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Disclaimer:

This report was constructed by two (2) undergraduate students of the University of
Connecticut Environmental Engineering Department prior to their graduation. The designs
within are intended to be applicable to the scenario presented but should be reviewed and edited
as needed by a licensed professional engineer prior to any implementation or construction to
ensure desired performance and accuracy.
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Introduction:
In late 2010, the Environmental Engineering department at the University of Connecticut
was contacted by Ralph Sherman, chairman of the Environmental Committee for the Lake
Chaffee Improvement Association (LCIA). Mr. Sherman introduced a proposal for senior
engineering students to design hydrologic controls in order to manage water levels of Lake
Chaffee in Ashford, Connecticut. These issues are currently being addressed by Kevin McNally
and Cheyne McCormick of the 2011-12 Environmental Engineering Senior Design course, under
the guidance and supervision of course instructors Baikun Li, PhD, and Glenn Warner, PhD, PE,
and team supervisor Marisa Chrysochoou, PhD.
Lake Chaffee is a 54 acre body of water that serves as a drainage basin for a 284 acre
watershed in Ashford, CT.

Figure 1. Map of Lake Chaffee and surrounding area.
(Google Maps)

N

The area immediately surrounding the lake is a moderate to high density residential development
and the remainder of the watershed is mostly undeveloped. Lake Chaffee is at the headwater end
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of the watershed that serves Willimantic Water Works and discharges to the East via a 9 foot
wide spillway, which is part of an earthen Class B dam (Knoecklein and Kortmann, 1989). The
fact that the Lake Chaffee Dam is classified as a hazard Class B dam is a result of its headwater
location and indicates that it is a dam with significant hazard potential. This classification means
that if the dam were to fail, it could result in the loss of life, minor damage to an array of
structures, damage to or interruption of the use or service of utilities, damage to primary
roadways, or significant economic loss (Fuss and O’Neill Inc., 2001).
Little documentation exists regarding the design and installation of the dam but it is
speculated to have been built 30 to 40 years ago. Included in the construction of the dam was a
12” gate valve, located roughly 24 feet from shore and at a depth of 8 to 12 feet. The gate valve
is connected to a discharge pipe that is routed underground to an outlet downstream of the
spillway. This valve was designed to control the lowering of the lake for each winter season as
well as serves as a tool to lower the level of the lake in the event of any emergency scenarios.
Winter drawdown provides the watershed relief from the increased flows that come as a result of
the melt of snow and ice in the spring. An additional advantage to lake drawdown which is of
concern to the LCIA and some residents of the lake community is that it provides access to an
extended shore and allows for removal of leaf litter and submerged aquatic vegetation. This
lakebed maintenance not only has immediate aesthetic improvements, but it is believed that these
activities may help prevent excessive nutrient inputs and the development of late summer and
fall algal blooms (Knoecklein and Kortmann, 1989).
Within the past five years the valve has become a concern to the LCIA because it no
longer functions as designed. The valve is stuck in the closed position, no longer allowing the
LCIA to adjust the water level of Lake Chaffee as desired. The LCIA also has concerns
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regarding the degraded condition of the dam and spillway, as well as erosion and seepage that is
occurring downstream, adjacent to the valve outlet. Analyzing the current conditions and
providing a comprehensive layout of the surrounding area as well as investigating methods to
either repair or replace the valve are the main objectives of this project.
Objectives:
Due to the overall lack of information regarding the dam and surrounding area, we find it
necessary to provide a more in-depth knowledge and a concrete form of documentation of this
structure to the LCIA and the town of Ashford. This documentation would include
measurements and dimensions of the dam and spillway as well as a profile of the surrounding
lake bed in close proximity to the dam. Having this documentation would not only be beneficial
to this particular project, but also to any future work or studies regarding this structure.
To address the concerns of the LCIA in relation to the hydrologic controls and structural
integrity of the dam, this study will investigate and compare different methods of valve access
and repair as well as the installation of alternative control methods. The main goal of these
comparisons is to determine the method that is the most feasible, cost-effective, and satisfactory
to all parties involved.
Data Collection/Analysis Methods:
I. Initial Visit and Dam Measurement
Before any research could take place regarding the valve repair, a site investigation
needed to be conducted. The investigation included several visits to the site for general
observation along with dimensioning of the dam and spillway and mapping of the lake bed.
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During these visits, measurements were recorded so that later they could be used to generate
documentation and models for a better understanding and visualization of the site. Dimensions
of the dam and spillway structure were measured using a standard tape measure to the nearest
quarter of an inch. The distance and height difference from the spillway to the mouth of the
valve’s outlet pipe was also measured using a simple string level and tape measure. These
dimensions were recorded and used to create a computer generated model of the dam in its
current state (Figure 2).

