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Executive Summary 

This report describes the basis for the design of modifications planned for Mill Pond Dam.  
This final design report forms part of the submittal to the Department of Conservation and 
Recreation (DCR) Office of Dam Safety (ODS) as required by the Dam Safety Regulations 
(302 CMR 10.09) for a Chapter 253 Permit to repair the Mill Pond Dam.  This final design 
report is submitted with (1) a series of photos from 2001 and 2006 flood events 
(Appendix A), (2) selected site photographs (Appendix B), (3) a completed Chapter 253 
Permit Application (Appendix C), (4) a series of technical memorandums (Appendices D 
through G), (5) a low-level outlet waiver request letter (Appendix H), (6) a preliminary 
construction schedule (Appendix I), (7) the design drawings (Volume II), and (8) technical 
specifications for the proposed modifications (Volume III). 

Mill Pond Dam is owned and operated by the Town of Rockport, Massachusetts for 
historical, aesthetic, and recreational purposes.  The dam is approximately 110 feet long and 
about 13.7 feet high at the maximum section.  Under the normal pond conditions, the 
elevation of the water surface is approximately 27.3 feet1 with an estimated surface area of 
1.3 acres and an estimated storage volume of about 3 acre-feet.  Under the design flood 
conditions (the 100-year flood, discussed below) the surface area and volume are estimated 
to be approximately 3.4 acres and 10 acre-feet, respectively. 

The repairs and modifications to the dam are intended (1) to increase the stability of the dam, 
(2) to prevent the dam from being breached due to internal erosion or piping, (3) to provide 
overtopping protection and decrease the risk of failure due to erosion or scour during 
overtopping, (4) to contain flood flows and direct them to the overflow section, and (5) to 
bring the dam into compliance with ODS Standards.  Spillway capacity will not be increased, 
and therefore, the dam will be designed to safely overtop during the design storm.  Partial 
drawdown of the pond to about El. 22.0 (5.3 feet below normal pool) will be required to 
complete the majority of this work.   

The proposed modifications include: 

 Demolishing the existing stone masonry parapet walls. 

 Removing and replacing the upstream and downstream granite masonry walls and 
earthen core.   

 Constructing a new reinforced concrete wall near the existing downstream face and a 
new stone masonry wall along the alignment of the existing upstream stone masonry 
wall. 

                                                 
1 Elevations are referenced to NGVD, 1929. 
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 Reinstalling the existing granite masonry on the downstream face of the new retaining 
wall to preserve the aesthetic and historic appearance of the dam. 

 Installing a filter sand drainage layer under the wall footing, and a granular filter at 
the toe of the dam.   

 Removing and replacing the existing granite slab culvert spillways. 

 Constructing a masonry and steel handrail system along the downstream side of the 
crest and a granite bench system on the upstream side of the crest. 

 Constructing a parapet wall along the left abutment to direct flows to the overflow 
section of the dam and reduce damage to private property and historic structures. 

 Regrading and armoring portions of the right abutment to reduce erosion during 
overtopping. 

 Installing bituminous concrete pavement or concrete pavers along the dam crest to 
provide erosion protection during overtopping. 

Currently, no low-level outlet exists at Mill Pond Dam.  A former mill sluiceway does exist 
near the left abutment; however, its current intake is about 1.5 feet above the normal pool 
elevation.  We also understand that the sluiceway is inoperable.  In January 2010, we 
submitted a letter to ODS requesting a waiver from the low-level outlet requirements in 
302 CMR 10.14 (7), and have included a copy of this letter in Appendix H.   

The existing spillway currently operates as an inlet-controlled culvert spillway.  The existing 
spillway consists of two rectangular granite culverts, which are each approximately 2.5 feet 
wide and 2.5 feet high, located on the right side of the dam.  The invert elevation will remain 
at El. 25.6 and the culverts will be reconnected with a 2% slope towards the downstream face 
to allow drainage.  The capacity of the culverts will not be changed.  

Due to historical constraints, the existing vertical granite slab on the right or north end of the 
downstream side of the former mill sluiceway cannot be removed during construction.  
However, it is our intent to support the vertical granite slab during construction and extend 
the toe of the wall footing to the vertical granite slab of the former sluiceway.  A portion of 
the granite block sluiceway walls will be demolished to allow the construction of the new 
cantilevered retaining wall, and the void between the wall stem and the existing granite 
facing will be backfilled with flowable fill.   

A number of large trees currently exist on or near the dam, and these trees will be removed 
prior to the construction of the dam safety modifications.  In accordance with safe dam 
practices, an approximately 20-foot-wide buffer will be maintained between the downstream 
toe of the dam and any woody vegetation.   
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An eel ladder will be provided on the downstream side of the dam that will allow eels to pass 
upstream through the spillway culverts. 
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1.  Introduction 

1.1 Purpose 

This report describes the basis for the design of modifications that are planned for Mill Pond 
Dam.  This final design report forms part of the submittal to the Department of Conservation 
and Recreation (DCR) Office of Dam Safety (ODS) as required by the Dam Safety 
Regulations (302 CMR 10.09) for a Chapter 253 Permit to repair Mill Pond Dam.  This final 
design report is submitted with:  (1) Description of 2001 and 2006 Flood Events 
(Appendix A); (2) Selected Site Photographs (Appendix B); (3) Completed Chapter 253 
Permit Application (Appendix C); (4) Series of Technical Memorandums (Appendices D 
through G); (5) Copy of our Low-Level Outlet (LLO) Waiver Request Letter (Appendix H); 
(6) Preliminary Construction Schedule (Appendix I); (7) 100% Design Drawings 
(Volume II); (8) 100% Technical Specifications for the Proposed Modifications 
(Volume III).   

1.2 Existing Conditions and Dam Safety Deficiencies 

1.2.1 Location 

Mill Pond Dam is located in the Town of Rockport, Essex County, Massachusetts at latitude 
42° 39’ 30” North, longitude 70° 37’ 24” West.  The dam is located near the center of 
Rockport, about 30 miles northeast of Boston, Massachusetts.  The pond and dam are located 
on Mill Brook, which flows in a northeasterly direction to the Atlantic Ocean (Sandy Bay) 
about 550 feet downstream of the dam.  The dam and reservoir location is shown on the Site 
Location Map, provided as Fig. 1.  An aerial view of Mill Pond Dam is presented in Fig. 2. 

The dam can be accessed from Route 128, easterly to Gloucester, then to Rockport via Route 
127 (Upper Main Street) to Route 127A (Beach Street) and in a northerly direction towards 
King Street.  Prior to reaching King Street, the dam can be accessed from Beach Street by 
foot through the town park. 

1.2.2 History 

According to the Federal Emergency Management Agency (FEMA) Preliminary Engineering 
Report (FEMA, 2006, “Preliminary Engineering Report, Dam Site Visit Report, Mill Pond 
Dam, Rockport, MA,” July 12), the Mill Pond Dam was built in 1701 as a mill pond and was 
used until 1932 when the mill was destroyed by a fire.  A resident near the dam, Mr. Martin 
Ross, stated to GEI that the pond has steadily become filled with sediment and was dredged 
in 1886 after a flood.  Since 1980, Mr. Ross has observed the depth of the pond decrease due 
to sedimentation at a rate of 1.1 to 1.7 inches per year.  He also stated that the dam was 
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overtopped in March 2001.  Photographs taken by Mr. Ross during the 2001 flood are 
provided in Appendix A (Photographs A-1 to A-3).  Based on precipitation data recorded in 
Beverly, Massachusetts, (approximately 15 miles southwest of Rockport), 4.3 inches of rain 
fell on March 22, 2001.   

The dam was also overtopped during two days of heavy precipitation on May 13 and 14, 
2006.  The precipitation recorded on these two days in Beverly was 4.32 and 4.95 inches, 
respectively.  As a result of the May 2006 flooding, large stone blocks on the downstream 
face became dislodged and a 45-foot-long portion of the downstream wall collapsed and 
toppled downstream of the dam.  Since that event, the Town of Rockport has made 
temporary repairs to the dam by placing stone in the breached area and blocking vehicular 
traffic from crossing the dam crest.  Photographs of the flooding and dam breach are 
provided in Appendix A as part of a memorandum prepared by Weston & Sampson 
Engineers, Inc. (Weston & Sampson) of Peabody, Massachusetts.  The memorandum 
summarizes their Emergency Response Inspection on May 15, 2006. 

1.2.3 Survey and Site Visits  

GEI engineers visited the site on December 27, 2006, May 10, 2007, and August 4, 2009 to 
observe the existing site conditions, watershed, outlets, and area downstream of the dam.  
Selected photographs taken during GEI’s site visits are provided in Appendix B. 

BSC Group (BSC) of Boston, Massachusetts performed a topographic survey of the dam and 
downstream area in April and May of 2007 and revised the survey to include property line 
information in June and July of 2009.  The survey is based on the Town of Rockport, 
Benchmark T26 (El. 62.89 feet) located in a ledge outcrop on the corner of Main and Hale 
Streets.  The datum of the benchmark and elevations used in this report and our analyses is 
the National Geodedic Vertical Datum of 1929 (NGVD 29) datum.  The existing conditions 
survey plan prepared by BSC is provided on Drawing C-03 in Volume II.  

BSC’s wetland scientists inspected the area around the dam to delineate wetland areas and to 
collect data as part of the permitting assessment.  The wetland delineations marked in the 
field were surveyed by BSC surveyors and are shown on the site plan on Drawing C-03 
(Volume II). 

1.2.4 Dam Description 

Mill Pond Dam is owned and operated by the Town of Rockport, Massachusetts for 
historical, aesthetic, and recreational purposes.  The dam is approximately 110 feet long and 
about 13.7 feet high at the maximum section.   

According to the FEMA Preliminary Engineering Report (FEMA, 2006), the dam was 
constructed with a clay core and hand-laid unmortared stone walls on the upstream and 
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downstream face.  Based on our observations of the subsurface conditions encountered in 
recent borings, the core of the dam appears to be a silty sand.  The crest of the dam consists 
of stone aggregate surface with field stone parapet walls that are each about 95 feet long and 
extend along most of the upstream and downstream face of the dam.  Because the parapets do 
not extend across the entire crest of the dam they act more as guard rails than parapet walls.  
It is speculated that the parapets were added to the dam in the 1930’s and may have 
contributed to the dam failure by causing the pond level to reach higher levels during flood 
events.  Under the normal pond conditions, the elevation of the water surface is 
approximately 27.3 feet with an estimated surface area of 1.3 acres and an estimated storage 
volume of about 3 acre-feet.  Under the design flood conditions (the 100-year flood, 
discussed below) the surface area and volume are estimated to be approximately 3.4 acres 
and 10 acre-feet.  

The crest of the dam varies from El. 28.5 to 29.5 feet and is about 15 feet wide at the 
narrowest section.  The upstream and downstream faces of the dam are nearly vertical.  Only 
about 4 feet of the upstream face is exposed above the sediment in the pond.  The tops of the 
parapet walls are about 2.0 feet above the dam crest at El. 31.0 feet but do not extend along 
the full length of the dam.  The highest section of the dam is located near the former mill 
sluiceway on the left side of the dam (looking downstream).  The ground surface at the base 
of the downstream masonry wall near the former sluiceway is at El. 15.8 feet.  Based on a 
maximum crest of El. 29.5 feet, the maximum height of the dam is about El. 13.7 feet. 

The dam appears to have been constructed without a filter zone to control seepage and 
internal erosion or piping through the downstream masonry wall.  We observed significant 
seepage flowing through the downstream face of the dam, just below the spillway outlet 
during our December 2006 site visit (see flow on left of spillway in Photograph B-9, 
Appendix B). 

Former Mill Sluiceway – The intake to the sluiceway consists of a rectangular granite culvert 
on the upstream face of the dam (Photograph B-7).  Vegetation and sedimentation along the 
upstream face of the dam have partially blocked the intake to this structure, and we 
understand that the sluiceway is inoperable.  The intake opening is about 3 feet wide and the 
height varies from 0.7 feet on the left side to 1.5 feet on the right side.  The current invert of 
the sluiceway intake is approximately El. 28.9 feet; however, the historic invert elevation is 
unknown.  The inlet was constructed with several granite slabs that served as the top of the 
sluiceway intake structure and the crest of the dam.  The condition and dimensions of the 
sluiceway inside the dam are unknown.   

The blocked inlet apparently leads to a chamber within the dam with an 8-inch-diameter cast 
iron pipe and valve that exits on the downstream face of the dam (Photograph B-6).  There is 
a remnant of an old control device on the crest of the dam above the outlet pipe that likely 
operated a vertical slide gate.  The Town of Rockport reports that the controls and the valve 
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are not operational.  Based on photos taken during the 2006 breach, we believe that the 
sluiceway walls are constructed from granite blocks that extend through the dam.  The 
bottom elevation of the sluiceway is unknown, and the Town of Rockport has informed us 
that a majority of the sluiceway was backfilled with crushed stone or gravel as part of the 
temporary repairs following the 2006 breach. 

Spillway – The Mill Pond Dam spillway consists of two rectangular granite culverts which 
are each approximately 2.5 feet wide and 2.5 feet high located on the right side of the dam 
(Photographs B-8 and B-9).  The upstream invert of the culverts is at about El. 25.6 feet with 
a slightly higher outlet elevation on the downstream side at about El. 26.0 feet.  Based on an 
assumed normal pond elevation of 27.3 feet and a normal base flow of 1.3 cubic feet per 
second (cfs), we estimated that stoplogs about 1.6 feet high were historically installed in the 
spillway culverts to maintain the normal pond elevation.  

1.2.5 Potential Downstream Hazards 

Flow from the dam is contained within Mill Brook.  The town maintains a park (Mill Brook 
Meadow) immediately downstream of the dam.  The park includes a gravel walkway and a 
grassy area that contains a small playground.  There are several residential structures located 
on the left side (looking downstream) of the brook.  The sill elevations (first or ground floor) 
of the residential properties range from about El. 19 to El. 15 feet.  The house that almost 
abuts the dam on the left side of the brook has a walkout basement with an estimated 
elevation of about 17 feet.  Commercial properties (bed and breakfast/restaurant 
establishments) are located on the left and right side of Mill Brook near Beach Street, about 
550 feet downstream of the dam.  The first floor elevations of these structures range from 
approximately El. 15 to 19 feet.  Mill Brook passes through a granite block culvert under 
Beach Street, which has a paved surface elevation of about 15 feet. 

1.3 Design Criteria 

Mill Pond Dam is classified by 302 CMR 10.06 as a Small, Significant Hazard (Class II) 
dam.  Pursuant to 302 CMR 10.14, a dam of this classification is required to pass or store the 
potential spillway design flood (SDF), equal to or greater than the 100-year storm per 302 
CMR 10.14 (6) without failure of the dam occurring.  The dam is currently not designed to 
safely pass this flow.  Due to historical constraints, the historical granite culvert spillways 
will remain.  Therefore, the spillway capacity will not be significantly increased and the dam 
will be overtopped by the SDF.  The proposed modifications will allow Mill Pond Dam to 
safely pass the SDF by overtopping and provide protection against the risk of failure due to 
internal erosion or piping.  The modifications will also provide a stabilized crest, a splash 
apron, and riprap armoring at the toe of the dam to reduce erosion and scour during 
overtopping.  A summary of the parameters used during design are provided in Appendix D, 
and detailed Hydrologic and Hydraulic (H&H) Calculations are provided in Appendix E. 
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The proposed modifications do not change the pond or the watershed from their current 
condition.  Removal of trees will be required downstream and along the abutments for the 
proposed modifications. 

1.4 Proposed Modifications 

1.4.1 Dam Repair and Reconstruction Activities 

The repairs and modifications to the dam are intended (1) to increase the stability of the dam, 
(2) to protect the dam from internal erosion or piping, (3) to provide overtopping protection 
and decrease the risk of failure due to erosion or scour during overtopping, (4) to contain 
flood flows and direct them to the overflow section, and (5) to bring the dam into compliance 
with ODS Standards.  Design Drawings for the repairs and modifications are included in 
Volume II for reference.  Technical Specifications are included in Volume III.   

The existing granite masonry walls and earthen core will be removed and replaced with a 
reinforced concrete cantilevered retaining wall.  The existing stone masonry parapet walls 
will also be removed.  The new retaining wall has been designed to resist active soil 
pressures and hydrostatic pressures.  A filter sand drainage layer will be installed directly 
below the wall footing, and a granular filter will be constructed at the downstream toe of the 
dam.  The filters will help to safely collect and discharge under-seepage flows and relieve 
uplift pressures.  The existing stone masonry on the downstream face will be reinstalled over 
the concrete retaining wall to preserve the aesthetic and historic appearance of the dam, and 
the upstream stone masonry wall will be reconstructed.  The parapet walls along the crest 
will be replaced with a granite bench on the upstream face of the dam and a handrail system 
on the downstream face of the dam.  Replacing the parapet walls with a handrail will allow 
water and debris to safely pass over the reconstructed part of the dam during significant 
storm events at lower peak water surface elevation and allow a more uniform flow direction 
and velocity over the dam to reduce erosion and scour. 

The top of the proposed crest will be at El. 29.0, about the same elevation as the existing 
crest.  The crest surface will be stabilized with bituminous concrete or cobblestone pavers to 
protect against erosion during overtopping.  Because the dam is being designed to be 
overtopped, the crest was not raised, and therefore does not provide any freeboard during the 
SDF.  Due to historic and site constraints, the proposed repairs do not include significant 
modifications to the existing granite culvert spillways, and therefore the hydraulic efficiency 
of the spillways is unchanged.  Our calculations indicate that during the SDF, the dam will be 
overtopped by up to about 2 feet of water for approximately 13 hours. 

Improvements to the upstream side of the dam will only include the removal and replacement 
of the existing stone masonry walls with a new stone masonry wall and granite bench system.  
The new upstream stone masonry wall will absorb wave energy and prevent erosion of the 
backfill behind the new cantilevered retaining wall. 
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A parapet wall will be constructed on the left (west) abutment to prevent the design flood 
from overtopping the abutment and impacting a historic foundation and an abutting residence 
immediately downstream of the left abutment.  The right abutment and the stone walkway 
will function as an overflow spillway.  The gradual slope of the stone walkway and the right 
abutment might sustain surficial damage from the design storm but should not erode enough 
to jeopardize the dam. 

Partial drawdown of the pond to about El. 22.0 (5.3 feet below normal pool) will be required 
to complete the majority of this work.  The contractor will be required to design and 
implement a temporary cofferdam and bypass system for construction of the walls in the dry 
and to protect the work against flood flows that may occur during construction.  Temporary 
cofferdam and bypass design by a Professional Engineer registered in the Commonwealth of 
Massachusetts will be required and will be subject to review by GEI and the Town of 
Rockport.  

1.4.3 Low-Level Outlet 

Currently, no low-level outlet exists at Mill Pond Dam.  A former mill sluiceway does exist 
near the left abutment; however, its current intake is about 1.5 feet above the normal pool 
elevation.  Refer to Section 1.2.4 above for more information about the former mill 
sluiceway.  In January 2010, we submitted a letter to ODS requesting a waiver from the 
requirements in 302 CMR 10.14 (7), and have included a copy of this letter in Appendix H.  
We understand that ODS will evaluate this request as part of the Ch. 253 permit application 
review.   

Because drawdown will not be required to reduce the loading on the dam and because of the 
small size of the Mill Pond impoundment (3 acre-feet), it is our opinion that the pond can be 
easily be drawn down with pumps owned or rented by the Rockport Department of Public 
Works (DPW) and that a low-level outlet would not be required for drawdown.  Once 
construction is complete, drawdown will only be required for routine maintenance.     

Given the relatively small size of the watershed, pond, and the normal inflow, our 
calculations indicate that the pond can be lowered using a mobile end suction centrifugal 
pump.  The normal inflow is approximately 580 gallons per minute (gpm) (1.3 cfs) and the 
total volume of the pond at normal pool is approximately 3 acre-feet (1 million gallons).  
Therefore, assuming normal inflows, a pump operating at 800 gpm (e.g. Rain for Rent 
DV-100) could drain the pond in about 72 hours (3 days).  A detailed Drawdown Plan will be 
included in the Operation and Maintenance Manual.  A larger pump could lower the pond 
faster.  However, a large increase in outflow may adversely affect the stream and other 
resource areas immediately downstream of the dam. 

It is our opinion that a mechanical drawdown allows Mill Pond to be lowered in a safe and 
cost effective manner.  Therefore, we request a waiver from the requirement in 302 CMR 
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10.14 (7) for a low-level outlet at Mill Pond Dam in Rockport, Massachusetts, and request 
that mechanical means be permitted to draw down Mill Pond for routine maintenance.   

1.4.4 Spillway Reconstruction 

The existing spillway currently operates as an inlet-controlled culvert spillway.  The existing 
spillway consists of two rectangular granite culverts which are each approximately 2.5 feet 
wide and 2.5 feet high located on the right side of the dam.   

In accordance with 302 CMR 10.14(6), the modifications to the Mill Pond Dam and spillway 
have been designed to allow the SDF to be stored and pass over the dam without failure 
occurring.  The culvert spillway will flow full during the SDF, and the dam crest and right 
embankment will act as overflow sections to pass the remainder of the discharge from the 
SDF.  We calculated that the existing spillway will not safely pass the SDF without 
overtopping the dam, and that the SDF would overtop the overflow section of the dam by up 
to about 2 feet for about 13 hours.  We have included a stabilized crest, a reinforced concrete 
retaining wall, a splash apron, and riprap armoring in the design to minimize the risk of 
failure during overtopping. 

Significant modifications to the spillway will not be performed as part of the remedial 
design.  The spillway will be removed and reset in a reinforced concrete cradle with a 
seepage cutoff key near the upstream face of the dam.  The invert elevation will remain at 
El. 26.5 and the culverts will be installed with a 2% slope towards the downstream face to 
allow drainage.  The capacity of the culverts will not be changed.  

1.4.5 Former Mill Sluiceway 

Due to historical constraints, the existing vertical granite slab and abutting granite block 
walls on the north end of the downstream side of the former mill sluiceway will not be 
removed during construction.  However, the Contractor will be required to support this 
section of wall during construction and extend the toe of the wall footing to the upstream side 
of the vertical granite slab and abutting granite block walls.  A portion of the sluiceway walls 
internal to the dam will be demolished to allow the construction of the new cantilevered 
retaining wall, and the void between the wall stem and the existing granite walls will be 
backfilled with flowable fill.  At the crest a parapet wall will extend to El. 33.0 feet to direct 
flood flows to the overflow section, minimize damage to the historic features (grist mill 
foundation and former mill sluiceway façade) and to provide fall protection.   

1.4.6 Maintenance Activities 

A number of large trees currently exist on or near the dam, and these trees will be removed 
prior to the construction of the dam safety modifications.  In accordance with safe dam 
practices, an approximately 20-foot-wide buffer will be maintained between the downstream 
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toe of the dam and any woody vegetation.  This area will act as a non-woody vegetated 
buffer and will be routinely mowed and trimmed to control the growth of woody vegetation 
that could damage the integrity of the dam.   
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2.  Design Data and Analyses 

2.1 Subsurface Investigations 

In May 2009, we advanced two borings at Mill Pond Dam.  B-1 was advanced to the west 
(left) of the former Mill Sluiceway and B-2 was advanced to the west (left) of the existing 
granite block culverts.  Based on our review of photographs and discussions with Town of 
Rockport personnel, it is our opinion that the borings were advanced outside of the portions 
of the dam that were repaired following the 2006 breach.  The boring logs and a boring 
location plan are provided in Appendix D.   

2.2 Soil Conditions at the Dam 

Two generalized soil layers were encountered in the borings: 

 Embankment Fill 

 Foundation Soil 

The soil layers encountered in the borings are described below, in order of increasing depth.  
Bedrock was not encountered in either of the borings. 

Embankment Fill – The embankment fill sampled is generally described as sand and gravel 
with a wide range of non-plastic fines content. Embankment fill was observed in both 
borings and had an average thickness of about 13 feet.  Fines content in the samples ranged 
from less than 5% to approximately 40%.  Based on Standard Penetration Test (SPT) 
N-values, the embankment fill can be described as loose to medium dense.   

Foundation Soil – The foundation soils sampled generally consisted of non plastic to slightly 
plastic fines and sands with gravel and occasional cobbles and granite boulders.  Based on 
regional geology, the foundation soils likely consist of glacial till, and by correlating SPT 
N-values, the foundation soils can be described as medium dense to very dense.  Borings B-1 
and B-2 were advanced from the dam crest (El. 29.0 ± feet) and were terminated in the 
foundation soil layer at a depth of 29 feet and 31 feet, respectively. 

2.3 Groundwater Conditions 

Water levels were not measured during our subsurface investigations, and as a result, water 
levels measurements are not provided in this report.  During normal operating conditions, 
seepage has been observed in the downstream face.  Therefore, we have assumed that the 
phreatic surface is approximately at the water surface elevation on the upstream side and 
slightly above tailwater elevation on the downstream face.  Appendix F provides a more 
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detailed description of the phreatic surface and seepage forces that we modeled through the 
dam.   

2.4 Seismic Design Information 

From information provided in the Geologic Hazard Maps, we estimated that Mill Pond Dam 
is in Geologic Hazard Map Zone 3.  Per 302 CMR 10.14 (i), we used a Peak Ground 
Acceleration (PGA) of 0.15g (gravity) in our analyses.  Additional information is provided in 
Appendix G.   

2.5 Dam Stability 

As part of our design, we performed stability analyses on the cantilevered retaining wall and 
associated soil mass for a number of different loading conditions under normal and 
maximum pool.  The factors of safety for the cantilever retaining wall calculated during our 
analyses were greater than or equal to the recommended minimums required by 302 CMR 
10.14.  Additional information is provided in Appendix G. 

2.6 Safety During Overtopping 

Hydraulic analyses were performed to determine the maximum reservoir level and 
overtopping flows associated with the SDF (the 100-year flood).  In the proposed 
configuration, the pond would rise during the SDF to an elevation of 31.0, and overtop the 
dam by 2.0 feet for approximately 13 hours.  The dam will be designed to overtop and should 
not experience a failure during the overtopping.  The H&H analyses for the dam under the 
existing conditions and with the proposed modifications under the SDF are presented in 
Appendix E.  The removal of the existing parapet walls and installation of a handrail system 
on the downstream side will provide open area that will allow flow and help reduce the 
duration and depth of overtopping.  The construction of the proposed parapet walls on the left 
side of the dam and along the left abutment will help prevent flood flows from damaging 
historic structures and private property. 

2.7 Seepage Controls 

The proposed modifications to the dam address the current seepage issues that we identified 
during design.  The reinforced cantilever retaining wall will be relatively water tight and will 
not be prone to failure caused by internal erosion or piping.  The installation of the filter sand 
layer below the wall footing and the granular filter along the downstream toe will collect 
seepage flows and reduce the movement of fines.  The filters will intercept under-seepage 
and allow seepage flows to be safely channeled below the dam to the downstream channel. 

Because of the relatively short seepage path between the parapet wall and the existing 
historical wall near the left abutment, a layer of low permeability fill will be installed to 
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decrease gradients under the parapet wall footing and help the historic wall remain stable 
during the SDF.   

Exit gradients are not of concern as the piezometric surface does not extend through the 
cantilever retaining wall and gradients are reduced by the more permeable filter sand layer 
under the wall footing.  These gradients appear to have reasonable values as water moves 
from the sand filter under the dam and into granular filter.  A detailed description of the 
seepage analyses is provided in Appendix F. 

2.8 Spillway Design 

The existing twin granite block culvert spillways will be removed and reconstructed in a 
concrete cradle at their existing locations and elevations.   The re-installed spillway will 
discharge flow to a riprapped stilling pool in the downstream channel.  Riprap armoring and 
a concrete splash apron will be installed below the water level in the pool.  The flow will 
then travel down the existing channel, under Beach Street, and enter the Atlantic Ocean 
(Sandy Bay) about 550 feet downstream of the dam.   

The calculated spillway capacity with stoplogs removed is about 130 cfs, and the estimated 
peak discharge during the SDF is 670 cfs.  Therefore, the spillway does not have adequate 
capacity to pass the SDF and the dam will act as an overflow structure to safely pass the 
SDF.  Detailed H&H analyses for the spillway are provided in Appendix E and the structural 
analyses are provided in Appendix G.   

Stoplog guides will be installed on the upstream side of the culvert spillway and an approach 
channel will extend upstream of the spillway to channel flow to the spillway.  The stoplogs 
will be used to vary the pond level, allow eel migration, and also allow the Town of Rockport 
DPW to lower the normal pool by about 2 feet for periodic maintenance.  The stoplogs will 
be removed during any large storm event. 

2.9 Crest Protection 

The proposed modifications include installing concrete or cobblestone pavers or bituminous 
paving along the crest of the dam, the left and right abutments, and the path down to the 
meadow on the right abutment.  The features will help prevent soil erosion during 
overtopping and should require minimal maintenance after an overtopping event.  The new 
crest and abutment surfaces will be designed to permit vehicular access across the dam crest 
for maintenance.   

2.10 Eel Ladder 

The reconstructed dam will provide passage for American Eels during their migration to and 
from Mill Pond.  American Eels are the only catadromous fish in North America.  The term 
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catadromous refers to fish that are born in the ocean, travel to fresh water to mature, and then 
return to the ocean to spawn.  Currently, the eels are thought to crawl through the stone 
masonry walls and burrow through the soil to reach Mill Pond.  However, since the eels will 
not be able to penetrate the new reinforced concrete retaining wall, the reconstructed dam 
must provide alternate passage via an eel ladder or ramp.   

The eel ladder will consist of a steel trough and an eel substrate attached to the bottom of the 
trough to allow the eels to move up the ladder.  The ladder will be permanently attached to 
the downstream face of the dam.  The ladder will be located on the right side of the dam, near 
the spillway culverts and will extend through the spillway culvert to provide passage from 
the downstream channel to Mill Pond.  Normal flow through the culvert should provide 
adequate flows to attract eels to the ladder and allow them to ascend the ladder.  When 
normal fluctuations in flow rate occur, we expect that the eels will wait in the downstream 
channel until favorable flows return. 
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3.  Proposed Construction Activities 

3.1 Construction Schedule 

Construction is expected to begin in the fall or winter of 2010, and the overall project is 
anticipated to last approximately 6 months.  We anticipate that the stream drawdown and 
bypass plan will control the construction sequencing and duration.  Also, based on 
preliminary discussions with the various permitting agencies, we understand that significant 
bypass flows or construction in the downstream channel, and possibly all work will be 
prohibited during the American Eel migration between late February and early June.  
A construction schedule with an assumed start date of September 1, 2010 is included in 
Appendix I. 

The project has been designed to allow the Contractor to determine the construction sequence 
that will provide the most efficient means and methods to construct the modifications while 
managing the pond level and bypassing storm flows to prevent damage to the work area.  
Temporary cofferdams, dewatering systems, and bypass systems will be designed and 
constructed by the contractor to provide a continuously dry working environment for 
retaining wall construction. 

In order to complete construction activities, the upstream pond will be drawn down to 
El. 22.0, or about 5.3 feet below normal pool elevation.  This drawdown will allow sufficient 
space for the contractor to perform the upstream excavation, and the lower water level also 
will decrease the seepage forces during excavation for the retaining wall and filter layers.   

3.2 Proposed Filling Schedule 

We have estimated that the volume required to fill Mill Pond from El. 22.0 to El. 27.3 is 
approximately 2 acre-feet.  Assuming a normal inflow of 1.3 cfs, we estimate that it will take 
approximately 1 day to fill the pond up to the normal pool elevation of 27.3 feet.  Filling to 
this level will require the installation of stoplogs to raise the invert elevation of the granite 
culvert spillways from El. 25.6 to El. 27.3. 

3.3 Construction Impacts and Mitigation 

The project will implement a number of measures during the construction period to provide 
general mitigation of impacts on surrounding uses.  These specific mitigation measures will 
include: 
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3.3.1 Erosion and Sedimentation Control 

Siltation barriers composed of double-staked hay bales and trenched silt fence, or similar, 
will be installed along the limit of work boundary.  The siltation barriers will demarcate the 
limit of work, form a work envelope, and provide additional assurance that construction 
equipment not inadvertently leave the work area.  All barriers will remain in place until 
disturbed areas are stabilized. 

3.3.2 Construction Stockpiling Location 

The contractor will not be permitted to store soil, gravel, or construction debris outside of the 
equipment and material staging areas shown on the drawings without specific approval from 
the Rockport Conservation Commission (RCC).   

3.3.3 Dewatering Measures 

Dewatering will be required for project excavations.  Specifically, the contractor must lower 
groundwater levels to at least 2 feet below excavation bottoms.  This dewatering will be 
critical, especially for installation of the retaining wall footing and sand filter drain. 

Groundwater from dewatering will be pumped into temporary settling basins, which will help 
collect sediment during dewatering.  The temporary settling basins will be located within the 
100-foot buffer zone and be situated within close proximity of daily work activities.  The 
contract documents include minimum requirements to ensure that proper dewatering controls 
are used to prevent erosion or sedimentation into wetland resource areas. 
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4.  Project Permitting  

The project requires the following Federal and State Permits.  A description of the project’s 
applicability is also provided below: 

Federal Permits 

 United States Army Corps of Engineers (USACE) Category II Screening under the 
Massachusetts Programmatic General Permit under Section 404 of the Federal Clean 
Water Act. 

 Dewatering General Permit (DGP) under the National Pollutant Discharge 
Elimination System (NPDES) Program. 

State/Local Permits 

 Order of Conditions under the Massachusetts Wetlands Protection Act (M.G.L. c. 
131 s.40), to be issued by the RCC, or Massachusetts Department of Environmental 
Protection (MassDEP) upon appeal (a request for Department action).  

4.1 Category II Screening  

Section 404 of the Federal Clean Water Act regulates the discharge of dredged or fill 
material into waters of the United States and adjacent wetlands.  In Massachusetts, Section 
404 is administered by the USACE.  Remedial repairs to Mill Pond Dam will result in less 
than 5,000 square feet in jurisdictional waters/wetlands, normally qualifying the project as a 
Category I (Non-Reporting) project.  However, projects involving water diversions are 
excluded from Category I and thus require screening under Category II.  A Section 404 
application was submitted to USACE on December 11, 2009.   

As part of the Category II Screening process, consistency review by the Massachusetts 
Historical Commission (MHC) and the Massachusetts Coastal Zone Management (CZM) is 
also required.  Copies of the Section 404 application were provided to the MHC and CZM on 
December 11, 2009.  

4.2 Order of Conditions  

A Notice of Intent (MassDEP File No. 062-0587) was filed with the Town of Rockport 
Conservation Commission on September 23, 2009 requesting authorization to make remedial 
dam repairs adjacent to and within jurisdictional wetland resource areas.  The RCC issued an 
Order of Conditions in March 2010. 
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4.3 Dewatering General Permit 

The total land disturbance area associated with the project measures approximately 0.5 acres.  
An NPDES General Permit for Storm Water Discharges from Construction Activities is not 
required for disturbance less than one acre.  The project will require dewatering and will, 
therefore, require a DGP.  The Contractor will be required to apply for and obtain the DGP 
through the U.S. Environmental Protection Agency (EPA).  

4.4 Previous Permit Approvals 

According to the MHC, the project area meets the Criteria Eligibility for listing on the 
National Register of Historic Places.  The project has been designed to be in compliance with 
Section 106 of the National Historic Preservation Act of 1966 as amended (36 CFR 800) and 
Massachusetts General laws Chapter 9, Section 26-27C (950 CMR 71) and the terms of the 
FEMA Programmatic Agreement. 
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5.  Maintenance and Operation Plan 

Maintenance at the Mill Pond Dam includes:  

 Removing and replacing of stop logs to allow eel migration and adjust pond 
elevations as needed.  

 Mowing the abutments and the downstream buffer zone to discourage growth of trees 
and shrubs.   

A formal maintenance and operation plan will be submitted at a later date. 
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6.  Emergency Action Plan 

Per 302 CMR 10.11, an Emergency Action Plan (EAP) is not required for Mill Pond dam 
because the dam is not classified as a high hazard (Class I) dam.   
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

TO: Bill Salomaa, DCR Office of Dam Safety

FROM: Mark Mitsch

DATE: May 15 & 16, 2006

SUBJECT: Report on Emergency Response Inspections
Mill Pond Dam
Rockport, MA

At approximately 1930 hours on 5/15/06, I arrived at Mill Pond Dam in Rockport, MA as
requested by your office. The site visit was in response to a public safety emergency reported by
the Town to MEMA and the Office of Dam Safety. I met with John Tomasz (Rockport DPW
Director) to observe the condition of the dam. Approximate location of the dam is indicated on
Figure 1.

The emergency was caused by a partial breach of Mill Pond Dam during the heavy rain events of
the past week. The pond level rose above the crest of the dam prior to the breach (Photo 1 –
provided to me by Eric Hutchins of NOAA). The overtopping flow overwhelmed the
downstream channel, flooded the park area adjacent to the channel, and eventually led to a
partial breach of the dam (Photos 2 through 6).

A complete breach (collapse of the upstream wall) during this rain event or during a future event
could release the full impoundment downstream, which would threaten the homes and businesses
(a restaurant and B&B on Beach Street) downstream of the dam, as well as the Beach Street
public road. To mitigate the risk I recommended that the Town stabilize the breach area by
backfilling the washout area with large riprap and then break down the upstream wall of the dam
where water is flowing through (Photo 2) down to the level of the flow to limit the potential
volume of impoundment.

I observed that the Town began the recommended emergency measures on 5/16/06.
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

Figure 1 – Locus Map
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

May 15, 2006 Rockport, MA Photographs

(1) Mill Pond Dam prior to breach from upstream left shore area.
Water level is above the dam crest (5/15/06 AM)

(2) Mill Pond Dam partial breach from left abutment 5/15/06 PM.
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

(3) Mill Pond Dam partial breach looking downstream from left abutment 5/15/06 PM.

(4) Mill Pond Dam partial breach from downstream 5/15/06 PM.
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

(5) Mill Pond Dam partial breach from right abutment (over primary spillway culvert).
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Weston & Sampson Engineers, Inc.
Five Centennial Drive

Peabody, Massachusetts 01960-7985
www.westonandsampson.com

Tel: (978)532-1900 Fax: (978)977-0100

Innovative Solutions since 1899

(6) Mill Pond Dam after riprap placement began and pond level reduced 5/18/06 AM

O:\DCR MA\May 2006 Flood Emergencies\05151606 Dam Emergency Rockport.doc
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Mill Pond Dam, Rockport, Massachusetts Photos  

 
 

 
Photo B1 – Panoramic composite* - Downstream wall of dam 
 
 

 
GEI Consultants, Inc. Project 07104 February 2010 

 
Photo B2 – Panoramic composite* - Downstream wall of dam from a different location 
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Mill Pond Dam, Rockport, Massachusetts Photos  

 
GEI Consultants, Inc. Project 07104 February 2010 

  
Photo B3 – Panoramic composite* - Upstream side of dam 
 
 

  
Photo B4 – Panoramic composite* - Left abutment area 
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Mill Pond Dam, Rockport, Massachusetts Photos  

    
Photo B5 – Former Sluiceway Outlet Control (not functional)   Photo B6 – Former Sluiceway Outlet (not functional) 
 

   
Photo B7 – Former Sluiceway Intake (not functional)   Photo B8 – Spillway intake (functional) 

 
GEI Consultants, Inc. Project 07104 February 2010 
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Mill Pond Dam, Rockport, Massachusetts Photos  

 
GEI Consultants, Inc. Project 07104 February 2010 

   
Photo B9 – Spillway outfall       Photo B10 – Dam crest 
 
    
   
 
*Note:  Distortions and color or light irregularities in photos are due to discontinuities between individual photographic images used to create 
composite panoramas. 
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C O M M O N W E A L T H  O F  M A S S A C H U S E T T S  ·  E X E C U T I V E  O F F I C E  O F  E N V I R O N M E N T A L  A F F A I R S  

Department of Conservation and Recreation 
Office of Dam Safety 
John Augustus Hall 

 
 
 
 
 

JURISDICTIONAL DETERMINATION 
CHAPTER 253 PERMIT APPLICATION 

 
Dam Name:        Mill Pond Dam      Date:   April 2010 
 
Dam Location (City or Town):  Rockport 
 
Owner(s) Name: Town of Rockport – Department of Public Works 
 
Any person(s), who proposes to construct, repair, materially alter, breach or remove a dam, pursuant to 
M.G.L. Chapter 253, as amended by Chapter 330 of the Acts of 2002,  must file with the Commissioner a 
permit application to determine whether or not a Chapter 253 Dam Safety Permit is required. Routine 
maintenance related work does not require a Chapter 253 Dam Safety Permit; however the owner(s) must 
file for a determination. No work is to commence before a determination is made by the Commissioner 
(PART A). 
 
If the Commissioner determines that the proposed work falls within the jurisdiction of M.G.L. Chapter 
253 the Owner(s) must apply for a permit (PART B). 
 
The application and notices shall be sent by certified mail to DCR, Office of Dam Safety, Permits.  
All permit applications must comply with design and construction criteria as specified in 302 CMR 
10.00: Dam Safety Rules and Regulations effective November 4, 2005. 
 
Certain dams and reservoirs as defined in 302 CMR 10.00 are excluded from filing. Also, the approval of 
the Commissioner shall not apply to small dams or embankments constructed for irrigation, detention, 
storage tanks, or other purposes that impounds less than 15 acre-feet, regardless of height and is not in 
excess of 6 feet in height, regardless of storage capacity provide that any discharge(s) shall not materially 
affect property. 
 
Any action taken by the Commissioner in regard to this application does not release the owner(s) from 
the requirements of any other law or regulatory authority. 

 

 

 

 

Deval L. Patrick 
Governor 

Timothy P. Murray 
Lt. Governor 

Ian A. Bowles, Secretary 
Executive Office of Environmental Affairs 

Richard K. Sullivan, Jr., Commissioner 
Department of Conservation & Recreation

180 Beaman Street 
West Boylston, MA 01583 
508-792-7716  508-792-7718 FAX 
www.mass.gov/dcr 
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(PART A)   Notice of Jurisdictional Determination 
PER 302 CMR 10.00 

(CHECK THE APPROPRIATE COLUMN) 
 
1. Is there any risk to life and/or property resulting from flooding and/or a dam failure?  
            Yes(X) No( ) 
 
2. Is the structure classified as a roll/river dam?           
            Yes( ) No(X) 
 
3. Does the maximum impoundment exceed 15 acre-feet (1 surface acre x 1 foot deep)?  
            Yes() No(X ) 
 
4. Does the height of the dam exceed 6 feet above the natural bed of the stream at any point? 
            Yes(X) No( ) 
 
 
If a question is answered Yes, then the Commissioner has the authority to determine the need for a 
permit.  If the answer to any question is unknown, the applicant needs to request a determination, 
(PART A). If all questions are answered No a written determination may still be requested from the 
Commissioner (PART A).  
 
Any request for jurisdictional determination relative to work to be performed on, or affecting a 
dam, must contain the following basic information: 
 
The present dam owner(s) name, address and telephone number based on Registry of Deeds records 
(Book and Page Numbers) and also Town/City records (Assessor maps and tax records). 
 
A topographic or town map clearly indicating the dam location, impoundment, dam name and local 
access. 
 
A  plan view of the dam showing pertinent details: i.e. elevations, length, width, spillway, controls, 
buildings etc.  Also the maximum cross section through the dam as measured from the lowest point.  
 
Elevation(s) and surface area (acres) of the pond.  Normal (spillway) and maximum (crest) volumes 
of water impounded (acre-feet) by the dam (measured or estimated). 
 
A brief statement regarding possible damage and risk to life based on flood discharges and/or a dam 
breach. 
 
Full nature of work to be performed and signature of owner(s) and/or applicant(s) submitting this 
request. 
 
Photos of dam showing structures; i.e. gates, outlets, spillways.  Also, any past history of repairs, 
flooding events, owners, etc. 
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(PART A cont.)                      Regular Maintenance 
 
Further, any request to the Commissioner for a jurisdictional determination relative to 
maintenance work on a dam must complete the following section: 
 
If considered regular maintenance or permitted water adjustments for pond maintenance, flood 
operation and/or other dam/pond activity.  

Check Here_____  

Typical maintenance activities include, but are not limited to the following items.  
 

1. Normal water level pond drawdown?     Yes( )No( ) 
 

2. Minor Earthwork/masonry maintenance and repair?   Yes( )No( ) 
 

3. Riprap maintenance and repair?     Yes( )No( ) 
 

4. Vegetation and tree maintenance (less 6”Diameter)?   Yes( )No( ) 
 

5. Rodent damage control?      Yes( )No( ) 
 

6. Traffic damage controls and erosion?     Yes( )No( ) 
 

7. Mechanical maintenance to outlets?     Yes( )No( ) 
 

8. Electrical maintenance?      Yes( )No( ) 
 
9. Cleaning?        Yes( )No( ) 

 
10. Concrete maintenance?      Yes( )No( ) 

 
11. Metal component maintenance?     Yes( )No( ) 

 
12. Other as specified:       Yes( )No( ) 

 
 
 
 
Please describe the nature of proposed regular maintenance checked above by item number.   
Use additional paper if necessary. 
 
See the Design Report for required information. 

 
STOP HERE if requesting a project determination, If applying for a Permit proceed to  
PART B. 
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(PART B)   Application for Dam Safety Permit 
 
General Information: 
 
1. Dam location (City/Town) attach locus map and local access to the dam. 

Rockport; See Figure 1 of the Design Report for locus map 

2. Dam Name(s):  Mill Pond Dam 

3. Impoundment Name(s):  Mill Pond 

4. Assessor’s Information (city or town tax assessors office): 

Map Number:  18 
Section Number:  N/A 
Lot(s) Number:  319, 325 
Record Owner(s) and Address:  Town of Rockport, 34 Broadway, Rockport, Massachusetts 01966 

5. Registry Location:  Essex Registry of Deeds, Southern District 

Book and Page:  N/A 

Present and/or Prospective owner(s): 

Name: Town of Rockport 
Address: 34 Broadway, Rockport, MA  01966 

Telephone:  978-546-3525 

6. Present or prospective abutter(s), for DCR funded or granted projects: 

Name:   

Address:_______________________________________________________________________ 

Telephone:_________________________ 

7. Name of US Geological Survey map quadrangle: Rockport 

8. Name of reservoir or waterway:  Mill Pond/Mill Brook 

9. Is there specific legislative authority to construct the dam?  Yes( )No(X) 

If yes, identify:__________________________________________________________________ 

10. Purpose of the dam structure?  Recreational Impoundment  

11. Nature of work to be performed: New dam Yes( )No(X), Alteration or major repair of existing          

dam Yes (X)No(  ), Other repair or pond work effecting dam Yes( )No(X).                         

12.  Is a MEPA Certification required to perform the proposed work? Yes()No(X)  
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(PART B cont.)                       HAZARD POTENTIAL EVALUATION 
 (Based on downstream field investigation) 

 
1. The number of people that could be effected by failure or overtopping of the dam structure, and to 

what degree they could be effected:  
 
The number of people that could be affected from a failure of the Mill Pond Dam is estimated to be less 
than 10 people based on visual observations at Mill Pond and the surrounding area.  The loss of life is 
not expected from a failure or overtopping of the dam. 
 
  
2. The estimated number of properties (homes, building, etc.) that could be effected by failure or 

overtopping of the dam structure, and to what degree they could be effected:  
 
The town maintains a public park immediately downstream of the dam which includes a gravel 
walkway and a grassy area containing a small playground.  There are three residential structures 
located on the left side (looking downstream) of the dam with sill elevations (first or ground floor) of 
El. 19 to El. 15 feet.  The house that almost abuts the dam on the left side of the brook has a daylight 
basement with an estimated elevation of about 17 feet. Three Commercial properties (bed and 
breakfast/restaurant establishments) are located on the left and right side of Mill Brook near Beach 
Street.  These structures are located about 400 to 500 feet downstream of the dam.   
 
It is estimated that the park and playground area could be flooded by several inches to several feet as 
a result of a dam failure or dam overtopping.  It is expected that depth of flooding on the residential 
and commercial properties downstream of the dam would be minimal.   
 
3. The estimated roads or other structures that could be effected by failure or overtopping of the dam 

structure, and to what degree they could be effected:  
 
The brook and discharge from the dam passes under Beach Street to the ocean through a 50-inch 
diameter culvert with an invert about seven feet below the road.  The paved surface of the road is at 
approximately El. 15 feet.  Overtopping of the road is to an unknown depth is possible depending on 
the rate of a breach failure. 
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(PART B cont.) 
 

HYDROLOGIC, HYDRAULIC AND STRUCTURAL CONSIDERATIONS 
 
Hydrologic, hydraulic and structural design procedures should be used, as established by one of the 
following: The U.S Army Corps of Engineers, the U.S. Bureau of Reclamation, the U.S. Soil 
Conservation Service and other procedures universally accepted as sound engineering practice. 
 
1. Contributory drainage area (sq. mi.):  0.75 (Appendix E of the Design Report, Fig. 1) 

 (Attach topographic map with outline of drainage area) 
 
2. Design storm duration: 100-year storm 

 
Rainfall Intensity (inches/hour):  Maximum Intensity = 0.275 inches/hour 
 

3. Runoff (%)   74 Inches: 6.6 
 
4. Peak Outflow (cfs): 670 
 
5. Previous known flood of record (month/year): Flood of record unknown although the dam has 

overtopped in March 2001 and May 2006. As a result of the May 2006 flooding, large stone blocks 
on the downstream face became dislodged and a 45-foot-long portion of the downstream parapet 
wall collapsed and toppled downstream of the dam.  Since that event, the Town of Rockport has 
made temporary repairs to the dam by placing stone in the breached area and blocking vehicular 
traffic from crossing the dam crest.  

