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I. PROJECT ORIGIN AND HISTORY (PROJECT NEEDS)

Ocean Drive (County Road 621) connects numerous coastal barrier islands along the southernmost
coastline of the Atlantic Ocean in Cape May, New Jersey. A 2.7-mile stretch of the roadway from its
terminus at Route 109 and intersection with Madison Avenue connects the towns of Cape May and
Wildwood Crest through Lower Township. The roadway serves as the primary link between these
popular communities as well as for the main route servicing local businesses, including many
restaurants, marinas and fisheries, which are indicative of the area’s maritime environment. A project
location map is shown in Figure 1 on the following page.

Additionally, this stretch of Ocean Drive serves as an emergency evacuation route for the barrier
island on which the heavily populated and developed resort towns of Wildwood Crest and Wildwood
and the Diamond Beach section of Lower Township are located. The road has been prone to
occasional flooding in the past due to its elevation, which is below the 100-year flood elevation. This
elevation serves as the current design standard for emergency evacuation routes. As it exists today,
in the event of a major coastal storm, this roadway could become impassible, leaving the barrier
island communities isolated until the floodwaters recede. This section of Ocean Drive is the last of
the three accesses to the Wildwoods to become impassible during a storm.

There are three existing bridges located in this stretch of Ocean Drive. These bridges include a 300-
foot long bridge over Mill Creek, a 350-foot long bridge over Upper Thorofare, and a 1,039-foot long
bridge over Middle Thorofare, which includes a functioning movable span as its main span. The
Middle Thorofare Bridge is also referred to as the “Two Mile Bridge™ and serves as the gateway to
the Intracoastal Waterway. The Middle Thorofare Bridge experiences anywhere from 20 to 40 bridge
openings each day, with approximately 1,650,000 vehicles crossing the bridge each year. The
numerous bridge openings for the passage of boats cause significant backups of traffic traveling
between the Wildwoods and Cape May, particularly during the summer months when the road is
traveled by the many patrons visiting the resort towns. Additionally, the narrow horizontal clearance
of the channel at the bridge resuits in the restriction of large vessels entering the Intracoastal
Waterway. Vessels attempting to navigate the narrow opening frequently impact the bridge
structure. :

The Mill Creek and Upper Thorofare Bridges are currently deemed functionally obsolete due to their
narrow widths and also have low sufficiency ratings - 46.8 for Mill Creek and 47.3 for Upper
Thorofare. The sufficiency rating is the grade of the bridge using a 100-point system with 100 being
a perfect bridge and 0 being a collapsed bridge. The sufficiency rating consists of three
components — structural adequacy and safety (55%), serviceability and functional obsolescence
(30%) and essentiality for public use (15%). The Middle Thorofare Bridge is deemed functionally
obsolete due to its narrow width and structurally deficient due to its inability to carry loads greater
than 15 tons. The movable span with a 50 feet distance between fenders limits the size of the
vessels that can use the Middle Thorofare waterway beyond the bridge, therefore restricting the
economic growth of the commercial fishing industry in this area. The movable span also causes
considerable traffic backups during the busy summer season.. With these items considered, the
Middle Thorofare Bridge has a very low sufficiency rating of approximately 4 out of 100 points.

In late 1999 this study commenced with the project limits extending from Route 109 to just west of
the Middle Thorofare Bridge. This study was expanded in 2002 at the request of the local community
to include the Middle Thorofare Bridge and the section of Ocean Drive to Madison Avenue at the
southern edge of Diamond Beach in Lower Township. The study was performed to determine the
extent of improvements that would be required to accommodate the following items:

¢ Allow safe passage of vehicular traffic from the barrier island to Route 109 during a 100-year
flood, '
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e Rehabilitate or replace the existing structures to correct all existing deficiencies,
accommodate safe vehicular travel during a 100-year flood, and reduce the traffic delays
and vessel restrictions which occur at the movable span of the Middle Thorofare Bridge.

As part of this study, an alternative analysis was developed to explore feasible alternatives for the
project improvements and develop a recommendation that not only satisfies the project needs but
also does so while minimizing various types of impacts including those to the sensitive
environmental, cultural, and socio-economic aspects of the area.

Project Limits:
Route 109 to Vicinity of Madison Avenue
Lower Township Cape May County

N
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\\\’\\\\,.'\‘: X
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Figure 1
Project Location Map
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Ili. EXISTING CONDITIONS

A. ROADWAYS

The existing roadway contains several deficiencies, including- insufficient travel lane width,
substandard horizontal curvature, substandard profile grades and an elevation below the 100-year
floodplain.

Existing Roadway

The existing bituminous roadway extends east approximately 2.7 miles from Route 109 to the
southern edge of Diamond Beach in Lower Township, Cape May County. The roadway is important
as an access route to the beach resorts on the barrier island at the south end of the Wildwoods, as
an access route for the commercial fishing industry located adjacent to the Middle Thorofare Bridge,
and for emergency vehicle access to the southern section of the island. The existing roadway was
constructed within a 120-foot right-of-way by placing fill in the higher areas of an existing floodplain.
The two-lane road consists of a 40-foot wide paved surface with 10-foot travel lanes and 10-foot
shoulders on either side, with 8:1 slopes down to existing grade adjacent to the shoulders. A
majority of the existing roadway was constructed at a 0% profile at an elevation of 7.5 feet, with the
top of deck of the bridges set at elevation of 11.0 feet. The posted speed limit on the roadway is 45
mph from Route 109 to just east of the Upper Thorofare Bridge. Between the Upper and Middie
Thorofare bridges, the posted speed limit is reduced to 40 mph and on the Middle Thorofare Bridge
itself, the speed limit is posted at 25 mph. Finally, the posted speed limit is increased to 50 mph
from the east end of the Middle Thorofare Bridge to the eastern end of the project. North of the
project limits the posted speed limit is reduced to 25 mph in the residential areas.

Elevation of the Roadway Surface

Most notable of those deficiencies is the elevation of the roadway surface. The original roadway has
settled since its construction to an approximate elevation of 6.0 feet, placing it well below the 100-
year flood elevation of 9.1 feet (See Section IV for a discussion on the 100-year flood elevation).
Because of this low elevation, the entire roadway is susceptible to flooding, possibly making the
evacuation route impassible to navigate during a flood. The proposed project will raise the entire
length of Ocean Drive within the project limits above the 100-year floodplain.

Travel Lane Width

Second among the deficiencies is the substandard travel lane width of 10 feet. Current design
standards are determined by the 2001 edition of AAHSTO's “A Policy on Geometric Design of
Highways and Streets,” which indicates that a 55 mph design speed requires a travel lane width of
12 feet for safe vehicular movement. The proposed roadway will widen the travel lanes to the 12-foot
width by utilizing the excess shoulder width of the existing roadway. The proposed shoulders will be
reduced to 8 feet wide, which is considered the minimum acceptable shoulder width for the project's
design speed. The overall width of the paved surface will remain unchanged.

Horizontal Curvature )

At the westernmost section of the roadway, there is a substandard 1000-foot radius horizontal curve.
For the roadway's design speed, the minimum horizontal radius of curvature required is 1065 feet.
The radius of the deficient curve will be corrected by the project along with related superelevation
requirements. At the easternmost limit of the project, there is a substandard 900-foot radius
horizontal curve which becomes a tangent at Raleigh Avenue, where Ocean Drive enters Diamond
Beach. This curvature does not meet design standards for a 55 mph design speed. However, the
design speed of Ocean Drive changes in this vicinity from 55 mph to 30 mph. Depending on the
exact location of the speed change, the curve may meet 30 mph design standards. Because of the
minor change in radius required to meet 55 mph design standards {(a 1065-foot radius is required),
and local complaints regarding insufficient sight distance for pedestrian traffic at this location, the
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curve will be improved to meet the 55 mph design standard. It is likely, however, that reduced
speed limit signs will be posted to slow traffic prior to reaching the curve in its final design.

Profile Grades

The existing 0% profile grade of the roadway is also substandard. Current design guidelines require
a minimum profile grade of 0.3% for sufficient surface drainage. This too will be corrected by the
project with vertical curves and tangents meeting or exceeding the 0.3% grade required.

B. STRUCTURES (BRIDGES AND CULVERTS)
Each structure is described in general below. A cursory field inspection and a technical evaluation
for each structure are also provided.

Mill Creek Bridge

Description

This bridge was constructed in 1940 and 1941 to connect Cape May to the Wildwoods and consists
of 12 spans, each 25-0” with a total length of 300’-0". The bridge carries two 10-0” wide lanes and
1'-6" safety walks on both sides and is on a tangent section of roadway. The superstructure is
composed of four reinforced concrete T-beams with a monolithic 7V2" thick deck. The beams are
spaced at approximately 6'-0” on center and provide a total deck width of 23-0". The substructure
consists of reinforced concrete pile bents and stub abutments on timber piles. Based on the 8"
Cycle Re-evaluation Bridge Survey and Rating Report dated April 1997 and the June 2000 Field
Condition and Appraisal Survey Report (See Addendum A), the overall condition of the bridge is fair.
The structure is functionally obsolete due to the narrow deck width.

Field inspection

A limited field inspection of the Mill Creek and Upper Thorofare Bridges was conducted on June 2,
2000, to verify the current condition of the bridges. The observations made during this field
inspection support the 8" Cycle Report and are presented below.

= Superstructure and Deck

The existing Mill Creek Bridge consists of 12 spans, each
25-0" in length with a total length of 300-0". The
superstructure is composed of four Reinforced Concrete T-
Beams with a monolithic 7%2" thick deck. The beams are
spaced at approximately 6’-0” center to center.

The superstructure (deck slab and beams) is in fair
condition. The deck has both armored and non-armored
deck joints over the piers. The fill material is deteriorated in
most of these joints.

Photo 1 — Mill Creek Bridge

The underside of the deck has many large spalls with
exposed reinforcement bars. Spall sizes range from
approximately 1 to 3 square feet. Numerous repaired spall
areas exist throughout the underside.

The bottoms of the beams are spalled at several locations,
including the previously repaired sections. The reinforcement
was exposed and rusted through.

; = L. G IR 2 ()00

The diaphragms have cracks and efflorescence throughout. Photo 2 Mill Creek Bridge Underside of

Several diaphragms have been repaired. Debr wiin -S aals arv Bxpasad
Reinforcements
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The bridge railing is severely deteriorated as shown in Photo 3 and is substandard since it does not
meet strength or geometric requirements. The majority of the rails are rusted through. The railing
exhibits several locations of previous vehicular impact.

No other significant defects were noted on the superstructure.

Substructure

The substructure is comprised of two bin-type abutments on timber piles and piers consisting of
reinforced concrete pier caps with three precast concrete piles. Rip Rap and bagged concrete
slope protection were visible at the abutments.

The substructure is in fair condition. The abutments were
inspected during low tide in order to facilitate inspections.
The north abutment apron is undermined throughout. At
the east end the erosion is approximately 8" and the piles
are visible. The concrete bags seem to have no significant
benefit. There is extensive cracking and spalling on the
west end of the north abutment breastwall. The south
abutment showed no signs of erosion.

" Photo 3 - Mill Creek Bridge The wingwalls have various map cracks and wide cracks
Deteriorated Railing with efflorescence at the seat.

The piers consist of reinforced concrete pile caps 2'-0” wide
by 2’-11” deep and three 20" square precast concrete piles.
The pile caps have several areas of map cracks and
efflorescence. The end of the caps have medium to wide
cracks. Several of the piles have been previously repaired
with steel or plastic jackets filled with unreinforced concrete.
The steel jackets are moderately rusted.

There are 4 visible timber piles that were cut-off at the Mean

high water level within the second span from the north L ;
abutment. Photo 4 — Mill Creek Bridge

Undermined North Abutment

Approaches

Both approach roadways are paved with bituminous concrete. There is no guide rail along the SE
approach to the bridge and the existing guide rails show signs of vehicular impact. The safety
sidewalks on the approaches have also settled at all four corners of the bridge.

Deck Geometry
The curb-to-curb width of 20-0” is inadequate, leading to the bridge being classified as functionally
obsolete.

Technical Evaluation

Load Carrying Capacity

The 8" Cycle Report (1997) indicates Load Factor Inventory and Operating ratings of 18 tons and 30
tons, respectively for the H15 truck. The controlling design load on the bridge corresponds to a
Load Factor Inventory rating of 27 tons for the HS-20 truck, which equates to an overstress of 33%.

Earthquake Resistance _

The structure was constructed by 1941, well before the use of seismic standards. In the structure'’s
present condition, it provides little resistance to lateral forces per present seismic requirements.
Seismic site characterization parameters for present day standards are:
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e Peak Acceleration Coefficient (Av) = 0.10
+  Soil Profile Type = S3
e Site Soil Coefficient (S) = 1.5

The connections between the superstructure and the substructure are inadequate to transfer
seismic forces. The existing piers appear to be lightly reinforced and not properly confined within
the plastic hinge zones as per AASHTO Div. 1A, Chapter 6.6.2. Based on the limited soil information
from the 1939 design plans, the soil is comprised of loose granular material and there may be a
potential for liquefaction during a seismic event. The existing bridge seat widths may not be
adequate to catch the superstructure during such a seismic event.

Wind Loadings on the Existing Structure

Due to the proximity of the bridge site to the coastline of the Atlantic Ocean, the site is subject to
hurricane force winds. The basic wind speed used in determining design wind loads at this site is
therefore 110 mph, as shown in Figure 6.1 of ASCE Standard, “Minimum Design Loads for Buildings
and Other Structures”. This is slightly higher than the normal wind design velocity of 100 mph
defined by AASHTO.

Safety Features

The safety features of this bridge are below current NJDOT standards. There are 1'-6" safety walks
on both sides of the bridge with a current roadway width of 100" for each lane. The narrow
roadway width eliminates the possibility of providing barrier curbs or railings and forces bicyclists
that frequent the bridge to ride in the travel lanes. Pedestrians regularly utilize the safety walk. The
approach guiderail terminations do not meet current standards and require an additional stiffening
post along the length with resetting of the height. There is no guide rail at the SE corner of the
bridge. '

Maintenance Requirements

Considering the age of this structure and the severe coastal environment, maintenance is extremely
important in preserving the structure. The abutment and pier seats require periodic cleaning since
the debris buildup and direct exposure to salt laden water contributes to the extensive deterioration
to the substructure elements.

