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BACKGROUND 

 

The Truman Annex basin is located on the old U.S. Naval Submarine Base on the southwestern most point of Key 

West. The basin is approximately 35-40 feet deep and was used as a diesel-powered submarine base known as 

Marker 57 until it was closed in 1974.  Tetra Tech was hired to conduct an assessment of a 350 +/- feet long 

segment of the existing seawall located on the west side of the existing boat ramp.   

 

The existing seawall appears to be constructed out of concrete sheet pile.  It is not clear from the available 

information, but the thickness and length of the piles seems to vary depending on the location and depth of the 

water at the toe.  The embedment depth along the wall is also unknown, but it appears the wall panels were jetted 

or driven into the medium density limestone rock (with a minimum amount of embedment) and now the panels 

have been undermined in several places.  The basin slopes steeply away from the toe of the existing wall. It is 

possible that the wall was originally installed in a shallower basin and the basin was deepened after the wall was 

already in place.   The video provided to Tetra Tech clearly shows the pointed ends of the sheet pile completely 

exposed.  This indicates the wall was initially installed with several feet of embedment.   

 

There is an existing wale beam located just above the waterline (during the inspection) that has been encapsulated 

in concrete.  The concrete covering the wale beam shows some deterioration, i.e. spalling and cracks, etc. The 

condition of the tie-back system is unknown and was not investigated as a part of this assessment.  The erosion 

of the seawall toe has been monitored for several years and there are voids and undermining that have been 

documented and continue to worsen.  The erosion at the point nearest the boat ramp on the east end of the 

seawall is shown in the following photo.    

 

 
Insert 1:  Video (0.22 Minutes) East End of Seawall near Boat Ramp 
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Based on a review of the video provided to Tetra Tech, the panels of the seawall appear to be in relatively good 

condition for their age.  The issue is that at several points along the seawall, those panels are completely 

unsupported at the toe.  That means the only thing keeping them in place is the wale beam and whatever 

connections are made in the concrete cap.  If the support being provided in these locations along the wall fails 

those panels in jeopardy could drop several feet and roll into the basin.   

 

At the point nearest the boat ramp, the video shows newer steel sheets (on the left hand side of Insert 1 above).  

This freeze frame shows the voids behind and under the wall.   Because the slope is so steep in front of this wall, 

it will be very difficult to stabilize the erosion in this area without using a driven sheet in front of the old wall.  

 

An April 24, 2012 report by TranSystems (see Exhibit 17) was reviewed by Tetra Tech that documents that several 

attempts have been made over the years to stabilize the toe but it continues to worsen.  The City of Key West has 

asked Tetra Tech to provide an alternative repair to the one described in the TransSystems report, and to also 

prepare an assessment for full a wall replacement if deemed necessary.  

 

 
Insert 2:  Video (7.27 Minutes), shows the point where the wall transitions from sack-crete toe protection to the 

cast in place toe protection.   Notice in the photo above where the bottom of the panels are becoming visible.   

The pole looks like it is sticking in between the toes of two panels. 
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SUMMARY & OVERVIEW OF EXHIBITS 

 

Tetra Tech performed a site inspection on Tuesday June 23, 2015 beginning at 11:30 am and walked the entire 

length of the 340 foot long segment of the seawall to observe the proposed boring locations and the buried utility 

markers.  The water level in the basin was measured between 11:30 am and 12:30 pm on a flooding tide and was 

found to be approximately 7-feet below the top of the seawall cap at that time (low tide occurred at 9:23 am on 

June 23, 2015 at an approximate elevation of 0.5 feet).   

 

Measurements of the water depths along the face of the seawall were collected using the top of the seawall as a 

relative elevation.  Additional measurements were taken using a weighted tape waterward of the seawall at each 

of the existing docks.  The results of our measurements are shown in Exhibit 1 - Depths.   

 

Exhibit 2 shows a plan view of a new sheet pile wall installed waterward of the existing seawall.  The wall assumes 

a linear installation until it approaches the existing boat ramp.  At that point the wall jogs slightly to tie in at a 

more perpendicular angle.  The plan shows 10-foot returns on either end of the wall and cast in place concrete 

corners extending down to the toe of the wall.   

 

Measurements collected during the inspection were used to create five wall-basin cross sections that can be used 

to establish the slope and develop the wall load conditions during final design.  For this report they were used to 

develop conceptual wall repair sketches. The repair sketches were then shared with a marine contractor who 

performed a constructability review and provided a means and methods assessment (Exhibit 14). 

 

Exhibit 3 shows one stabilization repair method that includes the application of expanding spray foam injected 

from the land surface behind the wall.  The foam is installed under pressure and expands once it comes into 

contact with water or air.  Injection rods are typically installed from the ground surface down to the bottom of 

the wall at 3-5 feet intervals along the entire wall.  The foam is injected until it is observed out in front of the wall.   

The rods are then slowly extracted while the foam continues to be injected on the way up effectively filling all of 

the voids behind the wall.   

 

Exhibit 4 shows the same stabilization repair method used in Exhibit 3 with the addition of the installation of an 

8-foot Fabriform Unimat along the toe of the wall.  This installation will require a specialty contractor with a 

commercial dive team to install the mat and anchors.  There are at least two possible ways to anchor the mat:  

attach the mat to the existing wall panels using long expansion anchors, or pin the mat to the existing slope.   

 

Exhibit 5 shows a typical cross section with a steel sheet pile replacement wall installed landward of the existing 

wall.  This method would not damage the existing docks, but it would be necessary to cut through the existing 

deadmen to remove the old wall.  This option was eliminated from consideration due to excessive cost and the 

environmental risk that part of the old wall could slip into the basin and would be difficult to recover. 

 

Exhibit 6 shows a typical cross section with a steel sheet pile wall installed waterward of the existing wall.  The 

new panels are typically permitted to be installed no more that 12-inches in front of the old wall.  The permitting 
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agencies will usually allow the panels up to 12-inches in front of the portion of the wall that is sticking out the 

furthest which in this case would be the wale beam and/or the concrete toe repair.  This method will require that 

the existing concrete cap be removed and possibly part of the existing panels so a new cap and tieback system 

can be installed. 

 

Pile Buck Sheet Pile Design Software SPW911 was used to conceptually design the steel sheet pile that would be 

required. Exhibit 7 is the print out from the Pile Buck Sheet Pile Design Software SPW911.  This exhibit was based 

on the soil borings collected by the geotechnical engineer using the worse-case condition located at the point 

immediately adjacent to the boat ramp.   

 

The basin cross sections and wall reconstruction schematics are included in this report as Exhibits 8 – 12.  The 

geotechnical engineering report (Exhibit 15) has indicated that the contractor should be able to vibrate steel 

sheets without punching or boring into the limestone.   Using a steel sheet pile section, Exhibit 8 shows the cross 

section near Dock 1, Exhibit 9 shows the cross section near Dock 2, and Exhibit 10 shows the cross section near 

Dock 3.  The water depths along the face of the wall increase in this area and the slope away from the toe is 

steeper.  The previous repairs to the existing wall will require that the new steel sheet pile wall be placed a little 

farther waterward and/or require the previous repairs to be removed.   Exhibit 11 shows the cross section near 

Dock 4.   Water depths at the face continue to increase and the slope away from the face of the wall continue to 

increase.  Exhibit 12 shows the cross section near Dock 5.  This particular cross section shows the steepest slope 

away from the face of the wall which may require longer sheets. 

 

Exhibit 13 includes product specification data for the DYWIDAG system and sheet pile specifications for both the 

hot-rolled PZ-27 and the cold rolled XZ-95.  Exhibit 14 includes project specific quotes requested from vendors 

and contractors. 

 

The boring logs collected during the geotechnical investigation and shared with a marine contractor are included 

as Exhibit 15.  Site Photos taken during the inspection are included as Exhibit 16.   The underwater photos are 

found in Exhibit 17 (TransSystems report). 
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GEOTECHNICAL REVIEW & WALL REPAIR RECOMMENDATIONS 

 

Standard Penetration Tests (SPT) were performed in two locations behind the existing seawall to a depth of 30 

feet below land surface (BLS).  Groundwater was found to correspond with the observed sea level and was located 

at 7 feet BLS.  The cemented limestone layer is shown in the geotechnical boring logs to be relatively soft for the 

first 12 feet BLS, with SPT resistance (measured in blows per foot, N), in the 7-13 range.  This corresponds to the 

location (depth) of the scour observed along the toe of the existing seawall.   

 

Once the SPT reached 14 feet BLS the N values increase to 33 and 42 blows per foot.  This appears to be the point 

near where the existing concrete sheet pile stops.  An N value of 33-42 is pretty stiff but still “drivable” with steel 

sheet pile and this may be the hard-rock layer that was used as a base for the original seawall.  At 19 feet BLS the 

limestone becomes cemented and N values increase to 83 and 62 blows per foot which could represent a point 

close to refusal.  Any recommendation for seawall replacement should prescribe the toe of the wall to be 

embedded substantially into this layer.   

 

The scouring along the toe of the existing wall gets worse and the water depths increase as you move from east 

to west.  At some point in the past, wall repairs were made that included the placement of formwork and the 

pouring of a concrete toe reinforcement.  These concrete repairs appear to have been effective for many years 

but now create a constructability issue as shown schematically in Exhibits 8-12.  The location of this concrete mass 

and the increasing water depths will require the sheet pile to extend out further and deeper into the basin.  This 

will possibly require additional sheet pile length to ensure the piles are sufficiently toed-into the rock.  The 

constructability review and discussions with the geotechnical consultant indicate that the sheets can be driven 

through the rock for the entire length of the wall.   
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WALL REPAIR OPTIONS 

 

Before the wall replacement options are discussed, two in situ wall repair options were considered.  The following 

two seawall repair approaches were selected because they should not add additional loads to the wall.  For both 

cases, a new seawall cap is recommended.   In several locations along the wall, in particular the east end near the 

boat ramp it would be necessary for the contractor to install a temporary screen (like plywood) onto the face of 

the wall because the voids are so large.   

 

Expanding Polyurethane Foam 

Exhibit 3 shows a typical wall condition with an exaggerated void behind the wall.  The repair method proposed 

in this exhibit is called Expanding Polyurethane Injection and can be performed by at least one relatively local 

(Florida) contractor.  This contractor was contacted and provided with the characteristics of the existing wall and 

asked to submit a quote for this application.  The quote from Stable Soils for $150,720 and has been included with 

other estimates in Exhibit 14.   The foam is injected in a tremie-type application by placing rods behind the wall 

at 3-5 feet on center, from the ground surface down to near the toe of the existing wall.  As the foam is injected, 

the operator monitors the front of the wall looking for foam to float up indicating the foam has made it all the 

way through the opening.  A floating turbidity curtain is used out in front of the wall to prevent foam from escaping 

into the basin.  Total repair method cost is estimated to be $150,720, with only a minimal amount of permitting 

or engineering cost which can be completed by the contractor. 

 
Insert 3:  [Exhibit 3] “Stable Soils” Seawall Repair   
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Expanding Polyurethane with Fabriform Toe Protection 

Exhibit 4 has the same general cross section but adds the installation of toe protection to the wall in the form of 

a Fabriform Unimat.  For this preliminary repair study Tetra Tech asked for a quote from Underwater Engineering 

Services, Inc. (UESI) for the installation of the Fabriform mat (using their commercial dive team) and was given a 

“verbal” estimate for approximately $50,000 for the mat only.  Any repair option should also include some method 

of pinning the mat in place.  The estimate for the anchoring would add at least another $25-50,000 and require 

the use of helical piles installed hydraulically along the toe of the wall or some other soil pinning method.  The 

video shows the existing concrete bags pinned to the ground by what appears to be rebar hammered into the 

slope.   

We do not recommend this option without attempting to fill the voids behind the wall as well.  So, adding the 

previous repair option (expanding polyurethane injection, $150,720K) to the Fabriform installation the estimated 

cost is:  $150,720 + $50,000 + $50,000 = $250,720. 

 

A repair near the east end (boat ramp) of this wall would be difficult using this technique because the fabriform 

would simply be too vertical.  Although this would be suitable for repair along a majority of the wall, it does not 

appear to be suitable for the entire length.   

 
Insert 4:  [Exhibit 4] “Stable Soils” Seawall Repair with Fabriform Toe Protection  
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WALL REPLACEMENT OPTIONS 

 

Two wall replacement options were considered, concrete panel and steel sheet pile.  Based on the following order 

of magnitude estimates, the concrete panel option was eliminated from consideration due to budgeting 

restrictions. 

 

Concrete Panel Wall 

The budget number for an augured concrete panel wall using 12” x 3’ x 25’ panels, 2’ x 2’ reinforced 

concrete cap, 1.25” x 20’ hot dipped galvanized DYWIDAG Threadbar anchor rods, and precast deadman 

anchors is:  $ 3,000 - $ 4,000 per linear foot; for a 325 LF wall that comes to $ 975,000 - $ 1,300,000. 

 

Steel Sheetpile Wall 

The budget number for using 25 ‘ epoxy-coated hot-rolled steel sheetpile with a 2.5’ x 2, reinforced 

concrete cap, 1.25” x 20’ hot dipped galvanized DYWIDAG Threadbar anchor rods, and precast deadman 

anchors is:  $ 1,700 - $ 2,000 per linear foot; for a 325 LF wall that comes to $ 525,500 - $ 650,000. 

 

Going forward with the steel sheet pile option and using sheet pile design software (SPW911), a steel sheet was 

selected that provided both drivability and the required section modulus for the worst case scenario.  The steel 

sheet selected was the hot-rolled, PZ-27 (XZ-95 is the cold-rolled structural equivalent).   Exhibit 5 shows a typical 

landward installation and Exhibit 6 shows a typical water ward installation.   