Figure 2. Model of Lake Chaffee Dam and Spillway generated in SolidWorks.
II. Depth Measurement and Profiling
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On a separate visit to the site, the depth to lake-bottom in close proximity to the dam was
measured using a string marked at 6” increments weighed down by a stone. Measurements were
taken at five foot intervals starting at the shore and extending to thirty feet into the lake. Using
the left corner of the spillway as a reference point, measurements were taken every five feet up to
a distance twenty-five feet to the left and fifteen feet to the right of the reference point. These
data points were compiled and used for the generation of a depth to lake bed contour map.

Figure 3. Computer generated contour
depth map of area in close proximity to the
Lake Chaffee spillway.

This site visit followed several days of rain, leading to poor visibility in the lake and preventing
the determination of the valve’s exact location by sight. However, analysis of the depth to lake
bed contour map shows a greater depth at the location where the valve was already presumed to
be, most likely owing to the movement of water and sediment into the valve while it was in
working condition.
III. Future Investigation
For each proposed method of valve repair or for any new hydrologic control system being
considered, this study will investigate the costs for construction and installation and take into
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consideration the budget of the LCIA as well as any required permits before selecting a best
course of action. Expected lifetime, potential repair costs, and regular maintenance costs will
also be investigated for each proposed solution. Considering that the current location of the
hydrologic control system under water makes access difficult and possibly contributed to the
current defective state of the valve, ease of use and access is another feature of the system which
will be measured.
IV. Drawdown Analysis
An additional aspect of a hydrologic control system that needs to be addressed besides
that of the cost, ease of access and system lifetime, is the amount of time that it would take to
achieve the desired drawdown. For annual drawdown during the winter season, the goal is to
have a system that allows for a total drawdown of 5 feet. The 1989 engineering study reported
the percent of Lake Chaffee’s volume that was below a depth of 4 and 6 feet. These two values
were averaged to arrive at the percentage of water below a depth of 5 feet, the desired
drawdown. Based on the mean depth of 6 feet in Lake Chaffee and the reported surface area of
54 acres, the total volume was determined and the volume of water to be removed, assuming the
lake was full, was calculated.
The discharge velocity and volumetric flow rate from the discharge pipe was estimated
using Bernoulli’s equation, based on the head difference between the lake and the outlet, as
determined by each individual design. To account for the change in volumetric flow rate that
would result from the change in head difference between inlet and outlet that would occur as the
water level was lowered, a weighted average was created. The percentage of water that was
determined to be between given depths as per the 1989 engineering report was used in the
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determination of this weighted average. The time to remove the volume of water between a
depth of 0 and 2 feet for a given design, for example, was calculated independently of the time to
remove the volume of water between a depth of 2 and 4 feet. Finally, the drawdown times for all
the depth ranges were summed to give a total drawdown time. This approach was selected
because the water level in the lake would change at an unknown and varying rate, causing the
volumetric flow rate from the discharge pipe to change at an unknown and varying rate as well.
This method allowed for some way off accounting for the change in flow rate throughout the
drawdown period.
Proposed Solutions:
Proposed solutions to the issue of hydrologic control in Lake Chaffee can be classified
under two categories. The first category is to investigate and repair the valve system, while the
second category is to install a completely new hydrologic control system.
I. Investigation and Repair of Current Valve System
In terms of investigating and repairing the valve system, the initial approach involves
dewatering the area surrounding the valve to allow for ease of access. Two proposed options to
achieve this are the installation of a temporary earthen dam or the use of an inflatable coffer dam.
i.

