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I. INTRODUCTION
It has now been 23 months since the new West Harbor Pond siphon was first placed in
operation. Since then, it has operated for 14 months, including running continuously for eleven
of those months. Sufficient time has now passed to ask whether the new siphon has improved
the Pond’s water quality. To answer this question, we must answer four specific questions:
•

Has the siphon removed the hydrogen sulfide-laden water from the bottom of the Pond?

•

Has the siphon promoted oxygenation of the Pond?

•

Has the siphon decreased the salinity of the Pond?

•

And, most important, has the siphon permitted the Pond to undergo seasonal turnover?

The answer to the first three of these questions is an emphatic “yes.” The answer to the fourth is
a qualified “yes.”
II. THE 1880 SIPHON
West Harbor Pond was created in 1880 when Captain Eben Haley built a dam and
causeway across the mouth of Campbell Creek, which flows south from Knickerbocker Lake.
He placed the dam at the point where the creek, whose lower end, called Campbell Cove, was a
tidal saltwater estuary, emptied into Boothbay Harbor’s inner harbor. Haley installed a 10-inch-

The author wishes to express his gratitude to the following individuals who read, commented on, and
corrected mistakes in this report in draft form: Sue Mello, Natural Resources Director, Boothbay Region
Water District; Dr. Deborah Bronk, President and CEO, Bigelow Laboratory; and Linda Bacon, Lake
Assessment Program, Maine Department of Environmental Protection.
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diameter cast iron siphon,
furnished with a state-of-the-art
check valve, to evacuate the
impounded saltwater from what
was now West Harbor Pond.
The siphon operated from its
installation until it ruptured in
2008. Before it failed, it would be turned off by Boothbay Harbor town workers, typically in the
late summer, to keep the Pond level from falling too low, then turned back on as the fall rains
arrived.
It is generally believed that during its 130 years of operation, the old siphon kept the
Pond sufficiently free of saltwater down to the depth of the siphon’s intake to permit partial
seasonal turnover to that level. The siphon continuously evacuated the anoxic water from the
Pond bottom down to the same depth before the hydrogen sulfide produced by plant decay had
accumulated in sufficient quantities to produce a discernable odor when the water was
discharged into the inner harbor. Below the level of the old siphon’s intake, it is likely that the
anoxic, H2S-laden water lay undisturbed for more than a century.
However, two factors limited the ability of the 1880 siphon to evacuate all the saltwater,
including the anoxic, H2S-laden water, from the Pond: the depth of the siphon intake and the
ridge separating the lower from the upper Pond.
Depth of the siphon intake: Because the exact depth of the intake is unknown, it is
impossible to say precisely how much saltwater remained at the bottom of the Pond when the
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original siphon was operating properly. We are, however, able to approximate that depth.
Today, the Pond is approximately 19’ deep immediately opposite the old siphon. It is likely that
the depth of the Cove was greater in 1880 than it is today, since the lower end of the Pond has
almost certainly experienced sedimentation.
On September 20, 2016, Chuck Fuller, a commercial diver hired by the WHPWA, was
unable to locate the lower end of the siphon’s intake, which has been buried by rockfall from the
face of the causeway. The same day, at the WHPWA’s request, the Boothbay Harbor Sewer
District made a photographic examination of the interior of the siphon. In addition to locating
the rupture in the siphon’s horizontal member, the reason for its failure, the BHSD’s camera
found the siphon’s vertical intake pipe blocked at a point about 15 feet below the elbow where
the intake pipe meets the horizontal pipe. (The WHPWA will do further measuring to try to
establish the length of the vertical intake pipe.) At normal water levels, the elbow is about a foot
and a half above the surface of the Pond. This would put the intake at about 14 feet below the
surface of the pond (depending, of course, on water level).
This depth is roughly consistent with contemporary records, which show that Captain
Haley intended his siphon to remove as much saltwater as possible from Campbell Cove.
According to the Boothbay Register of December 11, 1880, when it was installed in 1880, the
horizontal siphon pipe, after passing through the dam, “[a]t the inner or pond end [made] a right
angle [downward]. . . [the vertical intake pipe] continuing to near the bottom of the pond.” 2

