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EXECUTIVE SUMMARY

The bioremediation of the West Cove of Whitman’s Pond commenced on May
18", 2000 and concluded on December 5th. During that time, the Restorer clearly
reduced the growth of Millfoil within a zone of impact that reached approximately
100 feet from the treatment raft. This is believed to be the result of a reduction in
available nitrogen caused by the Restorers aggressive nitrification bioreactor.

Bottom sediment digestion is also suggested by data trends from testing in autumn
1999 and 2000. While no statistically valid conclusions can be drawn from the
limited number of samples, it does appear that the organic portion of the sediments
was reduced within the Restorers zone of impact.

Wildlife flourished around the Restorer, although this had some negative impacts
on the establishment of healthy, mature plants. Operators used several replanting
strategies to counter aggressive grazing by herons, geese and swans. Eventually a
physical barrier proved most effective. The operational plan for 2001 includes the
installation of bird netting above both the internal attached growth media reactors
and the perimeter plant rafts. Biological strategies include planting less palatable
species on the outer perimeter, with the more succulent and palatable young shoots
farther from the reach of long-necked fowl.

It was regrettable that the heavy grazing also damaged the aesthetic qualities of the
Restorer. Despite some excellent root growth below the plant rafts, the top growth
looked rather anemic throughout the summer. Ocean Arks International had hoped
to participate in a media event with the Town and the Whitman’s Pond Committee,
but the Restorer never quite looked up to the occasion. The 2001 operational plan
calls for a concerted effort to establish some flowering bulbs on the Restorer for
some early summer color. While bulbs produce less treatment surface than many
native wetland species, they do contribute to a celebratory atmosphere for the
public and the non-technical press.

It is the hope of Ocean Arks International that the most damaging sources of
pollution into the West Cove have been controlled, and that the Restorer has
indeed turned the corner on the rehabilitation of this lovely body of water.
Continued operation and monitoring in 2001 should advance the understanding of
the cove’s recovery, with the long-term goal of naturally restoring a sustainable
ecology.



1. INTRODUCTION

1.1 History

Local residents tell of a time a century ago when the West Cove basin was an apple
orchard. When a dam was installed on Whitman’s Pond early last century, it
turned West Cove into a lovely pond, with 9 to 10 feet of water in the center.

Several decades of sewage seepage, storm overflows and excessive fertilization of
surrounding properties have caused a dramatic decline in the water quality and
recreational potential of the West Cove of Whitman’s Pond. High nutrient levels,
decreased water circulation and high water temperatures, caused by thermal
stratification, denied sufficient oxygen to the subsurface environment, accelerating
the accumulation of organic sediments. Accumulated deep sediments have
reduced the water volume and decreased the depth of the water column
significantly. This has caused increased temperatures and a proliferation of
nuisance aquatic plants. Aquatic life has suffered a reduction in species diversity
and populations, such that only the hardiest species can be found during the
summer months.

* In short, West Cove was on an accelerated trajectory to

" becoming a marsh through the process of eutrophication.
For example, build-up of aquatic weeds and organic
sediments render the western corner of the pond
impassable by watercraft.

Over the past decade a variety of chemical herbicides
were used in attempts to eliminate or control aquatic
weeds in the pond. These efforts proved unsuccessful in
# the long term as they killed beneficial species such as

@ water lilies, yet had no lasting impact on the aquatic
weed populations of Purple Loosestrife.

Aquatic Weed.

Aluminum salts in the form of Aluminum Sulfate, or
Alum, were spread in the pond in hopes of sealing the sediments. Aluminum is
often used to bind soluble phosphorus in sediments rendering it biologically
unavailable. In this way, the plant life would be denied this primary plant nutrient.
No recent water chemistry has been available for Ocean Arks International’s
analysis, but the effort clearly failed to have a long-term impact on the nuisance
plant species.



1.2 Timeline

In April of 1999 the Town of Weymouth issued a Request
for Proposal for the bioremediation of the West Cove of
Whitman’s Pond. On 25 August, 1999 a contract was
awarded to Ocean Arks International (OAI) for a four-
phase program that included:

Phase 1:

 survey and map the location of existing plant
species

* set marker buoys on a grid pattern and take sediment depth measurements
Phase 2:

* construction and installation of a floating Restorer

* on-shore installation of electrical equipment and aeration blowers

* limited rehabilitation of the South Cove Restorer
Phase 3

* operational oversight of the Restorer through the 2000 growing season

+ plant maintenance, the addition of new species, and replacement plants

* bioaugmentation with BactaPur™ bacterial formulations

* distribution of micronutrient minerals
Phase 4

* operational oversight of the Restorer through the 2001 growing season

¢ plant maintenance, the addition of new species, and replacement plants

* bioaugmentation with BactaPur™ bacterial formulations

» distribution of micronutrient minerals

Field analysis for Phase 1 was completed on September 8, 9, and 10, 1999. Plant
collection and taxonomy was completed by Gerald Myers, staff botanist at Living
Technologies Inc. and horticultural operator of the South Burlington Living
Machine wastewater treatment facility. Paul Zabriskie, Michael Carr and Lauren
Roth of OAI placed location markers and conducted sediment measurements.
Preliminary, graphical results of the Phase 1 investigation were provided to the
Whitman’s Pond Committee for presentation at the last Weymouth Town Meeting
(Appendix D). Final results of the Phase 1 investigation are included later in this
report.



Restorer represent those sediments immediately impacted by the Restorer and are
compared with samples taken from other parts of the pond. This summarized data
is presented in Table 1 below. Detailed data for specific collection points can be
found in Appendix B.