Earthen Dam

A temporary earthen dam would most likely be constructed of low permeability clay to
reduce the amount of seepage and risk of breakthrough. This dam would resemble a peninsula
extending from the shore out into the lake, covering the valve location. Excavation would then
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occur through the earthen dam to expose the valve and piping system for repair or replacement as
necessary. Following repairs, excavation would be necessary to remove the remains of the dam.

ii. Inflatable Coffer Dam
An inflatable coffer dam consists of two water-filled polyethylene liners inside of a single
outer tube. These liners push on one another and through the weight and pressure of the water
inside, creating a stable, unmoving, wall of water (Layfield Group Limited, 2008). After work
has been completed the water can be drained from the inflatable dam and removed from the
construction site with minimal clean up. Once the area has been dewatered, the state of the valve
opening could be more thoroughly evaluated and then either repaired or replaced.
iii. Preliminary Investigation
Unfortunately without knowing the actual state of the valve, it is difficult to say how
much work would be necessary to restore hydrologic control using the system that is currently
installed. This problem could be addressed through the use of a team of divers who could
investigate the condition of the valve and piping prior to dewatering. This team could provide an
evaluation of the current state and determine the extent of work necessary for repair.
II. Installation of a New Hydrologic System
If the findings of the diving team were to determine that repair of the valve was not
feasible for any reason, or if the LCIA determined that they wished to take another approach, it
would be possible to install a completely new hydrologic control system. One such method is to
install a siphoning system to control the water level in the lake. The siphoning system could
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either be permanent or removable, depending on the desires of the LCIA. The siphoning system
would consist of a length of PVC piping running from the desired drawdown height in the lake to
a downstream outlet location. In between these two points, on shore, there would be an opening
to allow for priming of the siphon. Once the siphon was filled and the downstream end was
opened, this system would act solely under gravitational influences until either air enters the
inlet, breaking the vacuum, or the siphon is manually stopped from shore. Ultimately the
operation of the siphon would drain the lake to the desired depth.
III. Hybrid Approach
A final solution that will be investigated in this study is to combine both the use of a
siphon with the inflatable coffer dam approach. This hybrid approach provides the opportunity
to repair the valve at a later date while restoring hydrologic control in the present. The siphon
would be used as discussed previously to drawdown the water level, revealing the lake bed and
reducing the amount of dewatering necessary for the use of a coffer dam. The siphon could be
installed at any point to accommodate requests for lake drawdown, and the coffer dam and valve
repair could be implemented in the future if funding wasn’t readily available for a complete
repair.
Analysis:
In order to present a best fit solution to the issues at hand, the proposed solutions need to
be analyzed and compared based on pricing, lifetime, feasibility, ease of use, and overall appeal.
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I. Earthen Dam
The installation of an earthen dam using the methods previously discussed would cost
approximately $38,850.00 based on a 2011 estimate from a local contractor (Appendix A1). One
of the most desirable aspects of using the earthen dam is the ability to repair the existing
infrastructure, and use material that is already installed on site. On the opposing hand, the use of
heavy machinery required for dam installation and excavation poses a threat to the integrity of
the dam itself as well as the surrounding area, potentially impacting plant and animal life. Not
only does the constructed earthen dam need to withhold the force of the lake but it also has to be
able to support any additional stress presented by the excavation process. Due to the fact that the
current dam is Class B, any failure or breach could be catastrophic to the local residents as well
as people who rely on the Willimantic watershed as a source of drinking water.
Using the lifetime of the existing valve system as a reference point, it could be assumed
