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Abstract 

This project analyzes the stability and safety of the Lake Anasagunticook Dam on 

Whitney Brook in Canton, Maine and investigates alternative designs for repair and 

replacement of the existing dam. Hydrologic and hydraulic analyses were performed to 

determine the design flood, operating heights of the river, and appropriate configuration 

for the dam. A hinge crest gate dam was recommended as the best solution and a final 

design was completed that included analysis of the structure and foundation.  
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Executive Summary 

This project consists of preliminary design of a new dam for Lake Anasagunticook on 

Whitney Brook in Canton, Maine. A hydrologic analysis of the Lake Anasagunticook 

Dam was performed to determine the size of the design flood. A hydraulic analysis was 

performed to determine the operating heights of the river and determine appropriate dam 

sizes. The hydraulic and hydrologic analyses were checked with HMR 52, HEC MNS 

and HEC RAS modeling software. 

 The tasks required to complete this project include:  

¶ Gathering background information on dam regulation in Maine.  

¶ Performing hydrologic and hydraulic analysis of Whitney Brook, the dam and the 

downstream area.  

¶ Completing preliminary designs and cost estimates on several design options.  

¶ Based on the preliminary designs and cost estimates, choosing the best design 

option.  

¶ Completing full structural and stability analysis, and cost estimate on best design.  

Several promising design options were analyzed to determine which would result in 

the safest and most cost-effective design. Cost estimates of each design were based on 

yearly expected pricing guides for construction. A hinge crest dam was designed in 

detail. The project examined general theory on dam construction, dam safety regulations 

and dam design and then applied the knowledge through an analysis of the Lake 

Anasagunticook Dam.  

The project report is intended to assist the Lake Anasagunticook Dam Association as 

they assess options for the construction of a new dam. The studies included are intended 

to cover a range of different dam alternatives showing preliminary designs and the 

advantages and disadvantages of each. The most feasible and affordable alternative was 

found to be the crest gate design. The crest gate dam was evaluated in more detail, with 

consideration to structural and foundation design. The crest gate dam is recommended for 

construction as a possible solution for dam restoration. 
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Capstone Design 

This project is being used to satisfy the WPI Civil Engineering Capstone design 

requirement. The main requirement of the Capstone design is to solve an open-ended 

design problem which addresses most of the eight constraints identified by ABET. The 

constraints are economic; environmental; sustainability; manufacturability; ethical; health 

and safety; social; and political.  

The design included evaluations of alternative solutions and the design of a crest 

gate dam. Health and safety issues were addressed through the hydraulic and structural 

analyses. These analyses ensured that during the design flood conditions, the dam 

structure will not pose a threat to the lives of those downstream and not cause damage to 

downstream structures. The project has helped to solve a major social issue in town 

which is the level of the lake. The lake is a major recreational facility in the area and 

because of the dam problem, the lake level has been lowered significantly. The economic 

constraint was addressed through the production of cost estimating models. Economics is 

a very important issue and the different dam designs all have cost estimates for 

comparison. Ethical concerns were addressed in the choice of dam site and design. The 

location of the proposed dam was chosen such that all residents who currently have lake 

front property would keep it as such and no property value losses would be incurred as a 

result of lost water front property.  
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Chapter 1: Introduction  

By the 1700͍s, waterpower from dams was used for a variety of tasks and was 

well established. Almost every New England river and stream of any size had at least one 

mill, powered by a dam. (Macaulay, 1983)  

As long as there have been dams, there has also been the possibility of dam 

failure. During the 19th and 20th centuries, several major dam failures destroyed whole 

towns. In 1889, The Johnsontown flood was a result of a dam failure with a death toll of 

2,209 (Johnson, 1889). In 1976, the Teton Dam failed, killing 14 people and causing 

millions of dollars in property damage (Interior, 2006). Many of these dams were 

constructed of poor material, were poorly designed or were not properly maintained. As 

dam failure incidents continued concerned citizens and the government created agencies 

for regulating the care and maintenance of existing dams along with rules for building 

new dams.  

