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GREAT PIECE WEIR

8.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
the Great Piece Weir. A structural sufficient design effort has
been conducted to achieve this goal. Further design studies will
be performed during the next level of design. The design effort
currently includes:

-Determination of location of the Great Piece Weir.
-Geometric configuration of the Great Piece Weir.
-Preliminary design of the Great Piece Weir.
-Preliminary design drawings and details.
-Determination of method of construction of the Weir.
-Quantity Take-Offs.

8.2 Feature Description

The Great Piece Weir would be located in the Central Basin
Area of the Passaic River Basin, characterized as a flat, oval,
262-square-mile depression consisting of low rolling hills, flat
meadowlands and freshwater swamps. The weir site would be situated
within the Town of Fairfield and the Borough of Lincoln Park at a
location approximately 600 feet upstream of the Two Bridges Road
crossing over the Passaic River just upstream of the Passaic River,
Pompton River confluence. The weir structure would incorporate
five 30 foot wide gates providing a total river opening of 150
feet. Five torque tube bascule gates would rest on a gate sill set
at EL. 156.0, approximately 6 ft. above the proposed river bottom
elevation. The proposed gates would have a total height of 10 feet
and would be capable of creating a backwater up to El. 166.0 to
flood the Great Piece Meadow upstream of the weir during non flood
events.

The weir would also be provided with an operating deck which
would be supported by two weir abutments and four intermediate
piers. The operating deck would provide access for operation and
maintenance from both the south and north shores of the river. The
south access would be provided from a driveway which would branch
off from an existing office complex driveway just south of the Two
Bridges Road river crossing. The weir would also have a short
access driveway to the north from Two Bridges Road which parallels
the north shoreline of the Passaic River at that location.

During periods of normal flow, the gates in the Great Piece
Meadows Weir would remain open and the flow regime would remain
unchanged from current conditions. Under flooding conditions, the
gates in the Great Piece Meadows Weir would also remain open until
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the peak flow passes. When the peak flood stage recedes to the
one-year stage, or, if peak stages do not reach the one-year stage,
the weir gates would be closed to approximately replicate stages
varying between the existing two year flood event at the weir
location and the one year event at a distance about 8 miles
upstream. This flood stage would be maintained for a period of
time determined necessary to satisfy fish and wildlife needs in the
Great Piece Meadows. It is estimated that this would occur once or
twice a year. Once the desired duration for wetland inundation is
reached, the gates would gradually open and remain open under
normal conditions.

The location, geometric configuration, and function of the
Great Piece Weir were determined from the hydraulic design
presented in Appendix C - Hydrology and Hydraulics and the
environmental and wildlife requirements presented in Appendix B -
Environmental Resources. A description of cofferdams, excavation,
dewatering, and pile capacities in soil is presented in Appendix E
- Geotechnical.

The alignment of the Great Piece Weir structure was given
thorough consideration to incorporate several essential factors
including construction, maintenance and operation of the weir/gate
installation. Factors which impact the weir alignment are
summarized as follows:

-Elevated gate foundation.

-Access for routine maintenance and emergency repair.
~-Minimization of wetland disturbances.

-Minimization of water-surface increases.
-Minimization of total cost (including annual costs).
-Minimization of impacts to cultural resources.
-Avoidance of known HTRW sites.

-Minimization of utility relocations.

Based on the consideration of these factors and investigations
of current maps, stream profiles, and hydraulic models, the
location of weir was moved downstream from the location originally
proposed in the Passaic River Basin, New Jersey and New York Phase
I - General Design Memorandum - Flood Protection Feasibility Main
Stem Passaic River, Vol. I, December 1987, Figure 60. The revised
location would be approximately 600 feet upstream of the Two
Bridges Road crossing over the Passaic River. Reference to Plate
Nos. G-8-1 thru G-8-3 for the preliminary design drawings and
details for the Great Piece Weir.

8.3 Design
8.3.1 Criteria

a. EM 1110-2-1605 "Hydraulic Design of Navigation Dams"
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b. EM 1110-2-2105 "Design of Hydraulic Steel Structures"

C. EM 1110-2-2200 "Gravity Dam Design"

d. EM 1110-2-2502 "Retaining and Flood Walls"

e. EM 1110-2-2906 "Design of Pile Foundations"

f. American Association of State Highway and Transportation
Officials, 1989. "Standard Specifications for Highway
Bridges," 14th ed., Washington, D.C.

8.3.2 Design Data

8.3.2.1 Specified Design Stresses

a. Concrete f'c = 4,000 psi (pipe piles & walls)
f'ec = 3,000 psi (footings)

b. Reinforcement fy = 60,000 psi

C. Structural Steel fy = 36,000 psi

d. Prestressed Steel Strands fy = 270,000 psi

8.3.2.2 Hydraulic Criteria

Normal Operating Headwater EL. 159.0

Normal Operating Tailwater EL. 159.0

Maximum Headwater EL. 166.0

Top of Weir Crest EL. 156.0

The bottom chord of the operating deck was placed at EL. 169.0
to allow for the maximum flow to pass with three feet of freeboard.

8.3.2.3 Factors of Safety
The factors of safety (FS) for pile design were taken from EM

1110-2-2906. It was assumed for design that a pile load test would
be done to verify the factors of safety and are shown as follows:

L Type Pile Design (FS)
Usual 2.0
Unusual 1.5
Extreme 1.15

8.3.2.4 Pile Capacity
A pile founded structure was selected since the structure is

situated in a wide river bed where the vulnerability of any shallow
foundation to erosion or piping could become a concern. Also,

sec8ms.wpd/8-30-95 G-8-3



borings showed that the underlying soil is of poor quality and has
the potential to settle under heavy loading. Reference Appendix E-
Geotechnical for a further description of the existing soil
conditions. The pile foundations were designed by transferring
all loads applied to the structure through a rigid pile cap and
converting the applied loads into axial forces acting on each pile.
A concrete filled steel pipe pile was selected to support the weir
structure and wingwalls. The ultimate capacity of a concrete
filled steel pipe pile in soil was determined using the methods
presented in EM 1110-2-2906. The above factors of safety were then
applied to the ultimate pile capacity to obtain an allowable pile
capacity for each load case.

8.3.2.5 Critical Load Cases

For the purpose of this report, only the load cases considered
most critical were selected for analysis. These load cases were
used to determine and conceptually design the foundation for the
Great Piece Weir. The design of the reinforcement steel is not a
part of this design memorandum, but was estimated for cost analysis
purposes. Refer to Attachment G-8A for a graphical representation
of each load case for the Great Piece Weir. The following five
load cases were considered.

Load Case 1 - Usual Condition
The weir gates are closed; the high water elevation is at EL.
166.0 against the upstream side of the gates; the normal water
elevation is at EL. 159.0 in the spillways.

Load Case 2 - Usual Condition

The weir gates are open; the water is level at EL. 159.0
across the entire slab.

Load Case 3 - Maintenance, Usual Condition
Maintenance situation with bulkhead planks set in place. The
water is at EL. 159.0 all around the bulkheads and the slab is
dry.

Load Case 4 - Construction, Unusual Condition
Construction stage where the water is at EL. 159.0 all around
the cofferdam, and the water is kept at the slab base, EL.
142.0.

Load Case 5 - Earthquake, Extreme Condition

Load Case 2 + Earthquake. Seismic Coefficient = 0.1g
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8.3.3 Gates

Several gate alternatives and gate widths were investigated,
and a conceptual design and preliminary cost was performed. Five
30 foot long carbon steel torque-tube bascule gates were chosen for
the Great Piece Weir due to their proven history, straight forward
design and manufacture, and low maintenance cost. Further design
of the gates will be performed in the FDM level of effort. For
information on the investigation of the different gate types and
the operation details of the torque-tube bascule gate, see Appendix
C - Hydrology and Hydraulics of this design memorandum.

The torque-tube bascule gate 1s a submersible gate and is
considered opened when it is recessed into the weir structure and
flow passes over the gate. During periods of normal flow, the
gates would remain open (recessed into weir) and flow would pass
over the weir and gate. Ice loading on the gate was not considered
since the gate would be in the open position when ice is likely to
form. Refer to Plate No. G-8-2 for a section view of the torque-
tube bascule gate.

'8.3.4 Piers

There would be a total of four gate piers, each having a 10-
foot width and containing vaults to house the mechanical and
electrical equipment needed to operate the gates. Where possible,
adjacent gates would be operated out of a common vault so that
equipment such as hydraulic reservoirs and valve panels could be
shared by both gate operators. The piers would support a 23'-10"
feet wide roadway structure to be used for access and maintenance
purposes, and also support auxiliary girders for setting bulkhead
planks at the upstream and downstream limits of the gate bay to
create dry space over the slab for maintenance. The pier geometry
was largely determined by the configuration of the maintenance deck
and the placement of the stop log bulkheads. Refer to Plate No. G-
8-2 for details of the piers.

8.3.5 Abutments

The reinforced concrete abutments would serve to support the
operating deck and to retain the soil from both approach roadways.
They would be constructed on the continuous slab with two rows of
piles with eight piles on each row placed under the continuocus slab
below each abutment. All horizontal and vertical loads applied to
the abutments were assumed to be transferred into the continuous
slab and taken by the piles under the abutments and continuous
slab. The stem of the abutment would have a sloping backface,
1H:12V. A select porous fill material would be placed as a
backfill behind the stem. Refer to Plate No. G-8-2 for details of
the abutments.
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8.3.6 Pile-supported Continuous Slab

The Great Piece Weir would be supported by a continuous slab
founded on bearing piles. There will be a total of five gate bays
on the slab, each having a 30-foot horizontal opening for flow.
Its total length between abutments and its width between the

upstream and downstream ends would be, 190 and 62 feet
respectively. The continuous slab would be of reinforced concrete
construction and would have a minimum five foot thickness. It

would act as a rigid member and would transfer all applied loads
from the piers, abutments, and gates to the piles. The design of
the reinforcement in the slab was not a part of this design
memorandum but was estimated for the cost analysis.

The slab would consist of an approach apron, a weir structure,
a stilling basin, and an end sill. The top of the approach apron
was set at EL. 150.0, the top of the weir at EL. 156.0, the top of
the stilling basin at EL. 148.0, and the end sill at EL. 151.0.
The bottom of the slab was set at EL. 143.0. A sheet pile cutoff
wall would be driven around the entire slab to reduce seepage and
erosion under the slab.

An alternative to the pile-supported continuous slab was
originally conceived as a deeper pile-supported foundation strip,
about 10-feet wide, under each pier, but with no pile support under
the 30-foot wide strips of gate bay slab spanning between piers.
This concept was abandoned in favor of the proposed scheme because
it would have required too many stages of construction with pile
driving and cofferdamming and deeper excavations with more rigorous
dewatering at the piers. Furthermore, it would not have been
possible to rely on the natural exposed soil to support a freshly
poured and curing concrete slab spanning between the piers or pier
and abutment. A temporary pile support or soil treatment would have
been required.

8.3.7 Wingwalls
There would be a pair of flared wingwalls per each abutment to

provide a transition from the approach channel to the weir
structure. The wingwalls would extend out from all four corners of

the weir at a 30° angle from the centerline of channel. Expansion
joints would separate the continuous slab from the wingwall
footings. The wingwalls would essentially be conventional

cantilever retaining walls of reinforced concrete construction
supported by concrete filled steel pipe piles. The stem of the
wingwall would have a sloping backface and porous backfill placed
behind it, as similarly indicated for the abutment stems.
Reference Plate No. G-8-2 for a typical section of the wingwalls.

The top of the wingwalls would extend from EL. 169.0 and slope

down to approximately EL. 163.0. The length of the northeast and
southeast wingwalls would be 48 feet, and the lengths of the

sec8ms.wpd/8-30-95 G-8-6



northwest and southwest wingwalls would be 46 feet and 40 feet
respectively. A wingwall with an average stem height of 16 feet
was designed for one critical load case where full hydrostatic and
soil pressures were exerted on the back of the wall and a drained
condition exists in front of the wall. This was considered as an
usual loading condition. The top of the wingwall footings were set
at EL. 150 and a 3 foot thick footing was assumed. The footing was
assumed to act as a rigid member and transfer all vertical and
horizontal loads to the piles.

8.3.8 Piles

The pile support for the continuous slab was analyzed
considering the five load cases described above to estimate the
maximum and minimum pile loads and the quantity of vertical and
battered piles. A 40 foot width section of the continuous slab was
analyzed consisting of one pier, two half gate bays, and two half
maintenance deck spans. All loads applied were transferred from
the rigid slab into axial forces onto each pile. The dynamic
forces on the weir were considered negligible and not included in
this analysis. Based on 8.43 feet transversal spacing (8 piles
per row along the flow) and 6.67 feet longitudinal spacing (6 piles
per row for each 40 foot slab unit), the maximum and minimum pile
loadings resulting from the analysis are presented in Table 1.

TABLE 1
GREAT PIECE WEIR
FOUNDATION PILE LOADINGS
Loading Max. Min.
Case Pile Load | Pile Load
(tons) (tons)
1 25 24
2 31 20
3 25 16
4 50 29
5 37 13
Notes:
1. All pile loads are vertical and compressive.
2. Maximum loads occur in the 1lst (upstream) row and minimum load
occurs in the 8th (downstream) row.
3. Case 1 also creates the most critical unbalanced horizontal

loading on the structure, e.g. in the order of 212 tons on
each 40 foot unit.
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4. Batter piles, 1H:4V Max, (in all of the 2nd through 7th

rows), as well as the allowable shear resistance at the slab
level (at least 1 ton per pile), will resist the critical
horizontal loading.

5. The maximum loading for Case 4 1is temporary and could be

reduced to a loading below 40 tons by allowing more buoyancy
and controlling the dewatering after the construction of
piers.

TABLE 2
GREAT PIECE WEIR
PILE CHARACTERISTICS

a. Allowable working pile capacity - weir
Load Cases 1 and 2 47 tons
Load Cases 3 and 4 62 tons
Load Case 5 81 tons

Allowable working pile capacity -

wingwall 32 tons
b. Estimated pile length - weir 43 feet
- wingwalls ' 35 feet

(Based on soil stratigraphy from Boring
GC-2 and laboratory soil strength data
from the U.S. Army Corps of Engineers)

C. Minimum pile penetration required 23 feet
d. Number of piles for the portion of slab
between abutments 224
under both abutments 32
e. Number of piles for four wingwalls

(Based on 3 piles per row spaced at
about 4'on centers) avg. wingwall
length = 46" 144

f. Pile group reduction (Based on the
penetration of all pile tips into the
incompressible glacial till layer
starting at 23 feet or deeper below the
slab bottom) none

| g.  Total number of pile load tests 4
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The pile support for the wingwalls was analyzed for the one
critical load case as described in 8.3.7 to estimate the maximum
and minimum pile loads and the quantity of vertical and battered
piles. A four foot width section of the wingwall was analyzed.
The analysis resulted in a pile configuration of three rows of
piles spaced at four feet on centers in both directions. Two front
rows of piles would be battered 1H:6V to resist the horizontal
loads applied to the wingwall. All piles would be in compression,
with a maximum load of 24 tons and a minimum load of 3 tomns.

Fourteen (14)-inch OD steel pipe piles were designed to support
the slab, abutments, and wingwalls. The minimum wall thickness of
the pipe will be % inch. The pipe piles would be filled with
concrete after driving with an impact hammer to refusal or a
specified penetration resistance 1in the glacial till layer.
Ultimate capacities for the weir piles was determined to be 93.5
tons for a pipe pile driven to tip EL. 105. The ultimate capacity
for the wingwall piles was determined to be 65 tons for a pipe pile
driven to tip EL. 110.

Additional pile characteristics and quantities derived from the
pile analysis are presented in Table 2 above.

8.3.9 Operating Deck

A conceptual design of the operating deck was performed and
would consist of precast prestressed T-beam superstructure which
would serve to support a wheeled crane and other maintenance
vehicles and personnel. The T-beam operating deck would be 17'-0"
wide and would be designed to support a 45 ton wheeled crane
carrying a stoplog. Auxiliary AASHTO Type III precast prestressed
girders adjacent to the T-beam operating deck would serve as crane
outrigger supports as well as stoplogs.

8.3.10 Electrical/Mechanical

Torque-tube bascule gates would be raised and lowered by a
single operator located at one end of each gate. The operators
would utilize a hydraulic system including a central hydraulic
reservoir, valve panels, positive displacement pumps, and
accumulators. System redundancy would be provided by incorporating
redundant valves and hydraulic cylinders. Sufficient hydraulic
pressure to raise and lower gates 1in case of electrical power
failure can be stored within accumulators. The use of accumulators
would also negate the need for redundant positive displacement
pumps since they could also be used to lower or raise a gate in
case of pump failure. Accumulators store sufficient energy for a
limited number of gate cycles before they need to be recharged.
Recharging could be achieved by the positive displacement pump.
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Operators for the torque-tube gates would be housed within pier
vaults. Where possible, adjacent gates would be operated out of a
common vault so that equipment such as hydraulic reservoirs and
valve panels could be shared by both gate operators. Each pier
vault would be provided with a sump pump to remove any potential
seepage. Operator equipment would be mounted in the upper part of
the pier chamber to minimize the chance of water damage. The
environment within pier chambers would be maintained by
dehumidifiers and heating elements as needed.

Gate operation would be controlled from the Operations Center
at Workshaft 2, or controlled locally by an on-site operator.
Upstream level sensing devices would be set to record water surface
levels at frequent intervals and would average readings at pre-set
longer intervals to determine if gates should be raised or lowered.
Proper operation of sensing devices and automated controls would
prevent frequent gate oscillations which would cause undue wear on
gate operators and seals. All gate seals would also be heat traced
to provide for ice free operation during freezing weather.

Since bascule gates generally operate hydraulically, they would
require electricity for energizing positive-displacement pump
motors. Accumulators which store hydraulic fluid under pressure
are typically provided and remain charged during normal operating
periods. Upon grid failure, battery powered controls could operate
gates off accumulators to the extent of their capacity. An
emergency generator could also be provided to raise the gates
during a power outage when the capacity of the accumulators has
been expended. However, no emergency power would be required to
lower the gates which could be achieved by manual overrides.

8.4 Construction

A two-stage construction with cellular cofferdam enclosures
was considered to be the most likely method of construction for
dewatering the footprint area of the slab and wingwall footings for
pile driving and subsequent construction. As shown on Plate No.
G-8-3, the cellular cofferdams would protect the three sides of an
area where two gate bays, two piers, and two wingwalls can be
constructed starting at one side of the channel. For the second
stage, an area of three gate bays including the remaining two piers
and wingwalls would be protected with two lines of cellular
cofferdams. All open gaps between the cell lines would be closed by
temporary bulkhead lines constructed over the slab in conjunction
with the pier completed during the first stage. In estimating the
quantity of constituent elements of the cellular cofferdam, the
following dimensions were used:

Cell diameter 20+ feet

Sheetpile type PSA23

Sheetpile top elevation 169.3 (10 vyr existing condition
stage, 10+ feet above normal water surface)
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Sheetpile tip elevation EL. 130 feet

Excavations required for the construction of wingwall pile
caps and wingwalls would be retained by driven and braced sheet
pile walls. These walls would serve to protect the wingwall work
area during construction and to ©prevent seepage into the
cofferdammed slab foundation area.

For pile driving, a crane could be supported on the cofferdams
along the upstream side to reach the pile locations within 35 feet.
For the remainder of the pile driving operation, the access will
be either by a crane lowered into the excavation or by means of
temporary trestles on wood piles.

Construction 1is anticipated to proceed in two stages as
depicted on the construction schedule presented in Appendix D -
Cost Estimating. Each stage of the construction would involve the
installation of a temporary cellular cofferdam to isolate the
construction site and allow for dewatering within the streambed of
the Passaic River. Linear sheetpile trench protection for wingwall
construction would tie into cellular cofferdams and into the river
bank to prevent seepage into the excavation. The sheet pile
cofferdam would be constructed to El 169.3, equal to the existing
condition 10 year flood elevation. Development of the cofferdam to
this elevation was judged to be a reasonable balance between
flooding risks and the cost of the cofferdam construction. Upon
construction of the cofferdam, the site would be dewatered and the
foundation and superstructure of the southern gate bays would be
constructed and outfitted. Upon successful installation and
testing of gate equipment, the first stage construction area would
be flooded and the temporary cofferdam would be removed. The total
duration of the first stage of construction is anticipated to be 25
weeks as depicted on the construction schedule in Appendix D - Cost
Estimating.

The second stage of construction would be similar to the first
and would entail the isolation of the second stage construction
area and the development of the northern gate bays and gates.
Subsequent to the completion of the northern portion of the
structure, the second stage cofferdam would be removed and final
improvements to the facility site would be made. These
improvements would include the construction of a permanent access
road on the southern side of the Passaic River and would also
include raising Two Bridges Road on the northern side of the river
to allow for the development of an access drive to the northern
side of the weir structure. The total duration of construction of
the Great Piece Weir is anticipated to be approximately one year.
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NTS
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NTS

CONSTRUCTION SPECIFICATIONS
FOR
STABILIZED CONSTRUCTION ENTRANCE

Stone Size - Use ASTM C-33, size No. 2 or 3. Use crushed stone.
Thickness - not less than six (6) inches.
Width - not less thon full width of points of ingress or egress.

Length - 50 feet minimum where the soils ore sands or gravels or 100 feet minimum where soils are clays
or silts, except where the traveled length is less than 50 or 100 feet respectively. These lengths may be
incregsed where field conditions dictate.

At poorly drained locaticns, subsurtace drainage graveifilter or filter fabric shalibe installed before

instaliing the stabllized construction entronce.

Maintenance

The entrance shalibe maintained in a condition which will prevent tracking or flowing of sediment onto
public rights-of-way. This moy require periodic top dressing with additionol stone or additional length
as conditions demond ond repair and/or cleanout of any measures used to trap sediment. All sediment
spilled, dropped, washed, or tracked onto public rights-of-way must be removed immediatety.

T}BLE Grading Requirements for Coarse Aggregates

SZE NOMINAL SIZE AMOUNTS FINER THAN EACH LABORATORY SIEVE (SGUARE-OPENINGS). WEIGHT PERCENT
NUMBER | (SIEVES WITH
SQUARE 100 mm | 90 mm | 75 rom | B3 mm { 50 mm |37.5 mm|25.0 mm{19.0 mm 125 mm] 5.5 mm |4.75 mm] 2.36 N[ 198 M
OPENINGS) Gw (/s [awienm (o o G784 B0 V2 N [ 378 NI |(NO. 4} | (NOLB) | (NG 18)
2 63 TO 37.5 mm - - 00 0 to 00|35 ta 70/0 to 18 - OtoS - - -
€2 Yato Vi)
3 50 TO 25.0 mer, - - - 00 [0 to 00135 to 70 0 o 15| - otos| - - - -
2 to 1im

CONSTRUCTION SPECIFICATIONS
FOR SILT FENCE

W The slops of the contributing drainage orea for at least 30 feet adjacent to the barrier sholinot exceed
7.

2. The barrier shallbe constructed so waoter connot bypass the barrier oround the ends.
3. inspection shalibe frequent and repair or replacement shallbe made promptly as needed.

