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PROJECT DESCRIPTION
The purpose of this project is to extend the life of three bridges located on SH 28 over the Grand
Neosho River in Mayes County, Oklahoma. The bridge structures cross the Pensacola Dam and
the West and East Spillways, which were constructed in 1940. Significant rehabilitation is needed
in order for the bridges to continue serving the needs of the Grand River Dam Authority (GRDA),
the Oklahoma Department of Transportation (ODOT), and the adjoining communities. GRDA and
ODOT are committed to restoring the integrity of the aging structures and are coordinating efforts
to minimize the impacts of the rehabilitation to the stakeholders.
Figure 1 shows the site and location of the three bridges, the Pensacola Dam Bridge and the West
and East Spillway Bridges. The Pensacola Dam Bridge is shown in red, and is divided into three
distinct sections: the Arch Section, the Main Spillway Section, and the Non-Overflow Section. The
overall length of the Pensacola Dam Bridge is 5669 feet. The West and East Spillway bridges are
shown below in orange, and extend 451 feet and 410 feet in length, respectively. The West and
East Spillway Bridges are similar in nature to the Main Spillway Section of the Pensacola Dam
Bridge, but are not as tall.

West and East Spillway Bridges

Pensacola
Dam Bridge

Observation
House
Intake Structure
Powerhouse
Substation

N

Figure 1
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GRDA and ODOT share responsibility for the maintenance of the three bridges. ODOT maintains
the driving surface of the bridges between the curbs. GRDA owns and maintains the remainder
of the bridges, dam, and spillways; and is responsible for operating the hydroelectric powerhouse.
GRDA and ODOT have designated funds for the rehabilitation of the three bridges, with
construction scheduled for late 2019. GRDA has allocated approximately $10 million for the
bridge rehabilitation project, and ODOT has programmed $5 million for deck rehabilitation.
As shown in Figure 2, the existing lanes are only 9’-10” wide, for a roadway width of 19’-8”. The
agencies desire to widen the roadway surface of the three bridges to 24’ wide, if feasible, and if
suitable grant(s) or other funding mechanisms can be acquired to finance the widening. Detailed
Construction Cost Estimates are provided in Appendix A.

Figure 2
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MAIN SECTIONS OF THE BRIDGES AND DAM
The Pensacola Dam Bridge and the West and East Spillway Bridges cross the Pensacola Dam and
Auxiliary Spillways. The Dam includes a hydroelectric powerhouse at the west end, which
supplies electricity to Northeastern Oklahoma. The intake structure for the powerhouse takes
water from the lake through the arch structures and into the powerhouse. The spillway sections
are used to control the lake level for both recreational use of the lake and flood control on the
Grand Neosho River system.
Working from west to east, the Pensacola Dam Bridge is identified by three primary sections
based on the dam features:
•

•

•

Arch Section. Arches and buttresses form the dam, with the arches extending into the
lake. The tops of the arches are visible on the right side of Figure 3, shown on the next
page. The intake structure is located on the far left side of Figure 3. The downstream
sides of the arches and buttresses are shown in Figure 4. The bridge’s distinctive spandrel
arch which supports the downstream side of the bridge is also visible.
Main Spillway Section. The upstream and downstream views of the main spillway are
shown in Figures 5 and 6, respectively. The bridge is supported by piers extending
upwards through the main spillway. The Hoist Bridge is shown on the upstream side of
Figure 5. The Hoist Bridge provides access to open and close the spillway gates and to
lower stoplogs into slots to allow spillway and gate maintenance.
Non-Overflow Section. A gravity dam forms the east end of the dam. The bridge is
supported by the gravity dam on the upstream side, and by piers extending up from the
gravity dam on the downstream side. See Figures 7 and 8, respectively.

The West and East Spillway Bridges have the same configuration as the Main Spillway Section of
the Pensacola Dam Bridge.
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EXISTING CONDITIONS
Pensacola Dam Bridge (NBI 27569)
The main bridge over Pensacola Dam was last inspected during the routine inspection cycle
in October 2016. The concrete bridge decks on the Arch Section, Main Spillway Section, and
the Non-Overflow Section are integral with the superstructure members. The bridge deck is
covered with an asphaltic overlay that has extensive deterioration throughout the length of
the bridge. The overlay has been patched in multiple locations in both driving lanes. The
deck joints are leaking, which has caused the superstructure elements to show signs of water
deterioration. The deck soffit, the underside surface of the bridge deck, is in good condition
with minor spalls and efflorescence present. The deck drains in the arch sections drain onto
the superstructure members. The water has discolored the concrete at the drain pipe
locations.
The superstructure at the Arch Section, Spans 1 to 51, consists of a reinforced concrete deck
supported by transverse floor beams. The floor beams are supported by spandrel arches on
the downstream side, which tie into the buttresses of the dam as illustrated in Figure 9.
Continuous longitudinal reinforced concrete beams support the upstream side of the bridge
and are supported by the dam’s arches.

Figure 9

Minor spalling is present on the spandrel arches below the expansion joints. Span 19 has a
moderate spall on the spandrel arch. Discoloration and scaling are present on the spandrel
arches and longitudinal beams from deck drain flow onto these components. The continuous
longitudinal reinforced concrete beams have hairline cracking at various locations. The cracks
are more frequent near midspan. The location along the beams indicate that stress from live-
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loads are likely the source of the cracking. Small flexural cracks are expected with reinforced
concrete. The hinge locations on the continuous longitudinal reinforced concrete beams
have shear cracks. Shear cracks are not expected or desirable, and are more of a concern.
Despite these spalls and cracks, the spandrel arches and continuous longitudinal reinforced
concrete beams are in satisfactory condition.
The transverse floor beams at the expansion joints for Spans 1 to 51 in the Arch Section are
in fair condition. The floor beams typically show water discoloration, cracking, spalls, scaling,
and some delamination. The floor beams have been repaired in the past. The previous floor
beam repairs consisted of patching spalls, adding galvanized steel angle to the top of beams
and adding bearing pads. The bearing pads have failed and are no longer in position. The
transverse beams in between expansion joints are in good condition.
At the Spillway and Non-Overflow Sections, Spans 52 to 83, the superstructure consists of a
reinforced concrete deck supported by transverse floor beams. The longitudinal concrete
beams on the upstream and downstream sides rest on the piers as shown in Figure 10 at the
Spillway Section. At the Non-Overflow Section, the floor beams are supported by longitudinal
concrete beams on the downstream side and by the gravity dam on the upstream side, as
shown in Figure 11.
The pier caps for these spans have minor spalls. The east abutment has moderate spalls and
cracking on the face of the seat. The longitudinal concrete beams are in good condition.
Water discoloration is present, but no major deterioration is present. The transverse floor
beams for longitudinal beam Spans 52 to 83 are in good condition with minor spalls.

Figure 10

Figure 11

West and East Spillway Bridges (NBI 29642, 29645)
The West and East Spillway Bridges were last inspected during the routine inspection cycle in
October 2016. The West and East Spillway Bridges are constructed in the same manner as
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the Spillway Section of the Pensacola Dam Bridge shown in Figure 10. The bridge decks are
covered with an asphaltic overlay that has extensive deterioration throughout the length of
each bridge. The overlay has been patched in multiple locations. The bridge decks have
visible spalls and scaling. The deck joints are filled with debris and are leaking which has
caused the superstructure elements to show signs of water deterioration.
The longitudinal girders and floor beams have some hairline cracks and spalls. The beams
have discoloration from water at the deck drains. The superstructures of the West and East
Spillway Bridges are in satisfactory condition. The substructures of the spillway bridges
consist of reinforced concrete abutments and piers. The substructures are in fair condition.
The pier caps below the expansion joints have water staining, minor spalls and cracks.
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REHABILITATION | ESTIMATED COST $10.6M GRDA ($5.0M ODOT)
The bridges were most likely originally designed for an H15 or an H20 truck, which is a two axle
truck weighing a total of 15 or 20 tons, respectively. The bridges are load posted for 16-tons for
a single two- axle truck, 29-tons for a single trailer (three axle truck), and 45-tons for double
trailer units. The decks control the load rating of the bridges, limiting the capacity to 16 tons.
The original strength of the bridge will be restored, as a minimum; however, the basic repair costs
included in this report do not increase the strength sufficiently to remove the load posting signs.
The inventory rating of a bridge reflects the loads that the bridge carries routinely. The operating
rating of a bridge reflects the largest load that the bridge should be allowed to carry, and should
be infrequent. The required operating rating to remove the load posting is 23 tons, identified as
an H23. The current operating and inventory ratings for the Pensacola Dam Bridge are as shown
in Table 1, below.
Table 1: Current Load Ratings
1995 Ratings for
Pensacola Dam Bridge

Inventory
Rating

Operating
Rating

Deck

10 tons

16 tons

Transverse Beams

13 tons

23 tons

Longitudinal Beams

26.2 tons

38.1 tons

Arch Beams

27.2 tons

--

Source: Rating Calculations for Pensacola Dam Bridge
The Benham Group, 1995

The inventory rating of these members indicate that the deck and transverse floor beams are
inadequate to carry the current design loads, but that the upstream longitudinal girders and arch
beams are adequate. The inventory rating indicates that upstream longitudinal girders and arch
beams are not only adequate to carry routine truck traffic, but are also adequate to carry
significantly larger loads on an infrequent basis (operating rating). However, the upstream
longitudinal girders in the arch section exhibit shear cracks at joints/hinges, indicating they are
not performing well under current loads.
The concrete members are cracking under current loading conditions, therefore merely restoring
the original strength of the bridge is not expected to extend the life of the bridge for another 50
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to 75 years. Contributing factors to the cracking exhibited in the upstream longitudinal girders
include the following:
•

•

•

Some vehicles currently using the bridges exceed the posted load limits. Enforcement of
load limit signage is unlikely to be sufficient to allow the bridges to function over the longterm with only the original strength restored.
The hinges in the continuous longitudinal girders on the upstream side are more prone to
deterioration and shear cracks, shortening their lifespan. Hinges are more difficult to
repair.
The differing mechanism and stiffness of the upstream hinged continuous longitudinal
girder compared to the arch beams may be a contributing factor.

The physical evidence of damage to the bridge is inconsistent with the load rating calculations
showing they have excess capacity. The ratings indicate that once the deck and transverse floor
beams are strengthened for current design loads, the bridge no longer requires load posting.
However, the current load ratings imply that bringing both the operating and the inventory
ratings up to 23 tons may not be sufficient to remedy the cracking evident in the longitudinal
girders.
Design loads to increase the capacity of the bridge sufficiently to remove the load postings are
being provided to CFRP engineers to determine the additional cost to raise the capacity of the
bridge to carry the current American Association of State Highway Officials (AASHTO) HL-93
Design Loading. The capacity of the bridges incorporating the CFRP repair is being evaluated.
After the capacity of the bridges has been evaluated and cost information is made available,
updated cost estimates and recommendations will be provided as an addendum to this report.
Included in the recommendations will be further consideration to evaluate how much
rehabilitation will be required to extend the life of the bridge another 50 years.
ODOT’s 8-Year Construction Work Plan includes a deck rehabilitation project consisting of
hydroblasting and concrete overlay for the Pensacola Dam bridge and the East and West Spillway
bridges. After cold-milling to remove the ½ inch asphalt overlay, ODOT will specify that
automated water jets will be used to remove unsound concrete from the upper surface of the
deck. The depth of the concrete removal is dependent upon the integrity of the deck at each
location. Given the extent of deterioration present, the concrete removal is anticipated to extend
from 1.5 inches to possibly 4 or 5 inches in depth. A 2-inch minimum concrete overlay is
proposed. If the deterioration extends to beneath the upper mat of reinforcing in the deck, the
strength of the bridge in the negative moment regions can be improved by placing additional
reinforcing in the upper mat. The deck joints will be cleaned and sealed to prevent moisture from
leaking onto the superstructure below.
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GRDA’s rehabilitation project will rehabilitate the remainder of the three bridge structures.
Spalls in the deck soffits, transverse floor beams, longitudinal beams, spandrel arches and
substructure elements will be repaired by removing deteriorated concrete and applying
pneumatically placed mortar. Exposed reinforcing steel at spall locations will be cleaned and
corrosion inhibitor applied to prevent further deterioration. Cracks that require repair will be
cleaned and injected with epoxy resin. Deck drains will be improved by installing angled pipes to
move water away from the superstructure elements below the deck. Critical locations will be
restored with a carbon fiber material which is adhered to the concrete with an epoxy resin, a
process called Carbon Fiber-Reinforced Polymer (CFRP). The underside of the deck between the
floor beams will be reinforced with CFRP. If sufficient capacity can be provided within the
programmed rehabilitation budget, the load posting can be removed.
CFRP strengthens existing concrete members by affixing carbon fiber material to the concrete by
epoxy resin. Carbon fiber material is rated for tensile properties, and can be used to restore
and/or add strength to a member by using one or more layers. CFRP application is dependent
on the condition of the existing concrete. The application of the CRFP will be investigated using
a pull-off test. The carbon fiber material and epoxy resin must bond to the concrete to be
effective. Concrete at the transverse floor beams located below the deck joints shows extensive
deterioration. Due to this deterioration transverse floor beams at the joints may require
replacement if the CFRP is not able to be applied effectively. Further coordination will be held
with ODOT to address this possibility.
The catwalks in the Spillway Section of the three bridges are in need of repair. Damage is localized
to the supports and handrails. Evaluation of the bearing system at the hinges and beam supports
in the Arch Section of the Pensacola Dam Bridge will be performed during the next phase of the
project. Concrete spalls will be patched and cracks will be injected with epoxy at isolated
locations along exposed areas of the dam.
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WIDENING ALTERNATES AND PRELIMINARY MEMBER SIZES
Three alternates for widening SH 28 Bridges have been developed, each increasing the clear
roadway from 19’-8” to 24’-0”. Widening upstream and downstream are considered. Structural
members are sized for the Arch Section, Main Spillway Section, Non-Overflow Section, and the
West and East Spillway Bridges for each of the three alternates. See Appendix B for typical
sections of the widening alternates.
The following items are considered during development of the widening alternates:
• Aesthetic concerns
• Available means of construction
• Use of precast or prefabricated components to reduce onsite construction time
• Use of components and techniques that reduce the weight of new construction
• Operation of the powerhouse and spillways
• Cost of construction (see Appendix A)
Alternate No. 1 | Downstream Widening | Estimated Construction Cost $9.5 Million
The Alternate No. 1 design removes the existing downstream curb and parapet and widens
downstream by approximately 4’ to obtain 2-12’ lanes. One additional longitudinal beam line
is proposed to support the downstream edge of the new slab and the new parapet. Beam
supports tie into each arch buttress or pier as applicable, depending on location.
Construction on the downstream side does not negatively affect stability of the dam. The
public view of the dam from the downstream side is not primary, as the downstream side is
more secluded and has less access. However, the arch and powerhouse portion of the dam
are visually exceptional. Special consideration of the aesthetics for the new barrier and
buttress tie-in are desired. The upstream parapet, sidewalk and curb will not be affected or
modified.
Two preliminary designs were developed; one for the Arch Section of Pensacola Dam, and
another for the Non-Overflow and all Spillway sections. The design summaries follow.
Arch Section (84’-0” spans)
Proposed Preliminary Member Sizes, Downstream
o Precast Spandrel Arch, see Figure 12 on the next page
o Beam support is a triangular-shaped corbel that extends along the full width of
the buttress face
o Use parapet rated with a TL-2 test level for a maximum vehicle speed of 45 mph
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Figure 12

Design Progression
The design approach for the arch sections includes maintaining the visibility of the
distinctive spandrel arch, a feature that enhances the dams’ elegance and character.
Several beam types were considered to minimize the beam depth to maintain the visibility
of the existing spandrel arch. Prestressed box beams were investigated with depths as
shallow as 20 inches. However, the prestressed box beams would be fabricated in Texas
and cost approximately three times that of an ODOT prestressed concrete beam. Due to
the high cost, this beam type was abandoned and a Type III beam was evaluated. The
depth of the Type III beam, 3’-9”, allows the existing spandrel arch to be visible, although
not prominent.
Further evaluation of the Arch Section geometry revealed that the location of the existing
expansion joints would govern the location of the proposed girder ends for the widening.
Due to the location of the existing expansion joints (approximately 7 feet from end of arch
bearing points at beam ends), it was determined that the original 1938 hinged beam
design from the upstream side should be approximated in order to minimize differential
movements and deterioration in the deck. The Type III beam was abandoned since it
cannot be hinged.
In the interim, during a preliminary meeting with the SHPO on October 11, 2017, Cox |
McLain and Benham discussed the aesthetics of widening to the downstream side and
the visual impact of widening on the arch section. Maintaining visibility of the spandrel
arch is highly desirable to preserve the aesthetics.
A precast arch beam was selected for the downstream widening at the arch section. The
arch and spandrels are proposed to be tied into the existing structure and supported by
a corbel that is mechanically connected to the face of the buttress. The use of a precast
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arch beam resolves the issue of the expansion joint by replicating the existing load path
configuration of the girder. Spandrels will be added to retain the aesthetics of the existing
spandrel arch. The investigation determined that precast concrete fabricators are able to
fabricate the arch beams economically.
Non-Overflow and Spillway sections (41’-0’ simple spans)
Proposed Preliminary Member Sizes, Downstream
o Type IV prestressed beam
o Beam support is a triangular-shaped corbel that extends along full width of pier
face
o Use parapet rated with a TL-2 test level for a maximum vehicle speed of 45 mph
Design Progression
The Main Spillway Section, Non-Overflow Section, and West and East Spillway Bridges all
have identical span lengths, therefore the same beam design is proposed. Although the
design span is not long (41 feet), a Type IV prestressed beam is selected. The beam needs
to be sufficiently deep at these sections in order for the beam support to connect to the
main structural portion of the spillway piers. The aesthetics for this section are not as
critical as the Arch Section. See Figure 13 for a rendition of the design concept.

Figure 13

Alternate No. 2 | Upstream Widening | Estimated Construction Cost $29.7 Million
Alternate No. 2 removes the existing upstream curb, sidewalk, and parapet and widens the
bridge by approximately 6’ to obtain 2-12’ lanes and new sidewalk. The existing sidewalk is
only 4’-0” wide and decreases to approximately 3’-0” at the light poles. The replacement
sidewalk is reconstructed to 6’-0” wide to accommodate the light poles in their current
location and an ADA compliant sidewalk. The primary public view of the dam is from the
upstream side. Special consideration of the aesthetics, historic preservation and pedestrian
safety for the new parapet and sidewalk are required. The downstream side parapet and
curb are not affected.
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Widening to the upstream side presents several undesirable effects:
• Modification to the Parapet: As discussed later in the report, SHPO requires that new
additions to an historic structure need to look like an addition. The new parapet
should look similar to the existing parapet, but should not be made to look identical.
Adding a clearly new parapet to the primary view of the public is not desirable.
• Modification to the Observation Platform: As shown in Figure 14, the Observation
Platform extends over one of the arches of the dam. Widening to the upstream side
would require significant modification to the observation platform. Visually, this is
an undesirable effect.

Figure 14

• Modification to the Intake Platform: In the foreground of Figure 14 is a bridge that
extends from the sidewalk to the Intake Platform. This is also shown in Figure 3. This
bridge would require modification to accommodate the additional width of the
bridge on the upstream side.
• Load Path to the Dam: The current upstream continuous longitudinal reinforced
concrete girders are supported by the dam’s arches. Additional load from the
widening needs to be supported by the buttress, rather than putting any additional
load on the dam’s arches. This complicates the structural design, but is not
insurmountable.
• Spillway Gate Operations: The upstream side of the three bridges have hoist bridge
structures located immediately adjacent to the upstream parapet at the Spillway
Sections. Each hoist bridge is fitted with rails to allow a gantry crane to move along
the spillway to raise and lower the spillway gates. The motor engages the chains
seen in the foreground of Figure 15 on the next page, to adjust the opening in the
gates.
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Figure 15

The spillway gates are currently raised and lowered manually by having personnel gain
access to the hoist bridge and operate the gantry crane. Hydraulic gate operators
could be acquired to raise and lower the spillway gates. Several potential suppliers of
the replacement hoist system were contacted. The most responsive supplier was the
David Round Company, headquartered in Ohio. Based on a review of the drawings of
the existing equipment and Alternate No. 2, the David Round representative generally
confirmed that replacing the existing gate hoists with new hydraulic equipment is
possible. Depending on the final specifications for the gate hoists, including the
capacity, drive mechanism, control systems, and other details, the representative
estimated the cost per gate hoist to be in the $250,000 to $500,000 range. The three
spillway structures have a total of 42 gates, placing the cost of hydraulic equipment
at $10.5 to $21 million.
•

Spillway Gate Maintenance: The same hoist bridge structures also provide access for
installing and removing stoplogs for maintenance of the spillway gates at all three
bridges. The gantry crane travels along the length of the spillway, and requires the
full height of the current gantry crane to install all of the stoplogs to prevent water
from entering one of the spillways. Geometrically, the existing gantry crane conflicts
with the widening to the upstream side, as shown in Figure 16 on the next page. A
new gantry crane would be required for each bridge, configured to allow full
operation of installing and removing stoplogs.
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Figure 16

Two preliminary designs were developed for Alternate No. 2; one for the Arch Section of
Pensacola Dam, and another design for the Non-Overflow and all Spillway Sections. The
design summaries follow.
Arch Section (84’-0” spans)
Preliminary Member Sizes, Upstream
o 48”x26” hinged prestressed beam
o 5’ x 5’ concrete angled brace for widening support located at buttresses
o Existing dam arches shall not directly support any new loads
o Use parapet rated with a TL-2 test level for a maximum vehicle speed of 45 mph
Design Progression
The additional weight and forces from the widening are not applied to the arch portion
of the dam. Instead a 5’ x 5’ brace that extends from the new upstream beam to the
buttress is proposed to transfer the loads to the buttress, as shown in Figure 17.

Figure 17

Similar to the downstream widening of the arch spans, consideration of the expansion
joint location was evaluated and the upstream beam was proposed to be constructed
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with a hinge matching the original upstream beams at the arch sections. Due to high costs
to modify the gate hoists and conflicts with the gantry crane, Alternate No. 2 is not
practical or economical, and further design effort on this alternate is not warranted.

Non-Overflow and Spillway sections (41’-0’ simple spans)
Proposed Preliminary Member Sizes, Upstream
o Type II prestressed beam
o Beam Supports undetermined at this time
Design Progression
The shorter, simple spans of the Non-Overflow and Spillway Sections allow for a
reasonable beam size. Due to high costs to modify the gate hoists and gantry crane,
Alternate No. 2 is not practical or economical, and further analysis is not warranted.
An additional option for the upstream widening was considered. Benham proposed to
raise the sidewalk over the gate structures in order to save the cost to modify the spillway
gate lift mechanisms and gantry cranes. This option was deemed unacceptable by all
parties.

Alternate No. 3 | Downstream and Upstream Widening | Estimated Construction Cost
$13.3 Million
Alternate No. 3 is a combination of Alternate No. 1 and Alternate No. 2. Alternate No. 3
provides for additional width for construction and flexibility for traffic access during
construction. The downstream side is widened by approximately 4’ to obtain 2-12’ lanes and
the upstream is widened by approximately 1’-0” to increase the sidewalk width from 4’-0” to
5’-0”. The upstream light poles are removed and reset to the outside face of the upstream
parapet, making the sidewalk ADA accessible. The 1’-0” upstream widening is the maximum
possible without interfering with the spillway operations. Both upstream and downstream
parapets are proposed to be replaced, as shown in Figure 18 on the next page. Widening to
both sides also increases the construction duration.
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Figure 18

The same beam sizes and supports proposed for Alternate No. 1 would be used for Alternate
No. 3. An additional beam line would not be added to the upstream side of the bridge.
Alternate No. 3 is essentially Alternate No. 1 with minimal widening gained on the upstream
side, and double the cost of the rail replacement. While more practical and achievable than
Alternate No. 2, the cost increase of Alternate No. 3 makes Alternate No. 1 the preferred
option. Alternate No. 3 does remain a viable option though, in the event grants or funding
specific to sidewalk widening become available. Some federal grant programs look favorably
towards providing improved pedestrian access along highway corridors.
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CONSTRUCTABILITY
Rehabilitation
Deck rehabilitation and rehabilitation of the remainder of the bridge structure may be
performed concurrently, minimizing the duration of construction. Construction durations
assume concurrent rehabilitation. The current ODOT plans for deck rehabilitation anticipate
hydrodemolition and overlay on the upstream half of the bridge, followed by the downstream
half.
The majority of the GRDA project can be accomplished from the underside of the bridge. The
underside of the bridges can be accessed via work platforms or rigging beneath the bridge
attached to the parapets or bridge beams, as shown in Figure 19. These can be launched
under the bridge decks while the bridges are closed. When the bridges are partially open to
traffic, the bridges will need short duration closure to launch the platforms. These short
duration closures can be timed to occur during low travel times with notification and
coordination with emergency responders and the public. The number and length of short
duration closures can be minimized through the use of special provisions. Alternately, access
may be provided by a truck with an articulated arm for maneuvering under the bridge as
shown in Figure 20 on the next page.

