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Abstract

This projecincludes a design for the rehabilitation of a small dam and incorporated fish
passage. It alsovestigateghis design processes and elements that must come togefibier

the designof a small dam with a fish passage channel. Requamadysis in the disciplines of
hydraulics, hydrology and structural engineering, the focus of this project was to create a
design that specifically suited the site located at the outflow of Lake Sabbatia, on the Mill River
in Taunton, Massachusetts.
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1 Introduction

Dans have been a vital structure tgociety erected for reasons of both energy production and
flood protection. Due to the large volumes of water that pass through river systeange|
amounts of energy can be produced through hydroelectric povi@arge voluras of water can
also create public safety hazards through flooding. By creating a resepatieamwith

storage space, a dam enables society to protachmunities along river systems against
flooding, while harnessing the energy carried in the watepriavide electricity to these
communities.

While dams are functional anchportant structures they canalsoimpact the environment
negatively. A major environmental impact of dams is the fact that thegtera barrier to

native anadromous fish speciegho must migrate upstream to spawn and downstream to
feed. Dwindling fish populations due to these migration barriers have effects on habitats up
and downstream in these rivers, and impact the economy negatively through poor fishing
conditions. In the past, damswvere constructedwith only the flood protection and energy
production functions in mind, angithout these types of ecological factai@keninto
consideration. As a result, native anadrorsquopulations have declined. Recent dam
reconstructionprojectshavebegun to takehese kinds oEnvironmental concerns into
account.

Many dams were built during the industrial revolution to provide power to factories.
Communities have grown along the rivers, in the areas where flood protection is prowded b
these aging dams. Many of these dams are around 100 years old, and their deteriorating
conditions presents serious public safety threats in the event of floods.

Many damsn Massachusettaere built during the industrial revolution and large communities
have grown in the areas downstream of these daMassachusetts h&917 dams as of 2003
many of which are deemed unsafe by the Massachusetts Department of Conservation and
Recreation(Association of Dam Safety Officials 200fg¢se unsafe conditions create high risk
situations where a flood caused by dam failure could destroy communities downstream.

a 2 NI & Q ZDamirNTauriar§ Massachusetis an example of a dam currently in an unsafe
conditionwith a large community denstream Through recent dam inspection reports, it has
been deemed to have lasigh hazard potentialMassachusetts Department of Fish and Wildlife
2007)This dam is also an obstruction to anadromous species. Specitital@dnadromous
alewife (a species of river herring)igevented from spawning in the quiescent lacustrine
habitat of Lake Sabbatia.

The goal of this project was to explore the processes and analysis required to design a small

dam and fish passage at this&gion. The project involved studying the hydrology of the area

G2 ARSY(ATeEe GKS @2fdzyS 2F 4 0SNJ LJ aaAay3a (KNP dz
dam that would provide adequate flood protection to downtown Taunton. Thrdugiraulic

and strucural design, a small overflow dam was designed to fit into the site. To address the
environmental concerns of alewife passage to Lake Sabbatia, a fish passage was designed to be

built into the dam. Due to time constraints, this process involved malsagraptions where
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adequate information was not available, and creating a final design that incorpoitated
preliminary findings froneach disciplineThe final design reached through this project was
sufficient based on the information available; howeweore detailed information on the site
would allow for further refinement of the design. Areas where the design could benefit from
further refinement wereddentified and discusseuh the Conclusions and Recommendations
section

1.1 Site Geography
a 2 NB & QaiDam iNJodatad on the southern shore of Lake Sabbatia in the city of Taunton,
a

G2t /2dzydesxs Ay (GKS aidlaS 2F al aal OKdzaSaid
Ay GKS f2y3A0dzRS 2F TmMe ncQ Hydonyé 2 2y
Aa f20FGSR dzyRSNJ a2NBe&Qa . NmREnS a théimplicatonsLI 4 a S a
due to its location, the site is a primary means of traffic flow from the city of Taunton to
Interstate-495. FigurelA f f dza G NI 1S&a GKS t20FGA2y 2F GKS a2N.
upstream of Taurdn, MA.
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Figurel. Morey's Bridge Dam Site Relative to Taunton, MA

1.2 Capstone Design

The concept of a Capstone Design project, as defined by the American Society of Civil Engineers
is one that incorporates the application of ansiyand real world concerns into a final design
product. This project meets thmapstone design requirements by finding a solution that meets

the requirements of economic constraints, public safety constraints, environmental and

hydraulic requirements ahe site, and constructability issues



By applying realistic engineering design considerat{eansnomic, environmental,
sustainability, ethical, health and safety, and social concerns), the resulting design was a
solution that fit into the community as are than just another piece of infrastructure

The environmental and sustainability part of the requirements were addressed through the fish
passage design and the design of the height of the dam. Controlling the water depth of Lake
Sabbatia has a direenpact on the water quality of the lake. Sustainability issues were also
addressed through the design of the fish passage; native populations must have access to
appropriate breeding habitats to maintain healthy breeding populations. This concept
addresses sustainability issues by seeking to provide native populations with the access to
breeding grounds, resulting in conditions that favor healthy populations.

Health and safety issues were relevant in the hydrologic and structural stability studiss. Thi
ensured that in the case of extreme conditions, the structure could prevent massive flooding of
highly developed downtown areadhis also applies to the social requirements of the project.
Sociallyjt was very important to maintain the downtowareaof Taunton, and make itjglace
where the population could feel safe downstream of the dam. SJthecture wasalsodesigned

to maintain a reservoir elevatiofLake Sabbatidhat wouldallow the local community to enjoy

the lakerecreationaly.

This progct also fit the capstone requirements though a cost estimating modedost
estimatingmodel was produced to find a price for thieal design based on selected materials,
size, and the amount ghan-hoursrequired to produce the design. This secti@ueesses the
economic constraints by creating a base price for the design that can be either simplified to
decrease cost or embellished on if there are funds exceeding the budget for the design.

Ethical concerns for the projeatere addressedhrough construction methods that would
preserve the local ecosystem, and provide a dam that was both functional and welcomed by
the local community.



2 Background

A balanced andhethodicaldesign approach incorporates elements from many different areas.
This sectia highlights important areas of information for the design. The scope of this
information ranges from broadly applied design equations to site specific elements.

2.1 Ecology Restoration

Restoration ecology is the scientific study of renewing or remediatidggraded or destroyed
ecosystem through active human intervention. The Society for Ecological Restoration (SER
Hnnno RSTAYSa GKAa G2LIAO & aly AydSydaazylrft |
an ecosystem with respect to its health,egtity, and sustainability. Ecological or ecology
restoration refers to the discipline of restoration ecology. In the ecological restoration field
practice there are many restoration projects included; some of these projects are:
reforestation, removal ohon-native species of disturbed areas, reintroduction of native

species, and habitat and range improvement for targeted species. Natural ecosystems provide
human society with food, fuel, and timber, but their services also involve environment safety
and ®onservation activities such as air and water purification, climate regulation, regeneration
of soil fertility, and conservation of existing viable habitat and restoration of degraded or
affected habitats.

Restoration of degraded habitats is different frahe conservation of an existing viable habitat.

The conservation of an existing viable habitat refers to the effort made to keeps the habitat in

the actual or similar condition without any disturbance; it also deals with the prevention of

species extinctin on the existing ecosystem. On the contrary, restoration of degraded habitats

implies a jump start to a natural recuperative process of the ecosystem. This reparation process
starts with a target that is usually the state that needs to be strivedonthé S @ ¢ KS a 2 NB & ¢
Bridge Dam project is one that seeks to restore this recuperative process of the area by

repairing the current dam such that it incorporates a fishway which will allow the native species

to restore their habitat naturally.

2.2 Hydrology

Hydmlogical analysis on a given site investigates the manner in which the natural water cycle
process can effect construction of structures such as dams. Hydrologic analysis incorporates
concerns such as possible storm events, rainfall accumulation, andagheanof upstream

flow contributions.Figure2 shows how the water cycle proceeds in a systematic fashion.



Sublimation
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Water storage
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Figure2. Basic Water Cycl¢United States Environmental Protection Agency 2007)

2.3 Soil Characteristics

The soil characteristics of the site were found in the soil survey of the northern side of
Bristol County, Massachusetts(197@)pvided by theUnited $ates Department of Agriculture,
Soil Conservation Service, in peoation with Massachusetts Agricultural Experiment Station.

For our projectsheets 12 and 13 of the maps section of this soil suwee usedo identify
the type of soil presented ithe site. According to this informatiofable 8Building Site
Devdopment, Table 18Construction MaterialsTable 1XWater ManagementTable 12
Recreational Developmentable 13Wildlife Habitat PotentialsTable 14 Engineering
Properties and Classification, amable 15Physical and Chemical Properties of Sedse wsed
Highlights from these tables are shown in the following abbreviated tables.


http://www.epa.gov/climatechange/effects/water/index.html

Figure3. Types of Soil Presented in the site

Tablel. Portion of Table 8 of Bristol CountSoil Survey, northern part

Soil Name Shallow Dwellings Dwellings Small Local Roads and| Lawns and
) without ith Commercial Streets Landscaping
and Excavations Basements wit Buildings
Map Symbol Basements
HinckleyHfC Severe: small Moderate: Moderate: Severe: Moderate: Moderate:
stones, cutbanks | | | | |
cave slope slope slope slope slope
MedisapristsMC | Severe: small Moderate: Moderate: Severe: Moderate: Moderate:
stones, cutbanks | | | | |
cave slope slope slope slope slope
WindsorWnA Severe: Slight Slight slight Slight Severe: too
sandy,drough
cutbanks cave y ghty
WindsorWnB Severe: Slight Slight Moderate: slight Severe: too
sandy,drough
cutbanks cave slope y ghty




Table2. Portion of Table 10 of Bristol County Soil Survey, northern part.

Soil Name Road fill Sand Gravel Topsoil

and

Map Symbol

Hinckley Good Good Good Poor: too sandy,

HfA, HfB, HfC Area reclaim

Medisaprists MC Fair: large stones. Good Good Poor: large stones,
too sandy.

WindsorWnA, WnB Good Good Poor: excess fines Poor: too sandy.

Table 3. Portion of Table 11 of Bristol County Soil Survey, northern part

Soil Name and Pond reservoir Aquiferfed Drainage Irrigation Terraces and Grassed
diversions waterways

Map Symbol areas excavated ponds

Hinckley Slope, No water Not needed Slope, droughty, | Slope, too sandy | Slope,
fast intake drough

HfA, HfB, C seepage gnty

Windsor Seepage, slope | No water Not needed Slope, droughty, | Piping, slope, too | Droughty,
fast intake sandy. slope.

WnA, WnB

Table4. Portion of Table 12 of Bristol County Soil Survey, northern part

Soil name and map | Camp areas Picnic areas Playgrounds Paths and Trails Golf faiways

symbol

HinckleyHfC Moderate: slope Moderate: slope Moderate: slope Slight Moderate: slope

Windsor Moderate: too sandy| Moderate: too sandy| Severe: too sandy Moderate: too sandy| Severe: too sandy,
droughty

WnA, WnB

Table5. Portion of Table 13 of Bristol County Soil Survey, northern part

Soil Name and | Grain | Grasses | Wild Hardwood | Coniferous | Wetland | Shallow | Openland | Woodland | Wetland
map symbol and and herbaceous| trees | plants water il il wildlife
seed | Legumes| plants plants areas | Wialie wildlite
crops
Hinckley Poor | Poor Fair Poor Poor Very Very Poor Poor Very
poor poor
HfC poor
Medisaprist Poor | Poor Fair Poor Poor Very Very Poor Poor Very
poor poor
MC poor
Windsor Poor | Poor Fair Poor Poor Very Very Poor Poor Very
poor poor
WnA, WnB poor




2.4 Dams

Dams are concrete or earth barriers built across a drainage course to impound haier t
creates lakes called reservoirs. They provide flood control, fresh water storage, and
hydroelectric power between other benefits. Dams are grounded on abutments, right
abutment on the right side of the dam and left abutment on the left side, and gup@ted by
foundations, which may be pervious or impervious depending on the type of dam used.