Boothbay Register (Dec. 11, 1880), see also Boothbay Register (Dec. 18, 1880) (“The flume or siphon
takes the salt water from the bottom of the pond and discharges it on the outside at low tide.”).
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Two basins: The second factor limiting the effectiveness of the 1880 siphon was the fact
that the Pond consists of an upper basin and a lower basin. The two are separated by a ridge that
crosses the Pond generally on an east-west axis just below the Beach Cove Hotel and lies at a
depth of about 18’ (a depth taken in August 2020, when the level of the Pond, then in drought,
was about a foot below normal). 3 So it is unlikely that the 1880 siphon, even if the intake was
placed at the maximum possible depth next to the dam, would have been able to remove all the
saltwater from the upper basin, which reaches a maximum depth of about 34’.

Except in extraordinary and short-lived weather conditions, the level of the Pond varies no more than
about two feet. The lowest water level recorded after the WHPWA installed its permanent water gauge
on August 29, 2020 was 0.7 feet. This was the low point of the Pond during 2020’s exceptional drought.
The lip of the dam in the box culvert is at 3.0 feet on the WHPWA’s gauge. The surface of the Pond can
reach heights above this level, but cannot maintain them for long before the water above the 3.0 feet level
drains into the harbor.
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The map above is a revised version of the Department of Environmental Protection’s map
of West Harbor Pond. 4 The two testing stations shown are those used by DEP for many years.
Since 2013, the WHPWA has done its water column testing at Station 01, which DEP intended
to place at the deepest part of the Pond. In fact, the depth at Station 01 is only about 25’, while
the deepest point in the Pond, measured at 33’ in August 2020, is located about 150’ to the
southeast. The map also shows the WHPWA’s testing station in the lower basin at the dam.
Finally, it shows the ridge that separates the upper and lower basins.
Failure of the 1880 siphon: The failure in about 2008 of Captain Haley’s siphon set up
a chain of events that led to the profound degradation of the Pond’s water quality. Once the old
siphon failed, saltwater from the harbor, which enters the Pond at extreme high tides, was no
longer being evacuated. Instead, this heavier saltwater settled to the bottom of the Pond. There,
it accumulated until the volume of dense water was sufficient to prevent the Pond from
experiencing the seasonal turnover that, in a normal freshwater lake, would cleanse and
reoxygenate the water in the lower depths.
III. THE NEW SIPHON
In 2010, upon realizing that the Pond’s water quality was deteriorating and that the
culprit was probably the broken siphon, the WHPWA embarked on a project to repair or replace
it. After nine years of work, a $15,000 Coastal Communities grant obtained with the assistance
of the Lincoln County Planning Commission, a successful $60,000 fund-raising campaign, a
donation of seasonal water pipe and labor from the Boothbay Region Water District, a donation
of labor at a highly discounted price by Pat Farrin & Sons, and the support of the Town of

