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The new gated dam on the Monongahela River at Braddock, Pennsylvania, was 
built for the US Army Corps of Engineers using an innovative “In-the-Wet” 
technology.  A key feature of this technology involves construction of the 
foundations through the water and later mating the completed structure or a shell 
of the structure to the pre-installed foundation.  This paper presents a description 
of the structure, its foundation, construction sequence and design details required 
to successfully implement this technology. 
 

Introduction 
 
Locks and dams in the United States have 
historically been built by blocking off large 
sections of the river with circular-sheet-pile 
cells; dewatering the area surrounded by the 
cells; and then proceeding with foundations 
followed by the superstructure.  After 
completing one segment of structure, the 
area enclosed by cells is again flooded, the 
circular cells are moved and another section 
of the river is dewatered to allow a 
continuation of construction on the adjacent 
sections.  This process is continued for 
multiple cycles until the entire lock or dam 
is completed.   (See Fig. 1 for an example 
of this type of construction.)  
 

 
Figure 1 - Conventional Cofferdam 
Construction.  

 This method has been successful in the 
past, but suffers from a number of draw- 
backs: 
 

• The large temporary cofferdams are 
expensive to build and remove;  

• They restrict river flow and impact 
navigation (This is especially true 
when replacing an existing 
navigation structure.); 

• Drying up extensive areas of the 
river bottom requires construction 
and operation of large expensive 
dewatering systems; 

• If the structure is located on ground 
that contains contaminates, 
dewatering can spread contaminates 
in the ground and create a need for 
treatment of the water once 
collected by the dewatering system. 

• The large temporary cofferdams are 
typically in place for 2 or more 
years and are subject to overtopping 
and flooding of the work area 
during periods of high water.    

 
An alternative to this approach is a method 
referred to as “float-in” or “in-the-wet” 
construction that involves constructing the 
foundation for the structure through the 
water and then floating in or lifting in a 
shell of the structure and mating it to the 
pre-installed foundation.  This technique 
has been in use for centuries.  Early 
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examples include float-in caissons used to 
build breakwaters and quay walls.  Over the 
last 100 years, 125 immersed tube tunnels 
have been built around the world using this 
technique.  It has been used to build paper 
mills up the Amazon River, power plants 
on the Mississippi River and large off-shore 
gravity base structures in the North Sea and 
Arctic Ocean.  
 
The Pittsburgh District of the US Army 
Corps of Engineers in an effort to develop 
alternate and more cost effective 
construction methods for their navigation 
structure on the inland waterways of the US 
selected this method of construction for 
replacement of Dam 2 on the Monongahela 
River, eleven miles upstream from 
Pittsburgh at Braddock, Pennsylvania.  See 
Fig. 2 for an aerial view of the dam site. 
The Corps developed the initial concepts 
and then selected a team consisting of Ben 
C. Gerwick, Inc of San Francisco, 
Bergmann Associates of Rochester, New 
York, and D'Appolonia of Pittsburgh, 
Pennsylvania, to perform the detailed 
design of the new 720-foot long navigation 
dam. 
 

 
Figure 2 - Braddock Dam Site.  
 
See Fig. 3 for a location map of Braddock 
Dam. 

 
Figure 3 - Location of Braddock Dam.  
 
The Corps initial "In-the-Wet" concepts 
envisioned using off-site prefabrication of 
thin concrete shells (or segments).  The 
segments were to be built on a large barge 
in a two-level casting basin, or in a 
drydock, floated into final position over 
pre-installed foundations, and then locked 
onto the foundations by underbase grouting 
and infilling of the segments with tremie 
concrete. These concepts offered several 
advantages over conventional "In-the-Dry" 
construction:  

• Less disruption to river navigation 
and river flow;  

• Lower cost of construction through 
the elimination of conventional 
large sheet pile cofferdams and site 
dewatering;  

• Shorter construction time by 
allowing concurrent construction of 
dam segments and dam foundations;  

• Less environmental impact by 
reducing dredging and eliminating  
site dewatering;   

• Higher quality by allowing the use 
of precast concrete produced in a 
controlled on-shore environment.  