Lake Anasagunticook Dam was originally constructed to power local mills; 

however today it serves the recreational purpose of maintaining the water level of Lake 

Anasagunticook. The dam is perched over the town of Canton and a failure of the dam 

would send the water through the flood plain downtown before entering the 

Androscoggin River. The dam is currently in poor condition. A failure of the dam could 

cause loss of life and would certainly cause damage to homes, industrial or commercial 

facilities, secondary highways or an interruption of relatively important facilities such as 

the Victorian Villa elderly care facility as well as State Routes 108 and 140. (Ray, 2007)  

The goal of this Major Qualifying Project (MQP) is to analyze the existing 

structure and if necessary to design a new, economically feasible dam that will meet all of 

the design criteria required by the Maine Emergence Management Agency (MEMA). 

The major steps of the project include:  

¶ Performing a literature review to get required background information.  

¶ Studying and modeling the drainage area to estimate the design flood.  

¶ Using the design flood to model the flow of the water over and around the dam, 

determining the size of the required dam  

¶ Designing several different types of dams including full external and internal 

structural analysis  
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¶ Finding preliminary cost estimates for each design option.  

¶ Determining the best dam option based on all information.  

Eventually, the report may aide the Lake Anasagunticook Dam Association in its 

decisions on how to repair the dam. Finally, this project will be used to satisfy the WPI 

capstone design requirement. The design and costs for the recommended dam are 

included in Chapter 4. 
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Chapter 2: Background 

This background section will provide enough basic information to understand the 

steps involved in determining and interpreting the methodology as well as the results. The 

background includes a description of the project as well as an overview of the current 

dam safety orders. Additionally, there is an introduction to hydrology, hydraulics and 

structural analysis.  

 

2.1 Description of Lake Anasagunticook Dam 

The Lake Anasagunticook Dam is located in the Town of Canton, Oxford County, 

Maine as shown in Figure 1. 

 

Figure 1ï Map of dam location. (Google Earth) 
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The dam is at latitude 44Á26ô23ò, longitude 70Á18ô58ò, approximately 330 feet 

southwest of the intersection of Main Street (i.e. Maine State Route 140) and Turner 

Street (i.e. Maine State Route 108). 

The original purpose of the dam was to provide waterpower for local mills. 

Canton was originally settled between 1790 and 1792. Lake Anasagunticook was initially 

named Whitney Pond, after a hunter who had been wounded by Indians and accidentally 

killed by his rescuers. The first dam was built on Whitey brook around 1849.  (Lake 

Anasagunticook Association) 

The existing dam at Lake Anasagunticook is approximately 100 years old. The 

dam is at the outlet of Lake Anasagunticook and impounds 580 acres of surface area. The 

State of Maine, Maine Emergency Management Office (MEMA) regulates the Lake 

Anasagunticook Dam. MEMA classifies the dam as a significant hazard, medium size 

structure. The spillway is a 25-foot wide concrete gated spillway structure with four 

overflow sluice gates. Additionally, there are remains of a power intake blocked by a fifth 

gate. Three of the four gates are constructed of wooden leaves and stems while the fourth 

is constructed of stainless steel.  The four gates are powered by a single manual chain fall 

attached to the steel overhead gantry frame. An overview of the dam site can be seen in 

Figure 2.  

The earthen portion of the dam consists of a left and right embankment.  The left 

embankment is a non-homogeneous mixture of riprap and boulders with a fill of silty-fine 

sand. Additionally there is a dry masonry rock-block foundation wall. A three to four foot 

thick layer of gravely sand with cobbles and boulders was placed on top of the 

embankment. The core is approximately 12 to15 feet thick and both the rock block wall 

and the core sit on bedrock. The right bank extends 150 feet upstream from the dam with 

a crest of 398 msl (mean sea level, i.e. stream elevation) to between 404 msl and 406 msl. 

The surface of this embankment is relatively clear for approximately half of its length 

however, it becomes overgrown toward the upstream end of the embankment. The 

embankment surface approximately 40 feet from the stream has a covering of cobbles 

and boulders. The steep slope, located directly adjacent to the stream is covered in 

ñspottyò riprap (the thickness being undeterminable due to its non-uniformity). The fill at 

the top of the slope is topsoil over approximately six feet of gravely sand.  The gravely 
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sand appears to be a non-homogeneous fill with poor soil characteristics. (Wright - 

Pierce, 2007) Photos of the existing dam site are shown below in Figures 2 through 11. 

 

Figure 2 - Overview of the existing dam site. (Wright-Pierce, 2007) 
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Figure 3 - Upstream of existing spillway. 

 

 

Figure 4 ï Upstream side of dam, looking at gates. 
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Figure 5ï Existing left embankment. 