Figure 19
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Figure 20

Rehabilitation with Widening
For Alternate No. 1, two construction scenarios are envisioned, each assuming that deck
rehabilitation occurs concurrently with rehabilitation of the remainder of the structure. Both
scenarios also assume that the Pensacola Dam Bridge is closed for several months during the
deck rehabilitation. This topic is addressed more fully in the section entitled Construction
Sequencing and Traffic Control. Additionally, widening work may be performed concurrently
with the rehabilitation work underneath the structure.
•

In the first scenario, the widening occurs prior to the deck rehabilitation. The
downstream deck, curb, and parapet are removed 2’ inside the existing curb line,
leaving all existing deck reinforcing intact see Figure 21 on the next page. The
abutments, buttresses, and piers are prepared to support the new support members.
The arch and spandrels, and longitudinal girders are installed on the downstream side.
The new widened deck is placed on the new supporting structures, followed by the
curb and parapet. The reinforcing from the new deck extends 2’ beyond the curb line
towards the existing deck. Then the deck rehabilitation occurs between the upstream
curb and this new portion of deck.
According to current ODOT plans, the hydroblast and concrete overlay is completed
on both halves of the driving surface from curb to curb. The plans show the deck
rehabilitation starting with hydroblast and overlay of the upstream side of the deck,
followed by hydroblast and overlay of the downstream side of the deck. In this
scenario, the ODOT deck rehabilitation area is reduced by 2’. Ideally, a new top mat
of reinforcing is installed in the bridge deck.
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This scenario utilizes lapped bars in the 2’ area between the existing downstream curb
and the existing deck, rather than requiring the use of mechanical connectors or
drilling and grouting reinforcing bars into the new or existing deck. The disadvantage
of this scenario is that the old deck is utilized in its current condition for construction
loads and construction traffic for a longer period of time. During the time that the
widened section is placed and the concrete cures, the new deck is supported primarily
at the buttresses at the arch section, without substantial support from the existing
structure to prevent rolling of the new arch beams, deck, and parapet. The
longitudinal joint is finished by the overlay work, and may require more troweling to
provide a smooth finish.

Figure 21

•

In the second scenario, the deck rehabilitation precedes the widening. According to
current ODOT plans, the hydroblast and concrete overlay is completed on both halves
of the driving surface from curb to curb. The plans show the deck rehabilitation
starting with hydroblast and overlay of the upstream side of the deck, followed by
hydroblast and overlay of the downstream side of the deck. Ideally, a new top mat of
reinforcing is installed in the bridge deck. Following this, the downstream deck, curb,
and parapet are removed for the widening. The cut line can be located at the bottom
of the curb, or within the newly rehabilitated deck.
When the cut line occurs at the bottom of the curb, little sound reinforcing is likely to
be available for lapping with the new reinforcing for the widening, as the new upper
mat will not extend into the curb. This will require holes to be drilled horizontally into
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the existing deck and new overlay, filled with epoxy grout, and reinforcing steel
installed to tie the two together. Drilling and grouting is expensive, time-consuming,
and can cause some damage to the existing deck and overlay. It is not as desirable as
a full lap of the deck reinforcing. This cut line location places the longitudinal joint
approximately 4’ from the new eastbound curb. While not within the wheel-path of
traffic, it is close enough to require more care in finishing the concrete surface to have
a smooth ride.
Alternately, the cut line can be located 2’ into the newly rehabilitated deck, leaving
the new reinforcing intact. The last 2’ of the new reinforcing could be sheathed with
plastic to make removal easier. This places the longitudinal joint near the center of
the new eastbound lane, outside of the wheel-path. Locating the cut line 2’ inside the
existing curb and within the newly completed overlay allows a very clean cut-line,
which will facilitate a smoother construction joint. While this cut line location
removes two feet of new construction and therefore is costly, it provides a more stable
and structurally sound widened section, which will improve the longevity of the
widening. The additional cost is reduced somewhat by avoiding the use of drill and
epoxy grout or mechanical connectors for the reinforcing steel in the deck.
The abutments, buttresses, and piers are prepared to support the new support
members. The arch and spandrels, and longitudinal girders are installed on the
downstream side, followed by the deck and parapets.
In summary, the second scenario is preferable, because the deck has already been
strengthened prior to using it as a staging area for the widening work. Strengthening
the deck is sufficiently critical that ODOT set the letting date in 2019 within the 8 year
program. The cut line located 2’ into the newly rehabilitated deck, using the new
reinforcing to lap into the widened section, is also more desirable. This increases the
structural integrity of the widening and providing more longevity.
For Alternate No. 1, within the arch section of the Pensacola Dam Bridge, the preliminary
design is for precast arch beams to be used for widening. Placing these arch beams from the
bridge deck is not feasible due to the narrow confines of the bridge with the downstream
parapet and curb removed. These arch beams will be lifted into place using cranes, which
will be positioned at ground level on the downstream side of the dam. Two-110 ton cranes
will be required to place the arch beams due to the height and reach necessary to place the
arch beams in the area of the powerhouse.
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HISTORIC PRESERVATION AND CULTURAL RESOURCES
GRDA is committed to preserving the historic significance of the Pensacola Dam Historic District,
while being equally interested in the safety and utility of the bridges and the SH 28 roadway
corridor. Although the proposed improvements have not yet been classified as a federal action
requiring consultation under Section 106 of the National Historic Preservation Act, GRDA has
consulted with the Oklahoma State Historic Preservation Office (SHPO) in the past regarding the
aesthetics and historic integrity of the Pensacola Dam and Bridges. In the design development
process, attention will be given to the SHPO’s preferences where possible, to incorporate their
comments and desires to honor the historic aesthetics and historic nature of this facility.
Significance of Pensacola Dam Historic District
The Pensacola Dam Historic District is listed in the National Register of Historic Places under
Criterion C as an excellent example of multiple arch dam engineering. With 51 arches, the
dam is the longest multi-arch dam in the United States and the only example of a multi-arch
dam in Oklahoma. The dam is also the state’s first hydroelectric dam. The historic district
consists of three contributing buildings and four contributing structures as shown in Figure
22: dam, the powerhouse, a substation, two spillways, and an intake structure. The
observation house is a non-contributing structure. The dam and spillways carry SH 28 on
bridges incorporated into the structures. Components of the historic district, such as the
buildings and the bridge parapets reflect the Streamline Moderne architectural style as
shown in Figures 23 and 24 on the next page.

Intake Structure

Figure 22
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Figure 23

Figure 24

Description of Pertinent Components
The following provides a description of the components pertinent to the proposed project.
For description of other components within the Pensacola Dam Historic District, see the
National Register of Historic Places nomination available through the Oklahoma State Historic
Preservation Office’s website.
Constructed between 1938 and 1940, the Pensacola Dam complex is located on the Grand
Neosho River, which is a major contributor to the Arkansas River basin. The underlying
limestone and chert of the river channel’s bottom provided ideal material for the dam
foundation. The top of the dam is 150 feet above the channel bottom and is 6,565 feet long,
including the West and East Spillways. The arched section of the dam is comprised of 51
barrel arches that vary from 140 feet to 80 feet in height. The clear span width of each arch
is 60 feet at the base and 24 feet at the top. They rest on double-wall hollow buttresses that
are 84 feet center to center. The three spillways are gated, gravity type spillways that are
shaped in an elongated S fashion, or ogee, from gate to river bottom. At 861 feet in length,
the main spillway is incorporated into the east end of the dam. Two auxiliary spillways are
located east of the dam.
The SH 28 bridges are 19’-8” wide with a 4’ wide sidewalk along the upstream side. At the
arch section of the dam, girders rest on top of the arch barrels to support the bridge on the
upstream side and open spandrel arches extend out from the buttresses to support the bridge
on the downstream side. Over the spillways, the bridges are comprised of reinforced
concrete girders supported by piers.
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Character-defining Features
When considering a proposed project’s effects on a historic property, establishing the
character-defining features is important. Character-defining features are the distinctive and
visible aspects, qualities, or characteristics of a historic property that convey its significance.
Character-defining features may include engineering design, structural components and
decorative details. Historic fabric may also be an important consideration. Historic fabric
may be a character-defining feature, but it can also be found on other elements of a historic
property that are not identified as character-defining.
The following are the character-defining features of the Pensacola Dam Historic District:
• 51 arches comprising the dam
• Overall length of the dam and spillways
• System comprised of the dam, powerhouse, pumping structure, and substation to
generate electricity
While the bridge elements that are subject to the proposed rehabilitation and widening
project are not character-defining features of the historic district, they are elements of the
district’s historic fabric and thus must be considered when developing the plans for the
proposed project. The application of the Secretary of the Interior’s (SOI) Standards for
Treatment of Historic Properties (SOI Standards) discussed in the next section are also an
important component of the project planning process.

Applying the Secretary of the Interior’s Standards for Treatment of Historic Properties
The SOI Standards provides guidance on how to preserve, rehabilitate, restore, and
reconstruct historic properties. In the case of the proposed SH 28 rehabilitation and widening
project, the SOI Standards for rehabilitating historic properties are most applicable.
Compliance with the SOI Standards provides for the preservation of the Pensacola Dam
Historic District’s integrity while accommodating the rehabilitation and widening of the
bridges. The SOI Standards for Rehabilitation applicable to this project include:
1. A property will be used as it was historically or be given a new use that requires
minimal change to its distinctive materials, features, spaces, and spatial relationships.
2. The historic character of a property will be retained and preserved. The removal of
distinctive materials or alteration of features, spaces, and spatial relationships that
characterize the property will be avoided.
3. Each property will be recognized as a physical record of its time, place, and use.
Changes that create a false sense of historical development, such as adding
conjectural features or elements from other historic properties, will not be
undertaken.
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4. Changes to a property that have acquired historic significance in their own right will
be retained and preserved.
5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize a property will be preserved.
6. Deteriorated historic features will be repaired rather than replaced. Where the
severity of deterioration requires replacement of a distinctive feature, the new
feature will match the old in design, color, texture, and where possible, materials.
Replacement of missing features will be substantiated by documentary and physical
evidence.
7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.
8. Archeological resources will be protected and preserved in place. If such resources
must be disturbed, mitigation measures will be undertaken.
9. New additions, exterior alterations, or related new construction will not destroy
historic materials, features, and spatial relationships that characterize the property.
The new work will be differentiated from the old and will be compatible with the
historic materials, features, size, scale and proportion, and massing to protect the
integrity of the property and its environment.
10. New additions and adjacent or related new construction will be undertaken in such a
manner that, if removed in the future, the essential form and integrity of the historic
property and its environment would be unimpaired.
Each of these standards has been taken into account in the development of the proposed
rehabilitation and widening projects.

Applying the Criteria of Effect
Although the proposed project may not ultimately be classified as federal action to which
Section 106 of the National Historic Preservation Act would pertain, the application of the
criteria of effect, in accordance with 36 CFR 60 and 36 CFR 800.11, provides a useful
framework for understanding how each of the proposed alternates may affect the Pensacola
Dam Historic District. This section summarizes the results of the application of the criteria of
effect based on the rehabilitation alternate and the preferred widening alternate, Alternate
No. 1, Widening to the Downstream Side. To assess the potential direct and indirect effects,
each of the seven aspects of integrity and how the proposed alternates may or may not
impact them are discussed below. A more detailed discussion about the application of the
criteria of effect for each of the proposed alternates is provided in Appendix C.

26 | P a g e

Preliminary Design Report
SH 28 Bridges over Pensacola Dam and Auxiliary Spillways
41806 | 1400204
December 22, 2017

Rehabilitation
Rehabilitation entails the application of CFRP to various members of the dam and spillway
bridges to strengthen the structures and repairs to areas of spalling concrete on each
structure. The proposed rehabilitation poses no adverse direct or indirect effect to the
characteristic-defining features for which the Pensacola Dam Historic District is significant.
•

Location: As a result of the rehabilitation, there will be no change in location for the
Pensacola Dam Historic District, as a whole, or any of the contributing resources
within the district. As such, integrity of location will not be diminished.

•

Association: The proposed rehabilitation will not sever the direct link between the
historic district and its contributing resources with the engineering significance they
convey. Furthermore, the proposed rehabilitation will not affect the characterdefining features of the historic property. Thus, integrity of association will not be
diminished.

•

Feeling: As with integrity of association, the rehabilitation results in no effect to the
character-defining features of the historic property. Therefore, integrity of feeling will
not be diminished.

•

Setting: The proposed rehabilitation will not have an effect on the historic property’s
integrity of setting. There will be no change to the environment in which the historic
property is located or its relationship to surrounding features and open space. Thus,
integrity of setting will not be diminished.

•

Design: The proposed rehabilitation will not affect the Pensacola Dam Historic
District’s integrity of design. The proposed rehabilitation will not change the form,
plan, space, structure, and style of the historic property. Furthermore, there will be
no impact to the functions and technologies of the historic property.

•

Materials: The proposed rehabilitation will have no adverse effect on the Pensacola
Dam Historic District’s integrity of materials. Repairs to the spalling concrete will be
completed in-kind, and strategies to blend the new concrete with the old concrete in
color and texture will be employed. Likewise, strategies will be employed to blend
the very thin material of the fiber reinforced polymer with the adjacent concrete so
that the material will barely be discernable, especially at the distance from which it
would be viewed (the material will be applied to bridge members that are not visible
to the traveling public or pedestrians, but rather are only visible from the ground
below the dam on the downstream side). The proposed rehabilitation follows the SOI
Standards, particularly Standard No. 6, and integrity of materials will not be
diminished to such a degree the historic property will no longer convey its
significance.
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•

Workmanship: As with integrity of materials, the proposed rehabilitation alternative
will have no adverse effect on the historic property’s integrity of workmanship.
Repairs to areas of spalled concrete and application of the fiber reinforced polymer
will not obscure or diminish the features and evidence of the builders’ labor and skill
in constructing the Pensacola Dam and the associated structures. Per the SOI
Standards, spalled concrete repairs will be completed in-kind, and strategies will be
employed to blend the repaired areas and areas where the fiber reinforced polymer
will be applied with the adjacent concrete. While there will be minor effects to
integrity of workmanship, they will not rise to such a degree the historic property will
no longer convey its significance.

As discussed above, the proposed rehabilitation will not diminish any aspects of the
Pensacola Dam Historic District’s integrity to such a degree that it can no longer convey its
engineering significance. Therefore, the proposed rehabilitation will pose no adverse effect
to the historic property. Additionally, the proposed rehabilitation will pose no indirect effects
to the historic property.

Widening Alternate No. 1, Downstream Side
Alternate No. 1 entails the addition of approximately 4’ to the downstream side of the bridges
to accommodate a wider roadway and improve safety for the traveling public. The proposed
widening, discussed in more detail in previous sections, poses no adverse direct effect and
no indirect effect to the characteristic-defining features for which the Pensacola Dam Historic
District is significant.
• Location: As a result of the widening alternate, there will be no change in location for
the Pensacola Dam Historic District, as a whole, or any of the contributing resources
within the district. As such, integrity of location will not be diminished.
•

Association: The proposed widening alternate will not sever the direct link between
the historic district and its contributing resources with the engineering significance
they convey. Furthermore, the proposed widening will not affect the characterdefining features of the historic property because it will not change the length of the
dam, directly impact any of the arches, or impact the system’s ability to produce
hydroelectricity. Thus, integrity of association will not be diminished.

•

Feeling: As with integrity of association, there will be no effect to the characterdefining features of the historic property. Therefore, integrity of feeling will not be
diminished.

•

Setting: The proposed widening alternate will not have an effect on the historic
property’s integrity of setting. There will be no change to the environment in which
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the historic property is located or its relationship to surrounding features and open
space. Thus, integrity of setting will not be diminished.
•

Design: The proposed widening alternate will not adversely affect the Pensacola Dam
Historic District’s integrity of design. The proposed widening will have no impact on
the functions and technologies of the historic property, and will not change the form,
space, structure, and style of it. However, there will be a minor change in the plan of
the bridges that carry SH 28 across the top of the dam and spillways. The proposed
widening will increase the width of the three bridges by approximately 4’ to the
downstream side with an additional beam supported by bracing at the buttresses.
New railing will be constructed on the downstream side of each structure that is
compatible in design to the existing railing but obviously new. While the widening
alternative will be a minor impact to the overall design of the dam and spillways, the
widening will not directly affect the historic property’s character-defining features
and will not affect spatial relationships that characterize the historic property. The
new work will be differentiated from the old and be compatible with the historic
materials, features, size, scale and proportion, and massing. Therefore, integrity of
design will not be diminished to such a degree that the Pensacola Dam Historic District
is no longer be able to convey its significance.

•

Materials: The proposed widening alternate will have no adverse effect on the
Pensacola Dam Historic District’s integrity of materials. The widened sections will be
constructed of concrete and strategies employed to blend the new concrete with the
old concrete in color to avoid having bright white new concrete. The widened section
will be differentiated from the old but be compatible with the historic materials.
Integrity of materials will not be diminished to such a degree the historic property will
no longer convey its significance.

•

Workmanship: The proposed widening alternate will have no adverse effect on the
historic property’s integrity of workmanship. As discussed above, the widened
section will be compatible with the historic materials, features, size, scale and
proportion, and massing of the existing bridges. While some of the historic features
on the buttresses and spandrel columns may be obscured by the new, cantilevered
section, and the historic parapet replaced on the downstream side, these elements
are not considered character-defining features of the historic property. Therefore,
the proposed widening alternate does not rise to such a degree the historic property
will no longer convey its significance.

As discussed above, the proposed widening will not diminish any aspects of the Pensacola
Dam Historic District’s integrity to such a degree that it can no longer convey its engineering
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significance. While the proposed widening will result in some changes to the design,
materials, and workmanship, these changes will not directly impact the historic property’s
character-defining features. There will be no direct effect on the arches of the dam; there
will be no change in the length of the structure; and there will be no impact on the system’s
ability to produce hydroelectricity. Therefore, the proposed widening will pose no adverse
effect to the historic property. Additionally, the proposed widening will pose no indirect
effects to the historic property.

Widening Alternate No. 2, Upstream Side
Alternate No. 2 removes the existing upstream curb, sidewalk, and parapet and widens the
bridge by 6’-2” to obtain 2-12’ lanes. The existing sidewalk is only 4’-0” wide and decreases
to about 3’-0” at the light poles. The replacement sidewalk is reconstructed to 6’-0” wide to
accommodate the light poles in their current location and an ADA compliant sidewalk. The
primary public view of the dam is from the upstream side. Special consideration of the
aesthetics, historic preservation and pedestrian safety for the new parapet and sidewalk are
required. The downstream side parapet and curb are not affected or improved.
The Criteria of Effect were applied to Widening Alternative No. 2 discussed above. It is
recommended the proposed widening alternative would pose an adverse indirect effect to
the characteristic-defining features for which the Pensacola Dam Historic District is significant
due to the substantial amount of historic fabric that would be removed to accommodate the
widening alternative. The following discusses the analysis with regard to each aspect of
historic integrity.
As discussed in Appendix C, Alternative Analysis, Widening Alternative No. 2 would not
diminish any aspects of the Pensacola Dam Historic District’s integrity to such a degree that
it can no longer convey its engineering significance. However, the cumulative extent of the
loss of historic fabric, particularly resulting from the changes to the sidewalk, observation
platform, and gantry platform area, would result in an adverse indirect effect to integrity of
materials and setting. The minor changes to the design and workmanship would not
constitute direct effects on the historic property’s character-defining features. There would
be no direct effect on the arches of the dam; there would be no change in the length of the
structure; and there would be no impact on the system’s ability to produce hydro-electricity.
The proposed widening would pose no adverse direct effect, but would pose adverse indirect
effects, to the historic property.
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Widening Alternate No. 3, Upstream and Downstream Widening
Alternate No. 3 is a combination of Alternate No. 1 and Alternate No. 2. Alternate No. 3
provides for additional width for construction and flexibility for traffic access during
construction. The downstream side is widened by approximately 4’ to obtain 2-12’ lanes and
the upstream is widened by approximately 1’-0” to increase the sidewalk width from 4’-0” to
5’-0”. The light poles are replaced by mounting similar poles on the outside face of the
upstream parapet, making the sidewalk ADA accessible. The 1’-0” upstream widening is the
maximum possible without interfering with the gate hoist structures. Both upstream and
downstream rails are proposed to be replaced.
Widening Alternative No. 3 would not diminish any aspects of the Pensacola Dam Historic
District’s integrity to such a degree that it can no longer convey its engineering significance.
However, the cumulative extent of the loss of historic fabric, particularly resulting from the
changes to the sidewalk and significant modifications to the observation platform and full
replacement of the railing, would result in an adverse indirect effect to integrity of materials
and setting. The minor changes to the design and workmanship would not constitute direct
effects on the historic property’s character-defining features. There would be no direct effect
on the arches of the dam; there would be no change in the length of the structure; and there
would be no impact on the system’s ability to produce hydro-electricity. The proposed
widening would pose no adverse direct effect, but would pose adverse indirect effects, to the
historic property. Details of this Alternative Analysis are contained in Appendix C.
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PRELIMINARY STABILITY AND STRENGTH ANALYSIS
The widening alternates will result in changes in the dam’s center of gravity; therefore, sliding
over overturning stability of the dam and spillways are evaluated for the worst case loading
condition. The design parameters are based primarily on historical data. The last extensive
stability analysis of Pensacola Dam and spillways was submitted to the Federal Energy Regulatory
Commission (FERC) in 2004 as a supplement to the 7th Part 12 report (year 2000). For the SH 28
widening preliminary design, only the worst load case (i.e. the lowest factor of safety) for each
section of the dam has been evaluated. The method of analysis, material properties, loading
diagrams, design assumptions, and design uplift values (with one exception at tall arches) are
taken from the 2004 supplemental report for the worst case at each section.
Prior to performing preliminary stability analysis on any widening alternate, cost estimates and
geometrics for widening were developed to determine whether a given alternate was viable.
Analyses were not performed for alternates not feasible to implement, or for conditions which
could be assessed as to not control by inspection of prior analyses.
As discussed in previous sections, the proposed widening alternates are:
Alternate No. 1 | Widen Downstream
Alternate No. 1 shifts the center of gravity downstream a minimal distance and has the most
potential for adversely affecting the stability; overturning and sliding stability are evaluated
for Alternate No. 1.
Alternate No. 2 | Widen Upstream
Alternate No. 2 shifts the center of gravity upstream slightly, and therefore does not decrease
the factor of safety for stability. The same parameters and load cases used at Alternate No.
1 would be applied for Alternate No. 2. However, the geometric constraints and costs for
replacing the gate hoists makes this alternate unfeasible. Therefore, the preliminary analysis
for this case is not performed.
Alternate No. 3 | Widen Upstream & Downstream
Alternate No. 3 shifts the center of gravity downstream, similar to Alternate No. 1, but to a
lesser extent. As such, it does not control over Alternate No. 1. Due to the increased cost
and longer construction duration for Alternate No. 3, the preliminary analysis for this case is
not performed. If Alternate No. 3 is pursued further, a full analysis can be made at that time.
The following six (6) sections were analyzed:
•
•
•

Tall Arch Section
Short Arch Section
Main Spillway, Deep (Piezometers No. 6-16)
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•
•
•

Main Spillway, Shallow (Piezometers No. 17-21)
Gravity Non-Overflow Section
East Spillway

The transition sections located between the Arch and Spillway sections, and between the
Spillway and Non-Overflow sections were not analyzed. If the Arch, Spillway, and Non-Overflow
sections are all found to be stable and not overstressed, the transition sections will be assumed
stable for the preliminary analysis.
If a widening alternate is selected and taken to final design, a complete stability analysis of all the
FERC required load cases will be performed.
The design parameters for the worst case loading conditions for sliding and overturning stability
follow and are taken from the 2004 Supplemental Stability report. See the following Figure Nos.
25 through 28.
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Design Parameters
The Unusual Operating Condition (2), Pool at Maximum Level = Elev. 756.5, controls for all
dam sections. A complete listing of all the 2004 Supplemental Stability report design load
cases are included in Appendix D. The Unusual Operating Condition (2) design parameters
for each of the sections follow.
•

Arch Sections, Tall and Short
› Pool at Maximum Level (Elev. 756.5)
› Failure Surface at the bottom of the upstream Key
› Unit Weight, Rock = 140 pcf
› Phi Angle, Rock = 55°
› Design Uplift, Tall Section = 2.22 ksf
o Takes into consideration the lower piezometer readings due to effectiveness
of arch toe pump system. Which began operation in 2008. Uplift is based on
Piezometer 13-2, prorated up for maximum pool level.
› Design Uplift, Short Section = 2.44 ksf
› Backfill applied between buttresses
› Unit Weight, Backfill = 105 pcf
› Phi Angle, Backfill = 30°
› Silt lateral force applied to failure surface on active side
› Back Flooding Elev. 624, uplift and passive water force (Case III-3, Tall Section only)
› No tailwater (Case III-2, Short Section only)

•

Main Spillway, Deep and Shallow Sections
› Pool at Maximum Level (Elev. 756.5)
› Water flowing over Spillway (nappe weight not included)
› Failure Surface is at the bottom of the downstream Key, no apron extension (Case
IVb), Deep Section
› Failure Surface at the bottom of the upstream Key, (Case IVa), Shallow Section
› Unit Weight, Rock = 140 pcf
› Phi Angle, Rock = 55°
› Design Uplift, Deep Section = 1.61 ksf
› Design Uplift, Shallow Section = 1.31 ksf
› Passive Rock depth of four feet below top of the main spillway apron
› Silt lateral force applied to failure surface on active side
› 5 feet of tailwater (retrogression effects at 60% of water height)
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Non-Overflow Section
› Pool at Maximum Level (Elev. 756.5)
› Failure Surface is at the top of the Key (Case III)
› Unit Weight, Rock = 140 pcf
› Phi Angle, Rock = 55°
› Design Uplift, Deep Section = 2.89 ksf
› Backfill assumed present at toe from the top of the passive key to the ground
surface elevation on the passive side of the structure
› Unit Weight, Backfill = 105 pcf
› Phi Angle, Backfill = 30°
› Passive Rock depth at the top of key
› Silt lateral force applied to failure surface on active side
› No tailwater
East Spillway
› Pool at Maximum Level (Elev. 756.5)
› Water flowing over Spillway (nappe weight not included)
› Failure Surface is at the top of the Key (Case IV)
› Unit Weight, Rock = 140 pcf
› Phi Angle, Rock = 55°
› Design Uplift, Deep & Shallow Sections = no instruments
› Passive Rock depth at top of spillway apron
› 5 feet of tailwater (retrogression effects at 60% of water height)
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Sliding Stability Analysis
Six sections were analyzed for sliding analyses using the limit equilibrium method of analysis
and FERC guidelines for gravity dams. The United States Army Corps of Engineers (USACE)
computer program C-Slide was utilized to perform the numerical evaluations.
Table 2: Design Uplift Values
Case

Heel
(ksf)

Gallery
(ksf)

Toe
(ksf)

Tall Arch Section

III-3

9.20*

2.22**

0.54

Short Arch Section

III-2

5.96

2.44

0.00

Main Spillway, Deep Section

IVb

7.12*

2.08

1.00

*Constant pressure over first 5.85' of
base.