that a replacement valve would have a similar useable lifetime of approximately 40 years.
However, this does not account for any failures that may occur within the piping system, which
has already been in operation for approximately 45 years. Repairing the valve leaves it
susceptible to the same issues reoccurring in the future. Additionally, repair alone doesn’t
improve the operational issues encountered by having a submerged control system.
Overall, this approach is relatively expensive, has the danger of breach during
implementation, and doesn’t improve the operational aspect of the lake drawdown.
II. Inflatable Coffer Dam
Similarly to the earthen dam, a desirable aspect of using an inflatable coffer dam to allow
access to the valve system for repair is that it would be making use of the infrastructure that
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already exists on site. These dams are designed to withhold water up to a depth that is 75% of
the height of the dam. As long as the dam being used is properly selected based on the depth of
the water which it is holding, failure of the inflatable dam during the repair process is of little
concern. However, the use of any machinery required to install and deconstruct the inflatable
dam could still pose a threat to the integrity of the spillway and the surrounding plant and animal
life.
The operational lifetime of the valve repair using an inflatable coffer dam is the same as
that of the valve repair using the earthen dam approach; approximately 25 years. The issues of
the valve ceasing to function and the difficulties of operating a submerged control system would
also still exist.
Taking into account the location of the valve and the width of the inflatable dam, it would
need to extend approximately 45 feet from the shore to allow for access and a reasonable work
area around the valve. Based on our depth profiling of the area we can safely assume that the
depth in this area would be around the maximum recorded depth of the lake, which is 12 feet. In
order to hold back this depth of water, a 16 foot coffer dam would be required. After speaking
with companies in the area, no one currently offers a coffer dam of this magnitude, the largest
currently in production being only 12 feet in height. For this reason, the inflatable coffer dam
option independently is not a feasible solution and was not further pursued.
III. Siphon System
In contrast to repairing the existing valve, there is also the option to replace it with
another system. The new system proposed is a siphon system. The siphon design was based on
a location where the fewest obstructions would be encountered during installation or operation.
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The optimal location was found to be 11 feet 8 inches to the left of the left corner of the
spillway. From this point on shore, the siphon, constructed of Schedule 80 PVC, would extend
27.5 feet along the lake bottom to a depth of 6 feet 8 inches below the surface. At the end of this
pipe is a 90o elbow and 1 foot of vertical pipe to accommodate the 5 foot drawdown requested
while eliminating the intake of soil, vegetation, and other materials during operation which could
potentially clog the system. Upon reaching the shore, the siphon would make a 10o vertical bend
in order to run parallel with the ground for a distance of 16 feet. This length of pipe would
include a tee socket and a butterfly valve to allow for the system to be primed using a portable
gas pump. Following this length of pipe, the siphon would bend 20o downhill and 35o toward the
spillway, before continuing downhill a distance of 42 feet to the stream below the spillway and
discharging adjacent to the outlet pipe of the existing valve system. At the end of the siphon is a
gate valve that would be closed to allow for priming and then opened during drawdown. A
diagram of the siphon, as well as photos for visual reference of the siphon orientation with
respect to the existing spillway are show in the Appendix.
The pump that was chosen to prime the syphon was a Powerhorse Semi-Trash Pump with
2 inch piping. This pump runs at a rate of 7860 GPH, filling the 640 gallons of empty siphon
with water in approximately 5 minutes. This was the best pump based on price and fill time and
was found at a price of $399.98, including any hosing that would be required.
One benefit that a siphon has over the existing valve layout is that a siphon can be either
temporary or permanent depending on the desires of the LCIA.
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i.