 
 

 

Figure 6 ï Looking upstream at the existing spillway. 
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Figure 7 ï Existing downstream channel. 

 

 

Figure 8 - View of the existing left embankment. 
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Figure 9 ï View upstream of spillway including the abandoned bridge foundation piers. 

 
 

 

Figure 10 ï Overview of the lake. 
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Figure 11 - Illustration of low water levels in the summer of 2007. 

 

2.2 Authority  

Several agencies regulate aspects of dam maintenance, operation and 

construction.  The regulating authority depends on the purpose of the dam. The Lake 

Anasagunticook dam is under the jurisdiction of MEMA.  MEMA uses the United States 

Army Corps of Engineers (USACE) regulations for the engineering aspects of design and 

safety of dams.  Other agencies or groups who need to be satisfied with the design are the 

Town of Canton and the Canton Water District as described below. 

 

2.2.1 State of Maine 

a. MEMA is responsible for dam safety in Maine.  Title 37-B, Chapter 24 of the 

Maine State Statues gives the authority to the State Dam Safety program and describes 

how it is set up, regulated, and administered.   For regulations and specifications related 

to dam safety, the statute refers to the United States Army Corps of Engineersô standards. 

(See http://janus.state.me.us/legis/statutes/37-b/title37-bch24sec0.html) 

b. The Maine Department of Environmental Protection (Maine DEP) is responsible 

for the protection of environmental quality in the State of Maine. Maine DEP is charged 

http://janus.state.me.us/legis/statutes/37-b/title37-bch24sec0.html
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with enforcing water level management plans for lakes impounded by dams. In addition, 

Maine DEP is involved in the permitting process for construction and maintenance of 

dams.  Maine DEP document 06-096 Chapter 450 and 04-061, chapter 11 of the Maine 

DEPôs Administrative Regulations describe the regulation of hydroelectric projects and 

dams. (See http://www.maine.gov/dep/blwq/docstand/hydropage.htm) 

2.2.2Town of Canton  

In addition to typical building and zoning requirements, the Town of Canton has a 

direct regulatory position in the project resulting from the ruling of Superior Court 

Docket CV-97-55.  The courtôs ruling mandated that the Town review and approve of 

any applications for local permits required to rehabilitate the dam.                                

(See http://www.cantonmaine.com/canton/ad20.html) 

2.2.2 Canton Water District 

The Canton Water District supplies approximately 330 customers with drinking 

water from Lake Anasagunticook. The supply is threatened by the lowered water levels, 

so the Canton Water District has a direct interest in the proper operation of the dam and 

maintenance of appropriate water levels on the lake.   

2.2.3 United States Army Corps of Engineers (USACE) 

The USACE is used by MEMA as the source of engineering regulations for dam 

safety.  The USACE has over 120 sets of engineering regulations related to civil works 

alone.  The pertinent regulations for this project are as followed: 

¶ ER 1110-1-8100 deals with regulations regarding laboratory investigations and 

testing. 

¶ ER 1110-2-101 deals with the regulations surrounding the reporting of distress in 

civil works. 

¶ ER 1110-2-110 deals with regulations regarding the evaluation of civil works 

projects. 

¶ ER 1110-20112 describes regulations dealing with the required visits to 

construction sites by design personnel. 

http://www.maine.gov/dep/blwq/docstand/hydropage.htm
http://www.cantonmaine.com/canton/ad20.html
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¶ ER 1110-2-1150 describes the regulations for the engineering and design of civil 

Works Projects. 

¶ ER 1110-2-1156 explains the engineering regulation to dam safety organization, 

responsibilities, and activities. 

¶ ER 110-2-1302 describes the engineering regulation of civil works cost 

engineering. 

¶ ER 1110-2-1450 talks about the engineering regulation of hydrologic frequency 

investigations. 

¶ ER 1110-2-1464 deals with the regulation for hydrologic analysis of watershed 

runoff. 

¶ ER 1110-2-1806 talks about earthquake design and evaluation of civil works 

regulation. 

¶ ER 1110-8-2(FR) describes the engineering regulation for the inflow design 

floods for dams and reservoirs.   

 The ER in the document title stands for engineering regulation. 