4

See https://www.lakesofmaine.org/maps/blackandwhite_5372_West_Harbor_Pond.pdf.
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Boothbay Harbor, a replacement for the broken 1880 siphon was installed and began operating
on March 8, 2019. The replacement siphon is constructed of 6-inch-diameter (OD) PVC pipe.
Its intake was placed at the lowest point of the Pond near the dam, at a depth of 25 feet.
The WHPWA operated the replacement siphon from March to May 2019. During this
time, the Pond water discharged into the inner harbor emitted a heavy odor of hydrogen sulfide
(H2S), which, because the water from the Pond is far less dense than the saltwater in the harbor,
migrated immediately to the surface, where it released its freight of dissolved H2S into the air.
Because of the odor, the WHPWA elected to turn the siphon off in May 2019 at the
beginning of the summer season. It did not reactivate the siphon until December 2, 2019. When
it did so, the smell returned, then gradually dissipated until, by the late spring of 2020, the odor
of H2S had entirely disappeared.
The siphon operated continuously until August 29, 2020, when the WHPWA turned it off
in response to requests from Pond-side residents so as not to contribute to the lowering of the
Pond level, which had already fallen substantially during the summer’s drought. At the request
of the Department of Marine Resources, the WHPWA left the siphon off until November 20,
2020 so as to ensure sufficient water in DMR’s fishway for the fall alewife and silver eel
outmigration. It has remained in operation since then. When the siphon was restarted,
WHPWA’s sniff-testers, armed with an H2S meter, were unable to detect any odor of H2S.
By the end of 2020, the siphon had been operating for ten of the previous thirteen
months. The data gathered by the WHPWA’s water quality testing program, particularly the
most recent data, from December 2020, make it possible to evaluate the effect of the siphon on
the water quality of West Harbor Pond.
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IV. THE WHPWA’S WATER QUALITY MONITORING PROGRAM
The WHPWA began taking water column samples in 2013. The sampling was carried
out at the DEP monitoring station in mid-Pond and at a second station near the dam at the lower
end of the Pond (see map above). Each station is marked with a white buoy. The dam station’s
buoy is visible from the Route 27 causeway.
At each station, the WHPWA’s testers measure and record temperature, dissolved oxygen
(mg/L and % saturation), conductivity (a surrogate for salinity, measured in microsiemens), and,
beginning in April 2018, salinity (measured in parts-per-thousand or ppt). The equipment used
by the WHPWA for this testing – a dissolved oxygen (DO) meter and a conductivity meter – are
generously loaned by the Boothbay Harbor Sewer District, whose director, Chris Higgins, and
board of trustees have provided invaluable support to the WHPWA’s water quality testing
program.
Beginning in July 2017, the WHPWA began systematically testing of the water column
on a monthly basis (generally between the 20th and the 25th) throughout the year, except when
prevented by ice too thick for boating and too thin for walking. The testing intervals were also
systematized, with tests being taken at 0’, 5’, 10’, 20’, the lowest point (usually about 25’
depending on Pond level), and at 1-foot intervals between 10’ and 20’. The 1-foot-interval
testing was introduced to determine whether the level of degraded water in the Pond was rising.
Thus, each month the WHPWA collects 14 discrete data sets (temperature, DO, etc.) between 0
and 25 feet at each station.
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V. THE WATER QUALITY OF WEST HARBOR POND
A. Seasonal turnover in normal freshwater lakes
Lake water absorbs oxygen from the atmosphere through the turbulence of wind and
wave action. It also receives the oxygen produced by algae and aquatic plants through
photosynthesis.
Beginning in the spring of each year, the water in a normal fresh water lake stratifies by
temperature, with the upper layer, the epilimnion, and the lower layer, the hypolimnion,
separated by a temperature divide called a thermocline. Above the thermocline, the water of the
epilimnion is continually reoxygenated by wind and wave action. But the thermocline serves as
a barrier to mixing between the epilimnion and the hypolimnion. Thus, through the spring and
summer, the water below the thermocline becomes progressively more deoxygenated.
A prime determinant of a lake’s water quality is seasonal turnover, the process of a lake's
water mixing from top to bottom. As the ice melts during spring ice-out, the uppermost waters
warm to the same temperature as the rest of the lake (from 32 to 39 degrees F, the densest water).
With its temperature – and hence its density – close to uniform from the lake’s surface to the
bottom, the water can mix from top to bottom. This process is known as turnover or overturn.
During the summer, the epilimnion or surface layer warms due to the sun and warm air
temperatures. Because warm water is less dense than cold water, it remains on the
surface. Hypolimnetic or bottom waters remain cool because they are less influenced by the
sun's radiation or air temperature, and the lake is considered stratified.
During the fall, the warm surface water begins to cool. As it reaches the same
temperature and density as water just below it, the two strata are able to mix. As this cooling
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progresses gradually down the water column, it eventually eliminates the thermocline that, until
now, had prevented mixing between the epilimnion and the hypolimnion. When the surface
water reaches the same temperature and density as the water in the hypolimnion, the turnover
process commences. Bottom waters can now move to the surface and be re-oxygenated by the
action of wind and waves, resulting in oxygenation at all levels of the water column. This
turnover allows freshwater lakes replenish their oxygen supply in the spring and the fall.
B. King tides, saltwater intrusion, and seasonal turnover in West Harbor Pond
King or perigean tides are the highest tides of the year. Mean high tide for Boothbay
Harbor is 9.1 feet. In 2020, king tides in Boothbay Harbor occurred on April 9-11 (11.3 ft), May
6-7 (11.4 ft), June 4-5 (11.1 ft), October 16-18 (11.2 ft), November 14-16 (11.5 ft), and
December 13-16 (11.2 ft). During these king tides, saltwater from the inner harbor overtops the
small dam in the box culvert at the west end of the Route 27 causeway, allowing enormous
volumes of saltwater to flood into the Pond. Saltwater also enters the Pond through the old,
inoperative siphon during these tides.
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View through box culvert showing saltwater from inner harbor overtopping dam and entering Pond,
October 16, 2020
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Current of saltwater flowing into Pond from box culvert, October 2, 2019