4. M:m borrier shalibe removed when it has served its usefulness so as not to block or impede storm fiow
or drainage.

5. Fence posts shalibe spaced 8 feet center-to-center or closer. They shallextend ot least 2 feet into the
ground. They shallextend ot least 2 feet above ground.

6. A metalfence with 6 inch or smaller openings ond at least 2 fest high may be utilized, fostened to the
fence posts.

7. A fiter fabric, recommended for such use by the maonufocturer, shallbe buried ot laast 6 inches deep
in the ground. The fiiter fobric shall extend ot ieost 2 feet above the ground. Filter fobric maoy be
fastened in place by stoke or other accepted means as specified by the district office.

SOIL EROSION AND SEDIMENT CONTROL NOTES

1. Misoilerosion and sediment control practices on this plon willbe constructed in accordonce with the
“New Jersey Standards for Soil Erosion and Sediment Control," (revised 1987) and willbe installed prior
to any mojor solldisturbance or in their proper sequence ond maintained until permanent protection is
established.

2 Aisol stockpiled for o period of greater than 30 days wilibe temporordy sesded ond muiched.

3. Disturbed areas shallbe maintained in o rough graded condition ond temporarily seeded ond rulched
untiiproper weather conditions exist for the establishment of parmanent vegetative cover.

4. Seeding Dates: The following are recommended seeding dotes for the estobiishment of temporary
or permonent vegetation.

SPRING:(Morch 15 - May 30}

FALL:(Auguat 15 - October 15)

5. Berms constructed of fabric fence are to remoin in place untilollearth has been remavad and spread,
finalgrading ond seeding has been completed, and vegetation has been well estobiahed, Location of
berma are approximate ond shallbe ploced around ony stockpiled soil.

6. Aistorm drainage inlets shollbs protected with graveifilters or fobric fiter to prevent entry of
sedimant corried by runoff water until vegetotion and/or paving is estoblished.

7. Muich materigis shallbe unrotied salt hoy or smollgrain straw at the rate of 1.5 tons per ocra, or
70-90 pounds per 1000 squore feet. Muich shallnot be ground into short pisces and in no cass shall
mora thon 5 days elopse seading ond i

8. Any domage incurred by erasion shallbe rectified.

9. Aftsoilarosion and ssdiment controldavices shallhove periodic inspection ond required maointsnance
must be provided.

10. Aistorm droinoge oubiets wilibe stabifized os required before the discharge points become
operational.

1. The Hudson-Essex-Passolc Soil Conservation District wil be notified 72 hours prior to ony sol
disturbance.

12. The owner/applicant MUST obtain the District Issued "Report of C ¥ prior to r iving ony

certificate of occupancy. The District requires one week's notice to perform a final inspection.

13. Between October 15 and March 15, or when disturbed oreas are scheduled for immediate
londscaping, applying the muich as specified in note *7 wiibe adequote.

4. Aipaved roocdways must be kept clean at al times.
v
15. Mlexposed surfaces witbe treated with 6% of topsod prior to final stobilization.

16. AiRevislons, after the District Certification hos been gronted, MUST be forwarded to the
Hudson-Essex-Passaic Soil Conservation District for review.

17. Permanent is to be on

g p areas within 10 days ofter finalgrading.

18. A crushed stone vehicie wheel cleaning blonket wil be instalied os shown. Scid blanket (trocking
pod) witbe composed of 2!/2" crushed stone, willbe at least 50' long and the width of the exit roadway,
and properly maintained. in housing subdivisions, all driveways wllialso be provided with stone.

19. Maximum side siopes of all exposed surfaces shalnot exceed 2:1 uniass otherwise approved by the
District.

20. Aldewatering operations must discharge directly into on approved sediment basin which is 1o be
approved by the District.

U.S. ARMY ENGINEER DISTRICT, NEW YORK
PASSAIC RIVER DIVISION
CORPS OF ENGINEERS

Possaic River Flood Domage Reduction Project

GENERAL DESIGN MEMORANDUM

GREAT PIECE WEIR
SOIL EROSION & SEDIMENT CONTROL

REVISED: MARCH 1995

DATE: JANUARY 1995 _ PREPARED BY: URS CONSULTANTS
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ATTACHMENT G-8A

THE FOLLOWING SHEETS REPRESENT A GRAPHICAL SUMMARY OF THE
CONTROLLING DESIGN LOAD CASES FOR THE GREAT PIECE WEIR. COMPLETE
DESIGN CALCULATIONS AND QUANTITIES ARE LOCATED IN THE OFFICE OF THE
PASSAIC RIVER DIVISION OF THE US ARMY CORPS NEW YORK DISTRICT.
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APPENDIX G

SECTION 9

PEQUANNOCK WEIR
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PEQUANNOCK WEIR

9.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
the Pequannock Weir. A sufficient structural design effort has
been conducted to achieve this goal. Further design studies will
be performed during the next level of design. The design effort
currently includes:

-Determination of location of the Pequannock Weir.
-Geometric configuration of the Pequannock Weir.
-Preliminary design of the Pegquannock Weir.
-Preliminary design drawings and details.
-Determination of method of construction of the Weir.
-Quantity Take-Offs.

9.2 Feature Description

The Pequannock Weir would be located in a new channel just
southwest of an existing weir. The existing weir is located on the
Pequannock River at its confluence with the Ramapo River in Pompton
Plains New Jersey. The new channel would be constructed just to
the west of the Pequannock River to provide sufficient capacity to
pass flood flow efficiently. The function of the new Pequannock
Weir would be to maintain a normal headwater elevation at EL. 177.0
NGVD, prevent upstream head cutting, minimize erosion potential,
preserve existing wetlands and assist in passing any flood flows
greater than a 1 year storm event.

Presently, flow of the Pequannock and Ramapo Rivers is
currently directed to the existing weir by earthen levees. The
existing weir is approximately 270 feet in length and has a crest
elevation at EL. 177.0 NGVD. To the west of the weir, an earthen
levee with a top elevation at EL. 182.0 extends approximately 350
ft to tie into high ground, which is a nearby farm field. Large
deciduous trees and various shrubs are growing on the existing
levee and due to its questionable condition, the existing levee
will be removed subsequent to construction. At the proposed site
of the new weir, there are no existing buildings and public access
to the site is not available.

The proposed Pequannock Weir would be located approximately
100 ft to the south of the existing levee with the east pier of the
new weir approximately 100 ft to the west of the west abutment of
the existing weir. The structure woul” consist of a concrete
monolith footing founded on a timber pile foundation consisting of
608 piles configured in an array of 8 rows of 76 piles each. The
footing would support five piers and four tainter gates. The top

sec9ms.wpd/8-30-95 G-9-1



of footing elevation would be at EL. 161.5, the tainter gate sill
elevation would be at EL. 164, and the top of pier elevation would
be at EL. 191.5. A maintenance access bridge would be located at
the top of the weir and would span across each gate opening. The
bridge would include three 8' deep steel girders spaced at 8
supporting a 20' wide reinforced concrete deck. A wheeled 45 to 50
ton crane would be stored on the bridge. Wingwalls would be
necessary to provide a smooth transition from the trapezoidal
channel to the rectangular weir. The wingwalls of the weir would
be concrete tee walls ranging from 15.5' to 23.5' in height. The
wingwalls would be founded on timber piles spaced at 3 feet on
centers along the length and width of the footing.

Levees are necessary to provide closure between the proposed
welr and the existing weir to the east and between the new weir and
high ground to the west. The east levee is approximately 80 feet
long, 8 feet high and has a 15 feet wide top. The west levee is
approximately 130 feet long, 2 feet high and has a 6 feet wide top.
Both levees have side slopes of 1V on 2H and rip-rap to armor the
upstream slope, and topsoil with grass to cover the downstream
" slope. An access road provides access to the site from the end of
Garden Place Road. The road consists of a 9 inch crushed gravel
base and is 15 feet wide and approximately 1100 feet long.

Reference to Plate Nos. G-9-1 thru G-9-13 for the preliminary
design drawings and details for the Pequannock Weir.

The location and the geometric configuration of the Pequannock
Weir was determined from the Hydraulic design presented in Appendix
C - Hydrology and Hydraulics. A description of levees,
construction sequence, cofferdams, excavation, dewatering, and pile
capacities in soil is presented in Appendix E - Geotechnical.

9.3 Design

9.3.1 Criteria

a. CW 09940 "Painting: Hydraulic Structures and Appurtenant
Works"

b. ETL 1110-2-256 "Sliding  Stability for Concrete
Structures"

C. EM 1110-2-1605 "Hydraulic Design of Navigation Dams"

d. EM 1110-2-2105 "Design of Hydraulic Steel Structures"

e. EM 1110-2-2200 "Gravity Dam Design"

f. EM 1110-2-2502 "Retaining and Flood Walls"
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g. EM 1110-2-2702 "Design of Spillway Tainter Gates"

h. EM 1110-2-2906 "Design of Pile Foundations"

i. EM 1110-2-3400 "Painting: New Construction and
Maintenence"

j. EM 1110-8-1(FR) "Winter Navigation on Inland Waterways"

k. American Association of State Highway and Transportation
Officials, 1989. "Standard Specifications for Highway
Bridges," 14th ed., Washington, D.C.

1. American Institute of Steel Construction, 1989.

"Allowable Stress Design Specification of Structural
Steel Buildings," Chicago, IL.

m. Hartman, J. P., and Jobst, J. J., 1983. "User's Guide:
Computer Program With Interactive Graphics for Analysis
of Plane Frame Structures (CFRAME)," Instruction Report

K-83-1, US Army Engineer Waterways Experiment Station,
Vicksburg, Mississippi.

n. Koerner, R. M., 1984. "Construction and Geotechnical
Methods in Foundation Engineering," Mcgraw Hill, New
York.

0. Pace, M. E., 1994 . "User's Guide to CTWALL - A

Microcomputer Program for the Analysis of Retaining and
Flood Walls", Instructional Report ITL-94-7, US Army

Engineer Waterways Experiment Station, Vicksburg,
Mississippi.

P. Peck, R. B., Hanson, W. E., and Thornburn, T. H., 1974.
"Foundation Engineering," John Wiley and Sons, Inc., New
York.

qg- Price, W. A., 1984. "A Computer Program for Computer-

Aided Design/Analysis of Three-Girder Tainter Gates",
Miscellaneous Paper K-78-1, US Army Engineer Waterways
Experiment Station, Vicksburg, Mississippi.

r. Terzaghi, K., and Peck, R. B., 1967. "Soil Mechanics in
Engineering Practice," John Wiley and Sons, Inc., New
York. :

9.3.2 Design Data
9.3.2.1 Specified Design Stresses

a. Concrete f'c = 3,000 psi
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b. Reinforcement Steel fy = 60,000 psi

c. Tainter Gates (ASTM A572 Grade 50) fy = 50,000 psi
d. Structural Steel (ASTM A36) fy = 36,000 psi
9.3.2.2 Hydraulic Criteria
Normal Operating Headwater EL. 177.0
Normal Operating Tailwater EL. 170.0
Headwater (100 Year Flood) EL. 178.0
Tailwater (100 Year Flood) EL. 177.5
Headwater and Tailwater (500 Year Flood) EL. 182.5

Allowing a freeboard of 2 ft from normal operating condition,
the top of the dam gates were set at EL. 179.0. The piers are
configured to support the dam gates, bulkhead gates and
access/maintenance bridge.

9.3.2.3 Factors of Safety

The factors of safety (FS) for pile design were taken from EM
1110-2-2906 based on the emperical values to be verified by a pile
load test and are shown as follows:

Load Type Pile Design (FS)
Normal 2.0
Unusual 1.5

9.3.2.4 Pile Capacities

Due to the poor quality of the underlying soil, a pile founded
structure was chosen for design. Reference Appendix E -
Geotechnical for a further description of the existing soil
conditions. The pile foundations were designed by transferring all
loads applied to the structure through a rigid pile cap and
converting the applied loads into axial forces acting on each pile.
An ultimate capacity of a timber pile in soil was determined using
the methods presented in EM 1110-2-2906. The above factors of
safety were then applied to the ultimate pile capacity to obtain an
allowable pile capacity for each load case.

9.3.2.5 Critical Load Cases

More than 15 load cases for dams and tainter gates are
described in EM 1110-2-2200, EM 1110-2-2702 and Price (1984). For
the purposes of this study, many of the specific load cases were
not evaluated; however, the load cases considered most critical
were selected for analysis. Refer to Attachment G-9A for a
graphical representation of each load case for the Pequannock Weir.
The following five cases were considered.
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Load

Load

Load

Load

Load

Case 1, Maximum Head.

Hydrostatic loads are applied for the condition of headwater
elevation equal to the top elevation of the tainter gates (EL.
179.0) and the tailwater at the sill elevation (EL. 164.0).
This is considered to be an unusual case that may occur when
downstream stoplogs are installed. As per EM 1110-2-2105, the
allowable stresses are 1.33 times the normal allowable
stresses.

Case 2, Ice Loading.

Hydrostatic loads for normal headwater (EL. 177.0) and
tailwater (EL. 170.0) are applied. An additional ice loading
of 5 kips per linear ft is applied upstream as a horizontal
load at the normal headwater elevation as per EM 1110-2-2702.
This is considered as a normal load case since lateral ice
loads may occur over a significant time period.

Case 3, Gate Lifting.

This load case simulates gate operation (gate supported on
lifting cables) with headwater and tailwater assumed to be at
normal elevation (EL. 177.0 and EL. 170.0 respectively). 1In
addition to hydrostatic loads, the lifting cables exert a
radial distributed load on the face of the tainter gate and a
moment 1is applied at the trunnion due to trunnion pin
friction. This is considered as a normal load case. Load
case 3 does not influence the design of the monolith or
foundation.

Case 4, Earthquake.

Hydrostatic 1loads for normal headwater (EL. 177.0) and
tailwater (EL. 170.0) are applied with earthquake loading.
This is an unusual load case and the allowable stresses are
taken as 1.33 times the normal allowable stresses.

Case 5, Cable Break.

It is assumed that while the tainter gate is supported by the
lifting cables that one cable breaks and the gate is subject
to twisting. Load case 5 is utilized to design tainter gate
bracing members; this case does not influence the design of
the monolith or foundation.
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9.3.3 Gates

The most common dam spillway gates are vertical 1lift gates,
submersible roller gates, and tainter gates. Other types of gates
include bascule gates and various types of sluice gates. Dam gates
are designed as undershot gates or overshot gates. Undershot gates
are non-submersible, are opened in a raised position, and flow
passes under the gate. Examples of undershot gates are vertical
lift gates and tainter gates. Overshot gates are submersible and
are opened in the down or recessed position with flow passing over
the gate. Overshot gates include submersible tainter gates,
bascule gates and roller gates.

An undershot gate was chosen for this weir since it would be
less prone to failing due to debris accumulation. Under normal
conditions (headwater at EL. 177.0 and tailwater at EL. 170.0), the
apron and sill of Pequannock Weir will be submerged and it would be
difficult if not impossible to monitor accumulation of debris or
silt in the recess of an overshot gate. A deisel generator would
be on site to lift the undershot gate if the operating machinery
- for the gate were to fail.

Tainter gates were selected as the closure gate for the
Pequannock Weir due to their efficiency, low weight, and historical
service record. Design criteria for tainter gates are included in
EM 1110-2-2702 "Design of Spillway Tainter Gates" and EM 1110-2-
2105 "Design of Hydraulic Steel Structures". Load conditions,
structural configuration, simplifying assumptions, etc. are
specified in EM 1110-2-2702. Allowable Stress Design (ASD)
criteria for steel structures are included in EM 1110-2-2105 and
the Manual of Steel Construction for ASD (AISC 1989). Additional
information on design of tainter gates is included in Price (1984).

Four tainter gates would be required. To provide a
lightweight economical structure, all structural steel for gate
components would be ASTM A572 Grade 50. The following sections
describe the design consideration for each of the major gate
components. A paint system would serve as protection against
corrosion for the tainter gates, stoplogs, and bridge girders. A
solution type vinyl paint system is recommended for the tainter
gates and stoplogs (submerged atmosphere) and an aluminum paint
system is recommended for the bridge girders that are exposed to
normal weather conditions. Paint requirements are specified by EM
1110-2-3400 and CW 09940.

Based on the selected monolith and hydraulic requirements, the
width of each gate would be 50 ft and the height H would be 15 ft.
The radius to the inside of the skin plate would be 1.25H based on
several previously designed gates. The trunnion was located just
above the tailwater flood elevation (EL. 179.0) to avoid contact
with floating ice or debris in the event of a flood. For maximum
economy, the end frames (strut and strut bracing) were inclined to
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intersect the horizontal girders at approximately 0.2 times the
gate width from each end. This ensures nearly equal positive and
negative girder moments. The top and bottom girders were located
such that the bending moment in the skin plate ribs at the top and
bottom girders would be nearly equal. In compliance with EM 1110-
2-2702, all members were selected to have a minimum thickness of
3/8" except for webs of bracing members whose minimum thickness can
be 5/16". Reference Plate Nos. G-9-3 thru G-9-8 for details of
the tainter gates.

9.3.3.1 Skin Plate

The skin plate assembly would consist of the skin plate
supported by vertical curved beams or ribs. Horizontal supporting
members were avoided. For design purposes, the skin plate assembly
was assumed to be a flat plate and no consideration of orthotropic
action was taken.

The skin plate was designed as a continuous member spanning
between the supporting ribs. It was assumed that unit strips of
the plate act as rectangular beams fixed at each end. Under
uniform pressure loading, the maximum moment for a unit width of
plate was, M = wl’/12, where w equals the hydrostatic uniform load
per unit width and 1 is the rib spacing.

The skin plate was designed for the maximum uniform load which
occurs at the bottom of the gate. With a maximum hydrostatic
pressure of 0.94 k/ft’ (pressure head of 15 ft), the controlling
case was Load Case 1. For a maximum stress in the skin plate equal
to 33.2 ksi (maximum allowable considering 33 percent increase for
unusual loads) a 3/8" thick skin plate was necessary. A 3/8" plate
was specified for the entire height of gate since 3/8" is the
minimum thickness allowed by EM 1110-2-2702. To provide additional
strength and a wearing surface for lifting cables, a 1/2" by 3 foot
wide wearing plate would be installed below each cable.

9.3.3.2 Vertical Ribs
Vertical ribs are generally structural tee sections that are

welded at their web continuously to the skin plate. As per EM
1110-2-2702, the ribs were designed for when the gate is supported

on the sill (Load Cases 1, 2, and 4), and when the gate is
suspended by cables (Load Case 3). Each rib is designed as a
straight beam supported at the girder locations. It was assumed

that an effective width b, of skin plate acts as the upstream
flange of the rib resulting in an unsymmetrical I section.

For each load case, hydrostatic loads and sill reaction were
determined. In order to maximize =conomy, the girders were located
such that the negative rib moments at the top and bottom girders
and positive rib moment between girders were nearly equal.
Considering each load case (and respective increases in allowable
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stress), these rib moments were nearly equal when the top girder
was located radially 9.16° from a horizontal line through the
trunnion, and when the bottom girder was located radially 46.1°
from a horizontal line through the trunnion.

With the girders (supports) located, rib moments and maximum
stress were calculated and compared to allowable values for each
load case. For the case of gate supported on the sill, a WT 5X9.5
section was adequate and for the case of gate suspended by cables,
a WT 5X13 was sufficient. However, both sections have 1/4" webs
which is less than the minimum 3/8". The selected rib section for
all ribs was chosen to be a WT 5X22.5 (3/8 in. web).

9.3.3.3 Girders and Strut Arms

Tainter gates with height H less than 25 ft generally require
only two girders and two corresponding strut arms per side. With
H = 15 ft, a two girder configuration was selected. For analysis
of symmetric load cases (all but Load Case 5), it was assumed that
the gate acts as a series of two-dimensional frames, each composed
of a girder supported by the corresponding two struts (Price 1984).
Each girder is assumed to carry a uniformly distributed load (equal
to a tributary portion of the radially applied load) applied along
the length of the girder. The girder load for each load case is
equivalent to the rib support reactions from the skin plate. To
account for possible side-sway of the gate (movement of gate toward
pier), the equivalent moment coefficient ¢, and the effective
length factor K of the strut were taken as 0.85 and 1.0,
respectively (Price 1984).

The following steps were taken to size the girders and struts.

1. Analyze two dimensional girder/strut frames for Load
Cases 1, 2 and 4 with CFRAME.

2. Size members for the resulting critical member forces
using EM 1110-2-2105 and AISC (1989) criteria.

3. Check struts for Load Case 3 by including concentrated
lifting cable loads and trunnion friction moment (assume
trunnion coefficient of friction = 0.3). Cable loads are

included as part of the two-dimensional frame analysis to
determine strong axis wmoments and axial 1load, and
trunnion frictional moment is included as a weak axis
moment. The trunnion friction moment is distributed to
the upper and lower struts in proportion to the strut
weak axis stiffness. Each strut member is then checked
using the combined axial compression and bending
interaction formulas per AISC (1989).

Following the above procedure, CFRAME (1983) was used to
conduct the two dimensional analysis to determine approximate
member force for each the top and bottom frame. The critical
uniform load for the top frame was 6.7 kips/ft (Load Case 2) and
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for the bottom frame 7.2 kips/ft (Load Case 1, 33 percent increase
in allowable stress). Based on EM 1110-2-2105 criteria and CFRAME
results for load cases 1 and 2, a W24X76 beam section and a W12X53
strut section were selected for both the top and bottom frame. The
frame was then analyzed for Load Case 3 and member sizes were found
to be adequate. Table 1 summarizes girder/strut analysis results
for a W24X76 beam section and a W12X53 column section.

Table 1. Girder/Strut Analysis Results

Load Case F.., W24X76 Girder W12X53 Strut
fb < Fb (kSi) Hl‘l < 1.0
1. w = 7.2k/ft 1.33*5/6*AISC 24 < 31.9 0.79
2. w = 6.7k/ft 5/6*AISC 22.8 < 24 0.97
3. w = 3.5k/ft 5/6*AISC 0.K. 0.62
Cable = 7.03 k
M, = 103 k-in.

F,;; 1s the allowable axial stress, AISC (1989) Chapter E
f, is the calculated maximum bending stress

F, is the allowable bending stress, AISC (1989) Chapter F
H1-1 is the combined stress formula, AISC (1989) Chapter H

9.3.3.4 Girder and Strut Bracing

Girder and strut bracing are necessary to provide lateral
stability for the supported members and to provide overall
torsional strength of the gate.

As recommended by Price (1984) girder bracing was included as
X-type bracing on the downstream flange of the girders. The
bracing was sized to resist a structural twist moment that would
occur if the gate were supported by only one of the lifting cables
(slack or break of one cable). CFRAME was utilized to analyze the
girder/strut frame. Girders were simulated as continuous members
and each strut was assumed to be a truss member. The support
conditions consisted of a vertical restraint at one cable location
and a lateral restraint to simulate the supporting pier. The
loading was the gate weight distributed linearly along the length
of each girder. A WT6X13 section was selected based on the
analysis results. However, to maintain a minimum 5/16" web
thickness for bracing members as per EM 1110-2-2702, WT6X17.5
members were selected.

As recommended by Price (1984) strut bracing members were

designed as pinned columns to resist 2 percent of the maximum axial
load of the supported struts. For a maximum length of 9.5 feet and
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an axial load of 38 kips (2 percent strut load) a W12X22 section
would be adequate. However, to comply with a minimum web thickness
of 5/16", a W12X35 section was selected.

