Province Lake Watershed

Wakefield, Effingham, and Ossipee, NH - Parsonsfield, and Newfield, ME

7

A . B SRR

Watershed Area: 7.3 sq miles

-

frovince Lake ¥yaterstied State Boundary Data Sources: MEGIS, GRANIT,
FBE, AWWA
S % Lakes and Ponds Roads Town Boundaries Coordinate System: State Plane,
New Hampshire, 2800, Feet
~" Streams e —— oS Created By: FB Environmental,

0 0.5 1 2 January 2013




MEW HAMPSHIRE
=€ N CEpaARTMENT OF

Environmental
Services

Province Lake
Action Planning Meeting

Greater Wakefield Resource Center
January 18, 2014




AGENDA

9:15 —10:15 am Presentation: Province Lake Watershed

(Forrest Bell & Jennifer Jespersen, FB Environmental)

10:15 — 10:30 am BREAK

10:30 — 11:30 am Small Group Sessions
(Identify & Prioritize Actions)

11:30 — 12:00 pm Report Back/Wrap-Up/Next Steps

12:00 pm Adjourn for Lunch & Networking



Province Lake
Physical Attributes

= 2 States, 3 Towns

= Lake Area ~ 967 acres
Avg. depth — 9 feet

= Max. depth — 16 feet

= Low Flushing Rate- 1.1/year
= Watershed — 7.3 sg. miles

= Shallow, non-stratified —
wind driven system

= Small Watershed relative to
lake surface area




' Problem:

Province Lake is an Impaired Waterbody
Historical and Current Cyanobacteria Blooms
Solution:

Investigate Issues and Develop a Systematic
Approach for Addressing these Issues.




Pollution Sources

Past

Point source pollution
discharged from pipe

Present

Now polluted runoff or
nonpoint source pollution
(NPS) from many smaller,
diffuse sources




Phosphorus

* Phosphorus is one of
the major nutrients
needed for plant growth.

e Naturally present in small
amounts.

e Generally, as phosphorus
increases, the amount of
algae also increases.

Too Much P= Algae Blooms, Low DO, Fish Kills!




Speeding aging of lakes

OLIGOTROPHIC MESOTROPHIC EUTROPHIC
® Clear water, low productivity ® Increased production * Very productive
* Very desirable fishery of large * Accumulated organic matter * May experience oxygen depletion

game fish ® Occasional algal bloom

e Good fishery ® Rough fish common

10,000’s YEARS IN NATURAL CONDITIONS

10’s to 100’s YEARS UNDER HUMAN INFLUENCE




Water Quality & Property Values

* For every 3 ft. decline in water
clarity, shorefront property
values can decline as much as

20%.

» Declining property values affect
individual landowners and
economics of entire

communities.

»  With property rights comes

property responsibility




Toolbox for Watershed Management Plan




Developing the Watershed Plan
v Analyze Water Quality
Data

v Collect Background
Information & History

v" Complete Modeling
Work

v Set Water Quality Goal Multi-step

O Write a Really Useful Process
Report & Action Plan =>

involving
Stakeholder
Input




Project Timeline

Started in March 2013

Complete in Summer 2014

===

e
=29

3 Pubhc Finalize
Set Water Meetings Management
Identify Quality Goal Plan
Nater Pollutant
Quality Sources

Analysis




Province Lake Watershed Plan
“Other Activities”

» PLA/AWWA Watershed Survey — May 2013

e Stream Monitoring- Summer 2013

e Septic Survey — August 2013

» Sediment Coring- September 2013

» Present All Modeling Results — November 2013

Q Develop Watershed Action Plan — TODAY
Q Write Plan/Install BMPs — Spring 2014
Q Final Presentation — July 2014
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WQ Standards

“‘Measurements for ALU ensures that waters provide suitable habitat for
survival and reproduction of desirable fish, shellfish, and other aquatic
organisms.”

s) |
®) |

Meets or Exceeds WQ Criteria = Supporting )

Does Not Meet Criteria = Impaired f_;
“Nutrient Indicator” = Phosphorus
“Response Indicator” = Chlorophyll-a