Main Spillway, Shallow Section

IVa

5.71*

1.31

0.72

*Constant pressure over first 4.2' of
base.

Non-Overflow Section

III

4.90*

2.89

0.00

*Constant pressure over first 1.5' of
base.

East Spillway

IV

1.81*

N/A

0.47

*Constant pressure over first 1.15' of
base.

Section

*Constant pressure over first 10' of
base.
**Updated to 2017 values

Table 3: Summary of Stability Analysis

Case

Widening
F.S.
Sliding

2004
F.S.
Sliding

F.S.
Required

Tall Arch Section

III-3

1.427

1.228

1.3

Short Arch Section

III-2

2.467

2.483

1.3

Main Spillway, Deep Section

IVb

1.754

1.739

1.3

Main Spillway, Shallow Section

IVa

1.751

1.750

1.3

Non-Overflow Section

III

2.560

2.542

1.3

East Spillway

IV

1.195

1.078

1.3

Section

Due to the increase in weight from the widening, all factors of safety increased slightly, except
a minor decrease occurred at the Short Arch Section. The Alternate No. 1 downstream
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widening does not adversely affect the sliding stability at any of the analyzed Pensacola Dam
sections. Supporting calculations are presented in Appendix D.

Overturning Analysis
Six sections of Pensacola Dam were analyzed regarding overturning stability, taking into
account the proposed bridge widening to the downstream side, Alternate No. 1. The stability
analysis accounts for the self-weight of the existing and proposed structures, lateral forces
due to water and soil loads, and uplift forces from the water pressure within the foundation
below the dam. Weights and forces calculated previously in the 7th Part 12 Report and 2004
Supplemental Report were utilized in the current calculations with the addition of the weights
from the proposed demolition and construction associated with the bridge widening. The
results from the overturning analysis indicate that all sections of the dam remain sufficiently
stable considering the effects of the bridge widening. The results satisfy minimum
requirements required by FERC regarding overturning stability and are summarized in Table
4. Supporting calculations are presented in Appendix D. The resultant is located within the
middle third of the base, which is good.

Table 4: Summary of Overturning Analysis
Section

Loading
Condition

Loading
Case

Toe
Pressure
(ksf)

Heel
Pressure
(ksf)

Tall Arch Section

Unusual

III-3

5.27

6.60

Short Arch Section
Main Spillway - Deep
Section
Main Spillway - Shallow
Section

Unusual

III-2

4.76

5.40

Unusual

IVb

8.13

5.40

Unusual

IVa

4.58

5.28

Non-overflow Section

Unusual

III

9.13

4.13

East Spillways

Unusual

IV

1.39

1.65

Resultant
Location

Cracked
Base

Middle 1/3rd
of base
Middle 1/3rd
of base
Middle 1/3rd
of base
Middle 1/3rd
of base
Middle 1/3rd
of base
Middle 1/3rd
of base

No
No
No
No
No
No
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Strength Analysis
The preliminary calculations in this report are to determine if the additional roadway width
is structurally feasible based on the dam superstructure components. This calculation is not
a global stability calculation or a comprehensive component calculation. The goal is to
confirm the feasibility of the road widening and highlight any preliminary concerns prior to
commencing the final design process for widening. The final bridge design will size
attachments and the bridge superstructure. Only widening to the downstream, Alternate No.
1, was evaluated.
As a preliminary investigation, this calculation does not provide a comprehensive evaluation
of the dam superstructure in terms of components and sections checked. This calculation
identifies critical sections and components based on engineering judgement. These critical
elements were evaluated using simplified techniques to determine the order of magnitude
impact of the road widening on the dam design. The primary focus of this calculation was in
the upper portion of the dam due to the closer proximity to the new load application and the
relatively lower portion of water and dead loads compared to the bridge load.
Many of the specific loading and configuration details needed for final calculations are not
currently known. This calculation used assumptions and load simplifications to approximate
loading conditions. Such assumptions and simplifications are not necessarily conservative,
and results should be interpreted accordingly.
The results of the preliminary calculations are summarized in Table 5.
Table 5: Summary of Strength Analysis

* Compressive stress on gross section. Percentage is the factored stress divided by the approximate
maximum of 0.85f’c, where f’c equals 3,500 psi
** Capacity controlled by column interaction curves. Percentages shown are the ratios of bending loads
divided by bending capacities (Mu/φMn).
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In order to determine the structural feasibility of the proposed modifications to the dam, new
stresses must be shown to be low compared to the structural capacity or that the change in
stress due to the proposed modifications are negligible. The primary observation in the
results is that the computed stresses are very low compared to the capacities. The secondary
significant observation is that while the change in stress as a fraction of existing stress is
significant at the upper portions of the dam, the stresses tend to fall off quickly as the depth
drops below the normal lake elevation. The computed stresses in the upper portions of the
structure are relatively low. Assuming that the concrete compressive strength is 3.0 ksi, the
critical stresses in the elements critical to dam integrity are not more than 25 to 50 percent
utilized, which is acceptable.
Final design will need to quantify and control localized stresses in the area of the new load
application; however, the calculations performed for the report indicate that such control is
feasible. The calculations further demonstrate that for elevations significantly lower than the
bridge, the structural impact of the road widening on the dam reduces dramatically and
becomes insignificant compared to the contributions of the water and existing dead loads.
The column section capacities investigated for several of the dam sections did not have a
direct influence on the dam’s ability to retain water, but were seen as critical to the feasibility
of the road widening proposal. These elements were investigated because of their close
proximity to the application of the proposed additional loads. For all such cases, the axial
column capacity and the column bending capacity were adequate. Final design will require
more refined analyses, however column capacity is not anticipated to significantly impact
overall design. Should the final analysis fail to confirm this conclusion, the columns can be
reinforced or protected from excessive bending load.
The preliminary calculations indicate the proposed widening is structurally feasible without
compromising the existing dam integrity.
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CONSTRUCTION SEQUENCE AND TRAFFIC CONTROL
Rehabilitation
As noted previously, ODOT’s deck rehabilitation project consists of hydroblasting and concrete
overlay for the Pensacola Dam bridge and the East and West Spillway bridges. The
rehabilitation will take place in two phases. One construction phase will be for the deck
rehabilitation work on the Pensacola Dam. The second construction phase will be for the deck
rehabilitation work on the West and East Spillway bridges. One estimate by others for
construction duration for the deck rehabilitation of the Pensacola Dam Bridge is two to three
months. If this short duration estimate holds, the GRDA project will follow the ODOT deck
rehabilitation project, rather than making use of a mandatory tie. However, more
conventional estimates for the construction duration for the deck rehabilitation is six to nine
months for the three bridges. In this case, the deck rehabilitation can be concurrent with the
remainder of the bridge rehabilitation, assuming the projects are let with a mandatory tie.
The conventional estimate with mandatory tie will be used for the remainder of this report.
SH 28 will be closed across the Pensacola Dam and across the West and East Spillway Bridges
during the deck rehabilitation due to the narrow width of the roadway. The roadway width
of 20 feet does not allow hydrodemolition and overlay to be performed in one lane while the
other lane is open to traffic. The West and East Spillway Bridges will not be closed while the
Pensacola Dam Bridge is closed. Likewise, the West and East Spillway bridges will not be
closed at the same time, but will be closed in sequence. The closure is anticipated to occur
between Labor Day and Memorial Day, unless the construction season is shortened due to
migratory bird considerations.
A detour route along state highways to the south and east of the dam will provide access
between Langley and Disney. The detour route will utilize SH 82, SH 20, and SH 28 to connect
Langley and Disney and is 26 miles in length and shown in Figure 29 on the next page. Detour
signs will be located along the detour route. Portable Changeable Message Signs will also be
located along the detour route to inform travelers of closure periods for the Pensacola Dam
Bridge and the West and East Spillway Bridges. An estimated quantity of pavement patching
is included in the cost estimate to address pavement deterioration along the detour route
arising from increased traffic while SH 28 is closed. Consideration will be given to partial
opening of the bridge for major regional events.
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Figure 29

The construction duration to rehabilitate the three bridges is estimated to be 12 to 18 months,
including 6 to 9 months of full closure for the deck rehabilitation. Once the deck rehabilitation
is complete, SH 28 will be partially open across the Pensacola Dam Bridge and across the West
and East Spillway Bridges during the remainder of the rehabilitation work. One lane of SH 28
will be closed on the bridge, while two-way traffic on the lane opposite the rehabilitation work
is controlled by a temporary traffic signal.
The speed limit across the dam and spillway bridges during construction will be reduced to
20 mph. Due to the narrow bridge deck width, channelizing cones, instead of portable
longitudinal barrier, will be used along the work zone to separate the traffic from the work
area, as shown in Figure 30. The contractor needs to have a work area wide enough to stage
equipment, hold work vehicles, and for the use of their personnel when working below the
deck, particularly on the Pensacola Dam Bridge. With the existing deck less than 20 feet wide,
the 2’ width of portable longitudinal barrier does not leave sufficient work area as well as lane
width. Portable longitudinal barrier will be used at each end of the work zone to protect the
work area from on-coming vehicles.
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Figure 30

To help enforce the 20 mph speed limit on the Pensacola Dam Bridge, one or two short work
zones could be utilized. By placing the temporary signals closer together, the length of the
reduced speed limit becomes more palatable. The lane closures will extend 1000 feet per
work zone, allowing the contractor room for vehicles and staging. The work zones will be
moved along the bridge as the rehabilitation progresses. If traffic speeds are not well
controlled, a serpentine movement could be introduced, moving the traffic from the
eastbound lane to westbound lane and back, for example, to require more attention from the
drivers and reduce speeds.
GRDA Rehabilitation with Alternate No. 1 Widening
Building on the recommendation for Scenario 2 from the Constructability section of this
report, ODOT’s deck rehabilitation will be complete on any given span before widening of the
Pensacola Dam Bridge and the West and East Spillway Bridges occurs on that span. Any
remaining rehabilitation work on the remainder of the bridges can be completed as necessary.
The construction duration for rehabilitation and widening is estimated to be 18 to 24 months
for the three bridges, including 6 to 9 months of full closure.
As noted above, SH 28 will be closed during deck rehabilitation. For the widening, SH 28 will
be partially open across the Pensacola Dam Bridge and across the West and East Spillway
Bridges. During the widening work, traffic will be in the SH 28 westbound lane, with the
eastbound lane of SH 28 closed on the dam or on the spillway bridges for the widening. Twoway traffic in the westbound lane will be controlled by a temporary traffic signal at each end
of the work zone. As noted before, the work zones will be shortened to reduce impacts to
traffic. The speed limit across the dam and spillway bridges during construction will be
reduced to 20 mph. Due to the narrow bridge deck width, channelizing cones should be used
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along the work zone to separate the traffic from the work area, as shown in Figure 31.
Portable longitudinal barrier will be used at each end of the work zone to protect the work
area. As before, a serpentine movement may be introduced if necessary to control speed in
the construction zone.
Following the downstream widening, for any remaining rehabilitation work on the upstream
side of the bridges, the two-way traffic will be moved to the eastbound lane. Traffic control
devices and portable longitudinal barrier will be adjusted to accommodate two-way traffic in
the eastbound lane.

Figure 31

Another consideration for construction sequencing is to allow the West and East Spillway Bridges
to be narrowed to one lane while the Pensacola Dam Bridge is closed. This allows construction
on the West and East Spillway Bridges to proceed while traffic is lighter. This is estimated to
reduce construction time by 3 to 6 months.

Another possibility for the widening, is to arrange for the contractor to be able to construct the
widening while the bridge is closed for deck rehabilitation. The construction sequencing would
indicate that the contractor will construct the upstream portion of the deck overlay first. Then
removal of the downstream curb and parapet and 2’ of the existing deck, and hydroblast and
overlay of the remainder of the downstream portion of the deck. The reinforcing from the
hydroblast and overlay portion would extend into the widening section, to be lapped with
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reinforcing from the widened portion. This construction sequence would require either a very
large contractor, or may require two construction seasons of full closure for the deck
rehabilitation and widening. The advantage is vastly improved safety for the contractor and
improved efficiency, but at the cost of longer full closure of the bridges. This concept could be
vetted at the next public meeting or stakeholder meeting.
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STAKEHOLDERS
On October 17, 2017 GRDA, ODOT and Benham’s design team met at ODOT’s Division 8
Headquarters in Tulsa, Oklahoma to discuss project issues, coordination, and public impacts. The
meeting resulted in a decision to hold a Stakeholder Meeting on October 30, 2017 to receive
input. Minutes for both meetings are included in Appendix F.
Stakeholders include: Langley, Disney, Tia Juana, Emergency Responders, US Mail Service,
Schools, Parks, County Government, Chambers of Commerce, and Preservation and Historical
agencies.
An initial Stakeholder Meeting was held at 3:00 pm on October 30, 2017 at the GRDA Ecosystems
and Educational Center at 420 SH 28, Langley, OK 74350. The Benham design team conducted
the meeting with ODOT and GRDA represented. The issues and concerns expressed during this
meeting addressed both the ODOT and GRDA projects. The concerns expressed for both projects
are documented in this section. The project descriptions, scheduling, durations, lane and
structure closures and associated impacts were discussed. From research and stakeholder input,
the following impacts were discovered:
•

•
•
•
•
•

•

Schools Impacted: Jay Public Schools serve the cities of Disney and Tia Juana, while
Ketchum Public Schools serve the Town of Langley. Busses do not cross the Pensacola
Dam for daily pick up, but some parents do. The Jay School routes, will be impacted
during the work on the West and East Spillway Bridges.
Emergency responders will be impacted by closures as it will affect their route, ability to
share resources, and provide backup support to other departments.
Businesses will be impacted by the lack of through traffic on SH 28.
Delaware County is concerned about increased traffic on “Topsey Road” in terms of
condition and safety. The signed detour route will be on SH 28, SH 20, and SH 82.
Tourism is an important part of the economy for the area and will be impacted by the
lane and structure closures with a long detour.
The width of the driving surface (19’-8”), weather, environmental, and material
limitations, vehicle widths and seasonal events are several restrictions that make this
project difficult to construct.
Emergency responders requested an alternate detour route on the downstream side of
the Pensacola Dam Bridge, to be restricted to emergency vehicle use. The area
immediately downstream of the spillway is very rugged and not favorable to use as a
detour route as is. Another area further downstream of the spillway is currently accessed
by 4-wheel drive vehicles with high clearances. These will be called the northern route
and the southern route, respectively, see Figure 32 on the next page. They can only be

47 | P a g e

Preliminary Design Report
SH 28 Bridges over Pensacola Dam and Auxiliary Spillways
41806 | 1400204
December 22, 2017

accessed when water is not being released from the spillways. For either route, the terrain
is very rugged and would be formidable to ordinary passenger vehicles. The costs
associated with bringing these routes up to a level suitable for passenger vehicles and
semi traffic is prohibitive.

Northern Route

Southern Route

Figure 32

The terrain on the northern route is very rugged and would require a significant amount
of rock removal, temporary drainage pipes, fill, and paving to be traversable by vehicles
other than heavy duty utility vehicles and trucks even as a detour route. The vertical and
horizontal alignments would not allow these to be used as a temporary highway detour
for normal traffic. All of these are susceptible to being washed out when water is released
from the main spillway, and the cost of replacement is untenable.
The northern route could be useful to volunteer firemen or EMT personnel to reach the
nearby communities with minimal improvement, but the terrain would still be too rugged
for ambulance use. The northern route should be restricted to limited emergency vehicle
use only. These improvements include installing temporary drainage pipes and some rock
fill. If washed out, these could be replaced with minimal cost. Coordination with the
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Corps of Engineers regarding a 404 Permit will be necessary if these improvements are
made.
The southern route is currently accessible by the public and is somewhat less rugged
terrain. Although this route is normally covered with a foot of water, the water is not
normally fast-moving, and is frequently crossed by SUV’s and trucks. An ambulance could
traverse this route with care. This route requires a steep climb at the east side to reconnect to SH 28, which is manageable when the roadbed is dry, but is not manageable
in wet conditions. Improvements are not required for emergency vehicle use of the
southern route; however, the improvements necessary to be used as a temporary highway
detour route for normal traffic are impractical due to the vertical alignment.
GRDA and ODOT offered approaches to minimize impacts and the Stakeholders requested other
ideas. The key concepts follow:
•
•
•
•
•
•
•
•
•
•
•
•
•

Incentive/Disincentive clauses in the Construction Contract
Complete maximum amount of work prior to full closure
Encourage the utilization of multiple crews
Work at night and off-peak hours/days
Close during off-peak months
Message Board usage to keep the public informed
Road closure/project information reported on ODOT website
Email and media notices will be considered
Low water crossing below the dam for emergency responders
Blocked out dates for holidays and events
Business community impacts during peak business times
Advanced notice requested
ODOT will conduct another Public Meeting in the summer of 2018. Stakeholders will be
invited, and more project information will be available at that time.
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SUPPLEMENTAL FUNDING EVALUATION
GRDA and ODOT have state funds available to conduct the bridge rehabilitation work. However,
neither agency has funds available for the widening of the SH 28 bridges. Several potential
funding opportunities have been identified for the project. The goal for funding is to identify a
source or sources which could complement funding coming from ODOT and GRDA for the SH 28
Bridge Rehabilitation/Widening Project.
The initial scan of funding opportunities covered both grants and loan sources from a variety of
state, federal, nonprofit and private sources. A memorandum including a funding matrix listing
potential sources was developed and is included in Appendix E. Identification of sources was
based on a review of Grants.gov, agency websites, FNI funding opportunity database, and internet
research.
The funding matrix was presented to GRDA on October 5, 2017. The importance of evaluating
the funding opportunities holistically was emphasized during the discussion. The selected
funding source(s) will be the one which proves most beneficial GRDA, ODOT and the surrounding
communities.
The funding matrix focused on program eligibility, funding availability, matching requirements,
anticipated deadlines, level of engineering as well as special requirements. A “perfect” funding
source was not identified for this project; however, several opportunities including TIGER grants
will be considered. The list of funding sources identified in the matrix is not exhaustive; there is
a possibility of additional federal sources becoming available in 2018. Low interest loan programs
do not need further consideration at this time since GRDA has the ability for bonding.
The projects funding matrix was presented to members of ODOT’s Senior Staff on October 10th,
2017. The funding sources need to be complementary to and not competitive with ODOT’s
prioritized projects. This is critical especially since many of the identified sources are provided
through, or in, consultation with the agency and the current state/federal budget situation. The
discussion focused considerable time on TIGER grant opportunities. ODOT considers their role in
TIGER grants as being more of a support role to regional projects. A subsequent meeting was
held on October 17th, 2017 with representative from ODOT’s Division 8 to discuss the project and
funding opportunities. Representatives from ODOT’s Division 8 agreed with solicitation of
additional funding sources to supplement the project.
The final determination was made to focus initial efforts on an application for a TIGER grant as a
key avenue for funding of the SH 28 project. It is anticipated that the next opportunity will be
available as early as Spring 2018. The team will continue to move forward to be well positioned
for submitting the application when it is available. Next steps include crafting the narrative which
will be included as a part of the application and be utilized to garner letters of support. Other
elements of the grant application will be prepared in advance as appropriate.
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MISCELLANEOUS ITEMS
Parapet
For all three widening alternatives, the existing parapet will be removed and replaced to some
extent. The proposed replacement parapet is the Texas Classic Traffic Rail, Type C411; a
portion of the parapet is shown below in Figure 33. This parapet is rated for a TL-2 test level
with a maximum vehicle speed of 45 mph.

