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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 agdraulic analyses were performed to
determine the design flood, operating heights of the river, and appropriate configuration
for the damA hinge crest gate dam was recommended as the best solution and a final

design was completed that included analybthe structure and foundation.



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 tdetermine 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 sofare.

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 andst estimates on several design options.
Based on the preliminary designs and cost estimates, choosing the best design
option.

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

Several promising design options weralgmed to determine which would result in
the safest and most cesffective 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 themmydam 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 thenstruction 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 gadlesign. 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.



Capstone Design

This project is being used satisfy the WPI Civil Engineering Capstone design
requirement. The main requirement of the Capstone design is to solve agnoieen
design problem which addresses most of the @ghstraints identified by ABET. The
constraints areconomic; environmeat; sustainability; manufacturability; ethical; health
and safety; social; and political.

The design included evaluations of alternative solutions and the design of a crest
gate damHealth and safety issues were addressed through the hydraulic angratruct
analyses. These analyses ensured that during the design flood conditidas) the
structure willnot pose a threat to the livebthose downstream and not cause damage to
downstream structures. The project has helped to solve a major social isue in
which is the level of the lake. The lake is a major recreational facility in the area and
becaus®f the dam problem, the lake level has been lowsigficantly. The economic
constraint was addressed through the production of cost estimating ntom@iemics is
a very important issue and the different dam designs all have cost estimates for
comparisonEthical concerns were addressed in the choice of dam site and design. The
location of the proposed dam was chosen such that all residents whalginaea lake
front property would keep it as suahd no property value losses would be incurred as a

result of lost water front property
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Chapter 1: Introduction

By the 1700s, waterpoweifrom 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 (dhnson, 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 failureincidentscontinuedconcerned 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 talay 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 RiverThe 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 Victaian 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:

1 Performing a literature review to get required background information.

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

1 Using the design flood to model the flow of the water over and around the dam,
determining the size of the required dam

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

structural analysis



1 Finding preliminary cost estimatés each design option.

1 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 daRmally, this projectvill be usedo satisfy the WPI
capstone design requiremefithe design and costs for the recommended dam are

included in Chapter 4.



Chapter 2: Background

This background section will provide enough basic information to understand the
steps involved in determining amtterpreting the methodology as well as the restilie.
background includes a description of the progectvell asan overview of the current
dam safety orders. Additionally, there is an introduction to hydrology, hydraulics and

structural analysis.

2.1 Description of Lake AnasagunticookDam

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

Maine as shown in Figure 1
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Figure 1i Map of dam location. (Google Earth)




The dam is at bagituwude FOALBOEBd, lappr ox
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 wa®riginally settled between 1790 and 1792. Lake Anasagunticooknitiadly
named Whiey Pond, aftera 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 Asociation)

The existing dam at Lake Anasagunticook is approximately 100 yearsTbéd.
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 fignificant hazard, medium size
structure The spillway is a 2500t wide concrete gated spillway structure with four
overflow sluice gates. Additionally, there are remains of a power intake blocked by a fifth
gae. Three of the four gates are constructed of wooden leaves and stems while the fourth
is constructed of stainless ste@he four gates are powered by a single manual chain fall
attached to the steel overhead gantry frafmeoverview of the dam site nabe seen in
Figure 2.

The earthen portion of the dam consists of a left and right embankifieatleft
embankment is a nemomogeneous mixture of riprap and boulders with a fill of Siftg
sand Additionally there isa dry masonry rocklock foundatbn 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 tol5 feet thick and both the rock block wall
and the core sit on bedrockhe right bank extends 150 fagistream from the damith
a cresbof 398 msl (mean sea level, i.e. stream elevation) to between 4@hd#£)6 msl.

The surfaceof this embankmenis relatively clearfor approximately half of itdength

however it becomes overgrown towarthe upstreamend of the embankmeniThe
embankmensurface approximately 40 feet from the stream has a covering of cobbles

and boulders. The steep slpdecateddirectly adjacent to the stream is covered in
Aspottyo riprap (the t hi ckoarendoanityh. €hefilgt undet er
the top of the slope is topsoil over approximately six feet of gravely. s&ahd gravely



sand appears to be nonhomogeneous filwith poor soil characteristicgWright -

Pierce, 2007Photos of the existing dam site al®wn below in Figures 2 through 11.
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Figure 2 - Overview of the existing dam site. (WrightPierce, 2007)



Figure 41 Upstream sideof dam, looking at gates.