 
The final design developed by the Gerwick-
Bergmann-D’Appolonia team was 
constructed by a joint venture of JA Jones 
and Traylor Bros.  The final structure 
consisted of two large prefabricated 
concrete segments that were floated into 
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place, and set-down on a pre-constructed 
foundation.  The float-in section of the new 
dam was a 600-ft long by 104.5-ft by 42-ft 
high structure with four gate bays and one 
fixed-crest weir bay. The final "In-the-Wet" 
design called for breaking the dam into two 
segments of 333-ft and 265-ft. The 
segments were constructed as closed 
bottom boxes in a two level casting basin. 
The exterior walls, bottom and top slabs of 
the boxes were 12-in thick and the interior 
walls were 10 and 12-in thick.   The bottom 
slabs were post-tensioned and contained 
recesses to allow the pre-installed 
foundation to penetrate the bottom of the 
slab during set-down of the segments.  
 
As each segment was completed, it was 
launched by flooding the basin and then 
towed to the outfitting pier two miles 
upstream of the dam site for final outfitting. 
The dam segments were then floated 
downstream to the dam site and positioned 
over the foundation caissons with a 
mooring system mounted on top of each 
dam segment. The foundation system 
consisted of sheet-pile cut-off walls 
upstream and downstream, H-piles below 
the tailrace area and 72 inch diameter 
drilled shafts installed in a pre-excavated 
area upstream of the existing dam.  Each 
segment was ballasted down onto 6 landing 
shafts and leveled with flat jacks installed 
within the piers of the float-in dam 
segments.  The under-base was then 
grouted, and 8-ft of tremie concrete was 
placed in the segment compartments. Each 
compartment within each segment was then 
dewatered and the remainder of the dam 
including tainter gates was completed in the 
dry.  After all cells within a given segment 
had been filled with concrete, the dam 
segment was locked on to the tops of the 
drilled shafts by grouting the pile-top 
annulus.   
 
Sequence of Construction 

Construction of the dam was carried out in 
seven stages.  See construction sequence 
stages 1 through 7 below: 

 
Stage 1 – Cast segment in two level casing 
basin.  
 

 
Stage 2 – Launch and tow segment to 
outfitting pier.  
 

 
Stage 3 – Position segment over pre-
installed foundations.  
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Stage 4 – Ballast and land segment.  
 
 
 

 
Stage 5 – Underbase grout segment.  
 
 

 
Stage 6 – Infill segment with concrete.  

 
Stage 7 – Complete segment infill, grout pile 
tops, dewater bays, and install tailrace panels.  
 
 
First Stage Excavation and Bottom  
Preparation 
 
Dredging was performed in two stages. The 
first stage of pre-excavation for the dam 
foundation was performed below the 
footprint of the dam and consisted of 
excavation the river bed to El. 690, from 
the existing lock river wall to the left bank 
abutment toe in a strip about 140 feet wide. 
The depth of the excavation ranged from 14 
feet to 32 feet across this reach. The 
excavation was inclined up the existing 
river bed grade at a slope of 1 on 10 
upstream and 1 on 5 downstream to El. 702. 
Dredged materials were transported by 
barge to the upstream disposal site.  
 
 
Cut-Off Walls 
 
After pre-excavation, steel sheet piling 
were installed to provide both upstream and 
downstream cut-off walls and to serve as 
retaining walls for various stages of work 
on the dam.  A prerequisite pile driving 
program was used to determine the 
elevation of rock to which sheets were to be 
driven.   Sheets were ordered to accurate 
lengths once these elevations were 
determined.  The upstream cut-off wall, 
located 3-ft from the upstream face of the 
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future dam, was installed first.  This 600-ft 
long wall was installed in two stages using 
a barge mounted pile driver.  The first stage 
involved installation of 75-ft long H-piles 
on a 19-ft spacing.  These H-piles were 
driven to the top of rock and were outfitted 
with pre-installed interlocks welded to one 
flange.  At completion of driving, the top of 
the H-piles and the interlocks extended 
above water and provided a guide for 
installation of 18-ft wide sheet pile wall 
panels between the H-piles.  The sheets 
were driven to final grade, approximately 
29-ft under water, and thereby eliminated 
the need for divers to cut the sheets off 
under water. 
 