2.4.1 Types of dams

Once he required height of the dam has been set by the hydrologic and hydraulic analysis, the
dam type can be selected. As mentioned before a dambe classified as a concrete dam or an
earth dam. A concrete dam consists of a cast in place massive concrete structure between the
two abutments. There are three principal types of concrete dams; they are: concrete gravity
dams, concrete arch dams, andncrete buttress dams. The gravity or mass concrete dams
require a site where there is hard rock at or near the surface, the depth of soft material above
the rock should not exceed 20 ft, and the rock should be able to support 8 to 10 tons per square
foot. Gravity dams are particularly well suited where the length of the crest of the dam is at
least five times its maximum height. This type of dams is used where a height of less than 40 ft
is required. These characteristics made the concrete gravity disasible selection for
a2zNBeQa . NAR3IS 5FYQa NBal2NIrGAz2y LINR2SO0

2.5 Concrete Gravity Dams

Gravity dams are classified as solid, hollow, overfbowon-overflow. The selction of the type
of dam for aspecific project depends on the conditionblydrostatic pessures from the
reservoir and tail water loads, nappe forces in case there is an overflow spillway, and uplift
pressures and loadsom the soil, foundation or earthquake effedase all taken into
consideration when selecting the type of da gavityd: YQa adGlF oAt AGe Aa &aSoc
itsshape and sizeuch that itresiss overturning, sliding and crushing at the to&ravity dams

are considered one of the most confident as far as they are situated in a suitable site and over a
carefully desigad foundation. For this type of dam, ampervious foundation with high

bearing strengths recommendedThe type of material used for the dam also depgod the

loads that haveo be resisted by the structureéhe material has to provide the strength need

to resist the forces applied. There exist gravity dams constructed out of wood, earth, and
concrete. However, concrete gravity dams have proveldgonore stable, and secure thime

rest. An example of a concrete gravity dam is showrigare4.



Roadwsay

—oncreke

Concrebte grawity damm

Figure4. Shasta Dam impounds the Sacramento River in northern Califogiigrosoft Encarta 2007)

Concrete gravity dams usually have a triangular shape; havibealesign of a concrete gravity

dam depends on the purpose of the structure and the configuration of the site where the
structure will be placed. The design of a concrete dam involves an extensive range of disciplines
and technical professionals suchgepnlogists, environmental engineers, seismologists,
geotechnical engineers, hydraulic engineers, computer analysts, cost analysts, and mechanical
and electrical engineers. The overall design of the structure is made in a team composed by all
these profesmnals, whom interchange data and analysis with each other to get a final and
unique design that meets the requirements and purposes stated at the beginning of a project

2.5.1 Forces and Stability Conditions of the Structure

Forces acting on a structure areuadly classified as internal and external forces. Internal forces

such as stressexist within the member because molecular resistance of the mateEsiernal
forcesactati KS 06 2dzy REFNE 2F (KS YSYOSND& &adNHzOG dzZNB =
suppoted by the structure, nappe forces, earthquake and wind forces or loads, and any other

force applied to the structure.

In any structural analysis of a member the first step after the calculation of the forces acting on
the structure would be the stabilitor equilibrium analysis of the structure. Through a stability
analysis, the structure is determined to be stable or unstable. In order for a structure to be
stable, the external forces applied to the members have to meet the six equilibrium conditions
listed belowin Figures® ! NBLINBaSy Gl G0A2y 2sktruttisis shkavhlOSa | Of
below inFigure 6

aFx=0
aFy=0
aFz=0
aMx=0
aMy=0
aMz=0

Figure5. Equilibrium conditions.
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Althougha structural desigmeetingthese Loads acting on the Concrete Bravity Dam

lunder normal conditions)

conditionsis considered to bé equilibrium, its
stability must be checkedccording to
engineering design codes and regulationghia
design the American Concrete Institute Code
(ACI) and the Army Corp of Engineers design
standardswere usd for the stability analysis of
the structure.

2.5.2 General Design considerations

for Dams Figure6. Summary of loads acting on a basic gravity
dam.
In the design of a dam structure stability criteria

for a particular loading combination depend upon the foundation of the structure, site geology,
and the method of malysis used. This design is also based on a series of assumptions, which
have been used on previous similar structures under similar loading conditions. The basic
requirement for the stability analysis of the structure subjected to static loads is dhee and
moment equilibrium be maintained without exceeding the limits of concrete and concrete/
foundation interference. This means that the allowable unit stresses for concrete and
foundation materials should not be exceeded.

Through the design of the daconsiderations regarding internal stresses in concrete should be
taken. In the majority of the cases the stresses on the body of a gravity dam are relatively low,
but in cases where stress is a concern it is necessary to follow the codes, requirengents an
considerations to be included in the design. For example, ACI 318 specifies that the ultimate
shear strength of concrete along a peisting crack in monolithically cast concrete is 1.4 times
the normal stress on the crack, and that shear failure aightoncrete is governed by the

tensile strength of concrete normal to the plane of maximum principal axis tengiaother
exampleis the Reinforcement Design Standards of the Army Corps of Engibé&ak§E EM
11102-2104

In this type of structure (comete gravity dam), it is always expected that earthquakes will
induced stresses that will exceed the strength of the materials. For this reason, earthquake
analysis should be included in the static and dynamic analysis of the structure.

According to the Any Corp of Engineer, in the design of a concrete gravity dam the tensile
strength of rock concrete interface should be assumed to be zero. Small gravity dams are
usually constructed on impervious soil foundations. Pervious foundations consists of sands,
gravels and alluvial deposits, which increases the under seepage effects and the any force
caused by the seepage. In hydro electric dams under seepage may result economic, but on
gravity dams under seepage affects the stability of the structure. This ieison why is
recommended an impervious foundation for this relatively small hydraulic structures.

2.6 Spillway Design & Hydraulics

There are many types of spillway structures, most involving either a gate to control the
discharge and elevation of both tlieservoir andail water. On large reservoirs, the gate
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structure is most common for the spillway, as the gate offers the most contrdlsmmarge
flow rates and can be adjusted to handle high or low flow situations.

The overflow spillway, which isspillway design typical to the Northeast, is essentially a large
weir that spans a river. The height of this weir dictates the upstream elevation of the reservoir.
This type of spillway not only fits well into the landscape of the site, it is also disé m
inexpensive option, requiring No power or gate apparatus.

Open channel hydraulic analysis is based on analyzing characteristics of water flow such as

depth, velocity, and flow rate, and the relationships among these parameters through given
crosss®@iAz2yada 2F (GKS OKIyySt o wStlFidA2yaKAaLAa | NB
Equation, Froude number, and energy balances. Through identrsfagpnships between the

depth, velocity, flow rate, and cross sectional area, flow profiles carsfigred to each cross

section to identify the nature of the flow through that cross section. This is the basis of

predicting whether a flow will be rapid and shallow (termed supercritical flow) or slow and

deep (termed subcritical flow). Incorporatingrbars such as weirs and channel constrictions

and expansions have impacts on the flow through the changes in cross sectional areas.

2.6.1 Identifying Flow Profiles

Flow conditions can be identified through uniform flow, gradually varied flow, or rapidlydvarie
flow. Figure %shows different types of flow, and how they can be characterized. In an
application such as a spillway, flow

type C fits the profile. Flow type B S, e e
would characterize flow travelling gy W e TR
down the spillway structure ah % %
through the tail water channel, and (a) ' ) g

flow type E would characterize a
hydraulic jump, which typically occurs =~ = -
somewhere near the toe of spillway
structures.

Cross Sectional area, velocity, and
flow rate are all related through the
following equation.

0= &b

The cross sectiondimensions of a

channel have a great impact on the

velocity and depth of the water

passing through it. Though flowate

remains constantthroughout a Figure7. Flow Types. a) uniform flow; b) unsteadyiform flow; c)

channel velocity and cross sectionajsteady, uniform flow; d) unsteady, varied flow; e) unsteady, varied.
' . (Ned H. C. Hwang 1996)

area of the watewvaries As one

increases, the other will decrease.
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Figure7 is a rough guide to characterizing flow types. More accurate analysis of flow depths

and velocities will yield flow profiles, as showrFigure 8 These profiles characterize how the

surface elevation of an open water channel fluctuates as the flow changes from one regime to
another. Changes between flow regimes are identified through the application of a series of

SljdzZ- iA2yao +| £dzSa 2F al Yy Ay 3IQahatelpltibuadko?2 y X CNZP
put the flow into a profile type.

- AT 1T ET ¢ O atd N@®AaDBepth |-----

e Mild slope % 7?/77/77;;777};‘2
Normal depth is the depth that would be @ "
expected in a channel under uniform flow i _ Y
conditions. This equation is used to relatd ~ v -~
the flow rate (Q), cross sectional area, anc - i 3

channel slope. The variable R is used to |75, >~ ' \/5\
express theatio of thewetted perimeter % W%)))
andcross sectional area of the water © ) R
which takes the water depth and channel

base width parameters into consideration| | —

The normabepth found through this f;_.._

equation is compared to the critical depth i

to characterize whether the normal water % S——
surface elevation is above or below the (e)

critical water surface elevation. This is thg

first step towards identifying whether the N T E T~

flow is in a sta¢ of sub or supercritical | . = WWW% 5
Tt200 al yyAayaQa Si . VAT 7 FR
losses into account through the n, the _,y B ’_ﬁﬁq\fl

al YYAY3Qa NBAZAKY Sa o (s e
value is based on experimentally 0 @
determined head loss factors based on th

materials of the channel boundaries-or \ fonm

example, a channel constructed of . r
concrete would have a different nvalue |~ As Phns o,

than a channel of natural pebbles, grasse WWWW T,

or silt. The n values also vary with the fo— ) _
condition of the channel material:ogd, @ i NSRRI v
fair or poor. Materials in poor condition ~=s====== (ritical depth line
havegreater n values than those in good Figure8. Flow Profiles(Ned H. C. Hwang 1996)
condition.
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Critical Depth

Critical depth is the water surface elevation that acts as the boundary between slow, deep
water and shallow, fast flow. This calculation is a function of the fédevand the channel
base width, expressed through q, which is the unit flae, and of gravity which is expressed
as g.

Froude Number

o~ D

°T

The Froude number is an expression of the momentum versus the force of gravity. A Froude
number lesghat unity (F<1) expressed subcritical flow, where the forces of gravity dominate
the flow regime. A Froude value greater than unity {F expresses supercritical flow, where

the velocity and momentum of the water create a flow regime where the flosh&low and

fast. A Froude value of 1 is an unstable, uniform flow conditieroude values arhe basis of
analysis for much of the spillway flow, where flow regimes are expected at certain cross
sections of the channel, and Froude values are usethtbffow velocities and depths that can
satisfy regime requirements.

Energy Balance

2zt @ G+ & & + 0o
1+0

W =

The energy balance is used to identify flows where the channel characteristics have aasignific
influence on the flows through head loss. This equation is an adaptation of the conservation of
energy, where energy in the approaching flow is either carried through to thevgéadr in a

different form (perhaps through varied depths or velocitieslsome of it is dissipated through
head loss due to friction.

Hydraulic Jump

Q= %Q 1+8¢ 1

The hydraulic jump is a rapid regime change from supercritical to subcritical flow, where much
energy is dissipated through turbulence in the transition. Frequently, hydraulic jumps occur
near the toe of a spillway, vére the energy of the supercritical discharge coming down the
spillway is rapidly changed to subcritical flow. This is largely a factor of the change in slope,
from the steep slope of the spillway face to the gradual slope of thevetiér channel. The

above equation was developed using a ratio of initigl &hd subsequent ¢y depths. This
equation, however, does not prove that a hydraulic jump occurs. hveiér conditions inhibit
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the natural transition, the subsequent depth and location of Hyelraulic jump can be

inaccurate. The hydraulic jump subsequent depth must be compared todter conditions
RSGUSNY¥AYSR UGKNRdAZAK alyyAy3aQa SldzrdAzy 2N 0KS
location of the jump.Figure 9hows the transition fro initial to subsequent depth with

energy dissipation.
9)
B,

Y2

—_— i+ Vs )2

Figure9. Hydraulic Jump. (Sturm 2001)

2.6.2 Fish Passage Design

Fish passage structures are designed to allow species to pass barriers such as dams or areas of
turbulent flow, of that they can migrate upstream to spawhhis is accomplisiieby providing

a channel where water velocities are low enough that the target species is able to swim
upstream. The water is slowed by a series of obstructions within the fishway channel. These
structures are installed at site such as dams becausediueiies and slope at the spillway are

too high for native species to pasAs such, these structures are designed with dimensions and
flow characteristics unique to the target species to be passed.