Figure 5i Existing left embankment.

Figure 61 Looking upstream at the existing spillway.



Figure 8 - View of the existing left embankment.



Figure 91 View upstream of spillway including the abandoned bridge foundation piers.

Figure 101 Overview of the lake.



Figure 11 - lllustration of low water levels in the summer of 2007.

2.2 Authority

Several agencigggulate aspects of dam maintenance, operation and
construction. The regulating authority depends the purpose of the daifhe Lake
Anasaguticook dam isunder the jurisdiction of MEMA MEMA usesthe United States
Army Corps of Engineers (USACE) regulations for the engineering aspects of design and
safetyof dams Other agencies or groups who need to be satisfied with the design are the
Town of Cantonand theCanton Water District as described below.

2.2.1 State of Maine

a. MEMA is responsible for dam safety in Maine. TitleB7Chapter 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 Uni
(Seehttp://janus.state.me.us/legis/statutedsBitle37-bch24sec0.htl

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

10


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

with enforcng water level management plans for lakes impounded by diauaddition
Maine DEP is involved in the permitting process for construction and maintenance of
dams. Maine DEP documedB-096 Chapter 450 and @61, hapter 11 of the Maine
DEPO6s AdiwiRegulaions describe the regulation of hydroelectric progaxts
dams. (8ehttp://www.maine.gov/dep/blwg/docstand/hydropage)htm

2.2.2Town of Canton

In addition to typical buildingrad zoning requirements, the Town of Canton has a
direct regulatory position in the project resulting from the ruling of Superior Court
Docket C*97-5 5 . The courtds ruling mandated that
any applications for local permits rarpd to rehabilitate the dam.

(Seehttp://www.cantonmaine.com/canton/ad20.)tml

2.2.2 Canton Water District

The Canton Water Btrict supplies approximately 330 ¢asers with drinking
water from Lake Anasagunticook. The supply is threatened by the lowered water levels,
so theCantonWater District has a direct interest in the proper operation of the dam and

maintenance of appropriate water levels on the lake.

2.23 United States Army Corps of Engineers (USACE)

The USACE isusedby MEMA as the source of engineering regulations for dam
safety. The USACE has over 120 sets of engineering regulagilatesd tocivil works

alone. The pertinent regulations for thisjpob are as followed:

1 ER 11101-8100 deals with regulations regarding laboratory investigations and
testing.

1 ER 111062-101 deals with the regulations surrounding the reporting of distress in
civil works.

1 ER 111062-110 deals with regulations regarding thvaleation of civil works
projects.

1 ER 1110620112 describes regulations dealing with the required visits to
construction sites by design personnel.
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1 ER 11102-1150 describes the regulations for the engineering and design of civil
Works Projects.

1 ER 11102-1156 explains the engineering regulation to dam safety organization,
responsibilities, and activities.

1 ER 1102-1302 describes the engineering regulation of civil works cost
engineering.

1 ER 111062-1450 talks about the engineering regulation of hydrologguieacy
investigations.

1 ER 11102-1464 deals with the regulation for hydrologic analysis of watershed
runoff.

1 ER 111062-1806 talks about earthquake design and evaluation of civil works
regulation.

1 ER 111068-2(FR) describes the engineering regulation foiinflew design
floods for dams and reservoirs.

The ER in the document title stands for engineering regulation.

(Seehttp://www.usace.army.mil/publications/enggs/cecw.htm)

2.3 Recent orders at Lake Anasagunticook Dam.

In December 2006, MEMA issued the dam owner a safety order, which updated a
similar orderfrom May 5, 2004 At the deadline for compliance on December 31, 2007,

the order had not been complied witthe ordelincluded the following requirements:

1 "Engage a |icensed professional engineer
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 guctural 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 planréstoring the integrity and safety of

the abutments.
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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 filto the embankment.
o0 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.
0 Schedule for completing all elements by Dec. 31, 2007.
3 Complete all work in accordan®™MEMAwWi t h | oca
letter, 2007)
In a letter dated May 8, 2007 MEMA concluded that until the remedial actions
discussed abowsereimplemented, the overflow sluice gates at the dhouldbe left
open and clear of water. (MEMA, 2007)
In a letter dated September 24, 2007, from MEt 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 flowgor potential and imminent flooding
pursuant to 3B M.R.S.A., Section 1114(2). In January 2008, MEMA referred the issue
to the Maine Attorney General és Office in or