9.3.3.5 Seals and Seal Heaters

Seals are required along the outside edges of the skin plate
adjacent to the piers and along the bottom of the skin plate along
the sill. Seals were selected considering recommendations given in
Chapter 5 of EM 1110-2-1605 "Hydraulic Design of Navigation Dams".
Side seals are flexible j-bulb type seals and would be attached to
the skin plate with a 4" X 3-1/2" X 3/8" angle section. The bottom
seal would consist of a 1/2" plate with a 1" flat rubber seal
attached to the rib sections ribs across the bottom of the tainter
gate.

EM 1110-8-1(FR) "Winter Navigation on Inland Waterways"
recommends the use of embedded electrical heaters that could be
removed and replaced rather easily. Heaters would be embedded in
the piers behind the tainter gate seal plate. The recommended
heaters would consist of self regulating electrical heat tape that
outputs approximately 40 watts per foot length at freezing. The
heat tape would be enclosed in 3/4" stainless steel pipes located
6" to 8" on center in the pier behind the seal plate. For the
given tainter gates, a 1/2" by 8" seal plate with 2 stainless steel
pipes with heat tape per seal plate were selected. Installation of
the recommended heaters (two per gate) are included in the cost
estimate.

9.3.4 Concrete Monolith

The design of a soil founded concrete monolith was generally
governed by overturning and sliding stability criteria. Criteria
for overturning stability are included in EM 1110-2-2200 "Gravity
Dam Design". The location of the vertical resultant must be within
the middle 1/3 of the base for normal loading conditions and any
where within the base for load conditions that include earthquake

loading. Sliding stability criteria for concrete structures are
included in ETL 1110-2-256 "Sliding Stability for Concrete
Structures". Resistance to sliding is the frictional force along

an assumed failure plane of so0il generally determined by wedge
analyses.

Due to the poor guality of the underlying soil and since the
structure would be located in-a river bed, a pile foundation was
chosen for the proposed weir site. Timber piles were selected to
support the weir. For pile founded structures, the stability
criteria does not necessarily apply since overturning and sliding
resistance of piles is not considered. For this study, it was
recommended that the base be 100 percent in compression (timber
piles not be subject to tensile loads) for all normal load cases.
Therefore, overturning stability criteria was used to size the
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monolith. For lateral resistance, it was assumed that the shear
strength of the piles and the horizontal components from battering
the piles would serve to resist lateral loads.

The location of the vertical resultant X, was determined from
the equation, X, = M,/V, where M, equals the summation of moments of
all forces about the toe of the monolith and V is the summation of
vertical forces including uplift. Horizontal forces producing
overturning moments include hydrostatic forces, earthquake inertial
forces, and tainter gate reactions at the gate trunnions. Vertical
forces include hydrostatic uplift forces, structure weight, and
tainter gate reactions at the sill and trunnion.

The base is 100 percent in compression when X, is between 0.33
and 0.5 times the base width B. Several iterations for various
slab and pier thicknesses were completed and the most economical
configuration (X, = 0.33B) was a slab thickness of 5 feet, a pier
thickness of 6 feet, and a base width of 42 feet. Results for each
load case (for a unit width of weir) are shown in Table 2.

Table 2. Overturning Stability Parameters.
6 ft Pier and 5 ft Slab
Load Case M, k-ft/ft V k/ft H k/ft X,/B
1 763.58 39.4 15.3 0.46
2 637.18 40.3 12.5 0.38
4 647.39 40.3 16.2 0.39

Overturning stability criteria was satisfied since the base of
the monolith is 100 percent in compression for all of the load
cases in Table 2.

A low flow conduit would be included in one pier (second pier
from the west edge of the weir) to provide low flow control and a
means to regulate silt buildup. The conduit would be a 2 f£ft
diameter steel pipe through the pier with a sluice gate mounted at
the upstream face of the pier as shown in Plate No. G-9-3. The
conduit would pass through the center of the pier with its invert
at EL. 162.5 on the upstream end and EL. 162.0 on the downstream
end.

9.3.5 Pile Foundation

A pile foundation was selected for the new gated weir and the
four adjoining wing walls due to the large forces of the loading
conditions on the soil below =and the existence of relatively weak
soils in the borings. Timber piles were selected due to their
sufficient capacity and economy. Chemically treated timber piles
which are tapered from 12" to 7" in diameter were selected.
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The design of the pile foundation was governed by bearing
capacity, skin resistance, and settlement of the pile in soil.
Criteria was included in EM 1110-2-2906 "Design of Pile
Foundations" and Koerner (1984).

The pile tip bearing capacity and skin resistance were
calculated for a 30 ft timber pile fully embedded in the soil.
These values were calculated in accordance with the criteria given
in EM 1110-2-2906 and with guidance from Koerner (1984). The
ultimate bearing.capacity Q,., the actual bearing values Q,.... and
actual factors of safety (FS) are shown for each load case in Table
3. The FS is equal to the ultimate bearing capacity divided by the
actual bearing value.

Table 3. Pile Capacity

Gated Weir Structure

Load Case M, k-ft/ft V k/ft | H k/ft | Qu: Quctual FS
1 763.58 39.42 15.28 54.86 K 17.93 K 3.1

2 637.18 40.27 12.46 54 .86 K 25.53 K 2.1

4 647.39 40.27 16.21 54 .86 K 25.00 K 2.2

Wingwalls

Load Case M, k-ft/ft V k/ft H k/ft | Qu QOacrual FS
203.60 49.90 23.00 54 .86 K 22.80 2.4

B 16.10 53.30 21.50 54.86 K 19.60 2.8

A six foot section of the monolith foundation was analyzed. A
pile group configuration along with the number of piles required to
resist the design load was arrived at through trial and error. The
critical loading conditions involve the weight of the structure,
the hydrostatic forces from the maximum flood load, ice load, and
earthquake load. The solution with the least amount of piles was
selected. The piles were battered at a slope of 2.5V to 1H to
count on the horizontal component of the pile/soil strength in
resisting the lateral loads applied to the monolith. The
structural lateral strength of the piles was checked so the pile
would not fail before transferring the loads to the soil by using
criteria in EM 1110-2-2906. An allowable shear stress of 95 psi
was used to determine an allowable lateral resistance of 10.7
kips/pile.
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The new gated weir structure 1is supported directly on a
reinforced concrete base slab, which will act as the pile cap, with
the dimensions of 42 ft by 230 ft by 5 ft thick. The tops of the
piles will be embedded at least 6 in. into the base. An array of
eight rows of 76 piles each, totaling 608 piles, was selected for
the pile foundation. Of the eight rows of piles, the first seven
rows will be battered at 2.5V to 1H to resist the horizontal loads
on the structure.

9.3.6 Wingwalls

A pile foundation was selected for the wingwalls because of
the large forces of the loading conditions on the soil below and
the existence of relatively weak soils in the borings. Piles were
also necessary for the wingwalls to prevent against differential
settlement between the wingwalls and the pile founded concrete
monolith.

Wingwalls would be located at each corner of the weir to
provide a transition from the trapezoidal channel to the
rectangular weir opening. The walls would be retaining structures
and were designed as T-walls. Each wall would be oriented at an
angle approximately 45 degrees from the edge of channel, and would
be of height and length sufficient to retain a constant elevation
between the weir and the top of the channel bank or top of levee.
The channel bottom was set at EL. 161.5 and the channel bank side
slope would be 1V on 2H.

On the west side of the weir, the upstream and downstream
walls would have a top elevation at EL. 182 and be 60' long. On
the east side of the weir, the downstream wingwall would tie into
the top of channel at EL. 176 and would be 45' long. The east
upstream wing wall would provide closure between the east pier and
the east levee, and the top of wall elevation was set at EL. 184.
In accordance with EM 1110-2-2502, a transition I-wall must be
provided between a T-wall and a 1levee to compensate for
differential settlement. The transition I-wall and sheet piling
was extended into the 1levee as required by EM 1110-2-2502.
Reference Plate No. G-9-12 for details of the wingwalls.

For preliminary design, T-wall heights were assumed to be
consistent along their length. The top of footing for each wall
was located at EL. 160.5 (one ft below channel bottom). Therefore,
stem height wvaries from 15.5 ft (east downstream wall) to 23.5 ft
{(east upstream wall).

The computer program CTWALL, described by Pace (1994), was
used to conduct analyses for overturning stability and obtain the
lateral loads applied to the r=taining wall piles. Two load cases
were deemed critical for the wingwalls and were analyzed. Load
Case A signified a drawdown condition and assumed normal backfill
and normal groundwater elevation behind the wall with no load on
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the channel side. Load Case B signified an earthquake loading and
was based on inertial loads due to an earthquake of 0.1g, where g
is gravitational acceleration. For Load Case A, the base of the
structure was 100 percent in compression and the piles were
structurally sufficient to resist the lateral loads. For Load Case
B (earthquake), the vertical resultant was within the base and the
piles were structurally sufficient to resist the lateral loads.

A rigid pile cap was assumed to transfer all applied loads to
the piles in the form of axial loads. These axial loads were
checked against the ultimate pile capacities described above to
obtain a factor of safety for each load case. See Table 3 for a
summary of the pile capacity results.

The four wingwalls would be supported on a 27' wide by 3
thick base slab or pile cap. The tops of the piles would be
embedded at least 6 in. into the base slab. An array of nine rows
of 20 piles each(60' long wall), and nine rows of 15 piles each (45"
long wall), totaling 675 piles, was selected for the pile
foundation. Of the nine rows of piles, the last eight rows would
be battered at 2.5V to 1H to resist the horizontal loads on the
structure.

9.3.7 Maintenance Bridge

A maintenance bridge that spans the length of the weir would
be located at the top of the piers. The bridge would provide crane
or other vehicular access to the weir for maintenance purposes.
The bridge would also provide storage and support for tainter gate
operating machinery, circumventing the necessity of a separate
support structure.

At this stage of the design, it was assumed a crane would be
located on the bridge permanently to provide access between piers
for the purpose of installing stoplogs, clearing debris, handling
machinery and supplies during maintenance operations, etc. The
bridge would consist of four spans, each simply supported by the
piers.

Based on a review of several projects with tainter gates, a
space of 8 ft wide and 8 ft high was considered sufficient to house
a typical operating machinery configuration. Based on a review of
specifications for wheeled cranes, and considering required lifting
capacity and reach for placing bulkheads, a 20 ft wide supporting
deck would be necessary to support the required 40 to 50 ton crane.
To satisfy these requirements, a bridge with a concrete deck of 20
ft clear width supported by three 8 feet deep steel girders spaced
at 8 feet was selected. The operating machinery would be housed
between the upstream and center girders as shown in Plate No. G-9-
9.
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9.3.7.1 Girder Design

Considering width to thickness limitations specified in the
Standard Specification for Highway Bridges (AASHTO 1989), a girder
composed of a top and bottom flange 18" wide by 3/4" thick, and a
web 96" deep by 7/8" thick was selected. The computer program
Bridge Rating and Analysis of Structural Systems (BRASS) by the
Wyoming Transportation Department was used to analyze the selected
girder subject to the assumed loading. The bridge loads consist of
live loads (tainter gate lifting machinery loads, sidewalk loads,
and crane load) and dead loads (structure weight). The assumed
live loads were: 1) a lifting machinery load taken as the maximum
machinery capacity equal to 5 times the tainter gate lifting load
(EM 1110-2-2702), 2) a sidewalk live load of 60 psf, and 3) a 90
kip crane load (crane weight plus the weight of one stoplog). For
the described loading and girder cross section, the BRASS analysis
showed the girder strength to be adequate for 36 ksi steel.

9.3.8 Gate Operating Machinery/Power Supply

The operating machinery used to lift the tainter gates would
consist of a hoist system powered by an electric motor. Each
tainter gate would require one motor with two hoists. The selected
system (based on review of several projects with similar tainter
gates) for each gate would consist of a 5 to 10 HP, 1000 revolution
per minute motor that would power two hoists including gear
reducers, pinion and gear assemblies, a large cable drum, an
electric control station and support members.

The basic configuration of machinery for different size
tainter gates was essentially the same and the overall cost of
machinery would not vary significantly for different size tainter
gates. Therefore, a detailed design of machinery components was
not been completed for this project. The cost analysis was based
on data provided by the St. Paul Districts (CENCS) for similar size
projects with tainter gates.

Operation of the Pequannock Weir would be controlled from the
Operations Center at Workshaft 2, or controlled locally by an on-
site operator. Power at the site would be electric drawn in from
existing lines to the site (Jersey Central Power and Electric

Company services the area). Although an electrical design was not
conducted, the cost analysis was based on assumed requirements
(described below) and data provided by other District offices. For

the cost analysis, it was assumed that the site would include the
necessary power and hardware for the following: 1) lighting with
a 35 watt (W) lamp for each tainter gate bay; 2) hoist motors (5
horsepower, 3 phase motors) ; 3) side seal heaters {estimated 22
kilowatts); 4) outlets capakle for a 60 amp, 480 volt welder; and
5) several convenience outlets with 20 amp and 120 volt capacity.
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An auxiliary power supply would be required to maintain
operational capability in the event of a power outage. The supply
would be sufficient to power tainter gate hoists, lighting, and
convenience outlets. This would require a 3 phase voltage with 30
to 40 kilowatt (KW) capacity. For the preliminary design, a diesel
engine generator with 3 phase 480 voltage and a 40 KW capacity was
selected. The engine would burn approximately 3-1/2 gallons of
fuel per hour and a 500 gallon fuel tank would be recommended
(provides approximately 6 days of run time).

The generator and a 500 gallon fuel tank would be stored near
the operating machinery between girders on the west span of the
access bridge as shown on Plate G-9-9. The engine and generator
with their various components would be assembled on a platform
approximately 3 ft by 7 ft along with a 500 gallon fuel tank which
is 4 ft in diameter and 6 ft long. Each of these would be mounted
on support beams spanning between the girders. Based on data from
a similar project, the cost analysis includes costs for the
generator, fuel tank, and fill and supply lines.

9.3.9 Stoplogs

Stoplogs provide a means to dam water temporarily for
maintenance purposes. Stoplogs would provide temporary closure
between piers to maintain a dry area for maintenance or repair of
a tainter gate. The stoplogs for this weir were required to span
50 ft and resist a maximum hydrostatic head of 18 feet. For the
cost analysis, it was assumed that stoplogs would be required for
only one gate at a time.

For general design purposes, a stoplog design from a similar
project was used for cost analysis. The Oahe reservoir on the
Missouri River (Omaha District) includes stoplogs designed for a 50
ft span and 24 ft hydrostatic head (comparable to 50 ft span, 18 ft
head). The stoplogs for the Oahe project were designed to resist
hydrostatic forces only and are intended to be installed under non-
flow conditions. They would be built up members that consist of
two W21X73 web sections, with an upstream flange of two MC 18 X
51.9 sections, and downstream flange of two C15X40 sections. Steel
would be ASTM A36 material. Each stoplog would be 3'-1-1/2" high,
so 9 stoplogs are required for closure upstream and downstream of
one gate. To have one spare, it is recommended that 10 stoplogs be
constructed.

Stoplogs would be stored at the top of the stoplog slots. One
stoplog would be stored in each of the four upstream slots and two
of the downstream slots. Two stoplogs would be stored in each of
the two remaining downstream slots. Reference to Plate No. G-9-10
for details of the stoplogs.
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9.3.10 Access Road

Permanent access to the proposed site would be required for
maintenance and operation of Pequannock Weir. Construction of an
access road would be required since there is currently no public
access to the site. Heavy traffic was not a consideration and a 9
in. thick by 15 ft wide crushed aggregate road surface was
designed.

To minimize impact on private business, the most convenient
access to the site would be from the east end of Garden Place road.
From the end of Garden Place Road, the access road would cross the
Wanaque aqueduct in a East-Northeast direction and then turn to the
North and continue to the proposed site where a small parking lot
would be located. The road length would be approximately 1100 ft.
To protect the Wanaque aqueduct, a concrete slab crossing would be
provided over the aquaduct for a length of 20 ft. Reference Plate
No. G-9-1 for the layout of the access road and Plate No. G-9-13
for details of the slab which would cross the Wanaque Aqueduct.

9.4 Construction

It was assumed that the Pequannock Weir would be constructed
prior to construction of the new channel. For the constuction
phase, two cofferdams would be required to protect the open
excavation against the 10 year flood event and allow for the
construction of the weir to be performed with conventional
constuction equipment in the dry. A cutoff wall will surround the
proposed site to insure minimal seepage into the excavation. The
existing welir must not be disturbed during construction of the
proposed weir due to its structural and cultural significance.
Reference to Appendix E - Geotechnical for additional details of
the excavation and the dewatering plan.
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ATTACHMENT G-9A

THE FOLLOWING SHEETS REPRESENT A GRAPHICAL SUMMARY OF THE
CONTROLLING DESIGN LOAD CASES FOR THE PEQUANNOCK WEIR. COMPLETE
DESIGN CALCULATIONS AND QUANTITIES ARE LOCATED IN THE OFFICE OF THE
PASSAIC RIVER DIVISION OF THE US ARMY CORPS NEW YORK DISTRICT.
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TIDAL AREA PROTECTION FLOODWALLS

10.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
each type of tidal area protection floodwall. A structural design
effort has been conducted to achieve this goal. Further design
studies will be performed during the next level of design. The
structural design effort currently includes:

-Preliminary layout for each floodwall.

-Preliminary ground surface profiles for each floodwall.
-I-Wall floodwall design.

-Preliminary design of special floodwall structures.
-Preliminary design drawings and details.

10.2 Feature Description
10.2.1 Kearny Point Levee/Floodwall System

The Kearny Point Levee/Floodwall system would include
approximately 33,771' of floodwall protecting an industrial area
from tidal flooding on the left bank of the Passaic River around
Kearny Point and upstream along the right bank of the Hackensack
River in Kearny. Also included in this system are floodwalls and
closures to protect the PATH light rail transit line from tidal
flooding that would occur from both the Hackensack and Passaic
Rivers. The average floodwall height would be 7.35 feet. In order
to provide a continuous line of protection and allow access to the
waterfront, several gated closure structures and the raising of
Fish House Road would be required. Present and future access to
the river would be maintained by gated closure structures. Runoff
behind the system would be collected and discharged by one pumping
station or would exit through several interior flood reduction
facilities. The pumping station designed for this system was
designated as "K1". See Sections 13 and 14 of this appendix for a
description and design of the closure structures and pump stations.

I-Wall floodwalls were chosen wherever space limited the use
of a levee and to minimize disturbance to possible HTRW sites.
Closure structure locations and sizes are indicated on the
drawings. Additional segments of floodwall have been added to the
original layout to provide protection *o the north and south tracks
of the PATH line and to provide protection from flooding that would
originate from the Hackensack River.
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The required level of protection was set at EL. 14.9 feet.
PATH Line protection would begin in Harrison and consist of a small
floodwall to protect the north PATH track and would extend into
Kearny. Protection of the south PATH track would begin
approximately 2,200' west of the NJ Turnpike bridge and continue
east to the Conrail embankment.

The Kearny Point floodwall segment would begin at the Conrail
embankment approximately 500' east of the NJ Turnpike bridge,
continue south along the left bank of the Passaic River, proceed
around Kearny Point, north along the right bank of the Hackensack
River, and tie into a containment berm on PSE&G property. The
floodwall would begin again on the north side of the containment
berm and continue east to a proposed raised Fish House Road. The
floodwall would begin again on the north side of the raised road,
cross the Transco Gas pipelines and proceed east. The floodwall
would change direction to the north, cross an existing roadway and
tracks with gated closure structures and terminate into a Conrail
embankment . Reference to Plate Nos. G-10-1 thru G-10-9 for the
preliminary layout and profiles of the levee/floodwall system, as
- well as for the location and sizes of closure structures and the
location of pump stations. Reference to Plate No. G-10-19 for
details of the Kearny Point levee/floodwall system.

A majority of the floodwalls for the this system would consist
of the typical I-Wall sheet pile floodwall as shown in EM 1110-2-
2504. However, as part of the Kearny Point levee/floodwall system,
there would be five locations with special floodwall structures.
A 535 linear foot box pile I-Wall structure would be located
between the Pulaski Skyway and the Lincoln Highway on the left bank
of the Passaic River to provide protection for industrial
properties.

At the Kearny PSE&G electric generating facility, a 270 linear
foot reinforced concrete floodwall would be dowelled into and
constructed above an existing pile founded foundation of the
electric power generation building. The 4'6" thick pile cap
extends out from the building exterior wall 17 feet and ties into
a reinforced concrete pile founded closure wall along the right
bank of the Hackensack River. The floodwall would be constructed
adjacent to the exterior wall of the building, and would be 15 feet
high, 2 feet wide at the base of the floodwall, and 1 foot wide at
the top of the floodwall. The existing pile cap was analyzed using
as-built drawings of the facility and was found to have sufficient
capacity to resist hydrostatic pressures produced from a water
elevation set at El. 14.9. Also, to minimize disturbance to the
existing PSE&G facility and dock area, sheet piling for the I-Walls
adjoining the building would be inserted rather than driven within
a pre-excavated cement/bentonite slurry trench.
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Finally, two cellular cofferdam structures, approximately 320
linear feet each, would be constructed on the right bank of the
Hackensack River to close off two existing abandoned boat basins.
Refer to Appendix E - Geotechnical for the design of the cellular
cofferdam structures and a further description of the I-Wall
inserted into the cement/bentonite slurry trench.

A utility search resulted in the identification of numerous
probable utility crossing relocations in order to insure the
continuous 1line of protection. The utilities would either be
relocated through the floodwalls or the floodwall would bridge the
existing utility if it cannot be cut. Based on the utility search,
the following utilities are anticipated to be relocated or bridged:

-Amerada Hess 10" fuel oil pipeline.

-Multiple PSE&G electrical conduits in the area of the Lincoln
Highway Passaic River crossing.

-Multiple electrical conduits crossing the Passaic River in
the area of PSE&G Newark generating facility.

-A 30" sanitary sewer force main from the tip of Kearny Point
to the P.V.S.C. site across Newark Bay.

-Two crossings of 24" gas pipeline owned by Transcontinental
Gas Pipeline Corporation adjacent to the Conrail east and west
embankments on either side of Kearny Point.

-A fiber optic cable adjacent to the gas pipeline in the same
area.

-Three 5' diameter inlet pipes at the PSE&G Kearny generating
facility which serve to carry pumped water from the Hackensack
River to cool the generator turbines. Since the plant
operates roughly 20% of the year, the pipes can be crossed
individually to allow for continued operation of the plant.

At the PSE&G site on the Hackensack River, an approximately 50
foot wide closure structure would be needed where the floodwall
alignment intersects a 38 foot wide discharge canal at an angle.
The closure abutments would be placed adjacent to both sides of the
culvert and would allow for continued ©operation during
construction. The gates would close over the outfall culvert and
transfer all applied horizontal hydrostatic loads to the abutments.