When saltwater, which is denser, and therefore heavier, than freshwater, enters West
Harbor Pond, its greater density carries it to the bottom. While the 1880 siphon was operating,
this saltwater was continuously evacuated from the Pond (at least down to the depth of the
siphon intake or the crest of the ridge separating the upper and lower basins). The density of the
saltwater layer in the bottom of the Pond is so much greater than that of the relatively less
salinated water above that this density differential has prevented West Harbor Pond from
undergoing partial seasonal turnover since sometime after the old siphon failed in 2008.
VI. DOES THE SIPHON WORK?
A. The siphon has eliminated the “rotten eggs” smell of H2S reaching the surface
When plant matter decays in an anoxic environment, it produces hydrogen sulfide (H2S),
a natural gas that has the odor of rotten eggs. Many freshwater lakes in Maine experience a
build-up of hydrogen sulfide in their lower depths during the summer. In the spring and fall, the
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seasonal turnover recirculates the water, allows the H2S to dissipate, and temporarily
reoxygenates the anoxic stratum where it was produced.
By March 2019, when the replacement siphon began operating, West Harbor Pond had
not turned over (even partially) for several years, and a substantial reservoir of H2S-laden water
had accumulated in the lower depths of the Pond. In a period of about seven and one-half
months, from March 8 to May 24, 2019, and from December 2, 2019 to early May, 2020, the
water that the siphon discharged into the inner harbor carried an odor of H2S. Strong at first, it
diminished over time, then disappeared entirely. The WHPWA’s testers monitored the odor
closely from the December 2019 restart, recording their results using a H2S meter and their own
sense of smell, which is far more sensitive than the H2S meter. On no occasion did the H2S
meter detect H2S in the air. The last time the WHPWA’s testers smelled any odor was on May 5,
2020, when the tester’s notes recorded “quick whiff, then gone,” as well as “low tide smell.” In
other words, while H2S will continue to be produced in the bottom of the Pond, the siphon is now
continuously draining the lower basin, such that the H2S is removed before it can accumulate in
sufficient quantities to produce an odor when the siphon discharges it into the inner harbor.
As explained above, because of the ridge separating the upper and lower basins, the H2Sladen water lying below about the 20’ level in the upper basin is not being evacuated.
B. The siphon has substantially increased the oxygenation of West Harbor Pond
Water holds dissolved oxygen, with the maximum amount of oxygen that water will hold
determined by temperature (and, to a lesser extent by salinity). The colder the water, the more
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oxygen it will hold. 5 The more oxygen dissolved in a lake’s water, the more diverse the
populations that can thrive in it. Today in Maine, with warming temperatures, freshwater ponds
with the highest water quality typically have a DO concentration above 8.3 mg/L. Fish cannot
live for sustained periods in water with a DO concentration of less than 4.5 mg/L. The USGS
defines anoxic water as water with a DO concentration of less than 0.5 mg/L.
The epilimnion of West Harbor Pond is generally well oxygenated, but the DO
concentration falls off sharply below the thermocline, which typically lies somewhere between
13 and 17 feet. Because the Pond has not experienced regular fall turnover since sometime after
2008, when the 1880 siphon ceased operating, the water in the hypolimnion has not been
seasonally reoxygenated, as it would be in a normal lake and as it was, at least to a certain depth,
prior to 2008. 6
However, the chart below shows a notable improvement in the oxygenation of the West
Harbor Pond since the replacement siphon began operating in March 2019.

“Oxygen saturation” is expressed as a percentage of the maximum amount of oxygen that the water will
hold at that temperature.

5

Linda Bacon, Maine Department of Environmental Protection’s lakes expert, observes that West Harbor
Pond has not only a thermocline but also a chemocline, due to the salinity. Both operate to stratify the
water column and prevent mixing. “These may have often been superimposed. I suspect that in the
future they will be separated with a thermocline above 20 feet and a chemocline below the depth of the
siphon [intake].”