 

As shown in Exhibit 5, the installation of a new wall behind an old concrete wall that is not continuously toed into 

the rock could be problematic.  As the new wall goes in and the old wall’s tie back system is removed the concrete 

panels that are not secured in front of the new wall could become dislodged and find their way to the bottom of 

the basin creating unnecessary environmental considerations.  In addition, even though a heavy turbidity curtain 

would be proposed for this application, any sediments in front of the new wall could become liberated and end 

up in the basin as well.  In order to stabilize the old wall and/or remove it at the same time as the installation of 

the new wall would unnecessarily complicate the work and has therefore been eliminated from any further 

consideration.   Exhibit 6 then, showing a typical wall section in front of the old wall, was used as an ideal wall 

replacement option. 

 

Exhibit 7 shows one design calculation using the PZ-27 sheet pile installed in general soil conditions that are similar 

to those shown in the geotechnical engineer’s report.  Using this sheet (PZ-27) and the prescribed soil 

characteristics, a 35 foot long sheet pile was calculated by the software.   
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Insert 5:  Crop view of Exhibit 7 (SPW911 Design output) 

 

 

You will note on this exhibit that the worst case scenario at the expected lowest tide condition was used to 

produce the highest loads possible in this application.   In addition a surcharge load of 300 PSF was applied to the 

soil profile immediately behind the wall.  This surcharge load can be increased and the wall section recalculated if 

the City plans to use the area immediately behind the wall for heavy vehicular traffic or material storage.   

 

Using these inputs, the PZ-27 is expected to support the loads applied with a maximum deflection of 1.5 inches at 

a distance of 15-feet below land surface.  The linear load on a wale or brace located 1-foot below land surface will 

generate a maximum load for 5,115 pounds per foot.  If the tiebacks, for example, are spaced at 10-feet on center, 

they will need to support this load (51,150 lbs/deadman). 
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GENERAL WALL CHARACTERISTICS  

 

For estimating purposes (below), the new steel sheet pile wall was estimated to be constructed with the following 

general characteristics:   

 

A. Steel Sheet Pile 

 PZ-27 (hot rolled)  

 XZ-95 (cold rolled equivalent) 

 

The structural equivalent to the hot-rolled PZ-27 sheet pile was selected because it is approximately 30% cheaper 

per ton.  The material selected was XZ-95 and includes a 16-mil epoxy coating.  The biggest difference between 

hot-rolled and cold-rolled steel sheet pile is the way the knuckles come together.  The hot-rolled steel has a tighter 

fit and will not allow as much water or sediment to pass.  Because the Truman seawall is being placed into a dense 

soil environment and gravel backfill is expected, the cold-rolled opening will work as required. 

 

 
Insert 6:  PZ-27 Sheetpile Section Properties  
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 Insert 7:  XZ-95 Sheetpile Section Properties 

 

B. Concrete Cap 

 Concrete cap:  2.5 feet wide and 2 feet tall, 

 65 CY Concrete for a 350 LF cap  

 6,000 psi concrete, 

 Corrosion inhibitors, 

 (7) #5 longitudinal bars  

 use #4 stirrups at 12-inches on center 

 

C. Backfill (Between) the walls  

 Assumed 1.5 feet wide x 10 ft deep, shallow 

 Assumed 1.5 feet wide x 20 ft deep, deeper  

 Total loose fill:  291 CY (364 Ton)  
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COST BREAKDOWN 

 

   
Insert 8:  Engineers Cost Estimate 

 

 

A copy of the specifications for the PZ-27 and XZ-95 sheet pile, and the DWYDAG specification are attached to 

Exhibit 7.  A copy of the material quotes received for the steel sheet pile, concrete, backfill, #57 stone, sand, pea 

gravel, #5 straight rebar and #4 stirrups/hooks are attached as Exhibit 14.  The quotes are all FOB Key West from 

Piling Products (Jacksonville), DECO Truss Company (Miami) or Charlie Topino & Sons (Coppitt Key).     A summary 

list of materials available from these suppliers is provided below. 

 

  
 

Insert 9:  Unit Prices from Material Suppliers   
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ENVIRONMENTAL & PERMITTING 

 

A full riparian survey with bathymetry will need to be provided to the Army Corp of Engineers and the Florida 

Department of Environmental Protection with a complete construction design so they can evaluate any risks or 

impacts to the environment.   Because of the long history associated with this basin and the fact that we will 

ultimately be proposing to install a new wall in front of the old wall, limiting transport of sediment the reviewers 

should have few comments.    

 

The National Oceanic and Atmospheric Administration (NOAA) will need to be consulted because of the corals 

known to exist on the wall and in the area.  NOAA is a partner in the seawall remediation and will be coordinating 

any coral rescue operations that are needed.  It is unknown at this time how the relocations will be managed and 

procured.  All of the agencies will require confirmation that no additional resources will be impacted by the 

placement of the new wall.  It would be advisable to submit the existing pre-construction underwater inspection 

video to the contractors and the reviewing agencies, and a post-construction video to the agencies after it has 

been completed.   

 

Tetra Tech has had preliminary discussions with NOAA regarding the small coral on the exiting concrete panels 

and the corals that had been placed by NOAA near the toe of the wall.  It is our understanding that NOAA will be 

performing a site survey (dive) in a few weeks to determine what type of rescue will be required prior to 

construction.  The following picture shows some of the corals that have been placed on the toe of the wall by 

NOAA. 

 

 
Insert 10:  Toe of Existing Seawall – NOAA placed Corals 
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If possible it would be beneficial during the survey to posthole a few places behind the seawall to confirm the 

tieback spacing (approximately 10 feet on center) so that it can be shown on the plan that goes out for bid.  It is 

not necessary to find every tieback, just a few to determine the spacing.  The bidders will be instructed to keep 

the old tiebacks if possible in order to limit the amount of soil that will be displaced.   For budgeting, the following 

are the additional services that will be required prior to construction:   

 

1. A riparian and bathymetric survey 

2. A benthic habitat survey identifying corals  

3. Preparation of plans and specifications 

4. Regulatory pre-application field visits 

5. Permitting application 

6. Responding to regulatory request for information 

7. Procurement assistance and, Construction services. 

 

 

LIFE CYCLE EXPECTATIONS 

 

Steel sheet pile walls are expected to have a life expectance of over 25-years.  The sheet pile walls (even though 

they will be coated) will eventually show corrosion; especially around the knuckles and joints since the installation 

of the piles will almost certainly damage part of the protective coatings.  For steel in particular the region in and 

above the splash zone will show the most corrosion. 

 

Life expectancy beyond 25-years is uncertain but if care is taken during installation and the face of the walls are 

coated with epoxy after the installation, few issues should develop.  Any stray current (powering the boat slips 

for example) should be tested for and eliminated as the current will cause a significant increase in corrosion. 

 

RECOMMENDATION 

 

Based on our review of the video and the existing wall conditions at the site, it is expected that any additional 

repairs made to the toe of the wall would be temporary and therefore we recommended that a new steel sheet 

pile wall be installed in front of the existing concrete wall.   



Exhibits 1-6 

Plan View and Design Alternatives 
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Tetra Tech, Inc.  

Exhibit 8-12 

Wall Cross Sections 
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Tetra Tech, Inc.  

Exhibit 13 

Product Specifications 
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Technical Hotline: 1-866-875-9546  |  engineering@skylinesteel.com www.skylinesteel.com

SECTION

Width 
(w)

in
(mm)

Height 
(h)

in
(mm)

THICKNESS Cross 
Sectional 

Area

in2/ft
(cm2/m)

WEIGHT SECTION MODULUS

Moment 
of Inertia 

in4/ft
(cm4/m)

COATING AREA

Flange
(tf)

in
(mm)

Wall 
(tw)

in
(mm)

Pile 

lb/ft
(kg/m)

Wall 

lb/ft2

(kg/m2)

Elastic 

in3/ft
(cm3/m)

Plastic 

in3/ft
(cm3/m)

Both 
Sides

ft2/ft of single
(m2/m)

Wall 
Surface

ft2/ft2 of wall
(m2/m2)

PZ 22 22.0
559

9.0
229

0.375
9.50

0.375
9.50

6.47
136.9

40.3
60.0

22.0
107.4

18.1
973

21.79
1171.4

84.38
11500

4.48
1.37

1.22
1.22

PZ 27 18.0
457

12.0
305

0.375
9.50

0.375
9.50

7.94
168.1

40.5
60.3

27.0
131.8

30.2
1620

36.49
1961.9

184.20
25200

4.48
1.37

1.49
1.49

PZ 35 22.6
575

14.9
378

0.600
15.21

0.500
12.67

10.29
217.8

66.0
98.2

35.0
170.9

48.5
2608

57.17
3073.5

361.22
49300

5.37
1.64

1.42
1.42

PZ 40 19.7
500

16.1
409

0.600
15.21

0.500
12.67

11.77
249.1

65.6
97.6

40.0
195.3

60.7
3263

71.92
3866.7

490.85
67000

5.37
1.64

1.64
1.64

PZ/PS
PZ/PS Hot Rolled Steel Sheet Pile

SECTION

Width 
(w)

in
(mm)

Web 
(tw)

in
(mm)

Maximum 
Interlock 
Strength

k/in
(kN/m)

Minimum 
Cell 

Diameter*

ft
(m)

Cross 
Sectional 

Area

in2/ft
(cm2/m)

WEIGHT Elastic 
Section 

Modulus

in3/sheet
(cm3/sheet)

Moment 
of Inertia 

in4/sheet
(cm4/sheet)

COATING AREA

Pile 

lb/ft
(kg/m)

Wall 

lb/ft2

(kg/m2)

Both 
Sides

ft2/ft of single
(m2/m)

Wall 
Surface

ft2/ft2 of wall
(m2/m2)

PS 27.5 19.69
500

0.4
10.2

20
3500

30
9.14

8.09
171.2

45.1
67.1

27.5
134.3

3.3
54

5.3
221

3.65
1.11

1.11
1.11

PS 31 19.69
500

0.5
12.7

20
3500

30
9.14

9.12
193.0

50.9
75.7

31.0
151.4

3.3
54

5.3
221

3.65
1.11

1.11
1.11

*    Minimum cell diameter cannot be guaranteed for piles over 65 feet (19.81 m) in length, or if piles are spliced. 58 Piles are needed to make a 30 foot diameter cell.
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Technical Hotline: 1-866-875-9546  |  engineering@skylinesteel.com www.skylinesteel.com

PZ/PS
PZ/PS Hot Rolled Steel Sheet Pile

Available Steel Grades

ASTM

PZ PS

YIELD STRENGTH YIELD STRENGTH INTERLOCK STRENGTH

(ksi) (MPa) (ksi) (MPa) (k/in) (kN/m)

A 328 39 270 39 270 16 2800

A 572 Grade 50 50 345 50 345 20 3500

A 572 Grade 60 60 415 - - - -

A 588 50 345 50 345 20 3500

A 690 50 345 50 345 20 3500

Corner and Junction Piles

Delivery Conditions & Tolerances
ASTM A 6

Mass ± 2.5%

Length + 5 inches – 0 inches

Maximum Rolled Lengths*

PZ 85 feet for singles, 70 feet for pairs (25.9 m, 21.3 m)

PS 65 feet (19.8 m)

* Longer lengths may be possible upon request.

120º

5.91" 
150 mm

90º

9.84" 
250 mm

9.84" 
250 mm

10.16" 
258 mm

30º - 45º

9.84" 
250 mm

9.84" 
250 mm

FC - MC -α

α α

α

4" 
101.6 mm

4" 
101.6 mm

Length of T and
Angle Varies

Female or Male Corner

30° Y Pile 90° T Pile 120° Y Pile

T Pile
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XZ-95 Steel Sheet Piling

ASTM A572 Grade 50 Steel Melted and Manufactured in the US.

W H T

in in in in
2
/ft lb/ft lb/ft

2
in

3
/ft   in

4
/ft ft

2
/ft

mm mm mm cm
2
/m   kg/m  kg/m

2
cm

3
/m cm

4
/m m

2
/m

25.00 14.12 0.375 15.20 51.70 24.80 33.50 237.00 6.03

635 359 9.50 98.2 76.9 121 1800 32400 1.84

Coating 

Area Both 

Sides
Pile Wall

  Weight

XZ-95

Section 

Modulus

Moment 

of Inertia
Section

Width Height Thickness
Cross 

Sectional 

Area

Piling Products, a division of Roll Form Group (U.S.), Inc.
945 Center Street * Green Cove Springs * Florida * 32043

(904) 287-8000 Fax (904) 529-7757
sales@pilingproducts.com www.pilingproducts.com

Piling Products, a division of

Roll Form Group (U.S.), Inc.
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DYWIDAG Tie Rods
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2

References

DYWIDAG Tie Rods for Military Wharf in Guam

Owner US Navy, Naval Base Guam, USA +++ General Contractor Black Construction Corporation, Guam, USA +++    
Architect-Engineer Wilson Okamoto Corporation, Honolulu, Hawaii, USA
DSI Unit DSI USA, BU Geotechnics, Long Beach, CA, USA 
DSI Scope Supply of approx. 8,000 m (26,000 ft.) of Tie Rods with Polyken tape wrap
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Tie Back Retaining Wall
with Deadman

Foundation Tie Rods

Large Horizontal Load Resistance  
Roof Structures

Bracing for Grade Separation

Tie Rods for Sheet Pile
Constructed Wharf

Roadway embankment
Stabilization

4

DYWIDAG ThREADbAR® Tie Rod Applications

TYPICAL APPLICATIONS
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5

DYWIDAG ThREADbAR® Tie Rod Applications

Tie Rods produced from DYWIDAG 
THReADBAR® may be used for a 
variety of marine applications. 
 Construction of marine bulkheads  
for various docking facilities have, 
for many years, benefited from the use  
of  DYWIDAG Tie Rods. Facilities such  
as barge and ship docks as well as 
offshore platforms have found 
the system to be a cost effective 
 alternative to large  diameter A36 
Tie Rods with upset threads.

