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Introduction

 Purpose of Study: To develop
recommendations for solving the
severe algae blooms that have
occurred in recent years based on a
limited amount of additional study.

« Existing Data Review: Reviewed
Umass-Dartmouth study and WQ
data collected by DPA. Used existing
land use and LIDAR maps for our
analysis.
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Watershed Facts:

632 acres with 103 acres of
pond area.

~6:1 ratio is very good

This means nutrient control
can be achieved reasonably
well

It also means that the Enemy
IS Us!

Watershed and Land Use

Low io Mediam Density Residential i
Very Low Density Residendal




Phosphorus Budget
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Hydrologic Modeling for Devol Pond

Devol Pond - HYDROLOGIC ASSESSMENT

Source:
Watershed for Devol Pond = 332.0 acres 27520020 SF 1 mi2 55 delneabon based on LIDAR
Pond Area 103.0 acres 4486080 5F 416,826 meters2 55, 2013, calculation in G5
Area of Watershed - Pond Area 5280 acres 23,043,240 5F
Lake Croumfgrence 55, 2013, calculation in G5
Lake Volume 783,300.0 meters3 55, 2013, calculation based on GIS and field data
Arza influenced by seepags ! = 88702 m2 ESS estmate derived from pond circumference
Groundwater (data) 15 Vm2iday = 0.530 ciim2'day £S5 esbmate for kettle hole ponds in SE Mass
= 22868 cliday Calculation
= 0.805 cfs Calculation
Annual PPThyr 44 .40 inches Mean of Providence and Boston annual precip
Annual PPT -ET B3 243 fifyr 0.35 cfs Precip on pond minus regional ET
Runcff {(watershead) 14.04 1.22 filyr 0.88 cfs Calculation
Base Flow (Streams) as measured during dry weather - Averags = 0.10 efs ESS measurement, 2013
Ground PPT  Surfacewater Total
Diry 0.805 0.000 0.100 0703 Estimated range of total annual input into lake:
Wet 0.000 0.353 0994 1.247 {1.5 to 2 cfs/sq mi of watershed) =
Total 0603 0.333 0.994 1932 cf= 148 o 188 cfs
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Hydrologic Loading

Load
Source (cfs) (m3/yr) (%)
Direct Precipitation w/ Evapotranspiration 0.35 312,550 18.0
Ground Water Inseepage 0.61 540,265 31.0
Surface Water 0.99 887,642 51.0
Dry Weather* 0.10 89,300 5.1
Wet Weather* 0.89 798,342 45.9
Total Annual [ 1.95 ! 1,740,457 100.0
*Subset of surface water total
Devol Pond Statistics:
Volume 26,955,682 cu. ft
Mean Depth 6.0 ft
Detention Time 160.1 days (0.44 yrs)
Flushing Rate 2.3 times/year
Response Time 284-473 days
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Nutrient Modeling for Devol Pond

Devod Pond, Westport, Massachusetts - Existing Conditions

IHHLAKE MODELS FOR PREDICTING PHOSPHORUS LOADS AND CONCENTRATIONS

THE TERMS
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THE MODELS
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Nutrient Modeling for Devol Pond

LOAD ANAL VRIS
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Modeled Phosphorus Loading

Nutrient loads for Devol Pond.

Variable Total Phosphorus
In-lake concentration (mg/l) 0.035
Min. load g/m2/yr 0.28

In-lake Predictive Models

Kirchner-Dillon (P) g/m2/yr 0.75
Vollenweider (P) g/m2/yr 0.30
Reckhow (general P) g/m2/yr 1.15
Larsen and Mercier (P) g/m2/yr 0.47
Jones and Bachman (P) g/m2/yr 0.43
Average all phosphorus models g/m2/yr 0.62
Average all phosphorus models kg/yr 258.0
Vollenweider's permissible
load g/m2/yr 0.2
load kg/yr 83| «——— Key!
load mg/L 0.05
Vollenweider's critical
load g/m2/yr 0.4
load kg/yr 166

% load mg/L 0.10

group




Relationship Between Phosphorus and Water Clarity

Phosphorus Loading at Devol Pond (kg/yr)

83 kg/yr 166 kg/yr 258 kg/yr
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Phos Load by Source

Annual phosphorus loads (kg/yr) for Devol Pond listed by source

as derived from in-field measurements, regional data, and hydrologic modeling.

