
 

DESIGN FLOOD MEMORANDUM 
 
TO:   Mr. Michael Piscitelli/City of New Haven 
 
FROM:  Mr. David Arpin/RTG 

Mr. Jim Russell/RTG 
   
COPY:  Ms. Helen Rosenberg/ City of New Haven 

Ms. Dawn Henning/ City of New Haven 
Mr. Greg Roebuck/WCE 
 

DATE:  May 13, 2016 
 
RE:  Design Flood Memorandum 

Mill River District Shoreline Analysis 
  City of New Haven 
  CNH Project No. 15-195-21 
  RTG Project No. 15103.00 
 
 

Introduction 
 
The Mill River District (the District) is located between the neighborhoods of Wooster Square 
and Fair Haven in the City of New Haven, Connecticut (the City) (Figures 1 and 2). Some 
properties along the Mill River and within the District have been identified for potential 
redevelopment since they are currently considered an underutilized commercial/community 
resource. However, these properties lie within an established Federal Emergency 
Management Agency (FEMA) Flood Zone, and are subject to flooding as a result of storm 
surge. Accordingly, one hurdle that must first be addressed is the vulnerability of these 
properties to flooding.  
 

Purpose and Scope 
 
The purpose of this Design Flood Memorandum (DFM) is to present design criteria for the 
development of flood protection alternatives for properties within the identified Study Area 
(Figure 2). These alternatives will be presented in an Alternatives Evaluation Report to be 
prepared by RT Group, Inc. (RTG), which will include budget-level cost estimates. The 
Alternatives Evaluation Report will be prepared following the City’s review of the DFM. 
 
The Scope-of-Work completed to prepare the DFM included reviewing existing conditions, 
including obtaining input from existing property owners; a shoreline inspection; topographic 
and bathymetric surveys; a flood evaluation; and the development of preliminary flood 
protection alternatives that take into consideration the Management Approaches presented in 
the Mill River District Planning Study (Utile, Inc. and Ninigret Partners, June 2013).  
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Background 
 
The Mill River (the River), and the surrounding communities that it helped to develop and 
support, has a long and rich history. First accounts of mill activity along the River, from which 
the River’s name is derived, date back to as early as 1642. Mill development continued into 
the 19th and 20th centuries, and included factories that produced firearms (Eli Whitney), 
horse-drawn carriages, and paper.  
 
Development within the District generally took advantage of the available waterfront and rail 
access. Notable developments within the Study Area included the Powerhouse Building, which 
was constructed in 1900 and housed generators that powered the City’s trolley system; and 
English Station, which was completed in 1929 and operated as a coal- and then oil-fired 
power plant until 1992 (Figure 2). 

 

Existing Conditions 
 
There are several small- to medium-sized companies within the Study Area, including but not 
limited to Radiall Manufacturing, Hillard Bloom Shellfish, and Miller Marine Services. In 
addition, United Illuminating’s Grand Avenue Substation is located within the Study Area 
directly adjacent to the River (Figure 2). 
 
The Study Area also contains key infrastructure including two (2) main east-west 
thoroughfares that span over the River (Grand Avenue and Chapel Street), and a key railroad 
corridor allowing freight and passenger train travel between New Haven Railroad Station (i.e., 
Union Station) and Hartford/New London (Figure 2).  
 
Despite the companies and infrastructure noted above, much of the land within the Study 
Area is abandoned (e.g., English Station) and/or undeveloped. In addition, some of the 
existing waterfront property is utilized for low-revenue generating activities such as salt 
storage and staging for nearby highway construction (e.g., Gateway Terminal).  
 

Input Received from Property Owners 
 
In March 2016, Data Request Questionnaires (DRQs) were sent by the City & RTG to the 
owners of selected waterfront properties located within the Study Area. The questionnaire 
generally requested available site information on the property (e.g., topographic, utility, 
subsurface, etc.) as well as the extent of flooding observed at the property during past 
significant storm events. From the responses received (Appendix A), RTG was able to estimate 
the approximate flood elevations at selected locations within the Study Area and compare 
them to published flood elevation data.  
 

Subsurface Information 
 
Data related to several previous subsurface investigations that were performed within the 
Study Area were obtained. These include subsurface investigations performed for the 
construction of the Chapel Street Bridge, the two (2) Grand Avenue Bridges located to the 
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east and west of Ball Island, the Interstate 91 Northbound Viaduct, and the State Street 
Bridge (located just north of the Study Area). Available soil boring logs from these 
investigations are provided in Appendix B. 
 
Based on the soil boring logs, the subsurface soil conditions (from top to bottom) along the 
River within the Study Area are expected to consist of medium-dense fill, very soft to soft 
organic silt, and stratified layers of loose to medium dense sand, gravel, and silt. The soil 
borings were advanced to depths ranging from about 50 to 100 feet below existing ground 
surface. However, bedrock was not encountered in any of the soil borings, indicating bedrock 
is located at least 50 to 100 feet below existing grade. 
 

Utility Information 
 
Several utilities and utility crossings (below ground and overhead) are located throughout the 
Study Area and include, but may not be limited to potable water, sanitary sewer, stormwater, 
gas, and electric. In addition, there are several municipal stormwater drainage outfalls that 
are located primarily near the bridges within the Study Area.  
 

FEMA Flood Hazard Information 
 
The established 1% annual chance (i.e., 100-year) flood elevations within the Study Area were 
obtained from the 2013 FEMA Flood Insurance Rate Map (FIRM) Panels for the area. The Study 
Area is located within an AE flood zone that extends along the River and beyond its banks 
(Figure 3). While the existing shoreline structures located between Chapel Street and Grand 
Avenue are effective at attenuating wave action, the base flood elevations within the Study 
Area indicate that the existing structures along the River will be completely inundated during 
the 100-year event flood.  
 

Shoreline Inspection 
 
The existing shoreline along the River and within the Study Area varies considerably with 
respect to the type and condition of waterfront structures that exist. While a significant 
portion of the shoreline is protected by timber and steel bulkheads, riprap revetments, and 
block walls, other sections contain only remnants of previous structures in addition to what 
now appears to be a natural shoreline.  
 

Level 1 Topside Inspection 
 
RTG completed a Level 1 topside inspection of the existing shoreline along the River and 
within the Study Area from about Mean Low Water (MLW) to existing grade. A Level 1 
inspection generally does not include cleaning of the structures prior to the inspection. A 
Level II close-up inspection, which did include some spot cleaning of the structures, was 
performed by RTG at selected locations as time and budget allowed.  
 
The topside inspection was completed from a small work boat by Mr. David Arpin, P.E. /RTG 
and Mr. Greg Coren/RTG. In general, the shoreline along the River was segmented based on 
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the existing property limits, and RTG utilized a rating system to grade the condition of the 
existing waterfront structures based on a scale from 0 to 9, with 0 being a “Failed Condition,” 
and 9 being “Excellent Condition” (Table 1).  
 
The results of the topside inspection are summarized in Table 2, which references site 
photographs provided in Appendix C. Each shoreline property that was inspected is identified 
in Table 2 based on the current tenant/use; the Map, Block, and Lot number; and its 
stationing limits (in reference to the established project baseline) (Figures 2 and 3). 
 
Between Stations 15+00 and 39+00, the project baseline splits in order to follow the east and 
west branches of the River around Ball Island. Accordingly, the baseline in these areas are 
designated with either an “E” for east or “W” for west (e.g., Sta. W20+00, Sta. E20+00, etc.) 
in reference to the branch of the River in which it is located (Figures 2 through 3).  
 

Topographic and Bathymetric Surveys 
 

Concurrent with the shoreline inspection, RTG obtained topographic and bathymetric survey 
information within the Study Area. In general, topographic survey information was obtained 
from the 2011 FEMA LiDAR Flood Plain Mapping Survey, and bathymetric survey information 
was obtained from the 2011 U.S. Army Corps of Engineers (USACE) Shoalest Soundings data.  
 
The above information was supplemented with topographic and bathymetric survey 
information collected by RTG using a Leica GS-14 Smart-Antenna Global Positioning System 
(GPS) and a TS-06 Plus Total Station. RTG collected this supplemental information along the 
shoreline within the Study Area between December 2015 and March 2016.  
 
The survey information collected by RTG showed adequate correlation with the LiDAR and 
USACE data. The topographic and bathymetric survey information, utility information, FEMA 
flood hazard information, and shoreline inspection data was combined to develop the Site 
Plans for the Study Area (Figures 4 through 9).  
 

Flood Evaluation 
 
The flood evaluation included both a coastal flooding analysis and an assessment of future 
potential sea-level rise. A summary of this evaluation is presented below. 
 

Coastal Flooding Analysis 
 
In order to confirm the flood climate presented in the 2013 FEMA FIRM Panels, RTG’s Sub 
consultant, Whitecap Engineering, LLC (WCE), performed a coastal flooding analysis of the 
Study Area (Appendix D). This analysis included a review of published data from past 
significant storm events as well as the input received via the DRQ’s discussed above. 
 