Upper Thorofare Bridge

Description

This bridge was constructed in 1940 and 1941 to connect Cape May to the Wildwoods and consists
of 14 spans, each 25-0" in length with a total length of 350-0", The bridge carries two 10'-0" wide
lanes and 1'-6" safety walks on both sides and is on a horizontal curved section of roadway that
does not have proper superelevation. The superstructure is composed of four reinforced concrete
T-beams with a monolithic 7-1/2" thick deck. The beams are spaced at approximately 6'-0” on
center and provide a total deck width of 23'-0". The substructure consists of reinforced concrete
pile bents and stub abutments on timber piles. Based on the 8™ Cycle Re-evaluation Bridge Survey
and Rating Report dated April 1997 and the June 2000 Field Condition and Appraisal Survey Report
(See Addendum A), the overall condition of the bridge is fair. The structure is deemed to be
functionally obsolete due to the narrow deck width.

Field Inspection
A limited field inspection of the Upper Thorofare Bridge was conducted on June 2, 2000 to verify the

current condition of the bridge. The observations made during this inspection support the 8™ Cycle
Report and are presented below.

—-10 -
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Superstructure and Deck

The existing Upper Thorofare Bridge consists of 14 Spans, each 25’-0” in length with a total length of
350'-0". The superstructure consists of four Reinforced Concrete T-Beams with a monolithic 712"
thick deck. The beams are spaced at approximately 6’-0” center to center.

The superstructure (deck slab and beams) is in fair
condition. The concrete T-beams typically have wide
cracks and efflorescence at the bearing locations. The
deck has both armored and non-armored joints over the
piers. The filler material in most of these joints is
deteriorated.

The underside of deck has many scaled areas and spalls
with exposed reinforcement bars. The bottoms of the
beams are spalled in several locations, and the
diaphragms have efflorescence and various cracks
throughout. The bridge railing is substandard for strength
and geometry and in poor condition with severe deterioration and vehicular impact damage visible
at several locations.

Substructure

The substructure construction is similar to the Mill
Creek Bridge and is in fair condition overall. The
abutments were inspected during low tide. The north
abutment apron is heavily undermined due to erosion.
The south abutment apron showed no signs of erosion.
The wingwalls have map cracks and wide cracks with
efflorescence.

Some of the pier caps exhibit map cracking, few wide
vertical cracks, and some efflorescence. Several of the

2. 2000

Photo 6 — Upper Thorofare Bridge
piles have been previously repaired with plastic jackets Pier Caps with Wide Vertical Cracks
and filled with unreinforced concrete. Some of the

piles exhibit wide vertical cracks.

There are visible timber piles that were cut-off at the mean high water level within the first and
second span from the north abutment.

Approaches

Both approach roadways are paved with bituminous
concrete. Both wingwalls have settled approximately
3" to 6" at the rear face of the backwall at the north
abutment. The guide rails show signs of vehicular
impact. The horizontal sight distance on the Upper
Thorofare Bridge is restricted due to horizontal
curvature. There are markings for an underground
utility belonging to Verizon on the North side of the
Upper Thorofare Bridge.

Photo 7 - Uppe Thorofare Bridge
Horizontal Curvature

Deck Geometry

The curb-to-curb width of 20™-0” is inadequate, leading to the bridge being classified as functionally
obsolete. The bridge is on a horizontal curve and has no superelevation on the deck which is
substandard.
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Technical Evaluation
Technical concerns for the Upper Thorofare Bridge are the same as those previously defined for Mill
Creek Bridge.

Middle Thorofare Bridge

Description

This bridge was constructed in 1940 and 1941 to connect Cape May with the Wildwoods and
consists of 21 fixed spans and one movable span that permits passage of vessels with unlimited
height and a maximum width of 50 feet. The fixed spans vary in length from 35 feet to 110-9 1/8"
and the movable span is a single leaf bascule bridge with a span of 64’-5” between the centerline of
the trunnion and centerline of bearing at the toe. The total length of the bridge is 1039'-3 15/16” and
it carries two 10-0” lanes and 1'-6” safety walks on both sides of the bridge. There are seventeen
35-0" long spans that consist of three continuous steel stringers supporting an 8” reinforced
concrete deck slab. The other four approach spans are two girder, floorbeam/sub-stringer structures
with an 8" reinforced concrete deck slab that is supported on the two girders and central sub-
stringer. This structure is on a tangent section of roadway. The overall condition of the structure is
critical due to its low ratings. The bridge is deemed functionally obsolete due to its narrow width,
and structurally deficient due to its inability to carry
loads greater than 15 tons. These findings are
based upon the 7" Cycle Re-evaluation Bridge
Survey and Rating Report dated October 2001 and
the June 2002 Field Condition and Appraisal Survey
Report (See Addendum A). The Structural Inventory
and Assessment (SI&A) sheet indicates a structural
sufficiency rating of 4 out of a possible 100. Since the
sufficiency rating is extremely low, the bridge is
classified as structurally deficient and functionally
obsolete, and is eligible for the NJDOT “select list”.
This list identifies the most deficient bridges in the
state. Also, since the sufficiency rating is below 50,
the bridge is automatically eligible for federal funding
for replacement.

Photo 8 — Middle Thorofare Bridge

In addition, the movable span limits the size of vessels that can enter the Intracoastal Waterway
beyond the bridge to 50 feet in width. The bridge opens about 7500 times annually. During the
summer months, the movable span opens as much as 40 times per day to allow the passage of
marine vessels. This number of openings is excessive and causes traffic delays that at times are
approximately one mile in each direction.

Field Inspection

A limited field inspection of the Middle Thorofare Bridge was conducted on June 18-19, 2002 to
verify the current condition of the bridge. Prior to this visit, the 7" Cycle Bridge Re-Evaluation Survey
Report dated October 2001 was reviewed. The observations made during this inspection support
the 7" Cycle Report. The bridge is currently appraised “Serious” based on the 7" Cycle Report
dated October 2001.

Superstructure and Deck
The existing bridge consists of a single leaf steel bascule span, four steel girder-floorbeam-stringer
spans and seventeen continuous steel stringer approach spans. The total length of the structure is
approximately 1,039 feet.

The concrete deck on the approach spans is in fair condition due to the wide cracks (approximately
30 feet long) and spalls on the underdeck with exposed corroded reinforcement. Spall sizes range
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from approximately 1 to 6 square feet. There are large wide cracks and incipient spalls at the
sidewalk brackets. The overlay on the headers at both approaches have several potholes and old
deteriorated patches. The deck of the movable span was replaced along with the supporting
stringers in 1992 and is in good condition.

The superstructure is in serious condition due to section loss from
corrosion and impact damage. The east girder on the bascule
span has 3 locations with major collision damage. The west girder
on the bascule span also has 3 locations with collision damage but
is moderate in comparison. The bearings on the bascule span
exhibit heavy rusting. The stringers on the approach span exhibit
up to 100% local section loss on the bottom flange at the bearing
location.

There are numerous steel cross-bracing diaphragms with severe
section loss throughout, but they have been supplemented with
new adjacent diaphragms. Additional strengthening repairs were
noticed on the stringer spans. These repairs along with the paint
system were observed to be in good condition.

The bridge railing is substandard for strength and geometry and is
severely deteriorated. There are numerous rails that are rusted  Fhoto 9—Middle Thorofare
through. The railing Bridge Ea;t Bascule Girder
exhibits several locations Coilision Damage

of  previous vehicular

impact.

Span N11 has scaffolding present between the
diaphragms. This can be a potential safety hazard
because of the extensive boat ftraffic traveling directly
under it. There is also heavy collision damage to the east
e 1 utility pole support. The east utility pole also exhibits 100%
Photo 10 - Middle Thorofare Bridge section loss at the base due to severe corrosion.No other
Bottom Flange 100% Section Loss significant defects were noted on the superstructure.

Substructure

The substructure’s overall condition is fair. To facilitate the
inspections, the abutments were inspected during low tide.
The abutment showed no visible signs of erosion. Light
scaling and water stains are found throughout the breastwalls
and backwalls. There is minor debris accumulation on the
bridge seats. There is a utility pole on the northeast side of
the north abutment that is visibly leaning toward the bridge.
The approach piers consist of reinforced concrete pier caps
with precast concrete piles. Minor scaling can be found on = = S . e
the pier caps along with map cracking and some  Photo 11— Middle Thorofare Bridge
efflorescence. Heavily Deteriorated Pile Repair

Sleeves with Exposed Rebar

The precast concrete piles were repaired at several locations

with concrete sleeves. The sleeves are heavily deteriorated at several locations with the reinforcing
cage exposed. Pier S7 consists of 3 concrete piles. The east pile has heavy collision damage and
has been supplemented with 2 steel H-piles for additional support.
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The main piers and timber fender system are generally in fair
condition. There is moderate damage to the east side of
Column E1 on Pier S10. The timber fender system has heavy
damage to the northeast corner as shown in Photo 12.

Approaches

Both approaches are paved with bituminous concrete. Both
roadways have settled causing an uneven dip at the rear face
of the backwall.  There are several potholes and old
deteriorated patches in the overlay.

Photo 12 - Middle Thorofare Bridge
Timber Fender Damage

Deck Geometry
The curb-to-curb width of 20'-0” is inadequate, requiring the

bridge to be classified as functionally obsolete. This configuration changes at the centrally located
toll house where two 10’-0’ lanes traverse around the toll house.

Electrical and Mechanical Systems

The original electrical system was replaced in 1992 with a Benshaw System during the deck
replacement of the movable span. The system continues to work well and is in good condition. The
mechanical system consists of a gear driven trunnion. Most of the equipment is original except the
rack which was replaced during a mechanical overhaul in 1985-86.

Toll House and Operators House

The toll house is a small building located on the approach span just north of the movable span. The
building is centrally located between the north and south bound lanes and was used for taking tolls
in each direction. A one-way toll in the south bound direction was instituted in May 2003. The toll
attendant also operates the bridge and controls the signals for the gates from the toll house. During
openings and closings the toll attendant walks to the operator’'s house located on the northwest
corner of the bascule pier in order to operate the bridge. The bridge is attended 24 hours a day and
is subject to openings upon request with no scheduled openings at any particular time of day.

Br}'dge Scour .
Ocean Drive and the bridges over Mill Creek, Upper Thorofare, and Middle Thorofare were analyzed

for existing conditions. Estimated scour depths range from 4.2 to 5 feet in Mill Creek, from 8.6 to
11.2 feet in Upper Thorofare, and from 5.4 to 30.3 feet in Middle Thorofare. At the Middle Thorofare
crossing, the highest amounts of scour are estimated to occur at Piers 10, 11, and 12.

Technical Evaluation

Load Carrying Capacity

The original design live load for this bridge was H-17.5. Inspection ratings have regularly
decreased. The controlling ratings are due to the advanced section loss in the stringers in the
approach spans and the fact that the bridge was only designed for H-17.5. The Seventh Cycle
Report (October, 2001) indicates Load Factor Inventory and Operating ratings of 13 tons and 22
tons, respectively for the Type 3 truck. This equates to 417% and 208% overstressed for the
inventory and operating levels, respectively. The bridge is presently posted for 15 tons. The
recommended posting of 12 tons is found in the Field Condition and Appraisal Report dated June
2002.
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Earthquake Resistance

The structure was constructed by 1941, well before the use of seismic standards. In the structure’s
present condition, little resistance to lateral forces is present per Seismic Requirements. Seismic
site characterization parameters for present day standards are:

e Peak Acceleration Coefficient (Av)= 0.10
e Soil Profile Type = S3
e Site Soil Coefficient (S) = 1.5

The pin and hanger detail located on the approach span
girders is inadequate to transfer seismic forces. Similar to
the other bridges, the connections between the
superstructure and the substructure are also inadequate to
transfer the seismic forces. The existing piers also appear to
be lightly reinforced and not properly confined within the
plastic hinge zones as per AASHTO Div. 1A, Chapter 6.6.2.
Based on the limited soil information from the 1939 design
plans, the soil is comprised of loose granular material and /s
there may be a potential for liquefaction during a seismic Pheto 13— Middle Thorofars Bridge
event. The existing bridge seat widths may not be adequate Pin and Hanger Detail

to catch the superstructure during this seismic event.

Fatigue Life .

The bascule span and two adjacent flanking spans on either side are fracture critical. The structure
has been in service for approximately 63 years (22,995 days). No fatigue life calculations have been
performed for this study. The fracture critical components are composed of built-up riveted girders
with rolled stringers and floorbeams on the bascule span and sway frames on the adjacent flanking
spans. The worst fatigue prone detail would be Category “E” for the base metal at the pin plate
connection. The pin and hanger connections were inspected in the 7" Cycle Report and no fatigue
cracking was noted. The field condition and appraisal report confirms light rusting at these pin and
hanger connections. Given the above information and the current live load restrictions on the
structure, it is likely that retrofit for fatigue is not required. However, if the vehicular restrictions are
removed from this structure, then fatigue should be considered. Periodic inspections of this
structure should continue in order to insure continued safety. This review is in accordance with the
“AASHTO Guide Specification for Fatigue Life Evaluation of Existing Steel Bridges.”

Wind Loadings on the Existing Structures

Due to the proximity of the bridge site to the coastline of the Atlantic Ocean, the site is subject to
hurricane force winds. The basic wind speed used in determining design wind loads at this site is
therefore 110 mph, as shown in Figure 6.1 of ASCE Standard, “Minimum Design Loads for Buildings
and Other Structures”. This is slightly higher than the normal wind velocity of 100 mph defined by
AASHTO.

Safety Features

The safety features of this bridge are below current NJDOT standards. There are 1'-6” safety walks
on both sides of the bridge with a current roadway width of 10-0" for each lane. The narrow
roadway width eliminates the possibility of providing barrier curbs or railings. Pedestrians regularly
utilize the safety walks while bicyclists ride in the travel lanes since there are no shoulders on the
bridge. The approach guide rail terminations do not meet current standards and require an
additional stiffening post along the length with resetting of the height.

Maintenance Requirements
Considering the age of this structure and the severe coastal environment, maintenance is extremely
important in preserving the structure. The abutment and pier seats should be periodically cleaned
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since the debris buildup and direct exposure to salt laden water contributes to the extensive
deterioration to the substructure elements. In addition, the Middle Thorofare Bridge has a narrow
channel width that contributes to impacts on the fender system. The fender system should be
repaired periodically in order to protect the substructure units. The mechanical/electrical systems of
the bridge operate well, but will deteriorate over time, especially with the frequent opening (7500 per
year) of the bridge. The frequency of replacing parts for the bridge will therefore increase and thus
increase the possibility of a mechanical malfunction that would prevent the safe and effective
operation of the bridge.