 
6. Design maximum flood level elevation: 31.5 ft  
 
7. Additional information: 
 

DESIGN CRITERIA 
 

1. Datum used:      MSL of 1929  (X) NAVD 88  _________    Assumed________Other_________ 
 

2. Type of structure (earth, concrete, etc.): Concrete Cantilever Retaining Wall with Soil Backfill 
 
3. Maximum structural height of the dam (feet):  14 +/- 
 
4. Crest length (ft):  107 +/- ; Crest width (ft): 14 +/- 

 
5. Top elevation of dam: 29.0 
 
6. Present river or channel elevation at dam (ft): 15.8 to 20.0 +/- 

 
7. Normal pool elevation (ft): 27.3 

 
8. Normal pool surface area (acre):   1.3 
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9. Normal impoundment (acre-ft):  3 

 
10. Maximum pool elevation (ft): 100 year storm – 31.0 

 
 

11. Maximum pool surface area (acre):  3.4 
 
12. Maximum impoundment (acre-ft):  10 
 
13. Freeboard, as measured from the maximum design pool elevation to the crest of dam (ft): - 2.0 
 
14. Nature of slope protection:  N/A 

15. Primary Spillway information: 

Spillway type:  Twin Rectangular Granite Block Culverts 

Top elevation:  25.6 ft. (Invert) 

Dimensions (ft):  Two culverts each:  2.5 ft High by 2.5 Wide. 

Capacity (cfs): 120 cfs with WSEL at El. 31.0 

Percentage of design flood:  18% 
 

16. Emergency Spillway information:   

Spillway type: Dam overtopping 

Top elevation: 29.0 

Dimensions (ft): 85 ft long 

Capacity (cfs): 550 CFS (when water level is El. 31.0) 

Percentage of design flood: 82% 

17. Low Level Outlet (s): None.  See Waiver Request Letter provided in Appendix H of the Design 

Report. 

Type(s):   

Invert elevation(s):   

Dimension(s) (ft):   

Capacity (cfs):  

Percentage of design flood:  

 
SUBSURFACE INVESTIGATION 

Boring logs, analysis and recommendations to accompany this application. 
 
Boring logs and design parameters are provided in Appendix D of the Design Report. 
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CONSTRUCTION DRAWINGS 

 
Names and addresses of abutters to the proposed project must be clearly indicated on the construction 
drawings.   
The construction drawings show present abutters and are provided in Volume II of the Design Report. 
  
(PART B cont.)                 SIGNATURE SECTION 
 
Applicant(s) 
 
Name(s)  Town of Rockport, Department of Public Works 

 
Street:  34 Broadway 
 
City/Town: Rockport             State: MA             Zip:  01966 
 
Telephone:  978-546-3525   Fax:_______________ Email Address:  jparisi@town.rockport.ma.us 
 
Signature and Title________________________________________________ Date:_____________ 
 
 
 
Licensed professional civil engineer registered in Massachusetts.  
 
Name:  R. Lee Wooten 
 
Company:  GEI Consultants, Inc. 
 
Street:  400 Unicorn Park Drive, 3rd Floor 
 
City/Town:  Woburn    State:  MA   Zip: 01801 
 
Telephone: 781-721-4000 Fax: 781-721-4073   Email Address: lwooten@geiconsultants.com 
 
Signature:_______________________________________________ Date:_____________________ 
 
Stamp and License Number:   31830 
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Chapter 253 Application Fee and Permit Fees: 
 
(a) The fee to apply for a Chapter 253 Dam Safety Permit to construct, materially alter, perform 
major repairs, breach or remove a dam is $50.00 
 
(b)   The fee for review and issuance of a Chapter 253 Dam Safety Permit is based on the size and 
cost of the proposed project (construction and engineering) as follows: 
 
1. For a dam construction project costing up to $100,000.00 the fee will be $250.00 
2. For a dam construction project costing from $100,000.00 to $500,000.00 the fee will be $500.00 
3. For a dam construction project costing between $500,000.00 and $1,000,000.00 the fee will be      
$750.00 
4. For any dam project over $1,000,000.00, the fee will be $1,000.00 
 
The cost of the proposed project: 
 
(a) The cost of engineering:  ~$85,000 
(b) The cost of construction: ~$800,000 
 
The total cost: ~$885,000 
 
Please enclosed check or money order payable to: The Commonwealth of Massachusetts, Office of 
Dam Safety – Permits Section 
 
Exclusions:  The Commonwealth, its agencies, authorities and political sub-divisions, including 
municipalities, are exempt from the payment of fees. 
 
Minimum Submission Requirements: 
 
With this application submit one set of bounded (utilizing plastic comb bindings) final design report 
with 11”x 17” design drawings. An electronic copy of the design report and drawings in PDF 
(compatible with Adobe Reader Version 6.0 or later) format presented on compact disc (CD-R 
media, closed for future recording). CD’s shall be protected by jewel case and contain a label 
indicating the dam project name,  NID ID #,  the Town in which the dam is located, and the date of 
the design report. 
 
All required submittals shall be sent by certified mail to: 
 
Department of Conservation and Recreation 
Office of Dam Safety, Permits 
John Augustus Hall 
180 Beaman Street 
West Boylston, MA01583 
 
Approval or denial of a permit will be issued within 60 days from the time the final design report and 
permit application is received. 
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Final Design Report  
Chapter 253 Permit Application 
Mill Pond Dam  
April 2010 
 

GEI Consultants, Inc.  

Appendix D 

Technical Memo 1 – Design Parameters 
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TECHNICAL MEMORANDUM 1  
Summary of Design Parameters 
Mill Pond Dam 
Rockport, MA 
GEI Project #07104-1 
 

The purpose of this technical memorandum is to summarize the design parameters that were used in civil, 
structural, and geotechnical analyses for the design of dam safety modifications to Mill Pond Dam located 
in Rockport, Massachusetts.  All elevations are referenced to the National Geodetic Vertical Datum of 1929 
(NGVD29). 
 
Design Storm  100 yr. 
Crest Width             16-20 ft. 
Normal Pool Elevation  El. 27.3 ft. 
Dam Crest Elevation El. 29.0 ft. 
Spillway Culvert Invert Elevation El. 25.6 ft. 
Peak Water Surface (WS) Elev. El. 31.0 ft. 
Depth of Overtopping at Design Storm                         2.0 ft. 
Allowable Bearing Capacity 4 tsf 
Culvert Dimensions (each) 2.5 ft x 2.5 ft. 
Number of Culverts 2 
Stop Log Invert El. 27.3 ft. 
Downstream Channel Elevation          Varies 
 
Stoplogs will be used to maintain the pond at normal pool (NP) and allow the pond to be self regulating.  
The stoplog system will be used to lower pond levels for maintenance or to increase discharge capacity 
during periods of increased inflows.   
 
1.0 Stratigraphy 
 
We performed a subsurface investigation that consisted of two test borings drilled to approximately El. 0 ft.  
Based on the results of the test borings, we have assumed a stratigraphy of two discreet soil layers: 
 
1.1 Layer 1 – Embankment Fill 

The embankment fill soils exist in the embankment of the dam from the existing ground surface to depths 
of about 15 feet.  The fill encountered in the test borings consisted mostly of widely graded sand with 
varying amounts of silt.  Based on standard penetration test (SPT) n-values, the embankment fill can be 
described as loose to medium dense. 
 
1.2 Layer 2 – Foundation Soil 

The foundation soils were encountered beneath the embankment fill soils. Based on our review of the 
information collected during the investigation, we have classified the foundation soils as Glacial Till.  Both 
borings were terminated in the till, and therefore its thickness is not known. The till encountered in the 
borings varied from widely graded sand with silt to silt with sand and based on SPT n-values can be 
described as medium dense to very dense. The borings also encountered frequent cobbles and boulders in 
this layer. 
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TM 1 for Mill Pond Dam -2- February 2010 

2.0 Design Parameters 
 
We estimated design parameters for each subsurface layer based on empirical correlations to standard 
penetration test N-values, soil type, and fines content.  
 
Based on our review of stratigraphy and our knowledge of empirical correlations, we estimate the following 
soil parameters to use in design: 
 

Soil Layer 
Unit 

Weight, γ 
(pcf) 

Friction 
Angle, φ 

(degrees) 

Permeability, k
 (cm/sec) 

Embankment 
Fill 130 32 1x10-2 to 1x10-4 

Foundation Soil 135 35 5x10-3 to 1x10-6 

 
Logs for Borings B-1 and B-2 are attached. 
 
3.0 Bearing Capacity 
 
Bearing capacity was selected using the Allowable Bearing Capacity for Foundation Soils provided in the 
Massachusetts Building Code (Table 1804.3) for loose, Class 8 soils (silty sands).  We selected a 
presumptive bearing capacity of 4 tons per square feet (tsf). 
 
4.0 Soil and Aggregate Fill Materials 
 
Refer to the project specifications for additional information, including gradation and other geotechnical 
criteria for the soil and aggregate fill materials listed below.   
 
4.1 Embankment Fill 
    
 M.1.01.0 – Ordinary Borrow – Massachusetts Highway Department Standard 
 Specifications for Highways and Bridges, 1988 (MHD88).  Material conforming to AASHTO   

M-145 group A-1, A-2-4 or A-3.  On-site material will be permitted to be re-used if it meets the 
MHD and AASHTO standards. 

 
4.2 Impervious Fill 
 

Impervious Fill shall be provided from one source and meet the ASTM D2487 soil classification 
for CL, CH, MH, or SC soils.   
 

4.3 Sand for Aggregate Filter 
 
 MHD88 – M4.02.02A – Fine Aggregate, or similar material conforming to ASTM C- 33 
 Fine Aggregate. 
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4.4 Aggregate for Granular and Riprap Filter 
 
 ASTM C-33 No. 1 Stone. 
 
 
5.0 References 
 

1. Massachusetts Highway Department Standard Specifications for Highways and Bridges, 1988. 
 

2. McGregor, J.A. and Duncan, J.M. (1998), “Performance and use of the Standard Penetration Test 
in Geotechnical Engineering Practice”, Center for Geotechnical Practice and Research, Virginia 
Polytechnic Institute and State University. 

 
3. Lambe, T.W., Whitman, R.V. (1969), Soil Mechanics, John Wiley & Sons. 

 
4. United States Army Corps of Engineers, EM 1110-2-1901, Seepage Analysis and Control of 

Dams. 
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TECHNICAL MEMORANDUM 2  
Design Storm Hydrologic and Hydraulic Analysis 
Mill Pond Dam 
Rockport, MA 
GEI Project #07104-1 

 
1.0 Design Storm Hydrologic and Hydraulic Analysis 

GEI Consultants performed the hydrologic and hydraulic (H&H) analysis to estimate the design storm 
for the existing and proposed Mill Pond Dam.  The analysis was performed by a registered 
professional engineer experienced with the inspection, construction, and design of dams. 
 
2.0 Design Criteria 

We performed this study to determine the design storm for the rehabilitation of Mill Pond Dam in 
accordance with the Department of Conservation and Recreation (DCR) dam safety requirements and 
Massachusetts General Law (MGL) 253, §§ 44-50 and 302 CMR 10.00-10.16.   
 
The Town of Rockport requested that the Mill Pond Dam normal pool elevation be maintained near 
El. 27.3 ft.   This H&H analysis is based on the National Geodetic Vertical Datum 1929 (NGVD 29) 
elevation datum. 
 
2.1 Size and Hazard Potential Classification 
 
The existing dam is approximately 13.7 ft high at the maximum section.  At maximum pool, we 
estimate the pond impounded by the Mill Pond Dam has a storage volume of 10 acre-ft with a surface 
area of 3.4 acres.  Based on the height and storage the dam is classified as a “small” dam in 
accordance with the 302 CMR 10.06.  At normal pool, we estimate that Mill Pond has a storage 
volume of 3 acre-ft and a surface area of 1.3 acres. 
 
Based on our visual assessment of the potential downstream impacts, the dam height and the storage 
capacity, we estimated the hazard potential classification to be “significant” (Class II).  According to 
the DCR definitions, the failure of a significant hazard classification dam “may cause the loss of life 
and damage home(s), industrial or commercial facilities, secondary highway(s) or railroad(s) or cause 
interception of use of service of relatively important facilities.”  
 
In accordance with the 302 CMR, the spillway design flood (SDF) for an existing, small, significant 
hazard potential dam is the 100 year storm. 
  
3.0 Hydrology and Hydraulics Analyses 

A narrative of the methodology and assumptions used for the H&H modeling and the analysis results 
are provided below.  Supporting information used in the H&H analysis for the design storm is 
provided in Attachments 1 through 8. 
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3.1 Previous Studies 

There are no known hydrologic and hydraulic studies or design reports available for the Mill Pond 
Dam.  Flooding history of the dam is unknown with the exception of the storms occurring in March 
2001 and May 2006.  Based on precipitation data recorded in Beverly, Massachusetts (about 15 miles 
to the South), 4.3 inches of rain fell on March 22, 2001; 4.32 inches of rain fell on May 13, 2006; and 
4.95 inches of rain fell on May 14, 2006.   

3.2 Watershed Description 

GEI delineated the drainage area upstream of the dam using a digital 7.5-minute USGS topographic 
map in AutoCAD.  The measured area was estimated to be approximately 481 acres (0.75 square 
miles).  The two highest points in the watershed include Pool Hill, west of the dam, and Great Hill 
near Route 127, located southwest of the dam.  The watershed consists of moderately steep hills and 
knolls with small wetland areas.  A figure depicting the delineated watershed is provided in 
Attachment 1. 

The dam is located on Mill Brook and generally flows in an easterly direction to the Atlantic Ocean, 
which is located about 550 feet downstream of the dam.  The watershed and brook are ungaged.  
There are no known instruments in the watershed that measure precipitation, flow, or stage.   

There is one small pond (Loop Pond) located about 0.7 miles upstream of the Mill Pond Dam.  The 
physical characteristics and the hydrologic and hydraulic properties of Loop Pond are unknown.  It is 
our opinion that Loop Pond would have a negligible effect on the 100-year flood at Mill Pond Dam. 

3.3 Cover Types and Soils Data 

The drainage area generally consists of wooded areas on the northwestern side of the watershed and 
includes Briar Swamp.  The drainage area near the dam and south of Mill Brook is much more 
populated with residential properties and some commercial areas.  Surficial soils in the watershed 
area generally consist of about 57 percent fine sandy loam; 13 percent muck; 13 percent impervious 
area and urban land; 10 percent bedrock outcrops; and 7 percent loam and loamy sand.  The 
hydrologic soil groups (HSG) for the watershed are summarized in Table 1.  Attachment 2 contains 
the hydrologic soil groups, cover type areas, and curve number calculations. 
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Table 1.  Mill Pond Dam Watershed Hydrologic Soil Groups 
 

Hydrologic Soil Group Infiltration Rate 
Area, 

(acres) 
Percent of 
Total Area 

A High 26.3 5% 
B Moderate 170.1 35% 
C Slow 135.3 28% 
D Very slow 91.9 19% 

Impervious areas (water, 
urban areas, paved, etc) 

Impervious 58.1 12% 

Total* 481.7 100% 
*Watershed delineated on soils map is approximate and differs slightly from measured 
watershed area; (481.1 versus 481.7 acres). 
 

3.4 Unit Hydrographs 

The unit hydrograph for the drainage area was estimated using the SCS unit hydrograph procedure 
(also known as the TR-20 runoff method).  The SCS Curve Number (CN) for the watershed was 
estimated based on the aerial survey image, hydrologic soil groups (HSG), and site observations.  We 
calculated weighted average CN of 74 for the watershed and used an antecedent moisture condition 
(AMC) of 2. 

3.5 Time-of-Concentration 

The time-of-concentration (Tc) for the dam was based on the longest flow path in the watershed 
which consisted of several segments including sheet flow, shallow concentrated flow and several 
reaches of channel flow.  Based on these elevations obtained from the 7.5-minute USGS topographic 
map and the topographic survey of the Mill Pond Dam area, the travel time for each component was 
determined using the calculations and procedures in TR-55 (Natural Resources Conservation Service 
(NRCS) Department of Agriculture, Urban Hydrology for Small Watersheds, Technical Release 55).  
We calculated an estimated Tc for the watershed to be 65 minutes.  Calculations are provided in 
Attachment 3. 

3.6 Precipitation 

The precipitation used to develop the 100-year storm is based on TR-55.  The rainfall distribution 
maps provided in TR-55 are based on the National Weather Service Technical Paper 40 (TP-40).  
Based on the location of the watershed on the TP-40 maps (provided in Attachment 4), we selected a 
“Type III” rainfall distribution and a 100-year, 24-hour rainfall of 6.6 inches for the design storm. 

3.7 Rainfall-Runoff Model 

The H&H analyses were performed using the U.S. Army Corps of Engineers Hydraulic Engineering 
Center, Hydraulic Modeling System (HEC-HMS) model, Version 3.3 based on the procedures 
described in Section 4, Hydrology of the Soil Conservation Service (SCS) National Engineering 
Handbook. 
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TM 2 for Mill Pond Dam -4- February 2010 
 

3.8 Routing 

The rainfall-runoff was routed from the watershed to the reservoir in the HEC-HMS model.   The 
reservoir routing for Mill Pond was performed within the model using elevation and surface area 
values estimated from the 7.5-minute USGS topographic map.  Our calculations are provided in 
Attachment 5. 

The discharge rating curve for the existing dam configuration was calculated in the Federal Highway 
Administration software program HY-8, Version 7.0 and input into the HEC-HMS model as a user-
defined elevation-discharge rating curve.  We calculated the existing discharge rating curve using 
HY-8 because of the non-uniform crest and parapet walls.  The HY-8 output is provided in 
Attachment 6.   

The discharge rating curve calculations for the proposed conditions were calculated in a spreadsheet 
to account for the multiple openings, dimensions, and elevations associated with the proposed bench 
and handrails.  We calculated the discharge capacity for the upstream and downstream side of the 
dam to evaluate the controlling discharge capacity for the dam.  The proposed discharge rating curve 
calculations are provided in Attachment 7.  We entered the final elevation versus discharge values for 
the proposed dam into HEC-HMS.   

The starting elevation of the pond (initial elevation) for the 100-year design storm calculations was 
assumed to be at El. 27.3 feet with an assumed base flow of 1 cfs. 

3.9 Antecedent Conditions 

We assumed the starting elevation of the reservoir was at the normal maximum pool of El. 27.3 ft.  
The base flow was assumed to be 1 cfs.  The initial abstraction was assumed to be 0.0 inches to 
simulate saturated soil conditions. 

3.10 Model Calibration 

A detailed calibration of the rainfall-runoff model is not feasible because the watershed is ungaged 
and historical information, such as precipitation, peak flow, and peak pond elevation, are not recorded 
at Mill Pond.   

The precipitation intensity and duration that caused the 2001 and 2006 floods is unknown.  Gages 
within several miles of the watershed recorded 4 to 5 inches for both events.  The pond overtopped 
the dam crest during both events so the peak elevation was at least El. 29.5 ft or greater.  

We modeled a 5-year storm (3.9 inches of precipitation) in the watershed that resulted in a peak pond 
elevation of 30.8 feet.   

We concluded that the model simulates the rainfall-runoff for the watershed with acceptable and 
reasonable results based on the results of our 5-year storm analysis.  The model computed a peak 
pond elevation of 30.8 ft from 3.9 inches of precipitation. 
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TM 2 for Mill Pond Dam -5- February 2010 
 

4.0  Existing Dam Features 

Twin Box Culverts: The existing dam contains two box culverts with an invert elevation of 25.65 to 
26.0 ft.  Each opening is approximately 2.5 ft wide and 2.5 ft high.  It is our understanding that the 
Town of Rockport maintained the normal pool elevation by placing sandbags or boards to maintain 
the desired normal pool elevation. 

Dam Crest: The current crest elevation is irregular, varies from a low point of approximately 29.5 ft, 
and ties into the existing natural surrounding contours above El. 32 ft.   

Guard Rails/Parapet Walls: The existing dam contains two “parapet walls” along the upstream and 
downstream face of the dam.  The top of the parapet walls are approximately 1.5 ft above the crest of 
the dam.  

5.0  Proposed Dam Features 

Twin Box Culverts: The proposed dam will contain two box culverts with an invert elevation of 25.6 
ft.  The width and height of each box culverts will be about 2.5 ft wide and 2.5 ft high.  The top of the 
box culvert opening will be at El. 28.34 ft, 0.66 ft below the crest elevation.  It is our understanding 
that the Town of Rockport will control the pond elevation by installing stoplogs to maintain the 
desired normal pool elevation at or near El. 27.3 ft.   

Dam Crest: The crest of the dam will be re-established to El. 29.0 ft, about 0.5 ft lower than the 
existing crest elevation not including the parapet/guard rails.  At the Town’s request, handrails and 
benches will replace the parapet walls/guard rails on the upstream and downstream sides of the crest.  
Our discharge calculations accounted for the flow under, through, and over the proposed handrails 
and the bench using standard weir and orifice equations.  We assumed that the Town will remove 
stoplogs to allow the box culverts to flow freely before large storm events. 

Handrail and Bench System: A system of granite benches will replace the upstream parapet wall 
and a stone masonry and steel handrail system will replace the downstream parapet wall and provide 
fall protection (see Drawings).  The bench and handrail systems will provide open areas to allow 
water and debris to safely pass over the dam during significant storm events.   

6.0 Design Storm Results and Conclusions 

We evaluated three scenarios for the 100-year design storm: 
 

1. Existing Conditions, boards or sandbags in place 
2. Proposed Conditions, stoplogs  in place 
3. Proposed Conditions, stoplogs removed 

 
We also evaluated the 2-, 5-, 10-, 25-, and 50-year storm events for the Proposed Conditions, stoplogs 
removed scenario. 
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TM 2 for Mill Pond Dam -6- February 2010 
 

6.1 100-yr Flood Design Storm 

The 100 year storm results for Mill Pond Dam are summarized below in Table 2.  The results indicate 
that under the existing conditions, the peak stage for the 100 year storm is El. 31.5.  This would 
overtop the dam by 2.0 feet for about 6 hours assuming the stoplogs are left in place during the storm. 

The proposed dam crest (with the handrails and benches) would be overtopped by approximately 2.0 
feet for about 13 hours.  The maximum reservoir elevation is 31.0 ft from the 100 year storm 
assuming the stoplogs are left in place during the storm. 

Removing the stoplogs prior to the storm, but maintaining the normal pool at 27.3 ft would reduce the 
peak pond elevation and maximum overtopping depth and duration of overtopping.  Removing the 
stoplogs on the proposed dam would only decrease the peak stage by .1 ft with a maximum 
overtopping depth of 1.9 ft.  The duration of overtopping is decreased by almost 8 hours be removing 
the stoplogs. 

The HEC-HMS output and hydrographs for the 100-year flood design storm at Mill Pond Dam are 
provided in Attachment 8. 

Table 2.  Mill Pond Dam – 100 Year Design Storm Results 

Case 
Inflow, 

cfs 
Outflow, 

cfs 
Peak Stage, 

ft 

Maximum 
Overtopping 

Depth, ft 

Duration of 
Overtopping, hrs 

Existing,  
stoplogs in place 

670 667 31.5 2.0 6 

Proposed, 
stoplogs in place  

670 669 31.0 2.0 13 

Proposed, 
stoplogs removed  

670 665 30.9 1.9 5.3 
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TM 2 for Mill Pond Dam -7- February 2010 
 

 

 

6.2 Lower Return Period Storms 

We evaluated the 2-, 5-, 10-, 25-, and 50-year storms for the proposed Mill Pond Dam with the 
boards/sand bags in place and removed.  The results provided in Table 3 indicate that the dam will be 
overtopped for each event regardless of the boards/sand bags.  Removing the boards/sand bags lowers 
the peak pond elevations and maximum overtopping depths by 0.1 to 0.3 ft.  Removing the boards or 
sand bags significantly reduces the duration of overtopping by a factor of 2.  The results for the 
boards/sand bags removed are presented below in Table 3. 

Table 3.  Proposed Mill Pond Dam, Boards/sand bags removed: 2, 5, 10, 25, and 50-Year Storm Results 
 

Storm 
Event, 

yr 

Precipitation, 
inches 

Peak Inflow, 
Outflow, cfs 

Peak Res. 
Elevation, 

ft 

Duration of 
Overtopping, 

hours 

Max 
Overtop 
Depth, ft 

50 5.9 574 30.7 5.0 1.7 
25 5.5 520 30.6 4.5 1.6 
10 4.6 405 30.3 3.5 1.3 
5 3.9 316 30.1 3.0 1.1 
2 3.2 233 29.8 2.0 0.8 

 
 
 
 
M:\DATA\_DESIGN\071041 Rockport Mill Pond Dam\Ch253\TM2 - H&H\TM2-H&H_2010.02.18.docx 

543



Attachment 1 

Watershed Map 
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Attachment 2 

Hydrologic Soil Groups, Cover Types, and CN Calculations
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Attachment 3 

Time of Concentration (Tc) Calculations
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Attachment 4 

NRCS (SCS) 24-Hour Precipitation Maps
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Mill Pond Dam watershed
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Mill Pond Dam watershed

Mill Pond Dam watershed
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Mill Pond Dam watershed

Mill Pond Dam watershed
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Mill Pond Dam watershed

Mill Pond Dam watershed
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Attachment 5 

Reservoir Storage Data
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Attachment 6 

Existing Discharge Rating Curve Calculations
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Attachment 7 

Proposed Discharge Rating Curve Calculations
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MILL POND DAM

UPSTREAM SLOPING SECTION OF OVERTOPPING FLOWS
Overtopping

el.1= 29 el.2= 32.5 el.1= 29 el.2= 32.5
Lt= 60 slope= 0.0583 Lt= 40 slope= 0.0875

WSEL H1, ft yc1, ft L1, ft A1 Q1, cfs H1, ft yc1, ft L1, ft A1 Q1, cfs Total, cfs
29.00 0.0 0.0 0.0 0.0 0 0.0 0.0 0.0 0.0 0 0
29.10 0.1 0.1 1.4 0.1 0 0.1 0.1 1.0 0.0 0 0
29.20 0.2 0.2 2.9 0.2 0 0.2 0.2 1.9 0.2 0 1
29.30 0.3 0.3 4.3 0.5 1 0.3 0.3 2.9 0.4 1 2
29.40 0.4 0.3 5.7 1.0 2 0.4 0.3 3.8 0.6 1 4
29.50 0.5 0.4 7.1 1.5 4 0.5 0.4 4.8 1.0 3 6
29.60 0.6 0.5 8.6 2.1 6 0.6 0.5 5.7 1.4 4 10
29.70 0.7 0.6 10.0 2.9 9 0.7 0.6 6.7 1.9 6 15
29.80 0.8 0.7 11.4 3.8 12 0.8 0.7 7.6 2.5 8 21
29.90 0.9 0.8 12.9 4.8 17 0.9 0.8 8.6 3.2 11 28
30.00 1.0 0.8 14.3 6.0 22 1.0 0.8 9.5 4.0 15 36
30.10 1.1 0.9 15.7 7.2 28 1.1 0.9 10.5 4.8 18 46
30.20 1.2 1.0 17.1 8.6 34 1.2 1.0 11.4 5.7 23 57
30.30 1.3 1.1 18.6 10.1 42 1.3 1.1 12.4 6.7 28 70
30.40 1.4 1.2 20.0 11.7 51 1.4 1.2 13.3 7.8 34 84
30.50 1.5 1.3 21.4 13.4 60 1.5 1.3 14.3 8.9 40 100
30.60 1.6 1.3 22.9 15.2 71 1.6 1.3 15.2 10.2 47 118
30.70 1.7 1.4 24.3 17.2 82 1.7 1.4 16.2 11.5 55 137
30.80 1.8 1.5 25.7 19.3 95 1.8 1.5 17.1 12.9 63 158
30.90 1.9 1.6 27.1 21.5 108 1.9 1.6 18.1 14.3 72 181
31.00 2.0 1.7 28.6 23.8 123 2.0 1.7 19.0 15.9 82 206
31.10 2.1 1.8 30.0 26.3 139 2.1 1.8 20.0 17.5 93 232
31.20 2.2 1.8 31.4 28.8 157 2.2 1.8 21.0 19.2 104 261
31.30 2.3 1.9 32.9 31.5 175 2.3 1.9 21.9 21.0 117 292
31.40 2.4 2.0 34.3 34.3 195 2.4 2.0 22.9 22.9 130 324
31.50 2.5 2.1 35.7 37.2 215 2.5 2.1 23.8 24.8 144 359
31.60 2.6 2.2 37.1 40.2 238 2.6 2.2 24.8 26.8 158 396
31.70 2.7 2.3 38.6 43.4 261 2.7 2.3 25.7 28.9 174 435
31.80 2.8 2.3 40.0 46.7 286 2.8 2.3 26.7 31.1 191 477
31.90 2.9 2.4 41.4 50.1 312 2.9 2.4 27.6 33.4 208 520
32.00 3.0 2.5 42.9 53.6 340 3.0 2.5 28.6 35.7 227 566
32.10 3.1 2.6 44.3 57.2 369 3.1 2.6 29.5 38.1 246 615
32 20 3 2 2 7 45 7 61 0 399 3 2 2 7 30 5 40 6 266 666

Left Side Right Side

32.20 3.2 2.7 45.7 61.0 399 3.2 2.7 30.5 40.6 266 666
32.30 3.3 2.8 47.1 64.8 431 3.3 2.8 31.4 43.2 288 719
32.40 3.4 2.8 48.6 68.8 465 3.4 2.8 32.4 45.9 310 775
32.50 3.5 2.9 50.0 72.9 500 3.5 2.9 33.3 48.6 333 833
33.00 4.0 3.3 55.7 90.5 655 4.0 3.3 37.1 60.4 437 1,091
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MILL POND DAM

DOWNSTREAM SLOPING SECTION OF OVERTOPPING FLOWS
Overtopping

el.1= el.2= el.1= 29 el.2= 32.5
Lt= slope= #DIV/0! Lt= 35 slope= 0.1000

WSEL H1, ft yc1, ft L1, ft A1 Q1, cfs H1, ft yc1, ft L1, ft A1 Q1, cfs Total, cfs
29.00 29.0 19.3 0.0 0.0 0 0.0 0.0 0.0 0.0 0 0
29.10 29.1 19.4 0.0 0.0 0.1 0.1 0.8 0.0 0 0
29.20 29.2 19.5 0.0 0.0 0.2 0.2 1.7 0.1 0 0
29.30 29.3 19.5 0.0 0.0 0.3 0.3 2.5 0.3 1 1
29.40 29.4 19.6 0.0 0.0 0.4 0.3 3.3 0.6 1 1
29.50 29.5 19.7 0.0 0.0 0.5 0.4 4.2 0.9 2 2
29.60 29.6 19.7 0.0 0.0 0.6 0.5 5.0 1.3 4 4
29.70 29.7 19.8 0.0 0.0 0.7 0.6 5.8 1.7 5 5
29.80 29.8 19.9 0.0 0.0 0.8 0.7 6.7 2.2 7 7
29.90 29.9 19.9 0.0 0.0 0.9 0.8 7.5 2.8 10 10
30.00 30.0 20.0 0.0 0.0 1.0 0.8 8.3 3.5 13 13
30.10 30.1 20.1 0.0 0.0 1.1 0.9 9.2 4.2 16 16
30.20 30.2 20.1 0.0 0.0 1.2 1.0 10.0 5.0 20 20
30.30 30.3 20.2 0.0 0.0 1.3 1.1 10.8 5.9 25 25
30.40 30.4 20.3 0.0 0.0 1.4 1.2 11.7 6.8 29 29
30.50 30.5 20.3 0.0 0.0 1.5 1.3 12.5 7.8 35 35
30.60 30.6 20.4 0.0 0.0 1.6 1.3 13.3 8.9 41 41
30.70 30.7 20.5 0.0 0.0 1.7 1.4 14.2 10.0 48 48
30.80 30.8 20.5 0.0 0.0 1.8 1.5 15.0 11.3 55 55
30.90 30.9 20.6 0.0 0.0 1.9 1.6 15.8 12.5 63 63
31.00 31.0 20.7 0.0 0.0 2.0 1.7 16.7 13.9 72 72
31.10 31.1 20.7 0.0 0.0 2.1 1.8 17.5 15.3 81 81
31.20 31.2 20.8 0.0 0.0 2.2 1.8 18.3 16.8 91 91
31.30 31.3 20.9 0.0 0.0 2.3 1.9 19.2 18.4 102 102
31.40 31.4 20.9 0.0 0.0 2.4 2.0 20.0 20.0 113 113
31.50 31.5 21.0 0.0 0.0 2.5 2.1 20.8 21.7 126 126
31.60 31.6 21.1 0.0 0.0 2.6 2.2 21.7 23.5 139 139
31.70 31.7 21.1 0.0 0.0 2.7 2.3 22.5 25.3 152 152
31.80 31.8 21.2 0.0 0.0 2.8 2.3 23.3 27.2 167 167
31.90 31.9 21.3 0.0 0.0 2.9 2.4 24.2 29.2 182 182
32 00 32 0 21 3 0 0 0 0 3 0 2 5 25 0 31 3 198 198

Right Side

32.00 32.0 21.3 0.0 0.0 3.0 2.5 25.0 31.3 198 198
32.10 32.1 21.4 0.0 0.0 3.1 2.6 25.8 33.4 215 215
32.20 32.2 21.5 0.0 0.0 3.2 2.7 26.7 35.6 233 233
32.30 32.3 21.5 0.0 0.0 3.3 2.8 27.5 37.8 252 252
32.40 32.4 21.6 0.0 0.0 3.4 2.8 28.3 40.1 271 271
32.50 32.5 21.7 0.0 0.0 3.5 2.9 29.2 42.5 291 291
33.00 33.0 22.0 0.0 0.0 4.0 3.3 32.5 52.8 382 382
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Client: Town of Rockport
Project: Mill Pond Dam

Project No.: 07104-1
UPSTREAM WALL Discharge Rating Curve Calculation

Res. Crest El. Ft breadth, ft Length, ft h/Lb c for 3/4:1 Head, ft Q=clh^1.5, cfs
Elev, Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5
25.6 25.60 15.0 5.0 0.00 2.63 0.0 0
25.7 25.60 15.0 5.0 0.01 2.63 0.1 0
25.8 25.60 15.0 5.0 0.01 2.63 0.2 1
25.9 25.60 15.0 5.0 0.02 2.63 0.3 2
26.0 25.60 15.0 5.0 0.03 2.63 0.4 3
26.1 25.60 15.0 5.0 0.03 2.63 0.5 5
26.2 25.60 15.0 5.0 0.04 2.63 0.6 6
26.3 25.60 15.0 5.0 0.05 2.63 0.7 8
26.4 25.60 15.0 5.0 0.05 2.63 0.8 9
26.5 25.60 15.0 5.0 0.06 2.63 0.9 11
26.6 25.60 15.0 5.0 0.07 2.63 1.0 13
26.7 25.60 15.0 5.0 0.07 2.63 1.1 15
26.8 25.60 15.0 5.0 0.08 2.63 1.2 17
26.9 25.60 15.0 5.0 0.09 2.63 1.3 19
27.0 25.60 15.0 5.0 0.09 2.63 1.4 22
27.1 25.60 15.0 5.0 0.10 2.63 1.5 24
27.2 25.60 15.0 5.0 0.11 2.63 1.6 27
27.25 25.60 15.0 5.0 0.11 2.63 1.7 28
27.40 25.60 15.0 5.0 0.12 2.63 1.8 32
27.5 25.60 15.0 5.0 0.13 2.63 1.9 34
27.6 25.60 15.0 5.0 0.13 2.63 2.0 37
27.7 25.60 15.0 5.0 0.14 2.63 2.1 40
27.8 25.60 15.0 5.0 0.15 2.63 2.2 43
27.9 25.60 15.0 5.0 0.15 2.63 2.3 46
28.0 25.60 15.0 5.0 0.16 2.63 2.4 49
28.1 25.60 15.0 5.0 0.17 2.63 2.5 52
28.2 25.60 15.0 5.0 0.17 2.63 2.6 55
28.3 25.60 15.0 5.0 0.18 2.63 2.7 58
28.4 25.60 15.0 5.0 0.19 2.63 2.8 62
28.5 25.60 15.0 5.0 0.19 2.63 2.9 65
28.6 28.50 25.60 5.0 14.5 0.60 1.6 87
28.7 28.50 25.6 5.0 14.5 0.60 1.7 90
28.8 28.50 25.6 5.0 14.5 0.60 1.8 92
28.9 28.50 25.6 5.0 14.5 0.60 1.9 95
29.0 28.50 25.6 5.0 14.5 0.60 2.0 97
29.1 28.50 25.6 5.0 14.5 0.60 2.1 100
29.2 28.50 25.6 5.0 14.5 0.60 2.2 102
29.3 28.50 25.6 5.0 14.5 0.60 2.3 105
29.4 28.50 25.6 5.0 14.5 0.60 2.4 107
29.5 28.50 25.6 5.0 14.5 0.60 2.5 109
29.6 28.50 25.6 5.0 14.5 0.60 2.6 111
29.7 28.50 25.6 5.0 14.5 0.60 2.7 114
29.8 28.50 25.6 5.0 14.5 0.60 2.8 116
29.9 28.50 25.6 5.0 14.5 0.60 2.9 118
30.0 28.50 25.6 5.0 14.5 0.60 3.0 120
30.1 28.50 25.6 5.0 14.5 0.60 3.1 122
30.2 28.50 25.6 5.0 14.5 0.60 3.2 124
30.3 28.50 25.6 5.0 14.5 0.60 3.3 126
30.4 28.50 25.6 5.0 14.5 0.60 3.4 128

1. Double Box Culvert Discharge, Weir and Orifice Flow Estimate

Assume stop logs removed during storm.

30.5 28.50 25.6 5.0 14.5 0.60 3.5 130
30.6 28.50 25.6 5.0 14.5 0.60 3.6 132
30.7 28.50 25.6 5.0 14.5 0.60 3.7 133
30.8 28.50 25.6 5.0 14.5 0.60 3.8 135
30.9 28.50 25.6 5.0 14.5 0.60 3.9 137
31.0 28.50 25.6 5.0 14.5 0.60 4.0 139
31.1 28.50 25.6 5.0 14.5 0.60 4.1 141
31.2 28.50 25.6 5.0 14.5 0.60 4.2 142
31.3 28.50 25.6 5.0 14.5 0.60 4.3 144
31.4 28.50 25.6 5.0 14.5 0.60 4.4 146
31.5 28.50 25.6 5.0 14.5 0.60 4.5 147
31.6 28.50 25.6 5.0 14.5 0.60 4.6 149
31.7 28.50 25.6 5.0 14.5 0.60 4.7 151
31.8 28.50 25.6 5.0 14.5 0.60 4.8 152
31.9 28.50 25.6 5.0 14.5 0.60 4.9 154
32.0 28.50 25.6 5.0 14.5 0.60 5.0 155
32.1 28.50 25.6 5.0 14.5 0.60 5.1 157
32.2 28.50 25.6 5.0 14.5 0.60 5.2 158
32.3 28.50 25.6 5.0 14.5 0.60 5.3 160
32.4 28.50 25.6 5.0 14.5 0.60 5.4 161
32.5 28.50 25.6 5.0 14.5 0.60 5.5 163
33.0 28.50 25.6 5.0 14.5 0.60 6.0 170

Assume stop logs removed during storm.

GEI Consultants, Inc. \\Por1v-fs01\data\USERS\CKaram\WoburnUserData\Rockport Mill Pond Dam\Discharge Rating Curve Calculations, Rev122209 with stoplogs removed.xls 2/18/2010
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UPSTREAM

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.25
27.40
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2
30.3
30.4

Crest El. Ft breadth, ft Length, ft h/Lb c Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5

29.0 15.0 7.7 0.00 2.63 0.0 0
29.0 15.0 7.7 0.01 2.63 0.1 1
29.0 15.0 7.7 0.01 2.63 0.2 2
29.0 15.0 7.7 0.02 2.63 0.3 3
29.0 15.0 7.7 0.03 2.63 0.4 5
29.4 29.0 7.7 3.1 0.60 0.3 8
29.4 29.0 7.7 3.1 0.60 0.4 9
29.4 29.0 7.7 3.1 0.60 0.5 10
29.4 29.0 7.7 3.1 0.60 0.6 11
29.4 29.0 7.7 3.1 0.60 0.7 12
29.4 29.0 7.7 3.1 0.60 0.8 13
29.4 29.0 7.7 3.1 0.60 0.9 14
29.4 29.0 7.7 3.1 0.60 1.0 15
29.4 29.0 7.7 3.1 0.60 1.1 16
29.4 29.0 7.7 3.1 0.60 1.2 16

2. Flow under or through lowest railing over box culvert

30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.4 29.0 7.7 3.1 0.60 1.3 17
29.4 29.0 7.7 3.1 0.60 1.4 18
29.4 29.0 7.7 3.1 0.60 1.5 18
29.4 29.0 7.7 3.1 0.60 1.6 19
29.4 29.0 7.7 3.1 0.60 1.7 19
29.4 29.0 7.7 3.1 0.60 1.8 20
29.4 29.0 7.7 3.1 0.60 1.9 20
29.4 29.0 7.7 3.1 0.60 2.0 21
29.4 29.0 7.7 3.1 0.60 2.1 21
29.4 29.0 7.7 3.1 0.60 2.2 22
29.4 29.0 7.7 3.1 0.60 2.3 22
29.4 29.0 7.7 3.1 0.60 2.4 23
29.4 29.0 7.7 3.1 0.60 2.5 23
29.4 29.0 7.7 3.1 0.60 2.6 24
29.4 29.0 7.7 3.1 0.60 2.7 24
29.4 29.0 7.7 3.1 0.60 2.8 25
29.4 29.0 7.7 3.1 0.60 2.9 25
29.4 29.0 7.7 3.1 0.60 3.0 26
29.4 29.0 7.7 3.1 0.60 3.1 26
29.4 29.0 7.7 3.1 0.60 3.2 26
29.4 29.0 7.7 3.1 0.60 3.3 27
29.4 29.0 7.7 3.1 0.60 3.8 29
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UPSTREAM

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.25
27.40
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2
30.3
30.4

Crest El. Ft breadth, ft Length, ft h/Lb c Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5

29.6 0.2 7.7 0.00 2.63 0.0 0
29.6 0.2 7.7 0.48 2.69 0.1 1
29.6 0.2 7.7 0.96 2.97 0.2 2
29.6 0.2 7.7 1.44 3.27 0.3 4
29.6 0.2 7.7 1.92 3.50 0.4 7
29.6 0.2 7.7 2.40 3.65 0.5 10
29.6 0.2 7.7 2.88 3.65 0.6 13
29.6 0.2 7.7 3.36 3.65 0.7 16
29.6 0.2 7.7 3.84 3.65 0.8 20

3. Flow under or through middle railing over box culvert

30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.6 0.2 7.7 4.32 3.65 0.9 24
29.6 0.2 7.7 4.80 3.65 1.0 28
29.6 0.2 7.7 5.28 3.65 1.1 32
29.6 0.2 7.7 5.76 3.65 1.2 37
29.6 0.2 7.7 6.24 3.65 1.3 42

6.46 30.9 29.6 7.7 10.0 0.60 0.8 42
30.9 29.6 7.7 10.0 0.60 0.9 44
30.9 29.6 7.7 10.0 0.60 1.0 47
30.9 29.6 7.7 10.0 0.60 1.1 49
30.9 29.6 7.7 10.0 0.60 1.2 52
30.9 29.6 7.7 10.0 0.60 1.3 54
30.9 29.6 7.7 10.0 0.60 1.4 56
30.9 29.6 7.7 10.0 0.60 1.5 58
30.9 29.6 7.7 10.0 0.60 1.6 60
30.9 29.6 7.7 10.0 0.60 1.7 62
30.9 29.6 7.7 10.0 0.60 1.8 64
30.9 29.6 7.7 10.0 0.60 1.9 65
30.9 29.6 7.7 10.0 0.60 2.0 67
30.9 29.6 7.7 10.0 0.60 2.1 69
30.9 29.6 7.7 10.0 0.60 2.2 71
30.9 29.6 7.7 10.0 0.60 2.3 72
30.9 29.6 7.7 10.0 0.60 2.8 80
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UPSTREAM

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.25
27.40
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2
30.3
30.4

Crest El. Ft breadth, ft Length, ft h/Lb c Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5

29.0 15.0 40.0 0.00 2.63 0.0 0
29.0 15.0 40.0 0.01 2.63 0.1 3
29.0 15.0 40.0 0.01 2.63 0.2 9
29.0 15.0 40.0 0.02 2.63 0.3 17
29.0 15.0 40.0 0.03 2.63 0.4 27
29.0 15.0 40.0 0.03 2.63 0.5 37
29.0 15.0 40.0 0.04 2.63 0.6 49
29.0 15.0 40.0 0.05 2.63 0.7 62
29.0 15.0 40.0 0.05 2.63 0.8 75
29.0 15.0 40.0 0.06 2.63 0.9 90
29.0 15.0 40.0 0.07 2.63 1.0 105
29.0 15.0 40.0 0.07 2.63 1.1 121
29.0 15.0 40.0 0.08 2.63 1.2 138
29.0 15.0 40.0 0.09 2.63 1.3 156
29.0 15.0 40.0 0.09 2.63 1.4 174

4. Flow under or through Granite Slab Bench

30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.0 15.0 40.0 0.10 2.63 1.5 193
29.0 15.0 40.0 0.11 2.63 1.6 213
29.0 15.0 40.0 0.11 2.63 1.7 233
29.0 15.0 40.0 0.12 2.63 1.8 254
29.0 15.0 40.0 0.13 2.63 1.9 275

4.17 30.9 29.0 40.0 76.0 0.60 1.1 375
30.9 29.0 40.0 76.0 0.60 1.2 392
30.9 29.0 40.0 76.0 0.60 1.3 409
30.9 29.0 40.0 76.0 0.60 1.4 425
30.9 29.0 40.0 76.0 0.60 1.5 441
30.9 29.0 40.0 76.0 0.60 1.6 456
30.9 29.0 40.0 76.0 0.60 1.7 470
30.9 29.0 40.0 76.0 0.60 1.8 484
30.9 29.0 40.0 76.0 0.60 1.9 498
30.9 29.0 40.0 76.0 0.60 2.0 511
30.9 29.0 40.0 76.0 0.60 2.1 524
30.9 29.0 40.0 76.0 0.60 2.2 537
30.9 29.0 40.0 76.0 0.60 2.3 549
30.9 29.0 40.0 76.0 0.60 2.4 561
30.9 29.0 40.0 76.0 0.60 2.5 573
30.9 29.0 40.0 76.0 0.60 2.6 584
30.9 29.0 40.0 76.0 0.60 3.1 639
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UPSTREAM

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.25
27.40
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2
30.3
30.4

Slope Area
Crest El. Ft breadth, ft Length, ft h/Lb c Head, ft Q=clh^1.5, cfs LEFT and RT

Sides

0
0
1
2
4
6
10
15
21
28
36
46
57
70
84

5. Flow Over Bench

30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

100
118
137
158
181

4.93 206
232
261
292

31.4 2.0 81.3 0.00 2.63 0.0 0 324
31.4 2.0 81.3 0.05 2.63 0.1 7 359
31.4 2.0 81.3 0.10 2.63 0.2 19 396
31.4 2.0 81.3 0.15 2.63 0.3 35 435
31.4 2.0 81.3 0.20 2.63 0.4 54 477
31.4 2.0 81.3 0.25 2.63 0.5 76 520
31.4 2.0 81.3 0.30 2.64 0.6 100 566
31.4 2.0 81.3 0.35 2.65 0.7 126 615
31.4 2.0 81.3 0.40 2.66 0.8 155 666
31.4 2.0 81.3 0.45 2.68 0.9 186 719
31.4 2.0 81.3 0.50 2.70 1.0 220 775
31.4 2.0 81.3 0.55 2.72 1.1 255 833
31.4 2.0 81.3 0.80 2.85 1.6 469 1,091

GEI Consultants, Inc. \\Por1v-fs01\data\USERS\CKaram\WoburnUserData\Rockport Mill Pond Dam\Discharge Rating Curve Calculations, Rev122209 with stoplogs removed.xls 2/18/2010

581



UPSTREAM

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.25
27.40
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30.1
30.2
30.3
30.4

TOTAL Q, cfs ELEV, ft
0 25.6
0 25.7
1 25.8
2 25.9
3 26.0
5 26.1
6 26.2
8 26.3
9 26.4
11 26.5
13 26.6
15 26.7
17 26.8
19 26.9
22 27.0
24 27.1
27 27.2
28 27.25
32 27.40
34 27.5
37 27.6
40 27.7
43 27.8
46 27.9
49 28.0
52 28.1
55 28.2
58 28.3
62 28.4
65 28.5
87 28.6
90 28.7
92 28.8
95 28.9
97 29.0
104 29.1
114 29.2
127 29.3
142 29.4
161 29.5
180 29.6
201 29.7
225 29.8
252 29.9
281 30.0
313 30.1
347 30.2
384 30.3
422 30.4

30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

464 30.5
507 30.6
554 30.7
602 30.8
654 30.9
781 31.0
830 31.1
880 31.2
931 31.3
984 31.4
1045 31.5
1113 31.6
1186 31.7
1264 31.8
1347 31.9
1434 32.0
1525 32.1
1621 32.2
1721 32.3
1825 32.4
1934 32.5
2478 33.0
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Client: Town of Rockport
Project: Mill Pond Dam