Tie Rods produced from DYWIDAG 
THReADBAR® offer various  economical 
and technical advantages:

n	 easy handling due to the coarse 
thread over the entire length

n	 Up to almost 50% less weight than  
A36 bars.

n	 No threadability or assembly 
 problems resulting from damaged 
or dirty threads, because of the 
rugged hot rolled coarse DYWIDAG 
threadform.

n	DYWIDAG Tie Rods can be ordered  
 slightly longer than necessary to 
 accommodate  misalignments on 
 sheet piling. They can easily  
 be cut to the desired length  
 eliminating need to cut and re-weld  
 upset rods to accommodate length  
 changes.
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6

DYWIDAG ThREADbAR® Tie Rod Properties

Coupler and hexnut develop the   
full load of the bar ultimate load. 
Standard or custom made wedge 
washers are available for all sizes. 
Bearing plates can be custom made 
in any size and from steel material 

conforming to ASTM A36 or  
ASTM A572 grade 50.
All bars and accessories can be 
produced with double corrosion 
protection, hot-dip galvanized, coal-tar 
or fusion bonded epoxy coated.

THREADBAR®

Designation

Maximum 
THREADBAR® 

Diameter

Yield Stress

(fy)

Cross Section Area

(As)

Yield Load

(fy x As)
Nominal Weight

[in] [mm] [in] [mm] [ksi] [MPa] [in²] [mm²] [kips] [kN] [lbs/ft] [kg/m]

#6 19 0.86 22 75 517 0.44 284 33.0 147 1.50 2.23
#7 22 0.99 25 75 517 0.60 387 45.0 200 2.04 3.04
#8 25 1.12 28 75 517 0.79 510 59.3 264 2.67 3.97
#9 29 1.26 32 75 517 1.00 645 75.0 334 3.40 5.06
#10 32 1.43 36 75 517 1.27 819 95.3 424 4.30 6.40
#11 36 1.61 41 75 517 1.56 1,006 117.0 520 5.31 7.90
#14 43 1.86 47 75 517 2.25 1,452 168.8 751 7.65 11.38
#18 57 2.50 64 75 517 4.00 2,581 300.0 1,335 13.60 20.24
#20 63 2.72 69 80 552 4.91 3,168 393.0 1,748 16.91 25.16
#24 75 3.18 81 75 517 7.06 4,555 529.5 2,355 24.09 35.85
#28 90 3.68 94 75 517 9.62 6,207 721.5 3,209 32.79 48.79

Warning: Avoid Welding near A722 steel.
Note:  Mill length = 60'-0" for #6 through #24 bars and 48'-0" for #28 bars

DYWIDAG Grade 75 (ASTM A615) ThREADbAR®

DYWIDAG Grade 150 (ASTM A722) ThREADbAR®

THREADBAR®

Designation

Maximum 
THREADBAR® 

Diameter

Ultimate Stress

(fu)

Cross Section Area

(As)

Ultimate Load

(fu x As)
Nominal Weight

[mm] [in] [mm] [ksi] [MPa] [in²] [mm²] [kips] [kN] [lbs/ft] [kg/m]

1" 26 1.20 31 150 1,034 0.85 548 127.5 567 3.01 4.48
1-1/4" 32 1.44 36 150 1,034 1.25 806 187.5 834 4.39 6.53
1-3/8" 36 1.63 41 150 1,034 1.58 1,019 237.0 1,054 5.56 8.27
* 1-3/4" 46 2.01 51 155 1,069 2.58 1,664 400.0 1,779 9.22 13.72
* 2-1/2" 66 2.79 71 150 1,034 5.16 3,355 774.0 3,443 18.20 26.36

* 3" 75 3.15 80 150 1,034 6.85 4,419 1,027.0 4,568 24.09 35.85

* Meets the strength requirements of the A 722.
Warning: Avoid Welding near A722 steel.
Note: Mill length = 60'-0" for 1", 1¼" and 1  " Threadbars and 45'-0" for 1¾", 2½" and 3" bars
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7

Replacing A36 Round bars with Threaded Ends to Equivalent DYWIDAG ThREADbAR®

A36 DYWIDAG THREADBAR® ASTM A615

A36 BAR
Tensile Stress

Area*
Yield*

Strength
Nominal 
Weight

Equivalent 
THREADBAR®

Size

Yield Load
(fy x As)

Nominal 
Weight

[inches] [mm] [in²] [mm²] [kips] [kN] [lbs/ft] [kg/m] [mm/designation] [kips] [kN] [lbs/ft] [kg/m]
3/4 19 0.33 215 12.0 53 1.50 2.2 19 (#6) Grade 75 33.0 147 1.50 2.23
1 25 0.61 391 21.8 97 2.67 4.0 19 (#6) Grade 75 33.0 147 1.50 2.23

1-1/4 32 0.97 625 34.8 155 4.17 6.2 22 (#7) Grade 75 45.0 200 2.04 3.04
1-1/2 38 1.41 910 50.7 226 6.01 8.9 25 (#8) Grade 75 59.3 264 2.67 3.97
1-3/4 44 1.90 1,226 68.4 304 8.18 12.2 29 (#9) Grade 75 75.0 334 3.40 5.06

2 51 2.50 1,613 90.0 400 10.68 15.9 32 (#10) Grade 75 95.3 424 4.30 6.40
2-1/4 57 3.25 2,097 117.0 520 13.52 20.1 36 (#11) Grade 75 117.0 520 5.31 7.90
2-1/2 64 4.00 2,581 144.0 641 16.69 24.8 43 (#14) Grade 75 168.8 751 7.65 11.38
2-3/4 70 4.93 3,181 177.0 787 20.19 30.1 57 (#18) Grade 75 300.0 1,335 13.60 20.24

3 76 5.97 3,852 214.9 956 24.03 35.8 57 (#18) Grade 75 300.0 1,335 13.60 20.24
3-1/4 83 7.10 4,581 255.6 1,137 28.21 42.0 57 (#18) Grade 75 300.0 1,335 13.60 20.24
3-1/2 89 8.33 5,374 299.9 1,334 32.71 48.7 57 (#18) Grade 75 300.0 1,335 13.60 20.24
3-3/4 95 10.11 6,523 364.0 1,620 37.55 55.9 63 (#20) Grade 80 393.0 1,748 16.70 24.85

* Round bar with thread cut into bar. For comparison with upset ended tie rods use area of rod x 36 ksi to get yield strength
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Concrete DeadmanDouble C-Channels

Steel Pipe Welded to Bearing Plate

Protective Cap

Bearing Plate

Grease or Cement Grout

Sheet Pile

Seal

Factory Injected Cement Grout

Corrugated Plastic Sheath

DYWIDAG Threadbar®

Spiral Wrap Spacer

8

An important element in the long 
term durability of a Tie Rod system is 
 corrosion protection. DSI offers various 
corrosion protection systems to meet on 
site conditions and degree of exposure.

Possible solutions are:

n	 The well known DYWIDAG Double 
 Corrosion Protection (DCP) System. 
Ideal for the most aggressive   
environments

n	 Hot dip galvanizing in accordance 
with ASTM A153

n	Fusion bonded epoxy coating   
 per ASTM A775 or ATSM A934

n	Coal tar epoxy

n	Petroleum wax tape wrapping

n	Polyken 980/955 tape coating system

DYWIDAG Tie Rod Corrosion Protection

DCP THReADBAR® - cross section areaDCP THReADBAR® - exposed section

Typical Permanent Tie Rod with Double Corrosion Protection (DCP)
(Highly Recommended for Permanent Applications in Agressive enviroments)
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Double C-Channels

Bearing Plate

Hex Nut

Spacer Plate (optional)

Beam Support (optional)

Sheet Pile

9

Short Tie Rod Connection

Short bolts are needed to connect a 
standard sheet pile wall or a modular 
sheet pile wall to a load distributing 
double channel beam. This can be  
done with DYWIDAG THReADBAR®.

The required length of the bar depends 
on the height of the sheet pile profile, the 
width of the beam, the plate thickness 
and the nut length.

DYWIDAG Tie Rods can also  
be prestressed, to align sheet pile walls.

Features and advantages:

n	Continuous coarse DYWIDAG thread

n	Can be cut to any length

n	Weldable accessories

n	Wide range of accessories available

n	Available with double corrosion 
 protection system 

n	Approved by many construction 
 authorities worldwide

n	Conformance to ASTM A615 
 and ASTM A722

n	Stock lengths up to 60 ft, but 
 can be cut to any lengths.
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Walker Road Canadian Pacific Railway 
Temporary Railroad Diversion Structure in Windsor, Ontario

Owner Canadian Pacific Railway +++ General Contractor FACCA Inc. 747 County Road, Ruscom, Ontario N0R 1R0 +++
Engineer MTO Contract 2007-3042 Walker Road CPR Grade Separation, Dillon Consulting / Facca Incorporated
DSI Unit DSI Canada Ltd., eastern Division, Gormley, Canada
SUSPA-DSI Scope Supply of 1000 m of 63 mm diameter GEWI® Threadbar

References

Page | 45



11

Additional Geotechnical Products from DSI

DYWIDAG Driven Ductile Iron Pile

DYNA ForceTM Elasto Magnetic Sensor

DYWI® Drill hollow bar Systems

DYWIDAG Soil Nails

DYWIDAG bar Anchor Systems

DYWIDAG Strand Anchor Systems

DYWIDAG Micropiles

(Downloadable versions available at www.dsiamerica.com)
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www.dsiamerica.com
www.dsicanada.ca

DYWIDAG-Systems
International USA Inc.

320 Marmon Drive
Bolingbrook, IL 60440
Phone  (630) 739-1100
Fax        (630) 739-5517
e-mail  dsiamerica@dsiamerica.com

1591 e. Atlantic Blvd #200
Pompano Beach, FL 33060
Phone  (954) 532-1326
Fax        (954) 532-1330
e-mail  dsiamerica@dsiamerica.com

5139 South Royal Atlanta Drive
Tucker, GA 30084
Phone  (770) 491-3790
Fax        (770) 938-1219
e-mail  dsiamerica@dsiamerica.com

2400 Hwy 287 N.
Suite 106
Mansfield, Tx 76063
Phone  (817) 473-6161
Fax        (817) 473-1453
e-mail  dsiamerica@dsiamerica.com

2154 South Street
Long Beach, CA 90805
Phone  (562) 531-6161
Fax        (562) 531-3266
e-mail  dsiamerica@dsiamerica.com

1314 Central Ave South
Suite 100
kent, WA 98032
Phone  (253) 859-9995
Fax        (253) 859-9119
e-mail  dsiamerica@dsiamerica.com

1263 Newark Road
Toughkenamon, PA 19374
Phone  (610) 268-2221
Fax        (610) 268-3053
e-mail  dsiamerica@dsiamerica.com

DYWIDAG-Systems
International Canada Ltd.

eastern Division
37 Cardico Drive
Gormley, ON L0H 1G0
Phone  (905) 888-8988
Fax        (905) 888-8987
e-mail  ecd@dsiamerica.com

Quebec Office
C.P. 412
St. Bruno, 
Quebec, QC, J3v 5G8
Phone  (450) 653-0935
Fax        (450) 653-0977
e-mail  ecd@dsiamerica.com

Western Division
19433 96th Avenue
Suite 103
Surrey, BC v4N 4C4
Phone  (604) 888-8818
Fax        (604) 888-5008
e-mail  wcd@dsiamerica.com

Calgary Office
2816 - 21st Street Ne., #204
Calgary, Alberta T2e 6z2
Phone  (403) 291-4414
Fax        (403) 250-5221
e-mail  wcd@dsiamerica.com

Please note: 
This brochure serves basic information 
purposes only. Technical data and information 
provided herein shall be considered 
non-binding and may be subject to change 
without notice. We do not assume any liability 
for losses or damages attributed to the use 
of this technical data and any improper 
use of our products. Should you require 
further information on particular products, 
please do not hesitate to contact us.
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PAGE 1 of 2

Customer: Tetra Tech Date:

Attn: Mr. Stuart McGahee

Phone: 772-781-3404

Fax: Terms: Shipped Via: Truck

Cell: F.O.B.:

Email: stuart.mcgahee@tetratech.com PPD: Collect: XX

Bid Date:

Sale of:

124 pieces Ton $108,273.00

70 LF LF $2,520.00

26,170 SF SF $47,629.40

26,170 SF SF $14,393.50

Load $14,925.00

$187,740.90

Freight Charge:

Quote Valid for 30 Days

Date:

7/28/2015

7/28/2015

255 Wall Feet X 35' long w/ Corners & Coating:

Inquiry Date:

Sheet Piling per Contractor's Requirements: PZ-27 Equal

Here is our quotation on the products named, subject to the conditions noted:   Prices are based on costs and 

AmountPer

Ship Point

Price

Koslow

QUOTATION

4-6 Weeks after order

Net 30 days

Project:

Location:

Truman Basin Seawall

Key West, FL

Proposed Ship Date:

Presented By:

Lane Koslow; General Manager

Vendor makes no warranty of any kind, expressed or implied, concerning the properties, merchantability or fitness for a particular use of

 the products herein.  Vendee acknowledges that it relied on its own judgement and expertise in choosing the equipment or material.