Table 1. Water column and sediment depth for Weymouth Pond, 1999 and 2000.
Water Fluffy Sediment First Heavy Sediment Solid Bottom

All units are in cm. Column Thickness Resistance Thickness
Near Restorer 1999 51.3 32 79 122 201
2000 64.8 36.5 101.3 99.1 200.3
Difference 13.4 4.5 22.3 -22.9 -0.7
Rest of Pond 1999 423 34.6 69.2 120.7 189.8
2000 53.6 52:1 105.6 64.1 169.8
Difference 11.3 175 36.5 -56.6 -20.1

A data point at the Southwest Corner of the pond (Appendix B) indicates no
change in water column or sediment depth and is assumed to be in a location that is
relatlvely stable. Takmg this as an indication that pond water levels have not
' changed over the course
of two years we can
assume that any changes
e ' in water column depth
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- and 2000. Water column
depth increased significantly more near the Restorer than in other parts of the
pond. This suggests that organic matter in top sediments has been digested by
organisms seeded from the Restorer. Furthermore, this finding is supported by the
fact that fluffy sediments (top sediments with a high organic matter content)
increased significantly less in the area near the Restorer than in other parts of the
pond. The reason for fluffy sediment increase throughout the pond is likely to be a
result of the time in which samples were taken. Samples in 1999 were taken during
September, before most plant dieback, while samples from 2000 were taken in
mid-November, after plant dieback. Since decaying plants contribute to fluffy
sediment thickness, a lower increase of fluffy sediments near the Restorer suggests
that fewer plants are growing near the Restorer than in other parts of the lake. This
idea is supported by plant observations presented discussed in Section 5.



Reduction of invasive plants such as water milfoil was a primary goal of this
restoration project. Fluffy sediments may also have increased less near the
Restorer because seeded microorganisms from the Restorer should accelerate
natural rates of organic matter breakdown.

The increase in depth of top and mid level sediments and the decrease in depth of
heavy bottom sediments raises many questions. It is possible that bottom
sediments are becoming loosened and converting into lighter, less packed top
sediments. Alternatively, this result could be the result of sampling error. Standard
sediment measurements over the course of several years are necessary to discern
what might be occurring.

4. VOLATILE SOLIDS DATA

Organic matter is the component of sediments that can be broken down through

biochemical reactions of mleroorgamsms that are propagated in the Restorer and
Samane . dispersed into the

Figure 2. Percent Change of Sediment Moisture and Weymouth pond
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decrease in areas
closer to the
Restorer. Such reduetlons appear to have oecurred between the years of 1999 and
2000 (Figure 2). Increases in organic matter in parts of the pond not near the
Restorer may be due to plant diebacks that occur in the fall. Such dieback
occurred after the 1999 samples were taken but prior to the 2000 samples. Sources
of organic pollution, unknown to the writers, could also be contributing to organic
matter build-up throughout the pond. Percent moisture of the two grouped sets of
samples changed only slightly and in a very similar way suggesting that data
collected during 1999 and 2000 is comparable (Figure 2). However, insufficient
data exists to develop a statistically valid statement, and sampling error could have
occurred in either 1999 or 2000. More complete standard testing over the course
of a longer period of time is necessary to determine whether the reduction in
organic matter of top sediments is indeed occurring near the Restorer.

Parameter




However, the West Cove Restorer did suffer setbacks from the local swans and
geese. Many of the plants selected by OAI for their treatment effectiveness are
among those most palatable to waterfowl. Favored species had to be replanted
several times during the 2000 growing season. Appendix E includes lists of those
plants that were grown (and eaten) in the summer of 2000. The placement of a
monofilament strand around the outer perimeter of the Restorer did slow the
grazing, but additional efforts will be required in 2001. See the 2001 preliminary
operational plan for more information.

Bioaugmentation, the introduction of beneficial bacteria, was part of the
operational regimen. BactaPur™, a formulation produced by Aquaresearch Ltd., of
North Hatley, Quebec, was added to both the fixed-film reactors and plant zones
during regular operational visits. Bioaugmentation re-inoculates the Restorer with
a variety of specialized
bacterial species.
Formulations used
include Nitrosomonas
and Nitrobacter,
autotropic bacteria that
naturally convert
ammonia into nitrate
and on into inert
nitrogen gas. Other
bacterial species are
proven to accelerate
1 digestion of
carbonaceous bottom
sediments.

Airlift pump (insert) in a fixed-film bioreactor
that attracts hullhend catfich and nredatory hivds

Research shows that accelerated bacterial digestion will not occur in an
environment limited by the micronutrients required for cellular production.
Unfortunately, when Alum was injected in the West Cove sediments, many
essential micronutrients were locked-up in compounds with aluminum salts. To
counter this condition, supplements of micronutrients were spread in the Restorer
reactors, plant rafts, and surrounding sediments during each operator inspection.



2.2 Operational Plan for 2001

Several minor structural modifications are planned for 2001. These include
monofilament and netting to prevent ducks, geese, swans and signets from
climbing onto the plant rafts to graze on tender plant shoots. Once established,
most mature plants are no longer palatable to waterfowl.

Bird netting will also be installed over the internal reactors to prevent herons from
landing on the reactors. While the hunting herons provided a heart-warming visual
for shoreline residents, the Restorer will function more efficiently if catfish are
allowed to feed on the surface of the reactors. Operators will continue to release
catfish to maintain appropriate populations.