The downstream cut-off wall was then 
installed in a similar manner.  The 
downstream cut-off wall consists of a 
structural system of 24-inch diameter pipe 
piles and sheet piles. Pipe piles were used 
rather than H-piles because the pipes 
supported the downstream end of the 
precast tailrace panels, and this wall system 
was required to resist the loads imposed by 
the retained alluvium when the downstream 
face of the wall was excavated to rock for 
installation of scour protection. The pipe 
piles were first driven and a 6-ft deep 
reinforced concrete rock socket was 
installed in each pile tip. The sheet piles 
were connected to the pipe piles by a 
special interlock section that was pre-
welded to each side of the pipe pile prior to 
driving. 
 
 
Second Stage Excavation, Bottom 
Preparation, Dam Foundation System 
 
With the cut-off walls in place, the area 
between the walls was excavated an 
additional 8 ft to El. 682, and a 12 inch 
layer of 1.5 inch stone placed and levelled.  
Eighty nine drilled shafts were used to 
support the dam piers and gate sills.  Two 
rows of H-piles on 8-ft spacing driven to 

the claystone rock layer were used to 
support the dam tailrace. The tops of the H-
piles extended up into the first tremie 
concrete poor below the tailrace slabs.  
 
 
Drilled Shaft Foundations 
 
The base of the dam is at El. 683.7 ft which 
is about 38 ft below the normal pool level 
and 15 ft below the existing riverbed.  The 
stratigraphy below the dam consists of 
approximately 16 ft of alluvium comprised 
of sandy gravel (GM) to silty sand with 
gravel (SM).  Below this layer is soft to 
medium hard clay shale and claystone 
down to El. 658 ft.  Medium hard to hard 
siltstone is encountered between El. 658 ft 
and 626 ft.  The drilled shafts for the dam 
were founded in this layer.  The average 
unconfined compressive strength of the 
clayshale is 840 psi and the siltstone 3600 
psi.  Two test shafts where installed and 
loaded both laterally and vertically.  See 
Fig. 4 for a stratigraphic section of the river 
bottom relative to the river bottom and the 
drilled shafts.   
 

 
Figure 4 - General Geologic Section.  
 
 
See Fig. 5 for a layout of the 89 drilled 
shafts under the dam. 
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Figure 5 - Layout of pre-installed drilled 
shafts.  
 
Two types of drilled shafts were installed 
under the main body of the dam:  

• Six set-down drilled shafts under 
each of the floating-in dam 
segments provided initial support of 
the float-in dam segments at set-
down; 

• Seventy seven foundation drilled 
shafts provided long-term support of 
the completed dam.   

See Fig. 6 for a schematic of the two drill 
shaft types. 
 

 
Figure 6 – Two types of drilled shafts  
 
 
All drilled shafts were step-tapered with a 
72” diameter rock socket drilled through a 
78” diameter permanent steel casing. 
Permanent casings were driven and seated 
into the top of the claystone rock layer. 

Drilling removed all material from within 
the casing and the 72” diameter rock socket 
were then drilled roughly 6 feet into the 
lower siltstone rock layer.  
 
All drilled shafts were positioned using a 
four-legged two-level template.  The fixed 
lower template was installed first to a 
tolerance of +/- 12 inches, and the sliding 
upper level template was set and fixed into 
position to a tolerance of +/- ¼ inch. 
Casings were then installed and barge 
mounted equipment performed the drilling.  
After the drilled shafts were thoroughly 
cleaned out, a steel reinforcing cage was 
installed, and the shaft was filled with 
tremie concrete to an elevation 
approximately 6 ft below the bottom of the 
future dam.  
 
After the tremie concrete attained sufficient 
strength, the casings were dewatered and 
latent concrete was manually removed in-
the dry.  A tension-anchor/shear-pin 
assembly consisting of a 14" steel wide 
flange tension anchor and 36 inch diameter 
pipe shear pin was then installed and fixed 
in position by concrete placed in the dry.   
The top of each casing was then cut-off to a 
vertical tolerance of +/- ¼ inch using a 
temporary circular cofferdam that was 
installed over the top of the drilled shaft 
casing and sealed to the outside face of the 
casing below the cut-off point using 
inflatable rubber seals.  The annulus 
between the casing and the temporary 
cofferdam was then dewatered and the drill 
casing was cut off in-the-dry from the 
inside the casing. 

The 12 Set-down drilled shafts were 
generally constructed in a similar manner to 
the foundation drilled shafts.  However, 
instead of installing a tension-anchor/shear-
pin assembly, a levelled grout surface was 
constructed at the bottom elevation of the 
dam.  A tolerance of +/- 1/8th inch was 
obtained by milling the top surface of the 
drilled shaft concrete.  The casing was then 
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cut-off underwater using the same 
technique described above.   
 