Old Lower Thorofare Culvert

This culvert is not inspected on a regular basis since it is
presently a 5 foot diameter pipe. The flow of water through
this pipe is typically very swift during tide changes due to the
fact that it appears to be undersized for the flow. The County
views this as a safety hazard as people frequent the area for
crabbing and fishing.

C. GEOTECHNICAL

Marine tidal marsh deposits fringe almost the entire province
along the Atlantic Ocean and Delaware Bay. A narrow strip
of sandy sediment borders and/or overlies the tidal marsh
along the ocean coastline and forms the offshore sand bars and barrier islands. On the coastline
facing the Atlantic Ocean, the sediment usually consists of well-sorted fine quartz sand with varying
amounts of shell fragments and gravel. This unconsolidated deposit was formed as a result of wave,
wind and current actions during the latter part of the Quaternary period. The tidal marsh deposit
usually consists of a mixture of organic matter and varying percentages of silt and clay.

Alluvial deposits consisting of unconsolidated, stratified sand, silt, clay and gravel in varying
proportions underlie the marsh deposits. In general, coarse sand and gravel becomes more
abundant as the depth increases and may occur in well-defined, alternating or intermixed layers.
Cohansey Sand Formation of the Tertiary period underlie the coastal and alluvial sediments,
consisting primarily of uniform sand with interbeds of silty sand layers. Plastic, cohesive clay may
also be present locally as small pockets, lenses, or layers. The thickness of Cohansey Sand
formation ranges from approximately 100 to 250 feet in depth. Bedrock depths throughout southern
New Jersey are greater than 200 feet. A detailed evaluation of borings taken along the corridor is
presented in the geotechnical report in Addendum B.

D. UTILITIES
Several utility companies maintain facilities along Ocean Drive in the project vicinity. Based on a
preliminary investigation by Gibson Associates, the following utilities are located along the corridor:

Conectiv- Conectiv maintains aerial electric lines primarily along the south side of the roadway, with
additional areas containing poles on both sides of the roadway. Highway luminaries are present on
Connectiv poles at Route 109 and at bridge approaches.

Verizon and Comcast - Verizon and Comcast utilize Conectiv's poles throughout the project area
and Verizon may also have an underground line throughout the project site as well.

South Jersey Gas Company — Underground gas distribution lines are located at the western end of
the project. Just east of Route 109, the gas line crosses from the north side of Ocean Drive to the
south side, where it continues to approximately Station 21+00. No additional gas lines were located
in the investigation.
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The Lower Township Ultilities Authority - The local utility authority maintains a sanitary force main
along the entire length of the project from Route 109 to Madison Avenue, where a pump facility is
located. This main runs primarily along the south side of the roadway, except for in the vicinity of
Route 109, where it parallels the roadway’s north side. The utility also maintains water mains at the
extreme northern end of the project location. The water mains will not be affected by this project.
Local businesses and residences elsewhere in the project limits are provided drinking water through
wells.

E. TRAFFIC
Existing traffic conditions feature moderate traffic volumes with a significant seasonal peak in the
summer months due to tourists and vacationers that access the barrier island towns and beaches.

Traffic operates at acceptable levels of service on the roadway sections, independent of the bridge
and toll operations, during many hours of the day. However, the toll plaza and bridge openings for
navigation on the waterway at the Middle Thorofare Bridge cause excessive motor vehicle queues,
particularly in the summer evenings and on weekends. The queues cause congestion and delay, as
well as disruption for the residential area located roughly one mile north of the Middle Thorofare
Bridge, referred to as Diamond Beach. The queues extend into Diamond Beach during critical
summer periods. The frequency of bridge openings is more than doubled in the summer due to the
significant increase in the passage of party boats and pleasure craft. The coupling of the increased
traffic volumes in the summer and the doubling of bridge openings significantly increases the
inconvenience to the residents/vacationers/home owners in the Diamond Beach area and the
traveling public along this corridor. There is also a 15-ton weight limit on the Middle Thorofare
Bridge which limits the truck volumes. -

There are relatively few intersections along Ocean Drive within the study area. The southerly
terminus of Ocean Drive, at State Route 109, is controlled by a traffic signal. Within Diamond Beach,
there is a traffic signal located at Austin Avenue, 1.3 miles north of Middle Thorofare Bridge. There
are driveways to developments sparsely located along Ocean Drive between Route 109 and
Diamond Beach. There is one additional roadway intersection between Route 109 and Diamond
Beach, at Fish Dock Road (County Route 630), located approximately one half mile north of Middle
Thorofare Bridge. This T-intersection operates with a Stop sign on.the Fish Dock Road approach.
Traffic volumes entering Ocean Drive at the driveways and Fish Dock Road are very light.

The only accommodations for bicyclists or pedestrians along Ocean Drive in the study area are the
shoulders of the roadway and a 1.5 foot wide safety walk on the bridges. Bicyclists ride in the
shoulders on the roadways and within the roadway on the bridges. Pedestrians also walk in the
shoulder on the roadway but utilize the safety walk on the bridges. Considering the narrow width of
the existing bridges, 20 feet from curb to curb, the existing conditions for bicyclists and pedestrians
are not safe and do not meet design standards.

At the beginning of this study, the Middle Thorofare Bridge was operating with two-way toll
collection. However, the toll was converted to a one-way southbound toll during the latter part of this
study. The evaluations in this report are based on two-way toll collection and are still applicable for
the one-way toll collection in the southbound direction. ’

F. ACCIDENT HISTORY

Cape May County and the Lower Township Police Departments supplied crash data for the years
1999, 2000, and 2001. These were reviewed to determine frequency, type and crash severity along
Ocean Drive (CR 621) between Rt.109 and Fish Dock Road. Crash collision diagrams and
summaries for each year are included in Addendum C.

During the three-year period between January 1999 and December 2001, there were a total of 21
crashes within the project area. No fatalities were reported, eleven (11) crashes resulted in injuries,
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and ten (10) resulted in property damage only. A majority of the crashes experienced over the three-
year period were same direction rear-end type and crashes involving fixed objects (light poles,
bridge curbing, etc.).

Most notable percentages of the crashes in the study area are as follows:
1. 14.3% (3) involved in opposite direction which is greater than the 1997 statewide average of
2.8%.

28.6% (6) involved Fixed Objects, which is greater than the 1997 statewide average of 10.5%.
52.4% (11) resulted in injury, which is greater than the 1997 statewide average of 31.1%.

4. 95.2% (20) occurred during dry conditions, which is greater than the 1997 statewide average of
76.9%.

The most notable discrepancies between the actual rate and the statewide average regarding crash
types and conditions were those crashes involving fixed objects, opposite direction crashes, and
those involving injuries. The percentages of all three of these crash types were significantly higher
than the statewide averages. All of the crashes involving a fixed object or opposite direction
collision occurred during dry and daylight conditions. Narrow lane widths and lack of shoulders are
existing deficiencies known to be potential contributing factors for fixed object and opposite
direction accidents.

Table | summarizes the study area crash data in detail. The crash data occurring on the Mill Creek,
Upper Thorofare, and Middle Thorofare Bridges are noted by the “bold” text.

Table |
Crash Data Summary

|Rear End Intersection of Ocean Drive (C.R. 621) and Route 109 1 1
On Upper Thorofare Bridge
Ocean Drive (C.R. 621) between Upper and Middle
Thorofare v 1
On Middie Thorofare Bridge .
Ocean Drive (C.R. 621) north of Middle Thorofare 1 2
|Right Ocean Drive (C.R. 621) south of Mill Creek Bridge 1
Angle On Upper Thorofare Bridge
Ocean Drive (C.R. 621) north of Middle Thorofare Bridge 1
[Head-On On Upper Thorofare Bridge 1 1
Ocean Drive (C.R. 621) between Upper and Middle
Thorofare ' 1
Fixed Ocean Drive (C.R. 621) south of Mill Creek Bridge 1
Object On Mill Creek Bridge ' 3 1
Ocean Drive (C.R. 621) between Mill Creek and Upper
Thorofare 1
Pedestrian | On Middle Thorofare Bridge

[OT.
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G. NAVIGATION .

A navigation study was conducted to determine the height of vessels using the waterway, their
frequency of traversing the bridge site, and the dimensional needs for future vessels within the
waterway. This data was then utilized to determine the horizontal and vertical clearances required
for any new bridge at this site, whether movable or fixed. The entire Navigation Study Report is
included in Addendum D of this report. The conclusions from the report are presented below:

1. Alignments that are parallel and adjacent to the existing bridge and include a movable span
should have a clear channel opening of 130 feet and be placed 45 feet above mean high
water (MHW). Raising the bridge to 45 feet above MHW reduces the number of bridge
openings in a year by approximately 30%. Raising the bridge to 55 feet above MHW
reduces the number of openings by an additional 12.7% which is not significant, but would
result in significant right-of-way impacts to neighboring industries.

2. High Level Fixed bridges aligned to the north of the Atlantic Cape Fisheries Marina but to
the south of Two Mile Landing should provide 75 feet minimum vertical clearance above
MHW at Middle Thorofare and 116 feet minimum above MHW at Lower Thorofare, and have
piers spaced at approximately 225 feet over the channels. :

3. High Level Fixed bridges aligned to the north of the Atlantic Cape Fisheries Marina and Two
Mile Landing should provide 75 feet minimum vertical clearance above MHW at Middle
Thorofare and have piers spaced at about 180 feet over the channel.

4. A high level fixed bridge on a parallel alignment to the south and adjacent to the existing
bridge should provide 116 feet minimum vertical clearance and a span of 350 feet over the
Middle Thorofare channel.

5. Ahigh level fixed bridge on an alignment approximately 350 feet south of the existing bridge
with a 350 feet main span or larger should provide 116 feet minimum vertical clearance
above MHW over Middle Thorofare and 75 feet minimum above MHW over Upper Thorofare.

H. SOCIO-ECONOMIC AND ENVIRONMENTAL CONDITIONS

Noise-Sensitive Receptors

Noise-sensitive receptors would consist of areas of concentrated population or recreation. There are
no such areas in the project area. There is one residence on Ocean Drive between Upper and
Middle Thorofares, the Hinchcliffe residence, which could be of concern if the profile is significantly
raised.

Air Quality Sensitive Receptors

A project that results in changes to vehicular traffic volumes, vehicle speeds, travel patterns or types
of vehicles would affect localized or regional pollutant levels. Pollutants of concern for this type of
project are carbon monoxide, on a localized basis, and ozone on a regional basis. The proposed
project is located in Cape May County, New Jersey, which is designated by the EPA as a moderate
non attainment area for ozone and an attainment area for carbon monoxide.

Socioeconomics and Land Use

A majority of the property along the project corridor is undeveloped coastal wetlands owned largely
by New Jersey Department of Environmental Protection, the US Coast Guard and Two Mile
Associates. Several marinas for pleasure craft are located along the corridor and include Canyon
Club Marina, Snug Harbor Marina, Mill Creek Marina, Bree-z-lee Marina, Hinch Marina, Dolphin
Cove and Two Mile Marina. These are identified in Figure 2. The commercial fishing industry is a key
employer in the Cape May/Wildwood area and has several key facilities along the corridor that are
essential to the vitality of this industry. These facilities include Snow's/Doxsee canning plant, Lund's
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Fisheries (includes port facilities, processing/freezing and distribution facility), and Atlantic Cape
Fisheries Marina (a dock and port facility including vessel maintenance and offloading, processing
and distribution of seafood catches). Several commercial fishing boats are docked at Otten's
Harbor in Wildwood, but use the facilities mentioned above to unload and process their catch.

There are also three restaurants along the corridor that depend upon reservations and drive-by
patrons. These are Two Mile Inn and The Crabhouse (both on lands -of Two Mile Associates Block
820, Lot 3.01) and The Blue Claw (Block 793, Lot 15.03).

Two locations along the corridor include residences - Canyon Club Marina (Block 823.01 Lot 3.01)
has 73 completed units with a total build-out of 144 units; and the Hinchcliffe residence at Hinch
Marina (Block 793 Lot 15.04). A large residential community does exist just north of the project
limits.

Environmental Conditions

The project is located in a sensitive environmental region consnstmg largely of tidal wetlands. These
wetlands were delineated by Amy S. Greene Environmental Associates in December 1999 and
March 2002 as part of this study. The tidal wetlands that parallel the project alignments are
comprised of a mix of high marsh and low marsh, depending on the elevation.

Limited areas of beaches and dunes were identified in the project area. There is a small beach
located on the western end of the Middle Thorofare Bridge and there is a small beach area on the
eastern side of the bridge with small dunes behind the beach.

The project area is located along the north side of Cape May Harbor and the US Coast Guard Base
to the east of Cape May Inlet. Mill Creek, Upper Thorofare and Middle Thorofare begin at Cape May
Harbor and meander through an expansive tidal marsh in a northerly direction, connecting with
Jarvis Sound. Lower Thorofare provides another connection between Middle Thorofare and Jarvis
Sound. Cape May Harbor is connected to the Atlantic Ocean via the Cape May Inlet.

The project is located within the Coastal Plain Sole Source Aquifer region. Acid-producing soils are
not expected to be a concern on this project.

Numerous agencies were contacted to identify endangered and threatened species which are
present within the project area. Fifteen(15) species are potentially present in the project area. They
include various species of birds, sea turtles, fish and plants. A detailed description of each species
and its particular habitat is included in the Amy S. Greene Environmental Consultants Environmental
Documentation Report, dated May 7, 2003. The report is located in Addendum E.

Hazardous Waste Study

A hazardous waste screening was performed as part of this study. There are no ongoing hazardous
waste cases, though there have been incidents related to underground storage tanks and/or soil
contamination at the former Borden Clam Products Facility, Lund's Fisheries, Bree-z-lee Yacht Basin,
Harbortowne Resort Marina, and the US Coast Guard Electronic Engineering Center. Because of
these previous incidents, soil sampling is recommended prior to any property acquisition from these
facilities.

Work in connection with widening of the roadway may result in excavation of materials suspected of
contamination by sight or smell. With a minor Right-of-Way property transfer, liability should be
limited to the source of the contamination. Demolition of the bridges (particularly the Middle
Thorofare Bridge) may encounter potentially contaminated materials.
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Proper procedures should be taken to store, test, and dispose of any material that may be
uncovered and suspected of being hazardous. Liabilities associated with this project appear
relatively low, but should consider protectionary language in parcel acquisition contracts.

The complete Hazardous Waste Screening Report is included in Addendum F.