Modifications to the aeration design will expand the influence of aeration on the
sediments. OAI tested an aeration design that eliminated conventional check-
valves and pressure relief valves at the blowers. This design delivered far more air
to the Restorer than was anticipated by the aeration engineers at AREA Systems
Specialist, Inc. The 2001 design will take advantage of the excess air using self-
ballasted Hinde aeration tubing.

In accord with the second year operational protocol, mooring chains will be
lengthened to allow the Restorer to migrate over a larger area of the West Cove.
This will further expand the zone of influence around the Restorer. In future years
it is anticipated that the Restorer will be moved to other locations around the pond
to degrade older sediments in remote locations away from the dominant Southwest
to Northeast flow in the West Cove,

Ocean Arks International also plans to seek funding for expanded deep sediment
testing in the West Cove. As a point of interest outside of its contractual
obligations, OAI has been testing bottom sediments from West Cove for percent
solids and percent volatile solids. The results are discussed in the following
sections. These results pose some interesting questions that require deep sediment
testing to investigate.

3. SEDIMENT AND WATER COLUMN DEPTH DATA

The condition of bottom sediments is the best indicator of the state of a pond.
Sediment data are more reliable than water data because changes in sediments
occur on a much slower time scale. For purposes of comparison in this report,
sediment data was broken into two groups. Samples taken within 25 meters of the



Restorer represent those sediments immediately impacted by the Restorer and are
compared with samples taken from other parts of the pond. This summarized data
is presented in Table 1 below. Detailed data for specific collection points can be
found in Appendix B.

Table 1. Water column and sediment depth for Weymouth Pond, 1999 and 2000.
Water Fluffy Sediment First Heavy Sediment Solid Bottom

All units are in cm. Column Thickness Resistance Thickness
Near Restorer 1999 51.3 32 79 122 201
2000 64.8 36.5 101.3 99.1 200.3
Difference 13.4 4.5 22.3 -22.9 -0.7
Rest of Pond 1999 42.3 34.6 69.2 120.7 189.8
2000 53.6 52.1 105.6 64.1 169.8
Difference 11.3 17.5 36.5 -56.6 -20.1

A data point at the Southwest Corner of the pond (Appendix B) indicates no
change in water column or sediment depth and is assumed to be in a location that is
relatively stable Takmg thls as an indication that pond water levels have not
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depth increased 31gn1ﬁcantly more near the Restorer than in other parts of the
pond. This suggests that organic matter in top sediments has been digested by
organisms seeded from the Restorer. Furthermore, this finding is supported by the
fact that fluffy sediments (top sediments with a high organic matter content)
increased significantly less in the area near the Restorer than in other parts of the
pond. The reason for fluffy sediment increase throughout the pond is likely to be a
result of the time in which samples were taken. Samples in 1999 were taken during
September, before most plant dieback, while samples from 2000 were taken in
mid-November, after plant dieback. Since decaying plants contribute to fluffy
sediment thickness, a lower increase of fluffy sediments near the Restorer suggests
that fewer plants are growing near the Restorer than in other parts of the lake. This
idea is supported by plant observations presented discussed in Section 5.



Reduction of invasive plants such as water milfoil was a primary goal of this
restoration project. Fluffy sediments may also have increased less near the
Restorer because seeded microorganisms from the Restorer should accelerate
natural rates of organic matter breakdown.

The increase in depth of top and mid level sediments and the decrease in depth of
heavy bottom sediments raises many questions. It is possible that bottom
sediments are becoming loosened and converting into lighter, less packed top
sediments. Alternatively, this result could be the result of sampling error. Standard
sediment measurements over the course of several years are necessary to discern
what might be occurring.

4. VOLATILE SOLIDS DATA

Organic matter is the component of sediments that can be broken down through

biochemical reactions of microorganisms that are propagated in the Restorer and
: : dispersed into the

Figure 2. Percent Change of Sediment Moisture and Weymouth pond

Organic Matter 1999-2000 system. Thus, if the

300 - SR Restorer is operating
N 42 properly we would
y 14 - assume t'he percent
" ' of organic matter
5 150 m Near Restorer — (measured as
300 el 181 , volatile solids) in top
Percent Moisture Percent Volatile Solids Sediments to

Crgarichaes) decrease in areas
Parameter

I closer to the
Restorer Such reductions appear to have occurred between the years of 1999 and
2000 (Figure 2). Increases in organic matter in parts of the pond not near the
Restorer may be due to plant diebacks that occur in the fall. Such dieback
occurred after the 1999 samples were taken but prior to the 2000 samples. Sources
of organic pollution, unknown to the writers, could also be contributing to organic
matter build-up throughout the pond. Percent moisture of the two grouped sets of
samples changed only slightly and in a very similar way suggesting that data
collected during 1999 and 2000 is comparable (Figure 2). However, insufficient
data exists to develop a statistically valid statement, and sampling error could have
occurred in either 1999 or 2000. More complete standard testing over the course
of a longer period of time is necessary to determine whether the reduction in
organic matter of top sediments is indeed occurring near the Restorer.
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Weymouth Sediments Data
I < Pink highlight indicates questionable data

Appendix A

Percent Volatile Solids

Southwst Corner (green/orange buoy)

West side, middle, ornage buoy

Northwest, near submerged tree and bushes
At corner of west leg and north leg

25 meters west of Restorer

25 meters north of restorer

25 meters east of restorer

2nd from north end

B \orth end

1999 2000 Change
529%, 469, 6%
47%

60%
63% 519 11%
429,
549, 459, 9%
52%
429, 439, -19,
33% 729,
449,
439, 459, -2%,

near culvert under the road

100 meters north of Restorer (no buoy) Top sample
100 meters north of Restorer (no buoy) Bottom sample
near blower shed

southeast near island

south of restorer, near fences

interior of Restorer

interior of Restorer, hard pan

interior of Restorer

interior of Restorer, hard pan

interior of Restorer
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Appendix D

N!{ﬁ;

Many of the nuisance plant species are opportunistic aggressors in
an environment of excess nutrients. The Restorer works to starve
the unwelcome species by digesting the stockpiles of food that
exist in sediments and floating sludge.