In general, the coastal flooding analysis confirmed the conditions provided in the current 
FEMA FIRM Panels for the Study Area. The analysis indicates that the Study Area is mostly 
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shielded from direct wave impacts, and that the wave energy generated from a 100-year 
storm event is mostly dissipated prior to reaching it.  
 
The above is represented in the FEMA FIRM Panels as the location where the VE Zone 
diminishes to an AE Zone (Figure 3). Continuing landward from this location, the Study Area is 
mostly affected by storm surge, with little wave action beyond the hardened structures that 
exist along the shoreline between Chapel Street and Grand Avenue.  
 
While the Study Area’s vulnerability to flooding remains an issue that will need to be 
addressed via the implementation of flood protection alternatives as further discussed below, 
the confirmation of the estimated flood elevations presented in the FEMA FIRM Panels via the 
coastal flooding analysis that was completed provides a high degree of confidence moving 
forward into the Alternatives Evaluation Report.  
 

Future Potential Sea-Level Rise 
 
Because the Study Area is mostly affected by storm surge, future potential sea-level rise 
could have a significant impact on flood elevations within it. However, there is a great deal of 
controversy with respect to the potential causes of and the predicted rate of sea-level rise.  
 
Research by the late Professor Jon C. Boothroyd suggests that sea-level rise, which has 
historically averaged about 2 to 3 mm/year, could increase to about 1 to 1.5 cm/year within 
the Northeastern United States (Congressional Hazards Caucus Briefing-Washington, DC, 
November 2009).  
 
Other researchers, such as the Intergovernmental Panel on Climate Change (IPCC AR5 Working 
Group, 2013), have predicted a sea-level rise ranging from about 0.6 to 1.1 cm/year between 
now and about 2100. Beyond about 2100, the IPCC predicts the rate will increase to about 0.8 
to 1.6 cm/year. 
 
For similar flood proofing projects, RTG has utilized a potential sea-level rise of about 1.5 
feet in 50 years. This corresponds to an average sea-level rise of about 0.9 cm/year, which 
would be at the lower end of the range predicted by Professor Boothroyd, but about 3 times 
higher than the historical average.  
 

Flood Criteria 
 
Based on the coastal flooding analysis and an estimate of future potential sea-level rise, the 
minimum recommended flood protection improvements elevations for each property within 
the Study Area are summarized in Table 3. The established minimum elevations include the 
FEMA 100-year flood elevation, a future potential sea-level rise of 1.5 feet in 50 years, and 1 
foot of freeboard (measured either from the flood elevation to the top of a proposed barrier 
or to the finish grade/floor elevation of a proposed building). 
 
The minimum recommended flood protection improvements elevations shown in Table 3 
should be considered preliminary and may vary. The final recommended elevations will be 
determined following the City’s review of this DFM, and will take into consideration such 
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things as constructability (e.g., the feasibility of raising grade or constructing a flood proofing 
barrier to the desired elevation), the City’s desired design-life time horizon (e.g., 50 or 100 
years), cost, risk, and other factors that are beyond the scope of this DFM.  
 

Flood Management Approaches 
 
As presented in the Mill River District Planning Study (Utile, Inc. and Ninigret Partners, June 
2013), three (3) Management Approaches were recommended in order to address the the 
Study Area’s vulnerability to flooding and promote the redevelopment of existing 
underutilized and/or abandoned properties. These Management Approaches include (1) 
Natural Attenuation, (2) Paired Capacity Investment, and (3) Intensive Infrastructure 
Investment. A brief summary of each Management Approach is presented below, including 
feasible flood protection alternatives that take into consideration the flood criteria 
summarized in Table 3. Each of these alternatives will be discussed in more detail within the 
Alternatives Evaluation Report, following the City’s review of the DFM. 
 

Natural Attenuation 
 
The Natural Attenuation Management Approach involves minimum intervention with respect 
to flood protection. Under this approach, the existing waterfront properties would be allowed 
to flood during severe storm events. It is expected that this flooding, in combination with the 
associated financial burdens (e.g., making repairs, obtaining flood insurance), would 
discourage business owners from staying in the Study Area. As a result, ecological succession 
would be expected to occur over a period of time. 
 
Ecological succession and “seeding” of these sites is considered to be a low-cost flood 
protection alternative to help protect properties located at the outer limits of the existing 
FEMA flood zones. This is because the growth and establishment of vegetation is considered to 
be an effective means of limiting the effects of erosion caused by storm surge and continuous 
river flow. However, this Management Approach by itself would do little to encourage 
redevelopment within the Study Area. Potential properties that could be evaluated in the 
Alternatives Evaluation Report under this approach are shown in Figure 10. 
 

Paired Capacity Investment 
 
The Paired Capacity Investment Management Approach involves targeting and protecting 
specific properties within the Study Area based on their potential value and projected 
performance. Flood protection alternatives would either stabilize the existing shoreline; 
elevate proposed buildings above the flood elevation; cut-off flood waters/storm surge via 
the construction of hardened shoreline structures; and/or wet-proof/dry-proof existing and 
new buildings to resist the loading associated with flooding and minimize the potential for 
damage. Potential properties that could be evaluated in the Alternatives Evaluation Report 
under this approach are shown in Figure 11. 
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Intensive Infrastructure Investment 
 
The Intensive Infrastructure Investment Management Approach involves implementing 
improvements similar to those described under the Paired Capacity management approach, 
but on a Study Area wide scale. Accordingly, these improvements would cut-off flood 
waters/storm surge from entering the Study Area and/or surrounding areas via the 
construction of large-scale hardened shoreline structures (e.g., flood gates). Potential 
properties that could be evaluated in the Alternatives Evaluation Report under this approach 
are shown in Figure 12. 
 

Additional Considerations 
 

We understand that the City wishes to help create jobs, stimulate private sector investment, 
and create additional tax base within the Study Area. In addition to the Flood Management 
Approaches presented in Figures 10 through 12, which could be implemented to help make 
properties within the Study Area more attractive for redevelopment, we recommend that the 
City consider developing Study Area wide uniform development regulations and a site 
readiness program in order to streamline the permitting process and create pad ready 
building sites. This could include obtaining the necessary Federal (e.g., USACE, FEMA), State 
(e.g., CTDEEP), and City permits ahead of time, which would remove some of the uncertainty 
in the redevelopment process, making selected sites more attractive to potential 
buyers/developers.  
 

Moving Forward 
 

We look forward to meeting with the City to discuss the DFM and agree on a course of action 
for preparing the Alternatives Evaluation Report. In the meantime, if you should have any 
questions prior to our meeting, please do not hesitate to contact us. 
 
 
 
 
 
 
 
 
 
 
 

 
R:\Projects\15103.00 - New Haven Mill River District Shoreline Analysis\REPORTS\DFM jbr2.doc 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Tables 



Code Definition Description

9 EXCELLENT CONDITION Like new 

8 VERY GOOD CONDITION No problems noted

7 GOOD CONDITION Some minor problems

6 SATISFACTORY CONDITION Component shows some minor deterioration

5 FAIR CONDITION
Component is structurally sound but may have minor section loss, hairline 
cracking, or superficial spalling

4 POOR CONDITION Component has up to 25% section loss or cracks up to 1/16” in width

3 SERIOUS CONDITION Component has up to 50% section loss or cracks up to 1/8” in width

2 CRITICAL CONDITION
Component has up to 75% section loss or cracks up to ½” in width, rebar 
exposed and corroded

1 IMMINENT FAILURE CONDITION
Component has deteriorated such that obvious signs of movement are 
visible

0 FAILED CONDITION Component has failed, broken, or is missing

TABLE 1
General Condition Rating for Evaluating Waterfront Structures

Mill River District Shoreline Analysis
City of New Haven, CT
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline 

Stationing Limits

(Approx. Length)1,2

Existing 
Shoreline 

Description

General 
Condition 

Rating3
Notes
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Criscuolo Park
(175, 607, 1)

0+00 - 10+10
(1,010 lf)

Dumped Riprap 
Slope

5.5
•Vegetation located immediately landward of riprap.
•Concrete stub wall at toe of riprap slope, visible at MLW.
•Riprap relatively consistent with little to no bare areas observed (Photo No. 1).

York Hill Trap 
Rock Quarry Co. 

(178, 547, 2)

0+00 - 10+10
(1,010 lf)

Natural 
Shoreline with 

Scattered 
Dumped Rubble

NA
•Dumped rubble is not consistent.
•Evidence of erosion (e.g., exposed roots, downed vegetation) observed (Photo No. 2).

Utility Pole
(NA)

9+18 - 9+60
(170 lf)

Steel Sheet Pile 
Bulkhead

5.0
•Section loss around MLW observed (Photo No. 3).
•Discrete areas of total section loss with exposed retained soil.

Chapel Street 
Bridge 
(NA)

10+10 - 10+63
(53 lf)

Concrete 
Abutments

6.0
•Steel girder turn bridge with concrete abutments and center pier (bridge rotates from 
center pier) with stone masonry foundations (Photo No. 4).
•Timber fender system exists along abutments and center pier.

Chapel Street 
Seawall 

(NA)

10+10
(185 lf)

Stone Masonry 
Seawall

5.5
•Supports Chapel Street beyond the bridge on both east and west sides (Photo No. 5).
•Missing pointing along base of seawall (may be intentional to promote equal water 
elevations behind and in front of seawall). 