Project No.: 07104-1
DOWNSTREAM WALL Discharge Rating Curve Calculation

Res. Crest El. Ft breadth, ft Length, ft h/Lb c for 3/4:1 Head, ft Q=clh^1.5, cfs
Elev, Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5
25.6 25.6 15.0 5.0 0.00 2.63 0.0 0
25.7 25.6 15.0 5.0 0.01 2.63 0.1 0
25.8 25.6 15.0 5.0 0.01 2.63 0.2 1
25.9 25.6 15.0 5.0 0.02 2.63 0.3 2
26.0 25.6 15.0 5.0 0.03 2.63 0.4 3
26.1 25.6 15.0 5.0 0.03 2.63 0.5 5
26.2 25.6 15.0 5.0 0.04 2.63 0.6 6
26.3 25.6 15.0 5.0 0.05 2.63 0.7 8
26.4 25.6 15.0 5.0 0.05 2.63 0.8 9
26.5 25.6 15.0 5.0 0.06 2.63 0.9 11
26.6 25.6 15.0 5.0 0.07 2.63 1.0 13
26.7 25.6 15.0 5.0 0.07 2.63 1.1 15
26.8 25.6 15.0 5.0 0.08 2.63 1.2 17
26.9 25.6 15.0 5.0 0.09 2.63 1.3 19
27.0 25.6 15.0 5.0 0.09 2.63 1.4 22
27.1 25.6 15.0 5.0 0.10 2.63 1.5 24
27.2 25.6 15.0 5.0 0.11 2.63 1.6 27
27.3 25.6 15.0 5.0 0.11 2.63 1.7 29
27.4 25.6 15.0 5.0 0.12 2.63 1.8 32
27.5 25.6 15.0 5.0 0.13 2.63 1.9 34
27.6 25.6 15.0 5.0 0.13 2.63 2.0 37
27.7 25.6 15.0 5.0 0.14 2.63 2.1 40
27.8 25.6 15.0 5.0 0.15 2.63 2.2 43
27.9 25.6 15.0 5.0 0.15 2.63 2.3 46
28.0 25.6 15.0 5.0 0.16 2.63 2.4 49
28.1 28.1 25.6 5.0 12.5 0.60 1.3 67
28.2 28.1 25.6 5.0 12.5 0.60 1.4 70
28.3 28.1 25.6 5.0 12.5 0.60 1.5 72
28.4 28.1 25.6 5.0 12.5 0.60 1.6 75
28.5 28.1 25.6 5.0 12.5 0.60 1.7 77
28.6 28.1 25.6 5.0 12.5 0.60 1.8 80
28.7 28.1 25.6 5.0 12.5 0.60 1.9 82
28.8 28.1 25.6 5.0 12.5 0.60 2.0 84
28.9 28.1 25.6 5.0 12.5 0.60 2.1 86
29.0 28.1 25.6 5.0 12.5 0.60 2.2 88
29.1 28.1 25.6 5.0 12.5 0.60 2.3 90
29.2 28.1 25.6 5.0 12.5 0.60 2.4 92
29.3 28.1 25.6 5.0 12.5 0.60 2.5 94
29.4 28.1 25.6 5.0 12.5 0.60 2.6 96
29.5 28.1 25.6 5.0 12.5 0.60 2.7 98
29.6 28.1 25.6 5.0 12.5 0.60 2.8 100
29.7 28.1 25.6 5.0 12.5 0.60 2.9 102
29.8 28.1 25.6 5.0 12.5 0.60 3.0 103
29.9 28.1 25.6 5.0 12.5 0.60 3.1 105
30.0 28.1 25.6 5.0 12.5 0.60 3.2 107
30 1 28 1 25 6 5 0 12 5 0 60 3 3 109

1. Double Box Culvert Discharge, Weir and Orifice Flow Estimate

30.1 28.1 25.6 5.0 12.5 0.60 3.3 109
30.2 28.1 25.6 5.0 12.5 0.60 3.4 110
30.3 28.1 25.6 5.0 12.5 0.60 3.5 112
30.4 28.1 25.6 5.0 12.5 0.60 3.6 113
30.5 28.1 25.6 5.0 12.5 0.60 3.7 115
30.6 28.1 25.6 5.0 12.5 0.60 3.8 117
30.7 28.1 25.6 5.0 12.5 0.60 3.9 118
30.8 28.1 25.6 5.0 12.5 0.60 4.0 120
30.9 28.1 25.6 5.0 12.5 0.60 4.1 121
31.0 28.1 25.6 5.0 12.5 0.60 4.2 123
31.1 28.1 25.6 5.0 12.5 0.60 4.3 124
31.2 28.1 25.6 5.0 12.5 0.60 4.4 126
31.3 28.1 25.6 5.0 12.5 0.60 4.5 127
31.4 28.1 25.6 5.0 12.5 0.60 4.6 128
31.5 28.1 25.6 5.0 12.5 0.60 4.7 130
31.6 28.1 25.6 5.0 12.5 0.60 4.8 131
31.7 28.1 25.6 5.0 12.5 0.60 4.9 133
31.8 28.1 25.6 5.0 12.5 0.60 5.0 134
31.9 28.1 25.6 5.0 12.5 0.60 5.1 135
32.0 28.1 25.6 5.0 12.5 0.60 5.2 137
32.1 28.1 25.6 5.0 12.5 0.60 5.3 138
32.2 28.1 25.6 5.0 12.5 0.60 5.4 139
32.3 28.1 25.6 5.0 12.5 0.60 5.5 141
32.4 28.1 25.6 5.0 12.5 0.60 5.6 142
32.5 28.1 25.6 5.0 12.5 0.60 5.7 143
33.0 28.1 25.6 5.0 12.5 0.60 6.2 149
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DOWNSTREA

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.3
27.4
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30 1

Crest El. Ft breadth, ft Length, ft h/Lb c for 3/4:1 Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5

29.0 15.0 63.0 0.00 2.63 0.0 0
29.0 15.0 63.0 0.01 2.63 0.1 5
29.0 15.0 63.0 0.01 2.63 0.2 15
29.0 15.0 63.0 0.02 2.63 0.3 27
29.0 15.0 63.0 0.03 2.63 0.4 42
29.4 29.0 63.0 25.2 0.60 0.3 66
29.4 29.0 63.0 25.2 0.60 0.4 77
29.4 29.0 63.0 25.2 0.60 0.5 86
29.4 29.0 63.0 25.2 0.60 0.6 94
29.4 29.0 63.0 25.2 0.60 0.7 102
29.4 29.0 63.0 25.2 0.60 0.8 109
29 4 29 0 63 0 25 2 0 60 0 9 115

2. Flow under or through lowest railing

30.1
30.2
30.3
30.4
30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.4 29.0 63.0 25.2 0.60 0.9 115
29.4 29.0 63.0 25.2 0.60 1.0 121
29.4 29.0 63.0 25.2 0.60 1.1 127
29.4 29.0 63.0 25.2 0.60 1.2 133
29.4 29.0 63.0 25.2 0.60 1.3 138
29.4 29.0 63.0 25.2 0.60 1.4 144
29.4 29.0 63.0 25.2 0.60 1.5 149
29.4 29.0 63.0 25.2 0.60 1.6 153
29.4 29.0 63.0 25.2 0.60 1.7 158
29.4 29.0 63.0 25.2 0.60 1.8 163
29.4 29.0 63.0 25.2 0.60 1.9 167
29.4 29.0 63.0 25.2 0.60 2.0 172
29.4 29.0 63.0 25.2 0.60 2.1 176
29.4 29.0 63.0 25.2 0.60 2.2 180
29.4 29.0 63.0 25.2 0.60 2.3 184
29.4 29.0 63.0 25.2 0.60 2.4 188
29.4 29.0 63.0 25.2 0.60 2.5 192
29.4 29.0 63.0 25.2 0.60 2.6 196
29.4 29.0 63.0 25.2 0.60 2.7 199
29.4 29.0 63.0 25.2 0.60 2.8 203
29.4 29.0 63.0 25.2 0.60 2.9 207
29.4 29.0 63.0 25.2 0.60 3.0 210
29.4 29.0 63.0 25.2 0.60 3.1 214
29.4 29.0 63.0 25.2 0.60 3.2 217
29.4 29.0 63.0 25.2 0.60 3.3 220
29.4 29.0 63.0 25.2 0.60 3.8 237
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DOWNSTREA

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.3
27.4
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30 1

Crest El. Ft breadth, ft Length, ft h/Lb c for 3/4:1 Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5

29.6 0.2 63.0 0.00 2.63 0.0 0
29.6 0.2 63.0 0.48 2.69 0.1 5
29.6 0.2 63.0 0.96 2.97 0.2 17
29.6 0.2 63.0 1.44 3.27 0.3 34
29.6 0.2 63.0 1.92 3.50 0.4 56
29 6 0 2 63 0 2 40 3 65 0 5 81

3. Flow under or through middle railing

30.1
30.2
30.3
30.4
30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.6 0.2 63.0 2.40 3.65 0.5 81
29.6 0.2 63.0 2.88 3.65 0.6 107
29.6 0.2 63.0 3.36 3.65 0.7 135
29.6 0.2 63.0 3.84 3.65 0.8 165
29.6 0.2 63.0 4.32 3.65 0.9 196
29.6 0.2 63.0 4.80 3.65 1.0 230
29.6 0.2 63.0 5.28 3.65 1.1 265
29.6 0.2 63.0 5.76 3.65 1.2 302
29.6 0.2 63.0 6.24 3.65 1.3 341

6.5 30.9 29.6 63.0 81.9 0.60 0.8 342
30.9 29.6 63.0 81.9 0.60 0.9 364
30.9 29.6 63.0 81.9 0.60 1.0 384
30.9 29.6 63.0 81.9 0.60 1.1 404
30.9 29.6 63.0 81.9 0.60 1.2 423
30.9 29.6 63.0 81.9 0.60 1.3 441
30.9 29.6 63.0 81.9 0.60 1.4 458
30.9 29.6 63.0 81.9 0.60 1.5 475
30.9 29.6 63.0 81.9 0.60 1.6 491
30.9 29.6 63.0 81.9 0.60 1.7 507
30.9 29.6 63.0 81.9 0.60 1.8 522
30.9 29.6 63.0 81.9 0.60 1.9 536
30.9 29.6 63.0 81.9 0.60 2.0 551
30.9 29.6 63.0 81.9 0.60 2.1 565
30.9 29.6 63.0 81.9 0.60 2.2 578
30.9 29.6 63.0 81.9 0.60 2.3 592
30.9 29.6 63.0 81.9 0.60 2.8 654

GEI Consultants, Inc. \\Por1v-fs01\data\USERS\CKaram\WoburnUserData\Rockport Mill Pond Dam\Discharge Rating Curve Calculations, Rev122209 with stoplogs removed.xls 2/18/2010

585



DOWNSTREA

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.3
27.4
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30 1

Crest El. Ft breadth, ft Length, ft h/Lb c for 3/4:1 Head, ft Q=clh^1.5, cfs
Top Open Bottom Open Length, ft Area orifice c Head, ft Q=cA(2gh)^0.5 RIGHT SIDE ONLY

0
0
0
1
1

29.5 20.0 6.0 0.00 2.63 0.0 0 2
29.5 20.0 6.0 0.01 2.63 0.1 0 4
29.5 20.0 6.0 0.01 2.63 0.2 1 5
29.5 20.0 6.0 0.02 2.63 0.3 3 7
29.5 20.0 6.0 0.02 2.63 0.4 4 10
29.5 20.0 6.0 0.03 2.63 0.5 6 13
29 5 20 0 6 0 0 03 2 63 0 6 7 16

4. Flow thru existing walkway

30.1
30.2
30.3
30.4
30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

29.5 20.0 6.0 0.03 2.63 0.6 7 16
29.5 20.0 6.0 0.04 2.63 0.7 9 20
29.5 20.0 6.0 0.04 2.63 0.8 11 25
29.5 20.0 6.0 0.05 2.63 0.9 13 29
29.5 20.0 6.0 0.05 2.63 1.0 16 35
29.5 20.0 6.0 0.06 2.63 1.1 18 41
29.5 20.0 6.0 0.06 2.63 1.2 21 48
29.5 20.0 6.0 0.07 2.63 1.3 23 55
29.5 20.0 6.0 0.07 2.63 1.4 26 63

4.17 29.5 20.0 6.0 0.08 2.63 1.5 29 72
29.5 20.0 6.0 0.08 2.63 1.6 32 81
29.5 20.0 6.0 0.09 2.63 1.7 35 91
29.5 20.0 6.0 0.09 2.63 1.8 38 102
29.5 20.0 6.0 0.10 2.63 1.9 41 113
29.5 20.0 6.0 0.10 2.63 2.0 45 126
29.5 20.0 6.0 0.11 2.63 2.1 48 139
29.5 20.0 6.0 0.11 2.63 2.2 51 152
29.5 20.0 6.0 0.12 2.63 2.3 55 167
29.5 20.0 6.0 0.12 2.63 2.4 59 182
29.5 20.0 6.0 0.13 2.63 2.5 62 198
29.5 20.0 6.0 0.13 2.63 2.6 66 215
29.5 20.0 6.0 0.14 2.63 2.7 70 233
29.5 20.0 6.0 0.14 2.63 2.8 74 252
29.5 20.0 6.0 0.15 2.63 2.9 78 271
29.5 20.0 6.0 0.15 2.63 3.0 82 291
29.5 20.0 6.0 0.18 2.63 3.5 103 382
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DOWNSTREA

Res.
Elev,
25.6
25.7
25.8
25.9
26.0
26.1
26.2
26.3
26.4
26.5
26.6
26.7
26.8
26.9
27.0
27.1
27.2
27.3
27.4
27.5
27.6
27.7
27.8
27.9
28.0
28.1
28.2
28.3
28.4
28.5
28.6
28.7
28.8
28.9
29.0
29.1
29.2
29.3
29.4
29.5
29.6
29.7
29.8
29.9
30.0
30 1

TOTAL ELEV
0 25.60
0 25.70
1 25.80
2 25.90
3 26.00
5 26.10
6 26.20
8 26.30
9 26.40
11 26.50
13 26.60
15 26.70
17 26.80
19 26.90
22 27.00
24 27.10
27 27.20
29 27.30
32 27.40
34 27.50
37 27.60
40 27.70
43 27.80
46 27.90
49 28.00
67 28.10
70 28.20
72 28.30
75 28.40
77 28.50
80 28.60
82 28.70
84 28.80
86 28.90
88 29.00
96 29.10
107 29.20
122 29.30
139 29.40
167 29.50
180 29.60
198 29.70
221 29.80
250 29.90
284 30.00
321 30 1030.1

30.2
30.3
30.4
30.5
30.6
30.7
30.8
30.9
31.0
31.1
31.2
31.3
31.4
31.5
31.6
31.7
31.8
31.9
32.0
32.1
32.2
32.3
32.4
32.5
33.0

321 30.10
358 30.20
398 30.30
440 30.40
485 30.50
531 30.60
580 30.70
631 30.80
683 30.90
699 31.00
736 31.10
773 31.20
809 31.30
845 31.40
880 31.50
916 31.60
952 31.70
987 31.80
1023 31.90
1060 32.00
1096 32.10
1133 32.20
1170 32.30
1208 32.40
1246 32.50
1422 33.00
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Summar of Discharge Rating Curve Calcs: Mill Pond Dam
CONTROL

RES. Elev (MIN CFS) Upstream Downstream
25.6 0 0 0
25.7 0.4 0 0
25.8 1 1 1
25.9 2 2 2
26.0 3 3 3
26.1 5 5 5
26.2 6 6 6
26.3 8 8 8
26.4 9 9 9
26.5 11 11 11
26.6 13 13 13
26.7 15 15 15
26.8 17 17 17
26.9 19 19 19
27.0 22 22 22
27.1 24 24 24
27.2 27 27 27
27.3 28 28 29
27.4 32 32 32
27.5 34 34 34
27.6 37 37 37
27.7 40 40 40
27.8 43 43 43
27.9 46 46 46
28.0 49 49 49
28.1 52 52 67
28.2 55 55 70
28.3 58 58 72
28.4 62 62 75
28.5 65 65 77
28.6 80 87 80
28.7 82 90 82
28.8 84 92 84
28.9 86 95 86
29.0 88 97 88
29.1 96 104 96
29.2 107 114 107
29 3 122 127 122

FLOW, CFS

29.3 122 127 122
29.4 139 142 139
29.5 161 161 167
29.6 180 180 180
29.7 198 201 198
29.8 221 225 221
29.9 250 252 250
30.0 281 281 284
30.1 313 313 321
30.2 347 347 358
30.3 384 384 398
30.4 422 422 440
30.5 464 464 485
30.6 507 507 531
30.7 554 554 580
30.8 602 602 631
30.9 654 654 683
31.0 699 781 699
31.1 736 830 736
31.2 773 880 773
31.3 809 931 809
31.4 845 984 845
31.5 880 1045 880
31.6 916 1113 916
31.7 952 1186 952
31.8 987 1264 987
31.9 1023 1347 1023
32.0 1060 1434 1060
32.1 1096 1525 1096
32.2 1133 1621 1133
32.3 1170 1721 1170
32.4 1208 1825 1208
32.5 1246 1934 1246
33.0 1422 2478 1422

\\Por1v-fs01\data\USERS\CKaram\WoburnUserData\Rockport Mill Pond Dam\Discharge Rating Curve Calculations, Rev122209 with stoplogs removed.xls
588



28.0

29.0

30.0

31.0

32.0

Re
se
rv
oi
r
El
ev
at
io
n,

ft Upstream

Downstream

25.0

26.0

27.0

28.0

29.0

30.0

31.0

32.0

0 100 200 300 400 500 600 700 800 900 1000

Re
se
rv
oi
r
El
ev
at
io
n,

ft

Discharge, cfs

Upstream

Downstream

589



Attachment 8 

HEC-HMS Results 
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Proposed Crest, El 29.0 ft

Existing Crest Min: 29.5 ft
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8a – Existing Conditions
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Computed Results
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Reservoir "Existing Mill Pond Dam" Results for Run "Existing 100 yr"

Run:EXISTING 100 YR Element:EXISTING MILL POND DAM Result:Storage

Run:EXISTING 100 YR Element:EXISTING MILL POND DAM Result:Pool Elevation

Run:Existing 100 yr Element:EXISTING MILL POND DAM Result:Outflow

Run:EXISTING 100 YR Element:EXISTING MILL POND DAM Result:Combined Inflow

Run:Existing 100 yr Element:EXISTING MILL POND DAM Result:Stage
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8b – Proposed Conditions 
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Computed Results
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Reservoir "Dam Bench Handrail board out" Results for Run "_FF 100"

Run:_FF 100 Element:DAM BENCH HANDRAIL BOARD OUT Result:Storage

Run:_FF 100 Element:DAM BENCH HANDRAIL BOARD OUT Result:Pool Elevation

Run:_FF 100 Element:DAM BENCH HANDRAIL BOARD OUT Result:Outflow

Run:_FF 100 Element:DAM BENCH HANDRAIL BOARD OUT Result:Combined Inflow

Run:_FF 100 Element:DAM BENCH HANDRAIL BOARD OUT Result:Stage
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Computed Results

598



S
to

ra
g
e
 (

A
C

-F
T

)

0

2

4

6

8

E
le

v
 (

F
T

)

27.00

28.00

29.00

30.00

31.00

12:00 15:00 18:00 21:00 00:00 03:00 06:00 09:00 12:00

18Dec2009 19Dec2009

F
lo

w
 (

C
F

S
)

0

100

200

300

400

500

600

700

S
ta

g
e

 (
F

T
)

27.00

27.64

28.29

28.93

29.57

30.21

30.86

31.50

Reservoir "Dam Bench and Handrail" Results for Run "F: 100-yr"

Run:F: 100-YR Element:DAM BENCH AND HANDRAIL Result:Storage

Run:F: 100-YR Element:DAM BENCH AND HANDRAIL Result:Pool Elevation

Run:F: 100-YR Element:DAM BENCH AND HANDRAIL Result:Outflow

Run:F: 100-YR Element:DAM BENCH AND HANDRAIL Result:Combined Inflow

Run:F: 100-YR Element:DAM BENCH AND HANDRAIL Result:Stage
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Final Design Report  
Chapter 253 Permit Application 
Mill Pond Dam  
April 2010 
 

GEI Consultants, Inc.   

Appendix F 

Technical Memo 3 – Seepage Analyses 
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www.geiconsultants.com             400 Unicorn Park Drive 
 Woburn, MA 01801 
 781.721.4000 fax 781. 721.4073 

TECHNICAL MEMORANDUM 3  

Summary of Seepage Analysis 
Mill Pond Dam 
Rockport, MA 
GEI Project #07104-1 
 

The purpose of this technical memorandum is to summarize the seepage analyses and soil parameters 
used in seepage analyses for the proposed design of Mill Pond Dam located in Rockport, 
Massachusetts.  All elevations are referenced to the National Geodetic Vertical Datum of 1929 
(NGVD29). 
 
Our seepage analyses indicate that the proposed wall design for the Mill Pond Dam satisfies the US 
Army Corps of Engineers (USACE) recommended maximum exit gradients.   
 
1.0 Evaluation of Cross Section Geometry 
 
We performed seepage analyses at the former sluiceway cross section near the west (left abutment) at 
Mill Pond Dam.  We used Drawing No. S-03 of the Mill Pond Dam Safety Modifications and Fig.1 
(attached) to establish the generalized cross section geometry and soil profile for the seepage analyses.  
The two cross sections we selected represent portions of the dam where the toe of the footing must be 
shorter to allow for protection of existing features, namely, a dry-laid stone wall and a granite slab 
façade.  In addition to the shorter footing toe, the preservation of these features does not allow for the 
placement of a graded filter downstream of the footing.  In the typical cross section, seepage flows are 
conveyed through a longer path under the footing and exit into a graded filter that is weighed down by 
riprap.  In our opinion, if gradients in the cross sections we analyzed are acceptable, then the gradients 
in the typical cross section will be acceptable by inspection. 
 
In our seepage models, we assumed that the wall key will be embedded in glacial till.  The pond side 
of the wall will be backfilled to El. 29 with embankment fill containing at least 20 percent fines.  The 
bottom of the pond is assumed to be at El. 20 and the downstream channel is assumed to be at El. 16. 
 
We evaluated two different seepage pathways.  The first model represents a section through the former 
sluiceway area where the seepage path from the pond side of the dam to the downstream side of the 
dam is the shortest.  The water on the pond side must flow below the key, into the filter sand layer 
below the footing, and out through a dry-laid stone wall.  The second model represents a section 
through the former sluiceway area that has a granite slab façade.  Therefore, the water on the pond side 
of the dam must flow under the key, into the filter sand layer below the footing and then along the dam 
axis to bypass the granite slab façade.  These geometries are shown in Fig. 1. 
 
To model the shorter flow path, we created a filter section consisting of a nine-inch-thick filter sand 
layer directly below the footing extending from the downstream face of the key and along the bottom 
of the footing.  We modeled the dry-laid stone wall with a highly pervious layer. To model the longer 
seepage flow path, we lengthened the filter section to extend 35 feet beyond the downstream face of 
the key, and capped the filter with a relatively impervious layer to prevent outward flow and force the 
flow to follow a longer flow path to the downstream side of the dam. 
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TM 3 for Mill Pond Dam -2- March 2010 

 
 

 
2.0 Soil Parameters 
 
We selected the soil properties for the seepage analyses based on our review of boring logs and typical 
values found in the Federal Highway Administration (FHWA) Manual HI-97-021 (see Attachment 2).  
The soil properties used in our analyses are summarized in the table below. 
 

Soil Type Unit 
Weight 
(pcf) 

Hydraulic 
Conductivity 
(feet/day) 

Saturated  
Vol. Water 
Content 

Residual  
Vol. Water 
Content  

Filter Sand 120 100 0.44 0.04 
Embankment Fill 130 1.5 0.44 0.03 
Glacial Till 135 0.8 0.31 0.03 
Rip-Rap NA 10,000 0.44 0.04 
Existing Stone Wall NA 10,000 0.44 0.04 

 
We assumed that concrete had a very low hydraulic conductivity of 2.8 x 10-7 feet/day. 
 
We assumed that the glacial till was anisotropic such that the kv/kh = 0.25. 
 
Volumetric water content calculations are provided in Attachment 2. 
 
 
3.0 Seepage Analysis Approach 
 
We performed the seepage analyses for the following conditions: 
 

• Steady state when the pond pool is at the flood level (El. 31). 
• Steady state when the pond pool is at the normal pool (El. 27.3). 

 
We used the computer program SEEP/W (GEO-SLOPE International, Ltd.) to compute the phreatic 
surface and pore pressures within the embankment and foundation soils, and to compute the exit 
gradients near the downstream toe of the dam. 
 
For both cases, we assumed that steady-state seepage developed within the embankments and 
foundations, as recommended in EM 1110-2-1913, and Engineer Technical Letter (ETL) 1110-2-569.  
 
3.1 Modeling Approach 
 
We applied no-flow boundary conditions along the bottom. 
 
We applied a constant total head boundary condition equal to the pond water elevation along the pond-
side of the dam embankment and ground surface and the pond-side vertical edge of the model.   
 
We applied a constant total head boundary condition along the downstream vertical edge of the model 
equal to the landside ground surface elevation (El. 16).   
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TM 3 for Mill Pond Dam -3- March 2010 

 
 

We applied a potential seepage face boundary condition to the downstream side of the dam and the 
downstream ground surface. 
 
We performed both flood case and normal pool case for the shorter and longer seepage paths. 
 
4.0 Seepage Results 
 
The maximum computed exit gradient for the shorter seepage path was approximately 0.5 for the flood 
case and approximately 0.3 for the normal pool case.   Maximum computed exit gradient for the longer 
seepage path was approximately 0.3 for the flood case and approximately 0.2 for the normal pool case. 
The computed exit gradients were at or below the USACE recommended maximum limit of 0.5 for 
both sections for the 1-percent-annual-chance (100-year) flood.  Our results are presented in 
Attachment 3. 
 
5.0 References 
 

1. Federal Highway Administration (FHWA), Training Course in Geotechnical and Foundation 
Engineering: Subsurface Investigations – Participants Manual, FHWA Publication HI-97-021, 
1997. 

2. U.S. Army Corps of Engineers, Design and Construction of Levees, Engineer Manual EM 
1110-2-1913, April 30, 2000. 

3. U.S. Army Corps of Engineers, ETL 1110-2-569, Design Guidance for Levee Underseepage, 
May 1, 2005. 
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Attachment 2 
 
 

 
 
Soil Properties 
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Client: Rockport, MA Prepared By: M. Quinn 
Project: Mill Pond Dam  Date: 1/10/2010 

Project No.: 07104-1 Checked By: J. Dominguez 
Soil Parameter Selection Date: 4/29/2010 

     

 

Page 1 of 3  
 

Purpose: 

Assign permeability properties to soils. 

 

Hydraulic Conductivity 

Typical published values of hydraulic conductivity (k) for various soil types are shown on the next 
page.   

We used The Aberdeen Group (1989) publication to estimate the hydraulic conductivity of the 
concrete floodwalls.  The article states that the permeability of concrete is a function of the 
permeability of the concrete paste, the gradation of the aggregate, and the relative proportion of 
the paste to the aggregate.  We assumed the floodwall concrete is mature and good-quality and 
used a hydraulic conductivity of 1 E -10 cm/sec (2.8E-7 ft/day). 

The hydraulic conductivities used for the SEEP/W model are shown on page 3. 
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Client: Rockport, MA Prepared By: M. Quinn 
Project: Mill Pond Dam  Date: 1/10/2010 

Project No.: 07104-1 Checked By: J. Dominguez 
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FHWA HI-97-021, Subsurface Investigation, (1997), page 9-13 
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Client: Rockport, MA Prepared By: M. Quinn 
Project: Mill Pond Dam  Date: 1/10/2010 

Project No.: 07104-1 Checked By: J. Dominguez 
Soil Parameter Selection Date: 4/29/2010 

     

 

Page 3 of 3  
 

Values for Analysis: 

Based on the published typical values, we will use the following hydraulic conductivities: 

Embankment Fill: 5.3E-04 cm/sec = 1.5 ft/day 
Glacial Till: 2.8E-04 cm/sec = 0.8 ft/day 
Filter Sand: 3.5E-02 cm/sec = 100 ft/day 

Rip Rap: 3.5 cm/sec = 10,000 ft/day 
Proposed Concrete Wall: 1.0E-10 cm/sec = 2.8E-7 ft/day 

Stone Wall: 3.5 cm/sec = 10,000 ft/day 
 
 

Volumetric Water Content 

To calculate the saturated volumetric water content (θSAT) of each soil layer, we used estimated 
unit weight and specific gravity the following equation process, assuming VT is 1 ft3 and the soil is 
100% saturated: 

1
1  

1.  

2.      

3.  

4.  

5.  

6. So volumetric water content  =  

We assumed that the residual water content was 10% of the saturated volumetric water content.  

  θsat θr 

We will use the following volumetric water contents (ft3/ft3): 

S
at

ur
at

ed
 

V
ol
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et

ric
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at
e

C
on

te

 
r nt

    Filter Sand 0.44 0.04

Embankment Sand 0.44 0.04 

Glacial Till 0.35 0.04 
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Project: Mill Pond Dam By: M. Quinn Checked By: J. Dominguez
Project No: 07104-1 Date: 1-10-2010 Date: 4/29/2010

Volumetric Water Content Estimate:
Purpose: To estimate volumetric water contents (θw) at 100% saturation for seepage analyses.

Calculations:

1. Assumed specific gravity for soil types1:
Sand Gsand= 2.65

Silt Gsilt= 2.7

2. Estimated unit weight of solids:
Water γw= 62.4 pcf

Sand γs sand= 165 pcf

Silt γs silt= 168 pcf

3. Assumed total unit weights of fill and alluvium soils:

Filter Sand2 and Fill γt sand= 120 pcf

Glacial Till3 γt till= 135 pcf

4. Estimated saturated volumetric water content (θsat):

Filter Sand and Fill θsat sand= 0.44 ft3/ft3

Glacial Till θsat till= 0.31 ft3/ft3

5. Estimated residual volumetric water content (θr)
5:

Filter Sand and Fill θ = 0 04 ft3/ft3

wss G  

 
 













sw

st
sat 




Filter Sand and Fill θr sand= 0.04 ft3/ft3

Glacial Till θr till= 0.03 ft3/ft3

Notes:
1.

2.

3.

4.

We used typical specific gravity values for sand (2.65) and silt (2.7) to estimate dry unit weight of soil.

Filter Sand will be placed below the proposed wall footing, and will contain less than 5% fines.

We estimated the unit weight for glacial till to be more dense than the filter sand and embankment fill.  
We assumed the glacial till was 50% sand and 50% silt when calculating the saturated volumetric water 
content.

We estimated the residual water content to be 10% of the saturated water content.

wss G  

 
 













sw

st
sat 
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Attachment 3 
 
 

 
 
Seepage Results 
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Mill Pond Dam - Sluice Gate Cross Section Embankment Fill: K= 1.5 ft/days, K Ratio = 1

M:\DATA\_ _DESIGN\071041 Rockport Mill Pond Dam\Max Seep Figs

Steady State Seepage - Flood Case
Method: Steady-State
Last Modified: 3/11/2010 3:23:50 PM

y
Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
Filter Sand: K= 100 ft/days, K Ratio = 1
RipRap: K= 10000 ft/days, 
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 10000 ft/days
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Notes:
1 Elevations reference to NGVD 1929

SEEP/W MODEL
MILL POND DAM

MILL POND DAM
REMEDIAL DESIGN

Project 07104-1 FIG. A-1 

1.Elevations reference to NGVD 1929.

March 2010

MILL POND DAM
SHORT SEEPAGE PATH

TOWN OF ROCKPORT
ROCKPORT, MASSACHUSETTS

REMEDIAL DESIGN
ROCKPORT, MASSACHUSETTS
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Mill Pond Dam Sluice Gate Cross Section Embankment Fill: K= 1 5 ft/days K Ratio = 1

M:\DATA\_ _DESIGN\071041 Rockport Mill Pond Dam\Max Seep Figs

Mill Pond Dam - Sluice Gate Cross Section
Steady State Seepage - Normal Pool
Method: Steady-State
Last Modified: 3/11/2010 11:50:15 AM

Embankment Fill: K  1.5 ft/days, K Ratio  1
Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
Filter Sand: K= 100 ft/days, K Ratio = 1
RipRap: K= 10000 ft/days, 
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 10000 ft/days
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Notes:
1 Elevations referenced to NGVD 1929

MILL POND DAM
REMEDIAL DESIGN

FIG. A-2 March 2010

MILL POND DAM
SHORT SEEPAGE PATH

NORMAL POOL

1.Elevations referenced to NGVD 1929.
2.Contours represent feet of Pressure Head.
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Mill Pond Dam - Sluice Gate Cross Section
Steady State Seepage Flood Case

Embankment Fill: K= 1.5 ft/days, K Ratio = 1
Glacial Till: K= 0 8 ft/days K Ratio = 0 25
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  1  

Steady State Seepage - Flood Case
Method: Steady-State
Last Modified: 3/11/2010 8:38:32 AM

Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
Filter Sand: K= 100 ft/days, K Ratio = 1
RipRap: K= 10000 ft/days, 
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 10000 ft/days
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FIG. A-3March 2010Project 07104-1
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ROCKPORT, MASSACHUSETTS
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ROCKPORT, MASSACHUSETTS

MILL POND DAM
SHORT SEEPAGE PATH
100-YEAR FLOOD POOL

1.Elevations referenced to NGVD 1929.
2.Contours represent feet of Pressure Head.
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Mill P d D Sl i G t C S ti Embankment Fill: K= 1 5 ft/days K Ratio = 1
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Embankment Fill: K= 1 5 ft/days K Ratio = 1Mill Pond Dam - Sluice Gate Cross Section
Steady State Seepage - Flood Case
Method: Steady-State
Last Modified: 4/29/2010 8:00:41 AM

Embankment Fill: K= 1.5 ft/days, K Ratio = 1
Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
Filter Sand: K= 100 ft/days, K Ratio = 1
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 2.8e-007 ft/days
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Embankment Fill: K  1.5 ft/days, K Ratio  1
Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
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Stone Wall: K= 2.8e-007 ft/days
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FIG. A-4March 2010

1.Elevations referenced to NGVD 1929.
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Embankment Fill: K= 1.5 ft/days, K Ratio = 1
Glacial Till: K= 0.8 ft/days, K Ratio = 1
Filter Sand: K= 100 ft/days, K Ratio = 1
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 2.8e-007 ft/days

Mill Pond Dam - Sluice Gate Cross Section
Steady State Seepage - Normal Pool
Method: Steady-State
Last Modified: 3/12/2010 8:37:00 AM
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Stone Wall: K= 2.8e-007 ft/days
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1.Elevations referenced to NGVD 1929.
2.Contours represent feet of Pressure Head.
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Embankment Fill K 1 5 ft/da s K Ratio 1
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Embankment Fill: K= 1 5 ft/days K Ratio = 1
Mill Pond Dam - Sluice Gate Cross Section
Steady State Seepage - Flood Case
Method: Steady-State
Last Modified: 3/12/2010 8:37:00 AM

Embankment Fill: K= 1.5 ft/days, K Ratio = 1
Glacial Till: K= 0.8 ft/days, K Ratio = 1
Filter Sand: K= 100 ft/days, K Ratio = 1
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 2.8e-007 ft/days
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Embankment Fill: K  1.5 ft/days, K Ratio  1
Glacial Till: K= 0.8 ft/days, K Ratio = 0.25
Filter Sand: K= 100 ft/days, K Ratio = 1
Proposed Concrete Wall: K= 2.8e-007 ft/days
Stone Wall: K= 2.8e-007 ft/days
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TECHNICAL MEMORANDUM # 4 
Structural Design 
Mill Pond Dam 
Rockport, MA 
GEI Project #07104-1 
 

The purpose of this technical memorandum is to explain the stability analyses and structural design procedures 
employed in the design of the repair for Mill Pond Dam located in Rockport, Massachusetts. 
 
The existing dam is earth core gravity dam with stone masonry walls on the upstream and downstream faces.  The 
dam repair will replace the earth core with a reinforced concrete cantilevered retaining wall. The cantilevered 
retaining wall will consist of two standard sections designated by a bend in the wall. The eastern section will be 
approximately 83 feet long. The western section passes through a historical granite block sluiceway and will be 
approximately 23 feet long.   
 
The granite block masonry facing will be reinstalled along the downstream face of the new cantilevered wall, and a 
new stone masonry wall will replace the existing upstream masonry wall to preserve the historic appearance of the 
dam. 
 
1.0 Geotechnical Evaluation 
 
Two borings were conducted within the footprint of the existing dam in May 2009.  The existing ground surface 
elevation at the locations of the borings was approximately El. 30.  The datum used for the project was the National 
Geodetic Vertical Datum 1929 (NGVD 29). 
 
The finished grade on the downstream side of the dam will range from El. 18 to El. 21 in the eastern section and El. 
15 to El. 16 ft in the western section. The elevation of the bottom of the wall footing was selected to provide frost 
protection.  The bottom of footing elevations selected were El. 14 and El. 16 for the east and west wall sections 
respectively.   
 
In the boring logs, the soils at these depths are typically described as Dense to Very Dense Silt, Fine to Coarse 
Sand, and Gravel (Glacial Till), with SPT N-Values ranging from 33 to greater than 100.  In accordance with the 
Massachusetts Building Code, 7th Edition (780 CMR 120.R), the foundation soils were classified as Dense Class 7 
or 8 soils.  From the presumptive allowable bearing capacities in 780 CMR Table 1804.3, an allowable bearing 
pressure of 4 tons per square foot (8 kips per square foot) was selected. 
 
From the liquefaction susceptibility chart of 780 CMR 1804.6, we concluded that the foundation materials are not 
susceptible to liquefaction. 
 
2.0 Dam Repair Stability Analyses 
 
The stability of the cantilevered retaining wall was analyzed using the gravity method in general accordance with 
Engineer Manual 1110-2-2502, Retaining and Flood Walls (U.S. Army Corps of Engineers).  We analyzed two 
sections which represented the maximum sections at both the east and west wall.  

www.geiconsultants.com             400 Unicorn Park Drive 
 Woburn, MA 01801 
 781.721.4000 fax 781. 721.4073 
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TM 4 for Mill Pond Dam -2- April 22, 2010 

Stability criteria were selected as specified in 302 CMR 10.14 (9k), and are summarized below: 
 

Loading Condition Factor of Safety 

Usual 3.0 

Unusual 2.0 

Extreme >1.0 

 
Three load cases were analyzed for the cross-section, corresponding to various headwater and external loading 
conditions:  
 

 Load Case 1 (Usual Condition) - Normal Pool 
 Load Case 2 (Unusual Condition) - Design Flood (100 yr) 
 Load Case 3 (Extreme Condition) - Normal Pool + Earthquake 

 
We determined that calculations were not required for the winter pool + ice load because ice loads from the pond 
will be resisted by the upstream masonry wall, and therefore will never be in direct contact with the retaining wall. 
We also determined that calculations were not required for the Maximum drawdown load case as the normal pool 
load case is more critical by inspection. 
 
302 CMR 10.14 does not provide any provisions for the percentage of the dam base in compression when 
considering moment equilibrium. However, since the dam repair design uses a cantilevered retaining wall we 
determined that overturning criteria for retaining walls from EM 1110-2-2502 (U.S. Army Corps of Engineers) 
should be used. The criteria are summarized below: 
 

Loading Condition Base Area in Compression (Overturning) 

Usual 100% 

Unusual 75% 

Earthquake Resultant within Base 

 
We have the following remarks regarding the design loads and the retaining wall design analyses: 
 

 The true sliding failure plane of the retaining wall (because of the key) passes through the soil and not along 
the soil-concrete interface.  Therefore, the friction angle along the failure plane was chosen to reflect a 
failure through the soil mass, not along the interface between the concrete and the foundation soils. 
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TM 4 for Mill Pond Dam -3- April 22, 2010 

 
 

 
 The ground surface on the downstream side of the dam was conservatively assumed to be at El. 18 ft for the 

eastern section and El. 16 ft for the western section. 
 

 The water level on downstream side of the retaining wall was assumed to act at the ground surface for all 
load cases as this water level produces the minimum resisting force. 

 
 Driving soil forces were calculated using active soil pressures determined using the Coulomb equations. 

 
 Resisting soil forces were calculated using passive soil pressures determined using the log spiral method. 

 
 For seismic design, we used a seismic acceleration of 0.15g in accordance with 302 CMR 10.14 (9i). 

 
3.0 Dam Repair Structural Analyses 
 
For the structural design of the cantilevered retaining wall, we used Engineer Manual 1110-2-2104, Strength 
Design of Reinforced Concrete Hydraulic Structures (U.S. Army Corps of Engineers) and ACI 318-05, Building 
Code Requirements for Structural Concrete. We used the Single Load Factor Method of EM 111-2-2104. 
 
We used the forces and moments calculated as part of the stability analysis for the structural design. For simplicity 
of construction, we chose not to vary the reinforcing scheme across the length of the dam. 
 

 
M:\DATA\_DESIGN\071041 Rockport Mill Pond Dam\Ch253\TM4 - Strucrual Analyses\Structural Design Memo_PJS.docx    
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Reinforcing

1 >5 -67 -16 52 10 54 -17

Base Area in 
Compression

#7@12 Horizontal #6

Table 1- Stability and Structural Analyses Summary Table
Mill Pond Dam
Rockport, Ma
GEI Project # 07104-1

Load Case
Sliding Facto

of Safety
Base Area in r Stem Heel Toe

Compression (%) Moment (K*ft/ft) Shear (k/ft) Moment (K*ft/ft) Shear (k/ft) Moment (K*ft/ft) Shear (k/ft) Stem Base Key

Left Side of D
(STA. 1+25 - 1

1 3.05 100 -40 -11 31 6 17 -10

am 2 2.19 92 -66 -16 48 11 23 -14

+50) 3 1.78 87 -42 -10 32 7 16 -10 #9@12" Vertical #6@12" E.F. Longitudinal #6@6" hoops

Right Side of 
(STA. 1+50-2

1 >5 100100 -67 -16 52 10 54 -17 #7@12" Horizontal #9@12" E.F. Transverse 4 longitudinal #6  #9@12  E.F. Transverse 4 longitudinal 

Dam 2 3.12 100 -103 -21 77 15 67 -21
+40) 3 1.24 93 -64 -13 53 11 44 -14

Load Case Descriptions
-Load Case 1 (Usual Condition) - Normal Pool
-Load Case 2 (Unusual Condition) - Design Flood (100 yr)
-Load Case 3 (Extreme Condition) - Normal Pool + Earthquake

Stability Criteria

Load Cas
Minim
Factoe

um Sliding 
r of Safety

Usual 3 100%
Unusual 2 75%

Extreme >1.0
Resultant 

within Base

Notes
1. See Attachment 1 for detailed stability calculations
2. See Attachment 2 for detailed structural calculations
3. Bold text denotes controlling load case for structural calculations.
4. Minimum factor of safety against sliding taken from 302 CMR 10.14 (9k) (Massachusetts Dam Safety Regulations)
5. Base area in compression for overturning taken from EM 1110-2-2502 (US Army Corps of Engineers)
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Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

LOCATION  -  Left Side of Dam (STA. 1+25 - 1+50)

LOAD CASE 1 -  Normal Pool

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 31.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf
Toe Elevation 16.0 ft Friction Angle at Failure Plane (φfp) 35 degrees

Bottom of Key Elevation 14.0 ft Friction Factor at Failure Plane (tanφfp) 0.70
Top of Base Elevation 18.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 6.2 ft Unit Weight of Soil (γ) 0.130 kcf
Length from Toe to Stem 3.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 10.00 ft Cohesion (c) 0 ksf
Base Length (B) 12.00 ft Soil Friction Angle (φ) 32 degrees
Base Width (W) 1.00 ft

Base Area (A) 12.0 ft2          
( W · B )

Base Section Modulus (S) 24.0 ft3          
( W · B2 ) / 6

Water Surface Elevation 27.3 ft Water Surface Elevation 16.0 ft
Ground Surface Elevation 29.0 ft Ground Surface Elevation 16.0 ft
Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees
Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

Kp Determined using Log Spiral Charts

Left Side of Dam
Normal Pool

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

Upstream Downstream

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil 
Pressure Coeff., ka =

Passive Soil 
Pressure Coeff., kp =

ka

cos
2

cos
2

cos 1
sin sin

cos cos

2
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Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Normal Pool

INSERT SKETCH

LOAD DIAGRAMS FOR STABILITY ANALYSES
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Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Normal Pool

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.40 1.00 1.0 4.68 4.20 19.7
C2 Base 2.00 12.00 1.00 1.0 3.60 6.00 21.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 11.00 6.6

Soil Weight
EC Confined 2.00 10.00 1.00 1.0 2.60
EU Upstream 11.00 6.60 1.00 1.0 9.44 8.70 82.1
ED Flow Fill 11.00 3.00 1.00 1.0 4.29 1.50 6.4
Eew Ex. wall 15.00 2.00 1.00 1.0 3.90 (a)

Water Weight
WU Upstream 0.00 6.60 1.00 1.0 0.0 0.00 0.0
WD Downstream

TOTALS 29.1 136
(a). Vertical Force from existing wall weight included in sliding analysis only.

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 2.00 12.00 1.00 1.0 1.50 6.00 9.0
U2 Uplift 2 7.00 (b) 2.00 1.00 1.0 0.87 11.00 9.6

TOTALS 2.4 19
(b). = Pressure Head at bottom of key (see below)

HORIZONTAL FORCES

Soil Pressure Upstream Ka = 0.31 Downstream Kp = 6.00
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PEU1 Upstream 1 1.70 1.70 1.00 0.5 0.06 11.87 0.7
PEU2 Upstream 2 13.30 1.70 1.00 1.0 0.90 4.65 4.2
PEU3 Upstream 3 13.30 13.30 1.00 0.5 2.39 (c) 2.43 5.8
PED Downstream 2.00 2.00 1.00 0.5 0.82 -1.33 1.1

TOTALS 0.8 3.3 0 12
(c). Force=(H · W · SF · Wt. - Pwu3) · Ka

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU1 Upstream 1 0.00 0.00 1.00 0.5 0.00 11.30 0.0
PWU2 Upstream 2 0.00 0.00 1.00 1 0.00 -2.00 0.0
PWU3 Upstream 3 13.30 9.00 (d) 1.00 0.5 3.73 2.43 9.1
PWD Downstream 2.00 2.00 1.00 0.5 0.12 -1.33 0.2

TOTALS 0.1 3.7 0 9

(d). Pressure head at upstream corner of key from seepage analysis

Horizontal Forces (k) Moments (ft-k)

(k/ft3)

0.0624
0.0624
0.0624

0.130
0.130
0.130
0.068

0.0624

Load
Weight

Load
Weight

Horizontal Forces (k) Moments (ft-k)

(k/ft3)

Active / Passive Force  =  H · W · L · SF · Wt. · K

Load
Weight Vertical Forces (k)

0.0624
0.0624

Moments (ft-k)

(k/ft3)

0.150
0.150
0.150

Moments (ft-k)

(k/ft3)

0.130
0.130
0.130

0.0624

0.130

TABULATION OF FORCES

Load
Weight Vertical Forces (k)
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Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Normal Pool

SUMMATION
Net Vertical Force,  V = 26.7 k   ↓ Net Moment About the Toe,  M = 97 ft-k

Includes existing wall weight
Net Horizontal Force,  H = -6.1 k   →

LOAD CASE 1 -  Normal Pool CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 3.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.3
Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 4.0 ksf
Site Info (Well Defined, Ordinary, or Limited) 100 % of Base in Compression Required

Active / Passive

V H
26.7 k -6.1 k
↓ →

Includes existing wall weight

3.05

V H M
22.8 k -6.1 k 97 ft-k
↓ → Q

Excludes existing wall weight
> 5.0 (V↓ / V↑)

4.0 ft.       and 8.0 ft.

4.2 ft. from toe (M/V)

Eccentricity, e  = 1.8 ft. (B/2 - M/V)

Toe Pressure = 3.58 ksf (V/A + Ve/S)

Heel Pressure  = 0.23 ksf (V/A - Ve/S)

100% of base in compression

Σ Forces  =     Σ Moments  =  

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

OK - 100% Base in compression

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant within the kern

USUAL
SIGNIFICANT
ORDINARY

SLIDING ANALYSIS

F.S.sliding = (Vtanφfp + cA) / H OK - Meets Sliding Criteria

RESULTANT, FLOATATION, & BEARING ANALYSIS

Σ Forces  =       

STABILITY ANALYSIS
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Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Normal Pool

Load Factors:
     Basic Load Factor: Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:
     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:
     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi
     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 18.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1 1.70 1.70 1.00 0.5 0.09 9.87 0.9
PEU2' Upstream 2 9.30 1.70 1.00 1.0 0.97 4.65 4.5
PEU3' Upstream 3 9.30 9.30 1.00 0.5 1.37 3.10 4.3
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 2.4 0 10

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 9.30 9.30 1.00 0.5 2.70 3.10 8.4
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 2.7 0 8

Net Shear Force,  V = -5 k Net Moment,  M = -18 ft-k

Factored Shear Force,  Vu = -11 k Factored Moment,  Mu = -40 ft-k

STRENGTH DESIGN

GIVEN

1.7
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 b.)