A common setup of fishway channels is a channel aigientle slope where the flow is slowed

by obstructions in the channel. These obstructions vary with the type of fishway. Different
obstruction patterns are best applied in certain flow scenarios. One techniqu®ispd weir,

which is similar to théock system used to pass large ships and barges through channels such as
the Panama Canal. Another type is a slot fishway, where the obstructions create a maze
through the channel. A Denil fishway uses a baffle that obstructs the flow from the bottom and
sides of the channel. The Alaskan steeppass fishway is similar to the Denil fishway, but the
slope of the channel is greater, the baffles are configured differently along the base of the
channel, and it is the only fishway that is commonly-poastructed and placed on site. Pool

and weir fishways and Denil fishways are the most common designs.
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TheDeniltype fishway is
best for variable flow
patterns. Figure 15 shows
the cross section and
dimensions of the Denil
fishway. This type of fishway
is commotty designed and
built on site,so it can be
applied to thespecific to the
needs of the target species.
(Quinn 2007)This typeof
fishway is also thenost

. 2
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v N
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v N1_B
AN ¢
N’
\

8 8 c 0 € appropriate fishway for the
4'—o '—4n —-o" '—o" '—-8" A W ~ - a
o ?‘:g;; ?:g 110%‘_ g;;g;; azNbkeQa . NAR3IS 5IY
270v  toaes yow e yIa This desigiis the most
effective because of the
Figurel0. Denil fishway section. (Quinn 2007) dimensions of the site

(approximately 25 feet
between the dam structure and a downstream bridge), and the water depths that can be
achieved from one pool to the next.

Pool and weir fishways are a common type of fishwaut would not be appropriate fahe site
because of the spati@onstraints, and the large capacity of the pool and weir fishways is
unnecessary for the seasonal fleates characteristics of the Northeast. These types of
fishways are more appropriafer the West Coast, where seasonal fluctuation in flates is
high.

Target Species

The target species in the Mill River are alewife, a type of river herring, who spawn in lake
environments(Bigelow and Schroeder 200Zhe® particular fish seek the spawning

environment of Lake Sabbatia. These river herring are a swimming species, meaning that they
cannot leap out of the water from pool to pool. This necessitates a design like the Denil
fishway, where a deep stream of watepilling over each baffle is characteristic. Adult alewife
have been observed swimming at speeds of 4.9 {tharo, et al. 2004)his parameter requires

that the velocity of the water in the fish passage channel not exé&efis.

2.7 Cost Estimating

In civil engineering projects, cost estimating is one of the most important issues. It plays an
AYLRNIOFYG NREtS Ay (GKS RSOAaA2Y YI{1{Ay3a LINROSaa
the beginning of the project rough overalstimates of the project is made just for the purpose

of this comparison. However, more detailed estimates involving quantities and unit costs are

also needed for the completion of a feasible report. Estimates for dams and reservoirs should

also includeconstruction costs of the dam or any auxiliary structure such as temporary coffer

dams, permitting costs, costs involved in clearing the reservoir areas, costs of relocation of
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public highways or other properties, engineering design costs, and adminrstiaists for the
entire project.

2.8 Existing Conditions

¢tKS az2NBXeQa . NAR3IS 5FY LINRP2SO0 aAaiutsS Aa o0SAy13
ofthesitewadi KS Yl Ay OFdza8S 2F KFEoAGlFd RSAGNHOGAZ2Y 2
conservation aget it was important to keep the lake at a certain level to minimize flooding of

0KS &AdzZNNRBdzy RAy 3 O2YYdzyA e Qighero®hthinadtaigthea 6 SYa s> o
surrounding wellsTheY | Ay LJdzN1J2 &S 2 F careriiBt®entrol teh RIS 51 Y
guantity of water flowing from &ke Sabbatia to Mill River. Thpillway is in poor condition.

Figure 11 shows the existing condition of these supports. The previous spillway was a gate

across the area shown.

r R - .
S o «~¢?\ w2y

-
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RS Bl o
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Figurell. Current spillway condition showing gate house supports

Contamination released when the spillway is fully open, and high seasonal variation in the Mill
River water depth has cause@ath tomany of the species inhabiting the river near the dam
such as musseland algae.Figure 2 shows dead mussels found downstream of the current
dam structure.

Figurel2. Dead mussels on the river bed.

Theorientation of the spillway (directlynder the gate housewvasone of the reasons why it

was necessary the introduction of a temporary coffer dam to the site.dfipsoach retains the
water coming from the reservoir withoutféecting the gate house support, which were built
into the deteriorating spillwayFigure 13 shows the current coffeaih, designed by Pare
Corporation, and its proximity to the gatehouse. Figure 15 shows the limited area of the site
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for rehabilitation construction. There is approximately 25 feet between the current cofferdam
and the gatehouse.

Figurel3. Temporary Coffer Dam.

However, the temporary structure had some negative consequespesificallythe dry out of

the Mill River. As aguicksolution, somepolyethylene pipesvere addedo increase the

amount of flow going over the coffer da These pipes are shown in Figure 14. Currently, these
pipes are not meeting the expectations either since they are (getting stuck) with debris from
thesitecont YAY I GA 2y ® a2 NSeh@ssbeen NdsdRiedahidh Ihazdddizone.

Figurel4. From beneath the bridge and gate house. PVC Pipes and gate house supports.
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Figurel5. Temporary coffer dam plan drawingPare Corporation 2007)

18



2.9 Implications of Background Information

A wide variety of information was taken under consideration while desighieaglam and

fishway structures Environmental conditions at the site are of concern to define parameters

for the design in areas of structurabsility. Soils information, meteorological information, site
geometry, and the characteristics of the target species for the fish passage had to be
researched to reach a design that catered to the specific needs of theAstéme was a

limiting factorin the analysis, it was important to use background information to eliminate
certain designs. For example, due to the limited are for construction on site, certain types of
dams and fishways were immediately eliminated. The overflow spillway concietgygdam

was a relatively compact design which could fit well into the existing boundaries of the site, and
allow space for a fishway. The Denil fishway was selected for reasons of seasonal flow variation
and a baffle design which was conducive to thénswingcapabilitiesof the target species.

The following section explains the approach taken after certain designs were eliminated from
consideration. The Hydrologic study completed on the area using produced flow values that
were used to estimate theonditions that could be expected on site under Probable Maximum
Flow conditions. This was applied through the hydraulic and structural analysis to design a
structure that would keep the town of Taunton safe under the highest flow conditions expected
on ste. The Hydraulic analysis was applied through the structural design to create a structure
that could withstand the forces of the flow passing through the Mill River at the site, while
keeping constructability issues in mind. Cost and constructab#iiyegswere also addressed
through a cost analysis and constructability plan, where the expected materials and time for
construction were used to come up with a final cost for the project, and a plan was made for
location of construction materials and acties was made.

19



3 Methodology

The approach to the problem started with the hydrologic charactegsti¢che area. This

entailed a detailed analysis of the soils characteristicsither patterns, and topographgf the
watershed surrounding the site. M a hydraulic analysis was needed to take the flow values
found through the hydrologic analysis and apply them to the geometry of the site. This
involved looking into the shape and characteristics of a spillway and fish passage that would fit
the needsof the geometry of the site, ensuring that major flooding could be avoided to protect
the surrounding community. Lastly, the structural analysis took the information found through
the hydrologic and hydraulic analysis to find a design solution whereaheahd fish passage
could be constructed out of a material that was appropriate for the site and followed design
guidelines of the ACI and USACE.

3.1 Hydrologic Analysis

When looking at the reconstruction or replacement of structure along a water body, thgrdes
requires proper analysis of different fields of study that characterize the surrounding areas of
the proposed site. In doing so, certain pieces of information were needed to be determined in
an orderly fashion to progress to a final design. Once tlagspects are taken into account, a
justifiable design can begin to be formulated. For the Morey's Bridge Dam, it was necessary to
take such stepgrigurel6 below follows the process in a condensed and organized fashion.

Hydrologc aspects of the upstream area are of great concern when performing site work along
a water body. Within this analysis various techniques were implemented to ensure that the
information used for the analysis had the closest characteristics to the Mill &iekits

surrounding watershed as possible.

To present the hydrologic analysis of the site effectively, there were certain considerations
taken into account. These considerations influenced the character of the storm water flow rates
used for the desigof the dam. Physical characteristics of the Mill River Watershed basin were
of great importance. These physical features both upstream and downstream greatly
influenced the manner of certain design flow rates and velocities of the water. Another
consideraion was the meteorology and precipitation associated with the southeastern
Massachusetts and the watershed itself. Again, this data allowed us to understand the
influences of the design flow rates. In order to obtain results of these flow rates, the

information gathered was then utilized in certain computer programs dealing with storm water
analysisThis section provides information gathered regarding these vital considerations.
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Figurel6. Hydrologic Methodology Flowchart
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The main computer program used for the ngtbgic analysis was HE®AS v. 3.1.0. The

program, created by the United States Army Corps of Engineers, allowed the user to produce
results that "simulate precipitatiomunoff processes of dendritic watershed systen{slhited
States Army Corps of Engineers 20DiB¢se results included hydrographs for different types of
storm events and flow rate patterns throughout the storm. By incorporating hydrological
characteristics associated with the Morey's Bridge Dam site into tiE&HMES program, design
flow rates could be determined in an effective manner.




The first flow that was needed was the Probable Maximum Flood (PMF) flow rate. Establishing
this flow rate allowed structural features of the proposed dam to be designed. The main
structural feature that incorporated this maximum flow rate is the outlet works of the dam.
Ensuring that a proper PMF is calculated enables the design of the dam to be designed safely
and effectively.

A high population exists in close proximitytothet f f wA @SNJ R2gyaidNBlIyY 27
Dam. Furthermore, historical occurrences surrounding the Mill River and the series of dams

along it have shown the problems that the site could pose. Due to the situation, this is the

Inflow Design Flood that wassed for this site. Using the PMF as the Inflow Design Flood will

also imply that average annual storm flows will be properly controlled.

The second type of flothat was needed to be determined was a maximum flow for a hydraulic
analysis. This maximurtoWv used for this type of analysis would ensure that the structure

would be ablgo withstand a high flow situation in terms of passing the water flow from Lake

Sabbatia to the Mill River. This would include protection of the structure, its surroundingis, a

public safety in proximity to the site area. Foralysis, this flow rate will be applied to

Slidzr iA2yQa GKFIG €221 G RAAOKINAS @2fdzvySas &Ll
through the system.

Ensuring the structure to be structurally ahgdraulically sound is extremely important when
redesigning, reconstructing, or analyzing a structure that establishes societal protection against
naturally occurring situations. As stated, the manner in which these maximum flows were
determined accountdr safety as much as functionality.

Basin Characteristics

3.1.2 Physical Characteristics

To begin our analysis, physical characteristics were needed from the Mill River Watershed

Basin. Once acquired, they were used to advance the process of determining tlitancohe
precipitation characteristics. The information included the watershed outline, soil type

associated with the watershed, and its land use characteristics. These watershed attributes

were key factors in determining these characteristics of theansited, which in turn could

Ffft2¢6 | taC G2 06S Faaz20ArGiSR gAGK (KS a2z2NBeQa
The outline of the watershed was the first piece of information that was determined. The total
drainage area was known, however, the area relative to the profitae@tirainage area was

needed. This outline was needed to understand the precipitation values for the Mill River

Watershed.

To understand the shape of the watershed, the first step was to acquire a map of the sub
basins within the Taunton Watershed. Mulgptmaller watersheds, such as the Mill River
Watershed, are located within this larger watersh&tyurel7 illustrates the location of both
the Taunton Watershed Basin and the Mill River Watershed within it.
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Figurel?7. Location of Mill River Watershed
Once the profile was found, the outline of the
9 A o K watershed needed arbitrary (X, Y) coordinates
~ nrsles PR KR that were relative to the Mill River Watershed.
BN These were needed so that a set of data points
© \/\ V' could be inpuinto the Hydrometerological
&R, Report No. 52 (HMR52), which will be
i { 52 4 discussed more in depth in the meteorological
: T section. This set of coordinates allowed for the
l/( yo 8 program to represent the watershed. In order
b to obtain these coordinates, AutoCAD 2007
\// was utilzed to determine these coordinates
N along the watershed boundary.
b : \ The view of the watershed was transposed
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Figurel8. AutoCAD 2007 Representation of Mill River

Watershed Outline

Mill River Watershed fell within. These
guadrangles were acquired from the Mass GIS
website.(Massachusetts Geographical
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Information System 2007yhen the outline was completed, the area of the watershed was
determined in the AutoCAD 2007 program to verify that the drainage area matched up with the
drainage area that the United States Geographical System (USGS) had ah(@ydptndixA).