299 Chapel St
(174, 709, 1)

10+63 - 13+10
(247 lf)

Fixed Timber 
Pier

0.0

•Natural sloped shoreline exists below the pier.
•Pier deck appears to have detached from support piles resulting in an irregular deck 
surface (Photo No. 6).
•40-foot-long section of pier deck has collapsed into the river.

Saltonstall Ave
(NA)

13+10 - 13+65
(55 lf)

Failed Stone/ 
Concrete 

Masonry Seawall
0.0 - 1.0

•20-foot-long section has collapsed into the river (Photo No. 7).
•Remainder of seawall exhibits some signs of settlement.
•Small fixed timber pier exists approx. 10 feet offshore from seawall.

Hillard Bloom 
Shellfish, Inc.
(174, 717, 1)

13+65 - E15+44
(179 lf)

Stone Masonry 
Seawall

0.0 - 4.0
•Southern end of seawall has collapsed with a sloping natural shoreline behind (Photo 
No. 8).
•Remainder of seawall appears to be in satisfactory condition (Photo No. 9).

New NRB #3 
Corp.

(174, 717, 8)

E15+44 - E17+56
(212 lf)

Steel Sheet Pile 
Bulkhead

4.5

•Timber fender and floating dock exist seaward of bulkhead along most of its length.
•Lateral support of bulkhead provided by seaward mounted steel double channel wale 
and tie-backs.
•Up to 25% section loss in wale and bulkhead around MLW (Photo No. 10).

Gateway 
Terminal & O&G 

South
(174, 729, 1)

E17+56 - E22+19
(463 lf)

Steel Sheet Pile 
Bulkhead

0.0 - 3.0

•Lateral support of bulkhead provided by landward mounted steel double channel wale 
and tie-backs.
•50% and greater section loss in wale and bulkhead around MLW with exposed retained 
soil (Photo No. 11).
•Pockets of settlement behind the bulkhead (Photo No. 12).
•Approx. 50-foot-long section of bulkhead has collapsed seaward into the river (Photo 
No. 13).

Gateway 
Terminal & O&G 

North
(174, 729, 1)

E22+19 - E23+88
(169 lf)

Failed Timber 
Sheet Pile 
Bulkhead

0.0
•Bulkhead has collapsed seaward into the river (Photo No. 14).
•Retained soil has been completely eroded and natural shoreline has developed with 
some dumped riprap observed at its top.

Powerhouse 
Building South
(174, 736, 1)

E23+88 - E25+83
(195 lf)

Failed 
Concrete/ Stone 
Masonry Seawall

0.0
•Seawall has collapsed seaward into the river (Photo No. 15).
•Retained soil has been eroded and natural shoreline slope has developed.

Powerhouse 
Building North
(174, 736, 1)

E25+83 - E28+22
(239 lf)

Stone Masonry 
Seawall

6.0
•Remnants of timber fender piles.
•Some well established vegetation growing landward of seawall.
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English Station 
(179,567, 8.01)

E18+00 - E28+22 & 
W17+50 - W32+43

(2,540 lf)

Steel 
Sheet/King Pile 

Bulkhead
6.0 - 7.0

•Bulkhead varies in composition from cantilevered sheet & king piles to sheet piles 
laterally supported by drilled anchors or tie-backs (Photo No. 16).
•Historic bulkhead exists just landward of bulkhead in some areas (Photo No. 17).
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TABLE 2
Waterfront Structure Rating

Mill River District Shoreline Analysis
City of New Haven, CT
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Chapel Street to Grand Avenue
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline 

Stationing Limits

(Approx. Length)1,2

Existing 
Shoreline 

Description

General 
Condition 

Rating3
Notes

TABLE 2
Waterfront Structure Rating

Mill River District Shoreline Analysis
City of New Haven, CT

Gateway 
Terminal

(178, 557, 1)

10+63 - W21+80
(1,050 lf)

Stone Masonry 
Seawall

0.0 - 6.0

•Remnants of what appears to have been a fixed timber pier exist immediately 
seaward of seawall (Photo No. 18).
•Seawall appears to be bearing on pile supported timber decking at about MLW (Photo 
No. 19).
•Some steel sheet piles exist along the outside corner of the lot immediately seaward 
of a section of collapsed seawall.

Former Simkins
(179, 567, 1.1)

W21+80 - W26+36
(495 lf)

Natural 
Shoreline & 

some Dumped 
Riprap

5.0
•Dumped riprap located at the top of natural shoreline slope (Photo No. 20).
•Remnants of a timber bulkhead exist in some areas.

UL Grand 
Avenue 

Substation
(179, 567, 8)

W26+36 - W32+43
(6+28 lf)

Steel Sheet Pile 
Bulkhead

5.0 - 6.0

•Steel channel cap located along entire length of bulkhead.
•Bulkhead is comprised of Z- and flat-sheet piles (Photo Nos. 21 & 22).
•Lateral support anchor system was not observed (assumed interior).
•Delaminating protective coating and heavy section loss in discrete locations around 
MLW (Photo No. 22).

East Grand 
Avenue Bridge 

(NA)

E28+22 - E28+85
(63 lf)

Concrete 
Abutments & 

Riprap
6.0

•Bridge consists of concrete abutments supporting concrete girders, decking, and 
parapet (Photo No. 23). 
•Dumped riprap exists along both abutments.

East Grand 
Avenue Bridge 

Seawall
(NA)

E28+22
(54 lf)

Stone Masonry 
Seawall

6.0
•Supports Grand Avenue beyond the bridge to the west (Photo No. 24).

West Grand 
Avenue Bridge 

(NA)

W32+43 - W33+06
(63 lf)

Concrete 
Abutments & 

Riprap
6.0

•Bridge consists of concrete abutments supporting concrete girders, decking, and 
parapet (Photo No. 25). 
•Dumped riprap exists along both abutments.
•A steel truss bridge supporting a utility line exists immediately north of the bridge and 
is supported by stone masonry abutments. 

Grand Paint
(180, 749, 22)

E28+85 - E32+86
(495 lf)

Natural 
Shoreline

NA
•Shoreline is vegetated along MHW.
•Scattered dumped rubble observed at discrete locations.

Clay Street
(NA)

E32+86 - E33+21
(52 lf)

Concrete Utility 
Headwall

6.0 •Headwall for a municipal storm sewer outfall.

Radiall South
(180, 764, 3)

E33+27 - 39+78
(544 lf)

Natural 
Shoreline

NA •Shoreline is vegetated along MHW (Photo No. 26).

Radiall North
(180, 764, 3)

39+78 - 42+78
(290 lf)

Natural 
Shoreline

NA
•Shoreline is vegetated along MHW.
•Remnants of what appears to have been a timber bulkhead exist (Photo No. 27).
•Evidence of erosion (e.g., exposed roots, downed vegetation) observed.

Vacant Lot
(181, 772, 5.01)

42+78 - 44+68
(260 lf)

Natural 
Shoreline

NA
•Shoreline is vegetated along MHW.
•Remnants of what appears to have been a timber bulkhead exist.
•Evidence of erosion (e.g., exposed roots, downed vegetation) observed.

McVac East
(180, 585, 1-2)

E28+85 - E36+91
(738 lf)

Natural 
Shoreline

NA

•Shoreline is vegetated along MHW (Photo No. 28).
•Remnants of what appears to have been a timber sheet pile wall exist in one area.
•Large boulders exist in one small length of the shoreline.
•Evidence of erosion (e.g., exposed roots, downed vegetation) was observed along the 
northern shoreline of the island.

McVac West
(180, 585, 2)

W33+06 - W38+10
(505 lf)

Natural 
Shoreline

NA

•Shoreline is vegetated along MHW (Photo No. 29).
•Remnants of what appears to have been a stone masonry seawall exist in one area.
•Dumped rubble (e.g., brick) exists along a portion of the shoreline.
•Evidence of erosion (e.g., exposed fence post foundations, exposed roots, downed 
vegetation) was observed along the entire length of the shoreline.

Former St. 
Gobain South
(180, 585, 3)

W33+06 - W35+43
(187 lf)

Timber Sheet 
Pile Bulkhead

4.5
•Dumped riprap exists along the toe of the bulkhead (Photo No. 30).
•A timber fender system exists immediately seaward of bulkhead.
•Some gaps observed between the timber sheet piles.

Former St. 
Gobain Mid

(180, 585, 8)

W35+43 - W37+47
(204 lf)

Timber Sheet 
Pile Bulkhead

4.5
•Dumped riprap exists along the toe of the bulkhead.
•A timber fender system exists immediately seaward of bulkhead.
•Some gaps observed between the timber sheet piles.
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline 
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(Approx. Length)1,2
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Shoreline 
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TABLE 2
Waterfront Structure Rating

Mill River District Shoreline Analysis
City of New Haven, CT

Former St. 
Gobain North
(180, 585, 9)

W37+47 - 42+36
(488 lf)

Natural 
Shoreline

NA

•Shoreline is vegetated along MHW (Photo No. 31). 
•Dumped rubble exists along discrete portions of the shoreline.
•Evidence of erosion (e.g., exposed roots, downed vegetation) was observed along the 
entire length of the shoreline. 