 (See http://www.usace.army.mil/publications/eng-regs/cecw.html ) 

 

2.3 Recent orders at Lake Anasagunticook Dam.  

In December 2006, MEMA issued the dam owner a safety order, which updated a 

similar order from May 5, 2004. At the deadline for compliance on December 31, 2007, 

the order had not been complied with. The order included the following requirements: 

 

1 ñEngage a licensed professional engineer (PE), specializing in dam construction 

to assist in preparing a remedial action plan 

2 Develop a remedial action plan with the assistance of the PE to restore the 

integrity and structural stability of the dam and to assure that it functions and 

operates in a manner that will protect public safety, including at a minimum: 

o Evaluation of causes and extent of seepage, settlement and erosion of both 

earthen embankments and a plan for restoring the integrity and safety of 

the abutments. 

http://www.usace.army.mil/publications/eng-regs/cecw.html


13 

o A plan for removing all new fill material along the left embankment or if 

the PE determines that the fill is not compromising any structural integrity, 

a plan for stabilizing and incorporating the fill into the embankment. 

o A plan for repairing and resting the four spillway gates such that they are 

functional and can be completely raised in a timely manner. 

o Develop an emergency operational procedure for the spillway gates during 

a flooding situation. 

o Develop a plan for reducing the height of all four spillway gates to 

increase the flow capacity of the spillway. 

o Schedule for completing all elements by Dec. 31, 2007. 

3 Complete all work in accordance with local and state permitting rules.ò (MEMA 

letter, 2007) 

In a letter dated May 8, 2007 MEMA concluded that until the remedial actions 

discussed above were implemented, the overflow sluice gates at the dam should be left 

open and clear of water. (MEMA, 2007) 

In a letter dated September 24, 2007, from MEMA to the dam owner, MEMA pointed 

out that none of the previously issued orders had been complied with. As a result, MEMA 

determined that the current state of the dam poses a potential but real and impending 

danger to life, limb or property because of flooding or potential and imminent flooding 

pursuant to 37-B M.R.S.A., Section 1114(2). In January 2008, MEMA referred the issue 

to the Maine Attorney Generalôs Office in order to enforce the penalties cited in the 

original dam safety order.  (Lake Anasagunticook Association, 2007) 

 

2.4 Hydrology 

Hydrology is the study of the movement, distribution and quality of water 

throughout the earth and thus addresses both the hydrologic cycle and water resources. 

The hydrology of a dam is focused on determining the amount of water expected during a 

reoccurring storm (such as the 500 yr. flood) and how quickly the water will reach the 

dam impoundment.  
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 Hydrology encompasses many variables including climatic and soil 

characteristics within the drainage basin. The best method of flood determination is to 

make a model based on site characteristics and weather data from the National Weather 

Service records.  The National Weather Service publishes isograph maps of storm 

precipitation for the United States.  The maps have different return frequencies and 

duration. (See http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html, 2008)  The 

characteristics of a drainage area such as the size, shape and elevations can be derived 

from United States Geological Survey (USGS) topographical maps.  Electronic USGS 

topographical mapping programs are available and much easier to use than paper USGS 

topographical maps. The model used to calculate the possible maximum precipitation 

(PMP) was HMR-52.  HEC-HMS was used to transform the possible maximum 

precipitation into a possible maximum flood (PMF).   (USACE EM 1110-2-1415, 1993)  

The results from the HEC-HMS hydrology analysis where checked against the 

rational method of storm runoff analysis as well as the Wright-Pierce 2007 dam 

reconstruction study PMF flow.   

  

2.5 Hydraulics 

Hydraulics deals with the mechanical and physical properties of liquids. In this 

case, the liquid is water.  The interest here is how the water will act upstream of the dam, 

at the dam, and downstream of the dam during different flow conditions.  The goal is to 

build the dam such that during the design flood the spillway will be able to pass the total 

volume of water without overtopping the embankments. The model used for this analysis 

is HEC-RAS.  HEC-RAS is based on basic hydraulic equations for open channel flow. 

 Open channel flow is based upon analyzing the characteristics of water flow such 

as the flow rate, the depth and the velocity. The relationships among these different 

characteristics at different cross sections of the channel, are analyzed using basic flow 

concepts such as Manningôs equation and the Froude number. Manningôs equation relates 

the slope, hydraulic radius and friction of the channel to determine the velocity of the 

water flowing the channel. The Froude number compares the velocity of the river flow in 

a cross-section with the critical velocity for the reach.  When the Froude number is less 

than one, the water flow has no opportunity to accelerate past the critical velocity of the 

http://www.nws.noaa.gov/oh/hdsc/studies/pmp.html
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channel.  It will be in a slow deep state also known as subcritical flow. When the Froude 

number is greater than one, the flow in the channel has been able to accelerate more than 

the water downstream of it.  It will create shallow turbulent water known as supercritical 

flow.  With this information, flow profiles can be assigned to each cross section of the 

channel and the flow can be identified by type. This is an important step in determining 

how the open channel flow is behaving at any particular location along the stream.  