Figure 33

The SHPO requirements for the new parapet is to not replicate the existing parapet, but
rather be compatible in design and differentiate the new parapet from the old. The parapet
should clearly be a new feature on the dam. The new parapet can be configured to carry
overhead lighting for the highway, with conduit located inside the railing.
Lighting & Security Cameras
The original bridge structure did not provide overhead lighting of the deck. In 1965, cobrahead style lights were added to the upstream side of the bridge, within the sidewalk area. A
GRDA project is underway to provide additional cobra-head lights and security cameras on
and under the bridge to improve lighting for the highway traffic and security for GRDA
facilities. This work will be completed by October 2018.
The preferred Widening Alternate No. 1 does not impact the lights. If desired, the lights could
be relocated from the sidewalk to the outside face of the upstream parapet. This would
restore the sidewalk to a full 4 foot usable width. If funding allows implementation of
Widening Alternate No. 3, the lights could be relocated from the sidewalk to the upstream
parapet, achieving the more desirable 5 foot useable width, complying with the ADA Standard
width. The conduit would also be embedded within the new parapet.
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Bridge End Treatments
The entrances to each bridge will be evaluated for safety improvements. Existing guardrail
at the West and East Spillway Bridges will be replaced, with consideration given to length of
need, blunt ends, sight distances, and access areas for dam and spillway maintenance.
Guardrail will be added to the east end of the Pensacola Dam Bridge, with the same
considerations as the West and East Spillway Bridges. To improve the site distance for
vehicles on the existing gravel roadway located approximately 100’ east of the bridge on the
south side of SH 28, the existing gravel roadway entrance could be shifted further east and
realigned to intersect perpendicular with SH 28.
The west end of the Pensacola Dam Bridge is located adjacent to the Pensacola Dam Plaza
and other historic structures. The curvature of SH 28, and the locations of the sidewalks,
substation driveway, short retaining wall along the south side of SH 28 and other features will
also be analyzed in addition to addressing the above considerations. If the short retaining
wall is determined to be slightly in the clear zone, reducing the posted speed limit
approaching the west end of the Pensacola Dam Bridge by 5 miles per hour could minimize
the impacts to this area. The implementation of safety improvements and type of barrier or
guardrail will be coordinated with the SHPO, GRDA, and ODOT.
Permits
Permits are not required other than a Contractor’s Notice of Intent to Construct (NOI), which
is filed with the Oklahoma Department of Environmental Quality (ODEQ). The project does
not place footings or fill within the waterway, and therefore a US Army Corps of Engineer’s
404 Permit is not applicable. If a route for emergency responders is provided with a gravel
roadbed over a temporary pipe, the need for a Nationwide 404 Permit will be discussed with
the US Army Corps of Engineers.
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RECOMMENDATIONS
Rehabilitation of the bridges is recommended. ODOT’s rehabilitation project is currently
scheduled for the May 2019 Letting. Scheduling the GRDA rehabilitation or rehabilitation and
widening project concurrently as a mandatory tied project is highly desirable. Concurrent
projects lessen impacts to the local communities and decrease the costs of the construction
compared to letting two separate projects at different times.
In order to meet the May 2019 letting schedule, plan preparation for the rehabilitation or
rehabilitation and widening projects must begin in the winter of 2017. Funding sources may
require environmental studies in accordance with the National Environmental Policy Act (NEPA)
process. The NEPA studies for widening are underway and are scheduled to be completed in the
Fall of 2018. As part of the NEPA studies, a Public Meeting will be held in the summer or early
Fall of 2018.
Funding sources may require preliminary widening plans in order for the project to qualify for the
funding opportunities. To maximize the potential for acquiring suitable funding, preliminary plans
for rehabilitation and widening will be prepared and reviewed during the Spring of 2018.
While preliminary plans are developed, the narrative of the project will be developed to facilitate
grant applications. Letters of support will be solicited from the local community, interested
parties, local and state agencies, and local, state, and federal officials. When a funding
opportunity opens to accept applications, the narrative and preliminary plans will be submitted.
Work on the final construction documents will be suspended until such time as funds for widening
are secured, or until GRDA determines that the project must proceed without widening. The
decision to proceed with or without the widening must be made by late August, 2018 in order to
meet the project schedule. Final plans will be developed for a May 2019 letting.
The recommended alternate is widening to the downstream side of the dam and spillways,
Alternate No. 1. This alternate minimizes the cost of the widening project and avoids interference
with the gate works on the upstream side of the main and auxiliary spillways. The sidewalk and
overlook platform and the pedestrian bridge to the intake structure on the upstream side of the
main bridge are unaffected by the widening in this alternate as well. Not impacting these features
is desirable for historic preservation. Structurally, widening to the downstream has a negligible
impact on the stability of the dam, and additional loads are placed in areas that are capable of
providing the necessary support. For the widening, the second scenario from the Constructability
section is preferable, with the widening following the deck rehabilitation, with the cut line located
2’ inside the existing downstream parapet.
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Some reduction to the estimated construction durations are possible, requiring further
coordination between GRDA and ODOT and buy-in from the Stakeholders as to the approach for
construction documents. As noted in the Construction Sequencing and Traffic Control Section,
allowing the West and East Spillway Bridges to be narrowed to one lane while the Pensacola Dam
Bridge is closed offers potentially 3 to 6 months of advantage to the construction duration. It will
require commitment from the larger contractors to have construction on-going at two sites.
The other consideration, noted in the same section, is to structure the construction documents
such that the Contractor can construct the widening while the bridge is closed for rehabilitation.
This may extend full closure to a second construction season, but greatly improves safety for the
contractor and inspection personnel. This item also requires further coordination with GRDA,
ODOT, and the Stakeholders.
Upon receipt of information from the CFRP engineers for bringing the bridges up to current load
requirements, the cost estimates and recommendations will be updated as necessary via an
addendum.
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SH-28 over Pensacola Dam Bridges
GRDA Contract No. 41806
Preliminary Cost Estimate
12/22/2017
GRDA REHABILITATION
PENSACOLA DAM
DESCRIPTION

UNIT

TACK COAT
SUPERPAVE, TYPE S4(PG 76-28 OK)
CONCRETE RAIL (TR3)
STRUCTURAL STEEL
SPECIAL CONCRETE FINISH
PREPARATION OF CRACKS, ABOVE WATER
EPOXY RESIN, ABOVE WATER
PNUEMATICALLY PLACED MORTAR
SEALER CRACK PREPARATION
SEALER RESIN
(SP) CARBON FIBER-REINFORCED POLYMER
3" POLYVINYL CHLORIDE (PVC) PIPE
REMOVAL OF BRIDGE ITEMS
BEAM GUARDRAIL W-BEAM SINGLE
GUARDRAIL END TREATMENT (31")
GUARDRAIL BRIDGE CONN-THRIE BEAM (31")
IMPACT ATTENUATOR
CONSTRUCTION TRAFFIC CONTROL

GAL
TON
LF
LB
SY
LF
GAL
SY
LF
GAL
SF
LF
LSUM
LF
EA
EA
EA
LSUM

QUANTITY

UNIT COST

ITEM COST

8
15
215
6810
18235
2926
234
853.0
5853
65
63640
1088
1
138
2
2
2
1

$4.75
$120.00
$110.00
$3.00
$15.00
$24.00
$50.00
$480.00
$3.50
$105.00
$100.00
$18.00
$5,000.00
$125.00
$2,300.00
$2,000.00
$25,000.00
$175,000.00

$38.00
$1,800.00
$23,650.00
$20,430.00
$273,525.00
$70,224.00
$11,700.00
$409,440.00
$20,485.50
$6,825.00
$6,364,000.00
$19,584.00
$5,000.00
$17,187.50
$4,600.00
$4,000.00
$50,000.00
$175,000.00

SUBTOTAL

$7,477,489.00

REHAB, PENSACOLA DAM

$7,477,489.00

WEST SPILLWAY
DESCRIPTION

UNIT

TACK COAT
SUPERPAVE, TYPE S4(PG 76-28 OK)
SPECIAL CONCRETE FINISH
PREPARATION OF CRACKS, ABOVE WATER
EPOXY RESIN, ABOVE WATER
PNUEMATICALLY PLACED MORTAR
SEALER CRACK PREPARATION
SEALER RESIN
(SP) CARBON FIBER-REINFORCED POLYMER
4" POLYVINYL CHLORIDE (PVC) PIPE
BEAM GUARDRAIL W-BEAM SINGLE
GUARDRAIL END TREATMENT (31")
GUARDRAIL BRIDGE CONN-THRIE BEAM (31")
CONSTRUCTION TRAFFIC CONTROL

GAL
TON
SY
LF
GAL
SY
LF
GAL
SF
LF
LF
EA
EA
LSUM

QUANTITY

UNIT COST

ITEM COST

8
98
1022
25
2
20.1
50
1
5555
121
100
4
4
1

$4.75
$80.00
$30.00
$35.00
$90.00
$640.00
$5.30
$170.00
$100.00
$25.00
$125.00
$2,300.00
$2,000.00
$50,000.00

$38.00
$7,840.00
$30,660.00
$875.00
$180.00
$12,864.00
$265.00
$170.00
$555,500.00
$3,025.00
$12,500.00
$9,200.00
$8,000.00
$50,000.00

SUBTOTAL

$691,117.00

REHAB, SPILLWAY NO. 1

$691,117.00

EAST SPILLWAY
DESCRIPTION

UNIT

TACK COAT
SUPERPAVE, TYPE S4(PG 76-28 OK)
SPECIAL CONCRETE FINISH
PREPARATION OF CRACKS, ABOVE WATER
EPOXY RESIN, ABOVE WATER
PNUEMATICALLY PLACED MORTAR
SEALER CRACK PREPARATION
SEALER RESIN
(SP) CARBON FIBER-REINFORCED POLYMER
4" POLYVINYL CHLORIDE (PVC) PIPE
BEAM GUARDRAIL W-BEAM SINGLE
GUARDRAIL END TREATMENT (31")
GUARDRAIL BRIDGE CONN-THRIE BEAM (31")
CONSTRUCTION TRAFFIC CONTROL

GAL
TON
SY
LF
GAL
SY
LF
GAL
SF
LF
LF
EA
EA
LSUM

QUANTITY

UNIT COST

ITEM COST

8
98
925
25
2
18.3
50
1
5050
110
100
4
4
1

$4.75
$80.00
$30.00
$35.00
$90.00
$640.00
$5.30
$170.00
$100.00
$25.00
$125.00
$2,300.00
$2,000.00
$50,000.00

$38.00
$7,840.00
$27,750.00
$875.00
$180.00
$11,712.00
$265.00
$170.00
$505,000.00
$2,750.00
$12,500.00
$9,200.00
$8,000.00
$50,000.00

SUBTOTAL

MOBILIZATION
CONTINGENCY

$636,280.00

REHAB, SPILLWAY NO. 2

$636,280.00

SUBTOTAL, COMBINED

$8,804,886.00
$417,195.44
$1,383,312.22

15%

TOTAL REHAB COST

$10,605,394
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WIDENING ALTERNATIVES
ALTERNATE NO. 1

WIDEN DOWNSTREAM

DESCRIPTION

UNIT

QUANTITY

UNIT COST

ITEM COST

ARCH BEAM
PRESTRESSED CONCRETE BEAMS (TYPE IV)
CONCRETE RAIL TYPE C411
SPECIAL CONCRETE FINISH
CLASS AA CONCRETE
8.5" deck, corbels, braces
EPOXY COATED REINFORCING STEEL
REMOVAL OF EXISTING BRIDGE STRUCTURE
CONCRETE PAVEMENT

EA
LF
LF
SY
CY
LB
SF
LSUM

51.00
2173.00
6457.00
12422.00
2245.23
666840
15064.18
1.00

$18,000.00
$475.00
$300.00
$100.00
$1,000.00
$1.20
$10.00
$66,000.00

$918,000.00
$1,032,175.00
$1,937,100.00
$1,242,200.00
$2,245,234.53
$800,208.00
$150,641.81
$66,000.00

SUBTOTAL
MOBILIZATION
CONTINGENCY

$8,391,559.34
$400,662.37
$1,318,833.26

15%

ALTERNATE NO. 1 TOTAL

ALTERNATE NO. 2

$10,111,054.97

WIDEN UPSTREAM

DESCRIPTION

UNIT

QUANTITY

UNIT COST

ITEM COST

PRESTRESSED CONCRETE BEAMS 48x26
PRESTRESSED CONCRETE BEAMS (TYPE II)
CONCRETE RAIL TYPE C411
SPECIAL CONCRETE FINISH
CLASS AA CONCRETE
8.5" deck, corbels, braces
EPOXY COATED REINFORCING STEEL
REMOVAL OF EXISTING BRIDGE STRUCTURE
MOVE GATES AND HOISTS
CONCRETE PAVEMENT

LF
LF
LF
SY
CY
LB
SF
EA
LSUM

4284.00
2173.00
6457.00
6649
3061.47
909260
43068.19
42
1.00

$475.00
$285.00
$300.00
$100.00
$1,000.00
$1.20
$10.00
$350,000.00
$66,000.00

$2,034,900.00
$619,305.00
$1,937,100.00
$664,900.00
$3,061,467.56
$1,091,112.00
$430,681.90
$14,700,000.00
$66,000.00

SUBTOTAL
STAKING
MOBILIZATION
CONTINGENCY

24,605,466.46
$246,054.66
$1,059,060.85
$3,886,587.30

1%
15%

ALTERNATE NO. 2 TOTAL

ALTERNATE NO. 3

$29,797,169.27

WIDEN UPSTREAM AND DOWNSTREAM

DESCRIPTION

UNIT

QUANTITY

UNIT COST

ITEM COST

ARCH BEAM
PRESTRESSED CONCRETE BEAMS (TYPE IV)
CONCRETE RAIL TYPE C411
SPECIAL CONCRETE FINISH
CLASS AA CONCRETE
8.5" deck, corbels, braces
EPOXY COATED REINFORCING STEEL
REMOVAL OF EXISTING BRIDGE STRUCTURE
CONCRETE PAVEMENT

EA
LF
LF
SY
CY
LB
SF
LSUM

51.00
2173.00
12914.00
17086
2668.71
792610
22597.56
1.00

$18,000.00
$475.00
$300.00
$100.00
$1,000.00
$1.20
$10.00
$66,000.00

$918,000.00
$1,032,175.00
$3,874,200.00
$1,708,600.00
$2,668,706.11
$951,132.00
$225,975.63
$66,000.00

SUBTOTAL
STAKING
MOBILIZATION
CONTINGENCY

1%
15%

ALTERNATE NO. 3 TOTAL

$11,444,788.74
$114,447.89
$527,369.47
$1,812,990.91

$13,899,597.01
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ALTERNATIVES ANALYSIS
PENSACOLA DAM AND SPILLWAYS

DESCRIPTION OF PROJECT SCOPE
The purpose of the project is to extend the life of three bridges carrying State Highway 28 (SH
28) over the Grand Neosho River in Mayes County, Oklahoma. The bridge structures cross the
Pensacola Dam and Spillways constructed in 1940 and require substantial rehabilitation to
continue serving the needs of Grand River Dam Authority (GRDA), the Oklahoma Department of
Transportation (ODOT), and the adjoining communities. GRDA and ODOT are committed to
restoring the strength of the aging structures and are coordinating their efforts in order to
minimize the impacts of the rehabilitation to the public.
The main bridge and auxiliary bridges cross the Pensacola Dam and Spillways. The Dam includes
a hydroelectric powerhouse at the west end, supplying electricity to Northeastern Oklahoma.
The intake structures for the powerhouse take water from the upstream portion of the lake
through the arch structures, and into the powerhouse. The spillway sections are used to control
the lake level, for recreational use of the lake as well as for flood control on the Grand Neosho
River system. A platform is located on the upstream side of the spillway, allowing a gantry crane
to traverse the length of the spillway to raise and lower the gates, and also to raise and lower
stoplogs to close a section of the spillway for maintenance of the gate and/or spillway.
Working from west to east, the main bridge is identified by three primary sections based on the
type of support from the dam: (1) Arch Section, supported by the arches forming the dam on the
bridge; (2) Spillway Section, supported by piers extending upwards through the main spillway;
and (3) Non-Overflow Section, supported by piers extending up from a gravity dam.
The two bridges over the Auxiliary Spillways are supported by the same construction as the main
Spillway Section. They do not have arch or non-overflow sections.
The dam and spillways on which the bridges are located are components of the National Register
of Historic Places (NRHP) - listed Pensacola Dam Historic District. As such, the proposed project
is being carefully planned to preserve the character and aesthetic of the bridges, as well as to
avoid or minimize adverse effects to the historic district.
EXISTING CONDITIONS
Pensacola Dam Bridge (NBI 27569)
The main bridge over Pensacola Dam was last inspected during the routine inspection cycle in
October 2016. The concrete bridge decks on the Arch Section, Spillway Sections, and the NonOverflow Section are integral with the superstructure members. The bridge deck is covered with
an asphaltic overlay that has extensive deterioration throughout the length of the bridge. The
overlay has been patched in multiple locations in both driving lanes. The deck joints are leaking,
which has caused the superstructure elements to show signs of water deterioration. The deck
soffit, the underside surface of the bridge deck, is in good condition, with minor spalls and
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efflorescence present. The deck drains in the arch sections drain onto the superstructure
members. The water has discolored the concrete at the drain pipe locations.
The superstructure on Arch Section, Spans 1 to 51, consists of the reinforced concrete deck
supported by transverse floor beams. The floor beams are supported by spandrel arches and a
continuous longitudinal reinforced concrete beam. The spandrel arches tie into the buttresses of
the dam. The continuous longitudinal beams rest on the buttresses.
The buttresses were not inspected as part of the October 2016 inspection, therefore the buttress
condition is unknown at this time. The dam has minor spalls and scaling. Minor spalling is present
on the arches below the expansion joints. Span 19 has a moderate spall on the spandrel arch.
Discoloration and scaling are present on the arches and longitudinal beams from water as a result
of the deck drain flow. The longitudinal concrete beams have hairline cracking at various
locations. The cracks are more frequent near midspan. The location along the beams indicate
that stress from live-load could be the source of the cracking. The hinge locations approximately
7 feet from end of arch bearing points at beam ends) on the continuous longitudinal beams have
shear cracks. Despite these spalls and cracks, the spandrel arches and longitudinal concrete beam
are in satisfactory condition.
The transverse floor beams at the expansion joints for Arch Spans 1 to 51 are in fair condition.
The floor beams typically show water discoloration, cracking, spalls, scaling, and some
delamination. The floor beams have been repaired in the past. The previous floor beam repairs
consisted of patching spalls, adding galvanized steel angle to the top of beams and adding bearing
pads. The bearing pads have failed and are no longer in position. The transverse beams in
between expansion joints are in good condition.
At the Spillway Section and Non-Overflow Sections, Spans 52 to 83, the superstructure consists
of the reinforced concrete deck supported by transverse floor beams. The longitudinal beams
spans rest on piers. The pier caps for these spans have minor spalls. The east abutment has
moderate spalls and cracking on the face of the seat. The floor beams are supported by
longitudinal reinforced concrete beams. The longitudinal concrete beams are in good condition.
Water discoloration is present, but no major deterioration is present. The transverse floor beams
for longitudinal beam spans 52 to 83 are in good condition with minor spalls.
West and East Spillway Bridges (NBI 29642, 29645)
The spillway bridges were last inspected during the routine inspection cycle in October 2016. The
concrete bridge decks on the reinforced concrete girder spans are integral with the
superstructure members. The bridge decks are covered with an asphaltic overlay that has
extensive deterioration throughout the length of the bridge. The overlay has been patched in
multiple locations. The bridge decks have visible spalls and scaling. The deck joints are filled with
debris and are leaking, which has caused the superstructure elements to show signs of water
deterioration. The deck drains drain onto the superstructure members. The water has discolored
the concrete at the drain pipe locations.
The superstructures consist of the reinforced concrete deck that is integral with the longitudinal
beam and transverse floor beam system. The longitudinal girders and floor beams have some
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hairline cracks and spalls. The beams have discoloration from the deck drains. The
superstructures of the spillway bridges are in satisfactory condition.
The substructures of the spillway bridges consist of reinforced concrete abutments and piers. The
substructures are in fair condition. The pier caps below the expansion joints have water staining,
minor spalls and cracks.

HISTORIC PRESERVATION AND CULTURAL RESOURCES
Significance of Pensacola Dam Historic District
The Pensacola Dam Historic District is listed in the National Register of Historic Places under
Criterion C as an excellent example of multiple arch dam engineering. With 51 arches, the dam is
the longest multi-arch dam in the United States, the only Oklahoma example of a multi-arch dam,
and the state’s first hydroelectric dam. The historic district is comprised of three contributing
buildings and four contributing structures - dam, the powerhouse, a substation, two spillways,
and a pumping/intake structure – and one non-contributing observation house. The dam and
spillways carry SH 28 on bridges incorporated into the structures. Components of the historic
district, such as the buildings and the bridge railings, reflect the Streamline Moderne
architectural style.
Description of Pertinent Components
The following provides a description of the components pertinent to the proposed project. For
description of other components within the Pensacola Dam Historic District, see the National
Register of Historic Places nomination available through the Oklahoma State Historic
Preservation Office’s website.
Constructed between 1938 and 1940, the Pensacola Dam complex is located on the Grand River,
which is a major contributor to the Arkansas River basin. The underlying limestone and chert of
the river channel’s bottom made for the ideal foundation for the dam. The top of the dam is 150
above the channel bottom and is 6,565 feet long, including the spillways. The arched section of
the dam is comprised of 51 barrel arches that are each 140 feet in height. The clear span width
of each arch is 60 feet at the base and 24 feet at the top. They rest on double-wall hollow
buttresses that are 84 feet center to center. The three spillways are gravity type gated spillways
that are shaped in an elongated S fashion, or ogee, from gate to river bottom. At 861 feet in
length, the main spillway is incorporated into the east end of the dam. Two smaller spillways are
located east of the dam.
The SH 28 bridges have a 20-foot-wide bridge and a four-foot-wide sidewalk along the upstream
side. On the dam section, girders rest on top of spandrel arch barrels to support the bridge on
the upstream side and open spandrel arches extend out from the buttresses to support the
bridge on the downstream side. Over the spillways, the bridges are comprised of concrete
girders.
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Character-defining Features
When considering a proposed project’s effects on a historic property, establishing the characterdefining features is important. Character-defining features are the distinctive and visible aspects,
qualities, or characteristics of a historic property that convey its significance. Character-defining
features may include engineering design, and structural and decorative details. Historic fabric
may also be an important consideration. Historic fabric may be a character-defining feature, but
it can also be found on other elements of a historic property that are not identified as characterdefining.
The Pensacola Dam Historic District is significant as the only multi-arch dam in Oklahoma, the
longest multi-arch dam in the United States, and the state’s first hydro-electric dam. As such, the
following are the character-defining features of the historic district:
•
•
•

51 arches comprising the dam
Overall length of the dam and spillways
System comprised of the dam, powerhouse, intake/pumping structure, and substation to
generate electricity

While the bridges that are subject to the proposed rehabilitation and widening project are not
character-defining features of the historic district, they are elements of the district’s historic
fabric and thus must be considered when developing the plans for the proposed project. The
application of the Secretary of the Interior’s Standards for Treatment of Historic Properties (SOI
Standards) discussed in the next section are also an important component of the project planning
process.
Applying the Secretary of the Interior’s Standards for Treatment of Historic Properties
The SOI Standards provides guidance on how to preserve, rehabilitate, restore, and reconstruct
historic properties. In the case of the proposed SH 28 rehabilitation and widening project, the
SOI Standards for rehabilitating historic properties are most applicable. Compliance with the SOI
Standards provides for the preservation of the Pensacola Dam Historic District’s integrity while
accommodating the rehabilitation and widening of the bridges. The SOI Standards for
Rehabilitation are summarized below:
1. A property will be used as it was historically or be given a new use that requires minimal
change to its distinctive materials, features, spaces, and spatial relationships.
2. The historic character of a property will be retained and preserved. The removal of
distinctive materials or alteration of features, spaces, and spatial relationships that
characterize the property will be avoided.
3. Each property will be recognized as a physical record of its time, place, and use. Changes
that create a false sense of historical development, such as adding conjectural features or
elements from other historic properties, will not be undertaken.
4. Changes to a property that have acquired historic significance in their own right will be
retained and preserved.
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5. Distinctive materials, features, finishes, and construction techniques or examples of
craftsmanship that characterize a property will be preserved.
6. Deteriorated historic features will be repaired rather than replaced. Where the severity of
deterioration requires replacement of a distinctive feature, the new feature will match the
old in design, color, texture, and where possible, materials. Replacement of missing features
will be substantiated by documentary and physical evidence.
7. Chemical or physical treatments, if appropriate, will be undertaken using the gentlest
means possible. Treatments that cause damage to historic materials will not be used.
8. Archeological resources will be protected and preserved in place. If such resources must
be disturbed, mitigation measures will be undertaken.
9. New additions, exterior alterations, or related new construction will not destroy historic
materials, features, and spatial relationships that characterize the property. The new work
will be differentiated from the old and will be compatible with the historic materials, features,
size, scale and proportion, and massing to protect the integrity of the property and its
environment.
10. New additions and adjacent or related new construction will be undertaken in such a
manner that, if removed in the future, the essential form and integrity of the historic property
and its environment would be unimpaired.
Each of these standards has been taken into account in the development of the proposed
rehabilitation and widening projects.
Alternatives Analysis
The alternatives analysis includes the proposed rehabilitation and three alternatives for widening
SH 28 over Pensacola Dam and Spillways. Each widening alternative would increase the clear
roadway from 19’-8” to 24’-0”. Widening to the upstream and downstream were considered.
Structural members were sized for the Arch Section, Main Spillway, Non-Overflow Section, and
East Spillways for each of the three alternatives. Factors taken into consideration during
development of the widening alternatives include the following:
− Aesthetic concerns, particularly regarding the visual impact of the bridge railing, arch
sections, and spillway piers.
− Available means of construction; the existing bridge is narrow and construction activities
may share the roadway with traffic. Short-term closures of the roadway will be required.
Specialized equipment and techniques for working above the powerhouse, arches, and
spillways will be required.
− Use of precast or prefabricated components to reduce onsite construction time.
− Use of components and techniques that limit the weight of new construction.
− Construction should not obstruct operations of the powerhouse and spillways for any of
the alternates.
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− Demolition of existing bridge parapet(s) will be evaluated for the cut-line for tie-in to the
existing deck, as well as the effect of removal of the existing parapets on the buttresses,
piers, and abutments at each end of the bridge.
− Cost of construction
Although the proposed project may not ultimately be classified as federal action to which Section
106 of the National Historic Preservation Act would pertain, the application of the criteria of
effect, in accordance with 36 CFR 60 and 36 CFR 800.11, provides a useful framework for
understanding how each of the proposed alternatives may affect the Pensacola Dam Historic
District. To assess the potential direct and indirect effects, the rehabilitation and three widening
alternatives are presented below with a discussion how each alternative may or may not impact
the seven aspects of integrity.
− Rehabilitation Alternative
GRDA and ODOT share responsibility for the maintenance of the three bridges. ODOT maintains
the driving surface of the bridges between the curbs. GRDA owns and maintains the remainder
of the bridge at each location. Additionally, GRDA owns and is responsible for the hydroelectric
powerhouse at the west end of the main dam, and the dam itself and its spillways and operations.
ODOT is preparing plans for the deck rehabilitation. The plans will specify that automated water
jets will be used to remove unsound concrete from the upper surface of the deck (hydroblast).
The depth of the concrete removal is dependent upon the integrity of the deck at each location.
With the extent of deterioration on these bridges, the concrete removal may extend from 1 inch
to possibly 4 or 5 inches in depth. The removed concrete will then be replaced with a concrete
overlay, with a new top mat of reinforcing. The deck joints will be cleaned and sealed to prevent
moisture from leaking onto the superstructure below.
GRDA will prepare plans for the rehabilitation of the remainder of the three bridge structures, as
part of this design contract. Spalls in the deck soffits, transverse floor beams, longitudinal beams,
spandrel arches and substructure elements will be repaired by removing deteriorated concrete
and applying pneumatically placed mortar. Exposed reinforcing steel at spall locations will be
cleaned and corrosion inhibitor applied to prevent further deterioration. Cracks that require
repair will be cleaned, deteriorated concrete removed, and injected with epoxy resin. Deck drains
will be improved by installing angled pipes to move water away from the superstructure elements
below the deck. Additionally, critical locations will be restored with a carbon fiber material which
is adhered to the concrete with an epoxy resin, a process called Carbon Fiber-Reinforced Polymer
(CFRP).
The rehabilitation of the bridge other than the driving surface can be accomplished from the
underside of the bridge, with minimal interference with traffic on the highway. Work platforms
are anticipated to be suspended underneath the bridge using rigging attached to the parapets,
allowing access to the entire span as needed. Materials can be lowered over either side of the
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bridge to the platforms.
The catwalks in the spillway portion of the three bridges have localized damage in need of
repair. The supporting structure under the ends of some catwalks is spalling and requires the
removal of existing unsound concrete and replacement with new concrete. The supports for
handrails in some locations require similar removal and replacement.
Evaluation of the bearing system at the hinges and beam supports will be performed during
preparation of the plans. Suitable details will be developed to restore their proper function.
Provisions will be made for the patching of concrete spalls or the epoxy injection of cracks at
isolated locations along exposed areas of the dam. These will be identified during the
rehabilitation project and repaired accordingly.
The bridges are load posted for 16-ton single truck, 29-ton for single trailer, and 45-ton for double
trailer units. The original strength of the bridge will be restored, as a minimum; however, the
basic repair costs included in this report do not increase the strength sufficiently to remove the
load posting signs.
Application of Criteria of Effect
The Criteria of Effect were applied to the proposed rehabilitation discussed above. It is
recommended the proposed rehabilitation would pose no adverse direct effect and no indirect
effect to the characteristic-defining features for which the Pensacola Dam Historic District is
significant. The following discusses the analysis with regard to each aspect of historic integrity.
Location – As a result of the rehabilitation alternative, there would be no change in location
for the Pensacola Dam Historic District, as a whole, or any of the contributing resources within
the district. As such, integrity of location will not be diminished.
Association – The proposed rehabilitation alternative will not sever the direct link between
the historic district and its contributing resources with the engineering significance they
convey. Furthermore, the proposed rehabilitation will not affect the character-defining
features of the historic property. Thus, integrity of association will not be diminished.
Feeling – As with integrity of association, there will be no affect to the character-defining
features of the historic property. Therefore, integrity of feeling will not be diminished.
Setting – The proposed rehabilitation alternative will not have an effect on the historic
property’s integrity of setting. There will be no change to the environment in which the
historic property is located or its relationship to surrounding features and open space. Thus,
integrity of setting will not be diminished.