10.2.2 Lister/Turnpike/Doremus Floodwall System

These gystems would lie on the right bank of the Passaic River
and consist of floodwalls, levees and associated closure
structures. They are proposed to protect industrial structures
against tidal flooding within the area bounded by the Passaic
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River, Ferry Street and Freeman Street in Newark, the N.J.
Turnpike, Routes 1 & 9 in Newark, and the Conrail yards adjacent to
Port Newark. The total system would include approximately 17,657
feet of floodwall (including gated closure structures) averaging
approximately 8.1 feet in height. Access to existing and future
dock facilities would be provided through several gated closure
structures. Runoff from interior sections would be collected and
removed by two pumping stations or would exit through several
interior flood reduction facilities. The two pumping stations
designed for this system were designated as "L2" and "L3". See
Sections 13 and 14 of this appendix for a description and design of
the closure structures and pump stations.

The levee/floodwall would begin approximately at the
intersection of Raymond Boulevard and Oxford Street in the City of
Newark and continue on the right bank of the Passaic River to the
Conrail rail embankment approximately 1,300' north of the NJ
Turnpike extension Newark Bay Bridge. Reference to Plate Nos. G-
10-10 thru G-10-16 for the preliminary layout and profiles of the
levee/floodwall system, as well as for the location and sizes of
" closure structures and the location of pump stations. Reference to
Plate No. G-10-19 for details of the Lister/Turnpike/Doremus
levee/floodwall system.

The original layout as proposed in the Phase I - General
Design Memorandum, consisted of 3 independent levee systems which
were not connected. After a review of the available topographic
information and the required elevation of protection of 14.9, it
was found that flanking of the levee systems would occur if the
systems were not connected. In order to provide a continuous line
of protection, the three levee systems were incorporated into one
system and will be considered as one for the purpose of this
report. The original Doremus Avenue levee/floodwall system
terminated at an abandoned rail line that crossed the Passaic River
to Kearny Point approximately 8,500 north of its present proposed
terminus. The levee/floodwall system was extended to provide
protection to additional industrial sites along Doremus Avenue. I-
Wall floodwalls were chosen wherever space limited the use of a
levee and to minimize disturbance to possible HTRW sites.

Numerous closures would be required along the length of the
floodwall to allow for present and future access to the river. All
property owners with existing docking facilities were identified
from the topographic maps, an environmental records search, and a
site video inspection. Closure structure locations and sizes are
indicated on the plates at the end of this section.

As part of this floodwall system, there would be three
locations with special floodwall structures. A 610 linear foot box
pile I-Wall floodwall would serve to protect the Sherwin-Williams
Company on Lister Avenue along the right bank of the Passaic River,
and two 170 linear foot box pile I-Wall floodwalls would serve to
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protect industries on Doremus Avenue along the right bank of the
Passaic River.

A utility search resulted in the identification of numerous
probable wutility crossing relocations needed to insure the

continuous 1line of protection. The utilities would either be
relocated through the floodwalls or the floodwall would bridge the
existing wutility 1if it cannot be cut. A majority of the

relocations would be on private sites along the Passaic River and
the remainder would involve public utilities. Based on the utility
search, the following utilities are anticipated to be relocated or
bridged:

-Public Service Electric & Gas multiple electric conduits from
the generation facilities adjacent to the NJ Turnpike crossing
over the Passaic River.

-Amerada Hess 10" fuel o0il pipeline that also crosses the
Passaic River from the Newark PSE&G facility in the same area.

-Wiltel fiber optic cable(s) in a 4" diameter steel pipe south
of the Conrail Bridge over the Passaic River.

-Multiple electrical conduits in the area of the Truck Route
1 & 9 bridge south of the PSE&G facility.

-PSE&G electrical conduits located near the remains of a
Conrail line about 2,000' north of Kearny Point.

-An existing 30" sanitary sewer force main that crosses Newark
Bay from the Kearny Point pump station to the Passaic Valley
Sewage Treatment Plant and a 72" vent pipe from PVSTP to
Newark Bay.

Due to the heavy industrialization of the area where the
floodwall is proposed, many of the sites that utilize the river
would require relocation of their pipelines that move bulk material
from barges to storage facilities and vice versa.

10.2.3 South First Street Floodwall System

The South First Street levee/floodwall system would be
situated on the left bank of the Passaic River in the Town of
Harrison. The proposed levee/floodwall system would provide
protection from tidal floods from the South Fourth Street bridge up
to the New Jersey Transit rail bridge just south of Route 280
bridge. The system would include 5,700' of floodwall averaging
approximately 6.2' high. A continuous line of protection would be
provided by gated closure structures across Passaic Avenue and
adjacent to South Fourth Street. River access and access to
property on the east side of South 4th Street would be provided
through gated closure structures at several sites adjacent to the
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Passaic River and South 4th Street. Runoff from interior sections
would be collected and removed by three pumping stations or would

exit through several interior flood reduction facilities. The
pumping stations designed for this system were designated as "S1v,
"sS2", and "S83". See Sections 13 and 14 of this appendix for a

description and design of the closure structures and pump stations.

The proposed floodwall will provide protection up to EL. 14.9
for residential, commercial and industrial structures from tidal
floods. 1I-Wall floodwalls were chosen wherever space limited the
use of a levee and to minimize disturbance to possible HTRW sites.

The South First Street floodwall system would begin on the
east side of Passaic Avenue just south of the New Jersey Transit
rail line bridge structure and crosses Passaic Avenue with a +40'
closure. The floodwall would start on the south embankment of the
Harrison Street bridge and continue onto the Tenneco Manufacturing
Refining Companies property where two 30' closures would be
provided on this site as requested by the owners. The floodwall
would proceed adjacent to an existing baseball field approximately
© 250" to the site of J. Supor Trucking along the Passaic River and
on the site of Diamond Shamrock Chemical Co. The floodwall would
continue along the Passaic River adjacent to the Hartz Mountain
Industries site where a +30' closure would be provided at their
request. The floodwall would then continue and tie into the
Amtrak/Conrail rail line embankment.

The floodwall would extend south from the Amtrak/Conrail rail
line embankment adjacent to PSE&G's Harrison plant facilities along
the Passaic River where two 30' closures would be provided as
requested by PSE&G. The rest of PSE&G's frontage would be
protected with a floodwall and tie into the South Fourth Street
bridge embankment. An additional section of floodwall to prevent
flanking would run north from high ground adjacent to Cape May
Avenue to the Conrail bridge embankment. This section of floodwall
would be approximately 1,425' in 1length and contains two 30!
closure structures, one for Tri-Chem line, and one for an adjacent
parking lot. Reference to Plate Nos. G-10-17 thru G-10-18 for the
preliminary layout and profiles of the levee/floodwall system, as
well as for the location and sizes of closure structures and the
location of pump stations. Reference to Plate No. G-10-19 for the
details of the South First Street levee/floodwall system.

A utility search resulted in the identification of numerous
probable wutility crossing relocations needed to insure the
continuous line of protection. The utilities would either be
relocated through the floodwalls or the floodwall would bridge the
existing utility if it cannot be cut. A majority of the
relocations would be on individual sites along the Passaic River
and the remainder would involve public utilities. Based on the
utility search, the following utilities are anticipated to be
relocated or bridged:
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-Overhead utility relocations are anticipated in order to
facilitate construction in the area of the proposed Passaic
Street closure and along South Fourth Street.

-Two 30" PSE&G gas mains approximately at midpoint between the
South 4th Street and Amtrack/Path Bridges will have to be
installed through the proposed wall.

-Multiple PSE&G electrical conduits in the area of the South
Fourth Street Bridge depending on the exact location of the
conduits and the final floodwall alignment may also require
relocation.

-Information acquired from PSE&G-Underground Engineering,
indicate that the multiple PSE&G electrical conduits crossing
the Passaic River approximately 800' north of Penn Station
have been abandoned for a number of years and would not
require special treatment if authorization is obtained from
PSE&G.

-It is assumed that major impacts to the water main in the
South Fourth Street right-of-way can be avoided, therefore, no
relocation will be required.

10.3 Design

10.3.1 Criteria

a. EM 1110-2-2504, "Design of Sheet Pile Walls"
b. EM 1110-2-2104, "Strength Design of Reinforced Concrete
Structures".

10.3.2 Design Data

10.3.2.1 Specified Design Stresses

a. Concrete f'c = 3,000 psi
b. Reinforcement Steel fy = 60,000 psi
c. Sheet Pile Steel (ASTM A 328) fy = 38,500 psi

10.3.2.2 Geotechnical Criteria

Geotechnical design of the floodwalls considered both the
undrained and drained soil strength conditions. Active, passive,
and at-rest earth pressure coefficients were determined based on
the assigned soil friction angle for the drained or undrained
conditions. Based on a subsurface investigation, the 'soil
conditions throughout all three levee/floodwall systems were
considered poor. An analysis was performed using the Corps program
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CWALSHT to determine the wall stability in soil, and use of
undrained soil shear strengths (Q-Case) in the analysis typically
resulted in the most critical case for wall stability.

A design penetration depth to wall height ratio of 3:1 was
established from the CWALSHT analysis. Output from the CWALSHT
analysis also determined the design moments, shears, and
deflections used in the structural design of the floodwall.
Reference to Attachment G-10A for a portion of the CWALSHT analysis
used for the design of the floodwalls.

10.3.2.3 Factors of Safety

For the controlling condition of the undrained case (Q-Case),
a factor of safety of 1.5 for active and passive pressures was used
to obtain the required penetration depth and the maximum movement
of the sheet pile in soil. For the structural design of the
piling, a factor of safety of 1.0 for active and passive pressures,
as per EM 1110-2-2504, was used to obtain the actual design
moments, shear forces, and structural deflections on the sheet
pile wall. Allowable stresses given in EM 1110-2-2504 for shear
and bending strength were used in conjunction with the actual
design moments and shear forces to determine the sheet pile section
properties. The section was then checked to satisfy deflections
criteria for steel members. The design loading was considered a
normal load case with no increase of allowable stresses.

10.3.3 1I-Wall Sheet Pile Floodwall

Several linear feet of I-Wall sheet pile floodwalls would be
constructed where space constraints nullified the use of a levee
and where minimal disturbance of suspected HTRW sites was desired.
Reinforced concrete T-Walls and L-Walls were considered but were
ruled out due to their significant cost of construction and their
large construction footprint area.

Since the average height of the floodwalls in the three
levee/floodwall sections were similar, one design was considered
sufficient to represent this particular floodwall. The CWALSHT
analysis resulted in a floodwall design consisting of a continuous
cantilevered PZ-27 steel sheet piling with a cast-in-place
reinforced concrete cap. The exposed height of the I-Wall used for
design was 8 feet which yielded a penetration depth of 24 feet.
The reinforced concrete cap would extend two feet below the
existing groundline and serve to transfer all external hydrostatic
loads to the steel sheet piling.

A zinc and coal tar epoxy coating corrosion protection system
would be applied to the portion of the sheet piling exposed to
corrosive environments. The steel reinforcement was not designed
for the cap section, but was estimated for cost estimating
purposes. Reference to Plate No. G-10-19 for details of the I-Wall
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floodwall. Final design of the reinforcement will take place in
the next level of design.

10.3.4 Box Pile I-Wall Floodwalls

Box pile I-Wall Floodwalls constructed in the river were
deemed necessary at locations where structures and facilities were
located 1in close proximity to the river's edge. Reinforced
concrete T-Walls and L-Walls were considered but were ruled out due
to their significant cost of construction, the need for temporary
sheeting and complicated dewatering schemes, and their large
construction footprint area.

The river construction location produced a floodwall with a
large exposed height resulting in high design moments, shear
forces, and deflections. To accommodate the high stresses, a
combination PZ-40/PZ-35 continuous box pile section was selected as
the most efficient pile section to withstand the design loads. Top
of wall elevation was set at EL. 14.9, and a minimum tip elevation
was set at El. -45.

A cast-in-place reinforced concrete facing would be
constructed on both sides of the box pile and extend from the top

of the wall to EL. -3.0. A zinc and coal tar epoxy coating
corrosion protection system would be applied to the portion of the
sheet piling exposed to corrosive environments. The steel

reinforcement and studs to connect the facing to the piling were
not designed, but were estimated for cost estimating purposes.
Reference to Plate No. G-10-19 for details of the box pile I-Wall
floodwalls. Final design of the reinforcement and studs will take
place in the FDM level of effort.

10.3.5 Utility Crossings

Construction of the proposed floodwalls would involve crossing
numerous existing subsurface utility lines located along the
alignment of the flood protection system. Most utility crossings
would consist of the following installment sequence:

1. Temporary shutdown/closure of the utility service.

2. Disconnection and removal of a segment of the utility at
the proposed floodwall location.

3. Installation of the sheet piling.

4. Construction of a sleeve type opening within the sheet
piling as per details in EM 1110-2-2504.

5. Installation of a new segment of the utility line through
the sheet piling.

6. Reconnection of utility line.

Reference to Plate No. G-10-19 for details of the standard utility
crossings for I-wall caps and sheet piling.
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In cases where temporary shutdown of service through a utility
would be cost prohibitive, the utility will be left in service and
the floodwall will bridge over the existing utility line. This
would involve the following installation sequence:

1. Excavate, expose, and temporarily support the utility
line segment at the proposed floodwall alignment.
2. Install the sheet pile floodwall to within 3 feet or a

specified distance from the outer edge of the utility
line on both sides of the line.

3. Construct a reinforced concrete cap on the sheet pile I-
Wall and a reinforced concrete closure wall over the
utility line.

4. Backfill excavation around the utility line and below
closure wall with a cement bentonite slurry mix to-
prevent seepage.

Reference to Plate No. G-10-19 for details of the in-place utility
crossing details.

10.3.6 Interior Flood Reduction Facilities

Interior drainage runoff from behind the system would be
removed from within the protected area by exiting through several
interior flood reduction facilities. These facilities would be
constructed at several locations behind and adjacent to the levees
and floodwalls. They would consist of paved ditches behind the
levees and floodwalls leading to inlet chambers which would channel
water through the levee or floodwall and out into Newark Bay. A
control manhole chamber would be constructed in the center of the
levee or floodwall to allow for access and control of a sluice gate
control valve. The sluice gates and exterior side flap gates would
serve to protect the interior area during high tidal conditions in
Newark Bay, and allow for water to pass through the facility once
the tidal elevation in Newark Bay has receded. Reference to the
layout drawings for all the levee/floodwall systems for the
location of the interior flood reduction facilities. Reference
Appendix C - Hydrology and Hydraulics for the delineation of the
various ponding areas and specified pipe sizes for each interior
flood reduction facility.

A conceptual design of the facilities was performed and
further design shall be completed in the next level of design. The
facilities would consist of precast and/or cast-in-place reinforced
concrete chamber sections which would meld in with the proposed
floodwall. Reference Plate No. G-10-20 for conceptual details of
the typical Interior Flood Reduction Facilities.
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10.4 Construction

Construction of the tidal area protection floodwalls would
involve prior in-depth site investigations as well as a records
search to obtain the design drawings of adjacent buildings located
close to the proposed floodwall alignment. It is anticipated that
a substantial portion of the floodwalls can be constructed using
land based construction equipment, however, a barge in the river
may be needed to support the construction equipment in areas where
access 1is limited and where the floodwall is being constructed
close to the edge of the river.

Since there is a considerable amount of development along the
water front, it is anticipated that occasional obstructions within
the fill may be encountered during the driving of sheet piles. Any
remnant building foundations, abandoned pipes, construction rubble,
wood, tree stumps, etc. uncovered by the trench excavation would
have to be removed. Special measures may be required to penetrate
obstructions or dense =zones below the immediate surface to
facilitate the installation of the sheet piling.
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ENTER 'TERMINAL', 'FILE', 'BOTH', OR 'NEITHER'. : 2 of S
B :
ENTER OUTPUT FILE NAME (64 CHARACTERS MAXIMUM) .
(_JWALLE
*****************_*******************************************
FILE 'O_IWALLE '
ALREADY EXISTS. DO YOU WANT TO WRITE OVER IT?
ENTER 'YES' OR 'NO'.
Y

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS

DATE: 12-JUL-1995 TIME: 9.00.07
INPUT DATA 7’ 5/003&/ ,4/(/“? I

I.--HEADING: Z WHLLE
'TIDAL AREA PROTECTION I-WALL Undrained  Condsidssn

'EAST SIDE OF KEARNY POINT
II.--CONTROL
CANTILEVER WALL DESIGN
LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES = 1.00
LEVEL 1 FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.00

III.--WALL DATA
ELEVATION AT TOP OF WALL = 15.00 (FT)

IV.--SURFACE POINT DATA

IV.A--RIGHTSIDE

DIST. FROM ELEVATION
WALL (FT) (FT)
.00 7.00
IV.B-- LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
.00 7.00

V.--SOIL LAYER DATA

&-/0A-2



V.A.--RIGHTSIDE LAYER DATA

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES = DEFAULT 3 oF 5
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH-~ WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT. WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) {DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
115.00 115.00 28.00 .0 14.00 .0 -8..00 .00 DEF DEF
100.00 100.00 .00 300.0 .00 .0 -18.00 .00 DEF DEF
120.00 120.00 20.00 350.0 .00 300.0 -26.00 .00 DEF DEF
120.00 120.00 .00 650.0 .00 600.0 DEF DEF
V.B.-- LEFTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT . WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
115.00 115.00 28.00 .0 14.00 .0 -8.00 .00 DEF DEF
100.00 100.00 .00 300.0 .00 .0 -18.00 .00 DEF DEF
120.00 120.00 20.00 350.0 .00 300.0 -26.00 .00 DEF DEF
120.00 120.00 .00 650.0 .00 600.0 DEF DEF

VI.--WATER DATA

UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION = 15.00 (FT)
LEFTSIDE ELEVATION = 7.00 (FT)
NO SEEPAGE
VII.--SURFACE LOADS
NONE -

VIII.--HORIZONTAL LOADS
NONE

INPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA?
ENTER 'YES' OR 'NO'.

N
DO YOU WANT TO PLOT INPUT DATA?
ENTER 'YES' OR 'NO'.
N
INPUT COMPLETE.
DO YOU WANT TO CONTINUE WITH THE SOLUTION?
ENTER 'YES' OR 'NO'.
Y

DO YOU WANT SOIL PRESSURES CALCULATED BY THE SWEEP SEARCH WEDGE METHOD

& /OR-3



4 of &

'NO'.
'NO'.

OR
OR

'YES'
'YES'

INPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA?

ENTER
DO YOU WANT TO PLOT INPUT DATA?

ENTER

'TIDAL AREA PROTECTION I-WALL
'EAST SIDE OF KEARNY POINT

ELEV.

]k

— e s — - — - — = — - — - — - = s — - — = — — 1

*x3%%% INPUT GEOMETRY #*%%%x
DATE: 12-JUL-1995% TINME: 9.04.32

& -108-4



OR BY THE FIXED SURFACE WEDGE METHOD?
ENTER 'SWEEP' OR 'FIXED'.

DO YOU WANT A LISTING OF SOIL PRESSURES
BEFORE CONTINUING WITH THE DESIGN?
ENTER 'YES' OR 'NO'.

DO YOU WANT TO PLOT SOIL PRESSURES?
ENTER 'YES' OR 'NO'.

DO YOU WANT TO CONTINUE WITH THE SOLUTION?
ENTER 'YES' OR 'NO'.

SOLUTION COMPLETE.

DO YOU WANT RESULTS PRINTED TO YOUR TERMINAL,
TO FILE

O_IWALLE

OR BOTH?

ENTER 'TERMINAL', 'FILE', OR 'BOTH'.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAIL METHODS
DATE: 12-JUL-1995 TIME: 9.00.41

SUMMARY OF RESULTS FOR
CANTILEVER WALL DESIGN

DO_ T WHLLE

I.--HEADING

'TIDAL AREA PROTECTION I-WALL
'EAST SIDE OF KEARNY POINT B

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

Ty 227
WALL BOTTOM ELEV. (FT) : -5.43 , .
PENETRATION (FT) : 16.43 M /9971 %12
Ve g ZIEEE
MAX. BEND. MOMENT (LB-FT) : 19971. 30.2 X/ ¥
AT ELEVATION (FT) : -.49 . g
Ve 7.9 ke < 19.25 (54,
MAX. SCALED DEFL. (LB-IN3): 5.2187E+09 v
AT ELEVATION (FT) : 15.00

pf‘ f/f:’i/'cm _r/ur 7,[0
(NOTE: DIVIDE SCALED DEFLECTION BY MODULUS OF s / / J f é*
ELASTICITY IN PSI TIMES PILE MOMENT OF INERTIA 7qr L0Ye Jonds conZrd
**4 TO OBTAIN DEFLECTION IN INCHES. -
IN IN**4 © i ) Se/c'al'/on mp _(ré;,—?’/a//g

Section,

G-108-5
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DATE :

I.

BY CLASSICAIL METHODS

12-JUL~1995

--HEADING:

2 of5

TIME: 9.18.50

INPUT DATA

'TIDAL AREA PROTECTION I-WALL

'WEST SIDE OF KEARNY POINT

II.--CONTROL

CANTILEVER WALL DESIGN

LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES
LEVEL 1 FACTOR OF SAFETY FOR PASSIVE PRESSURES

III.--WALL DATA

ELEVATION AT TOP OF WALL

IV.--SURFACE POINT DATA

V.

SAT.
WGHT .
(PCF)

115.00
100.00
120.00

SAT.
WGHT .
(PCF)

IV.A--RIGHTSIDE

DIST. FROM ELEVATION
WALL (FT) (FT)
.00 5.00
IV.B-- LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
.00 5.00

--SOIL LAYER DATA

V.A.--RIGHTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY
LEVEL 2 FACTOR OF SAFETY

ANGLE OF

MOIST INTERNAL COH-
WGHT. FRICTION ESION
(PCF) (DEG) (PSF)
115.00 28.00 .0
100.00 .00 300.0
120.00 .00 1000.0
V.B.-~- LEFTSIDE LAYER DATA

LEVEL 2 FACTOR OF SAFETY
LEVEL 2 FACTOR OF SAFETY

ANGLE OF
MOIST INTERNAL COH -
WGHT. FRICTION ESION
(PCF) (DEG) (PSF)

FOR ACTIVE PRESSURES
FOR PASSIVE PRESSURES

ANGLE OF
WALL
FRICTION
(DEG)
14.00

.00
.00

FOR ACTIVE PRESSURES
FOR PASSIVE PRESSURES

ANGLE OF
WALL
FRICTION
(DEG)

G-10K-7

15.00

ay

y' f}/ﬂoszc/ A/ f'// I
Undroined o ndy2ron

= 1.00
= 1.00
(FT)
= DEFAULT
= DEFAULT
<-SAFETY->
ADH- <--BOTTOM--> <-FACTOR->
ESION ELEV. SLOPE ACT. PASS.
(PSF) (FT) (FT/FT)
.0 -10.00 .00 DEF DEF
.0 -20.00 .00 DEF DEF
750.0 DEF DEF
= DEFAULT
= DEFAULT
: <-SAFETY->
ADH- <--BOTTOM--> <-FACTOR->
ESION ELEV. SLOPE ACT. PASS.
(PSF) (FT) (FT/FT)



115.00

115.00 28.00 .0 14
100.00 100.00 .00 300.0
120.00 120.00 .00 1000.0
VI.--WATER DATA
UNIT WEIGHT = 62.40
RIGHTSIDE ELEVATION = 15.00
LEFTSIDE ELEVATION = .00

NO SEEPAGE

VII.--SURFACE LOADS
NONE

VIII.--HORIZONTAL LOADS
NONE

G 103~ F
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.00 .0 -10.00 .00 DEF DEF

.00 .0 -20.00 .00 DEF DEF

.00 750.0 DEF DEF
(PCF)
(FT)
(FT)
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.HHUFH AREA PROTECTION I-WALL
'"WEST SIDE OF KEARNY POINT

1|k

—e— e T r e i e — o

¥%¥%¥% INPUT GEOHMETRY *%3%3¥x*

DATE: 12-JUL~199%5

TIME:

9.21.37

ELEV.

