of any lot or parcel of land, which portion is in excess of the minimum lot area for the
zone in which it is located, provided that:

a. The lot or parcel is wholly or partially within the watershed of Lake Pocotopaug.

b. The open space to be preserved is itself not less than the minimum lot area for the zone in which it
is located.

¢. The land is not in the C, I, DD, or CC zones.

d.  The land conforms with the essential character of “open space” as defined in the CT General
Statutes.

2. Any parcel or part thereof that is permanently set aside as open space by a conservation easement or an
open space exaction, providing that it is wholly or partially within the watershed of Lake Pocotopaug.

Doesn’t lowering taxes for open space landowners make everyone else’s taxes go up?

In the short term, yes. In the long term no. PA 490 was enacted to help keep tax rates from going up unnecessarily by
reducing the forced sale of open lands into residential development, which changes a parcel from a net producer of revenue
to a net user of revenue, and avoiding the necessary increase of the mill rate to make up for the increasing shortfall. In the

short term, there would be a small one time increase in the mill rate to make up a small reduction in the Grand List as
property landowners sign up.

How much would the short term one time increase be?

By examination of the Grand List, approximately 89 parcels totaling 241 acres (or 10 percent of the watershed) fall into
the size range that might qualify as open space with the proposed designation. Assuming all these landowners apply for
PA 490 open space status and are accepted, the increase would be approximately 0.4 percent , or about .08 mill. This is
the worst case scenario. In reality not all this land will meet the statute's requirements, and not all landowners will apply.
Some of the lots listed are small and landowners may feel the reduction is not worth the bother of applying. Other lots
are being held for the purpose of sale, and it would make no sense for an owner to incur the conveyance tax penalties.
Taking these factors into consideration, a more realistic estimate would be less than that stated above. These estimates
also assume the use value set by the assessor is the minimum allowed by state statute. The assessor may assign a use

value considerably higher than the minimum, depending on the property’s current use, thus further reducing impact on the
mill rate.

How does this affect taxpayers?

Using the previous examples and assuming the maximum change in mill rate, before and after enactment taxes are as
follows:



Landowner Before After Change %
1: House and 1 1/2 acres $2,127 $2,136 +$9 +.4%
2: House and 15 acres 3,550 2,246 -1,304 -37%
3: Vacant 15 acres 2,073 830 -1,243 -60%
4: House and 5 acre lake lot 6,867 3,876 -2,991 -44%

Table 5: Change in tax from enactment of proposed PA 490 open space Provision in the watershed of Lake
Pocotopaug.

Enactment’s net affect on the Grand List and taxpayers not able to take advantage of the open space provision is small
because the maximum total reduction in assessed property is small in comparison to the entire Grand List. (0.4 percent).

Table 6 shows the distribution of lot sizes under 25 acres that might be eligible for the proposed PA 490 open space
designation. It is interesting to note that most open land in this size range is in small lots under 5 acres. This
distribution is similar to the state wide pattern shown in Figure 4° .

Size Range (acres) 0-5 5-10 10-15 15-20 20 - 25 Totals
Total acreage (%) 143 (59%) 69 (29%) 29 (12%) 0 (0%) 0 (0%) 241
Number of Lots (%) 77 (87%) 10 (11%) 2 2%) 0 (0%) 0 (0%) 89

Table 6: Size distribution of open lots under 25 acres in Lake Pocotopaug’s watershed.

A point that is sometimes raised is that, with reduction of taxes on open space land, a resident with a large lot or vacant
land will not be paying his fair share of taxes, and that residents with a small lot will end up subsidizing the large lot
owner. Since open land requires little in town services, it produces more revenue than it uses. In effect, residents with
open land have actually been subsidizing small lot owners. In fiscal year 1991-1992 open space land provided nearly
$900,000 more revenue than it used in services. Adoption of the open space provision will not eliminate this subsidy. It
will reduce it somewhat, but watershed open space land will still be a net producer of revenue. In exchange for this
reduction will be a reduced risk of forced sale of property that would rapidly move land onto the market into residential
development, thereby becoming a net user of revenue, instead of a net producer. It should be noted that with the proposed
open space designation vacant parcels will still be assessed for at least a building lot at about $50,000 ($150,000 when on
the lake); not all acreage would be assessed at use value.

In Conclusion:

The maintenance of forested land in the watershed of Lake Pocotopaug is an important part of a lake management plan.
Enactment of the proposed PA 490 open space provision for the watershed would provide a positive incentive for
watershed landowners to keep their land in its natural state and reduce the probability of the forced sale of these lands into
development because of the burden of local property taxes. Land in its natural state is the least likely to cause water
quality impacts to Lake Pocotopaug. The proposed open space designation is designed to have minimal impact on the
grand list while still providing a meaningful reduction in taxes on qualifying open lands. Participation in PA 490 is an
option to landowners. Those who choose to develop their land are not affected. In the long term, enactment would not
only benefit the town by reducing impacts on water quality, and increasing open space opportunities, but it would also
benefit the town fiscally by reducing the conversion of open space into uses that cost the town more in services than the
revenue they bring in.

® By inspection of the Grand List for 1990 and tax map.
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East Hampton Ad Hoc Lake Advisory Committee

LAND USE AND PHOSPHORUS INPUT TO LAKE POCOTOPAUG

March 7, 1995

Summary

Since 1990 Lake Pocotopaug has experienced severe nuisance algae blooms resulting in transparencies to less than
0.5 meters. In response to this the Ad Hoc Lake Advisory Committee has adopted a goal to restore transparency to
no less than 2 meters at any time in the future. Because lake water quality is largely dependent on the land
surrounding a lake, a watershed management plan must be developed and implemented to accomplish the goal.

Internal loading of phosphorus from bottom sediments to overlying water has been identified as the event that leads
to the late summer blooms. The predisposition of the lake to internal loading is ultimately related to phosphorus,
oxidizable organic material, and turbidity entering the lake from external sources. Because phosphorus usually
determines the potential growth of algae and resulting transparency, it is typically considered to be the most
important when controlling algae blooms. By addressing sources of phosphorus, controllable sources of these other
materials are also addressed. This report uses available information to develop a model to assess the overall input of
phosphorus to Lake Pocotopaug. The model demonstrates that the information collected for Lake Pocotopaug is
consistent with studies done on other lakes, and that lake water transparency is ultimately dependent on the intensity
of land use in the watershed.

Present spring phosphorus concentrations in the lake cause transparencies to be about 2 meters before internal
loading begins. The conditions that give rise to this transparency also predispose the lake to internal loading events
that result in transparencies of less than .5 meters later in the season. For this reason, current inputs of phosphorus
must be reduced in order to accomplish the 2 meter goal. Three major phosphorus sources have been identified.
From the model, atmospheric fallout accounts for 35 percent of the total, waterfowl 4 percent, and the land area of
the watershed, 61 percent. Seventy five percent of the input from land areas is from presently developed areas,
which comprises only 33 percent of the land in the basin.

Although a few “hot spots” are identified, most of the excess phosphorus export from land areas is associated with
typical land use. Forest has the lowest phosphorus export rate of any land use. Developed areas had substantially
higher export rates. The highest were associatéd with runoff coming directly from impervious surfaces such as
roads. Since source reduction is difficult in developed areas, reductions will rely heavily on retrofitting existing
drainage systems with control technology. It is recommended that a study of the natural and manmade drainage

systems of the watershed be undertaken to outline a cost effective program to reduce current phosphorus input to the
lake.

In addition to addressing existing sources of phosphorus, future sources must also be considered, otherwise any
reductions achieved today will be offset by increases from future development. Land use policies are a reasonable
and cost effective way to achieve this goal. Because present sources are enough to cause lake problems, policies
must be adopted to insure that new development will not cause any increase in phosphorus export to Lake
Pocotopaug. In addition to source control, the single most important consideration is stormwater runoff because it
is the vehicle that transports these materials to the lake. Efforts must be made to lessen the quantity of overland
flow due to development, and to improve the quality of stormwater that eventually reaches the lake. Observations
on present land use policies are offered along with general guidelines to accomplish the stated goals as partof a
watershed management plan.
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I. INTRODUCTION

Since 1990 Lake Pocotopaug has experienced severe nuisance algae blooms resulting in
transparencies to less than 0.5 meters. In response to this, the Ad Hoc Lake Advisory Committee
has adopted a goal to restore transparency to no less than 2 meters at any time in the future.
Because lake water quality is largely dependent on the land surrounding a lake, a watershed
management plan must be developed and implemented to accomplish the goal.

The purpose of this report is to look at available information to assess the overall input of
phosphorus to Lake Pocotopaug, and identify ways to reduce it as part of a watershed
management plan. It also provides a rational for instituting policy changes for the purpose of
watershed management. More specifically this report:

1. Summarizes information from the land use subcommittee’s mapping project, information
gathered from the inlet sampling program, and the subcommittee’s estimates of seagull
populations roosting on the lake.

2. Uses the above information to develop simple phosphorus loading and transparency models
for Lake Pocotopaug to demonstrate the relationship between man’s activities in the watershed
and lake water transparency. '

3. Looks at the past, and future of Lake Pocotopaug, using the model and present trends to lend a
perspective as to where we are headed and what to expect for the future in terms of lake water
quality.

4. Assesses the effectiveness of current land use policies in the lake basin.

5. Suggests general guidelines for developing land use policies and practices to reduce lake
impacts due to land use in the watershed.

