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Abstract  

This project includes a design for the rehabilitation of a small dam and incorporated fish 
passage.  It also investigates this design processes and elements that must come together for 
the design of a small dam with a fish passage channel.  Requiring analysis 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  

Dams have been a vital structure to society, erected for reasons of both energy production and 
flood protection.  Due to the large volumes of water that pass through river systems, large 
amounts of energy can be produced through hydroelectric power.  Large volumes of water can 
also create public safety hazards through flooding.  By creating a reservoir upstream with 
storage space, a dam enables society to protect communities along river systems against 
flooding, while harnessing the energy carried in the water to provide electricity to these 
communities.  

While dams are functional and important structures, they can also impact the environment 
negatively.  A major environmental impact of dams is the fact that they create a barrier to 
native anadromous fish species, who 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, dams were constructed with only the flood protection and energy 
production functions in mind, and without these types of ecological factors taken into 
consideration.  As a result, native anadromous populations have declined. Recent dam 
reconstruction projects have begun to take these kinds of environmental 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 provided by 
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 dams in Massachusetts were built during the industrial revolution and large communities 
have grown in the areas downstream of these dams. Massachusetts has 2,917 dams as of 2003, 
many of which are deemed unsafe by the Massachusetts Department of Conservation and 
Recreation. (Association of Dam Safety Officials 2007) These unsafe conditions create high risk 
situations where a flood caused by dam failure could destroy communities downstream. 

aƻǊŜȅΩǎ .ǊƛŘƎŜ Dam in Taunton, Massachusetts is an example of a dam currently in an unsafe 
condition with a large community downstream. Through recent dam inspection reports, it has 
been deemed to have a high hazard potential. (Massachusetts Department of Fish and Wildlife 
2007) This dam is also an obstruction to anadromous species.  Specifically, the anadromous 
alewife (a species of river herring) is prevented 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 location.  The project involved studying the hydrology of the area 
ǘƻ ƛŘŜƴǘƛŦȅ ǘƘŜ ǾƻƭǳƳŜ ƻŦ ǿŀǘŜǊ ǇŀǎǎƛƴƎ ǘƘǊƻǳƎƘ ǘƘŜ aƻǊŜȅΩǎ .ǊƛŘƎŜ 5ŀƳ ǎƛǘŜΣ ŀƴŘ ŘŜǎƛƎƴƛƴƎ ŀ 
dam that would provide adequate flood protection to downtown Taunton.  Through hydraulic 
and structural 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 making assumptions where 
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adequate information was not available, and creating a final design that incorporated the 
preliminary findings from each discipline.  The final design reached through this project was 
sufficient based on the information available; however more detailed information on the site 
would allow for further refinement of the design.  Areas where the design could benefit from 
further refinement were identified and discussed in the Conclusions and Recommendations 
section. 

1.1 Site Geography 

aƻǊŜȅΩǎ .ǊƛŘƎe Dam is located on the southern shore of Lake Sabbatia in the city of Taunton, 
.Ǌƛǎǘƻƭ /ƻǳƴǘȅΣ ƛƴ ǘƘŜ ǎǘŀǘŜ ƻŦ aŀǎǎŀŎƘǳǎŜǘǘǎΦ ¢ƘŜ ŘŀƳ ƛǎ ƛƴ ǘƘŜ ƭŀǘƛǘǳŘŜ ƻŦ пмɕ рсΩ лнΦсупέ b 
ŀƴŘ ƛƴ ǘƘŜ ƭƻƴƎƛǘǳŘŜ ƻŦ тмɕ лсΩ нуΦопуέ ² ƻƴ ǘƘŜ ¢ŀǳƴǘƻƴ ¦{D{ vǳŀŘǊŀƴƎƭŜΦ ¢ƘŜ ŘŀƳΩǎ ǎǇƛƭƭǿŀȅ 
ƛǎ ƭƻŎŀǘŜŘ ǳƴŘŜǊ aƻǊŜȅΩǎ .ǊƛŘƎŜΣ ǿƘƛŎƘ ǇŀǎǎŜǎ ǘǊŀŦŦƛŎ ŀƭƻƴƎ .ŀȅ {ǘΦ In terms of the implications 
due to its location, the site is a primary means of traffic flow from the city of Taunton to 
Interstate-495.  Figure 1 ƛƭƭǳǎǘǊŀǘŜǎ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ aƻǊŜȅΩǎ .ǊƛŘƎŜ 5ŀƳ ǎƛǘŜΣ ƭƻŎŀǘŜŘ 
upstream of Taunton, MA. 