THE PROBLEM

» Impaired for Aquatic Life Use (High TP & Chl-a)

» Impaired for Primary Contact Recreation (Cyanobacteria)




PHYTOPLANKTON & BACTERIA

o Indicator of general lake water quality
o Abundance of Cyanobacteria- indicates excessive TP
o Increased water temperature and sunlight

o Cyanotoxins are a public health concern

Exceeded 70,000 cells/mL.:

September 2, 2010

September 6, 2012

(*No counts in Sept. 2011, below June 2013)

Photo: Anabaena, UNH Center for Freshwater Biology




Figwre 1 Complete mixing of water can occur when all water within the
lake 15 generally the sathe temmperature. Wind helps to drive thas process.




"PLAGUED IN
THE PAST BY

NUISANCEALGAE & -

BLOOMS"

May 1965:

Timeline from Province Lake

Anabaena attamed

bloom proportons
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1968 - 1970: No

July1965: major algal blooms.
Sanitary Survey Artificial Moong Demo.
LateJuly 1965: Two™ 1972-1974: Vazious

( dense A]ga]Blo oms
. 3,000Ibs. copper sulfate |
\TWIEDIEIEITEII:[MEE& bla‘bm

Summer 1964:
Dense growth blue-
green algae
(Anabaena sp.)

1966: Anabaena sp. {Lﬁ:;g:g?%;n
reappeared penodically blooms rep orted
through summer No
July.

treatment

1+ June 22 & 23rd -

' 1967: 3,0001bs
L Copper Sulfate.

blooms but short-lTrredl

Artificial Mixing Study

19752 Last
vear of mmmg.

June 1975:
Anabaenam large
proporhons.

July-Oect.

1975: N
blooms ep orted

durmng mmme.

1976-1978:
No algae blooms

observed.

July6, 1978:
Reportof Fish
Eill (natural?)

Range of In-Lake TP

1965:
1967:

8 — 147 ppb
73 — 258 ppb

1968: 200 — 285 ppb (1,213 ppb at inlet!)




GOAL

» Summarize WQ Data

» Compare to WQ Standards

Province Lake
» Present Trends Water Quality Analysis

o

e Provide Recommendations

______________

DRAFT- July 2013

FB Environmental Associates

Set a Reasonable
&
. e
Achievable Target i




Water Quality Monitoring Sites
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WQ Data Sources

1. NH DES Trophic Reports (5 years)
2. NH VLAP (22 years)
3. “Other “Historical Data (5 years)

< 29 Years of Data
< 1991-2012 (VLAP)

Water Quality Data Available for Province Lake
Data Source Agency/Organization Years Sampled
NH VLAFP NHDES 1991-2012
NH Trophic Survey MHDES 1979, 1587, 1988, 2006, 2007 5




WQ Parameters

»Water Clarity (Secchi Disk Transparency or SDT)
»Total Phosphorus (TP)

»Chlorophyll-a (Chl-a)

»Dissolved Oxygen & Temperature St e

< Color, pH & Turbidity were also assessed ol * -

Y \)
@ &
Turbid lake having large
algal population results

in shallow SDT reading,
low clarity



Water Clarity

- Measured with a Secchi disk
- Characterize existing water quality

- Track long-term trends

d @\

Clear lake having a
small algal population
results in a deep SDT

reading, high clarity

Light

Penetration

W,L \W/ \@& \)
Turbid lake having large
algal population results

in shallow SDT reading,
low clarity

Source Maine VLMP




Q_ % v Prevent Cyanobacteria Blooms
LR

; ~=% v Reduce In-lake Total Phosphorus




1) Reasonable
2) Attainable
3) Scientifically-Sound

14.3 ppb to 10.8 ppb

25% reduction




Include apparent color in future monitoring;

Conduct sediment coring

"4 1 Collect consistent data about cell counts,
;, toxicity and species type for future
iz cyanobacteria blooms;

Conduct intensive tributary monitoring to
better understand nutrient & sediment loading;

‘ Extend VLAP m(fanitoring into mid-
October to capture fall conditions




Phosphorus Load Model for
Province Lake

environmental
L .1




Lake Loading Response Model (LLRM)