Permanent Siphon

A permanent siphon would be installed 6 inches below the ground surface during a onetime construction. The benefit to having a permanent siphon is that it is readily available when
needed as well as aesthetically pleasing. This system would be entirely below ground with the
exception of the tee socket where the pump connects. A downside to having a permanent siphon
is that excavation is required for any maintenance that must be done to the piping. This problem
is alleviated by installing the siphon piping in 10 foot sections so that the entire siphon does not
need to be dug up if one part fails. Additionally, it is imperative that the permanent siphon is
operated annually and in a timely fashion to prevent any dangers of water freezing inside of the
system. Although PVC is a very durable material, water freezing inside of the siphon still
presents the danger of the pipe rupturing due to the expansion of the water.
ii. Temporary
A temporary siphon would follow the same path and layout as the permanent siphon,
except it would lie on the ground as opposed to being buried. This means that there would be no
installation cost for this siphon, resulting in a lower and more desirable cost. Another benefit of
a temporary siphon is its portability. A temporary siphon could be moved from one spot to
another if so desired. Unfortunately, with the benefit of portability also comes the drawback of
repeated assembly which can lead to unnecessary wear and tear on the piping and a sacrifice to
the integrity of the seals between pipes. In addition to this wear and tear comes the concern of
the siphon being an eye sore to anyone looking for a more aesthetically pleasing option. This
also leaves the siphon unprotected and vulnerable to vandalism and weathering by the elements,
which was a concern of the LCIA in regards to the original valve system.
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iii. Sizing
In addition to the decision of temporary versus permanent, the siphon needed to be not
only affordable, but also sized to allow for a desired drawdown time. The two diameters that
were compared in this study were 8 inches and 12 inches, both relatively common sizes of PVC
pipe. In order to compare the two, the costs to construct both systems and the drawdown times
were calculated (Table 1).

Table 1. Pricing and Drawdown times with respect to 8 inch and 12 inch Schedule 80 PVC
siphon designs. All prices were gathered from alscoind.com. If syphon is made permanent, add
$2,500.00 for installation.
Part
Quantity 8” Price Part Total
12” Price
Part Total
10 Foot Sched
80 Bell End PVC
Pipe
Sched 80 PVC
Coupling

10

$196.20

$1,962.00

$398.30

$3,983.00

2

$36.19

$72.38

$1,426.25

$2,852.50

Sched 80 PVC
Tee Socket
Gate Valve

1

$124.55

$124.55

$1,426.25

$1,426.25

2

$479.00

$958.00

$959.00

$1,918.00

Sched 80 PVC

1

$88.02

$88.02

$1,426.25

$1,426.25

o

90 Elbow
Pump and
Hosing

Total
Drawdown
Times:

1

$399.98

$399.98

$3,604.93

$12,005.98

8” = 13.5 days

12” = 6 days
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iv. Siphon Limitations
There are certain design parameters that must be implemented to ensure that a siphon
operates properly. One such requirement is that the gravitational force acting on the outlet tube
must be greater than the gravitational force acting on the inlet tube (Potter and Barnes, 1971).
This is accomplished in our design by having the outlet of the system extending below the inlet.
The other limitation that is encountered in siphon design is related to the height that water can be
lifted. Because the siphon is operating under a vacuum, pressure is being used to lift the water
within the system. If the pressure of the vacuum within the siphon exceeds the atmospheric
pressure, the water inside of the system will cavitate and the siphon will not function properly.
Under normal and ideal conditions the lift limit of water is 33.9. However, when taking
frictional forces into consideration, a lift of 25 feet is a much more realistic and practical limit
(Robbins, 2009). Our design would not encounter this problem because from the lowest point on
the inlet side to the highest point of the system, water being removed via the siphon would be
lifted only 7 feet.
IV. Hybrid Approach
Although a direct coffer dam approach was not feasible as previously stated, it would be
possible to use this tool in conjunction with a siphon. Using a siphon first to drawdown the lake
would make it possible to install a smaller sized coffer dam. After looking at the depth profile of
the lake, it was determined that an 8 foot coffer dam would be sufficient if the siphon had
already been used to drawdown the lake by 5 feet. Not only does the preliminary use of a siphon
make the use of an inflatable coffer dam possible, but it also greatly reduces the length of dam
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required to allow access to the valve for repairs. This greatly reduces the cost for the dam in
comparison to using a coffer dam independently, if one of suitable size was located.
The greatest benefit of using this hybrid approach is that it could be implemented over
time. The siphon can be constructed and used as an immediate and temporary relief, while the
coffer dam can be used at a later date as a more permanent solution through the restoration of the
valve functionality. On the downside, all of the previous drawbacks discussed concerning the
coffer dam still exist. In addition there is a need to monitor the water level of the lake during
construction to ensure that it does not rise above the 6 foot depth that the dam is capable of
supporting. It is possible that a large storm during the construction process could contribute
enough water Lake Chaffee to overtop the inflatable coffer dam.
An 8 foot coffer dam costs $250 per linear foot, and referring to the depth profile it was
determined that 55 feet of dam would be necessary to enclose and dewater the work area around
the valve. This gives the coffer dam a cost of $13,750.00 in addition to the cost of the siphon
system that was selected.
V. Annual Cost Analysis
In order to compare the four proposed alternatives their annual worth/cost value was
calculated over a time period of 50 years with an annual interest rate of 6%. Table 2 shows these
calculations for each of the options as well as any variable prices used such as Operation and
Maintenance and lifetimes.
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Table 2. Annual worth/cost calculations for proposed solutions using annual interest rate of 6%.
8” Syphon