Once the watershed was delineated, the coordinates were applied to the delineation. An
arbitrary origin was created at the base of the set of Mass GIS quadrangles. Points were placed
along the outlineFigurel8 shows the delineation of the watershed boundary and the points
associated with it. The coordinates associated withwhaershed (Appendix Ayere now

established for input into the HMR52 computer program.

Loss Method

Once theoutline of the watershed was determined, the next step was to obtain information

that allowed us to represent the flow losses associated with the watershed. There is a certain
method of determining the amount of water that will be retained by the land astinot

contribute to the overall flow regime. The method that was chosen to find these losses was the
SCS (Soil Conservation Service) Curve Number method.

Other theoretical methods include the Initial and Constant Loss method, Soil Moisture
Accountingand the Green and Ampt method. The SCS Curve Number method is a widely
accepted method when looking at a single storm event such as this analysis. This method is also
able to represent a wide variety of situations, especially surrounding large aredsrefsin

such as basic watershed analyg@sirdue University Research Foundation 2004)

There were certain reasons that the other methods were not utilized in determining the runoff
characteristics of the watershed. For instanwhen applying the Green and Ampt method,
there is an important assumption made in that for a given watershed, the soil is primarily dry.
This method was not used due to the upstream conditions of Lake Sabbatia and the fact that
the site location was witin New England, a geographical area with varied weather conditions.
(Alan A. Smith Inc. 200Anotherpopular runoffmethod that was deemed unfeasible was the
Initial and Constant method. For this method, the continual lossaated with the system

only ended up occurring when the system was already saturated. This would require a more
specific piece of information on the watershed than was available. This piece of information
was the constant rate at which the rainfall isiahroughout the watershed after the soil is
totally saturated. This was unavailable due to fact that extremely accurate soil data was
needed. It is for these reasons that the SCS Curve Number method was used for the runoff loss.
(Texas University Research Foundation 2001)

When applying this method to the HEG®AS program, there are three key pieces of information
are needed for input in order for the program to run effectively. They include the determined
Curve Number (CN), tial Abstraction, and the Percentage of Impervious Area. For this
theoretical method, it can be assumed that the initial loss coefficient is 0.1 for developed land
and 0.2 for undeveloped lan@gA. Osman Akan 200Bpr the MillRiver Watershed, a value of
0.15was usedThe reason by which this value was used is that the ratio of developed land to
undeveloped land was relatively equal throughout the watershed.

The first piece of information, the CN valokthe entire watershedwas needed. Due to the
many different types of soil and different land uses, a certain technique to obtain a weighted
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value of the entire area was used. This value is calculated by incorporating the soil type and
land use throughout the entire watershed.

In order to represent the entire watershed effectively, a weighted CN value needed to be

determined. The first step was to determine a CN value for each land usage. The land uses were
applied as close as possible to the given land usegyurel9. The soil type associated with a

land use was coupled with the land use to obtain a CN value for a certain land use within the
watershed. The weighted CN value for the entire watershed could now be determined by

applying an equationtht ¢ 2dzf R LINRPLER2NIA2ylff& AyaS3aINFXraGS St

60; 0; + 60, 0, +...00; 0

OUg i an = 5
046}

Where:

CNyatershed= CN value for entire watershed
CN,CN CN, = CN values for various land uses
A1, A A= Total areas for respective land uses

Aot = Totalarea of incorporated land uses

Chapter 9 Hydrologic Soil-Cover Complexes Paroan

National Engineering Handbook

Table 9-5
—

Runoff curve numbers for urban areas

Cover description
cover tzpe and hydrdogic condition

Avergepercent

--CN for hydrologic zoil gmup --
imperviousarea & A B c D

Fully developed urban areas (vegetation established)

Open space (lawns, parks, golf courses, cemeteries, ete.) &

Poor condition (grass cover < 50%) 68 ] 5 =0
Fair condition (grass cover 50% to 75%) 40 [y ™ 84
Good condition (grass cover > 75%) 2 [} ™ 0
Impervious areas:
Paved parking lots, roofs, driveways, etc.
(excluding right-of-way) ] ] @€ @
Streets and roads:
Paved: curbs and storm sewers (excluding right-of-way) = @« @8 @«
Paved: open ditches (including right-of-way) i3 80 €® @«
Gravel (including right-of-way) 6 =53 - a1
Dirt (including right-of-way) = 2 87 =
Westem desert urban areas:
Natural desert landscaping (pervious areas only) 4 a3 iy &5 =
Artificial desert landscaping (impervious weed barrier,
desert shrub with 1- to 2-inch sand or gravel mulch
and basin borders) @* @28 @ %
Urban districts:
Commercial and business = - 2 e 6
Industrial 2 81 88 a1 G
Residential districts by average lot size:
V8 acre or less (town houses) i3] — =5 @0 €x
V4acre a8 1 () = 87
L3acre a0 7 2 81 5
V2acre 5 e ad =il 4]
lacre 20 1 68 il 84
2acres 2 40 €5 ™ 82
Developing urban areas
Newly graded areas (pervious areas only, no vegetation) v 85 a1 a4

¥ Average runoff condition, and I, = 028,
Y Theare shown was used to d
, imp

Oth as follows: imp
AN g and;uﬂ u2 amas are coreidered equivalent to open pace in

o thaseaf [pn »c posite CNs mnyk-e P cther comb ype
¥ Composie CNsfo b 9.3 or8—{ bazed o lh—lm;crn reapercentage
(CN=58) and the pervious area CN 'n. & pervious ama CNs. an‘.msumo]oq uivalent to desert shrubin poor hydrologic condition.

Figurel19. CN Values(National Resource Conservation Service 2004
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In order to obtain the information on
the soil and land use of the Mill River
Watershed, Mass GIS data layers were
needed. For a reference point, layers
such as sub basin areas and town
boundaries were downloaded and
uploaded onto ArcGIS v. 9. Figurel8)

Once the watershed was located, land
use and soil type data layers were
transposed over the watershed and
were clipped to determine the land use
and soil types within the Mill River
Watershed Appendix Alllustrates the
land use within the watershed and
AppendixAillustrates the soil types
throughout the watershed.

Thesedata layers were all found within
the Mass GIS websit@Massachusetts
Geographical Information System 2007)
Due to the complexity of the process for
analyzing data within the ArcGIS
program, the attributes associated with
these new layers were exported into
Microsoft Excel 2007 where the data
could then be examined in a workable



fashion.Percentage of land usage within the watershed were determined by calculating the
amount of land area taken up by each respective land use.

The next step in the process for finding the CN value was to take the data acquired from the GIS
process and transfer it to da that can be compared to similar land uses and soil types to
determine CN value$-{gurel9). The land uses that were found from the GIS data layers were
matched as best as possible with similar land uses fraarel9. To determine what soil type

each landuse wasthe soils data layers were cut and joined to fit within the watershed

boundary (USDA Soil Conservatigarvice, 2004)Figure20 below shows a pie chart that

related the different land uses within the Mill River Watershed as well as the aatealfar

each land use in acres.

Area (Acres) | Land Use
505.18 Cropland
430.23 Pasture
20504.76 Forest
685.49 Wetland
67.05 Mining
551.10 Open Land
Participation
51.56 Recreation
Water Based
4.82 Recreation
215.01 Residential
137.72 Residential
2306.06 Residential
3105.17 Residential
84.63 Commercial
370.19 Industrial
406.28 Urban Open
402.53 Transportation
5.83 Waste Disposal
765.27 Water
271.35 Woody Perenial

Land Usage Within Mill River
Watershed

m Cropland

m Pasture

m Forest

m Wetland

® Mining

m Open Land

m Participation Recreatior
m Water Based Recreatiol
m Residential

H Residential

m Residential

1 Residential

m Commercial

m Industrial
Urban Open

H Transportation

Figure20. Division of Land Use.

Due to the nature of the watershed, some of the land uses were
simplified and condensed to ensure that the CN values could be
represented effectively over the watershed. All residentis¢s were
combined into one total area and allocated as 1/3 acre lots. This was due
to the fact that data on the size of residential lots throughout the
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watershed could not be specifically determined. Therefore, the lot size was set at an average lot
size.Another way the data was altered to determine CN values was to combine woody
perennial and forest uses. Incorporating these two into the forest land allowed for the woody
perennial land to be represented, rather than totally omitting it.

It was determired that the soil type to be used for the hydrologic analysis within the Mill River
Watershed was all Type C soil. By using ArcGIS, there was a substantial area within the
watershed where the actual soil types were in fact determined. However, the natuhesof
incomplete data lied in concentrated areas. Due to this, accurate data reflective of the
watershed could not be obtained.

Due to this, the soil characteristics wazensideed on a much broader scale. In terms of the
watershed overall, Lake Sabbalies within asizeablesection of the watershed. There are also
various locations of wetland areas that lie along the forested areas. Also, the slope of the
watershed is relatively small, at approximately 1%. From the basic layout of the Mill River
watershed, it was deduced that the water table has the opportunity of being quite high. The
Hydrologic Soil Group (HSG) is not solely based on the makeup of the soil, but also on other
factors such as water table elevation and saturation rates. In understathisglea,

regardless of what exactly the soil consists of, it was applied to distinguishing between soil
types.(National Resource Conservation Service 200#) soil type that best represented the
watershed as a whole was tygesoil, with a CN value of 73.9%ble @below illustrates the

difference in weighted CN values from type B soil and Type C soil. As you can see, the difference
in CN value isubstantialdue to the range of values available. It should also be notedttieat

G/ b £Ffdz2S 6. 0k0/ 0¢é NBLINBaSyita GKS LRNIAZ2Yy 27
land use.
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Table6. Weighted CN Value Determination

% AREA CN SOIL TYPE CN Value(B) CN Soil Type ON Value(C)
Cropland 2% 72 B 1.44 79 1.58
Pasture 1% 61 B 0.61 74 0.74
Forest 66% 60 B 39.6 73 48.18
Wetland 2% 58 B 1.16 85 1.7
Mining 0% B - - -
Open Land 2% 69 B 1.38 79 1.58
Partlmpgtlon 0% B _ _ )
Recreation
Water Based 0% B ) : :
Receation
Residential 18% 72 B 12.96 81 14.58
Commercial 0% B - - -
Industrial 1% 88 B 0.88 91 0.91
Urban Open 1% 69 B 0.69 79 0.79
Transportation 1% 98 B 0.98 98 0.98
Waste Disposal 0% B - - -
Water 2% B - - -
WoodyPerennial 1% 60 B 0.6 73 0.73

97% / 62.16 73.99

Weighted CN value for .

Type B Soil Weighted CN value for Type C §

Once the weighted CN value of the watershed was determined, the next piece of information
needal was the initial abstraction, or the loss associated prior to runoff beginning. For our case,
NARIS 5 Y
YSSRSR T2NJ G4KS dHMSRwodldbe GomletegTheliritiilsiaction was
calculated by applying the weighted CN value of the watershedn&kieequation yields the
total potential abstraction of the watershed:

iKAaA

2dzit S

gl a

iKS az2NXeé&Qa
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By taking 20% of the value (8)Jan A. Smith Inc. 200ie initial absraction was determined
to be 0.703.

The last piece of information that was to establish the percent that was impervious throughout
the entire watershed. This was needed for input into HHIMS. Again, ArcGIS was used to
determine this numberAppendixA illustratesthe impervious area within the Mill River
Watershed. The percent impervious was estimated to be 10%.

The aspects of loss associated with the watershed that were needed for thélMBS@®rogram
were now available. These three pieces of informati@re then entered into the loss tab
associated with the basin characteristics of the watershed.