II. DISCUSSION

Algae, like all other living organisms, require many different nutrients to grow. Of particular
interest are phosphorus and nitrogen because they are in the least supply relative to the growth
needs of algae and other organisms in a lake. Because phosphorus usually determines the
potential growth of algae and resulting transparency, it is typically the nutrient considered to be
most important when controlling algae blooms (Frink et al. 1978, Reckhow et al. 1980, U.S. EPA
1988). Most Connecticut lakes such as Lake Pocotopaug are phosphorus limited, although some
lakes may at times be nitrogen limited (Frink and Norvell 1984). The primary source of these
nutrients is the watershed. Watershed sources of nitrogen are difficult to control (U.S. EPA
1988). In the case of Lake Pocotopaug, the algae species of concern, anabaena, has the ability to
fix atmospheric nitrogen, and need not rely on watershed sources (Worden 1993). Having no
common gaseous phase, phosphorus enters the lake from external sources which are more easily
controlled (U.S. EPA 1988). Also, by addressing sources of phosphorus, controllable sources of
nitrogen are also addressed. Efforts to control algae blooms can be undertaken either in the lake to
reduce phosphorus and algae concentrations, or in the watershed, to reduce the export of
eutrophication causing materials. However, in-lake efforts treat the symptoms of algae problems
and are rarely long lasting unless the source of the problem, phosphorus input from the watershed,
is addressed first. For these reasons, successful lake management efforts typically involve a
watershed management plan that focuses on controlling external phosphorus sources that affect
concentrations in the lake (U.S. EPA 1988).

Two major external sources of phosphorus to lakes are the land area of the watershed, and fallout
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from the atmosphere. Typically, because of a lake’s relatively long hydraulic residency time, most
of the phosphorus that enters it eventually sinks and is incorporated into bottom sediments. Little
leaves by way of its outlet. Normally this phosphorus stays in the sediments. However, under
conditions of low concentrations of oxygen, this phosphorus can be released into overlying water
to again become available for algae growth in a process called internal loading. Although internal
loading is an important part of Lake Pocotopaug’s problem (Kortmann 1992, Rich 1992, Worden
1993), this paper focuses on the input of phosphorus into the lake, which is an important factor
causing the internal loading process to occur (Rich 1992). Other factors are the input of turbidity
and oxidizable organic material (E.H. Conservation Commission Meeting May 14, 1992). By
addressing phosphorus sources, sources of turbidity and oxidizable organic material are also
addressed, as they generally have similar sources as phosphorus (Worden, Ad Hoc Lake Advisory
Committee Meeting May 18, 1993). The process of internal loading is complex and requires
specialized field investigation. It is therefore beyond the scope of this report.

III. SUMMARY OF WATERSHED INFORMATION

Three significant external sources of phosphorus to Lake Pocotopaug have been identified; the
land area of the watershed, atmospheric fallout, and waterfowl (Fredette, Kortmann, E.H.
Conservation Commission meeting 1992). A number of studies have shown that phosphorus
export from a watershed to a lake is dependent on the intensity of land uses present (Norvell et al.
1979, Reckhow et al. 1980, U.S. EPA 1988). A seven to ten fold increase in phosphorus export
to surface waters can be expected with a change of land use from forest to low and medium
density residential development (NY DEC 1992).

Phosphorus is transported into a lake by storm water falling in its drainage basin. This stormwater
reaches the lake by overland flow, such as streams and drainage system outflows, or through
groundwater infiltration. Groundwater typically contains much less phosphorus than overland
flow. The water resources of the Lake Pocotopaug drainage basin are shown in Map 1 in
Appendix 3. Atmospheric fallout, both wet and dry, contains significant amounts of phosphorus.
Some falls directly on the surface of the lake. On vegetated land areas, most of this fallout is
absorbed into the soil and taken up by root systems (Kortmann 1991, Rich 1992). Soil, which
also contains significant amounts of phosphorus, is stabilized by root systems. Phosphorus
adheres to soil particles, especially the finer ones, which are more easily transported by moving
water (CT Council 1986, NY DEC 1992). Soil also contains organic material and causes
turbidity. In developed areas, natural vegetation is removed and replaced with impervious
surfaces such as roads and roof tops, which collect atmospheric fallout and erosion products.
Lawns can also can be significant sources of phosphorus. These materials are then washed into
drainage systems during rainstorms before they can be absorbed by vegetation. The amounts of
phosphorus and other eutrophication causing materials reaching surface waters from storm
drainage systems can be very significant. Studies have shown that pollutant loading rates for
phosphorus and nitrogen during the first hour of a typical rainstorm far exceed the amount
contained in raw sanitary sewage generated by the same urban area during the same time (NY DEC
1986). Small increases in phosphorus concentrations in lakes are sufficient to cause problems.

Watershed Developed Areas

The developed areas of the lake basin are well defined and cluster either near the shoreline, (within
1000 feet on the average,) or along existing main roads, such as Mott Hill and Clark Hill Roads,
and Route 66. The only exception to this is development near the High School. Because of the
clustering it is fairly simple to outline these developed areas. Map 2 overlays the developed areas
of the watershed on the subbasins of the watershed.

Watershed Zoning



Zoning regulations define the allowable limits of future development in the basin. Map 3 shows
present zoning in the basin. Map 4 overlays the presently developed areas on the zoning map
(East Hampton 1989). Table 1 summarizes the uses, minimum lot size, and maximum impervious
area (roads not included,) allowed in these zones.

Zone Principle Minimum Lot Area Max Impervious Area
Designation Use (Without / with sewer) (Without / with sewer)
R1 Lakeside and Village Residential 60,000 sf / 20,000 sf 10% / 20%
R3 Resource Residential 60,000 sf / 40,000 sf 10% / 10%
R4 Rural Residential 60,000 sf / 60,000 sf 10% / 10%
RL Reserved Land not applicable not applicable
DD Designed Development Not allowed / 5 acres Not allowed / 50%
I Industrial Not allowed / 40,000 sf Not allowed / 50%
C Commercial Not allowed / 40,000 sf Not allowed / 60%
R1, O) Congregate Housing (special permit) | Not allowed / 8,712 sf/unit Not allowed / 25%
Undesignated | Scraggy Island not applicable not applicable

Table 1. Current watershed zoning requirements (East Hampton Zoning Regulations, 1992).

Table 2 shows the areas of the watershed in each zone, and the portion presently developed. It
also shows the presently undeveloped area in each zone that could be developed at some time in
the future. This was determined by subtracting areas that may reasonably be assumed to remain
undisturbed in the future, such as state forest land, areas with easements that restrict development,

and larger areas classified as wetlands.! These undevelopable areas amount to 364 acres or 15
percent of the land area of the basin.

Zone Total Area Area Presently Developed Future Developable Area
Designation (acres) (%) (acres) (%) (acres) (%)
R1 593 25 494 83 81 14
R3 1,104 47 191 17 841 76
R4 208 9 25 12 180 87
RL 263 11 0 0 0 0
DD 121 5 29 24 91 75
I .16 .01 .16 100 0 0
C 75 3 42 56 24 32
Undesignated .33 .01 0 0 0 0
Total 2,363 100 782 33 1,217 52

Table 2. Total, presently developed, and future developable area for each zone in

the watershed of Lake Pocotopaug.

' The RL zone, which includes state forest land, is intended to allow for public uses of land. Though most of this land
is forested today, there are no restrictions to any development that a local, state or federal government may chose to
undertake in the future. Nor does it mean that the land cannot be sold for private development. (Town of East Hampton
Zoning Regulations 1992). However, for the purpose of this report, RL land is assumed to be undevelopable.

For zoning purposes, wetlands may be included in the calculation of lot size. They therefore do not necessarily reduce
density unless they are extensive.
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Watershed Sampling Program

In 1991 and 1992 various inlets to Lake Pocotopaug were sampled for total phosphorus and
turbidity. Map 5 shows the locations where these samples were taken. Appendix la describes
these locations and lists the lab data for each sampling period as well as the high, low and average
phosphorus concentrations measured at each location. Appendices 1b through le show the total
and per acre annual contribution of phosphorus for the same sampled areas, as well as their total
and developed areas. Although each of these tables contain the same information, they are sorted
by different columns to aid in identifying problem areas.” The areas associated with these
contributions are shown in Map 6.

IV. PHOSPHORUS IMPORT AND TRANSPARENCY MODELS

The intent of the following modeling exercise is to demonstrate that the relationship expressed in
the literature between the transparency of water in a lake and man’s activities in the watershed
holds true for Lake Pocotopaug.

Phosphorus Import Model

Watershed phosphorus export modeling is generally done to estimate total lake phosphorus loading
using export rates from studies of other similar watersheds. These export rates are based on the
land use present in a given area. In the case of Lake Pocotopaug, rates can be calculated from
actual field data.

Samples collected during field work make use of available access points, and do not represent the
entire watershed. To estimate the total phosphorus input to the lake from all land areas, a simple
model using existing information can be developed. Sampled areas that are representative of
typical export rates can be used to calculate phosphorus export as a function of developed area.
The resulting model can then be applied to the rest of the watershed to estimate the total watershed
export (Reckhow et al. 1980, U.S. EPA 1988, Windham RPA 1977).