6

P A G E | 15

EFFECTIVENESS OF WHP SIPHON
0

Depth of De-oxygenated Water by Month, 2018-2020
West Harbor Pond (midpond station)
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This chart shows the depth at which anoxic water (water with a DO concentration of less
than 0.5 mg/L) was first encountered each month in which testing was carried out in 2018
(green), 2019 (blue), and 2020 (red). In every tested month of 2018, the water became anoxic
water somewhere between 13 and 16 feet, with the two best months being January (16 ft) and
February (15 ft) and the worst month being April (13 ft). In 2019, the range was wider, with the
best DO concentrations occurring in July and August (17 ft) and the worst in the first three
months of the year (11 ft).
The siphon began continuous operation in December 2019, and the impact on
oxygenation since then has been impressive. Even the worst months of 2020 (January and
February, immediately after the siphon resumed operation, 18 ft) were better than any month of
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2018 or 2019. In April, and again in November and December, the Pond contained no anoxic
water at the two testing stations. The very deepest part of the Pond, not tested by WHPWA, is
about 34 feet, and it is highly likely that the water at this level is still deoxygenated even in the
best months.
C. The siphon has substantially lowered the salinity of West Harbor Pond
West Harbor Pond was originally a saltwater estuary of Boothbay Harbor, and it still
receives annual injections of saltwater from the harbor. In what sense, if any, can it properly be
thought of as a freshwater lake?
Freshwater is typically defined as water containing less than 1 part per thousand (ppt) of
dissolved solids, usually salt. Sea water like that in Boothbay Harbor has a salinity of about 35
ppt. Using the 1 ppt-yardstick, West Harbor Pond has not performed well. When the WHPWA
began measuring salinity in early 2018, it found that the lower depths of the Pond typically had a
salinity of from 10 to 12 ppt. Even at the surface, the salinity regularly exceeded 1 ppt. For
example, on August 20, 2018, the salinity at the surface measured 2.3 ppt.
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Depth at which salinity of 1.0 ppt or greater occurs
Monthly Apr 2018 - Dec 2020, West Harbor Pond (mid-pond)
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However, the chart above demonstrates that the replacement siphon has succeeded in
dramatically lowering the salinity of West Harbor Pond beginning in March, 2019, and
particularly since December 2019. The chart, which covers partial year 2018 (green) and full
years 2019 (red) and 2020 (blue), shows the depth at which the salinity exceeded 1 ppt in each
month in which testing occurred.
2018: In 2018, the salinity never fell below 1 ppt from June through October (the last
month for which data were collected). Put differently, there was no water meeting the USGS
definition of freshwater in the Pond during those months.
2019: In 2019, the siphon operated from March through May and again during
December. From April through June, the Pond water was fresh down to the 11-foot level. In
July and August, it remained at the 10-foot level, a sharp contrast with the situation a year
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earlier, when the Pond had contained no freshwater in those two months. The king tides of
October and November 2019 brought a massive influx of saltwater, with the result that in those
months no water in the Pond had a salinity of less than 1.2 ppt.
2020: Restarting the siphon on December 2, 2019 produced a sharp drop in the Pond’s
salinity. By January 2020, the Pond was fresh to the 15-foot level and by April to the 17-foot
level. Through September, the water remained fresh to the 14-foot level, even though the siphon
was turned off on August 29. In no previous year for which there are testing data had there been
this much freshwater in the Pond. In October and November, the king tides returned and the
salinity of the Pond soared. But restarting the siphon on November 20, coupled with heavy fall
rains, allowed the Pond to fill with freshwater to the unprecedented depth of 20 feet by
December 26, 2020.
D. Does the Pond turn over?
1. Turnover in the Lower Basin
The WHPWA conducted its last round of testing for 2020 on December 26, 2020. By
that date, the temperature of the water column in the lower basin was isothermal (2.2-2.4 C) to
the 20’ level. At the 25’ level, however, the water was slightly warmer, 2.9 C, meaning that
there was a thermocline between the 20’ and 25’ levels.7
Oxygenation: Above this thermocline, oxygenation was high and relatively uniform
(9.58-11.49 mg/L). Even at the bottom of the Pond, below the thermocline, the water was highly
oxygenated (8.81 mg/L). In other words, it appears that the lower basin had experienced

Linda Bacon notes, “Generally, the bottom water in Maine lakes is closer to 4 C for the winter season,
as that is the temp of maximum density – but the slight salinity may be playing a role [in WHP]. Below 4
C, the water being less dense, is closer to the surface and of course it freezes at 0 C.

