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1.0 Executive Summary 

This Alternatives Analysis report investigated three (3) alternatives to reduce the frequency of 
flooding along the portion of I-376 Westbound from the Grant Street Exit to just west of Stanwix 
Street (aka “The Bathtub”) in the City of Pittsburgh, PA.  

F1. Increase Height of Current Floodwall: Three options were investigated.   

1A) Completely rebuild the existing stem from the top of the footing to elevation 724.5.  
Reconstructing the floodwall to this height would have prevented fifteen (15) of the 
seventeen (17) flood events that have occurred since the wall was constructed in 1985. The 
cost to fully rebuild the floodwall stem is $6,780,000 to $8,640,000. 

1B) Partially rebuild the floodwall stem from just above the gutterline wherever the existing 
vertical reinforcement is adequate and fully rebuild the stem wherever additional 
reinforcement needs to be doweled into the existing footing.  The proposed top of floodwall 
is the same as the first option, 724.5.  The cost to rebuild the floodwall in this manner is 
$5,890,000 to $7,670,000. 

1C) Rebuild the floodwall from just above the gutterline to elevation 722.  This elevation 
represents the floodwall height that can be attained by reusing the existing vertical 
reinforcement for the full length of the floodwall.  However, only ten (10) of the seventeen 
(17) flood events since 1985 would have been prevented if the floodwall was built to 
elevation 722.  The estimated cost of this option is $4,380,000 to $6,540,000. 

The major advantages of these alternatives include lowest cost, simple construction materials and 
methods, and minimal impact to utilities.  Disadvantages include construction adjacent to I-376 
traffic, little room for Contractor staging, and reliance on existing foundation slabs and 
reinforcement constructed in the mid-1980s. 

F2. Construct a Tunnel over I-376: This alternative considers a watertight rigid frame structure 
constructed over I-376 from the Grant Street tunnel extending approximately 2600 feet west to 
just past the Stanwix Street overpass.  The structure would include lighting, fire suppression, and 
ventilation systems.  The estimate cost of this alternative ranges from $122,280,000 to 
$144,290,000. Protection from higher flood events and the opportunity to create a new riverfront 
urban park on top of the tunnel are advantages of this alternative.  Cost, impact to traffic during 
construction, complicated construction, traffic slowdowns as driver’s expectations change 
approaching the tunnel, and future maintenance needs are among the disadvantages. 

F3. Construct a Floodwall Between the Mon River and the Mon-Wharf Parking Lot: This 
alternative consists of elevating the current trail and Mon Wharf Landing Park on a precast bin 
wall that extends from the Smithfield Street Pedestrian switchback ramp at the eastern limit to the 
Point State Park connector ramp at the western limit for an approximate length of 2,150 feet.  The 
alternative includes pedestrian railings, lighting, and an ADA ramp at each end leading down to 
the Mon Wharf parking area.  The estimate cost of this alternative ranges from $31,270,000 to 
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$39,080,000.  Advantages include that a wall located along the river would  act as a first line of 
defense against future flood events, the trail and Mon Wharf parking lot would be protected from 
the frequent flooding that currently occurs, no impact to I-376 traffic during construction, and an 
adequate Contractor staging area via a barge alongside the work area.  Higher cost and the need to 
coordinate and reach an agreement with the City of Pittsburgh and the Riverlife organization are 
some of the major disadvantages.  

The mitigation of the additional hydrostatic uplift exerted on the existing foundations due to the 
retention of floodwaters at a high elevation associated with each of the alternatives summarized 
above was investigated.  The estimated costs for hydrostatic mitigation are in addition to the 
estimated costs for each flooding reduction alternative.   

Hydrostatic mitigation options include: 

U1. Retrieval of Additional Subsurface Data and Monitoring of Groundwater ($150,000 to 
$200,000) 

U2. Tie-in to Existing Structures ($2,000,000 to $3,000,000) 

U3. Tie-downs Anchoring to Bedrock ($3,000,000 to $5,000,000) 

U4. Pressure Relief Wells ($2,000,000 to $3,000,000) 

U5. Cut-Off Walls (< $10,000,000+) 

An H&H analysis was completed for each of the three (3) alternatives described above and none 
of them cause any objectionable increases to the FEMA 100-year flood elevations. 

Each alternative had negligible impact on the storm sewer system, other than the sump pumps 
having to pump against additional head should the floodwalls be raised. If the sluice gates work 
properly, the increase in retained floodwaters should not surcharge the existing drainage system or 
cause unanticipated flooding of I-376.   

This report also includes a proposed alternative (Alternative T1) that does not reduce the frequency 
of flooding but automates the detection of flooding and the procedure to close I-376 and establish 
the detour during future flood events.  The system includes pressure transducers mounted to the 
floodwall to remotely monitor rising water, automatic gates to close the roadways leading to the 
flooded portion of I-376, and a network of DMS signs to remotely establish detour route signing.  
The estimated cost of this system is $4,100,000 to $5,200,000. 

Finally, a traffic analysis was performed to optimize traffic flow along the detour route during 
flood events by improving detour route signal timing and increasing advanced warning of I-376 
closure via existing DMS signs (Alternative T2). The analysis shows that the detour route travel 
time can be reduced as much as 13% for the AM peak, 46% for mid-day, and 11% for the PM 
peak.  The estimated cost to improve the signal timing and use the existing DMS signs is less than 
$10,000. 
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2.0 Background 

2.1 Project Description 

The bathtub section of I-376 Westbound is a 
2,500-foot long portion of the interstate that lies 
between the Monongahela River and downtown 
Pittsburgh.  This segment of three-lane highway 
(two through lanes and one auxiliary exit lane) is 
roughly 5 feet higher than the normal river stage 
of 16 feet and is currently protected by a variable 
height floodwall with a minimum height of 
approximately 4 feet at the sump pump locations.  
The “Parkway Central Bathtub” floods when 
river stages exceed 25 feet (elevation 719.5) and is closed to traffic when the river stage is within 
one foot of the top of the wall (river stage 24 feet, elevation 718.5). 

Preliminary engineering efforts have generated and assessed three (3) structure improvement 
alternatives along with proposed traffic control improvements for the project area.  These 
alternatives have been developed with regards to socio-economic, natural and cultural resources 
impacts, safety, constructability, and construction cost to arrive at a preferred alternative that meets 
the needs of the project. 

2.2 Project Purpose and Need 

The purpose of this project is to maintain the movement of traffic, including freight vehicles, and 
emergency service providers along the Parkway Central during significant Monongahela River 
flood events and to improve response time to Parkway Central flood events.  The full project 
purpose and need statement approved by the FHWA appears in Appendix H. 

2.2.1 NEED 1: Reduce Frequency of or Eliminate Flooding 

The primary need of the I-376, Section A69 Parkway Central “Bathtub” Flooding project is to 
significantly reduce or eliminate the frequency of Monongahela River flooding of the Parkway 
Central, thereby eliminating as much as practical the potential closure of the highway and the 
detouring of traffic through the City during river flooding that exceeds the current flood wall height 
(river stage in excess of 25 feet, elevation 719.5).  

• The existing floodwall was built in 1985 and can prevent flooding of the Parkway Central up 
to a 25-foot river stage (elevation 719.5).  District 11-0 closes the Parkway Central when 
floodwaters are within 12 inches of the top of the floodwall (24-foot river stage, elevation 
718.5); 

• The height of the current floodwall is limited by the hydrostatic uplift pressure on the Parkway 
Central concrete roadway slabs; 
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• The Parkway Central has been closed due to high waters seventeen (17) times since the 
floodwall was built in 1985; four (4) times since 2018;  

• The flooding of the 2500-ft portion of the “Parkway Central Bathtub” requires detouring of I-
376 eastbound traffic 3.3 miles and I-376 westbound traffic 0.8 miles through the downtown 
streets of Pittsburgh due to the low elevation of the roadway with respect to the Mon River. 

2.2.2 NEED 2: Improve Maintenance Response Time 

The secondary need of this project is to improve the response time needed to close the Parkway 
Central, establish the detour, pump out the flood water and clean-up debris from the roadway, and 
reopen to traffic following a flood event that exceeds the flood wall height.   

• The closure and detour of the Parkway Central are currently accomplished via Fort Pitt Tunnel 
and Allegheny County maintenance crews and the City of Pittsburgh Police. This is 
inefficient, expensive, and ties up resources from responding to other emergencies;  

• After flooding of the Parkway Central occurs, it takes about 12 hours to pump out the water 
and cleanup the flood debris using the two 4-inch permanent pumps supplemented by two 8-
inch pumps that are supplied by a Contractor that is on standby.  The cost of cleanup is 
approximately $100K; 

• During the Parkway Central closures, sawhorse and barrel type barriers are used due to their 
portability. However, these barrier types do not always prevent motorists from trying to drive 
through the flooded portion of the Parkway Central which is a safety hazard. Two motorists 
had to be rescued from their vehicles after the January 13, 2018 flood event; 

• Detouring traffic within the City of Pittsburgh causes substantial additional delays/congestion 
and increased emergency service provider response times and safety concerns; 

• The cleanup operations to remove mud and debris result in additional wear and tear on the 
Parkway Central pavement.   

 

2.3 Report Purpose 

Specific goals of this Alternatives Analysis Report include the following: 

• Evaluate alternatives based on hydraulic improvements and increasing safety and mobility 
throughout the project area during a flood event. 

• Evaluate alternatives with respect to their impacts to environmental constraints. 

• Evaluate alternatives based on their overall construction costs. 

• Evaluate alternatives with respect to their level of utility and right-of-way impacts.  

• Evaluate alternatives based on their constructability and ability to maintain traffic during 
construction.  
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Project Location Map – I-376 Bathtub – Parkway Central 

NTS 

 

 

 

 



ALTERNATIVE ANALYSIS REPORT   

I-376 Bathtub (Parkway Central) 

Pittsburgh, PA 

~ 6 ~ 

 

3.0 Existing Features 

To better understand the impacts of each alternative studied, the existing features of the project 
site are described below. 

3.1 Current Floodwall 

The current floodwall was constructed in the mid-1980s as part of a Parkway East reconstruction 
project. The existing floodwall plans divided the wall into five sections, Walls A, B, C, D, and E. 
Walls B and C contain the two sump pump areas known as “the little bathtub” and “the big bathtub” 
respectively. Walls D and E were relocated as part of the 2001 Fort Pitt Blvd Eastbound / Interstate 
Connector Project.  

The height of the current floodwall (measured at the gutterline) varies from a typical roadway 
barrier height of 2’-8” to a maximum of approximately 4 feet at the Stanwix Street sump pump 
area (aka “the little bathtub) and 6 feet at the Wood Street sump pump area (aka “the big 
bathtub).  Measuring from the top of the spread footings that support the wall, the stem height 
varies from 4’-1” minimum to 8’-1” maximum.  The top of wall elevation at each sump pump 
area is 719.5 (NAVD 88). 
 
According to testimony from current PennDOT personnel and as cited in a 2005 Pittsburgh Post-
Gazette article entitled “Getting Around: No ring about the Parkway East’s Downtown bathtub” 
written by Joe Grata, the current wall height is limited by the hydrostatic uplift pressure that is 
exerted on the spread footings beneath the parkway during flood events. If the current wall were 
built any taller, there is the risk that the hydrostatic pressure could heave the foundations, and the 
riding surface of the parkway, upwards after a flood event.  This phenomenon is discussed in 
greater detail in Section 5.2 - Hydrostatic Uplift Pressure.  A copy of the newspaper article 
appears in Appendix C. 
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The sections are described as follows: 

• Wall ‘A’ – Wall ‘A’ is a 2’-8” tall safety-shaped barrier supported by a spread footing 
foundation that runs from just west of Stanwix Street to just east of Smithfield Street adjacent 
to Fort Pitt Blvd Westbound (1,802 feet long).  This wall does not prevent any flooding from 
the Mon River and will not be modified as part of this project. 
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• Wall ‘B’ – The majority of Wall ‘B’ is a 2’-8” tall safety-shaped barrier supported by a spread 
footing foundation that runs from just west of Stanwix Street to below Market Street that 
separates I-376 WB traffic from the Mon-Wharf and Ramp N (Stanwix Street exit). The total 
length of the wall, including the portion along Ramp N (Stanwix Street exit), is 684 feet. The 
beginning of the wall to the portion that ties into the Ramp N (Stanwix Street exit) abutment 
serves as a floodwall for the Mon River (green hatched area below).  This portion is 351 feet 
long, transitions to an 18” thick vertical faced barrier approximately four feet tall and includes 
one of the two sump pump areas along the Parkway Central (aka “the little bathtub”). This 
portion is proposed to be raised to reduce the frequency of flooding. The remaining 333 feet 
runs in front of Ramp N (Stanwix Street exit) which ultimately protects the parkway from 
flooding for this stretch and will not need to be altered to further reduce flooding. 
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• Wall ‘C’ – Wall ‘C’ is primarily a 2’-8” tall safety-shaped barrier supported by a spread footing 
foundation that runs from just west of Market Street, below Wood Street and ends just east of 
Smithfield Street. The wall separates I-376 WB traffic from the Mon-Wharf parking and ramp 
entrance and I-376 Ramp D. The total length of the wall, including the portion along the Mon-
Wharf Entrance Ramp is 1248.5 feet. The beginning of the wall to the bottom of the Mon-
Wharf Entrance Ramp serves as a floodwall for the Mon River (orange hatched area below). 
However, the top of wall elevation along this  294’-9” long stretch is approximately 1 foot 
taller (elevation 720.5 +/-) than both sump pump areas so this portion of the wall is not 
currently overtopped during flood events. 239’-6” of the wall runs along the Mon-Wharf 
Entrance Ramp and will not need to be altered to reduce future flooding. The portion of the 
wall from the Mon-Wharf Entrance Ramp Abutment to the Fort Pitt Blvd Smithfield Exit 
Ramp Abutment below Wood Street is an 18” thick, vertical faced barrier that is 169’-1” long,  
approximately six feet tall, and comprises the second of two sump pump areas (aka “the big 
bathtub”) (red hatched area below).  The remaining 545 feet of safety-shaped barrier wall runs 
adjacent to I-376 Ramp D and will not need to be altered to reduce future flooding. 
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• Walls ‘D’ & ‘E’– These two walls, along with Ramp D, were removed and relocated as part 
of the 2001 Fort Pitt Blvd Eastbound / Interstate Connector Project.  The original location is 
shown in the schematic below. 

 

  
 
Relocated Ramp D is shown in the aerial view and Streetviews below.  The hatched area represents 
the portion below Fort Pitt Blvd Eastbound. 
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3.2 Other Site Features 

3.2.1 Mon Wharf Landing / Three Rivers Heritage Trail System 

The Mon Wharf Landing is a $3M linear park constructed in 2009 by the Riverlife organization in 
partnership with the City of Pittsburgh and Pittsburgh Parking Authority.  This project converted 
former parking spaces along the river’s edge into a riverfront park which features decorative 
paving, benches, lighting, and planters filled with flood-resistant trees and shrubs.  In 2018, a 
switchback ramp leading from the eastern end of the Mon Wharf Landing to the Smithfield Street 
Bridge was constructed.  This $3.2M project was also championed by the Riverlife organization.  
A final upgrade connecting the western end of the park to Point State Park is being developed by 
the Department of Conservation and Natural Resources.  The estimated cost of the project is 
$1.8M. 

The Three Rivers Heritage Trail System is a network of nearly 30 miles of trail in the City of 
Pittsburgh and managed primarily by the non-profit organization, Friends of the Riverfront. The 
network of trails provides a public route for cyclists, walkers, and runners. A portion of the Three 
Rivers Heritage Trail system utilizes the Mon Wharf Landing park for the full length of the bathtub 
project terminating at the switchback pedestrian ramp at the Smithfield Street Bridge to the east 
and extending to Point State Park to the west. 

Any impacts, temporary or permanent to the Mon Wharf Landing park would require Section 4(f) 
involvement. 
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3.2.2 Mon-Wharf Parking Lot  

The Mon-Wharf Parking Lot is located beneath the superstructure of Fort Pitt Boulevard 
Eastbound and comprises 458 parking spaces.  Access to the parking lot is via a single two-way 
ramp at the intersection of Wood Street and Fort Pitt Blvd Westbound.  A row of parking spaces  
is directly adjacent to the full length of the current floodwall.  The Mon-Wharf currently floods 
when the Mon River reaches a stage of 18 feet (Elevation 713.0). 
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3.2.3 Utilities / Drainage 

AECOM reviewed the available existing plans to preliminarily identify utility and stormwater 
drainage that may be impacted by the proposed alternates.  A PA One Call and a more in-depth 
investigation will be conducted based on the alternate selected to advance to Preliminary 
Engineering. A colored set of plans identifying the type, size, and location of the existing utilities 
is included in Appendix J.  A general description of the existing utilities within the project study 
area is as follows: 

Beginning just before Commonwealth Place is an 18” reinforced concrete cylinder pipe (RCCP) 
which runs the length of the I-376 Westbound corridor studied. This underground pipe is part of a 
system of inlets and manholes which collect stormwater from the roadway. The pipe is located 
along the south side of the road and flows west. In a number of locations, the I-376 Westbound 
18” RCCP connects with other drainage systems. At both the Stanwix Street and Wood Street 
crossings, the pipe connects to an ALCOSAN Diversion Structure which outputs into the 
Monongahela River. At Smithfield Street, the drainage system for the relocated Ramp D feeds into 
the 18” RCCP.  

Running linearly along the entire project corridor is an underground electric line under the Mon 
Wharf parking lot beneath the Ramp F (SR 8041) and Ramp D (SR 8095) superstructures, a 6” 
diameter water line under the Mon Wharf parking lot beneath the Ramp A (I-376 Eastbound) 
superstructure, and a deep 90” diameter ALCOSAN interceptor that runs between the edge of the 
Mon Wharf parking lot and Mon Wharf Landing Park. 

In addition to the drainage pipe system, a number of electrical conduits run the length of the I-376 
Westbound corridor as shown in the figure below. The majority of these conduits are located on 
the face of the existing Fort Pitt Blvd Westbound retaining wall on the north side of the roadway. 
They begin between Commonwealth Place and Stanwix Street where Ramp G meets I-376 
Westbound and continue the length of the area studied. These conduits are part of the ITS and 
lighting systems for I-376 and Fort Pitt Blvd and as such connect to multiple luminaires and 
overhead sign structures along the roadway. On the south side of I-376 Westbound, electrical 
conduits are attached to the face of the Fort Pitt Blvd Eastbound retaining wall in a number of 
locations, as well. These locations include the eastern side of the Stanwix Street overpass and on 
the western side of the Wood Street overpass.  
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All of the various overpasses which cross the I-376 Westbound corridor have multiple different 
utilities attached to the underside of the bridge structures. These utilities are frequently not shown 
on available plans and are unable to be identified. A general description of the number and location 
of these utilities is provided below, but further investigation through PA One Call may be required. 