Due to the complexity of Whitney Brookôs geometry and flow conditions, HEC-

RAS was used to calculate the river stage (water surface elevation) for different flood 

flows.  Hydraulic equations where used to check the output from the HEC-RAS to 

determine if the outputs where accurate.   If the dam design will pass the desired design 

flood with no over topping, the hydraulic analysis passes.  If the dam fails the design 

flood, as in overtopping over its abutments, the dam fails its hydraulic analysis and a new 

analysis must be completed.   

 

2.6 Basic Dam Concepts   

 Dams can be classified into several different categories dependent on their use, 

their hydraulic design and the materials of which they are constructed. During the early 

stages of the planning and design process, selection of the size and type of dam should be 

carefully considered. Generally, preliminary designs and estimates for several types of 

dams and their appurtenant structures are required before the selection of the most 

suitable and economical design is made. (Dept. of Interior, 1987) The dam types that are 

examined in this report are: 

 

¶ Rock filled gravity dam.  

¶ Existing concrete gravity spillway with earthen embankments and an emergency 

overflow spillway 

¶ Crest hinge gates (Bascule) 

¶ Rubber inflatable dam 

 

A general background on each of these dams will be discussed in further detail below.  
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2.6.1 Gravity Dams 

 A gravity dam is a large solid mass dam, which is dependent on its size and 

weight to resist overturning and sliding forces. The dam will remain stable for 

overturning as long as the moment about the toe caused by the water pressure is smaller 

than the moment caused by the weight of the dam. The dam will resist sliding along the 

base of the dam as long as the weight of the dam is larger than force of sliding. Finally, as 

long as the material properties are designed to resist the internal forces, the toe of the dam 

will  resist crushing. Gravity dams are classified as ñsolidò or ñhollowò. The solid form is 

the more widely used of the two, though hollow dams are more economical to construct. 

Gravity dams can also be classified as having an ñoverflowò spillway or a ñnon-

overflowò type spillway. A common form of non-overflow gravity dam is the earthen 

embankment dam, which is made from compacted earth. The existing structure at Lake 

Anasagunticook has earthen embankments leading up to the concrete spillway on either 

side. Earthen embankments are discussed in further detail in section 2.6.2. Figure 12 is a 

cross section of a solid gravity dam. Figure 13 is a cross section of a concrete capped, 

rock filled gravity dam.  

 

Figure 12 ï Solid gravity dam. (Graham, 1997) 

 

 

 

Figure 13 ï Concrete capped, rock filled gravity dam. (Graham, 1997) 
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2.6.2 Earthen Embankments 

An earthen embankment is a raised impounding structure made from compacted 

soil.  When designing an earthen embankment, there are generally two types, 

homogeneous embankments and zoned embankment. A homogeneous embankment is 

composed of one kind of material (except for slope protection such as riprap). The 

material used must be impervious to provide an adequate water barrier. In addition, the 

slopes must be moderately flat for stability and ease of maintenance. A zoned 

embankment has a central impervious core, flanked by zones of more pervious material 

called shells. These pervious zones or shells enclose, support, and protect the impervious 

core. 

 An earthen embankment must be designed to resist any loading that may develop 

during the life of the structure. Other than overtopping caused by inadequate spillway 

capacity, the three most critical conditions that may cause failures of embankments are 

differential settlement, seepage and shearing stresses. The differential settlement within 

the embankment or its foundation can be due to shifting in materials, a variation in 

embankment height or compression of the foundation strata. Differential settlement may 

cause the formation of cracks through the embankment that are parallel to the abutments. 

These cracks may concentrate seepage through the dam and lead to failure by internal 

erosion. Seepage through the embankment and foundation may also cause piping within 

the foundation of the embankment.  This will result in sliding of the embankment or its 

foundation, which displaces large portions of the embankment. Whether evaluating an 

existing embankment or designing a new one, the stability of an embankment and its side 

slopes depend on: construction materials; foundation conditions; embankment height and 

cross section, normal and maximum water levels and the purpose of the embankment. 