Rail Corridor
(NA)

42+36 - 44+68
(175 lf)

Natural 
Shoreline

NA

•Shoreline is vegetated along MHW. 
•Dumped rubble exists along discrete portions of the shoreline.
•Evidence of erosion (e.g., exposed roots, downed vegetation) was observed along the 
entire length of the shoreline. 

Abandoned Rail 
Bridge 
(NA)

44+68 - 45+41
(72 lf)

Timber 
Abutments/Ston

e Masonry 
Seawall

1.0 - 2.0

•Evidence of erosion along the base of abutments was observed (Photo No. 32).
•Displacement of timbers in west abutment with loss of retained soil was observed 
(Photo No. 33).
•Heavy vegetation behind/through the stone masonry seawall was observed along with 
displacement of some stones (Photo No. 34). 

Active Rail 
Bridge 
(NA)

45+41 - 46+52
(108 lf)

Concrete 
Abutments

3.0 - 4.0
•Two (2) concrete arches span over the river and are supported by concrete abutments 
and a center pier. 
•Heavy spalling was observed along the abutments (Photo No. 35).

Rail Corridor
(NA)

46+52 - 50+00
(316 lf)

Earthen 
Embankment

3.0

•The embankment was observed to be relatively steep (i.e., about 1V:1H) (Photo No. 
36). 
•Evidence of erosion along the base of the slope was observed (e.g., leaning telephone 
poles, exposed roots, downed vegetation).

Billboard Sign
(181, 598, 6)

50+00 - 50+20
(68 lf)

Natural 
Shoreline

NA •Some dumped rubble observed.

470 James St.
(181, 603, 11)

50+84 - 57+62
(708 lf)

Natural 
Shoreline

NA
•Evidence of erosion along the base of the slope was observed (e.g., exposed roots, 
downed vegetation) (Photo No. 37).

Elizabeth 
Browning

(181, 589, 2-4)

46+52 - 47+52
(159 lf)

Natural 
Shoreline

NA
•The shoreline was observed to be relatively steep (i.e., about 1V:1H) (Photo No. 38). 
•Evidence of erosion along the base of the slope was observed (e.g., exposed roots, 
downed vegetation).

Hillcrest 
Properties, LLC
(181, 589, 1)

47+52 - 50+20
(246 lf)

Natural 
Shoreline

NA
•The shoreline was observed to be relatively steep (i.e., about 1V:1H) (Photo No. 38). 
•Evidence of erosion along the base of the slope was observed (e.g., exposed roots, 
downed vegetation).

Multiple 
Properties

(181, 603, 1-6)

50+84 - 53+93
(332 lf)

Natural 
Shoreline

NA
•Evidence of erosion along the base of the slope was observed (e.g., exposed roots, 
downed vegetation).

Interstate 91
(NA)

53+93 - 57+62
(283 lf)

Dumped Riprap 6.0
•Some vegetation observed.
•Riprap is relatively consistent with little to no bare areas observed (Photo No. 39).
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Humphrey 
Street Bridge

(NA)

50+20 - 50+84
(65 lf)

Stone Masonry 
Abutments

5.0

•Bridge consists of concrete girders, decking, and parapets supported by concrete 
abutments and piers with stone masonry foundations (Photo No. 40). 
•A steel girder bridge supporting a utility exists immediately north of the bridge and is 
supported by concrete abutments and steel piers with stone masonry foundations. 
•Missing pointing and stones was observed in all of the stone masonry foundations.
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Railroad Crossing to Interstate 91
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Footnotes:
1. Refer to Figures 2 through 9 for additional information.
2. Between Sta. 15+00 and 39+00, the project baseline splits in order to follow the east (E) and west (W) branches of the River around Ball Island.
3. Refer to Table 1 for a description of the ratings.

Notes:
1. Interpretations summarized in this Table are based on limited visual inspections that reflect conditions only at the time of the inspections. Time may alter 
the conditions observed up to and prior to any planned repairs/improvements. If significant variations become apparent prior to any planned 
repairs/improvements, the adequacy of the information contained herein should be reviewed.
2. The inspection results presented in this Table were prepared in accordance with generally accepted civil engineering practice as an aid to evaluate the 
condition of the shoreline within the District and develop repair/improvement alternatives, including estimated costs. No other warranties, either express or 
implied, are made. Interpretations contained herein were based on the applicable standards of the consulting profession at the time and the place this 
report was prepared.
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline Stationing 

Limits

(Approx. Length)1,2

Existing 
Shoreline 

Description

Top of Shoreline/ 
Shoreline Structure 

Elevation (feet)

FEMA 100-Year Flood 
Elevation

(feet)3

Future Potential Sea-
Level Rise

(feet)4

Minimum 
Recommended Flood 

Protection 
Improvements 

Elevations

(feet)5

Ea
st

 S
ho

re

Criscuolo Park
(175, 607, 1)

0+00 - 10+10
(1,010 lf)

Dumped Riprap 
Slope

6.0 12.0 1.5 15.0

York Hill Trap 
Rock Quarry Co. 

(178, 547, 2)

0+00 - 10+10
(1,010 lf)

Natural Shoreline 
with Scattered 
Dumped Rubble

10.0 12.0 1.5 15.0

Utility Pole
(NA)

9+18 - 9+60
(170 lf)

Steel Sheet Pile 
Bulkhead

8.5 13.0 1.5 16.0

Chapel Street 
Bridge 
(NA)

10+10 - 10+63
(53 lf)

Concrete 
Abutments

13.0 13.0 1.5 17.06

Chapel Street 
Seawall 

(NA)

10+10
(185 lf)

Stone Masonry 
Seawall

13.0 13.0 1.5 17.06

299 Chapel St
(174, 709, 1)

10+63 - 13+10
(247 lf)

Fixed Timber 
Pier

6.0 12.0 1.5 15.0

Saltonstall Ave
(NA)

13+10 - 13+65
(55 lf)

Failed Stone/ 
Concrete 

Masonry Seawall
4.0 12.0 1.5 15.0

Hillard Bloom 
Shellfish, Inc.
(174, 717, 1)

13+65 - E15+44
(179 lf)

Stone Masonry 
Seawall

6.0 12.0 1.5 15.0

New NRB #3 
Corp.

(174, 717, 8)

E15+44 - E17+56
(212 lf)

Steel Sheet Pile 
Bulkhead

6.5 12.0 1.5 15.0

Gateway 
Terminal & O&G 

South
(174, 729, 1)

E17+56 - E22+19
(463 lf)

Steel Sheet Pile 
Bulkhead

8.0 12.0 1.5 15.0

Gateway 
Terminal & O&G 

North
(174, 729, 1)

E22+19 - E23+88
(169 lf)

Failed Timber 
Sheet Pile 
Bulkhead

5.0 12.0 1.5 15.0

Powerhouse 
Building South
(174, 736, 1)

E23+88 - E25+83
(195 lf)

Failed Concrete/ 
Stone Masonry 

Seawall
5.5 12.0 1.5 15.0

Powerhouse 
Building North
(174, 736, 1)

E25+83 - E28+22
(239 lf)

Stone Masonry 
Seawall

4.5 12.0 1.5 15.0

Ba
ll
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d

English Station 
(179,567, 8.01)

E18+00 - E28+22 & 
W17+50 - W32+43

(2,540 lf)

Steel Sheet/King 
Pile Bulkhead

7.5 12.0 1.5 15.0
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TABLE 3
Flood Criteria

Mill River District Shoreline Analysis
City of New Haven, CT

Chapel Street South

Chapel Street to Grand Avenue
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline Stationing 

Limits

(Approx. Length)1,2

Existing 
Shoreline 

Description

Top of Shoreline/ 
Shoreline Structure 

Elevation (feet)

FEMA 100-Year Flood 
Elevation

(feet)3

Future Potential Sea-
Level Rise

(feet)4

Minimum 
Recommended Flood 

Protection 
Improvements 

Elevations

(feet)5

TABLE 3
Flood Criteria

Mill River District Shoreline Analysis
City of New Haven, CT

Gateway 
Terminal

(178, 557, 1)

10+63 - W21+80
(1,050 lf)

Stone Masonry 
Seawall

4.5 - 7.5 12.0 1.5 15.0

Former Simkins
(179, 567, 1.1)

W21+80 - W26+36
(495 lf)

Natural Shoreline 
& some Dumped 

Riprap
5.0 12.0 1.5 15.0

UL Grand 
Avenue 

Substation
(179, 567, 8)

W26+36 - W32+43
(6+28 lf)

Steel Sheet Pile 
Bulkhead

9.0 12.0 1.5 15.0

East Grand 
Avenue Bridge 

(NA)

E28+22 - E28+85
(63 lf)

Concrete 
Abutments & 

Riprap
11.0 12.0 1.5 15.0

East Grand 
Avenue Bridge 

Seawall
(NA)

E28+22
(54 lf)

Stone Masonry 
Seawall

11.0 12.0 1.5 15.0

West Grand 
Avenue Bridge 

(NA)