The Stanwix Street overpass has two bays. There is a bank of four conduits which run along the 
underside of the eastern bay of the bridge. These conduits connect to an additional conduit which 
runs along the top of the northern abutment. There are also multiple conduits connected to the 
underside of the western bay of the bridge which come down through the deck and run across the 
overpass. None of these utilities are identified on the available plans. 
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The Market Street overpass has one bay with telecommunication conduits running along the 
bottom of three of its girders. There is also a conduit which runs along the top of the northern 
abutment from the west edge of the overpass to the center of the bridge where it then diverts up 
through the deck. 
 

 

The Wood Street overpass has three bays. There is a bank of four conduits which run along the 
inner girder of the eastern bay of the bridge. There is also a group of five conduits in the eastern 
bay which run down through the deck, along the front of the northern abutment, and across the 
overpass. The center bay has a similar configuration with four conduits that run down through 
the deck and fan out across the underside of the structure. Additionally, there is a larger pipe 
which is attached to the bottom flange of the inner girder of the western bay. The available plans 
indicate a 6” water line and a 6” gas line which traverse the I-376 Westbound corridor at the 
Wood Street overpass. There is also a 72” diameter 3-ring brick sewer buried beneath the 
roadway at an unspecified depth which follows the alignment of Wood Street and outlets into the 
Monongahela River.  
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The Smithfield Street overpass has four bays. There is a bank of six conduits which run along the 
center of the eastern bay of the bridge. A second conduit bank is located adjacent to the first 
which runs along the inner girder and terminates halfway along the span of the structure. 
Additionally, there are a number of electrical conduits which are also attached to the underside of 
the eastern bay. The two center bays contain another bank of five conduits as well as two 
conduits which run laterally across the overpass above the center of the I-376 Westbound 
roadway. There is a single pipe which runs along the western side of these bays and across the 
front face of the Northern abutment. In the western bay of the bridge, a single conduit runs along 
the center of the bay. The available plans show two gas lines which run the edges of the 
overpass.  There is also a Duquesne Light electric line shown on the western side of the 
overpass. 
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4.0 Alternatives Evaluation 

AECOM was scoped with investigating the following alternatives to prevent or reduce the 
frequency of I-376 roadway flooding: 

1. Increase the height of the current floodwall.  
2. Construct a tunnel over I-376 Westbound 
3. Construct a new wall between the Mon River and the Mon-Wharf Parking Lot 

 
Detailed cost estimates for each of the three alternatives appear in Appendix G. Estimates were 
developed by two independent estimators to provide a range of estimated project costs. 
 
Additionally, AECOM was tasked with investigating an alternative to automate the flood detection 
and bathtub closure process, reduce detour travel time, and minimize cleanup efforts. 

4.1 Alternative F1 – Increase Height of Current Floodwall 

The typical section of the current floodwall consists of a 1’-9” wide safety-shaped barrier and  
equal-width wall stem supported by a structural spread footing foundation beneath the I-376 
Westbound.  As mentioned in Section 3.1, the thickness of the existing spread footing foundation 
increases as the wall height increased in order to maintain a factor of safety of 1.3 against 
hydrostatic uplift.  The wall stem is reinforced by No. 5, Grade 60, reinforcing bars spaced at 12 
inches in both the front and rear faces.   
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In the area of the sump pumps at Stanwix and Wood Streets, the wall is a straight-faced wall that 
is 1’-6” thick and is also reinforced by No. 5, Grade 60, reinforcing bars spaced at 12 inches in 
both the front and rear faces. 
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AECOM investigated three scenarios to reconstruct the floodwall at its current location. 

4.1.1 – Reconstruct Stem from Top of Footing to Elevation 724.5 For Entire Length 

In conjunction with the H&H analysis completed by NTM Engineering, Inc. (NTM) it was 
determined that a wall height equal to elevation 724.5 (NAVD88) would have prevented the nine 
(9) flood events that have occurred since 2005 and fifteen (15) of the seventeen (17) flood events 
that have occurred since 1985 when the existing floodwall was constructed. (Floodwaters reached 
elevation 729.1 in 1996 and elevation 725.5 in 2004). This corresponds to raising the current 
floodwall by a maximum height of 5’-0”.   

This alternative considers rebuilding the entire stem from the top of the footing to the top of the 
wall at elevation 724.5.  Reconstructing the entire stem will allow the existing bars projecting from 
the top of the existing footing to be examined and repaired or replaced as necessary.  It also 
provides an opportunity to examine and replace the waterstop between the footing and the stem as 
needed.  

A structural analysis of the proposed wall revealed that wherever the stem height (top of footing 
to top of wall) is greater than 11’-6” for the 1’-9” wide safety shape sections and 10’-9” for the 1’-
6” wide straight wall sections, additional No. 5 bars at 12” need to be staggered with the existing 
bars and doweled into the existing footing to provide No. 5 bars at 6” to resist the moment due to 
flood waters at elevation 724.5.  Structural calculations appear in Appendix D. 

The estimated cost to rebuild the stem of the existing floodwall from the top of the footing to 
elevation 724.5 for the entire length of the floodwall (833’-10”) ranges from $6,780,000 to 
$8,640,000 (not including costs for hydrostatic uplift mitigation).   Two independent cost estimates 
appear in Appendix G. 
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4.1.2 – Reconstruct Stem from Top of Footing to Elevation 724.5 Only Where Needed 

To reduce the cost of fully rebuilding the existing stem, AECOM determined that a stem height of 
11’-6” (top of footing to top of wall) for the 1’-9” wide safety shape sections and 10’-9” for the 
1’-6” wide straight wall sections can be supported by the existing No. 5 bars at 12” projecting from 
the footing.  Therefore, wherever the stem heights are at or below these heights, the current wall 
can be sawcut, demolished, and re-poured from 3” above the gutterline up to elevation 724.5 with 
longer reinforcement spliced to the existing bars.  This reduces the amount of demolition needed 
and reduces the amount of excavation and rebuilding of the parkway pavement needed to expose 
the existing footing.  However, the new wall would be supported by a portion of the stem that was 
constructed in 1985 and the condition of the existing reinforcement and waterstop at the joint 
between the top of the footing and the base of the stem would not be able to be examined and 
repaired if necessary. 

Calculations that determine the maximum permissible wall height based on the existing wall 
thickness and reinforcement are included in Appendix D. 

The total length of the full stem reconstruction needed from the top of footing up is 169’-1”.  The 
total length of the partial stem reconstruction from above the gutterline up is 664’-9”.  Raising the 
current floodwall height in this manner reduces the estimated cost range to $5,890,000 to 
$7,670,000 (not including costs for hydrostatic uplift mitigation).  Two independent cost estimates 
appear in Appendix G. 
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4.1.3 – Reconstruct Ancillary Areas to Elevation 726 

The current floodwall overtops at Elevation 719.5 (NAVD88, El. 720 NGVD29). There are two 
other areas away from the current floodwall that are not currently overtopped during flood events 
but will need to be raised in conjunction with raising the current wall to the proposed elevation 
724.5 as described in Sections 4.1.1 and 4.1.2. The costs associated with modifying these areas are 
included in the cost estimates previously presented.  

The first area is a 254-foot long portion of the wall along the Mon-Wharf parking lot beneath the 
Fort Pitt Blvd Eastbound exit to Grant Street.  The top of wall elevation ranges from 721.4 to 
723.6.  To ensure that any future flooding overtops at the current sump pump locations, AECOM 
recommends that an 18” thick cast-in-place concrete extension to elevation 726 be doweled into 
the top of the existing concrete gravity retaining wall. This portion of the wall lies with the City of 
Pittsburgh Legal Right-Of-Way.  However, raising the wall along I-376 Westbound that is within 
PennDOT Legal Right-Of-Way would allow floodwaters to enter the inlet located at the end of the 
swale in the concrete slope wall and surcharge the stormwater system along I-376.   
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The second area is a portion of the right barrier of Fort Pitt Boulevard Eastbound leading to 
Ramp D just before it passes beneath the approach span to the Smithfield Street Bridge.  The top 
of barrier elevation ranges from a minimum of 724.1 feet to over 730.0 feet. To ensure that any 
future flooding does not occur at this location, AECOM recommends rebuilding a portion of this 
wall to approximately elevation 726.  Thirty (30) linear feet of the barrier will need to be rebuilt 
to a constant elevation of 726 and a closure wall constructed to tie into I-376 Eastbound Ramp E 
passing under the Smithfield Street Bridge to prevent flooding of the Ramp D tunnel. 
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A redlined set of existing plans with photos showing the limits of the proposed reconstruction 
appears in Appendix I. 

4.1.4 – Reconstruct Stem from Gutterline to Elevation 722 For Entire Length 

Another alternative would be to rebuild the entire floodwall only from the gutterline up to elevation 
722 (NAVD 88) which raises the wall at its lowest point by 2’-6”.  This corresponds to a maximum 
stem height that can be supported by the existing No.5 bars at 12” throughout the entire length of 
the existing floodwall (no need for dowels and full reconstruction anywhere regardless of stem 
height).  Reconstruction is assumed from 3” above gutterline to the top of the new wall. The 
ancillary areas described in Section 4.1.4 below are each above elevation 722 and would not need 
to be modified either. Raising the wall to elevation 722 would have prevented ten (10) of the 
seventeen (17) flood events that have occurred since 1985. Although the amount of flood 
protection is reduced, the estimated cost is also reduced to $4,380,000 to $6,540,000 (not including 
costs for hydrostatic uplift mitigation).  Two independent cost estimates appear in Appendix G. 
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4.1.5 - Impacts of Alternative 

4.1.5.1 Traffic (MPT / Mon Wharf Parking / Trail) / Constructability 

With an ADT of over 44,000 vehicles on I-376 Westbound, impacts to traffic was a key 
consideration for each alternative. 
 
This alternative requires work adjacent to the left lane of I-376 Westbound, Ramp N 
(Stanwix Street Exit), and Ramp D (Fort Pitt Blvd Eastbound Connector).   
 
For the reconstruction of Wall B near Stanwix Street, a temporary barrier can be placed from 
the Ramp N abutment (Stanwix Street Exit) extending along the existing yellow pavement 
marking line along the left edge of the left lane to the end of the Wall B reconstruction limit.  
The two I-376 through lanes and possibly the SR 279 exit ramp will be temporarily reduced 
to 11’-0” to allow room for the temporary barrier needed to not only protect the work zone, 
but provide positive separation between I-376 and the Mon Wharf parking area.  A similar 
configuration will be implemented for the reconstruction of Wall B near the Mon Wharf 
parking ramp and Stanwix Street exit and Wall C reconstruction under Wood Street.  
 
To reconstruct the right barrier at Ramp D, the length of the two lane portion of the ramp 
from the existing merge point to where the traffic from Ramp D and the ramp from Fort Pitt 
Blvd Eastbound come together to form the two lane ramp will be reduced closing the right 
lane with temporary barrier and the traffic from either Ramp D or Fort Pitt Blvd Eastbound 
will be in a stop condition at the new temporary Fort Pitt Blvd EB / Ramp D merge point. 
 
Contractor staging areas and material deliveries will be a significant challenge for this 
alternative.  Nighttime closures of the left lane of I-376 will be used for debris removal and 
material deliveries.  The Stanwix Street ramp could be closed during construction and used 
for a Contractor’s trailer and staging area. 
 
Most of the activities involved in the demolition and rebuilding of the floodwall will likely 
need to occur from the Mon Wharf parking lot.  Given the proximity of the parking spaces to 
the river side of the floodwall, the parking spaces near the work areas will need to be closed 
off. Coordination with the Pittsburgh Parking Authority and compensation for the loss of 
parking spaces will likely be required. Additionally, because of the anticipated impact to 
parking, the proposed wall work could be broken up into manageable segment lengths and 
phased to reduce the overall impacts to the loss of parking spaces. 
 
This alternative will not have any impact on the use of the Mon Wharf Landing Park and 
trail. 

4.1.5.2 Utilities 

By reconstructing the floodwall along its current alignment, impact to utilities will be 
minimal.  The existing ITS conduits and cabinets and sump pump piping at each sump 
location will need to be raised in conjunction with the wall.  A cost to relocate and 
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reconfigure the ITS system for automatic flood detection has been included with Alternative 
4.4. 

4.1.5.3 Right-of-Way 

Much of the permanent reconstruction of the wall will lie within the Department’s legal 
Right-Of-Way.  The only portion that is proposed outside of the legal Right-Of-Way is the 
254 LF of wall extension needed to the retaining wall beneath Fort Pitt Boulevard Eastbound 
adjacent to the Mon Wharf parking lot between Wood and Smithfield Street.  As explained in 
Section 4.1.4, raising the wall along I-376 Westbound that is within PennDOT Legal Right-
Of-Way would allow floodwaters to enter the inlet located at the end of the swale in the 
concrete slope wall and surcharge the stormwater system along I-376.  Therefore, the wall 
needs to be raised on the river side of the concrete slope wall.  
 
Although temporary access and staging will be needed within the City of Pittsburgh Right-
Of-Way, an agreement will be needed to compensate the Pittsburgh Parking Authority for the 
loss of parking spaces during construction. 

4.1.5.4 Environmental / Section 4(f) 

This alternative will not have any impact on the use of the Mon Wharf Landing Park and 
trail. Reconstructing the existing floodwall will not have any environmental impacts. 

4.1.5.5 Existing Structures 

Other than the obvious impact to the existing floodwall, the existing overpasses and ramps 
will not be adversely affected by constructed.  As mentioned in the MPT discussion, closing 
the Stanwix Street Ramp (Ramp N) to use as a Contractor staging area may be something to 
consider. 

4.1.5.6 Future Maintenance 

Future maintenance of the reconstructed floodwall will be much the same as the current 
floodwall which is minimal. 

4.1.5.7 Driver’s Expectations / Visibility 

The raising of the wall 5’-0” maximum from the current height will reduce visibility of the 
river.  However, the view is already obscured by the adjacent overpasses and supporting piers 
so this should not be a concern.  The taller wall may darken the areas beneath the city-owned 
overpasses so additional or upgraded lighting beneath these structures has been considered in 
the cost estimate. 

4.1.5.8 Stormwater System / H&H 

Caution will need to be exercised during demolition of the existing floodwall to not damage 
the adjacent 18” diameter concrete stormwater pipe that runs adjacent to the floodwall 
gutterline for the full length of the project. However, the pipe is encased within the structural 
slab foundations so damaging it is not a major concern. 
 
The H&H analysis shows that raising the wall to elevation 724.5 does not have any impact to 
the FEMA 100-year water surface elevations.  However, surcharging of the stormwater 



ALTERNATIVE ANALYSIS REPORT   

I-376 Bathtub (Parkway Central) 

Pittsburgh, PA 

~ 39 ~ 

 

system during flood events may still be an issue if sluice and/or flap gates don’t close 
properly, the pipes joints are not sealed properly and hydrostatic pressure forces inflow, etc..  
A complete investigation will be required during the preliminary engineering phase.  

 
4.1.6 – Advantages / Disadvantages of Alternative 

Advantages  

  1. Lowest cost 

  2. Simple construction materials and methods 

  3. Minimal impact to utilities 

  4. Low future maintenance  
 

Disadvantages  

   1. Construction adjacent to traffic 

   2. Little room for Contractor staging 

3. Reliance on existing foundation slabs and reinforcement constructed in the mid-1980s. 

   4. Pump system and parkway closure still required for overtopping events 

5. Requires closure of a row of Mon Wharf parking spaces during construction    
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4.2 Alternative F2 – Construct a tunnel-like structure over I-376 

The second alternative studied to prevent future flooding of the parkway was the construction of a 
tunnel structure over I-376.  AECOM considered a concrete rigid frame constructed using either 
cast-in-place concrete or precast concrete segments. The tunnel would begin west of Stanwix 
Street and end at the current Grant Street tunnel for an estimate length of 2600 ft. 
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It is expected that additional foundation support would be needed to support the additional 
weight of the rigid frame.  A row of pin piles beneath each leg and drilled through the existing 
foundations is one possible solution. However, pending a structural analysis, the rigid frame 
could possibly be supported directly by the current floodwall foundation and the footing for the 
Fort Pitt Boulevard Westbound retaining wall.   

 

There are several constructability-related challenges associated with this alternative. Typically, 
16’-6” of vertical clearance is required for interstate traffic. The Strategic Highway Network 
(STRAHNET) includes all interstate highways in Pennsylvania.  When a new project provides 
less than the minimum required clearance or does not correct an existing substandard vertical 
clearance, coordination with the Surface Deployment and Distribution Command Transportation 
Engineering Agency (SDDCTEA) is required to review and approval an exception. However, 
interstate traffic into the City of Pittsburgh along I-376 Westbound is currently limited to 13’-6” 
of vertical clearance due to height restrictions at the Squirrel Hill tunnels. 

Currently, three of the four city-owned overpasses have less than 16’-6”  but more than 13’-6” of 
vertical clearance.  

Overpass Stanwix Market Wood Smithfield 

Min. Vert. Clr 14’-3 ½” 16’-9 ½” 14’-5” 14’-5” 
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Making the tunnel discontinuous at each overpass would allow possible entry points for 
floodwaters. To keep the tunnel continuous from the Grant Street tunnel to beyond Stanwix 
Street, the parkway would need to be reprofiled and reconstructed to allow the ceiling of the 
rigid frame to pass below the existing overpasses. Given that the thickness of the ceiling could be 
as much as two feet, it is not practical to lower the profile enough to provide adequate vertical 
clearance beneath each overpass.  The profile adjustment would impact the foundations of the 
Fort Pitt Boulevard Westbound retaining wall and the piers of each overpass and clearance to 
maintain the current overpass superstructures would be an issue. 

Alternatively, the current overpass structures could be eliminated and the Stanwix, Market, 
Wood, and Smithfield Street connections to Fort Pitt Boulevard Eastbound constructed on top of 
the rigid frame. This would allow the current vertical clearances to be improved.  However, 
coordination and partnership with the City of Pittsburgh would be necessary to eliminate the 
city-owned overpasses. 

If the tunnel structure is discontinuous at each overpass, a floodwall would need to be 
constructed beneath each city-owned structure. Since the 100-year flood elevations are above the 
bottom of the existing beams, the floodwall cannot prevent all future flooding.  A robust 
pumping system would need to be installed to drain the tunnel if it is ever breached by 
floodwaters. 