(Dept. of Interior, 1987)  

To properly control seepage in embankment dams, it is important that the 

different layers of soil that make up the embankment be properly designed. The core of 

the dam is impervious and designed to provide resistance to the seepage.   This creates 

the upstream reservoir. The outer pervious layers of soil provide stability for the smaller 

impervious layer. Soils vary greatly in permeability and even ideal soils are porous and 

cannot completely prevent seepage through the core. There are several factors involved in 
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the overall porosity of the dam. The consistency of the reservoir level, the magnitudes of 

the permeability of the core material, the amount of pore water pressure and time all 

affect the rate of seepage and seepage forces in an embankment. (Dept. of Interior, 1987) 

 

2.6.3 Hinge Crest Gates  

 Hinge crest gates are known by a variety of names including Bascule, Pelican or 

flap gates ï see Figure 14. Generally, the gates are hinged at the base of the dam to a sill. 

They are raised to retain pool levels and lowered to pass flood flows. The plate is 

reinforced with vertical and horizontal members and is fitted with hinges. The gates 

usually seal at the base and sides when raised to retain water.  The simplest type of hinge 

crest gate is the flat plate hinged at the bottom and operated by a hydraulic cylinder 

connected to the top of each gate section. The hinge crest gate with hydraulic cylinders 

can be made in longer lengths with multiple sections and total 200 ft. or more in length. 

Hinge-crest gate dam sills and piers are usually made of reinforced concrete. (USACE 

EM 1110-2-2607, 1995)) See Appendix F for an example of a hinged crest gate dam.  

 

Figure 14 - Hinge crest gate. (USACE EM 1110-2-2607, 1995) 

 

 Another form of the hinge crest gate is the Wicket Gate ï see Figure 15.  Wicket-

type gates have been used for over 100 years. The idea is very similar to that of the 

simple hinge crest gate.  The difference is that the gates are held up in position with a 

prop or strut, which slides in a rack.  This allows the cylinder pistons to be retracted. This 



19 

means that during flood conditions the dam will become very close to an open channel.  

Wickets are traditionally constructed of steel framing with timber leafs.  Wickets, which 

are hinged at the base, have the advantage of simplicity and cannot be ñflippedò up by 

thrust from the backpressure of the tailwater, then be held partially up by river currents.  

The advantage of Wicket gates are low initial cost of construction, lighter weight and 

variability in controlling pool. The disadvantage is the maintenance of the timbers. Again 

the sill is made of reinforced concrete but piers are not necessary and do not have to be 

included in the design. The lengths of the sill sections are controlled by cracking and 

constructability constraints. (USACE EM 1110-2-2607, 1995)  

 

 

Figure 15 - Wicket gate dam. (USACE EM 1110-2-2607, 1995) 
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2.6.4 Rubber dam 

An expensive, easy-to-install option for a new dam located upstream of the 

existing dam is a rubber, collapsible spillway such as the one seen in Figure 16.   

 

Figure 16 ï Bridgestone-Firestone inflatable rubber dam. 

The site is very suitable for a rubber dam.  The bedrock at the site is located very 

close to the streambed surface.  This is important because a rubber dam is secured by its 

foundation, which is generally a concrete sill.  The rubber dam can collapse automatically 

with an air pressure blow out plug and reduce the damôs hydraulic profile during a flood 

to almost nothing as seen in Figure 17.  This will help reduce the floodwater elevations 

and accordingly reduce the damôs necessary hydraulic height to pass flood flows.  Over 

1000 Bridgestone-Firestone rubber dams have been installed around the world and there 

are countless other manufactures of rubber dams.   

 

Figure 17 - Rubber dam deflated. 
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2.7 Structural Analysis 

The objective of the structural analysis is to find the materials and size of the dam 

that will ensure the stability of the dam under a wide range of conditions. The dam is 

subject to random events such as floods, waves, earthquakes, ice formation and other 

natural phenomena. The structural analysis can be broken into two portions, external and 

internal stability. The external forces are those that are directly applied to the dam and 

include: water pressure; earth pressure; ice pressure; earthquake forces; wind pressure; 

wave pressure; weight of the dam; weight of the foundation; and reaction of the 

foundation. The structural analysis begins by evaluating the stability of the preliminary 

dam section with the external forces applied. The shape and size of the dam are the 

unknown parameters and will be solved for to ensure stability against the external forces. 