1.0
1.3

4000

0.003
29E+6

60

0.90
0.75

0.130
0.130
0.068

FORCES ON STEM

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

            ( Mu = M · Bf · Ef · Hf )

Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Horizontal Forces (k)

            ( Vu = V · Bf · Ef · Hf )
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Left Side of Dam
Normal Pool

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 6.20 1.00 1.0 1.86 3.10 5.8
C3 Key 1 2.00 2.00 1.00 1.0 0.60 5.20 3.1

Soil Weight
EU Upstream 11.00 6.20 1.00 1.0 8.87 3.10 27.5

Water Weight
WU Upstream

TOTALS 11.3 36

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 2.00 6.20 1.00 1.0 0.77 3.10 2.4
U2U Uplift 2 7.00 2.00 1.00 1.0 0.87 5.20 4.5

TOTALS 1.6 7

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 0.23 6.20 1.00 1.0 1.40 3.10 4.3
B2U Bearing 2 1.73 6.20 1.00 0.5 5.37 2.07 11.1

TOTALS 6.8 15

Net Shear Force,  V = 3 k Net Moment,  M = 14 ft-k

Factored Shear Force,  Vu = 6 k Factored Moment,  Mu = 31 ft-k

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Load
Weight

0.150
0.150

0.130

-

Load
Weight

-

<< TOP FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Vertical Forces (k) Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624
0.0624
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Left Side of Dam
Normal Pool

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 3.00 1.00 1.0 0.90 1.50 1.4
Soil Weight

ED Flow Fill 11.00 3.00 1.00 1.00 4.29 1.50 6.4
Water Weight

WD Downstream
TOTALS 5.2 8

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 2.00 3.00 1.00 1.0 0.37 1.50 0.6
U2D Uplift 2

TOTALS 0.4 1

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 2.74 3.00 1.00 1.0 8.22 1.50 12.3
B2D Bearing 2 0.84 3.00 1.00 0.5 1.26 2.00 2.5

TOTALS 9.5 15

Net Shear Force,  V = -5 k Net Moment,  M = 8 ft-k

Factored Shear Force,  Vu = -10 k Factored Moment,  Mu = 17 ft-k

FORCES ON BASE

Load
Weight

0.150

0.130

- DOWNSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

-
-

<< BOTTOM FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
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LOCATION  -  Left Side of Dam (STA. 1+25 - 1+50)

LOAD CASE 2 -  100 year flood

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 31.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf
Toe Elevation 16.0 ft Friction Angle at Failure Plane (φfp) 35 degrees

Bottom of Key Elevation 14.0 ft Friction Factor at Failure Plane (tanφfp) 0.70
Top of Base Elevation 18.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 6.2 ft Unit Weight of Soil (γ) 0.130 kcf
Length from Toe to Stem 3.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 10.00 ft Cohesion (c) 0 ksf
Base Length (B) 12.00 ft Soil Friction Angle (φ) 32 degrees
Base Width (W) 1.00 ft

Base Area (A) 12.0 ft2          
( W · B )

Base Section Modulus (S) 24.0 ft3          
( W · B2 ) / 6

Water Surface Elevation 31.0 ft Water Surface Elevation 16.0 ft
Ground Surface Elevation 29.0 ft Ground Surface Elevation 16.0 ft
Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees
Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

Kp Determined using Log Spiral Charts

Left Side of Dam
100 Year Flood

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

Upstream Downstream

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil 
Pressure Coeff., ka =

Passive Soil 
Pressure Coeff., kp =

ka

cos
2

cos
2

cos 1
sin sin

cos cos

2
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Left Side of Dam
100 Year Flood

INSERT SKETCH

LOAD DIAGRAMS FOR STABILITY ANALYSES
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Left Side of Dam
100 Year Flood

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.40 1.00 1.0 4.68 4.20 19.7
C2 Base 2.00 12.00 1.00 1.0 3.60 6.00 21.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 11.00 6.6

Soil Weight
EC Confined 2.00 10.00 1.00 1.0 2.60
EU Upstream 11.00 6.60 1.00 1.0 9.44 8.70 82.1
ED Flow Fill 11.00 3.00 1.00 1.0 4.29 1.50 6.4
Eew Ex wall 15.00 2.00 1.00 1.0 3.90 (a)

Water Weight
WU Upstream 2.00 9.00 1.00 1.0 1.1 7.50 8.4
WD Downstream

TOTALS 30.2 145
(a). Vertical Force from existing wall weight included in sliding analysis only.

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 2.00 12.00 1.00 1.0 1.50 6.00 9.0
U2 Uplift 2 10.00 (b) 2.00 1.00 1.0 1.25 11.00 13.7

TOTALS 2.7 23
(b). = Pressure Head at bottom of key (see below)

HORIZONTAL FORCES

Soil Pressure Upstream Ka = 0.31 Downstream Kp = 6.00
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PEU1 Upstream 1 0.00 0.00 1.00 0.5 0.00 15.00 0.0
PEU2 Upstream 2 15.00 0.00 1.00 1.0 0.00 5.50 0.0
PEU3 Upstream 3 15.00 15.00 1.00 0.5 3.06 (c) 3.00 9.2
PED Downstream 2.00 2.00 1.00 0.5 0.82 -1.33 1.1

TOTALS 0.8 3.1 0 10
(c). Force=(H · W · SF · Wt. - Pwu3) · Ka

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU1 Upstream 1 2.00 2.00 1.00 0.5 0.12 15.67 2.0
PWU2 Upstream 2 15.00 2.00 1.00 1 1.87 5.50 10.3
PWU3 Upstream 3 15.00 10.00 (d) 1.00 0.5 4.68 3.00 14.0
PWD Downstream 2.00 2.00 1.00 0.5 0.12 -1.33 0.2

TOTALS 0.1 6.7 0 26

(d). Pressure head at upstream corner of key from seepage analysis

Horizontal Forces (k) Moments (ft-k)

(k/ft3)

0.0624
0.0624
0.0624

0.130
0.130
0.130
0.068

0.0624

Load
Weight

Load
Weight

Horizontal Forces (k) Moments (ft-k)

(k/ft3)

Active / Passive Force  =  H · W · L · SF · Wt. · K

Load
Weight Vertical Forces (k)

0.0624
0.0624

Moments (ft-k)

(k/ft3)

0.150
0.150
0.150

Moments (ft-k)

(k/ft3)

0.130
0.130
0.130

0.0624

0.130

TABULATION OF FORCES

Load
Weight Vertical Forces (k)
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Left Side of Dam
100 Year Flood

SUMMATION
Net Vertical Force,  V = 27.5 k   ↓ Net Moment About the Toe,  M = 85 ft-k

Net Horizontal Force,  H = -8.8 k   →

LOAD CASE 2 -  100 year flood CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 2.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.2
Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 4.6 ksf
Site Info (Well Defined, Ordinary, or Limited) 75 % of Base in Compression Required

Active / Passive

V H
27.5 k -8.8 k
↓ →

Includes existing wall weight

2.19

V H M
23.6 k -8.8 k 85 ft-k
↓ → Q

Excludes existing wall weight
> 5.0 (V↓ / V↑)

4.0 ft.       and 8.0 ft.

3.6 ft. from toe (M/V)

Eccentricity, e  = 2.4 ft. (B/2 - M/V)

Toe Pressure = 4.30 ksf (V/A + Ve/S)

Heel Pressure  = -0.37 ksf (V/A - Ve/S)

92% of base in compression

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

<< Tension in Heel - Crack Develops >>

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant DOWNSTREAM of kern

UNUSUAL
SIGNIFICANT
ORDINARY

SLIDING ANALYSIS

Σ Forces  =       

F.S.sliding = (Vtanφfp + cA) / H OK - Meets Sliding Criteria

Σ Forces  =     Σ Moments  =  

STABILITY ANALYSIS

RESULTANT, FLOATATION, & BEARING ANALYSIS
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Project: Mill Pond Dam Repairs
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Left Side of Dam
100 Year Flood

Load Factors:
     Basic Load Factor: Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:
     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:
     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi
     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 18.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1
PEU2' Upstream 2
PEU3' Upstream 3 11.00 11.00 1.00 0.5 1.92 3.67 7.0
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 1.9 0 7

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 13.00 13.00 1.00 0.5 5.27 4.33 22.8
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 5.3 0 23

Net Shear Force,  V = -7 k Net Moment,  M = -30 ft-k

Factored Shear Force,  Vu = -16 k Factored Moment,  Mu = -66 ft-k

STRENGTH DESIGN

GIVEN

1.7
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 b.)

1.00
1.3

4000

0.003
29E+6

60

0.90
0.75

0.068

FORCES ON STEM

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

            ( Mu = M · Bf · Ef · Hf )

Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Horizontal Forces (k)

            ( Vu = V · Bf · Ef · Hf )
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Left Side of Dam
100 Year Flood

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 6.20 1.00 1.0 1.86 3.10 5.8
C3 Key 1 2.00 2.00 1.00 1.0 0.60 5.20 3.1

Soil Weight
EU Upstream 11.00 6.20 1.00 1.0 8.87 3.10 27.5

Water Weight
WU Upstream 2.00 6.20 1.00 1.0 0.77 3.10 2.4

TOTALS 12.1 39

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 2.00 6.20 1.00 1.0 0.77 3.10 2.4
U2U Uplift 2 10.00 2.00 1.00 1.0 1.25 5.20 6.5

TOTALS 2.0 9

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 -0.37 6.20 1.00 1.0 -2.31 3.10 -7.2
B2U Bearing 2 2.42 6.20 1.00 0.5 7.49 2.07 15.5

TOTALS 5.2 8

Net Shear Force,  V = 5 k Net Moment,  M = 22 ft-k

Factored Shear Force,  Vu = 11 k Factored Moment,  Mu = 48 ft-k

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.0624

Load
Weight

0.150
0.150

0.130

-
-

<< TOP FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624
0.0624
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Left Side of Dam
100 Year Flood

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 3.00 1.00 1.0 0.90 1.50 1.4
Soil Weight

ED Flow Fill 11.00 3.00 1.00 1.00 4.29 1.50 6.4
Water Weight

WD Downstream
TOTALS 5.2 8

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 2.00 3.00 1.00 1.0 0.37 1.50 0.6
U2D Uplift 2

TOTALS 0.4 1

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 3.13 3.00 1.00 1.0 9.40 1.50 14.1
B2D Bearing 2 1.17 3.00 1.00 0.5 1.75 2.00 3.5

TOTALS 11.2 18

Net Shear Force,  V = -6 k Net Moment,  M = 10 ft-k

Factored Shear Force,  Vu = -14 k Factored Moment,  Mu = 23 ft-k

FORCES ON BASE

Load
Weight

0.150

0.130

- DOWNSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

-
-

<< BOTTOM FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
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LOCATION  -  Left Side of Dam (STA. 1+25 - 1+50)

LOAD CASE 3 -  Normal Pool + Earthquake

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 31.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf

Toe Elevation 16.0 ft Friction Angle at Failure Plane (φfp) 35 degrees

Bottom of Key Elevation 14.0 ft Friction Factor at Failure Plane (tanφfp) 0.70

Top of Base Elevation 18.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 6.2 ft Unit Weight of Soil (γ) 0.130 kcf

Length from Toe to Stem 3.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 10.00 ft Cohesion (c) 0 ksf

Base Length (B) 12.00 ft Soil Friction Angle (φ) 32 degrees

Base Width (W) 1.00 ft

Base Area (A) 12.0 ft2          
( W · B )

Base Section Modulus (S) 24.0 ft3          
( W · B2 ) / 6

Water Surface Elevation 27.3 ft Water Surface Elevation 16.0 ft

Ground Surface Elevation 29.0 ft Ground Surface Elevation 16.0 ft

Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees

Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

0.12 kp assumed as ko for seismic event
Eq. Soil Pressure 

Coeff. Inc., kae

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil Pressure 
Coeff., ka=

Passive Soil 
Pressure Coeff., kp =

Left Side of Dam
Eathquake

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

Upstream Downstream

ka

cos
2

cos
2

cos 1
sin sin

cos cos

2
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LOAD DIAGRAMS FOR STABILITY ANALYSES
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Left Side of Dam
Eathquake

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.00 1.00 1.0 3.90 4.00 15.6
C2 Base 2.00 12.00 1.00 1.0 3.60 6.00 21.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 11.00 6.6

Soil Weight
EC Confined 2.00 10.00 1.00 1.0 2.60
EU Upstream 11.00 7.00 1.00 1.0 10.01 8.50 85.1
ED Flow Fill 11.00 3.00 1.00 1.0 4.29 1.50 6.4
Eew Ex wall 15.00 2.00 1.00 1.0 3.90 (a)

Water Weight
WU Upstream 0.00 6.20 1.00 1.0 0.0 0.00 0.0
WD Downstream

TOTALS 28.9 135
(a). Vertical Force from existing wall weight included in sliding analysis only.

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 2.00 12.00 1.00 1.0 1.50 6.00 9.0
U2 Uplift 2 7.00 (b) 2.00 1.00 1.0 0.87 11.00 9.6

TOTALS 2.4 19
(b). = Pressure Head at bottom of key (see below)

HORIZONTAL FORCES

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1 Upstream 1 1.70 1.70 1.00 0.5 0.09 11.87 1.0
PEU2 Upstream 2 13.30 1.70 1.00 1.0 1.38 4.65 6.4
PEU3 Upstream 3 13.30 13.30 1.00 0.5 3.65 (c) 2.43 8.9
PED Downstream 2.00 2.00 1.00 0.5 0.06 -1.33 0.1

TOTALS 0.1 5.1 0 16
(c). Force=(H · W · SF · Wt. - Pwu3) · Ka

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU1 Upstream 1 0.00 0.00 1.00 0.5 0.00 11.30 0.0
PWU2 Upstream 2 0.00 0.00 1.00 1 0.00 -2.00 0.0
PWU3 Upstream 3 13.30 9.00 (d) 1.00 0.5 3.73 2.43 9.1
PWD Downstream 2.00 2.00 1.00 0.5 0.12 -1.33 0.2

TOTALS 0.1 3.7 0 9

(d). Pressure head at upstream corner of key from seepage analysis

Earthquake Loading Kae= 0.12

Height Width Length Shape Arm
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

Peq 15.0 15.0 1 0.5 1.76 (e) 9.00 (f) 15.8
TOTALS 0.0 1.8 0 16

(e.) Soil Force  =  H · W · L · SF · Wt. · Kae

(f.) Moment arm acts at .6 · H from the base of the dam.

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
Dyn. Soil Eq.

0.0624

0.0624

0.0624

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
0.0624

0.130

0.130

0.130

0.130

0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

0.0624

0.0624

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.130

0.130

0.130

0.0624

0.130

0.150

0.150

0.150

TABULATION OF FORCES

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
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Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Eathquake

SUMMATION
Net Vertical Force,  V = 26.5 k   ↓ Net Moment About the Toe,  M = 75 ft-k

Net Horizontal Force,  H = -10.4 k   →

LOAD CASE 3 -  Normal Pool + Earthquake CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 1.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.1

Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 6.0 ksf

Site Info (Well Defined, Ordinary, or Limited) Resultant Location Required Within Base

At-Rest

V H
26.5 k -10.4 k
↓ →

Includes existing wall weight

1.78

V H M
22.6 k -10.4 k 75 ft-k
↓ → Q

Excludes existing wall weight

> 5.0 (V↓ / V↑)

4.0 ft.       and 8.0 ft.

3.3 ft. from toe (M/V)

Eccentricity, e  = 2.7 ft. (B/2 - M/V)

Toe Pressure = 4.41 ksf (V/A + Ve/S)

Heel Pressure  = -0.64 ksf (V/A - Ve/S)

87% of base in compression

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

<< Tension in Heel - Crack Develops >>

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant DOWNSTREAM of kern

F.S.sliding = (Vtanφfp + cA) / H OK - Meets Sliding Criteria

RESULTANT, FLOATATION, & BEARING ANALYSIS

Σ Forces  =     Σ Moments  =  

EXTREME

SIGNIFICANT

ORDINARY

SLIDING ANALYSIS

Σ Forces  =       

STABILITY ANALYSIS
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Eathquake

Load Factors:

     Basic Load Factor (Dead, Live, and Earthquake): Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:

     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:

     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi

     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 18.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1 1.70 1.70 1.00 0.5 0.09 9.87 0.9
PEU2' Upstream 2 9.30 1.70 1.00 1.0 0.97 4.65 4.5
PEU3' Upstream 3 9.30 9.30 1.00 0.5 1.37 3.10 4.3
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 2.4 0 10

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 9.30 9.30 1.00 0.5 2.70 3.10 8.4
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 2.7 0 8

Earthquake Loading Kae= 0.12

Height Width Length Shape Arm
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

Peq 11.0 9.5 1 1 1.63 6.60 10.8

TOTALS 0.0 1.6 0 11

Net Shear Force,  V = -7 k Net Moment,  M = -29 ft-k

Factored Shear Force,  Vu = -10 k Factored Moment,  Mu = -42 ft-k

STRENGTH DESIGN

GIVEN

1.5
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 d)

0.75

1.3

0.90

0.75

4000

0.003

29E+6

60

FORCES ON STEM

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
0.130

0.130

0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
Dyn. Soil Eq. 0.130

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )
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Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Eathquake

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 6.20 1.00 1.0 1.86 3.10 5.8
C3 Key 1 2.00 2.00 1.00 1.0 0.60 5.20 3.1

Soil Weight
EU Upstream 11.00 6.20 1.00 1.0 8.87 3.10 27.5

Water Weight
WU Upstream

TOTALS 11.3 36

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 2.00 6.20 1.00 1.0 0.77 3.10 2.4
U2U Uplift 2 7.00 2.00 1.00 1.0 0.87 5.20 4.5

TOTALS 1.6 7

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 0.00 6.20 1.00 1.0 0.00 3.10 0.0
B2U Bearing 2 1.97 4.69 1.00 0.5 4.62 1.56 7.2

TOTALS 4.6 7

Net Shear Force,  V = 5 k Net Moment,  M = 22 ft-k

Factored Shear Force,  Vu = 7 k Factored Moment,  Mu = 32 ft-k

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150

0.150

0.130

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

0.0624

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
-

-

<< TOP FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Left Side of Dam
Eathquake

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 3.00 1.00 1.0 0.90 1.50 1.4

Soil Weight
ED Flow Fill 11.00 3.00 1.00 1.00 4.29 1.50 6.4

Water Weight
WD Downstream

TOTALS 5.2 8

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 2.00 3.00 1.00 1.0 0.37 1.50 0.6
U2D Uplift 2

TOTALS 0.4 1

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 3.15 3.00 1.00 1.0 9.44 1.50 14.2
B2D Bearing 2 1.26 3.00 1.00 0.5 1.89 2.00 3.8

TOTALS 11.3 18

Net Shear Force,  V = -7 k Net Moment,  M = 11 ft-k

Factored Shear Force,  Vu = -10 k Factored Moment,  Mu = 16 ft-k

FORCES ON BASE

- DOWNSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150

0.130

Load
Weight

-

-

<< BOTTOM FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
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Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

LOCATION  -  Right Side of Dam (STA 1+50 - 2+35)

LOAD CASE 1 -  Normal Pool

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 29.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf
Toe Elevation 14.0 ft Friction Angle at Failure Plane (φf) 35 degrees

Bottom of Key Elevation 12.0 ft Friction Factor at Failure Plane (tanφf) 0.70
Top of Base Elevation 16.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 8.0 ft Unit Weight of Soil (γ) 0.130 kcf
Length from Toe to Stem 5.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 14.00 ft Cohesion (c) 0 ksf
Base Length (B) 16.00 ft Soil Friction Angle (φ) 32 degrees
Base Width (W) 1.00 ft

Base Area (A) 16.0 ft2          
( W · B )

Base Section Modulus (S) 42.7 ft3          
( W · B2 ) / 6

Water Surface Elevation 27.3 ft Water Surface Elevation 18.0 ft
Ground Surface Elevation 29.0 ft Ground Surface Elevation 18.0 ft
Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees
Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

Kp Determined using Log Spiral Charts

Upstream Downstream

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil 
Pressure Coeff., ka =

Passive Soil 
Pressure Coeff., kp =

Right Side of Dam
Normal Pool

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

ka

cos
2

cos
2

cos 1
sin sin

cos cos

2
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Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Normal Pool

LOAD DIAGRAMS FOR STABILITY ANALYSES

INSERT SKETCH
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Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Normal Pool

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.50 1.00 1.0 4.88 6.25 30.5
C2 Base 2.00 16.00 1.00 1.0 4.80 8.00 38.4
C3 Key 1 2.00 2.00 1.00 1.0 0.60 15.00 9.0

Soil Weight
EC Confined 2.00 14.00 1.00 1.0 3.64
EU Upstream 13.00 8.50 1.00 1.0 14.37 11.75 168.8
ED Downstream 2.00 3.00 1.00 1.0 0.78 1.50 1.2
EDf Stone Façade 13.00 2.00 1.00 1.0 3.38 4.00 13.5

Water Weight
WU Upstream
WD Downstream

TOTALS 32.4 261

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 6.00 16.00 1.00 1.0 5.99 8.00 47.9
U2 Uplift 2 9.30 2.00 1.00 1.0 1.16 15.00 17.4

TOTALS 7.2 65

HORIZONTAL FORCES

Soil Pressure Upstream Ka = 0.31 Downstream Kp = 6.00
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PEU1 Upstream 1 1.70 1.70 1.00 0.5 0.06 13.87 0.8
PEU2 Upstream 2 15.30 1.70 1.00 1.0 1.04 5.65 5.9
PEU3 Upstream 3 15.30 15.30 1.00 0.5 2.43 3.10 7.5
PED Downstream 6.00 6.00 1.00 0.5 7.30 0.00 0.0 0.0

TOTALS 7.3 3.5 0 14

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU Upstream 15.30 15.30 1.00 0.5 7.30 3.10 22.6
PWD Downstream 6.00 6.00 1.00 0.5 1.12 0.00 0.0

TOTALS 1.1 7.3 0 23

SUMMATION
Net Vertical Force,  V = 25.3 k   ↓ Net Moment About the Toe,  M = 159 ft-k

Net Horizontal Force,  H = -2.4 k   →

Moments (ft-k)

(k/ft3)

Active / Passive Force  =  H · W · L · SF · Wt. · K

0.150

Moments (ft-k)

(k/ft3)
0.0624

0.150
0.150

0.130
0.130

0.130

0.0624
0.0624

0.130

0.130
0.130
0.068
0.068

TABULATION OF FORCES

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Load
Weight Horizontal Forces (k)

Load
Weight Vertical Forces (k)

0.0624

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
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Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Normal Pool

LOAD CASE 1 -  Normal Pool CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 3.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.3
Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 4.0 ksf
Site Info (Well Defined, Ordinary, or Limited) 100 % of Base in Compression Required

Active / Passive

V H
25.3 k -2.4 k
↓ →

> 5.0

V H M
25.3 k -2.4 k 159 ft-k
↓ → Q

4.54 (V↓ / V↑)

5.3 ft.       and 10.7 ft.

6.3 ft. from toe (M/V)

Eccentricity, e  = 1.7 ft. (B/2 - M/V)

Toe Pressure = 2.59 ksf (V/A + Ve/S)

Heel Pressure  = 0.57 ksf (V/A - Ve/S)

100% of base in compression

SLIDING ANALYSIS

Σ Forces  =       

F.S.sliding = (Vtanφf + cA) / H OK - Meets Sliding Criteria

STABILITY ANALYSIS

USUAL
SIGNIFICANT
ORDINARY

RESULTANT, FLOATATION, & BEARING ANALYSIS

Σ Forces  =     Σ Moments  =  

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant within the kern

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

OK - 100% Base in compression
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Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Normal Pool

Load Factors:
     Basic Load Factor: Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:
     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:
     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi
     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 16.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1 1.70 1.70 1.00 0.5 0.09 11.87 1.0
PEU2' Upstream 2 11.30 1.70 1.00 1.0 1.17 5.65 6.6
PEU3' Upstream 3 11.30 11.30 1.00 0.5 2.03 3.77 7.6
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 3.3 0 15

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 11.30 11.30 1.00 0.5 3.98 3.77 15.0
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 4.0 0 15

Net Shear Force,  V = -7 k Net Moment,  M = -30 ft-k

Factored Shear Force,  Vu = -16 k Factored Moment,  Mu = -67 ft-k

1.0
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 b.)

1.7

Load

FORCES ON STEM

At-Rest Force  =  H · W · L · SF · Wt. · K

0.130
0.068

Load

Horizontal Forces (k) Moments (ft-k)

(k/ft3)

0.003

4000

29E+6

GIVEN

STRENGTH DESIGN

0.75
0.90

1.3

Moments (ft-k)

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

0.0624

Weight Horizontal Forces (k)

Weight

60

(k/ft3)
0.130
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Right Side of Dam
Normal Pool

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 8.00 1.00 1.0 2.40 4.00 9.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 7.00 4.2

Soil Weight
EU Upstream 13.00 8.50 1.00 1.0 14.37 4.25 61.1

Water Weight
WU Upstream

TOTALS 17.4 75

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 6.00 8.50 1.00 1.0 3.18 4.25 13.5
U2U Uplift 2 9.30 2.00 1.00 1.0 1.16 7.50 8.7

TOTALS 4.3 22

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 0.57 8.00 1.00 1.0 4.55 4.00 18.2
B2U Bearing 2 1.01 8.00 1.00 0.5 4.04 2.67 10.8

TOTALS 8.6 29

Net Shear Force,  V = 4 k Net Moment,  M = 24 ft-k

Factored Shear Force,  Vu = 10 k Factored Moment,  Mu = 52 ft-k

-

FORCES ON BASE

Load

<< TOP FACE IN TENSION >>

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

            ( Mu = M · Bf · Ef · Hf )            ( Vu = V · Bf · Ef · Hf )

-

Load

(k/ft3)

- UPSTREAM SIDE OF STEM -

0.0624
0.0624
(k/ft3)

Moments (ft-k)Weight Vertical Forces (k)

Weight Vertical Forces (k) Moments (ft-k)

0.150

0.130

0.150
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Right Side of Dam
Normal Pool

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 5.00 1.00 1.0 1.50 2.50 3.8
Soil Weight

ED Downstream 2.00 3.00 1.00 1.00 0.78 3.50 2.7
EDf Stone Façade 13.00 2.00 1.00 1.00 3.38 1.00 3.4

Water Weight
WD Downstream

TOTALS 5.7 10

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 6.00 5.00 1.00 1.0 1.87 2.50 4.7
U2D Uplift 2

TOTALS 1.9 5

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 1.96 5.00 1.00 1.0 9.80 2.50 24.5
B2D Bearing 2 0.63 5.00 1.00 0.5 1.58 3.33 5.3

TOTALS 11.4 30

Net Shear Force,  V = -8 k Net Moment,  M = 25 ft-k

Factored Shear Force,  Vu = -17 k Factored Moment,  Mu = 54 ft-k

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

FORCES ON BASE

- DOWNSTREAM SIDE OF STEM -

0.130

<< BOTTOM FACE IN TENSION >>

Load
Weight Vertical Forces (k)

0.130

0.150

(k/ft3)

Moments (ft-k)Vertical Forces (k)Weight
Load

-

-

Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

Load
Weight
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LOCATION  -  Right Side of Dam (STA 1+50 - 2+35)

LOAD CASE 2 -  100 year flood

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 29.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf
Toe Elevation 14.0 ft Friction Angle at Failure Plane (φf) 35 degrees

Bottom of Key Elevation 12.0 ft Friction Factor at Failure Plane (tanφf) 0.70
Top of Base Elevation 16.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 8.0 ft Unit Weight of Soil (γ) 0.130 kcf
Length from Toe to Stem 5.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 14.00 ft Cohesion (c) 0 ksf
Base Length (B) 16.00 ft Soil Friction Angle (φ) 32 degrees
Base Width (W) 1.00 ft

Base Area (A) 16.0 ft2          
( W · B )

Base Section Modulus (S) 42.7 ft3          
( W · B2 ) / 6

Water Surface Elevation 31.0 ft Water Surface Elevation 18.0 ft
Ground Surface Elevation 29.0 ft Ground Surface Elevation 18.0 ft
Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees
Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

Kp Determined using Log Spiral Charts

Right Side of Dam
100 Year Flood

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

Upstream Downstream

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil 
Pressure Coeff., ka =

Passive Soil 
Pressure Coeff., kp =

ka

cos
2

cos
2

cos 1
sin sin

cos cos

2

655



Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
100 Year Flood

INSERT SKETCH
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Right Side of Dam
100 Year Flood

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.50 1.00 1.0 4.88 6.25 30.5
C2 Base 2.00 16.00 1.00 1.0 4.80 8.00 38.4
C3 Key 1 2.00 2.00 1.00 1.0 0.60 15.00 9.0

Soil Weight
EC Confined 2.00 14.00 1.00 1.0 3.64
EU Upstream 13.00 8.50 1.00 1.0 14.37 11.75 168.8
ED Downstream 2.00 3.00 1.00 1.0 0.78 1.50 1.2
EDf Stone Façade 13.00 2.00 1.00 1.0 3.38 4.00 13.5

Water Weight
WU Upstream 2.00 8.00 1.00 1.0 1.0 12.00 12.0
WD Downstream

TOTALS 33.4 273

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 6.00 16.00 1.00 1.0 5.99 8.00 47.9
U2 Uplift 2 13.00 2.00 1.00 1.0 1.62 15.00 24.3

TOTALS 7.6 72

HORIZONTAL FORCES

Soil Pressure Upstream Ka = 0.31 Downstream Kp = 6.00
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PEU1 Upstream 1 0.00 0.00 1.00 0.5 0.00 17.00 0.0
PEU2 Upstream 2 17.00 0.00 1.00 1.0 0.00 6.50 0.0
PEU3 Upstream 3 17.00 17.00 1.00 0.5 3.00 3.67 11.0
PED Downstream 6.00 6.00 1.00 0.5 7.34 0.00 0.0 0.0

TOTALS 7.3 3.0 0 11

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU Upstream 19.00 19.00 1.00 0.5 11.26 4.33 48.8
PWD Downstream 6.00 6.00 1.00 0.5 1.12

TOTALS 1.1 11.3 0 49

SUMMATION
Net Vertical Force,  V = 25.8 k   ↓ Net Moment About the Toe,  M = 141 ft-k

Net Horizontal Force,  H = -5.8 k   →

TABULATION OF FORCES

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150
0.150
0.150

Moments (ft-k)

(k/ft3)

0.130
0.130

0.130

0.0624

0.130

Load
Weight Vertical Forces (k)

0.0624
0.0624

0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

Active / Passive Force  =  H · W · L · SF · Wt. · K

0.130
0.130
0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
0.0624
0.0624
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Right Side of Dam
100 Year Flood

LOAD CASE 2 -  100 year flood CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 2.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.2
Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 4.6 ksf
Site Info (Well Defined, Ordinary, or Limited) 75 % of Base in Compression Required

Active / Passive

V H
25.8 k -5.8 k
↓ →

3.12

V H M
25.8 k -5.8 k 141 ft-k
↓ → Q

4.39 (V↓ / V↑)

5.3 ft.       and 10.7 ft.

5.5 ft. from toe (M/V)

Eccentricity, e  = 2.5 ft. (B/2 - M/V)

Toe Pressure = 3.15 ksf (V/A + Ve/S)

Heel Pressure  = 0.08 ksf (V/A - Ve/S)

100% of base in compression

Σ Forces  =       

STABILITY ANALYSIS

UNUSUAL
SIGNIFICANT
ORDINARY

SLIDING ANALYSIS

F.S.sliding = (Vtanφf + cA) / H OK - Meets Sliding Criteria

RESULTANT, FLOATATION, & BEARING ANALYSIS

Σ Forces  =     Σ Moments  =  

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

OK - 100% Base in compression

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant within the kern
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Right Side of Dam
100 Year Flood

Load Factors:
     Basic Load Factor: Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:
     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:
     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi
     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 16.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ka = 0.47 Downstream Kp = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1
PEU2' Upstream 2
PEU3' Upstream 3 13.00 13.00 1.00 0.5 2.69 4.33 11.6
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 2.7 0 12

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 15.00 15.00 1.00 0.5 7.02 5.00 35.1
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 7.0 0 35

Net Shear Force,  V = -10 k Net Moment,  M = -47 ft-k

Factored Shear Force,  Vu = -21 k Factored Moment,  Mu = -103 ft-k

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Horizontal Forces (k)

0.068

FORCES ON STEM

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

4000

0.003
29E+6

60

0.90
0.75

STRENGTH DESIGN

GIVEN

1.7
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 b.)

1.00
1.3
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Right Side of Dam
100 Year Flood

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 8.00 1.00 1.0 2.40 4.00 9.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 7.00 4.2

Soil Weight
EU Upstream 13.00 8.50 1.00 1.0 14.37 4.25 61.1

Water Weight
WU Upstream 2.00 8.50 1.00 1.0 1.06 4.25 4.5

TOTALS 18.4 79

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 6.00 8.50 1.00 1.0 3.18 4.25 13.5
U2U Uplift 2 13.00 2.00 1.00 1.0 1.62 7.50 12.2

TOTALS 4.8 26

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 0.08 8.00 1.00 1.0 0.66 4.00 2.6
B2U Bearing 2 1.53 8.00 1.00 0.5 6.13 2.67 16.3

TOTALS 6.8 19

Net Shear Force,  V = 7 k Net Moment,  M = 35 ft-k

Factored Shear Force,  Vu = 15 k Factored Moment,  Mu = 77 ft-k

<< TOP FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.0624
0.0624

0.0624

-
-

Load
Weight

0.150
0.150

0.130

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Vertical Forces (k) Moments (ft-k)

(k/ft3)
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Right Side of Dam
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Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 5.00 1.00 1.0 1.50 2.50 3.8
Soil Weight

ED Downstream 2.00 3.00 1.00 1.00 0.78 3.50 2.7
EDf Stone Façade 13.00 2.00 1.00 1.00 3.38 1.00 3.4

Water Weight
WD Downstream

TOTALS 5.7 10

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 6.00 5.00 1.00 1.0 1.87 2.50 4.7
U2D Uplift 2

TOTALS 1.9 5

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 2.19 5.00 1.00 1.0 10.94 2.50 27.4
B2D Bearing 2 0.96 5.00 1.00 0.5 2.39 3.33 8.0

TOTALS 13.3 35

Net Shear Force,  V = -10 k Net Moment,  M = 30 ft-k

Factored Shear Force,  Vu = -21 k Factored Moment,  Mu = 67 ft-k

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

-

-

<< BOTTOM FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150

0.130
0.130

- DOWNSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

FORCES ON BASE
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LOCATION  -  Right Side of Dam (STA 1+50 - 2+35)

LOAD CASE 3 -  Normal Pool+ Earthquake

V  =  sum of vertical forces, including uplift

H  =  sum of horizontal forces

N  =  total force normal to sliding failure plane

T  =  total force parallel to sliding failure plane

M  =  sum of moments about the toe

R  =  sum of vertical reactions at base  =  V

e  =  eccentricity of R with respect to base center line

C  =  distance to the CG from the toe

  =  slope of analyzed failure plane

Top of Wall Elevation 29.0 ft Ultimate Fdn Bearing Capacity (qult) 12 ksf
Toe Elevation 14.0 ft Friction Angle at Failure Plane (φf) 35 degrees

Bottom of Key Elevation 12.0 ft Friction Factor at Failure Plane (tanφf) 0.70
Top of Base Elevation 16.0 ft Slope of Failure Plane ( ) 0.0 degrees

Length from Heel to Stem 8.0 ft Unit Weight of Soil (γ) 0.130 kcf
Length from Toe to Stem 5.0 ft Bouyant Unit Weight of Soil (γb) 0.068 kcf

Length from Toe to Key 14.00 ft Cohesion (c) 0 ksf
Base Length (B) 16.00 ft Soil Friction Angle (φ) 32 degrees
Base Width (W) 1.00 ft

Base Area (A) 16.0 ft2          
( W · B )

Base Section Modulus (S) 42.7 ft3          
( W · B2 ) / 6

Water Surface Elevation 27.3 ft Water Surface Elevation 18.0 ft
Ground Surface Elevation 29.0 ft Ground Surface Elevation 18.0 ft
Ground Surface Slope (β) 0 degrees Ground Surface Slope (β) 0 degrees

Wall Friction Angle (δ) 0 degrees Wall Friction Angle (δ) 0 degrees
Back of Wall Angle (θ) 0 degrees Back of Wall Angle (θ) 0 degrees

0.47 ( 1 - sinφ ) · ( 1 + sinβ ) 0.47 ( 1 - sinφ ) · ( 1 + sinβ )

0.31 6.00

0.12

Right Side of Dam
Earthquake

SIGN CONVENTION & NOTATIONS

GIVEN

Geometry Geotechnical

Upstream Downstream

At-Rest Soil 
Pressure Coeff., ko =

At-Rest Soil 
Pressure Coeff., ko =

Active Soil 
Pressure Coeff., ka =

Passive Soil 
Pressure Coeff., kp =

Eq. Soil Pressure 
Coeff. Inc., kae Kp assumed as at rest soil pressure for 

Seismic Event
ka

cos
2

cos
2

cos 1
sin sin

cos cos

2
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Right Side of Dam
Earthquake

VERTICAL FORCES

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C1 Stem 13.00 2.00 1.00 1.0 3.90 6.00 23.4
C2 Base 2.00 16.00 1.00 1.0 4.80 8.00 38.4
C3 Key 1 2.00 2.00 1.00 1.0 0.60 15.00 9.0

Soil Weight
EC Confined 2.00 14.00 1.00 1.0 3.64
EU Upstream 13.00 8.00 1.00 1.0 13.52 12.00 162.2
ED Downstream 2.00 3.00 1.00 1.0 0.78 1.50 1.2
EDf Stone Façade 13.00 2.00 1.00 1.0 3.38 4.00 13.5

Water Weight
WU Upstream
WD Downstream

TOTALS 30.6 248

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1 Uplift 1 6.00 16.00 1.00 1.0 5.99 8.00 47.9
U2 Uplift 2 9.30 2.00 1.00 1.0 1.16 15.00 17.4

TOTALS 7.2 65

HORIZONTAL FORCES

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PEU1 Upstream 1 1.70 1.70 1.00 0.5 0.09 13.87 1.2
PEU2 Upstream 2 15.30 1.70 1.00 1.0 1.59 5.65 9.0
PEU3 Upstream 3 15.30 15.30 1.00 0.5 3.72 3.10 11.5
PED Downstream 6.00 6.00 1.00 0.5 0.58 0.00 0.0 0.0

TOTALS 0.6 5.4 0 22

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU Upstream 15.30 15.30 1.00 0.5 7.30 3.10 22.6
PWD Downstream 6.00 6.00 1.00 0.5 1.12

TOTALS 1.1 7.3 0 23

Earthquake Loading Kae= 0.12
Height Width Length Shape Arm

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
Peq 17.0 17.0 1 0.5 2.25 (d) 10.20 (e) 23.0

TOTALS 0.0 2.3 0 23
(d.) Soil Force  =  H · W · L · SF · Wt. · Kae

(e.) Moment arm acts at .6 · H from the base of the dam.

TABULATION OF FORCES

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150
0.150
0.150

Load
Weight Vertical Forces (k)

0.0624
0.0624

Moments (ft-k)

(k/ft3)

0.130
0.130

0.130

0.130

(k/ft3)

0.068

At-Rest Force  =  H · W · L · SF · Wt. · K

0.130
0.130
0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

0.0624
0.0624

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
Dyn. Soil Eq. 0.130

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
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Right Side of Dam
Earthquake

SUMMATION
Net Vertical Force,  V = 23.5 k   ↓ Net Moment About the Toe,  M = 115 ft-k

Net Horizontal Force,  H = -13.3 k   →

LOAD CASE 3 -  Normal Pool+ Earthquake CRITERIA  -  DCR 302 CMR 10.00 & USACE EM 1110-2-2100
Required  F.S.sliding = 1.0

Load Category (Usual, Unusual, or Extreme) Required  F.S.flotation = 1.1
Hazard Classification (High, Significant, Low) Max Fdn Bearing Pressure = 6.0 ksf
Site Info (Well Defined, Ordinary, or Limited) Resultant Location Required Within Base

At-Rest

V H
23.5 k -13.3 k
↓ →

1.24

V H M
23.5 k -13.3 k 115 ft-k
↓ → Q

4.28 (V↓ / V↑)

5.3 ft.       and 10.7 ft.

4.9 ft. from toe (M/V)

Eccentricity, e  = 3.1 ft. (B/2 - M/V)

Toe Pressure = 3.17 ksf (V/A + Ve/S)

Heel Pressure  = -0.24 ksf (V/A - Ve/S)

93% of base in compression

EXTREME
SIGNIFICANT
ORDINARY

SLIDING ANALYSIS

Σ Forces  =       

STABILITY ANALYSIS

Right of Base Centerline

OK - Less than Bearing Capacity

OK - Less than Bearing Capacity

<< Tension in Heel - Crack Develops >>

F.S.flotation  = OK - Meets Floatation Criteria

Kern between Measured from the Toe

Resultant, R at Resultant DOWNSTREAM of kern

F.S.sliding = (Vtanφf + cA) / H OK - Meets Sliding Criteria

RESULTANT, FLOATATION, & BEARING ANALYSIS

Σ Forces  =     Σ Moments  =  
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Right Side of Dam
Earthquake

Load Factors:
     Basic Load Factor (Dead, Live, and Earthquake): Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:
     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:
     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi
     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 16.0 ft ( BASE OF STEM )

Soil Pressure Upstream Ko = 0.47 Downstream Ko = 0.47

Height Width Length Shape Arm 
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

PEU1' Upstream 1 1.70 1.70 1.00 0.5 0.09 11.87 1.0
PEU2' Upstream 2 11.30 1.70 1.00 1.0 1.17 5.65 6.6
PEU3' Upstream 3 11.30 11.30 1.00 0.5 2.03 3.77 7.6
PED' Downstream   Neglect (per EM 1110-2-2502, Section 3-8)

TOTALS 0.0 3.3 0 15

Water Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -
PWU' Upstream 11.30 11.30 1.00 0.5 3.98 3.77 15.0
PWD' Downstream   Conservatively Neglect 

TOTALS 0.0 4.0 0 15

Earthquake Loading Kae= 0.12

Height Width Length Shape Arm
(ft) (ft) (ft) Factor ← + →  - (ft) Q + P -

Peq 13.0 8.5 1 1 1.72 7.80 13.4
TOTALS 0.0 1.7 0 13

Net Shear Force,  V = -9 k Net Moment,  M = -44 ft-k

Factored Shear Force,  Vu = -13 k Factored Moment,  Mu = -64 ft-k

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
Dyn. Soil Eq. 0.130

0.0624

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

0.068

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)

At-Rest Force  =  H · W · L · SF · Wt. · K

Load
Weight Horizontal Forces (k) Moments (ft-k)

(k/ft3)
0.130
0.130

0.75

4000

0.003
29E+6

60

FORCES ON STEM

STRENGTH DESIGN

GIVEN

1.5
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 d)

0.75
1.3

0.90

666



Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Earthquake

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2U Base 2.00 8.00 1.00 1.0 2.40 4.00 9.6
C3 Key 1 2.00 2.00 1.00 1.0 0.60 7.00 4.2

Soil Weight
EU Upstream 13.00 8.00 1.00 1.0 13.52 4.00 54.1

Water Weight
WU Upstream

TOTALS 16.5 68

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1U Uplift 1 6.00 8.00 1.00 1.0 3.00 4.00 12.0
U2U Uplift 2 9.30 2.00 1.00 1.0 1.16 7.00 8.1

TOTALS 4.2 20

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1U Bearing 1 0.00 8.00 1.00 1.0 0.00 4.00 0.0
B2U Bearing 2 1.47 6.88 1.00 0.5 5.05 2.29 11.6

TOTALS 5.0 12

Net Shear Force,  V = 7 k Net Moment,  M = 36 ft-k

Factored Shear Force,  Vu = 11 k Factored Moment,  Mu = 53 ft-k

-
-

<< TOP FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Vertical Forces (k) Moments (ft-k)

0.0624
0.0624

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150

0.130

Load
Weight

(k/ft3)

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150
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Client: Town of Rockport

Project: Mill Pond Dam Safety Modifications

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 4/21/10

Checked By: J. Christensen Date: 04/23/10

Right Side of Dam
Earthquake

Dead Loads
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
Concrete Weight

C2D Base 2.00 5.00 1.00 1.0 1.50 2.50 3.8
Soil Weight

ED Downstream 2.00 3.00 1.00 1.00 0.78 3.50 2.7
EDf Stone Façade 13.00 2.00 1.00 1.00 3.38 1.00 3.4

Water Weight
WD Downstream

TOTALS 5.7 10

Uplift Pressure
Height Width Length Shape Arm 

(ft) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
U1D Uplift 1 6.00 5.00 1.00 1.0 1.87 2.50 4.7
U2D Uplift 2

TOTALS 1.9 5

Bearing Pressure
Height Width Length Shape Arm 

(k/ft2) (ft) (ft) Factor ↓ + ↑  - (ft) Q + P -
B1D Bearing 1 2.11 5.00 1.00 1.0 10.53 2.50 26.3
B2D Bearing 2 1.07 5.00 1.00 0.5 2.66 3.33 8.9

TOTALS 13.2 35

Net Shear Force,  V = -9 k Net Moment,  M = 30 ft-k

Factored Shear Force,  Vu = -14 k Factored Moment,  Mu = 44 ft-k

-

0.130
0.130

<< BOTTOM FACE IN TENSION >>

            ( Vu = V · Bf · Ef · Hf )             ( Mu = M · Bf · Ef · Hf )

Vertical Forces (k) Moments (ft-k)

(k/ft3)
0.0624

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

Load
Weight

-

FORCES ON BASE

- DOWNSTREAM SIDE OF STEM -

Load
Weight Vertical Forces (k) Moments (ft-k)

(k/ft3)

0.150
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Load Factors:

     Basic Load Factor (Dead, Live, and Earthquake): Bf

     Unusual/Extreme Load Factor: Ef

     Hydraulic Load Factor: Hf

Strength Reduction Factors:

     Tension-Controlled Sections: Φt ( ACI 318-08, Section 9.3.2)

     Shear: Φv

Material Properties:

     28-Day Compressive Strength of Concrete: f'c psi

     Ultimate Compressive Strain of Concrete:    εu ( EM 1110-2-2104, Section 4.1.a )

     Modulus of Elasticity of Steel: Es psi

     Yield Strength of Reiforcing Steel: fy ksi

AT ELEVATION 16.0 ft ( BASE OF STEM )

Factored Shear Force,  Vu = -21 k Factored Moment,  Mu = -103 ft-k

Stem Dimensions and Reinforcement:

Length of Wall for Analysis:    b 12 in

Minimum Thickness of Stem: tmin 24 in ( at top of stem )

Maximum Thickness of Stem: tmax 36 in ( at base of stem )

Clear Cover on Vertical Bars: clr. 4 in

Bar Size of Tension Reinforcement: No. 9 bars

Diameter of Tension Bar: db 1.128 in

Spacing of Tension Bars: s 12 in

Area of Tension Reinforcment per Length of Wall:    As 1.00 in2

Minimum Depth to Centroid of Tension Reinforcement: dmin 19.44 in ( d min  = t min  - clr. - d b /2 )

Maximum Depth to Centroid of Tension Reinforcement: dmax 31.44 in ( d max  = t max  - clr. - d b /2)

Check Shear Strength:

From ACI 318-08, Section 11.2.1.1:

     Vc := 2bd · √f'c      Vc = 48 k

     ΦVn := Φv * Vc      ΦVn = 36 k >      Vu = 21 k

     OK - No shear reinforcement required

Reinforcing Design

0.75

4000

0.003

29E+6

60

STRENGTH DESIGN

GIVEN

1.7
( EM 1110-2-2104, Strength Design for Reinforced-Concrete 
Hydraulic Structures, 1992, Section 3-3 d)

0.75

1.3

0.90

DESIGN STEM REINFORCEMENT

FORCES ON STEM
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Check Flexural Strength:

Depth to Neutral Axis:

     c := ( As · fy ) / ( 0.85 · f'c · β1 · b ) c = 1.73 in

Moment Capacity: ( at base of stem )

     Mn := As · fy · ( d - ( β1 · c / 2 ) ) Mn = 154 ft·k

     ΦMn := Φt · Mn ΦMn = 138 ft·k >      Mu = 103 ft·k

Check Ductility:

From ACI 318-08, Section 10.3.5:

     Strain in Steel:

          εs := εu · (dmin - c) / c εs =

          εy := fy / Es           εy =

Check the Reinforcement Ratio:

From ACI 318-08, Section 10.2.7.3:

     Actual Reinforcement Ratios:

ρ(min) := As / bdmax ρ(min) =

ρ(max) := As / bdmin ρ(max) =

     Balanced Reinforcement Ratio:

ρb := 0.85 · β1 · ( f'c / fy ) · ( 87 / ( 87 + fy ) ) where β1 = 0.85

ρb =

Minimum Tension Reinforcement:

Determine Minimum As Required for Flexure:

          As (min) := Mu / [ Φt · fy · ( d - ( β1 · c / 2 ) ) ]      As (min) = 0.75 in2

From ACI 318-08, Section 10.5.3: 1.33 · As (min) = 0.99 in2

As > 1.33 · As (min) need not apply 10.5.1

From ACI 318-08, Section 10.5.1:

     Minimum Reinforcement Ratio:

     Actual Reinforcement Ratio: ρ(min) =

     OK - Adequate Flexural Strength

0.003

0.031
          εs > εy

0.002

           OK - Behavior is ductle

Use #9 bars at 12" o.c., upstream face of stem.