Despite heavy growth of nuisance aquactic plant species, the pond
still supports the microbial life required for the Restorer to digest
the sediments and clean the water. Above a large snail suns itself
on a lilypad during Ocean Arks’ recent sampling inspection.



Floating sludge clogs the water column at the northern end of the West Cove. With a texture
of chocolate mayonnaise on a hot day, these late summer mats of “bio-solids” are a primary
target of the Restorer. Due to the shallow depths and hydrodynamics of the pond, elimination
via bio-digestion will probably occur in the summer of 2001.



Appendix E

PLANT INVENTORY FOR WEYMOUTH, MASSACHUSETTS

Initial Planting:

Plant Common Name Quantity
Betula nigra River Birch 1
Decodon verticillatus Water Willow 25
Dryopteris thelypteris Marsh Fern 100
Hydrocotyle verticillata Water Pennywort 100

Iris pseudacorus Yellow Flag Iris 10
Lemna minor Duckweed approx. 1 sq meter
Peltandra virginica Tuckahoe 25
Pontedaria cordata Pickerel Weed 25
Quercus bicolor Swamp White Oak 2

Salix nigra Black Willow 25
Saururus cernuus Lizards Tail 100
Typha latifolia Common Cattail 50

June Planting:

Plant Common Name Quantity
Dryopteris thelypteris Marsh Fern 40
Hydrocotyle verticillata Water Pennywort 100

Iris pseudacorus Yellow Flag Iris 10
Peltandra virginica Tuckahoe 1
Pontedaria cordata Pickerel Weed 10

Salix sp. (coll. Native) Willow 5

Salix nigra Black Willow 25
Saururus cernuus Lizards Tail 10
Scirpus cyperinus Wool Grass 25
Typha latifolia Common Cattail 7

July Planting:

Plant Common Name Quantity
Typha angustifolia Narrow-Leaved Cattail 500



Appendix F

K

- DR 606 &
Regenerative

CP 60
Blowe

) ; Scale GAR drawing vailable upon regus

14.79 = 08 DIA.

FBT=20

 CAPACITOR LOCATION
.| OM SINGLE PHASE MOTOI

voitage 1 phase. motors are factory tested and certifisd
VAG-1 ph-50 Hz. All vollages above can handle a £10%

cartifled range.
2 Meaximum operating temperatu

3 Maximum blower amps comesponds to the performance point at which the motor or blower lemperature rige with

to operate on both: 104-115/208-230 VAC-1 ph-60 Hz an
voltage fluctuation. Special wound mators can be orderad for yoliages outside ¢

1555 7.18
38548 i T gza DA
ﬁ
NS
o . i
H i
390 _j 550+.03 ) ‘ i
e + 7e® 241% NPsc—/
‘ THF:,EAD
1:;;4:4:139 - {TYP) i 11,42 =, MOBEL LN} §L (M
' 253 o 2501~ 4 1 DREGCRAN R I
‘ {4) MTG, HOLES - 1280 DRENECKEM 187 42
R _ 3961 o DREIGCKEEM 71§ 4z
DIMENSIONS: - DREOGKTZY 158 ] 48
TOLERANCES: 3t s DREJSKS 71 | 43
(UNLESS OYHERWISE NOTED) CPBUBCRAMLE | 167 | 42
SPECIFICATIONS V'
MOGEL DPREOBCKT2N | DRE0BCKSM | DAS0BCKEEM | DABLEKT2ZM DRG0EKEAM | DRBOGDTEN | CPE0ACR7ZML
Part No. . 038526 - 038532 Q38530 038527 (138529 080077 038247
Motor Enclostire — Shatt Maierial TEFC-CS | TEFC -8 | TEFC-CS | TEFC -GS | TEFC-CS TEFC - C§ | ChemTEFC-£
Horgepower 4 4 4 3 3 . 5. Same as '
| Vottage " 230/460 250 575 230/460 116/230 | _20B-230/48) | prg0aCKTaM
Phase - Frequency ! Three - 60 Mz | Singie - 60 Hz | Thres - 60 Hz | Three - 60 1z | Single - 60 Hz } Three - 60 H 038525
!nsnﬂaﬂcﬂ Giass Z F F F F E ] F except add
NEMA Rated Motor Amps. 10.4/5.2 17.4 4.1 7.6/3.8 24.912.4 14-12.8/6.4 Chemieal
Survice Factor 1.0 1.0 10 1,15 1.0 115 Processing
Locked Hotor Amps 4447 121 80 8844 194/97 B86/48 V(GP)
Max. Rlower Amps 2 11.4/6.7 18 4.56 9.8/4.75 27.8/13.9 11-10/8 features
Recommentied NEMA Starter Size 110 2 0 0/ 1501 i _ from catalog
Shipping Weight 5310 (45 ko | 105 b (48 kg) | 9216 (42 kg) | 981D (44 kg) | 9B1b (45 kg) | 9B b (45 k) | IO front cov
1 Rotron motors ara designed to handle & braad range of world vbltages and power supply variations. Our dual voltage 3 phase motars £
factory tested and certified to operate an both: 208-230/415-480 VAC-3 ph-60 Hz and 190-208/380-415 VAC-3 ph-50 Hz. Our di

100-119/200-2

re: Motor winding temperature (winding rise pius ambient) should not exceed 140°C for Glass F rated mott
ar 120°C for Class B rated motors, Blower outlet air temperature should not axcaed 140°C (air temperature rise plug inlet temperattry
Ferformanca’ curve maximum pressurd and suction peints ara based on a 40°C infel and ambient tamperature. Consut factory for inlet
ambient terparatures above 40°C,

amblont temperature reachess the maximum operating lemperature.

i 40°C inlet and

Specifications subjest ta change without notice. Pleass consult your Local Fleld Sales Engineer for specification updates.