 
Precast Shell Fabrication, Launch 
Transport and Outfitting 
 
While the dam foundations were under 
construction, the two float-in dam segments 
were constructed at a two level casting 
basin located at a 15-acre site 27 miles 
downstream from Braddock on the Ohio 
River.  The two level casting basin allowed 
the segments to be cast on an upper level, a 
few feet above normal pool elevation in a 
protected area behind an earthen berm. 
See Fig. 7 for an aerial view of the casting 
basin  and launch site at Leetsdale, PA. 
 

 
 
Figure 7 - Cast and launch site.  
 
 
The total 600-ft length of float-in dam was 
divided into two segments.  The 333-ft long 
Segment 1 weighed approximately 12,000 
tons and the 265-ft long Segment 2 weighed 
approximately 10,000 tons. The float-in 
segment included: the gate sills, a portion 
of the stilling basin, and the pier bases up to 
El. 726.0. Segment No. 1 included the fixed 
weir bay, the water quality bay and one of 
the standard gate bays while Segment No. 2 
included two standard gate bays. All bays 
were 110’ wide. The joint between 
Segments 1 and 2 occurred at Pier 3, which 

made it 11 feet wider than adjoining piers 
to facilities this connection.  
 
The walls and diaphragms of the float-in 
segments were precast panels.  The top and 
bottom slabs were cast-in-place concrete. 
The largest individual precast wall panels 
were 21 feet by 30 feet and weighed 
approximately 80 tons.  All wall panels 
were tied together with cast-in-place 
closure pours positioned at the intersection 
points of the walls. Sixty-inch diameter 
corrugated sleeves were cast into the 
bottom of the dam segments over the 
connection points to the tension-
anchor/shear-pin assemblies installed in the 
tops of the drilled shafts.  After erection of 
the wall panels, installation of post-
tensioning ducts and bottom recess sleeves, 
the bottom slab was cast in place.  See Fig. 
8 for a view of the erected precast wall 
panels and corrugated recess sleeves used 
to provide connection to the drilled shaft 
tension-anchor/shear-pin assemblies. 
 

 
Figure 8 - Precast wall panels and bottom 
recess sleeves.  
 
When the precast dam segment was ready 
for launch, the upper and lower basins were 
flooded to a common water level and the 
segments were floated one at a time over 
the lower basin. The water level in the 
lower basin was then returned to the outside 
river elevation, the exit sheet-pile wall was 
removed and the segment was towed out of 
the casting facility.  The segments were 
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completed to a partial stage such that the 
maximum draft of the segments did not 
exceed 11 feet. Segments were transported 
from the off-site assembly location to the 
project site for additional outfitting prior to 
set-down. All handling and transport were 
by towboats. 
 
Each segment with a draft of approximately 
11 feet was then towed to the outfitting site 
upstream of the dam site. Transport of the 
segment was performed using a primary 
tow boat and guided as necessary by a 
snubbing tow. The segments were 
transported through two locks on the Ohio 
River, past the city of Pittsburgh, and up the 
Monongahela to a site upriver of the 
Braddock Dam site.  See Fig. 9 for a view 
of the Segment No. 1 under tow. 
 

 
Figure 9 - Dam segment No.1 towed up the 
Ohio past Pittsburgh.  
 
Once a segment arrived at the outfitting 
site, it was moored to the outfitting pier. 
The outfitting pier consisted of a system of 
circular sheet pile cells and arcs, and 
included a 15-ft high braced fendering 
system to keep the segment on the face of 
the pier during high water.  
 
Each segment was completed and readied 
for set-down at the outfitting pier.   The 
piers of each delivered segment were 
extended approximately 21 feet.  
Temporary bulkheads for immersion were 

added both upstream and downstream on 
each gate and weir bay.  Additional 
permanent concrete ballast, ballast piping 
and portions of the mooring and alignment 
equipment were also added.   Work 
platforms and vertical tremie pipes for post-
set-down underbase and concrete infilling 
operations were installed. Once completely 
outfitted, each segment had a draft of 
approximately 14 feet.  Additional water 
ballast was added as necessary to trim the 
segment before transport to the project site.   
 