The ceiling of the rigid frame could be post-tensioned or constructed of prestressed concrete to 
reduce the ceiling thickness as much as possible which, in turn, would reduce the amount of 
profile adjustment required along the parkway if the constructing the continuous tunnel beneath 
the existing superstructures is considered. 

Another challenge associated with this alternative is the accommodation of the Grant Street I-
376 entrance ramp (Ramp A) and the Stanwix Street exit ramp.  Since the 100-year flood 
elevation is near the elevation of Fort Pitt Boulevard Westbound, penetrations in the tunnel for 
these ramps do not allow the tunnel option to protect against all future flooding.  Provisions for 
flood gates that can be lowered at these locations during high flood events to protect the tunnel 
from filling with water have been accounted for in the cost estimate. 

Also, the variable roadway width at these points will require longer spans for the ceiling of the 
rigid frame which will require thicker ceiling slabs. This will further compound the vertical 
clearance issue at the Smithfield and Market Street overpasses as the ramps pass underneath. 

Other considerations include tunnel lighting, ventilation, emergency egress, and relocation of 
overhead signing that are associated with tunnel construction.  

This alternative provides the opportunity to construct a new linear park on top of the tunnel 
between Stanwix, Market, Wood, and Smithfield Street overpasses/intersections similar to the I-
579 Cap project that is currently under construction. 
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The estimated cost of the tunnel alone (not including a profile adjustment or removal of the 
overpasses) is $122,280,000 to $144,290,000 (not including costs for hydrostatic uplift 
mitigation).  A detailed cost estimate appears in Appendix G. 

4.2.1 - Impacts of Alternative 

4.2.1.1 Traffic (MPT / Mon Wharf Parking) / Constructability 

This alternative will have a severe impact to traffic during construction.  Alternating closures 
of the outside lanes will be required to install the single row of pin piles anticipated to 
support the rigid frame walls.  Full nighttime closures will be needed to install the ceiling 
slabs and install the lighting, signing, and ventilation inside the tunnel.  Longer term full lane 
closures would be needed if the parkway is reprofiled or if the overpasses are removed. 
Closure of the Mon Wharf and Stanwix Street ramps would be required as the support walls 
are constructed adjacent to these structures. 
 
Similar to the existing floodwall alternative, Contractor staging areas and material deliveries 
will be a significant challenge for this alternative as well.  The Stanwix Street ramp could be 
closed during construction and used for a Contractor’s trailer and staging area. 
 
Some of the demolition and installation of the river side support walls could occur from the 
Mon Wharf parking lot.  Given the proximity of the parking spaces to the river side support 
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wall, the parking spaces near the work areas will need to be closed off. Coordination with the 
Pittsburgh Parking Authority and compensation for the loss of parking spaces will likely be 
required. Additionally, because of the anticipated impact to parking the proposed wall work 
could be broken up into manageable segment lengths and phased to reduce the overall 
impacts to the loss of parking spaces. 
 
This alternative will not have any impact on the use of the Mon Wharf Landing Park and 
trail. 

4.2.1.2 Utilities 

The existing communication, electric, and ITS conduits present beneath each city-owned 
overpass may need to be relocated to ensure that they can be accessed for future maintenance 
if the tunnel ceiling passes below the existing superstructures or relocated altogether if the 
overpasses are eliminated.  

4.2.1.3 Right-of-Way 

All of the permanent construction for the proposed tunnel would be within PennDOT’s legal 
Right-Of-Way.  Although temporary access and staging will be needed within the City of 
Pittsburgh Right-Of-Way, an agreement will be needed to compensate the Pittsburgh Parking 
Authority for the loss of parking spaces during construction.  

4.2.1.4 Environmental / Section 4(f) 

This alternative will not have any impact on the use of the Mon Wharf Landing Park and 
trail. Construction of the tunnel will not have any environmental impacts.  

4.2.1.5 Existing Structures 

Construction of the northern support wall will require a row of pin piles be drilled through 
the existing toe of the retaining wall footing that supports Fort Pitt Boulevard Westbound.  
The footing toe may also be impacted if I-376 Westbound is reprofiled to construct a tunnel 
that is continuous beneath each overpass.  Obviously, if the overpasses are to be removed and 
a new connecting roadway constructed on top of the tunnel this would be a major impact to 
these structures as well. 

4.2.1.6 Future Maintenance 

Ventilation, fire suppression, and lighting are components not associated with the other 
alternates that will require routine  future maintenance to ensure that they are always 
operational. 

4.2.1.7 Driver’s Expectations / Visibility 

As with most tunnels, traffic slowdowns approaching the tunnel can be expected as drivers 
pre-position themselves in the correct lanes for upcoming exits and adjust to a change in the 
light levels.  Having the Stanwix Street exit within the tunnel itself would further slow 
traffic.  Finally, with limited vertical space for overhead signing, sudden weave movements 
by motorists in incorrect lanes can be expected near the exit of the tunnel as drivers decide to 
continue onward on I-376 Westbound or exit in the right lane to SR 279 North. 
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4.2.1.8 Stormwater System / H&H 

Similar to the reconstruction of the floodwall, the existing 18” diameter concrete stormwater 
pipe that runs adjacent to the left gutterline for the full length of the project will need to be 
protected, especially during installation of the pin piles.  
 
The H&H analysis shows that the tunnel could protect against the 100-year flood event.  
However, since the 100-year flood elevation is near the elevation of Fort Pitt Boulevard 
Westbound, penetrations in the tunnel for the Grant Street entrance ramp and Stanwix Street 
exit ramp do not allow the tunnel option to protect against all future flooding.  Provisions for 
flood gates that can be lowered at these locations during high flood events to protect the 
tunnel from filling with water have been accounted for in the cost estimate. 
 
 

4.2.2 – Advantages / Disadvantages of Alternative 

Advantages  

  1. Protects against higher flood events (but not all) 

  2. Potential to create urban park on top of tunnel between overpasses 

  3. All new construction (no reliance on original construction circa mid-1980s) 

 
Disadvantages  

   1.  Highest cost 

   2. Major impact to traffic during construction 

   3. Little room for Contractor staging 

   4.  More complicated construction materials and methods 

   5. Greatest impact to utilities 

   6. Greatest future maintenance 

   7. Pump system and parkway closure still required if tunnel is flooded 

8. Rush hour traffic backups will likely increase due to change in driver’s expectations as 
they approach and drive through the tunnel 

9. Emergency response would be more complicated inside a tunnel  

10. Requires closure of a row of Mon Wharf parking spaces during construction 
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4.3 Alternative F3 – Construct a Floodwall Between the Mon River 

and the Mon-Wharf Parking Lot 

The third alternative studied to prevent future flooding of the parkway considered construction of 
a floodwall along the riverbank.  Initially, a wall constructed between the planters of the Mon 
Wharf Landing Park and the piers supporting I-376 Eastbound was considered.  However, the 
overhead clearance would make the wall very difficult to construct and the wall would isolate 
trail users from the Mon Wharf parking lot.  Building the wall directly along the riverbank would 
block all viewsheds from the park and is not practical. 

Given the constraints above, AECOM developed an elevated park/trail concept supported by a 
bin wall as a possible solution.  The bin wall would be constructed of precast concrete sections 
that are post-tensioned together; similar to an upside-down rigid frame.  This is the same type of 
construction as a precast U-wing for a precast concrete culvert.  The wall would be filled with 
free-draining material and topped with a sidewalk slab and pedestrian railings. 

For the purposes of this proposal, AECOM considered a wall that supports a 12-foot wide trail 
with two 8-foot wide ADA ramps at either end leading down to the Mon Wharf parking lot. The 
top of wall was set at elevation 724.5 to provide an equal comparison to the alternate that raises 
the current floodwall to that height. However, the wall can be constructed wider or narrower, 
taller or shorter as necessary without impacting the 100-year FEMA flood elevation. 

Beginning at the western end, the bin wall would pass beneath I-376 Eastbound and tie into the 
Point State Park pedestrian connector.  The elevated park would continue along the river’s edge 
to Smithfield Street where it would connect to the recently constructed switchback ramp for an 
approximate length of 2,150 feet.  The lower switchback ramp would be removed and replaced 
with the bin wall. 
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The estimated cost of this alternative is $31,270,000 to $39,080,000 (not including costs for 
hydrostatic uplift mitigation).  A detailed cost estimate appears in Appendix G. 

4.3.1 - Impacts of Alternative 

4.3.1.1 Traffic (MPT / Mon Wharf Parking) / Constructability 

Constructing a new floodwall adjacent to the riverbank has the least impact to traffic of all 
the alternatives considered as I-376 Westbound traffic would remain uninterrupted for the 
entire duration of construction. The Contractor could stage on a barge and receive material 
deliveries via barge as well.  Personnel and smaller equipment could access the work site via 
the Mon Wharf parking ramp. Additional staging and laydown areas also exist near the end 
of the Smithfield Street pedestrian switchback ramp.   
 
Other than access to the work site, the Mon Wharf parking lot would remain mostly 
unaffected. The only parking spaces that would need to be possibly closed off are those that 
would be directly adjacent to the current location of work. Coordination with the Pittsburgh 
Parking Authority and compensation for the loss of parking spaces will likely be required. 
Additionally, because of the anticipated impact to parking the proposed elevated park/trail 
work could be broken up into manageable segment lengths and phased to reduce the overall 
impacts to the loss of parking spaces. 
 
Obviously, this alternative will have a major impact on the users of the trail and the Mon 
Wharf Landing Park.  The trail and park will need to be completely closed until construction 
is complete or sections detoured through the parking area by eliminating a series of parking 
spaces as the work progresses in a linear manner.  

4.3.1.2 Utilities 

The location of the current trail is largely devoid of existing utilities so relocations, both 
temporary or permanent, would not be a major concern.  The 90” ALCOSAN interceptor that 
runs parallel to the trail is deep enough to not be impacted by the proposed at-grade 
construction.  

4.3.1.3 Right-of-Way 

The City of Pittsburgh owns the property where the proposed elevated trail wall would be 
located.  Therefore, this project would need to be a partnership between PennDOT, the City 
of Pittsburgh, and Riverlife. 

4.3.1.4 Environmental / Section 4(f) 

The Section 4(f) process would need to be implemented for this project as the trail and park 
will need to be completely closed until construction is complete. 

4.3.1.5 Existing Structures 
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It is anticipated that the proposed bin wall would replace the lower ramp of the Smithfield 
Street pedestrian switchback ramp. To ensure that the proposed wall is watertight, the wall 
would tie into the Smithfield Street abutment. The other end of the bin wall would snake 
between the concrete columns that support I-376 Eastbound with the wall tying into the 
existing I-376 Eastbound pier shaft and Fort Pitt Boulevard Eastbound abutment wall. 

4.3.1.6 Future Maintenance 

The pedestrian railing, landscape lighting, and snow and debris removal would be future 
maintenance items that are unique to this alternative.  However, it is expected that future 
maintenance would be the responsibility of the Riverlife organization. 

4.3.1.7 Driver’s Expectations / Visibility 

With the wall located adjacent to the river, driver’s expectations through the corridor would 
not change from present day.  Visibility to the river would be impeded by the elevated trail 
wall but, as mentioned before, this view is already hindered by the adjacent overpasses and 
support columns over the Mon Wharf parking area. 
 
The height of the raised trail will reduce the amount natural light currently occurring in the 
Mon Wharf parking lot.  Supplemental lighting of the Mon Wharf parking area may be 
required.  

4.3.1.8 Stormwater System / H&H 

The H&H analysis shows that raising the wall to elevation 725 does not have any impact to 
the FEMA 100-year water surface elevations.  In fact, raising the elevated trail wall to any 
height does not cause any adverse effects making this alternative more flexible than the 
others as it is not encumbered by existing overhead structures.  
 
The location of the elevated trail wall should have no physical impact on the existing 
stormwater system. The localized stormwater analysis performed for the storm sewer system 
that drains to the Big Bathtub indicates that the PennDOT storm sewer system has the capacity 
to convey the 25-year event without surcharging inlets. Raising the floodwall will result in 
requiring the sump pumps to be able to pump against that additional head.  

 

4.3.2 – Advantages / Disadvantages of Alternative 

Advantages  

 1. Potential to protect against the 100-year flood event. If wall is breached during a flood, 
serves as a first line of defense before current floodwall is overtopped and parkway is 
closed.  

 2. Protects the trail and Mon Wharf parking lot from frequent flooding that currently 
occurs 

 3. No impact to parkway traffic during construction and little impact to Mon Wharf 
parking during construction 
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 4. Opportunity for additional funding sources from the City, Riverlife, and Friends of the 
Riverfront. 

  5. No impact to utilities 

  6. Low future maintenance 

  7. Contractor has room to stage directly adjacent to work area via a barge 

 8. Potential to improve the riverfront by expanding the park to include boat docks, 
outlooks, etc. 

9. All new construction (no reliance on original construction circa mid-1980s) 
 

Disadvantages  

   1. Higher cost 

   2. Requires coordination and agreement with City of Pittsburgh and Riverlife 

   3. Darkening of Mon Wharf parking area would require additional lighting 

 4.  More complicated construction materials and methods compared to rebuilding the 
current floodwall (but less complicated than tunnel construction) 
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4.4 Alternative T1 – Automated Flood Detection and Gate System 

This proposed automated system has been proposed to significantly reduce the time and labor 
force required to close and reopen to traffic the seven access points to the I-376 Parkway East 
Bathtub area during a flood event. Aligning with the PennDOT response procedures, AECOM 
has developed recommendations for an Automated Flood Detection/Gate System to be located 
within and outside the Bathtub area. The system includes a network of advanced warning and 
detour route DMS signs and gates that can be activated remotely prior to a flood event. 
 
AECOM has determined that additional remote ITS cabinets can be installed and integrated within 
the existing fiber and wireless Western Regional Transportation Management Center and Ft Pitt 
Tunnel communication network.  Expansion of the existing Fort Pitt Tunnel PLC Scada 
Monitoring and Control System can be accomplished to incorporate the control of an automated 
Flood Detection and Gate System coinciding with current flood emergency closure procedures.     
 
Using pressure transducers mounted against 
the bathtub walls to monitor  actual river 
levels, the Scada system can send out 
alarms at various critical levels in a timely 
manner so that Fort Pitt Tunnel 
maintenance personal can respond quickly 
to assist the closing of the potential 
automated sluice gates at the sump 
locations, Interstate connector and I-376 
WB at Grant St off-ramp. Gate closings 
would be fully automated and would not 
necessitate the need to use PennDOT 
resources to field deploy traffic barricades 
and signs.   
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The following figure shows the proposed gate locations for the seven access points into and out of 
the bathtub area that would require closure during a flooding event. Gate locations are shown in 
light red and are consistent with the following access locations (listed in order of priority). 
 

1. I-376 WB before Grant Street off-ramp  
2. Ramp from Grant Street to I-376 WB  
3. I-279 SB to I-376 EB on Portal Bridge  
4. Access from Point State Park to I-376 EB  
5. Ramp from Stanwix Street to I-376 EB  
6. Ramp from Market Street to I-376 EB  
7. Ramp from Wood Street to I-376 EB  
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With respect to the seven access areas for proposed gate closures, Additional CCTV coverage is 
required to view the added gate areas.  The table below identifies where new CCTV coverage will 
be needed.     

Gate Location 
Existing 
CCTV 

Additional 
CCTV 

I-376 WB before Grant Street off-ramp YES 
NO 

Ramp from Grant Street to I-376 WB YES 
Possible 

I-279 SB to I-376 EB on Portal Bridge YES 
Possible 

Access from Point State Park to I-376 EB NO 
YES 

Ramp from Stanwix Street to I-376 EB NO 
YES 

Ramp from Market Street to I-376 EB NO 
YES 

Ramp from Wood Street to I-376 EB NO 
YES 

 
  



ALTERNATIVE ANALYSIS REPORT   

I-376 Bathtub (Parkway Central) 

Pittsburgh, PA 

~ 54 ~ 

 

To warn motorists in advance of a flooded bathtub condition, a combination of nine (9) existing 
and three (3) additional DMS sign locations are proposed.  
 
EXISTING: 
1. DMS 213 - I-279SB, Hazlett ST [Overhead Full matrix DMS]  
2. DMS 209 - RT65SB – RT65/McKees Rocks Bridge [Center mount DMS]  
3. DMS Insert – I-376WB – County Jail [Grant St Exit Sign DMS Insert]  
4. DMS Insert – I-376WB – 2nd Ave [Grant St 3/8th Mile Sign DMS Insert]  
5. DMS 50 – I-376 WB, Bates St [Overhead Full matrix DMS]  
6. DMS 60 – I376 WB – Saline St [Overhead Full matrix DMS]  
7. DMS 70 – I376 WB – Edgewood [Overhead Full matrix DMS]  
8. DMS 80 – I376 WB – Greensburg Pike [Overhead Full matrix DMS]  
9. DMS 90 – I376 WB – Penn Hills [Overhead Full matrix DMS] 
 
PROPOSED: 
1. Three new replacement DMS signs near Heinz field  
2. Overhead DMS sign on Ft Duquesne Bridge on existing sign support for I-279 SB 
3. Full Truss or Centermount DMS on I376WB 1 mile in advance of Grant St 
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In addition to the automatic flood detection and gate system and advanced warning via DMS 
signs, it is proposed that the detour route signing for I-376 Eastbound also be automated using 
DMS signs along the Banksville Rd Interchange detour loop. 
 

 
Additional details and the cost estimate for the proposed system can be found in Appendix E. 
 
The estimated cost for the system outlined above ranges from $4,100,000 to $5,200,000. 
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4.5 Alternative T2 – Traffic Analysis 

Per the Scope of Work, AECOM performed a traffic analysis to optimize traffic flow along the 
detour route during flood events.  
 
Using the turning movement counts collected in 2017 as part of the Downtown CBD Traffic 
Counts, ADT data provided by PennDOT, and INRIX data, traffic analysis was performed to 
determine the effects of a closure of the Bathtub section of I-376 West on the detour route of the 
CBD.  Based on this analysis, the following are recommendations to increase the flow of traffic 
along the detour route:   
 
1. Optimize traffic signal cycle lengths, splits, and offsets 

• Although optimizing the traffic signal lengths, splits, and offsets will not yield acceptable 
LOS or queuing, it will maximize the flow of traffic along the detour route.   

• Existing traffic signal phasing should remain.   

• Cycle lengths should be short enough that pedestrians comply with the pedestrian phasing  
and minor street traffic does not significantly impact adjacent intersections within the 
CBD.   

  
2. Modify the traffic signal progression along the detour route.  

• Modify the reference phase for coordination at two intersections along the detour route in  
order to progress the flow of traffic along the detour route.   