W32+43 - W33+06
(63 lf)

Concrete 
Abutments & 

Riprap
7.5 12.0 1.5 15.0

Grand Paint
(180, 749, 22)

E28+85 - E32+86
(495 lf)

Natural Shoreline 6.0 12.0 1.5 15.0

Clay Street
(NA)

E32+86 - E33+21
(52 lf)

Concrete 
Headwall

5.0 12.0 1.5 15.0

Radiall South
(180, 764, 3)

E33+27 - 39+78
(544 lf)

Natural Shoreline 6.0 12.0 1.5 15.0

Radiall North
(180, 764, 3)

39+78 - 42+78
(290 lf)

Natural Shoreline 6.0 12.0 1.5 15.0

Vacant Lot
(181, 772, 5.01)

42+78 - 44+68
(260 lf)

Natural Shoreline 8.0 12.0 1.5 15.0

McVac East
(180, 585, 1-2)

E28+85 - E36+91
(738 lf)

Natural Shoreline 5.0 12.0 1.5 15.0

McVac West
(180, 585, 2)

W33+06 - W38+10
(505 lf)

Natural Shoreline 8.0 12.0 1.5 15.0

Former St. 
Gobain South
(180, 585, 3)

W33+06 - W35+43
(187 lf)

Timber Sheet 
Pile Bulkhead

5.0 12.0 1.5 15.0

Former St. 
Gobain Mid

(180, 585, 8)

W35+43 - W37+47
(204 lf)

Timber Sheet 
Pile Bulkhead

5.0 12.0 1.5 15.0

Former St. 
Gobain North
(180, 585, 9)

W37+47 - 42+36
(488 lf)

Natural Shoreline 4.0 - 6.0 12.0 1.5 15.0

Rail Corridor
(NA)

42+36 - 44+68
(175 lf)

Natural Shoreline 5.0 12.0 1.5 15.0
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Grand Avenue to Railroad Crossing
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Property 
(Map, Block, 

Lot)1

Approximate 
Shoreline Stationing 

Limits

(Approx. Length)1,2

Existing 
Shoreline 

Description

Top of Shoreline/ 
Shoreline Structure 

Elevation (feet)

FEMA 100-Year Flood 
Elevation

(feet)3

Future Potential Sea-
Level Rise

(feet)4

Minimum 
Recommended Flood 

Protection 
Improvements 

Elevations

(feet)5

TABLE 3
Flood Criteria

Mill River District Shoreline Analysis
City of New Haven, CT

Abandoned Rail 
Bridge 
(NA)

44+68 - 45+41
(72 lf)

Timber 
Abutments/Stone 
Masonry Seawall

14.0 12.0 1.5 15.0

Active Rail 
Bridge 
(NA)

45+41 - 46+52
(108 lf)

Concrete 
Abutments

19.0 12.0 1.5 15.0

Rail Corridor
(NA)

46+52 - 50+00
(316 lf)

Earthen 
Embankment

18.0 9.0 1.5 12.0

Billboard Sign
(181, 598, 6)

50+00 - 50+20
(68 lf)

Natural Shoreline 5.0 9.0 1.5 12.0

470 James St.
(181, 603, 11)

50+84 - 57+62
(708 lf)

Natural Shoreline 10.0 9.0 1.5 12.0

Elizabeth 
Browning

(181, 589, 2-4)

46+52 - 47+52
(159 lf)

Natural Shoreline 12.0 - 19.0 9.0 1.5 12.0

Hillcrest 
Properties, LLC
(181, 589, 1)

47+52 - 50+20
(246 lf)

Natural Shoreline 8.0 - 10.0 9.0 1.5 12.0

Multiple 
Properties

(181, 603, 1-6)

50+84 - 53+93
(332 lf)

Natural Shoreline 5.0 - 7.0 9.0 1.5 12.0

Interstate 91
(NA)

53+93 - 57+62
(283 lf)

Dumped Riprap 5.0 9.0 1.5 12.0

R
iv
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Humphrey 
Street Bridge

(NA)

50+20 - 50+84
(65 lf)

Stone Masonry 
Abutments

14.5 9.0 1.5 12.0
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Railroad Crossing to Interstate 91
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Footnotes:
1. Refer to Figures 2 through 9 for additional information.
2. Between Sta. 15+00 and 39+00, the project baseline splits in order to follow the east (E) and west (W) branches of the River around Ball Island.
3. Flood elevations were taken from the FEMA FIRM Panels for the District.
4. A future potential sea-level rise of 1.5 feet in 50 years has been assumed and may vary.
5. The recommended minimum flood protection improvements elevation is the sum of the FEMA 100-year base flood elevation, the future potential sea-
level rise, and a recommended freeboard of 1 foot (rounded to the nearest foot) (assumed conservative for those sites where grade may be raised). 
6. Includes wave runup in accordance with the WCE Coastal Flooding Analysis.

Note:
1. All of the elevations provided are in reference to NAVD 88 unless noted otherwise.
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Appendix A 
Data Request Questionnaires 
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SOUTHERN CONNECTICUT GAS COMPANY    March 8, 2016 
347 CHAPEL ST 

Data Request Questionnaire 

Mill River District Shoreline Analysis 

 
1.  What type of facility is located at the Subject Property?  What is the Subject Property’s 

primary function?  How many people does the Subject Property employ? 

 

The primary function of the subject property is an intermodal yard, with cargo moving in 

and out by rail, barge and truck from marine vessels to assist in reducing the amount of 

over the road truck traffic.   Depending on the daily activities, the number of employees 

working on the property can vary from 5 to 15 and even more on some days. The Subject 

Property supports significant secondary transportation employment. 

 

 

2.  What structures currently exist on the Subject Property?  What are their approximate 

ages? 

 

There are three buildings on the Subject Property, an administration building (est. 

construction 1923‐1938), a small warehouse/former boiler building (est. construction 

1923‐1938), and a storage garage/former laboratory (est. construction 1993).   

 

 

3.  Has the Subject Property ever been flooded during past storm events?  If “yes”, please 

identify the subject storm(s) and the flooding impact (i.e., horizontal and vertical extent 

of the flooding). 

 

SCG is not aware of flooding at the Subject Property.   As the occupant of the Subject 

Property since 1998 Gateway Terminal has not witnessed any flooding during past storm 

events, including Super Storm Sandy. 

 

 

 

 

 

 



SOUTHERN CONNECTICUT GAS COMPANY    March 8, 2016 
347 CHAPEL ST 

4.  What type of waterfront currently exists at the Subject Property (e.g., stone revetment, 

sheet pile bulkhead, natural shoreline, etc.)? 

 

Stone seawall is present along the entire waterfront of the Subject Property. 

 

 

5. Does the facility located at the Subject Property require its waterfront access to 

maintain functionality?  If “yes”’ what is the minimum water depth required to 

accommodate vessels accessing the Subject Property? 

 

Yes, the facility located at the Subject Property requires waterfront access to function, 

barge and tug traffic.  The existing water depth of 7’ – 8’ approaches the minimum that 

we can function, but 12 feet at MLW would be an ideal depth.   

   

 

6.  Do active or abandoned subsurface utilities (e.g., electric, sewer, sanitary, water) or 

outfalls draining into the river exist within the Subject Property?  If “yes”, please provide 

utility type, size, and locations. 

 

“Yes” active and abandoned subsurface utilities exist within the Subject Property. 

 

Subsurface electric utilities are believed to be abandoned.  Please provide detailed 

request to Kenneth Quirke for additional information.   

 

An active City of New Haven 30” storm sewer passes through the Subject Property.  

Please provide detailed request to Kenneth Quirke for additional information. 

 

An inactive facility wide storm sewer system exists on the Subject Property.  Please 

provide detailed request to Kenneth Quirke for additional information. 

 

Inactive sanitary sewers are believed to exist on the Subject Property.  Please provide 

detailed request to Kenneth Quirke for additional information. 

 

Active subsurface water utilities exist on the Subject Property.  Please provide detailed 

request to Kenneth Quirke for additional information. 

 

 



SOUTHERN CONNECTICUT GAS COMPANY    March 8, 2016 
347 CHAPEL ST 

7. Have any improvement projects been completed at the Subject Property (e.g., 

structures, drainage improvements, etc.)  If “yes”, please provide a description and/or 

pans that depict the improvements. 

 

No improvements meeting the description have been completed at the Subject Property. 

 

 

8. Have any types of investigative programs been conducted at the Subject Property (e.g., 

soil borings, topographic surveys/site mapping, soil remediation, etc.)?  If “yes”, please 

provide a description and/or the site investigation program data. 

 

There have been several investigative programs fitting the description. Please provide 

detailed request to Kenneth Quirke for additional information. 

 

 

9.  Do you know of any site plans that exist for the Subject Property (e.g., utility plans, 

topographic pans, etc.)?  If “yes” please provide the plans. 

 

Yes, there are plans fitting this description.  Please provide detailed request to Kenneth 

Quirke for additional information. 

 

 

10.  For further questions on the Subject Property, please provide the name, telephone 

number, and email address of the appropriate contact person(s). 