Source Phosphorus Loads
(kg/yr) (%)

Direct Precipitation* 6.30 2.4%
Ground Water Inseepage™ 16.6 6.4%
Surface Water

Dry Weather 66.0 25.6%

Wet Weather 72.0 27.9%
Internal Release (from lake sediments)™* - 37.6%
Total Annual 258.0 100.0%

* Modeled not measured
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Measuring Phosphorus Release from Sediment

Assessment Needs:

a) Area that goes anoxic
b) Length of anoxic condition
c) Phos release rate during anoxia

d) Alum dose needed — “jar
testing”

0SS
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Measuring Groundwater Quantity and Quality
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Options and Recommendations

RECOMMENDED
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Watershed Actions/BMPs - Education

The Enemy is Us:

a) Most residential areas
in watershed are over
fertilized

Pasture lands need to
have larger buffers
between streams and
shorelines

Street vacuum more
frequently

Grade dirt roads to
direct flow to wooded
areas rather than
streams or pond
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Structural BMPs

Stopping source always
best option

Swales and Check-dams:
Encourage infiltration and
plant uptake
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Residential Rain Gardens

Native Plants
Native plants are
adapted to local
conditions and are
easy to maintain once
established. Plus,
they attract birds,
butterflies and

other pollinaters.

How does a rain garden work?

TN

-~

Down Spouts el

Assist with directing rain ARSI Deep Roots q

water from your roof to " " Plants with a deep root system # " Berm

your rain garden. - encourage infiltration and help A berm holds water
absorb nutrients. o in the garden during

- £ heavy rains.



http://www.google.com/url?sa=i&rct=j&q=rain+gardens&source=images&cd=&cad=rja&docid=Nmap-3BK5kAIlM&tbnid=hUmPtlgN7Zm-aM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.sws-sssd.org%2Fconservation%2Fconservation-reuse-practices.php&ei=hTiWUa3KIpLq0QHd4ICoBA&bvm=bv.46471029,d.dmQ&psig=AFQjCNH1YnQWDSMJbG16QqUra_k2CRJw6g&ust=1368885746987798
http://www.google.com/url?sa=i&rct=j&q=rain+gardens&source=images&cd=&cad=rja&docid=qTCXOI589HdFAM&tbnid=OMqS3o4SoGmFbM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.watershedcouncil.org%2Flearn%2Frain-gardens%2F&ei=rDiWUdWVDYe60AHqkYDICA&bvm=bv.46471029,d.dmg&psig=AFQjCNH8ON1CdnQRmZYjoLBi14U-jeXNlA&ust=1368885793359188
http://www.google.com/url?sa=i&rct=j&q=rain+gardens&source=images&cd=&cad=rja&docid=EBJoILI6FDPfOM&tbnid=HOuz_63eCVkKkM:&ved=0CAUQjRw&url=http%3A%2F%2Fsustainablesally.blogspot.com%2F2012%2F09%2Frain-gardens-pervious-vs-impervious.html&ei=5jqWUdi4POXy0QG-8IHABA&bvm=bv.46471029,d.dmg&psig=AFQjCNHiBdhQI-jZeX15sdpLJgvXIMNT2g&ust=1368886294698104
http://www.google.com/url?sa=i&rct=j&q=recommended+stamp&source=images&cd=&cad=rja&docid=l5WSxPtBXomhmM&tbnid=hCp8VZ5A-R6eIM:&ved=0CAUQjRw&url=http%3A%2F%2Fwww.c9creviews.com%2Freview%2Fbook%2Fon-target-by-mark-greaney&ei=V1CWUdLZKKj00QHo7YHwBg&bvm=bv.46471029,bs.1,d.dmQ&psig=AFQjCNHqCe8O0cLFkKtZETHEaoCPsb93tw&ust=1368891831890502

 Removal of sediment from the
bottom of a lake, pond, or river

« Typically, only the overlying,
unconsolidated soft sediments
are removed, but deeper
dredging can be done too.

« Dredging is most often used to
increase depth for navigation,;
however, it can be used as a
lake management technique to
control aquatic invasive species

and algae blooms

e Invasive plant populations are
reduced through the removal of
the nutrient-rich, unconsolidated

sediment layer

dss
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Bucket

Sediment ‘ Hydraulic
Dredging

Not Ideal:
a) High initial cost

b) May not last long-term
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Sediment Inversion/Lake Aeration/Circulation

Not Ideal:

a) High initial cost
b) Unproven results

c) Annual expense for
maintenance and
energy

d) Navigation issue
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Algaecides

Algaeci
a)
b)
C)
d)
e)
f)
9)
h)

des:

Proven and quick

Very economical and generally easy to permit
Copper or alum are options, Alum better

Does not address underlying problems

Potential for long-term negative ecological impacts
Recommended as a short-term solution only
$12,000/yr for 1ppm alum
$5,000/yr copper i
$4,000 one-time permitting &

EcMmENDE
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Nutrient Inactivation - Alum