DR 606 & CP 606
Regenerative Blower

- FEATURES
"o Manufactured in the USA — IS0 9001 compiiant
e CE compliant — Declaration of Conformity on file
o Maximum flow: 200 SCFM '
+ Maximum pressure: 100 IWG
» Mayimum vacuum: 6.1" Hg (83 IWG)
* Standard motor: 4.0 HP, TEFC
s Cast aluminum blower housing, impetier
& cover; cast iron flanges (threaded)
« UL & C8A approved motor with parmanently
sealed ball bearings
= |ntet & outlet internal muftling
+ Quiet opemiion within OSHA standards

MOTOR OPTIONS
 International voltage & frequency (Mz)
« Chemical duty, high efficiency, inverter duty
or industry-specific designs
» Various horsepowers for-application-specific needs

BLOWER OPTIONS - ‘
» Corrosion resistant surface treatments & sealing optlons
+ Remote drive (moforess) models

e Slip-on or face flanges for application-specific needs

" ACCESSORIES (See Catalog Accessory Section)
» Flowmsters reading in SCFM
° Filters & moisture separators
= Pressure gauges, vacuum gauges & relief valves
* Switches ~ air flow, pressure, vacuum or temperature
¢ External mufflers for additionat ssienung
» Air knives {used on biow-off applications)
» Variable frequency drive package

BLOWER PERFORMANCE AT STANDARD CONDITIONS
_ AIR FLOW RATE (MP/MIN)
5.8
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AIR FLOW RATE (R9/MIN}
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. 120 1 | | ] [ 1 ) ]
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3 i ) A TN L. 1500
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Appendix G




Restorer 111

e e e N R R A A N A R R AR R

CROSS SECTION

RESTORER I SPECIFICATIONS
Bouyancy: 9,500 kg displacement
Overall Pond Surface Area: 100 M2
Manufactured Media Volume: 18 M3
Aeration Capacity: 50 SCFM

Hydraulic Throughput: 9,000 M3/D (2,375,000 gpd)
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Appendix H

Operational Log Sheets - West Cove



2= OCEAN ARKS INTERNATIONAL

176 Battery Streat, 3 Floor o Burlington. VT 05401 USA e (802) 860-0011 @ Fax (802) 860-0022

Wevmouth Restorer Operations Log Sheets

| NS
Location: West Cove f_);_ﬁv_‘ South Cove

Date: % \Q'@“

Time: _gl8 Sao _ |

Weather: leobe, \m_gf@.qmﬂwhwg o
. ¥ ol - . ‘ :
‘OAI Staff/Contractors: Qay\mw,\, N ' Waibee CW; | ”()m *Z )

Guests: T e G \n% )

Mechanical: | o
Blower temperature erem e
- Blowey bearings/neise nownwe - _
Filter maintenance necd o bt (.QL-&WQ,VS
Pipelines secure v ‘ ' .
Pressure relief 'jr o) e bl o [/u.om.a:-(_tw-l .
Mechanical adjustment & observations — = (. (= ¢ DS PR
. Hb\l\) - feve alwmﬁ;ﬂ'aagc?ﬂﬂ, .t : A
Stru_ctural: e ' B wetadop,
Buoyancy . L - ¥
Media Reactors —~ a&&g& A&LW u:waéh_ai .
Other notable issues / adjustments C&c&ﬁdﬁw—i lw'"rﬂx-e cables
9W e venctors ‘ ‘
Biological _ : o
Minerals added ) .
Bacteria added 0 LAz do plat ra ks el e atous .
Plants added .-Q,«J.k ‘afa,wl—:j ‘,.,:.::‘raﬂ ,_?ML&AM& ﬁ\coc.l«;' B n:z:{‘\\:xe ’*VM*:F'(
Aeration adjustments - '
Plant maintenance

Other notable items / issues / adjustments / activities

‘ \./\)-@.'\f—ﬁ, u,g,_e,tdjﬁ.-,_‘ g \



o = OCEAN ARK § INTERNATIONAL

?. \.‘w,,_ ol

p 176 Rattery Street, 3™ Floor » Burﬁ'ngmn, VT 05401 USA @ (802) 860-0011 @ Fax (802) 860-0022

 Weymouth Restorer Operations Log Sheets

Location: West Cove V' South Cove
Date: % (2“"

- Time: _ [ zer>

Weather: _cfgeen TTO°

OAI Staff/Contractors: 5 P

Guesis:

’Wechamcah
| Blower temperature e
Blower bearings/noise v~
Filter maintenance w'
Pipelines secure naed S L“-““SL '
Pressure relief — hzaw~, b lon ofF - Wity rgee. O "f‘k% pre \Sgét«-@