Please See Above   Note:  Sales Taxes are not Charged on Freight Costs.

Above prices do not include applicable sales and use taxes.  Please sign in the 

space provided below to indicate you’re acceptance and approval of the above, 

returning a copy by fax and original by mail.
Accepted By:

Steel Prices are subject to mill and freight charge increases.

Sales Person:

Description

conditions existing on date of quotation and are subject to changes by the Seller before final acceptance.  Typographical errors are subject to correction. 

Unless otherwise specified, all sales/rentals are subject to all applicable sales and use taxes.

$36.00

$0.55Inorganic Zinc Primer (if required); Full Length/Both Sides

Freight Charges to Jobsite: 5 loads

$1.82Coal Tar Epoxy Coating; 16 mils after SP-10 Blast; Full 

Corner Bending of Above Wall Pieces (2 each X 35')

Quantity

XZ-95 Sheet Piling ASTM A-572 Gr.50 X 35' long = 112.2 tons $965.00

Length/Both Sides

$2,985.00

Piling Products, a division of       
Roll Form Group (U.S) Inc.

945 Center Street
Green Cove Springs, Florida  32043
(904) 287-8000   Fax (904) 529-7757

www.pilingproducts.com
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McGahee, Stuart

From: O'Connor, Jeff <joconnor@uesi.com>

Sent: Friday, July 31, 2015 4:51 PM

To: McGahee, Stuart

Subject: RE: Underwater Installation Estimate

Stuart:
I am busy Monday, so we got it done now for you. Best estimate is around $50K. We assumed a 6” thick mat with
reinforcing that allows it to articulate. Could be done in 3 to 5 days.

Just saw the anchors – that price does not include anchors.

Hope this helps.

Jeffrey O’Connor, PE

Underwater Engineering Services, Inc.
d 772.429.9332 c 407.709.0004

From: McGahee, Stuart [mailto:Stuart.McGahee@tetratech.com]
Sent: Friday, July 31, 2015 3:45 PM
To: O'Connor, Jeff <joconnor@uesi.com>
Subject: Underwater Installation Estimate

Jeff,

I have a client (TBD) that is asking for rough cost for repairs to his seawall. The project is down in South Florida and I was
going to try and give him at least one repair option using fabriform. I propose the installation of a Fabriform Unimat at
the toe of a seawall to prevent scour and undermining. It is in a deep basin that slopes up to the existing wall. The wall
was originally installed in a rather shallow basin and the basin was later deepened. It is stiff rock all the way down. Can
you try and get me a BALLPARK estimate to install this repair using the following.

Located in the Keys.

 350 LF

 Fabriform Unimat

 8’ Wide x 350 LF long = 2,800 SF = 311 SY

 Water depth = 10 ‘ (MAX)

Here is a draft of what I had in mind. Can you give me a BALLPARK Price?

Stuart E. McGahee PE | Tetra Tech
Direct: 772.781.3404 | Cell: 772.200.5113
759 S. Federal Highway, Suite 314 | Stuart, FL 34994
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ANDERSEN ANDRE CONSULTING ENGINEERS, INC.

573 SW Biltmore Street
Port St. Lucie, Florida 34983

Ph: 772-807-9191 Fx: 772-807-9192
www.aaceinc.com
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x M\YYh Hc) , P]W]b]hm GUdg UbX <cf]b[ FcWUh]cb J`Ub
x M\YYh Hc) - MJN <cf]b[ JfcZ]`Yg

x ;ddYbX]l C LYdfYgYbhUh]jY M]hY J\chc[fUd\g
x ;ddYbX]l CC OM>; QYV Mc]` MifjYm MiaaUfm LYdcfh
x ;ddYbX]l CCC AYbYfU` HchYg
x ;ddYbX]l CP Jfc^YWh F]a]hUh]cbg UbX =cbX]h]cbg

ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
WWW.AACEINC.COM
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ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
Geotechnical Engineering
Construction Materials Testing
Environmental Consulting
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%MJN& Vcf]b[g( `]a]hYX `UVcfUhcfm hYgh]b[( UbX Yb[]bYYf]b[ UbU`mg]g) N\]g fYdcfh XcWiaYbhg cif
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N\Y giV^YWh gYUkU`` gY[aYbh k\]W\ ]g dfcdcgYX hc VY fYd`UWYX %])Y) h\Y g]hY& ]g Zfcbh]b[ h\Y HI;;
HUh]cbU` GUf]bY MUbWhiUfm fY[]cbU` cZZ]WY( `cWUhYX Uh .. ?Ugh KiUm LcUX ]b EYm QYgh( GcbfcY
=cibhm( @`cf]XU) ; M]hY P]W]b]hm GUd %-+,/ UYf]U` d\chc[fUd\& k\]W\ XYd]Whg h\Y `cWUh]cb cZ h\Y g]hY
]g ]bW`iXYX cb h\Y UhhUW\YX M\YYh Hc) ,) N\Y g]hY `cWUh]cb ]g Zifh\Yf g\ckb gidYf]adcgYX cb h\Y
vEYm QYgh( @Fw OMAM hcdc[fUd\]W eiUXfUb[`Y aUd %,42,&( U`gc ]bW`iXYX cb M\YYh Hc) ,)

N\Y Yl]gh]b[( Uddfcl]aUhY`m .-0#Zh `cb[ gYUkU`` gY[aYbh UddYUfg hc Wcbg]ghgcZ fY]bZcfWYXWcbWfYhY
dUbY`g k]h\ Ub Uddfcl]aUhY`m -#Zh k]XY Vm ,#Zh h\]W_ WcbWfYhY WUd %hcd&( UbX k]h\ Ub Uddfcl]aUhY`m
-#Zh XYYd Vm ,#Zh k]XY \cf]ncbhU` WcbWfYhY VYUa `cWUhYX U`cb[ h\Y gYUkU`` bYUf h\Y kUhYf `YjY` %cf(
bYUf a]X#\Y][\h& ]b h\Y UX^UWYbh VUg]b) N\Y YaVYXaYbh XYdh\g cZ h\Y WcbWfYhY dUbY`g UfY
ib_bckb( UbX kY YldYWh h\Y Zfcbh]b[ \cf]ncbhU` VYUa ]g UWh]b[ Ug U kU`Yf Ug dUfh cZ U h]YVUW_
gmghYa) N\Y id`UbX g]XY cZ h\Y gYUkU`` ]g Ub Uddfcl]aUhY`m -0#.+ Zcch k]XY ibdUjYX d]Yf( k\]W\
Wcbg]ghg cZ `]aYfcW_ Z]`` k]h\ ghcfa XfU]bg UbX ]b`Yhg( jUf]cig ih]`]h]Yg( `][\h]b[( YhW)

<UgYX cb aYUgifYaYbhg Wc``YWh]jY`m aUXY Vm fYdfYgYbhUh]jYg cZ NN UbX ;;=?( h\Y kUhYf XYdh\ ]b
Zfcbh cZ h\Y gYUkU`` fUb[Yg Zfca UVcih - ZYYh hc UVcih ,. ZYYh( UbX gUbX#WYaYbh VU[g UddYUf hc
\UjY VYYb d`UWYX U`cb[ h\Y hcY cZ h\Y kU``( Uh `YUgh cb h\Y YUghYfb Uddfcl]aUhY cbY#\U`Z cZ h\Y
gYUkU`` gY[aYbh UbX dcgg]V`m acfY) @ifh\Yf( Ub UddUfYbh WcbWfYhY hcY kU`` ]g j]g]V`Y cb h\Y
kYghYfb Uddfcl]aUhY`m cbY#\U`Z cZ h\Y gYUkU``) GYUgifYaYbhg hU_Yb U`cb[ h\Y YlhYbh cZ h\Y Z]jY
Yl]gh]b[ kccXYb XcW_g Zfcbh]b[ h\Y gYUkU`` ]bX]WUhY h\Uh h\Y Vchhca cZ h\Y VUg]b g`cdYgUkUm Zfca
h\Y gYUkU`` Uh U g`cdY cZ ,B5,P cf ghYYdYf)

LYdfYgYbhUh]jY d\chc[fUd\g cZ h\Y g]hY UfY dfYgYbhYX ]b ;ddYbX]l C)

573 SW Biltmore Street, Port St. Lucie, Florida 34983 Ph: 772-807-9191 Fx: 772-807-9192 www.aaceinc.com
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N\Y Uddfcl]aUhY `cWUh]cb cZ h\Y g]hY ]g g\ckb gidYf]adcgYX cb U Wcdm cZ h\Y OM>; QYV Mc]`
MifjYm UYf]U` d\chc[fUd\( dfYgYbhYX cb M\YYh Hc) ,( UbX h\Y giaaUfm fYdcfh cVhU]bYX Zfca h\Y
OM>; QYV Mc]` MifjYm ]g ]bW`iXYX ]b ;ddYbX]l CC)

*%' 584<3 4H@<?B0D8?> @B?6B0=

Nc Yld`cfY giVgifZUWY WcbX]h]cbg Uh h\Y g]hY fY`Uh]jY hc h\Y dfcdcgYX gYUkU``
fYd`UWYaYbh*WcbghfiWh]cb( hkc %-& MhUbXUfX JYbYhfUh]cb NYgh %MJN& Vcf]b[g kYfY Wcad`YhYX hc
XYdh\g cZ .+ ZYYh VY`ck h\Y Yl]gh]b[ [fcibX gifZUWY) N\]g kcf_ kUg dYfZcfaYX cb DibY -.( -+,0
Uh h\Y Uddfcl]aUhY `cWUh]cbg g\ckb cb h\Y <cf]b[ FcWUh]cb J`Ub cb M\YYh Hc) ,)

N\Y gc]` Vcf]b[ `cWUh]cbg g\ckb cb M\YYh Hc) , kYfY XYhYfa]bYX ]b h\Y Z]Y`X Vm cif Z]Y`X WfYkig]b[
U WcaV]bUh]cbcZ\UbX#\Y`X AJM UbX hUdY UbX k\YY`aYUgifYaYbhg( cVhU]bYX UYf]U` d\chc[fUd\g(
UbX Yl]gh]b[ g]hY ZYUhifYg Ug fYZYfYbWYg) N\Y `cWUh]cbg g\ci`X VY Wcbg]XYfYX UWWifUhY cb`m hc h\Y
XY[fYY ]ad`]YX Vm h\Y aYh\cX cZ aYUgifYaYbh igYX) QY dfY`]a]bUf]`m Ubh]W]dUhY h\Uh h\Y UWhiU`
`cWUh]cbg UfY k]h\]b ,0 ZYYh cZ h\cgY g\ckb cb M\YYh Hc) ,)

MiaaUf]Yg cZ ;;=?ug Z]Y`X dfcWYXifYg UfY ]bW`iXYX ]b ;ddYbX]l CCC( UbX h\Y ]bX]j]XiU` Vcf]b[
dfcZ]`Yg UfY dfYgYbhYX cb h\Y UhhUW\YX M\YYh Hc) -) MUad`Yg cVhU]bYX Xif]b[ dYfZcfaUbWY cZ h\Y
Vcf]b[g kYfY j]giU``m W`Ugg]Z]YX ]b h\Y Z]Y`X( UbX fYdfYgYbhUh]jY dcfh]cbg cZ h\Y gUad`Yg kYfY
hfUbgdcfhYX hc cif `UVcfUhcfm ]b gYU`YX gUad`Y ^Ufg Zcf Zifh\Yf W`Ugg]Z]WUh]cb) N\Y gc]` gUad`Yg
fYWcjYfYX Zfca cif Yld`cfUh]cbg k]`` VY _Ydh ]b cif `UVcfUhcfm Zcf 1+ XUmg( h\Yb X]gWUfXYX ib`Ygg
mci gdYW]Z]WU``m fYeiYgh ch\Yfk]gY)

+%' ?1C4BF43 CE1CEB5024 2?>38D8?>C

$!" (282</6 -946 &9814>498=

>YhU]`YX giVgifZUWY WcbX]h]cbgUfY ]``ighfUhYX cb h\Y gc]` Vcf]b[dfcZ]`YgdfYgYbhYXcb h\Y UhhUW\YX
M\YYh Hc) -) N\Y ghfUh]Z]WUh]cb cZ h\Y Vcf]b[ dfcZ]`Yg fYdfYgYbhg cif ]bhYfdfYhUh]cb cZ h\Y Z]Y`X
Vcf]b[ `c[gUbX h\Y fYgi`hg cZ `UVcfUhcfm YlUa]bUh]cbgcZ h\Y fYWcjYfYX gUad`Yg) N\Y ghfUh]Z]WUh]cb
`]bYg fYdfYgYbhh\Y Uddfcl]aUhY VcibXUfm VYhkYYbgc]` hmdYg) N\Y UWhiU` hfUbg]h]cbgaUm VY acfY
[fUXiU` h\Ub ]ad`]YX)

Cb Vf]YZ( Uh h\Y `cWUh]cbgUbX XYdh\gYld`cfYX( cifVcf]b[g YbWcibhYfYX `ccgY hc acXYfUhY`m XYbgY
Wfig\YX `]aYfcW_ Z]`` hc XYdh\g cZ UVcih 1 ZYYh( Zc``ckYX Vm `ccgY hc jYfm XYbgY WYaYbhYX cc`]h]W
`]aYghcbY k]h\ jUfm]b[ XY[fYY cZ g]`h UbX fYUW\]b[ h\Y hYfa]bUh]cb XYdh\g cZ cif Vcf]b[g)
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;;=? @CF? HI) ,0#,/3

JU[Y #.#

>Ygd]hY h\Y fY`Uh]jY`m \][\ MJN tHu jU`iYg( fYZigU` hc h\Y MJN gUad`Yf kUg bch YbWcibhYfYX Uh Ubm
XYdh\ %k]h\ fYZigU` XYZ]bYX UgbYYX]b[acfY h\Ub 0+V`ckg cZ U ,/+#dcibX \UaaYf XfcddYX Zfca
U \Y][\h cZ .+ ]bW\Yg hc dYbYhfUhY 1 ]bW\Yg&) BYbWY( h\Y YbWcibhYfYX cc`]h]W `]aYghcbY ]g [YbYfU``m
Wcbg]XYfYX hc VY U fY`Uh]jY`m vgcZhw UbX Zf]UV`Y fcW_ ZcfaUh]cb( UbX h\Y fYWcjYfYX MJN gd`]h#gdccb
gUad`Yg kYfY cVgYfjYX hc VY ]b U jYfm Zf]UV`Y WcbX]h]cb) @c``ck]b[ Wcad`Yh]cb cZ h\Y hkc MJN
Vcf]b[g( ]h kUg h\Y cd]b]cb cZ h\Y >f]`` =fYk =\]YZ h\Uh h\Y YbWcibhYfYX cc`]h]W `]aYfcW_ ZcfaUh]cb
kUg bch gi]hUV`Y %])Y) ghfcb[ Ybci[\& hc U``ck Wcf]b[ hc VY Wcad`YhYX ]b UWWcfXUbWY k]h\ ;MNG
>-,,.)