? See Appendix 4j for calculation of per acre export rates from concentrations found in streams. The first set of
columns in Appendices 1b through le, labeled “Total Drained Area”, represents calculated values for the entire area
contributing water to that sampling point, essentially integrating all upstream areas. Where samples were taken at several
points along a stream, it is possible to subtract out contributions from upstream sampled areas, from those of the
downstream integrated sample. This results in contributions for just the downstream area, and gives better insight into
where the measured phosphorus is originating. These values are represented in the second set of columns, labeled “Sub
Drained Area”.
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The phosphorus import model for Lake Pocotopaug was derived by plotting the export rate per
acre against the percent developed area for each point sampled in 1991 and 1992. (See Figure 1, 2
and 3). Water sampled at a particular point originates as rain falling on the land area draining to
that point. These areas were determined from contours shown on USGS maps, and measured
using a computer CAD program as part of the mapping project. (Maps 5 and 6 in Appendix 3).
These areas were overlaid with the developed area shown on map 4 to determine each sampled
areas’ percentage of development. The phosphorus export rates were calculated from
concentrations found in the samples, the annual runoff and the drained area. The model, or
mathematical relationship between phosphorus export and developed area was derived using a
computer curve fit program to find the best curve for the plotted data points as determined by
regression analysis.
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Figure 1. Phosphorus export verses percent developed area for all sampled stations.

Figure 1 plots all of the sampled points verses their percent developed area. As can be seen in
Figure 1, several streams deviate significantly from the rest. These streams have identifiable
reasons for their large deviation, and therefore were left out of the data set used to describe the
model. (See Appendix 2). The resulting plot is shown in Figure 2.
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Figure 2. Phosphorus export verses percent developed area for sampled areas, less stations 2 and 26
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Storm drains and road runoff (shown as squares,) are seldom representative of an area’s
phosphorus export since they often collect little groundwater. Since groundwater usually has lower
phosphorus concentrations, it tends to dilute higher concentrations found in overland runoff.
Natural streams with unmodified drainage patterns, however, are fed by both overland flows, and
by groundwater discharging from wetlands and stream beds. Streams are therefore better
indicators of a subbasin’s true phosphorus export, and for this reason are used in the export
model. Data from station 1, swamp near Wells Avenue was omitted for a similar reason. The
sample was observed to represent a small fraction of the total outflow from this drainage area.
Overland flow to the lake was non existent except during heavy prolonged downpours when
groundwater is exceptionally high. Most of the runoff from this wetland area apparently entered
the lake as groundwater seepage.

Figure 3 shows the remaining data points that were used in the model.
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Figure 3. Phosphorus export model.

Figure 3 shows the best fit curve and equation describing the relationship between phosphorus
export per acre and developed area. As shown in Table 3, the model values for forest and 100
percent developed area are in the range of other studies. The increase ratio is somewhat less than
these studies.

Source Forest Developed Increase
Norvell et al. 1979 .09 1.51 16.8:1
NY DEC 1992 .1 8-1.1 8-11:1
Reckow 1980 24 1.9 8.1:1
Dennis 1986 17 1.4 7.5:1
Model .18 1.0 5.6:1

Table 3. Model results compared to various studies.
Present Phosphorus Loading

From Table 2, the overall percent developed area of the entire watershed is 33 percent. Using this
value in the model yields an export rate of .33 Ib/acre-year, for a total annual export of 791 Ib/year
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for the entire watershed. Of this amount, approximately 73 percent is from presently developed

areas, which comprise 33 percent of the total land area of the watershed. (See Appendix 4f for
calculations)

There are several other phosphorus sources that must be considered; atmospheric loading directly
on the lake surface, and droppings from waterfowl. Studies have shown that atmospheric loading
averages about .89 Ib/acre per year in our area (Kortmann 1991, Windham RPA 1977). The
annual loading for Lake Pocotopaug’s 512 acres would be 455 Ib/year. (Appendix 4c). (A

fraction of atmospheric phosphorus may be tied up in pollen grains in a form that is not readily
available to lake algae.)

Phosphorus loading from waterfowl depends on the species, their numbers, and how long they
stay on the lake. From observations, as many as 3,200 seagulls (mostly herring gulls) have been
on the lake at one time to roost overnight during the late fall to early spring season. Using this
information, it is estimated that they add about 43 1b of phosphorus to the lake on an annual basis.
(Appendix 4d). Canada geese and ducks have also been observed on the lake in much smaller
numbers, but their population and residency times have not been estimated.

The present total estimated phosphorus input from exterior sources is summarized in Table 4.

SOURCE PHOSPHORUS PERCENT OF
INPUT (Ib/year) TOTAL
Watershed Land 791 61%
Atmosphere (lake surface) 455 35%
Waterfowl 43 4%
Total 1,289 100%

Table 4. Present Lake Pocotopaug phosphorus loading from external sources, as
predicted by the model.

It is interesting to note that before the above analysis was undertaken, waterfowl phosphorus input
was suspected to be significant because of the numbers of seagulls present on the lake during the
colder months. Subsequent observations of their numbers and their calculated contribution of
phosphorus is relatively small, in the order of four percent of the total input to the lake. Their
contribution of oxidizable organic material and its effect on oxygen depletion the the deeper waters
of the lake during stratification could be more significant, but has not been assessed.

Table 4 includes external sources of phosphorus only. It does not include internal loading, which
is considered to be a major source of phosphorus contributing to late summer algae blooms in
Lake Pocotopaug. However external sources are significant because they take part in causing the
internal process to occur (Rich 1992). External sources of phosphorus can be used to predict
phosphorus concentrations in the lake at spring turnover when the water is well mixed from top to
bottom, before oxygen depletion and the internal loading process begins (Windham RPA 1977).

In-Lake Phosphorus Concentrations

The Dillon-Rigler equation can be used to predict phosphorus concentrations in a lake at spring
turnover by using the total annual phosphorus input from external sources and other physical
characteristics of the lake and its watershed (Dillon and Rigler 1975, Reckhow et al. 1980). Using



the loading from Table 4 yields 17.1 ppb.’ (Appendix 4e and f). The actual average concentration
in the lake during spring turnover in 1991 was 17.5 ppb, close to the calculated value. Spring
concentrations were not measured in 1992 since necessary equipment was not available early
enough in the season.

Transparency Model

Transparency measurements are the best indicator of the public’s perception of water quality
problems in lakes. They have been shown to be a good indicator of the amount of algae present in
lakes (Dillon and Rigler 1975, Frink and Norvell 1984, U.S.EPA 1988). Since the amount of
algae is related to phosphorus concentrations in the lake in the warmer months before senescence’,
a model relating transparency to phosphorus concentrations can be developed. Using the same
method as was used for the phosphorus export model, transparency and total phosphorus
concentration data from 1991 and 1992 for stations 1 and 2 was plotted and a best fit curve was
determined by regression analysis. The plot and the resulting equation are shown in Figure 4.
For 17.1 ppb the model yields 1.7 meters.’
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Figure 4. Transparency model.

® Although samples collected near the beginning of rainstorms are a good indicator of problem areas in the watershed,
they may not accurately portray average phosphorus concentrations throughout the year. Rainstorms are highly variable.
In some cases only two rain events were sampled at some locations. It is difficult to sample at the precise time the first
flush of stormwater is passing a sampling point. Consequently, it is unlikely that the data represents the highest
concentrations that may be present for a given storm. Also, true base flows may not represented in the data set for similar
reasons. It would be more accurate if more samples were taken both before and after rainstorms, as well as during them, and
information concerning flow volumes were taken simultaneously. In practice, actual samples represent values between the
two extremes. Consequently, the model does result in loadings that are in the same range as those indicated in other
studies.

* Senescence was determined to be when a marked increase in transparency occurred in September without a
corresponding decrease in phosphorus.
p g phosp
° Resulting transparencies are lower than would be predicted by other models for algae alone. This may be caused by

sources of turbidity other than algae, such as soil erosion, or motorboat or wind induced resuspension of sediments. It is
most apparent at lower concentrations of phosphorus (higher transparencies) when concentrations of algae are lower.
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The transparency model represented in Figure 4 demonstrates how sensitive lake transparency is to
small changes in phosphorus concentrations. The difference between acceptable transparency (the
two meter goal of the Ad Hoc Lake Advisory committee) and the worst measured thus far (.5
meters) is only 15 to 20 ppb. ,

Projections

Having phosphorus loading and transparency models for Lake Pocotopaug and its watershed,
some projections can be made concerning past and future water quality.

Past Phosphorus Input

In precolonial times the watershed of Lake Pocotopaug was likely all forested, except for small
areas used by native Americans for agriculture. Assuming that 5 percent of the basin was cleared
for this purpose, and that the phosphorus export rate was the same as for presently developed
areas, the model gives a phosphorus export rate of .2 Ib/acre-year or a total annual input of 704 1b.
Using the Dillon-Rigler equation spring turnover phosphorus concentrations would have been 9
ppb. Corresponding transparency would have been 4.9 meters. (Appendix 4g).

Future Phosphorus Input

Table 2 lists the undeveloped but developable area remaining in the watershed. If present
development trends continue, this area will eventually become developed at some time in the
future. What does this mean for the water quality of Lake Pocotopaug?

Referring to Table 2, when the watershed is “built out” to the limits allowed by present zoning,
developed area will increase by 1,217 acres or 156 percent to 1,999 acres, or 84 percent of the
land area comprising the watershed. The phosphorus loading model predicts that this will increase
phosphorus import from 1,289 Ib/year to 2,315 Ib/year. This would result in a spring turnover
phosphorus concentration of 31 ppb, and a transparency of .6 meters. 31 ppb is in the eutrophic
range, and .62 meters is in the highly eutrophic range. These numbers do not include internal
loading, which proceeds later in the season. However, since loading from external sources is an
important factor causing internal loading, it is likely that this process will also intensify, resulting
in much higher phosphorus concentrations in mid to late summer, depending on how early
stratification occurs in the spring.