original dam safety order. (Lake Anasaguntic@ssociation, 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 atmafumater 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 variahbtedudingclimatic and soil
characteristicsvithin thedrainage basiniThe best meitd of flood determination is to
make a model based on site charadiessand weather data from the Nationad&ther
Service records.The National Weather Servicelpishes isograph maps of storm
precipitation for the United States. The maps have difteretirn frequencies and

duration. (®ehttp://www.nws.noaa.gov/oh/hdsc/studies/pmp.h2008) The

characteristics of a drainage asegh as the size, shape and elevationdeaterived
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 usedaalculate the possible maximum precipitation
(PMP)wasHMR-52. HEGHMS wasused to transform the possible maximum
precipitation into a possible maximum flood (PMF). (USACE EM 1211115, 1993)

The results from the HEEIMS hydrology analysis where checked against the
rational method of storm runoff analysis well aghe WrightPierce 2007 dam

reconstruction study PMffow.

2.5 Hydraulics

Hydraulics deals with the mechanical and physical properties of liquids. In this
case, the liquid is waterThe intereshereis how the watewill actupstream othe dam
at the damand downstream of the dasaring different flow conditions The goal is to
build the dam such that during the design flood the spillway will be able to passaihe
volume of watemwithout overtopping the embankments. The modedl digethis analysis
is HEGRAS. HEC-RAS s based on basic hydraulic equations for open channel flow.
Open channel flow is based upon analyzing the characteristics of water flow such
as theflow rate,thedepthandthevelocity. The relationships amongetie different
characteristics at different cross sections of the chaareehnalyzed using basic flow
concgt s such as Ma ntmeFrougeonsmbeMaimart ii o6 sanedlquat i on
the slope, hydraulic radius and friction of the channel to deterthie velocity of the
water flowing the channel’he Froude number compares the velocity of the river flow in
a crosssection with the critical velocity for the reach. When the Froude number is less

thanone,the water flow has no opportunity to accelenaast the critical velocity of the
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channel It will be in a slow deep stawso known asubcriticalflow. When the Froude
number is greater thame the flow in the channel has been able to acceleratetiveome
the water downstream of itit will create shallow turbulent watenown assupercritical
flow. With this information, flow profiles can be assigned to each cross section of the
channel and the flow can be identified by typkis is an important step in determining
how the open channel flois behaving at any particular location along the stream.

Due to the complexity of Whitney- Brookods
RAS was used to calculate the river stage (water surface elevation) for different flood
flows. Hydraulic equations wheresed to check the output from the HIRAS to
determine if the outputs where accurate. If the dam design will pass the desired design
flood with no ovettopping,the hydraulic analysigasses If the dam fails the design
flood, as in overtopping ovés abutments, the dam fails hydraulic analysisind 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 theycarstructed. During the early
stages of the planning and despyocessselection 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 redyloeforehe selection of themost
suitable and economicdesign is madgDept. of Interior, 1987) The datypesthatare

examined in this report are

Rock filled gravity dam.

Existing concrete gravity spillway with earthen embankments and an erogrgen
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 magdam, whichis dependent oits size ad
weight to resist overturning arstiding 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, &mnally
long as the material properties are designed to resist the internal fordes, tfiche dam
will resist crushinggr avity dams are cll acWesblidmisas Asol i
the more widely used of the two, though hollow dams are more economical to construct.
Gravity dams can also be classifiechasingamiover f | owoainspinl | way or
o Vv e r ftypeospilivay A common form of notoverflow gravity dams the earthen
embankmentlam, whichis made from compacted earth. The existing structuteals
Anasagunticookas earthen embankments leading up to the concrete spillway on either
side. Earthen embankmemtediscussed in further detail in section.2.6~igure 12 is a
cross section of a solid gravity dam. Figure 18 @soss sectioaf a concretecapped,

rock filled gravity dam.