$!# *2/=?<21 (<9?81A/>2< )2@26

N\Y [fcibXkUhYf hUV`Y kUgYbWcibhYfYX Uh XYdh\g cZ 2 ZYYh VY`ck h\Y Yl]gh]b[ [fUXYg) Cb [YbYfU`(
Z`iWhiUh]cbg ]b [fcibXkUhYf `YjY`g g\ci`X VY Ubh]W]dUhYX h\fci[\cih h\Y mYUfdf]aUf]`m XiY hc h]XU`
Z`iWhiUh]cbg UbX dcgg]V`m ch\Yf ZUWhcfg h\Uh aUm jUfm Zfca h\Y h]aY h\Y Vcf]b[g kYfY WcbXiWhYX)

,%' <01?B0D?BI D4CD8>6 @B?6B0=

Iif Xf]``Yfg cVgYfjYX h\Y gc]` fYWcjYfYX Zfca h\Y Vcf]b[g( d`UWYX h\Y fYWcjYfYX gc]` gUad`Yg ]b
ac]ghifY dfccZ WcbhU]bYfg(UbXaU]bhU]bYX U `c[ ZcfYUW\ Vcf]b[) N\YfYWcjYfYXgc]` gUad`Yg(U`cb[
k]h\ h\Y Z]Y`X Vcf]b[ `c[g( kYfY hfUbgdcfhYX hc cif Jcfh Mh) FiW]Y gc]`g `UVcfUhcfm k\YfY h\Ym kYfY
j]giU``m YlUa]bYX Vm ;;=?ug dfc^YWh Yb[]bYYf hc XYhYfa]bY h\Y]f Yb[]bYYf]b[ W`Ugg]Z]WUh]cb)

-%' @B4<8=8>0BI 64?D427>820< 4>68>44B8>6 4F0<E0D8?>

<UgYX cb h\Y Z]bX]b[g cZ cif giVgifZUWY gc]` Yld`cfUh]cb( cif YjU`iUh]cb cZ h\Y YbWcibhYfYX gc]`
WcbX]h]cbg( UbX ^iX[aYbh VUgYX cb cif YldYf]YbWY k]h\ g]a]`Uf gYUkU`` XYg][b dfc^YWhg( ]h ]g cif
cd]b]cb h\Uh h\Y YbWcibhYfYX cc`]h]W `]aYfcW_ ZcfaUh]cb ]g gi]hUV`Y Zcf ZUW]`]hUh]b[ h\Y gYUkU``
XYg][b)

QY ibXYfghUbX h\Uh h\Y bYk gYUkU`` ]g dfcdcgYX hc VY ]bghU``YX ]b Zfcbh cZ h\Y Yl]gh]b[ gYUkU``
k\]W\ ]g hc fYaU]b ]b d`UWY( \ckYjYf( acX]Z]YX cf dUfh]U``m XYac`]g\YX hc U``ck Zcf U dchYbh]U`
h]YVUW_ gmghYa) PUf]cig XYg][b cdh]cbg UfY WiffYbh`m VY]b[ X]gWiggYX( ]bW`iX]b[ ih]`]n]b[ WcbWfYhY
dUbY`g YaVYXXYX ]bhc Ub Ui[YfYX cf YlWUjUhYX hcY hfYbW\( UbX dcgg]V`m Yei]ddYX k]h\ U h]Y#VUW_
gmghYa) ;`gc( U \YUjm [Ui[Y ghYY` g\YYh d]`Y kU`` %Y]h\Yf WUbh]`YjYfYX cf k]h\ U h]Y#VUW_ gmghYa&
Wci`X dcgg]V`m VY ih]`]nYX) M\ci`X h\Y Yl]gh]b[( dUfh]U` hcY kU`` UbX h\Y Yl]gh]b[ gYUkU`` WcbX]h]cbg
UXjYfgY`m UZZYWh h\Y ]bghU``Uh]cb cZ h\Y bYk gYUkU`` ]b Zfcbh cZ h\Y c`X gYUkU``( Wcbg]XYfUh]cb ]g U`gc
VY]b[ []jYb hc ]bghU``]b[ h\Y bYk gYUkU`` id`UbX cZ h\Y Yl]gh]b[ Vi`_\YUX) Cb h\Uh WUgY( ]h k]`` VY
bYWYggUfm hc kcf_ UfcibX h\Y Yl]gh]b[ h]YVUW_ gmghYa Ug ]h g\ci`X bch VY fYacjYX Ybh]fY`m VYZcfY
h\Y bYk gYkU`` \Ug VYYb WcbghfiWhYX)

;g aYbh]cbYX ]b h\Y dfYj]cig( h\Y YbWcibhYfYX cc`]h]W `]aYghcbY ZcfaUh]cb ]g bch Wcbg]XYfYX U
vghfcb[w `]aYfcW_ ZcfaUh]cb UbX ]h ]g `]_Y`m h\Uh ghYY` g\YYh d]`Yg Wci`X VY j]VfUhYX ]b d`UWY) QY Xc
fYWcaaYbX h\Uh Ubm V]XX]b[ =cbhfUWhcf fYj]Yk h\]g fYdcfh Ug kY`` Ug d\mg]WU``m ]bgdYWh]b[ h\Y
fYWcjYfYX gc]` gUad`Yg)

N\Y gc]` dUfUaYhYfg giaaUf]nYX VY`ck UfY dfcj]XYX Zcf ch\Yfg hc igY ]b h\Y gYUkU`` XYg][b( Vch\
k]h\ fY[UfXg hc UWh]jY UbX dUgg]jY YUfh\ dfYggifYg UWh]b[ cb h\Y kU``( h\Y hcY YaVYXaYbh UbX Ubm
dchYbh]U` XYUXaUb UbW\cfg UggcW]UhYX k]h\ U h]Y VUW_ gmghYa) QY fYaU]b UjU]`UV`Y hc dfcj]XY
UXX]h]cbU` Yb[]bYYf]b[ Wcbgi`h]b[ k]h\ fYgdYWh hc h\Y XYg][b cZ h\Y gYUkU`` WcadcbYbhg) @ifh\Yf(
UXX]h]cbU` Ygh]aUhYg cZ fcW_ dfcdYfh]Yg WUb VY dfcj]XYX( ]g bYYXYX)
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;;=? @CF? HI) ,0#,/3

JU[Y #/#

CXRU @JZJVN\NZ[ OXZ CNJ_JUU 3N[RPW

3NY\Q KNUX_
N`R[\RWP PZJMN

"ONN\#

0^NZJPN
C@D

b>c FJU]N

EWR\ GNRPQ\$ "
"YLO#

0WPUN XO 8W\NZWJU
5ZRL\RXW$ $

2XQN[RXW
"Y[O#

GJUU 5ZRL\RXW
0WPUN$ # "1#

+#1
%`]aYfcW_ Z]``&

,, ,,. .- H; ,3

1#,+
%iddYf `]aYghcbY&

3 ,,3 .0 ,+++ -.

,+#.+
%`ckYf `]aYghcbY&

00 ,.0 .3 0+++ -0

HchYg5 %;& ;ggiaYg jYfh]WU` VUW_ZUWY cZ kU``( UbX kU`` X]fYWh`m U[U]bgh [fUbi`Uf VUW_Z]` )̀

N\Y LUb_]bY WcYZZ]W]Ybhg cZ `UhYfU` dfYggifYg WUb VY cVhU]bYX Zfca h\Y Zc``ck]b[ YeiUh]cbg5

;Wh]jY dfYggifY5 EU 8 hUb- %/0 # "*-&
JUgg]jY dfYggifY5 Ed 8 hUb- %/0 ' "*-&
k\YfY " ]g h\Y Zf]Wh]cb Ub[`Y cZ h\Y gc]`)

QY fYWcaaYbX h\Uh Uddfcdf]UhY gUZYhm ZUWhcfgVY igYX ]b h\Y g\YYh d]`Y XYg][b) N\Y gUZYhm ZUWhcfg
gY`YWhYX g\ci`X VY VUgYX cb XYg][b UbX WcbghfiWh]cb Wcbg]XYfUh]cbg k\]W\ UfY VYmcbX h\Y gWcdY
cZ h\]g fYdcfh)

" "$)2)3+- 4. 5)/- 2-.7 *2)31 037-37043)228 " "
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;;=? @CF? HI) ,0#,/3

JU[Y #0#

.%' 2<?CEB4

N\Y dfY`]a]bUfm [YchYW\b]WU` YjU`iUh]cb giVa]hhYX \YfY]b ]g VUgYX cb h\Y XUhU cVhU]bYX Zfca h\Y
gc]` Vcf]b[g dfYgYbhYX cb M\YYh Hc) -( UbX cif ibXYfghUbX]b[ cZ h\Y dfcdcgYX WcbghfiWh]cb Ug
dfYj]cig`m XYgWf]VYX) QY fYaU]b UjU]`UV`Y hc Wcad`YhY UXX]h]cbU` [YchYW\b]WU` Yb[]bYYf]b[
UbU`mg]g Zcf h\Y XYg]fYX gYUkU`` XYg][b) F]a]hUh]cbg UbX WcbX]h]cbg hc h\]g fYdcfh UfY dfYgYbhYX ]b
;ddYbX]l CP)

N\]g fYdcfh \Ug VYYb dfYdUfYX ]b UWWcfXUbWY k]h\ [YbYfU``m UWWYdhYX gc]` UbX ZcibXUh]cb
Yb[]bYYf]b[ dfUWh]WYg Zcf h\Y YlW`ig]jY igY cZ NYhfU NYW\( CbW) Zcf h\Y giV^YWh dfc^YWh) Hc ch\Yf
kUffUbhm( YldfYggYX cf ]ad`]YX( ]g aUXY)

QY UfY d`YUgYX hc VY cZ Ugg]ghUbWY hc mci cb h\]g d\UgY cZ mcif dfc^YWh) Q\Yb kY aUm VY cZ
Zifh\Yf gYfj]WY hc mci cf g\ci`X mci \UjY Ubm eiYgh]cbg( d`YUgY WcbhUWh ig)

ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
WWW.AACEINC.COM
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ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
573 SW Biltmore Street

Port St. Lucie, Florida 34983

Phone: 772.807.9191 Fax: 772.807.9192

www.aaceinc.com
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ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
573 SW Biltmore Street

Port St. Lucie, Florida 34983
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ANDERSEN ANDRE CONSULTING ENGINEERS, INC.
573 SW Biltmore Street

Port St. Lucie, Florida 34983

Phone: 772.807.9191 Fax: 772.807.9192

www.aaceinc.com
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0>34BC4> 0>3B4 2?>CE<D8>6 4>68>44BC$ 8>2%
C?8< 1?B8>6$ C0=@<8>6 0>3 D4CD8>6 =4D7?3C

64>4B0<

;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) %;;=?& Vcf]b[g XYgWf]VY giVgifZUWY WcbX]h]cbg cb`m Uh

h\Y `cWUh]cbg Xf]``YX UbX Uh h\Y h]aY Xf]``YX) N\Ym dfcj]XY bc ]bZcfaUh]cb UVcih giVgifZUWY

WcbX]h]cbg VY`ck h\Y Vchhca cZ h\Y VcfY\c`Yg) ;h `cWUh]cbg bch Yld`cfYX( gifZUWY WcbX]h]cbg h\Uh

X]ZZYf Zfca h\cgY cVgYfjYX ]b h\Y Vcf]b[g aUm Yl]gh UbX g\ci`X VY Ubh]W]dUhYX)

N\Y ]bZcfaUh]cb fYdcfhYX cb cifVcf]b[ `c[g ]gVUgYXcb cif Xf]``Yfg$ `c[g UbXcb j]giU` YlUa]bUh]cb

]b cif `UVcfUhcfm cZ X]ghifVYX gc]` gUad`Yg fYWcjYfYX Zfca h\Y Vcf]b[g) N\Y X]gh]bWh]cb g\ckb cb

h\Y `c[gVYhkYYb gc]` hmdYg ]g Uddfcl]aUhY cb`m) N\Y UWhiU` hfUbg]h]cb Zfca cbY gc]` hc Ubch\Yf aUm

VY [fUXiU` UbX ]bX]gh]bWh)