15.0

-10.0

-20.0
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

BY CLASSICAL METHODS
DATE: 12-JUL-19895 TIME:

9.45.44
SUMMARY OF RESULTS FOR
CANTILEVER WALL DESIGN
I.--HEADING
'TIDAL AREA PROTECTION I-WALL
'WEST SIDE OF KEARNY POINT
II.--SUMMARY
RIGHTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.
LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS.
XCHA
Jry FPE&-27
WALL BOTTOM ELEV. (FT) : -7.48
PENETRATION (FT) : 14.48 - M )999) ¥12
= —_— T —— -
MAX. BEND. MOMENT (LB-FT) : 19991. s 20,2 X /000 ﬁ)z
AT ELEVATION (FT) : -.50 d
MAX. SCALED DEFL. (LB-IN3): 4.7584E+09 V= 7.7 K5 ‘i,ﬂiéf;
AT ELEVATION (FT) : 15.00 (57?
: 5
(NOTE: DIVIDE SCALED DEFLECTION BY MODULUS OF

ELASTICITY IN PSI TIMES PILE MOMENT OF INERTIA  Dpf Jection due 2o

IN IN**4 TO OBTAIN DEFLECTION IN INCHES.)
ﬁcéorm/ /Mz/.s conZ[""/
Selection of jéeelt/ﬁ/'/e
thz@bn,

DO YOU WANT COMPLETE RESULTS OUTPUT?
ENTER 'YES' OR 'NO'.

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 12-JUL-1995 . TIME: 9.45.44

G-/0R~/0
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS
DATE: 31-JAN-1995 TIME: 15.08.43
cedadaeceeeidaaciticitadessr
0o SUMMARY OF RESULTS FOR ©O
O CANTILEVER WALL ANALYSIS O

...................................

I.--HEADING

‘HURRICANE FLOODWALL DESIGN, PILE FOUNDED STRUCTURES ALONG PASSAIC RIVER
‘ASSUME FLOODWALL CONSTRUCTED AT RIVER EDGE

II.--SUMMARY

RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

FACTOR OF SAFETY . 1.47 7/
MAX. BEND. MOMENT (LB-FT) : 234164.
AT ELEVATION (FT) . -26.94
MAXIMUM DEFLECTION (IN) . 6.7599E+00 ¥~
AT ELEVATION (FT) : 15.00

&-/0R~/2
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE Wﬂ%LS

BY CLASSICAL METHODS

DATE: 12-JUL-1995 TIME: 10.44 .03

INPUT DATA

Box |
I.--HEADING:

'TIDAL AREA PROTECTION FLOODWALLS Fne ‘}2551/
'BOX PILE FLOODWALL ON PASSAIC RIVER

ITI.--CONTROL
CANTILEVER WALL DESIGN

LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES = 1.00
LEVEL 1 FACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.00
III.--WALL DATA
ELEVATION AT TOP OF WALL = 15.00 (FT)
IV.--SURFACE POINT DATA
IV.A--RIGHTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
T .00 -8.00
IV.B-- LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
.00 1.00
V.--SOIL LAYER DATA
V.A.--RIGHTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT. MOIST INTERNAL COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
100.00 100.00 .00  300.0 .00 11.0 -24.00 .00 DEF DEF
120.00 120.00 32.00 .0 17.00 .0 -37.00 .00 DEF DEF
120.00 120.00 22.00 650.0 14.00 400.0 DEF DEF

& /R -/3



V.B.-- LEFTSIDE LAYER DATA Y of 4

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF ANGLE OF . <-SAFETY->
SAT. MOIST INTERNAL  COH- WALL ADH- <--BOTTOM--> <-FACTOR-.
WGHT. ~ WGHT. FRICTION ESION FRICTION  ESION  ELEV. SLOPE ACT. DASS.
(PCF)  (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
100.00 100.00 .00  300.0 .00 11.0  -24.00 .00 DEF DEF
120.00 120.00 32.00 .0 17.00 .0 -37.00 .00 DEF DEF
120.00 120.00 22.00 650.0 14.00 400.0 DEF DEF

VI.--WATER DATA

UNIT WEIGHT
RIGHTSIDE ELEVATION

LEFTSIDE ELEVATION
NO SEEPAGE

62.40 (PCF)
15.00 (FT)
.00 (FT)

VII.--SURFACE LOADS
NONE

VIII.-~HORIZONTAL LOADS
NONE

INPUT COMPLETE.
DO YOU WANT TO EDIT INPUT DATA?
ENTER 'YES' OR 'NO'.

G-10R-/4



DO YOU WANT INPUT DATA SAVED IN A FILE?
'YES' OR

'NO'.

DO YOU WANT TO PLOT INPUT DATA?

ENTER
Y
a1
ENTER
Y
o]
™
-
]
.-L
N
)
(A
(=]
H
1
-
)
o
L]

TANIL

PE PP OT

w3333 AALINOTD LAOJNI ek

'YES' OR 'NO'.

1

[y p————

0" 4€-

0'vZ-

"A3TII

Xog,

HIATYH OI¥SS¥d HO TI¥AQOOTII 3ITId

ENTER FILE NAME FOR SAVING INPUT DATA (64 CHARACTERS MAXIMUM) .
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WAL

BY CLASSICAL METHODS

DATE: 12-JUL-1995 TIME: 10.45 34

SUMMARY OF RESULTS FOR
CANTILEVER WALL DESIGN

I.--HEADING

"TIDAL AREA PROTECTION FLOODWALLS
'BOX PILE FLOODWALL ON PASSAIC RIVER

IT.--SUMMARY

7ni OFASS |
RIGHTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

LEFTSIDE SOIL PRESSURES DETERMINED BY SWEEP SEARCH WEDGE METHOD.

7

WALL BOTTOM ELEV. (FT) : -38.15 PE- 0/ FF2-35 ROX FIIE

PENETRATION (FT) : 39.15
MAX. BEND. MOMENT (LB-FT) - 165850 . /65 850 x )2

AT ELEVATION (FT) - -24.11 Y O -

/27 4.3% /000 <

MAX. SCALED DEFL. (LB-IN3):  2.307SE+11

AT ELEVATION (FT) - 15.00

G- 5 :

/8. 67 Asy £, 5,%
(NOTE: DIVIDE SCALED DEFLECTION BY MODULUS OF

ELASTICITY IN PSI TIMES PILE MOMENT OF INERTIA 4{147225 ’
IN IN**4 TO OBTAIN DEFLECTION IN INCHES.) ’ K;

Use XK
A328 Hee/
. Sheet Frle

DO YOU WANT COMPLETE RESULTS OUTPUT?
ENTER 'YES' OR 'NO'.
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CENTRAL BASIN AND POMPTON FLOODWALLS
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CENTRAL BASIN AND POMPTON FLOODWALLS

11.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
Central Basin and Pompton Floodwalls. A sufficient structural
design effort has been conducted to achieve this goal. Further
design studies will be performed during the next level of design.
The structural design effort currently includes:

-Preliminary layout for each floodwall.

-Preliminary ground surface profiles for each floodwall.
-I-Wall floodwall design.

-Preliminary design drawings and details.

11.2 Feature Description
11.2.1 Rockaway #1 Floodwall

The downstream portion of the Rockaway #1 levee/floodwall
system would include 521 feet of floodwall on the right bank of the
Rockaway River in the Township of Parsippany-Troy Hills. The
proposed levee/floodwall system would protect the area bounded by
the Rockaway River, New Road, Edwards Road and Vail Road. I-Wall
sheet pile floodwalls were chosen wherever space limited the use of
a levee. The required level of protection would vary according to
location and was established from an overtopping analysis which is
described in Appendix C - Hydrology and Hydraulics. The exposed
height above groundline of the floodwall would vary from 0 to
approximately 5 feet. The floodwall would begin at the Route 46
east embankment and continue approximately 521 feet adjacent to the
Rockaway River, an existing service station, and an existing strip
mall before changing to levee. Runoff behind the system would be
collected and discharged by exiting through several outlet pipes
with flap valves.

As a result of a utility search, no utilities identified
within the proposed alignment of the downstream Rockaway #1
floodwall would be impacted, however, a vapor recovery system
located at an existing service station may be impacted by
construction of the floodwall. Reference to Plate Nos. G-11-1
thru G-11-3 for the preliminary layout, profile, and details of
the Rockaway #1 floodwall.

11.2.2 Rockaway #3 Floodwall
The proposed location for the Rockaway #3 levee/floodwall
system would be situated in the northwestern section of the

Township of Parsippany-Troy Hills, in an area of the Township
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referred to as Lake Hiawatha. The proposed levee/floodwall
generally would extend along the right bank of the Rockaway River
which forms the boundary between Montville Township on the
northeast side of the River and Parsippany-Troy Hills Township on
the southwest side of the River.

This system would replace and augment the existing Lake
Hiawatha levee/floodwall system. This levee/floodwall system would
consist of approximately 5,232' of floodwall constructed at the
ground line and 1,470' of floodwall constructed on an existing
levee. The proposed system would protect a residential area
bounded by the Rockaway River to the east, River Drive, Mohawk
Avenue and Sandalwood Drive to the west, Vail Road to the south and
the northern terminus of River Drive to the north.

The proposed floodwall would traverse along a portion of the
system where new floodwalls would be constructed; existing
floodwalls would be replaced; and along small lengths of levee, the
level of protection would be extended by constructing a floodwall
on top of the levee.

The required level of protection would vary according to
location and was established from an overtopping analysis which is
described in Appendix C - Hydrology and Hydraulics. The average
height of floodwalls constructed at groundline would be
approximately 8.5', while the average height of floodwalls
constructed on top of existing levees would be approximately 5.1°'.
I-Wall floodwalls were chosen wherever space limited the use of a
levee or where a floodwall presently exists. Reference to Plate
Nos. G-11-4 thru G-11-9 for the preliminary layout, profile, and
details of the Rockaway #3 levee/floodwall system.

Currently, the existing 1levee <contains five closure
structures. The proposed levee/floodwall system would contain four
closures; two closures (12' wide and 20' wide) would maintain
access to a club house area, one 12' wide closure at the end of
Hiawatha Boulevard would be replaced for channel maintenance
purposes, and one 20' wide closure would be constructed adjacent to
the Tenneco gas transmission 1lines which presently has two
closures. The design of the closure structures would follow the
design presented in Section 13 of this Appendix. Also associated
with the existing levee/floodwall system is an existing pump
station for interior drainage with a reported capacity of 183 cfs.
located near the end of Wilbur Avenue. Along with the existing
pump station, several outlet pipes with flap valves would dispense
of any runnoff from the interior sections.

A search was conducted to determine if any existing utilities
would be impacted by the proposed levee project, and owners of
potential utility impacts were identified. Tenneco Gas
Transmission Company was identified as having a potential utility
impact, and has strict criteria for construction within their
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easements. No permanent structures or excessive fill can be placed
on their easement. In order to avoid these impacts, the existing
closure over the easement would be maintained.

11.2.3 Pinch Brook Floodwall

The Pinch Brook Levee/Floodwall System would be an open U-
shaped levee/floodwall system approximately 2,812' in length
proposed for an area adjacent to the Pinch/Black Brook confluence.
The levee/floodwall system would be located on the right bank of
Pinch Brook in East Hanover Township, Morris County, New Jersey.
This system is bounded by Pinch Brook, Great Meadow Lane and
Brentwood Drive, and its function would be to protect the existing
commercial and residential properties against backwater flooding
from the Whippany River.

This system would consist of approximately 415' of floodwall
in an area of an industrial park. The required level of protection
would vary according to location and was established from an
overtopping analysis which is described in Appendix C - Hydrology
-and Hydraulics. An I-Wall sheet pile floodwall would be utilized
due to space constraints between the existing channel, the existing
cul-de-sac, and the existing buildings. The floodwall would have
an average height of 9.4'. Reference to Plate Nos. G-11-10 and G-
11-11 for the preliminary layout, profile, and details of the Pinch
Brook levee/floodwall system.

A search was conducted to determine if any existing utilities
will be impacted by the proposed levee project. No relocation of
utilities is anticipated at the floodwall portion of the system.

11.2.4 Passaic #2A Floodwall

Passaic #2A Levee/Floodwall System would be comprised of
separate segments situated along the Passaic River in the
southeastern portion of Fairfield Township and northwestern portion
of West Caldwell Township. This levee/floodwall system would
protect residential, commercial and industrial development in an
area bounded by the right bank of the Passaic River, Interstate
Route 80, Bloomfield Avenue and the area adjacent to the left bank
of the Deepavaal Brook. I-Wall sheet pile floodwalls were chosen
wherever space limited the use of a levee.

The floodwall portion of the system would consist of
approximately 3,082' of floodwall. The required 1level of
protection would vary according to location and was established
from an overtopping analysis which is described in Appendix C -
Hydrology and Hydraulics. The floodwalls would have an average
height of approximately 5.5'. Reference to Plate Nos. G-11-12
thru G-11-20 for the preliminary layout, profile, and details of
the Passaic #2A levee/floodwall system.
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As part of the northern segment of the system, a floodwall
would be constructed at the top of bank of a portion of a former
oxbow meander of the Passaic River and would end at the Route 46
embankment . As part of the central segment, a floodwall would
begin at the Route 46 embankment approximately 1,000' south of the
end of the northern levee/floodwall and would run south along the
eastern banks of the Passaic River in Pio Costa Commercial Park to
the Bloomfield Avenue embankment in Fairfield.

In order to prevent flanking of the Passaic #2A levee, a swing
gate closure structure will be required at the Route 80 bridge over
Horseneck Road in the Township of Fairfield. A floodwall and
associated closure structure approximately 150' long and 5.5' high
would be required and would have to tie into the existing bridge

abutment structure. The swing gate opening was estimated to be
approximately 45' to accommodate the existing roadway and
sidewalks. The design of the closure structure would follow the

design presented in Section 13 of this Appendix. Several outlet
pipes with flap valves would dispense of any interior drainage from
the protected area. Flap gates and sluice gate control valves
.would also be required at eleven cross culverts under Route 80 to
complete the line of protection.

A search was conducted to determine if any existing utilities
will be impacted by the proposed levee/floodwall project. A
potential conflict was observed during a site visit with no
confirmation from the utility. Two utility poles with electrical
transformers are located in an area where a floodwall is proposed.
The possibility exists that these utility poles may have to be
relocated, therefore, the cost of relocation was included in the
cost estimate.

11.2.5 Pequannock/Ramapo Floodwall

The Pequannock/Ramapo Levee/Floodwall System would be
comprised of separate segments situated along the Ramapo River in
Pompton Lakes Township. This levee/floodwall system would have a
total 1length of 5110' and protect residential and commercial
developments along the right bank of the Ramapo River. I-Wall
sheet pile floodwalls were chosen wherever space limited the use of
a levee.

The floodwall portion of the system would consist of
approximately 2,910' of floodwall. The required level of
protection would vary according to location and was established
from an overtopping analysis which is described in Appendix C -
Hydrology and Hydraulics. The floodwalls would have an average
height of approximately 6.0'. Reference to Plate Nos. G-11-21
thru G-11-23 for the preliminary layout, profile, and details of
the Pequannock/Ramapo floodwall.
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The system begins with a short 100' long floodwall north of
the intersection of Hamburg Turnpike and Riverview Road which would
tie into an elevated portion of Riverview Road. The floodwall
would then proceed 300' beyond Riverview Road where it would tie
into a 1levee. Another floodwall would originate behind the
residential properties along River Edge Drive, proceed southward
and tie into the Dawes Highway bridge abutments, it would then
continue on to tie into a levee approximately 1400' south of the
bridge.

In order to prevent flanking of the Pequannock/Ramapo
levee/floodwall, Riverview Road near the intersection of Riverview
Road and Hamburg Turnpike would have to be raised approximately 24
inches to complete the line of protection. Several outlet pipes
with flap valves would dispense of any interior drainage from the
protected area. Flap gates and sluice gate control valves would
also be required at several stormwater outlets which discharge into
the river to complete the line of protection.

A search was conducted to determine if any existing utilities
. will be impacted by the proposed levee project. No relocation of
utilities is anticipated at the floodwall portion of the system.

11.3 Design

11.3.1 Criteria

a. EM 1110-2-2504, "Design of Sheet Pile Walls"

b. EM 1110-2-2104, "Strength Design of Reinforced Concrete
Structures".

C. USS Steel Sheet Piling Manual.

11.3.2 Design Data

11.3.2.1 Specified Design Stresses

a. Concrete f'e = 3,000 psi
b. Reinforcement Steel fy = 60,000 psi
c. Sheet Pile Steel (ASTM A 328) fy = 38,500 psi

11.23.2.2 Geotechnical Criteria

Geotechnical design of the floodwalls considered both the
short term (undrained) and long term (drained) soil strength

conditions. Active, passive, and at-rest earth pressure
coefficients were determined based on the assigned soil friction
angle for the short and long term conditions. Based on a
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subsurface investigation, the soil conditions throughout all five
levee/floodwall systems were considered poor. An analysis was
performed using the conventional method for cantilever sheet pile
analysis suggested by the USS Steel Sheet Pile Mannual for Rockaway
#1, Rockaway #3, Pinch Brook, and Passaic #2A floodwalls. The
Corps program CWALSHT was used to determine the wall stability in
soil for the Peguannock/Ramapo floodwall. Use of the long term
soil strengths (S-Case) in the analysis typically resulted in the
most critical case for wall stability.

A design penetration depth to wall height ratio of 2.4:1 was
established from the two analyses. Output from the analyses also
determined the design moments, shears, and deflections used in the
structural design of the floodwall.

11.3.2.3 Factors of Safety

For the controlling condition of the long term case (S-Case),
a factor of safety of 1.5 applied to the soil strengths was used to
obtain the required penetration depth and maximum movement of the
.sheet pile in soil. For the structural design of the piling, a
factor of safety of 1.0, as per EM 1110-2-2504, was used to obtain
the actual design moments, shear forces, and structural deflections
on the sheet pile wall. Allowable stresses given in EM 1110-2-2504
for shear and bending strength were used in conjunction with the
actual design moments and shear forces to determine the sheet pile
section properties. The section was then checked to satisfy
deflection criteria for steel members. The design loading was
considered a normal load case with no increase of allowable
stresses.

11.3.3 TI-Wall Sheet Pile Floodwall

All of the central basin and pompton floodwalls would be
standard I-Walls consisting of a steel sheet pile section with a
reinforced concrete cast in place cap as shown in EM 1110-2-2504.
The I-Wall sheet pile floodwalls would be constructed where space
constraints nullified the use of a levee. Reinforced concrete T-
Walls and L-Walls were considered but were ruled out due to their
significant cost of construction and their large construction
footprint area.

The design of the Rockaway #1, Rockaway #3, Pinch Brook, and
Passaic #2A floodwalls was performed using the conventional method
to determine the depth of penetration, applied moments, and
deflections of the I-Wall/soil system with a factor of safety of
1.5. The design of the Pequannock/Ramapo floodwalls was performed
using the Army Corps CWALSHT computer program and following EM
1110-2-2504 design criteria of using a factor of safety of 1.5 to
determine the depth of penetration, and 1.0 for the design of the
sheet pile section. Refer to Attachment G-11A for design
computations for the critical sections of the Central Basin and
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Pompton floodwalls. Refer to the Geotechnical Appendix (Appendix
E) of this design memorandum for additional design criteria
information.

All sheet piles will be standard PZ and PSA sections of
regular carbon grade steel ASTM A328 with an allowable design
bending stress of 0.5fy, as per EM 1110-2-2504, equal to 19.25 ksi.

A zinc and coal tar epoxy coating corrosion protection system
would be applied to the portion of the sheet piling exposed to
corrosive environments. The steel reinforcement was not designed
for the cap section, but was estimated for cost estimating
purposes. Final design will take place in the next level of
design. The reinforced concrete cap would consist of a minimum of
3,000 psi concrete with ASTM A615 Grade 60 steel reinforcement.

Refer to Table 1 for the design exposed heights ("H"),
penetration depths ("D"), and section properties of each floodwall.

Table 1 - Floodwall Design Data

Name Design "H" Design "D" Section

Rockaway #1 5.0°' 12.0"' PZ-22

Rockaway #3

New 8.5" 20.5" PZ-22
On Exist Levee 5.0 12.0° PSA-23
Pinch Brook 9.8 23.5! PZ-27
Passaic #2A 8.5 20.5! Pz-22
Peq. /Ramapo 8.0 19.5" PZ-22

10.0" 24 .0 PZ-27

11.3.4 Utility Crossings

Construction of the proposed floodwalls would involve crossing
numerous existing subsurface drainage pipes and a few utility lines
located along the alignment of the flood protection system. All
lines were assumed to allow for temporary shut down. All
subsurface drainage and utility crossings would consist of the
following installment sequence:

1. Temporary shutdown/closure of the service line.

2. Disconnection and removal of a segment of the service
line at the proposed floodwall location.

3. Installation of the sheet piling.
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4. Construction of a sleeve type opening within the sheet
piling as per details in EM 1110-2-2504.

5. Installation of a new segment of the service line through
the sheet piling.
6. Reconnection of service line.

Reference to EM 1110-2-2504 for details of the standard utility
crossings for I-wall caps and sheet piling.

11.4 Construction

Construction of the central basin and pompton floodwalls would
involve prior in-depth site investigations as well as a records
search to obtain the design drawings of adjacent buildings located
close to the proposed floodwall alignment. It is anticipated that
a substantial portion of the floodwalls can be constructed using
land based construction equipment, however, a platform constructed
in the river may be needed to support the construction equipment in
areas where access is limited.