Transform Method

The next calculation was in determining the response time for the flow within the watershed to
reach a given site, which inourcaseisth e MB & Q& . NAR3IS 5FY aAGSd ¢ KA
known as the standard lag time. The standard lag time is needed to represent the flow intensity

at given times in the single storm event. This lag time was determined using the SCS Lag Time
Equation, expressean the equation below.

(S+ 1)0.?

19007

Trag= I°

Where:
Tiag= StandardLag time (hrs).
L = Hydraulic length of watershed (ft).
S = Maximum retention in the watershed in inches as defined by:

JR L I
Cw

Y = Watershed slope (%).
CN = SCS curve number for the watershed (determined ibab® Methodsection).

To determine the hydraulic length of the watershed, the ruler tool on ArcGIS was used. This

allowed us to find a length of approximately 77,257 feet. Once this was determined, the only

other unknown variable was Y. Thisvalue istife €dzt I 0 A2y 2F GKS &I G§SNBKS
was determined by taking the elevation change over a known length that appropriately

exemplified the watershed. These values were then calculated to determine the slope. A slope

of 0.07% was calculated. A facbof safety was included, which increased the slope variable to

become 1%This was done to ensure that the overall slope of the watershed was within the

calculated percentage, as well as allowing for steep areas within the watershed to be accounted

for.
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By applying information obtained in the previous paragrapfywas determined to be 12.29
hours. This value was entered into the HEK2S software.

Base Flow Considerations

The MIl River Watershed model, which will be run in HHE@S, will not incorpora a base flow

condition. There are two main reasons for this. The first reason is for simplicity to simplify the
HEGHMS program. The second reason is in the nature of the watershed. Upstream of the
a2NBe&Qa . NAR3IS 5F Y aAdS zre siakcSn the seiise that D&flowd O G S NA
entering Lake Sabbatia is minimg@haw 1994)

3.1.3 Meteorological Characteristics

At this point, the physical characteristics of the Mill River Watershed had been analyzed

effectively. Onceth@ | 1 SNEKSRQa LIKe&aAOlrf OKFNIXOGSNRAGAOA
meteorological traits then needed to be determined. It should be noted that the physical
components of the watershed are not dependent on the meteorological data needed for the
hydrologic analysi

Precipitation Characteristics
Table7. Probable Maximum Precipitation values for Southeastern MA

There are a few different methods

PMP Erom HMR51. by which the HEEIMS program
accounts for the precipitation

AREA DURATION characteristics of a storm event.
These methods include the

6- standards project storm method,

(SQ. ML) | HR | 12-HR| 24-HR 48HR | 72-HR | the SCS hypothetical storm
method, the useispecified

10 25 |29 32 36 38 hyetograph method, and the
frequency storm methodThe

200 17 205 | 235 27 28.2 | frequency storm method was
chosen due to the fact that the

1000 12 1155 195 23 23.5 design flow called for a 10@ear

5000 |75 |11 |14 175 |185 | PMF,andthe frequencstorm
method includes an exceadce

10000 58 |91 12 15 16.1 probabilitywhich the group could
utilize. (United States Army Corps

20000 |42 |7.2 |99 131 | 14.1 | of Engineers 1994)iso, the
weighted CN value was needed as

part of the input. These pieces of informatitmom the frequency sirm method better
exemplifies the characteristics of the Mill River Watershed.

Along with the watershed coordinates, data from the Hydrometeorological Report No. 51 was

needed to produce an input that determined the maximum precipitation ante for a single

storm event. The data from this report consisted of isopluvial maps that estimate the probable
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maximum precipitation (PMP) in inches that would fall within a certain area over a certain time
period. The precipitation amounts were estimdtéom the graphsn Appendix EThe values

that were determined to be suitable for southeastern Massachusetts are listed in the Table
below.

The next step was to enter certain pieces of information into the HMR52 program such that
rainfall amounts from tk probable maximum storm could be determined. The two key pieces
of information that were input into the program were the data from the HMR51 and the
coordinates of the watershed that were determined.

Another piece of information that was needed for theogram to successfully run was what the

dG2NY FNBlI ¢2dfd R 6Sod Ly (KA& OFrasSszs o06SOIdzasS 68

total drainage area of the watershed (44.3)nivas usedAppendixA shows the data that was
entered for the program to suessfully run.

In order to use the program efficiently, The United States Army Corps of Engineers created a
basic tutorial that explains the basic steps to run the program succes#pihendix F presents
the tutorial in depth.

The output data consistedf the precipitation amounts over a three day period for every six
hours. This data can be seen in the latection of Appendix AThe data generated from this
program was then inserted into the precipitaticharacteristics HEBMS. Because a three day
storm with six hour intervals could not be entered into the precipitation table in-HES, the

data up until a two day storm was used. This limitation was determined to not be an issue due
to the fact that the dramatic increase in rainfall occurred prioR#00 on the second day of

the storm. Therefore, total rainfall accumulation on the last day (day three) was no more than
two inches, with the accumulation occurring at a steady rate. This enabled the values up
through day two to be sufficient.

Hydrologic Engineering Center-Hydrological Modeling System (HEGHMS)

The analysis was performed using tHEGHMS v. 3.1.0which had been discussed in previous
sections. Figure2lillustrates the interface layout of the program.

Figure21l. HEGHMS Layout
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The peces of information determined for the program to run both successfully and sufficiently
were entered. Proper data of the basin characteristics and the nature of the basins
meteorology were determined for such inpuiigure 22andFigure 23elow list theinput data

for the basin characteristics in tab format, as it appears within the program.

| & Subbasin| Less | Transform | options|

Basin Name: Mill River Watershed
Element Name: Mill River Watershed

Initial Abstraction (IN) | 0.7 Observed Flow: |--More-- O
Curve Number: | 74 Observed Stage: | —None— B
Imperviaus (%) | 10 Elev-Discharge: | —MNore-— iz

&» Subbasin | Loss | Transform | Options| REREkmGES)

: Ref Label:

Basin Name: Mill River Watershed
Element Name: Mill River Watershed

Basin Name: Mill River Watershed = e
Element Name: Mill River Watershed JM]@: Transform | Options |

Mill River Watershed ]
Downstream: |Marey's bridge dam B:

Area (MI2) | 43.5 | Standard Lag (HR) | 12.29
Loss Method: | SCS Curve Number EII Peaking Coefficient: | 0.2
Transform Method: | Snyder Unit Hydrograph B
Baseflow Method: | --MNone-- E]

Bescriptiort: Basin Name: Mill River Watershed

Element Name: Mill River Watershed

Figure22. Basin Characteristic Tabs

Precipitation |

Once this critical data was input into the HBMIS program,
the program model was run using alkticharacteristics
previously entered. The program required a control
specification for the model to run successfully. The HMR52
output data gave precipitation amounts over a 3 day period
with 6 hour intervals. These parameters were used to control

Name: 100-yr-Mill River-frq-storm
Probability: | 1 Percent
Output Type: | Annual Duration
Intensity Duration: | 6 Hours
Storm Duration: | 2 Days
Intensity Position: | S0 Percent
Storm Area (MI2)  44.0

(R

S Minutes (IN)

19 tmres g:; the Mill River watershed basin model, which were inserted
2 Hours (N) into HEGHMS under the control specification tab. The tab,
3 Hours (IN)

along with what
was inserted can

6 Hours (IN) | 0.32000
12 Hours {IN) | 0.72000
1 day {(IN) 1.9000

€3 control Specifications \

i Name: 3 day storm
2 Days (N) | 23.910 be seen in - Y
4 Days (IN) Fig ure24. Description:
i Start Date (ddMMMYYYY) | 01]an2008
10 Days (IN)

Start Time (HH:mm) 00:00
End Date {ddMMMYYYY) | 04]an2008
End Time (HH:mm) 00:00
Time Interval: |6 Hours E]

Figure23. Meteorological Characteristics Ta

Figure24. Control Specification
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3.1.4 Fish Passage Hydrology

The hydrologic approach for theshi passage was based on recommendations from Dick Quinn
Hydraulic Engineer for the U.S. Fish & Wildlife Sef@cenn, Intro to Fishway Hydrology &
HydraulicsFERC Fish Passage Training Course.2060@)hydrologic design tife fish way

differs from the design of the spillway significantly in that the flows of concern were only the
flows within the migration period of the target species, alewife. The main migration imient

April, but many individudish may pass earlier dater for unknown reasons, so the migration
period to be applied here was determined to be the months of April and May. This period was
extended by 10 days into March @&dune, to allow for individual fishat may pass early or

late. Datawerefound through the USGS website, under Massachusetts Surface Water Data
(United States Geologic Survey (USGS) 2007)

It was necessary to determine maximum, minimum andrage (dayo-day) flows to find a
hydraulicoperating rangdor the ladder. It was important to use as many years of stream
gauging data as possible to correcting flow patterns from year to year. The Wading River,
located in Norton, Massachusetts, is a neariverr of similar size to the Mill River in both
drainage lasin area and streamflow statistic¥Vading River flow dataas usedecause data
from the Mill River only went back only 6 years and the Wading River had 17 years of recorded
daily flow data.These maximum and minimum flows of operatiavere determinedthrough
statistical analysis of the last 17 years ofige data within the migration period. Considering
the 3 day window of passage, it is important that under extreme high or low flow conditions
that may occur within 120 years are taken into accounthese extreme conditions may
persist for an excess of 3 days. These flows may represent an unwsetajlgar (rain and
snow) or an unusually dry yeaif fish are not able to pass under these conditions, it could
result in a dramatic reduction in theopulation counts for the following years.

The operating flows were established based on the Wading River data frori20890 The
primary flow calculations were based on the month of April only. Then, these numbers were
compared to the entire period ahterest, March 10 through June 20 of each year 12007.

Establishing the averad®w conditions, which is a flowate that would be expected on an
average day in a season of typical temperatures and precipitatiwnlved calculating the
mean of themean daily flowdor March 20 June 10and the hghest median for April.

Establishing the maximum flowahich is a flowate that would be expected during a rainy or
snowy yearjnvolved calculating the annual mean flow and multiplying it byrBis vas a
recommendation of Mr. Quinn to get a basic maximum flow rate that was compared later on in
the analysis to actual daily flow data.

The minimum design flowsere determined by finding the 99% flow (8®ercentile) for the
latest month on record (May@6). Similar to the maximum flow procedure, the minimum
flow procedure started with establishing a low flowdathen comparing it to collectedaily
data. (Quinn 2007)

Since the fishwagnust be passable for individualtiigvithin three days of entering the passage,
the dailydatawere checked for periods where the minimum or maximum design flows were
exceeded for 3 or more dayd.his involved a process of elimination, where the first minimum
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or maximum flow was compare the daily data, and flows that exceeded the flow were
crossed out. A period of more than 3 days was counted as an impassable flow period, and the
number of these periods was counted. If the number of impassable events in the last 17 year
exceeded 3, th boundary value has to be changed to reflect these flg@sinn 2007)In this

way, the maximum and minimuftows were established, untilow values were reachesuch

that theywere not exceeded more than 3 time$ables showing USGS data and analysis of this
data can be found iAppendixA.

3.2 Hydraulic Analysis

The analysis for the nature of the flows travelling over the spillway were calculated using a
series of hydraulic equations fountbf the USACE hydraulic design manuag | y 3 Q &
Fundamentals of Engineering Hydrauliasd{ ( dzNDgeRd &hannel Hydraulic&low data used

to estimate high, low, and average design flows stems from the Hydrologic Analysis. The
approach for estimating thee flows involved statistical analysis of gage station data.
Estimation of the probable maximum flood incorporated the USACE HMR51 and HMR52
programs. Figure25 shows the steps that were taken to analyze the section hydrauyljcztter

the design flows were determindtirough the Wading Rer historical data and hydrologic
analysis First, hydrologic data was collected from the Wading River and compared to current
hydrologic data from the Mill River. Next, Google Earth wad ts@btain measurements of
0KS aAff wA@SNRAa fSy3aidK I y RatesdhahieKandifielsitdl OG S NR &
location.

The flow data from the hydrologic analysis and the dimension data from GoogleviEagh

used to starthe analysis.Thisdata was analyzed through a series of hydraulic equations

These equations are explainedTiable8® ¢KSAS Sljdzr GA2ya dal yyAyaQs
Number, and critical depth) were applied and compared to identify the flow profitae

channel. These equations were applied to all sections of the channel between the spillway and

the next dam downstream.