Alum Dosing Calculations and Cost for Devol Pond, Westport, MA

Devol Pond

Lake or Area DOption 1 Option 2 Option 3
Mean Available Sediment P (mg/kg DW) 700.0 500.0 300.0
Target Depth of Sediment to be Treated (cm) 5 5 5
Violume of Sediment to be Treated per m2 (m3) 0.050 0.050 0.050
Specific Gravity of Sediment 1.10 1.10 1.10
Percent Solids (as a fraction) 0.20 0.20 0.20
Mass of Sediment to be Treated (kg/m2) 11.0 11.0 11.0
Mass of P to be Treated (g/m2) 7.70 5.60 3.30
Target Area (ac) 50 50 50
Target Area (m2) 201613 201813 201813
Aluminum sulfate (alum) @ 11.1 Ibigal and 4.4% aluminum (lb/gal) 0.48584 0.4884 04884
Sodium aluminate (aluminate) @ 12.1 Ib/gal and 10.38% aluminum (Ibigal) 1.258 1.258 1.256
Stoich. Ratio (ratio of Al to P in freatment) 10 10 10
Resulting areal dose (g Al/lm2) T7 55 33
Ratie of alum to aluminate during treatment (volumetric) 2 2 2
Aluminum Load

Dose (kglarea) 15624 11088 GA53

Dose (Ib/area) 34153 24385 14837
Dose (gal alum) with Alum only G828 45848 20862
Application (gallac) for alum 1388 aag gag
Dose (gal alum} @ specified ratio of Alum to Aluminate 28783 205668 12340
Diose (gal aluminate) @ specified ratio of Alum to Aluminate 15898 11428 GA5S
Application (gallac) for Alum in Alum+Aluminate Trimt 578 411 247
Application (gallac) for Aluminate in Alum+Aluminate Trimit 320 229 137
Anticipated days of treatment in area 10 T 5
Unit Cost

Alum $1.25 $1.25 $1.25

Aluminate 52.75 5275 3275
Chemical Cost

Alum only 587411 562,438 537462

Alum + Aluminate 578,880 357,128 334277
Labor Cost

Application (assumes 5,000 gal'day) 548,788 538,882 524,185

Mobilization/Contingencies (assumes 1 day'50 ac) 35,000 35,000 55,000

Monitoring (assumes 1 day/trtmt day + 12 days + 20% for lab costs) 521,064 517,680 514,308

Pemitting (Studies/NOI) F12,000 512,000 512,000

In-Kind Diesign 30 50 50

Pemitting Assistance, Volunteer Monitoring, Education 0 50 50
Cost Summary (alum only) 5175.264 5134.1156 F82.865
Cost Summary (alum + aluminate) 167,834 $128,807 588,780
Cost Summary (Phoslock) 5247814 5185,838 5124057

122500

Notes:
Final determination will be based on field testing of sediment prior to treatment

Area treated will depend on funding availability with 25 acre min and 75 acre max.

<ECOMMENDED

Rate set by market at time of treatment
Rate set by market at time of treatment
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Monitoring Needs

Proposed Long-Term Monitoring Program for Devol Pond.

Proposed Locations

Proposed Frequency

Parameter Utility

Secchi transparency Water clarity
Total phosphorus Fertility

Total nitrogen Fertility
Temperature Fish health
Dissolved Oxygen Fish health

pH Fish health
Conductivity Dissolved solids
Turbidity Suspended solids
Plant density/distrib. Plant nuisances

In-lake

In-lake (Surface) and tribs.
In-lake (Surface) and tribs.

In-lake (Surface)
In-lake (Surface)
In-lake (Surface)
In-lake (Surface)

In-lake (Surface) and tribs.

In-lake

2/yr, June, August
2/yr, June, August
2/yr, June, August
2/yr, June, August
2/yr, June, August
2/yr, June, August
2/yr, June, August
2/yr, June, August
Annually, August

Each year conduct basic assessment to track trends, adjust management.

Cost of Annual Program: $2,500 or do with volunteers for $1,000

“ group
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e Our Study Findings:
a) Phosphorus (the limiting nutrient) is off-the-charts high.
b) Significant amount of P likely emanating from sediment

c) Additional loading from watershed, although only a few
direct surface water discharges to manage.

« Modeling Results:

a) The pond is receiving 258 kg/yr P and needs to be well
below 166 kg/yr to see marked improvement in WQ.

b) 97 kglyr is likely due to internal sediment releases although
additional study is warranted to quantify accurately.

dss

group



Recommendations

Watershed Actions

a) Reduce watershed loads through education of residents on
fertilizer use — newsletter, brochures, workshops, etc.

b) Maintain or enhance buffers to streams in agricultural areas

c) Design and install rain gardens in residential areas
Short-term In-Pond

a) Consider low-dose alum annually in early June — 1ppm

b) Alternatively, cheaper copper treatments when blooms begin
Long-term In-Pond

a) Consider nutrient inactivation through high-dose alum treatment
to reduce source of internal phosphorus load

“ group
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