‘Mechanical adjusiment & observations

_ Structurél
Bueyancy

Media Reactors — rQ: \ﬁmwrl—ws ax.( Era‘-m«-l—m:} *;D ‘C'ﬂ“»v\ W%{W’V‘S

- Other notable issues / adjustments
Biologmal S | |

' Minerals added QL A—U&' W Gnan ?(@m (an&o gy Wai‘é—:v]
Bacteria added '
Plants added o /\«614 M émﬂa.‘.,_) WM Vsa-m
Aeration adjustments —,
Plant mainteriance M e 4@0 cukl ‘Q\ /QM

.«"W‘W “ru ML wry .

ther notable items / issues / adjustments { activities

Mm%ﬂ-‘y{mﬁ(’ww Qﬁh%@ﬁ“



| - Weymouth Restorer Operations Log Sh
Location: 'W.eé,t Cove}ﬁi‘ South Cwé
Date:_JUhe AL
Time: _(0:80 |
Weather: QvoKest il
OAI Staft/Coantractors: Vo oo

(zuests:

Mechamnical:
: . Blower temperature
Blower bearings/noise X+
Filter maintenance )

Pipelines secure — O et laaiask e 3«»»‘54. ﬁw:{”m
Pressure relief i ?-”“3% G0 &S Wﬁ‘ Ao m(as“fv—wJ—
- Mechanical adjustment & observations lewwk:z‘zq

ok | Am fve. 1007 |

\ structumﬁ
Bueyancy — weded G v Cpu v—«uj@ffg
 Medis Reactors syood |
Other notable issues / adjustments

Biological
MMinerals added N

Bacteria added N ?’ k= ol mm,&j S@%&H

Plants added .
Aeration adjustments FWNN &&&Ve‘ Sl wﬁ:fw.

Plant maintenance
o L podadn,

Oihber netable 1tems / issues / adjustment% / activities

7{%,4,4,41_ QL»—&MJMBGM s mm_v%wwsh.&;ﬁa



OCEAN ARK S INTERNATIONAL

176 Battery Street, 3 Floor ® Burhng,ton, VT 05401 USA # (802) 860-0011 » Fa; (302}86&.{!}22

| ng mouth Restorer Ope rations Log Sheets

. Location: ~ West Cdvé .~ South Cove
: G -9-0o o T
. c? Zc

 Wedther: ./ e i
- QAl StafffContractors:- = /1.ne Care

M edhnmcal
| Blower temperatare - ©~ <
Blower bearings/moise N ~E
Filter maintenance o &
Pipelines secure }/a .
Pressure relief ' .,
Mechanical adjustment& observatwns / LY

" ":f(__-, st AT A AR T0 [070)

Strqlctural. -

Bio

bogieal

Minerals added

Bacteria added

 Plants sdded . : | | |
Acration adjustments Nuua— LT e e / L L i
Plantmaintgnance 7 JLf op Rewks - @L«cvﬂ,#-_"&%‘?ﬂ mofen. NS,

Buoyancy <"
- Media Reactors < ' ' L :
Other notabla issues / ad_mstments Seck @ fiaes

S-:rac\)ﬁ-_‘/’ - ‘HCIJ.;,,\_K’ —( Q.a 1‘&"’(.1’"

' Other notable items ! lssues / adjustments / activitles

%P‘N s A e Lame Te Lgsfc..u—:@

2’ @ 2"



= OCEAN ARK § INTERNATIONAL

:""‘:3"\;.. N 176 Battery Street, 3 3% Floor e Burlington, VT 05401 USA 8 (R02) 860-0011 & Fax (BO2) % 860 0022

- Weymouth Restorer Operations Log Sheet

Location: - West Cove 2{; Suuth Cove
Date: N 22y
Time: _{] ’36*5’ o

‘Weather: '75 *

- QAI Staff/iContractors: M Fadarsiene FB% ZM.«;\M
VGuestsd - M "\'g&&
Mechameal

Blower temperatare <%

Blower bearings/noise &uxﬂ,\: ~ Aiean aa.ﬂa\'-«ﬁ” W Llowaen \AMW
- Filter maintenance el aanaed , . :

Pipelines secure © &
Pressure refief o
. Mechanical adjustment & observatmns

Structural:

Buayancf w00 léﬂd'g ’*‘“‘“‘9"""' M W’{.’“
Media Reactors c:a;&nﬁgg arnd. Snadhs |

Other notable issuaes / adjustments ' . f
codfiin, seee Yo lar d-@amm«j ﬁ@g' Lilommentous a}az.cu

Biological | o o
Minerals added '
Bacteria added - § (iGwa ) :
Plants added ~ See Loat- ~ pakinen @(M.:::y
Aeration adjustments : ;
Plant maintenance

Other notable items / issues / ad;ustments / actlwtles

el



| e OCEAN ARK.S INTERNATIONAL

Wevimonth Restorer Operations Log Sheets

deation: West Cove 2S South Cove
Date: SN'” S et Q"{' |
Time: _1:39

- Weather: (“m g0

OAI Staff/Contractors: ?MJ- l &V\E

Guests

Mechanical:
Blower temperature
Blower bearings/noise
Filter maintenance .
Pipelines secure
. Pressure relief
- Mechanieal adjustment & observations

Structural
"~ Buoyancy = DRemd "g‘@ M% %“-Q‘L“""%*“‘* {("“‘"’L "_“Jgﬁ‘
: ‘Media Reactors

Other notable issues / adjustments

 Biological , P . |
Minerals added skt {\:‘(M"‘j Se cond. Lok
Baeteria added : | : .