The spillway dimensions were found next to analyze the nature of thedtmmn the spillway.

This was based primarily on theservoir level that had to be maintained, and the flow volume

that was expected during high, low, and average flow conditions. The Spillway Equation was

F LILJX ASR KSNX: Fa ¢Sff Fa alyyAyaQa 9ljda GdAazys
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Using Wading River historical flow data for
estimating Qw, Quwg and Qign, and USACE

methodfor checking Qqn.

v

Use Google Earth to find length and averag

width of tailwater channel.

A

Determine the Froude number, normal and

critical depths, and flow profile of the tall

water under Quw, Qug and Qign.

/

.

Find head and spillway height
dimensions. Set spillway length and
slope.

y

aAAYy3 alyyAiAy3aQa S
water velocity and depth at toe.

Apply the energy balance
eqguation usimy tailwater
velocity and depths. Apply
this equation to
subsequent hydraulic jump
depths and velocities ( at
different channel widths).
Plot these equations and
interpret graphs.

¥

Apply force momentum balance
equation spillway toe velocities and

\

Compare to conditions

depthsto find subsequent hydraulic
depths.

A\ 4

for hydraulic jump from
momentum equation.

Figure25. Hydraulic Analysis Flowchart.
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To locate expeted changes in the flow profile between the toe of the spillway and the bridge
channel, a momentum balances was applied and the results were used to generate a graph for
the possible flow conditions as the flow entered the bridge channel (constrictibmk plot was
compared to another plot of the flow conditions as the flow exited the bridge channel
(expansion). This plot was generated using tail water flow values. These plots were compared
to predict flow conditions through the bridge channel.

Thefirst step in the hydraulic analysis was to segmérk S OKIl yy St 2F g GSNJ 6 S
Bridge dam and the next dam on the river into sections for analysis. This was necessary to

apply the correct hydraulic equations to each section to predict the flodilps at each

section. Next hydraulic design equations Sty
were applied. :

3.2.1 Spillway Hydraulics \ >

i i . te——Hydraulic Jum
The tailwater channel dimensions were — ’ o

measured using Google Earth. The length ~——Constriction Zone
and the width were used to model —
channel dimensions. The channel, =—Bridge Channel

though somewhat wding, was modeled =y
as a straight channel for simplification \ e+ Erpaision gais
LJdzN1LJ2 a Sa @ bSEUXZ alyyAy3aQa SidziuAz2y gl a
applied, Froude numbers were found,
and critical depths were identified in the
tail water channel. Equations used to ~ Tailwater Zone
calculate water depths, velocitiestce
are explained ifTable 7.

Dimensions closer to the site were Figure26. Hydraulic cross sections, plan view.

estimated based on plan drawings for thc

temporary cofferdam that was built on the site. The dimensions shown on the plans included
some elevations of the bridge and current cofferdam stmet the widths of the channel on

the head and tailvater sided of the bridge, and the distance between the coffer dam and the
bridge.

Next, the spillway velocities and depths were found. The spillway calculations were based on
the shape of the spillwaytrsicture. This particular spillway was modeled as a sharp crested
weir, or an ogee spillway. This means that the nappe of thevier travelling over the crest

of the spillway has a similar shape to free discharge over a sharp crested weir. IUssased

by Figure 27 A calculation to estimate the flows over this type of spillway was found in
Fundamentals of Hydraulic Engineerittgwang 1989)
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Figure27. Sharp crested Weir (a) and Ogee Spillway (b). (Hwe
Fundamentals of Hydraig Ergineering Systems 1989

establisled where the hydraulic jump can be expected to occur, and what depths and velocities

After velocities and depths were
established at the toe of thepdllway and

in the tailwater section, the hydraulic
jump section, and constriction/ expansion
sections were analyzed. First, it was
assumed that the hydraulic jump occurred
near the toe of the spillway, or between
the spillway and the bridge. The initend
subsequent depths of the jump were
found through application of a foree
momentum balance applied to the water
depths and velocities calculated at the toe
of the spillway. Next, the subsequent
depths were used in an energy balance to
determine possike flow conditions in the
channel passing under the bridge. This
channel occurs after the constriction. The
possible depths and velocities herere
plotted and compared to the possible
depths and velocities of the taitater
section, also plotted usinidpe energy
balance. Comparing these two plots

can be expected in the channel passing under the bridge.
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Table8. Hydraulic Equationsised in Analysis

EQUATION: PURPOSE: APPLIED TO: SOURCE:
al yyAy3aQa Sljdz GAzy Relates normal depth, flow Spillway (Hwang 1989)
rate, cross sectional area, )
Tailwater

149
- 2/ 3} 2
V== Y- ﬂ

and channel slope.

Critical depth

Finds the depth where
transition from sub @

All analyzed sections.

(Hwang 1989)

. 32 supercritical flow occurs.
Froude number Ratio between forces of All analyzed sections. (Hwang 1989)
6 velocity and gravity.
0= = Determines whether flow

is sub or superecritical.

Force/ Momentum Balance

Q= %Q 1+8¢ 1

Given initial depths, finds
subsequent depths
through hydraulic jumps.

Spillway toe, entering
constricted flow energy
balance.

(Hwang 1989)

Spillway Equation
6 = 6‘9[‘)”%

. ()
8o = 322+ 040 =
U

Relates spillway height,
shape, head, frictional
losses, andelocities to
find head at spillway crest.

Spillway crest.

(Hwang 1989)

Energy Equation

20zt @ G+ & & + 067

1+0

W=

Sum of energy in potential
and kinetic form. Also
takes head loss into
consideration.Used to
plot & compared bridge
channel conditions.

Constriction/ expasion
section.

(Foronda 2004)

Fishway Discharge Rating Equation

0= 60"(3'75&9'752 TO

Relates flowrate, passage
slope, baffle opening, and
headlosses due to baffles
throughout fishway
channelto establsh depth
at first baffle.

Fish passage channel.

(Odeh 2003)

3.2.2 Fish Passage Hydraulics

Hydraulic analysis in the fish passage section was similar to the hydraulic analysis of the
spillway. However, the passage was analyatetie target design flows, which were different
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than those specified for the spillway. This was because the fishway was designed for optimal
operation under migration period flows. The process for calculating desigrrélas and

depths for the fishwayvas based on the design that the fishway channel would essentially be
incorporated into the spillway, but separated by a wall.

Important areas of concern for the fish passage were the entrance conditionst welocity
and depths througlihe passagelannel, and exit conditions.

Under the flows that could be expected during the

™ migration period the velocities in the passage channel
were checked to make sure that the conditions were

| passable for the target species. To check the depth of

. water travelhg through the passage, dimensions and

flow rates were calculated using the flow discharge

equation developed by Mufeed Odeh in theurnal of

Hydraulic Engineerin@deh 2003) Incorporating the

i fish passage into the spilay by setting it in and

separating the fish passage channel from the spillway

Figure28. Example Fishway. (Maryland OK I YY St oe | { kafe talcddtidntv® h RS K Q:

Department of Natural Resources 2007) used to find the depths of water passing through the
channel. As flowates and water depths at the crest of

the spillvay can fluctuate, a graphical approach was used to approximate the water depths at

different flowrates. This approach was based on comparing velocities and depths possible for

a given flowrate to Froude numbers that were expectedthe exit channel. Appendix C

shows these plots of depths versus velocities for different flates, compared to Froude

numbers of 0.9 and 0.1. Since it was assumed that flows at the crest of the spillway

(immediately before the flow starts to accelerate down the spilljiayin a subcritical state,

depth and velocities near the intersection of the 0.9 Froude number plot were used in the

analysis. Since the baffles are incorporated into the fishway channel to decrease the velocity of

the flow, the depths through the fishwacan be expected to increase as the flow approaches

the entrance channel. This equation is showii able8.

The entrance jets were of concern because the velocity of the water exiting the fish passage
had to be greatertianthe velocity of the water discharge over the spillway. A target value for
this jet was set at greater than 5 fps. Thighvelocity jet is what attracts fish to pass through

the fish way channel, instead of continuing towards the dam. The flow condttiomgghout

the passage were important because the target species (alewife) is a swimming species, not a
jumping species. Therefore, the depth of the water passing over each of the baffles had to be
deep enaugh for the fish to swim The exit channel is sfyeam of the spillway structure. These
conditions had to be analyzed to find the flow conditions in the fish way channel.

Figure28h & 'y SEIFYLX S 2F ¢6KIG (GKS a2NBeQa . NAR3S
channel is labeled in the figure. $hs the area where the flow velocity must be high enough to
attract alewife towards the passage channel.
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The flow velocity travelling across the first bafffear the exit channelyill be the highest
velocity through the entire passage. This velociaswhecked and compared to velocities that
alewife were capable of swimming through. If this velocity teashigh for alewife to pass,
none would be able to pass through the fishwaifie targetvelocities for the passage were
between 35 feet per secon@Maine Department of Transportation 2004)

3.3 Structural Analysis

The structural design of the concrete gravity dam and the incorporation of the fish ladder were
based on the hydrologic and hydraulic analyses that were pagdrin previous sections. With

the determination of design flows and flow characteristios height of the dam was stated

and then thestructural analysisvasperformed.As stated in the background section, once the
required height of the dam was set, tldam type could be selected.

Dam Structure
Geometry, Loadings, Materisl Properties

i ) 1

e ¥ L}
Material Properties Losdings |
Concrete gravity | —Strength = 3500 psi

—

dam with triangular *| Loads |Lnadir|5 Combinations |

cross-section

MNormal weigth —:-| Dead Load
.| concrete with adensity - ALTh= Iﬂ'[l.?(DL +LL ]
Length = 100 o 150 b7 Hydrostatic

J|Base=3.0
Heigth =32.5'

T
Uk = Hf (L4DL +1.7LL)
{Earthquakelonds |
L o|{Us=0.75]Hf (1L 4(DL + LL) +1.5E)]|
BN

Figure29. StructuralAnalysisFlowchart A.

Since gravity concrete dams require a site where there is hard rock at or near the surface, the
depth of soft material above the rock should not exceedt2the rock should be able to

support 8 to 10 tons per square foot, and they are well suited where the length of the crest of
the dam is at least five times its maximum height, this type of dams is was a good choice for
a2NBeQa . NA RIS rdectYAQancréidSgsavity dein waks 2hgserlidver a roller
compacted concrete dam or an embankment dam mainly because of the characteristics of the
spillway, the future incorporation of a fish passage to the site, and the space needed for
construction proces. The spillway used in this project was an overflow spillway, which
produces nappe forces that act against the structure, affecting its stability. The weight of the
water flowing over the crest of the dam and the nappe forces are not resisted by embahkmen
dams as well as by concrete gravity dams. The functions and strengths of roller compacted
concrete gravity dams are similar to those of concrete gravity dams. However, concrete gravity
dams can be precast or cast in place while roller compacted condegtes can be only

constructed in the site. This option offers a benefit through the cost of construction. Roller
O2YLJI OGSR O2yONBGS RIYQa O2yaiNHz2GA2Yy YAIKI(
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construction, but it is usually used in big sites si@dmount of equipment and

transportation used for the construction of roller compacted concrete dam would not fit
comfortably in a small site like the one under consideration. Although precast materials often
can be less expensive, cast in place is uguakkd when the structures are relatively small. One
of the main advantages of precast materials, such as beams is that it accelerates the
construction process of a project. If the project involves a multistory building this would be a
good considerationhut since the concrete dam designed in this project was a very small
structure that requires a relatively short construction period, the cost difference between cast
in place and precast process is not relevant. These reasons made the gravity concréfe dam
most feasible solution for the design.

| Methods of Analysis e

- Dyrzmic Stress Analysis — <
Giravity Methind - Mininun Saety
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Figure30. StructuralAnalysisFlowchart B.