Historic Architectural/Archeological Investigation

The Area of Potential Effects Report by Richard Grubb and Associates, dated July 2000 and revised
in January and March 2003, delineates the geographic area or areas within which the project may
directly or indirectly cause changes in the character or use of historic properties. This area is known
as the Area of Potential Effect (APE), and there are varying APE's for archaeological and
architectural resources. The APE-Archaeology includes the areas which will be directly impacted by
the disturbance of ground. The APE-Architecture is bounded to the west by the eastern edge of US
Route 109/ Garden State Parkway, to the south by several marinas and the irregular coastline along
Cape May Harbor, and to the east by Madison Avenue in the Diamond Beach area of Lower
Township. The northern boundary follows the irregular course of Mill Creek,-Upper Thorofare, Middle
Thorofare and Lower Thorofare, encompassing extensive areas of salt marsh. This is shown in
Figure 3. :

The Middle Thorofare Bridge, completed in 1941, was determined to be eligible for the National
Register. There are no other resources identified. However, for one alternative (Alternative 3G), the
potential viewshed would encompass a 2.5 mile radius, including the following resources which
have been previously determined as eligible for the National Register by the New Jersey State
Historic Preservation Office: '

Cape May Historic District

Hornbeam (Buoy Tender)

Cold Spring Historic District

Historic Cold Spring Village Railroad Station
Historic Cold Spring Village Junction Control Tower
Garden State Parkway Historic District

The sensitivity of the APE-Archaeology to contain significant prehistoric resources is considered low.

The full report is included in Addendum G.
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Ill. SINGLE OCCUPANCY VEHICLE ANALYSIS

A Single Occupancy Vehicle Capacity Adding Project (SOVCAP) is defined by the Federal Highway
Administration (FHWA) as providing a significant increase in SOV oapacny in Transportation
Management Areas (TMAs) as per these examples:

a new facility (bypass, interchange, access road, bridge)

widening of an existing facility that adds one or more general purpose lanes for one mile or more
a widening project less than one mile in length that has the potential to significantly increase
SOV capacity (bridge or roadway widening to accommodate new development or other traffic
generator)

In air quality non-attainment areas, projects that provide a significant increase in SOV capacity must
undergo Congestion Management System (CMS) planning analyses as per ISTEA and FHWA/FTA
Reguilations. .

Since the proposed new facilities consist of low-volume access roads, and do not include widening
of existing facilities in any of the alternatives, the SOVCAP criteria do not apply, and no further SOV
analysis is required.
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IV. HYDRAULIC ANALYSIS

A hydraulic analysis was performed to determine the 100-year flood elevation for Ocean Drive. In
order to preserve the integrity of the emergency evacuation route, the entire length of Ocean Drive's
travel lanes from Route 109 to Madison Avenue (Diamond Beach) must be above this elevation so
that the roadway is useable for evacuation during major storm events.

The 100-year flood elevation along Ocean Drive was determined from the 1983 Flood Insurance
Rate Map (FIRM) for Cape May, New Jersey (FEMA, 1983). The map is shown in Figure 4, and
reports the 100-year flood elevation near Ocean Drive as 10 feet NGVD 1929. Elevations are to the
nearest foot, and increase moving towards the north. The blue line in Figure 4 marks the boundary
between a base flood elevation of 11 feet NGVD 1929, to the north, and 10 feet NGVD 1929, to the
south. Accounting for the increase, the elevation of the 100-year floodplain along Ocean Drive is
10.4 feet (1929 NGVD). This corresponds to an elevation of 9.1 feet NAVD 1988. For the purposes of
this study, a minimum baseline elevation of approximately 11.0 feet was assumed, allowing for the
accommodation of roadway, cross slope, superelevation and any error between the interpolated and
actual flood elevations.

The complete énalysis is included in Addendum H.

Figure 4
1983 FEMA MAP
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V. PRESENTATION OF PROJECT ALTERNATIVES

Alternatives for this project were evaluated in two separate phases corresponding to the initial
project limits defined in 2000 and the revised project limits defined in 2002. A “no-build” alternative,
which maintains the existing conditions, was also considered. Described below are the
distinguishing features of each alternative. Proposed conceptual improvements which are common
to all alternatives, such as roadway embankment, culverts and toll facilities, are described in
additional subsections. Presentations of Hydraulic, Scour and Traffic Analyses, as well as a detailed
comparison of the various impacts and costs of the alternatives follow these descriptions. The'
section is completed with a discussion of required permits, clearances and anticipated design
exceptions.

A. EXISTING CONDITION (NO-BUILD ALTERNATIVE) _
Maintaining the existing conditions of the roadway and bridges would cause Ocean Drive to
remain well below the 100-year flood elevation, would not correct the deficiencies of the three
bridges, and would not reduce the traffic delays and vessel restrictions resulting from the
conditions at the existing Middle Thorofare Bridge. The roadway would continue to flood, and
other elements requiring upgrades, such as the culvert near Fish Dock Road, will remain
substandard.

Leaving the bridges, particularly the Middle Thorofare Bridge, unaltered will allow their
deterioration to continue and will assuredly result in future repairs or replacements. The
condition of the Middle Thorofare Bridge is such that it could fail in the event of a major storm
causing an immediate closure of the bridge and substantial disruption to the surrounding
community and businesses.

B. EXISTING CONDITION (REHABILITATION ALTERNATIVE)

A second option which would maintain the existing condition would involve the rehabilitation of
the existing structures, leaving all other roadway elements in place and undisturbed. In a major
rehabilitation contract, the NJ Department of Transportation requires that the resulting
rehabilitated structure be designed such that no reduced load posting would be necessary. In
other words, the bridge would have to be made capable of carrying the current national
minimum standard design load specified by AASHTO (HS20), which is a 36-ton vehicle. The
current NJDOT standards design for a 25% heavier vehicle (HS20 + 25%, a 45-ton vehicle).
Criteria for minimum clear roadway widths for new and reconstructed bridges require the width
of the bridge to be the width of the traveled way plus 3 feet on each side.

The existing Mill Creek and Upper Thorofare Bridges were designed to accommodate a 17.5-ton
vehicle and are therefore not capable of supporting the 36-ton design vehicle. The structures
consist of simply supported T-Beams with a 7%2“ thick reinforced concrete deck. Since it is not
possible to replace or place additional beams with the deck in place, the entire deck must be
removed in order to carry the approved design load.

The existing structural steel for the Middle Thorofare Bridge (even before it was severely
corroded) was not capable of supporting a 36-ton vehicle, and it is not possible to increase the
strength on the majority of the structure without replacing or supplementing that steel.
Therefore, the main longitudinal beams, which run the length of the structure, must be replaced
or supplemented with additional beams. The remainder of the bridge, which is comprised of the
girder spans approaching the bascule span and the bascule span itself, is supported on only
two longitudinal girders.

To satisfy the HS20 (36 tons) load criteria, all of the stringers, floorbeams, and roadway gratings
of the bascule span will need to be replaced. In order to increase the capacity of the main
bascule girders, all of the flange cover plates would have to be removed, and new larger flange
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plates constructed of higher strength steel would need to be added. In addition, the existing
web plate of the existing girder is not thick enough to satisfy current design standards for local
buckling, and therefore it will also be necessary to add a longitudinal stiffener to the web. All of
this work will be extremely difficult and costly, because it would involve the removal of many
rivets connecting the existing girder web to the existing cover plates.

In summary, to upgrade the bascule span to HS20 loading, the entire bascule span, except for
the web plate of the bascule girder itself, would need to be replaced. It would be much more
cost effective to replace the entire bascule girder with a new girder.. However for the
comparative cost included in this study we have considered the alternative where the existing
web of the bascule girder is left in place. Because the existing bascule girder and other steel
members will be heavier, the counterweight that balances the bascule span will also need
considerable retrofitting to maintain the span in balance.

Similar to the Mill Creek and Upper Thorofare Bridges, the minimum acceptable lane width on
the Middle Thorofare Bridge during construction would be 10-0" in each direction. Since the
existing roadway is only 20'-0" wide in most locations, the only viable way of rehabilitating this
structure is to provide a detour during construction. This would make the emergency evacuation
detour route inaccessible during the entire duration of construction.

The final result of the rehabilitated bridges would be structures with substandard widths, and a
system which requires constant maintenance and repairs in addition to operation costs and
inconveniences to both vehicular and navigational traffic at the Middle Thorofare Bridge. The
existing roadway will remain below the 100-year flood elevation and will perhaps be completely
unavailable for the entire construction duration while the bridges are closed for rehabilitation.

C. OCEAN DRIVE IMPROVEMENTS :

As previously discussed, alternatives were developed in two phases, with Alternatives 1 -3
being developed when the project limits spanned from Route 109 to just west of the Middle
Thorofare Bridge. These alternatives were dismissed when the project was expanded, but were
used as the basis for developing new alternatives for the expanded project. These alternatives
are described in the following subsections.

Alternative 1 R

The horizontal alignment of Alternative 1 shifts the centerline of the ‘existing roadway
approximately 8 feet to the south to allow for staged construction of the roadway while
maintaining traffic in both directions. The existing pavement will be completely removed and
replaced with a new roadway above the 100-year flood elevation. The profile begins above the
flood elevation at approximately Station 8+15, near the intersection of Route 109. The
intersection with Route 109 itself is not modified. The roadway’s travel lanes remain above the
flood elevation, utilizing alternating longitudinal grades of 0.35% which will improve longitudinal
roadway drainage. Use of minimal vertical curve lengths will lessen the height by which the
roadway is raised, and thereby diminish the amount of borrow fill required to raise the roadway.
Approach grades at the Mill Creek and Upper Thorofare bridges increase ‘slightly to no more
than 1.5%. At Station 145+34, a -1.5% grade returns the profile to the existing elevation, just
west of the Middle Thorofare Bridge.

The cross section of the proposed roadway would feature 12-foot travel lanes, an 8-foot paved
shoulder, a 4-foot berm and embankments with slopes graded at a 1%:1 ratio to minimize
impacts to bordering wetlands. The new embankments will be high enough to be considered
critical slopes, and therefore will require guiderail to be placed at the edge of the berm.

Despite keeping the roadway completely within the existing Right-of-Way, the shift in the
alignment results in impacts to driveways servicing several marinas and a residential community
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between Route 109 and Upper Thorofare. A total of 9 driveways require regrading to meet the
new roadway profile.

Structures -

In this alternative, the Mill Creek and Upper Thorofare Bridges will be completely replaced with
“jointless” bridges with integral abutments as described in Section 15 of the NJDOT Bridge
Design Manual. This is an economical type of structure that can be built quickly. The presence
of bearings and expansion joints in a superstructure within a corrosive marine environment are
associated with an increased cost for inspection, maintenance and eventual replacement. By
eliminating the presence of the expansion joints and bearings, as a jointiess bridge would, the
maintenance and replacement costs of the structure would be significantly reduced. Moreover,
the integral abutment construction provides added redundancy and capacity to resist seismic
loadings. A 312-0"" long structure is proposed for the Mill Creek Bridge, since it will place the
abutments approximately 6-0" inland of the existing ones. For the Upper Thorofare Bridge, a
365-0" long structure is proposed and will place the abutments approximately 7'-0" inland of the
existing ones.

Because of the marine environment, galvanized reinforcement would be utilized for all concrete
components for the entire structure. As an added measure of corrosion protection, corrosion
inhibitor admixture would be used for all of the concrete components of the bridge including
piles, pier caps, abutment walls, wingwalls, prestressed concrete beams, deck slabs, and
barrier curbs.

The superstructure for both bridges would consist of 48" wide x 42" deep prestressed concrete
box beams made continuous for live load with a 5" thick minimum reinforced concrete topping
and 2'-10" utility bays at each end. This would increase the existing profile on the bridge by an
average of 5'-6" on the Mill Creek Bridge and the Upper Thorofare Bridge. Sidewalks would be
included on both sides of these bridges to promote recreational fishing.

With the proposed integral abutment bridge, a moment connection would be provided from the
ends of the superstructure girders to the abutments. Expansion joints are thus eliminated at
these locations. Rotation of the superstructure is accommodated by the flexibility of the
abutment. To provide the required flexibility, a single row of vertical piles at the abutments is
proposed. The continuous superstructure would act as a strut between the -abutments. The
longitudinal forces (earth pressure, thermal, braking, seismic) would ‘be resisted by all of the
substructure units in proportion to their respective stiffness. An appropriate modulus of
subgrade reaction for the abutment backfill would be used to model the contribution of passive
pressure resistance behind the abutments. The thermal movements of the superstructure, with
no deck joints at the piers and abutments, would take place at the end of the approach slabs.
The use of a 1" expansion joint at this location, sealed with a 1%-inch by 1%-inch preformed
elastomeric joint sealer is proposed.

U-shaped wingwalls on piles are also proposed. The wingwalls would be isolated from the
abutment by an expansion joint material in order to accommodate thermal movements from the

superstructure. :

In order to protect the abutments against scour and the resulting loss of backfill, permanent
sheeting is proposed in front of each abutment. Because of concerns that steel sheeting would
corrode in the marine environment, vinyl sheeting is recommended. Alternatively, steel sheeting
coated with coal tar epoxy may be used. In addition to protecting against scour in front of the
abutments, the sheeting would also protect against erosion of the approach embankments due
to settlernent and water intrusion in the embankment fill.
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A flexible pile bent-type pier with a single row of vertical piles is proposed.. Temporary lateral
bracing would need to be evaluated during final design to see if it would be required during
construction. To minimize the effect of unbalanced dead load on the pier during construction,
the contractor would be instructed to alternate the placement of the beams in each span, so that
at any given time not more than a single beam is contributing to the unbalanced dead load.

Based on a preliminary evaluation of the available subsurface information, 20-inch square
prestressed concrete piles are recommended for support of the abutments and piers. Concrete
filled steel pipe piles were considered but not selected because of the corrosive marine
environment.

Alternative 2

All major aspects of Alternative 2 are the same as Alternative 1, except that the horizontal
alignment of the road is shifted 8 feet to the north. Again, the shift will accommodate the same
staged construction, but this time will impact various commercial properties on the north side of
Ocean Drive just west of the Middle Thorofare Bridge. The proposed design of the Mill Creek
and Upper Thorofare bridges does not differ from Alternative 1, except for the shift of alignment
which may alter some dimensions slightly.