* Began as university
teaching tool

Lake entworﬂ\ and Crescent Lake Nutrient Modeling:
Using Lake Loading Response Modeling to Estimate Phosphorus Loads

» Evolved over many
years

» Used on >30 NH lakes

» Large Excel
spreadsheet format St

Total Maximu
Forest Lake,

environmental




Possible Source of Phosphorus

» Atmosphere, from industry and exhaust
e Land Use

Row crops, pasture, urban areas very high
Forest and wetlands very low

» Septic Systems
» Waterfowl
 Internal loading from sediments




Province Lake Model Inputs

Inputs:
o Land Use
o Septic Systems
o Subwatershed boundaries

© Bathymetry
o Precipitation
o Waterfowl

i

o WQ data as “reality check”
- ( 5 | Septic SystgPn Groupir
Al A B [ = I O
65 Total Feptic System Loading F 1.4%
1]
57 BAZIN AREAS
65 | LAND LIZE EAZINA E&ZIN 2 Ea&zIr
Eastern Trib Hobbs Erook Prg\:'. L
PROEFFE FROEFFHE i
2] Draina
T AREA [HAY AREA [HAY AREA [
T | Urban 1[Low Density Residential] 1.2 4.6 SE.1
T2 | Urban 2 [Mid Denzity Besidential!Commercial] 0.0 0.0 1.6
T3 | Urban 3 [Reoads] 1.0 2.3 56.C
T4 | Urban 4 [Induztrial] 0.0 0.0 0.0
75 Urban & [Mowed Ficlds] 26.4 0.0 a2
TE | Agric 1[Cwr Crop] 0.0 0.0 (1]
T Agric 2 [Row Crop] 0.0 0.0 )
ic 3 [Grazing) 0.0 0.0
qric 4 [Hayfizld) 0.7 0.0
&0 | Forest 1[Deciducus 0.0 135.6




Province Lake Model Inputs

/K/\ } Land Use B Agric3 gl Forest4 Ej Towns
‘ Urban 1 Agric 4 - Open 1 ﬁ Subwatersheds
Land Use Data / L - Urban 2 - Forest 1 Open 2~~~ Stream
MATSE Bl ubans Bl Forest2 gl open3 @ Ponds
o Edited Layers: | fW DR o UtenS gl coreets
H ) Agric 2

= Watershed boundaries

EBEEING HAM

« Digitized buildings
= Road overlay . ==1'N
= Double-checked N . _7 ' Ff. TR

pasture vs. hay o N -

WARKEEIELE

Province Lake - Land Use
Effingham, Wakefield, Ossipee, NH, Parsonsfield, and Newfield, ME

_ en"ilou -
0 0.5 1 Miles Data from Maine GIS, NH GRANIT, USGS, and FBE

| | | Map by FB Environmental, September 2013




Province Lake Model Results

Modeled TP concentration is 14.3 ppb
Same as Province Lake Measured Water Quality

Phosphorus Load Estimate:




Province Lake Model Results

469 kg/year Phosphorus to Province Lake

By Category

Waterfowl
1%

ey L L L L L ¥ T
- ~
Was;ez}’ate" 2_ Watershed Runoff 280 kg/yr  60%,Y
3% ~_-_-_-_=________i____——_
Wastewater Systems 107 kg/yr 23%

Atmospheric 78 kg/yr 16%

Waterfowl 3.5 kg/yr 1%




Province Lake Model Results

280 kg/year P from Watershed Runoff

—

Wetlands 5 TN
1%

Developed Land* 158 kg/yr 56%

Forests 107 kg/yr 38%
Agriculture 14 kg/yr 5%
Agriculture Wetlands 2 kg/yr 1%

5%




Province Lake Model Results

469 kg/year Phosphorus to Province Lake

By Category

Waterfowl
1%

Was;gz}’ater Watershed Runoff 280 kg/yr 60%
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2_ Wastewater Systems 107kg/yr  23%9
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Atmospheric 78 kg/yr 16%

Waterfowl 3.5 kg/yr 1%




Province Lake Model Results
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Province Lake Model Results

Phosphorus (kg)

P Load by Basin (mass)
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Province Lake Model Results

Total P Loads for each Scenario
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P Load Reductions
Where Can They Come From?