 
Figure 1.  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 analysis and real world concerns into a final design 
product.  This project meets the capstone design requirements by finding a solution that meets 
the requirements of economic constraints, public safety constraints, environmental and 
hydraulic requirements of the site, and constructability issues.  



3 
 

By applying realistic engineering design considerations (economic, environmental, 
sustainability, ethical, health and safety, and social concerns), the resulting design was a 
solution that fit into the community as more 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 direct impact 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 studies.  This 
ensured that in the case of extreme conditions, the structure could prevent massive flooding of 
highly developed downtown areas.  This also applies to the social requirements of the project.  
Socially, it was very important to maintain the downtown area of Taunton, and make it a place 
where the population could feel safe downstream of the dam.  The structure was also designed 
to maintain a reservoir elevation (Lake Sabbatia) that would allow the local community to enjoy 
the lake recreationally.  

This project also fit the capstone requirements though a cost estimating model.  A cost 
estimating model was produced to find a price for the final design based on selected materials, 
size, and the amount of man-hours required to produce the design.  This section addresses 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 project were addressed through construction methods that would 
preserve the local ecosystem, and provide a dam that was both functional and welcomed by 
the local community.   
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2 Background  

A balanced and methodical design approach incorporates elements from many different areas.  
This section 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 remediating a degraded or destroyed 
ecosystem through active human intervention. The Society for Ecological Restoration (SER 
нллпύ ŘŜŦƛƴŜǎ ǘƘƛǎ ǘƻǇƛŎ ŀǎ άŀƴ ƛƴǘŜƴǘƛƻƴŀƭ ŀŎǘƛǾƛǘȅ ǘƘŀǘ ƛƴƛǘƛŀǘŜǎ ƻǊ ŀŎŎŜƭŜǊŀǘŜǎ ǘƘŜ ǊŜŎƻǾŜǊȅ ƻŦ 
an ecosystem with respect to its health, integrity, 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 of non-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 conservation 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 from the 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 extinction 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 strived on the sƛǘŜΦ ¢ƘŜ aƻǊŜȅΩǎ 
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 

Hydrological 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, and the manner of upstream 
flow contributions. Figure 2 shows how the water cycle proceeds in a systematic fashion. 
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Figure 2.  Basic Water Cycle. (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(1978), provided by the United States Department of Agriculture, 
Soil Conservation Service, in cooperation with Massachusetts Agricultural Experiment Station.   

For our project, sheets 12 and 13 of the maps section of this soil survey were used to identify 
the type of soil presented in the site.  According to this information Table 8-Building Site 
Development, Table 10-Construction Materials, Table 11-Water Management, Table 12-
Recreational Development, Table 13-Wildlife Habitat Potentials, Table 14- Engineering 
Properties and Classification, and Table 15-Physical and Chemical Properties of Soils were used. 
Highlights from these tables are shown in the following abbreviated tables.   

http://www.epa.gov/climatechange/effects/water/index.html
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Figure 3.  Types of Soil Presented in the site 

Table 1.  Portion of Table 8 of Bristol County Soil Survey, northern part 

Soil Name 

and 

Map Symbol 

Shallow 

Excavations 

Dwellings 
without 
Basements 

Dwellings 

with  

Basements 

Small 
Commercial 
Buildings 

Local Roads and 
Streets 

Lawns and 
Landscaping 

Hinckley-HfC Severe: small 
stones, cutbanks 
cave 

Moderate: 

slope 

Moderate: 

slope 

Severe: 

slope 

Moderate: 

slope 

Moderate: 

slope 

Medisaprists-MC Severe: small 
stones, cutbanks 
cave 

Moderate: 

slope 

Moderate: 

slope 

Severe: 

slope 

Moderate: 

slope 

Moderate: 

slope 

Windsor-WnA Severe: 

cutbanks cave 

Slight Slight slight Slight Severe: too 
sandy,droughty 

Windsor-WnB Severe: 

cutbanks cave 

Slight Slight Moderate: 

slope 

slight Severe: too 
sandy,droughty 
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Table 2.  Portion of Table 10 of Bristol County Soil Survey, northern part. 