 
3. Coordinate with the City of Pittsburgh to implement timing plan during flood event   

• Coordination with the City of Pittsburgh should occur to establish a plan for when a flood  
event occurs and I-376 West traffic must be detoured through the CBD.    

• A predetermined timing plan should be established that can be implemented remotely for  
the intersections along the detour route to move traffic as efficiently as possible during a  
flood event.   

  
4. Implement DMS warning messages   

• DMS warning messages should be used to alert drivers that the Bathtub section of I-376  
West is closed.    

• The DMS messages should be displayed along I-376 West approaching the closure and, if 
possible, at the Pennsylvania Turnpike Interchange with I-376 West.   

 
The analysis shows that implementing the recommendations above can reduce the detour route 
travel time as much as 13% for the AM Peak, 46% for Midday, and 11% for the PM Peak.   
 
Additional details on the proposed recommendations can be found in Appendix F. 
 
Because the recommendations are simply programming modifications to existing traffic hardware, 
the estimated cost for this alternative is less than $10,000.  This alternative can be combined with 
alternative T1 and T3 or implemented by itself until the other alternatives can be constructed. 
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4.6 Alternative T3 – Improve Cleanup Time 

This alternative provides larger capacity pumps and other equipment necessary to reduce the 
amount of time to dewater and clean up the parkway after an overtopping event.   

The current procedure to dewater both bathtub areas is as follows.  The existing permanent 4-inch 
pumps at the Stanwix Street and Wood Street sump locations are undersized and cannot handle 
mud and other flood-related debris.  Therefore, these pumps are deactivated just prior to the wall 
being overtopped. After the wall is breached and the floodwaters have receded below the wall, a 
Contractor, on retainer with PennDOT, trailers in larger 6-inch centrifugal pumps at the Mon 
Wharf and Stanwix Street Ramps. The 6-inch standpipe systems are used to pump out the bathtub 
areas more quickly than the 4-inch pumps and without mud and flood debris clogging the pumps. 
Once the water level in the bathtub reaches a point that the 6-inch pumps are ineffective and flood 
debris is not a concern, the 4-inch pumps are activated to remove the remaining water. 

Runoff volumes to the Big Bathtub and the Ramp D/Tunnel Area were determined and 
incorporated into evaluating the existing conditions.   The existing storm sump pump curves were 
incorporated into the SWMM model. Alternate pumping rate scenarios were determined through 
an excel spreadsheet of drawdown times as described in Appendix B. The model was run to 
determine possible flooding from the drainage systems and it was found to be able to handle the 
25-year design event without surcharging the storm sewer system.  
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5.0 Geotechnical Summary 

5.1 Generalized Subsurface Conditions 

AECOM compiled a subsurface profile from thirty-two (32) available existing borings from 
previous projects within the corridor. The subsurface profile appears in Appendix C. The 
subsurface conditions below the existing I-376 structure generally consists of alluvial sand and 
gravels overlying decomposed rock and then bedrock at a depth of approximately 70 feet.  Bedrock 
is siltstone and sandstone.  The alluvial sands and gravels do not have any laboratory testing which 
would indicate fines content or grain-size distribution. 

5.2 Hydrostatic Uplift Pressure 

As mentioned in Section 3.1, the current wall height is limited by the hydrostatic uplift pressure 
that is exerted on the spread footings beneath the parkway during flood events. If the current wall 
were built any taller, there is the risk that the hydrostatic pressure could heave the foundations, 
and the riding surface of the parkway, upwards after a flood event. 

 

AECOM completed a draft hydrostatic uplift calculation which revealed that the existing 
foundation thicknesses were varied to maintain a factor of safety against uplift of approximately 
1.3 for the current top of wall elevation of 719.5 (720 NGVD 29).  The calculation supports the 
notion that the current floodwall height was limited by the hydrostatic uplift pressure exerted on 
the wall foundation slabs beneath I-376.  Raising the wall elevation to 724.5 results in factors of 
safety against uplift of less than 1.0 at all locations.  A minimum factor of safety of 1.25 is 
recommended for temporary uplift resisted by dead weight. For uplift resisted by tie-downs or 
anchors that rely on soil or rock strength, a higher factor of safety would be required. Therefore, 
retrieval of additional data to complete a less conservative analysis and/or physical mitigation of 
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the uplift pressure will be required in conjunction with raising the wall. The full calculation appears 
in Appendix C. 

   EXISTING FLOODWALL PROPOSED FLOODWALL 

Wall 
Fdn 

Panel  

Ftg 

Thick 
T/Wall Elev. Stem Height Uplift T/Wall Elev. Stem Height Uplift 

(FT) NGVD 29 (FT) F.S. NAVD 88 (FT) (1) F.S. 

B 13, 12 4 720.00 5.2 1.40 724.5 10.2 0.94 

B 
10, 11, 

10S 
4.5 720.00 5.6 1.40 724.5 10.6 0.96 

B 6-9 4 720.00 5.2 1.40 724.5 10.2 0.94 

B 5 3.5 720.05 4.5 1.46 724.5 9.5 0.94 

B 4 3 720.46 4.3 1.42 724.5 8.9 0.92 

B 3 2.5 721.23 4.4 1.34 724.5 8.2 0.91 

B 2 2 722.17 4.5 1.24 724.5 7.4 0.91 

B 1 1.5 723.19 4.5 1.14 724.5 6.4 0.93 

C 49 6 720.00 7.5 1.31 724.5 12.5 0.98 

C 47S 6.5 720.00 8.1 1.29 724.5 13.1 0.99 

C 46-44 6 720.00 7.5 1.31 724.5 12.5 0.98 

C 34 3.5 720.04 4.6 1.45 724.5 9.5 0.93 

C 33 3 720.27 4.2 1.45 724.5 9.0 0.91 

C 32 3 720.50 4.4 1.41 724.5 9.0 0.91 

C 31 3 720.73 4.7 1.37 724.5 9.0 0.91 

C 30 2.69 720.88 4.1 1.43 724.5 8.3 0.93 

C 29 2.61 720.97 4.3 1.38 724.5 8.3 0.91 

C 28 2.56 721.00 4.4 1.36 724.5 8.4 0.90 

C 27 2.52 721.02 4.4 1.34 724.5 8.4 0.89 

C 26 2.5 721.21 4.6 1.30 724.5 8.4 0.89 

C 25N 2 721.85 4.5 1.24 724.5 7.7 0.88 

C 24N 1.5 723.47 5.0 1.06 724.5 6.5 0.92 

- F.S of 1.14 and 1.06 for Wall B - Panel 1 and Wall C - Panel 24N, assumes that the water rises 
to the top of the existing wall, however the current water level is limited to elevation 720 due 
spillover at the pump locations.  Therefore, these numbers are conservative. 

- (1) Includes a 0.53' increase in height due to conversion of NVGV 29 Datum to NAVD 88 Datum 
for B/Ftg Elevation 

5.3 Alternative U1 - Retrieve Additional Subsurface Data and Monitor Groundwater 

 Additional detailed data should be retrieved via additional borings to obtain samples for grain size 
testing.  Also, piezometers can be installed to monitor water pressure below grade near the existing 
wall during highwater events. The grain size testing can be used for seepage analysis and for design 
of a relief well system if selected.  The piezometric monitoring can be used to verify the current 
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hydrostatic pressure assumptions and results from the seepage analysis. Performing a detailed 
seepage analysis could possibly show that a taller wall will not result detrimental uplift effects and 
that physical underground mitigation measurement are not required.  AECOM routinely designs 
automated monitoring systems for piezometers for dams and levees. Specialized software 
developed for the Army Corps of Engineers by AECOM called DamSmart would be a good 
application here to remotely monitor the groundwater and plot piezometer data along with river 
stage elevations. (https://www.geoengineer.org/software/damsmart).  The estimated cost for a test 
boring program (4 to 8 test borings) with piezometers and automated data acquisition is on the 
order of $150,000 to $200,000. 

5.4 Alternative U2 - Tie-In to Existing Structures 

Thickened pavement sections generally abut existing structures, e.g. bridge abutments, bridge 
piers, retaining walls, that potentially could provide additional dead weight and skin friction from 
existing piles to resist buoyancy.  In order to engage the weight of these structures, it may be 
necessary to dowel the existing thickened pavement sections to them.  This would entail drilling 
and grouting rebar through the thickened pavement sections along their edges into these existing 
structures.   Calculations would need to confirm that the thickened pavement sections have the 
bending resistance to transfer the buoyant forces to the edges of the pavement and into the existing 
structures. The disadvantage of this system is that it is non-redundant so individual anchor failures 
could be a concern.  Some of the adjacent structures (Fort Pitt Boulevard Westbound retaining 
wall, Mon Wharf parking entrance ramp, Mon Wharf retaining wall) are owned by the City of 
Pittsburgh so an agreement would need to be reached to tie into their structures. Estimated cost for 
dowelling into existing structures is on the order of $2,000,000 to $3,000,000.  However, 
dowelling may not be required everywhere. 

5.5 Alternative U3 - Tie-Downs Anchoring to Bedrock 

The thickened pavement sections could also be anchored to bedrock by tie-downs such as rock 
anchors (grouted bars) or micropiles (small-diameter pipe piles) drilled into bedrock.  These could 
provide high capacity anchors to resist the buoyant forces below the pavement.   The bending 
capacity of the existing thickened pavement section would likely control the anchor spacing.  
Anchors could be installed on roughly a grid spacing or as needed to supplement doweling to the 
existing structures as noted above where it was not feasible to install dowels.  

A disadvantage of both tie-in/ tie-down options is that they would require working within the 
roadway and related traffic control and lane closures. Another disadvantage of this non-redundant 
system is that individual anchor failures could be a concern.  A key advantage is that neither 
solution would rely on mechanical/ electrical systems that are inherently less reliable and require 
periodic maintenance.  Estimated cost is on the order of $3,000,000 to $5,000,000. 

5.6 Alternative U4 - Pressure Relief Wells 

Pumped relief wells would logically be installed below the Mon Wharf parking lot along the 
riverside edge of the depressed pavement section to lower the piezometric head in the sand and 
gravel aquifer.  To minimize the number of wells, they should be fully penetrating and designed 
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for a flow that will not lower the water level deeper than about 10 to 20 ft above the top of the well 
screen.  It is estimated that wells spaced between 100 and 300 feet apart will be required to achieve 
a minimum drawdown to an elevation no higher than the top of the pavement throughout the 
depressed roadway section.  The wells could be designed with individual submersible pumps 
automatically operated with level controls.  The wells would discharge through a buried collector 
to the storm drainage system for the highway.   

A more efficient pumping system that would not require level controls in each well would be a 
central wet well with a duplex pumping system.  It would be ideal if the existing storm drainage 
pumping system has adequate capacity, of if not, it can be modified to handle the pressure relief 
well flows.  The required flow from the well system will probably be on the order of 1,000 to 3000 
gallons per minute.  The design investigation will consist of test borings to the bottom of the sand 
and gravel aquifer, laboratory testing, groundwater quality testing, installing one or more 
piezometers to monitor groundwater levels and the piezometric response to varying river stages 
over time, and a 72-hour pumping test on a prototype well with 3 to 5 piezometers installed at 
varying radii from the well.  Daily river stages for at least the past 20 years would be analyzed to 
select a design river stage for the pressure relief system. 

Maintenance of the well system will likely comprise periodic specific capacity testing and 
chemical treatment/ redevelopment of the wells at least every 5 years.  Pump and standby generator 
maintenance should be like that for the existing pumping system, especially if central pumping is 
selected.  Depending on the groundwater chemistry and microbiology, the service life of the wells 
should be 25 to 75 years.   

The Illinois Department of Transportation has been operating and maintaining several high 
capacity individually pumped relief well systems for interstate and other highways in the American 
Bottom of the Mississippi River near St. Louis since the mid-1960s.  The New York State 
Department of Environmental Conservation has been operating and maintaining 65 pressure relief 
wells, most of which discharge into buried collectors, along its federally constructed flood 
protection levees in Elmira during flooding of the Chemung River since the early 1950s.  More 
than half of the Elmira wells were replaced in the mid-1970s and now New York State is replacing 
all wells in the system, along with all buried collector pipes, even though a third of the original 
wells and all of the buried collector pipes are still performing satisfactorily.  

The estimated cost of installation is on the order of $2,000,000 to $3,000,000, not including O&M. 

 5.7 Alternative U5 - Cut-Off Walls 

Installing a cut-off wall to the bedrock would essentially seal off any seepage and potential slab 
uplift associated with a river rise.  Options for these cutoff walls would include:  (a) secant pile 
wall (overlapping drilled shafts); (b) heavy steel sheeting jetted to bedrock; or (c) cement-bentonite 
slurry wall.  These options are quite expensive and would also require that they be tied into high 
ground along the river or towards the city.  These options represent an order of magnitude more 
expensive than the other options discussed.    The estimated cost is in excess of $10,000,000. 
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6.0 Hydrologic and Hydraulic Summary 

A Hydrologic and Hydraulic (H&H) study was performed along the Monongahela River in the 
vicinity of I-376 Bathtub. The project site is located in a detailed FEMA study area (Zone AE) 
with a floodway. Proposed alternatives that encroach in the FEMA floodplain are allowed WSE 
increases up to 1.00 feet without a Conditional Letter of Map Revision (CLOMR). Proposed 
alternatives that encroach into the FEMA floodway and result in 100-year event WSE increases 
above 0.00 feet will require a CLOMR. It is likely that the different alternatives will have different 
FEMA requirements based on the conceptual plans. Changes to the existing floodwall or the 
construction of a tunnel would likely occur in the FEMA floodplain, while the construction of the 
new elevated trail adjacent to the Monongahela River would likely infringe into the FEMA 
floodway. Although some alternatives may allow 100-year WSE increases up to 1.00 feet, it is 
important that no increases to the 100-year WSE occur to ensure no impacts to adjacent properties. 
 
The existing conditions and proposed alternatives were modeled in the HEC-RAS Version 5.0.6. 
The peak flow for the 100-year regulatory event was obtained from the Allegheny County FEMA 
FIS. The model extends approximately 7,600 feet upstream of the confluence with the Allegheny 
River. Water surface elevations at the project site are affected by highwater on the Allegheny River 
and Ohio River. Furthermore, the Ohio River water stages are controlled by Emsworth Dam. The 
hydraulic analysis considers the effects of Allegheny River, Ohio River and Emsworth Dam 
located downstream of the project site.  
 
Several proposed alternatives have been developed to alleviate flooding on I-376 Bathtub. The 
proposed alternatives are conceptual and will be finalized in future stages of the proposed project. 
Alternatives include raising the existing floodwall elevation at the current location, an elevated 
trail between the Monongahela River and the Mon Wharf parking lot, and a tunnel between the 
existing floodwall and Fort Pitt Boulevard Westbound. Each alternative analyzed provides a 
different level of protection from flood events depending on the elevation of the floodwall or 
elevated trail.  
 
The preliminary results of the hydraulic model show that the proposed alternatives do not result in 
water surface elevation increases for the 100-year event; therefore, a CLOMR is not anticipated 
based on the conceptual alternatives evaluated for the I-376 Bathtub.   
 
Note the current H&H results only consider the river flows. The impact of higher head on the river 
will need to be evaluated with the stormwater system to evaluate if it will surcharge back into the 
Bathtub area during the preliminary engineering phase. 
 
Complete details of the H&H analysis can be found in Appendix A.  
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7.0 Stormwater Summary 

A stormwater analysis was performed to evaluate the PennDOT District 11-0 (PennDOT) drainage 
systems and surface flooding into the Bathtub section of the Interstate 376 (I-376) Central 
Parkway, which encompasses the low area on I-376 West from Grant Street to the Ft. Pitt Bridge. 
The purpose of the stormwater analysis was to determine if the localized stormwater runoff (runoff 
from the road and impervious drainage areas to the sump chambers) and storm sewer surcharge is 
a source of the flooding and see how it might be interconnected to the river flooding.   

The three areas of the Central Parkway that typically flood are the Ramp D/Tunnel Area near Grant 
Street; the “Big Bathtub” area (Wood Street Sump); and the “Little Bathtub” area (Stanwix Street 
Sump). It was determined during analysis of the collected plan and survey data, preliminary 
analyses and conference calls, that the sluice gate systems for the Little Bathtub and the Big 
Bathtub were working properly, and there was not a need to do detailed stormwater PCSWMM 
modeling any further.  It was decided to concentrate on the tunnel/Ramp D flooding area.  In 
analyzing this area, it was discovered that the storm system in this area tied into the Big Bathtub 
system and sump.  Therefore, the PCSWMM model was set up for the entire tunnel/Ramp D and 
Big Bathtub interconnected areas. 

NTM then evaluated the data available for the drainage systems in this section of the Central 
Parkway. Data provide by others included detailed topography of the drainage area to the Big 
Bathtub and the surrounding drainage area at 0.5-foot intervals. Plan data on existing conditions 
was supplemented with field survey.  All storm sewers, drainage systems and appurtenance works 
were evaluated to determine if they should be included in the PCSWMM model.  

NTM delineated drainage areas to the three areas of flooding and set up a PCSWMM model for 
the Big Bathtub area including the tributary areas from the tunnel/Ramp D. Runoff peaks and 
volumes to the Big Bathtub and the Ramp D/Tunnel Area were determined and incorporated into 
evaluating the existing conditions.   The existing storm sump pump curves were incorporated into 
the SWMM model, although they had negligible effect in relation to the floodwaters and serve 
simply as a “after the storm” drawdown mechanism. The model was run to determine possible 
flooding from the drainage systems, and it was found to be able to handle the 25-year design event 
without surcharging the inlets of the storm sewer system. Alternate pumping rate scenarios were 
determined and drawdown times determined as described in Appendix B.  Essentially, doubling 
the pump rate capacity will reduce the drawdown time in half.  The final sump and pump size and 
configuration will be required in the preliminary engineering phase based upon the desired 
drawdown times. 

The storm sewer system southeast of the tunnel drains directly to an ALCOSAN diversion 
structure, and then drains directly to the river.  There is a flap gate at the diversion structure 
designed to keep the river backwater from surcharging the PennDOT system at this location.  
However, the condition of the flap gate, and its capability to seat properly was not available and 
should be investigated in the preliminary engineering phase.  There was flooding in the Ramp 
D/tunnel area in the September 8 to 10, 2018 event where the river was up, flap gates supposedly 
closed and it continued to rain over the I-376 area.  However, the inlets in this area were discovered 



ALTERNATIVE ANALYSIS REPORT   

I-376 Bathtub (Parkway Central) 

Pittsburgh, PA 

~ 64 ~ 

 

to have accumulation of sediment, and if clogged, the surface runoff would flow to the Big Bathtub 
system.  The Big Bathtub stormwater model was set up to account for this.  It should be determined 
through field investigation if the flooding was due to the river backwater or the inlets and storm 
system being clogged with sediment.  Near term, removal of sediment from the inlets and storm 
system should be performed.  New inlet modifications, capacity, possible offline sediment traps, 
and efficient maintenance activities should be considered in the preliminary engineering phase. 