C- 7 | P a g e

Design – The proposed rehabilitation alternative will not affect the Pensacola Dam Historic
District’s integrity of design. The proposed rehabilitation will not change the form, plan,
space, structure, and style of the historic property. Furthermore, there will be no impact to
the functions and technologies of the historic property.
Materials – The proposed rehabilitation alternative will have no adverse effect on the
Pensacola Dam Historic District’s integrity of materials. Repairs to the spalling concrete will
be completed in-kind, and strategies to blend the new concrete with the old concrete in color
and texture will be employed. Likewise, strategies will be employed to blend the very thin
material of the fiber reinforced polymer with the adjacent concrete so that the material will
barely be discernable, especially at the distance from which it would be viewed (the material
will be applied to bridge members that are not visible to the traveling public or pedestrians,
but rather are only visible from the ground below the dam on the downstream side). The
proposed rehabilitation alternative will follow the SOI Standards, particularly Standard No. 6,
and integrity of materials will not be diminished to such a degree the historic property will no
longer convey its significance.
Workmanship – As with integrity of materials, the proposed rehabilitation alternative will
have no adverse effect on the historic property’s integrity of workmanship. Repairs to areas
of spalled concrete and application of the fiber reinforced polymer will not obscure or
diminish the features and evidence of the builders’ labor and skill in constructing the
Pensacola Dam and the associated structures. Per the SOI Standards, spalled concrete repairs
will be completed in-kind, and strategies will be employed to blend the repaired areas and
areas where the fiber reinforced polymer will be applied with the adjacent concrete. While
there will be minor effects to integrity of workmanship, they will not rise to such a degree the
historic property will no longer convey its significance.
As discussed above, the proposed rehabilitation would not diminish any aspects of the Pensacola
Dam Historic District’s integrity to such a degree that it can no longer convey its engineering
significance. Therefore, the proposed rehabilitation would pose no adverse effect to the historic
property. Additionally, the proposed rehabilitation would pose no indirect effects to the historic
property.
− Widening Alternative No. 1, Downstream Side
The Alternate No. 1 design removes the existing downstream curb and parapet and widens
downstream by approximately 4 feet to obtain 2-12’ lanes. One additional longitudinal beam line
is proposed to be added to support the downstream edge of the new slab and the new parapet.
Beam supports tie into each arch buttress or pier as applicable, depending on location.
Construction on the downstream side does not negatively affect stability of the dam. The public
view of the dam from the downstream side is not primary, as the downstream side is more
secluded and has less access. However, the arch and powerhouse portion of the dam are visually
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exceptional. Special consideration of the aesthetics for the new barrier and buttress tie-in will be
required. The upstream parapet, sidewalk and curb will not be affected or modified.
Two preliminary designs were developed; one for the Arch Sections of Pensacola Dam, and
another design for the Non-Overflow and all spillway sections. The design summaries follow.
Arch Section (84’-0” span)
Proposed Preliminary Member Sizes, Downstream
− Precast Spandrel Arch
− Beam support is a triangular-shaped corbel that extends along the full width of the
buttress face
− Use rail rated with a TL-2 test level for a maximum vehicle speed of 45 mph
Design Progression
The design approach for the arch sections keeps the distinctive spandrel arch, a feature that
provides the dams’ elegance and character, as visible as possible. Efforts were made to minimize
the beam depth in order to maintain visibility of the existing spandrel arch. Prestressed box
beams were investigated, with depths as shallow as 20 inches. However, the prestressed box
beams would most likely be fabricated in Texas and cost approximately three times that of an
ODOT prestressed concrete beam. Due to the high cost, this beam type was abandoned and a
Type III beam was considered. The depth of the Type III beam, 3’-9”, allows the existing arch ring
to be visible, although not prominent.
Further evaluation of the Arch Section geometry revealed that the location of the existing
expansion joints would govern the location of the proposed girder ends for the widening. Due
to the location of the existing expansion joints (approximately 7 feet from end of arch bearing
points at beam ends), it was determined that the original 1938 hinged beam design from the
upstream side should be approximated in order to minimize differential movements and
deterioration in the deck. The Type III beam was abandoned since it cannot be hinged.
In the interim, during a preliminary meeting with the SHPO on October 11, 2017, Cox McLain and
Benham. Design discussed the aesthetics of widening to the downstream side, and the visual
impact of the widening on the arch section in particular. Maintaining visibility of the spandrel
arch is highly desirable.
A precast arch beam was selected for the downstream widening at the arch section. The arch and
spandrels are proposed to be tied into the existing structure and supported by a corbel that is
mechanically connected to the face of the buttress. The use of a precast arch beam resolves the
issue of the expansion joint by replicating the existing load path configuration of the girder.
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Spandrels will be added to retain the aesthetics of the existing spandrel arch. The investigation
determined that precast concrete fabricators are able to fabricate the arch beams economically.

Non-Overflow and Spillway sections (41’-0’ simple spans)
Proposed Preliminary Member Sizes, Downstream
− Type IV prestressed beam
− Beam support is a triangular-shaped corbel that extends along full width of pier face
− Use rail rated with a TL-2 test level for a maximum vehicle speed of 45 mph
Design Progression
The Main Spillway, Non-Overflow and East Spillways No. 1 and No. 2 sections all have identical
span lengths, therefore the same beam design is proposed. Although the design span is not
long (41 feet), a Type IV prestressed beam is selected in order for the beam support to be
connected to the main structural portion of the spillway piers. The aesthetics for this section
are not as critical as at the arch section.
Application of Criteria of Effect
The Criteria of Effect were applied to Widening Alternative No. 1 discussed above. It is
recommended the proposed widening alternative would pose no adverse direct effect and no
indirect effect to the characteristic-defining features for which the Pensacola Dam Historic
District is significant. The following discusses the analysis with regard to each aspect of historic
integrity.
Location – As a result of the widening alternative, there would be no change in location for
the Pensacola Dam Historic District, as a whole, or any of the contributing resources within
the district. As such, integrity of location will not be diminished.
Association – The proposed widening alternative will not sever the direct link between the
historic district and its contributing resources with the engineering significance they convey.
Furthermore, the proposed widening will not affect the character-defining features of the
historic property because it would not change the length of the dam, directly impact any of
the arches, or impact the system’s ability to produce hydro-electricity. Thus, integrity of
association will not be diminished.
Feeling – As with integrity of association, there will be no effect to the character-defining
features of the historic property. Therefore, integrity of feeling will not be diminished.
Setting – The proposed widening alternative will not have an effect on the historic property’s
integrity of setting. There will be no change to the environment in which the historic property
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is located or its relationship to surrounding features and open space. Thus, integrity of setting
will not be diminished.
Design – The proposed widening alternative will not adversely affect the Pensacola Dam
Historic District’s integrity of design. The proposed widening would have no impact on the
functions and technologies of the historic property, and will not change the form, space,
structure, and style of it. However, there will be a minor change in the plan of the bridges
that carry SH 28 across the top of the dam and spillways. The proposed widening would
increase the width of the three bridges by six feet to the downstream side. The widened
sections would be cantilevered off the side of the dam and spillways and would be supported
by bracing at the buttresses.
A new railing would be installed on the downstream side of each structure that would be
compatible in design to the existing railing but would be obviously new. Several options for
the new railing were considered: open concrete parapet, closed concrete parapet, and
combination of concrete and steel parapet. After review of potential options, it was
determined the Texas Classic Traffic Rail, Type C411 would be a compatible design that is
clearly differentiated from the historic railing.
While the widening alternative would be a minor impact to the overall design of the dam and
spillways, the widening would not directly affect the historic property’s character-defining
features and would not affect spatial relationships that characterize the historic property.
The new work would be differentiated from the old and would be compatible with the historic
materials, features, size, scale and proportion, and massing. Therefore, integrity of design
would not be diminished to such a degree that the Pensacola Dam Historic District would no
longer be able to convey its significance.
Materials – The proposed widening alternative will have no adverse effect on the Pensacola
Dam Historic District’s integrity of materials. The widened sections would be constructed of
concrete and would strategies to blend the new concrete with the old concrete in color would
be employed to avoid having bright white new concrete. The widened section would be
differentiated from the old but would be compatible with the historic materials. Integrity of
materials will not be diminished to such a degree the historic property will no longer convey
its significance.
Workmanship –The proposed widening alternative will have no adverse effect on the historic
property’s integrity of workmanship. As discussed above, the widened section would be
compatible with the historic materials, features, size, scale and proportion, and massing of
the existing bridges. While some of the historic features on the buttresses and spandrel
columns may be obscured by the new, cantilevered section, and the historic railing would be
replaced on the downstream side, these elements are not considered character-defining
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features of the historic property. Therefore, the proposed widening alternative does not rise
to such a degree the historic property will no longer convey its significance.
As discussed above, the proposed widening would not diminish any aspects of the Pensacola Dam
Historic District’s integrity to such a degree that it can no longer convey its engineering
significance. While the proposed widening would result in some changes to the design, materials,
and workmanship, these changes would not directly impact the historic property’s characterdefining features. There would be no direct effect on the arches of the dam; there would be no
change in the length of the structure; and there would be no impact on the system’s ability to
produce hydro-electricity. Therefore, the proposed widening would pose no adverse effect to the
historic property. Additionally, the proposed widening would pose no indirect effects to the
historic property.
− Widening Alternative No. 2, Upstream Side
Alternate No. 2 removes the existing upstream curb, sidewalk, and parapet and widens the bridge
by 6’-2” to obtain 2-12’ lanes. The existing sidewalk is only 4’-0” wide and decreases to about 3’0” at the light poles. The replacement sidewalk is reconstructed to 6’-0” wide to accommodate
the light poles in their current location and an ADA compliant sidewalk. The primary public view
of the dam is from the upstream side. Special consideration of the aesthetics, historic
preservation and pedestrian safety for the new parapet and sidewalk are required. The
downstream side parapet and curb are not affected or improved.
Widening to the upstream side presents several undesirable effects. These include (and are
detailed in the report): modification to the parapet, observation platform and intake structure,
and performing extensive modifications to the gate hoists and gantry cranes.
Several potential suppliers of the replacement hoist system were contacted. The most responsive
supplier was the David Round Company, headquartered Ohio. Based on a review of
the drawings of the existing equipment and Alternative No. 2, the David Round representative
generally confirmed that it would be possible to replace the existing gate hoists with new
hydraulic equipment. Depending on the final specifications for the gate hoists, including the
capacity, drive mechanism, control systems, and other details, the representative estimated the
cost per gate hoist to likely be in the $250,000 to $500,000 range. The gantry platform and gantry
crane are still required for the stoplog operations, and would require a new minimal height gantry
crane to provide for clearance to the planned roadway and walkway modifications.
Two preliminary designs were developed; one for the Arch Sections of Pensacola Dam, and
another design for the Non-Overflow and all Spillway Sections. The design summaries follow.
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Arch Section (84’-0” span)
Preliminary Member Sizes, Upstream
− 48”x26” hinged prestressed beam
− 5’x5’ concrete angled brace for widening support located at buttresses
− Existing arches shall not directly support any new loads
− Use rail rated with a TL-2 test level for a maximum vehicle speed of 45 mph
Design Progression
The additional weight and forces from the widening are not applied to the arch portion of the
dam. Instead a 5’x5’ brace that extends from the new upstream beam to the buttress is
proposed to transfer the loads to the buttress.
Similar to the downstream widening of the arch spans, consideration of the expansion joint
location was evaluated and the upstream beam is proposed to be constructed with a hinge
matching the original upstream beams at the arch sections. Due to high costs to modify the gate
hoists and conflicts with the gantry crane, Alternate No. 2 is not practical or economical, and
further design effort on this alternate is not warranted.

Non-Overflow and Spillway sections (41’-0’ simple spans)
Proposed Preliminary Member Sizes, Upstream
− Type II prestressed beam
− Beam Supports undetermined at this time
Design Progression
The shorter, simple spans of the Non-Overflow and Spillways Sections allow for a reasonable
beam size. Due to high costs to modify the gate hoists and gantry crane, Alternate No. 2 is not
practical or economical, and further analysis is not warranted.
An additional option for the upstream widening was considered. Benham proposed to raise
the sidewalk over the gate structures in order to save the cost to modify the gate structures.
This option was deemed unacceptable by all parties.
Application of Criteria of Effect
The Criteria of Effect were applied to Widening Alternative No. 2 discussed above. It is
recommended the proposed widening alternative would pose an adverse indirect effect to the
characteristic-defining features for which the Pensacola Dam Historic District is significant due to
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the substantial amount of historic fabric that would be removed to accommodate the widening
alternative. The following discusses the analysis with regard to each aspect of historic integrity.
Location – As a result of the widening alternative, there would be no change in location for
the Pensacola Dam Historic District, as a whole, or any of the contributing resources within
the district. As such, integrity of location will not be diminished.
Association – The proposed widening alternative will not sever the direct link between the
historic district and its contributing resources with the engineering significance they convey.
Furthermore, the proposed widening would not change the length of the dam, directly impact
any of the arches, or impact the system’s ability to produce hydro-electricity. Thus, integrity
of association will not be diminished.
Feeling – As with integrity of association, there will be no effect to the character-defining
features of the historic property. Therefore, integrity of feeling will not be diminished.
Setting – The proposed widening alternative would minimally impact the historic property’s
integrity of setting. The sidewalk observation platform would be significantly modified in
widening Alternative No. 2, thereby changing the relationship of how pedestrians experience
the surrounding features and open space. While a variation to raise the sidewalk over the
gantry crane platform was considered, the analysis indicated the variation would introduce a
substantial visual element to the setting that would constitute and adverse effect to the
setting. Therefore, the variation was dismissed from further consideration. Widening
Alternative No. 2 would minimally diminish integrity of setting.
Design – The proposed widening alternative will not adversely affect the Pensacola Dam
Historic District’s integrity of design. The proposed widening would have no impact on the
functions and technologies of the historic property, and will not change the form, space,
structure, and style of it. However, there will be a minor change in the plan of the bridges
that carry SH 28 across the top of the dam and spillways. The proposed widening would
increase the width of the three bridges by six feet to the upstream side. The widened sections
would be cantilevered off the side of the dam and spillways and would be supported by
bracing at the buttresses. A new railing would be installed on the upstream side of each
structure that would be compatible in design to the existing railing but would be obviously
new. The observation platform would be significantly modified with this widening alternative.
While the widening alternative would be a minor impact to the overall design of the dam and
spillways, the widening would not directly affect the historic property’s character-defining
features and would not affect spatial relationships that characterize the historic property.
The new work would be differentiated from the old and would be compatible with the historic
materials, features, size, scale and proportion, and massing. Therefore, integrity of design
would not be diminished to such a degree that the Pensacola Dam Historic District would no
longer be able to convey its significance.
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Materials – The proposed widening alternative would have an indirect adverse effect on the
Pensacola Dam Historic District’s integrity of materials due to the extent of the historic fabric
that would be removed with this widening alternative. To minimize the effects, the widened
sections would be constructed of concrete and strategies to blend the new concrete with the
old concrete in color would be employed to avoid having bright white new concrete. The
widened section would be differentiated from the old but would be compatible with the
historic materials. Although integrity of materials would not be diminished to such a degree
the historic property would no longer convey its significance, the indirect effects would be
adverse.
Workmanship –The proposed widening alternative will have no adverse effect on the historic
property’s integrity of workmanship. As discussed above, the widened section would be
compatible with the historic materials, features, size, scale and proportion, and massing of
the existing bridges. While some of the historic features on the buttresses and spandrel
columns may be obscured by the new, cantilevered section, and the historic railing would be
replaced on the upstream side, these elements are not considered character-defining
features of the historic property. Therefore, the proposed widening alternative does not rise
to such a degree the historic property will no longer convey its significance.
As discussed above, Widening Alternative No. 2 would not diminish any aspects of the Pensacola
Dam Historic District’s integrity to such a degree that it can no longer convey its engineering
significance. However, the cumulative extent of the loss of historic fabric, particularly resulting
from the changes to the sidewalk, observation platform, and gantry platform area, would result
in an adverse indirect effect to integrity of materials and setting. The minor changes to the design
and workmanship would not constitute direct effects on the historic property’s characterdefining features. There would be no direct effect on the arches of the dam; there would be no
change in the length of the structure; and there would be no impact on the system’s ability to
produce hydro-electricity. The proposed widening would pose no adverse direct effect, but
would pose adverse indirect effects, to the historic property.
− Widening Alternative No. 3, Downstream and Upstream Sides
Alternate No. 3 is a combination of Alternate No. 1 and Alternate No. 2. Alternate No. 3 provides
for additional width for construction and flexibility for traffic access during construction. The
downstream side is widened by approximately 4’ to obtain 2-12’ lanes and the upstream is
widened by approximately 1’-0” to increase the sidewalk width from 4’-0” to 5’-0”. The upstream
light poles are replaced by mounting similar poles on the outside face of the upstream parapet,
making the sidewalk ADA accessible. The 1’-0” upstream widening is the maximum possible
without interfering with the gate hoist structures. Both upstream and downstream rails are
proposed to be replaced.
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The same beam sizes and supports proposed for Alternate No. 1 would be used for Alternate No.
3. An additional beam line would not be added to the upstream side of the bridge.
Alternate No. 3 is essentially Alternate No. 1 with minimal widening gained on the upstream side,
and double the cost of the rail replacement. While more practical and achievable than Alternate
No. 2, the cost increase of Alternate No. 3 makes Alternate No. 1 the preferred option. Alternate
No. 3 does remain a viable option though, in the event grants or funding specific to sidewalk
widening become available. Some federal grant programs look favorably towards providing
improved pedestrian access along highway corridors.
Application of Criteria of Effect
The Criteria of Effect were applied to Widening Alternative No. 3 discussed above. It is
recommended the proposed widening alternative would pose an adverse indirect effect to the
characteristic-defining features for which the Pensacola Dam Historic District is significant due to
the substantial amount of historic fabric that would be removed to accommodate the widening
alternative. The following discusses the analysis with regard to each aspect of historic integrity.
Location – As a result of the widening alternative, there would be no change in location for
the Pensacola Dam Historic District, as a whole, or any of the contributing resources within
the district. As such, integrity of location will not be diminished.
Association – The proposed widening alternative will not sever the direct link between the
historic district and its contributing resources with the engineering significance they convey.
Furthermore, the proposed widening would not change the length of the dam, directly impact
any of the arches, or impact the system’s ability to produce hydro-electricity. Thus, integrity
of association will not be diminished.
Feeling – As with integrity of association, there will be no effect to the character-defining
features of the historic property. Therefore, integrity of feeling will not be diminished.
Setting – The proposed widening alternative would minimally impact the historic property’s
integrity of setting. The sidewalk observation platform would be significantly modified in
widening Alternative No. 3, thereby changing the relationship of how pedestrians experience
the surrounding features and open space. Thus, integrity of setting would be minimally
diminished.
Design – The proposed widening alternative will not adversely affect the Pensacola Dam
Historic District’s integrity of design. The proposed widening would have no impact on the
functions and technologies of the historic property, and will not change the form, space,
structure, and style of it. However, there will be a minor change in the plan of the bridges
that carry SH 28 across the top of the dam and spillways. The proposed widening would
increase the width of the three bridges by 4’-6” to the downstream side and 1’-0” to the
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upstream side to increase the sidewalk width by 1’-0”. The widened sections would be
cantilevered off the side of the dam and spillways and would be supported by bracing at the
buttresses. A new railing would be installed on both sides of each structure. The observation
platform would be significantly modified with this widening alternative. The light standards
would be moved from the sidewalk to the outside edge of the upstream railing. While the
widening alternative would be a minor impact to the overall design of the dam and spillways,
the widening would not directly affect the historic property’s character-defining features and
would not affect spatial relationships that characterize the historic property. The new work
would be differentiated from the old and would be compatible with the historic materials,
features, size, scale and proportion, and massing. Therefore, integrity of design would not
be diminished to such a degree that the Pensacola Dam Historic District would no longer be
able to convey its significance.
Materials – The proposed widening alternative would have an indirect adverse effect on the
Pensacola Dam Historic District’s integrity of materials due to the extent of the historic fabric
that would be removed with this widening alternative. To minimize the effects, the widened
sections would be constructed of concrete and strategies to blend the new concrete with the
old concrete in color would be employed to avoid having bright white new concrete. The
widened section would be differentiated from the old but would be compatible with the
historic materials. Although integrity of materials would not be diminished to such a degree
the historic property would no longer convey its significance, the indirect effects would be
adverse.
Workmanship –The proposed widening alternative will have no adverse effect on the historic
property’s integrity of workmanship. As discussed above, the widened section would be
compatible with the historic materials, features, size, scale and proportion, and massing of
the existing bridges. While some of the historic features on the buttresses and spandrel
columns may be obscured by the new, cantilevered section, and the historic railing would be
replaced on the downstream side, these elements are not considered character-defining
features of the historic property. Therefore, the proposed widening alternative does not rise
to such a degree the historic property will no longer convey its significance.
As discussed above, Widening Alternative No. 3 would not diminish any aspects of the Pensacola
Dam Historic District’s integrity to such a degree that it can no longer convey its engineering
significance. However, the cumulative extent of the loss of historic fabric, particularly resulting
from the changes to the sidewalk and significant modifications to the observation platform and
full replacement of the railing, would result in an adverse indirect effect to integrity of materials
and setting. The minor changes to the design and workmanship would not constitute direct
effects on the historic property’s character-defining features. There would be no direct effect on
the arches of the dam; there would be no change in the length of the structure; and there would
be no impact on the system’s ability to produce hydro-electricity. The proposed widening would
pose no adverse direct effect, but would pose adverse indirect effects, to the historic property.
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CONCLUSION
The Rehabilitation and Widening Alternative No. 1 have been developed to minimize the impacts
to the historic district to the greatest extent possible while meeting the project needs to provide
a safe and efficient transportation system that will continue to serve the traveling public for many
years to come. Through the application of the Criteria of Effect set forth in 36 CFR 800.11 provided
the framework to assess the potential effects the alternatives may have on the Pensacola Dam
Historic District. The assessment resulted in a recommendation that the Rehabilitation and
Widening Alternative No. 1 would not pose adverse direct effects and no indirect effects to the
historic district.
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APPENDIX D
PRELIMINARY STABILITY AND STRENGTH EXHIBITS