Soil Name  

and 

Map Symbol 

Road fill Sand Gravel Topsoil 

Hinckley- 

HfA, HfB, HfC 

Good Good Good Poor: too sandy, 

Area reclaim 

Medisaprists- MC Fair: large stones. Good Good Poor: large stones, 

too sandy. 

Windsor-WnA, 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 

Map Symbol 

Pond reservoir 

areas 

Aquifer-fed 

excavated ponds 

Drainage Irrigation Terraces and 
diversions 

Grassed 
waterways 

Hinckley- 

HfA, HfB, HfC 

Slope, 

seepage 

No water Not needed Slope, droughty, 
fast intake 

Slope, too sandy Slope, 
droughty 

Windsor- 

WnA, WnB 

Seepage, slope No water Not needed Slope, droughty, 
fast intake 

Piping, slope, too 
sandy. 

Droughty, 
slope. 

Table 4.  Portion of Table 12 of Bristol County Soil Survey, northern part  

Soil name and map 
symbol 

Camp areas Picnic areas Playgrounds Paths and Trails Golf faiways 

Hinckley-HfC Moderate: slope Moderate: slope Moderate: slope Slight Moderate: slope 

Windsor- 

WnA, WnB 

Moderate: too sandy Moderate: too sandy Severe: too sandy Moderate: too sandy Severe: too sandy, 
droughty 

Table 5.  Portion of Table 13 of Bristol County Soil Survey, northern part 

Soil Name and 
map symbol 

Grain 
and 
seed 
crops 

Grasses 
and 
Legumes 

Wild 
herbaceous 
plants 

Hardwood 
trees 

Coniferous 

plants 

Wetland 
plants 

Shallow 
water 
areas 

Openland 

wildlife 

Woodland 

wildlife 

Wetland 
wildlife 

Hinckley- 

HfC 

Poor Poor Fair Poor  Poor Very 
poor 

Very 
poor 

Poor Poor Very 

poor 

Medisaprist- 

MC 

Poor Poor Fair Poor  Poor Very 
poor 

Very 
poor 

Poor Poor Very 

poor 

Windsor- 

WnA, WnB 

Poor Poor Fair Poor  Poor Very 
poor 

Very 
poor 

Poor Poor Very 

poor 
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2.4 Dams 

Dams are concrete or earth barriers built across a drainage course to impound water that 
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 are supported by 
foundations, which may be pervious or impervious depending on the type of dam used. 

2.4.1 Types of dams 

Once the required height of the dam has been set by the hydrologic and hydraulic analysis, the 
dam type can be selected. As mentioned before a dam can be 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, and concrete 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 dam a feasible selection for 
aƻǊŜȅΩǎ .ǊƛŘƎŜ 5ŀƳΩǎ ǊŜǎǘƻǊŀǘƛƻƴ ǇǊƻƧŜŎǘ 