Since the ALCOSAN storm sewer system and the PennDOT system are tied together in this area, 
it is recommended that both systems be tied together and modeled to determine, together with the 
results of the flap gate inspection, if the river backs up into this area.  Additional details on the 
current analysis of the stormwater system can be found in Appendix B. 
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I-376 BATHTUB ALTERNATIVES ANALYSIS  
ALLEGHENY COUNTY | PENNDOT DISTRICT 11-0 

 
I. INTRODUCTION AND PROJECT DESCRIPTION 

 

A Hydrologic and Hydraulic (H&H) study was performed along the Monongahela River in the vicinity of 

Interstate 376 (Penn Lincoln Parkway) known as the “I-376 Bathtub”. The purpose of the study is to 

analyze alternatives that alleviate current flooding problems in the vicinity of the I-376 Bathtub. The 

existing condition on I-376 includes a depressed section where the highway passes through downtown 

Pittsburgh near Point State Park, immediately adjacent to the Monongahela River. The I-376 Bathtub 

sits lower than most areas along the riverbank; however, a floodwall was constructed in mid-1980s to 

reduce the frequency of flooding in the I-376 Bathtub. Since the floodwall was constructed, I-376 has 

been closed several times due to flooding. The current project includes a detailed hydrologic and 

hydraulic study to evaluate the frequency of overtopping of the highway. Furthermore, the purpose of 

the current project is to analyze alternatives to minimize flooding on the highway.  

 

This section of the Monongahela River is immediately upstream of the junction of the Monongahela 

River with the Allegheny River to form the Ohio River. The project site is located within the City of 

Pittsburgh in Allegheny County, Pennsylvania on the USGS quadrangle maps entitled Pittsburgh East, PA 

and Pittsburgh West, PA. The project location is shown in Figure A-1.  

 

 
Figure A-1: Project Location 

 

A separate stormwater analysis is being conducted to ensure that stormwater surcharge is also 

considered for proposed alternatives that prevent the Monongahela River from flooding the I-376 

Bathtub. 

Project Location 

City of Pittsburgh 
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All elevations in this report are referenced to the NAVD 1988 datum, unless noted otherwise. NTM 

conducted a field view on January 16, 2020 to collect information relevant to the H&H study. 

Photographs from the field view and project location maps are provided in Appendix A-1. 

 

II. HISTORY OF FLOODING 

 

The I-376 area has an extensive history of flooding, and in the mid-1980s a floodwall was constructed 

to reduce the frequency of flooding in the Bathtub. Since the existing wall was constructed, the I-376 

Bathtub has flooded or been closed several times due to high water on the Monongahela River 

overtopping the floodwall or being within a foot of the top of the wall. PennDOT monitors high water 

from the Monongahela River using the Ohio River NOAA Gage at Pittsburgh1 as well as a Gage located in 

the Mon Wharf parking lot near the Big Bathtub. A photograph of the gage located at the Mon Wharf 

parking lot is shown in Photograph #10 in Appendix A-1. By monitoring the river stages near the 

project site, PennDOT is able to anticipate potential flooding at the I-376 Bathtub. When the 

Monongahela River water surface elevations (WSE) are within one foot of the top of the floodwall (NOAA 

River Stage 24.0 feet, WSE 718.5 feet), I-376 is closed due to potential overtopping. According to the 

Ohio River NOAA Gage at Pittsburgh, WSE at the Fort Pitt Bridge have reached or exceeded the I-376 

Bathtub closure elevation seventeen times since 1985. The NOAA Gage shows that the highest stage 

since 1985 occurred in January 1996 with a river stage of 34.6 feet (WSE 729.1 feet). In 2018 the I-376 

Bathtub was closed three times within the same calendar year. Table A-1 provides a summary of the 

relevant flood events since 1985 with the river stage, water surface elevation, discharge and 

approximate return period. Note that the NOAA Gage has recorded higher historic flood events prior to 

the construction of the floodwall with a maximum recorded river stage of 46.0 feet (WSE 740.5 feet) in 

1936. 

 

As shown in Table A-1, several events that reached a river stage of 24.0 feet have low return periods. 

The USGS gage record also showed that events with a similar discharge had lower river stages at the 

NOAA Gage. Due to the close proximity of the Ohio River and Allegheny River, high water at the I-376 

Bathtub can be impacted by the conditions downstream. The Emsworth Dam is located downstream on 

the Ohio River. Therefore, a detailed analysis was performed to determine the impact of Emsworth Dam 

on water surface elevations at the project site.  

 

 
  

 
 
1 https://water.weather.gov/ahps2/hydrograph.php?wfo=pbz&gage=pttp1 

https://water.weather.gov/ahps2/hydrograph.php?wfo=pbz&gage=pttp1
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Table A-1: Flooding Events on I-376 Bathtub between 1985-2019 

Date 
River Stage1 

(feet) 
WSE2  

(NAVD 88, feet)  
Discharge3 

(cfs) 

Approximate 
Return Period4 

02/09/2019 24.4 718.9 61,500 1-year 

09/11/2018 27.1 721.6 105,000 5-year 

02/17/2018 27.5 722.0 120,000 9-year 

01/13/2018 25.3 719.8 67,300 1-year 

03/12/2011 26.7 721.2 67,900 1-year 

12/02/2010 25.3 719.8 58,200 1-year 

01/26/2010 25.8 720.3 85,300 2-year 

03/16/2007 23.9 718.4 41,600 1-year 

01/06/2005 28.4 722.9 91,100 3-year 

09/18/2004 31.0 725.5 75,800 2-year 

11/20/2003 25.7 720.2 121,000 9-year 

01/09/1998 25.6 720.1 64,600 1-year 

01/20/1996 34.6 729.1 167,000 45-year 

12/31/1990 27.2 721.7 86,000 2-year 

12/19/1990 24.7 719.2 92,100 3-year 

02/06/1986 24.9 719.4 82,600 2-year 

11/06/1985 26.2 720.7 178,000 66-year 

1 River Stage according to Ohio River NOAA Gage at Pittsburgh 
2 Approximate water surface elevations at the I-376 Bathtub 
3 Discharge according to USGS Gage 03075070 Monongahela River at Elizabeth, PA 
4 Approximate Return Period calculated at USGS Gage 03075070 Monongahela River at Elizabeth, PA 

 

III. EMSWORTH DAM  

 

Emsworth Dam is located on the Ohio River approximately 6.3 miles downstream of the project site. 

Construction of the Emsworth Dam was completed in 1922; the dam was converted into a gated 

structure by 1938. The Dam is owned and operated by the US Army Corps of Engineers for the purpose 

of maintaining an acceptable water level for navigation on the Ohio River. However, the hydrologic and 

hydraulic study indicates that the water surface elevations at the I-376 Bathtub may be dependent on 

the conditions set at the Emsworth Dam.  

 

An analysis was performed to compare events on the Monongahela River with different conditions at 

Emsworth Dam. The results show that the Monongahela River water surface elevations at the I-376 

Bathtub can vary significantly depending on the conditions at Emsworth Dam. A sensitivity analysis was 

performed using the existing hydraulic model and available gage data to evaluate the influence of 
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Emsworth Dam on water surface elevations at the I-376 Bathtub. The analysis showed that the 

difference was significant for events with a low return period; however, the difference for events with a 

higher return period was minimal. Figure A-2 includes water surface elevations for the 1, 2, 5, and  

10-year events with and without the influence of Emsworth Dam for comparison. The figure also shows 

water surface elevations for the 25, 50, and 100-year events as well as the top of floodwall elevation for 

reference. Note that I-376 Bathtub is closed when water surface elevations on Monongahela River are 

1-foot below the top elevation of the floodwall.  

 

 
Figure A-2:  WSE Comparison at the I-376 Bathtub with different downstream conditions 

 

IV. PROPOSED ALTERNATIVES 

 

Several proposed alternatives have been developed to alleviate flooding on I-376 Bathtub. The proposed 

alternatives are conceptual and will be finalized in future stages of the proposed project. Alternatives 

include raising the existing floodwall elevation at the current location, an elevated trail between the 

Monongahela River and the Mon Wharf parking lot, and a tunnel between the existing floodwall and Fort 

Pitt Boulevard Westbound. Conceptual plans with the proposed alternatives layout are provided in 

Appendix A-2.  
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The lowest elevation at the existing floodwall is approximately 719.5 feet. Proposed alternatives include 

raising the existing floodwall elevation by 2 to 5 feet. If the proposed floodwall is raised by 2 feet the 

lowest floodwall elevation would be approximately 721.5 feet. Similarly, if the proposed floodwall 

elevation is raised by 5 feet, the lowest floodwall elevation would be 724.5 feet.  

 

The existing conditions features a trail in the right overbank between the Monongahela River and the 

Mon Wharf parking lot. Several proposed alternatives have been developed to elevate the existing trail 

at the same location to prevent floodwaters from inundating the Mon Wharf parking lot and the I-376 

Bathtub.  

 

An additional alternative was considered to construct a tunnel at the I-376 Bathtub to prevent floods 

from inundating the highway. The tunnel is proposed between the existing floodwall and Fort Pitt 

Boulevard Westbound to encapsulate the I-376 Westbound roadway and the I-376 Bathtub. The top 

elevation of the tunnel will be similar to the top elevation of the retaining wall along Fort Pitt Boulevard 

above the 100-year flood. However, the tunnel will accommodate two access points for the Mon-Wharf 

parking lot ramp and the Stanwix Street exit ramp that will cause a 50-year event to flood the tunnel. 

 

V. FEMA REGULATIONS 

 

The Federal Emergency Management Agency (FEMA) published a Flood Insurance Study (FIS) and Flood 

Insurance Rate Map (FIRM) for Allegheny County on September 26, 2014. The I-376 Bathtub is located 

in detailed FEMA study area (Zone AE) with a floodway. Proposed alternatives that encroach in the 

FEMA floodplain are allowed WSE increases up to 1.00 feet without a Conditional Letter of Map Revision 

(CLOMR). Proposed alternatives that encroach into the FEMA floodway and result in 100-year event 

WSE increases above 0.00 feet will require a CLOMR. It is likely that the different alternatives will have 

different FEMA requirements based on the conceptual plans. Changes to the existing floodwall or the 

construction of a tunnel would likely occur in the FEMA floodplain, while the construction of the new 

elevated trail adjacent to the Monongahela River would likely infringe into the FEMA floodway. Although 

some alternatives may allow 100-year WSE increases up to 1.00 feet, it is important that no increases to 

the 100-year WSE occur to ensure no impacts to adjacent properties. FEMA maps at the project location 

along with excerpts of the FEMA FIS are included in Appendix A-3. 

 

The Monongahela River hydrology contained in the FEMA FIS was derived from a standard log-Pearson 

Type III analysis of stream gage data from the Monongahela River using the Bulletin 17B method. This 

method is an approved methodology for PennDOT projects. The FEMA hydrology for the Monongahela 

River was most recently updated in the October 4, 1995 FIS. The FEMA 10-, 50-, 100-, and 500-year peak 

flows in the vicinity of the I-376 Bathtub are shown in Table A-2.  

 

FEMA developed a HEC-2 hydraulic model for the Monongahela River to produce the 100-year flood 

elevations in the FIS. NTM obtained electronic copies of the HEC-2 input/output from FEMA. The FEMA 
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FIS is based on the NAVD 1988 datum, while the FEMA HEC-2 data is based on the NGVD 1929 datum; 

therefore, a datum conversion was required for the HEC-RAS data. According to the National Geodetic 

Survey VERTCON tool, the NGVD 29 height must be adjusted by -0.531 feet to convert to NAVD 88. 

Excerpts of the FEMA HEC-2 along with the VERTCON datum conversion are included in Appendix A-3. 

 
VI. HYDROLOGIC ANALYSIS 

 

The drainage area for the Monongahela River upstream of the confluence with the Allegheny River, as 

delineated with the USGS StreamStats website2, is 7,380 square miles. A drainage area map is provided 

in Appendix A-4.  

 

Act 167 

An Act 167 (Stormwater Management Plan) for the Monongahela River watershed was published in 

February 1993, by Chester Environmental and the Allegheny County Department of Planning. The 

design discharges for the Monongahela River throughout the watershed were determined based on a 

review of published Flood Insurance Studies. The results from this report are summarized in  

Table A-2. Excerpts of the Act 167 Plan report are in Appendix A-4. As the study is over 20 years old, it 

is no longer valid. However, the flows were provided for comparison to the updated hydrology. An 

updated version of the Act 167 Plan, the Allegheny County Act 167 Phase 2 County-Wide Stormwater 

Management Plan, was published on March 31, 2018 by the Allegheny County Department of Economic 

Development and Michael Baker International, Inc. However, the updated Act 167 Plan does not include 

updated hydrology for the Monongahela River. 

 

Methods 

Peak flows for the current study were computed using the hydrologic methods and models described in 

Section 10.6.C of DM-2. Peak flows for this study were computed using stream gage analysis at two 

stream gages.  

 

The USGS publication Guidelines for Determining Flood Flow Frequency (Bulletin 17B) uses a  

log-Pearson Type III distribution analysis of annual peak flow data from a stream gage. Two gages were 

considered to best represent flood history: USGS 03085000 at Braddock, PA and USGS 03075070 at 

Elizabeth, PA. The gage record from USGS 03085000 is located just upstream of the project site; 

however, the peak flow record ends in 2004. Therefore, a USGS 03075070 located slightly further 

upstream was considered to capture flows through 2019. Detailed output is included in Appendix A-4. 

 

Peak flows from the USGS 03085000 Monongahela River stream gage were used to perform the analysis. 

The gage located near Braddock, Pennsylvania is upstream of the crossing and has 67 years of record. 

 
 
2  http://streamstats.usgs.gov/ss  

http://streamstats.usgs.gov/ss
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The gage has a drainage area of 7,337 square miles, which is 0.99 times the drainage area at the project 

site and within the DM-2 Chapter 10 requirement. Peak flow data is available at this gage between water 

years 1936 to 2004; since the last major flood-control reservoir was built in 1943, data from 1944 to 

2004 were used in the analysis. The USGS PeakFQ version 7.2 computer program, which follows the 

Bulletin 17B methodology, was used to perform the analysis.  

 

Peak flows from the Monongahela River (USGS 03075070) stream gage were used to perform the 

analysis. The gage located near Elizabeth, Pennsylvania is much further upstream of the crossing but has 

more recent data and over 40 years of record. The gage has a drainage area of 5,340 square miles, which 

is 0.72 times the drainage area at the project site and within the DM-2 Chapter 10 requirement. Peak 

flow data is available at this gage between water years 1978 to 2017; since the last major flood-control 

reservoir was built in 1943, the entire range of available data was used in the analysis. The gage record 

was transposed to the project site per the procedure outlined in DM-2, Chapter 10.6.C.4.a. The USGS 

PeakFQ version 7.2 computer program, which follows the Bulletin 17B methodology, was used to 

perform the analysis. 

 
Table A-2: Estimated Peak Flows in the Vicinity of the I-376 Bathtub 

Hydrologic 
Method 

Peak Flows (cfs) 

1-year 2-year 5-year 10-year 25-year 50-year 100-year 

FEMA - - - 168,500 - 212,000 231,000 

Bulletin 17B 
USGS 03085000 

39,690 101,800 136,800 159,400 187,200 207,500 227,600 

Bulletin 17B 
USGS 03075070 

51,402 105,433 140,236 161,895 192,859 216,097 240,753 

Act 167 - - - 162,000  205,000 220,000 

 

The Bulletin 17B flows from USGS 03085000 gage were selected for use in the hydraulic model for the 

1-, 2-, 5-, and 25-year events. The USGS 03085000 flows were selected because the gage includes more 

data points and is located closer to the project site. The difference between the 2- through 25-year event 

peak flows for the USGS 03085000 and transposed USGS 03075070 gages is less than four percent. The 

FEMA published peak flows were used for the 10-, 50-, and 100-year events since they produce slightly 

more conservative results than the Bulletin 17B flows. A flood-frequency graph for the Monongahela 

River in the vicinity of the I-376 Bathtub is included in Appendix A-4. The flows in bold type in  

Table A-2 were modeled in HEC-RAS.  

 

One area that was not yet investigated but should be considered as alternatives are progressed to 

preliminary design is consideration for resilient design flows. PennDOT does not currently have a final 

policy on resiliency and how future climate should be considered in future designs, but as this project 

progresses, evaluation of frequency of inundation or overtopping should consider increased future 

flows.   
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VII. HYDRAULIC ANALYSIS 

 

Existing HEC-RAS Model 

A one-dimensional hydraulic analysis was performed using the U.S. Army Corps of Engineers  

HEC-RAS River Analysis System program (Version 5.0.6). Existing and proposed conditions were 

modeled based on the surveyed cross sections and proposed site modifications.  

 

Detailed channel bathymetry provided by the USACOE along with detailed survey in the right overbank 

and LiDAR data was used to generate the existing geometry for the HEC-RAS model. The USACOE 

channel bathymetry was surveyed in 2015. The model extends approximately 7,600 feet upstream of 

the confluence with the Allegheny River. The locations of cross sections used for the hydraulic model 

are depicted on maps in Appendix A-5.  

 

Ineffective flow areas were included in the hydraulic models between Cross Section 9 and 21 in the right 

overbank since these areas do not actively convey flow. This assumption was confirmed with results 

from the two-dimensional hydraulic model.  

 

Obstructions were used to model the abandoned stone masonry piers approximately 2,300 feet 

upstream of the confluence of the Monongahela River and Allegheny River. Pier widths and stations 

were estimated based on aerial images. 

 

Roughness coefficients, or Manning’s ‘n’ values, for the stream channel and overbank areas were chosen 

based on field observation, aerial photographs, and Table 3-1 in the HEC-RAS Hydraulic Reference 

Manual. In general, 0.025 was used for the channel, 0.1 for the densely vegetated overbank areas, 0.05 

for overbanks with low vegetation, 0.024 for the gravel areas, and 0.013 for the paved areas. Existing 

buildings within the 100-year floodplain were included in the HEC-RAS model using higher roughness 

coefficients. Furthermore, higher roughness coefficients were also used for the columns located at the 

Mon Wharf parking lot. The FEMA HEC-2 model used the same channel Manning’s ‘n’ value of 0.025; 

however, FEMA used a single roughness coefficient of 0.06 in the overbanks. 