 

Kenneth Quirke, Lead Environmental Analyst, 203‐926‐4729, 

Kenneth.quirke@uinet.com 

 

Sandra Butler, Associate Real Estate Analyst, 203‐926‐4693, Sandy.butler@uinet.com   
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Appendix B 
Soil Boring Logs 



 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Data Set No. 1 



Reference Data Set No. 1 
 
Subsurface soil conditions reportedly encountered during soil borings performed in 1981 for 
the construction of the existing Chapel Street Swing Bridge over the Mill River are 
summarized in the following soil boring logs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 





























 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Data Set No. 2 



Reference Data Set No. 2 
 
Subsurface soil conditions reportedly encountered during soil borings performed in 1977 for 
the construction of the existing Grand Avenue Bridges over the Mill River are summarized 
in the following site plans and soil boring logs. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 















































 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Data Set No. 3 



Reference Data Set No. 3 
 
Subsurface soil conditions reportedly encountered during soil borings performed in 2002 for 
the construction of the existing State Street Bridge over the Mill River are summarized in 
the following site plan and soil boring logs. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 







 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Reference Data Set No. 4 



Reference Data Set No. 4 
 
Subsurface soil conditions reportedly encountered during soil borings performed in circa 
1962 for the construction of the existing Interstate Route 91 Viaduct (Northbound) over the 
Mill River are summarized in the following site plans and soil boring logs. 
 





 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Appendix C 

Photographs 



Mill River District Shoreline Analysis 
Design Flood Memorandum 

 

C1 
 

 
 

Photo No. 1: 
Riprap shoreline along Criscuolo Park,  

looking east, photo taken on April 14, 2016. 
 

 
 

Photo No. 2: 
Natural shoreline along York Hill Trap Quarry Co.,  

looking west, photo taken on April 14, 2016. 

Concrete 
Stub Wall 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 3: 
Bulkhead for United Illuminating Utility Pole,  
looking south, photo taken on March 18, 2016. 

 

 
 

Photo No. 4: 
Chapel Street Bridge, looking south,  

photo taken March 18, 2016. 

Section Loss 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 5: 
Chapel Street stone masonry seawall, looking north,  

photo taken April 14, 2016.  
 

 
 

Photo No. 6: 
Fixed timber pier along 299 Chapel Street, looking southeast,  

photo taken March 18, 2016. 

Collapsed  
Pier Deck 

Irregular 
Deck Surface 

Chapel St.  
Br. Abutment 

Stone Masonry 
Seawall 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 7: 
Stone/concrete masonry seawall and fixer timber pier along Saltonstall Ave,  

looking south, photo taken March 18, 2016. 
 

 
 

Photo No. 8: 
Stone masonry seawall along Hillard Bloom Shellfish, Inc.,  

looking north, photo taken March 18, 2016. 

Failed Masonry 
Seawall 

Fixed Timber 
Pier 

Collapsed Portion  
of Masonry Seawall 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 9: 
Stone masonry seawall along Hillard Bloom Shellfish, Inc.,  

looking south, photo taken March 18, 2016. 
 

 
 

Photo No. 10: 
Steel sheet pile bulkhead along New NRB #3 Corp., looking northeast,  

photo taken April 14, 2016. 

Masonry 
Seawall 

Section Loss in 
Bulkhead/Wale 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 11: 
Steel sheet pile bulkhead along Gateway Terminal,  

looking east, photo taken April 14, 2016. 
 

 
 

Photo No. 12: 
Steel sheet pile bulkhead along Gateway Terminal,  

looking north, photo taken January 8, 2016. 

Settlement 
Behind Bulkhead 

Section Loss in 
Sheet Piles 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 13: 
Steel sheet pile bulkhead along Gateway Terminal,  
looking northwest, photo taken January 8, 2016. 

 

 
 

Photo No. 14: 
Failed timber sheet pile bulkhead along Gateway Terminal,  

looking northeast, photo taken April 14, 2016.  

Collapsed Section 
of Bulkhead 

Dumped 
rubble 

Remaining Timber 
Sheet Piles 



Mill River District Shoreline Analysis 
Design Flood Memorandum 
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Photo No. 15: 
Stone masonry seawall along the Powerhouse Building,  

looking northeast, photo taken April 14, 2016.  
 

 
 

Photo No. 16: 
Steel bulkhead along Ball Island south of Grand Avenue,  

looking northwest, photo taken February 19, 2016.  

Failed Stone 
Masonry Seawall 

Stone Masonry 
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Mill River District Shoreline Analysis 
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Photo No. 17: 
Historic and existing bulkheads along Ball Island, looking north,  

photo taken March 18, 2016.  
 

 
 

Photo No. 18: 
Stone masonry seawall along Gateway Terminal, looking southwest,  

photo taken April 14, 2016.  
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Photo No. 19: 
Stone masonry seawall supported by timber decking along Gateway Terminal,  

looking southwest, photo taken March 18, 2016.  
 

 
 

Photo No. 20: 
Natural shoreline with riprap at top along former Simkins,  

looking southwest, photo taken April 14, 2016.  
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Photo No. 21: 
Steel sheet pile bulkhead along UL Grand Avenue Substation,  

looking northwest, photo taken April 14, 2016.  
 

 
 

Photo No. 22: 
Section loss in steel sheet pile bulkhead along UL Grand Avenue Substation,  

looking northwest, photo taken April 14, 2016.  
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Photo No. 23: 
Grand Avenue Bridge over the East Branch of the Mill River, looking west,  

photo taken March 18, 2016.  
 

 
 

Photo No. 24: 
Grand Avenue stone masonry seawall, looking northwest,  

photo taken April 14, 2016.  
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Photo No. 25:  
Grand Avenue Bridge over the West Branch of the Mill River, looking west,  

photo taken February 19, 2016. 
 

 
 

Photo No. 26: 
Shoreline along Radiall, looking west,  

photo taken March 18, 2016.  
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Photo No. 27:  
Remnants of a timber bulkhead along Radiall, looking north,  

photo taken February 4, 2016. 
 

 
 

Photo No. 28: 
Shoreline along east side of Ball Island and north of Grand Avenue,  

looking west, photo taken February 4, 2016.  
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Photo No. 29:  
Shoreline along west side of Ball Island and north of Grand Avenue,  

looking southeast, photo taken February 19, 2016. 
 

 
 

Photo No. 30: 
Timber bulkhead with riprap at toe along former St. Gobain, looking southwest,  

photo taken February 19, 2016.  
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Photo No. 31:  
Shoreline along former St. Gobain, looking northwest,  

photo taken April 14, 2016. 
 

 
 

Photo No. 32: 
East timber abutment of abandoned rail crossing, looking east,  

photo taken April 14, 2016.  
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Photo No. 33: 
West timber abutment of abandoned rail crossing, looking northwest,  

photo taken February 19, 2016.  
 

 
 

Photo No. 34:  
Stone masonry seawall between the abandoned and active rail crossings,  

looking west, photo taken April 14, 2016. 
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Photo No. 35:  
West abutment of the active rail crossing over the Mill River, looking south,  

photo taken April 14, 2016. 
 

 
 

Photo No. 36:  
Earthen embankment along rail corridor, looking northeast,  

photo taken April 14, 2016. 
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Photo No. 37:  
Shoreline along 470 James Street, looking southeast,  

photo taken April 14, 2016. 
 

 
 

Photo No. 38:  
Shoreline along Elizabeth Browning and Hillcrest Properties, LLC,  

looking southwest, photo taken April 14, 2016. 
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Photo No. 39:  
Dumped riprap along Interstate 91, looking northwest,  

photo taken April 14, 2016. 
 

 
 

Photo No. 40:  
Humphrey Street Bridge and Utility Bridge over the Mill River,  

looking southeast, photo taken April 14, 2016. 
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Coastal Flooding Analysis 



WHITECAP ENGINEERING, LLC 

WCE 

May 13, 2016 
 
Mr. David Arpin, P.E. 
RT Group, Inc. 
458 Grand Avenue, Suite 213 
New Haven, CT 06513 
 
RE: Coastal Flooding Analysis Report 

Mill River District Shoreline Analysis 
City of New Haven 

 New Haven, CT 
 RTG Project No. 15103.00 
 
Dear David: 
 
In accordance with our Agreement, Whitecap Engineering, LLC (WCE) is pleased to present 
the results of its Coastal Flooding Analysis for the Mill River District (the District). As part of 
this project, WCE completed the following Tasks: 
 

1. Performed a review of available past storm data; 
2. Performed wave modeling to establish the design waves for the District; 
3. Performed a Coastal Flooding Analysis of the District and compared the results to 

the existing FEMA FIRM Panels; and 
4. Determined the minimum recommended flood protection improvements elevations 

(not including sea-level rise or freeboard). 
 
A summary of the above completed Tasks is provided below. 
 

Review of Past Storm Data 
 
To help verify the design input data for the Coastal Flooding Analysis, WCE performed a 
review of storm surge, wave, and wind data recorded during past significant storm events. 
While none of the storm data obtained occurred during an event considered to be equal to or 
greater than the 100-year design storm, this data was still considered useful from a 
comparison standpoint (i.e., direct scaling) to verify that reasonable assumptions were being 
made in regard to the input for the Coastal Flooding Analysis. The past data reviewed 
included water elevations in and around the District and wave and wind data located offshore 
in Long Island Sound. This data is summarized below. 
 