0.004

( EM 1110-2-2104, Ex. C-2 ) 0.029

ρmin := max | 
3·√f'c / fy
200 / fy 

ρmin = 0.003

0.003      Requirements of 10.5.1 waived by 10.5.3
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Maximum Tension Reinforcement:

From EM 1110-2-2104, Section 3-5:

     Recommended Limit: ρ ≤ 0.25 ρb

     Maximum Without "Special Study": ρ ≤ 0.375 ρb

     Actual Reinforcement Ratio: ρ(max) = 0.15 ρb

Temperature & Shrinkage Reinforcement:

From EM 1110-2-2104, Section 2-8:

     Total for two faces: Ast :=

Ast = 1.21 in2

     Per face: Ast / 2 = 0.60 in2      Use #7 bars at 12" o.c. ( 0.60in2 )

Development Length for Wall Reinforcement into Footing:

Development Length for Standard Hooks in Tension

From ACI 318-08, Section 12.5:

     For uncoated bars: Ψe := 1.0

     For normal weight concrete: λ := 1.0

     Basic Development Length: l
 dh' := 0.02 · Ψe · λ · ( fy / √f'c ) · db

l
 dh' = 21.4 in

Reduce Required Development Length

From ACI 318-08, Section 12.5.3:

     For bars smaller the No. 11 with side cover

     greater than 2.5", and end cover greater than 2":

l dh := 0.7 · l dh' l dh = 15.0 in      Provide minimum 15 in. development length

Splice Length for Wall Reinforcement Above Footing:

Basic Development Length

From ACI 318-08, Section 12.2:

     Conservatively assume no transverse reinforcement: Ktr = 0

     Minimum Cover and Spacing of Bars:

          Cover (to center of bar): c' := clr. + 0.5db c' = 4.56 in.

          Half Center-to-Center Spacing: s':= s / 2 s'= 6.00 in.

cb := min ( c' , s' ) cb = 4.56 in.

          Limit   ( cb + Ktr ) / db   <   2.5: 2.5

Ψt := 1.0

Ψe := 1.0

Ψt · Ψe = 1.0

     OK - Less than recommended limit

0.0028 · Ag

( cb + Ktr ) / db  =

     Reinforcement Location Factor:

            For vertical reinforcemtent:

     Reinforcement Coating Factor:

         For uncoated reinforcement:

           Ψt · Ψe  :=  min ( Ψt · Ψe , 1.7 )
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

     Bar Size Factor:

     Lightweight Concrete Factor:

          For normal weight concrete: λ := 1.0

     Basic Development Length:

Ld = 32.1 in.

Lap Splice Length

From ACI 318-08, Section 12.15:

     Use Class B Splice: Lsplice := 1.3 · Ld Lsplice = 41.7 in.

     Provide 42 in. minimum splice length

Ψs := |  0.8  if No. 6 bars or smaller
 1.0  otherwise 

Ψs = 1.0
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Factored Shear Force,  Vu = 15 k Factored Moment,  Mu = 77 ft-k

Base Dimensions and Reinforcement:

Length of Base for Analysis:    b 12 in

Thickness of Base: t 24 in

Clear Cover on Vertical Bars: clr. 4 in

Bar Size of Tension Reinforcement: No. 9 bars

Diameter of Tension Bar: db 1.128 in

Spacing of Tension Bars: s 12 in

Area of Tension Reinforcment per Length of Wall:    As 1.00 in2

Depth to Centroid of Tension Reinforcement: d 19.44 in ( d = t - clr. - d b /2)

Check Shear Strength:

From ACI 318-08, Section 11.2.1.1:

     Vc := 2bd · √f'c      Vc = 30 k

     ΦVn := Φv * Vc      ΦVn = 22 k >      Vu = 15 k OK

Check Flexural Strength:

Depth to Neutral Axis:

     c := ( As · fy ) / ( 0.85 · f'c · β1 · b ) c = 1.73 in

Moment Capacity:

     Mn := As · fy · ( d - ( β1 · c / 2 ) ) Mn = 93 ft·k

     ΦMn := Φt · Mn ΦMn = 84 ft·k >      Mu = 77 ft·k OK

Check Ductility:

From ACI 318-08, Section 10.3.5:

     Strain in Steel:

          εs := εu · (d - c) / c εs =

          εy := fy / Es           εy =

0.031
          εs > εy

0.002

           OK - Behavior is ductle

FORCES ON BASE

- UPSTREAM SIDE OF STEM -

<< TOP FACE IN TENSION >>

DESIGN BASE REINFORCEMENT

- UPSTREAM SIDE OF STEM -

Use #9 bars at 12" o.c., top face of footing, upstream of stem.
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Check the Reinforcement Ratio:

From ACI 318-08, Section 10.2.7.3:

     Actual Reinforcement Ratio:

ρ := As / bd ρ =

     Balanced Reinforcement Ratio:

ρb := 0.85 · β1 · ( f'c / fy ) · ( 87 / ( 87 + fy ) ) where β1 = 0.85

ρb =

Minimum Tension Reinforcement:

Determine Minimum As Required for Flexure:

          As (min) := Mu / [ Φt · fy · ( d - ( β1 · c / 2 ) ) ]      As (min) = 0.91 in2

From ACI 318-08, Section 10.5.3: 1.33 · As (min) = 1.22 in2

As < 1.33 · As (min) must meet 10.5.1

From ACI 318-08, Section 10.5.1:

     Minimum Reinforcement Ratio:

     Actual Reinforcement Ratio: ρ =

Maximum Tension Reinforcement:

From EM 1110-2-2104, Section 3-5:

Recommended Limit: ρ ≤ 0.25 ρb

Maximum Without "Special Study": ρ ≤ 0.375 ρb

     Actual Reinforcement Ratio: ρ = 0.15 ρb

Temperature & Shrinkage Reinforcement:

From EM 1110-2-2104, Section 2-8:

     Total for two faces: Ast :=

Ast = 0.81 in2

     Per face: Ast / 2 = 0.40 in2      Use #6 bars at 12" o.c. ( 0.44 in2 )

0.004

0.0028 · Ag

( EM 1110-2-2104, Ex. C-2 ) 0.029

ρmin := max | 
3·√f'c / fy
200 / fy 

ρmin = 0.003

0.004      OK - Exceeds minimum reinforcemet required

     OK - Less than recommended limit
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Splice Length for Footing Reinforcement:

Basic Development Length

From ACI 318-08, Section 12.2:

     Conservatively assume no transverse reinforcement: Ktr = 0

     Minimum Cover and Spacing of Bars:

          Cover (to center of bar): c' := clr. + 0.5db c' = 4.56 in.

          Half Center-to-Center Spacing: s':= s / 2 s'= 6.00 in.

cb := min ( c' , s' ) cb = 4.56 in.

          Limit   ( cb + Ktr ) / db   <   2.5: 2.5

Ψt := 1.0

Ψe := 1.0

     Bar Size Factor:

     Lightweight Concrete Factor:

          For normal weight concrete: λ := 1.0

     Basic Development Length:

Ld = 32.1 in.

Lap Splice Length

From ACI 318-08, Section 12.15:

     Use Class B Splice: Lsplice := 1.3 · Ld Lsplice = 41.7 in.

     Provide 42 in. minimum splice length

( cb + Ktr ) / db  =

     Reinforcement Location Factor:

            For vertical reinforcemtent:

    Ψt · Ψe :=  min ( Ψt · Ψe , 1.7 )

     Reinforcement Coating Factor:
Ψt · Ψe  = 1.0

         For uncoated reinforcement:

Ψs := |  0.8  if No. 6 bars or smaller
 1.0  otherwise 

Ψs = 1.0
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Factored Shear Force,  Vu = -21 k Factored Moment,  Mu = 67 ft-k

Base Dimensions and Reinforcement:

Length of Wall for Analysis:    b 12 in

Thickness of Stem: t 24 in

Clear Cover on Vertical Bars: clr. 4 in

Bar Size of Tension Reinforcement: No. 9 bars

Diameter of Tension Bar: db 1.13 in

Spacing of Tension Bars: s 12 in

Area of Tension Reinforcment per Length of Wall:    As 1.00 in2

Depth to Centroid of Tension Reinforcement: d 19.44 in ( d = t - clr. - d b /2)

Check Shear Strength:

From ACI 318-08, Section 11.2.1.1:

     Vc := 2bd · √f'c      Vc = 30 k

     ΦVn := Φv * Vc      ΦVn = 22 k >      Vu = 21 k OK

Check Flexural Strength:

Depth to Neutral Axis:

     c := ( As · fy ) / ( 0.85 · f'c · β1 · b ) c = 1.73 in

Moment Capacity:

     Mn := As · fy · ( d - ( β1 · c / 2 ) ) Mn = 94 ft·k

     ΦMn := Φt · Mn ΦMn = 84 ft·k >      Mu = 67 ft·k OK

Check Ductility:

From ACI 318-08, Section 10.3.5:

     Strain in Steel:

          εs := εu · (d - c) / c εs =

          εy := fy / Es           εy =

0.031
          εs > εy

0.002

FORCES ON BASE

- DOWNSTREAM SIDE OF STEM -

<< BOTTOM FACE IN TENSION >>

DESIGN BASE REINFORCEMENT

- DOWNSTREAM SIDE OF STEM -

Use #9 bars at 12" o.c., bottom face of footing, downstream of stem.

           OK - Behavior is ductle

687



Page No.  

Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Check the Reinforcement Ratio:

From ACI 318-08, Section 10.2.7.3:

     Actual Reinforcement Ratio:

ρ := As / bd ρ =

     Balanced Reinforcement Ratio:

ρb := 0.85 · β1 · ( f'c / fy ) · ( 87 / ( 87 + fy ) ) where β1 = 0.85

ρb =

Minimum Tension Reinforcement:

Determine Minimum As Required for Flexure:

          As (min) := Mu / [ Φt · fy · ( d - ( β1 · c / 2 ) ) ]      As (min) = 0.80 in2

From ACI 318-08, Section 10.5.3: 1.33 · As (min) = 1.06 in2

As > 1.33 · As (min) need not apply 10.5.1

From ACI 318-08, Section 10.5.1:

     Minimum Reinforcement Ratio:

     Actual Reinforcement Ratio: ρ =

Maximum Tension Reinforcement:

From EM 1110-2-2104, Section 3-5:

Recommended Limit: ρ ≤ 0.25 ρb

Maximum Without "Special Study": ρ ≤ 0.375 ρb

     Actual Reinforcement Ratio: ρ = 0.15 ρb

Temperature & Shrinkage Reinforcement:

From EM 1110-2-2104, Section 2-8:

     Total for two faces: Ast :=

Ast = 0.81 in2

     Per face: Ast / 2 = 0.40 in2      Use #6 bars at 12" o.c. ( 0.44 in2 )

0.004      Requirements of 10.5.1 waived by 10.5.3

     OK - Less than recommended limit

0.0028 · Ag

0.004

( EM 1110-2-2104, Ex. C-2 ) 0.029

ρmin := max | 
3·√f'c / fy
200 / fy 

ρmin = 0.003
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Client: Town of Rockport

Project: Mill Pond Dam Repairs

Subject: Stability Analysis

Prepared By: M. Hurd Rev. Date: 22-Apr-10

Checked By: J. Christensen Date: 30-Apr-10

Reinforcing Design

Splice Length for Footing Reinforcement:

Basic Development Length

From ACI 318-08, Section 12.2:

     Conservatively assume no transverse reinforcement: Ktr = 0

     Minimum Cover and Spacing of Bars:

          Cover (to center of bar): c' := clr. + 0.5db c' = 4.56 in.

          Half Center-to-Center Spacing: s':= s / 2 s'= 6.00 in.

cb := min ( c' , s' ) cb = 4.56 in.

          Limit   ( cb + Ktr ) / db   <   2.5: 2.5

Ψt := 1.0

Ψe := 1.0

          Bar Size Factor:

          Lightweight Concrete Factor:

               For normal weight concrete: λ := 1.0

          Basic Development Length:

Ld = 26 in.

Lap Splice Length

From ACI 318-08, Section 12.15:

     Use Class B Splice: Lsplice := 1.3 · Ld Lsplice = 33.3 in.

     Provide 34 in. minimum splice length

Ψs := |  0.8  if No. 6 bars or smaller
 1.0  otherwise 

Ψs = 0.8

( cb + Ktr ) / db  =

Reinforcement Location Factor:

               For vertical reinforcemtent:

    Ψt · Ψe :=  min ( Ψt · Ψe , 1.7 )

Reinforcement Coating Factor:
Ψt · Ψe  = 1.0

               For uncoated reinforcement:
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Final Design Report  
Chapter 253 Permit Application 
Mill Pond Dam  
April 2010 
 

GEI Consultants, Inc.   

Appendix H 

Low-Level Outlet Waiver Request Letter 
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January 5, 2010 
Project 07104-1 
 
 
Mr. William Salomaa 
MA DCR – Office of Dam Safety 
251 Causeway Street, 8th Floor 
Boston, MA 02114 
 
Dear Mr. Salomaa: 
 
Re: Low-Level Outlet Waiver Request 
 Mill Pond Dam Safety Modifications 
 Rockport, Massachusetts 
 
The purpose of this letter is to request a waiver from the requirement in the Massachusetts Dam 
Safety Regulations (302 CMR 10.00) which states that “a conduit shall be provided to drain each 
reservoir” (302 CMR 10.14 (7)) for Mill Pond Dam in Rockport, Massachusetts.  It is our opinion 
that the addition of a low-level outlet in the remedial design would add significant cost and 
complexity to the design, permitting, and construction of the dam safety modifications, and could 
also adversely impact the allocation of funding available for the repairs. 
 
Existing Dam Description 
 
Mill Pond Dam is owned and operated by the Town of Rockport, Massachusetts for historic, 
aesthetic, and recreational purposes.  The dam is about 100 feet long and about 14 feet high at the 
maximum section.  According to the Federal Emergency Management Agency (FEMA) 
Preliminary Engineering Report (2006), the dam was constructed with a clay core and hand-laid 
un-mortared stone on the upstream and downstream face.  The crest of the dam consists of a stone 
aggregate surface and mortared fieldstone parapet walls that are about 95 feet long and extend 
along most of the upstream and downstream faces of the dam.  The primary spillway consists of 
two 2.5-foot square granite block culverts near the right abutment. In its current condition, Mill 
Pond Dam has no functioning low-level outlet, and may have never had a functioning low-level 
outlet. 
 
Under the normal pool conditions, the water surface elevation in Mill Pond is approximately 
27.3 feet (NGVD 1929).  At normal pool, Mill Pond has an estimated surface area of 1.3 acres 
and an estimated storage volume of about 3 acre-feet.  Mill Pond Dam is currently classified as a 
small, significant hazard dam, and as such, the design storm is the 100 year flood.  Under the 
design storm conditions, the surface area and volume are estimated to be approximately 3.4 acres 
and 10 acre-feet, respectively.  We have estimated that the Mill Pond Dam watershed is about 
0.75 square miles, and that the average inflow from the watershed is about 1.2 cubic feet per 
second (cfs).   
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Mr. William Salomaa -2- April 28, 2010 
 
 

 

Proposed Modifications 
 
GEI is currently preparing remedial designs of Mill Pond Dam for the Town of Rockport. We 
will submit a Chapter 253 permit application when our design documents are complete.  Our 
proposed dam safety modifications will include a new reinforced concrete gravity retaining wall 
which will be designed to resist soil and water pressures and will meet the recommended safety 
factors provided in the Dam Safety Regulations.  The existing granite block masonry wall will be 
re-installed on the downstream face of the reinforced concrete wall, and compacted soil backfill 
will be placed in the excavation behind the wall.  The granite block culverts will be re-installed at 
the same invert elevation and at their current location near the right abutment.  The dam will be 
designed to overtop during the design storm and will have adequate scour protection at the toe, 
likely consisting of a concrete splash apron and rip-rap.  A parapet wall will be constructed along 
the left abutment to prevent overtopping in this area, and the ground surface near the right 
abutment will be stabilized to minimize erosion during flood flows. 
 
Additional Complexity and Cost 
 
Because no functioning low-level outlet currently exists, adding a low-level outlet would require 
significant excavation and related wetland impacts (and replication) for the installation of an 
intake at the low point of Mill Pond.  Construction of a low-level outlet would also require the 
installation of a gate structure below the crest of the dam, a penetration through the new concrete 
retaining wall, and the installation of an outlet on the downstream face of the dam. Installing this 
outlet would add significant design, construction, and permitting costs not currently planned for 
the project. The addition of a new outlet on the downstream face of the dam may also negatively 
affect the historic appearance of the dam and impact funding.   
 
Mechanical Drawdown Plan 
 
Because drawdown would not be required to reduce the loading on the dam and because of the 
small size of the Mill Pond impoundment (3 acre-feet), it is our opinion that the pond could easily 
be drawn down with pumps owned or rented by the Rockport Department of Public Works and 
that a low-level outlet would not be required for drawdown.  Once construction is complete, 
drawdown will only be required for routine maintenance.  Therefore, it is our opinion that the 
drawdown system can be designed for normal pool and normal flows.  Given the relatively small 
size of the watershed, pond, and the normal inflow, our calculations indicate that the pond can be 
lowered using a mobile pump. The normal inflow is approximately 540 gallons per minute (gpm) 
(1.2 cfs) and the total volume of the pond at normal pool is approximately 3 acre-feet (1 million 
gallons). Therefore, assuming normal inflows, a pump operating at 800 gpm (e.g. Rain for Rent 
DV-100) could drain the pond in about 72 hours (3 days).   A detailed Drawdown Plan will be 
included in the Operation and Maintenance Manual.  A larger pump could lower the pond faster.  
However, a large increase in outflow may adversely impact the stream and other resource areas 
immediately downstream of the dam. 
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Mr. William Salomaa -3- April 28, 2010 
 
 

 

Request for Waiver from 302 CMR 10.14 (7) 
 
It is our opinion that a mechanical drawdown allows Mill Pond to be lowered in a safe and cost 
effective manner. Therefore, we request a waiver from the requirement in 302 CMR 10.14 (7) for 
a low-level outlet at Mill Pond Dam in Rockport, Massachusetts, and request that mechanical 
means be permitted to drawdown Mill Pond for routine maintenance.   
 
Please feel free to contact me at 781-721-4034 (lwooten@geiconsultants.com) if you have any 
questions. 
 
Sincerely, 
 
GEI CONSULTANTS, INC. 
 
 
 
R. Lee Wooten, PE 
Vice President 
 
PJS/RLW:rr 
M:\PROJECT\2007\07104\Mill Pond Dam\LLO Waiver Request 2010_1_5.docx 
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ID Task Name Duration Start Finish

1 Site Preparation 14 days Mon 2/1/10 Fri 2/19/10

2 Mobilization 3 days Mon 2/1/10 Thu 2/4/10

3 Install Erosion Control 5 days Thu 2/4/10 Thu 2/11/10

4 Remove Trees 3 days Thu 2/11/10 Tue 2/16/10

5 Dewatering/ByPass Pumps 3 days Tue 2/16/10 Fri 2/19/10

6 Demolition 17 days Fri 2/19/10 Tue 3/16/10

7 Remove Existing WPA Wall 2 days Fri 2/19/10 Tue 2/23/10

8 Catalogue and Remove Downstream Face 15 days Tue 2/23/10 Tue 3/16/10

9 Excavate Embankment 5 days Tue 2/23/10 Tue 3/2/10

10 Construct New Retaining Wall 48 days Tue 3/16/10 Fri 5/21/10

11 Install Reinforced Concrete Wall 5 days Tue 3/16/10 Tue 3/23/10

12 Backfill 5 days Tue 4/13/10 Tue 4/20/10

13 Reinstall Granite Spillway 3 days Tue 4/20/10 Fri 4/23/10

14 Construct Handrail and Posts 10 days Fri 5/7/10 Fri 5/21/10

15 Construct Parapet Walls 10 days Fri 4/23/10 Fri 5/7/10

16 Reinstall Downstream Face 10 days Fri 4/23/10 Fri 5/7/10

17 Tiedowns 15 days Tue 3/23/10 Tue 4/13/10

18 Install Tiedowns 10 days Tue 3/23/10 Tue 4/6/10

19 Test Tiedowns 5 days Tue 4/6/10 Tue 4/13/10

20 Grading 3 days Fri 5/21/10 Wed 5/26/10

21 Grade Channel 3 days Fri 5/21/10 Wed 5/26/10

22 Site Restoration 8 days Wed 5/26/10 Mon 6/7/10

23 Restore Masonry Wall 1 day Wed 5/26/10 Thu 5/27/10

24 Regrade Site 3 days Thu 5/27/10 Tue 6/1/10

25 Seed Disturbed Areas 1 day Tue 6/1/10 Wed 6/2/10

26 Demobilization 3 days Wed 6/2/10 Mon 6/7/10

S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T W T F S S M T
Jan 31, '10 Feb 7, '10 Feb 14, '10 Feb 21, '10 Feb 28, '10 Mar 7, '10 Mar 14, '10 Mar 21, '10 Mar 28, '10 Apr 4, '10 Apr 11, '10 Apr 18, '10 Apr 25, '10 May 2, '10 May 9, '10 May 16, '10 May 23, '10 May 30, '10 Jun 6,

Task Split Progress Milestone Summary Project Summary External Tasks External Milestone Deadline

Preliminary Construction Schedule
Mill Pond Dam
Rockport, MA

GEI Consultants, Inc Project 07104-1 Page 1 of 1  

Project: Project Schedule
Date: Tue 10/6/09
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MILONE & MAC BROOM, INC. Inter-Office Memo 
 

 
TO:  File 
 
FROM:  Jenabay Sezen 
 
DATE:  7/11/2014 
 
RE: 5220-02 Millbrook Pond and Mill Pond Tidal Elevations 
  
 

 
The information below is a compilation of tidal data collected for the Rockport, Massachusetts area.   

 

The tidal benchmarks in Table 1 were collected from the U.S. Department of Commerce National 

Oceanic and Atmospheric Administration, National Ocean Service 

(http://tidesandcurrents.noaa.gov/benchmarks.html?id=8441551).  The information was provided in 

MLLW datum in meters and converted to NAVD88 in feet using the National Geodetic Survey 

elevation information for Station ID 8441551 

(http://www.ngs.noaa.gov/Tidal_Elevation/diagram.jsp?PID=MY0231&EPOCH=1983-2001).   

 

TABLE 1 
TIDAL ELEVATIONS 

 
Elevation 

(Feet, NAVD88) 
Elevation 

(Feet, MLLW) 
(MHHW)  Mean Higher High Water      4.5 2.9 
(MHW)  Mean High Water                   4.1 2.8 
(MSL)  Mean Sea Level   -0.2 1.4 
(MTL)  Mean Tide Level   -0.3 1.4 
(MLW)  Mean Low Water   -4.6 0.1 
(MLLW)  Mean Lower Low Water   -4.9 0.0 

 

The information in Table 2 was collected from the NOAA Tides and Currents website.  Predicted 

tidal data for Station ID 8441551 was downloaded for all of 2014 and converted from MLLW datum 

in feet to NAVD88 datum in feet using the National Geodetic Survey information for Station ID 

8441551.  Minimum, maximum, and mean tidal elevations are shown in Table 2.     
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WWTP Precip Station Monthly Rain Fall Totals

DMR Reporting Month Total Monthly Rain Fall

Jan-07 3.19

Feb-07 3.57

Mar-07 6.18

Apr-07 7.98

May-07 3.69

Jun-07 3.75

Jul-07 2.15

Aug-07 0.78

Sep-07 3.06

Oct-07 3.32

Nov-07 2.90

Dec-07 6.40

Jan-08 3.17

Feb-08 9.08

Mar-08 6.01

Apr-08 4.50

May-08 1.74

Jun-08 3.29

Jul-08 5.15

Aug-08 3.55

Sep-08 7.59

Oct-08 1.37

Nov-08 4.17

Dec-08 5.92

Jan-09 3.85

Feb-09 2.82

Mar-09 4.59

Apr-09 4.12

May-09 3.12

Jun-09 4.73

Jul-09 9.62

Aug-09 3.34

Sep-09 2.66

Oct-09 6.89

Nov-09 3.71

Dec-09 5.66

Jan-10 4.55

Feb-10 4.46

Mar-10 13.90

Apr-10 2.20

May-10 2.55

Jun-10 3.19
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Jul-10 1.70

Aug-10 6.26

Sep-10 1.93

Oct-10 4.38

Nov-10 4.29

Dec-10 2.83

Jan-11 4.58

Feb-11 5.55

Mar-11 2.20

Apr-11 6.14

May-11 3.11

Jun-11 3.74

Jul-11 2.89

Aug-11 9.47

Sep-11 4.45

Oct-11 7.27

Nov-11 3.66

Dec-11 3.88

Jan-12 3.71

Feb-12 1.73

Mar-12 2.02

Apr-12 3.40

May-12 4.87

Jun-12 5.98

Jul-12 1.59

Aug-12 3.50

Sep-12 5.05

Oct-12 2.90

Nov-12 1.49

Dec-12 7.03

Jan-13 1.33

Feb-13 5.96

Mar-13 2.70

Apr-13 1.61

May-13 3.48

Jun-13 9.63

Jul-13 2.68

Aug-13 2.01

Sep-13 2.04

Oct-13 1.01

Nov-13 3.08

Dec-13 5.48

Jan-14 3.63

Feb-14 5.02

Mar-14 4.80
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TABLE 2 
2014 PREDICTED TIDAL ELEVATIONS 

Elevation 
(Feet, NAVD88) 

Elevation 
(Feet, MLLW) 

Min        -6.9 -2.0 

Max                     6.3 11.2 

Mean   -0.2 4.7 
 

 

Table 3 includes information from the FEMA Updated Tidal Profiles for the New England Coastline 

from March 2012 (http://www.fema.gov/media-library-data/1383243270931-

eed96b0ca96641e6c0200ac996b63b7a/220602416_New_England_Tide_Report_2012_0326_FINAL

.pdf).  Tidal Profile 11 was used at mile 175 to find Mean Annual Max, 10% Annual chance, 2% 

Annual Chance, 1% Annual Chance, and 0.2% Annual Chance data in NAVD88 in feet.   

 

TABLE 3 
STORM EVENT ELEVATIONS FROM TIDAL PROFILE 

Elevation 
(Feet, 

NAVD88) 

Mean Annual Max 7.5 

10% Annual Chance 8.3 

2% Annual Chance 9.3 

1% Annual Chance 9.7 

0.2% Annual Chance 11.2 
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1.0 INTRODUCTION 

 

Milone & MacBroom, Inc. has been engaged by the Millbrook Meadow Committee to 

evaluate restoration of Millbrook Meadow, a coastal town park located in Rockport, 

Massachusetts.  A small perennial watercourse traverses the park and discharges to the 

Atlantic Ocean through a culvert located at the park entrance.  Potential improvements to 

the channel and culvert will be investigated as part of an initial feasibility study to be 

submitted separately.  This report presents a preliminary analysis of the hydrology and 

hydraulics related to Mill Brook and the Millbrook Meadow restoration. 

 

Section 2.0 provides a description of the existing conditions of the site as they relate to 

the hydrologic and hydraulic aspects of meadow elements, including the Mill Pond and 

Mill Pond Dam, the Frog Pond weir, the granite-lined brook, the park, and the Beach 

Street culvert.  Each of these plays a role in the behavior and movement of water through 

the Millbrook Meadow site. 

 

Section 3.0 provides a discussion of site hydrology.  Hydrology is the science concerned 

with the distribution and circulation of water.  Hydrology tells us the volume of water 

delivered to the channel during a storm. 

 

Section 4.0 is a discussion of the hydraulic condition of the site, as well as the predicted 

hydraulics associated with improvements to the site.  Hydraulics is the science associated 

with the movement of water through the stream channel and culvert. 

 

2.0 EXISTING CONDITIONS 

 

The Millbrook Meadow includes a number of hydraulic features, including the Mill Pond 

and Mill Pond Dam, the Frog Pond weir, the granite-lined brook, the park, and the Beach 

Street culvert.  Each of these plays a role in the behavior and movement of water through 

the site. 
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2.1 Mill Brook Watershed 
 

The contributing watershed area to Mill Brook at the dam is approximately 0.89 square 

miles, as determined from United States Geological Survey (USGS) StreamStats and 

graphically depicted in Figure 1.  The watershed is hilly with minor depressional storage, 

including Briar Swamp, a historic kettle pond glacial feature.  Bedrock geology in the 

watershed is faulted intrusive rock from the Paleozoic era; the surficial geology consists 

of enormous intrusive granite either exposed at the surface or with a thin covering of 

glacial deposits. 

 

The watershed is primarily forested, with a mixture of residential and commercial uses 

that increase in density moving downstream.  See Section 3.0 for a discussion of 

watershed hydrology. 

 

2.2 Mill Brook Channel 

 

Mill Brook is a small perennial watercourse with its headwaters in Briar Swamp.  In just 

under 1 mile, the channel descends from elevation 45 

feet at Briar Swamp to elevation 7 feet at the inlet to 

the Beach Street culvert.  The channel extends 900 

feet through the project site, from just downstream of 

the Mill Brook Dam to the outlet of the Beach Street 

culvert at tidewater.  The channel drops 4 feet in the 

first 100 feet downstream of the dam, at a slope of 

4%.  The channel through the remainder of the site is 

at a moderate average slope of 1%. 
 

Upstream of the Mill Pond, as Mill Brook flows onto 

the Millbrook Meadow property, the watercourse 

has a width of approximately 12 feet and a bed   

Mill Brook channel downstream of dam 

871



9/2/2014 USGS StreamStats

1/1

StreamStats Print Page

9/2/2014 8:59:21 AM

872



 
 
 
PRELIMINARY HYDROLOGIC AND HYDRAULIC ANALYSIS REPORT 
MILLBROOK MEADOW 
SEPTEMBER 2014 PAGE 4 

substrate consisting of medium to coarse sands.  The channel meanders as it discharges 

onto the Millbrook Meadow property and eventually flows north into Mill Pond.  Large 

woody debris is present within the upper reaches of the brook.  Small shallow pools are 

present.  The brook has vegetated banks consisting of upland riparian zone vegetation and 

emergent marsh vegetation.  The brook through this reach runs shallowly across a sandy 

delta deposit comprised of material transported from upstream, which is deposited as the 

swift channel flow meets the quiescent Mill Pond. 

 

The channel downstream of the dam was heavily modified during the 2010 dam 

reconstruction.  Large stone riprap has been placed to create a dissipation pool for flow 

over the spillway, as well as to armor the channel bed and banks.  The riprap ranges in 

size from approximately 3 inches to over 24 inches and extends over 100 feet 

downstream of the dam.  This reach of channel is lacking in fine substrate, with large 

open voids in the rock.  During one site visit, water was observed passing under and 

through, instead of over, the riprap.  This reach lacks suitable aquatic habitat, such as 

sufficient cover in pools and diversity in character of flow.  Epifaunal substrate, which 

provides refuge, feeding, and spawning sites and nursery functions for aquatic 

microfauna and includes fallen trees, logs and branches, and undercut banks, is lacking.  

The coarse substrate precludes the establishment of appropriate bottom-dwelling 

organisms through this reach. 

 

As the channel begins to flow south, the now 

undersized channel is constrained by stacked 

stone and granite block walls and is generally 

only a few feet wide. 

 

Downstream of the Frog Pond, the channel is 

almost entirely constrained by granite block 

walls and is generally 2.5 feet wide by 1 foot 

deep to the top of the granite block walls.  The Looking upstream toward Frog Pond 
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cross section is homogenous and lacking in diversity.  Channel substrate is silty sand.  

The presence of filamentous algae indicates a nutrient-rich system, perhaps as a result of 

nutrient input from fertilization. 

 

Granite block has fallen into the channel, both individual blocks as well as entire sections 

of wall.  The blocks constrict low flows in the channel.  Based on anecdotal evidence, the 

channel banks along the failed wall sections become saturated and soggy following rain 

events. 

 

The existing channel planform through 

the meadow is straight and channelized.  

A 1% slope channel would naturally be 

sinuous and have sand and gravel 

substrate with an assortment of habitats, 

including deeper pools with slow flow 

and sandy substrate, shallow swift flow 

over gravel and cobble riffles, long runs 

with swift flow and relatively coarse 

substrate, and shallow flow over point 

bars or sandy deposits. 

 
2.3 Mill Pond Dam 

 

The Mill Pond Dam is a run-of-river structure that was rebuilt in 2010 following 

structural failure in 2006.  The rebuilt dam consists of a concrete retaining wall with 

stone masonry facing on the upstream and downstream sides.  The original dam had a 

clay core with hand-laid unmortared stone.  The dam runs generally east to west and is 

approximately 110 feet long. 

 

Looking upstream from Beach Street 
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The crest of the dam is ± elevation 28 feet NAVD88.  The downstream channel is at 

elevation 18 at the dam and 14.3 at the west abutment.  The maximum structural height of 

the dam is 13.7 feet. 

 

Under normal pool conditions, the elevation of the water surface in the impoundment is 

approximately 25.3 feet NAVD88, with an estimated surface area of 1.3 acres and an 

estimated storage volume of about 3 acre-feet.  Under design flood conditions (1% annual 

chance flood or 100-year flood), the surface area and volume are approximately 3.4 acres 

and 10 acre-feet, respectively. 

 

The dam is classified as Small according to the Dam Safety Regulations (302 CMR 

10.00) but is considered a Significant Hazard Class II due to proximity to residential and 

commercial properties, as well as the potential for impact to Beach Street. 

 

The spillway consists of two inlet-controlled granite-block rectangular culverts.  Each 

box is approximately 2.5'H x 2.5'W.  The culverts have an invert elevation of 24.8 feet 

NAVD88.  The existing spillway capacity is 130 cubic feet per second (cfs), significantly 

less than the 1% annual chance spillway design flood of 670 cfs. 

 

The water level in the impoundment can be controlled by adjustment of weirboards at the 

face of the culverts.  The weirboards are currently adjusted to optimize flow to the eel 

ladder. 
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TABLE 2-1 
Mill Pond Dam 

Feature Detail 

Type Concrete core with stone masonry facing 
Length 110 feet 
Crest Elevation ±29 feet NAVD88 
Spillway Twin granite block culverts 
Spillway Invert Elevation 24.8 feet NAVD88 
Size Class1  Small 
Hazard Class1 Significant / Class II 
Impoundment Capacity2  
     Normal Pool 3 acre-feet 
     Flood Pool 10 acre-feet 
 

1According to Dam Safety Regulations (302 CMR 10.00) 
2As computed by GEI Consultants, Inc. 

 

Computations completed by GEI Consultants, Inc. predict that the dam will overtop by 2 

feet for a duration of 13 hours during a 1% annual chance flood event.  The dam was 

therefore designed to safely overtop during the design storm.  The redesigned dam 

included provisions for a 20-foot-wide buffer between the downstream toe of the dam 

and any woody vegetation, in accordance with dam safety practice. 

 

The dam is a run-of-river structure.  Run-of-river dams typically have a small hydraulic 

head and storage volume, short residence times within the impoundment, and little or no 

control over the release of water from the impoundment.  The storage capacity of Mill 

Pond during the 1% annual chance flood is approximately 7 acre-feet.  This equates to 

approximately 0.5% of the 1% annual chance flood volume.  The reservoir storage is 

therefore very small and has little to no effect on flooding conditions downstream of the 

dam. 

 

The dam does not have an operational low-level outlet.  A waiver of the requirement for a 

low-level outlet was submitted to the Office of Dam Safety as part of the dam 

reconstruction permitting process.  The dam is fitted with an eel ladder attached to the 

downstream face of the dam to allow for passage of American eel. 
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2.4 Beach Street Culvert 

 

Two primary elements of evaluation are the ability of the culvert to convey appropriate 

flows through the park, as well as the means by which debris clogging of the culvert can 

be minimized or avoided. 

 

The Beach Street culvert is constructed of stacked granite block.  The downstream face is 

mortared and appears to have been reconstructed in conjunction with the seawall 

waterward of Beach Street.  The upstream face of the culvert is primarily constructed of 

unmortared stone.  The parapet wall along the bridge is a separate installation of mortared 

stone. 

 

The culvert has a span of ±5 feet, much narrower than the approach channel upstream of 

Mill Pond but larger than the block-lined channel immediately upstream of the culvert.  

The culvert rise is 4.5 feet on the upstream side and 5.5 feet on the downstream side.  The 

total culvert length under Beach Street is 50 feet.  The upstream invert elevation is 6.9 

feet NAVD88; the downstream invert elevation is 5.5 feet NAVD88.  Critical elevations 

at the Beach Street culvert are provided in Table 2-2. 

 

TABLE 2-2 
Beach Street Culvert 
Critical Elevations 

Location 
Elevation 

(feet, NAVD88) 

Beach Street (at culvert) 14.0 
Culvert invert 6.9 (upstream) 
 5.5 (downstream) 
Culvert low chord 11.1 (southwest) 
 11.5 (northwest) 
 10.7 (southeast) 
 11.0 (northeast) 
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The culvert becomes partially and/or fully clogged with debris during storm events, 

reducing culvert discharge capacity.  Clogging of the culvert is exacerbated by fallen 

granite block at the face of the culvert, numerous utility crossings within the culvert, and 

the horizontally irregular stacking of the granite blocks from which the culvert is 

constructed.  Excessive debris clogging is often the result of an undersized culvert. 

 

A preliminary structural inspection of the culvert was completed and will be submitted 

separately.  The culvert was determined to be in poor condition. 

 

2.5 FEMA 
 

A Federal Emergency Management Agency (FEMA) Flood Insurance Study (FIS) for the 

Town of Rockport, Massachusetts was issued December 19, 1984.  Tidal flooding and 

shallow flooding along the shoreline were studied by detailed methods to determine Base 

Flood elevations in Special Flood Hazard Areas.  The study results from this FIS were 

reissued as part of the Essex County FIS dated July 3, 2012.  Coastal hydrologic and 

hydraulic analyses for the Essex County coastline, including the town of Rockport, were 

revised and updated in the Essex County FIS issued July 16, 2014. 

 

The Flood Insurance Rate Maps (FIRMs) for Essex County were reissued on July 16, 

2014.  A Firmette of the project area is included as Figure 2.  Frog Pond and much of 

Millbrook Meadow between Frog Pond and Main Street are designated Zone AE with a 

Base Flood Stillwater Elevation of 15 feet.  A description of FEMA Special Flood 

Hazard Zones is provided in Table 2-2.  Mill Pond and the upstream wetland area were 

determined to be within FEMA Zone X, the 0.2% annual chance flood zone. 

 

The 1% annual chance flood, also known as the Base Flood, is the flood that has a 1% 

chance of occurring in any given year.  The Special Flood Hazard Area is the area subject 

to flooding by the 1% annual chance flood.  The Base Flood Elevation is the water 

surface elevation of the 1% annual chance flood. 
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TABLE 2-3 
FEMA Flood Hazard Zones 

FEMA 
Zone Description 

AE Base Flood Elevations determined 

AO 

Flood depths of 1 to 3 feet (usually sheet flow on sloping terrain); 
average depths determined.  For areas of alluvial fan flooding, 
velocities also determined. 

VE 
Coast flood zone with velocity hazard (wave action); Base Flood 
Elevations determined. 

X 

Areas of 2% annual chance flood; areas of 1% annual chance 
flood with average depths of less than 1 foot or with drainage 
areas less than 1 square mile; and areas protected by levees from 
1% annual chance flood 

 

2.6 Tide Data 
 

Existing tidal elevation data available from the National Oceanic and Atmospheric 

Administration (NOAA), the National Geodetic Survey, and FEMA was reviewed and 

compiled.  The tidal benchmarks in Table 2-4 were collected from the U.S. Department 

of Commerce NOAA, National Ocean Service 

(http://tidesandcurrents.noaa.gov/benchmarks.html?id=8441551).  The information was 

provided in Mean Lower Low Water (MLLW) datum in meters and converted to 

NAVD88 in feet using the National Geodetic Survey elevation information for Station ID 

8441551 

(http://www.ngs.noaa.gov/Tidal_Elevation/diagram.jsp?PID=MY0231&EPOCH=1983-

2001). 
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TABLE 2-4 
Tidal Elevations 

Compared to Culvert Elevations 
 

 

 

Elevation 
(Feet, 

NAVD88) 

Elevation 
(Feet, 

MLLW) 
(MHHW) Mean Higher High 

Water  4.5 2.9 
(MHW) Mean High Water 4.1 2.8 
(MSL) Mean Sea Level -0.2 1.4 
(MTL) Mean Tide Level -0.3 1.4 
(MLW) Mean Low Water -4.6 0.1 
(MLLW) Mean Lower Low Water -4.9 0.0 
 Top of Road 14.0 N/A 
 Culvert Invert 5.5 (D/S) N/A 

 Notes: D/S = downstream, N/A = not applicable 

 

The information in Table 2-4 was collected from the NOAA Tides and Currents website.  

Predicted tidal data for Station ID 8441551 was downloaded for all of 2014 and 

converted from MLLW datum in feet to NAVD88 datum in feet using the National 

Geodetic Survey information for Station ID 8441551.  Minimum, maximum, and mean 

predicted tidal elevations are shown in Table 2-5. 

 

TABLE 2-5 
2014 Predicted Tidal Elevations 

 

 

Elevation 
(Feet, 

NAVD88) 

Elevation 
(Feet, 

MLLW) 

Minimum -6.9 -2.0 
Maximum 6.3 11.2 
Mean  -0.2 4.7 

 

 

Table 2-6 includes information from the FEMA Updated Tidal Profiles for the New England 

Coastline from March 2012 (http://www.fema.gov/media-library-data/1383243270931-

eed96b0ca96641e6c0200ac996b63b7a/220602416_New_England_Tide_Report_2012_0326

_FINAL.pdf).  Tidal Profile 11 was used at mile 175 to find Mean Annual Maximum, 10% 
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Annual Chance, 2% Annual Chance, 1% Annual Chance, and 0.2% Annual Chance data in 

NAVD88 in feet. 

 
 

TABLE 2-6 
Storm Event Tidal Elevations 
FEMA Updated Tidal Profiles 
for the New England Coastline 

 

Percent Annual  
Chance Event 

Elevation 
(Feet, 

NAVD88) 

Mean Annual Maximum 7.5 
10% Annual Chance 8.3 
2% Annual Chance 9.3 
1% Annual Chance 9.7 
0.2% Annual Chance 11.2 

 

FEMA has determined stillwater elevations for the entire coastline of Rockport, as 

presented in the July 16, 2014 Essex County FIS.  Table 2-7 provides the stillwater 

elevations associated with the 10-, 2-, 1-, and 0.2% chance events as documented in the 

FIS. 

 
TABLE 2-7 

Storm Event Tidal Elevations 
Comparison of Essex County FIS Dated July 16, 2014 and 

FEMA Updated Tidal Profiles  
for the New England Coastline 

 

Percent Annual  
Chance Event 

Elevation 
(Feet, NAVD88) 

 

Essex 
County 

FIS 

FEMA 
Updated 

Tidal 
Profiles Difference 

10% Annual Chance 7.5 8.3 +0.8 
2% Annual Chance 8.3 9.3 +1.0 
1% Annual Chance 8.6 9.7 +1.1 
0.2% Annual Chance 9.2 11.2 +2.0 
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Tidal water surface elevations for both analyses are based on a statistical frequency 

analysis of annual maximum tidal heights along the coastline of Essex County, 

supplemented with high water mark data from significant events in the record.  The 

FEMA Updated Tidal Profiles reference data from 18 long-term stations, with data 

available through 2007.  The FEMA FIS tidal elevations were first presented in the 1984 

FIS for the Town of Rockport.  Although it is not specifically defined, the FIS must only 

reference data through 1979, the year the study was completed.  The tidal water surface 

elevations predicted in the FEMA Updated Tidal profiles are significantly higher than 

those presented in the FEMA FIS.  Tidal elevations predicted by the FEMA Updated 

Tidal Profiles were used in the hydraulic analyses as these elevations are more 

conservative and are based on more current tidal data. 

 

Tidal data loggers were installed by Milone & MacBroom, Inc. on July 18, 2014.  The 

data loggers will collect water surface elevation in Rockport Harbor and the Mill Brook 

channel; the location of the data loggers is graphically depicted in Appendix B.  The data 

loggers will be left in place through the fall. 

 

It is apparent that the culvert invert is above the normal mean high water but that the 

highest tides and all flood tides will extend into and through the culvert.  This is not 

unusual but reduces the culvert flow capacity during these events. 

 

3.0 HYDROLOGY 

 

Peak flow hydrology for the Mill Brook watershed was previously developed by GEI 

Consultants, Inc. in 2010 for reconstruction of the Mill Pond Dam.  Peak flows were 

developed using TR-20.  The results of its analysis are presented in Table 3-1. 
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TABLE 3-1 
2010 Dam Design Flows1 

 
Return Frequency, 

Years 
Predicted Peak 

Flows, cfs2 
2 233 
5 316 

10 405 
25 520 
50 574 

100 670 
1 As computed by GEI Consultants, 2010 

2  cfs = cubic feet per second 

 

The above predicted peak flood flows are high for a watershed of this size.  This may be 

due to the low infiltration rates as a result of shallow bedrock in the watershed, or may be 

a computational error in the analysis.  Seasonal and habitat-forming flows have not been 

previously developed for Mill Brook.  A range of flows was included in the hydraulic 

model to analyze these lower flow conditions, from 5 cfs to 100 cfs. 

 

Regional hydraulic geometry relationships were used to compute bankfull discharge as 

34 cfs.  Hydraulic geometry relationships are based on analysis of long-term United 

States Geological Survey (USGS) stream gaging stations in Massachusetts (Bent, 2013).  

Hydraulic geometry relationships are a series of regression equations developed from 

statistical analysis of the gage data that relate bankfull discharge, width, depth, and cross-

sectional area to the contributing drainage area.  The resulting discharge is normally 

comparable to or slightly below the 2-year flood frequency. 

 

The above flows are used in the Hydrologic Engineering Center River Analysis System 

(HEC-RAS) water surface profile Existing and Proposed Conditions models to analyze 

the Mill Brook channel and Beach Street culvert. 

 

In conclusion, the predicted 2010 design flows for the dam appear to be overly high and 

should be reconsidered. 
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4.0 HYDRAULIC ANALYSIS 

 

Hydraulic analysis of Mill Brook was completed using the U.S. Army Corps of Engineers 

(USACE) HEC-RAS (river analysis software) program (version 4.1).  The HEC-RAS 

computer program entitled River Analysis System was written by the USACE Hydrologic 

Engineering Center and is considered appropriate for riverine flood studies.  The model is 

used to compute water surface profiles for one-dimensional, steady-state, and gradually 

varied flow.  This system can accommodate a full network of channels, a dendritic 

system, or a single river reach.  HEC-RAS is capable of modeling water surface profiles 

under subcritical, supercritical, and mixed-flow conditions. Appendix A includes a HEC-

RAS cross-section location plan. 

 

The basic computational procedure is based on the solution of the one-dimensional 

energy equation.  Energy losses are evaluated by friction (Manning's Equation) and 

contraction/expansion (coefficient multiplied by the change in velocity head).  The 

momentum equation is utilized in situations where the water surface profile is rapidly 

varied.  These situations include mixed-flow regime calculations, hydraulics of dams and 

bridges, and evaluating profiles at a river confluence. 

 

4.1 Existing Conditions Hydraulic Analysis 

 

Existing Conditions hydraulics were analyzed to determine the existing hydraulic 

condition within the park.  A HEC-RAS model was developed based on topography and 

bathymetry collected for this project.  The HEC-RAS model extends from the base of the 

dam to Front Beach.  A HEC-RAS cross-section location plan is included as Figure 3.  

HEC-RAS output data is included in Appendix E. 
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Mill Brook Channel 

 

The existing channel capacity was determined to be approximately 8 cfs.  Above 8 cfs, 

flow will overtop the channel banks and spill out into the park.  Figure 4 graphically 

depicts the predicted water surface profiles through the park under the Existing Condition 

for 5 cfs, bankfull, and the 20% and 1% annual chance storm events.  Predicted velocities 

during the bankfull event are in the range of 2 to 7 feet per second, depending on 

location.  Velocity markedly increases at the approach to the culvert due to constriction 

of the flow.  Table 4-1 provides predicted water surface elevation and velocity through 

the project reach for Existing Conditions. 

 

TABLE 4-1 
Mill Brook Channel 

Predicted Water Surface Elevation and Velocity 
Bankfull Event (34 cfs) 

 

River Station Location 

Water 
Surface 

Elevation 
(feet, NAVD88) 

Velocity 
(feet per 
second) 

1000+37 D/S face of Beach Street culvert 6.0 3.5 
1000+88 U/S face of Beach Street culvert 7.8 6.6 
1002+39 151' u/s of Beach Street 11.3 6.0 
1003+59 271' u/s of Beach Street 12.0 2.1 
1005+04 25' u/s of Frog Pond 13.9 13.3 
1005+94 120' u/s of Frog Pond 15.2 7.8 
    

 Notes:  d/s = downstream  u/s = upstream 
 

Frog Pond Bridge 

 

Frog Pond is supported by a weir at the upstream face of the stone footbridge.  The weir 

appears to be constructed of stacked granite block.  The water level in Frog Pond was 

formerly adjustable through the use of weirboards, as evidenced by the presence of a 

deteriorated steel rail bolted to the south training wall and bolt holes in the north training 

wall. 
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The existing weir is 3.3 feet wide, with a rise of 4.2 feet.  The table crest of the weir is at 

elevation 11.7 feet; the low chord of the footbridge is at 15.9 feet at the highest point of 

the arch.  The surrounding park grade is approximately 15 feet.  The weir vertically 

constricts flow through the footbridge. 

 

The footbridge capacity is computed to be 68 cfs.  Above 68 cfs, flow is predicted to 

overtop the granite and stone walls of the pond and spill out into the park. 

 

Beach Street Culvert 

 

Beach Street is an urban local road, with a Recommended Design Flood Frequency of the 

25-year storm according to the 2006 Massachusetts Highway Department Project 

Development and Design Guidelines.  The 25-year storm discharge predicted by GEI for 

Mill Brook is 520 cfs.  The existing culvert was computed to have a capacity of 153 cfs 

during the 25-year event. 