 

The existing and proposed models utilize levees at several cross sections to keep smaller flood events 

from low-lying areas of the overbanks. The levee tool in HEC-RAS was also used to prevent lower flood 

events that do not overtop the floodwall to inundate the I-376 Bathtub. 

 

Four bridges were included in the HEC-RAS model due to their proximity to the project site. Existing 

survey did not include high chord and low chord elevations for bridges; therefore, the elevations were 

approximated using nearby ground survey/LiDAR. This assumption does not affect the results since 

water surface elevations are well below the low chord elevation for all bridges. The piers located within 

the streambanks were included in the hydraulic model. Pier locations and widths were estimated from 

the FEMA HEC-2 geometry. The Energy (standard step), Yarnell, and Momentum methods were 
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considered for low flows. The Energy (standard step) method was also selected as the high flow 

computational method because the low chords of the bridges are not submerged. 

o The Fort Pitt Bridge is located approximately 950 feet upstream of the confluence of the 

Monongahela River and Allegheny River. The piers consist of twin circular columns.  

o The Smithfield Street Bridge is located approximately 4,000 feet upstream of the confluence of 

the Monongahela River and Allegheny River. The piers are elongated with semicircular noses.  

o The Panhandle Bridge is located approximately 5,200 feet upstream of the confluence of the 

Monongahela River and Allegheny River. The piers have 90-degree triangular noses.  

o The Liberty Bridge is located approximately 5,600 feet upstream of the confluence of the 

Monongahela River and Allegheny River. The piers are elongated with semicircular ends.  

 

Steady flow analysis was performed using a subcritical flow regime for all profiles with a single peak 

flow for each modeled event (i.e., no flow changes). The downstream boundary condition varied for all 

modeled events. The FEMA 10-, 50-, 100-year events utilized a Known WSE downstream boundary 

condition obtained from the FEMA FIS. Normal depth boundary conditions were applied for the  

25-year event using an average downstream stream bottom slope of 0.0001 feet per feet which 

resembles the slope for the FEMA profiles as well as the stream slope downstream. A Known WSE 

downstream boundary condition was applied to the normal, 1-, 2, 5-year events to account for the effects 

on downstream conditions. The 1-, 2, and 5-year events feature a low and high downstream boundary 

condition based on historical data obtained from the USGS 03085152 gage. The high downstream 

boundary condition takes into account the effects of Emsworth Dam on water surface elevations at the 

project site. Table A-3 provides a summary of the boundary conditions used for each event.  
 

Table A-3:  Boundary Conditions Summary 

Event 
Downstream Boundary 

Condition 

Normal Known WS = 710.71 feet 

1-year Low Known WS = 711.71 feet 

1-year High Known WS = 718.71 feet 

2-year Low Normal Depth S = 0.0001 ft/ft 

2-year High Known WS = 719.51 feet 

5-year Low Normal Depth S = 0.0001 ft/ft 

5-year High Known WS = 720.79 feet 

10-year Known WS = 722.57 feet 

25-year Normal Depth S = 0.0001 ft/ft 

50-year Known WS = 727.17 feet 

100-year Known WS = 728.97 feet 
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Comparison of Existing HEC-RAS and Published FEMA BFEs 

A comparison was made between the base flood elevations (BFEs) published in the FEMA FIS with the 

current existing HEC-RAS hydraulic model 100-year WSE to validate the results. The 100-year WSEs for 

the Monongahela River at FEMA cross sections within the study limits are compared in Table A-4.   
 

Table A-4: FEMA vs. Existing Condition Model WSE Comparison  

FEMA Regulatory  Current HEC-RAS  
Difference 

(feet) Cross Section 
WSE  

(feet NAVD 88) 
Cross Section 

WSE  
(feet NAVD 88) 

A 729.0 1 729.0 0.0 

B 729.0 2 729.0 0.0 

C 729.4 11 729.5 +0.1 

D 729.8 20 730.2 +0.4 

E 730.2 30 730.6 +0.4 

 

The differences in 100-year WSEs do not exceed 0.5 feet; therefore, the existing HEC-RAS model is 

consistent with the FEMA. It should be noted that FEMA studies have a very different objective compared 

to PennDOT studies and generally do not contain the same level of detail and accuracy. A geometry 

comparison between FEMA and the current hydraulic model is provided in Appendix A-3. 

 

Existing SRH 2D Model 

NTM developed a two-dimensional (2D) hydraulic model using Sedimentation and River Hydraulics – 

Two-Dimensional (SRH-2D) hydraulic model in the SMS 13.0 interface to approximate the flooding 

characteristics at the project site in more detail. SRH-2D is a two-dimensional (2D) hydraulic, sediment, 

temperature, and vegetation model for river systems developed by the Bureau of Reclamation. The 

program solves the full two-dimensional, depth-averaged, momentum and continuity equations for free-

surface flow using the depth-averaged St. Venant equations. 

 

The 2D hydraulic model utilized channel bathymetry obtained from the USACOE. The overbanks 

included a detailed survey near the I-376 Bathtub and Mon Wharf parking lot supplemented with LiDAR 

data.  Roughness coefficients were applied similar to the 1D HEC-RAS model. The boundary conditions 

were applied by introducing flow gradually at the upstream boundary towards the peak flow to 

approximate a steady state. The downstream boundary condition was obtained from the 1D HEC-RAS 

model at cross section 6.  

 

Results of the 2D hydraulic model compare well with the results of the 1D model with average water 

surface elevations within 0.1 feet at several cross sections. The results also show that the assumption to 

code the I-376 Bathtub area as ineffective is applicable as the velocities in the I-376 Bathtub are 0-2 fps; 

whereas, velocities in the channel are approximately 6-8 fps. This validates the approach and 
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assumptions used in a 1D hydraulic model. The 100-year SRH-2D results at the I-376 Bathtub show that 

flow between Smithfield Street and Wood Street is ineffective with reversed flow direction and velocities 

less than 1 fps. The flow between Market Street and Stanwix Street is aligned with flow direction but 

velocities are small (1-2 fps). The 2-year SRH-2D results show a similar flow direction as the 100-year 

with lower velocities throughout.  Figures A-3 shows a plot of the 100-year velocities from the SRH-2D 

hydraulic model. Figures A-4 shows a similar plot of the 2-year velocities from the SRH-2D hydraulic 

model.  

 

As proposed alternatives are refined, the 2D model can be used to evaluate the velocities immediately 

next to the elevated wall or trail location. Additionally, the 2D model may be useful in evaluating if lower 

events may have other access points into the bathtub area, if the existing wall is raised.  

 

 
Figure A-3:  SRH-2D 100-year Velocities and Velocity Vectors at the I-376 Bathtub 

 



 

12 
 

 
Figure A-4:  SRH-2D 2-year Velocities and Velocity Vectors at the I-376 Bathtub 

 

VIII. PROPOSED HYDRAULIC RESULTS  

 

Several proposed alternatives have been developed to alleviate flooding on I-376 Bathtub. Alternatives 

include raising the existing floodwall elevation at the current location, an elevated trail between the 

Monongahela River and the Mon Wharf parking lot, and a tunnel between the existing floodwall and Fort 

Pitt Boulevard. Result from the proposed alternatives hydraulic model are provided in Appendix A-5.  

 

The proposed alternatives include raising the existing floodwall 2 to 5 additional feet. If the proposed 

floodwall is raised by 2 feet the lowest floodwall elevation would be approximately 721.5 feet. Similarly, 

if the proposed floodwall elevation is raised by 5 feet, the lowest floodwall elevation would be  

724.5 feet. Since the existing 100-year water surface elevation at the low point in the floodwall is  

729.5 feet, the 100-year water surface elevation will overtop the wall for all of the alternatives to raise 

the existing wall. Because there is minimal fill associated with the additional height of the wall 

immediately next to the highway, there are no 100-year water surface elevation increases for any of 

these alternatives. Table A-5 shows a summary of the recent closures of the Bathtub from 1985-2020 

and indicates if the bathtub would have been closed at different floodwall heights. Table A-5 shows that 

if the wall height is increased by 5 feet, only two of the seventeen events from 1985-2019 that closed 

the I-376 parkway would require I-376 to be closed due to flooding.  
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Table A-5: Proposed Alternatives I-376 Closure for flood events between 1985-20191 

Date 
WSE2 

(NAVD88, feet) 

Top of Floodwall Elevation (feet)3 

Existing Proposed 

719.5 721.5  722.5  723.5  724.5  

02/09/2019 718.9 Yes No No No No 

09/11/2018 721.6 Yes Yes Yes No No 

02/17/2018 722.0 Yes Yes Yes No No 

01/13/2018 719.8 Yes No No No No 

03/12/2011 721.2 Yes Yes No No No 

12/02/2010 719.8 Yes No No No No 

01/26/2010 720.3 Yes No No No No 

03/16/2007 718.4 Yes No No No No 

01/06/2005 722.9 Yes Yes Yes Yes No 

09/18/2004 725.5 Yes Yes Yes Yes Yes 

11/20/2003 720.2 Yes No No No No 

01/09/1998 720.1 Yes No No No No 

01/20/1996 729.1 Yes Yes Yes Yes Yes 

12/31/1990 721.7 Yes Yes Yes No No 

12/19/1990 719.2 Yes No No No No 

02/06/1986 719.4 Yes No No No No 

11/06/1985 720.7 Yes Yes No No No 

1 I-376 Closure is determined when the Monongahela River gage is 1-foot below top of floodwall 
2 Approximate water surface elevations at the I-376 Bathtub 
3 Top of Floodwall is the river stage at the top of floodwall  

 

Four additional alternatives were modeled in HEC-RAS to alleviate flooding on I-376 Bathtub using an 

elevated trail adjacent to the Monongahela River. Note this alternative is not limited in height by the 

elevated sections of I-376 above it and/or the ramps that connect near the existing wall. Therefore, the 

elevated trail alternatives consider protection from larger events. The trail is assumed to be 30 feet wide 

for all four alternatives. In general, the proposed alternatives showed either no change or decreases to 

the water surface elevations when compared to existing. There are no increases to the 100-year water 

surface elevations due to the proposed trail for any of the alternatives below.  

- Elevated Trail Alternative 1: The hydraulic model includes a levee next to the channel that 

prevents the 100-year event from inundating the right overbank. The levee elevation is 733.0 feet.  

- Elevated Trail Alternative 2: The hydraulic model includes a levee next to the channel and a 

blocked obstruction with an elevation of 725.0 feet that prevents the 10-year event from inundating 

the right overbank.  
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- Elevated Trail Alternative 3: The hydraulic model includes a levee next to the channel and a 

blocked obstruction with an elevation of 727.0 feet that prevents the 25-year event from inundating 

the right overbank. Pictured in the figure below. 

- Elevated Trail Alternative 4: The hydraulic model includes a levee next to the channel and a 

blocked obstruction with an elevation of 729.0 feet that prevents the 50-year event from inundating 

the right overbank.  

 

The proposed tunnel alternative between the existing floodwall and Fort Pitt Boulevard Westbound was 

also modeled in HEC-RAS. The tunnel was modeled using a levee placed at the I-376 Westbound 

roadway. The top elevation of the proposed tunnel was set to prevent all events from overtopping the 

levee, thereby preventing flooding in the I-376 Bathtub. The top elevation of the tunnel generally 

matches the elevation of the top of the retaining wall between I-376 Westbound and Fort Pitt Boulevard. 

Results of the hydraulic model shows that there are no increases to the 100-year water surface 

elevations due to the proposed tunnel. 

 

Note the proposed hydraulic results consider only the river flows. Once the stormwater modeling is 

completed, the impact of higher head on the river would need to be evaluated with the stormwater 

system to evaluate if it will surcharge back into the Bathtub area. 

 

IX. SUMMARY OF PROPOSED ALTERNATIVES 

 

A hydraulic study was performed for the Monongahela River in the vicinity of I-376 (Penn Lincoln 

Parkway) known as the “I-376 Bathtub”. Several proposed alternatives were analyzed to alleviate 

flooding concerns at the project site. The proposed conceptual alternatives include raising the existing 

floodwall elevation at the current location, an elevated trail between the Monongahela River and the 

Mon Wharf parking lot, and a tunnel between the existing floodwall and Fort Pitt Boulevard Westbound. 

Each alternative analyzed provides a different level of protection from flood events depending on the 

elevation of the floodwall or elevated trail.  

 

The FEMA regulatory 100-year event is used to evaluate risk and demonstrate consistency with the 

National Flood Insurance Program. The preliminary results of the hydraulic model show that the 

proposed alternatives do not result in water surface elevation increases for the 100-year event; 

therefore, a CLOMR is not anticipated based on the conceptual alternatives evaluated for the I-376 

Bathtub.   

 

Note the current H&H results only consider the river flows. Once the stormwater modeling is completed, 

the impact of higher head on the river would need to be evaluated with the stormwater system to 

evaluate if it will surcharge back into the Bathtub area. 
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Photo #1 
Mon Wharf Parking 
 
Note:  Mon Wharf Parking 
area beneath I-376 
between the Smithfield 
Street Bridge and the Fort 
Pitt Bridge. 
 

 

 

 
Photo #2 
Right Overbank Trail 
 
Note:  Looking upstream 
at the trail along the right 
overbank of the 
Monongahela River. The 
left side of the 
photograph shows the 
Mon Wharf parking area.  
 

 



 
 

PROJECT PHOTOGRAPHS 

 
By: MJK 

  
Date: 1/16/2020 

  
Sheet No.: 

 
2 of 5 

Project Name: I-376 Bathtub Project No.: 19036.06 
 
 

 

 
 

 
 
 
 
 

 

 
Photo #3 
Big Bathtub 
 
Note:  Looking at the Big 
Bathtub portion of I-376. 
The sump is visible on the 
left side of the photo.  

 

 

 
Photo #4 
Big Bathtub 
 
Note:  Looking at the Big 
Bathtub portion of I-376 
from the overpass at the 
intersection of Wood 
Street and Fort Pitt 
Boulevard. The sump is 
below the overpass.  
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Photo #5 
Little Bathtub 
 
Note:  Looking at the Little 
Bathtub portion of I-376. 
The sump is visible on the 
left side of the photo. 

 

 
Photo #6 
Little Bathtub Sump 
 
Note: Looking at the low 
point of the Little Bathtub. 
The floodwall is visible on 
the left side of the photo. 
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Photo #7 
Panhandle Bridge 
 
Note: Looking at the 
downstream face of the 
Panhandle Bridge. 

 

 

 
Photo #8 
Smithfield Street Bridge 
 
Note: Looking at the 
downstream face of the 
Smithfield Bridge. 
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Photo #9 
Abandoned Pier and 
Fort Pitt Bridge 
 
Note: Looking at the 
abandoned bridge pier 
along the right side of 
the Monongahela River 
as well as the upstream 
face of the Fort Pitt 
Bridge. A similar 
abandoned pier exists 
along the left side of the 
River. 
 
 

 

 

 

 
Photo #10 
Pier with River Stages 
 
Note: Looking at the 
pier in the Mon Wharf 
parking lot near the Big 
Bathtub. The pier shows 
measurements of the 
river stage to anticipate 
flooding and closing of 
the I-376 Bathtub. 
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APPENDIX A-2.1

Elevated Floodwall Conceptual Plans
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APPENDIX A-2.2

Elevated Trail Conceptual Plans
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APPENDIX A-2.3

Tunnel Conceptual Plans
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APPENDIX A-3

FEMA FIS Information

I-376
Monongahela River

Allegheny County
PennDOT District 11-0



I-376 Bathtub



I-376 Bathtub



I-376 Bathtub



ALLEGHENY COUNTY, 
PENNSYLVANIA 
(ALL JURISDICTIONS) 
 
 
             COMMUNITY       COMMUNITY 
                  NAME           NUMBER 
ALEPPO, TOWNSHIP OF 421266 
ASPINWALL, BOROUGH OF 420005 
AVALON, BOROUGH OF 420006 
BALDWIN, BOROUGH OF 420007 
BALDWIN, TOWNSHIP OF                       422650 
BELL ACRES, BOROUGH OF 420008 
BELLEVUE, BOROUGH OF 420009 
BEN AVON, BOROUGH OF 420010 
*BEN  AVON HEIGHTS, BOROUGH OF 420011 
BETHEL PARK, MUNICIPALITY OF 420012 
BLAWNOX, BOROUGH OF  420013 
BRACKENRIDGE, BOROUGH OF 420014 
BRADDOCK, BOROUGH OF 420015 
*BRADDOCK HILLS, BOROUGH OF 420016 
BRADFORD WOODS, BOROUGH OF 421262 
BRENTWOOD, BOROUGH OF                420017 
BRIDGEVILLE, BOROUGH OF 420018 
CARNEGIE, BOROUGH OF 420019 
CASTLE SHANNON, BOROUGH OF      420020 
*CHALFANT, BOROUGH OF                   420021 
CHESWICK, BOROUGH OF 420022 
CHURCHILL, BOROUGH OF 420023 
CLAIRTON, CITY OF 420024 
COLLIER, TOWNSHIP OF 421058 
CORAOPOLIS, BOROUGH OF 420025 
CRAFTON, BOROUGH OF 420026 
CRESCENT, TOWNSHIP OF 421060 
*DORMONT, BOROUGH OF                    422630 
DRAVOSBURG, BOROUGH OF 420027 
DUQUESNE, CITY OF 420028 
EAST DEER, TOWNSHIP OF 421061 
*No special flood hazard areas identified

 
 
            COMMUNITY      COMMUNITY 
                  NAME           NUMBER 
*EAST McKEESPORT, BOROUGH OF   420029 
EAST PITTSBURGH, BOROUGH OF      422662 
*EDGEWOOD, BOROUGH OF                422663 
EDGEWORTH, BOROUGH OF                420032 
ELIZABETH, BOROUGH OF                    421263 
ELIZABETH, TOWNSHIP OF                    420033 
EMSWORTH, BOROUGH OF 420034 
ETNA, BOROUGH OF 421062 
FAWN, TOWNSHIP OF 421285 
FINDLAY, TOWNSHIP OF 421286 
*FOREST HILLS, BOROUGH OF 420035 
FORWARD, TOWNSHIP OF 421064 
FOX CHAPEL, BOROUGH OF 420036 
FRANKLIN PARK, BOROUGH OF 420037 
FRAZER, TOWNSHIP OF 421288 
GLASSPORT, BOROUGH OF 420038 
GLEN OSBORNE, BOROUGH OF           420061 
GLENFIELD, BOROUGH OF 420039 
GREEN TREE, BOROUGH OF 420040 
HAMPTON, TOWNSHIP OF 420978 
HARMAR, TOWNSHIP OF 421068 
HARRISON, TOWNSHIP OF 420041 
HAYSVILLE, BOROUGH OF 420042 
HEIDELBURG, BOROUGH OF  420043 
HOMESTEAD, BOROUGH OF 420044 
INDIANA, TOWNSHIP OF 421070 
*INGRAM, BOROUGH OF                        420045 
JEFFERSON HILLS, BOROUGH OF 420046 
KENNEDY, TOWNSHIP OF 421072 
KILBUCK, TOWNSHIP OF 421073 
LEET, TOWNSHIP OF 421075 
LEETSDALE, BOROUGH OF 420047 
LIBERTY, BOROUGH OF 420048 