- ifieN Installing Effective

" New Hampshire

e BMPs at High
s Priority Sites

Effingham 1-3
¥ O e X

Parsonsfield

Legend Kg Plyr ;

O 0.00 - 0.41 &4
0.41-3.13 [
3.13-5.17 e
5.17 - 8.57 ilates




P Load Reductions
Septic Systems

Full Year Water per
Estimated P | Equivalent | Person per
Reduction ~_

P T, ™ . __ f___o\

A ._f ; = Gl '_ o Ve .\
years old) Systems and

Cesspool/Outhouses

to New Systems = 47.5

Kg TP

Electric, Composting,
Portable Toilet




P Reduction

Other Sources
. % ° Residential BMPs

Lower priority, buffer enhancement, or
missed in survey [20 — 30 kg P/yr]

» Agriculture

5% of land area. Potential for
opportunities [5 — 10 kg P/yr]|

» Boat Traffic

Limit re-suspension of sediments into
the lake — [77 to 166 ppb, > 231

kg/yr]




Boat Induced Turbulence:

Rapid increase in Total Dissolved Solids

= |[ncrease in available phosphorus
Rapid increase in turbidity

= |ncreased algal growth
Degradation of light climate

Recreational boat traffic may lead to:

= Persistence.of elevated trophic status
= Suppression of macrophyte and fish communities

= Domination of the phytoplankton community by harmful
- cyanobacteria



P Reduction

» Golf Course

Likely historic more than current due to the fact that
course has been using phosphorus-free fertilizers for
12 years.

[5-10 kg P/yr reduction seems realistic]




P Reduction

* High Priority BMPs 50 — 75 kg P/y1]
* Lower Priority BMPs  [20 — 30 kg P/yr]

* Septic Systems [20 kg P /yr]

* Agriculture [5—-10 kg P/yr1]
* Boat Traffic [? (> 231 kg/yr)]
* Golf Course [5-10 kg P/yr1]

* TOTAL: [100 — 145 kg P /yr]

*Does not include internal loading reductzons




Potential BMP Demo

Boat I.aiimmch on Bonneuman Road



Province Lake Watershed
Buildout Analysis

Effingham and Wakefield, New Hampshire
Parsonsfield, Maine




Buildout Analysis

 Under current zoning, how much land
is currently available for development?

« How will the town’s appearance
change over time?

« What are the potential impacts from
future development?




Buildout Analysis

Existing

Buildings

2.49% for the
Rates mmsssisss) \\qiarshed

(annual average)

Development

Constraints

Buildout Results




Buildout Analysis

Numeric Change Percent Change Average Annual

Town 1960 1970 1980 1990 2000 2010 19602010 1960 -2010 Growth Rate
Parsonsfield, ME 869 971 1,089 1,472 1,584 1,898 1,029 118% 1.18%
Wakefield, NH 1,223 1,420 2,237 3,057 4,252 5,078 3,855 315% 3.15%
Effingham, NH 329 360 599 941 1,273 1,465 1,136 345% 3.45%

Combined 2,421 2,751 3,925 5,470 7,109 8,441 6,020 249% C 249% )




Buildout Analysis

Existing
Buildings

Development
Constraints

Buildout Results




Buildout Analysis

Existing 430 units
Buildings

Development
Constraints

Buildout Results




Buildout Analysis

Existing
Buildings

Development
Constraints

Buildout Results




Buildout Analysis

Existing
Buildings

Development
Constraints

Buildout Results




Buildout Analysis

e . 1) Conservation Land

Development Existi
Constraints | EXISUN
Buildinggs teep Slopes (>25%)