Preliminary Design Report
SH-28 Bridges over Pensacola Dam and Spillways
41806 | 1400204
December 22, 2017

2004 Supplement to the 7th Part 12 Independent Consultant’s Report
Design Load Cases
Arch Section
CASE I Usual Operating Condition
Pool at Normal Level (Elev. 745)
Failure Surface at the bottom of the upstream Key
Phi Angle of 55°
No Tailwater (Case I-2)
Back Flooding Elev. 624, uplift and passive water force (Case I-3, Tall Section)
Back Flooding Elev. 624, uplift force only (Case I-4, Tall Section)
CASE II Unusual Operating Condition (1)
Pool at Flood Level (Elev. 755)
Failure Surface at the bottom of the upstream Key
Phi Angle of 55°
No Tailwater (Case II-2)
Back Flooding Elev. 624, uplift and passive water force (Case II-3, Tall Section)
Back Flooding Elev. 624, uplift force only (Case II-4, Tall Section)
CASE III Unusual Operating Condition (2)
Pool at Maximum Level (Elev. 756.5)
Failure Surface at the bottom of the upstream Key
Phi Angle of 55°
No Tailwater (Case III-2)
Back Flooding Elev. 624, uplift and passive water force (Case III-3, Tall Section)
Back Flooding Elev. 624, uplift force only (Case III-4, Tall Section)
CASE IV Extreme Operating Condition
Pool at Normal Level (Elev. 745)
Failure Surface at the bottom of the upstream Key
Phi Angle of 55°
No Tailwater (Case IV-2)
Back Flooding Elev. 624, uplift and passive water force (Case IV-3, Tall Section)
Back Flooding Elev. 624, uplift force only (Case IV-4, Tall Section)
Seismic Analysis
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Main Spillway
CASE I Usual Operating Condition
Pool at Normal Level (Elev. 745)
Water Retained by Gate
Failure Surface at the top of the upstream Key (Case I)
Failure Surface at the bottom of the upstream Key (Case Ia)
Failure Surface at the bottom of the downstream Key (Case Ib)
No Tailwater
CASE II Unusual Operating Condition (1)
Pool at Flood Level (Elev. 755)
Water Retained by Gate
Failure Surface at the top of the upstream Key (Case II)
Failure Surface at the bottom of the upstream Key (Case IIa)
Failure Surface at the bottom of the downstream Key (Case IIb)
No Tailwater
CASE III Eliminated for 2004 analysis
CASE IV Unusual Operating Condition (2)
Pool at Maximum Level (Elev. 756.5)
Water flowing over Spillway (nappe weight not included)
Failure Surface at the top of the upstream Key (Case IV)
Failure Surface at the bottom of the upstream Key (Case IVa)
Failure Surface at the bottom of the downstream Key (Case IVb)
5 feet of Tailwater (retrogression effects at 60% of water height)
CASE V Extreme Operating Condition
Pool at Normal Level (Elev. 745)
Water Retained by Gate
Failure Surface at the top of the upstream Key (Case V)
Failure Surface at the bottom of the upstream Key (Case Va)
Failure Surface at the bottom of the downstream Key (Case Vb)
No Tailwater
Seismic Analysis
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Non-Overflow Section
CASE I Usual Operating Condition
Pool at Normal Level (Elev. 745)
Failure Surface at the top of the Key (Case I)
Failure Surface at the bottom the Key (Case Ia)
No Tailwater
CASE II Unusual Operating Condition (1)
Pool at Flood Level (Elev. 755)
Failure Surface at the top of the Key (Case II)
Failure Surface at the bottom of the Key (Case IIa)
No Tailwater
CASE III Unusual Operating Condition (2)
Pool at Maximum Level (Elev. 756.5)
Failure Surface at the top of the Key (Case III)
Failure Surface at the bottom of the Key (Case IIIa)
No Tailwater
CASE IV Extreme Operating Condition
Pool at Normal Level (Elev. 745)
Failure Surface at the top of the Key (Case IV)
Failure Surface at the bottom of the Key (Case IVa)
No Tailwater
Seismic Analysis
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East Spillway
CASE I Usual Operating Condition
Pool at Normal Level (Elev. 745)
Water Retained by Gate
Failure Surface at the top of the Key (Case I)
Failure Surface at the bottom of the Key (Case Ia)
No Tailwater
CASE II Unusual Operating Condition (1)
Pool at Flood Level (Elev. 755)
Water Retained by Gate
Failure Surface at the top of the Key (Case II)
Failure Surface at the bottom of the Key (Case IIa)
No Tailwater
CASE III Eliminated for 2004 analysis
CASE IV Unusual Operating Condition (2)
Pool at Maximum Level (Elev. 756.5)
Water flowing over Spillway (nappe weight not included)
Failure Surface at the top of the Key (Case IV)
Failure Surface at the bottom of the Key (Case IVa)
5 feet of Tailwater (retrogression effects at 60% of water height)
CASE V Pool at Normal Level (Elev. 745)
Water Retained by Gate
Failure Surface at the top of the Key (Case V)
Failure Surface at the bottom of the Key (Case Va)
No Tailwater
Seismic Analysis
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SLIDING STABILITY ANALYSIS
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42.50 from toe
45.9 from toe

C.O.G.

1991 COG

901325

Superstructure Only
Section
Weight (lbs) Xbar (from toe)
Sidewalk Rail, US
1
4095
61.83
Sidewalk
2
58012
59.08
Curb
3
12663
56.91
US Beam
4
139125
55.33
Deck
5
178500
45.75
DS Curb REMOVE
6
-37800
34.75
DS Rail REMOVE
7
-40950
34.25
New Deck
59500
32.5
New Rail & Curb
45192
29.92
New Arch Ring
142900
32.54
New Buttress Façade
67000
30.5833
Corbel
26220
31.2083
Arch Ring
142900
37.25
Cross Beams
103968
44.5

Center of Gravity, Downstream Widening

38302092.3

W*xbar
253193.85
3427348.96
720651.33
7697786.25
8166375
-1313550
-1402537.5
1933750
1352144.64
4649966
2049081.1
818281.626
5323025
4626576

340812 4.971583

TALL ARCH
84' length, c-c of buttresses

1991 COG

C.O.G.

Entire Structure
Section
Arch
Arch Footing
Side Buttress Wall
Side Buttress Wall
Front Face of Buttress Ftg
Back Face of Buttress
Side Buttress Ftg
Front Buttress Ftg
Back Buttress Ftg
Superstructure WITH WIDENING
Interior Wall #1
Interior Wall #2
Interior Wall #3
Interior Wall #4
28785.125
342.68006 k/ft
93.88 from toe
89.28 from heel
94.3 from toe

Weight (kips) Xbar (from toe)
6947.7
132.8
920.8
196.4
6635
69.9
6635
69.9
2296
122.6
671.3
24.2
2361
95
248
163.75
144
2.5
901.325
42.50
431
44.3
328
71.25
176
94.9
90
121

2702431

W*xbar
922654.6
180845.1
463786.5
463786.5
281489.6
16245.46
224295
40610
360
38302.09
19093.3
23370
16702.4
10890

Tall Arch

Case III-3 Lake Elev

Dam
Water-Lateral
Water-Vertical
Silt-Lateral
Silt-Vertical
Rock Wgt betw Keys
Backfill betw buttresses

Vert (k/ft) Horz (k/ft)
342.68
677.39
591.43
4.12
4.18
72.16
109

Sum

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

93.9
44.94
149.53
6.27
177.16
125.89
69.26

1119.45

32177.7
-30444
88436.5
-25.832
740.529
9084.22
7549.34
107518

96.05

Mom Arm from Heel
(ft)

89.26
138.2166667
33.63
176.89
6
57.27
113.9
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Silt
COG Silt Elevation
Uplift at Heel

183.16
609
-621.67
9.2 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 08-NOV-2017
L
L
L
L

TIME: 16.15.38

PENSACOLA DAM SLIDING STABILITY ANALYSIS
ARCH SECTION, TALL, CASE 3-3
V:/59904300/ENGR/CSLIDE/ASC3_3.DAT
ENGR: SAK DATE: 5/13/02

MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
609.00(FT)
615.40(FT)
1
1

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------609.000(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
183.16
183.16

609.00
757.00
757.00
615.40
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

609.00

POINT NO. 1
X-COORD
Y-COORD
-500.00

609.00

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

615.40

POINT NO. 1
X-COORD
Y-COORD
500.00

615.40

INPUT PRESSURES ON WEDGES
------------------------2
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LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
10.00
49.16
183.16

9.200
9.200
2.220
.540

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3

BOTTOM PRESSURE
(KSF)

.540

.000

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

89.28
33.63
57.27
113.90
6.00

342.680
591.430
72.160
109.000
4.180

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
------3
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2

681.570

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 08-NOV-2017
L
L
L
L

TIME: 16.15.38

PENSACOLA DAM SLIDING STABILITY ANALYSIS
ARCH SECTION, TALL, CASE 3-3
V:/59904300/ENGR/CSLIDE/ASC3_3.DAT
ENGR: SAK DATE: 5/13/02

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3

.000
681.570
.000

.000
.000
.000

.000
1119.450
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

BOTTOM PRESSURE
(KSF)

4
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1

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
10.00
49.16
183.16

PRESSURE
(KSF)
9.200
9.200
2.220
.540

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.540

.000

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
500.829
3
.000

.0

.000

.000

.000

2.001

183.272

.000

183.272

.0

.000

.000

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
------------------------1
2
3

.000
.000
.000
5
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SUM OF FORCES ON SYSTEM ----

.000

FACTOR OF SAFETY -----------

1.427

6
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1991 COG

C.O.G.
45.9 from toe

901325
10730.05952
42.50 from toe

Superstructure Only
Section
Weight (lbs) Xbar (from toe)
Sidewalk Rail, US
1
4095
61.83
Sidewalk
2
58012
59.08
Curb
3
12663
56.91
US Beam
4
139125
55.33
Deck
5
178500
45.75
DS Curb REMOVE
6
-37800
34.75
DS Rail REMOVE
7
-40950
34.25
New Deck
59500
32.5
New Rail & Curb
45192
29.92
New Arch Ring
142900
32.54
New Buttress Façade
67000
30.5833
Corbel
26220
31.2083
Arch Ring
142900
37.25
Cross Beams
103968
44.5

Center of Gravity, Downstream Widening

(tall section)

(tall section)

38302092.3

W*xbar
(based on tall section length)
253193.85
3427348.96
720651.33
7697786.25
8166375
-1313550
-1402537.5
1933750
1352144.64
4649966
2049081.1
818281.626
5323025
4626576

SHORT ARCH
84' length, c-c of buttresses

2004 COG

C.O.G.

Entire Structure
Section
Dam
Superstructure WITH WIDENING

k/ft
from toe
from heel
from toe

19.23 closer to toe

21407.405
254.85006
44.27
77.52
63.5

947645.9

Weight (kips) Xbar (from toe) W*xbar
k/ft
20506.08
45 922773.6
244.12
901.325
27.60 24872.35 10.73006

Short Arch

Case III-2 Lake Elev

Dam
Water-Lateral
Water-Vertical
Silt-Lateral
Silt-Vertical
Rock Wgt betw Keys
Backfill betw buttresses
Passive Resistance

Vert (k/ft) Horz (k/ft)
254.85
285.76
234.97
9.27
9.06
65.99
73.5
1.07

Sum

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

44.27
26.50
103.31
11.74
112.79
72.07
62.04
0.58

638.37

11282.2
-7572.6
24274.8
-108.83
1021.88
4755.9
4559.94
0.6206
38213.8

59.86

Mom Arm from Heel
(ft)

77.52
95.29
18.48
110.05
9
49.72
59.75
121.21
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Silt
COG Silt Elevation
Uplift at Heel

121.79
661
-677
5.96 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 09-NOV-2017

TIME: 11.56.06

PENSACOLA DAM SLIDING STABILITY ANALYSIS
ARCH SECTION, SHORT, CASE 3-2
V:/59904300/ENGR/CSLIDE/ASC3S_2R.DAT
ENGR: SAK DATE: 11/11/02
MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
661.00(FT)
665.26(FT)
1
1

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------661.000(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
121.79
121.79

661.00
757.00
757.00
665.26
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

661.00

POINT NO. 1
X-COORD
Y-COORD
-500.00

661.00

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

667.00

POINT NO. 1
X-COORD
Y-COORD
500.00

667.00

INPUT PRESSURES ON WEDGES
------------------------2

D-19 | Page

LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
3.00
8.23
121.79

5.960
5.960
2.440
.000

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3

BOTTOM PRESSURE
(KSF)

.000

.000

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

18.48
76.80
9.00
49.72
59.75

234.970
254.850
9.060
65.990
73.500

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
------3
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2

295.030

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 09-NOV-2017

TIME: 11.56.06

PENSACOLA DAM SLIDING STABILITY ANALYSIS
ARCH SECTION, SHORT, CASE 3-2
V:/59904300/ENGR/CSLIDE/ASC3S_2R.DAT
ENGR: SAK DATE: 11/11/02

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3

.000
295.030
.000

.000
.000
.000

.000
638.370
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

BOTTOM PRESSURE
(KSF)

4

D-21 | Page

1

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
3.00
8.23
121.79

PRESSURE
(KSF)
5.960
5.960
2.440
.000

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.000

.000

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
178.498
3
.000

.0

.000

.000

.000

2.003

121.864

.000

121.864

29.9

3.491

.369

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
------------------------1
2
3

.000
-.637
.637
5
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SUM OF FORCES ON SYSTEM ----

.000

FACTOR OF SAFETY -----------

2.467

6
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Main Spillway Section, Deep
Superstructure
Section
Girder
Stringers
Upstream Curb

Upstream Parapet
New Deck (24')
Downstream Curb
Downstream Rail
New Type IV
New Diaphragm
New Corbel

2017 C.O.G.
2004 COG

Weight (kips)
Xbar (from heel)
153.75
33.33
23.77
33.33
0.39
23.39
22.66
20.58
7.38
21.93
16.25
44.83
104.5008
29.61
7.6875
46.71
14.35
47.71
33.2
48.67
31.2
48.50
8.25
47.9167

423.3883
10.3265439
35.30
68.15
32.64

W*xbar
5124.488
792.2541
9.1221
466.3428
161.8434
728.4875
3094.269
359.0831
684.6385
1615.844
1513.2
395.3128

Xbar is an estimate
Xbar is an estimate
Xbar is an estimate

14944.88
k/ft
from heel
from toe
from heel

D-25 | Page

Main Spillway, Deep

Dam
Pier
Widened Road
Water-Lateral
Water-Vertical
Silt-Lateral
Silt-Vertical
Gate (Open)
Rock Wgt betw Keys
Hoist Bridge
Passive at Toe
Passive (Water)
Sum

Case IVb Lake Elev
Vert (k/ft) Horz (k/ft)
569
30.73
10.3
406.26
39.59
1.5
98.37
2.4
17.3
4.79

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

71.7 40797.3
77.28 2374.81
68.15 701.945
38.04 -15453
0
29.67 -1174.6
0
75.61 113.415
70.08 6893.77
92.53 222.072
2.33 40.309
5.33 25.5307

712.3

34541.7
48.49

Mom Arm from Heel
(ft)

31.75
26.17
35.3
65.41333333
103.45
73.78
103.45
27.84
33.37
10.92
101.12
98.12
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Elev
Uplift at Heel

103.45
642.39
642.39 (failure surface)
7.12 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 31-OCT-2017

TIME: 16.14.40

Main Spillway, Deep Section, Case IVb

MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
756.50(FT)
646.00(FT)
1
1

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------642.390(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
103.45
103.45

642.39
757.00
757.00
646.00
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

642.39

POINT NO. 1
X-COORD
Y-COORD
-500.00

642.39

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

653.00

POINT NO. 1
X-COORD
Y-COORD
500.00

653.00

INPUT PRESSURES ON WEDGES
------------------------2
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LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
5.85
13.00
103.45

7.120
7.120
2.080
1.000

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3

BOTTOM PRESSURE
(KSF)

.560

1.000

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

32.00
26.17
36.56
27.84
10.92

669.000
30.730
11.470
1.500
2.400

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
------3
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54.465

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 31-OCT-2017

TIME: 16.14.40

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3

.000
460.723
.000

.000
.000
.000

.000
715.100
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

BOTTOM PRESSURE
(KSF)

4
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1

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
5.85
13.00
103.45

PRESSURE
(KSF)
7.120
7.120
2.080
1.000

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.560

1.000

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
213.965
3
.000

.0

.000

.000

.000

1.999

103.513

.000

103.513

25.4

16.320

7.224

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
------------------------1
2
3

.000
-15.181
15.181
5
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SUM OF FORCES ON SYSTEM ----

.000

FACTOR OF SAFETY -----------

1.754

6
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Main Spillway Section, Shallow
Superstructure
Section
Girder
Stringers
Upstream Curb

Upstream Parapet
New Deck (24')
Downstream Curb
Downstream Rail
New Type IV
New Diaphragm
New Corbel

2017 C.O.G.
2004 COG

Weight (kips)
Xbar (from heel)
153.75
33.33
23.77
33.33
0.39
23.39
22.66
20.58
7.38
21.93
16.25
44.83
104.5008
29.61
7.6875
46.71
14.35
47.71
33.2
48.67
31.2
48.50
8.25
47.9167

423.3883
10.3265439
35.30
56.58
32.64

W*xbar
5124.488
792.2541
9.1221
466.3428
161.8434
728.4875
3094.269
359.0831
684.6385
1615.844
1513.2
395.3128

Xbar is an estimate
Xbar is an estimate
Xbar is an estimate

14944.88
k/ft
from heel
from toe
from heel
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Main Spillway, Shallow

Dam
Pier
Widened Road
Water-Lateral
Water-Vertical
Silt-Lateral
Silt-Vertical
Gate (Open)
Rock Wgt betw Keys
Hoist Bridge
Passive at Toe
Passive (Water)
Sum

Case IVa Lake Elev
Vert (k/ft) Horz (k/ft)
391.8
30.73
10.3
261.21
22.75
1.5
23.51
2.4

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

63.15
65.71
56.58
30.50
17.46
64.04
64.09
80.96

1.45

2.93

460.24

24742.2
2019.27
582.774
-7966.9
0
-397.22
0
96.06
1506.76
194.304
0
4.2485
20781.5

45.15

Mom Arm from Heel
(ft)

28.73
26.17
35.3
61.38
91.88
74.42
91.88
27.84
27.79
10.92
91.88
88.95
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Elev
Uplift at Heel

91.88
665
665 (failure surface)
5.71 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 16-NOV-2017
L
L
L
L

TIME: 13.46.51

PENSECOLA DAM SLIDING STABILITY ANALYSIS
MAIN SPILLWAY, CASE 4A, SHALLOW SECTION REVISED
V:\59804300\ENGR\CSLIDE\MSC4ASR.DAT
ENGR: SAK DATE: 5/15/02

MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
756.50(FT)
668.21(FT)
1
1

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------665.000(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
91.88
91.88

665.00
757.00
757.00
668.21
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

665.00

POINT NO. 1
X-COORD
Y-COORD
-500.00

665.00

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

668.21

POINT NO. 1
X-COORD
Y-COORD
500.00

668.21

INPUT PRESSURES ON WEDGES
------------------------2
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LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
4.20
13.00
91.88

5.710
5.710
1.310
.720

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3

BOTTOM PRESSURE
(KSF)

.000

.720

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

27.79
28.73
26.17
35.30
10.92

23.510
391.800
30.730
10.330
2.400

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
------3
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2

26.980

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 16-NOV-2017
L
L
L
L

TIME: 13.46.51

PENSECOLA DAM SLIDING STABILITY ANALYSIS
MAIN SPILLWAY, CASE 4A, SHALLOW SECTION REVISED
V:\59804300\ENGR\CSLIDE\MSC4ASR.DAT
ENGR: SAK DATE: 5/15/02

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3

.000
288.194
.000

.000
.000
.000

.000
458.770
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

BOTTOM PRESSURE
(KSF)

4
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1

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
4.20
13.00
91.88

PRESSURE
(KSF)
5.710
5.710
1.310
.720

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.000

.720

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
135.016
3
.000

.0

.000

.000

.000

2.001

91.936

.000

91.936

.0

.000

.000

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
------------------------1
2
3

.000
.000
.000
5
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SUM OF FORCES ON SYSTEM ----

.000

FACTOR OF SAFETY -----------

1.751

6
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Non-Overflow Section
Entire Structure
Section
2004 Weight
Exist'g Road
Old DS Rail & Curb
New Deck
Downstream Curb
Downstream Rail
New Type IV
New Diaphragm
New Corbel

Weight (kips/ft) Xbar (from heel) W*xbar
369.27
19.6 7237.692
0
22
0
-0.84
29.5
-24.78
0.531
31.25 16.59375
0.45312375
33.75 15.29293
0.35
34.24
11.984
0.822
33.9167 27.87953
0.76097561
31.458 23.93877
0.201219512
33 6.640244

371.5483189

C.O.G.
2004 COG

7315.241

19.69 from heel
39.52 from toe
19.6 from heel
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Non-Overflow

Case III

Dam
Water-Lateral
Silt-Lateral
Backfill (passive)
Backfill (wt)

Vert (k/ft) Horz (k/ft)
371.55
192.02
24.68
113.8
28.45

Sum

Lake Elev

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

39.52
26.15
16.31
8.96
6.72

400

14683.7
-5021.3
-402.53
1019.65
191.184
10470.6

26.18

Mom Arm from Heel
(ft)

19.69
33.06
42.9
52.49
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Elev
Uplift at Heel

59.21
678.05
678.05 (failure surface)
4.9 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 16-NOV-2017
L
L
L
L

TIME: 14.39.53

PENSECOLA DAM SLIDING STABILITY ANALYSIS
NON-OVERFLOW SECTION, CASE 3 REVISED
V:\59904300\ENGR\CSLIDE\NOC3R.DAT
ENGR: SAK DATE: 5/19/02

MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
756.50(FT)
678.05(FT)
1
2

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------678.050(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
59.21
59.21

678.05
757.00
757.00
678.05
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

678.05

POINT NO. 1
X-COORD
Y-COORD
-500.00

678.05

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1
2

30.00
55.00

LAYER
NO
1
2

.0000
.0000

.105
.140

704.93
678.20

POINT NO. 1
X-COORD
Y-COORD
500.00
500.00

704.93
678.20

2
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INPUT PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
1.50
13.00
59.21

4.900
4.900
2.890
.000

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3
4

BOTTOM PRESSURE
(KSF)

.000
.000

.000
.000

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

19.69
52.49

371.550
28.450

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
------3
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2

24.680

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 16-NOV-2017
L
L
L
L

TIME: 14.39.53

PENSECOLA DAM SLIDING STABILITY ANALYSIS
NON-OVERFLOW SECTION, CASE 3 REVISED
V:\59904300\ENGR\CSLIDE\NOC3R.DAT
ENGR: SAK DATE: 5/19/02

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3
4

.000
216.697
.000
.000

.000
.000
.000
.000

.000
400.000
.000
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

BOTTOM PRESSURE
(KSF)
4
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1

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
1.50
13.00
59.21

PRESSURE
(KSF)
4.900
4.900
2.890
.000

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
4
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.000
.000

.000
.000

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
118.916
3
.000
4
.000

.0

.000

.000

.000

.000

59.210

.000

59.210

29.3

.307

.753

.000

38.7

42.751

46.821

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
-------------------------

5
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1
2
3
4

.000
-59.896
1.227
58.670

SUM OF FORCES ON SYSTEM ----

.000

FACTOR OF SAFETY -----------

2.560

6
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East Spillway Section
Superstructure
Section
2004 Weight
Old DS Rail & Curb
New Deck
Downstream Curb
Downstream Rail
New Type IV
New Diaphragm
New Corbel

Weight (kips/ft) Xbar (from heel) W*xbar
8.64
27.64 238.8096
-0.84
0.531
0.45312375
0.35
0.822
0.76097561
0.201219512

29.5
31.25
33.75
34.24
33.9167
31.458
33

10.91831887

C.O.G.
2004 COG

-24.78
16.59375
15.29293
11.984
27.87953
23.93877
6.640244

316.3588

28.98 from heel
15.02 from toe
27.64 from heel
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East Spillway

Case IV

Spillway Weir
Water-Lateral
Pier
Passive at Toe
Passive Water
Hoist Bridge
Road w Widening

Vert (k/ft) Horz (k/ft)
40.81
26.24
15.69
2.21
1.053
2.17
10.92

Sum

Lake Elev

756.5

Moment
Mom Arm
about Toe
from Toe (ft) (k-ft/ft)

29.76
9.67
20.94
0.83
2.5
37.17
15.02

69.59

1214.51
-253.74
328.549
-1.8343
-2.6325
80.6589
164.018
1529.52

21.98

Mom Arm from Heel
(ft)

14.24
34.33
23.06

6.83
28.98
Length of Dam
Lateral Water Force based on Elev
Lateral Water Moment Arm based on Elev
Uplift at Heel

44
727.5
727.5 (failure surface)
1.81 ksf
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-----------------------------PROGRAM CSLIDE - ECHOPRINT
-----------------------------DATE: 20-NOV-2017
L
L
L
L

TIME: 12.31.48

PENSECOLA DAM SLIDING STABILITY ANALYSIS
EAST SPILLWAY, CASE 4 REVISED
V:\59904300\ENGR\CSLIDE\ESC4R.DAT
ENGR: SAK DATE: 5/15/02

MULTI

FAILURE PLANE ANALYSIS

SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES.
NO OF CORNERS IN STRUCTURE ---------DENSITY OF CONCRETE ----------------DENSITY OF WATER -------------------WATER LEVEL LEFT SIDE --------------WATER LEVEL RIGHT SIDE -------------NO. OF SOIL LAYERS LEFT SIDE -------NO. OF SOIL LAYERS RIGHT SIDE -------

4
.0000(KCF)
.0624(KCF)
756.50(FT)
727.50(FT)
1
1

ELEV. OF WEDGE-STRUCTURE INTERSECTION
ON ACTIVE SIDE OF STRUCTURE ---------727.500(FT)

STRUCTURE INFORMATION
--------------------POINT
-----

X-COORD
-------

Y-COORD
-------

1
2
3
4

.00
.00
44.00
44.00

727.50
760.50
760.50
727.50
1
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LEFT-SIDE SOIL DATA
------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

727.50

POINT NO. 1
X-COORD
Y-COORD
-500.00

727.50

SOIL DATA BELOW STRUCTURE
------------------------FRICTION ANGLE --------COHESION ---------------

55.00
.0000

RIGHT-SIDE SOIL DATA
-------------------FRICTION
UNIT
ELEV AT
LAYER
ANGLE
COHESION
WEIGHT
STRUCTURE
NO.
(DEG)
(KSF)
(KCF)
(FT)
-------------------------------------------------------1

55.00

LAYER
NO
1

.0000

.140

730.00

POINT NO. 1
X-COORD
Y-COORD
500.00

730.00

INPUT PRESSURES ON WEDGES
------------------------2
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LEFTSIDE WEDGES
--------------WEDGE NO.