 
 
         COMMUNITY        COMMUNITY 
               NAME            NUMBER 
LINCOLN, BOROUGH OF   420049 
MARSHALL, TOWNSHIP OF   421080 
MCCANDLESS, TOWN  OF                        421081 
MCDONALD, BOROUGH OF                     420855 
MCKEESPORT, CITY OF 420051 
MCKEES ROCKS, BOROUGH OF 420052 
MILLVALE, BOROUGH OF 420053 
MONROEVILLE, MUNICIPALITY OF 420054 
MOON, TOWNSHIP OF 421082 
*MOUNT OLIVER, BOROUGH OF             420055 
MT. LEBANON, MUNICIPALITY OF 421272 
MUNHALL, BOROUGH OF 420056 
NEVILLE, TOWNSHIP OF 425385 
NORTH BRADDOCK, BOROUGH OF 420058 
NORTH FAYETTE, TOWNSHIP OF 421085 
NORTH VERSAILLES, TOWNSHIP OF 421231 
OAKDALE, BOROUGH OF 420059 
OAKMONT, BOROUGH OF 420060 
O’HARA, TOWNSHIP OF 421088 
OHIO, TOWNSHIP OF 421089 
PENN HILLS, MUNICIPALITY OF 421092 
*PENNSBURY VILLAGE, BOROUGH OF 422665 
PINE, TOWNSHIP OF 421094 
PITCAIRN, BOROUGH OF 420062 
PITTSBURGH, CITY OF 420063 
PLEASANT HILLS, BOROUGH OF            420064 
PLUM, BOROUGH OF 420065 
PORT VUE, BOROUGH OF 420066 
RANKIN, BOROUGH OF 420067 
RESERVE, TOWNSHIP OF 420068 
RICHLAND, TOWNSHIP OF 421199 
ROBINSON, TOWNSHIP OF 421097 
ROSS, TOWNSHIP OF 420979 
 

 
 
        COMMUNITY        COMMUNITY 
            NAME            NUMBER 
ROSSLYN FARMS, BOROUGH OF           420069 
SCOTT, TOWNSHIP OF 421100 
SEWICKLEY, BOROUGH OF 420070 
SEWICKLEY HEIGHTS, BOROUGH OF 420071 
SEWICKLEY HILLS, BOROUGH OF 420072 
SHALER, TOWNSHIP OF 421101 
SHARPSBURG, BOROUGH OF 420073 
SOUTH FAYETTE, TOWNSHIP OF 421106 
SOUTH PARK, TOWNSHIP OF 421165 
SOUTH VERSAILLES, TOWNSHIP OF 421281 
SPRINGDALE, BOROUGH OF 421282 
SPRINGDALE, TOWNSHIP OF 420074 
STOWE, TOWNSHIP OF 421110 
SWISSVALE, BOROUGH OF 420075 
TARENTUM, BOROUGH OF 420076 
THORNBURG, BOROUGH OF 420077 
TRAFFORD, BOROUGH OF 420903 
TURTLE CREEK, BOROUGH OF 420079 
UPPER ST. CLAIR, TOWNSHIP OF 421119 
VERONA, BOROUGH OF 422611 
VERSAILLES, BOROUGH OF 420081 
WALL, BOROUGH OF 420082 
WEST DEER, TOWNSHIP OF 421299 
WEST ELIZABETH, BOROUGH OF 420083 
WEST HOMESTEAD, BOROUGH OF 420084 
WEST MIFFLIN, BOROUGH OF 420085 
*WEST VIEW, BOROUGH OF 420086 
WHITEHALL, BOROUGH OF                     420088 
WHITAKER, BOROUGH OF 420087 
WHITE OAK, BOROUGH OF 420089 
WILKINS, TOWNSHIP OF 420090 
*WILKINSBURG, BOROUGH OF               422667 
WILMERDING, BOROUGH OF 420091 

REVISED: September 26, 2014 

Federal Emergency Management Agency 

FLOOD INSURANCE STUDY NUMBER  

42003CV001B 

  

VOLUME 1 OF 6 
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   where Q  = peak discharge 
              A  = drainage area 
              a   = exponent 
 
In the Township of Le et, the equation above was also used to transf orm flows 
from the Raccoon Creek watershed to predict peak flows for Big Sewickley 
Creek.   
 
October 4, 1995, Countywide Analyses 

 
Frequency flood flows for the Monongahela  River at the mouth were based on 
statistical analyses of s tage discharge records covering 118-year record at the 
Pittsburgh “Point” gaging station located at th e confluence of the Monongahela 
and Allegheny Rivers.  This gaging sta tion was operated jointly by the USACE, 
the USGS, and the National W eather Service (NWS).  Gage r eadings have been 
obtained since 1762.  During the period 1762 to 1854, the gage that was 
established on the Monongahe la River at the confluen ce of the two rivers was 
read by various personnel resulting in incomplete records.  From May 1854 to 
May 1873, the Pittsburgh gage was read by the USACE personnel.  In May 1873, 
the U.S. Weather Bureau (now the NWS) began reading the gage and made it the 
official Pittsburgh gage.  These records are now maintained by the NWS.   
 
Upstream of the m outh, stage-discharge records have been m aintained at Lock 
and Dam No. 2 located at Braddock, Pe nnsylvania, river mile 11.2, c overing a 
66-year period.  The gaging station is jointly operated by the USGS and the 
USACE. Actual lower gage readings have been recorded at L ock and Dam No. 2 
since 1905 and are generally affected by b ackwater from the Ohio River.  All 
stage discharge records are maintained by the Pittsburgh District of the USACE.  
The actual peak flows at Lock and  Dam No. 2 were adjus ted for the effect of 
upstream reservoirs that were constr ucted between 1938 and 1989 to compute a 
natural peak flow for each flood event.   
 
The analyses of the natural peak discharge-frequency curves on the Monongahela 
River followed a standard log-Pearson Type III m ethod (Reference 24).  The  
resulting flood flow frequencies devel oped at the m outh and at Lock and Da m 
No. 2 were modified by m eans of an average reduction curve in order to reflect 
flow reduction by the present upstream flood control reservoirs.   

 
 
 
March 16, 1998, Countywide Analyses 
 
Hydrology for the following streams was developed using the Penn State Runoff 
Model (Reference 31).   
 
Borough of Etna: Pine Creek, Little Pine Creek West 
Borough of Franklin Park: Pine Creek 
Township of Hampton: Pine Creek, Harts Run, Gourdhead Run, 

McCaslin Run, Montour Run No. 1 
Township of Indiana: Little Pine Creek East 



64 

TABLE 6 - SUMMARY OF DISCHARGES – (continued) 
 
FLOODING SOURCE  DRAINAGE AREA                 Annual Chance of Flooding               
 AND LOCATION            (sq. miles)    10-percent        2-percent         1- percent       0.2-percent 
                                                             annual chance annual chance annual chance annual chance       
 
McLAUGHLIN RUN 
 At the confluence 
    with Chartiers Creek            7.53               955               1,567                1,866              2,677 
 Approximately 610 feet  
    downstream of   
    Baldwin Street                      7.30              937               1,540                1,835              2,635 
   Approximately 0.6 mile 
  upstream of Baldwin St         6.90               892               1,467                1,748              2,511 
 Approximately 0.6 miles  
    downstream of Lesnett Road  6.50          842               1,387                1,653              2,376 
 Approximately 250 feet  
    downstream of Lesnett Road  5.51          742               1,225                1,462              2,106 
Approximately 0.3 miles  
    upstream of Morrow Road  4.61              644               1,068                 1,276               1,842     
 Approximately 30 feet upstream  
     of Old Washington Road    4.40              619               1,027                 1,227               1,774   
Approximately 0.20 miles  
    downstream of Bethel  
    Church Road                         1.55              275                  467                   563                  827 
 Approximately 0.1 miles  
    upstream of Bethel 
 Church Road                           1.02              198                   339                  410                  606 
  
MILLERS RUN 
  At confluence with   
    Chartiers Creek                     28.1            2,400              4,300                5,300              8,100 
  Above confluence 
    with Tributary at 
    Morgan Hill Road                24.6             2,130              3,800                4,700              7,100 
  Above confluence 
    with Fishing Run                    1.9            1,750              3,100                 3,850             5,800 
 
MONONGAHELA RIVER 
  At confluence to Lock 
    and Dam No. 2, at 
    river mile 11.2                    7,388        168,500           212,000            231,000         275,000 
                                               5,6681 
 
1Reduced due to the Tygart, Stonewall Jackson, and Youghiogheny Dams 
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It is im portant to note that tem porary vertical m onuments are often 
established during the preparation of a flood hazard analysis for the purpose  
of establishing local vertical cont rol. Although these m onuments are not 
shown on the FIRM, they m ay be f ound in the Technical Support Data 
Notebook associated with this FIS  and FIRM. Interested individuals m ay 
contact FEMA to access this data 
 

 3.3 Vertical Datum 
 

All FISs and FIRMs are referenced  to a specific vertical datum . The vertical 
datum provides a starting point ag ainst which flood, gr ound, and structure 
elevations can be referenced and compared. Until recently, the standard vertical 
datum in use for newly created or re vised FISs and FIRMs was NGVD 29. W ith 
the finalization of the North Am erican Vertical Datum of 1988 (NAVD 88) , 
many FIS reports and FIRMs are bei ng prepared using NAVD 88 as the 
referenced vertical datum.  
 
All flood elevations shown in this FIS report and on the FIRM are referenced to 
NAVD 88. Structure and ground elevations in the county must, therefore, be 
referenced to NAVD 8 8. It is im portant to note that adjace nt counties m ay be 
referenced to NGVD 29. This may result in differences in BFEs across the county 
boundaries between the counties.  
 
The average datum shift from NGVD 29 to NAVD 88 for Allegheny County used 
was -0.52 feet. 
 
For information regarding conversion between the NGVD2 9 and NAVD88, visit 
the National Geodetic Survey web site at www.ngs.noaa.gov, or contact the 
National Geodetic Survey at the following address: 
 

NGS Information Services 
NOAA, N/NGS12 
National Geodetic Survey 
SSMC-3, #9202 
1315 East-West Highway 
Silver Spring, Maryland 20910 
(301) 713-3242 

 
4.0 FLOODPLAIN MANAGEMENT APPLICATIONS 

 
The NFIP encourages State and local  governments to adopt sound floodplain 
management programs. To assis t in this endeavor, each FIS provides 1-percen t annual 
chance floodplain data, which m ay include a combination of the following: 10-, 2-, 1- , 
and 0.2-percent-annual-chance fl ood elevations; de lineations of the 1- and 0.2-percent 
annual chance floodplains; and 1-percent annu al chance floodway. This inform ation is 
presented on the FIRM and in m any components of the FIS, including Flood Profiles, 
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FLOODING SOURCE FLOODWAY BASE FLOOD 

WATER SURFACE ELEVATION 
 

 
CROSS 

SECTION DISTANCE WIDTH 
(FEET) 

SECTION 
AREA 

(SQUARE 
FEET) 

MEAN 
VELOCITY 
(FEET PER 
SECOND) 

REGULATORY 
(NAVD) 

WITHOUT 
FLOODWAY 

(NAVD) 

WITH 
FLOODWAY 

(NAVD) 
INCREASE 

 

 Millers Run          
 (Continued)          
 Z 19,6201 60 496 7.8 888.7 888.7 889.6 0.9  
 AA 21,3181 109 488 7.9 896.2 896.2 896.2 0.0  
 AB 22,3381 164 803 4.8 901.1 901.1 901.9 0.8  
 AC 22,9291 114 471 8.2 904.1 904.1 904.3 0.2  
 AD 23,8231 70 540 7.1 911.1 911.1 911.1 0.0  
 AE 24,6991 90 635 6.1 913.5 913.5 914.1 0.6  
 AF 25,3541 46 337 11.4 915.6 915.6 915.9 0.3  
 AG 26,1541 83 580 6.6 920.3 920.3 921.1 0.8  
 AH 26,6591 65 487 7.9 921.9 921.9 922.3 0.4  
 AI 27,2141 60 439 8.8 924.1 924.1 924.4 0.3  
 Monongahela          
 River          
 A 252 991 35,116 6.6 729.0 729.0 730.0 1.0  
 B 3702 930 34,546 6.7 729.0 729.0 730.0 1.0  
 C 2,6402 889 32,636 7.1 729.4 729.4 730.3 0.9  
 D 4,4502 1,019 35,592 6.5 729.8 729.8 730.8 1.0  
 E 7,6402 806 29,638 7.8 730.2 730.2 731.2 1.0  
 F 9,2402 880 31,614 7.3 730.7 730.7 731.6 0.9  
 G 10,8802 1,033 34,472 6.7 731.1 731.1 732.0 0.9  
 H 13,9922 1,000 33,314 6.9 731.9 731.9 732.8 0.9  
 I 15,6802 828 30,811 7.5 732.1 732.1 732.9 0.8  
 J 17,9522 948 33,986 6.8 732.8 732.8 733.6 0.8  
 K 19,5362 916 34,479 6.7 733.0 733.0 733.8 0.8  
 1 Feet above confluence with Chartiers Creek      

2 Feet above confluence with Ohio River 
 

TA
B

LE 8 

FEDERAL EMERGENCY MANAGEMENT AGENCY 
 

ALLEGHENY COUNTY, PA 
(ALL JURISDICTIONS) 

FLOODWAY DATA 

MILLERS RUN - MONONGAHELA RIVER 
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APPENDIX A-3.1

HEC-2 Geometry Comparison
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APPENDIX A-4

Hydrology

I-376 Bathtub
Monongahela River

Allegheny County
PennDOT District 11-0



APPENDIX A-4.1

Watershed Characteristics





Project Site
DA = 7,380 mi2

Drainage Area Delineation



Basin Characteristics



APPENDIX A-4.2

Monongahela River Watershed Act 167



Portion of Subwatershed Map from Monongahela River 
Watershed Act 167 Plan



Act 167 Flood Frequency/Discharge Table



APPENDIX A-4.3

Gage Analysis



Peak Streamflow
USGS 03085000 Monongahela River at Braddock, PA

Allegheny County, Pennsylvania
Hydrologic Unit Code 05020005
Latitude 40°23’28", Longitude 79°51’30" NAD27
Drainage area 7,337 square miles
Gage datum 709.66 feet above NGVD29



Peak Streamflow
USGS 03085000 Monongahela River at Braddock, PA



Peak Streamflow
USGS 03085000 Monongahela River at Braddock, PA



1
  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.002.000
  Version 7.2         Annual peak flow frequency analysis      Run Date / Time
  3/28/2018                                                     11/20/2019 10:06

                         ‐‐‐ PROCESSING OPTIONS ‐‐‐  

                      Plot option         = Graphics device   
                      Basin char output   = None          
                      Print option        = Yes
                      Debug print         = No 
                      Input peaks listing = Long 
                      Input peaks format  = WATSTORE peak file  

                      Input files used:
                         peaks (ascii)  ‐ \\server\projects\19036\WO 6 I 376 
Flooding\H&H\Hydrology\PeakFQ 7.1\USGS3085000\USGS3085000.TXT                        
                         specifications ‐ \\server\projects\19036\WO 6 I 376 
Flooding\H&H\Hydrology\PeakFQ 7.1\USGS3085000\PKFQWPSF.TMP                           
                      Output file(s): 
                         main ‐ \\server\projects\19036\WO 6 I 376 
Flooding\H&H\Hydrology\PeakFQ 7.1\USGS3085000\USGS3085000.PRT                        

  ***  User responsible for assessment and interpretation of the following analysis  ***
  
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.001
  Version 7.2         Annual peak flow frequency analysis      Run Date / Time
  3/28/2018                                                     11/20/2019 10:06
  
             Station ‐ 03085000  Monongahela River at Braddock, PA              

                     TABLE 1 ‐ INPUT DATA SUMMARY

                Number of peaks in record            =       61
                Peaks not used in analysis           =        0
                Gaged peaks in analysis              =       61
                Historic peaks in analysis           =        0
                Beginning Year                       =     1944
                Ending Year                          =     2004
                Historical Period Length             =       61
                Skew option                          =   WEIGHTED  
                Regional skew                        =    0.092
                     Standard error                  =    0.550
                     Mean Square error               =    0.303
                Gage base discharge                  =      0.0
                User supplied high outlier threshold =   ‐‐           
                User supplied PILF (LO) criterion    =   ‐‐           
                Plotting position parameter          =     0.00
                Type of analysis                       BULL.17B
                PILF (LO) Test Method                      MGBT



                Perceptible Ranges               =   Not Applicable
                Interval Data                    =   Not Applicable

    TABLE 2 ‐ DIAGNOSTIC MESSAGE AND PILF RESULTS                               
                                                                                

    WCF134I‐NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE.                   0.0
    WCF163I‐NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE.    278162.0
  **WCF164W‐HISTORIC PERIOD IGNORED.    61.0
    WCF002J‐CALCS COMPLETED.  RETURN CODE =  2

                       Kendall's Tau Parameters

                                        MEDIAN   No. of
                       TAU    P‐VALUE    SLOPE   PEAKS
               ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
    GAGED PEAKS     ‐0.068      0.440   ‐195.261    61

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.002
  Version 7.2         Annual peak flow frequency analysis      Run Date / Time
  3/28/2018                                                     11/20/2019 10:06
  
             Station ‐ 03085000  Monongahela River at Braddock, PA              

     TABLE 3 ‐ ANNUAL FREQUENCY CURVE PARAMETERS ‐‐ LOG‐PEARSON TYPE III 

                        FLOOD BASE                   LOGARITHMIC         
                  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                             EXCEEDANCE                STANDARD          
                   DISCHARGE PROBABILITY     MEAN     DEVIATION     SKEW 
                  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 SYSTEMATIC RECORD       0.0     1.0000     5.0059      0.1543     ‐0.116
 BULL.17B ESTIMATE       0.0     1.0000     5.0059      0.1543     ‐0.067

 BULL.17B ESTIMATE OF MSE OF AT‐SITE SKEW     0.0922

 TABLE 4 ‐ ANNUAL FREQUENCY CURVE ‐‐ DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