Plants added
. Aeration adjustments

. Plant maintenance Q«,,Q.ca,,g,.,a.._ 7 cadtgd .Q,.m...._
LA MML?\A”

Other notable items / issues / adjustments / activities
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[ %h B e
Uy, 176 Battory Street, 3 Floor » Burlington, VT 05401 USA  (802) 860-0011 « Fax (802) 860-0022
Weymouth Restorer Operations Log Sheets
ocation: West Cove X South Cove '

Date: \.MT\_}-QM \
Time: % VR

 Weather: 780 Ky e '
 OAI Staff/Contractors: b LD ?\,\D

‘Guests:

Mechanical:
Blower temperature o
Rlower bearings/noise
Filter maintenance
Pipelines secure
Pressure relief o
Mechanical adjustment & chservations

Structural:
Buoyancy
Media Reactors
. Other notable issues / adjustments

Biological
Minerals added ‘
. Bacteriz added S Lidens
Plants added :

Aeration adjustments o , . ‘
Plant maintenance ~ —— laws L\“ S‘“C@“"’(Lr SO
Qs_‘\“‘L,q_-,M .-—f::,,.“.d MM \:Q-aw& M
g\—m—f;— Sfptinpiny
Other notable items / issues / adjustments / activities

Advndaid gl L - CoABi w
e el s, S W«u& r__t_,.;m,



o T OCEAN AR KS INTERNATIONAL

Wi :
NN 176 Battery Street, 3" Floor o Burlington, VT 03401 USA e (802) 860-0011 « Fax (802) 860-0022
Wevmeouth Restorer Ogeratmns Lo g Sheets
Location: West Cove 41 § South Cove________
- Date: J Vﬁ&q 2 o |
Time: o T ‘
Weather: QMH@L (irvgc] 7 T | N\w )\’0 M
QAL Seafl/Contraciors: jmmw - \{V"Q‘&

e S e ‘«&':’»*"‘X“' |
Mechanical: . é( (Jab ) ’_\?F‘S

Blower tamperature e - 5 : | |
- Rlower bearings/noise Gl ' ‘ VD " - ( .S{/ o

Filter maintenance }4% ‘ M,-:y\“ I

Pipelines secare v - ; ;’ e

Pressure relief 1 bt o m-ﬁ—ah_ :
Mechanical adjustment & observations

| Structural: |
Buoyancy - _
Media Reactors %ge.&_, i
Other notable issues / adjustments -JO/‘M’Q Jéﬂm ' '
Biological :

Minerals added — K@LF poeall, ré/—"é
Baecteria added [N’bm P AT R ﬁ{mﬁ vwéh
" Plants added

Aeration adjustments :
. Piant maintenance Qﬁm /ﬂ:tju A.A——ﬁwj . G,.lg_.é_- gD W‘(/Lzhg—-{.’gz

“Other notable itenms / ussues / a(ijustments / actmtnes
“/M""’"’""‘M"ﬂ‘ 2’/‘1‘{1’“&@9 “F ds C*/%‘-‘-’(ﬂ ””%"ﬂ‘m WM /,ﬂ-ﬁa,c,.«!‘ert-'nm .
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\:}7\,,\:_‘ - 176 Battery Sireet, 3% Fioor « Burlington, VT 05401 USA » (802) 860-0011 » Fax (802) 860-0022

Weymouth Restorer Operations Log Sheets

Lacation: West Cove __K__;.South Cove _
Date: Campasl 2 -
Time: __/ (% -5
Weather: (Jencant 787 o ~ o
OQAI Staff/Contractors: &mf}i‘ka« rm@ @DLM,{L\, O(@mlﬁa

Guests:

Mechamcal
Blower temperature v
Blower bearings/noise 0«
Filter maintenance v/
Pipelines secure
Pressure relief 0.
Mechamcal adjustment & Observatmns

Structural:
Buoyancy
Media Reactors
QOther notable issues / ad;ustments

Riological 20 o 4 3&5%”\@ o lda

A Minerals added b O ! L-., { ol
Bacteria added ‘/ ” h \@ ank— 1@#’5 Ma\g 5 WI&MJ
Plants added - | Cbmnannt e Shased

Aeration adjustimments
Plant maintenance E’D aw’k‘—s (/Ebéfc /Lajﬂz ﬁ\% *ﬁuw? (rw
t’kU\ Seasewvy . Vg ’zaun»uz«,\* v af  lee M—{FLL«:B L |

Other notable items / i'ss_,ues ! adjustments / activities
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- We mouth Restorer() erations Log Sheets

Locatmn West Cove K South ('Awe
Date: (i M \S™ |
Time: ‘de

Weather: Owveacas b=~

0Al Staff/Contractors: Q‘MJ'I\M gkw}

(uests:

Mechanical:
Blower temperature -
Blower bearings/moise ©&
Filter maintenance Seand Tz
Pipelines secure ) ' '
Pressure relief &t

Mechanical adjustment & observatmns W requined | aven & Seems
_ % . T S leethad T
Structural: | ' '
Buoyancy

Media Reactors - co:H:\:—A-\ Yoves glvovnd (\Qé,gm Jomr
Other notable issues / adjustments

Biological
Minerals added /7% o 3"""’““"‘

Buacteria added 5 Lidea

Plants added
Aeration adjustments 7 o
Plant maintenance -— Naad A seamn o e \WJ«W .