Storm Surge 
 
The National Oceanic and Atmospheric Administration (NOAA) maintains a water level gauge 
located in New Haven Harbor that was established in August 1999. The maximum water level 
elevations during Hurricanes Irene and Sandy (i.e., the most significant storm events since the 
gauge was established) were obtained from this gauge and compared to those interpreted 
from the flood accounts provided by the District property owners during these storms. In 
addition, this data was compared to the stillwater elevations provided in the most current 
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FEMA Flood Insurance Study (FIS) for the area. Upon review of the data, there appears to be 
good correlation between all sources, as shown in Table 1. 
 

TABLE 1 
Storm Surge Comparison 

 

FEMA FIS 100-
Year Storm 
Still Water 
Elevation  

(feet)1 

FEMA FIS 100-
Year Storm 
Total Water 
Elevation 
(feet)1,2 

Approx. Water 
Level during 
Hurricane 

Irene, 
August 28, 

2011 (feet)1 

Approx. Water 
Level During 

Hurricane 
Sandy, 

Oct 30, 2012 
(feet)1 

New Haven 
Harbor  8.93 12.53 8.04 8.74 

Radiall  - - - - 7.0 - 8.05 7.0 - 8.05 

67 Mill River St.  - - - - - - 7.05 

Footnotes:  
1. The elevation provided is in reference to NAVD 88.  
2. The Total Water Elevation includes the Still Water Level, the wave setup, and the wave runup. 
3. The elevation provided was obtained from Transect 21 in FEMA FIS 09009CV001C, revised October 16, 2013. 
4. The elevation provided was obtained from water level data from NOAA Station 8465705 measured in Mean Sea Level with 
datum conversions referencing NOAA Tide Station #8467150 located in Bridgeport, CT.  
5. The approximate elevation provided was determined by correlating flooding accounts from property owners within the 
District to the topographic data at that property. 

 

Wave Data 
 
The University Of Connecticut Department Of Marine Sciences owns and maintains a buoy 
located in Central Long Island Sound. The buoy has recorded site elevation, air temperature, 
wind speed, sea temperature, and water depth data fairly consistently since February 2004. 
Review of the available data from 2004 through 2015 indicates that the maximum wave 
heights occurred on December 27, 2012 during a nor’easter referred to as the “Christmas 
Storm”. For comparison, wind and wave data during Hurricanes Irene and Sandy were also 
obtained from this buoy and this data is summarized in Table 2.  
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TABLE 2 
Central Long Island Sound Relevant Buoy Data 

Date Time 
(hr:min) 

Wind 
Direction 
(degrees) 

Wind 
Speed 
(MPH) 

Wind Gust 
(MPH) 

Wave 
Height 
(feet) 

Wave 
Period 
(sec) 

Christmas Storm 
12-27-2012 6:30 90 44 56 9.8 7 
12-27-2012 7:00 90 41 51 10.2 8 

Hurricane Sandy 
10-30-2012 17:45 50 41 53 7.2 6 
10-30-2012 18:30 50 41 53 7.2 7 

Hurricane Irene 
8-29-2011 01:00 250 36.9 51.9 9.2 7 
8-29-2011 01:15 260 38.0 51.9 9.2 7 

Note: 
1. The above data was taken from Central Long Island Sound – Buoy Station #44039 with data ranging from 2004 to 2015. 

 

Wave Modeling 
 
In order to perform the Coastal Flooding Analysis, data representative of the wave climate 
within the District was first required. This data included the geometry of the coastal features 
in and around New Haven Harbor, as well as geostrophic wind conditions representative of the 
area. Using this data, two representative design waves were generated: (1) a deep water 
duration limited wave and (2) a deep water fetch limited wave. The development of these 
theoretical design waves is discussed in more detail below.  
 

Design Wave Determination 
 
Both the deep water duration and fetch limited design waves were determined using the US 
Army Corps of Engineers’ (USACE’s) Automated Coastal Engineering Software (ACES). Fetch 
distances were required for input into ACES to determine the characteristics of both waves 
and were generated from a single nodal point located just south of the District, with 
measurements taken in 5 degree increments (Exhibit 1). 
 
For the deep water duration limited design wave determination, a geostrophic wind speed 
and wind duration of 105 MPH and 1 hour were used, respectively. These design input values 
have been acceptable to FEMA in the past for determining new flood maps and flood zones. 
 
For the deep water fetch limited design wave determination, a geostrophic wind speed and 
wind duration of 105 MPH and 3 hours were used, respectively. The 3 hour duration is longer 
than what is typically required by FEMA and is assumed to be conservative. However, this 
provides that the resultant wave is fetch limited (as opposed to duration limited) and that 
the maximum possible wave height and period is calculated.  
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For comparison purposes, an additional wave was determined by back-calculating wave 
characteristics from the 100-year design flood and stillwater elevations, as determined from 
the current FEMA Flood Insurance Rate Map (FIRM) and FIS for the area, respectively. The 
characteristics from the design waves, the FEMA FIRM/FIS wave, and the past wave data 
obtained during Hurricanes Irene and Sandy and the Christmas Storm are provided in Table 3. 
 

TABLE 3 
Wave Characteristics 

Wave 
Wave 
Period  

(seconds) 

Wind 
Direction 
(degrees) 

Offshore 
Wave 
Height  
(feet) 

Offshore 
Wavelength 

(feet) 

Breaking 
Height 
(feet) 

Breaking 
Wavelength 

(feet) 

Deep Water 
Fetch Limited 7.0 182 12.5 250 13.3 152 

Deep Water 
Duration 
Limited 

4.8 182 6.2 118 6.5 73 

FEMA FIRM/FIS1 6.2 ± 182 ± 9.3 ± 197 ± 10.1 ± 115 ± 

Christmas 
Storm 20122 

8.0 90 10.2 325 12.4 170 

Hurricane 
Sandy2 

7.0 50 7.2 250 8.8 125 

Hurricane 
Irene2 

7.0 260 9.2 248 10.8 137 

Footnotes:  
1. Deepwater wave conditions were generated using an iterative approach with ACES and are representative of the deepwater 
conditions that would produce breaking wave conditions that would satisfy the data provided in the FEMA FIRM and FIS.   
2. Wave transformations are based on linear wave theory.  

 
 

Design Wave Comparison 
 
Based on Table 3, the two design waves show good correlation with the FEMA FIRM/FIS and 
past recorded storm wave characteristics. As a general comparison, the magnitude of the 
FEMA FIRM/FIS wave characteristics is between the two design waves. In reviewing the past 
recorded storm wave characteristics, it is interesting to note that these waves have 
significantly higher heights and periods than the deep water duration limited design wave. 
This can be attributed to the direction of the wind which created the waves and the 
corresponding fetch distances. For all three past storms, the winds were generally orientated 
east-west (i.e., 45 mile ± fetch distance from the Central Long Island Sound Buoy); while the 
deep water duration limited design wave considers wind direction almost due South (i.e., 23 
mile ± fetch distance from New Haven Harbor). Accordingly, the duration limited design wave 
and period is significantly smaller than the recorded storm waves due to the shorter distance 
over which the wave energy can develop.  
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Coastal Flooding Analysis 
 
The Coastal Flooding Analysis was performed utilizing FEMA’s Coastal Hazard Analysis 
Modeling Program (CHAMP). The program considered the design waves discussed above, the 
FEMA FIS water levels for the area, and the topographic/bathymetric features of the District. 
Using this data, the CHAMP Model calculated flood boundaries and base flood elevations 
throughout the District. These boundaries were then compared with those provided in the 
FEMA FIRM. The Coastal Flooding Analysis is discussed in more detail below. 
 

CHAMP Model Input 
 
Based on their correlation with the back-calculated FEMA FIRM/FIS wave and design guidance 
from FEMA, the design waves were considered practical and were used in the Coastal Flooding 
Analysis. Three (3) representative transects extending throughout the length of the Study 
Area (Exhibit 2) were generated utilizing topographic and bathymetric data obtained 
previously by RT Group, Inc. (RTG) as part of this project. These transects were then 
imported into CHAMP as individual flooding cases.  
 
The design waves and Total Water Level (TWL) for the 100-year storm were applied to each 
transect in the CHAMP Model. The TWL is comprised of three components: (1) the Still Water 
Level, (2) the wave setup, and (3) wave runup. For these cases, the Total Water Level (FIS 
Transect 21 Elevation 12.5 feet) was divided into the Still Water Level (FIS Transect 21 
Elevation 8.9 feet), average wave runup (0.5 feet of runup calculated with a 1.0 foot wave in 
a Non-Coastal A Flood Zone, deep water duration limited wave period of 4.8 seconds, and 
nearshore slope of 1:25), and wave setup (remaining 3.1 feet) (all elevations in this letter are 
referenced to NAVD 88 unless noted otherwise).  
 