7
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sufficient mixing to oxygenate the entire water column far above the anoxia level (0.5 mg/L).
By way of comparison, a year earlier (November 21, 2019), oxygenation at the 25’ level in the
lower basin was 0.27 mg/L; two years earlier (October 20, 2018), it was 0.18 mg/L.
Salinity: Salinity is a different matter. The last king tide had occurred on December 16,
only ten days before the last testing of the year. The salinity at the 20’ level and above was both
uniform and low (0.8-1.5 ppt). Below the thermocline, it jumped sharply to 6.2 ppt. Evidently,
the combined effect of the siphon, which had been operating only since November 20, and
mixing had not yet fully mixed or removed the saltwater below the slight thermocline, although
it had done so above it.
Nevertheless, the year-over-year change, even below the thermocline, is highly
encouraging. Salinity at the 25’ level was 6.2 ppt on December 26, 2020, compared with 11.6 on
January 23, 2020, 11.2 ppt on November 21, 2019, 11.7 on January 23, 2019, and 14.8 ppt on
October 20, 2018.
Testing Data, December 26, 2020 (station near face of dam)
Depth
(ft)

DegC

O2
mg/L

%age O2
saturation

Cond
mS

Salinity
(ppt)

0

2.4

11.49

85.3%

0.922

0.8

5

2.4

11.56

84.9%

0.929

0.8
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2.4

11.59

85.2%

0.942

0.8

11

2.4

11.52

83.5%

0.943

0.8

12

2.3

11.40

85.2%

0.946

0.8

13

2.3

11.42

83.9%

0.948

0.8

14

2.3

11.39

83.8%

0.955

0.8

15

2.3

11.31

83.3%

0.956

0.8
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2.3

11.24

83.4%

0.958

0.8

17

2.3

11.19

82.1%

0.977

0.9

18

2.2

11.01

81.6%

0.991

0.9

19

2.2

10.40

75.7%

1.072

1.0

20

2.2

9.58

71.2%

1.855

1.5

25

2.9

8.81

54.4%

10.570

6.2

2. Turnover in the Upper Basin
In the upper basin on December 26, 2020, the WHPWA tested to the 30’ depth for
conductivity and salinity but, due to the limitations of its equipment, only to the 25’ depth for
dissolved oxygen. The water column was effectively isothermal (2.3-2.6 C) to the 19’ level. At
the 20’ level the water temperature shot up more than 8 degrees to 10.7 C, creating a sharply
defined dividing line between the epilimnion and the hypolimnion. While this dividing line
might be characterized as a reverse thermocline, it is better thought of as a chemocline, that is, a
chemically induced barrier to mixing between the different densities of the now-fully-mixed
water of the upper level of the Pond and the saltwater at the lower level of the Pond. At this
dividing line, the DO dropped by 50%, while the salinity doubled. Below the chemocline, the
water retained its elevated temperature, together with its higher salinity and lower DO because it
was prevented, by their different densities from mixing with the cooler, relatively fresh water
above the chemocline.
Oxygenation: Above this thermocline, oxygenation was high and uniform (11.42-11.69
mg/L). At the 25’ level, oxygenation dropped to 3.29 mg/L, well below that of the lower basin at
the same depth (8.81 mg/L). But like the lower basin, the upper basin had experienced sufficient