The internal forces are forces that the materials of the dam must resist. For example if the 

dam is made of concrete, the forces on the toe of the dam must be calculated internally to 

ensure that the molecular strength of the concrete is strong enough to withstand the 

immense pressures of the dam at the toe and not crumble under its own weight. 

Components of the dam such as timber size or concrete strength are chosen based on 

internal stress calculations and the limitations of the materials.  

 

A factor of safety is used to provide a design margin over the theoretical design 

capacity to allow for uncertainty in the design process. The uncertainty may come from 

calculations, material strengths and material quality. The factor of safety must relate to 

the strength, stability and durability of the structure with consideration to magnitude of 

economic and personal loss that would result from its failure. The aim of the engineer 

must be to reduce the number of uncertainties, in both loading on the dam and the means 

by which the dam and the foundations withstand such loads. (Graham, 1997) 

 

2.8 Cost Estimating  

Construction cost estimating is the determination of probable construction costs of 

any given project. When deciding between different designs, the cost of a project will 

play an important role in that decision making process. Many items influence and 

contribute to the cost of a project and each item must be analyzed, quantified and priced. 
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Because the estimate is prepared before the actual construction, much study and thought 

must be put into the construction documents. Generally, the estimate for a dam will 

include construction materials, labor, machinery and special equipment, permitting, 

engineering design, administration/management of project and if necessary a temporary 

dam to enable construction.  (Dagostino, 2003) 

 

2.9 Visual Inspection of the Existing Dam 

  Lake Anasagunticook Dam was inspected on several occasions by both MEMA 

and Write-Pierce. The dam was visited and inspected on November 17, 2007 by Will Fay 

and Celeste Fay to survey the project. The following inspection findings are a summary 

of the important findings by all three parties. 

 

2.9.1 General Findings 

The dam was found to be in overall poor condition. The general concerns include 

seepage, settlement and erosion of the left earthen embankments, the decrease in stability 

due to the poor quality fill dumped on the top of the embankment, the non-functioning 

spillway gates, the lack of an Emergency Action Plan (EPA), and the deficient spillway 

capacity. (MEMA Safety Order, Dec. 4, 2006) 

 

2.9.2 Dam Site 

The dam embankments are in poor condition with signs of erosion, seepage and 

sinkholes. (Figure 8) The June 2006 MEMA dam safety order described the upstream left 

embankment as having settlement of the embankment along the spillway retaining wall 

and  settlement of embankment along the concrete retaining approach wall. The 

downstream left embankment has a sinkhole and settlement in the embankment along the 

outside of the stone retaining wall. A 60 foot long rut along the embankment 5 to10 feet 

long was found as well as a 15-foot section of collapsed stone retaining wall 90-feet 

upstream of the spillway. (MEMA Dam Safety Order, 2006) The existing ground 

surface around the right embankment is relatively clear from the stream to about half way 

to the abandoned bridge. The other half of the embankment is overgrown with small 

bushes and trees. The embankment surface approximately 40 feet from the stream has a 
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covering of cobbles and boulders. The steep slope directly adjacent to the stream is 

covered in ñspottyò riprap. The thickness of the riprap was undeterminable due to the 

non-uniformity of the material. (See Figure 9) The fill at the top of the slope is topsoil 

with approximately six feet of gravely sand that appears to be a non-homogeneous fill.  

The MEMA dam safety order described the right embankment upstream as being 

deficient due to settlement of the embankment at the spillway concrete retaining wall. 

The downstream right embankment was described as having seepage from the toe area, 

about 60 feet from the spillway and uncontrolled leakage of approximately 50 to 100 

gallons per minute before the lake level was lowered.  (MEMA, 2007)   

All of the wooden gates on the spillway have been reinforced for strength 

however, one of the three is still in poor condition. (See Figure 4) The stainless steel gate 

is in good condition. The gate guides only extend approximately one foot to two feet 

above the spillway deck meaning that the gates can only be opened between one and two 

feet or they must be taken completely out.  There appears to be minor spalling in the 

concrete that should be repaired. Overall, the concrete spillway structure appears to be in 

good condition. (See Figures 3 & 6) The MEMA order stated that the spillway was 

deficient due to gate overflow restrictions and leaks in the guides. However, it is 

structurally sound and stable. In addition, it is questionable if the spillway could pass the 

USACE design flood inflow. (Wright - Pierce) 

 

2.9.4 Downstream Area 

Immediately downstream of the dam is a dry laid masonry lined channel 

approximately 12 feet wide and 10 feet deep. (See Figure 7) There is significant 

undermining and degradation of the concrete on the right side of the channel which if 

collapsed would affect the discharge capacity of the spillway. Approximately 175 feet 

downstream of the dam on the left side is an empty building that would likely be 

seriously affected by flooding due to a failure of the dam. Approximately 300 feet 

downstream is the first of several concrete box culverts with roadways passing over them.  