Table 5 summarizes past present and future phosphorus export, resulting spring turnover
phosphorus concentrations, and transparencies projected with the model.

Time | Developed Phosphorus Export Total P Input, | Spring P | Spring Trans- Trophic
Area From Land Areas (all sources) Conc. parency Classification*
(%) (Ib/acre-year) | (Ib/year) (Ib/year) (ppb) (meters)

Past 5 .20 476 704 9 4.9 Oligotrophic
Present 33 32 791 1,289 17 1.7 Eutrophic
Future 84 .76 1,817 2,315 31 .6 Highly Eutrophic

* Based on spring transparency. (“The Trophic Classification of Seventy Connecticut Lakes”, CT DEP 1982)

Table 5. Past, present and future phosphorus export, spring phosphorus concentration,
and transparency projections as predicted by the model. (Appendix 4f, g, h)

Another way to put this information into perspective is to compare the export rates for various land
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use intensities. (Table 6).

Source Phosphorus Export | Increase Over Forest
Rate (Ib/acre-year) (%)
Forest, (0% Development) .18
Past Conditions, Average Watershed Export (5% Development) .20 11%
Present Average Watershed Export (33% Development) 32 78%
Future Average Watershed Export (85% Development) .76 . 322%
100% Development 1.00 456%

Table 6. Phosphorus export rates predicted by the model for various land use
intensities as compared to that of forests. (Appendix 4a, b)

Present average watershed export represents an 78 percent increase over that of entirely forested
areas, and future export would be a 322 percent increase. It is interesting to note that atmospheric
loading alone amounts to .89 Ib/acre-year over land as well as the lake surface. This is equivalent
to the export rate of an area with 92 percent development, and is 394 percent over that of forest.
(Appendix 4c). This demonstrates a forest’s ability to trap phosphorus, and gives insight into the
importance of impervious surface when developing a watershed management plan.

The relationship between man’s activities in the watershed and lake water quality is well
established in the literature. The above analysis demonstrates that this relationship also holds true
for Lake Pocotopaug and its watershed. However, the forgoing exercise is not a prerequisite to
justify watershed management. Watershed management is advisable for any lake, with or without
analytical study, whether or not they have problems.

Because of the simple approach used, some factors were not accounted for in the model.

The model recognizes areas to be either developed or not developed. It does not account for
variations in the intensity of development within the developed areas. Studies have shown that
phosphorus export increases with increasing density (Reckhow 1980, U.S. EPA 1988, Windham
RPA 1977). For the most part, the sampled areas used in the derivation of the model have
densities that average about one unit/acre, as measured from USGS maps. The projections do not
account for the development of existing developable vacant lots, which when developed will
increase the density and therefore the per acre export for these areas. The same is true for the C
and DD zones which comprise 8 percent of the watershed land area, and are presently largely
undeveloped or partially developed as residential. These zones allow 50 and 60 percent
impervious surface respectively, a great deal more than the 10 percent allowed in most residential
zones. Variances are often sought and granted by the zoning board of appeals to exceed these
allowed percentages. Congregate housing is allowed by special permit in the R1 and C zones,
which comprise 28 percent of the watershed. This use allows 25 percent impervious surface. If
these zones are developed to the limits allowed by todays zoning standards, it is likely that they
will export more phosphorus on a per acre basis than the model predicts.

V. ASSESSMENT OF CURRENT LAND USE POLICIES

The results of the inlet sampling done in 1991 and 1992 are consistent with the findings of other
studies. Areas of Lake Pocotopaug’s watershed that have a higher percentage of developed area
export higher amounts of phosphorus. Lake Pocotopaug’s natural trophic tendency is
mesotrophic, almost oligotrophic (Taylor 1988). This suggests that the present algae blooms are
due to cultural eutrophication, or man’s activities in the watershed. If present land use trends
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continue, future increases in development in the watershed will result in higher phosphorus
concentrations in the lake. This will result in lower transparency.

The Ad Hoc Lake Advisory committee has adopted a goal of no less than 2 meters transparency in
the lake at any time in the future. To achieve this goal, a lake management plan must address
reducing the current export of eutrophication causing material from the land areas of the
watershed. These materials are organic material, turbidity, and most importantly, phosphorus. In
addition to addressing existing sources, future sources must be considered to achieve a long
lasting solution to restoring water clarity in Lake Pocotopaug. Otherwise, any success in
remediation of todays existing sources will be offset by future increases as the remaining forest
land in the basin is converted to more intense uses. In-lake measures are rarely successful in the
long term unless steps are first taken to reduce inputs from external sources. Present spring
phosphorus concentrations in the lake cause transparencies to be about 2 meters before internal
loading begins. The conditions that give rise to this transparency also predispose the lake to
internal loading events that result in transparencies of less than .5 meters later in the season. For
this reason, any increase of phosphorus export from future development must be avoided. Land
use policies must be adopted to insure that new development will not cause any increase in
phosphorus export to Lake Pocotopaug. The single most important consideration is
stormwater runoff because it is the vehicle that transports these materials to the
lake. Efforts should be made to reduce stormwater generation to lessen the quantity of overland
flow due to development, and to improve the quality of stormwater that eventually reaches the
lake. A primary goal of stormwater management is to assure that the quantity and quality of
stormwater runoff from any specific development is not substantially altered from predevelopment
conditions (NY DEC 1992).

Current Phosphorus Input

Table 3 summarizes the three major sources of phosphorus to Lake Pocotopaug. To reduce current
sources of phosphorus, each source must be examined to determine what options are available for
control, and the feasibility of these options with respect to cost and social acceptability. _

1. Direct atmospheric loading to the lake surface is significant, comprising 35 percent of the total

loading of the lake. However, there are no options available to reduce this input, regardless of
cost.

2. Phosphorus input from roosting seagulls during the colder months is estimated to be about
four percent of the total loading of Lake Pocotopaug. Various options have been researched
and discussed to discourage them from using the lake. However, because of their habits, the
size of the lake and their protection under state statues as a species of concern, no practical
method of control has been identified. Although their contribution of phosphorus is small,
their contribution of oxidizable organic material and its effect on the internal loading process
could be more significant, but has not been assessed. Methods of control should still be
pursued.

3. The land area of the watershed is the most significant source of phosphorus to Lake
Pocotopaug, comprising 61 percent of the total loading of the lake. The results of the inlet
sampling, summarized in the tables in Appendix 1, gives guidance as to where significant
watershed sources of phosphorus originate. Generally, phosphorus export from the watershed
is dependent on the contributing area’s size and its percent of developed area. The total amount
of phosphorus entering the lake from a particular tributary (Appendix 1d) is less useful than the
export per unit area (Appendix le) when identifying areas where efforts to reduce current
export to the lake would be successful. For instance, although area 13, Hales Brook above
Nelson’s Campground, may have the second highest total export of the areas sampled, 52
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Ib/year, its per acre export is only .12 Ib/acre-year, the lowest of all areas sampled. Because of
this low rate, the likelihood of cost effectively reducing phosphorus export from this area is
small. In contrast, area 26, Day Brook at Old Marlborough Road is shown to have been
exporting 3.04 Ib/acre (Appendix le), much higher than that which would be expected for the
percent development present in this area. The excess export of 29.1 Ib per year indicates that a
special problem existed in this area during the time it was being sampled. One other area that
was notably higher than expected was area 15, Brook near Candlewood Drive, at Lake Drive.
With an-export rate of 1.4 1b/acre-year, the total annual export was 6.4 Ib/year higher than
would be expected (Appendix 4i).

4. -Other than the two “hot spots” mentioned above, the rest of the inlet data is consistent with

- what would be expected for a developed watershed. Storm water runoff coming directly from
impervious surfaces such as roads tended to be very high in phosphorus. Higher export rates
corresponded with a higher percentage of development in sampled areas. Drainage from
forested areas is low in phosphorus. Presently developed areas account for about 73 percent
of the current phosphorus input to the lake from land areas. Since efforts to reduce export
from presently developed areas must depend heavily on treatment of stormwater rather than
source reduction, solutions usually require the expenditure of public funds to retrofit existing
natural and manmade drainage systems. To do this in a cost effective manner, a study of these
existing systems should be conducted to map them, and explore the options available to retrofit
these areas with control technology that specifically addresses the export of phosphorus,
turbidity and organic material. Each subbasin of the watershed should be looked at separately
to address its own unique features and patterns of development to determine what options are
feasible. Guidelines for future development should be included. This study should also
include the cost of each option, and a cost/benefit analysis to allow the town to make reasoned
decisions as to how to accomplish goals.

Future Phosphorus Input

The following are several observations about current land use policies in the Town of East
Hampton that may affect future phosphorus export:

1. The input of phosphorus as predicted by the model includes export from development after it is
built. For the most part it does not include the one time inputs due to disturbances associated
with construction activities. Eroded soil is considered to be the single most important non-
point source pollutant (NY DEC 1992). Construction site erosion can be 20 to 200 times
higher than the forest land it replaces (CT DEP 1991, Windham RPA 1977). Since 1985, the
state has required that erosion and sedimentation control guidelines be used during
construction. Though these guidelines do reduce soil erosion during construction, (providing
they are properly specified, installed and maintained), they do not address the actual quality of
the runoff when they are employed. Depending on site conditions, such as soil type and slope,
unacceptable amounts of phosphorus, turbidity and organic material can be exported in spite of
the proper use of these controls. Additionally, the guidelines do not have any provisions to
address the quality or volume of runoff after the project is completed.