The structural desigfor the structure of the damwvas madeassuming that there was not a fish
ladder included. According to the hydraulicadysis results for the spillway design, the
downstream face of the dam needed to be sloped at 0.8%vBitch is still under the maximum
base/ height ratidimit of 1.0, stated by the Army Corp of Enginedraking into consideration

the site devations proided by the Coffer dam plan drawings showirigurel5on pagels,

the height of the strature had to be at least 3.5 ft to maintain an adequate depth for well
recharge, while minimizing the chanog&flooding septic systems surrounding the lakéhe

length of the dam for the design is considered to be 100 ft; this value is taken from the site plan
and taking the existing temporary coffer dam as a second reference. All these dimensions are
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involvedin the geometry of the damThe other important consideratioim the design was the
properties of the material, in this case concrete. Bos design,it was assumed normabeight
concrete with a density of 150 Ib&&nd strength of 350@siwould be ugd to construct the
dam

The overall design of the dam was based on the purpose of the structure, site characteristics,

FYR I RSOFATt SR K@RNREt23IAO Fylftearad ¢KS LizNLI
flow from the reservoir to the river. Hower, it also acts as a barrier in case éibad in the

area.The site and soil characteristics (abbreviated form can be found in the background

section) were the source of an overall view of the site and its surrounding areas. Through the

data collectim phase, the site plan of the existing conditions at the site was obtained, which

included a topographic survey made by PARE Corporation. The following figure is a

reproduction of this plan at a smaller scale (a bigger scale plan is included in the leckgro

section of the report).
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Figure31l. Coffer Dam plan view(Pare Corporation 2007)

This plan provided the spot elevations of the site. Some of the elevations used for the design
were the pool eleation, the top of the temporary coffer dam elevation, and the existing
elevation of the gravel section located between the temporary structure and the gatehouse.
According to Dick Quinn the aclyaool elevation, which is 58.9 feat 3.4 feet below the

normal pool elevation. However, the actual pool elevation was considered for the design. The
top of the coffer dam elevation was approximately 61.6 feet, while the elevation of the gravel
section was about 60 feet. The difference between the current podltha gravel section was
about 1 foot and the height of the coffer dam was about 3 feet. These values served as a guide
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for the height of the structure. This structure was designed with a height of 3.5 feet, which also
agreed with the required height frortine hydraulic analysis.

For the structural design @& dam,the mainissue is stability A detailed stability analysiwas
completedin order toensurethat the damwasstable and safd-or the structural analysis of
the dam, the structure stability, reforcement, and cracking on the base of the dam were
checked to assure that the structure was stable and met the requirements of the American
Concrete Institute Code (ACI) and Army Corp of Engineers design standards.

For the stability analysis of the datnwasnecessary to calculate all the loads acting on the
structure, and their different combinations for the design. Qs concrete gravity dam with an
overflow spillway, the loads actingere: Dead Load, which is considered the weight of the
structure,the hydro static pressure and forces, which are the loads that the reservoir and tail
water exerts on the structure, Uplift force, Nappe Force, which is a function of velocity and flow
rate of the water coming from the reservalownstream and Earthquak&oads, which are
base on the ground acceleration on the base of the dam. For the dead load of the structure, the
cross sectional are@asand multiplied by the concrete density. For the Hydrostatic Loads, the
pressure distributiorabout both faces of thelam wasconverted This results in the
correspanding hydrostatic forces. To find the hydrostatic pressthre Equation2 was usedIn
the reservoir case, this foragasacting orly inthe xaxis directionwhile downstream the
KERNRaGFGAO F2NOS FOGAy3a y2N¥IE (2 GKS RIYQa
For the calculation of the uplift force acting on the base of the dam, the procedure subjected by
the Army Corp of Engineers, article EM 1:PtP100 De 05was followed

A representation of all the forces acting on the structure under normal conditions is shown in
Figure32and Table includes all the equations used to calcul#teseloads.

_ Displaced Structure

» = Seismic inertia load
ws = Hydrodynamic load
»: = Hydrostatic load

w = Uplift load

—— F, =W x(SeismicCogfficient )
/= Structure weight '

2mm

—— Dam acting as rigid body

Ground Motion

Figure32. Forces acting on dam.
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Table9. Summary of Structural Equations.

Load Description| Equation

Dead Load

Equationl

DL=E%i*150b/d

Hydro Static Loag

Equation2

HsLoad=gv* H

Uplift Load

Ul=gnv*H1
U2=gnv*H2
Equation3

L2

U3=(1- eUl- Ud)*—=
1-9Uu ) 1+

+U4

Nappe Load

Equation4

F = rDQDV

Earthquake

Equation5

£=2 g H
g 2

After all these forces were calculated, the stability analysis of the structure could be started.

Forthe stability analys, the gravity Analysi Method using basic loadings was used, for which
the minimum sliding safety factor (SF) waansiderel to be 2.0. The Army Corps of Engineers

usesasliding safety factor of 1.6ut ACI code su@gts a value of 2.0 or greater. For the

purposes of this project, it was decided to be more conservative and use a safety factor of 2.0

or greater.

Gravity Method Analysis using Basic Loadings

The gravity method analysis using basic loadwasbased on all the loadings calculated

before. The sum of all moments divided by the sum of all vertical forces walttthe

resultant location of the force at the bag# the dam. In Table-2 of EM 111e2-2200 from

Army Corps of Engineers there are stability and stress criteria for the analybis.dase there

wasl Yy dzy dza dzl f

f2FRAY3 O2YyRAGAZ2Y S
means thathe resultant must remain within theniddle half of the base for overturning

g KSNB

G§KS NBa«

stability. The sliding factor of safety related to failure is the ratio between the shear strength
and the applied shear stress along the failure planes of the specimen; thessame as the

following equationfrom EM11162-2200 from Army Corp of Emggers.
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Equation6. Sliding Factor related to failure

_ Ntanf +cL
T

TheEquation 7 was user stability factor of safety was:

FS

Equation7. Sliding factor equation based on vertical and horizontal loads
_SFy*tan( +a)

SFx
2 KSNB " jI=491Z | YR

FS

And the thirdy, Equation 8 wagsed to checkhe sliding safety factor:

Equation8. Sliding factor equation based on hydrostatic and hydrodynamic loads
_ CA+(W- Ul tanF

FS
* Hs+Hd +(M)a
g

If the sliding factor of safety is 2db greater, the dam is stablé;not, other considerations
such as changing the dimensions of the dzewe to be aken

Figure29 andFigure30illustrate the approach involved in applying the hydrologic and
hydraulic considerations to the structural ansityand design.

Unfactored Loading

According to the Army Cps of Engineetghe stability analysis of hydraulic structures must be
performed using unfactored loads in accordance with EM 2101 Stability Analysis of Hydraulic
Structures. With these unfactored loads, the unfactored moments and sloeatd be founcat

the most critical sections of the structure. These unfactored loads are then multiplied by load
factors and hydraulic factors to determine the required nominal strength of the section. The
required minimum design strength shall resist the dead loads i@addads acting on the
structure. hthis case theywere the weight of the structure and the nappe forces respectively.
The hydraulic factowasused for the determination of the required design strength for all axial
load combinations and shears and mamt® combination. The difference between the

hydraulic factored ultimate shear force and the shear strength provided by the concrete would
give the excess shear, for which the shear reinforcement should be designed.

The design shear for reinforcement is Whjch is given by the following equation:

Equation9

<> Vuh- 1L3F Ve
F

Vv
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For the loading combinations we combined dead load and live load using the single load factor
of 1.7 for both, as shown below

Equation10
Uh=Hf[ 1.7(DL +LL) ]

Here Hf is the hydraulic factor considered to be 1.3 and Uh is the factored load for the hydraulic
structure.

For hydraulic structure where earthquake loads are present, this equation becomes

Equationll

U = Hf (0.75J¢)

The other loading combination equation is using more than one load factor, in this case we use
a load factor of 1.4 for dead load and a load factor of 1.7 for live load. The Hydraulic factor is
also included in this ecation.

Equation12

UK = Hf (1.4DL +1.7LL)

The fourth loading equation is considered for operational basis earthquake, and is:

Equation13

Ue=0.75Hf (1.4(DL + LL) +1.5E)]

3.3.1 Reinforcement Design for the Structure

The design for reinforcement was based 8i€1 318 code for building structures, and ACI 350
code for environmental engineering structures. However, the specifications of ACI 350 include
the ACI 318 reinforcement specifications. This is the reason why theeéerence to both

sections of the ACI manuals.

ASTM Grade 60 Reinforcemdat the structure was assumedvhich has yield strength of 60

ksi. Considering temperature changes and shrinkage, themam reinforcement for walls y &

thick or lesss 0.00A5Ag, but not less than ¥z or more than 2/3 of the total quantity of

reinforcement should be placed in any one face.

C2NJ ONI Ol Ay3ax (GKS NBIJjdzANBR I NBII 2F aaGaSSt Aa 7
the minimum bar size and spacing is #6 a Mmmcénte2 To design reinforcement for maximum

tension, the recommendations by Army Csmpf Engineers, EM 111092104,Aug 2003vere

followedd ¢ KSaS I NBY GF2N) aAy3Ite NBAYF2NOSR Tt SEc
combined flexure and compiéed A S F EALFf t2FR ¢6KSy GKS FEAIFf f
GKS aYlFLfttSNI2F nodmp FQOF!3 2Nl uvstoéd ¢KS NI GA?2
following requirements:

wSO2YYSYRSR [AYAG I' nodoup 0
Maximum permitted upper limit not requiring spe€ia & 0 dzZR& 2NJ Ay @Said A3l A2y
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Maximum permitted upper limit when excessive deflections are not predicted when using the
YSGK2R &LISOAFASR Ay !'/ L omy A& nodpn 0

For thereinforcement design, we used ultimate moment at the structure &odiation 14

Figure33 represents the shear
distribution throughout the beam.

This &ear diagram for the beans

L=100" using unfactored load combinations
B=3"  and itshows the maximum shear at the

VU two ends of the span and at midspan

I\I\ﬁ which is very low
I Vu=Wu*L%/8 _ _
The ultimate moment is found by the
L2 '\31\11 following equation:

Equation14

Figure33. Shear diagram.
WU
8

With this value, theotal area of steel needed for the structummuld be foundusingEquation

15. However, the reinforcement of a concrete gravity dam is divided into horizontal and vertical
reinforcement and its design is considering the structure as a wall. The minimum vertical and
horizontal reinforcement ratios can be written terms of the maximum spacing between the
reinforcement bars. According to ACI code sections 14.3.2 and 14.3.3 the maximum horizontal
and vertical reinforcement spacingsi$) = Av/(0.0012) for horizontal reinforcement and

s(v) = Ah/(0.0020) for vertical reinforcement.

Mu

The required minimum areas are 0.0012 Ag and 0.0020 Ag for vertical and horizontal
reinforcement respectively. The reinforcement bars can be chosen Trainte 10.

Equation15
Mu
S= T
7*1y*jd  where f =0.9, fy = 60ksi jd =2.8

This area of steel is used to find the size and number of the steel bars to be used in the
structure. For this steprable 9 was used.
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Table10. Areas, Weights, and Dimensions of Reinforcing Bars

Bar sizalesignation Ng Grades| Weight (Ib/ft) | Diameter(in)| Crosssectional Area (in?
3 40,60 | 0.376 0.375 0.11
8 60,75 | 2.67 1.000 0.79
9 60,75 | 3.40 1.128 1.00
10 60,75 |4.30 1.270 1.27
11 60,75 |5.31 1.410 1.56

Cracking Considerations

Crack length and width vealso checked for the stability analysis, part of these calculations
were done in the gravity method analysiswiisimportant to know that when the crack size is
0.2* Height of the structure, the maximum moment can occurs and the structure could suffer
an overturning moment, which would also affect the stability of the structure.

3.3.2 Fish Ladder Analysis

The steps for the stability analysis of the fish ladder were the same as the one used for the
dam; the only difference were the loads acting on the fisld&xdInthis analysisthe fish

ladder was considered to keconcrete channel with a length of 12 ft and a height (exterior
walls) of 5 ft. according to the hydraulic design, beght of the pool had to be f. One end of
the structure will be locatedt the top of the dam and it will expand 12 ft at a slope of 6 to 1.
However, this structure was analyzed individually from the dam.

W (m) b (m) ¢ (m) ¢(m)  Bafflespacing (S) (m) The fish ladder structure was designed

1.22 0.71 0.61 0.30 0.762 AYRSLISYyRSyife FTNRY (KS
1.07 0.61 0.53 0.27 0.71 structure The fish ladder was not found

0.91 0.53 0.46 0.23 0.61 on the baseof the channel, it spans

0.76 0.44 0.38 0.10 0.56 from the dam, much like a ramp.hig

0.61 0.36 0.30 0.15 0.41 would influence the cost of the

structuresince there is less concrete
used for the walls without affecting the
safety of the structureAn example of a
similar structure is shown iRigure35.