These box culverts cause water to back up to the dam during high river flows and affect 

the spillways discharge capacity.  
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2.9.5 Reservoir Area 

The reservoir area of Lake Anasagunticook is approximately 580 acres and it has 

approximately 9800 acres of drainage area. (See Figure 10) The slopes leading to the 

pond are mild. The lake is located in a natural bowl with mountainous terrain surrounding 

the area. The lake is used for recreational purposes and has many seasonal and year round 

houses along the shoreline. The lake is also the water supply for the 330 customers of the 

Canton Water District.  
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Chapter 3: Methodology 

The major tasks required to solve the design problem at Lake Anasagunticook and 

the order in which they are completed are shown in Figure 18.  

 

Figure 18 ï Flowchart of Design Methodology 

 

 

In the Figure above, each task represents a piece of information as seen in Figure 

19. Selection of the dam site will yield important characteristics of the location that will 

be required for the hydrologic analysis. The hydrologic analysis will yield the size of the 

design flood, which is a key piece of information for the hydraulic analysis. The 

hydraulic analysis will deliver information about river heights and locations of 

overtopping during the design flood. The hydraulic information is used in the structural 

analysis to determine the height of water during flooding conditions. The structural 

design will determine the size, shape and types of materials required to maintain 
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equilibrium. With the information from the structural design, a cost estimate can be 

completed.  

 

Figure 19 ï Equivalent Yield 

 

3.1 Hydrologic Analysis  

The hydrologic analysis is required to determine the volumetric flow rate of the 

design flood. The analysis investigates how certain topography, soil characteristics, storm 

frequency, and storm duration affect the quantity of the possible maximum flood (PMF) 

flow for the drainage area   The PMF is used to find a safe design flood for the spillway. 

The design flood for the spillway matters greatly because it will determine the period of 

return and determine the statistical probability that a dam will overtop and fail.  A 

flowchart of the steps required to find the PMF is shown in Figure 20.   
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Figure 20 ï Flowchart of Hydrology 

 

3.1.1 Drainage Area Characteristics 

 First, to find the PMF, basic characteristics of the drainage area were found.  

These characteristics include the surface area of the drainage basin, the slope, the 

topography, the soil characteristics, and rainfall frequency maps from the NWS.  Topo-

Scout, a digitalized United States Geological Survey topographical mapping program was 

used to measure the geometric characteristics of the drainage area.  These consist of the 

slopes, slope lengths, drainage area size, and the orientation of the drainage area.  Figure 

21 shows the Anasagunticook Lake drainage basin mapped out in Topo-Scout.  The 

program includes detailed maps of the Lake Anasagunticook drainage area with contour 
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lines. Using several of the programôs tools and an Excel spreadsheet, necessary 

information about the drainage area can be gathered.  

 

 

Figure 21 ïLake Anasagunticook Dam Drainage Area (Topo Scout) 

Average soil types for the area can be found from the United States Department of 

Agriculture website.  In addition, a list of infiltration rates for different soils was used to 

assign an average infiltration value for the entire drainage area.  Infiltr ation rate is the rate 

at which rainfall and runoff is absorbed into the soil.     

 

3.1.2 Determination of the Probable Maximum Precipitation 

HMR-52 is a USACE program designed to calculate the probable maximum 

precipitation of a drainage area.  The probable maximum precipitation is the maximum 

anticipated rainfall a drainage area can be capable of receiving.  HMR-52 uses the 

drainage area characteristics discussed in the previous paragraph to calculate a rainfall 

graph, also known as a hyetograph, for the possible maximum precipitation. HMR-52 

helps engineers compute basin-averaged precipitation for Probable Maximum Storms 

(PMS). Additionally, it corresponds to the spatially averaged Probable Maximum 

Precipitation (PMP) for a basin or combination of watershed sub-basins.  