Alternative 3

A June 2000 public information center resulted in the formation of a third alternative, which
revised the horizontal alignments proposed in Alternatives 1 and 2 to reduce the overall number
and severity of driveway impacts. Alternative 3 mimics the alignment of Alternative 1, shifting the
roadway to the north from Route 109 to just east of the Mill Creek Bridge. At this point, the
alignment then shifts to the south of the existing baseline, as proposed in Alternative 2. The
alignment continues exactly the same as Alternative 2 to its termination just west of the Middle
Thorofare Bridge. As in Alternative 2, the proposed design of the Mill Creek and Upper
Thorofare Bridges are not significantly different from the description provided in Alternative 1,
except for minor variations in dimensions due to the alignment shift.

D. OCEAN DRIVE IMPROVEMENTS AND MIDDLE THOROFARE BRIDGE
REPLACEMENT

As previously mentioned, Alternatives 1-3 were dismissed when the project- was extended to
include the Middle Thorofare Bridge and roadway to Wildwood Crest. The new alternatives
developed for the expanded project, however, built directly upon Alternative 3. For this reason,
the new alternatives are entitled Alternative 3A through Alternative 3G. The development of these
seven alternatives, along with the major features of each, is described in the following sections.
A summary of the alternatives is shown below in Table ll. The colors in the table correspond to
the colors used to depict each alternative in Figure 3. Also, an additional Existing Conditions
Alternative (Replace In-Kind) was considered for the Middle Thorofare Bridge..

Existing Condition (Replace In-Kind Alternative)

The Replace In-Kind Alternative would retain the historic charactér of the existing Middle
Thorofare Bridge by constructing a replacement bridge “in-kind", keeping the character, type,
and style of the existing bridge intact while increasing its load carrying capacity to current
standards, providing a scour resistant subsurface and improving operating and safety
conditions where possible. In order to maintain the appearance of the existing bridge to the
largest extent possible, it is estimated that the replacement bridge in this alternative would be
reconstructed with the same span lengths while the bridge width would be increased to
accommodate two 12-foot travel lanes and 8-foot shoulders, consistent with the approach
roadways.
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To replace the bridge in its present location, the existing structure would have to be closed in its
entirety for a period of time of at least 24 months and all traffic detoured. Maintenance of traffic
is not feasible on the bridge due to the narrow width of the existing structure which will not
accommodate even one lane of traffic during construction. The fact that the bridge is supported
by only three longitudinal beams and three piles at each pier also complicates the staged
construction operation. ;

Replicating the existing bridge would not be a cost effective design. The steel superstructure of
such a low level bridge would be a constant source of maintenance problems, even with current
state-of-the-art steel coating systems.

The redesigned trestle spans would be supported on 14-inch square prestressed concrete piles
driven to a sufficient depth to ensure that they would not be subject to scour, erosion or shifting
of the ocean floor. Protective measures would have to be used with these slim piles, to minimize
problems associated with wave action. Precast pile caps grouted in place would be used to
minimize construction in the water. The structural members would be similar to the existing
plans, but would be designed to carry an HS20 + 25% (45 tons) vehicle. The additional
roadway width would increase the number of girders and make the two girder spans non-
redundant.

While the in-kind replacement mitigates the loss of the original historic bridge by providing a
“look alike” replacement designed to current load standards and future anticipated scour
conditions, the end result of this alternative would be a costly bridge, both in terms of
construction and user and life cycle costs. Additionally, the bascule span would be constructed
to match the existing navigational channel and therefore would still be substandard from a
vessel safety, maintenance, and socio-economic standpoint while the community would still be
faced with the inconvenience of the movable span, single lane toll booths, and related traffic
delays. This alternative will not meet the future requirements of the Commercial Fishing Industry
due to the 50 feet wide channel opening which is not acceptable to the US Coast Guard.

Table I
Summary of Alternatives & Middle Thorofare Bridge

Alternatives Summary

5 Bridge Type & Alignment Bridge Design &
Alternarive Description Shift (Vertical Clearance)
, |  Movable on Shifted s ‘ L :
3A | " Allgniment South Bascule (45 ft)
3B Mouabloon Shifted North Bascule (45 ft)
Alignment ;
3c Fixed on Mew North Segmental (116 ft)

Alignment

Fixed on Shifted

3E Alldnment South Segmental (116 ft)
Fixed on New
3F Alignment South Segmental (116 ft)
3G Fixed.onNow South Cable Stayed (116 ft)
Alignment
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Alternative 3A . :

Alternative 3A replicates Alternative 3 from Route 109 to the Upper Thorofare crossing. At this
point, however, the roadway varies from the alignment of Alternative 3 and raintains its shifted
alignment south of the existing centerline to a new Middle Thorofare Bridge, constructed
approximately 30 feet south of and parallel to the existing bridge. This alignment is shown in
Figure 5. The roadway in the area between Upper and Middle Thorofares would now also be
maintained above the 100-year flood elevation. The approach to the new bridge, which has a
45-foot minimum vertical clearance at the navigation channel, causes a significant increase in
the roadway profile at the western edge of Middle Thorofare, resulting in 9 driveway adjustments
and 2 driveway closures in that area. Maintaining access to the numerous, remaining driveways
in this area during construction would be extremely difficult due to their close proximity and the
amount of embankment required in this area. Maintenance of access is a critical issue for this
area of the project, as many of these driveways service fishing-related businesses with time-
sensitive products. To maintain access to Lund's Fisheries, a new, realigned driveway
supported on both sides by retaining walls would need to be constructed. Access impacts are
described and compared in more detail in Section VI.

An extensive vessel survey was completed as part of this study to determine the optimum
vertical and horizontal clearances for each bridge type considered among the various
alternatives. The study is included in Addendum D. The study concluded that proposed
movable spans should have a clear channel opening of 130 feet and be placed 45 feet above
mean high water. Such clearances would reduce the number of openings by approximately
30%. The alignment of the roadway across Middle Thorofare is primarily a tangent section.
Horizontal curves connect the structure to the proposed roadway's otherwise shifted alignment.
To obtain the required vertical clearance, the roadway features steep approach grades of 6% on
either side of the bridge. The steep grades are required to minimize Right-of-Way and access
impacts to neighboring businesses. The existing Middle Thorofare Bridge and vacated
approach roadways would be demolished.

A new toll plaza facility is proposed immediately adjacent to the Middle Thorofare Bridge's
eastern abutment. The design of this toll facility is based upon a separate study by Parsons
Brinckerhoff entitled, “Toll Plaza Relocation Study,” dated February 2001. The facility would
feature four lanes of toll collection. Also proposed at the toll facility is a small service building
and parking for toll and bridge operations staff. The study is included in Addendum I. The
facility is located on both horizontal and vertical curves, neither of which-is ideal. The location of
the facility was dictated by the need to preserve existing toll collection patterns. Had the toll
facility been located at a different location on Ocean Drive, motorists . traveling to local
businesses adjacent to the bridge would ultimately either cross the bridge for free, or pay a toll
to reach a destination without crossing the bridge. Because of the toll plaza's location, the
driveway to the Dolphin Cove Marina will be relocated approximately 100 feet north of its current
location. The relocated driveway will be immediately adjacent to the toll facility. Though an
improvement from its existing location, this is still not completely desirable due to potential left-
turn conflicts with queued traffic from the toll facility. Traffic operations related to the toll facility
are discussed in Article J of this section. S

The alignment continues to the north, offset from the existing Ocean Drive alignment by
approximately 8 feet, and raised above the existing roadway by approximately 5.5 feet. At
approximately Station 127+50, an existing pipe culvert carrying flows from Old Lower Thorofare
will be replaced with a concrete box culvert. Hydraulic design is discussed in Article H of this
section. :

At Station 132+00, Fish Dock Road (CR 630) intersects Ocean Drive with a T-intersection. The
configuration of this intersection will remain unchanged, though approximately 100 feet of Fish
Dock Road will be regraded to meet the raised profile of Ocean Drive. At approximately Station
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144400, Ocean Drive's profile begins to descend at 1.5% to meet the existing roadway profile at
Station 150400, approximately 150 feet south of Madison Avenue. An additional 300 feet of
resurfacing is required to correct the deficient horizontal curvature at this location. The limit of
paving is located just east of Madison Avenue at Station 153+00.

Utility relocations would be required throughout the project. Most notable among the relocations
is the need to relocate poles carrying aerial electric and telephone lines. The poles are located
along the north side of Ocean Drive between Route 109 and approximately Station 38+00,
where the lines cross to the south side of the roadway. Additional refocations -of poles located
along the south side of Ocean Drive will be required from the Mill Creek Bridge through to the
project terminus at Diamond Beach. An existing gas main will likely need to be raised from
Route 109 to approximately Station 18+50 due to the extra embankment. A major relocation of
the existing underground sanitary sewer force main will be required from just east of the Upper
Thorofare Bridge to the project's easterly limits, where a pumping facility is located. It is possible
that this relocation could be shortened to end just east of the proposed toll plaza, depending
upon the exact depth of the main.

Structures _

The proposed Mill Creek and Upper Thorofare Bridges are identical to those proposed in
Alternative 1 and are shown in Figures 6 and 7. The proposed Middle Thorofare Bridge is
discussed in more detail below.

The existing Middle Thorofare Bridge was built in 1940 and includes a movable span consisting
of a single-leaf bascule bridge with a 50-foot wide navigational channel with a 26-foot vertical
clearance in the closed position. The proposed movable structure will consist of a double-leaf
bascule bridge with an increased vertical clearance of 45 feet in the closed position and a 130-
feet wide horizontal opening between fenders at the navigation channel. The approach spans
will consist of AASHTO Type VI Prestressed Concrete Girders with a conventional concrete deck
with span lengths of 124.5 feet. The bridge will accommodate two 12-foot travel lanes, two 8-
foot shoulders, and 6-foot sidewalks. A plan of this alternative with cross sections of the
approach and bascule spans is shown in Figure 8. Foundations would consist of large cylinder
piles or drilied shafts with a pier table at the waterline and piers with single shaft hammerheads
or multi-column configuration. The bascule pier can be an open type conﬁguratlon instead of a
closed pit pier since the span would be high above the waterway.

Several retaining walls totaling 920 feet in length will be required for this alternative with 690 feet
of these walls located adjacent to the west abutment of the Middle Thorofare Bridge and the
remainder required for a relocated driveway for Lund's Fishery. The use of prefabricated MSE
retaining walls will reduce Right of Way acquisitions and wetlands impacts.

Alternative 3B :

This alternative differs from Alternative 3A only by the location of the Middle Thorofare Bridge. In
Alternative 3B, the proposed bridge also includes the double leaf bascule bridge, but is located
30 feet north and parallel to the existing bridge as shown in Figure 9. Because of this offset, the
roadway's alignment differs from Alternative 3A beginning at the Mill Creek Bridge. In Alternative
3A, the alignment shifted from a north offset to a south offset. Alternative 3B preserves the
northern offset across Upper Thorofare towards Middle Thorofare. The Upper Thorofare Bridge,
despite being offset to the north, is otherwise similar to that described in Alternative 1. East of
Upper Thorofare, the roadway's alignment continues on a horizontal curve through lands of
Axelsson & Johnson Fish Co., and Lund's Fisheries. Two structures (a storage shed and
refrigerated fish processing building) on these properties would require demolition.

As with Alternative 3A, the alignment creates significant access issues for businesses located in
this vicinity, with 4 driveways being closed, and 6 being regraded. Access to Lund’s Fisheries
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Ocean Drive Upgrade and Bridge Replacements ¢+ Alternatives Analysis Report ¢ January 2004

(Block 793, Lot 15.01) and Snow's/Doxsee (Block 822.01/Lot 1.01) will be through a new
driveway constructed along the existing Ocean Drive. The driveway will extend under the
proposed bridge to Lund’s. As with Alternative 3A, there are serious concerns regarding the
ability to construct the roadway while maintaining access to these properties during
construction. '

The approaches to the bridge are similar to those presented in Alternative 3A. The approach
grades are a steep 6% to provide the same 45-foot vertical clearance for the navigational
channel. The roadway connects to the existing Ocean Drive to the east of the bridge through a
horizontal curve. The proposed toll facility is located within this curve. Similar to Alternative 3A,
the toll facility is also located on a vertical curve. The driveway to the adjacent Dolphin Cove
Marina (Block 820, Lot 8) does not need to be relocated as in Alternative 3A and it is more than
100 feet from the toll facility, lessening the concern over left-turn conflicts through queued traffic.
From this point, through to the project's terminus, the Alternative is similar to Alternative 3A.

Alternative 3B features similar utility conflicts as Alternative 3A from Route 109 to Mill Creek. it
does, however, eliminate the need to relocate poles along the south side of Ocean Drive from
Mill Creek through the project’s easterly limits. Also eliminated by this alternative’s northern shift
is the relocation of the sanitary sewer main. '

Structures

The bridges in Alternative 3B differ from Alternative 3A mainly by their location. The length of
retaining walls is significantly reduced to only a 150 foot extension of the southwest wing wall.
The structures for Upper Thorofare and Middle Thorofare are shown in Figures 10 and 11,
respectively. The Mill Creek Bridge would be as shown in Figure 6.

Alternative 3C

Having presented two alternatives with moveable bridges on a parallel alignment at Middle
Thorofare, Alternative 3C presents a high-level fixed bridge on a new alignment. Much like
Alternative 3B, this alignment preserves the northern offset east of Mill Creek. At approximately
Station 63+50, the roadway curves to the left, through the lands of the Marmora Wildlife Center
(Block 793, Lot 14) as shown in Figure 12, crossing Upper Thorofare on a new structure to lands
behind Atlantic Cape Fisheries (Block 793, Lot 15.06). After the Upper Thorofare Bridge, the
road curves to the right, and intersects a new service road at Station 83+40. This two lane
service road connects the realigned Ocean Drive with the existing section of Ocean Drive
between Upper and Middle Thorofares. This service road will not be above the 100-year flood
elevation, but will feature the same cross section as Ocean Drive — one 12-foot lane and an 8-
foot shoulder in each direction. It generally follows the alignment of the 'driveway currently
servicing Atlantic Cape Fisheries, and meets existing Ocean Drive at a T-intersection. Existing
driveways for Atlantic Cape Fisheries and Hinch Marina (Block 793, Lot 15.04) will be realigned
to meet the new service road. A 200 foot long retaining wall will be required on the roadway's
eastern side parallel to the existing marina. Both the existing Upper and Middle Thorofare
Bridges will be demolished, and a vehicular turnaround and related retaining wall will be
constructed immediately west of the existing bridge to form a cul-de-sac. The remaining
pavement of Ocean Drive will be milled and resurfaced.