12” Syphon

Earthen Dam

Price

$3,604.93

$12,005.98

$38,850.00

Lifetime (years)

50 (syphon)
10 (pump)
$25
$303.05 (add
$158.60 if
permanent)

50 (syphon)
10 (pump)
$25
$836.01 (add
$158.60 if
permanent)

25

O + M (annual)
Annual Worth
Value

None
$3038.91

Hybrid (Coffer
Dam)
$13,750.00 +
syphon
25
None
$1075.55 (in
addition to
syphon)

The operation and maintenance costs of the syphon were based on the need to annually
purchase gas and oil as well as any additional expected maintenance costs, such as spark plug
replacement. The Earthen Dam and Hybrid option are not expected to need any annual operation
or maintenance costs and would operate the same way as the valve previously did. The 50 year
expected lifetime of the siphon design is based on the durability of PVC. Studies have shown
that PVC systems already in use for periods of up to 60 years have a further life expectancy of 50
years. Others have determined the lifetime of PVC drinking water systems to be in excess of 100
years (Boersma and Breen, 2005). The expected lifetime of the earthen dam and hybrid valve
repair was estimated based on the lifetime of the previous system. The existing underwater valve
system functioned for approximately 25 years before failure, and a similar lifetime is expected
following repairs.
By conducting this cost analysis we can compare the annual cost of each option over their
lifetimes to see which one is the most cost effective.
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Conclusion
After investigating and comparing the proposed solutions and discussing with the LCIA
their budget and desires, the agreed upon solution would be a permanent 8 inch siphon. This
solution best fit for several reasons, the most prominent of which being that it was within the
LCIA’s reported budget and did not require them to attempt any further fundraising. When
deciding between the 8 inch and 12 inch siphon, the drawdown times and comparative prices
were both factors. The LCIA reported an approximate drawdown time of 14 days for the
existing valve system while functioning and, due to watershed concerns, wished to keep the
drawdown time in the same time frame. This led to the 8 inch siphon being preferable because it
would have a very similar drawdown period. Another comparative advantage was that the
siphon enabled the LCIA to pursue valve repair through the inflatable coffer dam or any other
dewatering method at a later date, if so desired.
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Appendix
Appendix A1. Bid for completion of earthen dam approach, used for cost analysis.
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Appendix A2. Contractor estimate regarding work at Lake Chaffee.
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Appendix A3. Computer generated diagram of siphon design, created in Google Sketchup 8.
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Appendix A4. Image of proposed siphon path, looking downhill towards the outlet. Lake Chaffee
is immediately behind the viewer and the spillway is immediately to the left.

Appendix A5. Image of proposed siphon path, looking uphill from outlet. Existing outlet pipe is
visible in lower left corner.
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