Occasional obstructions within the existing ground may be
encountered during the driving of sheet piles. Any remnant
building foundations, abandoned pipes, construction rubble, wood,
tree stumps, etc. uncovered by the trench excavation would have to
be removed. Special measures may be required to penetrate
obstructions or dense zones below the immediate surface to
facilitate the installation of the sheet piling.
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

DATE: 02-MAR-1995

I.-~-HEADING:

BY

' PEQUANNOCK-RAMAPO LEVEE/FLOODWALL

IT.-~-CONTROL

CANTILEVER WALL DESIGN

LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES
LEVEL 1 FACTOR OF SAFETY FOR PASSIVE PRESSURES

IIT.--WALL DATA
ELEVATION AT TOP

IV.-~-SURFACE POINT

IV.A--RIGHTSIDE

DIST. FROM
WALL (FT)
.00

IV.B-- LEFTSIDE

DIST. FROM
WALL (FT)
.00

OF WALL

DATA

ELEVATION
(FT)
182.00

ELEVATION
(FT)
182.00

V.--SOIL LAYER DATA

V.A.~-RIGHTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY
LEVEL 2 FACTOR OF SAFETY

ANGLE OF
SAT. MOIST INTERNAL COH-
WGHT. WGHT. FRICTION ESION
(PCF) (PCF) (DEG) (PSF)
130.00 125.00 30.00 .0
120.00 115.00 28.00 .0

V.B.-- LEFTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY
LEVEL 2 FACTOR OF SAFETY

 6-114-20

CLASSICAL METHODS
TIME: 16.13.36
INPUT DATA
= 1.00
= 1.00
= 190.00 (FT)
%/)7/
FOR ACTIVE PRESSURES = DEFAULT
FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF <=SAFETY->
WALL ADH- <—-BOTTOM--> <~FACTOR~>
FRICTION ESION ELEV. SLOPE ACT. PASS.
(DEG) (PSF) (FT) (FT/FT)
14.00 .0 165.00 .00 DEF DEF
11.00 .0 DEF DEF
FOR ACTIVE PRESSURES = DEFAULT
FOR PASSIVE PRESSURES = DEFAULT



SAT. MOIST
WGHT. WGHT.
(PCF) (PCF)

0.00 125.00
220.00 115.00

VI.--WATER

ANGLE OF

INTERNAL

FRICTION
(DEG)
30.00
28.00

DATA

UNIT WEIGHT

RIGHTSIDE ELEVATION
LEFTSIDE ELEVATION

NO SEEPAGE

VII.--SURFACE LOADS

NONE

VIII.--HORIZONTAL LOADS

NONE

ANGLE OF
COH- WALL
ESION FRICTION
(PSF) (DEG)
.0 14.00
.0 11.00

62.43 (PCF)
190.00 (FT)
182.00 (FT)

nun

ADH-
ESION
(PSF)
.0
.0

G-/14-21

<==~BOTTOM~->

ELEV.
(FT)
165.00

SLOPE
(FT/ET)
.00

<=SAFETY->
<=FACTOR->
ACT. PASS.

DEF DEF
DEF DEF



3-2-

LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE ILOADS. -

WALL BOTTOM ELEV. (FT) : 170.46
PENETRATION (FT) : 11.54
MAX. BEND. MOMENT (LB-FT) : 15749.
AT ELEVATION (FT) : 176.25
MAX. SCALED DEFL. (LB-IN3): 2.7848BE+09
AT ELEVATION (FT) : 190.00

(NOTE: DIVIDE SCALED DEFLECTION BY MODUIUS OF
ELASTICITY IN PSI TIMES PILE MOMENT OF INERTIA
IN IN**4 TO OBTAIN DEFLECTION IN INCHES.)

SF=\

DO YOU WANT COMPLETE RESULTS OUTPUT? \)\\ - X
ENTER 'YES' OR 'NO'.

STIAE /0

)

1A

27848 X 0 -
29,000,000 [7)/’7/5)

|se /95'2Z

/. Z

.

6 -/IA-22



SAT.
WGHT.
(PCF)
130.00
120.00

PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS

DATE: 02-MAR-1995

I.--HEADING:

BY

CLASSICAL METHODS

INPUT DATA

' PEQUANNOCK-RAMAPO LEVEE/FLOODWALL

II.--CONTROL

CANTILEVER WALL DESIGN

LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES

LEVEL 1 FACTOR OF SAFETY FOR PASSIVE PRESSURES

III.--WALL DATA

ELEVATION AT TOP OF WALL

IV.--SURFACE POINT

IV.A--RIGHTSIDE
DIST. FROM
WALL (FT)

.00

IV.B-- LEFTSIDE
DIST. FROM
WALL (FT)

.00

DATA

ELEVATION
(FT)
182.00

ELEVATION
(FT)
182.00

V.--SOIL LAYER DATA

V.A.--RIGHTSIDE LAYER DATA

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES

ANGLE OF
MOIST INTERNAL COH-
WGHT. FRICTION ESION
(PCF) (DEG) (PSF)
125.00 30.00 .0
115.00 28.00 .0

V.B.-- LEFTSIDE LAYER DATA

LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES

= 192.00 (FT)

ANGLE OF
WALL ADH-
FRICTION ESION
(DEG) (PSF)
14.00 .0
11.00 .0

G-11A-23

it n

TIME:

DEFAULT
DEFAULT

<=-BOTTOM~-—>

ELEV.

(FT)

165.00

SLOPE
(FT/FT)
.00

DEFAULT
DEFAULT

16.46.34

<=-SAFETY~>
<=FACTOR~->
ACT. PASS.

DEF DEF
DEF DEF



SAT.
WGHT.
(PCF)
‘0.00
120.00

ANGLE OF

MOIST INTERNAL
WGHT. FRICTION
(PCF) (DEG)
125.00 30.00
115.00 28.00

VI.--WATER DATA

UNIT WEIGHT

RIGHTSIDE ELEVATION
LEFTSIDE ELEVATION

NO SEEPAGE

VII.~-SURFACE LOADS

VIII.--HORIZONTAL LOADS

NONE

NONE

ANGLE OF
COH- WALL
ESION FRICTION
(PSF) (DEG)
.0 14.00
.0 11.00

62.43 (PCF)
192.00 (FT)
182.00 (FT)

ADH-
ESION
(PSF)
.0
.0

6-JIA-29

<-SAFETY-»

<=-BOTTOM-~> <-FACTOR-~>

ELEV.
(FT)
165.00

SLOPE ACT. PASS.

(FT/FT)

.00 DEF DEF
DEF DEF



/?‘?uwmﬂc/é /474”"’/00 Levee =7-75

LEFTSIDE SOIL PRESSURES DETERMINED BY COULOMB COEFFICIENTS
AND THEORY OF ELASTICITY EQUATIONS FOR SURCHARGE LOADS. .

WALL BOTTOM ELEV. (FT) : 167.57
PENETRATION (FT) : 14.43
MAX. BEND. MOMENT (LB-FT) : 30759.
AT ELEVATION (FT) : 174.81
MAX. SCALED DEFL. (LB-IN3): 8.4985E+09
AT ELEVATION (FT) : 192.00

(NOTE: DIVIDE SCALED DEFLECTION BY MODULUS OF
EIASTICITY IN PSI TIMES PILE MOMENT OF INERTIA
IN IN**4 TO OBTAIN DEFLECTION IN INCHES.)

f};;/[y /;25\: /0

DO YOU WANT COMPLETE RESULTS OUTPUT?
ENTER 'YES' OR 'NO'.

Fe&-z2 NG
:%? - ESCL’7CD )//2 - ‘?é%g39,/<<$/. :>'//;7AKS/'
’ SOV (0.5 4

UsE  FPZ-Z77

A: Z???S/Y/Dq - /,GZ// 0/\/
29000 000(30,2) (o
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PASSAIC 10 FLOODWALL
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PASSAIC 10 FLOODWALL

12.1 Scope

This section of the design memorandum will serve as a basis
for final design, plans and specifications for the construction of
the Passaic 10 floodwall. The Passaic 10 levee/floodwall system
consists of approximately 4,853 feet of earthen levee with
approximately 97 feet of floodwall which would serve as the line of
protection at an existing exposed 52" diameter sanitary sewer line.
A detailed design of the floodwall has been performed and is
described in this section of the design memorandum as well as in
Appendix J - Passaic 10 Levee System. This section will also
describe the conceptual design of two pump stations needed to
assist in the removal of interior drainage and drawdown of
floodwaters during periods of high frequency floods. The design
effort includes:

-Site verification of existing 52" dia. sanitary sewer.
-Design of I-Wall sheet pile floodwall.

-Design of I-Wall floodwall reinforced concrete cap.
-Design of reinforced concrete closure wall around sewer.
-Detailed Design drawings of the Passaic 10 floodwall.

12.2 Feature Description
12.2.1 1I-Wall Floodwall

A reinforced concrete closure wall would be required to
maintain the integrity of the levee where it would intersect the
alignment of a 52" diameter sanitary sewer line. The reinforced
concrete closure wall would tie into two reinforced concrete
vertical supports which would be attached to a capped sheet pile I-
Wall. The sheet pile I-Wall would transition into the levee on
both sides of the closure wall. The sheet pile I-Wall was selected
to minimize the potential for interference with the pipe concrete
supports and footings which are spaced approximately 15 feet on
centers. A provision was made for the pipe to be replaced or
maintained independent of the wall with minimal disturbance to the
closure wall. Refer to Plate Nos. G-12-1 thru G-12-4 for plans,
profile, and details of the Passaic 10 floodwall.

12.2.2 Pump Stations

Two pump stations would be incorporated into the levee system
as a means to assist in the drainage and drawdown of interior
floodwaters during periods of high frequency floods as well as
serve as part of the environmental mitigation plan. Each pump
station would be designed to maintain an elevation of EL. 168.0

secl2ms.wpd/8-30-95 G-12-1



within the interior side of the levee for a certain frequency
period. A conceptual design of the pump stations is presented in
this section as well as in Appendix J, and a more detailed design
of the pump stations will be performed during the plans and
specification stage of the project. Each pump station would have
one vertical turbine pump with a 15 horsepower motor mounted in a
8 foot diameter by 10 foot deep reinforced concrete overflow sump
(manhole) . Electrical power to each pump station would be supplied
by a new 30 kva pad mounted transformer located near the pump
control panel. The pump control panel would be mounted on a steel
support frame near the pump station. Power to each pad mounted
transformer would be supplied by new underground medium voltage
power cables that would connect onto the overhead medium voltage
primary lines along Eisenhower Parkway. Reference Appendix J -
Passaic 10 Levee System for a further description of the
operational aspects of the pumps.

12.3 Design

12.3.1 Criteria

a. EM 1110-2-2502, "Retaining and Floodwalls".

b. EM 1110-2-2504, "Design of Sheet pile Walls".

c. EM 1110-2-2104, "Strength Design of Reinforced Concrete
Hydraulic Structures".

d. ACI 318-89, Building Code Requirements for Reinforced
Concrete.

e. Reinforced Concrete Design, Kenneth Leet, copyright 1982.

f. AISC Manual of Steel Construction, Load & Resistance

Factor Design.
f. Drill Hole P-10-1, Soil profile and design parameters.
Existing sanitary sewer field data.

ETL 1110-2-307, "Flotation Stability Criteria for
Concrete Hydraulic Structures'.

12.3.2 Design Data

12.3.2.1 Specified Design Stresses

a. Concrete: f'c = 3,000 psi
b. Reinforcement fy = 48,000 psi
c. Sheet Pile Steel (ASTM A328) fy = 38,500 psi

secl2ms.wpd/8-30-95 G-12-2



12.3.2.2 Hydraulic Criteria

The top of levee/floodwall was set at EL. 178.1 at the
floodwall location. The elevation was based on a hydraulic
analysis and risk analysis which is described in Appendix J -
Passaic 10 Levee System.

12.3.2.3 Factor of Safety

A factor of safety of 1.5 was applied to the passive and
active soil pressures to obtain the penetration depth and
deflections of the sheet pile in soil. The factored moments and
shear forces on the sheet pile wall given in the Corps program
CWALSHT output were compared with the specified limiting yield
stress given in LRFD (0.9 fy) to determine the sheet pile section
properties. Deflections were then checked to insure serviceability
requirements. Load factors specified in EM 1110-2-2104 were used
to design the reinforcement for the I-wall caps and the closure
wall.

12.3.3 1I-Wall Floodwall

The sheet pile wall would consist of standard grade PZ
sections driven into the existing ground. Three sections of PZ-35
sheet piling would be driven to EL. 150 below each vertical
support, and PZ-27 sheet pile sections would be driven to EL. 158
thereafter. The Corps program CWALSHT was used to design the sheet
pile wall. The soil pressures were determined using the fixed
surface wedge method.

The reinforced concrete I-wall cap was designed using the load
factor method presented in EM 1110-2-2104. The cap would function
to transfer all external water loads to the sheet pile I-wall. The
applied water pressure was increased by a factor of 1.9 as per EM
1110-2-2502.

The reinforced concrete closure wall would be 10' long and
approximately 11.1' high. The wall would be embedded 4 feet into
the existing ground to minimize seepage. The wall would serve to
transfer the horizontal water forces produced from riverside
floodwaters set at EL. 178.1 to the vertical supports at each end
of the closure wall. The applied water pressure was increased by
a factor of 1.9 as per EM 1110-2-2502.

Since the existing elevated sanitary sewer line is supported
by foundations which are spaced 15' on centers, it was assumed that
no loads from the sanitary sewer would be applied onto the closure

wall. The pipe would be separated from the closure wall by an
adhesive strip waterstop to prevent leakage and facilitate
independent movement of both elements. A removable reinforced

concrete cap set above the pipe would be keyed into the closure
wall to prevent horizontal displacement.

secl2ms.wpd/8-30-95 G-12-3



The reinforced concrete vertical supports would serve to
transfer the water pressures applied to the closure wall to the
sheet pile wall. The supports would be 2' X 2' square and
approximately 11.1' high. The supports would be tied to the sheet
pile wall by reinforcing bars passed through the sheet pile wall.
The supports are designed to resist the overturning forces and
shear forces produced from horizontal water pressures applied to
the supports and to half the closure wall. Refer to Attachment G-
12A for the design calculations and computer analysis of the
Passaic 10 floodwall.

12.4 Construction

The Passaic 10 floodwall can be constructed using standard
construction practices. The construction would involve the
excavation of a 4' deep by 4' wide trench along the entire length
of the floodwall alignment, driving the required amount of sheet
piles, forming and pouring the I-Wall caps, and forming and pouring
the closure wall vertical supports and the closure wall. Favorable
pile driving conditions exist at the floodwall location and it is
anticipated that standard pile driving methods would be sufficient
to construct the floodwall. Groundwater may be encountered during
the trench excavation requiring dewatering of the trench before
pouring the concrete I-Wall caps and closure wall. Following the
construction of the floodwall, the levee would be built around the
floodwall.

seclZms.wpd/8-30-95 G-12-4
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'PASSAIC 10 LEVEE

‘SHEETPILE DESIGN_PENETRATION FOR WALL-COLUMN
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126.00 120.00 .00 2000.00 .00 .00 162.50
126.00 120.00 .00 2000.00 .00 .00 159.70
126.00 120.00 36.00 .00 .00 .00 155.00
126.00 120.00 37.00 .00 .00 .00 .00
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126.00 120.00 36.00 .00 .00 .00 155.00
126.00 120.00 37.00 .00 .00 .00 .00

WATER ELEVATIONS 62.40 178.10 167.00

VERTICAL LINE RIGHTSIDE 1
.00 10800.00
HORIZONTAL LINE 1
171.03 16600.00
FINISH

G-12A-10

.00

.00
.00
.00
.00

.00

.00
.00

FAssA ,n\\‘

.00
.00

.00

.00
.00
.00
.00
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PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHOOS
DATE: 94/12/16 TIME: 10.36.50
EttHititttitits
! [NPUT DATA ¢
[ARRRRARRRERRARLA
I.--HEADING:
'PASSAIC 10 LEVEE
*SHEETPILE DESIGN_PENETRATION FOR WALL-COLUMN

[1.--CONTROL
CANTILEVER WALL DESIGN
LEVEL 1 FACTOR OF SAFETY FOR ACTIVE PRESSURES = 1.50
LEVEL 1 EACTOR OF SAFETY FOR PASSIVE PRESSURES = 1.50
I11.--WALL DATA
ELEVATION AT TOP OF WALL = 178.10 (FT)
IV.--SURFACE POINT DATA
IV.A--RIGHTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
.00 171.50
500.00 171.50
IV.8-- LEFTSIDE
DIST. FROM ELEVATION
WALL (FT) (FT)
.00 171.50
500.00 171.50
V.--SOIL LAYER DATA
V.A.--RIGHTSIDE LAYER DATA
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES =. DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE Of ANGLE OF <-SAFETY->
SAT.  MOIST [INTERNAL  COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT)
120.00 115.00 .00 1000.0 .00 .0 167.90 .00 DEF DEF
126.00 120.00 .00 2000.0 .00 .0 162.50 .00 DEF DEF
126.00 120.00° .00 2000.0 .00 .0 159.70 .00 DEF DEF
126.00 120.00 36.00 .0 .00 .0 155.00 .00 DEF DEF
126.00 120.00 37.00 .0 .00 .0 DEF DEF
V.B.-- LEFTSIDE LAYER DATA ’
LEVEL 2 FACTOR OF SAFETY FOR ACTIVE PRESSURES = DEFAULT
LEVEL 2 FACTOR OF SAFETY FOR PASSIVE PRESSURES = DEFAULT
ANGLE OF ANGLE OF <-SAFETY->
SAT.  MOIST [INTERNAL  COH- WALL ADH- <--BOTTOM--> <-FACTOR->
WGHT.  WGHT. FRICTION ESION FRICTION ESION ELEV. SLOPE ACT. PASS.
(PCF) (PCF) (DEG) (PSF) (DEG) (PSF) (FT) (FT/FT) :
120.00 115.00 .00 1000.0 .00 .0 167.90 .00 DEF DEF
126.00 120.00 .00 2000.0 .00 .0 162.50 .00 DEF DEF
126.00 120.00 .00 2000.0 .00 .0 159.70 .00 DEF DEF
126.00 120.00 36.00 .0 .00 .0 155.00 .00 DEF DEF
126.00 120.00 37.00 .0 .00 .0 DEF DEF
VI.--WATER DATA
UNIT WEIGHT = 62.40 (PCF)
RIGHTSIDE ELEVATION =  178.10 (FT)
LEFTSIDE ELEVATION = 167.00 (FT)

NO SEEPAGE

G12R-1l

PASSA.OUT
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VI!.--SURFACE LOADS
VII.A.--RIGHTSIDE SURFACE LOADS :
VII.A.1.--SURFACE LINE LOADS 6 7C (I‘
DIST. FROM LINE LOAD o

VALL (FT)
.00 10800.00 10.9 K

VI1.A.2.--SURFACE DISTRIBUTED LOADS
NONE

VI1.B.-- LEFTSIDE SURFACE LOADS
NONE

VIII.--HORIZONTAL LOADS

VITI.A.--EARTHQUAKE ACCELERATION = -00 (G'S)
VII1.B.--HORIZONTAL LINE LOADS
ELEVATION LINE LOAD

(FT) P
171.03 16600.00 6.6%

VIII.B.--HORIZONTAL DISTRIBUTED LOADS
NONE

6-12A-12



PROGRAM CWALSHT-DESIGN/ANALYSIS OF ANCHORED OR CANTILEVER SHEET PILE WALLS
BY CLASSICAL METHODS 7 ﬂﬁ 7
DATE: 94/12/16 : TIME: 10.37.05
SRR RN RN R R R AR RSN TS
*  SUMMARY OF RESULTS FOR ¢
t  CANTILEVER WALL DESIGN ¢
ettt isaeetretiitostin
1.--HEADING
'PASSAIC 10 LEVEE
*SHEETPILE DESIGN_PENETRATION FOR WALL-COLUMN

11.--SUMMARY
RIGHTSIDE SOIL PRESSURES DETERMINED BY FIXED SURFACE WEDGE METHOD.
LEFTSIDE SOIL PRESSURES DETERMINED BY FIXED SURFACE WEDGE METHOD.

MALL-BATTOM ELFVY. (ET3. :
PENETRATION (FT) H 21.02
MAX. BEND. MOMENT (LB-FT) : 92918.
AT ELEVATION (FT) : 162.45

MAX. SCALED DEFL. (LB-IN3): 3.0392£+10
AT ELEVATION (FT) : 178.10

(NOTE: DIVIDE SCALED DEFLECTION BY MOOULUS OF

ELASTICITY IN PSI TIMES PILE MOMENT OF INERTIA
IN IN**4 TO OBTAIN DEFLECTION IN INCHES.)

6-12R-/3



COMPUTATION SHEET
U.S.ARMY ENGINEER DISTRICT
WILMINGTON N C

DESIGN ANALYSS

12-14

DATE

-1

SHEET No._ & OF 9
- ————————

COMPUTED BY:

ML

CHECKED B8Y:

PROJECT:

PASSAIC

(O Levep

FEATURE: DETEQN\INE SHEET'P\L_L« SECTion]

P A@

[42 4

:Smd

SRR EEREEEEE. -:::"":'! """ - T
- Cmcf&%«ajﬁhm 4 ! My ___' ; £3. 3$XZH' ’05’ é’”ﬁ "f_‘:_-i_-' -
e B _zs.&‘f’% P plere i e

R ———

;}S_ﬁgﬂpw ‘.:rt.et.

———m ————— ——

97:‘3 KFT/FT

it RED-

” . ".V_.' .

__ - : - —— . . “7}}:"" . I
e SN S———— - - L "“0 9‘*‘ 35 =27 lhtsrr ,4325':
“Teeterae, sl = seom o1 ATL

-For.A.s.Tzl o .
' ,,,M i“‘:‘?z‘lx- i&érr"':f

ol
Lo

L

v

';::2_&4—-—
aﬂi‘ﬁt;_

=

]

5;3 ?‘—‘-1‘4'34 2

o -K‘_’I.‘_

Qse” m REBSTAT AGVTMENT |

_-__L:;irﬁ_ e ‘::ﬁfc—'—m——PIZT tcsr.wuszx—:;_::_'_—;
“—»————--!L—- .%—.— ——— ——— iﬁ ———— % -——
S—— N - f“}.i"_"'_',""_'."_'_":___..___ S B bbb S—
A S FE A s Ao SOV B
et S SO
CTITTTII T L L T TIIT TIT TILITI
e it SO S Sspo hmty wS s S e —
e Al R Rtmee— S —— i Ei—
[T Sh e e B Sl T
AR o z O N S S T
- —— e - [ — ——— e —— —— - R
R il R U S OSSR
- —— — . M Ut E J ————
e i : e e b e
; A | LT S R
i : ! DGR -
. ' ; i

SAW FORM 472 REV 17 APR 1980



COMPUTATION SHEET

U.S.ARMY ENGINEER DIS
WILMINGTON N C

TRICT

DESIGN

DATE

COMPUTED BY:

PROJECT,

2-14-94
MLUE

SHEET No.