Once beyond its intersection with the new service road, the realigned Ocean Drive travels on a
5% upgrade over uplands along the edge of the Atlantic Cape Fisheries’ property. The structure
begins approximately at Station 91+10, and provides a vertical clearance of 75 feet over Middle
Thorofare and the Intracoastal Waterway channel. The 75-foot clearance is consistent with the
findings of the navigational study which concluded that no vessels taller than 75 navigate
beyond this point in Middle Thorofare. The alignment continues across Thorofare Island on
structure, crossing Lower Thorofare with a vertical clearance of 116 feet clearance over the
channel. This vertical clearance will allow for a 108 refrigeration vessel to dock at Lund's
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Ocean Drive Upgrade and Bridge Replacements ¢ Alternatives Analysis Report + January 2004

facilities located at Two Mile Associates (Block 820, Lot 8). Provision for. all fishing vessels,
presently and in the future, is a requirement of the US Coast Guard (See Meeting Minutes in
Appendix D). Having crossed Lower Thorofare, the roadway continues on a 6% downgrade
towards the existing Ocean Drive. Curving to the left, the roadway crosses over the existing
Ocean Drive, slightly onto the lands belonging to the US Coast Guard (Block 821, Lot 1). The
bridge ends at Station 134+00, but continues to be supported by retaining walls through Station
136+00 on the left, and Station 138+00 on the right. From the terminus of the bridge through
Station 145+00, the roadway is on a tangent, approaching the existing Ocean Drive’s alignment.
This tangent section also features the proposed toll facility. By Station 147+00, the alignment of
Ocean Drive is parallel to existing Ocean Drive, offset to the south by 8.5 feet, as with previous
alternatives. The proposed roadway again meets the existing roadway profile approximately 150
feet west of Madison Avenue and proposed paving terminates just west of Raleigh Avenue at
Station 157+00.

Because of the substantial difference in grade, a direct intersection between Fish Dock Road
and the realigned Ocean Drive is not possible. A new service road connecting the existing
Ocean Drive and Fish Dock Road with the relocated Ocean Drive is proposed. The service road
would utilize existing uplands along a previously abandoned alignment of Ocean Drive. Much
like the service road west of Middle Thorofare, this roadway would not be above the 100-year
flood elevation, but will feature the same cross section as Ocean Drive - one 12-foot lane and an
8-foot shoulder in each direction. The service road connects with existing Ocean Drive
approximately 200 feet east of Fish Dock Road via a 0.5% grade. The existing pipe culvert
would be reconstructed with a new box culvert and the remaining section of existing Ocean
Drive would be milled and resurfaced. A vehicular turnaround would be constructed
immediately east of Middle Thorofare at the end of the existing Ocean Drive alignment. This
service road would preserve access to the marinas and fisheries located in this vicinity, as well
as waterfront access to Middle Thorofare which is utilized for recreational fishing and crabbing.

Utility relocations would be similar to Alternative 3A from Route 109 to Upper Thorofare. Because
of the roadway's new alignment, no additional relocations would be required until the road
realigns with its existing alignment near Station 129+00. Between this point and the project's
easterly limits, all poles would require relocation.

Structures

The Mill Creek Bridge design will be similar to that proposed in Alternative 1. A multi-girder
spliced girder alternative was compared to a segmental concrete alternative for the Upper
Thorofare and Middle Thorofare Bridges. A multi-girder alternative similar to the Ocean City
Longport (OCLP) Bridge was initially considered. The superstructure would ‘have consisted of
AASHTO Type VI girders with a maximum of 225-0" spans supported on hammerhead type
piers. The foundation would consist of prestressed concrete hollow cylinder piles up to the
water level, where a pile cap would be built using precast concrete cofferdams, with
hammerhead piers forming the shaft. This bridge type would have comfortably met a channel
width of 130"-0", but would not minimize the number of piers in the waterway due to the limited
span lengths and would have excessive foundation costs, principally due to the high cost of
constructing water piers. '

‘Given the large volume of superstructure work in this project, precast segmental box girders
were ultimately proposed for this alternative to benefit from the economy associated with the
industrialized mode of producing and erecting along the entire 4640 feet of the superstructure.
The economical span range of this type of construction, being 160 feet to 450 feet, will satisfy
the required minimum 130 feet horizontal clearance over the navigational channel and make it a
viable option for the entire bridge, from abutment to abutment. It should be noted that, beyond
meeting the basic requirements of function and economy, the segmental alternative also offers
an aesthetically pleasing structure that has relatively low maintenance costs.
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The overall deck width of the proposed precast box girder would be approximately 54’-0” in
order to accommodate two 12'-0” lanes, two 8'-0” shoulders, and two 6'-0” sidewalks. Studies
indicate that an economical superstructure cross-section would be comprised of a single-cell

540"
PROP. § —
) b g0 g —_ g ew e
PARAPET SDWK. | SHLDR. LANE LANE SHLDR. | SDWK. PARAPET
P £ 2% o —

Girdpr Depth @ Mid Span
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Width of Girder
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€«

Figure 13 — Segmental Concrete Cross Section

segmental box girder. The girder depth will be a constant 10’-0” for spans that are less than 200
feet, but variable to a depth of approximately 20'-0” at the piers for spans up to 350 feet. The
bottom soffit of the box girder will be made parabolic toward the piers for an increased girder
depth, which inherently provides for an efficient structural system as well as a pleasing
appearance. See Figure 13 for a principal configuration of this cross-section.

Spans of around 180-0” are suitable for the approach spans at each end of the bridge. These
spans would be erected by the span-by-span method of erection. For a scheme where the
entire crossing would be supported on segmental girders, the span over the channel and a
number of side spans would be set longer than the approach spans in order to minimize the
number of water piers. These spans are envisioned to be at a maximum of 350'-0” and they will
be erected by the balanced cantilever method of erection. While the span layout will be
finalized in preliminary design, increasing the span lengths of the channel spans for a precast
segment alternative is deemed undesirable from several perspectives:

1. Longer channel spans will result in deeper precast segments that increase the cost of the
superstructure without reducing the number of water piers and cost of the foundations.

2. The corresponding increase in structural depth will make the channel spans look overly
massive in contrast with the approach spans.

Erection of the precast segments would most likely be accomplished with a self-launching
overhead gantry that can handle both span-by-span and balanced cantilever type construction.
Depending on where the precast segments are fabricated and the means of transport from the
precasting yard to the bridge site, erection may commence from the channel span in cases
when segments arrive by barge, or sequentially from one abutment to the other abutment if the
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segments are to delivered by trucks. The requirement for staging areas is often reduced with
the use of overhead gantries since segments are often “stockpiled” over the partially completed

Q{ﬁ? AT AY AN LAY AV AVAVAV AT,

Figuré 14 - Erection bf Precaét Segments Uti/iZihg Overhead Gantry

structure. See Figure 14 for a schematic view of the erection process utilizing an overhead
gantry.  Various methods of erection, their demands on staging areas, and impact on
surrounding communities must be further assessed in future studies.

Segmental bridges have been accepted as a viable structural system by the FHWA as well as
the majority of state transportation agencies. While some of the older, and not so old,
conventional reinforced concrete bridge decks have seen the need for a deck replacement, the
experience of 30 years of segmental bridges has not seen a single case where such a need was
warranted. The segmental bridge deck is durable because of the fact that the deck is post-
tensioned in both the transverse and the longitudinal directions. Recent developments in
concrete technology and corrosion resistance methods have also been instrumental in its
increased utilization. With durability being one of the expressed desires of the Cape May
County Bridge Commission, and the fact that the bridge is located in a coastal environment, the
choice of materials, such as the use of fly-ash and micro silica, to produce high performance
post-tensioning grout and long term durable concrete must be studied thoroughly to develop a
set of cost-effective solutions that ensures a trouble-free structure with a low cost of
maintenance. An overlay of high performance concrete or latex modified concrete that could
have a 30-40 year life should be considered. As it becomes necessary to replace this overlay,
two lanes of traffic can be maintained while the overlay is replaced.

The Upper Thorofare Bridge will now be a four-span bridge on a new alignment approximately
650 feet long using a single cell precast concrete segmental box girder that will also be used for
the Middle/Lower Thorofare Bridge. A plan and cross section of the Upper and Middle Thorofare
Bridges for Alternative 3C are shown in Figure 15. o

The foundations will be comprised of prestressed concrete hollow cylinder piles up to the water
level, where a pile cap can be built. The pier shaft is then built on this water line pile cap. The
shaft could either be cast-in-place or in precast box segments.

The pile cap over deep water could be constructed using precast concrete forms, floated or
barged into its final location. The cylindrical piles could be driven through the precast form,
which serves as a template, or could be driven first and the form could be installed around the
piles.

The pipe culvert just west of Fish Dock Road on the existing Ocean Drive will be replaced with a
box culvert properly sized to handle the tidal flows presently observed at this location.
Numerous retaining walls are required for this alternative with a total length of approximately
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1120 feet. A 200 feet long wall is required to retain fill for the service road near Hinch Marina:
600 feet wing wall extensions are required at the east abutment and 340 feet of wall is needed at
the turnaround on existing Ocean Drive, just west of Middle Thorofare. 7

Alternative 3D

Alternative 3D was originally conceived in June 2000 by members of the local business
community attending a public information center where Alternatives 1 and 2 were presented.
This alternative is identical to Alternative 3C from Route 109 up to and including the proposed
service road just east of Upper Thorofare. The alternative's alignment then continues across
Middle Thorofare, over Thorofare Island, across Lower Thorofare, around Two Mile Associates
and ties into the existing Ocean Drive alignment about 500 feet south of Madison Avenue. This
alignment is shown in Figure 16 and eliminates all bridge limitations for the commercial fishing
industry at Lund's, Atlantic Cape Fisheries and Two Mile Landing.

Because of the proximity of the tie-in location to Madison Avenue and Diamond Beach, the toll
facilities for this alternative are located adjacent to the western abutment of the Middle Thorofare
Bridge between the service road intersection at Station 83+50 and the bridge’s abutment at
Station 90+75. The service building and parking spaces are located adjacent to the service
road. ' :

As with Alternative 3C, the bridge features a northbound approach grade of 5% and a vertical
clearance of 75 feet over Middle Thorofare. A horizontal clearance of 155 feet is provided over
the Intracoastal Waterway (Navigation channel). However, because the structure passes north
of Two Mile Associates and its marina and fishing facilities, no particular vertical clearance is
required over Lower Thorofare. Approximately 50 feet of vertical clearance is provided over this
section of Lower Thorofare. The structure continues across tidal wetlands with an approximate
2% downgrade to Station 143+00. At Station 144+00, existing Ocean Drive is realigned to form a
T-intersection with the new alignment. This realignment will preserve access to Dolphin Cove
Marina located just east of the existing Middle Thorofare Bridge and Two Mile Landing. Similar
to Alternative 3C, vehicular turnarounds will be constructed on either side of the existing Middle
Thorofare Bridge, which will be demolished and the culvert near Fish Dock Road will be
reconstructed. Approximately 500 feet of existing Ocean Drive pavement will be removed in the
vicinity of the tie-in. The existing profile of Ocean Drive is met at Statlon 153+00, and paving
ends at Station 156+50, the western edge of Raleigh Avenue.

Utility relocations would be nearly identical to Alternative SC except less pole relocations
between Fish Dock Road and the easterly project limits since the roadway rejoins the existing
alignment closer to the limit.

Structures

The Mill Creek Bridge design will be similar to that proposed in Alternative 1. The Upper
Thorofare Bridge will now be a four-span bridge as defined in Alternative 3C. A plan and cross
section of the Upper Thorofare Bridge are shown in Figure 15. The Middle Thorofare Bridge and
its approaches will be a single cell precast concrete segmental box girder that will also be used
for the Upper Thorofare Bridge. This type of structure is recommended because of the
uniformity of the cross section along the entire 5220 feet of structure.  Span lengths for the
Middle Thorofare Bridge will be 175 feet and are constructed by the span-by-span method. A
plan and cross section of this structure is shown in Figure 17. The foundations, piers and deck
construction for this alternative are the same as defined in Alternative 3C. The pipe culvert just
west of Fish Dock Road will also be replaced as stated for Alternative 3C. This alternative has
535 feet of retaining walls with a majority of the length along the new western access road and
the turnaround on the west side of Middle Thorofare. The walls will most likely be MSE Walls or
other type of prefabricated wall as defined for the previous alternatives.
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Alternative 3E : v

This alternative presents an option featuring a fixed, high-level bridge over Middle Thorofare on
an alignment shifted south of the existing bridge, similar to the alignment for Alternative 3A. The
alignment is shown in Figure 18 and is identical to Alternative 1 from Route 109 through the Mill
Creek Bridge, where the alignment shifts 8.5 feet to the south beginning at the eastern
abutment. At Station 65+50, the roadway intersects with the driveway servicing the Bree-z-lee
Marina (Block 822.02, Lot 3) to the right and a new service road to the left. This new service road
travels in jug-handle like form through the lands belonging to the Marmora Wildlife Preserve
(Block 793, Lot 14) and connects to the existing Ocean Drive alignment just east of the existing
Upper Thorofare Bridge. Existing Ocean Drive between this point and Middle Thorofare
completes the alignment of the new service road, maintaining access to local businesses. The
existing Upper Thorofare Bridge will be reconstructed to accommodate local and truck traffic
from these businesses. Similar to other alternatives, a vehicular turnaround with retaining walls
will be constructed at the terminus of the service road.

After its intersection with the service road, the alignment of Ocean Drive curves slightly to the
right to form an alignment more or less parallel to the existing roadway. The roadway ascends at
a steep 6% grade, and a new structure begins at Station 73+00. The ‘structure continues over
Upper Thorofare, with piers offset by approximately 25 feet to the south of the existing structure.
Once beyond Upper Thorofare, the roadway's alignment shifts closer to the existing Ocean
Drive, so that piers can be placed in the existing shoulder of the roadway, and the bridge itself
can remain a safe distance from the Snow's/Doxsee facility (Block 822.01, Lot 1.01). As it
approaches Middle Thorofare, the roadway and structure curves further to the right, to remain
horizontally clear of the existing bridge. The proposed bridge has a 116-foot minimum vertical
clearance and has a 330-foot horizontal clearance for the channel. The roadway declines at a
6% downgrade to the bridge's eastern abutment at Station 116+90. The roadway then
continues, supported on either side by retaining walls, to Station 121450 where the toll facilities
are located. The toll facility is located mostly on a tangent, relatively flat alignment offset 8.5 feet
to the south of the existing Ocean Drive baseline. The retaining walls terminate at Station 122+30
on the right and 124+00 on the left. A new access driveway intersects Ocean Drive at Station
125+50. The driveway services only one property (Dolphin Cove Marina) and waterfront access
where existing Ocean Drive meets Middle Thorofare. Because this driveway would carry such
low volume, the pavement will be only 24 feet wide, with no shoulders. The driveway, similar to
the service road west of Upper Thorofare, has a jug-handle type alignment, curving to the left,
and then following parallel to the Ocean Drive alignment to Station 111450, where it meets the
existing Ocean Drive pavement. A vehicular turnaround is proposed at the terminus of this
driveway. A 1278 feet long retaining wall is required along the north side of the driveway to
support the roadway and minimize wetland impacts.