2. Zoning and inland wetland requirements have improved since most of the development has
occurred in the watershed. However, changes have not been made that specifically address
long term phosphorus export. Current land use policies have few requirements that effectively
minimize removal of natural vegetation, promote infiltration, minimize impervious surfaces, or
renovate the quality of water discharged by drainage systems. Storm water drainage practices,
though well designed to safely remove water from developed areas and reduce peak flows in
downstream areas, do not address the fact that they are also well designed (unintentionally) to
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deliver phosphorus and other eutrophication causing materials directly into lakes. If frequently
cleaned, typical catch basins retain heavier particles such as sand. Since phosphorus adheres
to finer silt and clay particles, and organic material such as leaves and wood debris are light,
they are easily transported by water. These basins remove little of this material (5-10 percent)
because high flow velocities prevents it from settling out. Soluble phosphorus is not retained
at all. (Doenges 1990, NY DEC 1992). In some cases, regulations require detention basins to
be used to reduce peak flows to predevelopment levels. However, they have been used in less
than 25 percent of the sizable subdivisions, (five lots or more,) in the past five years for
various reasons, and not at all for smaller projects. Dry ponds are generally used as they
satisfy current zoning requirements. Their ability to attenuate phosphorus export however, is
low because of their short hydraulic residency time (NY DEC 1992).

. The presence of a sanitary sewer system in the lake basin has had mixed success in reducing
the probability of lake eutrophication. The installation was a result of a pollution abatement
order issued by the DEP because of high coliform counts in the lake. The sewers appear to
have been successful in minimizing impacts from phosphorus and nitrogen reaching the lake
from subsurface septic systems, which appears to have been a significant factor causing algae
blooms in Lake Pocotopaug prior to their installation in the early 1980's. However, increased
nutrient input to lakes is largely dependent on the intensity of land use and the proportion of
impervious surface in the watershed.

Current zoning allows substantial increases in density and impervious surface when sewers are
used. Commercial and designed development and its 60 and 50 percent maximum impervious
surfaces are allowed only on sewers, as is congregate housing, which allows 25 percent
impervious surface. Current regulations allow substantial increases in density in residential
areas (66 percent in R1, and 31 percent in R3,) to give developers incentive to extend the
serviced area. In addition, local ordinances can reduce costs to developers who extend sewers
through a reimbursement program. Impervious surface may increase 168 percent in the R1
zone and 48 percent in the R3, or more with these density increases. In practice, the resulting
density is increased more than the regulations would imply because it eliminates the difficulty
of finding suitable soils for siting septic systems, which usually determines the number of lots
allowed on a parcel when sewers are not available. Assuming that modern septic systems are
properly sited, installed, operated and maintained, new development using sewers will likely
increase phosphorus export over that without sewers, because of the increased impervious
surface that results from the density bonus allowed by current zoning. The availability of
sewers 1s not the only factor that needs to be considered when determining appropriate
densities in given areas. The State Plan for Conservation and Development recommends that
extending sewers into lightly developed areas be avoided except to address existing problem
areas when no other alternatives exist. The purpose of this is to avoid unnecessary expense
and the increase in non-point pollution due to increased density. This is emphasized for
sensitive watershed areas (CT OPM 1991, Doenges 1993). Although many towns have
adopted sewer avoidance plans, East Hampton currently maps all of the developable area of the
watershed as “potential sewer area”. (E.H. Plan of Development 1989). If this area is
sewered, it will increase the serviced area of the watershed from 622 acres to 2000 acres, or
221 percent.

. Sewers decrease the amount of groundwater reaching the lake by diverting it out of the
watershed. Subsurface septic systems return well water to the ground to replenish ground
storage. Groundwater generally contains much lower concentrations of phosphorus. It tends
to dilute the higher concentrations reaching the lake from overland runoff. At this time
approximately five percent of the annual water input to the lake is diverted away from the lake
by sewers. (Appendix 4k) A municipal water system could reduce the amount of this
diversion at considerable cost to citizens. However, this would be effective only if the source
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of supply is outside of the lake watershed. A drawback of a water system could be increased

growth and density, increasing impervious surface and the phosphorus export associated with
it.

5. As can be seen on Map 8, 23% of the undeveloped area of the watershed has slopes of 15
percent or greater. Steep slopes pose special problems since soil erosion increases greatly with
increasing slope. All else being equal, erosion on 15 percent slopes can be 5 times greater than
on slopes of 5 percent, and on 25 percent slopes, 11 times greater. Overland runoff rates also
increase with increasing slope. (CT Council on Soil and Water Conservation 1985). Map 9
overlays the steep slope areas on the presently developed area. 26 percent of the steep slope
areas are presently developed. 56 percent are in undeveloped but developable areas. Current
zoning in the watershed does not specifically address the presence of steep slopes. How these
slopes are developed will be important to the future export of eutrophication causing materials
to the lake both during construction and after these areas are stabilized.

VI. RECOMMENDATIONS:
GENERAL WATERSHED LAND USE GUIDELINES

The following recommendations are general in nature and are meant to be a starting point from
which more specific recommendations will be developed. They have been taken from the literature
on lakes and water quality, and incorporate the information currently available for Lake
Pocotopaug. These conceptual guidelines demonstrate the intent of future policy changes which
are necessary to accomplish the Ad Hoc Lake Advisory committees goal of no less than two meter
transparency at any time in the future, and are based on the rational presented earlier in this report.

Goals: For a long lasting solution to algae problems in Lake Pocotopaug. efforts must address

both current and future inputs of eutrophication causing materials to the Jake.

Goal 1. Develop land use policies that reduce the current export of
phosphorus, turbidity and organic material to the lake.

Goal 2. Develop land use policies to insure that post development export of
phosphorus, turbidity and organic material does not exceed that of
predevelopment levels for all future development in the watershed.

The single most important consideration is stormwater runoff, because it is the vehicle that
transports eutrophication causing materials to the lake. Policies must be adopted to:

Objective 1: Reduce the generation of overland flows due to stormwater.
Objective 2: Improve the quality of stormwater eventually reaching the lake
These goals can be accomplished through voluntary and regulatory actions and policies

Voluntary citizen actions:

1. Develop and disseminate educational and informational materials to landowners in the
watershed to encourage property maintenance that minimizes lake impacts.

2. Identify problem areas in the watershed and approach landowners to make them aware and
understand that their action or lack of action may affect the lake. Assist them with finding
practical solutions through cooperative efforts.
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3. Encourage the maintenance of forested land in the watershed by providing positive incentives
to landowners to not develop their properties.

Regulatory actions:

1. Develop a regulatory framework to accomplish goals. Land use agencies such as the
Planning and Zoning Commission, Inland Wetland and Watercourses Agency and
Conservation Commission, and Zoning Board of Appeals are appropriate vehicles, as well as
enactment of town ordinances.

2. Provide a basis by which land use applications can be judged (i.e., standards for
performance).

3. Insure that applications are reviewed in accordance with the standards.
4.  Establish policies and provide resources to insure adequate enforcement

5.  Provide adequate training and access to expert technical and legal advisors to staff and
agency members to insure informed decision making.

Governmental actions:

1. Perform an environmental engineering study to assess options for addressing watershed
stormwater drainage to achieve goals.

2. Secure viable sources of funding to finance future engineering studies and watershed
improvements necessary to accomplish goals.

3. Develop written town policies and procedures to further the goals of lake management for
governmental agencies such as the Department of Public Works, and capital improvements
committee.

4. Develop and implement town ordinances to achieve lake management goals.

5. Develop and implement policies that give landowners positive incentives to maintain their
land as open space.

General items of consideration:

To reduce the quantity of stormwater runoff:

Reduce impervious surface

Promote infiltration of stormwater

Narrower roads

Shorter roads

Pervious types of pavement systems

Shorter driveways

Driveways that serve more than one dwelling

Open space (cluster) type subdivisions designed to lessen impervious surface
Smaller rooftops

Lower density zoning

Lower maximum allowable lot coverage requirements
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Avoid steep slopes

To reduce erosion:

Avoid development on steep slopes

Use best management practices (BMP’s) during construction

Design to minimize clearing of natural vegetation

Contract clearing limit lines

Paved roads and drives in lieu of gravel

Crushed stone roads and drives in lieu of gravel

Phasing - limit exposure time

Phasing - limit area exposed at any given time

Inspect tributaries and drainage swales for bed or bank erosion

Make landowners aware of problem areas on their property and encourage cooperative
solutions

To improve stormwater quality:

Use wet ponds to promote retention and infiltration

Use detention and extended detention

Use multiple leak offs into vegetated areas from roads, drives and other impervious surfaces
Infiltration - drywells, infiltration ponds and trenches, pervious pavements

Use naturally vegetated buffer strips along shoreline and tributaries

Preserve wetland functions

Reduce lawn sizes

Created wetlands

Develop performance standards to renovate stormwater before discharge to off site areas
Improve street cleaning and maintenance practices

First-flush treatment

Grassed swales and filter strips

To minimize removal of natural vegetation:

Require contract clearing limit lines on all land use applications when appropriate

Clustering of units (Open space development)

Smaller lawns

The regulatory open space exaction process

. Land acquisition

Avoid development - Positive incentives to retain open space, incentives to permanently
dedicate open space

Land trusts and conservation easements

Avoid development - prohibit or restrict development in sensitive areas

To reduce the export of nutrients:

Proper design and siting of subsurface septic systems
Adequate maintenance of septic systems

Nutrient allocation program

Proper use of fertilizers and soaps

Proper disposal of gray water discharges

Proper lawn and garden debris disposal

17



NOLLVDOTAY VLVA 19INI

B[ XIAONAddY
[t |1 1L | [Lz 18 ¢ v1 Jee v JLe 1L L |¢T [LT 6L I8 09 91noy 2a0qe Soorq s,Ae| LT weang
vE |9 |z01 [ZS1[S9 [8€T |L 19 [¢9 [oz |11l [¥1 |oTz |ev |¥6l 8¢z | 1 | ST [z0T |08 Py ysoloqEe A PIO 1 Yoorq s,Le( |97 ureans
z |t e e [te ze |1 RS 99 1Y 9A0qe ATejnqu) paweuun Jooid SIPN,O|ST weans
ol |z |ss |88 |1z |681 |S €T |19 |S¥ |1z |z fez [¢S |[sel 681 99 9100y Je NooIq S,[MPNLO| ¥T urei(
8T |0l |9¢ |9L |9z |zel |L or |ec Jet oz lor os |9t |ool zZl | 11 | 68 (6T g€ P ySozoqireq PIO 18 YooIq S, PNLO| €T weans
€1 |ot |sT [eTi |1el [szi |z o1 |1zt st szl Tre1], UeSTYOAl JO 1005 Je UTeI( | 2T ute1]
or |1 e |eg |11 |65 |L 60 [cz |ST [11 |1 vS vy |6S IS |60 LE [6F |[1¥ _ Jjoorg s,uszeH |1 weang
61 | |oc |89 [z& [s8 |9 ol [ss |1'L [z loc |s8 [¥T |08 19 o9z |2 "1 9e Je ureap “id suewiads je Joold |0 urerq
vz |9 6F |8¢ L9 |9 Tt |8 |ss [sv gz los |Te |sv 3P 9 | 1o "I 5y 9A0qe 1 s,uewreds Teau JooIg |61 wreans
g |v [e1 |6¥ |9z [6L |9 9c |26 v [ve |Le sy |11 |SS 6L | &p [ &p {cr |ot Py Aeq e 14 s,uewrqrads TeaN JooIq |81 wesng
g [8 8 ogT [9¢T oSt |1 auou| auou L'L 951 POOM3[PUE)) 18 JJOUNI PEOI ‘pOOMI[pue)) Je JooIg|L]  |HJouns peoy
s |z 1t [.8 [99 Joer |¥ ¢ Jor |ST |99 [eT Joel |11 |€8 I(] POOM3[PLED) 9A0qE “I(] pooma[ptre)) Je JooIg |91 weang
0€ |6 [801 |ocI [or [oevr |L 8y [99 [1°¢ |16 {1L [o0r [801 [ogv voz | Sv | o Jos Jos "I 9e] 18 “I(] poomdlpue)) Je JooId| ST wesng
T |t Jz oy f9z |99 |z I |9z ST 199 Py TITH 1O 9A0Qe ATejnqu) paweuun ool safeH |y [ weang
R 1z et lec v 81 [1z [0 €I 6¢ |ce 81 punoigdure)) s,uos[aN @a0qe YooIq SafeH | €1 weang
SLT [vo1 |s8¢ |L8€ |0SE |zev |€ suou| suou|cgc [zeh [¥91 |08€ 0S¢ 9ATI(] 9387 e JJouns peol Sjoarq soeH |7 | jjount peoy
s 1 st fov [ |z L ¢t |2o L1 fLt g0 |pe |11 |sS 8 80 | L |[ST |9z (1ood 2a0qe) aaL(] a3 Je Jooi sa[eH |11 ureans
St |8 |vc |11z [9sT ovz |¢ 8 |ocz [vz |ovz |zT |9st peoy ereqied Jo 100§ 18 UreL( |01 ureIg
8¢ |¢ |sc1 |9zl 68 |oTe |L 6L |68 |yl |vTl |sL |eIl |ov |8zl 0zt | 97 | 801 [sST |€ol PeOY [ITH 3Te[D JO 100 18 urI( |6 ureI(
8L |S [6T |v6 |65 |SIT |¥ Ly |65 |6z [S11 |p1 [101 [T |0OL P TIH Je[D T uterp uuo}s oarg Jaydosy)|g eI
v |1 |6 3¢ |z os ¥ LT Jos (80 |zz ¢ [e€ |6 |sv PY [TH JTe[) Jo yuou Yoorg Jaydoismyd |/ weanjg
¢l |e |8t |9z |evl |09z |¥ €L vt |zl |09z |81 |evl 09¢ UreA N J2 JJount peal Yoorq raydosiyd|9 | Jjjount peoy
9 v 6 {os [Le |99 € 6 (99 |zv [Le |1S |ov peoy Jeydoisty) jo ypopN oorg 1pydoistyd| g weans
g |z |61 lev [sT |69 |€ 61 (69 |L¢ [8C |91 |ze puog IaydojsImy) o1 aduerjua je Yjoolq Iaydoisuuyd |y ureang
L fz |t ez fis joor |z vz (18 |11 [291 ure] N 18 adid ureip Yoourg reydoisimd | ¢ urexq
T |z ¢ 1€ |21 [ L vz [se [8T [Le |91 [ee |z Lt ve | ce | 9¢ [9T |t i ureAl N 1e Jooxg 1oydoismd |z weans
¢ | s loer [eot [ost |z auou| suou S |eor |6 |9sT _ "2V STl Teau dwemg| | weang
Q1N (qdd) NIN|@dd)] nIN[@ddD) | nIN|(add)| nLN|(add)| ALN|(Qdd) | n1N|(add)| nLN|(add) 207
3AY _33 _:wE Ay _33 TwE udelLlqm | 4 [qm| 4 [gm| g |qm| 4 [qm| 4 |qm| 4 |qm| d uones0] deyy adA],
Aupiqing,  [snzoydsoud reloL|dwes | z6/6/8 TO/ST/L 76/5/9 16/St/6 | 16/S/6 16/6/8 16/1%UY AdNLS DNVdOLOD0d A3V - SIATINI




YIGANNN NOLLVDOT A4 SNISVEdNS A9 IdAVS

AQNLS HNVdOL0D0d g3 VT - STHINI

q1 XIANHIIY
720 996 %0 |0 ¢v  [2T0 99°'6 %0 [0 5 99 210y 940Qe Yooig s,Aed| LT wresng
v0'E 609¢ |%89 |8 AEEX) SL'SY  |%ST |8 S Py ySo1oqreA pIO T8 Yooid 5,Aed|9T weans
L0 oy |%z |0 St [Ltro Jory %t |0 %4 99 1 9A0QE ATeinqLn paureuun jooig s,[eN,0|ST wesng
8v°0 LLUL  |%¥L |21 91 |8%0 LLL %yl |21 91 99 2100y 18 001 S,IINLO|#T ure1q
$8°0 LL6  |%Y6 |11 11 170 v6'1T  |%¥Y €T €S P ySoI10qIely PIO T8 jooIg SIIISNLO| €T weang
190 eLL %001 |z |er |19 eLL %001 |1 4 [re1], ueSIyoJA JO 100 I8 UreI(I| 77 urelq
120 8¢y |%¥T |S 0  [120 8y %vT |S 0T yoo1g s,uszeH|1Z weans
LE0 60°€  |%ST |T 8 LE0 60°€ BT T 8 1 9xeT e urerp <14 s,uewqads 18 Y0o1g |07 urelq
LT0 0£'6C |%0 |0 011 |LZ0 0£6c %0 |0 011 1 98T 2A0qE 1 S,uew[adS Tesu Jooxd| 61 wreong
vT'0 188 %S |2 8¢ |9z°0 oTTy  |%E |V 9¢T Py Keg 18 “14 s,uew(adg JeaN YooIg |81 weang
¢80 001 %6 |1 i 80 001 %6 |1 i POOMI[PUE) J& JJOULI PEOI ‘POOMI[PUB)) J8 JOOIF|L]  |JJOUnt peoy
8v°0 S8El  [%81 S 67  |8V°0 S8ET  |%81 |S 67 I POOMI[PUBD) 9A0]E “IJ POOMI[PURD) T& J00Ig 9] weong
or'1 0S91  |%06 |11 |21 vL0 SE0E  |%6E |91 v "1q 98] 18 "I pOOm3[pue)) 18 J00Ig |GT weang
SZ0 sTL %0z |9 60  [ST0 STL " |w0T |9 67 |P¥ II'H J10JA 9A0qe ATeinqry pawrguun ooIg SofeH |1 ureans
710 ST %y |6l 1Sv |Z1°0 sTTs  |wy |61 1S punox3diwe)) s,uos[aN 940G Yoo1g SS[BH | €1 weans
11z 6T1 %001 |9 9 11 7671 |%00T1 |9 9 9ALI(T 9e] 1 JJOUnI peoI “Yooig S[eH |7 | JJOunI peoy
£€°0 679€1 |%0T |28  |60F |2T0 6L°S61 |%T1 |LOT  [688 (100d 9A0QE) 2ALI(T 93BT 18 300Id SO[eH [T 1 wreang
eIl oI’y |%00I |v v ST'T oI’y %001 | b pBOY BIeqreg JO 100§ 18 ureid|Ql ureiq
69°0 90°Cl  |%001 |81  [81 . [69°0 90zl [%001 |81 31 PEOY I Ye[D JO 100§ Je urel| 6 ureiq
150 6L°L  |%001 [ST  [SI 160 6LL %001 |ST S DY [I1H ¥e[D 18 ureIp wio)s “yooiq 1oydosty)|g ureiq
0z0 8097 |%6T |8¢ |81 |0T0 809T |%6C |8¢ |8zl P 1TH Ye[D JO yuou joorg 1oydoisuy)d| /, weans
€71 080  [%001 |1 I €1 080 %001 |1 I UreJA] N J€ JJoun peox yooig Joydoisyd |9 | jjount peoy
0€0 888y |%6C |L¥  |€91 [LT0 9.'78  |wee [00T  [90€ peoy Joydosty) jo yuoN jooig 1oydoisty)| ¢ weang
91°0 1€92  |%Ey |69  |091 [€2°0 L0601 |%9E |691 |99% | puod 1eydojsuy) o3 souenus Je Sooiq seydoistm) |y weang
99°0 6I'v  |%00T |9 9 99°0 61t %001 |9 9 “utey N Te odid urerp “yooig JoydoistyD|¢ ureiq
LY'T- 8162~ |%vE |v 4 L1°0 88°6L  |%9€ |ELT |8LY urepy N 18 yooig Joydoisuy) |z weans
1.0 9L'T %07 |1 v 1L°0 9L %0z |1 v "9AY S[[OM Teau duremg|y ureans
(ax0e/qD | (QD) (%) |(sa10e)|(sa1oe) | (ox0B/qD) | (QD) (%) |(se1oe) |(sa10e) o 207