TOP PRESSURE
(KSF)

1

BOTTOM PRESSURE
(KSF)

.000

.000

STRUCTURAL WEDGE
---------------X-COORD.
(FT)

PRESSURE
(KSF)

.00
1.15
44.00

1.810
1.810
.470

RIGHTSIDE WEDGES
----------------WEDGE NO.

TOP PRESSURE
(KSF)

3

BOTTOM PRESSURE
(KSF)

.310

.470

VERTICAL POINT LOADS
-------------------X-COORDINATE
(FT)
------------

MAGNITUDE
(KIPS)
---------

6.83
28.98
23.06
14.24

2.170
10.920
15.690
40.810

HORIZONTAL LOADS
---------------WEDGE NO
--------

LOAD
-------

3
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-.630

-----------------------------------PROGRAM CSLIDE - FINAL RESULTS
-----------------------------------DATE: 20-NOV-2017
L
L
L
L

TIME: 12.31.48

PENSECOLA DAM SLIDING STABILITY ANALYSIS
EAST SPILLWAY, CASE 4 REVISED
V:\59904300\ENGR\CSLIDE\ESC4R.DAT
ENGR: SAK DATE: 5/15/02

MULTIPLE FAILURE PLANE ANALYSIS
SEEPAGE FORCE COMPUTED FROM INPUT PRESSURES

HORIZONTAL LOADS
---------------VERTICAL
WEDGE
LEFT SIDE
RIGHT SIDE
LOAD
NUMBER
(KIPS)
(KIPS)
(KIPS)
--------------------------------------------------1
2
3

.000
26.239
.000

.000
.630
.000

.000
69.590
.000

WATER PRESSURES ON WEDGES
------------------------LEFTSIDE WEDGES
--------------WEDGE NO.

1

TOP PRESSURE
(KSF)
.000

BOTTOM PRESSURE
(KSF)
.000
4
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STRUCTURAL WEDGE
---------------X-COORD.
(FT)
.00
1.15
44.00

PRESSURE
(KSF)
1.810
1.810
.470

RIGHTSIDE WEDGES
---------------WEDGE NO.

TOP PRESSURE
(KSF)

3
WEDGE
UPLIFT
NUMBER
FORCE

BOTTOM PRESSURE
(KSF)

.310

.470

FAILURE

TOTAL

WEIGHT

SUBMERGED

ANGLE

LENGTH

OF WEDGE

LENGTH

(DEG)
(FT)
(KIPS)
(FT)
(KIPS)
-------------------------------------------------------------------1
.000
2
50.931
3
.000

.0

.000

.000

.000

.000

44.000

.000

44.000

20.0

7.310

1.202

.000

WEDGE
NUMBER

NET FORCE
ON WEDGE
(KIPS)
------------------------1
2
3

.000
-3.316
3.315

SUM OF FORCES ON SYSTEM ----

.000
5
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FACTOR OF SAFETY -----------

1.195

6
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Section
Main Spillway - Deep Section
Main Spillway - Shallow Section
Short Arch Section
Tall Arch Section
Non-overflow Section
East Spillways

Loading
Condition
Unusual
Unusual
Unusual
Unusual
Unusual
Unusual

Loading
Case
IVb
IVa
III-2
III-3
III
IV

Toe Pressure Heel Pressure
(ksf)
(ksf)
8.13
5.40
4.58
5.28
4.76
5.40
5.27
6.60
9.13
4.13
1.39
1.65

Resultant
Location
Middle 1/3rd of base
Middle 1/3rd of base
Middle 1/3rd of base
Middle 1/3rd of base
Middle 1/3rd of base
Middle 1/3rd of base

Cracked
Base
No
No
No
No
No
No
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Alternative 1- Downstream widening

Bridge expansion alternative:

IVb - Failure surface at bottom of downstream key

Case:

Main Spillway (Deep Section)

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 6, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Ractive_water := 38.04ft
Rbuttress := 77.28ft
Rroad := 70.81ft
Rgate := 75.61ft
Rwater := 62.04ft
Rhoist := 92.53ft
Rrock := 70.08ft
Rpassive := 2.33ft
Rpassive_water := 5.33ft

Fsilt := 39.59kip
Factive_water := 406.26kip
Wbuttress := 30.73kip
Wroad := 8.64kip
Wgate := 1.5kip
Wwater := 0kip
Whoist := 2.4kip
Wrock := 98.37kip
Fpassive := 17.3kip
Fpassive_water := 4.79kip

Silt:

Water, active:

Buttress:

Roadway:

Gate:

Water, vertical:

Hoist bridge:

Foundation rock:

Passive at toe:

Water, passive:

Ruplift := 67.12ft

Rsilt := 29.67ft

Wspillway := 569kip

Spillway:

Fuplift := 13.37kip

Rspillway := 71.7ft

Force

Component

Uplift:

Location

B := 103.5ft

Base
width:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

4

4

M uplift := Fuplift⋅ Ruplift = 897.39⋅ ft⋅ kip

M passive_water := Fpassive_water⋅ Rpassive_water = 25.53⋅ ft⋅ kip

M passive := Fpassive⋅ Rpassive = 40.31⋅ ft⋅ kip

M rock := Wrock⋅ Rrock = 6.89 × 10 ⋅ ft⋅ kip

3

M hoist := Whoist ⋅ R hoist = 222.07⋅ ft⋅ kip

M water := Wwater⋅ Rwater = 0 ⋅ ft⋅ kip

M gate := Wgate⋅ R gate = 113.41⋅ ft⋅ kip

M road := Wroad⋅ Rroad = 611.8⋅ ft⋅ kip

M buttress := Wbuttress ⋅ Rbuttress = 2.37 × 10 ⋅ ft⋅ kip

3

M active_water := Factive_water⋅ Ractive_water = 1.55 × 10 ⋅ ft⋅ kip

M silt := Fsilt⋅ Rsilt = 1.17 × 10 ⋅ ft⋅ kip

3

M spillway := Wspillway⋅ R spillway = 4.08 × 10 ⋅ ft⋅ kip

Moment
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4

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 161 ⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 390 ⋅ ft⋅ kip

4

ΣFvertical

ΣM

ecc :=

2

B

= 48.3⋅ ft

− R = 3.5⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbuttress + Wroad + Wgate + Wwater + Whoist + Wrock + Wbridge_add − Fuplift − Wbridge_demo = 700 ⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 3.38 × 10 ⋅ ft⋅ kip

Sum of Moments

ΣM resist := M spillway + M buttress + M road + M gate + M water + M hoist + M rock + M passive + M passive_water + M bridge_add = 5.15 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M silt + M active_water + M uplift + M bridge_demo = 1.77 × 10 ⋅ ft⋅ kip

4

Rbridge_demo := 89.2ft

Wbridge_demo := 1.8kip

Weight, bridge demo:

Sum of Overturning Moments

Rbridge_add := 86.2ft

Wbridge_add := 4.53kip

Weight, bridge addition:

Forces due to bridge modifications
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3

= 69⋅ ft

= 34.5⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 5.4⋅ ksf


 = 8.13⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force
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Alternative 1- Downstream widening

Bridge expansion alternative:

IVa - Failure surface at EL 665'

Case:

Main Spillway (Shallow Section)

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 9, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Ractive_water := 30.5ft
Rbuttress := 65.71ft
Rroad := 59.24ft
Rgate := 64.04ft
Rwater := 55.01ft
Rhoist := 80.96ft
Rrock := 64.09ft
Rpassive := 0ft
Rpassive_water := 2.93ft

Fsilt := 22.75kip
Factive_water := 261.21kip
Wbuttress := 30.73kip
Wroad := 8.64kip
Wgate := 1.5kip
Wwater := 0kip
Whoist := 2.4kip
Wrock := 23.51kip
Fpassive := 0kip
Fpassive_water := 1.45kip

Silt:

Water, active:

Buttress:

Roadway:

Gate:

Water, vertical:

Hoist bridge:

Foundation rock:

Passive at toe:

Water, passive:

Ruplift := 60.9ft

Rsilt := 17.46ft

Wspillway := 391.8kip

Spillway:

Fuplift := 8.42kip

Rspillway := 63.15ft

Force

Component

Uplift:

Location

B := 91.88ft

Base width:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

4

3

M uplift := Fuplift⋅ Ruplift = 512.78⋅ ft⋅ kip

M passive_water := Fpassive_water⋅ Rpassive_water = 4.25⋅ ft⋅ kip

M passive := Fpassive⋅ Rpassive = 0⋅ ft⋅ kip

M rock := Wrock⋅ Rrock = 1.51 × 10 ⋅ ft⋅ kip

3

M hoist := Whoist ⋅ R hoist = 194.3⋅ ft⋅ kip

M water := Wwater⋅ Rwater = 0 ⋅ ft⋅ kip

M gate := Wgate⋅ R gate = 96.06⋅ ft⋅ kip

M road := Wroad⋅ Rroad = 511.83⋅ ft⋅ kip

M buttress := Wbuttress ⋅ Rbuttress = 2.02 × 10 ⋅ ft⋅ kip

3

M active_water := Factive_water⋅ Ractive_water = 7.97 × 10 ⋅ ft⋅ kip

M silt := Fsilt⋅ Rsilt = 397.22⋅ ft⋅ kip

M spillway := Wspillway⋅ R spillway = 2.47 × 10 ⋅ ft⋅ kip

Moment
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4

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 87⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 205 ⋅ ft⋅ kip

4

ΣFvertical

ΣM

ecc :=

2

B

= 44.9⋅ ft

− R = 1.1⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbuttress + Wroad + Wgate + Wwater + Whoist + Wrock + Wbridge_add − Fuplift − Wbridge_demo = 453 ⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 2.03 × 10 ⋅ ft⋅ kip

Sum of Moments

ΣM resist := M spillway + M buttress + M road + M gate + M water + M hoist + M rock + M passive + M passive_water + M bridge_add = 2.93 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M silt + M active_water + M uplift + M bridge_demo = 8.96 × 10 ⋅ ft⋅ kip

3

Rbridge_demo := 48.2ft

Wbridge_demo := 1.8kip

Weight, bridge demo:

Sum of Overturning Moments

Rbridge_add := 45.2ft

Wbridge_add := 4.53kip

Weight, bridge addition:

Forces due to bridge modifications (based on proposed cross-sections provided by Benham)
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3

= 61.3⋅ ft

= 30.6⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 4.58⋅ ksf


 = 5.28⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force
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Alternative 1- Downstream widening

Bridge expansion alternative:

III-2 - Failure surface at EL 661' active side, 665.26' passive side

Case:

Short Arch Section

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 9, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Location
Rspillway := 44.27ft
Rsilt := 11.74ft
Rsilt_vert := 112.79ft
Ractive_water := 26.5ft
Rbackfill := 62.04ft
Rwater := 103.31ft
Rrock := 72.07ft
Rpassive := 0.58ft
Ruplift := 84.2ft

B := 121.79ft
Force
Wspillway := 244.12kip
Fsilt := 9.27kip
Fsilt_vert := 9.06kip
Factive_water := 285.76kip
Wbackfill := 73.5kip
Wwater := 234.97kip
Wrock := 65.99kip
Fpassive := 1.07kip
Fuplift := 10.8kip

Base width:

Component

Spillway:

Silt:

Silt, vertical:

Water, active:

Backfill:

Water, vertical:

Foundation rock:

Passive resistance:

Uplift:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

4

3

3

M uplift := Fuplift⋅ Ruplift = 909.36⋅ ft⋅ kip

M passive := Fpassive⋅ Rpassive = 0.621⋅ ft⋅ kip

M rock := Wrock⋅ Rrock = 4.76 × 10 ⋅ ft⋅ kip

3

M water := Wwater⋅ Rwater = 2.43 × 10 ⋅ ft⋅ kip

4

M backfill := Wbackfill⋅ R backfill = 4.56 × 10 ⋅ ft⋅ kip

3

M active_water := Factive_water⋅ Ractive_water = 7.57 × 10 ⋅ ft⋅ kip

M silt_vert := Fsilt_vert⋅ Rsilt_vert = 1.022 × 10 ⋅ ft⋅ kip

M silt := Fsilt⋅ Rsilt = 108.83⋅ ft⋅ kip

M spillway := Wspillway⋅ R spillway = 1.08 × 10 ⋅ ft⋅ kip

Moment
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4

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 17⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 61⋅ ft⋅ kip

4

ΣFvertical

ΣM

ecc :=

2

B

= 59.6⋅ ft

− R = 1.3⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbackfill + Fsilt_vert + Wwater + Wrock + Wbridge_add − Fuplift − Wbridge_demo = 619 ⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 3.69 × 10 ⋅ ft⋅ kip

Sum of Moments

ΣM resist := M spillway + M silt_vert + M water + M rock + M bridge_add + M backfill + M passive = 4.55 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M silt + M active_water + M uplift + M bridge_demo = 8.61 × 10 ⋅ ft⋅ kip

3

Rbridge_demo := 28ft

Wbridge_demo := .6kip

Weight, bridge demo:

Sum of Overturning Moments

Rbridge_add := 25ft

Wbridge_add := 2.43kip

Weight, bridge addition:

Forces due to bridge modifications (based on proposed cross-sections provided by Benham)
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3

= 81.2⋅ ft

= 40.6⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 4.76⋅ ksf


 = 5.4⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force
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Alternative 1- Downstream widening

Bridge expansion alternative:

III-2 - Failure surface at EL 609' active side, 615.4' passive side

Case:

Tall Arch Section

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 9, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Location
Rspillway := 94.3ft
Rsilt := 6.27ft
Rsilt_vert := 177.16ft
Ractive_water := 44.94ft
Rbackfill := 69.26ft
Rwater := 149.53ft
Rrock := 125.89ft
Ruplift := 132.9ft

B := 183.16ft
Force
Wspillway := 340.5kip
Fsilt := 4.12kip
Fsilt_vert := 4.18kip
Factive_water := 677.39kip
Wbackfill := 109kip
Wwater := 591.43kip
Wrock := 72.16kip
Fuplift := 31.23kip

Base width:

Component

Spillway:

Silt:

Silt, vertical:

Water, active:

Backfill:

Water, vertical:

Foundation rock:

Uplift:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

4

4

M uplift := Fuplift⋅ Ruplift = 4.15 × 10 ⋅ ft⋅ kip

3

M rock := Wrock⋅ Rrock = 9.08 × 10 ⋅ ft⋅ kip

3

M water := Wwater⋅ Rwater = 8.84 × 10 ⋅ ft⋅ kip

4

M backfill := Wbackfill⋅ R backfill = 7.55 × 10 ⋅ ft⋅ kip

3

M active_water := Factive_water⋅ Ractive_water = 3.04 × 10 ⋅ ft⋅ kip

M silt_vert := Fsilt_vert⋅ Rsilt_vert = 740.529 ⋅ ft⋅ kip

M silt := Fsilt⋅ Rsilt = 25.83⋅ ft⋅ kip

M spillway := Wspillway⋅ R spillway = 3.21 × 10 ⋅ ft⋅ kip

Moment
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5

5

ΣFvertical

ΣM

ecc :=

2

B

= 95⋅ ft

− R = 3.4⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbackfill + Fsilt_vert + Wwater + Wrock + Wbridge_add − Fuplift − Wbridge_demo = 1 × 10 ⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 1.03 × 10 ⋅ ft⋅ kip

Sum of Moments

3

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 17⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 61⋅ ft⋅ kip

ΣM resist := M spillway + M silt_vert + M water + M rock + M bridge_add + M backfill = 1.38 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M silt + M active_water + M uplift + M bridge_demo = 3.46 × 10 ⋅ ft⋅ kip

4

Rbridge_demo := 28ft

Wbridge_demo := .6kip

Weight, bridge demo:

Sum of Overturning Moments

Rbridge_add := 25ft

Wbridge_add := 2.43kip

Weight, bridge addition:

Forces due to bridge modifications (based on proposed cross-sections provided by Benham)
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3

= 122.1⋅ ft

= 61.1⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 5.27⋅ ksf


 = 6.6⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force
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Alternative 1- Downstream widening

Bridge expansion alternative:

III - Failure surface at EL 678.05'

Case:

Non-Overflow Section

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 9, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Location
Rspillway := 39.61ft
Rsilt := 16.31ft
Ractive_water := 26.15ft
Rbackfill := 6.72ft
Rpassive := 8.96ft
Ruplift := 40.59ft

B := 59.21ft
Force
Wspillway := 369.27kip
Fsilt := 24.68kip
Factive_water := 192.02kip
Wbackfill := 28.45kip
Fpassive := 113.8kip
Fuplift := 7.65kip

Base width:

Component

Spillway:

Silt:

Water, active:

Backfill:

Passive Backfill:

Uplift:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

4

3

M uplift := Fuplift⋅ Ruplift = 310.51⋅ ft⋅ kip

M passive := Fpassive⋅ Rpassive = 1.02 × 10 ⋅ ft⋅ kip

3

M backfill := Wbackfill⋅ R backfill = 191.18⋅ ft⋅ kip

M active_water := Factive_water⋅ Ractive_water = 5.02 × 10 ⋅ ft⋅ kip

M silt := Fsilt⋅ Rsilt = 402.53⋅ ft⋅ kip

M spillway := Wspillway⋅ R spillway = 1.46 × 10 ⋅ ft⋅ kip

Moment
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4

4

ΣFvertical

ΣM

ecc :=

2

B

= 25.9⋅ ft

− R = 3.7⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbackfill + Wbridge_add − Fuplift − Wbridge_demo = 393 ⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 1.02 × 10 ⋅ ft⋅ kip

Sum of Moments

ΣM resist := M spillway + M bridge_add + M backfill + M passive = 1.6 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M silt + M active_water + M uplift + M bridge_demo = 5.79 × 10 ⋅ ft⋅ kip

3

Rbridge_demo := 28.7ft

Wbridge_demo := 1.79kip

Weight, bridge demo:

Sum of Overturning Moments

Rbridge_add := 25.7ft

Wbridge_add := 4.53kip

Weight, bridge addition:

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 51⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 116 ⋅ ft⋅ kip

Forces due to bridge modifications (based on proposed cross-sections provided by Benham)
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3

= 39.5⋅ ft

= 19.7⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 4.13⋅ ksf


 = 9.13⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force
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Alternative 1- Downstream widening

Bridge expansion alternative:

IV - Failure surface at EL 727.5'

Case:

East Spillways

Section analyzed:

Checked by, name and date:

Shawn Hutcherson, P.E.

By:

November 9, 2017

Date:

BND17496

Project Number:

SH-28 Pensacola Dam Bridges

Project:

Pensacola Dam Stability Analysis - Overturning Failure Mode
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Location
Rspillway := 29.76ft
Ractive_water := 9.67ft
Rbuttress := 20.94ft
Rroad := 16.36ft
Rwater := 26.85ft
Rhoist := 37.17ft
Rpassive := 0.83ft
Rpassive_water := 2.5ft
Ruplift := 26.35ft

B := 44ft

Force
Wspillway := 40.81kip
Factive_water := 26.24kip
Wbuttress := 15.69kip
Wroad := 8.64kip
Wwater := 0kip
Whoist := 2.17kip
Fpassive := 2.21kip
Fpassive_water := 1.053kip
Fuplift := 3.18kip

Base width:

Component

Spillway:

Water, active:

Buttress:

Roadway:

Water, vertical:

Hoist bridge:

Passive at toe:

Water, passive:

Uplift:

Forces, Locations and Moments from the 7th Part 12, Volume 2 report

3

M uplift := Fuplift⋅ Ruplift = 83.79⋅ ft⋅ kip

M passive_water := Fpassive_water⋅ Rpassive_water = 2.63⋅ ft⋅ kip

M passive := Fpassive⋅ Rpassive = 1.83⋅ ft⋅ kip

M hoist := Whoist ⋅ R hoist = 80.66⋅ ft⋅ kip

M water := Wwater⋅ Rwater = 0 ⋅ ft⋅ kip

M road := Wroad⋅ Rroad = 141.35⋅ ft⋅ kip

M buttress := Wbuttress ⋅ Rbuttress = 328.55⋅ ft⋅ kip

M active_water := Factive_water⋅ Ractive_water = 253.74⋅ ft⋅ kip

M spillway := Wspillway⋅ R spillway = 1.21 × 10 ⋅ ft⋅ kip

Moment
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Rbridge_demo := 3.9ft

Wbridge_demo := 1.8kip

Weight, bridge demo:

3

M bridge_demo := Wbridge_demo⋅ Rbridge_demo = 7 ⋅ ft⋅ kip

M bridge_add := Wbridge_add ⋅ Rbridge_add = 4⋅ ft⋅ kip

3

ΣFvertical

ΣM

ecc :=

2

B

= 21.4⋅ ft

− R = 0.6⋅ ft

Eccentricity

R :=

Location of Resultant Force

ΣFvertical := Wspillway + Wbuttress + Wroad + Wwater + Whoist + Wbridge_add − Fuplift − Wbridge_demo = 67⋅ kip

Sum of Vertical Forces

ΣM := ΣM resist − ΣM over = 1.43 × 10 ⋅ ft⋅ kip

Sum of Moments

ΣM resist := M spillway + M buttress + M road + M water + M hoist + M passive + M passive_water + M bridge_add = 1.77 × 10 ⋅ ft⋅ kip

Sum of Resisting Moments

ΣM over := M active_water + M uplift + M bridge_demo = 344.55⋅ ft⋅ kip

Sum of Overturning Moments

Rbridge_add := .89ft

Wbridge_add := 4.53kip

Weight, bridge addition:

Forces due to bridge modifications (based on proposed cross-sections provided by Benham)
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3

= 29.3⋅ ft

= 14.7⋅ ft

2⋅ B

3

B

qmin :=

qmax :=

B



⋅  1 −

1ft



⋅  1 +

1ft

ΣFvertical

B

ΣFvertical

B


 = 1.39⋅ ksf


 = 1.65⋅ ksf

6 ⋅ ecc 

B

6 ⋅ ecc 

Maximum and Minimum Bearing Pressures

Resultant falls within the middle 1/3 of base.