 

Massachusetts culvert design guidelines recommend a minimum desirable freeboard of 2 

feet between the allowable headwater and the roadway overtopping elevation.  Allowable 

headwater is determined by the following criteria: 

 

 Nondamaging to upstream property 

 Below the traffic lanes of interest or no higher than the shoulder or 1.6 feet below 

the edge of the shoulder 

 Equal to a headwater/depth no greater than 1.5 

 No greater than the low point in the road grade 

 Equal to the elevation where flow diverts around the culvert 

 

Upstream properties include the Nate's at Front Beach restaurant to the south of the 

entrance to the park and the Peg Leg Inn to the north.  Nate's at Front Beach has a 

surveyed elevation of 14.3; the Peg Leg Inn was not surveyed during this phase of 
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analysis.  Visual observation confirms that the first floor elevation of the Peg Leg Inn is 

higher than Nate's at Front Beach. 

 

Table 4-2 provides design elevations at the Beach Street culvert. 
 

TABLE 4-2 
Beach Street Culvert 

Design Elevations 

Location 
Elevation 

(feet, NAVD88) 

Beach Street (at culvert) 14.1 
Low point in road grade1 14.0 
Edge of shoulder 14.0 
Upstream property2 14.3 
1This is also the elevation where flow would divert around the culvert. 
2Nate's at Front Beach 

 

Residential structures along King Street and Mill Lane are generally above flood 

elevations in the park.  The exception is 19 King Street, which sits at approximate 

elevation 19 just downstream of the dam.  However, the controlling hydraulic feature at 

this location is the Frog Pond weir as opposed to the Beach Street culvert. 
 

Under existing conditions, Beach Street is predicted to overtop during the 2-year storm 

and greater.  The existing culvert does not meet the recommended guidelines of passing 

the 25-year storm.  Additionally, even the 2-year storm event is predicted to impact 

upstream properties.  The computed headwater to depth ratio for the 25-year design storm 

is 1.86, higher than the recommended value of 1.5. 
 

4.2 Proposed Conditions 

 

The primary concerns and challenges regarding the Mill Brook channel include: 
 

 Lack of channel capacity 

 Lack of habitat diversity and appropriate channel structure 

 Ability to absorb storm flows 
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The Beach Street culvert has its own challenges.  These relate to the hydraulics of the 

culvert and include: 

 

 Lack of capacity 

 Debris clogging during storms 

 
A hydraulic analysis was completed to determine the following: 

 

 Appropriate channel dimension for the Mill Brook channel 

 Impact on park hydraulics of increasing culvert capacity 

 Impact of debris clogging on channel flooding 

 

These analyses are discussed in the following sections. 

 

Mill Brook Channel 

 

Natural streams are known to tend toward a state called "dynamic equilibrium," in which 

the independent variables of discharge, sediment load, and valley slope influence the 

form of the stream.  Dynamic equilibrium implies that the stream experiences change but 

will tend toward a stable state following disturbance.  A stable channel is able to transport 

the discharge and sediment load provided by the watershed without adjustment to its 

channel form and dimension. 

 

Hydraulic geometry relationships (HGRs) provide a means by which to predict stable 

channel geometry within a rural watershed.  HGR computations predict a bankfull 

channel 15 feet wide. 
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The Copeland Stable Channel Design tool within HEC-RAS uses an analytical approach 

to achieve channel stability.  The Copeland method predicts a stable channel width of 16 

feet. 

 

The effect of widening the channel on nuisance ponding was evaluated for the bankfull 

flow of 34 cfs.  Preliminary hydraulic results indicate that widening the channel by as 

little as 5 feet can reduce ponding within the park. 
 

Channel widths ranging from the existing 2.5 feet to 20 feet were evaluated to determine 

the relative benefit of successive widening of the channel.  The following graph (Figure 

5) depicts the effect of channel width on water surface elevation in the park just 

downstream of the dogwood grove, at River Station 1002+62 during the bankfull event.  

It is clear that widening the channel from its existing 2.5-foot width to a 5-foot width 

greatly reduces water surface elevations.  Widening the channel beyond 5 feet provides 

additional reduction in water surface elevation, as well as ecological benefits such as 

increased flow diversity and additional ability to buffer storm surge. 
 

 

Figure 5: Water Surface Elevation Versus Channel Width in the Meadow, Just Downstream of Dogwood 

Grove (River Station 1002+62) for the Bankfull Event 
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Beach Street Culvert 

 

The Beach Street culvert was assessed to determine if widening the existing culvert 

would have a positive impact on nuisance ponding within the park.  The existing culvert 

has a capacity of approximately 100 cfs.  This is greater than the bankfull event.  

Therefore, increasing the culvert span (width) would have little to no effect on reducing 

nuisance ponding, which occurs several times a year. 

 

Multiple culvert widths were analyzed.  A 10-foot-wide culvert has a capacity of 

approximately 150 cfs, an increase of 50 cfs over existing conditions.  This increase in 

capacity reduces water surface elevations during the 2-year storm but has almost no 

effect on the 5-year storm discharge of 316 cfs and greater. 

 

Widening the culvert span also reduces velocity through the culvert during storm events.  

This has the inverse effect of raising upstream water surface elevation as opposed to 

lowering it.  Figures 6 and 7 graphically depict the effect of widening the culvert span on 

capacity (discharge) and water surface elevation, respectively. 

 

 
Figure 6:  Culvert Span Versus Capacity 
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Figure 7: Culvert Span Versus Water Surface Elevation for the Bankfull Event 
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two scenarios, 1/3 blocked and 2/3 blocked, was conducted for the 100 cfs flow.  Figure 8 

graphically depicts the impact of debris blockage on water surface elevations within the 
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Hydrology – The bankfull channel discharge estimates are significantly lower than the 

predicted 2-year storm discharge.  The HGR equations for discharge are based on 

measurements collected throughout Massachusetts and are not specifically related to a 

percent annual chance event.  However, bankfull is often estimated as the 1.5-year event, 

such that the bankfull discharge should be of similar scale to the 2-year event.  This 

discrepancy warrants additional hydrologic review, which should be completed during 

subsequent phases of design. 

 

Mill Brook Channel – Channel dimension and planform will be adjusted to balance the 

channel footprint within the park with the increased hydraulic benefit of channel 

widening.  Even minimal widening will improve the hydraulic function and habitat 

structure within the channel. 

 

Beach Street Culvert – Initial analyses have demonstrated that debris clogging has a 

quantifiable effect on culvert discharge capacity.  Eliminating existing blockages at the 

culvert, including fallen granite block and abandoned utility piping, will mitigate future 

debris clogging.  Additionally, the means to safely and easily access the culvert to 

quickly remove debris from the culvert has been incorporated into the conceptual design. 

 

Initial analyses also indicate that increasing the culvert span has the potential to reduce 

ponding in the park.  Any modifications to the existing culvert will need to be closely 

coordinated with the Rockport Department of Public Works. 
 

6.0 CONCLUSION 

 

Preliminary findings indicate that increasing the width of the Mill Brook channel 

decreases nuisance flooding in the park.  Increasing channel width will also allow for 

creation of increased habitat structures, including pools and riffles.  The proposed 

channel modifications have been incorporated into the conceptual design of the channel. 
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Widening the span of the Beach Street culvert to 10 feet can alleviate frequent flooding 

but will not significantly impact larger storm events.  A culvert span of 15 feet is required 

to achieve the Massachusetts recommended design guidelines for culverts, based on the 

25-year storm event predicted by GEI.  Reducing debris clogging of the culvert does have 

a significant impact on nuisance flooding within the park.  Milone & MacBroom, Inc. 

will continue to work with the Town of Rockport Department of Public Works to 

determine the most cost-effective treatment of the culvert to reach project goals. 
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New Zone

X
X

NOTICE TO 
FLOOD INSURANCE STUDY USERS 

 
Communities   participating   in   the   National   Flood   Insurance   Program   have   established 
repositories of flood hazard data for floodplain management and flood insurance purposes.  This 
Flood Insurance Study (FIS) may not contain all data available within the repository.  It is 
advisable to contact the community repository for any additional data. 
 
Selected Flood Insurance Rate Map panels for the community contain information that was 
previously shown separately on the corresponding Flood Boundary and Floodway Map panels 
(e.g., floodways, cross sections).  In addition, former flood hazard zone designations have been 
changed as follows: 
 

Old Zone New Zone 
 

A1 through A30 AE 
V1 through V30 VE 

B X 
C X 

 
 
 
Part or all of this Flood Insurance Study may be revised and republished at any time.  In addition, 
part of this Flood Insurance Study may be revised by the Letter of Map Revision process, which 
does not involve republication or redistribution of the Flood Insurance Study.  It is, therefore, the 
responsibility of the user to consult with community officials and to check the community 
repository to obtain the most current Flood Insurance Study components. 

 

 
 
Initial Countywide FIS Effective Date: July 3, 2012 
 
 
Revised Coastal FIS Effective Date:  
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FLOOD INSURANCE STUDY 
ESSEX COUNTY, MASSACHUSETTS (ALL JURISDICTIONS) 

 
1.0 INTRODUCTION 
 

1.1 Purpose of Study 
 

This  Flood  Insurance  Study  (FIS)  revises  and  updates  information  on  the 
existence and severity of flood hazards in the geographic area of Essex County, 
including the Towns of Andover, Boxford, Danvers, Essex, Georgetown, 
Groveland, Hamilton, Ipswich, Lynnfield, Manchester by the Sea, Marblehead, 
Merrimac, Middleton, Nahant, Newbury, North Andover, Rockport, Rowley, 
Salisbury,  Saugus,  Swampscott,  Topsfield,  Wenham,  and  West  Newbury;  the 
Cities of Amesbury, Beverly, Gloucester, Haverhill, Lawrence, Lynn, Methuen, 
Newburyport, Peabody, and Salem (referred to collectively herein as Essex 
County), and aids in the administration of the National Flood Insurance Act of 
1968 and the Flood Disaster Protection Act of 1973.  This study has developed 
flood-risk data for various areas of the community that will be used to establish 
actuarial  flood  insurance  rates  and  to  assist  the  community  in  its  efforts  to 
promote sound floodplain management. Minimum floodplain management 
requirements for participation in the National Flood Insurance Program (NFIP) 
are set forth in the Code of Federal Regulations at 44 CFR, 60.3. 

 
In some states or communities, floodplain management criteria or regulations may 
exist that are more restrictive or comprehensive than the minimum Federal 
requirements. These criteria take precedence over the minimum federal criteria 
for purposes of regulating development in the floodplain, as set forth in the Code 
of Federal Regulations at 44 CFR, 60.3.   In such cases, the more restrictive 
criteria take precedence and the state (or other jurisdictional agency) will be able 
to explain them. 

 
1.2 Authority and Acknowledgments 

 
The sources of authority for this FIS report are the National Flood Insurance Act 
of 1968 and the Flood Disaster Protection Act of 1973. 

 
This FIS was prepared to incorporate all the communities within Essex County 
into a countywide format.   Information on the authority and acknowledgements 
for each jurisdiction included in this countywide FIS, as compiled from their 
previously printed FIS reports, is shown below: 

 
Amesbury, City of                  For the original December 1979 study, the 

hydrologic and hydraulic analyses were prepared by 
the U.S. Army Corps of Engineers (USACE) for the 
Federal Emergency Management Agency (FEMA), 
under Inter-Agency Agreement No.  IAA-H-7-76, 
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Newburyport, City of under Contract No. H-4772. This work was 
(continued) completed in December 1983 (Reference 23). 

 
North Andover, Town of     For  the  original  December  15,  1982  study,  the 

hydrologic and hydraulic analyses were prepared by 
Cullinan Engineering Co., Inc. for FEMA, under 
Contract No. H-4797. This work was completed in 
November 1980. For the June 2, 1993 revision, the 
hydrologic and hydraulic analyses were prepared by 
CDM. For FEMA, under Contract No. EMW-88-R- 
2627. This work was completed in October 1990 
(Reference 24). 

 
Peabody, City of                The hydrologic and hydraulic analyses for the 

November 1979 study were prepared by Anderson- 
Nichols and Company, Inc., for the FIA, under 
Contract No. H-4524. This work, which was 
completed  in  November  1978,  covered  all 
significant flooding sources in the City of Peabody 
(Reference 25). 

 
Rockport, Town of The hydrologic  and  hydraulic  analyses  for  the 

December 19, 1984 study were prepared by Stone 
&  Webster  Engineering  Corporation  for  FEMA, 
under   Contract   NO.   H-4772.   This   work   was 
completed in September 1983 (Reference 26). 

 
Rowley, Town of                The hydrologic and hydraulic analyses for the August 

5, 1986 study were prepared by Stone & Webster 
Engineering Corporation for FEMA, under Contract 
No. H-4772. This work was completed in September 
1980. The wave height and wave runup analyses 
were added by Dewberry & Davis using information 
supplied by Stone & Webster in the FIS’s for the 
Towns of Ipswich and Newbury. The coastal 
analyses were completed in December 1983 
(Reference 27). 

 
Salem, City of                    The   hydrologic   and   hydraulic   analyses   in  the 

February 5, 1985 study represents a revision of the 
original analyses by Anderson & Nichols, Inc., for 
FEMA, under Contract No. H-3715. The updated 
version was prepared by Stone& Webster 
Engineering Corporation for FEMA, under Contract 
No.  H-4772.  This  work  was  completed  in  July 
1983. The hydrologic and hydraulic analyses in the 
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Wenham, Town of                 original study was completed in December  1987.   
                   (continued)                             The  hydrologic  and  hydraulic analyses for the Ipswich     

                                           River in the 1991 revision were  taken  from  the  June                 
                                   17,  1991  FIS  for  the Town of Topsfield (Reference 33). 

 
 West Newbury, Town of     The hydrologic and hydraulic  analyses  for  the December 

1978 study were performed by CDM for the FIA, under 
Contract No. H-3861. This work, which was completed in 
January 1977, covered all significant flooding sources 
affecting the Town of West Newbury (Reference 34). 

 
Base map information shown on the Flood Insurance Map (FIRM) was derived from 
digital orthophotography. Base map files were provided in digital form by 
Massachusetts Geographic Information System (MassGIS). Ortho imagery was 
produced at a scale of 1:5,000. Aerial photography is dated April 2005. The projection 
used in the preparation of this map was Massachusetts State Plane mainland zone 
(FIPSZONE2001). The horizontal datum was NAD83, GRS1980 spheroid. 

 
Additionally for the countywide revision, the Shawsheen River was restudied from its 
confluence  with  Merrimack  River  to  the  county  boundary  with  Middlesex 
County. Revised hydrologic and hydraulic analyses were prepared by URS for FEMA. 
The funding for the study was provided by the under the Hazard Mitigation  and  
Technical  Assistance  Contract  Number  HSFEHQ-06-D-0162, Task Order 042. That 
study was completed in May 2008. 

 
For Shawsheen River, LiDAR data were collected in 2006/2007 by URS Group, Inc., 
and its subconsultant, EarthData. The vertical and horizontal accuracy of the LiDAR 
data are summarized in a May 29, 2007, report entitled Final LiDAR Report, 
Shawsheen River, Middlesex/ Essex Counties (URS Group, Inc., 2007). 

 
The digital base map information for the Shawsheen River was provided by MassGIS. 
This information was derived from 15 centimeter (cm) and 30 cm digital orthophotos 
from aerial photography dated April 2008. 
 
The coastal hydrologic and hydraulic analyses for this revised coastal study, was 
performed by Strategic Alliance for Risk Reduction (STARR) for FEMA under 
Contract No. HSFEHQ-09-D-0370. This study was completed May 7, 2013. This new 
study resulted in revisions to the Special Flood hazard Areas (SFHAs) within the coastal 
communities of the Towns of Danvers, Essex, Ipswich, Manchester by the Sea, 
Marblehead, Nahant, Newbury, Rockport, Rowley, Salisbury, Saugus,  Swampscott, and 
Wenham;  the Cities of Beverly, Gloucester, Lynn, Newburyport, Peabody, and Salem. 
 
In 2011, STARR collected Light Detection and Ranging (LiDAR) covering 20.3 square 
miles of the Essex County coastline. The LiDAR was captured to the ‘highest’ vertical 
accuracy requirement which is the equivalent of a 2-foot contour accuracy. A 2 meter 
Digital Elevation Model (DEM) was derived from the LiDAR data. The DEM was 
projected in State Plane Massachusetts Mainland FIPS 2001 NAD 1983 US foot and 
used as the basis for coastal analysis and floodplain boundary delineation. 

908



21

 

 

          TABLE 2 –FLOODING SOURCES STUDIED BY DETAILED METHODS-continued 
 
 
 

Flooding Source Name Description of Study Reaches 
 

Upper Artichoke Reservoir                            On the Town of West Newbury/City 
of Newburyport Corporate Limits 
from its confluence with Merrimack 
River to its confluence with North 
Tributary Brook 

 
Shallow Flooding                                           Sluice Pond, Flax Pond, and Cedar 

Pond in the Town of Lynn 
 
 

Waters River In  the  Town  of  Danvers,  from  its 
confluence  with  Danvers  River  to 
approximately 4600 feet upstream 
from State Highway 35 (Water 
Street) 

 
 
 

For the countywide revision, revised coastal analyses were performed for the 
open water flooding sources in the communities of Salisbury and Newburyport. 
In addition, redelineation of coastal flood hazard data was performed for open 
water   flooding   sources   in  the   communities   of  Beverly,   Danvers,   Essex, 
Gloucester, Ipswich, Lynn, Manchester by the Sea, Marblehead, Nahant, 
Newbury, Peabody, Rockport, Rowley, Salem, Saugus and Swampscott. 

 
Detailed study flooding sources that were not restudied as part of this revision 
may include a profile baseline on the FIRM. The profile baselines for these 
flooding sources were based on the best available data at the time of their study 
and  are  depicted  as  they  were  on  the  previous  FIRMs.  In  some  cases  the 
transferred profile baseline may deviate significantly from the channel or may be 
outside of the floodplain. 

 
Approximate analyses were used to study those areas having a low development 
potential or minimal flood hazards. The scope and methods of study were 
proposed to, and agreed upon, by FEMA and the individual communities within 
Essex County. For this countywide revision, no new approximate studies were 
executed. 

 
All or portions of the  flooding  sources  listed  in Table 3,  “Flooding  Sources 
Studied by Approximate Methods,” were studied by approximate methods in the 
pre-countywide FISs. 
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TABLE 3 - FLOODING SOURCES STUDIED BY APPROXIMATE METHODS-continued

Flooding Source Name Community (ies) 

 
 

 
 
Upper Artichoke Reservoir West Newbury 
Upper Millpond Rowley 
Walden Pond Lynn, Saugus 
Waters River Danvers 
Wenham Lake Beverly, Wenham 
West Meadow River Haverhill 
Wetlands Groveland, Haverhill 
Wheeler Brook Georgetown 
Wilson Pond Rowley 

 
This FIS also incorporates the determinations of letters issued by FEMA resulting 
in map changes (Letter of Map Revision [LOMR], Letter of Map Revision - based 
on Fill [LOMR-F], and Letter of Map Amendment [LOMA]), as shown in Table 
4, “Letters of Map Change.” 

 
TABLE 4 – LETTERS OF MAP CHANGE 

 

Community 
 
Andover, Town of 

Case Number 
 

04-01-007P 

Flooding Source 
 

Skug River 

Letter Date 
 

03/16/2004

Beverly, City of 08-01-0002P Massachusetts Bay 08/01/2008

Boxford, Town of 96-01-031P Upper and Lower 
Kimball Pond 

 
 

8/8/1996 

Wenham, Town of 06-01-B791P Pond 1 and Pond 2 02/15/2007
 
 
For this 2013 coastal revision, the coastal analysis establishes the flood elevations 
for selected recurrence intervals primarily in the coastal communities of the Towns 
of Essex, Danvers, Ipswich, Manchester by the Sea, Marblehead, Nanhunt, 
Newbury, Rockport, Rowley, Saugus, and Swampscott; the Cities of Beverly, 
Gloucester, Newburyport, Lynn, Peabody, and Salem,   There were no new LOMR 
determinations that resulted in FIRM revisions. No new riverine or approximate 
studies were performed as part of this coastal revision. 

 
 
 

2.2 Community Description 
 

Essex County is located in northeastern Massachusetts.  In Essex County, there 
are twenty-six (26) towns and eight (8) cities.   The Towns of Georgetown, 
Groveland, Manchester, Merrimac, Middleton, Newbury, Rockport, Salisbury, 
West  Newbury  and  the  Cities of Amesbur y,  Gloucester,  Haverhill,  Methuen, 
Newburyport, and Salem are located in northern Essex County.   The Towns of
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TABLE 5 – POPULATION AND TOTAL AREA BY COMMUNITY-continued 
 

Community 
 

Total Area (sq. mi)1
 Popul atio n1

 

Newbury, Town of 26.5 6,666 
Newburyport, City of 10.6 17,416 
N. Andover, Town of 27.8 28,352 
Peabody, City of 16.9 51,251 
Rockport, Town of 17.6 6,952 
Rowley, Town of 20.6 5,856 
Salem, City of 18.1 41,340 
Salisbury, Town of 17.9 8,283 
Saugus, Town of 11.8 26,628 
Swampscott, Town of 6.7 13,787 
Topsfield, Town of 12.8 6,085 
Wenham, Town of 8.1 4,875 
W. Newbury, Town of 14.6 4,235 

1U.S Census Bureau (Reference 35) 
 
 

2.3 Principal Flood Problems 
 

Past flooding on the streams within Essex County indicates that flooding can 
occur during any season of the year. Most major floods have occurred during 
February, March, and April and are usually the result of spring rains and/or 
snowmelt. Floods occurring during the midsummer and late summer are often 
associated with tropical storms moving up the Atlantic coastline. Severe flooding 
in Essex County generally occurs as a result of hurricanes or melting snows and 
spring rains, with more localized flooding caused by summer thunder-storms. 

 
Trees, brush, and other vegetation growing along stream banks impede flood 
flows during high waters, thus creating backwater and increasing flood heights. 
Furthermore, trees, ice, and other debris may be washed away and carried 
downstream to collect on bridges and other obstructions. As the flood flow and 
debris surges downstream until another obstruction is encountered.   Debris may 
collect against a bridge or culvert until the load exceeds the structural capacity, 
causing its destruction. It is difficult to predict the degree to which, or the location 
where, debris may accumulate. Therefore, in the development of the flood profiles 
it has been necessary to assume no accumulation of debris or obstruction of flow. 

 
The  flood  problems  for  the  communities  within  Essex  County  have  been 
compiled and are described below, this information may not include the latest 
flood events: 

 
Historical  records  indicate  that  since  December  1740,  numerous  storms  and 
floods have occurred in the Merrimack River Basin. The two latest and the most 
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The most significant recorded floods were those occurring in March 1936 and in 
September 1938. The 1936 flood was the result of a combination of heavy rains and 
extensive snow melt, while the 1938 flood was caused by heavy precipitation over 
the Merrimack River basin at a time when the ground was saturated from an earlier 
storm.  The USACE estimated the 1936 flood to have a recurrence interval in excess 
of the 1-percent-annual-chance, while the 1938 flood had a recurrence interval of 
approximately the 2-percent-annual-chance (References 2 and 13). 

 
Low-lying areas of Beverly, Essex, Gloucester, Ipswich, Lynn, Manchester, 
Marblehead, Nahant, Newbury, Newburyport, Rockport, Rowley, Salem, 
Salisbury, Saugus, and Swampscott are subject to the periodic flooding and wave 
attack that accompany coastal storms, such as northeasters and hurricanes.  The 
Town of Essex is protected from the heaviest wave attack by the barrier islands at 
Crane and Coffin Beaches. The majority of these storms cause damage only to 
low coastal roads, boats, beaches, and seawalls. Occasionally, a major storm 
accompanied by strong onshore winds and high tides results in surge and wave 
activity that causes extensive property damage and erosion. Some of the more 
significant  storms  in  the  area  include  those  of  December  1909  and  1959, 
November 1945, 1963, and 1968, and February 1972 and 1978. These storms 
damaged harbors and marinas and residential and commercial developments in 
the coastal areas. 

 
Chebacco Lake occasionally floods in the spring but is not believed to threaten 
property in Essex. 

 
Coastal flooding in Beverly has been particularly evident in the low-lying areas 
on the north end of Dane Street Beach.  Riverine flooding has not generally been 
a serious problem in the city. The only significant problem reported is the 
frequent flooding of a portion of Cabot Street by North Beverly Drainage Ditch. 
This flooding is due primarily to an undersized culvert at Cabot Street and heavy 
siltation of the Boston and Maine rail road culverts just downstream of Cabot 
Street. 

 
Few detailed records of flooding are available for the Town of Boxford or for the 
Town of Hamilton. Major storms in the region occurred in 1936, 1938, 1949, 
1955, 1968, 1976, 1979 and 1987. Little information is available for any of these 
storms.   In Boxford, the April 1987 storm caused overtopping of several roads 
located around local streams. During the April 1987 storm, the town suffered 
approximately $37,000 worth of flood damages, of which the town recovered 
approximately  $14, 000  of  eligible  damages  from  Federal  Emergency  Relief. 
Numerous residential and commercial basements were pumped by the Fire 
Department. At least 5 roads were overtopped by floodwaters. Most of these were 
caused by high backwater from downstream ponds, although in one case the 
culvert system serving as the Stiles Pond outlet was overtopped and required 
replacement. In Hamilton, the April 1987 storm caused overtopping of the 
approaches to the Winthrop Street Bridge by the Ipswich River. The bridge could 
not be crossed for several days until the floodwaters receded. The Winthrop Street 
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Newburyport Bridge has been caused by high tides or high river flows, separately 
or in coincidence. The high river flows have resulted from heavy rainfall or from 
a combination of rainfall and snowmelt. Since 1923, the USGS has continuously 
recorded Merrimack River flows at the gage 28 miles upstream of Newburyport in 
Lowell, Massachusetts. This station measures runoff from a 4,635 square mile 
drainage area, or 93 percent of the drainage area that contributes flow to the 
Merrimack River at Newburyport. 

 
The major floods in Peabody have resulted from rainfall alone or in combination 
with snowmelt. Flooding on the Ipswich River has been documented by gage 
records, high-water marks, and personal accounts.  Records at the Middleton and 
Ipswich gages on the Ipswich River give an indication of the magnitude of flood 
discharges in Peabody, which is located between the two gages. The Middleton 
gage began operation in 1938. The highest flood of record occurred in January 
1979 and had a measured peak flow of 835 cfs.  Other major floods, in order of 
decreasing peak discharge, are as follows: March 1968, October: 1962, March 
1969, January 1958, March 1948, July 1938, December 1969, and March 1954. 
The gage at Ipswich began recording flows in 1931. Its highest flood of record 
also occurred in 1968, but a flood that occurred in March 1936, showed a peak 
discharge of nearly the same magnitude (References 40 and 41).   Based upon 
accounts of Ipswich residents, a flood that occurred in February 1886 reached a 
higher elevation than that for the 1936 flood, however, no measurements of this 
1886 flood are available (Reference 39). The 1936 flood had a flood height of 
51.2 feet on the Ipswich River at Boston Street. The Ipswich River had 1968 flood 
heights of 52.8 and 51.3 feet at Boston Street and the USGS gaging station at 
South  Middleton,  respectively  (References  38  and  42).  Gage  records  and 
published high-water marks are not available to document floods on the 
Goldthwaite Brook, Proctor Brook, North River, Strongwater Brook, and Tapley 
Brook. The hydrologic conditions that cause major flooding on the Ipswich River 
can result in flooding on these smaller streams. 

 
During the February 6-7, 1978 blizzard in Rockport, damage occurred to coastal 
areas around Penzance Road, Old Harbor, and Pigeon Cove. 

 
The  area  of  the  City  of  Salem  that  has  been  consistently  the  most  heavily 
damaged is Salem Willows. Also subject to damage are areas within Salem 
Harbor, such as Derby Wharf, Palmerus Cove, and Forest River Park. 

 
Continuing erosion in Salisbury associated with severe storms also acts to reduce 
beach and dune width to below protective and recreational use requirements 
(Reference 43). 

 
River flooding in Saugus has not been a serious problem in the tidal area. The 
non-tidal flooding problems are primarily due to flooding' along the Saugus River 
and its tributaries. 
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There are four completed reservoirs located upstream of the Merrimack River in 
New Hampshire. These projects are operated in conjunction with each other to 
reduce flooding on the upstream tributaries and  main stem of the Merrimack 
River. As a result of these projects, flood discharges along the Merrimack River 
in Essex County have been significantly reduced. In addition to the upstream 
reservoirs, the USACE has also completed five local protection projects, but they 
are not designed to affect flooding in Essex County.  These structures are the 
Franklin Falls Dam on the Pemigewasset River, the Edward McDowell Dam on 
Nubanusit Brook, the Blackwater Dam on the Blackwater River; and two dams 
that control Hopkinton Lake, the Everett Dam on the Piscataquog River, and the 
Hopkinton Dam on the Contoocook River. The USACE studies indicate that the 
five completed projects would have reduced the peak discharge of the 1936 flood 
on the Merrimack  River  at  Andover  by approximately 35  percent.  No  flood 
control reservoirs have been built in the Massachusetts portion of the Merrimack 
River basin, and none are contemplated. In part, this is because of the relatively 
flat topography, which does not permit storage of large volumes of floodwaters 
behind a single large dam without flooding adjacent developed areas.  There are 
also 14 non-federal reservoir or lake systems existing in the Merrimack River 
Basin with usable storage in excess of 4,000 acre-feet. These reservoirs have no 
storage specifically allocated for flood control; however, they are drawn down 
during the winter months and are capable of storing significant amounts of runoff 
during the spring snowmelt period. Dams located at Tuxbury Pond, Lake Gardner, 
and  immediately  downstream  of  Pond  Street  on  the  Powwow  River  do  not 
provide flood protection measures. 

 
The State of Massachusetts provides concrete seawalls and stone revetments to 
protect coastal highways in Essex County. Other protective structures were 
generally constructed and are maintained by the communities and private property 
owners to satisfy their individual requirements and financial capabilities.  These 
structures include such backshore protection as timber and steel sheet piles, 
bulkheads, stone revetments, concrete seawalls, and pre-cast concrete units 
(Reference 43). 

 
The principal protection along the Essex County coastline consists of a system of 
concrete and stone seawalls, approximately half of which are maintained by the 
communities and the remaining half by private owners. 

 
At Kettle Cove in Manchester, each house has its own seawall, some of which 
were rebuilt after the February 1978 storm. 

 
There is a partially submerged breakwater approximately 2 miles offshore of 
Rockport which affords some protection to the general area of Sandy Bay. At 
Rockport Harbor, there is a shore attached breakwater. 

 
Regulation of the outlet structures of the major ponds in the Town of Boxford 
provide   a   limited   means   of  controlling   flood   levels   both  upstream  and 
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Engineering Corporation for FEMA (Reference 91).   The NAS methodology is 
based on three major concepts. 

 
First, a storm surge on the open coast is accompanied by waves. The maximum 
height of these waves is related to the depth of water by the following equation: 

 
Hb = 0.78d 

 
where Hb is the crest to trough height of the maximum or breaking wave and d is 
the  stillwater  depth.  The  elevation  of  the  crest  of  an  unimpeded  wave  is 
determined using the equation: 

 
Zw = S* + 0.7H* = S* + 0.55d 

 
where Zw is the wave crest elevation, S* is the stillwater elevation at the site, and 
H*  is the wave height at the site. The 0.7 coefficient is the portion of the wave 
height which reaches above the stillwater elevation. Hb is the upper limit for H*. 

 
The second major concept is that the breaking wave height may be diminished by 
dissipation of energy by natural or man-made obstructions. The wave height 
transmitted past a given obstruction is determined by the following equation: 

 
Ht = BHi 

 
where Ht is the transmitted wave height, Hi is the incident wave height, and B is a 
transmission coefficient ranging from 0.0 to 1.0. The coefficient is a function of 
the physical characteristics of the obstruction. Equations have been developed by 
NAS to determine B for vegetation, buildings, natural barriers such as dunes, and 
man-made barriers such as breakwaters and seawalls (Reference 89). 

 
The third concept deals with unimpeded reaches between obstructions. New wave 
generation can result from wind action. This added energy is related to distance 
and mean depth over the unimpeded reach. 

 
As part of this countywide update, revised coastal analyses were performed for 
the   open   water   flooding   sources   in   the   communities   of   Salisbury   and 
Newburyport.   In addition, redelineation of coastal flood hazard data was 
performed for open water flooding sources in the communities of Beverly, 
Danvers, Essex, Gloucester, Ipswich, Lynn, Manchester, Marblehead, Nahant, 
Newbury, Peabody, Rockport, Rowley, Salem, Saugus and Swampscott.   A 
description of the revised analyses is presented in the Countywide section below. 

 
For each coastal community within Essex County that has been studied prior to 
this countywide update, the coastal analyses described in the previous FIS 
reports have been compiled and are summarized below.
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   TABLE 8 - PRECOUNTYWIDE SUMMARY OF STILLWATER ELEVATIONS-continued 
 

ELEVATION (feet NAVD 88)1 

FLOODING SOURCE 
AND LOCATION 

10- 
PERCENT 

2- 
PERCENT 

1- 
PERCENT 

0.2- 
PERCENT 

 
ATLANTIC OCEAN – 
cont’d 

 
Entire coastline within 
Newbury 

 
Entire coastline of 
Rockport 

 
Shoreline of Massachusetts 
Bay, 
Salem Harbor, and Beverly 
Harbor 
In Salem 

 

Entire shoreline within 
Community of Salisbur y 

7.4 8.1 8.4 9.0 
 
 
7.5 8.3 8.6 9.2 
 
 
7.7 8.5 8.8 9.6 
 
 
 
 
 
 
7.4 8.1 8.3 9 

 

Saugus tidal area 8.0 8.8 9.2 10 
 

Entire coastline of 
Swampscott 

 
At the Rowley/Newbury 
Corporate limits 

 
At the Ipswich/Rowley 
Corporate limits 

 

7.6 8.4 8.7 9.5 
 
 
7.5 8.2 8.5 9.2 
 
 
7.7 8.4 8.7 9.4 

 
 

BEVERLY HARBOR 
Waters River, Porter River, 
and 
Crane River 
In Danvers 

 

Waters River 
Within Peabody Limits 

 
At the Danvers River 
In Beverly 

 
1North American Vertical Datum of 1988 

 
 
8.4 9.5 10.0 11.6 
 
 
 
 
 
8.4 9.5 10.0 11.6 
 
 
7.5 8.3 8.7 9.4 
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     TABLE 8 - PRECOUNTYWIDE SUMMARY OF STILLWATER ELEVATIONS-continued 
 

ELEVATION (feet NAVD 88)1 

FLOODING SOURCE 
AND LOCATION 

10- 
PERCENT 

2- 
PERCENT 

1- 
PERCENT 

0.2- 
PERCENT 

 
POND 2 
Approximately 700 feet 
north of intersection of 
Pleasant and Cherry Streets 

 
 
* * 53.6 * 

 
PILLINGS POND 
At Lynnfield 97.4 98.1 98.3 98.8 

 
 

SLUICE POND 
In Lynn 63.8 * 64.2 * 

 
 

UPPER ARTICHOKE 
RESERVOIR 
Upstream of the Dam in 
Newburyport 

 
* Data not available 

1North American Vertical Datum of 1988 
 

 

Countywide Analyses 

 
 
 
12.6 12.9 13 13.1 

 
As part of the countywide update, revised coastal analyses were performed for 
the   open   water   flooding   sources   in   the   communities   of   Salisbury   and 
Newburyport. In addition, redelineation of coastal flood hazard data was 
performed for open water flooding sources in the communities of Beverly, 
Danvers, Essex, Gloucester, Ipswich, Lynn, Manchester, Marblehead, Nahant, 
Newbury, Peabody, Rockport, Rowley, Salem, Saugus and Swampscott. 
Redelineation of coastal flood hazards is defined as applying the results of 
previous coastal analyses to new or more detailed topographic data.  Provided 
below is a summary of the analyses performed.  All revised coastal analyses and 
redelineation of coastal flood hazards were performed in accordance with 
Appendix D “Guidance for Coastal Flooding Analyses and Mapping,” (Reference 
96) of the Guidelines and Specifications (G&S), as well as, the “Atlantic Ocean 
and Gulf of Mexico Coastal Guidelines Update” (Reference 97). 

 
For the communities with revised coastal analyses, published values in the Tidal 
Flood Survey (Reference 98) were used to estimate the stillwater elevations for 
the 10-, 2-, and 1-percent-annual-chance floods for open water flooding sources. 
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The 1- and 0.2-percent-annual-chance floodplain boundaries are shown on the 
FIRM (Exhibit 2).  On this map, the 1-percent-annual-chance floodplain boundary 
corresponds to the boundary of the areas of special flood hazards (Zones A, AE, 
AO, and VE), and the 0.2-percent-annual-chance floodplain boundary corresponds 
to the boundary of areas of moderate flood hazards.  In cases where the 1- and 
0.2-percent-annual-chance floodplain boundaries are close together, only the 1-
percent-annual-chance floodplain boundary has been shown. Small areas within 
the floodplain boundaries may lie above the flood elevations, but cannot be shown 
due to limitations of the map scale and/or lack of detailed topographic data. 

 
For the streams studied by approximate methods, only the 1-percent-annual-chance 
floodplain boundary is shown on the FIRM. 

 
Redelineation of coastal flood hazard data was performed for open water flooding 
sources in the communities of Beverly, Danvers, Essex, Gloucester,  Ipswich, 
Lynn, Manchester, Marblehead, Nahant, Newbury, Peabody, Rockport, Rowley, 
Salem, Saugus and Swampscott by applying the results of previous coastal 
analyses to new or updated topographic data. 

 
For the countywide revision, the following communities provided high resolution 
topographic data. For these communities, this data was used for redelineation of 
the detailed and approximate study reaches. 

 
• City of Beverly – Town Provided, Contour Interval 2 feet 
• City of Methuen – Town Provided, Contour Interval 2 feet 
• Town of Topsfield – James W. Sewall Company, Contour Interval 2 feet 

 
For unrevised flooding sources in Essex County, data was taken from previously 
printed FISs for each individual community and are compiled below. 

 
For the streams studied in detail, the 1- and 0.2-percent-annual-chance floodplain 
boundaries have been delineated using the flood elevations determined at each 
cross section. The boundaries were interpolated between cross sections using 
topographic  maps  at  a  scale  of  1:4,800  with  a  contour  interval  of  5  feet  in 
Andover (Reference 108); using photogrammetric maps in Beverly (Reference 
109); at a scale of 1:4,800 with a contour interval of 4 feet in Boxford (Reference 
110); at a scale of 1:2,400 and 1: 4,800 with contours intervals of 5 feet in 
Danvers, Lawrence, and Haverhill, Manchester, Merrimac, Methuen, Middleton, 
Salem, and Saugus (Reference 111 and 112); at a scale of 1:24,000 with a contour 
interval of 10 feet in Amesbury, Groveland, Hamilton, Topsfield, Wenham, West 
Newbury, and  Georgetown (Reference 112); using topographic maps in  
Ipswich, Lynn, Gloucester, and Essex, Newbury, Newburyport, Rowley, Salisbury 
and Swampscott (Reference 113); at scales of 1:24,000 and 1:2,400 with contour 
intervals of 10 and 5 feet in Lynnfield (References 114 and 115); at a scale of 
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APPENDIX B 
 

TIDAL DATA DOCUMENTATION 
NOAA Tidal Benchmark Sheet 
NGS Tidal Elevation Data Sheet 

NOAA Tides and Currents 2014 Predicted Tidal Data 
Excerpt from the FEMA Updated Tidal Profiles for the New England Coastline 
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Updated Tidal Profiles for the 
New England Coastline 
 
 
March 2012 
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Figure B13.   Base Map for Profile 11 from Boston, MA to mile 275 
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Figure C13.  Tidal Flood Profile 11 from Boston, MA to mile 275 
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9/2/2014 Basin Characteristics Report

http://streamstatsags.cr.usgs.gov/gisimg/Reports/BasinCharsReport-1_20149285552.htm 1/1

;onpageshow='if(!done)window.onload();' 

Basin Character istics Report

Date: Tue Sep 2 2014 08:55:52 Mountain Day light  Time
NA D27 Lat itude: 42.6594 (42 39 34)
NA D27 Longitude: -70.6225 (-70 37 21)
NA D83 Lat itude: 42.6595 (42 39 34)
NA D83 Longitude: -70.6220 (-70 37 19)
ReachCode: 01090001001032
Measure: 2.26

Basin has been edited

 Paramet er  Value

 X coordinate of the outlet in Massachusetts State Plane (meters)  215225.0

 Y coordinate of the outlet in Massachusetts State Plane (meters)  906975.0

 X coordinate of the centroid in Massachusetts State Plane (meters)  270921.0

 Y coordinate of the centroid in Massachusetts State Plane (meters)  933825.9

 Area in square miles  0.89

 Mean annual precipitation in the Conn River basin, in inches  0.000

 Average area slope in percent  0
 square mile area covered by stratified drift  
 Total stream length in miles  0.85

 stratified drift per unit stream lenth  
 low flow region indicator for Massachusetts  0
 Area of forest land (percent)  
 Area of sand and gravel deposits (percent)  
 Coarse-grained stratified drift - SYE  
 Percentage of impervious area determined from NLCD 2001 impervious dataset  0
 Percentage of urban land cover determined from NLCD 2001 land cover dataset  
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9/2/2014 Streamflow Statistics Report

http://streamstatsags.cr.usgs.gov/gisimg/Reports/FlowStatsReport-1_2014929253.htm?cmd=ComputeFlows 1/2

Streamstats Ungaged S ite Report

Date: Tue Sep 2 2014 09:02:53 Mountain Day light  Time
Site Locat ion: Massachuset t s
NA D27 Lat itude: 42.6594 (42 39 34)
NA D27 Longitude: -70.6225 (-70 37 21)
NA D83 Lat itude: 42.6595 (42 39 34)
NA D83 Longitude: -70.6220 (-70 37 19)
ReachCode: 01090001001032
Measure: 2.26
Drainage A rea: 0.89 mi2 
Percent  Urban: 24.3 %
Percent  Imperv ious: 10.6 %

Basin has been edited

Low Flows Basin Character istics
100%  St at ew ide Low  Flow  (0 .89 mi2)

 Paramet er
 Value  Regression Equat ion Valid  Range

 Min  Max

 Drainage Area (square miles)  0.89 (below min value 1.61)  1.61  149

 Mean Basin Slope from 250K DEM (percent)  2.81  0.32  24.6

 Stratified Drift per Stream Length (square mile per mile)  0.0189  0  1.29

 Massachusetts Region (dimensionless)  0  0  1

Warning: Some parameters are outside the suggested range. Estimates will be extrapolations with unknown errors.

Basin has been edited

Probabi l i ty of Perennial  Flow Basin Character istics
100%  Perennial Flow  Probabilit y (0 .89 mi2)

 Paramet er
 Value  Regression Equat ion Valid  Range

 Min  Max

 Drainage Area (square miles)  0.89  0.01  1.99

 Percent Underlain By Sand And Gravel (percent)  1.80  0  100
934



9/2/2014 Streamflow Statistics Report

http://streamstatsags.cr.usgs.gov/gisimg/Reports/FlowStatsReport-1_2014929253.htm?cmd=ComputeFlows 2/2

 Percent Forest (percent)  62.10  0  100

 Massachusetts Region (dimensionless)  0  0  1

Low Flows Streamflow Statistics

St at ist ic Flow  (ft 3 / s) Pred ict ion Error (percent )
Equivalent
years o f
record

90-Percent  Pred ict ion Int erval

M in imum Maximum

 D50  0.85     
 D60  0.52     
 D70  0.25     
 D75  0.18     
 D80  0.12     
 D85  0.0855     
 D90  0.0536     
 D95  0.0287     
 D98  0.0174     
 D99  0.0119     
 M7D2Y  0.0323     
 AUGD50  0.0904     
 M7D10Y  0.00962     

The equation for estimating the probability of perennial flow is applicable for most areas of Massachusetts except eastern Buzzards Bay, Cape Cod, and the Island regions.
The estimate obtained from the equation assumes natural flow conditions at the site. The equation also is best used for sites with drainage areas between 0.01 to 1.99
mi2, as errors beyond for basins beyond these bounds are unknown.