podxg soyd jenuuy | pedofersq | [e10l |modxg soyd fenuuy | padojoaaqg | [eI0L uored0 deiy odX L,

BAIY paurel qng A BAIY paulel( [e10L




VIV AAdOTIATA LNIDYHAd A9 AALIOS SNISVEdNS AHTIAVS

9T XIANHJdY
LT0 0c6t |%0 |0 011 |LT0 0g'6C %0 |0 011 "I 9eT 9A0qE “1d S,UBWI[[odS TBau 001 | 61 weang
(440, 99°6 %0 |0 134 (440 99'6 %0 |0 1914 99 9Jn0y 2A0qe 001 SABQ| LT ureans
LT°0 o'y %T |0 ST L1°0 or'v % |0 14 99 7 240qE Arejnqrn powreuun jooid SJIPN.O|ST weangs
1o §Ces |y |61 1Sy |2T°0 §T'Ts %y |61 1594 punossdure)) s,u0S[oN 9A0qe “YOOId So[eH | €] ureans
1Z4\) L8'8 %S |T 8¢ 920 9Ty |%E |V 9¢1 Py Aeg 18 “1d s,uewfods IeaN yooid| 81 weans
80 8¢l |%8T |§ 67 8%°0 G8'El %81 |S 67 I pooma[pue) 3A0qe ‘I POOMIpUE)) Je J0oId | 9] ureang
A STL %0C |9 62 §T0 ST’L %0T |9 67 P IITH HOJA 940qe ATEjnquy paureuun “jOOIg Sa[eH | 1 weans
1L°0 oL'T %0T |1 14 1.0 9L'C %0T |1 14 "9AY STIOM Teau duremg| | weans
£e0 6C9t1  |%0T |78 60 |TTO0 6L°S6T |%TI |LOT  |688 (100d 940qe) 2ATI( 2B 18 j0OId SI[eH | T1 uresns
170 8E'Y %YT |S 0¢ 170 8EY %Y |S 0¢ Jooxd SUdZeH| 1T weans
LE'O 60t %ST |T 8 LEO 60'¢ %ST |T 3 1 oe'] Je ureIp “1d s,uewedg Je 0oId |07 uresg
0£'0 888y |%B6T (LY €91  |LT0 9L'C8 %ge 00T |90¢ peoy Jaydojsy) Jo yiIoN oorg oydoisiyd|g ureans
070 8097 |%6C |8¢ 8T |0C°0 80°9¢C %6C |8¢ 8C1 P IMH ¥eID Jo yrou joorg Jeydoismyd| L weans
Lyt 81°6C- |%¥E |P [4! L1T°0 88°6L  |W9t |ELT |BLY urepy N Je joorg 1oydoisy) |z weans
91°0 1£€97 |%Ey |69 091 |ET0 L0601 |%9€ |691 |99% | puod soydoisty) 0} 2duenua je yoorg Joydoisuyy|y weans
vo'e 609t |%89 |8 4! £8°0 SLSY  |%ST |8 39 P yS010q[EIA PIO JE J00Id SABQ|9T weaxng
370 LL'L %vL |T1 91 870 LLL %yL |T1 91 99 91n0Y Je YooIq S[IPN.O|¥T urelg
0r'1 0591  |%06 |11 4! ¥L'0 Se0¢ %6E |91 134 "1 9B 1B “'Ig pOOMI[pUE)) 18 jJ00Ig| ST ureang|
g8'0 001 %T6 |1 I §8°0 001 %T6 |1 I POOMI[PUE) J& JJOUI PBOI ‘pPOOMIIpUE]) I8 JOOId| L]  |JJounl peoy
¢80 LL'6 %¥6 |11 I1 [§:40) ¥6'1T %¥y |ET 39 Py yso1oqrrey PIO Je J00Id STPN.O| €T ureons
150 6L'L %001 |ST S1 15°0 6L°L %001 |ST g1 P [ITH F7e[D Je ureIp wuojs “yoorg soydossuyd|g - ouelqg
99°0 6I'F  |%00T |9 9 99°0 61y %001 |9 9 urely N 1e odid urerp “yoog soydoisuyd ¢ ureq
L90 ELL %001 |1 4! L9°0 eL’L %001 |1 4! [re1], UeBIYOJAl JO J00] Je UreIq| 7T urelqg
690 9071 |%001 |81 81 69°0 ! %0071 |81 81 peoy II'H ¥Te[D JO 100j je Ulel(J | 6 urelg
Sl 9Ty %001 |¥ 14 S1'l |9T'¥ %001 |V 4 peoy ereqreq jo 100 je UtBI(| 01 urei
€Tl 080 %001 |1 1 €T 080 %001 |1 1 urejy| N 78 JJounu peol yoorg Jydoisum)|9 jjouni peoy
11°C 76'Cl  |%001 |9 9 (4 [4¥4! %001 |9 9 9ATI(] e JB JJOUNJ PeOI YOOI SA[eH (] | JJOUNI peoy
Gue/a) | @) | (%) [(sewe)|(sere)| (exoe/qn) | QD | (%) |(S9108)|(sa108) 207
nodxg soyd fenuuy | padojeaeq | relol [1odxg soyd renuuy | pedoppasq | [e10L UOTEa0| dey adAy,
BaIy pauleiq qng BaIy pautel( [eloL AQNLS HNYdOLODOd TAVT - SLAINI




IMOdXH SNMOHJSOHd TV.LOL TYNNNY A QHL¥0S SNISYEdNS AIIdAVS

PI XIANHdIYV
Ly'C 81°6C- |BYE |V 4! LT0 88°6L %9¢ |eL1 8LV UrejAl N 18 001q 104doisty)| 7 ureans
£T'1 080 %001 |1 ! £C'T 080 %001 |1 I UIeAl N 18 JJOunI peox jooxg 1oydoisty)|9 jjounrpedy
§8'0 001 %T6 |1 I ¢80 001 %T6 |1 ! poOM3[pUE)) 18 JJOUNI PEOI “POOMS[PUE)) J& JOOId | L]  |JJOUNI PEOy
L0 LT %0C |1 14 1.0 9L %0T |1 14 "9AY STIOM Teou duremg| weans
LEO 60°¢ %ST |C 8 LE'O 60°¢ %ST |T 8 1 9T I8 ureIp “1d s,ueurjods Je J0oId |07 urelg
S or'y %001 |v 14 STl o'y %001 |¥ 14 peoy ereqreg jo jooy e ureiq| ol urerg
99°0 6I'v  |%00T |9 9 99'0 61y |%00T1 |9 9 ure] N Je odid urerp “yooig soydoisty)| ¢ ureIq
12°0 8Ly %YT |§ 0¢ 170 |8€¥ %vT |S 0c yooig S,uszeH | 17 weans
L1°0 o'y %t |0 4 L1 or'y %T |0 St 09 1 2A0QE ATEjnqLy pawreuun oold SN0 |ST wea1g
§T0 sTL %0T |9 6C §T0 STL %0T |9 6C P IIH NOJA 2A0qQE ATeInqry paureuun 001g S9[EH | 1 ureans
L9°0 eLL %001 |T1 4! L9°0 ELL %001 {21 [4! [rex], ueSIYOJAl JO 100J 18 Ureld | 7T ureig
80 LLL %vL |T1 91 8%°0 LLL %yL |T1 91 99 9100y e Yoo1g S[IBN.O| VT urelq
16°0 6L'L %001 |ST ¢l 16°0 6LL %0071 |51 ¢l DY [ITH e[ 1 uresp wiojs oorg loydostyd|g ureIqg
$2°0 L8'8 %S |T 8¢ 970 oT'1y %e |V oSt py Aeg Je “14 s,uew|jodg TeaN j001€ |81 weangs
0 99°6 %0 |0 134 (440 99'6 % [0 |E¥ 99 9100y 9A0qe “yooiq s,Aeq|LT weans
€80 LL'6 %¥6 |11 4! 170 P6'1C %Yy |€C €S P yS010q[IeIA PIO 18 J00Id S,ITIONLO | £T uresn s
69°0 90°CI %001 |81 81 690 901 %001 (81 81 peoy [IH Y*e[D JO 100J Je urei| 6 urelg
11'¢ 6Tl |%00T |9 9 11T 6'Cl %0071 |9 9 9AI( 9] T8 JJOounl peor Yooig So[eH |71 | JJOUnI peoy
8v°0 C8El  |%8I |S 6C 870 g8el %81 |S 6C I pOOMI[pUEB)) SA0QR ‘I POOMIPUE]) J& JO0IF | 9] weang
0r'1 0§91 |%06 |11 4! vL'0 geoe %6¢ |91 Iy 1] 9¥eT I8 “IQ pooma[pue)) Je J0oIg |Gl weans
070 80'9C |%6T |8E 8¢ 070 809C  |%6T |8t 8CI DY IITH ¥*e[D JO yiiou Yoorg 1eydoisuy)| L ureaxns
910 1€9C |%EY |69 091 |£20 L0601 |%9€ |69T |99% | puogieydojsuyD o3 2ouenua Je “joorg Joydoisuyy|y weang
LT0 0£6z  |%0 |0 0T |LT0 0g'6¢ %0 |0 o1t "I 9YBT 9A0qe 14 S,uew[[edg Jeau J0oig | 6] weans
143 609t |%89 |8 4! £8°0 SL'Sy  |%ST |8 §S Py ySo10qEI PIO e Joo1g S,Ae(|9T weang
0£0 888y |%B6T |LV €91 |LT0 9LC8 %ge |00T |90 peoy JaydojsuyD Jo yuoN “oorq Joydoistyd|g wreans
[AY] TS |%v |61 ISy |21°0 STTS %y |61 1554 punocidure)) s,u0S[ON 2A0qe 001g SS[EH | €1 weans
£e0 6C9¢l  |%0T |8 60 |TT0 6L'S6T |%TT |LOT 688 (100d aA0qe) 9ALI( e 8 001 S[eH | T weang
Guoeq) | @D | (%) |(sewe)|(sexe)| (xoe/qn) [ (@D | (%) |(s9108)|(S3108) o 207
nodxq soyd [enuuy | padojeaaq | reloL [Hodxg soyd renuuy | pedofeadq | [e10L uories0 deiy adAL,
€Iy pauleld qng BoIy pauTRI( [BIOL AQNLS HDNVdOLODOd H3IVT - SLHINI