Figure 1371 Concretecapped, 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 twp types
homogeneousmbankmentandzoned embankment. A homogeneous embankment is
composed of one kind of material (except for slope protection such as riprap). The
material used must bmperviousto provide an adequate water barrlaraddition,the
slopes must be moderately flat forkstily 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 beigesd toresistanyloadingthat 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 embaskneent
differential settlement, seepage afietaring 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 crackwoughthe 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 foundatioalse&ause piping within
the foundatiorof the embakment. 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: consttion 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
differentlayers ofsoil thatmake up the embankmeme properly designed. The core of
the dam is impervious and designed to provide resistance to the sedpagereates
the upstreameservoir 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

cannotcompletely prevent seepatigoughthe core. There are several factors involved in
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the overall porosity of the dam. The consistency of the reservoir levehatpeitudes of
the permeability of the core material, the amount of pore water pressure and time all

affect the rate of seepage and seepage fara@s embankmen{Dept. of Interior, 1987)

2.6.3 Hinge Crest Gates

Hinge crest gates are known by a vigrigf names including BascylPelicanor
flap gateg see kgure 14. Generally, the gates are hinged at the base of the dam to a sill
Theyare raised to retain pool levels and lowered to pass flood flows. The plate is
reinforced with vertical and horiztad members and is fitted with hinges. The gates
usuallysealat the base and sides when raiseretain 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 efichgate 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 aseially made ofeinforced concretel \SACE
EM 11102-2607, 199} SeeAppendixF for an example of a hinged crest gaden

Operating @
Arm to
Hydraulic

Cylinder

FLOW

Dam Sill

Figure 14 - Hinge crest gate (USACE EM 111062-2607, 1995)

Another form of the hinge cregate is the Wicket Gatesee kgure 15. Wicket
type gates have been udedover 100 years. The idea is very similar to that of the
simple hinge crest gatd ' he difference is that the gates are held up in position with a
prop or strut, which slides in a rackhis allows the cylinder pistons to be retractBais
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means thatluring flood conditions the dam will become very close to an open channel.

Wickets are traditionally constructed of steel framing with timber lIeafekets, which

are hinged atthebadeave the advantage of simplicity ar
thrust from thebackpressure of the tailwatéinen 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 maintenahteetimbers. Again

the sill is made ofeinforcedconcrete 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 constraintsUSACE EM11102-2607, 1995)

Wicket Gate

Hurter Trock

- Dam Sill
Wicket Gate, .«
Operator ——— d ;g,
P S ey 'h\

Hydraulic 1

Cylinder

Figure 15- Wicket gate dam. (USACE EM 111062-2607, 1995)
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2.6.4 Rubber dam

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

existing dam is a rubber, collapsible spillwsych as the one seen in Figure 16

Figure 167 Bridgestone Firestone inflatable rubber dam.

The site is very suitable for a rubber dam. The bedrock at the site is located very
close to thestreambedurface Thisis important because a rubber dam is setbyeits
foundation, which is generally a concrete sill. The rubber dam can collapse automatically
with an air pressure blow out plug and reduc
to almost nothings seen in Figure 17This will help reduce thiéoodwaterelevations
and accordingly reduce the dambébs necessary nh
1000 Bridgestonéirestone 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 iditml the materials and size of the dam
that will ensure the stability of the dam under a wide range of condifitvesdam is
subje¢ to random events such as floods, waves, earthquakes, ice formation and other
natural phenomendhe structural analysis can be broken into two portions, external and
internal stability. The external forces d@nese thaare directly applied to the dama
include water pressure; earth pressure; ice pressure; earthquake forces; wind pressure;
wave pressureyeight of the damweight of the foundatigrand reaction of the
foundation. The structural analysis begins by evaluating the stability of the ipeglym
dam section with the external forces applied. The shape and sized#Hrthare the
unknown parameters and wile solvedfor to ensure stability against the external forces
The internaforcesareforces that the matergbfthe dam must resistor 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 pressured the damat the toeand not crumble undéiis own weight.
Components of the dam such as timber size or concrete stegegtipsen 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
capadiy to allow for uncertainty in the design proceBlse uncertainty may confeom
calculations, material strengthscamaterialquality. The factor of safety must relate to
the strength, stability and durability the structuravith consideration to magnitie 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. Mamysitinfluence 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. Generallgdtwmate 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 Damasinspected on several occasions by both MEMA
and WritePierce. The dam was visited and inspectelovember 17, 2008y Will Fay
and Celeste Fay to survey the project. The following inspectiomfadire a summary

of the important findings by all three parties.