N\Y [fcibXkUhYf XYdh\ g\ckb cb cif Vcf]b[ `c[g ]g h\Y kUhYf `YjY` h\Y Xf]``Yf cVgYfjYX ]b h\Y

VcfY\c`Y k\Yb ]h kUg Xf]``YX) N\YgY kUhYf `YjY`g aUm \UjY VYYb ]bZ`iYbWYX Vm h\Y Xf]``]b[

dfcWYXifYg( YgdYW]U``m ]b Vcf]b[g aUXY Vm fchUfm Xf]``]b[ k]h\ VYbhcb]h]W Xf]``]b[ aiX) ;b UWWifUhY

XYhYfa]bUh]cb cZ [fcibXkUhYf `YjY` fYei]fYg `cb[#hYfa cVgYfjUh]cb cZ gi]hUV`Y acb]hcf]b[ kY``g)

@`iWhiUh]cbg ]b [fcibXkUhYf `YjY`g h\fci[\cih h\Y mYUf g\ci`X VY Ubh]W]dUhYX)

N\Y UVgYbWY cZ U [fcibXkUhYf `YjY` cbWYfhU]b `c[g ]bX]WUhYg h\Uh bc [fcibXkUhYf XUhU ]g UjU]`UV`Y)

Ch XcYg bch aYUb h\Uh [fcibXkUhYf k]`` bch VY YbWcibhYfYX Uh h\Uh Vcf]b[ `cWUh]cb Uh gcaY ch\Yf

dc]bh ]b h]aY)

CD0>30B3 @4>4DB0D8?> D4CD

N\Y MhUbXUfX JYbYhfUh]cb NYgh %MJN& ]g U k]XY`m UWWYdhYX aYh\cX cZ ]b g]hi hYgh]b[ cZ ZcibXUh]cb

gc]`g %;MNG >#,031&) ; -#Zcch %+)1a& `cb[(-#]bW\ %0+aa&I)>)gd`]h#VUffY`` gUad`Yf UhhUW\YXhc h\Y

YbX cZ U ghf]b[ cZ Xf]``]b[ fcXg ]g Xf]jYb -/ ]bW\Yg %+)1+a& ]bhc h\Y [fcibX Vm giWWYgg]jY V`ckg cZ

U ,/+#dcibX %1.)0 E[& \UaaYf ZfYY`m Xfcdd]b[ .+ ]bW\Yg %+)21a&) N\Y biaVYf cZ V`ckg bYYXYX

Zcf YUW\ 1 ]bW\Yg %+),0a& ]bWfYaYbhg dYbYhfUh]cb ]g fYWcfXYX) N\Y gia cZ h\Y V`ckg fYei]fYX Zcf

dYbYhfUh]cbcZ h\Y a]XX`Y hkc1#]bW\ %+),0a& ]bWfYaYbhg cZdYbYhfUh]cb Wcbgh]hihYg h\Y hYgh fYgi`h

cZ H#jU`iY) ;ZhYf h\Y hYgh( h\Y gUad`Yf ]g YlhfUWhYX Zfca h\Y [fcibX UbX cdYbYX hc U``ck j]giU`

XYgWf]dh]cb cZ h\Y fYhU]bYX gc]` gUad`Y) N\Y H#jU`iY \Ug VYYb Yad]f]WU``m WcffY`UhYX k]h\ jUf]cig

gc]` dfcdYfh]Yg U``ck]b[ U WcbgYfjUh]jY Ygh]aUhY cZ h\Y VY\Uj]cf cZ gc]`g ibXYf `cUX) N\Y Zc``ck]b[

hUV`Yg fY`UhY H#jU`iYg hc U eiU`]hUh]jY XYgWf]dh]cb cZ gc]` XYbg]hm UbX( Zcf Wc\Yg]jY gc]`g( Ub

Uddfcl]aUhY ibWcbZ]bYX WcadfYgg]jY ghfYb[h\ %Ki&5

2XQN[RXWUN[[ CXRU[/ >%FJU]N 3N[LZRY\RXW

+ hc / PYfm `ccgY

/ hc ,+ FccgY

,+ hc .+ GYX]ia XYbgY

.+ hc 0+ >YbgY

;VcjY 0+ PYfm XYbgY
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2XQN[R^N CXRU[/ >%FJU]N 3N[LZRY\RXW A]

+ hc - PYfm gcZh <Y`ck +)-0 hgZ %-0 _JU&

- hc / McZh +)-0 hc +)0+ hgZ %-0 hc 0+ _JU&

/ hc 3 GYX]ia gh]ZZ +)0+ hc ,)+ hgZ %0+ hc ,++ _JU&

3 hc ,0 Mh]ZZ ,)+ hc -)+ hgZ %,++ hc -++ _JU&

,0 hc .+ PYfm gh]ZZ -)+ hc /)+ hgZ %-++ hc /++ _JU&

;VcjY .+ BUfX ;VcjY /)+ hgZ %/++ _JU&

N\Y hYghg UfY igiU``m dYfZcfaYX Uh 0 Zcch %,)0a& ]bhYfjU`g) BckYjYf( acfY ZfYeiYbh cf Wcbh]bicig

hYgh]b[ ]g XcbY Vm ;;=? h\fci[\ XYdh\g k\YfY U acfY UWWifUhY XYZ]b]h]cb cZ h\Y gc]`g ]g fYei]fYX)

N\Y hYgh \c`Yg UfY UXjUbWYX hc h\Y hYgh Y`YjUh]cbg Vm fchUfm Xf]``]b[ k]h\ U Wihh]b[ V]h( ig]b[

W]fWi`Uh]b[ Z`i]X hc fYacjY h\Y Wihh]b[gUbX \c`X h\Y Z]bY [fU]bg ]b gigdYbg]cb) N\Y W]fWi`Uh]b[ Z`i]X(

k\]W\ ]g VYbhcb]h]W Xf]``]b[ aiX( ]g U`gc igYX hc _YYd h\Y \c`Y cdYb VY`ck h\Y kUhYf hUV`Y Vm

aU]bhU]b]b[ Ub YlWYgg \mXfcghUh]W dfYggifY ]bg]XY h\Y \c`Y) Cb gcaY gc]` XYdcg]hg( dUfh]Wi`Uf`m

\][\`m dYfj]cig cbYg( Z`ig\#Wcid`YX WUg]b[ aigh VY Xf]jYb hc ^igh UVcjY h\Y hYgh]b[ XYdh\ hc _YYd

h\Y \c`Y cdYb UbX*cf dfYjYbh h\Y `cgg cZ W]fWi`Uh]b[ Z`i]X) ;ZhYf Wcad`Yh]cb cZ U hYgh Vcf]b[g( h\Y

\c`Y ]g _Ydh cdYb ibh]` U ghYUXm ghUhY [fcibXkUhYf `YjY` ]g fYWcfXYX) N\Y \c`Y ]g h\Yb gYU`YX Vm

VUW_Z]``]b[( Y]h\Yf k]h\ UWWiai`UhYX Wihh]b[g cf `YUb WYaYbh)

LYdfYgYbhUh]jY gd`]h#gdccb gUad`Yg Zfca YUW\ gUad`]b[ ]bhYfjU` UbX Zfca X]ZZYfYbh ghfUhU UfY

Vfci[\h hc cif `UVcfUhcfm ]b U]f#h][\h ^Ufg Zcf W`Ugg]Z]WUh]cb UbX hYgh]b[( ]Z bYWYggUfm) ;ZhYfkUfXg(

h\Y gUad`Yg UfY X]gWUfXYX ib`Ygg df]cf UffUb[YaYbh \UjY VYYb aUXY)

@?G4B 0E64B 1?B8>6C

;i[Yf Vcf]b[g %;MNG >#,/0-& UfY igYX k\Yb U fY`Uh]jY`m `Uf[Y( Wcbh]bicig gUad`]b[ cZ gc]` ghfUhU

W`cgY hch\Y [fcibX gifZUWY ]g XYg]fYX) ; /#]bW\ %,++ aa&X]UaYhYf( Wcbh]bicig Z`][\h( \Y`]WU` Ui[Yf

k]h\ U Wihh]b[ \YUX Uh ]hg YbX ]g gWfYkYX ]bhc h\Y [fcibX ]b 0#Zcch %,)0a& gYWh]cbg) Ch ]g dckYfYX

Vm h\Y fchUfm Xf]`` f][) N\Y gUad`Y ]g fYWcjYfYX Vm k]h\XfUk]b[ h\Y Ui[Yfcif cZ h\Y [fcibX k]h\cih

fchUh]b[ ]h) N\Y gc]` gUad`Y gc cVhU]bYX( ]g W`Ugg]Z]YX ]b h\Y Z]Y`X UbX fYdfYgYbhUh]jY gUad`Yg d`UWYX

]b VU[g cf ^Ufg UbX fYhifbYX hc h\Y ;;=? gc]`g `UVcfUhcfm Zcf W`Ugg]Z]WUh]cb UbX hYgh]b[( ]Z bYWYggUfm)

70>3 0E64B 1?B8>6C

BUbX Ui[Yf Vcf]b[g UfY igYX( ]Z gc]` WcbX]h]cbg UfY ZUjcfUV`Y( k\Yb h\Y gc]` ghfUhU UfY hc VY

XYhYfa]bYX k]h\]b U g\U``ck %Uddfcl]aUhY`m 0#Zcch S,)0aT& XYdh\ cf k\Yb UWWYgg ]g bch UjU]`UV`Y

hc dckYf Xf]``]b[ Yei]daYbh) ; .#]bW\ %20aa& X]UaYhYf \UbX ViW_Yh Ui[Yf k]h\ U Wihh]b[ \YUX ]g

g]ai`hUbYcig`m hifbYX UbX dfYggYX ]bhc h\Y [fcibX) N\Y ViW_Yh Ui[Yf ]g fYhf]YjYX Uh

Uddfcl]aUhY`m 1#]bW\ %+),0a& ]bhYfjU` UbX ]hg WcbhYbhg Yadh]YX Zcf ]bgdYWh]cb) Ib cWWUg]cb dcgh#

\c`Y X][[Yfg UfY igYX( YgdYW]U``m ]b h\Y iddYf . ZYYh %,a& cf gc) JYbYhfcaYhYf dfcV]b[g WUb VY

igYX ]b h\Y iddYf 0 ZYYh %,)0a& hc XYhYfa]bY h\Y fY`Uh]jY XYbg]hm cZ h\Y gc]`g) N\Y gc]` gUad`Y

cVhU]bYX ]g XYgWf]VYX UbX fYdfYgYbhUh]jY gUad`Yg dih ]b VU[g cf ^Ufg UbX hfUbgdcfhYX hc h\Y ;;=?

gc]`g `UVcfUhcfm Zcf W`Ugg]Z]WUh]cb UbX hYgh]b[( ]Z bYWYggUfm)
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ObX]ghifVYX gUad`]b[ %;MNG >#,032& ]ad`]Yg h\Y fYWcjYfm cZ gc]` gUad`Yg ]b U ghUhY Ug W`cgY hc

h\Y]f bUhifU` WcbX]h]cb Ug dcgg]V`Y) =cad`YhY dfYgYfjUh]cb cZ ]b g]hi WcbX]h]cbg WUbbch VY fYU`]nYX6

\ckYjYf( k]h\ WUfYZi` \UbX`]b[ UbX dfcdYf gUad`]b[ hYW\b]eiYg( X]ghifVUbWY Xif]b[ gUad`]b[ WUb

VY a]b]a]nYX Zcf acgh [YchYW\b]WU` Yb[]bYYf]b[ difdcgYg) NYgh]b[ cZ ibX]ghifVYX gUad`Yg []jYg

U acfY UWWifUhY Ygh]aUhY cZ ]b g]hi VY\Uj]cf h\Ub ]g dcgg]V`Y k]h\ X]ghifVYX gUad`Yg)

HcfaU``m( kY cVhU]b ibX]ghifVYX gUad`Yg Vm dig\]b[ U -)320#]bW\ %2. aa& C)>)( h\]b kU`` gYUa`Ygg

ghYY` hiVY -/ ]bW\Yg %+)1 a& ]bhc h\Y gc]` k]h\ U g]b[`Y ghc_Y cZ U \mXfUi`]W fUa) N\Y gUad`Yf( k\]W\

]g U M\Y`Vm hiVY( ]g .+ %+)3 a& ]bW\Yg `cb[) ;ZhYf h\Y gUad`Yf ]g fYhf]YjYX( h\Y YbXg UfY gYU`YX ]b h\Y

Z]Y`X UbX ]h ]g hfUbgdcfhYX hc cif `UVcfUhcfm Zcf j]giU` XYgWf]dh]cb UbX hYgh]b[( Ug bYYXYX)

B?2; 2?B8>6

Cb WUgY fcW_ghfUhU ]g YbWcibhYfYX UbXfcW_ ghfYb[h\*Wcbh]bi]hm*Wcadcg]h]cb ]bZcfaUh]cb ]gbYYXYX

Zcf ZcibXUh]cb cf a]b]b[ difdcgYg( h\Y fcW_ WUb VY WcfYX %;MNG >#-,,.& UbX -#]bW\ hc /#]bW\

X]UaYhYf fcW_ WcfY gUad`Yg VY cVhU]bYX Zcf Zifh\Yf `UVcfUhcfm UbU`mgYg) N\Y fcW_ Wcf]b[ ]g

dYfZcfaYX h\fci[\ Z`ig\#^c]bh ghYY` WUg]b[ hYadcfUf]`m ]bghU``YX h\fci[\ h\Y cjYfVifXYb gc]`g

UVcjY h\Y fcW_ ZcfaUh]cb UbX U`gc ]bghU``YX ]bhc h\Y fcW_) N\Y XciV`Y# cf hf]d`Y#hiVY WcfY VUffY`g