2.5  Concrete Gravity Dams 

Gravity dams are classified as solid, hollow, overflow or non-overflow. The selection of the type 
of dam for a specific project depends on the conditions.  Hydrostatic pressures from the 
reservoir and tail water loads, nappe forces in case there is an overflow spillway, and uplift 
pressures and loads from the soil, foundation or earthquake effects are all taken into 
consideration when selecting the type of dam.  A gravity dŀƳΩǎ ǎǘŀōƛƭƛǘȅ ƛǎ ǎŜŎǳǊŜŘ ōȅ ŘŜǎƛƎƴƛƴƎ 
its shape and size such that it resists overturning, sliding and crushing at the toe.  Gravity dams 
are considered one of the most confident as far as they are situated in a suitable site and over a 
carefully designed foundation. For this type of dam, an impervious foundation with high 
bearing strength is recommended. The type of material used for the dam also depends on the 
loads that have to be resisted by the structure; the material has to provide the strength needed 
to resist the forces applied. There exist gravity dams constructed out of wood, earth, and 
concrete. However, concrete gravity dams have proved to be more stable, and secure than the 
rest.  An example of a concrete gravity dam is shown in Figure 4. 
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Figure 4.  Shasta Dam impounds the Sacramento River in northern California (Microsoft Encarta 2007) 

Concrete gravity dams usually have a triangular shape; however the design 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 such as geologists, 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 professionals, 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 are usually classified as internal and external forces. Internal forces 
such as stress exist within the member because molecular resistance of the material.  External 
forces act at ǘƘŜ ōƻǳƴŘŀǊȅ ƻŦ ǘƘŜ ƳŜƳōŜǊΩǎ ǎǘǊǳŎǘǳǊŜΣ ǎǳŎƘ ŀǎ ƘȅŘǊƻǎǘŀǘƛŎ ŦƻǊŎŜǎΣ ǿŜƛƎƘǘ 
supported 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 stability or 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 below in Figure 5Φ ! ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ǘƘŜ ŦƻǊŎŜǎ ŀŎǘƛƴƎ ƻƴ ŀ ŘŀƳΩs structure is shown 
below in Figure 6.  
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Figure 5.  Equilibrium conditions. 
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Although a structural design meeting these 
conditions is considered to be in equilibrium, its 
stability must be checked according to 
engineering design codes and regulations. In this 
design, the American Concrete Institute Code 
(ACI), and the Army Corp of Engineers design 
standards were used for the stability analysis of 
the structure.  

2.5.2 General Design considerations 
for Dams 

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 analysis 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 that force 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 dam considerations 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, requirements and 
considerations to be included in the design. For example, ACI 318 specifies that the ultimate 
shear strength of concrete along a pre-existing crack in monolithically cast concrete is 1.4 times 
the normal stress on the crack, and that shear failure of intact concrete is governed by the 
tensile strength of concrete normal to the plane of maximum principal axis tension.  Another 
example is the Reinforcement Design Standards of the Army Corps of Engineers, USACE EM 
1110-2-2104. 

In this type of structure (concrete 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 Army 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 is the reason 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 the reservoir and tail water.  On large reservoirs, the gate 

Figure 6.  Summary of loads acting on a basic gravity 
dam. 
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structure is most common for the spillway, as the gate offers the most control on discharge 
flow rates, and can be adjusted to handle high or low flow situations.   

The overflow spillway, which is a spillway 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 the most 
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 
cross seŎǘƛƻƴǎ ƻŦ ǘƘŜ ŎƘŀƴƴŜƭΦ  wŜƭŀǘƛƻƴǎƘƛǇǎ ŀǊŜ ŀƴŀƭȅȊŜŘ ǘƘǊƻǳƎƘ Ŝǉǳŀǘƛƻƴǎ ǎǳŎƘ ŀǎ aŀƴƴƛƴƎΩǎ 
Equation, Froude number, and energy balances.  Through identifying relationships between the 
depth, velocity, flow rate, and cross sectional area, flow profiles can be assigned 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).  Incorporating barriers 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 rapidly varied 
flow.  Figure 7 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 
would characterize flow travelling 
down the spillway structure and 
through the tail water channel, and 
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.  
ὗ= ὠὃ  

The cross sectional dimensions of a 
channel have a great impact on the 
velocity and depth of the water 
passing through it.  Though flow rate 
remains constant throughout a 
channel, velocity and cross sectional 
area of the water varies.  As one 
increases, the other will decrease. 

Figure 7.  Flow Types.  a) uniform flow; b) unsteady uniform flow; c) 
steady, uniform flow; d) unsteady, varied flow; e) unsteady, varied.  
(Ned H. C. Hwang 1996) 