TIDV Yad LIOIXH SNIOHISOHd TV.LOL TYANNVY A9 QHLIOS SNISYLLENS I TdIANVS

91 XIANHddV
Lyt 81'6Z- |DVE |V 4! L1°0 88°6L %9t |ELT |8LY UIBJAl N J& 3001 1oydoisty)| ¢ weang
A%\ ST |%Y |61 sy (210 STTs %y |61 ISy punoisduwe) s,uos[aN 9A0qe J001g SO[EH | €1 weans
910 1£€9C  |%EY |69 091 |€2°0 L0601 |%9€ |69T |99% | puod IoydoisuyD 03 souexuo je yoorg 1oydoisLyp|y wean§
LT0 0¥y %C |0 ST LT°0 0¥’y %T |0 Y4 99 1 9A0Qe ATe)nqLy poureuun Yoold SPNLO|ST ueans
0C0 809 |%6T |8E 8¢1  10T0 80°9C %67 |8 8C1 DY [ITH 31D JO y1ou Yooxq Joydoisty)| L ureans
17°0 8¢V %Y |S 0¢ 17°0 8¢Y %YC |S 0¢ joorg s,uszeH |17 weangs
0 99°6 %0 |0 44 (444 99'6 %0 |0 1954 99 9IN0Y 2A0qe NooIg S.Ae(| LT weans
vz o L8'8 %S |T 8¢ 970 9T'1v %t |P 9¢1 Py Aeg 1 14 suewfedS TeaN Y0oId |81 weangs
YAl STL %0T |9 6¢ YAl cTL %0T |9 67 DY 1ITH HOJAL 9A0qe ATejnqLy pawieuun 0o1g Sa[eH | vl urean§
LT0 0€6c |%0 |0 011 |LTO 0£'67 %0 |0 011 "1 9B 2A0qE 14 s,ueur[[ods Ieau 4001g | 61 weangs
0£0 8887  |%6T |LY €91 |LT0 9L'C8 %EE 00T |90¢ peoy Jaydoisty) Jo ynoN yoorq 1oydoisuy)| g weans
£e'0 6C9¢T  |%0T |78 60y {720 6L°S61  |%TT |LOT  |688 (100d 2a0qe) 2ALI( 9eT J& J0OId SI[BH | T1 urean s
LEO 60°¢ %ST |T 8 LED 60°t %bST |T 3 1 93e] Je ureIp “id s,uew[eds 1e y00Ig| 0T urerqg
8¥0 e8'el %81 |S 6¢ 8¥°0 ggel %81 |S 6T I pooMmIIpuE)) 9A0QE ‘IJ POOMS[pUE)) Je J00Id |91 ureans
8¥0 LLL Byl |T1 91 810 LL’L %byL |T1 91 09 900y 18 “joo1g §,[[FN.O| T urelq
16°0 6L'L %001 |S1 9 15°0 6L’L %001 |S1 ¢l P [1H LD 78 ureIp uuiols jooxq soydoisy)|g urelg
990 61y [%001 |9 9 99°0 61y %001 |9 9 urelyl N 18 odid urerp ooxg soydoisy) | ¢ urelq
L90 EL’L %001 |Z1 4! L9°0 eL’L %001 |C1 [4! [re1], ueSIyOJAl JO 100§ J& UreIQ |7 ureiq
690 90°CT  |%001 |81 81 690 901 %0071 |81 81 peoy IITH ¥re[D JO 100] Je ureid| 6 urelg
L0 9LC %0T |1 14 1.0 9L'C %0T |1 14 "OAY SO Teou duremg)| | ureang
¢80 001 %T6 |1 I ¢80 001 %6 |1 ! POOMBIIpUE)) JB JJOUNI PBOI ‘pOOMI[PUR]) J8 YOOI | L] | JJOUNI PEOY
$80 LL'6 %v6 |11 11 540 P61 %¥y |€T s P YS0I0QLIEIA PIO 18 j001d STIION,O| €T weang
Cr'l 91y %001 |V 14 STl 91’y %001 |v 4 peoy eieqreq jo 100 je ureid |01 ureiqg
eCl 080 %001 |1 1 1A 080 %001 |1 I UreAl N 18 Jjouns peor yoorg 1eydoisuy)|9 jjounipecy
or'1 0591  |%06 |11 4 PLO ce0e %6e |91 Iy "I 9B 18 “IQ poomo[pue]) Je jooIg | ST wesngs
e 6'Cl %001 |9 9 11°e 6'Cl %001 |9 9 9ALI(J 9e] e JJOUNI peoI YOOI S9[eH |71  |JJOUNI PEOY
$0'€ 609 %89 |8 4! £8°0 SL'Sy  |%ST |8 ¢e Py y3o10qR PIO I8 YooId S ABQ|9T weang
Gue[) | @) | (%) |(sewe)|(sowe)| Groe/qr) | QD | (%) |(sex0e) ((sax0e) 207
nodxg soyd enuuy | padopoasq | [eloL |Hodxg soyd fenuuy | padofeasq | [eI0L UOIEI0] depy odAL,
BaIy paurel( qng €oIy pauteI(d [el0L AdNLS DAVJOLOD0d VT - SLHINI




Appendix 2:

1. Data from sampled area 2, Christopher Brook at North Main, indicates that this area is a net
sink for 29 Ib/year of phosphorus. Between sampling point 2 and sampling point 4, the next
upstream, is Christopher Pond. Water bodies are generally considered to be sinks for
phosphorus because particulate material carrying phosphorus is sedimented out as the
velocity of the entering water slows. Also, vegetation in a pond uses phosphorus in its
growth process. The ability of a water body to store phosphorus is dependent on its flushing
rate. Being a small pond with a relatively large watershed, Christopher’s Pond’s trapping
ability is low, somewhere on the order of 10 percent or less (NYDEC 1992). Its
effectiveness is likely overstated by the data for the following reason. Water in the pond at
the beginning of the storm is comprised mostly of ground water which sustains stream flows
between rain events. This relatively clean water must be displaced out of the pond by first-
flush stormwater entering the pond from upstream, before the first-flush water can reach
sampling point 2. Since both points are sampled within a few minutes of each other at the
beginning of the storm, samples from point 2 likely consist mostly of the cleaner displaced
water. To resolve the function of Christopher Pond in removing phosphorus from the stream

a series of samples could be taken, starting before a storm event, continuing through until 24
hours after the storm ends.

2. Data from area 26, Day Brook at Old Marlborough Road, showed a total export of 36.1
Ib/year, or 3.04 Ib/acre-year. For a developed area of 68 percent, expected export would be
.58 Ib/acre-year, or a total of 7.0 Ib/year. The difference, 29.1 Ib/year, is likely due to a
special problem in this sub drainage area, rather than typical development.

Appendix 3:

The watershed maps shown on the following pages were prepared by the land use subcommittee
of the Ad Hoc Lake Advisory committee using a Macintosh computer and a MiniCad +4 CAD
program. Sources of information include:

U.S.G.S. quadrangle maps
Connecticut DEP

East Hampton Zoning map

East Hampton Plan of Development
Midstate Regional Planning Agency
Field observations
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