0.46 0.35 0.30 0.15 0.30
Note: W, b=7/12 W; ¢=1/2 W- ¢'=1/4 W- and baffle spacing S=2/3 W
are shown in Fig. 16-b. Values herein were based on baffle design

recommended by committee on fish passes (19420.
Figure34. Denil Fishway Dimension and Horizon®@éffle (Spacing 1 he concrete channel has wosnlslats,

for Various Fishway Widths). (ASCE 2003) which are supported by steel plates
connected to the walls of the channel.
These wood slats were not designed in this project. However, the force transferred from them
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to the plates and the to the concrete walls should be considered in further analysis of the
structure. The connections should be also considered in this design.

For the reinforcement design, we separated the channel in three sections, the two exterior
walls and the bottom ofhe channel, and then found the area of steel needed for each section.
The figure below shows the basic characteristics of our channel. The process is the same used
for the dam.

—
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R};mi, Velocity
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Flow M ‘ \ . N/
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! hy 45%40 YR

Exit Channel

(c) Horizontal Entrance

. Spacing Channel
Figure36. Basic Denil fishway design elemen{Qdeh, Discharge Figure35. Example Fishway. (Maryland
Rating Equation and Hydraulic Characteristics of Standard Denil Department of Natural Resources 2007)

Fishways 2003)

3.4 Cost Analysis

The cost analysis for this project involved general raaquants costs, site construction costs,
concrete costs and reinforcement costs. The general requirements costs included the overhead
and profit, which according to the RS Means 2007 manual for heavy construction is 25 percent
of the total quantity costs. $eduling cost is about 1 percent of these costs while cost control
represents 0.08 percent of this total; these values are also from the RS Means 2007 manual for
heavy construction. All the costs used in our cost estimate were obtained from this manual.
However, the final cost of each element included in our cost estimate depended on the number
of units, such as days, hours, weeks, linear foot, and cubic yards, for each of them. The number
of units was estimated according to the type and size of constmcBome elements sucs
temporary fencing and sigmsimber of units were estimated according to the size of the site.
¢KS a0NHzOGdzNF £ St SYSyida adzOK a O2yONBGS FyR
design and requirements. The cost of eadment included in the analysis was fouoyl

multiplying the cost per unit of the specific element by the number of units of the same

element.

After allthe numbers of units or quantities were established, an excel spreadsheet including all
these elemets, their costs per unit and the number of units, was created. This spreadsheet
facilitated the calculation of the total cost of the project including the general requirement
costs of the project.
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The cost analysis included two structures, the dam andiditeladder.The analysis was used to
show the price difference of constructing only one of the elements at a time.

3.5 Summary of Methods

The methodology presented the approach of the project. It was important that the hydrologic
analysis be completed firstecause the hydraulic and structural components of the project
depended on the high flow values estimated under the Probable Maximum Flood (PMF)
calculations.

The Hydrologic approach to estimate the PMF was based on the methods of the USACE and the
HMR51 and HMR52 reports. The approach for the fish passage hydrology was primarily based
on the presentations of DidRuinn, however the hydraulic approach for the channel

incorporated these presentations wiitudies focused on the swimming abilities otiéid

alewife. The hydrologic estimates for the required flowrates in the fishway channel were based
on statistical analysis of seasomald annual flow data collected through the USGS gauging
stations The spillway hydraulic approach was focused on tipdieadion of a series of related
hydraulic equations. These equations were found in hydraulic textbooks and applied to low

and high flows estimated through tHéSGS gage station data. The PMF flow was analyzed with
the hydraulic equations to find wateselocity, and depth information critical for structural

analysis and design. The structural method was based on design codes, ACI codes design codes
for environmental engineering and structures (ACI 350) and the USACE design standards for
gravity dams. Tk analysis incorporated the results of the hydraulic analysis and the spatial

limits of the site. A cost estimate was completed to compare the costs of building both the fish
passage and dam at the same time, or building one before the offiee. next bapter

presents the calculations and results of the project.
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4 Results & Analysis

Following the approach presented in the Methodology chapter, the preliminary results of the
analysis are presented in this chapter. An overflow spillway was designed fotetihased on

a combination of background information collected on the site and analysis through the
methodology of the design approach. Locating the dam was the first and most important step

in the design. It was critical that the dam be in a locaticat tiad the potential to allow room

for both the fishway channel and for the PMF flows that were calculated through the hydrologic
analysis. The PMF flow data used to calculate safety factors for the dam was the priority design
information. Flows estimatéfor the fishway analysis were important to the design, but
secondary to the overall design where public safety was the most important aspect.

The results presented in this chapter include hydrologic analysis, hydraulic analysis, and
structural analys. A plan view and elevations are presented in section 4.5 and shdvigure

54. The resulting dam was sited at the maximum distance from the gatehouse that was
allowed by the existing coffer dam, approximately 25 feet fréwa bridge. Although this

location mayconstrictto construction activities, it offered the best area for overflenlumes

over the spillway, and adequate room to site the fishway channel on the east side of the dam.

The fishway channel was designed todet 1.5 feet into the dam, allowing adequate depths of
water to travel over the first baffle in the spillway, even under low flow conditions. The
fishway, in turn, was also designed to withstand the forces of flood waters in the event of the
PMF.

Sine the fishway and dam were considered to the two separate structures that were
incorporated through this design, cost estimates were completed comparing the construction
costs of installing both structures simultaneously, or completing one and then canglbe
second at a later time. It was found to be most cost effective to construct both structures at
the same time. According to estimates, this would save approximately $ 86,500.

4.1 Hydrologic Analysis

HEGHMS Output Data

Once the model was run, proddR G KSNBE G6SNB y2 AdadzSa gAGK AyO
{dzYYI NE ¢l o0fS¢ 41 a& LINPRAdZOSR® ¢KA& GlofS ftAaGS
conditions. The Global Summary Table also lists the time at which this peak discharge took

place throughoutthe simulated storm Figure37 captures this information.

This information, primarily the peak flow that results from this analysis, can now be utilized in
the hydraulic and structural analysis and design. As shown below, tigoiak flow
determined by the HEEIMS software was calculated to be 6,211 cfs.
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Start of Run:
End of Run:

Project: Mill River Watershed

01)an2008, 00:00
04)an2008, 00:00
Compute Time: 20Dec2007, 05:12:12

3 Global Summary Results for Run “Run 1"

Basin Maodel:
Meteorologic Model:
Control Specifications: 3 day storm

Sirnulation Run: Run 1

=lE]X]

Mill River Watershed
100-yr-Mill River-frg-storm

Volume Units: (@) TN () ACFT
Hydrologic | Drainage A... | Peak Disch... |  Time of Peak Yolume
Element (MI2) (CFS) (IN)
Mill River ... 43.5 6210.9 03Jan2008, 06:00 10.52
Morey's b... 435 _6210.9 |031an2008, 06:00 | 1052

= Summary Results for Subbasin "Mill River Watershed" ol[=/E3)

Project : Mill River Watershed Simulation Run : Run 1 Subbasin: Mill River Watershed
Startof Run @ 01Jan2008, 00:00

End of Run : 04]an2008, 00:00
Compute Time : 20Dec2007, 05:12:12

Basin Model : Mill River Watershed
Meteorologic Model :  100-yr-Mill River-frg-storm
Control Specifications : 3 day storm

Yolume Units : (@) IN AC-FT

Computed Results

Peak Discharge :  6210.9 (CFS)  Date/Time of Peak Discharge : 03]an2008, 06:00

Total Precipitation : 23,12 (IN) Total Direct Runoff : 10.52 (IN)
Total Loss : 3.36 (IN) Total Baseflow : 0.00 {IN)
Total Excess : 19.76 {(IN) Discharge : 10.52 (IN)

Figure37. Global Summary Table

By running the HEEIMS model, a unit hydrograph was produced that represents the flow
patterns associated throughout the Probable Maximum Storm. (PMS) The figure below
illustrates the maximum flow associated with the Probable Maximum Storm.
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Figure38. Mill River Watershed Runoff Hydrograph at Morey's Bridge DEanPMS

The hydrograph shows that the peak discharge for the PMS over the Mill RiversiA&te

occurs at approximately 06:00 on day 3 of the storm. Initially, the peak flow is increasing at a
steady rate due to the fact that less and less rainfall is retained by the watershed. Upon
reaching its first peak at 18:00 on Day 1, it can be seentlieaé is a slight decrease as the

storm enters day 2. One possible reason for this is that the storm intensity decreased slightly. If
the intensity had stayed the same or decreased, the peak flow would have continued to stay
the same for a longer period time, and decreased as the storm was ending. However, due to
the dramatic increase in rainfall on Day 2, the flow again began to increase. Once the intensity
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and less rainfall for the watershed to retain.
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This flow is a reasonable value in terms of designing for a Probable Maximum Flow (PMF).
Historical data of the nearby Wading River, which has similar characteristics, does not have a
daily maximum flow abov2,000. However, compared to other historical floods along other
gauged stations, this value is relatively IdvMgure39 below illustrates the historical maximum

flow conditions along certain rivers in the northeastern Unitedé&aBy plotting these flow

values with respect to the drainage area, a maximum flow over a certain drainage area can be
estimated. The maximum flow of 6,211 cfs with the given drainage area that determined for
the Mill River Watershed by HEHMS is relatiely low. It was concluded that this value is
represented effectively given the historical data and the conditions represented throughout the
Mill River WatershedUnited States Geologic Survey (USGS) 2007)

Drainage
Area Discharge
Record Drainage Basin Location Date (mi®) (cfs)
1 Powdermilk Bank Westfield, MA 8/19/1855 25 5,740
2 Castile Run Riggle Farm, PA 6/15/1941 4.2 10,000
3 East Fork Honey Creek New Carlisle, OH 7/1/1918 6.7. 14,800
4 Annin Creek Turtlepoint, PA 7/18/1842 11.4 24,000
5 Salem River Woodstown, NJ 9/1/1840 14.6 22,000
6 Rock River Williamsville, VT ©/21/1938 42.6 27,200
7 Neversink River Claryville, NY 11/25/1850 865.6 23,400
8 Salmon Bank Granby, CT 8/18/1955 66.8 40,000
9 Naugatuck River Thonaston, CT 8/19/1955 101 53,400
10 Broadhead Creek Analomink, PA 8/18/1955 124 72,200
11 First Fork Sinnemahoning Creek, PA | 7/18/1942 - 245 80,000
12 Broadhead Creek Minisink Hills, PA 8/15/1955 259 68,800
13 Farmington River Colinsville, CT 8/19/1955 360 140,000
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Figure39. Drainage Area vs. Maximum Historical Flow:
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The subsequenthaximum flow that needed to be determined was the maximum flow in order
for the hydraulic design of the dam to function properly. Through historical maps, a flow of
2000 cfs was initially used when analyzing the dam hydraulically. Using historical daitdal
from a technical paper produced by the United
States Weather Bureau, frequency rainfall
amounts of the Taunton Watershed were input
into HEGHMS to determine what the peak flow at

Precipitation ‘

Name: 100-yr-Mill River-frq-storm

Probability:
Output Type:
Intensity Duration:
Storm Duration:
Intensity Position:
Storm Area (MI2)
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Figure40. Rainfall data from USWB TP 40 for Tauntc
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Figure4l. Maximum Flow Associated with Hydraulic Analysis
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rainfall data. This @a was entered rather than
taking the data obtained from the HMR52
software. When the model was executed, both the
basin characteristics and control specifications
remained the samerigure 4Ghows the rainfall

data entered into HEEIMS.

The model wasun in HEEGHMS and a summary
table and hydrograph was produced with the peak
flow being 2051 cfsrigure41 shows the summary
table of from the HEEIMS modelFigure42
illustrates the hydrograph producddom the
running the model. This flow of 2051 cfs is
reasonable when looking at historical data from
the Wading River gauge station. Analyzing the site

in terms of this maximum flowrate will ensure that
the dam will safely and effectively pass flows

undernormal high flow rates.
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