East of the roadway's intersection with the driveway, the alignment of Ocean Drive continues
offset to the south of the existing roadway. The proposed roadway meets the existing roadway
approximately 150 feet west of Madison Avenue. Similar to previously described alternatives, the
existing culvert near Fish Dock Road will also be reconstructed. .

Utility relocations required for Alternative 3E would be identical to Alternative 3A, except an
additional length of sanitary sewer would require relocation. The additional length requiring
relocation is considerable, now beginning well west of Upper Thorofare at Station 57+00,
instead of east of the Upper Thorofare Bridge. This additional relocation is required to
accommodate the additional shift and structure length featured in Alternative 3E.

Structures :

Again, the Mill Creek and Upper Thorofare designs will be similar to those proposed in
Alternative 1. Plans and cross sections of these bridges can be seen in Figures 6 and 7.
Because of the substantial number of piers, and related high foundation costs, a concrete
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segmental type bridge is proposed for the new Middle Thorofare Bridge and its approaches. A
plan and cross section of this bridge is presented in Figure 19. Span lengths for this bridge vary
from 175 feet to 350 feet. As before, the shorter spans will be erected by the span-by-span
method and the longer spans by the balanced cantilever method. The foundations, piers and
deck construction for this alternative are the same as defined in Alternative 3C. There are 3870
linear feet of retaining walls required for this alternative with 2250 feet required as extensions of
the abutment wing walls, 340 feet for the turnaround on existing Ocean Drive and 1280 feet
required for the eastern access driveway.

Alternative 3F

Like Alternative 3E, this alternative also features a fixed, high-level bridge over Middle Thorofare,
though on a new alignment. East of the Mill Creek Bridge, the proposed alignment curves to the
right into lands of the Bree-z-lee Marina (Block 822.02, Lots 2 and 3). This alignment is shown in
Figure 20. The lands impacted do include a small area of the active marina, but mostly consist of
dredge spoils. At Station 68+40, existing Ocean Drive is realigned to form a T-intersection with
the new alignment. The remaining portion of existing Ocean Drive between this point and Middle
Thorofare will be used as a service road, just as in Alternative 3E, though this alternative does
not impact lands belonging to the Marmora Wildlife Management Area. The existing Upper
Thorofare Bridge will be replaced to the south of its current location. Traffic traveling west on the
service road can continue through a channelized portion of the intersection and merge directly
with southbound Ocean Drive traffic.

A 525 foot long retaining wall is proposed along the right side of Ocean Drive to minimize
impacts to the Bree-z-lee Marina. The roadway continues on a 4.5% -approach grade to the
bridge's western abutment at Station 70+50. From that point, the bridge completes its curve to
the right, and follows a small strip of vegetated uplands to avoid wetlands impacts. The
alignment in this area generally resembles a reverse-curve alignment, though there is adequate
length of tangent between the reverse curves to allow for the required superelevation transitions.
At Station 79+50, the alignment curves to the left, and by Station 85400, the roadway has
entered a 2600 foot long tangent section which crosses Upper and Middle Thorofares. The
proposed roadway maintains a minimum offset of 20 feet from the bulkhead protecting lands of
Snow's/Doxsee, the southernmost portion of land between Upper and Middle Thorofares. The
roadway maintains the same 116-foot vertical clearance over Middle Thorofare's navigable
channel (Intracoastal Waterway) as other alternatives and provides 330 feet horizontal
clearance. The vertical clearance over Upper Thorofare is in excess of 90 feet, much higher than
the 75 feet required for maintenance vessels which dock at Snow's/Doxsee just north of the
bridge and spans the entire waterway of Upper Thorofare.

The 2600-foot tangent section continues beyond Middle Thorofare across lands belonging to
Conservation Fund, Inc. (Block 821, Lot 2) to a point at Station 110+86 where the roadway
begins to curve to the left to reconnect with existing Ocean Drive. This curve continues slightly
through fands belonging to the U.S. Coast Guard (Block 821, Lot 1), to just beyond the bridge's
eastern abutment, which is approximately located at Station 119+50. Similar to Alternative 3E,
the proposed toll facility is located immediately east of the eastern abutment. The facility
features the same configurations as Alternative 3E, including retaining walls, and the proposed
driveway to service the marina and beach area on the eastern banks of Middle Thorofare.

Similar to other alternatives, the proposed roadway alignment continues at an 8.5 foot south
offset to the existing baseline to approximately 150 fest west of Madison Avenue, where the
profile alignment is met. Paving continues to Station 153+00.

Again, utility relocations would be similar to Alternative 3A through Mill Creek. As with Alternative
3E, the sanitary sewer main would require relocation from Station 57+00, though only to east of
Upper Thorofare. The main would again require relocation east of Middle Thorofare when the
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roadway'’s alignment rejoins the existing, beginning at approximately Station 108+00. Poles in
this vicinity through to the project’s easterly limits would also require relocation.

Structures

Again, the Mill Creek and Upper Thorofare designs will be similar to those proposed in
Alternative 1. Plans and cross sections of these bridges can be seen in Figures 6 and 7.
Because of the substantial number of piers, and related high foundation costs, a concrete
segmental type bridge is proposed for the new Middle Thorofare Bridge and it's approaches. A
plan and cross section of this bridge is presented in Figure 21. Span lengths for this bridge vary
from 175 feet to 350 feet. As before, the shorter spans will be erected by the span-by-span
method and the longer spans by the balanced cantilever method. The foundations, piers and
deck construction for this alternative are the same as defined in Alternative 3C. There are 2920
linear feet of retaining walls required for this alternative with 1305 feet required as extensions of
the abutment wing walls, 340 feet for the turnaround on existing Ocean Drive and 1280 feet
required for the eastern access road.

Alternative 3G
Alternative 3G features the exact same alignments, features and utility impacts as Alternative 3F,
with the exception of the channel crossing for the Middle Thorofare Bridge. Instead of a
Concrete Segmental Bridge for the entire length, Alternative 3G features a Cable-Stayed Bridge
as the main crossing of the
Intracoastal Waterway within the 2600

feet tangent section previously ;z; e
defined in Alternative F. This R I N T T
alignment is shown in Figure 22. PreareT FM swpe. | Lane | e T P Nt
Structures

A Cable Stayed Bridge option was
considered for the main spans of the
bridge and is shown in Figure 23. A {

viable cable-stayed structure has an Typical Section at Approaches
oyere}ll length .of approxmatelly 1600— , ST
0" with a main span of 860-0" and 804 —e "
side spans of 370-0" each. Towers +

; 2o LGS, B ‘—L‘»V_oLVP'LL RS- L AT SR
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width of the roadway wil be
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accommodate two 12’-0" lanes, two
8'-0” shoulders, and 6’-0" sidewalks.
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stay cables, the number of stays, and the associated labor cost for installing fewer anchors and
cable stay hardware. However, the single cable plane design requires a wide box for torsional
stability and to accommodate the anchorages of the center plane cables as shown in Figure 24.
The cost of the wider box will more than offset any saving that could be realized with the single
plane of cables. For this reason, the single plane design was not considered a viable
alternative.

There are a number of available options
for designs involving dual planes of
cables. Figures 25 and 26 show,
respectively, a number of deck and
tower configurations. The deck may be
precast or cast-in-place. A precast
option would most likely use the same
basic cross-section as the segmental
approaches with struts and cable
anchorages added to the outside of the
box. A cast-in-place cross-section will
be stream-lined, constructed with form
travelers and concrete supplied by a
batch plant mounted on a barge.
Among the different tower
configurations, the ones that provide
greatest aerodynamic stability are the
Diamond and the A-Frame type
configurations. The Diamond shape is
considered a favorite because the tower
legs come together at the base,
enabling a cost-effective design for the
foundation. The Diamond tower
configuration, with a cast-in-place deck
was selected for Alternative 3G. Other
items to consider in future studies or
designs include air beacons, and
access inside/outside the pylon legs for
inspection and maintenance.

Vs .
\2~0 | &-0

U Cross Section

Figure 25 — Dual Cable Plane Cross Sections

Cables are the most important elements in cable stayed structures. Careful consideration
should be given to principal details at the level of conceptual design that would ensure longevity
and serviceability. There are several cable arrangements that could be utilized, namely Fan,
Harp, Semi-Harp, and Asymmetric, to name a few. A cable-stayed bridge would undoubtedly
attract the fascination of many of its users. Consideration should be given to aesthetic bridge
lighting and constructing scenic overlooks along the sidewalks.  Should Alternative 3G be
selected as the preferred alternative, further evaluations should be conducted to select the
appropriate combination of deck cross-section and tower that would provide the best balance
between economy and aesthetics.
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Diamond

Goal Post

Figure 26 — Representative Cable Stay Tower Configurations

As previously mentioned, the approach spans at each end of the bridge would consist of
precast concrete segmental box girders utilizing a span-by-span construction method with a
maximum span length of 180-0". The approach foundations will be comprised of prestressed
concrete hollow cylinder piles up to the water level, where a pile cap can be built. The pier shaft
is then built on this water line pile cap. The shaft could either be cast-in-place or precast box
pier cap segments.

E. ROADWAY EMBANKMENT DESIGN

Due to relatively poor soil conditions in the project area, special consideration was given to the
construction of the roadway embankments that will raise the roadway above the flood elevation.
Analysis was performed to determine the amount of consolidation settlement and the time -
required for the consolidation to occur. (See Addendum B) The preliminary results indicate that
primary settlements for Stratum C will range from approximately 20.5 inches to 30.3 inches and
secondary settlements will range from 1.8 to 4.5 inches. The time for 90% primary consolidation
to occur would vary from 1.3 to 3.6 years dependent upon the subsurface conditions and the
height of embankment fill. Primary settlements for Stratum D will range from approximately 0.5
inches to 7.2 inches and secondary settlements will range from 2.4 to 4.8 inches. Consolidation
time would vary from 0.9 to 3.7 years.

In order to lessen the time required for the settlements to occur and to reduce the magnitude of
post-construction settlement the use of preloading and wick drains are recommended. With a
surcharge height of approximately 7 feet above finished grade and the use of wick drains
spaced at 5 feet, the time required for the settlement to occur would be three months. Surcharge
heights would be greater at the bridge approaches, and the required time for the settlement to
occur would be 6 months. The results of the analysis are summarized in the tables below.
Further study and analysis will be required to analyze potential settlement of temporary
pavements placed on unloaded soils during construction.

Table 111
Preliminary Results of Settlement Analysis
Secondary
Location Elastic Primary Consolidation Consolidation Consolidation Time**
Settlement Settlement (in) Settlement* (in) (years)
Stratum Stratum
(in) C D Stratum C | Stratum D | Stratum C | Stratum D
Roadway 0.72 27.38 0.51 4.5 2.4 3.6 0.9
Mill Creek 1.06 30.25 1.54 2.7 2.6 1.3 1.1
Middle Thorofare 2.55 20.54 7.18 1.8 4.8 1.5 3.7

* Including one log cycle of secondary consolidation.

** Time for 90% primary consolidation.
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Table IV _
Preliminary Results of Settlement Analysis with Suychar e a d Wick D

Roadway 7 4 5 3.8 3

Mill Creek 15 7 5 1.5 3
Middle Thorofare 25 12 5 1.6 6

* Including one log cycle of secondary consolidation.

F. FOUNDATION DESIGN , ,

The new Mill Creek and Upper Thorofare Bridges that are along parallel alignments are
proposed to be “jointless” bridges with integral abutments and piers supported on a single row
of vertical piles to provide required flexibility. Based on a preliminary evaluation of the available
subsurface information and staging requirements, square prestressed concrete piles are
recommended for support of the bridge abutments and piers. Concrete filled steel pipe piles
were considered but not selected because of the corrosive marine environment. In order to
protect the abutments against scour and the resulting loss of backfill, permanent sheeting is
proposed in front of each abutment. Because of concerns that steel sheeting will corrode in the
marine environment, steel sheeting coated with coal tar epoxy is recommended. In addition to
protecting against scour in front of the abutments, the sheeting will also protect against erosion
of the approach embankments due to settlement and water intrusion in the embankment fill.
Several alternatives have been considered for design of the new bridge spanning across Upper
and Middle Thorofare. A fixed bridge alternative is proposed as preferred with the bridge being
designed either as a segmental concrete bridge or cable stayed bridge. In both cases the pier
foundations will be comprised of prestressed concrete cylinder piles up to the water level where
a pile cap can be built. The pier cap over deep water could be constructed using precast
concrete forms, floated or barged into its final location. The cylinder piles could be driven
through the precast form, which serves as a template, or could be driven first and the form could
be installed around the piles. Instead of the prestressed cylinder piles, drilled shafts could be
used as an alternative. Bridge abutments are expected to be supported on square prestressed
concrete piles for all alternatives. ‘

G. CULVERT DESIGN

The existing pipe culvert just west of Fish Dock Road is a gathering place for recreational fishing
and crabbing. This culvert is the only waterway that permits water to flow from the east side of
Ocean Drive to the west side during tidal changes. The pipe is undersized and typically has
water flowing through it at a high velocity. The County considers it a safety hazard and has
identified it for replacement within this project. The new box culvert that will replace this will be
properly sized to reduce the velocity of flow to acceptable levels that are not viewed as safety
concerns. The box culvert will most likely consist of precast concrete units that can be installed
in stages while traffic and flow through the existing pipe is maintained.

H. HYDRAULIC DESIGN &SCOUR ANALYSIS

A detailed hydraulic analysis was performed to determine if the raising of Ocean Drive would
impact any flow patterns during a storm surge or modify daily tidal flow circulation. Changes in
storm surge flow could increase coastal flooding and bridge scour due to the damming effect of
the raised roadway profile. Changes in tidal circulation could impact wetland hydrology due to
culvert and bridge replacements.