2.9.1 General Findings

The dam was found to be in overall poor conditibime general concerns include
seepage, settlement and erosiothefleftearthen embankmentke decrease in stitity
due to the poor quality fill dungal on the top of the embankmetiienonfunctioning
spillway gatesthelack of an Emergency Action Plan (ERAnd the deficient spillway
capacity. (MEMA Safety Order, Dec. 4, 2006)

2.9.2 DamSite

The dam embankménare in poor condition with signs of erosion, seepage and
sinkholes(Figure 8) The June 2006 MEMA darafsty order described the upstream left
embankment as having settlement of the embankment along the spillway retaining wall
and settlement of embankmt 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 &t longrut along the embankment 5 to10 feet
long was foundhs well asa 15foot section of collapsed stone retaining waHféeét
upstream of the spillway. (MEMA Dam Safety Order, 2008)e existing ground
surface around the right embankment is relatively clear from the stream to about half way
to the abandoneoridge.The othethalf of the embankment svergrown with small

bushes and trees. Temmbankmensurface 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 i n .The Mioktedsof the riprappasumgeterminable due to the
non-uniformity of the material. (&eFigure 9) The fill at the top of the slope is topsoll
with approximately six feet of graveand thaappears to banonhomogeneous fill.
The MEMA dam safety order dasbed 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 untwlled leakage of approximately 5060
gallons per minute before the lake level was lowef&EMA, 2007)

All of the wooden gates on the spillway have been reinforced for strength
however, one of the three is still in poor conditi@eeFigure 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 appe#es minor spalling in the
concrete that should be repaired. Overall, the concrete spillway structesrsppbe in
good condition. (8eFigures3 & 6) The MEMA orderstatedthat the spillway was
deficient due to gate overflow restrictions and leakbénguidesHowever,it is
structurally sounénd stableln 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 ehann
approximately 2 feet wide and 10 feet deepe€Figure 7) There is significant
undermining and degradation of the concrete on the right side of the chdmcteif
collapsed would affect the discharge capacity of the spilldaproximately 175 feet
downstream of the dam on the left side is an empty building that would likely be
seriouslyaffectedby 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 thedidmimg high river flows andffect

the spillways discharge capacity.
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2.9.5 Reservoir Area

The reservoir area of Lake Anasagunticook is approximately 580 acréshasd
approximately9800 acres of draagearea (SeeFigure 10) The slopes leading to the
pond are mildThe 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 shared. The lake is also the water supply for the 330 custooi¢he

Canton Water District.
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Chapter 3: Methodology

The major tasks required to solee desigrproblemat Lake Anasagunticocknd

the order in which thegrecompkted are showim Figure 18

Select dam
I 1

¥

Hydrologic
analysis

!

Hrydraulic
atialysis

!

Structural
analysis

v

Cost estimate Choaosze best

L a design for
site

Repeat this process for each design option.

Figure 181 Flowchart of Design Methodology

In theFigureabove, each task represents a piedafofmation as seen in Figure
19. Selection of the dam site will yield important characteristics oloibegtionthat 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 looatof
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 requirethtaima
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equilibrium. With the information from the structural design, a cost estimate can be

completed.

Select damn _ | Yields geometric

site | information

Hydrologic Yields design flood

analysis = | ef

Hydraulic _ | Tields operation

analysis = | heights of water
during flood

Structural | Tields required size of

analysis ~ | dam and quantities of
tnaterials

Cost estimate | | Vields estimate of cost

= | of dam construction

Figure 197 Equivalent Yield

3.1Hydrologic Analysis

The hydrologic analysis is required to determine the volumetric #avaf 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 diésoghfor 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.

flowchart of the steps required to find the PMF is showiigure 20.
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Figure 2071 Flowchart of Hydrology

3.1.1 Drainage Area Characteristics

First, to find the PMFbasiccharacteristics of the drainage avezrefound.
These characteristics include the surface area of theadeabasin, the slope, the
topography, the soil characteristics, and rainfall frequency maps from the NWS. Topo
Scout, a digitalized United States Geological Survey topographical mapping pregsam
used taneasurehe geometric characteristics of theideme 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 isSEopb The

program includes detailed maps of the Lake Anastégpok drainage area with contour
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Il i nes. Using several of the programdés tool s

informationabout the drainage arean be gathered

Figure 211 Lake Anasagunticook Dam Drainage Area (Topo Scadj
Average solil types for the arean be foundrom 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 arér. 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 desighto calculate the probable maximum
precipitationof a drainage areaThe probale maximum precipitation is the maximum
anticipated rainfall a drainage area can be capablkceiving HMR-52 uses the
drainage area characteristics discussed in the previous paragraph to calculate a rainfall
graph, also known as a hyetograph, forghssible maximum precipitation. HM&2
helps engineers compute baaweraged precipitation for Prable Maximum Storms
(PMS).Additionally, it corresponds to the spatially averaged Probable Maximum
Precipitation (PMP) for a basin or combination of watedsiubbasins.
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