UfY UXjUbWYX ]bhc h\Y fcW_ hmd]WU``m ]b 0#Zcch ]bhYfjU`g UbX h\Yb fYhf]YjYX hc h\Y gifZUWY) N\Y VUffY`

]g h\Yb cdYbYX gc h\Uh h\Y WcfY gUad`Y WUb VY YlhfiXYX) JfY`]a]bUfm Z]Y`X aYUgifYaYbhg cZ h\Y

fYWcjYfYX fcW_ WcfYg ]bW`iXY dYfWYbh fYWcjYfm UbX LcW_ KiU`]hm >Yg][bUh]cb %LK>& jU`iYg) N\Y

fcW_ WcfYg UfY d`UWYX ]b gYWifY WcfY VclYg UbX h\Yb hfUbgdcfhYX hc cif `UVcfUhcfm Zcf Zifh\Yf

]bgdYWh]cb UbX hYgh]b[( Ug bYYXYX)

C5G=3 4H58<DB0D8?> D4CDC

Cb cfXYf hc Ygh]aUhY h\Y \mXfUi`]W WcbXiWh]j]hm cZ h\Y iddYf gc]`g( WcbghUbh \YUX cf ZU``]b[ \YUX

YlZ]`hfUh]cb hYghg WUb VY dYfZcfaYX) N\YgY hYghg UfY dYfZcfaYX ]b UWWcfXUbWY k]h\ aYh\cXg

XYgWf]VYX ]b h\Y Mcih\ @`cf]XU QUhYf GUbU[YaYbh >]ghf]Wh %M@QG>& JYfa]h CbZcfaUh]cb GUbiU`(

Pc`iaY CP) Cb Vf]YZ( U 1 hc 4 ]bW\ X]UaYhYf \c`Y ]g Ui[YfYX hc XYdh\g cZ UVcih 0 hc 2 ZYYh6 h\Y

Vchhca cbY Zcch ]g Z]``YX k]h\ 02#ghcbY6 UbX U 1#Zcch `cb[ g`chhYX JP= d]dY ]g `ckYfYX ]bhc h\Y \c`Y)

N\Y X]ghUbWY Zfca h\Y [fcibXkUhYf hUV`Y UbXhch\Y [fcibXgifZUWY ]g fYWcfXYXUbXh\Y \c`Y ]g h\Yb

gUhifUhYX Zcf ,+ a]bihYg k]h\ h\Y kUhYf `YjY` aU]bhU]bYX Uh h\Y [fcibX gifZUWY)

CZ U WcbghUbh \YUX hYgh ]g dYfZcfaYX( h\Y fUhY cZ diad]b[ k]`` VY fYWcfXYX Uh Z]lYX ]bhYfjU`g cZ ,

a]bihY Zcf U hchU` cZ ,+ a]bihYg( Zc``ck]b[ h\Y gUhifUh]cb dYf]cX)

<01?B0D?BI D4CD =4D7?3C

Mc]` gUad`Yg fYhifbYXhch\Y ;;=? gc]`g `UVcfUhcfm UfYj]giU``m cVgYfjYXVm U[YchYW\b]WU` Yb[]bYYf

cf U hfU]bYX hYW\b]W]Ub hc cVhU]b acfY UWWifUhY XYgWf]dh]cb cZ h\Y gc]` ghfUhU) FUVcfUhcfm hYgh]b[

]g dYfZcfaYX cb gY`YWhYX gUad`Yg Ug XYYaYX bYWYggUfm hc U]X ]b gc]` W`Ugg]Z]WUh]cb UbX hc \Y`d

XYZ]bY Yb[]bYYf]b[ dfcdYfh]Yg cZ h\Y gc]`g) N\Y hYgh fYgi`hg UfY dfYgYbhYX cb h\Y gc]` Vcf]b[ `c[g Uh

h\Y XYdh\g Uh k\]W\ h\Y fYgdYWh]jY gUad`Y kUg fYWcjYfYX( YlWYdh h\Uh [fU]b g]nY X]ghf]Vih]cbg cf

gY`YWhYX ch\Yf hYgh fYgi`hg aUm VY dfYgYbhYX cb gYdUfUhY hUV`Yg( Z][ifYg cf d`UhYg Ug X]gWiggYX ]b

h\]g fYdcfh)
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N\Y gc]` XYgWf]dh]cbg g\ckb cb h\Y `c[g UfY VUgYX idcb j]giU`#aUbiU` dfcWYXifYg ]b UWWcfXUbWY

k]h\ `cWU` dfUWh]WY) Mc]` W`Ugg]Z]WUh]cb ]g dYfZcfaYX ]b [YbYfU` UWWcfXUbWY k]h\ h\Y Ob]hYX Mc]`

=`Ugg]Z]WUh]cb MmghYa UbX ]g U`gc VUgYX cb j]giU`#aUbiU` dfcWYXifYg)

<IOF>?LM %9,-! S.++ GGT& UbX =I<<F?M %.! S20 GGT NI ,-! S.++ GGT&5

6B0F4</ =cUfgY AfUjY`5 .*/! %,4 aa& hc .! %20 aa&

@]bY AfUjY`5 Hc) / %/)20 aa& M]YjY hc .*/! %,4 aa&

>YgWf]dh]jY UX^YWh]jYg5

+ # 0# y bc aYbh]cb cZ [fUjY` ]b XYgWf]dh]cb

0 # ,0# y hfUWY

,0 # -4# y gcaY

.+ # /4# y [fUjY``m %g\Y``( `]aYfcW_( WYaYbhYX gUbXg&

C0>3C/

=I;LM? M;H>5 Hc) ,+ %- aa& M]YjY hc Hc) / %/)20 aa& M]YjY

G?>COG M;H>5 Hc) /+ %/-0 {a& M]YjY hc Hc) ,+ %- aa& M]YjY

@CH? M;H>5 Hc) -++ %20 {a& M]YjY hc Hc) /+ %/-0 {a& M]YjY

>YgWf]dh]jY UX^YWh]jYg5

+ # 0# y bc aYbh]cb cZ gUbX ]b XYgWf]dh]cb

0 # ,0# y hfUWY

,0 # -4# y gcaY

.+ # /4# y gUbXm

C8<D&2<0I/ 7 "-++ %20{G& M]YjY

MCFNR IL MCFN5 JC 7 /

MCFNR =F;R?R IL MCFNR =F;R5 / " JC " 2

=F;R?R IL =F;R5 JC 9 2

>YgWf]dh]jY UX^YWh]jYg5

7 # 0# y W`YUb %bc aYbh]cb cZ g]`h cf W`Um ]b XYgWf]dh]cb&

0 # ,0# y g`][\h`m

,1 # .0# y W`UmYm( g]̀ hm( cf g]̀ hm W`UmYm

.1 # /4# y jYfm

?B60>82 C?8<C5

?ZPJWRL 2XW\NW\ 3N[LZRY\R^N 0MSNL\R^N[ 2UJ[[RORLJ\RXW

+ # -)0# OgiU``m bc aYbh]cb cZ

cf[Ub]Wg ]b XYgWf]dh]cb

MYY ;VcjY

-)1 # 0# g ]̀[\h`m cf[Ub]W UXX vk]h\ cf[Ub]W Z]bYgw hc [fcid bUaY

0 # .+# cf[Ub]W MG k]h\ cf[Ub]W Z]bYg

If[Ub]W M]`h %IF&

If[Ub]W =`Um %IF&

If[Ub]W M]`h %IB&
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If[Ub]W =`Um %IB&

7867<I ?B60>82 C?8<C 0>3 =0DD4B/

?ZPJWRL 2XW\NW\ 3N[LZRY\R^N 0MSNL\R^N[ 2UJ[[RORLJ\RXW

.+ # 20# gUbXm dYUh JYUh %JN&

g]̀ hm dYUh JYUh %JN&

9 20# Uacfd\cig dYUh JYUh %JN&

Z]Vfcig dYUh JYUh %JN&

CDB0D85820D8?> 0>3 CDBE2DEB4/

3N[LZRY\R^N DNZV DQRLTWN[[

k]h\ ]bhYfVYXXYX

gYUa ## `Ygg h\Ub | ]bW\ %,. aa& h\]W_

`UmYf ## | hc ,-#]bW\Yg %.++ aa& h\]W_

ghfUhia ## acfY h\Ub ,-#]bW\Yg %.++ aa& h\]W_

dcW_Yh ## gaU``( YffUh]W XYdcg]h( igiU``m `Ygg h\Ub ,#Zcch

`Ybg ## `Ybh]Wi`Uf XYdcg]hg

cWWUg]cbU` ## cbY cf `Ygg dYf Zcch cZ h\]W_bYgg

ZfYeiYbh ## acfY h\Ub cbY dYf Zcch cZ h\]W_bYgg

WU`WUfYcig ## WcbhU]b]b[ WU`W]ia WUfVcbUhY %fYUWh]cb hc X]̀ ihYX B=F&

\UfXdUb ## gdcX]W \cf]ncb igiU``m aYX]ia XYbgY

aUf` ## a]lhifY cZ WUfVcbUhY W`Umg( g]`hg( g\Y``g UbX gUbXg

B?2; 2<0CC85820D8?> "5<?B830# 270BD/

MmaVc` Nmd]WU` >YgWf]dh]cb

FM BUfX <YXXYX F]aYghcbY cf =UdfcW_

QFM @fUWhifYX cf QYUh\YfYX F]aYghcbY

FL F]aYfcW_ %[fUjY`( gUbX( g]`h UbX W`Um a]lhifY&

MFM MhfUh]Z]YX F]aYghcbY UbX Mc]̀ g
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<464>3 5?B 1?B8>6 <?6C

H5 HiaVYf cZ V`ckg hc Xf]jY U -#]bW\ I> gd`]h gdccb gUad`Yf ,- ]bW\Yg ig]b[ U

,/+#dcibX \UaaYf XfcddYX .+ ]bW\Yg

L5 LYZigU` %`Ygg h\Ub g]l ]bW\Yg UXjUbWY cZ h\Y gd`]h gdccb UZhYf0+\UaaYf V`ckg&

G=5 Gc]ghifY WcbhYbh %dYfWYbh cZ Xfm kY][\h&

I=5 If[Ub]W WcbhYbh %dYfWYbh cZ Xfm kY][\h&

JF5 Gc]ghifY WcbhYbh Uh h\Y d`Ugh]W `]a]h

FF5 Gc]ghifY WcbhYbh Uh h\Y `]ei]X `]a]h

JC5 J`Ugh]W]hm ]bXYl %FF#JF&

ei5 ObWcbZ]bYX WcadfYgg]jY ghfYb[h\ %hcbg dYf geiUfY Zcch( ib`Ygg ch\Yfk]gY

bchYX&

#-++5 JYfWYbh dUgg]b[ U Hc) -++ g]YjY %-++ kUg\&

'/+5 JYfWYbh fYhU]bYX UVcjY U Hc) /+ g]YjY

OM5 ObX]ghifVYX gUad`Y cVhU]bYX k]h\ U h\]b#kU`` M\Y`Vm hiVY

_5 JYfaYUV]`]hm %ZYYh dYf a]bihY( ib`Ygg ch\Yfk]gY bchYX&

>>5 >fm XYbg]hm %dcibXg dYf WiV]W Zcch&

NQ5 NchU` ib]h kY][\h %dcibXg dYf WiV]W Zcch&
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;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) \Ug dfYdUfYX h\]g fYdcfh Zcf cif W`]Ybh Zcf \]g YlW`ig]jY
igY( ]b UWWcfXUbWY k]h\ [YbYfU``m UWWYdhYX gc]` UbX ZcibXUh]cb Yb[]bYYf]b[ dfUWh]WYg) Hc ch\Yf
kUffUbhm( YldfYggYX cf ]ad`]YX( ]g aUXY \YfY]b) @ifh\Yf( h\Y fYdcfh( ]b U`` WUgYg( ]g giV^YWh hc h\Y
Zc``ck]b[ `]a]hUh]cbg UbX WcbX]h]cbg5

F0B801<4&E>0>D828@0D43 CE1CEB5024 2?>38D8?>C

N\Y Yb[]bYYf]b[ UbU`mg]g( YjU`iUh]cb UbX giVgYeiYbh fYWcaaYbXUh]cbg dfYgYbhYX \YfY]b UfY
VUgYX cb h\Y XUhU cVhU]bYX Zfca cif Z]Y`X Yld`cfUh]cbg( Uh h\Y gdYW]Z]W `cWUh]cbg Yld`cfYX cb h\Y
XUhYg ]bX]WUhYX ]b h\Y fYdcfh) N\]g fYdcfh XcYgbch fYZ`YWh Ubm giVgifZUWY jUf]Uh]cbg %Y)[) gc]` hmdYg(
[fcibXkUhYf `YjY`g( YhW)& k\]W\ aUm cWWif UX^UWYbh cf VYhkYYb Vcf]b[g)

N\Y bUhifY UbX YlhYbh cZ Ubm giW\ jUf]Uh]cbg aUm bch VYWcaY Yj]XYbh ibh]`
WcbghfiWh]cb*YlWUjUh]cb WcaaYbWYg) Cb h\Y YjYbh giW\ jUf]Uh]cbg UfY YbWcibhYfYX( ;bXYfgYb
;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) aUm Z]bX ]h bYWYggUfm hc %,& dYfZcfa UXX]h]cbU` giVgifZUWY
Yld`cfUh]cbg( %-& WcbXiWh ]b#h\Y#Z]Y`X cVgYfjUh]cbg cZ YbWcibhYfYX jUf]Uh]cbg( UbX*cf fY#YjU`iUhY
h\Y WcbW`ig]cbg UbX fYWcaaYbXUh]cbg dfYgYbhYX \YfY]b)