—41-



Ocean Drive Upgrade and Bridge Replacements ¢ Alternatives Analysis Report ¢ January 2004

Two-dimensional hydraulic modeling was used to evaluate potential hydraulic impacts that
raising Ocean Drive could have on normal tidal circulation, storm surge flooding, and the bridge
scour potential. The model was run for existing and proposed conditions using the existing land
use and topography. The only difference in bathymetry for the proposed conditions model was a
200-foot wide dredged channel extending from Cape May Inlet, through Middle Thorofare, and
just into Lower Thorofare at a depth of 25 feet below mean low water (MLW), or —28 feet NAVD
1988, and a minimum tie-in slope of 2:1. For proposed conditions, the existing bridge piers were
replaced by proposed piers, and the roadway elements were disabled to represent the
proposed vertical realignment of the causeway, which will allow no overtopping during the 100-
year storm surge. In areas where proposed aerial structures follow the existing alignment or
where the existing alignment is abandoned, the roadway elements were not disabled, but their
elevations were decreased to that of the surrounding marsh.

Results from the hydraulic analysis of Ocean Drive were used to prepare a scour analysis of the
bridges over Mill Creek, Upper Thorofare, and Middle Thorofare. Bridge scour is a function of
the combination of flow depth at bridge piers and flow velocity. Typically, maximum scour at
tidal bridges does not occur at the same time as peak water surface levels because water
velocities drop to zero as water surfaces peak and flow reverses. Peak scour potential at the
three bridges occurs on the rising storm surge when v iti ak, —TF ——

The study, attached in Addendum H, revealed the following conclusions:

e Raising the roadway to an elevation above the 100-year floodplain prevents roadway
overtopping during a 100-year event, and has no impacts on peak flood elevations in
the vicinity of Ocean Drive. Raising the roadway will not impact normal tidal circulation.
The existing roadway blocks tidal circulation between the north and south sides of the
roadway. '

e Raising the roadway slightly alters the timing of peak flood elevations for the 100-year
storm surge, but does not result in any significant difference in flood elevations in the
marsh or along Ocean Drive. Because roadway overtopping is prevented, raising the
roadway will create an increase in peak water surface elevation of less than 0.2 feet on
the south side of the causeway, and a decrease in peak water surface elevation on the
north side of the causeway of less than 0.2 feet. The south side of Ocean Drive will flood
faster under proposed conditions because of the restriction caused by the raised
roadway. Similarly, it will take longer for the marsh to drain as the flood recedes,
because all water will have to leave through the three channels.

e Raising the roadway alters the timing and volume of flow through the Mill Creek Bridge,
and increases potential scour depth by approximately 50%. Even with the increase,
however, the scour estimates are not excessive, and can be easily accommodated in
the final design.

e Scour estimates for several of the proposed piers are high primarily due to the
preliminary nature of the design. As the design is refined, scour estimates can be
reduced by improving pier alignment to flow, and using rounded edges for pier stems
and pile caps. The use of drilled shafts rather than pier stems supported by pile caps
founded on pile groups would also reduce scour estimates.

e Estimated scour depths are listed in the table below.
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Table V
Estimated Scour Depths

Existing 42-50 T 86-112  54-303

3A & 3B 62-79 12.2-159 ' 16.7 - 66.1
3E & 3C 6.1-77 54-338
3F & 3D 6.2-77 4.6 ~36.6

3G 62-77 5.2-536

l. TOLL PLAZA DESIGN
The proposed toll plaza facilities are based upon recommended designs originally developed in
a February 2001 study completed by Parsons Brinckerhoff. The study recommended locating

the new facilities adjacent to the structure, and widening the toll collection area to accommodate
four lanes. The plaza would be approximately 71 feet wide, consisting of two 15-foot wide outer
lanes, two 10-foot inner lanes and three 7-foot wide islands. Toll booths would be 4.5 feet wide
by 16 feet long. The four lanes would be configured to include the following payment methods
as shown in the report (See Addendum 1): '

Lane 1 - southbound manual and automatic toll collection
Lane 2 — northbound and southbound manual toll collection
Lane 3 - northbound manual toll collection; and,

Lane 4 — northbound automatic tolf coliection.

The Cape May County Bridge Commission implemented one-way toll collection operations in
early 2003, with tolis no longer being collected in the northbound direction. It is possible that the
above configuration could be revised to accommodate similar one-way toll collection.

In addition to the toll collection lanes and booths, a 280 square foot bridge administration
building is proposed. The building will house a locker room, bathroom, office, safe room and
electrical room. Three parking spaces for bridge staff will be located directly adjacent to the
administration building.

J. TRAFFIC ANALYSIS

Existing Traffic Data »

Traffic data was provided by the Cape May County Department of Public Works, Office of the
County Engineer to assess the existing conditions, conditions during construction and future
conditions through various alternatives. Traffic data included both vehicular traffic and boat
traffic.

The County provided PB with printouts of hourly vehicle toll payment transactions throughout the
month of July 2002. These transactions also represent the number and type of vehicles that
traverse the Middle Thorofare Bridge. The data provided the number of vehicles using tickets
and various cash payment tolls per type of vehicle classifications. The County provided a copy
of the Cape May County Bridge Commission’s toll schedule as shown in Appendix A. From the
data provided, the period of July 15-21, 2002 was used to determine the AM and PM peak hour
volumes for the weekday and mid-day peak for the weekend during the summer season. Peak
hours are weekdays 8:00 — 9:00 a.m. and 5:00 - 6:00 p.m. and Saturday 12:00 noon - 1:00 p.m.,
based on toll transaction records.

Summary tables of the existing hourly and daily traffic volumes, based on the toll transaction
records, are provided below.
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Table VI
Existing (2002) Summer Traffic Volumes

AM Peak Hour 128 vph* 161 vph ~ 289 vph
PM Peak Hour 333 vph 405 vph 738 vph
Saturday Peak 398 vph 312 vph 710 vph
Hour

Daily Weekday 4,612 veh. 4,690 veh. 9,302 veh.
Daily Weekend 4,937 veh. 5,131 veh, 10,068 veh.

* vph = vehicles per hour

With a weight restriction of 15 tons posted on the bridge, heavy vehicles were limited to class

two type vehicles that are two axle, six tire trucks and buses. The heavy vehicie percentages
during the AM, PM and Saturday peak hours are approximately 1.6%, 0.5%, and 0.7%,
respectively. :

The County provided 2000, 2001 and 2002 bridge-opening yearly summaries for the Middle
Thorofare Bridge. [t categorized five classifications of vessels that require bridge openings:
Charter/Party, Commercial, Pleasure Craft, Sailing Vessel, and US Coast Guard ships. These
summaries, showing the 2002 Middle Thorofare Bridge Openings broken down by the number of
ship types during each month of 2002, are included in Appendix A. The summaries also provide
the comparison between the non-summer and summer season. The County provided bridge
tender logs for the entire year of 2002. It identified the number of openings per day, the names
of the vessels, the classification of the vessel, and the actual date and time of the opening. The
number of openings that occurred during the peak hours in the period of July 15-21, 2002 is
shown in the table below. During the week of July 15-21, 2002, the daily va'verage number of
weekday bridge openings was 34 while the weekend total was 42. .

Table VII
Summer Weekday and Weekend Bridge Openings at Middle Thorofare Bridge

PM 2 59% -

Sat 1 2.4%

Future Traffic Data

To develop construction year 2007 and future year 2027 volumes, a 1.46 percent (%) per annum
growth rate was applied to the 2002 traffic counts. The growth rate of 1.46 % was from the Cape
May County Bridge Commission One-Way Toll Study report (Oct. 2001). A summary of existing
and future traffic volumes is provided below.
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Table VIII ,
Existing and Future Hourly Summer Traffic Volumes
at Middle Thorofare Bridge

Peak | NB | SB | Two- | NB | SB |Two-Way| NB SB | Two-
Hour Way Way
AM 128 | 161 289 138 | 173 308 184 | 231 415
PM 333 | 405 738 358 | 435 793 478 582 1060
Sat | 398 | 312 710 428 | 335 763 572 448 1020

Existing Traffic Qperations

According to the criteria set forth in the 2000 Highway Capacity Manual (HCM) Two-Lane
Highways, and the peak hour bridge volumes, Ocean Drive currently operates at a level of
service (LOS) D during the summer AM weekday peak hour and LOS E (unacceptable) during
the summer PM weekday and weekend peak hours. This LOS is for the existing roadway
independent of the bridge openings and toll operations. The Highway Capacity Analysis
outputs are included in Appendix A.

The primary traffic consideration for replacing the Middle Thorofare Bridge is the ability to
reduce congestion pertaining to the bridge openings by raising the elevation of the bridge.
Currently, the toll facility also restricts the ability for vehicle queues created by the bridge
opening to dissipate. Independently, the toll facility would not necessarily create an excessive
queue, but when exacerbated by the bridge opening, the toll facility hampers the dissipation of
traffic. At the start of this study, two-way toll operations were in effect. This was recently
converted to a one-way southbound toll collection operation. For purposes of this study, the
two-way operation was evaluated and presented. The two-way traffic queues created by the
bridge openings presented for both northbound (NB) and southbound (SB) Ocean Drive still
apply. However, the northbound queues will dissipate quickly since the northbound traffic is
unimpeded by the toll plaza. The southbound queue dissipation will be the same as indicated
for the two-way toll operation.

The 2000 HCM has no method for determining levels of service associated with bridge openings
or toll facilities. If the vehicle delay for a bridge opening was compared to the delay used for
determining levels of service, it would operate well into the LOS F range. Without a LOS service
rating, the traffic operations were evaluated from a queuing standpoint.. PB estimated the
number of vehicles queued at the Middle Thorofare Bridge during the peak summer hours
immediately following a bridge opening, the length of that queue, and the ability for the queue to
dissipate. The dissipation of the queue is expressed either in minutes, if the queue is dissipated
during the peak hour (amount of time for toll facility to have no residual queue after the bridge
opening), or in number of vehicles and length of queue in feet remaining at the conclusion of the
peak hour, if the queue did not fully dissipate.

The Cape May County Office of the County Engineer indicated that a typical bridge opening
duration is about 10 minutes per vessel. The duration of the bridge openings could be shorter
or longer depending on vessel activity, as in some cases there are multiple vessels per opening.
These bridge openings translate to the amount of delay a vehicle has to wait before being
processed in the toll plaza and crossing the bridge.

The number of vehicles in queue, at the termination of the bridge openings (formed at the toll
plaza during the summer AM, PM and Saturday peak hour periods) were calculated. For the
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calculations it is assumed that the bridge openings occur at the beginning of the peak hour, with
the queue dissipation to occur for the remainder of the sixty minutes. The number of openings
per peak hour is provided in the Summer Weekday and Weekend Bridge Openings at Middle
Thorofare Bridge Table in the Existing Traffic Data section. The number of queued vehicles
based on 10-minute bridge openings is provided below. :

Table IX
Average Vehicles in Queue at the Termination of Summer Bridge Openings
__(Year 2002)

AM 21 27 505 675
PM 111 135 2775 3375
Saturday 66 52 1650 1300

According fo NCHRP Synthesis 194, dated 1993, the average capacity for a manual lane is 350
vehicles per hour (vph), an automated lane is 500 vph, a mixed Automated Vehicle Identification
(AVI) lane is 700 vph, a dedicated AVI lane is 1200 vph, and an express AV| lane is 1800 vph.
There are many factors that can shorten or prolong a transaction rate per type of toll transaction.
Some of these factors are driver’s familiarity with the toll facility, payment method available and
amount of toll, attitude and efficiency of individual toll collectors. The Middle Thorofare Toll
Bridge is a manual coin and ticket toll operation with one or two toll collectors for two-way toll
operations (one toll collector for one-way operations). Based on the provided information by
the County for the Middle Thorofare Bridge Daily Staffing Schedule; the maximum number of toll
collectors were two per shift for the peak summer months from Memorial Day weekend and June
15 through Labor Day for the two-way toll collection. During the rest of the year, one person per
shift was scheduled. The Middle Thorofare Bridge Daily Staffing Schedule can be found in the
Appendix A. Based on peak hour volumes with two toll collectors and each having a manual
lane capacity of 350 vehicles per hour, the bridge opening queues dissipated during the
summer AM peak hour, but did not dissipate within the one hour for the PM and Saturday peak
hours. The results are summarized below. NB Ocean Drive has significant storage capacity,
but SB Ocean Drive storage capacity is limited to one mile prior to reaching Diamond Beach. A
description of the location of the end of the SB queue is provided.

Table X o
Average Queue Dissipation Following a Summer Bridge Opening (Year 2002)

AM 6 9 0 0 : No queue
PM * * 101 172 2525 4300’ mid way between Fish Dock
Rd and Diamond Beach
Saturday * * 106 20 2650’ 500 North end of bridge

* Queue did not dissipate by end of Peak Hour.
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K. CONCEPTUAL CONSTRUCTION STAGING

Construction of the new roadway will be performed in two main stages w:th approximately one
side of the roadway being constructed per stage. To maintain two lanes of traffic at all times
temporary pavement will be utilized on one side of the existing roadway during. stage one. In the
first stage of work traffic would shift, utilizing the temporary pavement, while embankment is
placed to raise approximately half of the roadway. The new embankment, separated from the
travel lanes by temporary construction barrier, would then be compacted with surcharge over a
period of three to six months time. In the area of driveways, embankment would not be placed
until the end of the settlement period, at which time it would be added and mechanically
compacted in an overnight period. This methodology will preserve access to bordering
properties throughout construction. After compaction, the surcharge would be removed and the
new pavement would be constructed. The second stage will shift traffic to the newly constructed
roadway section, remove the temporary pavement, and complete the remaining portions of the
roadway in a similar sequence. This sequence is shown in Figure 27.

For Alternatives 3A and 3B, in the area between Upper and Middle Thorofare, a large number of
driveways in close proximity to each other, combined with a significant amount of embankment
required for the bridge approaches would not allow the surcharge method described above to
be used without temporary driveway closures. Temporary driveways would be required to
maintain access for these properties. In several cases, temporary access through neighboring
parcels would be required. Additionally, the driveways for Lund's Fisheries, Atlantic Cape
Fisheries and Snow's/Doxsee would need to accommodate trailers which regularly access the
site.

Structures

For the alternatives that construct new Mill Creek and Upper Thorofare Bridges immediately
adjacent to their existing locations, the structures would be built in conjunction with the roadway
staging sequence described above. In all cases, the Middle Thorofare Bridge would be built
offline while the existing bridge remains in service. It is likely that the roadway construction can
be completed before <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>