CHECKED B8Y: -

9 or

ANALYSIS

1

Prosarc [0 Leves

FEATURE:

PeFleaiog c,l/\cug @ ABUMELT

o :

;:::;::;: ::"_:._F_epm chwrae ‘Pe.lmoar i ‘:.i: o
L DERES6N ; D\ = 3 0392 g‘/o_"i LI LR EE
- B o I T TEL ...;_-...__7__ e
......... i SR SR el DI R e

"""" N USRS 3, 0332Z% 10, x 2" CLUTIRI L L
SRR I e e e e e T T
ittt R i.] ' z"‘”"J (30 Z/J)(f?-e) '_? R o
- .— . q- e SR Rt ]
e L 1 5 78 - — 7 JOBIGH T S——
. = AR e T

35 Fl:.. _}N $1 O c ..... __Z_J“D_ﬁ_'L—q—ﬂi

7—-—-——]

;= el

e

-

- ﬁ_ e

"
e ax
PR,

ISR

M

- '»ZF_F —%T' i

x

#

" f ot Ml
N P T
Dbt el S

—;.‘1 H lg'kl }\‘LI

i

]I

mmm;’@??ar— o
B I 3, 0397 x‘rO“_‘Z‘ [

:_‘.-—-

ftﬁ,—!iv 7T

| — o = : MR RS MV
i AL 20 22 0150 0 £ 4 G D e
______-:__ —_ ‘;7 N — 1 = -

[T o ) SO S SR
e S e e
b e r___ - L I . B
S A S T et e—
e e . _ I R I o ]
R PN WD N ! T
. _ - - —_ - . —-——
P ——— e e—— - - - —_— Coy e - - - ——— -t in —
L. — e e _,%__ _ _ e ——p—— ___:__ —_——
e Ty - s e —— e T e T "__:‘__’_:
I IToIIITITIT o S S D R
S SR i S I TS

! I
(S S - e — e e ] e
- - lt - H e emme b v em i —— - m——— m——= % ~A— - :
s I LTI SRt
R SR RCSOeRE - -
|- - |-

- i

SAW FORM 472 REV 17 APR 19

80

G-12A-J5



COMPUTATION SHEET
U.S ARMY ENGINEER DISTRICT
WILMINGTON N C

pate_ {7 —\1(-9 ’-\

SHEET

COMPUTED BY: MU

CHECKED BY:

PROJECT. PAssAI L jo Leuec

o3

DESIGN ANALYS|S

No. [/

————

FEATURE: Compule T-WALL weiskd per FooT™

; |iI'IfiﬁiZ."Tff’.’?iﬁjfijiﬁ’Zﬁffﬁ'I..ﬁ
RO WEIGHT : 2 area:  {78..1= 111 5}7‘1 = &i,(/ '::f'_‘_l.i_:_; o
! S DD ;'x,.h(‘:;:':.:::g_:;z,i....._::_;,;,::.. S
et R ST T | FUR e
Sl 5 N E ! = e e s | AR A T o
SN ol B NS R P 5 R
o i N __2! ' N Bt
AU [ DO e = ._,4...“[{_._._...._ . - - T
N 1 ; B SRR TS NP § [ s
Wvieipny oy § S Wy LT e T LI A e
T o i L T T wets f —
o e e T T T T T T T e
L T farp - SR Ipeihontsin G
— __tﬂj’gf_wro SHEE'!‘*PICE:?mq:m;:.": S
et ! o et i U — e 48 BN
________ﬂf il W, = LE5x%-2; 4_235, ﬁg &3 ‘K_,{H" I e
i T — S B e T
' QL : ! 1 i A I | : ' R
— ; T
________ ] e R
. o i = = S
e e e e
——— T i s i
s Sy i SO iy o el el e e e
—_—_— R IL__ - S : ek RD LS U S Sy ;
—— o ——— A e b e e ]
I e SR St S S S
— . S S St S —
- T T T L T s T s s T
! il et b e i — i R —
N ————— e —} ———— e ———-——-'———rr----———————»- ————— - —
s St S0 S — B ———
-t —- - L T F-— B p——— —j”" ———]
S s 5 s ot S SO
y "‘:.::_‘:%" = il S s e e e ]
Ep— . | ST e e
R —— e T et Eihr PR et
il R : i e — oot
AP o L e
- B i . . ---
. i e o 1 -

SAW FORM 472 REV 17 APR 1980



COMPUTATION SHEET
U.S.ARMY ENGINEER DISTRICT
WILMINGTON N C

DESIGN ANALYS|s
DATE 12-14 - 94 SHEET NoA__2 or
COMPUTED BY: mLsa CHECKED B8Y:

PROJECT, Passare |0 Leyee,
FEATURE: .DCA"UMMJ(, R‘lﬂﬁl’/((M‘q{" 1 I:-WAL,‘_

) .AAI,.",..A.v L S Ve T
y ynu Baasanle-y “""‘“ DeTermiMe | THe | sTeul. ﬂecvﬁp .ATT.HB 'C*\um.\_
? S RS RS ._.,'secrams““  - Ao
. IR o W et sr:chdNL M, = ,‘GZ;Q;\;_I;':' bibet ;o t ,g :
IR aa e .4.,,114...'N\;.'-i:2:;'ﬁ91¢ﬂ' I S
\TI25] = - IRV - Pt N -
724 verns g - o W FAr 24915 546 B ket
H - [ - P e u il SRt Sy st Tl e Akt
e s ! By — P ORCUOON L - [ L_Tbéfﬁéz--)(—ll-b"—r--x-l L) —
AU s [ F St et RC RS Ry
- [ T s M zﬁ"-:tl?-é&gfr““::"? P R S
i ) (SO M R TR M =14 fo-—‘bB =23, ﬁfncrr ]
................. S S, ie— - ',___,_ —_— | S e ]

e mmener: S L e

- i SR IR A SR AR - ] ]
iy iy Ry © -3 ° 117 2 L. L Mol Rt j ]

- -A ."rli_’z—m—‘sbj-r‘lf_g-!ls- , .

2

e Q‘:":J "=:_C;' —— - =
e — m)(a*q‘)::; a: ei(tiu)f C.F')'_( f::_‘__‘::i;"—'—_v'_— St

———— } + T

——— __L___ ——

Y ‘""_:_:_‘::t *:"_E}é‘i :{3 - % ?_______
————————} Al ._.{':_—,_9 N A A reAY e
- I VlJa - Uau

S N R

—_ —— e _._..[_‘..,-_.3... —-_.I_&P_K PT____ _____ SOOI

R e ] SRS . ¢ LA IR |

PO o S A

—"‘::“5}\& Lf’w;e ._--Eft -:»4' —@

,_] —_———— -} ——— e - —_—— .= l. —
LT . '__f._:'_"“ = R
- = ;‘ = 1 : - e—— [P - - — e e——
I . .-—-}- SN S e —
- - ' - ' : o e _ ]
i N i P Lo B} R
! . i i - — -
S i . .




COMPUTATION SHEET
U.S.ARMY ENGINEER DISTRICT DESIGN ANALYS[s
WILMINGTON N C oare__[2-14-F4 SHEET No S ofF 3

\
COMPUTED 8Y, M (/A CHECKED BY;

PROJECT, Passaic 10 Levee,
FEATURE:

—_—_—

iy s 240 l_fs;; b5 i Lzeazs. |

R -¢M el VA ety S —
et ma- - tlz.s_-___gf"“‘—é]q/ - _gi_ —— - ‘
R B e Rt T o] e T
e .'_~_¢M N..Z__Mu?'._ﬂ":;":_ N :‘.‘""‘T)—*"'—_-__im R R
SNt S ?3[;'.55 7 -23 5;'5 K:f'—'clﬁ.' e :_7_‘::‘_:::
e e TS P v e g ——
[ s — I RS U S

: ——— e —— F P S ——————nbe T T
SR e S S b S T
- T T T T T T T e e e i
- S - o — —

1‘;7_ — e : . . - 1 ]
T ! — T—
—— - . — T
: L b S - S I IS S
— e
n: 1t T - ':
(NS U S R T T - - i - 1T
— T e | - - - —_— ]
! e — F. —i- e e —
S A O Si i =
T e b e e T T T T T T T . —
T A S B G— [ T
- S R B s S —
e S — S SR
e ——— P e e S O W
B S— o B I SO s SO
I (el e S SRt A
S — I‘ ‘ B S - A S— R S —
e T e S S SN S
poivaa M B - _{ RS et Evt—— S
S N LS R S
1
[ S S BT B
3 - R S _.T, —_——. .___._A.‘_]L e e e ]
1 —— e . . ! e i =
T .'IL,L_ 1 : CVUILTIITTTE e e
N B, i ' : f
Sp - . ! . i ...... :

SAW FORM 472 REV 17 APR 1980 G-124-1%



APPENDIX G

SECTION 13

CLOSURE STRUCTURES






TABLE OF CONTENTS

APPENDIX G - STRUCTURAL

Section 13 - Closure Structures
13.1 Scope. . . . . . . .. ... .. . . G-13-1
13.2 Feature Description . . . . . . . . . . . G-13-1
13.2.1 Alternatives .. ... . . . . G-13-1
13.2.1.1 Swing Gates . . . . . . . . . G-13-1
13.2.1.2 Miter Gates . . . . . . . . . G-13-2
13.2.1.3 Roller Gates. . . . . . . . . G-13-2
13.2.1.4 Trolley Gates . . . . . . . . G-13-4
13.2.2 Recommended Gate Type . . . . . . . . G-13-4
13.2.3 Foundations . . . . . . . . . . G-13-4
13.3 Design . . . . . . . . . . . < < < . G-13-5
13.3.1 Criteria . . . . . . o . . . . . G-13-5
13.3.2 Design Data . . . . . . G-13-5
13.3.2.1 Specified Des1gn Stresses . . . . G-13-5
13.3.2.2 Hydraulic Criteria. . . . . . . G-13-5
13.3.2.3 Factors of Safety . . . . . . . G-13-6
13.3.2.4 Pile Capacities. . . . . . . . G-13-6
13.3.3 Gates . . . . . . . . . . . G-13-6
13.3.4 Foundatlon . . . . < . . . < . . G-13-8
13.4 Construction . . . . . . . . . . . . . G-13-9
List of Tables
Table 1 Advantages and Disadvantages of
Common Closure Structures
Table 2 Gate Closure Structure Designs
Table 3 Pile Design
List of Drawings
Plate No. Description
G-13-1 Typical Swing Gate Closure
G-13-2 Typical Gate Closure Support
Structure
G-13-3 Typical Railroad Closure
Support Structure
G-13-4 Closure Structure Wall - Levee
Transition

secl3ms.wpd/8-30-95 G-13-1






Plate No. Description

G-13-5 Typical Swing Gate

G-13-6 Typical Miter Gate

G-13-7 Typical Rolling Gate with Two
Lines of Wheels

G-13-8 Typical Rolling Gate with
Stabilizing Trolleys

G-13-9 Typical Rolling Gate - L-Frame

G-13-10 Typical Trolley Gate

Attachment G-13A

G-13A-1 thru G-13A-7 Details and Load Diagrams of
Swing Gates

G-13A-8 thru G-13A-10 Pile Capacity Calculations

G-13A-11 thru G-13A-14 Railroad Closure Foundation
Analysis

G-13A-15 thru G-13A-17 Pedestrian/Vehicular Closure

Foundation Analysis

secl3ms.wpd/8-30-95 G-13-ii






CLOSURE STRUCTURES

13.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
each type of closure structure. A sufficient design effort has
been conducted to achieve this goal. Further design studies will
be performed during the next level of design. The design effort
currently includes:

-Investigation of different types of gated closure structures.
-Gate selection.

-Preliminary design of two types of closure structure
foundations.

-Preliminary design drawings of gates and foundations.
-Quantity Take-Offs.

13.2 Feature Description

Closure structures in levees and/or floodwalls usually consist
of either stoplogs or gates. Stoplogs were removed from
consideration due to their relatively 1long 1lead time for
installation, requirement for a storage facility, and need for
intermediate supports for wide openings. The most common types of
gated closure structures are swing, miter, roller, and trolley
gates. A summary of the advantages and disadvantages of these
gates is provided in Table 1.

13.2.1 Alternatives
13.2.1.1 Swing Gates

Swing gates are steel plate structures composed of two or more
horizontal girders, vertical intercostals, vertical end diaphragms,
diagonal bracing, and a skin plate as shown on Plate No. G-13-5.
Swing gates are supported by top and bottom hinges attached on one
side to a supporting structure such as a reinforced concrete wall.

The gates are closed with the use of latches that are attached to
the supporting structure on the opposite side of the opening.

Single leaf swing gates are practical for opening widths up to
about 30 feet. These types of gates are advantageous because they
require a short lead time to close and do not require skilled
personnel or equipment to operate. Greater opening widths can be
spanned by using double leaf gates with either a removable center
post or diagonal tie-back linkages, however, double leaf gates with
a removable center post have some disadvantages since they require
a facility to store the center posts and require more time to close
due to the installation of the center posts.

secl3ms.wpd/8-30-95 G-13-1



Closure provisions for both types of swing gates should
include the use of winches or motor vehicles to close the gates
during strong winds, and sufficient right-of-way to accommodate the
swing of the gates.

13.2.1.2 Miter Gates

Miter gates consist of two leaves that form a three-hinged
arch when the gates are in the closed position as shown on Plate G-
13-6. The steel framing of the leaves is similar to the framing of
the swing gates except for the addition of the adjustable diagonal
tension rods. The rods are required in order to prevent twisting of
the gate leaves due to their dead load and must be properly
tensioned after the gates are installed so that the gates hang
plumb and miter properly.

Miter gates are suitable for opening widths of up to 100 feet
without the use of a center support, the closure can be made
quickly without the use of skilled personnel. Like swing gates,
they require adequate right-of-way for opening and closing and can
be difficult to operate during high winds. However, their support
structures are more complex to design and more expensive to build.

13.2.1.3 Roller Gates

Roller gates are also composed of a steel plate structure
similar to swing gates. The gates are supported by wheels that
roll on tracks embedded in the sill across the closure opening.
The gates are operated by a cable attached to a truck motorized
winch or connected directly to a vehicle which pulls the gate open
or closed. Three types of rolling gates are described.

The first type is supported and stabilized against overturning
by two longitudinal lines of support wheels as shown on Plate No.
G-13-7. This type of gate is adaptable to wide openings, can be
closed without the use of skilled personnel, and does not require
considerable right-of-way. Jacks would have to be provided to 1lift
the wheel assemblies from the tracks during closure periods unless
the wheels were designed to accommodate the lateral deflection of
the bottom girder.

The second type of rolling gate is supported by a single
longitudinal line of wheels and is stabilized 1laterally by an
extended top girder supported by trolleys attached to the top of
the support structure as shown on Plate No. G-13-8. This type of
gate is practical for opening widths up to about 30 feet. This
closure also allows for quick closure without the use of skilled
personnel.

The third type of rolling gate consists of a series of L-

shaped frames interconnected by horizontal and diagonal members.
The gate is supported by two longitudinal lines of wheels as shown

secl3ms.wpd/8-30-95 G-13-2
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on Plate No. G-13-9. This type of gate can be designed for any
opening width and the closure can be accomplished without the use
of skilled personnel. Unlike the previous two gates, this gate
requires a wide sill to accommodate the 1nstallatlon of tracks and
hook anchorages.

13.2.1.4 Trolley Gates

Trolley gates consist of top and bottom horizontal girders,
secondary framing, and a skin plate as shown on Plate No. G-13-10.
The gates are suspended from trolleys running on an overhead rail
and beam attached to the supporting structure. The gates are
opened and closed by a winch similar to that used for roller gates.
Trolley gates are practical for opening widths up to approximately
60 feet. The closure can be performed quickly without the use of
skilled personnel. A good seal against irregular surfaces can be
attained with this gate, however, the gate is susceptible to its
overhead support members being damaged by vehicles or other
sources.

13.2.2 Recommended Gate Type

For this project, a swing gate closure was chosen due to the
short lead time required to make closures with swing gates, the
sufficient amount of right-of-way available around most closure
sites, the ability to perform the closure with unskilled personnel,
and the relative reliability of this gate versus the other types of
gates considered. In general it would take about 45 minutes to
complete the closure of a roller gate compared to 15 minutes for a
typical swing gate. Roller gates run on tracks which could become
filled with dirt and foreign objects that would need to be removed
prior to making the closure. If this was overlooked during the
closure, the gate could come off its track which would then require
additional time and egquipment to complete the closure.

A formal cost analysis for each gate type was not performed,
however, swing gates should be less expensive than the other types
of gates considered. Swing gates have lower erection costs since
they do not require tracks, wheel assemblies, or overhead rails as
do roller and trolley gates, and require less complicated shop
fabrication than miter gates.

13.2.3 Foundations

Foundations for two types of swing gate closure structures
were designed, a typical pedestrian/vehicular closure and a
railroad closure. The pedestrian/vehicular closure structure was
designed to resist the hydrostatic forces produced from a 10 foot
high by 30 foot wide gate. All loads would be transferred to two
3' X 3' vertical cantilevered reinforced concrete members which
would transfer the applied loads to two separate footings of the
structure. The typical railroad closure structure is based on the
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design of a Southern Railroad closure done by the New Orleans
District. This design would have one continuous footing to handle
the train axle loads. The use of a pile founded structure was
chosen due to the large applied forces on the soil below the
structure, poor soil conditions, and the high groundwater table.

13.3 Design

13.3.1 Criteria

a. EM 1110-2-2705, 31 March 1994, "Structural Design of
Closure Structures for Local Flood Protection Projects".

b. EM 1110-2-2105, 31 March 1993, "Design of Hydraulic Steel
Structures".

c. EM 1110-2-2502, 29 Sept. 1989, "Retaining and Flood
Walls".

d. EM 1110-2-2504, 31 March 1994, "Design of Sheet Pile
Walls".

e. Shore Protection Manual, 1984, Chapter 7, "Structural

Design: Physical Factors".

f. Manual of Steel Construction, Second Edition, 1994, "Load
& Resistance Factor Design".

g. ACI 318, "Building Code Requirements for Reinforced
Concrete".

13.3.2 Design Data

13.3.2.1 Specified Design Stresses

a. Concrete f'c = 3,000 psi
b. Reinforcement Steel fy = 60,000 psi
c. Structural Steel (ASTM A36) fy = 36,000 psi

13.3.2.2 Hydraulic Criteria

The location and size of all closure structures were
identified based on a field investigation and survey. All closure
structures are shown on the layout plans for the central basin and
tidal area protection levee/floodwall systems in Sections 10 and 11
of this appendix. Sill elevations for each closure structure were
based on existing elevations at the prescribed site, and top of
gate elevations were placed to align with the top of the adjacent
floodwall or levee.
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The dynamic forces due to wave action were considered for the
tidal area protection floodwalls.

13.3.2.3 PFactors of Safety

The structural design of the piles for the closure structures
was based on one load condition and was considered a normal load
case. The factor of safety for this normal load case was taken to
be 2.25.

13.3.2.4 Pile Capacities

Due to the poor quality of the underlying soil, a pile founded
structure was chosen for design. Reference Appendix E -
Geotechnical for a further description of the existing soil
conditions. The pile foundations were designed by transferring all
loads applied to the structure through a rigid pile cap and
converting the applied loads into axial forces acting on each pile.
An ultimate capacity of a timber pile in soil was determined using
the methods presented in EM 1110-2-2906. The above factor of
safety was then applied to the ultimate pile capacity to obtain an
allowable pile capacity for the normal load case.

13.3.3 Gates

Nonbreaking wave forces were determined for the closures
located along the 1lower ©portions of the Kearny Point
levee/floodwall system using stillwater elevations and wave data.
The calculated nonbreaking wave forces using this data were less
than the calculated hydrostatic forces produced from a maximum
flood load with the water level placed at the top of the gate on
the unprotected side. Hence, the gate was designed to resist one
normal load case with the maximum hydrostatic load applied during
a flood event.

The steel swing gates were designed in accordance with the
Load and Resistance Factor Design Criteria for Local Flood
Protection Project Closure Gates as provided in EM 1110-2-2105.
The gate design is shown on Plate No. G-13-1 titled "Typical Swing
Gate". A single swing gate 1s shown. A double swing gate would
have two leaves with each leaf attached to hinges at the vertical
support member and would meet at the center of the opening. The
double leaf gates would have to be stabilized by either a removable
center post or by diagonal tie-back linkages.

The structural members including the skin plate, the
intercostals and the top and bottom girders were designed for
several typical gate sizes. For example, the intercostals were

designed for 8 foot and 10 foot high gates. The girders were
designed for 8 foot and 10 foot high gates with opening widths
(span lengths) of 15, 25, and 30 feet. The closures with 50 and 60
foot opening widths would have two leafs with equivalent span
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lengths of 25 and 30 feet respectively. The skin plate was designed
assuming a 2 foot span length between intercostals. Refer to
Attachment G-13A for a graphical representation of the design loads
applied to the gates.

The results of the structural design are shown in Table 2.
This table shows the opening width, gate height, and primary
structural member sizes for each size gate. The gates with opening
widths of 30 feet or less would be single swing gates and gates
with opening widths greater than 30 feet would be double swing
gates. Double swing gates would have two gate leaves that meet at
the center of the opening. The gate dimensions "W" and "H" and the
structural members "A", "B", and "C" are keyed to Plate No. G-13-1
titled "Typical Swing Gate".

Table 2. GATE CLOSURE STRUCTURE DESIGNS
NUMBER OPENING GATE INTER- BOTTOM TOP
WIDTH HEIGHT COSTAL GIRDER GIRDER
"W" (FT) "H" (FT) A B C
1 5 6.5 WT 4X6.5 W12X26 W12X16
2 10 7.0 WT 4X6.5 W12X26 W12X16
3 10 10.0 WT 5X7.5 W14X30 W14X22
4 15 7.5 WT 4X6.5 W12X26 W12X16
5 15 8.5 WT 5X7.5 W14X30 W14X22
6 20 6.5 WT 4X6.5 W16X40 W16X26
7 25 7.6 WT 4X6.5 W16X40 W16X26
8 30 8.0 WT 4X6.5 W18X50 W18X40
9 30 9.0 WT 5X7.5 W21X62 W21X44
10 50 6.0 WT 4X6.5 W16X40 W1l6X26
11 60 Lo WL 2X6.5 | W18X00 | WI16X40 |

The steel gates would receive three coats of a high build
surface tolerant epoxy paint system with an SSPC-SP6 (commercial
blasting) surface preparation. This system has been shown to last
approximately ten to fifteen years in seacoastal and heavy
industrial areas. Also, since the gates would receive minimal if
any maintenance during the 1life of the structures, all of the
members described above were nominally increased in size to account
for section loss due to corrosion.
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13.3.4 Foundation

The use of piles was chosen to found the closure structures.
Piles were chosen due to the large forces of the loading conditions
acting on the soil below the structure and the existence of weak
silts and clays in the borings. Also, it was apparent by site
visits to the tidal area protection and central basin sites that
most waterfront structures are founded on piles, and engineering
plans of nearby structures include pile foundations.

Timber piles were selected due to their sufficient capacity
and the fact that they are considered economical for this small
application. Chemically treated timber piles tapered from 12" to
7" in diameter were selected.

The design of the foundation was governed by bearing capacity
and settlement criteria of piles in soil. Criteria for bearing
capacity and settlement are included in EM 1110-2-2906 " Design of
Pile Foundations". Refer to Attachment G-13A for the pile design
computations for the closure structures.

The ultimate pile capacity based on tip bearing and skin
resistance was calculated for a 40 ft. timber pile fully embedded
in the soil. This value was calculated in accordance with criteria
given in EM 1110-2-2906 "Design of Pile Foundations" and guidance
from R. Koerner (1984). The theoretical factor of safety for each
pile was arrived at by dividing the ultimate pile capacity by the
actual pile axial load and comparing it with a factor of safety of
2.25 specified for a normal loading condition.