Probabi l i ty of Perennial  Flow Statistics
St at ist ic Value St andard Error (percent )

 PROBPEREN  0.78  0.3
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Prepared in cooperation with the
Massachusetts Department of Environmental Protection
Bureau of Resource Protection
Wetlands and Waterways Program and
Massachusetts Environmental Trust

Equations for Estimating Bankfull Channel Geometry 
and Discharge for Streams in Massachusetts

Scientific Investigations Report 2013–5155

U.S. Department of the Interior
U.S. Geological Survey
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HEC-RAS  Plan: EC   River: Mill Brook   Reach: Mill Brook

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100594  5 cfs 5.00 13.20 13.90 13.71 13.95 0.005642 1.88 2.66 5.61 0.48

Mill Brook 100594  bankfull 34.00 13.20 15.15 14.46 15.34 0.004025 3.49 9.73 5.66 0.47

Mill Brook 100594  100 cfs 100.00 13.20 15.77 15.85 16.59 0.012901 7.32 14.14 11.87 0.93

Mill Brook 100594  2 low 233.00 13.20 16.66 17.01 17.75 0.012906 9.23 32.75 29.74 0.97

Mill Brook 100594  10  low 405.00 13.20 17.27 17.71 18.45 0.012907 10.35 54.41 41.82 0.99

Mill Brook 100594  100 low 670.00 13.20 17.91 18.20 19.07 0.012905 10.71 85.89 59.92 1.14

Mill Brook 100504  5 cfs 5.00 12.28 13.00 13.14 0.016213 2.99 1.67 3.76 0.79

Mill Brook 100504  bankfull 34.00 12.28 13.91 13.91 14.59 0.020876 6.62 5.13 3.81 1.01

Mill Brook 100504  100 cfs 100.00 12.28 15.34 15.16 15.72 0.005316 5.27 20.69 18.36 0.67

Mill Brook 100504  2 low 233.00 12.28 15.93 16.17 16.72 0.008704 8.07 34.80 35.42 0.90

Mill Brook 100504  10  low 405.00 12.28 16.37 16.69 17.37 0.010127 9.69 56.37 65.31 0.99

Mill Brook 100504  100 low 670.00 12.28 16.75 17.11 17.95 0.011846 11.37 86.74 90.97 1.10

Mill Brook 100492  5 cfs 5.00 12.00 12.84 12.76 12.93 0.015949 2.33 2.15 6.36 0.71

Mill Brook 100492  bankfull 34.00 12.00 14.12 13.41 14.24 0.003797 2.84 11.95 7.82 0.41

Mill Brook 100492  100 cfs 100.00 12.00 15.51 14.30 15.60 0.001557 2.73 46.17 51.38 0.28

Mill Brook 100492  2 low 233.00 12.00 14.99 15.53 16.47 0.028947 10.34 25.52 28.90 1.18

Mill Brook 100492  10  low 405.00 12.00 15.45 15.99 17.11 0.029483 11.72 43.18 48.77 1.22

Mill Brook 100492  100 low 670.00 12.00 15.88 16.48 17.68 0.029119 12.81 68.59 67.82 1.24

Mill Brook 100490  Bridge

Mill Brook 100487  5 cfs 5.00 12.00 12.59 12.59 12.72 0.029615 2.94 1.70 6.36 1.00

Mill Brook 100487  bankfull 34.00 12.00 14.13 14.22 0.001816 2.38 14.27 8.43 0.32

Mill Brook 100487  100 cfs 100.00 12.00 15.45 15.55 0.001244 2.85 47.47 50.39 0.29

Mill Brook 100487  2 low 233.00 12.00 15.51 15.50 15.98 0.005939 6.31 50.44 52.20 0.63

Mill Brook 100487  10  low 405.00 12.00 15.96 15.96 16.54 0.007006 7.50 76.76 66.15 0.70

Mill Brook 100487  100 low 670.00 12.00 16.28 16.52 17.18 0.010595 9.77 104.98 99.73 0.88

Mill Brook 100481  5 cfs 5.00 10.98 12.39 11.56 12.39 0.000042 0.19 26.86 48.00 0.04

Mill Brook 100481  bankfull 34.00 10.98 14.19 14.19 0.000016 0.29 116.38 52.73 0.03

Mill Brook 100481  100 cfs 100.00 10.98 15.52 15.52 0.000027 0.52 199.62 76.04 0.05

Mill Brook 100481  2 low 233.00 10.98 15.82 12.73 15.84 0.000107 1.08 223.54 81.58 0.10

Mill Brook 100481  10  low 405.00 10.98 16.01 13.11 16.05 0.000270 1.77 240.10 102.45 0.15

Mill Brook 100481  100 low 670.00 10.98 16.35 13.62 16.45 0.000530 2.61 280.18 128.33 0.22

Mill Brook 100451  5 cfs 5.00 10.30 12.39 12.39 0.000001 0.06 88.81 62.82 0.01

Mill Brook 100451  bankfull 34.00 10.30 14.19 14.19 0.000004 0.17 201.82 66.94 0.02

Mill Brook 100451  100 cfs 100.00 10.30 15.52 15.52 0.000009 0.33 311.37 133.65 0.03

Mill Brook 100451  2 low 233.00 10.30 15.83 15.84 0.000038 0.71 357.79 168.05 0.06

Mill Brook 100451  10  low 405.00 10.30 16.02 16.04 0.000095 1.16 392.19 189.56 0.10

Mill Brook 100451  100 low 670.00 10.30 16.39 16.43 0.000182 1.69 465.58 208.26 0.14

Mill Brook 100420  5 cfs 5.00 10.94 12.37 11.37 12.39 0.000166 1.07 4.68 3.34 0.16

Mill Brook 100420  bankfull 34.00 10.94 14.00 12.44 14.17 0.001033 3.35 10.14 3.38 0.34

Mill Brook 100420  100 cfs 100.00 10.94 15.50 14.88 15.52 0.000155 1.52 116.18 164.35 0.13

Mill Brook 100420  2 low 233.00 10.94 15.78 15.24 15.83 0.000347 2.36 163.88 174.70 0.19

Mill Brook 100420  10  low 405.00 10.94 15.92 15.49 16.03 0.000718 3.47 188.76 179.87 0.28

Mill Brook 100420  100 low 670.00 10.94 16.26 15.73 16.41 0.000906 4.07 250.13 189.25 0.31

Mill Brook 100419  Inl Struct

Mill Brook 100418  5 cfs 5.00 10.98 11.64 11.40 11.73 0.002407 2.37 2.11 3.17 0.51

Mill Brook 100418  bankfull 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.67 3.22 0.51

Mill Brook 100418  100 cfs 100.00 10.98 15.48 14.56 15.52 0.000605 2.31 94.96 160.89 0.21

Mill Brook 100418  2 low 233.00 10.98 15.75 15.47 15.82 0.001198 3.40 139.65 172.82 0.30

Mill Brook 100418  10  low 405.00 10.98 15.86 15.62 16.01 0.002514 5.02 159.47 177.86 0.44

Mill Brook 100418  100 low 670.00 10.98 16.21 15.90 16.38 0.002597 5.40 223.75 189.15 0.45

Mill Brook 100414  Bridge

Mill Brook 100409  5 cfs 5.00 10.50 11.37 11.37 11.64 0.031310 4.20 1.19 2.24 1.01

Mill Brook 100409  bankfull 34.00 10.50 12.70 12.70 13.58 0.027984 7.53 4.51 2.60 1.01

Mill Brook 100409  100 cfs 100.00 10.50 14.50 14.50 15.20 0.009331 6.70 14.92 10.87 1.01

Mill Brook 100409  2 low 233.00 10.50 15.46 15.46 15.69 0.002678 4.90 93.08 167.14 0.63

Mill Brook 100409  10  low 405.00 10.50 15.64 15.64 15.99 0.003980 6.36 124.28 170.87 0.79

Mill Brook 100409  100 low 670.00 10.50 15.90 15.90 16.34 0.004865 7.60 167.79 175.95 0.89

Mill Brook 100377  5 cfs 5.00 9.79 10.91 10.30 10.96 0.002064 1.79 2.79 2.54 0.30

Mill Brook 100377  bankfull 34.00 9.79 12.32 11.58 12.72 0.007354 5.14 6.87 7.18 0.58

Mill Brook 100377  100 cfs 100.00 9.79 12.58 13.14 14.55 0.035099 11.85 10.03 16.82 1.26

Mill Brook 100377  2 low 233.00 9.79 14.93 13.69 14.97 0.000409 1.93 171.95 129.01 0.15

Mill Brook 100377  10  low 405.00 9.79 15.36 14.31 15.41 0.000559 2.38 228.63 139.50 0.18

Mill Brook 100377  100 low 670.00 9.79 15.88 14.60 15.96 0.000681 2.79 305.18 152.30 0.20

Mill Brook 100375  Bridge

Mill Brook 100373  5 cfs 5.00 9.55 10.91 10.94 0.001368 1.54 3.24 2.80 0.25
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HEC-RAS  Plan: EC   River: Mill Brook   Reach: Mill Brook (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100373  bankfull 34.00 9.55 12.37 12.62 0.004078 4.03 8.49 6.75 0.57

Mill Brook 100373  100 cfs 100.00 9.55 12.60 13.05 14.03 0.020709 9.83 11.68 24.17 1.34

Mill Brook 100373  2 low 233.00 9.55 14.92 14.96 0.000409 2.47 171.18 129.42 0.22

Mill Brook 100373  10  low 405.00 9.55 15.34 15.40 0.000566 3.10 227.75 140.07 0.26

Mill Brook 100373  100 low 670.00 9.55 15.87 15.95 0.000692 3.69 304.44 153.08 0.29

Mill Brook 100359  5 cfs 5.00 9.97 10.66 10.63 10.88 0.017154 3.71 1.35 2.60 0.91

Mill Brook 100359  bankfull 34.00 9.97 11.96 11.96 12.50 0.010689 5.95 5.82 6.89 0.98

Mill Brook 100359  100 cfs 100.00 9.97 12.40 12.79 13.71 0.020120 10.16 15.37 37.82 1.42

Mill Brook 100359  2 low 233.00 9.97 14.94 14.95 0.000136 1.58 247.42 124.17 0.14

Mill Brook 100359  10  low 405.00 9.97 15.36 15.39 0.000236 2.22 301.99 134.26 0.18

Mill Brook 100359  100 low 670.00 9.97 15.88 15.94 0.000354 2.93 375.51 146.59 0.23

Mill Brook 100262  5 cfs 5.00 9.22 10.01 10.07 0.004514 2.00 2.50 5.51 0.52

Mill Brook 100262  bankfull 34.00 9.22 11.27 10.65 11.37 0.001578 2.59 16.66 32.07 0.39

Mill Brook 100262  100 cfs 100.00 9.22 12.45 11.56 12.48 0.000417 2.01 82.88 78.61 0.22

Mill Brook 100262  2 low 233.00 9.22 14.94 14.94 0.000046 1.04 360.12 142.81 0.08

Mill Brook 100262  10  low 405.00 9.22 15.36 15.37 0.000092 1.57 423.16 157.71 0.12

Mill Brook 100262  100 low 670.00 9.22 15.88 15.91 0.000158 2.18 510.27 176.56 0.16

Mill Brook 100239  5 cfs 5.00 9.08 9.93 9.98 0.003088 1.86 2.69 3.45 0.37

Mill Brook 100239  bankfull 34.00 9.08 11.26 11.33 0.001090 2.14 17.80 32.83 0.32

Mill Brook 100239  100 cfs 100.00 9.08 12.45 12.47 0.000219 1.46 89.80 78.81 0.16

Mill Brook 100239  2 low 233.00 9.08 14.93 14.94 0.000030 0.84 344.71 134.03 0.07

Mill Brook 100239  10  low 405.00 9.08 15.35 15.37 0.000056 1.22 402.18 138.59 0.09

Mill Brook 100239  100 low 670.00 9.08 15.87 15.91 0.000090 1.65 475.11 142.27 0.12

Mill Brook 100222  5 cfs 5.00 8.89 9.94 9.95 0.000596 0.82 6.16 8.99 0.16

Mill Brook 100222  bankfull 34.00 8.89 11.28 11.30 0.000332 1.24 36.28 40.10 0.15

Mill Brook 100222  100 cfs 100.00 8.89 12.45 12.47 0.000199 1.30 108.64 76.88 0.13

Mill Brook 100222  2 low 233.00 8.89 14.94 14.94 0.000022 0.63 395.52 147.90 0.05

Mill Brook 100222  10  low 405.00 8.89 15.36 15.37 0.000039 0.89 458.65 151.65 0.06

Mill Brook 100222  100 low 670.00 8.89 15.88 15.90 0.000060 1.16 538.72 155.51 0.08

Mill Brook 100221  5 cfs 5.00 8.90 9.94 9.95 0.000380 0.71 7.09 9.69 0.15

Mill Brook 100221  bankfull 34.00 8.90 11.28 11.30 0.000288 1.22 36.11 38.85 0.15

Mill Brook 100221  100 cfs 100.00 8.90 12.45 12.47 0.000196 1.36 105.44 73.75 0.13

Mill Brook 100221  2 low 233.00 8.90 14.94 14.94 0.000023 0.69 381.29 141.96 0.05

Mill Brook 100221  10  low 405.00 8.90 15.36 15.37 0.000042 0.97 442.84 148.54 0.07

Mill Brook 100221  100 low 670.00 8.90 15.88 15.90 0.000064 1.26 521.13 152.40 0.09

Mill Brook 100196  5 cfs 5.00 8.56 9.90 9.93 0.001812 1.41 3.76 5.45 0.24

Mill Brook 100196  bankfull 34.00 8.56 11.26 11.29 0.000708 1.45 28.83 35.41 0.17

Mill Brook 100196  100 cfs 100.00 8.56 12.44 12.46 0.000364 1.37 84.28 57.26 0.13

Mill Brook 100196  2 low 233.00 8.56 14.93 14.94 0.000062 0.81 279.14 113.00 0.06

Mill Brook 100196  10  low 405.00 8.56 15.34 15.37 0.000113 1.15 329.24 128.18 0.08

Mill Brook 100196  100 low 670.00 8.56 15.85 15.90 0.000170 1.49 399.05 144.76 0.10

Mill Brook 100188  5 cfs 5.00 9.00 9.81 9.90 0.006787 2.29 2.18 3.86 0.54

Mill Brook 100188  bankfull 34.00 9.00 11.24 11.28 0.000775 1.74 22.89 26.03 0.22

Mill Brook 100188  100 cfs 100.00 9.00 12.42 12.46 0.000419 1.76 73.01 54.25 0.18

Mill Brook 100188  2 low 233.00 9.00 14.93 14.94 0.000067 1.05 256.99 105.72 0.08

Mill Brook 100188  10  low 405.00 9.00 15.34 15.36 0.000125 1.50 303.48 121.32 0.11

Mill Brook 100188  100 low 670.00 9.00 15.84 15.90 0.000192 1.96 370.15 141.18 0.14

Mill Brook 100166  5 cfs 5.00 8.70 9.47 9.47 9.64 0.020775 3.39 1.48 4.55 1.04

Mill Brook 100166  bankfull 34.00 8.70 11.20 11.26 0.000858 2.34 17.88 13.39 0.29

Mill Brook 100166  100 cfs 100.00 8.70 12.39 12.44 0.000488 2.39 53.81 39.05 0.23

Mill Brook 100166  2 low 233.00 8.70 14.92 14.94 0.000081 1.43 220.66 102.80 0.10

Mill Brook 100166  10  low 405.00 8.70 15.32 15.36 0.000156 2.08 265.35 119.46 0.15

Mill Brook 100166  100 low 670.00 8.70 15.82 15.89 0.000250 2.77 330.31 141.02 0.19

Mill Brook 100135  5 cfs 5.00 7.30 8.93 8.07 8.98 0.001710 1.78 2.81 1.95 0.26

Mill Brook 100135  bankfull 34.00 7.30 11.18 11.24 0.000717 1.91 17.41 10.50 0.20

Mill Brook 100135  100 cfs 100.00 7.30 12.30 12.42 0.000803 2.58 36.71 20.54 0.32

Mill Brook 100135  2 low 233.00 7.30 14.90 14.93 0.000138 1.84 171.70 89.20 0.15

Mill Brook 100135  10  low 405.00 7.30 15.28 15.35 0.000255 2.64 208.89 105.53 0.21

Mill Brook 100135  100 low 670.00 7.30 15.76 15.87 0.000374 3.40 265.53 128.96 0.25

Mill Brook 100103  5 cfs 5.00 7.20 8.26 8.26 8.79 0.035657 5.81 0.86 0.83 1.01

Mill Brook 100103  bankfull 34.00 7.20 10.64 10.64 11.14 0.010866 5.63 6.04 6.57 1.03

Mill Brook 100103  100 cfs 100.00 7.20 11.59 11.59 12.30 0.006906 6.89 14.82 10.48 0.90

Mill Brook 100103  2 low 233.00 7.20 14.84 14.92 0.000308 2.83 127.52 94.49 0.24

Mill Brook 100103  10  low 405.00 7.20 15.16 15.33 0.000606 4.17 161.15 110.80 0.34

Mill Brook 100103  100 low 670.00 7.20 15.57 15.84 0.000991 5.64 209.47 128.64 0.45

Mill Brook 100088  5 cfs 5.00 6.95 7.31 7.47 7.86 0.130999 5.91 0.85 3.61 2.15

Mill Brook 100088  bankfull 34.00 6.95 7.75 8.41 10.49 0.171734 13.29 2.56 4.32 3.04

Mill Brook 100088  100 cfs 100.00 6.95 8.63 9.52 11.82 0.064850 14.34 6.97 5.61 2.27
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HEC-RAS  Plan: EC   River: Mill Brook   Reach: Mill Brook (Continued)

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100088  2 low 233.00 6.95 14.77 11.14 14.91 0.000511 3.60 106.33 105.18 0.23

Mill Brook 100088  10  low 405.00 6.95 15.10 14.66 15.31 0.000837 4.75 145.90 128.62 0.30

Mill Brook 100088  100 low 670.00 6.95 15.58 15.15 15.81 0.000952 5.27 213.02 153.10 0.33

Mill Brook 100063  Bridge

Mill Brook 100037  5 cfs 5.00 5.33 5.67 5.73 5.88 0.089362 3.71 1.35 6.95 1.48

Mill Brook 100037  bankfull 34.00 5.33 6.02 6.32 6.97 0.146041 7.83 4.34 10.45 2.14

Mill Brook 100037  100 cfs 100.00 5.33 6.32 6.83 8.49 0.273609 11.83 8.45 17.61 3.01

Mill Brook 100037  2 low 233.00 5.33 6.48 7.29 12.77 0.712197 20.14 11.57 22.27 4.92

Mill Brook 100037  10  low 405.00 5.33 6.75 7.75 13.45 0.491281 21.14 20.58 38.99 4.34

Mill Brook 100037  100 low 670.00 5.33 7.07 8.34 14.04 0.334410 22.17 33.18 39.96 3.80

Mill Brook 100000  5 cfs 5.00 2.88 3.37 3.38 3.47 0.048566 2.58 2.02 14.33 1.07

Mill Brook 100000  bankfull 34.00 2.88 3.67 3.73 3.88 0.047784 4.09 9.78 38.02 1.19

Mill Brook 100000  100 cfs 100.00 2.88 3.93 4.02 4.23 0.051431 4.74 23.27 64.70 1.28

Mill Brook 100000  2 low 233.00 2.88 4.14 4.31 4.70 0.075402 6.77 39.68 93.84 1.61

Mill Brook 100000  10  low 405.00 2.88 4.29 4.58 5.18 0.089833 8.76 56.02 112.76 1.84

Mill Brook 100000  100 low 670.00 2.88 4.46 4.87 5.81 0.109433 11.09 75.77 132.06 2.10
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HEC-RAS   River: Mill Brook   Reach: Mill Brook    Profile: bankfull

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100594  bankfull ProCond 5' Chnl 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull ProCond 10' Chnl 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull ProCond 20' Chnl 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100504  bankfull ProCond 5' Chnl 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull ProCond 10' Chnl 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull ProCond 20' Chnl 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100492  bankfull ProCond 5' Chnl 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull ProCond 10' Chnl 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull ProCond 20' Chnl 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100490  Bridge

Mill Brook 100487  bankfull ProCond 5' Chnl 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.38 8.40 0.60

Mill Brook 100487  bankfull ProCond 10' Chnl 34.00 12.00 13.55 13.22 13.75 0.007012 3.62 9.39 8.40 0.60

Mill Brook 100487  bankfull ProCond 20' Chnl 34.00 12.00 13.55 13.22 13.75 0.007012 3.62 9.39 8.40 0.60

Mill Brook 100481  bankfull ProCond 5' Chnl 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull ProCond 10' Chnl 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull ProCond 20' Chnl 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100451  bankfull ProCond 5' Chnl 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  bankfull ProCond 10' Chnl 34.00 10.30 13.69 13.69 0.000006 0.20 170.23 62.87 0.02

Mill Brook 100451  bankfull ProCond 20' Chnl 34.00 10.30 13.69 13.69 0.000006 0.20 170.23 62.87 0.02

Mill Brook 100420  bankfull ProCond 5' Chnl 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull ProCond 10' Chnl 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull ProCond 20' Chnl 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100419  Inl Struct

Mill Brook 100418  bankfull ProCond 5' Chnl 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.66 3.22 0.51

Mill Brook 100418  bankfull ProCond 10' Chnl 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.67 3.22 0.51

Mill Brook 100418  bankfull ProCond 20' Chnl 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.67 3.22 0.51

Mill Brook 100414  Bridge

Mill Brook 100409  bankfull ProCond 5' Chnl 34.00 10.50 12.70 12.70 13.58 0.027899 7.53 4.52 2.60 1.01

Mill Brook 100409  bankfull ProCond 10' Chnl 34.00 10.50 12.70 12.70 13.58 0.028066 7.54 4.51 2.60 1.01

Mill Brook 100409  bankfull ProCond 20' Chnl 34.00 10.50 12.70 12.70 13.58 0.028066 7.54 4.51 2.60 1.01

Mill Brook 100359  bankfull ProCond 5' Chnl 34.00 10.24 11.56 11.25 11.78 0.007113 3.73 9.21 8.98 0.62

Mill Brook 100359  bankfull ProCond 10' Chnl 34.00 10.24 11.19 10.93 11.35 0.007032 3.12 10.89 12.87 0.60

Mill Brook 100359  bankfull ProCond 20' Chnl 34.00 10.24 10.90 10.68 10.99 0.006467 2.48 13.73 21.97 0.55

Mill Brook 100262  bankfull ProCond 5' Chnl 34.00 9.22 10.23 10.23 10.65 0.020642 5.18 6.57 7.99 1.01

Mill Brook 100262  bankfull ProCond 10' Chnl 34.00 9.22 9.91 9.91 10.22 0.021575 4.50 7.55 12.03 1.00

Mill Brook 100262  bankfull ProCond 20' Chnl 34.00 9.22 9.66 9.66 9.88 0.024205 3.73 9.12 21.31 1.00

Mill Brook 100135  bankfull ProCond 5' Chnl 34.00 7.44 9.05 8.49 9.18 0.004226 2.96 11.49 9.67 0.48

Mill Brook 100135  bankfull ProCond 10' Chnl 34.00 7.44 8.66 8.16 8.76 0.003310 2.44 13.96 13.52 0.42

Mill Brook 100135  bankfull ProCond 20' Chnl 34.00 7.44 9.00 7.91 9.02 0.000370 1.00 34.07 24.55 0.15

Mill Brook 100103  bankfull ProCond 5' Chnl 34.00 7.21 8.96 9.06 0.002757 2.54 13.41 10.29 0.39

Mill Brook 100103  bankfull ProCond 10' Chnl 34.00 7.21 8.61 8.67 0.001886 2.01 16.90 14.21 0.33

Mill Brook 100103  bankfull ProCond 20' Chnl 34.00 7.21 9.00 9.01 0.000217 0.84 40.61 25.39 0.12

Mill Brook 100088  bankfull ProCond 5' Chnl 34.00 6.95 8.49 8.41 8.95 0.010664 5.45 6.24 5.53 0.90

Mill Brook 100088  bankfull ProCond 10' Chnl 34.00 6.96 8.56 7.85 8.64 0.001891 2.21 15.41 12.91 0.36

Mill Brook 100088  bankfull ProCond 20' Chnl 34.00 6.95 8.49 8.41 8.95 0.010664 5.45 6.24 5.53 0.90

Mill Brook 100063  Bridge

Mill Brook 100037  bankfull ProCond 5' Chnl 34.00 5.33 6.02 6.32 6.97 0.146041 7.83 4.34 10.45 2.14

Mill Brook 100037  bankfull ProCond 10' Chnl 34.00 5.33 6.02 6.32 6.98 0.148927 7.90 4.30 10.38 2.16

Mill Brook 100037  bankfull ProCond 20' Chnl 34.00 5.33 6.02 6.32 6.97 0.146041 7.83 4.34 10.45 2.14

Mill Brook 100000  bankfull ProCond 5' Chnl 34.00 2.88 3.67 3.73 3.88 0.048111 4.10 9.75 37.94 1.20

Mill Brook 100000  bankfull ProCond 10' Chnl 34.00 2.88 3.67 3.73 3.88 0.047785 4.09 9.78 38.02 1.19

Mill Brook 100000  bankfull ProCond 20' Chnl 34.00 2.88 3.67 3.73 3.88 0.048111 4.10 9.75 37.94 1.20
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HEC-RAS   River: Mill Brook   Reach: Mill Brook

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100594  bankfull ProCond 5' Chnl 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull PC 5'Chnl 10'Cul 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull PC 10'Chnl 15'Cu 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull PC 10'Chnl 20'Cu 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  25 low ProCond 5' Chnl 520.00 13.20 17.56 17.89 18.79 0.012901 10.86 67.60 47.70 0.99

Mill Brook 100594  25 low PC 5'Chnl 10'Cul 520.00 13.20 17.56 17.89 18.79 0.012901 10.86 67.60 47.70 0.99

Mill Brook 100594  25 low PC 10'Chnl 15'Cu 520.00 13.20 17.56 17.89 18.79 0.012901 10.86 67.60 47.70 0.99

Mill Brook 100594  25 low PC 10'Chnl 20'Cu 520.00 13.20 17.56 17.89 18.79 0.012901 10.86 67.60 47.70 0.99

Mill Brook 100504  bankfull ProCond 5' Chnl 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull PC 5'Chnl 10'Cul 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull PC 10'Chnl 15'Cu 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull PC 10'Chnl 20'Cu 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  25 low ProCond 5' Chnl 520.00 12.28 16.54 16.90 17.67 0.011301 10.64 68.98 78.57 1.06

Mill Brook 100504  25 low PC 5'Chnl 10'Cul 520.00 12.28 16.54 16.90 17.67 0.011301 10.64 68.98 78.57 1.06

Mill Brook 100504  25 low PC 10'Chnl 15'Cu 520.00 12.28 16.54 16.90 17.67 0.011301 10.64 68.98 78.57 1.06

Mill Brook 100504  25 low PC 10'Chnl 20'Cu 520.00 12.28 16.54 16.90 17.67 0.011301 10.64 68.98 78.57 1.06

Mill Brook 100492  bankfull ProCond 5' Chnl 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull PC 5'Chnl 10'Cul 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull PC 10'Chnl 15'Cu 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull PC 10'Chnl 20'Cu 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  25 low ProCond 5' Chnl 520.00 12.00 15.66 16.25 17.40 0.029577 12.30 54.32 57.90 1.24

Mill Brook 100492  25 low PC 5'Chnl 10'Cul 520.00 12.00 15.66 16.25 17.40 0.029577 12.30 54.32 57.90 1.24

Mill Brook 100492  25 low PC 10'Chnl 15'Cu 520.00 12.00 15.66 16.25 17.40 0.029577 12.30 54.32 57.90 1.24

Mill Brook 100492  25 low PC 10'Chnl 20'Cu 520.00 12.00 15.66 16.25 17.40 0.029577 12.30 54.32 57.90 1.24

Mill Brook 100490  Bridge

Mill Brook 100487  bankfull ProCond 5' Chnl 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.38 8.40 0.60

Mill Brook 100487  bankfull PC 5'Chnl 10'Cul 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.38 8.40 0.60

Mill Brook 100487  bankfull PC 10'Chnl 15'Cu 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.38 8.40 0.60

Mill Brook 100487  bankfull PC 10'Chnl 20'Cu 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.38 8.40 0.60

Mill Brook 100487  25 low ProCond 5' Chnl 520.00 12.00 15.99 16.31 16.90 0.010883 9.40 78.74 67.08 0.88

Mill Brook 100487  25 low PC 5'Chnl 10'Cul 520.00 12.00 15.99 16.31 16.90 0.010883 9.40 78.74 67.08 0.88

Mill Brook 100487  25 low PC 10'Chnl 15'Cu 520.00 12.00 15.99 16.31 16.90 0.010883 9.40 78.74 67.08 0.88

Mill Brook 100487  25 low PC 10'Chnl 20'Cu 520.00 12.00 15.99 16.31 16.90 0.010883 9.40 78.74 67.08 0.88

Mill Brook 100481  bankfull ProCond 5' Chnl 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull PC 5'Chnl 10'Cul 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull PC 10'Chnl 15'Cu 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull PC 10'Chnl 20'Cu 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  25 low ProCond 5' Chnl 520.00 10.98 16.21 13.34 16.27 0.000369 2.13 262.03 117.33 0.18

Mill Brook 100481  25 low PC 5'Chnl 10'Cul 520.00 10.98 16.21 13.34 16.27 0.000369 2.13 262.03 117.33 0.18

Mill Brook 100481  25 low PC 10'Chnl 15'Cu 520.00 10.98 16.21 13.34 16.27 0.000369 2.13 261.85 117.21 0.18

Mill Brook 100481  25 low PC 10'Chnl 20'Cu 520.00 10.98 16.20 13.34 16.27 0.000372 2.14 260.97 116.65 0.18

Mill Brook 100451  bankfull ProCond 5' Chnl 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  bankfull PC 5'Chnl 10'Cul 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  bankfull PC 10'Chnl 15'Cu 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  bankfull PC 10'Chnl 20'Cu 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  25 low ProCond 5' Chnl 520.00 10.30 16.23 16.26 0.000128 1.39 432.91 202.46 0.11

Mill Brook 100451  25 low PC 5'Chnl 10'Cul 520.00 10.30 16.23 16.26 0.000128 1.39 432.91 202.46 0.11

Mill Brook 100451  25 low PC 10'Chnl 15'Cu 520.00 10.30 16.23 16.25 0.000128 1.39 432.60 202.39 0.11

Mill Brook 100451  25 low PC 10'Chnl 20'Cu 520.00 10.30 16.22 16.25 0.000129 1.39 431.09 202.03 0.11

Mill Brook 100420  bankfull ProCond 5' Chnl 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull PC 5'Chnl 10'Cul 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull PC 10'Chnl 15'Cu 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull PC 10'Chnl 20'Cu 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  25 low ProCond 5' Chnl 520.00 10.94 16.22 12.92 16.25 0.000195 1.76 383.06 188.36 0.14

Mill Brook 100420  25 low PC 5'Chnl 10'Cul 520.00 10.94 16.22 12.92 16.25 0.000195 1.76 383.06 188.36 0.14

Mill Brook 100420  25 low PC 10'Chnl 15'Cu 520.00 10.94 16.22 12.92 16.25 0.000196 1.77 382.77 188.32 0.14

Mill Brook 100420  25 low PC 10'Chnl 20'Cu 520.00 10.94 16.21 12.92 16.24 0.000197 1.77 381.34 188.12 0.14

Mill Brook 100419  Inl Struct

Mill Brook 100418  bankfull ProCond 5' Chnl 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.66 3.22 0.51

Mill Brook 100418  bankfull PC 5'Chnl 10'Cul 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.66 3.22 0.51

Mill Brook 100418  bankfull PC 10'Chnl 15'Cu 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.66 3.22 0.51

Mill Brook 100418  bankfull PC 10'Chnl 20'Cu 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.66 3.22 0.51

Mill Brook 100418  25 low ProCond 5' Chnl 520.00 10.98 16.10 15.74 16.24 0.002054 4.72 204.00 186.33 0.40

Mill Brook 100418  25 low PC 5'Chnl 10'Cul 520.00 10.98 16.10 15.74 16.24 0.002054 4.72 204.00 186.33 0.40

Mill Brook 100418  25 low PC 10'Chnl 15'Cu 520.00 10.98 16.10 15.74 16.23 0.002062 4.73 203.71 186.29 0.40

Mill Brook 100418  25 low PC 10'Chnl 20'Cu 520.00 10.98 16.10 15.74 16.23 0.002105 4.77 202.28 186.09 0.41

Mill Brook 100414  Bridge

Mill Brook 100409  bankfull ProCond 5' Chnl 34.00 10.50 12.70 12.70 13.58 0.027899 7.53 4.52 2.60 1.01

Mill Brook 100409  bankfull PC 5'Chnl 10'Cul 34.00 10.50 12.70 12.70 13.58 0.027916 7.53 4.52 2.60 1.01

Mill Brook 100409  bankfull PC 10'Chnl 15'Cu 34.00 10.50 12.70 12.70 13.58 0.027916 7.53 4.52 2.60 1.01

Mill Brook 100409  bankfull PC 10'Chnl 20'Cu 34.00 10.50 12.70 12.70 13.58 0.027916 7.53 4.52 2.60 1.01

Mill Brook 100409  25 low ProCond 5' Chnl 520.00 10.50 15.76 15.76 16.15 0.004470 6.99 143.76 173.17 0.84

Mill Brook 100409  25 low PC 5'Chnl 10'Cul 520.00 10.50 15.76 15.76 16.15 0.004470 6.99 143.76 173.17 0.84

Mill Brook 100409  25 low PC 10'Chnl 15'Cu 520.00 10.50 15.76 15.76 16.15 0.004392 6.94 144.71 173.28 0.83

Mill Brook 100409  25 low PC 10'Chnl 20'Cu 520.00 10.50 15.81 15.81 16.15 0.003748 6.51 153.42 174.29 0.77

Mill Brook 100359  bankfull ProCond 5' Chnl 34.00 10.24 11.56 11.25 11.78 0.007113 3.73 9.21 8.98 0.62

Mill Brook 100359  bankfull PC 5'Chnl 10'Cul 34.00 10.24 11.56 11.25 11.77 0.007209 3.74 9.17 8.96 0.62
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HEC-RAS   River: Mill Brook   Reach: Mill Brook (Continued)

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100359  bankfull PC 10'Chnl 15'Cu 34.00 10.24 11.56 11.25 11.77 0.007185 3.74 9.18 8.97 0.62

Mill Brook 100359  bankfull PC 10'Chnl 20'Cu 34.00 10.24 11.56 11.25 11.77 0.007185 3.74 9.18 8.97 0.62

Mill Brook 100359  25 low ProCond 5' Chnl 520.00 10.24 15.60 13.53 15.64 0.000216 1.79 336.95 139.91 0.14

Mill Brook 100359  25 low PC 5'Chnl 10'Cul 520.00 10.24 15.49 13.53 15.53 0.000246 1.88 321.38 137.26 0.15

Mill Brook 100359  25 low PC 10'Chnl 15'Cu 520.00 10.24 14.49 13.53 14.60 0.000964 3.22 196.64 112.61 0.28

Mill Brook 100359  25 low PC 10'Chnl 20'Cu 520.00 10.24 12.96 13.53 15.48 0.038694 14.85 50.07 78.37 1.65

Mill Brook 100262  bankfull ProCond 5' Chnl 34.00 9.22 10.23 10.23 10.65 0.020642 5.18 6.57 7.99 1.01

Mill Brook 100262  bankfull PC 5'Chnl 10'Cul 34.00 9.22 10.23 10.23 10.65 0.020642 5.18 6.57 7.99 1.01

Mill Brook 100262  bankfull PC 10'Chnl 15'Cu 34.00 9.22 10.23 10.23 10.65 0.020642 5.18 6.57 7.99 1.01

Mill Brook 100262  bankfull PC 10'Chnl 20'Cu 34.00 9.22 10.23 10.23 10.65 0.020642 5.18 6.57 7.99 1.01

Mill Brook 100262  25 low ProCond 5' Chnl 520.00 9.22 15.59 15.62 0.000139 1.62 407.64 166.25 0.11

Mill Brook 100262  25 low PC 5'Chnl 10'Cul 520.00 9.22 15.48 15.51 0.000157 1.70 388.95 162.15 0.12

Mill Brook 100262  25 low PC 10'Chnl 15'Cu 520.00 9.22 14.44 14.52 0.000566 2.85 239.63 128.96 0.22

Mill Brook 100262  25 low PC 10'Chnl 20'Cu 520.00 9.22 13.27 13.35 13.83 0.005132 7.18 104.73 103.05 0.65

Mill Brook 100135  bankfull ProCond 5' Chnl 34.00 7.44 9.05 8.49 9.18 0.004226 2.96 11.49 9.67 0.48

Mill Brook 100135  bankfull PC 5'Chnl 10'Cul 34.00 7.44 8.81 8.49 9.02 0.007674 3.66 9.30 8.96 0.63

Mill Brook 100135  bankfull PC 10'Chnl 15'Cu 34.00 7.44 8.82 8.49 9.03 0.007448 3.62 9.39 9.00 0.62

Mill Brook 100135  bankfull PC 10'Chnl 20'Cu 34.00 7.44 8.82 8.49 9.03 0.007429 3.62 9.40 9.00 0.62

Mill Brook 100135  25 low ProCond 5' Chnl 520.00 7.44 15.54 15.60 0.000158 1.94 293.56 118.32 0.12

Mill Brook 100135  25 low PC 5'Chnl 10'Cul 520.00 7.44 15.43 15.48 0.000179 2.04 279.77 112.53 0.13

Mill Brook 100135  25 low PC 10'Chnl 15'Cu 520.00 7.44 14.29 14.44 0.000583 3.30 177.61 73.55 0.23

Mill Brook 100135  25 low PC 10'Chnl 20'Cu 520.00 7.44 12.57 11.64 13.15 0.003110 6.14 87.40 32.24 0.51

Mill Brook 100103  bankfull ProCond 5' Chnl 34.00 7.21 8.96 9.06 0.002757 2.54 13.41 10.29 0.39

Mill Brook 100103  bankfull PC 5'Chnl 10'Cul 34.00 7.21 8.25 8.22 8.63 0.018937 5.00 6.80 8.13 0.96

Mill Brook 100103  bankfull PC 10'Chnl 15'Cu 34.00 7.21 8.22 8.22 8.63 0.020520 5.14 6.61 8.06 1.00

Mill Brook 100103  bankfull PC 10'Chnl 20'Cu 34.00 7.21 8.22 8.22 8.63 0.020655 5.15 6.60 8.06 1.00

Mill Brook 100103  25 low ProCond 5' Chnl 520.00 7.21 15.51 15.59 0.000261 2.52 270.58 125.95 0.16

Mill Brook 100103  25 low PC 5'Chnl 10'Cul 520.00 7.21 15.38 15.47 0.000295 2.65 255.06 120.38 0.17

Mill Brook 100103  25 low PC 10'Chnl 15'Cu 520.00 7.21 14.17 14.41 0.000831 3.96 145.63 57.15 0.28

Mill Brook 100103  25 low PC 10'Chnl 20'Cu 520.00 7.21 12.13 13.00 0.004956 7.50 71.53 27.27 0.63

Mill Brook 100088  bankfull ProCond 5' Chnl 34.00 6.95 8.49 8.41 8.95 0.010664 5.45 6.24 5.53 0.90

Mill Brook 100088  bankfull PC 5'Chnl 10'Cul 34.00 6.96 8.33 7.85 8.45 0.003482 2.71 12.54 12.09 0.47

Mill Brook 100088  bankfull PC 10'Chnl 15'Cu 34.00 6.96 8.40 7.78 8.45 0.001879 1.79 19.03 21.12 0.33

Mill Brook 100088  bankfull PC 10'Chnl 20'Cu 34.00 6.96 8.32 7.78 8.38 0.002456 1.97 17.27 20.22 0.38

Mill Brook 100088  25 low ProCond 5' Chnl 520.00 6.95 15.36 14.91 15.57 0.000855 4.91 180.14 141.50 0.31

Mill Brook 100088  25 low PC 5'Chnl 10'Cul 520.00 6.96 15.39 11.01 15.46 0.000198 2.54 252.21 142.90 0.16

Mill Brook 100088  25 low PC 10'Chnl 15'Cu 520.00 6.96 14.21 10.09 14.38 0.000450 3.31 163.92 60.69 0.23

Mill Brook 100088  25 low PC 10'Chnl 20'Cu 520.00 6.96 12.48 10.09 12.80 0.001272 4.55 115.49 24.49 0.36

Mill Brook 100063  Bridge

Mill Brook 100037  bankfull ProCond 5' Chnl 34.00 5.33 6.02 6.32 6.97 0.146041 7.83 4.34 10.45 2.14

Mill Brook 100037  bankfull PC 5'Chnl 10'Cul 34.00 5.33 6.17 6.32 6.64 0.063496 5.49 6.19 13.59 1.43

Mill Brook 100037  bankfull PC 10'Chnl 15'Cu 34.00 5.33 6.33 6.33 6.57 0.030607 3.96 8.58 17.81 1.01

Mill Brook 100037  bankfull PC 10'Chnl 20'Cu 34.00 5.33 6.33 6.33 6.57 0.030607 3.96 8.58 17.81 1.01

Mill Brook 100037  25 low ProCond 5' Chnl 520.00 5.33 6.86 8.02 14.43 0.472771 22.76 24.90 39.32 4.36

Mill Brook 100037  25 low PC 5'Chnl 10'Cul 520.00 5.33 6.90 8.02 13.75 0.410878 21.74 26.13 39.42 4.08

Mill Brook 100037  25 low PC 10'Chnl 15'Cu 520.00 5.33 8.02 8.02 8.87 0.018092 7.88 72.16 42.84 0.98

Mill Brook 100037  25 low PC 10'Chnl 20'Cu 520.00 5.33 7.24 8.02 10.11 0.114885 14.32 39.86 40.47 2.28

Mill Brook 100000  bankfull ProCond 5' Chnl 34.00 2.88 3.67 3.73 3.88 0.048111 4.10 9.75 37.94 1.20

Mill Brook 100000  bankfull PC 5'Chnl 10'Cul 34.00 2.88 3.61 3.73 3.97 0.080773 5.27 7.66 32.01 1.55

Mill Brook 100000  bankfull PC 10'Chnl 15'Cu 34.00 2.88 3.53 3.73 4.23 0.186077 7.18 5.50 26.77 2.29

Mill Brook 100000  bankfull PC 10'Chnl 20'Cu 34.00 2.88 3.53 3.73 4.23 0.186077 7.18 5.50 26.77 2.29

Mill Brook 100000  25 low ProCond 5' Chnl 520.00 2.88 4.37 4.71 5.48 0.101376 9.93 64.51 121.43 1.98

Mill Brook 100000  25 low PC 5'Chnl 10'Cul 520.00 2.88 4.37 4.71 5.46 0.098269 9.83 65.27 122.17 1.96

Mill Brook 100000  25 low PC 10'Chnl 15'Cu 520.00 2.88 4.14 4.71 6.89 0.362301 14.95 40.21 94.51 3.54

Mill Brook 100000  25 low PC 10'Chnl 20'Cu 520.00 2.88 4.36 4.71 5.51 0.106288 10.09 63.38 120.32 2.03
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HEC-RAS   River: Mill Brook   Reach: Mill Brook    Profile: bankfull

Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  

Mill Brook 100594  bankfull EC 13 blocked 34.00 13.20 15.15 14.46 15.34 0.004036 3.50 9.72 5.66 0.47

Mill Brook 100594  bankfull EC 23 blocked 34.00 13.20 15.06 14.46 15.27 0.004825 3.70 9.19 5.66 0.51

Mill Brook 100504  bankfull EC 13 blocked 34.00 12.28 13.91 13.91 14.59 0.020869 6.62 5.14 3.81 1.01

Mill Brook 100504  bankfull EC 23 blocked 34.00 12.28 14.30 14.67 0.009014 4.99 7.12 6.81 0.67

Mill Brook 100492  bankfull EC 13 blocked 34.00 12.00 13.14 13.41 14.10 0.096384 7.90 4.31 7.75 1.87

Mill Brook 100492  bankfull EC 23 blocked 34.00 12.00 14.46 13.41 14.54 0.001995 2.31 14.98 12.70 0.30

Mill Brook 100490  Bridge

Mill Brook 100487  bankfull EC 13 blocked 34.00 12.00 13.55 13.22 13.75 0.007013 3.62 9.39 8.40 0.60

Mill Brook 100487  bankfull EC 23 blocked 34.00 12.00 14.46 14.52 0.001023 1.99 17.09 8.44 0.25

Mill Brook 100481  bankfull EC 13 blocked 34.00 10.98 13.69 12.04 13.69 0.000036 0.37 91.02 49.72 0.05

Mill Brook 100481  bankfull EC 23 blocked 34.00 10.98 14.50 14.50 0.000010 0.26 133.29 54.40 0.03

Mill Brook 100451  bankfull EC 13 blocked 34.00 10.30 13.69 13.69 0.000006 0.20 170.22 62.87 0.02

Mill Brook 100451  bankfull EC 23 blocked 34.00 10.30 14.50 14.50 0.000003 0.15 223.04 67.57 0.01

Mill Brook 100420  bankfull EC 13 blocked 34.00 10.94 13.68 11.41 13.69 0.000017 0.33 108.67 46.36 0.04

Mill Brook 100420  bankfull EC 23 blocked 34.00 10.94 14.50 11.41 14.50 0.000006 0.24 148.79 52.51 0.02

Mill Brook 100419  Inl Struct

Mill Brook 100418  bankfull EC 13 blocked 34.00 10.98 13.38 12.50 13.69 0.004531 4.44 7.67 3.22 0.51

Mill Brook 100418  bankfull EC 23 blocked 34.00 10.98 14.39 12.50 14.50 0.001352 2.76 13.51 10.08 0.30

Mill Brook 100414  Bridge

Mill Brook 100409  bankfull EC 13 blocked 34.00 10.50 12.70 12.70 13.58 0.027984 7.53 4.51 2.60 1.01

Mill Brook 100409  bankfull EC 23 blocked 34.00 10.50 14.32 14.43 0.001559 2.59 13.10 9.85 0.40

Mill Brook 100377  bankfull EC 13 blocked 34.00 9.79 12.32 11.58 12.72 0.007354 5.14 6.87 7.18 0.58

Mill Brook 100377  bankfull EC 23 blocked 34.00 9.79 14.39 11.58 14.39 0.000032 0.50 105.81 114.05 0.04

Mill Brook 100375  Bridge

Mill Brook 100373  bankfull EC 13 blocked 34.00 9.55 12.37 12.62 0.004078 4.03 8.49 6.75 0.57

Mill Brook 100373  bankfull EC 23 blocked 34.00 9.55 14.39 14.39 0.000030 0.61 106.01 114.64 0.06

Mill Brook 100359  bankfull EC 13 blocked 34.00 9.97 11.96 11.96 12.50 0.010689 5.95 5.82 6.89 0.98

Mill Brook 100359  bankfull EC 23 blocked 34.00 9.97 14.39 14.39 0.000007 0.32 183.47 110.02 0.03

Mill Brook 100262  bankfull EC 13 blocked 34.00 9.22 11.27 10.65 11.37 0.001578 2.59 16.66 32.07 0.39

Mill Brook 100262  bankfull EC 23 blocked 34.00 9.22 14.39 14.39 0.000002 0.19 286.49 127.50 0.02

Mill Brook 100239  bankfull EC 13 blocked 34.00 9.08 11.26 11.33 0.001090 2.14 17.80 32.83 0.32

Mill Brook 100239  bankfull EC 23 blocked 34.00 9.08 14.39 14.39 0.000001 0.16 276.41 116.98 0.01

Mill Brook 100222  bankfull EC 13 blocked 34.00 8.89 11.28 11.30 0.000332 1.24 36.28 40.10 0.15

Mill Brook 100222  bankfull EC 23 blocked 34.00 8.89 14.39 14.39 0.000001 0.12 317.45 138.52 0.01

Mill Brook 100221  bankfull EC 13 blocked 34.00 8.90 11.28 11.30 0.000288 1.22 36.11 38.85 0.15

Mill Brook 100221  bankfull EC 23 blocked 34.00 8.90 14.39 14.39 0.000001 0.14 306.35 133.23 0.01

Mill Brook 100196  bankfull EC 13 blocked 34.00 8.56 11.26 11.29 0.000708 1.45 28.83 35.41 0.17

Mill Brook 100196  bankfull EC 23 blocked 34.00 8.56 14.39 14.39 0.000003 0.15 223.61 93.33 0.01

Mill Brook 100188  bankfull EC 13 blocked 34.00 9.00 11.24 11.28 0.000775 1.74 22.89 26.03 0.22

Mill Brook 100188  bankfull EC 23 blocked 34.00 9.00 14.39 14.39 0.000003 0.20 205.19 87.92 0.02

Mill Brook 100166  bankfull EC 13 blocked 34.00 8.70 11.20 11.26 0.000858 2.34 17.88 13.39 0.29

Mill Brook 100166  bankfull EC 23 blocked 34.00 8.70 14.39 14.39 0.000003 0.27 171.04 84.99 0.02

Mill Brook 100135  bankfull EC 13 blocked 34.00 7.30 11.18 11.24 0.000717 1.91 17.41 10.50 0.20

Mill Brook 100135  bankfull EC 23 blocked 34.00 7.30 14.39 14.39 0.000006 0.35 129.84 76.09 0.03

Mill Brook 100103  bankfull EC 13 blocked 34.00 7.20 10.64 10.64 11.14 0.010866 5.63 6.04 6.57 1.03

Mill Brook 100103  bankfull EC 23 blocked 34.00 7.20 14.39 14.39 0.000012 0.51 90.67 69.41 0.05

Mill Brook 100088  bankfull EC 13 blocked 34.00 6.95 7.75 8.41 10.49 0.171734 13.29 2.56 4.32 3.04

Mill Brook 100088  bankfull EC 23 blocked 34.00 6.95 14.38 8.41 14.39 0.000020 0.69 71.62 74.95 0.05

Mill Brook 100063  Bridge

Mill Brook 100037  bankfull EC 13 blocked 34.00 5.33 6.02 6.32 6.97 0.146042 7.83 4.34 10.45 2.14

Mill Brook 100037  bankfull EC 23 blocked 34.00 5.33 5.77 6.32 9.99 1.179689 16.49 2.06 7.81 5.66

Mill Brook 100000  bankfull EC 13 blocked 34.00 2.88 3.67 3.73 3.88 0.047783 4.09 9.78 38.02 1.19

Mill Brook 100000  bankfull EC 23 blocked 34.00 2.88 3.67 3.73 3.88 0.047887 4.09 9.77 38.00 1.20
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Plan: PC 5'Chnl 10'Cul    Mill Brook    Mill Brook  RS: 100063       Profile: 25 low

 E.G. US. (ft) 15.46  Element Inside BR US Inside BR DS

 W.S. US. (ft) 15.39  E.G. Elev (ft) 15.42 13.97 

 Q Total (cfs) 520.00  W.S. Elev (ft) 14.95 8.20 

 Q Bridge (cfs) 133.59  Crit W.S. (ft) 14.95 9.86 

 Q Weir (cfs)   Max Chl Dpth (ft) 7.99 2.87 

 Weir Sta Lft (ft)   Vel Total (ft/s) 5.07 19.27 

 Weir Sta Rgt (ft)   Flow Area (sq ft) 102.65 26.99 

 Weir Submerg    Froude # Chl  0.34 2.00 

 Weir Max Depth (ft)   Specif Force (cu ft) 291.34 346.52 

 Min El Weir Flow (ft) 14.11  Hydr Depth (ft) 0.86 2.62 

 Min El Prs (ft) 10.90  W.P. Total (ft) 143.37 15.16 

 Delta EG (ft) 1.71  Conv. Total (cfs) 6211.7 1472.5 

 Delta WS (ft) 8.49  Top Width (ft) 119.30 10.28 

 BR Open Area (sq ft) 29.90  Frctn Loss (ft)  0.92 

 BR Open Vel (ft/s) 4.95  C & E Loss (ft)  0.53 

 Coef of Q    Shear Total (lb/sq ft) 0.31 13.86 

 Br Sel Method  Energy only  Power Total (lb/ft s) -51.00 -12.20 
  

Errors Warnings and Notes

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Warning: The velocity head has changed by more than 0.5 ft (0.15 m).  This may indicate the need for additional cross sections.

Warning: The conveyance ratio (upstream conveyance divided by downstream conveyance) is less than 0.7 or greater than 1.4. 

 This may indicate the need for additional cross sections.

Warning: The energy loss was greater than 1.0 ft (0.3 m). between the current and previous cross section.  This may indicate the 

need for additional cross sections.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: The energy method has computed a class B profile.

952



  

Plan: ProCond 10' Chnl    Mill Brook    Mill Brook  RS: 100063       Profile: 100 low

 E.G. US. (ft) 15.60  Element Inside BR US Inside BR DS

 W.S. US. (ft) 15.49  E.G. Elev (ft) 15.60 15.41 

 Q Total (cfs) 670.00  W.S. Elev (ft) 15.49 14.92 

 Q Bridge (cfs) 215.03  Crit W.S. (ft) 15.25 14.92 

 Q Weir (cfs) 454.97  Max Chl Dpth (ft) 8.52 9.59 

 Weir Sta Lft (ft) -22.02  Vel Total (ft/s) 3.66 3.38 

 Weir Sta Rgt (ft) 132.13  Flow Area (sq ft) 183.00 198.22 

 Weir Submerg  0.00  Froude # Chl  0.28 0.32 

 Weir Max Depth (ft) 1.50  Specif Force (cu ft) 316.04 348.77 

 Min El Weir Flow (ft) 14.11  Hydr Depth (ft) 1.24 1.75 

 Min El Prs (ft) 10.90  W.P. Total (ft) 167.69 135.28 

 Delta EG (ft) 0.94  Conv. Total (cfs)   

 Delta WS (ft) 7.15  Top Width (ft) 148.03 113.05 

 BR Open Area (sq ft) 20.80  Frctn Loss (ft)   

 BR Open Vel (ft/s) 10.34  C & E Loss (ft)   

 Coef of Q    Shear Total (lb/sq ft)   

 Br Sel Method  Press/Weir  Power Total (lb/ft s) -51.00 -12.20 
  

Errors Warnings and Notes

Note: Momentum answer is not valid if the water surface is above the low chord or if there is weir flow.  The momentum 

answer has been disregarded.