P A G E | 21

EFFECTIVENESS OF WHP SIPHON

mixing to oxygenate the entire water column far above the anoxia level (0.5 mg/L) at least down
to the 25’ depth.
Salinity: As in the lower basin, the salinity was both uniform and low (0.7-0.8 ppt)
above the thermocline, while below it the salinity jumped sharply. But here, there was a
significant difference between the lower and upper basins. In the lower basin, the salinity at 25’
was 6.2 ppt. At the same depth in the upper basin, the salinity was twice as high, 12.2 ppt. Both
basins had experienced turnover and mixing down to the thermocline. But beginning at the 25’
level, the upper basin retained a reservoir of highly saline water that seems unaffected by the
actions of the siphon. 8 This may be the effect of the ridge that separates the two basins,
diminishing the siphon’s saltwater-removing action below the 18–20-foot top of the ridge.
Testing Data, Dec. 26, 2020 (DEP mid-Pond sampling station)
Depth
(ft)

DegC

O2 mg/L

%age O2
saturation

Cond
mS

Salinity
(ppt)

0

2.6

11.42

84.1%

0.852

0.7

5

2.3

11.53

85.6%

0.852

0.7

10

2.3

11.68

85.2%

0.852

0.7

11

2.3

11.65

85.5%

0.852

0.7

12

2.3

11.68

86.1%

0.852

0.7

13

2.3

11.66

85.8%

0.854

0.7

14

2.3

11.69

86.0%

0.855

0.7

15

2.3

11.69

86.2%

0.856

0.8

16

2.3

11.65

85.7%

0.859

0.8

17

2.3

11.65

85.7%

0.861

0.8

According to Linda Bacon, “[t]he only way to fix that volume of water would be to extend the siphon, if
it would still function effectively with that additional pipe length. However, it may not even be worth
considering trying to do anything given the relatively small volume of water below that depth.”
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18

2.3

11.62

85.4%

0.862

0.8

19

2.3

11.67

85.9%

0.864

0.8

20

10.7

5.20

46.3%

2.16

1.5

25

8.2

3.29

29.5%

20.75

12.2

13.94

10.9

30

VII.

CONCLUSIONS
As of December 2020, the replacement siphon has been responsible for a significant

increase in oxygenation and decrease in salinity of both the lower and upper basins of West
Harbor Pond to the 25’ level. Below that level, the upper basin still contains a reservoir of
highly saline and relatively deoxygenated water, although the oxygenation has improved
dramatically in comparison with previous years. It also appears that the siphon is permitting
turnover and mixing down to about the 20’ level in both basins.
VIII. POST-SCRIPT: THE REPLACEMENT SIPHON’S EFFECT ON WATER
LEVEL
Until the 1880 siphon stopped operating, Boothbay Harbor’s Public Works Department
had turned it on and off to regulate the Pond’s water level. Jody Lewis, the PWD’s former
director, told me that he used the large white-striped rock on the west side of the Pond near the
box culvert as a guide. If the water level fell below the white stripe, he would turn the siphon
off. When the water level rose above the white stripe, he would turn the siphon back on to
ensure that the Pond did not rise too high. To break and reestablish the siphon, he installed a ball
valve in the housing that once held the old siphon’s check valve.
After the 1880 siphon failed, the Pond-side residents began experiencing unacceptably
high water levels. The WHPWA appealed to the Town, which, in 2011, reached an agreement
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with Maine Department of Transportation to regulate the Pond’s water level. Rather than
repairing the old siphon, DOT and the Town agreed that DOT would cut a 1-foot-deep notch in
the dam in the box culvert. This would be fitted with removable boards. The Town accepted
responsibility for removing the boards when the water level rose too high.
Now that the replacement siphon is operating properly, it has superseded the Town’s role
in regulating the Pond’s water level by removing and replacing the gate boards. The boards
should normally remain in place. In theory, the siphon will again keep the water level from
rising too high. If the Pond drops precipitously, as it did during this summer’s drought, the
WHPWA will again turn off the siphon to ameliorate the effect of the falling Pond level.
There is another important issue regarding Pond level. The Maine Department of Marine
Resources has responsibility for the fishway connecting the Pond with the inner harbor. The
fishway makes possible the migration of eels and alewives between the two bodies of water. If
the Pond falls too low to maintain waterflow through the fishway, it cannot do its job. Therefore,
the WHPWA and DMR have an agreement that the WHPWA will turn off (or leave off) the
siphon whenever the fishway is in danger of becoming dewatered during the spring or fall
migratory seasons. After the summer drought of 2020, the WHPWA left the siphon off at
DMR’s request until November 20th to ensure that the fishway had adequate water for the fall
out-migration.