Rmax_third :=

Rmin_third :=

Range for falling within the middle 1/3 of base (base in full compression):

Relative location of Resultant Force

Pensacola Dam Road Widening
Preliminary Superstructure Evaluation

12/07/2017
Project No. BND17496

Freese and Nichols, Inc.
Oklahoma Registered Engineering Firm CA-511
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1. Purpose
Pensacola Dam was designed and built circa 1939 on the Neosho River near Langley,
Oklahoma. The public roadway on top of the dam has two lanes with a total width of twenty
feet. The Owner would like to widen the current roadway to twenty-four feet by extending
the roadway downstream by four feet.
The purpose of this calculation is to preliminarily determine if the additional roadway is
structurally feasible based on the dam superstructure components. This calculation is not a
global stability calculation or a comprehensive component calculation. The goal is to confirm
the feasibility of the road widening and highlight any preliminary concerns prior to
commencing the final design process. The final bridge design will size attachments and the
bridge superstructure.
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2. Limitations
As a preliminary investigation, this calculation does not provide a comprehensive evaluation
of the dam superstructure in terms of components and section checked or in terms of the
thoroughness of the components and sections that are checked. This calculation identifies
critical sections and components based on engineering judgement. These critical elements
were evaluated using simplified techniques to determine the order of magnitude impact of
the road widening on the dam design. The primary focus of this calculation was in the upper
portion of the dam due to the closer proximity to the new load application and the
relatively lower portion of water and dead loads compared to the bridge load.
Many of the specific loading and configuration details needed for final calculations are not
currently known. This calculation used assumptions and load simplifications to approximate
loading conditions. Such assumptions and simplifications are not necessarily conservative,
and results should be interpreted with that fact in mind.
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4. Results Summary
The results of the preliminary calculation are summarized below.
Analysis
Design
Change
Dam Section
Elevation
Utilization*
in Stress
Typical Arch Section
735.0-ft
3%
+19%
695.0-ft
11%
+3%
Typical Gated Spillway 755.0-ft
25%**
**
Section
729.0-ft
14%
+5%
Typical Non-Overflow
755.0-ft
25%**
**
Section
729.0-ft
2%
14%
695.0-ft
2%
-2%
East Gated Spillway
759.5-ft
35%**
**
Section
738.0-ft
5%
+7%
* Compressive stress on gross section. Percentage is the factored stress
divided by the approximate maximum of 0.85f’c, where f’c equals
3,500 psi.
** Capacity controlled by column interaction curves. Percentages shown
are the ratios of bending loads divided by bending capacities
(Mu/φMn).
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5. Conclusions
In order to determine the structural feasibility of the proposed modifications to the dam, it
must be shown that the new stresses are low compared to the structural capacity or that
the change in stress due to the proposed modifications are negligible. The primary
observation in the results is that the computed stresses are very low compared to the
capacities. The secondary significant observation is that while the change in stress as a
fraction of existing stress is significant at the upper portions of the dam, the stresses tend to
fall off quickly as the depth below the normal lake elevation increases. However, the
computed stresses in the upper portions of the structure are relatively low. Assuming that
the concrete compressive strength is 3.5 ksi, it is estimated that the critical stresses in the
elements critical to dam integrity are not more than 35 percent utilized.
Final design will need to quantify and control localized stresses in the area of the new load
application; however, these calculations indicated that such control is feasible. This
calculation further demonstrates that for elevations significantly lower than the bridge, the
structural impact of the road widening on the dam reduces dramatically and becomes trivial
compared to the contributions of the water and existing dead loads.
The column section capacities investigated for several of the dam sections did not have a
direct influence on the dam’s ability to retain water, but were seen as critical to the feasibility
of the road widening proposal. These elements were investigated because of their close
proximity to the application of the proposed additional loads. For all such cases, the axial
column capacity was very good and the column bending capacity was adequate. Final design
will require more refined analyses, but it is not anticipated that column capacity will
significantly impact overall design. Should the final analysis fail to confirm this conclusion, we
believe that the columns can be reinforced or protected from excessive bending load.
Subject to confirmation by the final design, our conclusion is that the preliminary calculations
do indicate that the proposed widening is structurally feasible without compromising the
existing dam integrity.

D-148 | Page

APPENDIX E
FUNDING MEMORANDUM

Preliminary Design Report
SH-28 Bridges over Pensacola Dam and Spillways
41806 | 1400204
December 22, 2017

TECHNICAL MEMORANDUM
6303 N Portland Ave, Suite 100

Oklahoma City, Oklahoma 73112

405-607-7060

TO:

Steve Jacoby, Grand River Dam Authority

CC:

Sue Tryon, Benham

FROM:

Jennifer Wasinger, Freese and Nichols, Inc.

SUBJECT:

Funding Technical Memorandum

DATE:

11/10/2017

PROJECT:

SH-28 Widening over Pensacola Dam and Spillways
GRDA Project Number 41806

www.freese.com

Freese and Nichols was engaged by Benham to investigate possible funding opportunities to supplement
the above reference project.
The initial scan of funding opportunities covered both grant and loan sources from a variety of state, federal,
nonprofit and private sources. Identification of sources was based on a review of Grants.gov, agency
websites, FNI funding opportunity database, and internet research. The funding matrix is included on page
3 and contains information on program eligibility, funding availability, match requirements, anticipated
deadlines, level of engineering as well as special requirements.
On October 5, 2017, the draft funding matrix was presented to GRDA. The importance of evaluating the
funding opportunities holistically was emphasized during the discussion. The selected funding source(s)
will be the ones which prove most beneficial to GRDA, ODOT and the surrounding communities. The easiest
and least expensive way to proceed with the widening/rehabilitation project may not necessarily be the
ideal solution for GRDA or the surrounding communities.
The list of funding sources identified in the matrix is not exhaustive; there is a possibility of additional
federal sources becoming available in 2018. Several opportunities including Tiger Grants will be considered.
It was also determined that low interest loan programs included on the matrix did not need further
consideration at this time due to the bonding capability of GRDA.
On October 10, 2017, the project concepts and funding matrix was presented to members of ODOT’s Senior
Staff. The purpose of the meeting was to discuss ways the project could be complimentary to and not
competitive with funding for ODOT prioritized projects. Working collaboratively with ODOT is critical for
this project especially since many of the identified sources are provided through or in consultation with the
agency and the current state/federal budget situation. The discussion focused considerable time on the
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TIGER grant opportunity. ODOT considers their role in TIGER grants as being more of a support role to
regional projects.
On October 17, 2017 a meeting was held with ODOT Division 8 to discuss the project and funding
opportunities. Division 8 agreed with solicitation of additional funding sources to supplement the project.
Consequently, a final determination was made to focus initial efforts on an application for a TIGER Grant as
a key avenue for funding of the SH 28 project. The next opportunity may be available as early as Spring
2018.
The next steps for funding include:
• Develop a narrative describing the SH-28 project
• Acquire letters of support for the project
• Begin application preparation
• Continue to review funding opportunities
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Eligible Projects
- Those eligible for Title 23 Assistance

STP provides flexible funding for projects to
preserve and improve the conditions and
performance on any Federal-aid highway,
bridge and tunnel project on any public road,
pedestrian and bicycle infrastructure and
transit capital project.

Provides affordable funding to develop
essential community facilities in rural areas

- Interstates, State Highways, Bridges, toll roads,
Anything under Title 23
- Rural Project Assistance: potential to offer
Leverage Federal resources and stimulate
reduced interest rates to projects located outside
capital market investment in transportation an urbanized area with a population greater than
to projects of national or regional significance 150,000
- Development phase activities, construction
phase activities, capitalized interest to meet
market requirements

Department of
Transportation

Substate planning
District/ODOC

USDA Rural Development

US Department of
Transportation/Build
America Bureau

Surface Transportation Block Grant Program

Community Development Block Grant/Rural
Economic Action Plan

Community Facilities Direct Loan and Grant
Program

Program is intended to make a greater
impact in rural communities

EDA provides strategic investments on a
competitive merit based to support economic
development, foster job creation, and attract
private investment in economically distressed
area of the US

Economic Development
Administration, US
Department of
Commerce

SFY 2017: $192M

Public Facilities such as street improvements

.....DRAFT.....

Public or Private Entity seeking
to finance, design, construct,
Loan Program at Treasury Rates
own or operation surface
transportation

Public Bodies, communities less
Low interest loans, grants, or loan guarantee
than 5,500

Local Governments that are
Any Eligible Project in Section 105(a) of the Federal
not participates of CDBG
Housing and Community Development Act of 1974
2017 $298,740
Entitled Programs and that are
including streets
REAP Eligible

- Bridges not on federal -aid highways can be
funded with set aside dollars

Appropriated to State

5. Public or Private non-profit
organization

4. Institution of higher
Education

between $200,000 to $3,000,000

2. Indian Tribe

b. public/private partnerships
c. i. Projects that encourage job growth and
business expansion in manufacturing including
advance manufacturing, sustainable manufacturing
and manufacturing supply chains; assist
communities severely impacted by declining use of
coal through activities and programs that support
economic diversification, job creation, capital
investment and workforce development and reemployment opportunities
c.ii. Assist communities severely impacted by
declining use of coal
c.iii. Increase economic resiliency, including
resilience to the effects of natural disasters and
climate change
c.iv. Assist with natural disaster mitigation and
recovery
c.v. aimed at restoring or improving urban waters
and the communities that surround them
c.vi. Assist and/or support
- communities severely impacted by industry
restructuring
- construction highway, bridges and tunnels
- Operational improvements
- Environmental Measures
- Highway and Transit Safety Infrastructure
improvements
- Protection for bridges on public roads and
inspection and evaluation of bridges and other
highway assets

Public Works and Economic Adjustment
Assistance Program

1. District Organization

a. collaborative regional innovation

3. State/County/City or other
subdivision

State, MPO, local govt, political
subdivision, special purpose
district, federal land
Large Project: $25M; Smaller Project: $5M
management agency, tribal
govt or multi-state/multijurisdictional public entities

up to $9 million/year

Funding Availability

Key areas:
1. Supporting Economic Vitality
2. Leveraging Federal Funding
3. Innovation
A. Environmental Review and permitting
B. Special Experimental Authorities
C. Safety and Technology

The Nationally Significant Freight and
Highway Projects (NSFHP) programs provides
federal financial assistance to highway and
freight projects of national or regional
significants.

Department of
Transportation

Nationally Significant Freight and Highway
Projects (INFRA Program)

Transportation Infrastructure Finance and
Innovation Act

Eligible Entities

- Any phase of HW transportation between project
The AID Demonstration Program provides
planning and project delivery including planning,
DOTs, Fed land management
funding as an incentive to accelerate the use financing, operation structures, materials,
agencies, and tribal govts
of innovation in highway transportation
pavements, environment and construction.
projects
- Include innovation proven in real-world HW
transportation application through not routinely
used by applicant or subrecipient

Description

Federal Highway
Administration

Funding Agency

AID Demonstration

Program

Match

rolling until
funding is not
available

Deadlines

ongoing

grants.gov

grants.gov; coordination with ODOT

grants.gov; awarded via ODOT

Application Mechanism

Loan Program with
up to 49% but
generally closer to
33% of the funds;
ongoing
interest rate will be
equal or greater
than yield of US
Treasury securities

Duns, SAM, NEPA

Special Requirements

Engineering complete

Engineering complete

Must be included on the Statewide
Transportation Improvement Program
and be consistent with Long-Range

Depends on what is included. If only
construction then design must be
complete prior to application.

10/10/2017
11/10/2017

NEPA, Buy America,
Uniform Relocation, Title
VI, Prevailing Wage, Title
23

community support,
environmental review

Low/Moderate Income,
Planning Verification,
Citizens Participation,
NEPA

NEPA, state and federal
approvals

NEPA, SAM,

Evaluation of significate risks to
including environmental review,
permitting, technical feasibility, funding
NEPA, BCA, SAM,
etc, AND expectation to begin
state/local approval
construction within 18 months. Can
phase with pre-construction costs
awarded

Must be ready to authorize within 6
months of applying for funding

Level of Engineering

Enabling project to proceed at an earlier
Letter of Interest required prior to application date than traditional funding;
US Department of Transportation
constructing contracting process
readiness

USDA RD

~50,000 grant
available

ongoing

OKGrants website

50/50 CDBG/REAP.
est. February
Leveraged Funds to
2018
complete project

generally 80/20 but Available for
Coordinated with State Transportation
more for safety
obligation for up
Agency
improvements
to 4 years

50/50; varies by
unemployment

60/40 with other
federal being up to 2-Nov-17
20% of the match

80/20 match

SH-28 Bridges Rehabilitation Widening Funding Opportunities
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Meeting Minutes
Coordination Meeting GRDA | ODOT | Benham
GRDA SH-28 Bridges over Pensacola Dam and Auxiliary Spillways
GRDA Project Number 41806
Benham Project Number 1400204
Meeting Location:
ODOT Division 8, 2nd Floor Auditorium
Meeting Date:
October 17, 2017 | 1:30 pm

Project Summary | Scope
ODOT is funding a deck rehabilitation project for the May 2019 letting, with plans prepared
by Aguirre & Fields. The plans include hydroblast and latex modified overlay, and traffic
control. This project is critical to ODOT, and delay is highly undesireable. The ODOT project
uses Federal Funds.
GRDA, needing to rehabilitate the rest of the bridge to strengthen the bridge to continue to
carry load, contracted with Benham to prepare rehabilitation plans for the remainder of the
structure. While proceeding with this rehabilitation task, we are also exploring widening
the bridge deck from nominal 10’ lanes to 12’ lanes each way. Either way, this project is
slated to be ready in time for the May 2019 letting. GRDA desires to let the projects in
some way or another so that the bridge is not closed or partially closed twice for two
different projects.
Purpose of this meeting are to coordinate the two projects in such a way that they might be
let together, avoiding overlaps and gaps.

GRDA Details | Update
The project consists of rehabilitation and potential widening of the SH-28 Bridges over the
Pensacola Dam and Main Spillway, plus 2 Auxiliary Spillways between the towns of Langley,
Disney, and Tia Juana in Mayes County, Oklahoma. Benham is preparing plans for GRDA to
rehabilitate the underside of the deck and the remainder of the superstructure, to restore
strength and carry HL-93 Traffic. This rehabilitation is funded by the GRDA Capital program.
We are preparing a Preliminary Design Report to determine how the bridge might be
widened to add 4’ of clear roadway width, with alternates including widening to the
downstream, to the upstream, and to both sides. The Preliminary Design Report will

1

F-1 | Page

________________________________________________________________________________________

include evaluation of the alternates for constructability, cost, effects on dam stability,
historic preservation, funding mechanisms for the widening portion, impacts of construction
and widening to the stakeholders and community, construction sequencing and traffic
control.
The widening will only be constructed if adequate grant or other funding is available and
assuming the other issues can be worked out. Plans for 30% and 60% review will include
widening and rehabilitation. A decision point next summer will determine whether final
and PS&E Plans include the widening or not. The target is to be ready for a May 2019
letting schedule.
Discussion Items
SHPO Update – The SHPO considers the widening to be an adverse affect, but favors
widening to the south. The SHPO does not desire the parapet to be the same as existing
parapet, as it needs to be clearly new. It should be similar in style, but we shouldn’t use
the existing dimensions and details. If federal funding is involved in the ODOT project,
but the project only involves rehabilitation and overlay, the SHPO is not concerned. If
the bridges are widened, and ODOT continues with federal funding, then the SHPO will
be more involved.
Funding Update – Prepare to pursue Tiger Grant, and be ready if it comes up in the next
6 months. Investigate Cherokee Nation for financial/project support. Request other
support letters.
Widening Update –
• Alternate No. 1 is in the $10.5M range
• Alternate No. 2 is approximately $30M
• Alternate No. 3 is approximately $14M.
• Would 11’ lanes be a benefit? It would cut the cost somewhat. However, the
additional beam carries about ½ of a lane either way. Right now each beam
carries approximately 1 lane of traffic. Widening makes the new beam pick up
about ½ of a lane. So you have a lot of expense regardless with the additional
support mechanisms, just cut 2’ of the cost of a lane.
• The lights could be shifted to the south side and placed on bumpouts, but access
would be difficult to change lights and hang Christmas decorations. Lights could
be put on the upstream rail to get out of the way.
Potential for Mandatory Tie
• Deck Rehabilitation
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•

•
•
•
•

•
•
•
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The deck rehabilitation plans were recently turned in, show a thin
removal by hydroblast and overlay. Not sure that more deck won’t be
removed during hydroblast. The remaining deck may require support
during construction.
• It would be good if the deck rehabilitation plans could include some
heavier reinforcing in the upper layer of reinforcing.
• Sue to send comments to Joe Brutsché for the deck rehabilitation plans.
Superstructure Rehabilitation – An arch to support the downstream widening at
the arch section is desirable.
Stakeholder Meeting – Plan for afternoon or evening of October 30th. Paul to
contact Stakeholders, Tourism. Simple graphics. Take dimensions off of typical
sections reviewed today.
Public Meeting for NEPA – we will revisit this further as the project proceeds.
GRDA has begun a NEPA process, in case required for funding.
Construction Sequencing and Traffic Control
• Some superstructure rehabilitation can be done without full closure, one
lane at a time.
• Proper work areas will be difficult without some closures, particularly for
the deck rehabilitation.
• Bridge closure should target closure between Labor Day and Memorial
Day (fall/winter/spring). This is preferable for the local economy.
Detour Routes – Necessary Improvements to the Detour Route. Patching
quantities should be included in the plans for Contractor’s use.
Alternate Route for Historic Preservation Alternatives Analysis – The SH 20
detour route is the best alternative route to SH-28 being located on the dam.
Schedule
• Fall 2019 start of Construction.
• 6-9months for deck rehab. 18 months with full rehab (12 months + 3
months + 3 months for the other two bridges). 26 months for all 3 with
widening.
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MEETING MINUTES
Stakeholder’s Meeting GRDA | ODOT
41806 GRDA SH-28 Widening over Pensacola Dam
1400204
Meeting Location:
GRDA Ecosystems and Education Center, Langley, OK
Meeting Date:
September 30, 2017 | 3:00 pm
Attendees:
Sign-in-Sheet attached.
Project Summary | Scope
•

Paul Green introduced the purpose for meeting:
o Explain scope of the rehabilitation projects, and the potential for a widening project.
o Incorporate community’s concerns into project development early, before plans are
set.
o Restrictions that may affect how concerns are incorporated into project
development.
Constructability
Weather
Timeline

•

A variety of stakeholders, including schools, town/city officials, emergency responders,
county commissioners, chambers of commerce, economic development entities, Cherokee
Nation, etc. have been invited to this first stakeholder meeting.

•

Relevant projects include:
o ODOT overlay project
Curb-to-curb overlay of deck
Will consist of hydroblast to remove several inches of the deck before
overlay is completed
o GRDA rehabilitation project
Less obtrusive to traveling public because most work will be below deck
Will be done at same time as ODOT overlay project
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o Potential GRDA widening of the bridges
This portion of the project would only occur if additional funding is obtained
Widen bridges to provide 12’ travel lanes (current width is 9’10”)
Would increase duration of construction but long term value is this would
increase safety of roadway for traveling public
If community members support the project, they are encouraged to contact
federal legislative representatives to voice support.
•

Timeline
o Projects are scheduled to begin in the Fall of 2019
o ODOT overlay project is projected to take 6 to 9 months
o GRDA rehab project is projected to take 18 months
o GRDA widening project is projected to take 2 years
o Some of the work would require road closures
Project development process will include planning for the road closures and
coordinating with stakeholders, including a meeting next year.
Considerations for planning and minimizing closures:
•

night-time closures, weekend closures,

•

school year vs. tourism season

•

avoiding holiday weekends

•

staggered work zones

•

low speed limits through project area

•

maintaining one open lane whenever possible

•

incentives and disincentives for contractor

•

project would be sequenced between the dam and spillway bridges
so that they weren’t all closed at the same time
o During later discussion, several stakeholders indicated it
probably wouldn’t make a difference if both auxiliary spillway
bridges were closed at the same time.

•

Project would include maintenance on SH 20/SH 82 as the detour route

•

Project team must weigh the long term benefits versus the short term impacts
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Open discussion | Comments
• Joe Smart – Tia Juana Fire Department
Question about how much work could be done between 10:30 p.m. and 4:30 a.m.,
closing the bridges at night and re-opening in the morning? Night closures worked
the last time there was a project on the bridges
•

Response:
o The overlay project would be different this time because several
inches of the deck overlay would be removed and there may not be
enough support to drive on the bridge once the old overlay has been
removed. The earlier project was a ¾” microsurface, so was much
faster.
o ODOT will review incentives and disincentives for contractor, to
decrease closure time as much as possible

•

Richard Wright – Lakemont Shores Fire Department
Widening very important from safety standpoint
Question about whether there would be vehicle weight restrictions during and/or
after construction? Tanker trucks weight about 65,000 lbs (32 tons).
•

•

Response: Bridges are currently load posted. Reviewing what can be done
with rehabilitation to avoid load posting the bridges. During construction,
may not be able to drive trucks on bridges after the hydroblasting has been
completed until the new overlay has been completed.

Russ Hogan – Hogan’s Offroad Park
Area very dependent on tourism. If tourism is curtailed for a couple of years, it
would be a severe impact on the economy. Events include spring break, St. Pat’s
Run.
Rock crawling events are held for major holidays plus at least one large non-holiday
event each year. Best if no construction for 2 days before and 2 days after holidays
and events.
•

Response: Project team will coordinate with stakeholders to prepare list of
events and coordinate schedule as much as possible

They need at least five days for each of their events to accommodate set up and
take down time where there are no issues with access to the rock crawling park
Request that it be written into the contract that access across the bridge be given
during construction for events.
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•

David Harding – RWD #3, Mayes County
Main water line running along dam on upstream side, but it doesn’t sound like that
will be an issue since widening will be on downstream side
Question if a new bridge, even if a temporary one, downstream of the dam has been
explored as a detour option? In particular a temporary bed/route for emergency
response.
•

•

Response: Project team will look into this possibility

John Matney – Resident
Question about the detour route – The route goes through Jay. What about Topsey
Road?
•

•

Response: Detour would be on state roads.

Ryan Ball – Mayes County Commissioner
Mayes County shares a road behind Tia Juana Fire Department with Delaware
County. Concerned about potential for increased traffic on the road and the impacts
that would have on it.
The road was recently chipped and sealed. Want to have included in the contract
provisions to repair the road if it is damaged.
•

•

Response: ODOT doesn’t usually typically include that type of provision.
Randle planned to discuss with County Commissioners after meeting

Russell Martin – Delaware County Commissioner
Similar concern about using Topsey Road and using county roads. This cuts off 10
miles from the detour route.
Is there anything that can be done to keep traffic off of them?
Already having issues with road surface due to large trucks accessing the chicken
farms.

•

Jim Smart – Tia Juana Fire Department
Have fatality accident on Topsey Road every 18 months or so with current traffic. If
more people use the road, the potential for accidents is tremendous.
Currently life-flights us the Langley Landing Pad. Can there be a life-flight pad placed
on the Tia Juana side, so that life-flight is not completely cut-off during construction?

•

Ryan Ball – Mayes County Commissioner
Are there any emergency grants to funnel to Tia Juana for a helicopter landing pad
or can that provision could be added to the grant funding search being done for the
widening project.
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Also concerned about Disney and Tia Juana being cut-off during construction and the
inability to have support from Langley emergency services. Would like to have GRDA
keep an officer on the Disney side to provide assistance when needed. Tim
Thompson, Mayes County Sheriff concurs.
•

David Harding – RWD #3, Mayes County
Concern about getting into Disney from the east end and would like to know time
line for project
•

Response: Time line for project is general at this time because it is early in
the project development process.

Not concerned about both spillways being closed at the same time
•

Mike Dunham – Mayes County Emergency Management
Discussion about coordination between emergency responders from Tia Juana,
Disney, Langley, and Lakemont Shores. They coordinate as the “South Grand Lake
Emergency District”.
EMS base south of Langley – concerned about the length of time to respond during
bridge closures.

•

Ryan Ball – Mayes County Commissioner
Asked how likely it is for the project to happen?
•

•

Response: ODOT overlay and GRDA rehabilitation projects will happen.
Unknown is the widening project

Jim Smart – Tia Juana Fire Department
Will ODOT overlay project happen before decision about widening project is made?
•

Response:
o Decision about widening project is anticipated approximately one
year from now – Fall of 2018 – so no projects would happen until
decisions are made.
o Project team will have additional stakeholder meeting in Fall of 2018
o Project team will coordinate with emergency response organizations
regarding timeline, detours, etc. once more project details are known

•

Devone Chezem – South Grand Lake Chamber of Commerce
Suggest open line of communication to keep everyone well informed, well ahead of
the start of the project, so that businesses can make provisions, notify customers,
etc.
Will GRDA amp up ways to get to the other side of the lake with boats?
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•

•

Response: Will consider innovative ways to access Disney, etc. using boats
(e.g. ferry service of some type). Particularly for Emergency Services such as
ambulance or volunteer fire/EMS personnel.

William Long – Langley Fire Department
Temporary road, located on public land, by golf course could be a potential bypass
for emergency responders’ use only

•

Russ Hogan - Hogan’s Offroad Park
Consider releasing at the beginning of the project a schedule of construction events
to keep everyone informed of closures, etc. and keep it updated throughout project.
•

Response:
o Project team will identify ways to keep public informed, and may
include the following:
Media coverage
ODOT website
Email notices
Message boards

Russ would put any notices on his website, if it is accurate information, because he
has many followers and can get the word out quickly.
•

Laura Holden – Town of Langley
Agrees signage/message boards would be good idea
Let the city/town officials know in advance about closures so that when people call
to complain, city/town officials can provide updated information
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