------------ ) Wetlands

4) Existing Buildings

5) Hydric Soils
6)FIRM Floodplains

7) Unbuildable Parcels

Buildout Results




Buildout Analysis

Assump tlonsi' Development -
i Constraints | EX.ISt.lng
/ Buildings

S
~
~~
~~~~~~

Buildout Results




Buildout Analysis

Assumptlonsi‘ Development -
\ i Constraints ,-'EXlStlng

/ Buildings

S
.,
~s
......

1) Building setbacks
2) Min. Separation
3) Street ROW'’s

4) Efficiency Factors

Buildout Results




Buildout Results
Total Buildable Land

Total Buildable Area

NEW HAMPSHIRE

Province Lake Watershed
= 3,591 acres*

2,347 acres of buildable land
(65% of total area)

Buildable Area by Town

Effingham — 1,142 ac. (66%)
Parsonsfield — 704 ac. (60%)
Wakefield — 501 ac. (75%)

o Watershed Boundary
~"\~~— Streams

Roads

@D Buildable Area

v 0

Miles

*Excludes area encompassed by Ossipee and Newfield




Buildout Results
Buildable Land by Subwatershed
Hobbs Brook — 65%
)N\ NEW HAMPSHIRE | MAINE
Direct Drainage to
Effingham Province Lake — 66%
E % &
B Eastern Tributary — 72%
£
> Pargonsfield
2
Ossipee
Skoed
&
l//,;,?‘
South West e
Tributary — 77% o
. Wakefield Newfheld
Southern Tributary — 68%
0 0.5 1
I e \iles .
South River — 59%




Buildout Results

TimeScope




Buildout Results
Existing Buildings

e \iles l. Total Buildings =430
l




Buildout Results
Projected Buildings (2036)

e \iles Total Buildings = 752




Buildout Results
Full Buildout (2060)

/ — e— \iles Total Buildings = 1,316




Province Lake Future Phosphorus Loading
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Province Lake Watershed
Estimated Phosphorus Loading

Total Phosphorus (kg/year)
S 8 8 8 8 8 8

3

=
|

Natural 2013 2036 2060

Now 2036 2060

- Percent Increase 0% 23% 62% -




Province Lake Buildout
In-Lake Phosphorus Concentrations

25

23.1

23

21

19

17

15

13

11

Phosphorus Concentration (ppb)

Declining Water Quality | >

2013 2036 2060

- Natural -




Modeled In-Lake P Concentration (ppb)

25

20

15

10

Full Buildout in 2060
761 kg /yr, 23.1 ppb

Intermediate Buildout in 2036
578 kg /yr, 17.5 ppb

Current Conditions
469 kg P/yr, 14.3 ppb

Natural Conditions
207 kg P/yr, 6.3 ppb

100 200 300 400 500 600 700
Total Phosphorus Load (kg P/yr)

Modeled P Load to Province Lake under Scenarios

800




Questions?

FB |

environmental g

-~




ALL GROUP INTERACTIVE
SESSION

Group 1 Roads- Jamie Houle

Group 2 Septic Systems- Wendy Garland

Group 3 Shoreline Residential- Sam Wilson
Group 4 Mun. Ord. & Land Cons.- Eric Williams
Group 5 Water Quality Monitoring- Jen Jespersen

Group 6 Recreation & Boating- Forrest Bell



Monitoring Plan

Key to Measuring Success

A. Province Lake-Deep Spot
v Extend sampling season
v Add apparent color
B. Tributaries
v Dry & wet weather monitoring
C. Cyanobacteria
v Keep consistent records of blooms
v Collect & analyze samples
D. Watershed/Shoreline

v' Resurvey NPS sites every 5 years




P Reductions Needed to Reach Water Quality Goal
Province Lake, NH

25.0 -
Full Buildout in 2036

(761 kg fyr, 23.1 ppb

[l

o

=
I

Intermediate Buildout in 2036
(578 kg [yr, 17.5 ppb)

15.0 - OligotrophicTarget- 7.2 ppb
(Recluction =-231 ke F_a"'*,rr:l Current Conditions

(469 kg P/yr, 14.3 ppb)
10.0 -

Mesotrophic Target: 10.8 ppb
(Reduction =-113 kg P/yr)

Modeled In-Lake P Concentration (ppb])

5.0 1 Matural Conditions
(207 kg P/yr, 6.3
ppb)
0.0 T T T T T T T T T T T T T T T 1
0 100 200 300 400 500 600 700 800

Total Phosphorus Load (kg P/yr)