CHAMP Model Results 
 
The results of the CHAMP Model for the three representative transects are presented in 
Exhibits 3 through 5. The FEMA FIRM Panel flood zones and base flood elevations are also 
shown on these Exhibits for comparison. In general, the results of the CHAMP Model are in 
agreement with the FEMA FIRM Panels for the District.  
 
Deep Water Duration Limited Design Wave 
 
The deep water duration limited case most closely matched the existing FIRM. These results 
are expected as the deep water duration limited case is based on a 100-year storm for this 
area, similar to the FEMA FIRM. This independent confirmation of the FIRM provides a high 
confidence level in both flood modeling efforts.  
 
For the west transect (Exhibit 3), both the CHAMP Model and the FEMA FIRM Panels indicate 
the maximum wave crest height at the shoreline of New Haven Harbor of El. 16 feet (i.e., VE 
EL. 16 Flood Zone). Progressing landward (i.e., north), the FEMA FIRM Panels maintain an AE 
El. 13 Flood Zone while the CHAMP Model is slightly lower at an AE El. 12 Flood Zone. 
Between about Sta. 20+00 ± and 27+00 ±, both models show intermittent X Flood Zones in 



Mr. David Arpin, P.E. (6)  May 13, 2016 
                                                     

WCE 
 

different locations. This is due to the varying locations of the salt piles within the Gateway 
Terminal property at the time the CHAMP Model and FIRM Panels were completed. Progressing 
further landward, both the CHAMP Model and FEMA FIRM Panels indicate an AE El. 12 Flood 
Zone. 
 
Similar to the west transect, the CHAMP Model for the middle transect (Exhibits 4A and 4B) 
indicates a maximum wave crest of El. 16 feet (i.e., VE El. 16 Flood Zone) along the shoreline 
of New Haven Harbor. Progressing landward (i.e., north), the CHAMP Model and FEMA FIRM 
Panels coincide relatively well with respect to the locations of the flood zones and their 
elevations. Similar to the west transect, the X Flood Zone locations vary slightly due to the 
varying salt piles locations. While the FEMA FIRM Panels indicate an AE El. 13 Flood Zone 
where the middle transect crosses over the Mill River (i.e., approximately Sta. 25+00 ± to 
28+00±), this Flood Zone was not developed in the CHAMP Model. This dissimilarity can be 
attributed to the mapping procedures for FEMA, where flooding characteristics generated at a 
specific transect are then interpolated to the surrounding geographic features. The CHAMP 
Model, on the other hand, is a specific model run over existing topographic data across a 
transect line. In any case, the AE El. 13 Flood Zone is in the River itself and has no effect on 
upland Flood Zones. 
 
For the east transect (Exhibit 5), the CHAMP Model indicates a VE El. 16 Flood Zone at the 
shoreline of the Mill River near the New NRB #3 parcel. This is larger than that shown in the 
FEMA FIRM Panels at this location and is because the CHAMP Model for this transect begins at 
the Mill River shoreline (i.e., north of Chapel Street, Exhibit 5) and does not take into account 
the Chapel Street Bridge. Extending the transect past the Chapel Street Bridge would reduce 
this to an AE El. 12 Flood Zone, which corresponds with the FEMA FIRM Panels. Progressing 
landward (i.e., north), the CHAMP Model and FEMA FIRM Panels show excellent correlation, 
both displaying X Flood Zones on both sides of Grand Avenue and at the Radiall property. 
   
Deep Water Fetch Limited Design Wave 
 
The deep water fetch limited case produced a maximum wave crest at El. 19 feet (i.e., VE El. 
19 Flood Zone) at the shoreline of New Haven Harbor. Further inland (north) the CHAMP 
Model shows AE El. 13 and AE EL. 14 Flood Zones. The fetch limited wave characteristics were 
greater than those representative of a 100-year storm, resulting in flood zones greater than 
that determined for the deep water duration limited case and as shown on the FEMA FIRM.  
Accordingly, the CHAMP Model for the fetch limited case was not considered.  
 
Based on the results, the flood zones provided in the FEMA FIRM Panels were confirmed and 
are considered representative of the anticipated flooding resulting from the 100-year storm 
event. As such, we recommend that the flood elevations provided in the FEMA FIRM Panels be 
utilized as the basis for the development of the flood protection improvement alternatives. 
 

Recommended Minimum Design Elevations 
 
The minimum recommended design elevation for a given flood protection improvement 
alternative is dependent on its location within the District. Accordingly, and in order to 
provide a basis for design, three (3) representative flood protection improvement alternatives 



Mr. David Arpin, P.E. (7)  May 13, 2016 
                                                     

WCE 
 

were selected and evaluated based on the results of the Coastal Flooding Analysis completed 
above. These alternatives include the following: 
 

1. The construction of a District-Wide Flood Proofing Barrier located along Chapel Street; 
2. The construction of a Flood Proofing Barrier along the shoreline of selected parcels 

located within the District; and 
3. Raising grade within selected parcels located within the District.  

 

District-Wide Flood Proofing Barrier   
 
The first representative flood protection alternative includes the construction of an 
impermeable barrier along Chapel Street. The barrier would consist of a bridge spanning over 
the Mill River with flood gates below, and berms extending from either side of the bridge to 
the limits of the flood zone. In addition, pumps would be installed to maintain effluent river 
flow during a storm event while the gates are closed.  
 
The above barrier would be constructed such that the overtopping rate of any waves or storm 
surge would be less than 0.0001 cubic feet per second per linear foot of structure. This 
maximum overtopping rate is required by FEMA and would allow the area located landward of 
the barrier (i.e., north) to be mapped as an X Flood Zone.  
 
Based on the existing FEMA FIRM Panels, the Limit of Moderate Wave Action (LiMWA) line 
follows the shoreline of the River from the southern end of the District up to Grand Avenue 
(Exhibit 2). This line is the delineation between a Coastal A Flood Zone and a Non-Coastal A 
Flood Zone, which represents the location during a storm that would support a wave height of 
1.5 feet. For reference, a Non-Coastal A Flood Zone supports wave heights less than 1.5 feet, 
a Coastal A Flood Zone supports wave heights between 1.5 and 3 feet, and a V Flood Zone 
supports wave heights greater than 3 feet.   
 
The western and eastern portions of the proposed barrier located beyond the bridge would be 
positioned landward of the LiMWA line (i.e., Non-Coastal A Flood Zone). The portion of the 
proposed barrier that crosses the Mill River would be located seaward of the LiMWA line in an 
AE EL. 13 Flood Zone (i.e., Coastal A Flood Zone). Based on this, a maximum wave height of 
1.5 feet was assumed for the western and eastern portions of the proposed barrier and a 
wave height of 3 feet was assumed for the portion of the barrier that crosses the Mill River. 
 
Based on the above, and assuming a 1.5 foot wave would impact the barrier with a wave 
period of 4.8 seconds (as calculated under the duration limited case) in a water depth of 1.92 
feet (the minimum depth of water required to support a 1.5 foot wave), the required top of 
the western and eastern portions of the barrier would be approximately El. 15 feet ±. This 
elevation would allow areas located landward of the barrier to be remapped as an X Flood 
Zone and would fulfill the FEMA requirement of providing a minimum of 1.0 foot of freeboard 
over the AE El. 12 Flood Zone. 
 
In regard to the portion of the proposed barrier that crosses the Mill River, a top of barrier 
equal to El. 15 feet ± would allow some wave overtopping. However, the overtopping would 
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end up in the River on the upstream side of the barrier and would subsequently be pumped 
outboard along with the effluent River flow.  
 
The analysis above satisfies criteria for FEMA in terms of Flood Mapping according to the most 
recent and available data. The analysis does not take into consideration climate change or a 
future potential increase in sea-level rise. Any potential future sea-level rise estimates would 
need to be added to the overall height of the berm. 
 

Single Property Flood Proofing Barrier 
 
Because the properties within the District are located landward of the LiMWA line, the 
minimum design elevation for flood proofing barriers on individual properties would be 
compared to the base flood elevations at the property and would have minimal added effects 
from wave runup. As such, a minimum design elevation equal to the Base Flood Elevation plus 
1 foot of freeboard is considered sufficient to protect from overtopping. 
 
Radiall was selected as a representative property for determining the minimum elevation for 
a flood proofing barrier. The existing FEMA FIRM Panel indicates an AE El. 12 Flood Zone in 
this area. Accordingly, a top of barrier elevation of 13 feet would be appropriate for the 
Radiall property.  Similar to the District-Wide Flood Proofing Barrier above, this top of barrier 
elevation does not take into account potential future sea-level rise. 
 

Raising Grade within a Single Property 
 
The final representative flood proofing alternative consists of raising grade within a selected 
property to elevate it above a flood zone. In accordance with FEMA guidelines, the finish floor 
elevation of a new structure would be required to be equal to or greater than the base flood 
elevation in the area. Based on this, the minimum fill elevation for Radiall would be El. 12 
feet. Again, this elevation does not take into account any potential future sea-level rise. 
 
If you have any questions, please do not hesitate to contact me. 
 
 
Sincerely,  
 

 
 
Gregory J. Roebuck, P.E. 
Principal 
 
Attachments 
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