Cevrdd, lae 'S‘vmr()’(m,,}* Strm-(_fv.._. 'Dt; roat WM" -\'u \942 Ad\m

Other notable items / issues / adjustments / activities
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Wemouth Resturer Operations Log Sheets

Location:  West Cove Z South Cove
Date: Ew—% { " ‘ .'

Time: || 100
‘Weather: 3%*'\\.4 “Jo &

~ OAI Stalf/Contractors: JM&M ~ o | -
Guests: \j \M. CWMZB‘M\M.\ s Sm :S“v"‘-‘“" er-»\ 0'/& '_inu. !n;i&
| Mcchamcal.. : L VY = VTR I ﬁuﬁW'p'\ﬁtwjm W

Blower temperature Ok-

" Blower bearings/moise v Am bt vanXon @M TN B « AP}
Filter mainfenance s
ineli @Qsm G, w-n:aw! Q‘b—m T\\k &MM

Pipelines secure ov-

Pressure relief o«  Dhscupsed ¢ ot &—ﬂrL(Mw‘l._.A&' L»a%

Mechanical adjustment & observations

Structural:
Buoyancy
Media Reactors
Other notable issues / adjustments

Biological , .
Minerals added (Saﬁ o & e .
Bacteria added 5 [fos ‘

Plants added -
Aergtion adjustments

Plant maintenance ‘!P ( m:ﬁv, shit 5%

Other notable items / issues / adjusfments [ activities
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Weymouth Restorer Operations Log Sheets

Location: West Cove X_ South Cove
Date: M Lo | |

Time: _ 5+ 00 |

Weather: Overcant &S°

OAI Staff/Contractors: 'S Tt te. 505
Guests: . | |

Mechamcal
Blower temperalure e
Bilower bearings/noise -
‘Filter maintenance .~
Pipelines secure .
Pressure relief —
Mechanical adjustment & abservatmns

Structural:
Buoyancy -
Media Reactors .—
Other notable issues / ad jmtments

Bmlogncal
~ Minerals added
Bacteria added
Plants added
Aeration adjustments
Plant majinfenance

. Other notable 1tems / issuwes / adgustments { activities
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176 Battery Strect, 3% Floor e Burlington, VT 05401 USA e (802) 860-0011 » Fax (302) 860-0022

Weymouth Restorer Operations Log Sheets

Lacatiggs West Cove 4_ South Cove____
Date: Mf‘@v‘hk,m .'.Lf)%: | |

Time: /0 @8

Weather: Roun L0°

OA] Staff/Contractors:

Guests:

Mechanicak: '
Biower temperature - Sun \-—Axg& /m{mmm
Blower bearings/noise Ot .
Filter maintenance clcced lodti
Pipelines secure O | |
‘Pressure rekief € - gloed ik oni. . ‘ y
Mechanical adjustment & observations lQeaF{m:aﬂ Yo, e coniactrein
o - - ' af (of otarsa Luw-su:j-
Structural: ‘ _
Buoyancy Seed - , , o . ‘
- Media Reactors Q-sz dine bo pae catfist. and W Sincied
Other notable issues / adjustments ~

Biclogical -
Minerals added
Bacteria added M

Plants added &
Aeration adjustments N aonx Iﬁr"‘*“"‘""""“’ .

Plant maintenance - yeaef Sonvem] F’{.“”‘j‘. ) T RV
Aorgi.. av ts | had '}grkg_r,:_j' Aotec . e '

Other notable items / issues / adjustments / activities
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Wevmouth Restorer -Onerations Log Sheets

Location: West Cove ~>{/__ South Cow
Date: 0 Soloen %

Time: /2100

Weather: vy 6§

OAI Staff/Contractors: . ToweaX oo
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Appendix I

Operational Log Sheets — South Cove
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Appendix J

VEGETATION CONTOUR MAP OUTLET
FLAX POND, September 1999

KEY TO PREDOMINANT VEGETATION

P Purple Loosetrife (Lythrum salicoria) - most predominant
peripheral perennial. Heavy colonization.

L Water Lilies (Nymphaea odorata)

(o]

Cattails (Typha sp.)
Reeds (Phragmites sp.)
2 Button Bush (less than 5 plants)
S¢ Bulrush (Scirpus sp.)
AR Swamp Alder (4inus rugosa)
PA  Silver Fleece Vine (Polygonum aubertii)
Lawn cleared of

Al Swamp Milkweed (Asclepias incarnata)
all wetland vegetation.

SHRUBS WITHIN 20 FEET OF SHORELINE

Winter Berry (/lex verticillata)

Silky Dogwood (Cornus ammomum)
Summersweet (Clethra alnifolia)
Willow (Salix spp.)

AQUATIC PLANT TAXA PRESENT
IN LESSER NUMBER

Duckweed (Lemna minor)

Spike Rush (Eleocharis sp.)
OTHER BOTANICAL NOTES Sedge (Cyperus spp.)

False Nettle (Boehmeria cylindrica)
* Black Locust (Robinia pseudoaccia) saplings (3'-8") Pickerel Weed (Pontederia cordata)
scattered throughout. This species is invasive in vermont. Smart Weed (Polygonum spp.)
* Surprisingly few grasses, sedges, or rushes. Water Shield (Brasenia schreberi)
* Lythrum represents 60% of the area covered by Arrowhead (Sagittaria latifolia)
emergent vegetation. Beggar's Tick (Bidens spp.)

Touch Me Not (/mpatiens spp.)



Appendix K

Map of Intitial Sediment Depths, 1999

ot. Sediment
Depth
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, SRR 11 157 am
o s
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15 142 em

Note: For complete sedimet depth profiles for 1999 and 2000, please see Appendix B.