QY Uh ;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) fYWcaaYbX h\Uh h\Y dfc^YWh gdYW]Z]WUh]cbg
bYWYgg]hUhY h\Y WcbhfUWhcf ]aaYX]UhY`m bch]Zm]b[ ;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW)( h\Y
ckbYf UbX h\Y XYg][b Yb[]bYYf %]Z Udd`]WUV`Y& ]Z giVgifZUWY WcbX]h]cbg UfY YbWcibhYfYX h\Uh UfY
X]ZZYfYbh Zfca h\cgY dfYgYbhYX ]b h\]g fYdcfh)

Hc W`U]a Vm h\Y WcbhfUWhcf Zcf Ubm WcbX]h]cbg X]ZZYf]b[ Zfca h\cgY YldYWhYX ]b h\Y d`Ubg UbX
gdYW]Z]WUh]cbg( cf dfYgYbhYX ]b h\]g fYdcfh( g\ci`X VY U``ckYX ib`Ygg h\Y WcbhfUWhcf bch]Z]Yg h\Y
ckbYf UbX ;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) cZ giW\ X]ZZYf]b[ g]hY WcbX]h]cbg)
;XX]h]cbU``m( kY fYWcaaYbX h\Uh U`` ZcibXUh]cb kcf_ UbX g]hY ]adfcjYaYbhg VY cVgYfjYX Vm Ub
;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) fYdfYgYbhUh]jY)

C?8< CDB0D0 270>64C

Mc]` ghfUhU W\Ub[Yg UfY ]bX]WUhYX Vm U \cf]ncbhU` `]bY cb h\Y gc]` Vcf]b[ dfcZ]`Yg %Vcf]b[ `c[g&
dfYgYbhYX k]h\]b h\]g fYdcfh) BckYjYf( h\Y UWhiU` ghfUhUug W\Ub[Yg aUm VY acfY [fUXiU` UbX
]bX]gh]bWh) Q\YfY W\Ub[Yg cWWif VYhkYYb gc]` gUad`Yg( h\Y `cWUh]cbg cZ h\Y W\Ub[Yg aigh VY
Ygh]aUhYX ig]b[ h\Y UjU]`UV`Y ]bZcfaUh]cb UbX aUm bch VY Uh h\Y YlUWh XYdh\ ]bX]WUhYX)

C8>;7?<4 @?D4>D80<

Ob`Ygg gdYW]Z]WU``m fYeiYghYX ]b kf]h]b[( U giVgifZUWY Yld`cfUh]cb dYfZcfaYX Vm ;bXYfgYb ;bXfY
=cbgi`h]b[ ?b[]bYYfg( CbW) ]g bch ]bhYbXYX hc VY Ub YjU`iUh]cb Zcf g]b_\c`Y dchYbh]U`)
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=8C8>D4B@B4D0D8?> ?5 CE1CEB5024 C?8< 4H@<?B0D8?> B4@?BD

;bXYfgYb ;bXfY =cbgi`h]b[?b[]bYYfg( CbW) ]g fYgdcbg]V`Y Zcf h\Y WcbW`ig]cbgUbX fYWcaaYbXUh]cbg
dfYgYbhYX \YfY]b( VUgYX idcb h\Y giVgifZUWY XUhU cVhU]bYX Xif]b[ h\]g dfc^YWh) CZ ch\Yfg fYbXYf
WcbW`ig]cbg cf cd]b]cbg( cf aU_Y fYWcaaYbXUh]cbg VUgYX idcb h\Y XUhU dfYgYbhYX ]b h\]g fYdcfh(
h\cgY WcbW`ig]cbg( cd]b]cbgUbX*cf fYWcaaYbXUh]cbgUfY bchh\Y fYgdcbg]V]`]hm cZ;bXYfgYb;bXfY
=cbgi`h]b[ ?b[]bYYfg( CbW)

270>643 CDBE2DEB4 ?B <?20D8?>

N\]g fYdcfh kUg dfYdUfYX hc Ugg]gh h\Y ckbYf( UfW\]hYWh UbX*cf W]j]` Yb[]bYYf ]b h\Y XYg][b cZ h\Y
giV^YWh dfc^YWh) CZ Ubm W\Ub[Yg ]b h\Y WcbghfiWh]cb( XYg][b UbX*cf `cWUh]cb cZ h\Y ghfiWhifYg Ug
X]gWiggYX ]b h\]g fYdcfh UfY d`UbbYX( cf ]Z Ubm ghfiWhifYg UfY ]bW`iXYX cf UXXYX h\Uh UfY bch
X]gWiggYX ]b h\]g fYdcfh( h\Y WcbW`ig]cbg UbX fYWcaaYbXUh]cbg WcbhU]bYX ]b h\]g fYdcfh aUm bch
VY jU`]X) ;`` giW\ W\Ub[Yg ]b h\Y dfc^YWh d`Ubg g\ci`X VY aUXY _bckb hc ;bXYfgYb ;bXfY
=cbgi`h]b[ ?b[]bYYfg( CbW) Zcf cif giVgYeiYbh fY#YjU`iUh]cb)

EC4 ?5 B4@?BD 1I 18334BC

<]XXYfg k\c UfY fYj]Yk]b[ h\]g fYdcfh df]cf hc giVa]gg]cb cZ U V]X UfY WUih]cbYX h\Uh h\]g fYdcfh
kUg dfYdUfYX hc Ugg]gh h\Y ckbYfg UbX dfc^YWh XYg][bYfg) <]XXYfg g\ci`X WccfX]bUhY h\Y]f ckb
giVgifZUWY Yld`cfUh]cbg %Y)[)6 gc]` Vcf]b[g( hYgh d]hg( YhW)& Zcf h\Y difdcgY cZ XYhYfa]b]b[ Ubm
WcbX]h]cbg h\Uh aUm UZZYWh WcbghfiWh]cb cdYfUh]cbg) ;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW)
WUbbch VY \Y`X fYgdcbg]V`Y Zcf Ubm ]bhYfdfYhUh]cbg aUXY ig]b[ h\]g fYdcfh cf h\Y UhhUW\YX Vcf]b[
`c[g k]h\ fY[UfX hc h\Y]f UXYeiUWm ]b fYZ`YWh]b[ giVgifZUWY WcbX]h]cbg k\]W\ aUm UZZYWh
WcbghfiWh]cb cdYfUh]cbg)

8>%D74%584<3 ?1C4BF0D8?>C

;bXYfgYb ;bXfY =cbgi`h]b[ ?b[]bYYfg( CbW) UhhYadhg hc ]XYbh]Zm giVgifZUWY WcbX]h]cbg( ]bW`iX]b[
gc]` ghfUh][fUd\m( kUhYf `YjY`g( ncbYg cZ `cgh W]fWi`Uh]cb( v\UfXw cf vgcZhw Xf]``]b[( giVgifZUWY
cVghfiWh]cbg( YhW) BckYjYf( `UW_ cZ aYbh]cb ]b h\Y fYdcfh XcYg bch dfYW`iXY h\Y dfYgYbWY cZ giW\
WcbX]h]cbg)

<?20D8?> ?5 1EB843 ?1942DC

OgYfg cZ h\]g fYdcfh UfY WUih]cbYX h\Uh h\YfY kUg bc fYei]fYaYbh Zcf ;bXYfgYb ;bXfY =cbgi`h]b[
?b[]bYYfg( CbW) hc UhhYadh hc `cWUhY Ubm aUb#aUXY( ibXYf[fcibX cV^YWhg Xif]b[ h\Y WcifgY cZ h\]g
Yld`cfUh]cb( UbX h\Uh bc UhhYadhg hc `cWUhY Ubm giW\ cV^YWhg kYfY dYfZcfaYX) ;bXYfgYb ;bXfY
=cbgi`h]b[ ?b[]bYYfg( CbW) WUbbch VY fYgdcbg]V`Y Zcf Ubm Vif]YX aUb#aUXY cV^YWhg k\]W\ UfY
giVgYeiYbh`m YbWcibhYfYX Xif]b[ WcbghfiWh]cb)

@0CC064 ?5 D8=4

N\]g fYdcfh fYZ`YWhg giVgifZUWY WcbX]h]cbg h\Uh kYfY YbWcibhYfYX Uh h\Y h]aY*XUhY ]bX]WUhYX ]b h\Y
fYdcfh) M][b]Z]WUbh W\Ub[Yg WUb cWWif Uh h\Y g]hY Xif]b[ h\Y dUggU[Y cZ h]aY) N\Y igYfcZ h\Y fYdcfh
fYWc[b]nYg h\Y ]b\YfYbh f]g_ ]b ig]b[ h\Y ]bZcfaUh]cb dfYgYbhYX \YfY]b UZhYf U fYUgcbUV`Y Uacibh
cZ h]aY \Ug dUggYX) QY fYWcaaYbX h\Y igYf cZ h\Y fYdcfh WcbhUWh ;bXYfgYb ;bXfY =cbgi`h]b[
?b[]bYYfg( CbW) k]h\ Ubm eiYgh]cbg cf WcbWYfbg fY[UfX]b[ h\]g ]ggiY)
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Tetra Tech, Inc.  

Exhibit 16 

Photo Logs 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

1 

 

 
Photo: Key Sheet 
 
Description: 
 
This is the plan view of the 
site with direction arrow 
to be used for reference. 
 

 

 
 

 

 
Photo: 1 
 
Description: 
 
Next to the Northeast end 
of the seawall, this is the 
adjacent seawall, leading 
toward the boat ramp. 
Looking Southeast. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

2 

 

 
Photo: 2 
 
Description: 
Next to the Northeast end 
of the wall, this is the 
adjacent seawall which 
forms the triangle toward 
the end of the NOAA 
seawall. This side of the 
seawall is made with 
concrete capped steel 
sheet piles.  
Looking Northwest. 
 

 

 

 
 

 
Photo: 3 
 
Description: 
The seawall cap at the tip 
of the triangle on the 
Northeast end of the wall 
is broken and damaged. A 
buoy is covering a hole. 
Looking Northwest. 
 
 

 

 

 

Page | 92



 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

3 

 

 
Photo: 4 
 
Description: 
The Northeast end of the 
NOAA seawall. The 
concrete seawall cap does 
not extend all the way to 
the edge (damage is 
apparent). Quikrete bags 
appear to have been 
placed along the line 
where the cap should run. 
Looking Northeast.  
 

 

 

 

 
Photo: 5 
 
Description: 
The first dock (Dock 1) 
along the NOAA seawall, 
going from Northeast end 
to Southwest end. The 
dock steps down a few 
feet after passing the gate. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

4 

 
Photo: 6 
 
Description: 
 
View of the seawall from 
Dock 1 – left. 
 

 

 

 
 

 
Photo: 7 
 
Description: 
View of the seawall from 
Dock 1 – right. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

5 

 
Photo: 8 
 
Description: 
The second dock along the 
NOAA seawall, Dock 2. 
 

 

 

 
 

 
Photo: 9 
 
Description: 
View of the seawall from 
Dock 2 – right. Quikrete 
bags are visible along the 
bottom edge of the 
seawall.  
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

6 

 
Photo: 10 
 
Description: 
The third dock along the 
NOAA seawall, Dock 3. 

 

 

 
 

 
Photo: 11 
 
Description: 
View of the seawall from 
Dock 3 – left. The quikrete 
bags appear to stop 
between Docks 2 and 3, 
and a concrete wall takes 
its place, running from the 
edge of the seawall to the 
top of grade. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

7 

 
Photo: 12 
 
Description: 
The fourth dock along the 
NOAA seawall, Dock 4. 

 

 

 
 

 
Photo: 13 
 
Description: 
View of the seawall from 
Dock 4 – left. The concrete 
wall along the bottom 
appear to continue 
through the end of the 
seawall. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

8 

 
Photo: 14 
 
Description: 
View of the seawall from 
Dock 4 – right. 
 

 

 

 
 

 
Photo: 15 
 
Description: 
The fifth and last dock 
along the NOAA seawall, 
Dock 5. This dock goes out 
about 82 feet, and has 3 
sets of steps leading to 
slips along the left of the 
dock. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

9 

 
Photo: 16 
 
Description: 
View of the seawall from 
Dock 5 – left. The location 
of the second soil boring 
can also be seen here. 
 
 

 

 

 
 

 
Photo: 17 
 
Description: 
View of the seawall from 
Dock 5 – right. The NOAA 
seawall ends, leading to 
the Navy seawall next 
door, on the Southwest 
end of the seawall. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

10 

 
Photo: 18 
 
Description: 
General view of the gravel 
path behind the seawall. 
The path is about 25 feet 
wide, with light posts by 
the entrance gate of each 
dock.  Looking West. 
 
 

 

 

 
 

 
Photo: 19 
 
Description: 
General view of the gravel 
path leading toward the 
docks.  Looking South. 
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 Site Photos    
Key West NOAA Seawall 

 
Key West, Monroe County, Florida 

Tetra Tech, Inc.  
Project: 194-5363 

 

 
Tetra Tech, Inc. 

 
 Taken by Francisco Martinez on June 23, 2015 

 

11 

 
Photo: 20 
 
Description: 
View of the neighboring 
Navy property on the 
Southwest end of the 
NOAA seawall. 

 

 

 
 

 
Photo: 21 
Description: 
 
At least two concrete pads 
were spotted on site, 
outside of the gates for 
Docks 3 and 4, with a 
storm water drain and 
utility manholes.  
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Tetra Tech, Inc.  

Exhibit 17 

TranSystems Report 
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