Note: The downstream water surface is below the minimum elevation for pressure flow.  The sluice gate equations were used 

for pressure flow.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the upstream end, the water surface and energy have been projected from 

the upstream cross section.  The selected bridge modeling method does not compute answers inside the bridge.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the downstream end, the water surface and energy are based on critical 

depth over the weir.
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Plan: PC 10'ch 10'culv    Mill Brook    Mill Brook  RS: 100063       Profile: 100 low

 E.G. US. (ft) 15.27  Element Inside BR US Inside BR DS

 W.S. US. (ft) 15.09  E.G. Elev (ft) 15.27 14.98 

 Q Total (cfs) 670.00  W.S. Elev (ft) 15.09 14.69 

 Q Bridge (cfs) 382.32  Crit W.S. (ft) 15.04 10.66 

 Q Weir (cfs) 287.68  Max Chl Dpth (ft) 8.14 9.36 

 Weir Sta Lft (ft) -15.45  Vel Total (ft/s) 4.39 3.59 

 Weir Sta Rgt (ft) 121.69  Flow Area (sq ft) 152.61 186.44 

 Weir Submerg  0.00  Froude # Chl  0.36 0.35 

 Weir Max Depth (ft) 1.17  Specif Force (cu ft) 388.08 443.21 

 Min El Weir Flow (ft) 14.11  Hydr Depth (ft) 1.19 1.65 

 Min El Prs (ft) 10.90  W.P. Total (ft) 156.18 143.99 

 Delta EG (ft) 1.26  Conv. Total (cfs)   

 Delta WS (ft) 6.75  Top Width (ft) 128.06 112.67 

 BR Open Area (sq ft) 38.21  Frctn Loss (ft)   

 BR Open Vel (ft/s) 10.01  C & E Loss (ft)   

 Coef of Q    Shear Total (lb/sq ft)   

 Br Sel Method  Press/Weir  Power Total (lb/ft s) -51.00 -12.20 
  

Errors Warnings and Notes

Note: Momentum answer is not valid if the water surface is above the low chord or if there is weir flow.  The momentum 

answer has been disregarded.

Note: The downstream water surface is below the minimum elevation for pressure flow.  The sluice gate equations were used 

for pressure flow.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the upstream end, the water surface and energy have been projected from 

the upstream cross section.  The selected bridge modeling method does not compute answers inside the bridge.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the downstream end, the water surface and energy are based on critical 

depth over the weir.
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Plan: PC 10'Chnl 15'Cu    Mill Brook    Mill Brook  RS: 100063       Profile: 100 low

 E.G. US. (ft) 14.94  Element Inside BR US Inside BR DS

 W.S. US. (ft) 14.74  E.G. Elev (ft) 14.94 14.67 

 Q Total (cfs) 670.00  W.S. Elev (ft) 14.74 14.48 

 Q Bridge (cfs) 522.81  Crit W.S. (ft) 14.82 9.67 

 Q Weir (cfs) 147.19  Max Chl Dpth (ft) 7.78 9.15 

 Weir Sta Lft (ft) -9.68  Vel Total (ft/s) 5.34 3.89 

 Weir Sta Rgt (ft) 108.92  Flow Area (sq ft) 125.36 172.04 

 Weir Submerg  0.00  Froude # Chl  0.43 0.36 

 Weir Max Depth (ft) 0.84  Specif Force (cu ft) 458.20 430.20 

 Min El Weir Flow (ft) 14.11  Hydr Depth (ft) 1.22 1.53 

 Min El Prs (ft) 10.90  W.P. Total (ft) 141.27 152.76 

 Delta EG (ft) 1.60  Conv. Total (cfs)   

 Delta WS (ft) 6.40  Top Width (ft) 102.99 112.33 

 BR Open Area (sq ft) 54.13  Frctn Loss (ft)   

 BR Open Vel (ft/s) 9.66  C & E Loss (ft)   

 Coef of Q    Shear Total (lb/sq ft)   

 Br Sel Method  Press/Weir  Power Total (lb/ft s) -51.00 -12.20 
  

Errors Warnings and Notes

Note: Momentum answer is not valid if the water surface is above the low chord or if there is weir flow.  The momentum 

answer has been disregarded.

Note: The downstream water surface is below the minimum elevation for pressure flow.  The sluice gate equations were used 

for pressure flow.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the upstream end, the water surface and energy have been projected from 

the upstream cross section.  The selected bridge modeling method does not compute answers inside the bridge.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the downstream end, the water surface and energy are based on critical 

depth over the weir.
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Plan: PC 10'Chnl 20'Cu    Mill Brook    Mill Brook  RS: 100063       Profile: 100 low

 E.G. US. (ft) 14.44  Element Inside BR US Inside BR DS

 W.S. US. (ft) 14.15  E.G. Elev (ft) 14.44 14.30 

 Q Total (cfs) 670.00  W.S. Elev (ft) 14.15 14.15 

 Q Bridge (cfs) 639.20  Crit W.S. (ft) 10.69 9.15 

 Q Weir (cfs) 30.80  Max Chl Dpth (ft) 7.20 8.82 

 Weir Sta Lft (ft) -7.18  Vel Total (ft/s) 7.33 4.84 

 Weir Sta Rgt (ft) 74.73  Flow Area (sq ft) 91.39 138.44 

 Weir Submerg  0.00  Froude # Chl  0.62 0.39 

 Weir Max Depth (ft) 0.34  Specif Force (cu ft) 542.62 716.58 

 Min El Weir Flow (ft) 14.11  Hydr Depth (ft) 1.67 1.24 

 Min El Prs (ft) 10.90  W.P. Total (ft) 101.07 161.42 

 Delta EG (ft) 3.58  Conv. Total (cfs)   

 Delta WS (ft) 5.81  Top Width (ft) 54.78 111.79 

 BR Open Area (sq ft) 69.48  Frctn Loss (ft)   

 BR Open Vel (ft/s) 9.20  C & E Loss (ft)   

 Coef of Q    Shear Total (lb/sq ft)   

 Br Sel Method  Press/Weir  Power Total (lb/ft s) -51.00 -12.20 
  

Errors Warnings and Notes

Warning: For the final momentum answer at the bridge, the upstream energy was computed lower than the downstream energy.  

This is not physically possible, the momentum answer has been disregarded.

Note: Momentum answer is not valid if the water surface is above the low chord or if there is weir flow.  The momentum 

answer has been disregarded.

Note: The downstream water surface is below the minimum elevation for pressure flow.  The sluice gate equations were used 

for pressure flow.

Note: Multiple critical depths were found at this location.  The critical depth with the lowest, valid, water surface was used.

Note: For the cross section inside the bridge at the upstream end, the water surface and energy have been projected from 

the upstream cross section.  The selected bridge modeling method does not compute answers inside the bridge.

Note: For the cross section inside the bridge at the downstream end, the energy is based on critical depth over the weir.  The 

water surface has been projected.
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Executive Summary 

This report describes the basis for the design of modifications planned for Mill Pond Dam.  
This final design report forms part of the submittal to the Department of Conservation and 
Recreation (DCR) Office of Dam Safety (ODS) as required by the Dam Safety Regulations 
(302 CMR 10.09) for a Chapter 253 Permit to repair the Mill Pond Dam.  This final design 
report is submitted with (1) a series of photos from 2001 and 2006 flood events 
(Appendix A), (2) selected site photographs (Appendix B), (3) a completed Chapter 253 
Permit Application (Appendix C), (4) a series of technical memorandums (Appendices D 
through G), (5) a low-level outlet waiver request letter (Appendix H), (6) a preliminary 
construction schedule (Appendix I), (7) the design drawings (Volume II), and (8) technical 
specifications for the proposed modifications (Volume III). 

Mill Pond Dam is owned and operated by the Town of Rockport, Massachusetts for 
historical, aesthetic, and recreational purposes.  The dam is approximately 110 feet long and 
about 13.7 feet high at the maximum section.  Under the normal pond conditions, the 
elevation of the water surface is approximately 27.3 feet1 with an estimated surface area of 
1.3 acres and an estimated storage volume of about 3 acre-feet.  Under the design flood 
conditions (the 100-year flood, discussed below) the surface area and volume are estimated 
to be approximately 3.4 acres and 10 acre-feet, respectively. 

The repairs and modifications to the dam are intended (1) to increase the stability of the dam, 
(2) to prevent the dam from being breached due to internal erosion or piping, (3) to provide 
overtopping protection and decrease the risk of failure due to erosion or scour during 
overtopping, (4) to contain flood flows and direct them to the overflow section, and (5) to 
bring the dam into compliance with ODS Standards.  Spillway capacity will not be increased, 
and therefore, the dam will be designed to safely overtop during the design storm.  Partial 
drawdown of the pond to about El. 22.0 (5.3 feet below normal pool) will be required to 
complete the majority of this work.   

The proposed modifications include: 

 Demolishing the existing stone masonry parapet walls. 

 Removing and replacing the upstream and downstream granite masonry walls and 
earthen core.   

 Constructing a new reinforced concrete wall near the existing downstream face and a 
new stone masonry wall along the alignment of the existing upstream stone masonry 
wall. 

                                                 
1 Elevations are referenced to NGVD, 1929. 
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 Reinstalling the existing granite masonry on the downstream face of the new retaining 
wall to preserve the aesthetic and historic appearance of the dam. 

 Installing a filter sand drainage layer under the wall footing, and a granular filter at 
the toe of the dam.   

 Removing and replacing the existing granite slab culvert spillways. 

 Constructing a masonry and steel handrail system along the downstream side of the 
crest and a granite bench system on the upstream side of the crest. 

 Constructing a parapet wall along the left abutment to direct flows to the overflow 
section of the dam and reduce damage to private property and historic structures. 

 Regrading and armoring portions of the right abutment to reduce erosion during 
overtopping. 

 Installing bituminous concrete pavement or concrete pavers along the dam crest to 
provide erosion protection during overtopping. 

Currently, no low-level outlet exists at Mill Pond Dam.  A former mill sluiceway does exist 
near the left abutment; however, its current intake is about 1.5 feet above the normal pool 
elevation.  We also understand that the sluiceway is inoperable.  In January 2010, we 
submitted a letter to ODS requesting a waiver from the low-level outlet requirements in 
302 CMR 10.14 (7), and have included a copy of this letter in Appendix H.   

The existing spillway currently operates as an inlet-controlled culvert spillway.  The existing 
spillway consists of two rectangular granite culverts, which are each approximately 2.5 feet 
wide and 2.5 feet high, located on the right side of the dam.  The invert elevation will remain 
at El. 25.6 and the culverts will be reconnected with a 2% slope towards the downstream face 
to allow drainage.  The capacity of the culverts will not be changed.  

Due to historical constraints, the existing vertical granite slab on the right or north end of the 
downstream side of the former mill sluiceway cannot be removed during construction.  
However, it is our intent to support the vertical granite slab during construction and extend 
the toe of the wall footing to the vertical granite slab of the former sluiceway.  A portion of 
the granite block sluiceway walls will be demolished to allow the construction of the new 
cantilevered retaining wall, and the void between the wall stem and the existing granite 
facing will be backfilled with flowable fill.   

A number of large trees currently exist on or near the dam, and these trees will be removed 
prior to the construction of the dam safety modifications.  In accordance with safe dam 
practices, an approximately 20-foot-wide buffer will be maintained between the downstream 
toe of the dam and any woody vegetation.   

962



Final Design Report  
Chapter 253 Permit Application 
Mill Pond Dam  
April 2010 
 

GEI Consultants, Inc. vi  

An eel ladder will be provided on the downstream side of the dam that will allow eels to pass 
upstream through the spillway culverts. 
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1.  Introduction 

1.1 Purpose 

This report describes the basis for the design of modifications that are planned for Mill Pond 
Dam.  This final design report forms part of the submittal to the Department of Conservation 
and Recreation (DCR) Office of Dam Safety (ODS) as required by the Dam Safety 
Regulations (302 CMR 10.09) for a Chapter 253 Permit to repair Mill Pond Dam.  This final 
design report is submitted with:  (1) Description of 2001 and 2006 Flood Events 
(Appendix A); (2) Selected Site Photographs (Appendix B); (3) Completed Chapter 253 
Permit Application (Appendix C); (4) Series of Technical Memorandums (Appendices D 
through G); (5) Copy of our Low-Level Outlet (LLO) Waiver Request Letter (Appendix H); 
(6) Preliminary Construction Schedule (Appendix I); (7) 100% Design Drawings 
(Volume II); (8) 100% Technical Specifications for the Proposed Modifications 
(Volume III).   

1.2 Existing Conditions and Dam Safety Deficiencies 

1.2.1 Location 

Mill Pond Dam is located in the Town of Rockport, Essex County, Massachusetts at latitude 
42° 39’ 30” North, longitude 70° 37’ 24” West.  The dam is located near the center of 
Rockport, about 30 miles northeast of Boston, Massachusetts.  The pond and dam are located 
on Mill Brook, which flows in a northeasterly direction to the Atlantic Ocean (Sandy Bay) 
about 550 feet downstream of the dam.  The dam and reservoir location is shown on the Site 
Location Map, provided as Fig. 1.  An aerial view of Mill Pond Dam is presented in Fig. 2. 

The dam can be accessed from Route 128, easterly to Gloucester, then to Rockport via Route 
127 (Upper Main Street) to Route 127A (Beach Street) and in a northerly direction towards 
King Street.  Prior to reaching King Street, the dam can be accessed from Beach Street by 
foot through the town park. 

1.2.2 History 

According to the Federal Emergency Management Agency (FEMA) Preliminary Engineering 
Report (FEMA, 2006, “Preliminary Engineering Report, Dam Site Visit Report, Mill Pond 
Dam, Rockport, MA,” July 12), the Mill Pond Dam was built in 1701 as a mill pond and was 
used until 1932 when the mill was destroyed by a fire.  A resident near the dam, Mr. Martin 
Ross, stated to GEI that the pond has steadily become filled with sediment and was dredged 
in 1886 after a flood.  Since 1980, Mr. Ross has observed the depth of the pond decrease due 
to sedimentation at a rate of 1.1 to 1.7 inches per year.  He also stated that the dam was 
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overtopped in March 2001.  Photographs taken by Mr. Ross during the 2001 flood are 
provided in Appendix A (Photographs A-1 to A-3).  Based on precipitation data recorded in 
Beverly, Massachusetts, (approximately 15 miles southwest of Rockport), 4.3 inches of rain 
fell on March 22, 2001.   

The dam was also overtopped during two days of heavy precipitation on May 13 and 14, 
2006.  The precipitation recorded on these two days in Beverly was 4.32 and 4.95 inches, 
respectively.  As a result of the May 2006 flooding, large stone blocks on the downstream 
face became dislodged and a 45-foot-long portion of the downstream wall collapsed and 
toppled downstream of the dam.  Since that event, the Town of Rockport has made 
temporary repairs to the dam by placing stone in the breached area and blocking vehicular 
traffic from crossing the dam crest.  Photographs of the flooding and dam breach are 
provided in Appendix A as part of a memorandum prepared by Weston & Sampson 
Engineers, Inc. (Weston & Sampson) of Peabody, Massachusetts.  The memorandum 
summarizes their Emergency Response Inspection on May 15, 2006. 

1.2.3 Survey and Site Visits  

GEI engineers visited the site on December 27, 2006, May 10, 2007, and August 4, 2009 to 
observe the existing site conditions, watershed, outlets, and area downstream of the dam.  
Selected photographs taken during GEI’s site visits are provided in Appendix B. 

BSC Group (BSC) of Boston, Massachusetts performed a topographic survey of the dam and 
downstream area in April and May of 2007 and revised the survey to include property line 
information in June and July of 2009.  The survey is based on the Town of Rockport, 
Benchmark T26 (El. 62.89 feet) located in a ledge outcrop on the corner of Main and Hale 
Streets.  The datum of the benchmark and elevations used in this report and our analyses is 
the National Geodedic Vertical Datum of 1929 (NGVD 29) datum.  The existing conditions 
survey plan prepared by BSC is provided on Drawing C-03 in Volume II.  

BSC’s wetland scientists inspected the area around the dam to delineate wetland areas and to 
collect data as part of the permitting assessment.  The wetland delineations marked in the 
field were surveyed by BSC surveyors and are shown on the site plan on Drawing C-03 
(Volume II). 

1.2.4 Dam Description 

Mill Pond Dam is owned and operated by the Town of Rockport, Massachusetts for 
historical, aesthetic, and recreational purposes.  The dam is approximately 110 feet long and 
about 13.7 feet high at the maximum section.   

According to the FEMA Preliminary Engineering Report (FEMA, 2006), the dam was 
constructed with a clay core and hand-laid unmortared stone walls on the upstream and 
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downstream face.  Based on our observations of the subsurface conditions encountered in 
recent borings, the core of the dam appears to be a silty sand.  The crest of the dam consists 
of stone aggregate surface with field stone parapet walls that are each about 95 feet long and 
extend along most of the upstream and downstream face of the dam.  Because the parapets do 
not extend across the entire crest of the dam they act more as guard rails than parapet walls.  
It is speculated that the parapets were added to the dam in the 1930’s and may have 
contributed to the dam failure by causing the pond level to reach higher levels during flood 
events.  Under the normal pond conditions, the elevation of the water surface is 
approximately 27.3 feet with an estimated surface area of 1.3 acres and an estimated storage 
volume of about 3 acre-feet.  Under the design flood conditions (the 100-year flood, 
discussed below) the surface area and volume are estimated to be approximately 3.4 acres 
and 10 acre-feet.  

The crest of the dam varies from El. 28.5 to 29.5 feet and is about 15 feet wide at the 
narrowest section.  The upstream and downstream faces of the dam are nearly vertical.  Only 
about 4 feet of the upstream face is exposed above the sediment in the pond.  The tops of the 
parapet walls are about 2.0 feet above the dam crest at El. 31.0 feet but do not extend along 
the full length of the dam.  The highest section of the dam is located near the former mill 
sluiceway on the left side of the dam (looking downstream).  The ground surface at the base 
of the downstream masonry wall near the former sluiceway is at El. 15.8 feet.  Based on a 
maximum crest of El. 29.5 feet, the maximum height of the dam is about El. 13.7 feet. 

The dam appears to have been constructed without a filter zone to control seepage and 
internal erosion or piping through the downstream masonry wall.  We observed significant 
seepage flowing through the downstream face of the dam, just below the spillway outlet 
during our December 2006 site visit (see flow on left of spillway in Photograph B-9, 
Appendix B). 

Former Mill Sluiceway – The intake to the sluiceway consists of a rectangular granite culvert 
on the upstream face of the dam (Photograph B-7).  Vegetation and sedimentation along the 
upstream face of the dam have partially blocked the intake to this structure, and we 
understand that the sluiceway is inoperable.  The intake opening is about 3 feet wide and the 
height varies from 0.7 feet on the left side to 1.5 feet on the right side.  The current invert of 
the sluiceway intake is approximately El. 28.9 feet; however, the historic invert elevation is 
unknown.  The inlet was constructed with several granite slabs that served as the top of the 
sluiceway intake structure and the crest of the dam.  The condition and dimensions of the 
sluiceway inside the dam are unknown.   

The blocked inlet apparently leads to a chamber within the dam with an 8-inch-diameter cast 
iron pipe and valve that exits on the downstream face of the dam (Photograph B-6).  There is 
a remnant of an old control device on the crest of the dam above the outlet pipe that likely 
operated a vertical slide gate.  The Town of Rockport reports that the controls and the valve 
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are not operational.  Based on photos taken during the 2006 breach, we believe that the 
sluiceway walls are constructed from granite blocks that extend through the dam.  The 
bottom elevation of the sluiceway is unknown, and the Town of Rockport has informed us 
that a majority of the sluiceway was backfilled with crushed stone or gravel as part of the 
temporary repairs following the 2006 breach. 

Spillway – The Mill Pond Dam spillway consists of two rectangular granite culverts which 
are each approximately 2.5 feet wide and 2.5 feet high located on the right side of the dam 
(Photographs B-8 and B-9).  The upstream invert of the culverts is at about El. 25.6 feet with 
a slightly higher outlet elevation on the downstream side at about El. 26.0 feet.  Based on an 
assumed normal pond elevation of 27.3 feet and a normal base flow of 1.3 cubic feet per 
second (cfs), we estimated that stoplogs about 1.6 feet high were historically installed in the 
spillway culverts to maintain the normal pond elevation.  

1.2.5 Potential Downstream Hazards 

Flow from the dam is contained within Mill Brook.  The town maintains a park (Mill Brook 
Meadow) immediately downstream of the dam.  The park includes a gravel walkway and a 
grassy area that contains a small playground.  There are several residential structures located 
on the left side (looking downstream) of the brook.  The sill elevations (first or ground floor) 
of the residential properties range from about El. 19 to El. 15 feet.  The house that almost 
abuts the dam on the left side of the brook has a walkout basement with an estimated 
elevation of about 17 feet.  Commercial properties (bed and breakfast/restaurant 
establishments) are located on the left and right side of Mill Brook near Beach Street, about 
550 feet downstream of the dam.  The first floor elevations of these structures range from 
approximately El. 15 to 19 feet.  Mill Brook passes through a granite block culvert under 
Beach Street, which has a paved surface elevation of about 15 feet. 

1.3 Design Criteria 

Mill Pond Dam is classified by 302 CMR 10.06 as a Small, Significant Hazard (Class II) 
dam.  Pursuant to 302 CMR 10.14, a dam of this classification is required to pass or store the 
potential spillway design flood (SDF), equal to or greater than the 100-year storm per 302 
CMR 10.14 (6) without failure of the dam occurring.  The dam is currently not designed to 
safely pass this flow.  Due to historical constraints, the historical granite culvert spillways 
will remain.  Therefore, the spillway capacity will not be significantly increased and the dam 
will be overtopped by the SDF.  The proposed modifications will allow Mill Pond Dam to 
safely pass the SDF by overtopping and provide protection against the risk of failure due to 
internal erosion or piping.  The modifications will also provide a stabilized crest, a splash 
apron, and riprap armoring at the toe of the dam to reduce erosion and scour during 
overtopping.  A summary of the parameters used during design are provided in Appendix D, 
and detailed Hydrologic and Hydraulic (H&H) Calculations are provided in Appendix E. 
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The proposed modifications do not change the pond or the watershed from their current 
condition.  Removal of trees will be required downstream and along the abutments for the 
proposed modifications. 

1.4 Proposed Modifications 

1.4.1 Dam Repair and Reconstruction Activities 

The repairs and modifications to the dam are intended (1) to increase the stability of the dam, 
(2) to protect the dam from internal erosion or piping, (3) to provide overtopping protection 
and decrease the risk of failure due to erosion or scour during overtopping, (4) to contain 
flood flows and direct them to the overflow section, and (5) to bring the dam into compliance 
with ODS Standards.  Design Drawings for the repairs and modifications are included in 
Volume II for reference.  Technical Specifications are included in Volume III.   

The existing granite masonry walls and earthen core will be removed and replaced with a 
reinforced concrete cantilevered retaining wall.  The existing stone masonry parapet walls 
will also be removed.  The new retaining wall has been designed to resist active soil 
pressures and hydrostatic pressures.  A filter sand drainage layer will be installed directly 
below the wall footing, and a granular filter will be constructed at the downstream toe of the 
dam.  The filters will help to safely collect and discharge under-seepage flows and relieve 
uplift pressures.  The existing stone masonry on the downstream face will be reinstalled over 
the concrete retaining wall to preserve the aesthetic and historic appearance of the dam, and 
the upstream stone masonry wall will be reconstructed.  The parapet walls along the crest 
will be replaced with a granite bench on the upstream face of the dam and a handrail system 
on the downstream face of the dam.  Replacing the parapet walls with a handrail will allow 
water and debris to safely pass over the reconstructed part of the dam during significant 
storm events at lower peak water surface elevation and allow a more uniform flow direction 
and velocity over the dam to reduce erosion and scour. 

The top of the proposed crest will be at El. 29.0, about the same elevation as the existing 
crest.  The crest surface will be stabilized with bituminous concrete or cobblestone pavers to 
protect against erosion during overtopping.  Because the dam is being designed to be 
overtopped, the crest was not raised, and therefore does not provide any freeboard during the 
SDF.  Due to historic and site constraints, the proposed repairs do not include significant 
modifications to the existing granite culvert spillways, and therefore the hydraulic efficiency 
of the spillways is unchanged.  Our calculations indicate that during the SDF, the dam will be 
overtopped by up to about 2 feet of water for approximately 13 hours. 

Improvements to the upstream side of the dam will only include the removal and replacement 
of the existing stone masonry walls with a new stone masonry wall and granite bench system.  
The new upstream stone masonry wall will absorb wave energy and prevent erosion of the 
backfill behind the new cantilevered retaining wall. 
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A parapet wall will be constructed on the left (west) abutment to prevent the design flood 
from overtopping the abutment and impacting a historic foundation and an abutting residence 
immediately downstream of the left abutment.  The right abutment and the stone walkway 
will function as an overflow spillway.  The gradual slope of the stone walkway and the right 
abutment might sustain surficial damage from the design storm but should not erode enough 
to jeopardize the dam. 

Partial drawdown of the pond to about El. 22.0 (5.3 feet below normal pool) will be required 
to complete the majority of this work.  The contractor will be required to design and 
implement a temporary cofferdam and bypass system for construction of the walls in the dry 
and to protect the work against flood flows that may occur during construction.  Temporary 
cofferdam and bypass design by a Professional Engineer registered in the Commonwealth of 
Massachusetts will be required and will be subject to review by GEI and the Town of 
Rockport.  

1.4.3 Low-Level Outlet 

Currently, no low-level outlet exists at Mill Pond Dam.  A former mill sluiceway does exist 
near the left abutment; however, its current intake is about 1.5 feet above the normal pool 
elevation.  Refer to Section 1.2.4 above for more information about the former mill 
sluiceway.  In January 2010, we submitted a letter to ODS requesting a waiver from the 
requirements in 302 CMR 10.14 (7), and have included a copy of this letter in Appendix H.  
We understand that ODS will evaluate this request as part of the Ch. 253 permit application 
review.   

Because drawdown will not be required to reduce the loading on the dam and because of the 
small size of the Mill Pond impoundment (3 acre-feet), it is our opinion that the pond can be 
easily be drawn down with pumps owned or rented by the Rockport Department of Public 
Works (DPW) and that a low-level outlet would not be required for drawdown.  Once 
construction is complete, drawdown will only be required for routine maintenance.     

Given the relatively small size of the watershed, pond, and the normal inflow, our 
calculations indicate that the pond can be lowered using a mobile end suction centrifugal 
pump.  The normal inflow is approximately 580 gallons per minute (gpm) (1.3 cfs) and the 
total volume of the pond at normal pool is approximately 3 acre-feet (1 million gallons).  
Therefore, assuming normal inflows, a pump operating at 800 gpm (e.g. Rain for Rent 
DV-100) could drain the pond in about 72 hours (3 days).  A detailed Drawdown Plan will be 
included in the Operation and Maintenance Manual.  A larger pump could lower the pond 
faster.  However, a large increase in outflow may adversely affect the stream and other 
resource areas immediately downstream of the dam. 

It is our opinion that a mechanical drawdown allows Mill Pond to be lowered in a safe and 
cost effective manner.  Therefore, we request a waiver from the requirement in 302 CMR 
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10.14 (7) for a low-level outlet at Mill Pond Dam in Rockport, Massachusetts, and request 
that mechanical means be permitted to draw down Mill Pond for routine maintenance.   

1.4.4 Spillway Reconstruction 

The existing spillway currently operates as an inlet-controlled culvert spillway.  The existing 
spillway consists of two rectangular granite culverts which are each approximately 2.5 feet 
wide and 2.5 feet high located on the right side of the dam.   

In accordance with 302 CMR 10.14(6), the modifications to the Mill Pond Dam and spillway 
have been designed to allow the SDF to be stored and pass over the dam without failure 
occurring.  The culvert spillway will flow full during the SDF, and the dam crest and right 
embankment will act as overflow sections to pass the remainder of the discharge from the 
SDF.  We calculated that the existing spillway will not safely pass the SDF without 
overtopping the dam, and that the SDF would overtop the overflow section of the dam by up 
to about 2 feet for about 13 hours.  We have included a stabilized crest, a reinforced concrete 
retaining wall, a splash apron, and riprap armoring in the design to minimize the risk of 
failure during overtopping. 

Significant modifications to the spillway will not be performed as part of the remedial 
design.  The spillway will be removed and reset in a reinforced concrete cradle with a 
seepage cutoff key near the upstream face of the dam.  The invert elevation will remain at 
El. 26.5 and the culverts will be installed with a 2% slope towards the downstream face to 
allow drainage.  The capacity of the culverts will not be changed.  

1.4.5 Former Mill Sluiceway 

Due to historical constraints, the existing vertical granite slab and abutting granite block 
walls on the north end of the downstream side of the former mill sluiceway will not be 
removed during construction.  However, the Contractor will be required to support this 
section of wall during construction and extend the toe of the wall footing to the upstream side 
of the vertical granite slab and abutting granite block walls.  A portion of the sluiceway walls 
internal to the dam will be demolished to allow the construction of the new cantilevered 
retaining wall, and the void between the wall stem and the existing granite walls will be 
backfilled with flowable fill.  At the crest a parapet wall will extend to El. 33.0 feet to direct 
flood flows to the overflow section, minimize damage to the historic features (grist mill 
foundation and former mill sluiceway façade) and to provide fall protection.   

1.4.6 Maintenance Activities 

A number of large trees currently exist on or near the dam, and these trees will be removed 
prior to the construction of the dam safety modifications.  In accordance with safe dam 
practices, an approximately 20-foot-wide buffer will be maintained between the downstream 
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toe of the dam and any woody vegetation.  This area will act as a non-woody vegetated 
buffer and will be routinely mowed and trimmed to control the growth of woody vegetation 
that could damage the integrity of the dam.   
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2.  Design Data and Analyses 

2.1 Subsurface Investigations 

In May 2009, we advanced two borings at Mill Pond Dam.  B-1 was advanced to the west 
(left) of the former Mill Sluiceway and B-2 was advanced to the west (left) of the existing 
granite block culverts.  Based on our review of photographs and discussions with Town of 
Rockport personnel, it is our opinion that the borings were advanced outside of the portions 
of the dam that were repaired following the 2006 breach.  The boring logs and a boring 
location plan are provided in Appendix D.   

2.2 Soil Conditions at the Dam 

Two generalized soil layers were encountered in the borings: 

 Embankment Fill 

 Foundation Soil 

The soil layers encountered in the borings are described below, in order of increasing depth.  
Bedrock was not encountered in either of the borings. 

Embankment Fill – The embankment fill sampled is generally described as sand and gravel 
with a wide range of non-plastic fines content. Embankment fill was observed in both 
borings and had an average thickness of about 13 feet.  Fines content in the samples ranged 
from less than 5% to approximately 40%.  Based on Standard Penetration Test (SPT) 
N-values, the embankment fill can be described as loose to medium dense.   

Foundation Soil – The foundation soils sampled generally consisted of non plastic to slightly 
plastic fines and sands with gravel and occasional cobbles and granite boulders.  Based on 
regional geology, the foundation soils likely consist of glacial till, and by correlating SPT 
N-values, the foundation soils can be described as medium dense to very dense.  Borings B-1 
and B-2 were advanced from the dam crest (El. 29.0 ± feet) and were terminated in the 
foundation soil layer at a depth of 29 feet and 31 feet, respectively. 

2.3 Groundwater Conditions 

Water levels were not measured during our subsurface investigations, and as a result, water 
levels measurements are not provided in this report.  During normal operating conditions, 
seepage has been observed in the downstream face.  Therefore, we have assumed that the 
phreatic surface is approximately at the water surface elevation on the upstream side and 
slightly above tailwater elevation on the downstream face.  Appendix F provides a more 
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detailed description of the phreatic surface and seepage forces that we modeled through the 
dam.   

2.4 Seismic Design Information 

From information provided in the Geologic Hazard Maps, we estimated that Mill Pond Dam 
is in Geologic Hazard Map Zone 3.  Per 302 CMR 10.14 (i), we used a Peak Ground 
Acceleration (PGA) of 0.15g (gravity) in our analyses.  Additional information is provided in 
Appendix G.   

2.5 Dam Stability 

As part of our design, we performed stability analyses on the cantilevered retaining wall and 
associated soil mass for a number of different loading conditions under normal and 
maximum pool.  The factors of safety for the cantilever retaining wall calculated during our 
analyses were greater than or equal to the recommended minimums required by 302 CMR 
10.14.  Additional information is provided in Appendix G. 

2.6 Safety During Overtopping 

Hydraulic analyses were performed to determine the maximum reservoir level and 
overtopping flows associated with the SDF (the 100-year flood).  In the proposed 
configuration, the pond would rise during the SDF to an elevation of 31.0, and overtop the 
dam by 2.0 feet for approximately 13 hours.  The dam will be designed to overtop and should 
not experience a failure during the overtopping.  The H&H analyses for the dam under the 
existing conditions and with the proposed modifications under the SDF are presented in 
Appendix E.  The removal of the existing parapet walls and installation of a handrail system 
on the downstream side will provide open area that will allow flow and help reduce the 
duration and depth of overtopping.  The construction of the proposed parapet walls on the left 
side of the dam and along the left abutment will help prevent flood flows from damaging 
historic structures and private property. 

2.7 Seepage Controls 

The proposed modifications to the dam address the current seepage issues that we identified 
during design.  The reinforced cantilever retaining wall will be relatively water tight and will 
not be prone to failure caused by internal erosion or piping.  The installation of the filter sand 
layer below the wall footing and the granular filter along the downstream toe will collect 
seepage flows and reduce the movement of fines.  The filters will intercept under-seepage 
and allow seepage flows to be safely channeled below the dam to the downstream channel. 

Because of the relatively short seepage path between the parapet wall and the existing 
historical wall near the left abutment, a layer of low permeability fill will be installed to 
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decrease gradients under the parapet wall footing and help the historic wall remain stable 
during the SDF.   

Exit gradients are not of concern as the piezometric surface does not extend through the 
cantilever retaining wall and gradients are reduced by the more permeable filter sand layer 
under the wall footing.  These gradients appear to have reasonable values as water moves 
from the sand filter under the dam and into granular filter.  A detailed description of the 
seepage analyses is provided in Appendix F. 

2.8 Spillway Design 

The existing twin granite block culvert spillways will be removed and reconstructed in a 
concrete cradle at their existing locations and elevations.   The re-installed spillway will 
discharge flow to a riprapped stilling pool in the downstream channel.  Riprap armoring and 
a concrete splash apron will be installed below the water level in the pool.  The flow will 
then travel down the existing channel, under Beach Street, and enter the Atlantic Ocean 
(Sandy Bay) about 550 feet downstream of the dam.   

The calculated spillway capacity with stoplogs removed is about 130 cfs, and the estimated 
peak discharge during the SDF is 670 cfs.  Therefore, the spillway does not have adequate 
capacity to pass the SDF and the dam will act as an overflow structure to safely pass the 
SDF.  Detailed H&H analyses for the spillway are provided in Appendix E and the structural 
analyses are provided in Appendix G.   

Stoplog guides will be installed on the upstream side of the culvert spillway and an approach 
channel will extend upstream of the spillway to channel flow to the spillway.  The stoplogs 
will be used to vary the pond level, allow eel migration, and also allow the Town of Rockport 
DPW to lower the normal pool by about 2 feet for periodic maintenance.  The stoplogs will 
be removed during any large storm event. 

2.9 Crest Protection 

The proposed modifications include installing concrete or cobblestone pavers or bituminous 
paving along the crest of the dam, the left and right abutments, and the path down to the 
meadow on the right abutment.  The features will help prevent soil erosion during 
overtopping and should require minimal maintenance after an overtopping event.  The new 
crest and abutment surfaces will be designed to permit vehicular access across the dam crest 
for maintenance.   

2.10 Eel Ladder 

The reconstructed dam will provide passage for American Eels during their migration to and 
from Mill Pond.  American Eels are the only catadromous fish in North America.  The term 
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catadromous refers to fish that are born in the ocean, travel to fresh water to mature, and then 
return to the ocean to spawn.  Currently, the eels are thought to crawl through the stone 
masonry walls and burrow through the soil to reach Mill Pond.  However, since the eels will 
not be able to penetrate the new reinforced concrete retaining wall, the reconstructed dam 
must provide alternate passage via an eel ladder or ramp.   

The eel ladder will consist of a steel trough and an eel substrate attached to the bottom of the 
trough to allow the eels to move up the ladder.  The ladder will be permanently attached to 
the downstream face of the dam.  The ladder will be located on the right side of the dam, near 
the spillway culverts and will extend through the spillway culvert to provide passage from 
the downstream channel to Mill Pond.  Normal flow through the culvert should provide 
adequate flows to attract eels to the ladder and allow them to ascend the ladder.  When 
normal fluctuations in flow rate occur, we expect that the eels will wait in the downstream 
channel until favorable flows return. 
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(PART B cont.) 
 

HYDROLOGIC, HYDRAULIC AND STRUCTURAL CONSIDERATIONS 
 
Hydrologic, hydraulic and structural design procedures should be used, as established by one of the 
following: The U.S Army Corps of Engineers, the U.S. Bureau of Reclamation, the U.S. Soil 
Conservation Service and other procedures universally accepted as sound engineering practice. 
 
1. Contributory drainage area (sq. mi.):  0.75 (Appendix E of the Design Report, Fig. 1) 

 (Attach topographic map with outline of drainage area) 
 
2. Design storm duration: 100-year storm 

 
Rainfall Intensity (inches/hour):  Maximum Intensity = 0.275 inches/hour 
 

3. Runoff (%)   74 Inches: 6.6 
 
4. Peak Outflow (cfs): 670 
 
5. Previous known flood of record (month/year): Flood of record unknown although the dam has 

overtopped in March 2001 and May 2006. As a result of the May 2006 flooding, large stone blocks 
on the downstream face became dislodged and a 45-foot-long portion of the downstream parapet 
wall collapsed and toppled downstream of the dam.  Since that event, the Town of Rockport has 
made temporary repairs to the dam by placing stone in the breached area and blocking vehicular 
traffic from crossing the dam crest.  

 
6. Design maximum flood level elevation: 31.5 ft  
 
7. Additional information: 
 

DESIGN CRITERIA 
 

1. Datum used:      MSL of 1929  (X) NAVD 88  _________    Assumed________Other_________ 
 

2. Type of structure (earth, concrete, etc.): Concrete Cantilever Retaining Wall with Soil Backfill 
 
3. Maximum structural height of the dam (feet):  14 +/- 
 
4. Crest length (ft):  107 +/- ; Crest width (ft): 14 +/- 

 
5. Top elevation of dam: 29.0 
 
6. Present river or channel elevation at dam (ft): 15.8 to 20.0 +/- 

 
7. Normal pool elevation (ft): 27.3 

 
8. Normal pool surface area (acre):   1.3 

Chapter 253 Dam Safety Permit Application  6 
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9. Normal impoundment (acre-ft):  3 

 
10. Maximum pool elevation (ft): 100 year storm – 31.0 

 
 

11. Maximum pool surface area (acre):  3.4 
 
12. Maximum impoundment (acre-ft):  10 
 
13. Freeboard, as measured from the maximum design pool elevation to the crest of dam (ft): - 2.0 
 
14. Nature of slope protection:  N/A 

15. Primary Spillway information: 

Spillway type:  Twin Rectangular Granite Block Culverts 

Top elevation:  25.6 ft. (Invert) 

Dimensions (ft):  Two culverts each:  2.5 ft High by 2.5 Wide. 

Capacity (cfs): 120 cfs with WSEL at El. 31.0 

Percentage of design flood:  18% 
 

16. Emergency Spillway information:   

Spillway type: Dam overtopping 

Top elevation: 29.0 

Dimensions (ft): 85 ft long 

Capacity (cfs): 550 CFS (when water level is El. 31.0) 

Percentage of design flood: 82% 

17. Low Level Outlet (s): None.  See Waiver Request Letter provided in Appendix H of the Design 

Report. 

Type(s):   

Invert elevation(s):   

Dimension(s) (ft):   

Capacity (cfs):  

Percentage of design flood:  

 
SUBSURFACE INVESTIGATION 

Boring logs, analysis and recommendations to accompany this application. 
 
Boring logs and design parameters are provided in Appendix D of the Design Report. 
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MEMORANDUM 
 
TO:  Millbrook Meadow Advisory Committee  
 
FROM:  Jason Williams, L.A. 
  
DATE: March 12, 2014 
 
RE:  Potential Grant Opportunities and Project Permitting  
 
 

 
Committee Members, 
 
We have reviewed some of the potential improvements that will be associated with the Millbrook 
Meadow and Pond Restoration project, and for your use have come up with a list of the permits 
that may be required. 
 

 Notice of Intent/ Order of Conditions- Local Conservation Commission 
 Secretarial Certificate  - Massachusetts Environmental Policy Act (MEPA Unit) 
 401 Water Quality Certification – MassDEP 
 Chapter 91 license – MassDEP 
 Federal Consistency Concurrence – Massachusetts Office of Coastal Zone Management 
 Section 404 permit – U.S. Army Corps of Engineers 

 
Additionally, to assist with your fundraising efforts we have compiled a list of potential funding 
sources that you may wish to explore: 
 

 Adams Arts Program: http://www.massculturalcouncil.org/programs/adamsarts.asp 
(Application would need to stress improvements to local culture and tourism) 

 Cultural Facilities Fund: http://www.massculturalcouncil.org/facilities/facilities.htm 
 Massachusetts Environmental Trust (MET): http://www.mass.gov/eea/grants-and-tech-

assistance/grants-and-loans/mass-enviro-trust/ 
 National Endowment for the Arts “Our Town” Program: 

http://arts.gov/news/2013/national-endowment-arts-releases-funding-guidelines-our-town 
 MassDEP 604(b) Water Quality Management Planning Grants: 

http://www.mass.gov/eea/agencies/massdep/water/grants/604b-water-quality-
management-planning-grants.html 

 The Max and Anna Levinson Foundation: http://www.levinsonfoundation.org/ 
 The RBC Blue Water Project: http://www.rbc.com/community-sustainability/apply-for-

funding/guidelines-and-eligibility/blue-water-project.html 
 
Focus on Park Revitalization 
 
 Division of Conservation Services: http://www.mass.gov/eea/grants-and-tech-

assistance/grants-and-loans/dcs/ 
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 PARC – Parkland Acquisitions and Renovations for Communities: 
http://www.mass.gov/eea/grants-and-tech-assistance/grants-and-loans/eea-grants-
guide/land-and-recreation.html 
 

Focus on Coastal Resiliency 
 
 Five Star and Urban Waters Restoration Programs: 

http://www.nfwf.org/fivestar/Pages/2014rfp.aspx 
 Coastal Community Resilience Grant Program: 

http://www.mass.gov/eea/agencies/czm/program-areas/stormsmart-coasts/grants/ 
 
Additional Considerations: 

 
 The Mattina R. Proctor Foundation makes grants for cultural, health, conservation and 

other purposes, primarily in Massachusetts and Maine. Grants are in the $1,000-$50,000 
range (occasionally larger), and a total of about $600,000 is distributed annually.  

 The Virginia S. Warner Foundation makes grants to educational and conservation 
organizations, primarily in Virginia and Massachusetts. 

 The Lebensfeld Foundation (no web page) primarily supports nonprofit organizations in 
the Mid-Atlantic and New England areas. The Foundation’s areas of interest include 
health, education, civic affairs, children and youth, and arts and culture. Types of support 
include general operating and project support. Typical grant size is in the $2,500 – 10,000 
range. 
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Recommendations & Concepts
Millbrook Meadow and Mill Pond Restoration  

Town of Rockport, Massachusetts |July 23, 2014 
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Project Team Structures Inspection Report
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Project Team BEACH ST. CULVERT

DOUBLE 12” PIPES AND FALLING 
STONES CATCH DEBRIS
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Project Team Watershed
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APPROXIMATE LOCATION
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EXISTING CULVERT DIMENSIONS
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RESTORATION
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DATE 2014-9-2
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Project Team H & H Analysis and Results
Existing Watershed and Channel

Drainage Area 0.88 mi2

2-year Flow 233 cfs

“Bankfull” Flow 34 cfs

• Straight, confined
• Poor substrate
• Frequent Access to “floodplain”

Proposed Channel

“Bankfull” Width 15 feet

• Sinuous, riffle-pool
• Sand/Gravel/Cobble substrate
• Less frequent access to floodplain
• Increased storm buffer capacity
• Increased channel diversity 989



Project Team Wetland Function and Values
• Mill Pond Palustrine Emergent/Scrub Shrub Wetlands

• Wildlife Habitat
• Nutrient Removal
• Sediment/Toxicant Retention
• Visual Quality

• Mill Pond Palustrine Open Water
• Wildlife Habitat
• Fish Habitat
• Recreational
• Nutrient Removal
• Sediment/Toxicant Retention
• Visual Quality

990



Project Team Wetland Function and Values
• Frog Pond

• Wildlife Habitat
• Nutrient Removal
• Sediment/Toxicant Retention
• Visual Quality

• Mill Brook Channel and Wet Lawn
• Fish Habitat
• Recreational
• Groundwater Discharge (Lawn Area)
• Visual Quality
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Project Team Invasive Plant Management

Types of Invasive Plant Species Recommended Treatment and Management

Japanese Knotweed Multi-Year Herbicide Treatment (Habitat)

Common Reed (Phragmites) Multi-Year Herbicide Treatment (Habitat)

Purple Loosestrife Loosestrife Beetle and/or Multi-Year Herbicide Treatment (Habitat)

Multiflora Rose Mechanical Excavation and/or Multi-Year Herbicide Treatment (Habitat)

Oriental Bittersweet Mechanical Removal and/or Multi-Year Herbicide Treatment (Habitat)

Climbing Euonymus Mechanical Removal and/or Multi-Year Herbicide Treatment (Habitat)

Poison Ivy Multi-Year Herbicide Treatment (Habitat)

Dodder Hand Removal, Pre-Emergent and/or Multi-Year Herbicide Treatment (Habitat)

Garlic Mustard Hand Removal and/or Multi-Year Herbicide Treatment (Habitat)
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Project Team Existing Conditions

993



Project Team Site Analysis
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Project Team Concept –A                                     Ecology of Site

M
ill Ln

.
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Project Team Concept –A   (Meadow)               Ecology of Site
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Project Team THE FROG POND Concept - A

AMERICAN BURREED

LURID SEDGE

PICKERELWEED TURTLEHEAD

POLYGONATUM CINNAMON FERN DUCK POTATO

NATIVE PLANT CONTEMPLATIVE SHADE GARDEN
• MOVEABLE SEATING
• SIGNAGE DEVOTED TO 

“CHAMPIONS OF THE PARK”
• BIRD BOXES IN TREES
• UPLIGHT FLOWERING TREES
• GRANITE STEPS INTO POND
• CREATED LITTORAL ZONE AROUND POND
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Project Team Concept –A   (Mill Pond)              Ecology of Site
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Project Team BOARDWALK

Concept-A Boardwalk
+/- 800 LF @ $700/LF = $560,000

Concept - A
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Project Team BOARDWALK Perspective

Existing Conditions

Proposed Conditions
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Project Team Concept –B                                   History of Place

M
ill Ln

.
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Project Team Concept –B (Meadow)               History of Place
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Project Team THE FROG POND Concept - B

BUGBANE

HELLEBORES

ASTILBE

HAYSCENTED FERNHOSTA VARIEGATED POLYGONATUM

HORTICULTURAL WOODLAND SHADE GARDEN
• GARDEN CLUB
• SIGNAGE IDENTIFIES PLANT SPECIES
• GRANITE SEATING BLOCKS INTO POND
• UPLIGHT GRANITE PLINTHS AND SEDGES IN 

LITTORAL SHELF
• BOARDWALK OVERLOOK

HEUCHERELLA
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Project Team Concept –B (Mill Pond)              History of Place
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Project Team BOARDWALK
Concept-A Boardwalk

+/- 500 LF @ $700/LF = $350,000

Concept - B
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Project Team REAR WETLAND (Restoration)

Concept – A & B

BLUE FLAG IRIS LURID SEDGE MILKWEED

STEEPLEBUSH

ROYAL FERN

DUCK POTATO
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Project Team Mill and Frog Pond Dredging

Mill Pond
• Dredging from existing edges of pond to 8’ 

depth with 3:1 (33% slopes)  
• 5,000 CY of material dewatered = 3,750 TS
• Excavate, manage, transport & dispose = 

$265,000 - $300,000

Frog Pond
• Dredging from existing edges of pond 

to 4’-0” depth with 3:1 (33% slopes)
• 195 CY of material dewatered = 150 TS
• Excavate, manage, transport & 

dispose) = $10,500 - $12,000

•

•

•

•

•
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Project Team Questions
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Project Team Park Maintenance

Summer
• Mow, weed wack, blow and 

remove clippings (every Friday)
• Prune dead branches as 

necessary on smaller trees
• Trash pick up twice per week 

(2 barrels)
• Swing set maintenance

Spring
• Leaf removal as needed and 

during first mow of the year
• Remove debris and fallen 

branches following storm 
events

• Remove debris from Beach St. 
Culvert

• Mowing 

Fall
• Mowing 

Winter
• Snow removal along Mill Lane 

only

1010



Project Team Dredging Determination

Mill Pond
• Dredging from existing edges of pond to 8’ 

depth with 3:1 (33% slopes)  
• 5,000 CY of material - dewatered to 2,500 CY
• 2,500 CY x 1.5 = 3,750 tons
• @ $70 - $80/ ton 
• Excavate, manage, transport & dispose = 

$265,000 - $300,000

Frog Pond
• Dredging from existing edges of pond 

to 4’-0” depth with 3:1 (33% slopes)
• 195 CY of material dewatered = 100 CY
• 100 CY x 1.5 = 150 tons
• @ $70 - $80/ ton 
• Excavate, manage, transport & 

dispose) = $10,500 - $12,000
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