Positioning and Guidance Systems 
 
After completion of outfitting on a given 
segment, it was maneuvered down river by 
a primary tow boat and guided by a 
snubbing tow boat. After positioning close 
to the set-down site, 8 mooring lines from 
winches mounted on top of the segments 
were connected to the drilled-shaft anchors 
pre-installed upstream of the dam site. The 
segment was then rotated transverse to the 
current, winched downstream, and then 
positioned directly over the top of the 
prepared foundation.  The segment was 
then aligned with two horn guides located 
on the face of the river wall.  See Fig. 10 
for an aerial view of Segment No. 1 being 
positioned at the dam site. 
 
 

 
Figure 10 - Segment No. 1 being positioned 
at site.  
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Ballast Systems 
 
After each outfitted segment was 
maneuvered into position, it was ballasted 
onto its 6 set-down drilled shafts.  Water 
was first added to the interior compartments 
of the segment and as the segment sank 
deeper into the water, ballast water was 
added to the individual bays.  As ballasting 
progressed, all interior tanks were 
continuously sounded to monitor free 
surface effects and maintain hydrodynamic 
stability of the segment at all times.   
 
By adding ballast water to the gate bays and 
using the horn guides, mooring lines and 
land based survey control for guidance, 
each segment was accurately lowered into 
position and the tension-anchor/shear-pin 
assemblies were threaded into the hollow 
recesses built into the bottom floor of the 
dam segments.  Ballast water was then fed 
into the dry piers until the hydraulic jacks 
register the required initial loading.   See 
Fig. 1l for a view of the ballast system 
positioned on top of Segment No. 1 during 
float-in. 
 

 
 
Figure 11 - Segment No. 1 with ballast 
system on the top deck.  
 
 
A hydraulic ram on the downstream corner 
of the Segment 1, adjacent to the lock wall 
and in conjunction with the mooring lines, 

was used to align the segment on its 
longitudinal axis.    
Segment Leveling System 
 
Each segment was landed on 6 set-down 
drilled shafts.  These drilled shafts were 
laid out to provide two support points on 
the longitudinal centerline of each dam pier.  
In order to provide even support and level 
the segment to the specified tolerances, two 
hydraulic pistons were built into each pier.  
When a given dam segment was properly 
aligned and landed, the 6 pistons were 
directly aligned over the top of the 6 set-
down drilled shafts.  The pistons were 36” 
diameter steel pipe sections with end caps 
and were built into the floor of the pier, 
flush with the bottom of the dam segment.  
The pistons were fitted with rubber seals to 
prevent water leakage and their sides were 
greased prior to placing the bottom slab 
concrete.  A pair of 36” diameter, 1000 ton 
capacity flat-jack was stacked on top of 
each piston and the upper surface of the 
flat-jack was in direct contact with a 
concrete reaction beam spanning the 12-ft 
width of the pier shell.  The 6 flat-jacks 
were connected into three hydraulic circuits 
to provide a three-point support system for 
each segment. 
 
Once a segment was levelled to the 
specified tolerance, the flat jacks were 
“locked-off” and the hydraulic fluid in the 
jacks was replaced with a high strength 2-
part resin.  
 
 
Underbase Grouting  
 
Following set-down, the 12-inch deep void 
area between the underside of the dam 
segment and the preleveled, stone-covered 
river bottom was filled with grout to 
eliminate flow below the dam. To make the 
underbase grout placement more 
manageable, the area under the segment 
were divided into five 70-foot wide 
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transverse strips by using inflatable grout 
bags pre-attached to the underside of the 
float-in segment prior to set-down. Both 
transverse and downstream bags were used. 
First, the space between the upstream cut-
off wall and the dam was sealed to stop 
flow beneath the segment. Then each 70 
foot wide strip was filled with grout using 
the vertical grout pipes installed at the 
outfitting pier. Typically, each grouting 
area contained six rows of 8-inch diameter 
grout pipes spaced at a maximum of 21-ft 
on center. Underbase grouting was started 
at the downstream row of grout pipes and 
continue upstream until the space below the 
dam was completely filled.  Grouting was 
stopped when grout filled the 8-ft high by 
3-ft wide vertical gap between the dam 
shell and the upstream cut-off wall. 
 