A pile group configuration along with the number of piles
required to resist the design load was arrived at through trial and
error. The critical loading condition involved the weight of the
gate and the hydrostatic forces from the maximum flood load applied
from the gate to each gate support and transferred through the
rigid pile cap and converted into axial forces applied to the
piles. The solution with the smallest base dimensions and least
amount of piles was selected. The resultant components of the pile
reactions were computed since some of the piles would be battered
to resist the horizontal forces. The maximum load seen by any of
the piles in the designed configuration was 18.4 kips (for the
pedestrian/vehicular closures). Comparing the Q...... to Q.. yields
a factor of safety of 6.5 which is greater than the specified
factor of safety of 2.25. Table 3 below summarizes the loading
conditions for the railroad <closure structure and the
pedestrian/vehicular closure structure.
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Table 3. Pile Design

Type Size ﬂ bMo k'ﬁ/ﬁ bV k/ﬁ bH k/ﬂ Qult Qactual FS
Railroad | 12x18x3 303.9 207.8 110.2 119.6 K 13.20 K19.1
Ped/Veh 10x15x3 403.2 149.6 97.9 119.6 K 18.40 K| 6.5

The pedestrian/vehicular closure structures would be supported
directly on two reinforced concrete pile caps with dimensions of 15
feet by 10 feet by 3 feet thick below each gate support. A
reinforced concrete sill would extend between the two pile caps.
The tops of the piles would be embedded at least 6" into the cap.
An array of five rows of three piles each was selected for each
pile foundation. All five rows of piles would be battered at 2.5V
to 1H to resist the horizontal loads on the structure. Reference
to Plate No. G-13-2 for details of the pedestrian/vehicular closure
structure.

The closure structure foundation for the railrocad closures
would be larger than the pedestrian/vehicular closure. The pile
cap would be continuous across the gate opening and be 18 feet wide
by 3 feet thick by the length of the closure. Piles were placed
under the gate supports and under each rail. The piles under the
gate supports were placed in an array of six rows of four piles
each and were designed to resist half of the gate, structure weight
and hydrostatic pressures. Of the six rows of piles, four of them
would be battered at 2.5V to 1H to resist the horizontal loads on
the structure. The piles under the railroad tracks were designed
to resist the Cooper E80 axle loads. Refer to Plate No. G-13-3 for
details of the railroad closure.

Closures adjacent to levees will require a transition section
between the closure structure walls and the levee. The transition
section is 35 feet long and consists of sheet piling and a sloped
concrete cap and is based on the detail given in EM 1110-2-2502.
Reference Plate No. G-13-4 for the closure - levee transition.

See Appendix E - Geotechnical for a discussion of the results
of the settlement and seepage analysis performed for the
foundation.

13.4 Construction

The closure structures would be built using fairly simple and
standard construction practices. The top of the footings for the
closure structures would be located two to three feet below
existing grade, therefore, the excavation for the footings would
not reguire any type of temporary bracing. Concrete construction
would be performed in the dry and no special dewatering methods
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would be required. A sheet pile cutoff would be driven on the
river side to prevent any seepage and/or erosion under the
footings.

Favorable pile driving conditions exist at most of the closure
structure sites and it is anticipated that standard pile driving
methods would be sufficient for construction. However, a few
locations at the tidal area protection and central basin sites
contain a considerable amount of development along the water front,
and it is anticipated that occasional obstructions within the fill
at these locations may be encountered during the pile driving. Any
remnant building foundations, abandoned pipes, construction rubble,
wood, tree stumps, etc. uncovered by the foundation excavation
would have to be removed. Special measures at these locations may
be required to penetrate obstructions or dense zones below the
immediate surface to facilitate the installation of the piles.
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ATTACHMENT G-13A

THE FOLLOWING SHEETS REPRESENT A SUMMARY OF THE CONTROLLING DESIGN
LOAD CASES FOR THE CLOSURE STRUCTURES. COMPLETE DESIGN
CALCULATIONS AND QUANTITIES ARE LOCATED IN THE OFFICE OF THE
PASSAIC RIVER DIVISION OF THE US ARMY CORPS NEW YORK DISTRICT.
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Passaic River Flood Damajc toundahon Anclys;.s'

'Ré.duc“oﬂ Prth(Jt CJDS ure S{'ruc m(cs

Bearing Capacity and

QS =A550
Qo: AP P- + ASSO

For _point resistance ,(SO"’ layer beneath +pp 30 Fut)

g=x¥'2 the pile.

¢ = cohesjon = Hoo _‘Vé_t"

B= 0-4¢7 for tip of pile
4= '-a.w(sv.s-,mc) Yo’
= 1012 psf

eNe + }Nﬁ— for c ¢ ¢ seils
4oo (10.98) + 1012- ( 3.94)

yiqz + 39%#

8,339 psf

P
[

For skin resistance (im top 9(0' layer -- sil}y SAMD> Assome -

Se = Ca + T tand W= kY'z

Se = umit sk'in resistance at the midpoint of the stvatum inm queshon
K = earth pressure cpefficient ( Table 2.11°)

Co = Mhes;on, Which 15 'a fonction of ¢ ( Table 2.12)

d = P.lle + soil €richon Ansle) which 1s a Punchon of & (Tapie 2
Z = 4verage deptn of Stvatum 1n gueshen

K= 2.0 4£or Lvose Sawd - Drven Piles = kK¥'2
d= 0.85 ¢ for Timber Piles = 20(62.5pe0 ) HE)
= 2500 psk

%)
o
!

0 + (2500pst) tan 4
2500 tan (0-85x28%)
“03 p_{-(

SK')V\ Fr;LhUn
Plle C&paCt}y
References : Construction and Geotechn ical Methads in Foundaton Fnéxne'?ri"j ) err?ner-
1984
Ultimate Pile Load Qo = Qp+ Qs Q= Ap P

Po = point resistamce
S, = skin resistance

(=4
g .
ps= cNc + 7_/\/’_ + Wa Note: The [Jast Ferm 15 r)ejlea‘ec/ io
cmpcnsd.#'e for the weight of

3= overburden preéssure ?_: to be ealeulated
Ne ;"Alj_ = bearing eapacity factors Ne= 10-98 , My = 3-9‘/('7:9.2-3 *Tahlei.s)
< = overburden reduchon Value = = (Table 2.9) = O.¥#¥ -..f,-..b_D,:,Lin
. . . . B s 6Ot~
X' = effechve (w*-_'ersdD unit wi. of 504! ¥'= (120pef - 42.5 pef) = 535 pek
D=2 =deptn of embedment . 2=D= %0’
B = Arpa of Pile ] ] ¢=15°

=0
$=28°

X = 125 pef
X5 = 6251"‘

S12)
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| Foundahon Analysis -
Closyre Steuchures Ulhmate Bencing Capacity

Determine +he uvlhmate C.A.paCH’}/ of the selected Timber Pile -g,ccord.'.,j
o stnbe design methods " with a Factor of Safety of 4.0

Qo = Ap po + AsSe Q.= vitimate p}lc | aad .
gt Qp = load earried by pile pont
Go= —5—(p.) + WdLs, Ap = area of pile point
R S Po = ulhimate shear resistance of soil
= TCEL (g 3w pst)+ T (23 )(40°) (103p)  bemeatn the pile point
. . G = load carried by p'lle shaf +
= 4534 + /5, 0%y Ag = surface area of pile sheft
00 = //9, 578 Ibs. So = UH‘imq'l-g Shear rgsfsf-ance of so1l

adjacent topile wrtn Pile material
d = eroys sechonal area of »Pl'le
. B L= depth of embedmend
The allowable p]lc co.pd.éa"y besed on
an FS of 2.25 s
= Qe
Qa Fs

= Hq,s%2
2.5

53,74¢ 1bs.

Chect. FS after P.l" arrdnﬁemeh+ des;ﬁn

Seil Conditions
Layer 1 030" Silly sAND

Layer 2 30- 8% claye/ SILT
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| Pile Arrangement DQS;Sn,

References : EM-1110-2-2906b

With +the ezlcvlated allowable beAr‘;hﬁ c.apa.ci‘l'y of the pile and
the summaton of Horceg a,ch'ng on the s01l duve o the proposed
, an approximahon of the number of piles needed can
be performed. The approximate number of verheal piles needed
cav be ecaleulated us';,,9 the Summabhon of the verhea| Corces. The
a.pproxw:na+e nomber of batter piles can be calevlated '-"5""5 Yie
Summathon of +he horizontal €ovces.

Structure

Approximete % of Verheal Piles

SV = 20%800 _ , ) :
RIEN) -7(53,w2) 5.6 piles VSe & piles at least

APPraxl;\an 3= of Baﬂef‘ P)les

ZH . 92900 _  2.6gles  bather at least 3 of fhe
FlR) RYGATTD) b piles
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| p\m\road C‘OS«rtS Pi‘g, Reachons

The proposed siruclure consists of a tw;nj 3“‘“’" closvre shchre
between two colums with a concrede sill +o Prov.)dt a leve]
edge for the bottom of the gete +» rest. The column have
_a r&cﬁnﬁulm—- base with the dimensions of 187x 127 with
a thickness of 37, A P-»)c arrangementd was J,es;gned
for this 18/X12' bese. The base will act a5 tHhe prle cap
as well  with the tops of the P;Ie,s embedded 1n tha cap <+ least

6 inches.

The forces fvom the Struvehure and the Jﬁs:angd"'w:ns@und‘lh'oﬂs
are as Lollows:

EV. = 208K
=H = oz =%
TM = 3039 K Feet

To simplify the cdlevlations, a 3/ .strip of the 12 widtheof +e
base was amnalyzed. The loading was factored for Hhe % 7/section
,a”d the pile reachons were determined.

TVe 222 zvi= . migoK

TH= MOZRT, 3o oo

12
ZM"- IV-e _ es eccenfr-:cify from ée&er ofsmvl"}y
= BL95%x 1947
=M _ "303-1 -
= 7EgsR e= Fv = “2ons I’

There s no ecc:.d»r-c}iy of hve center of jrav‘ﬂ'y of tle P.Lle grivp, becavsd
they ave lad ovt syrimetrically. Therefovre 1t +otul QCCMH-WN‘)’
(e) s %u@l o He e,ccewh-'-cib of tue resultmuvt of Tue Porces

onlhy.

Ca.lCull‘\'\omS d = distance Fom each P-Ile o ¢9. of qr
Row d) d 1'(Pik &’) pile £t w;;l.g:l é’e:;.:‘::? -¢ "
\ 7.5 5e.3 UL Rt A 5 25 B3

2 4.5 0.3 35 g4 - B8 - 0.8

3 .S 2.3 105 g.oC+ 2L = 4y Kk

Y4 1.§ 2.3 105 8bp — 2K = *.9 "

s 4§ 2.3 35 R N Y

¢ %5 56.3 21 66— X = 5o ™

b P

Z15%.¢ Pllt £

G -/34-))/



Ron"\rood Closares Pile Reachonc

Row | expPeriences 3.2 K, which s taken all lo), one P;)e

becavse there ¢ a tptal of ome pile per row for the 32/ sech on

an aly $‘l.f

The marimum load e,‘Pe";e"C—Cd by a F;:le n Ps

arrange mend
1S 13.2kies

; which 15 less Hhan 4he allowable oAPa.c;-?'y of 53.1 %
which  was previously aalculated. Thersfore the foundation
1S acceptable with respect to bear3n3 Qq.PacHy.
t .
RS = By = ’%ﬁ-.?%= 33 > 2,25V ax.

Hovr'zontal Loads ow  Piles

’ xips s .. . . . .

Assume 2 /P\\e resisted by momenty | piles combined with

assive resistance of soil
P

2%pde (¢ plec) = 7 ®iPf Therefore batter piles for {EH - 12 )

o 24.5-12. = 2.5 KPS

T= b b5

T 32 432 04

-l

1 a4, 1.9 < 2.0
[
123K
(A
v, &8,
Row Conqonsnt (Ayx-%
! 12.3% 4.92
" 2 0,8 4y.32
3 9.¢ ¥ g= %o M6
4 7.5 3.6 T= N.1b ot
PAVEN YR 4 5 ‘,S’
K
9.¥ . ol
WH-130 24 sz2.0 A6
7'7‘ 6?!‘31
. .. Batter Row % as wel|
l.sxl 27.%%6.1 b - nf9<¢ 2_0\/0<
| 6
Lo "I
TH= 2360~
) 2 = [’ «
Maximun P,le Reac hon = /('7'3)"+(‘~ML) = 13.2% < 2¢ \/ 2 K.
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Passd\c River Fiood Conbrol

Radroad (losuees
Foundation Analysis

Pile Af‘ranjemen‘(‘
127 x 12’ x 37

TN .
o O 7 Olle
_ - b rerea)
/_\ A\ - .
O O 3 Ol
\J (b‘lﬂbtd)_
/_\ AY
T (- £ 3 (j) fon 3
. \_/ N ‘ Qzaﬁ‘-fﬂl)
3’ Colum'\ l?’
I /\ . S —
) " £ — Row
S N / \\j - (l»ﬁ"ered)
™ - N ——
vor ) 4 ) o+ ) Db Row S
~— N \/ e (ver{{ml) .
3.0'
= '\\?) + - w b
- ' — (verhcal)
1.5’
‘i’ Y
— 1.5 3.0°
. .y S
Foo'H-\a V2% 12" x 3:)' o Ské = ‘\?_2: o. .
Column 2'x3'x 1 »p. IS = ™4 2_: ~ - A——-::
Wall E'xt/x1'x005 = 313° = 20%6-+ 3039 ( 9 >
274 5932
'/Z wt. O’c %Q{'Q \_l,_q x = 9 y
warer wt. 7.6 x 12'x 0625 »10= §6.25% Faw ™+ #3F
sorl [(1'x2?) <157 x 17> a.28: 26,13k

M= W (e )+ 3.0 (980) F L1 (QN (v.07) ~ 4.9 (1.5) - Se.26(5:25) - 99 (10) = 303+9

I=20%.8
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Non— Rarlroad CzluSur&f
10’ x 15’ x 3°

/o’
= O O O
(La‘“‘&rg&> '
| O O O
éba.ﬂ‘ered)
(bdﬂered)
eyl O O O
Coattered )
w| O O O
(baHered)
Ne"ﬁk-}s , T-= )0(15)3/|a = 2913
FDO‘Hnﬂ }DIX15X3’ v .l ket = 725 K
Column IX3IxU x5 = jy.9 K ;: % t .1]‘-:-9-
wall L xlxy x .5 = 9.3 K
- 1996 4 403.2 (3.5)
iylwtafgn}c = gl 55 ) 2213
water bX Ibx .06 x 1D = 37.5"( = lLe Z 1/
© so)l [(lo,xls)—“/] x| x.5265 = 13.0kK g_: 2.1 nag pos o -0
; - rhax ne
g zQ 149. ¢ ”59’;5'-ble
§Ha S N3 62) + 390 (v-80) « Lae(8)(y.67) - w(/.y) - 37.5(y-5) - &3(+-=)
i = yop3.2 ¥/#
|
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Non- Ratlroad Closures ‘
15% 10'x 3’ | Pile. Reachons

W = =00

W= —F x 3= WY, 88
T s 979, z- = 29.3F

M yL9ex 2.7 = 1Z1-2

Row 4 4™ B
! ¢ % T e
2 3 9 e = 20 291 + BF = s.02 s
3 o o o= O _ 9499 - g-98 3.51
H 3 9 = 3o . gag — L2 ¥.9¢ .98 |
5§ (.36 ¥ 8% - 2L = 0.9 0.36 E=1796
Z 9
Assume 2.8 "/glc esisted by moment an piles 29.37~13.% = -4
- combined  with ppusive vesistance of soll. 3
. = 2.2¢
- 2.2¢ = 2.3
Max reschem f(17.00)T+ Gp)* = 184 K252 ok Vox.
""'F;f- -— 1191(?5 —_— - ‘.!S_,) ZOZf_/-OJQ . » UM£;3
18,400
Factor

Note : A small Change o e “’é‘ﬂ"" of The gak was made , bvt wes suek
a s wiall ch..,‘le ﬂk*.l'} lhad »c.j“j[Ll-c effeehs on e nement (MA)
+hat ot vas d::n,ﬁav'ded in the calculathions.
Ma=yo3.2F weold have Leew qo2® 1 tHe Sl-‘gl«” cl«tmj( way
dis regerded and Yo03.1% was vsed .
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PUMP STATIONS

14.1 Scope

The primary function of this section of the design memorandum
is to ascertain a reasonable cost estimate for the construction of
each type of pump station. A conceptual structural design effort
has been conducted to achieve this goal. Further design studies
will be performed during the next level of design. The structural
design effort currently includes:

-Preliminary design of three types of pump station chambers.
-Preliminary design drawings of the pump station chambers.
-Quantity Take-Offs.

14.2 Feature Description

Pump stations behind the tidal area protection levees and
floodwalls would be needed to remove interior rainfall drainage
from the protected areas. The types, sizes, configurations, and
locations of each pump station were determined from prescribed
hydraulic criteria which are described in Appendix C - Hydrology
and Hydraulics, under Improved Conditions.

Conceptual drawings for six pump stations were completed and
summarized in Table 1. Conceptual design of the pump housings was
performed to a level of detail sufficient to obtain accurate costs.

Table 1. PUMP DESIGN - Tidal Area Protection
Levee/Floodwall Systems

PUMP STATION MAXIMUM REQUIRED SELECTED PUMP

IDENTIFICATION CAPACITY CONFIGURATION
S1 (Medium) 75 cfs 3 - 30 cfs pumps
S2 (Medium) 75 cfs 3 - 30 cfs pumps
S3 (Small) 30 cfs 2 - 20 cfs pumps
K1 (Medium) 75 cfs 3 - 30 cfs pumps
L2 (Large) 100 cfs 4 - 30 cfs pumps
L3 (Medium) 50 cfs 2 - 30 cfs pumps

secldms.wpd/8-30-95 G-14-1



The pump stations would be constructed landward of the levee
or floodwall and would pump collected water across the line of
protection. The stations would be placed at the most practical
location within the drainage cell to collect both overland flow and
existing storm water drainage. Runoff would be collected along the
line of protection by open trenches and directed to the station
through pipes at varied flow rates, depending on the flood event

and river stage. The water would collect in the sump until it
reaches a minimum volume that triggers the operation of the
pump (s) . Refer to Section 10 of this Appendix for the location and

identification of each pump station. Reference to Plate Nos. G-14-
1 thru G-14-3 for details of the pump stations.

14.3 Design

14.3.1 Criteria

a. EM 1110-2-2104, Strength Design of Reinforced Concrete
Structures.
b. ETL 1110-2-307, Floatation Stability Criteria for

Concrete Hydraulic Structures.
c. "Reinforced Concrete Slabs", by R. Park and W.L. Granple.
14.3.2 Design Data
14.3.2.1 Specified Design Stresses
a. Concrete f'ec = 4,000 psi
b. Reinforcement Steel fy = 60,000 psi
14.3.2.2 Hydraulic Criteria

The location and design size of all pump stations were
identified using the layout plans for the tidal area protection
levee/floodwall systems. Specific drainage areas were identified
and delineated, and a small, medium, or large pump station was
placed at the location to serve the drainage area. Optimum
orientation of the equipment, stormwater inflow pipes, building,
and elevation of the pump station would be site specific for each
pump station location and would be determined in the next level of
design.

14.3.2.3 Factors of Safety

Criteria for bearing capacity and settlement are included in
EM 1110-2-2906, with the guidance of R. Koerner (1984). The factor
of safety used for normal loading conditions is 2.0, however, based
on the limited subsurface information, the factor of safety was
taken to be 4.0.

secldms.wpd/8-30-95 G-14-2



Flotation stability of the pump stations was analyzed in
accordance with ETL 1110-2-307 which compares the weight of the
structure to the uplift pressures exerted on the structure. A
factor of safety of 1.5 was used for normal operation and 1.1 for
extreme maintenance conditions.

14.3.3 Pump Station Housing Design

The pump stations will be of the wet pit sump type, with
submersible electric propeller pumps in a vertical arrangement.
Pump stations equipped with this type of pump are smaller than the
traditional pumping station for a number of reasons. The primary
reason is that the sump size is determined only by the hydraulic
requirements of the pump and is not used to provide housing for the
motors and ancillary equipment. The pump sits in a tube that
extends through the roof of the sump, allowing easy retrieval for
maintenance or replacement. Stations with submersible pumps lend
themselves to use within an urban area where open space is
typically limited.

A small secured pre-fabricated metal building would be
mounted on top of the roof of the station to house the electrical
system. Inside the building, a protected access hatch to the sump
through the roof of the station would allow for maintenance access
and inspections. An additional submersible electric sump pump
would be installed in order to dewater the sump for inspection
purposes. It would be attached to the wall of the sump by means of
a sliding support so that the pump could be raised above the
minimum water level during normal operations. A 3' by 3' pit would
be constructed into the floor of the station to drain the water to
an elevation below the sump floor.

The structural design of the pump station is based on accepted
engineering practices and is preliminary. Approximate wall and
floor slab thicknesses were computed, floatation stability of the
station were determined, and foundation requirements were provided.
A more detailed design which includes reinforcement details will be
completed during next level of design. Reference to Attachment G-
14A for the structural design computations for the pumping
stations.

The pump stations are essentially large concrete box
structures that are constructed in the ground. Bearing,
settlement, and rotation calculations were performed treating the
pump stations as a spread footing.

The thickness of the walls and floor slabs are designed to
resist full hydrostatic pressure when the pump station is empty.
The hydrostatic load was increased by a live load factor of 1.7 and
a by an additional hydraulic factor of 1.3 as per EM 1110-2-2104.

secldms.wpd/8-30-95 G-14-3



The actual bearing values were arrived at by applying a
vertical load (V) equal to the weight of the pump station filled
with water minus the weight of the soil excavated for the pump
station, and dividing it by the footprint area of the pump station.
The factors of safety (F.S.) were determined by dividing the
ultimate bearing capacity by the actual bearing load. The ultimate
bearing capacity values, actual bearing loads, and their factors of
safety are shown for each pump station in Table 2.

Table 2. Bearing Capacity Parameters
Station V (Kips) |H (Kips) Q(ult) ksf |Q(act) ksf F.S.
Small 225.0 0 15.80 0.98 16
Medium 492.0 0 16.69 0.96 17
Large 868.0 0 20.05 1.02 20

Flotation stability of the pump stations was analyzed in
accordance with ETL 1110-2-307. The extreme maintenance case, when
the pump chamber is dewatered with full external hydrostatic load
applied was the controlling condition. The weight of the pump
chamber, pumps, and piping was compared to the uplift force due to
full hydrostatic 1load and an actual factor of safety was
determined. The results show that all three pump stations have a
factor of safety greater than or equal to the allowable factor of
safety of 1.1 for this load case and are shown in Table 3.

Table 3. Floatation Stability Parameters
Station Weight (Kips) Uplift (Kips) F.S.
Small 254 206 1.23
Medium 547 481 1.14
Large 978 892 1.10
14.4 Construction

The methods of construction used to build each pump station
would be site specific. Depending on the location, the excavation
for the pump chamber could be sloped upward to existing grade or
braced with temporary sheeting. Pump station chambers could be
constructed in place at the specified location, or precast at a
controlled site and transported to the specified location. Final
determination of methods of construction will take place in the
next level of design.

seclqms.wpd/8-30-95 G-14-4



It is anticipated that occasional obstructions within the £ill
at a few locations in the tidal area protection sites may be
encountered during the foundation excavation for the pump stations.
Any remnant building foundations, abandoned pipes, construction
rubble, wood, tree stumps, etc. uncovered by the foundation
excavation would have to be removed. Special measures at these
locations may be required to remove obstructions or dense zones
below the immediate surface to facilitate the installation of the

pump stations.
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