 
Structure Infill 
 
Once all the underbase grouted had attained 
minimum strength, the dam was infilled 
with concrete which acted compositely with 
the hollow segment. Thirty two 
compartments in Segment 1 were filled 
with concrete in a two stage operation. The 
first stage placement   consisted of filling 
the bottom 8 feet of each compartment 
continuously with tremie concrete while the 
segment was fully flooded. The second 
stage placement was placed in-the-dry after 
the first stage tremie concrete had cured and 
the compartment had been dewatered. 
Typically, each compartment had one or 
two 10 inch tremie pipes. The downstream 
compartments also had 8 inch evacuation 
pipes in each corner.  
 
After infilling was completed, the dam 
segment was “locked” onto the foundation 
drilled shafts by pumping a sand/cement 
grout into the hollow recesses surrounding 
the tension-anchor/shear-pin assemblies.    
 
 

 
Pier Completion Tailrace Construction 
and Gate Installation 
 
The upper portion of the dam piers between 
EI 726 and EI 765 was placed in-the-dry 
after the float-in dam segment were set-
down and filled with concrete. This portion 
of the dam piers was completed with a 
combination of precast concrete and 
conventional cast-in-place concrete.  
 
Trunnion girders were attached to the 
downstream face of each of the five piers 
for support of the four tainter gates, the 
trunnion girders were constructed of cast-
in-place concrete.  
 
While the piers were being constructed, the 
dam’s tailrace was constructed in-the-wet. 
The tailrace was built utilizing precast 
panels that were 30’-6” wide by 20’-0” long 
by 15” thick.  The upstream end of the 
panels was supported on a ledge cast in to 
the downstream edge of the dam segments 
and the downstream end of the panels was 
supported on the row of previously installed 
24” diameter pipe piles, which were 
integral with the downstream cut-off wall. 
The area below the tailrace panels was 
filled with tremie concrete to create a mass 
concrete tailrace section supported by the 
previously installed H-pile foundation 
system.  
 
Following the completion of the pier and 
tailrace structures and prior to installation 
of the left closure weir, the 220-t tainter 
gates were installed by floating in the 
assembled gates one at a time on the deck 
of a barge.   Once the gate was located in its 
final position, the two hydraulic operation 
cylinders were installed. The cylinders were 
connected to each end of the tainter gate 
and to the cylinder girders which are 
anchored to the upper pier structure.  
See Fig. 12 for a schematic of the 
completed dam. 
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Figure 12 - Schematic diagram of the 
complete dam and closure cells.  
 
 
Conclusion  
 
The new Braddock was designed and 
constructed using “Float-in” technology.  
The project was the first use of this 
technology by the U.S. Army Corps of 
Engineers and was the largest float-in 
navigation structure built in the United 
States.  The successful and economical first 
time adaptation of this technology to the 
design and construction of navigation 
structures has demonstrated the 
applicability of this technology to other 
inland waterway projects within the United 
States and offers the potential of 
revolutionizing the future construction of 
navigation projects within the Corps of 
Engineers. 
 
References  
 

1. BEN C. GERWICK, INC., 1995. 
Upper Mississippi River - Illinois 
Waterway System Navigation 
Study: Innovative Lock Concept 
Review.  
 

2. BERGMANN ASSOCIATES AND 
BEN C. GERWICK JV for the 
USACE Nashville District, 2003. 
Engineering Report on the 

Downstream Cofferdam in the 
Kentucky Lock Addition Project.  

 
3. BERGMANN ASSOCIATES, BEN 

C. GERWICK, INC. 
D’APPOLONIA, GEOSCI, ET AL., 
1998. Design of New Gated Dam 
for Innovative In-the-Wet 
Construction, Braddock Locks and 
Dam, Monongahela River.  

 
4. BERGMANN ASSOCIATES., 3D 

Animated Video, 44 minutes, 
January 1999, (also part of the 
Construction Contract Documents).  

 
5. HEGAZY, Y.A., CUSHING, A.G., 

and LEWIS, C.J., 2004.  Driven Pile 
Capacity in Clay and Drilled Shaft 
Capacity in Rock From Field Load 
Tests, Fifth International 
Conference on Case Histories in 
Geotechnical Engineering, New 
York, NY.  

 
6. MILES, W.R., and KARAFFA, W.  

In-the-Wet Construction of a New 
Gated Dam Braddock Locks and 
Dam, Monongahela River, PA.  

 
 

 
 

11 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