   ANNUAL                         <‐‐ FOR BULLETIN 17B ESTIMATES ‐‐>
EXCEEDANCE  BULL.17B SYSTEMATICLOG VARIANCE     CONFIDENCE INTERVALS
PROBABILITY ESTIMATE   RECORD      OF EST.    5% LOWER   95% UPPER

   0.9950   39690.    39060.          ‐‐‐‐        33010.0      45710.0
   0.9900   43590.    43040.          ‐‐‐‐        36790.0      49670.0
   0.9500   56130.    55860.          ‐‐‐‐        49190.0      62320.0



   0.9000   64130.    64020.          ‐‐‐‐        57230.0      70360.0
   0.8000   75260.    75330.          ‐‐‐‐        68410.0      81650.0
   0.6667   87260.    87470.          ‐‐‐‐        80340.0      94120.0
   0.5000  101800.   102100.          ‐‐‐‐        94350.0     109800.0
   0.4292  108400.   108700.          ‐‐‐‐       100600.0     117200.0
   0.2000  136800.   136900.          ‐‐‐‐       126100.0     150500.0
   0.1000  159400.   159100.          ‐‐‐‐       145300.0     178500.0
   0.0400  187200.   186100.          ‐‐‐‐       168300.0     214300.0
   0.0200  207500.   205600.          ‐‐‐‐       184600.0     241200.0
   0.0100  227600.   224700.          ‐‐‐‐       200500.0     268200.0
   0.0050  247500.   243500.          ‐‐‐‐       216000.0     295400.0
   0.0020  273700.   268100.          ‐‐‐‐       236200.0     332100.0
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.003
  Version 7.2         Annual peak flow frequency analysis      Run Date / Time
  3/28/2018                                                     11/20/2019 10:06
  
             Station ‐ 03085000  Monongahela River at Braddock, PA              

                       TABLE 5 ‐ INPUT DATA LISTING

    WATER       PEAK   PEAKFQ
     YEAR      VALUE    CODES  REMARKS
     1944    81800.0    K  
     1945   134000.0    K  
     1946    96200.0    K  
     1947    53900.0    K  
     1948   144000.0    K  
     1949   130000.0    K  
     1950   102000.0    K  
     1951   129000.0    K  
     1952   118000.0    K  
     1953    68500.0    K  
     1954    46100.0    K  
     1955   200000.0    K  
     1956   164000.0    K  
     1957   112000.0    K  
     1958    84900.0    K  
     1959    84900.0    K  
     1960   108000.0    K  
     1961    80200.0    K  
     1962    86500.0    K  
     1963   163000.0    K  
     1964   105000.0    K  
     1965    59300.0    K  
     1966   133000.0    K  
     1967   176000.0    K  
     1968   133000.0    K  
     1969    45100.0    K  
     1970   101000.0    K  
     1971    96800.0    K  



     1972   180000.0    K  
     1973   109000.0    K  
     1974   142000.0    K  
     1975   107000.0    K  
     1976    80800.0    K  
     1977   101000.0    K  
     1978   124000.0    K  
     1979   150000.0    K  
     1980   105000.0    K  
     1981   104000.0    K  
     1982    91200.0    K  
     1983    62600.0    K  
     1984    95700.0    K  
     1985    74500.0    K  
     1986   190000.0    K  
     1987    57500.0    K  
     1988    80000.0    K  
     1989   120000.0    K  
     1990    85000.0    K  
     1991   107000.0    K  
     1992    68800.0    K  
     1993    89500.0    K  
     1994   128000.0    K  
     1995    59700.0    K  
     1996   210000.0    K  
     1997    83400.0    K  
     1998    79500.0    K  
     1999    69100.0    K  
     2000   152000.0    K  
     2001    74200.0    K  
     2002   105000.0    K  
     2003   108000.0    K  
     2004   142000.0    K  

        Explanation of peak discharge qualification codes

       PeakFQ    NWIS
        CODE     CODE   DEFINITION

          D        3    Dam failure, non‐recurrent flow anomaly
          G        8    Discharge greater than stated value
          X       3+8   Both of the above
          L        4    Discharge less than stated value
          K     6 OR C  Known effect of regulation or urbanization
          H        7    Historic peak

          ‐  Minus‐flagged discharge ‐‐ Not used in computation
                ‐8888.0 ‐‐ No discharge value given
          ‐  Minus‐flagged water year ‐‐ Historic peak used in computation

1



  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.004
  Version 7.2         Annual peak flow frequency analysis      Run Date / Time
  3/28/2018                                                     11/20/2019 10:06
  
             Station ‐ 03085000  Monongahela River at Braddock, PA              

  TABLE 6 ‐ EMPIRICAL FREQUENCY CURVES ‐‐ WEIBULL PLOTTING POSITIONS

   WATER     RANKED   SYSTEMATIC     B17B
    YEAR   DISCHARGE    RECORD     ESTIMATE
    1996   210000.0     0.0161      0.0161 
    1955   200000.0     0.0323      0.0323 
    1986   190000.0     0.0484      0.0484 
    1972   180000.0     0.0645      0.0645 
    1967   176000.0     0.0806      0.0806 
    1956   164000.0     0.0968      0.0968 
    1963   163000.0     0.1129      0.1129 
    2000   152000.0     0.1290      0.1290 
    1979   150000.0     0.1452      0.1452 
    1948   144000.0     0.1613      0.1613 
    1974   142000.0     0.1774      0.1774 
    2004   142000.0     0.1935      0.1935 
    1945   134000.0     0.2097      0.2097 
    1966   133000.0     0.2258      0.2258 
    1968   133000.0     0.2419      0.2419 
    1949   130000.0     0.2581      0.2581 
    1951   129000.0     0.2742      0.2742 
    1994   128000.0     0.2903      0.2903 
    1978   124000.0     0.3065      0.3065 
    1989   120000.0     0.3226      0.3226 
    1952   118000.0     0.3387      0.3387 
    1957   112000.0     0.3548      0.3548 
    1973   109000.0     0.3710      0.3710 
    1960   108000.0     0.3871      0.3871 
    2003   108000.0     0.4032      0.4032 
    1975   107000.0     0.4194      0.4194 
    1991   107000.0     0.4355      0.4355 
    1964   105000.0     0.4516      0.4516 
    1980   105000.0     0.4677      0.4677 
    2002   105000.0     0.4839      0.4839 
    1981   104000.0     0.5000      0.5000 
    1950   102000.0     0.5161      0.5161 
    1970   101000.0     0.5323      0.5323 
    1977   101000.0     0.5484      0.5484 
    1971    96800.0     0.5645      0.5645 
    1946    96200.0     0.5806      0.5806 
    1984    95700.0     0.5968      0.5968 
    1982    91200.0     0.6129      0.6129 
    1993    89500.0     0.6290      0.6290 
    1962    86500.0     0.6452      0.6452 
    1990    85000.0     0.6613      0.6613 
    1958    84900.0     0.6774      0.6774 
    1959    84900.0     0.6935      0.6935 



    1997    83400.0     0.7097      0.7097 
    1944    81800.0     0.7258      0.7258 
    1976    80800.0     0.7419      0.7419 
    1961    80200.0     0.7581      0.7581 
    1988    80000.0     0.7742      0.7742 
    1998    79500.0     0.7903      0.7903 
    1985    74500.0     0.8065      0.8065 
    2001    74200.0     0.8226      0.8226 
    1999    69100.0     0.8387      0.8387 
    1992    68800.0     0.8548      0.8548 
    1953    68500.0     0.8710      0.8710 
    1983    62600.0     0.8871      0.8871 
    1995    59700.0     0.9032      0.9032 
    1965    59300.0     0.9194      0.9194 
    1987    57500.0     0.9355      0.9355 
    1947    53900.0     0.9516      0.9516 
    1954    46100.0     0.9677      0.9677 
    1969    45100.0     0.9839      0.9839 
1

 End PeakFQ analysis.
   Stations processed :       1
   Number of errors   :       0
   Stations skipped   :       0
   Station years      :      61

Data records may have been ignored for the stations listed below.               
(Card type must be Y, Z, N, H, I, 2, 3, 4,  or *.)                              
(2, 4, and * records are ignored.)                                              
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
 FINISHED PROCESSING STATION:  03085000       USGS Monongahela River at Braddock
                                                                                
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
 FINISHED PROCESSING STATION:                                                   
                                                                                



Peak Streamflow
USGS 03075070 Monongahela River at Elizabeth, PA

Allegheny County, Pennsylvania
Hydrologic Unit Code 05020005
Latitude 40°15’44", Longitude 79°54’05" NAD27
Drainage area 5,340 square miles
Gage datum 717.90 feet above NGVD29



Peak Streamflow
USGS 03075070 Monongahela River at Elizabeth, PA



1
  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.000.000
  Ver. 5.2            Annual peak flow frequency analysis      Run Date / Time
  11/01/2007          following Bulletin 17‐B Guidelines       12/05/2019 15:54

                         ‐‐‐ PROCESSING OPTIONS ‐‐‐  

                      Plot option         = None              
                      Basin char output   = None          
                      Print option        = Yes
                      Debug print         = No 
                      Input peaks listing = Long 
                      Input peaks format  = WATSTORE peak file  

                      Input files used:
                         peaks (ascii)  ‐ P:\19036\WO 6 I 376 FLOODING\H&H\HYDROLOGY\PEAKFQ 
7.1\USGS3075070\3075070.TXT   
                         specifications ‐ PKFQWPSF.TMP                                      
                             
                      Output file(s): 
                         main ‐ P:\19036\WO 6 I 376 FLOODING\H&H\HYDROLOGY\PEAKFQ 
7.1\USGS3075070\3075070.PRT   
  
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.001
  Ver. 5.2            Annual peak flow frequency analysis      Run Date / Time
  11/01/2007          following Bulletin 17‐B Guidelines       12/05/2019 15:54
  
             Station ‐ 03075070  Monongahela River at Elizabeth, PA             

                     I N P U T   D A T A   S U M M A R Y

                Number of peaks in record            =       40
                Peaks not used in analysis           =        0
                Systematic peaks in analysis         =       40
                Historic peaks in analysis           =        0
                Years of historic record             =        0
                Generalized skew                     =    0.102
                     Standard error                  =    0.550
                     Mean Square error               =    0.303
                Skew option                          =   WEIGHTED  
                Gage base discharge                  =      0.0
                User supplied high outlier threshold =   ‐‐           
                User supplied low outlier criterion  =   ‐‐           
                Plotting position parameter          =     0.00

  *********  NOTICE  ‐‐  Preliminary machine computations.        *********     
  *********  User responsible for assessment and interpretation.  *********     

    WCF134I‐NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE.                   0.0



    WCF163I‐NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE.    195285.3
    WCF195I‐NO LOW OUTLIERS WERE DETECTED BELOW CRITERION.          34156.6
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.002
  Ver. 5.2            Annual peak flow frequency analysis      Run Date / Time
  11/01/2007          following Bulletin 17‐B Guidelines       12/05/2019 15:54
  
             Station ‐ 03075070  Monongahela River at Elizabeth, PA             

           ANNUAL FREQUENCY CURVE PARAMETERS ‐‐ LOG‐PEARSON TYPE III 

                        FLOOD BASE                   LOGARITHMIC         
                  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
                             EXCEEDANCE                STANDARD          
                   DISCHARGE PROBABILITY     MEAN     DEVIATION     SKEW 
                  ‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
 SYSTEMATIC RECORD       0.0     1.0000     4.9121      0.1412      0.454
 BULL.17B ESTIMATE       0.0     1.0000     4.9121      0.1412      0.331

    ANNUAL FREQUENCY CURVE ‐‐ DISCHARGES AT SELECTED EXCEEDANCE PROBABILITIES

      ANNUAL                              'EXPECTED   95‐PCT CONFIDENCE LIMITS
   EXCEEDANCE     BULL.17B    SYSTEMATIC PROBABILITY'  FOR BULL. 17B ESTIMATES
   PROBABILITY    ESTIMATE      RECORD     ESTIMATE        LOWER        UPPER

      0.9950      39110.0      40590.0      37620.0      32260.0      44970.0
      0.9900      41530.0      42780.0      40240.0      34660.0      47390.0
      0.9500      49420.0      50060.0      48620.0      42630.0      55250.0
      0.9000      54560.0      54880.0      53980.0      47890.0      60390.0
      0.8000      61880.0      61840.0      61530.0      55360.0      67800.0
      0.6667      70020.0      69690.0      69850.0      63580.0      76270.0
      0.5000      80220.0      79700.0      80220.0      73560.0      87380.0
      0.4292      85040.0      84470.0      85120.0      78110.0      92850.0
      0.2000     106700.0     106300.0     107400.0      97420.0     119100.0
      0.1000     125100.0     125400.0     126900.0     112800.0     143100.0
      0.0400     149500.0     151300.0     153600.0     132100.0     176600.0
      0.0200     168400.0     171800.0     175200.0     146700.0     203700.0
      0.0100     188100.0     193500.0     198500.0     161500.0     232600.0
      0.0050     208600.0     216400.0     223800.0     176600.0     263600.0
      0.0020     237300.0     249100.0     261100.0     197300.0     308200.0
1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.003
  Ver. 5.2            Annual peak flow frequency analysis      Run Date / Time
  11/01/2007          following Bulletin 17‐B Guidelines       12/05/2019 15:54
  
             Station ‐ 03075070  Monongahela River at Elizabeth, PA             



                       I N P U T   D A T A   L I S T I N G

     WATER YEAR    DISCHARGE   CODES      WATER YEAR    DISCHARGE   CODES 

        1978       114000.0       K          1998        64600.0       K  
        1979       110000.0       K          1999        58200.0       K  
        1980        95400.0       K          2000       145000.0       K  
        1981        94400.0       K          2001        56100.0       K  
        1982        72400.0       K          2002        81800.0       K  
        1983        50900.0       K          2003        85200.0       K  
        1984        67000.0       K          2004       120000.0       K  
        1985        71500.0       K          2005        91100.0       K  
        1986       178000.0       K          2006        54600.0       K  
        1987        46200.0       K          2007        71400.0       K  
        1988        59300.0       K          2008        98000.0       K  
        1989       109000.0       K          2009        86300.0       K  
        1990        72700.0       K          2010        85300.0       K  
        1991        92100.0       K          2011        70800.0       K  
        1992        58100.0       K          2012        83000.0       K  
        1993        69000.0       K          2013        74100.0       K  
        1994       112000.0       K          2014        62000.0       K  
        1995        58300.0       K          2015       113000.0       K  
        1996       167000.0       K          2016        51300.0       K  
        1997        83100.0       K          2017       115000.0       K  

        Explanation of peak discharge qualification codes

       PeakFQ    NWIS
        CODE     CODE   DEFINITION

          D        3    Dam failure, non‐recurrent flow anomaly
          G        8    Discharge greater than stated value
          X       3+8   Both of the above
          L        4    Discharge less than stated value
          K     6 OR C  Known effect of regulation or urbanization
          H        7    Historic peak

          ‐  Minus‐flagged discharge ‐‐ Not used in computation
                ‐8888.0 ‐‐ No discharge value given
          ‐  Minus‐flagged water year ‐‐ Historic peak used in computation

1

  Program PeakFq           U. S. GEOLOGICAL SURVEY             Seq.001.004
  Ver. 5.2            Annual peak flow frequency analysis      Run Date / Time
  11/01/2007          following Bulletin 17‐B Guidelines       12/05/2019 15:54
  
             Station ‐ 03075070  Monongahela River at Elizabeth, PA             



   EMPIRICAL FREQUENCY CURVES ‐‐ WEIBULL PLOTTING POSITIONS

      WATER         RANKED       SYSTEMATIC      BULL.17B
       YEAR       DISCHARGE        RECORD        ESTIMATE

       1986       178000.0         0.0244         0.0244 
       1996       167000.0         0.0488         0.0488 
       2000       145000.0         0.0732         0.0732 
       2004       120000.0         0.0976         0.0976 
       2017       115000.0         0.1220         0.1220 
       1978       114000.0         0.1463         0.1463 
       2015       113000.0         0.1707         0.1707 
       1994       112000.0         0.1951         0.1951 
       1979       110000.0         0.2195         0.2195 
       1989       109000.0         0.2439         0.2439 
       2008        98000.0         0.2683         0.2683 
       1980        95400.0         0.2927         0.2927 
       1981        94400.0         0.3171         0.3171 
       1991        92100.0         0.3415         0.3415 
       2005        91100.0         0.3659         0.3659 
       2009        86300.0         0.3902         0.3902 
       2010        85300.0         0.4146         0.4146 
       2003        85200.0         0.4390         0.4390 
       1997        83100.0         0.4634         0.4634 
       2012        83000.0         0.4878         0.4878 
       2002        81800.0         0.5122         0.5122 
       2013        74100.0         0.5366         0.5366 
       1990        72700.0         0.5610         0.5610 
       1982        72400.0         0.5854         0.5854 
       1985        71500.0         0.6098         0.6098 
       2007        71400.0         0.6341         0.6341 
       2011        70800.0         0.6585         0.6585 
       1993        69000.0         0.6829         0.6829 
       1984        67000.0         0.7073         0.7073 
       1998        64600.0         0.7317         0.7317 
       2014        62000.0         0.7561         0.7561 
       1988        59300.0         0.7805         0.7805 
       1995        58300.0         0.8049         0.8049 
       1999        58200.0         0.8293         0.8293 
       1992        58100.0         0.8537         0.8537 
       2001        56100.0         0.8780         0.8780 
       2006        54600.0         0.9024         0.9024 
       2016        51300.0         0.9268         0.9268 
       1983        50900.0         0.9512         0.9512 
       1987        46200.0         0.9756         0.9756 
1

 End PeakFQ analysis.
   Stations processed :       1
   Number of errors   :       0
   Stations skipped   :       0
   Station years      :      40



Data records may have been ignored for the stations listed below.               
(Card type must be Y, Z, N, H, I, 2, 3, 4,  or *.)                              
(2, 4, and * records are ignored.)                                              
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
 FINISHED PROCESSING STATION:  03075070       USGS Monongahela River at Elizabet
                                                                                
                                                                                
 For the station below, the following records were ignored:                     
                                                                                
 FINISHED PROCESSING STATION:                                                   
                                                                                



Project: I-376 over Monongahela River

PennDOT District 11-0

By: DEB Ckd: FJA

Date: 01/17/20 Date: 01/17/20

Reference:  PennDOT DM-2.10.6.C.4.a.

Region  1 Region 2 Region  3 Region 4

2 0.86396 0.69782 0.82143 0.84471

10 0.83197 0.64853 0.78127 0.79689

25 0.82741 0.64014 0.77260 0.78710

50 0.81981 0.62615 0.75816 0.77079

100 0.81626 0.61864 0.75043 0.76279

500 0.81002 0.60294 0.73500 0.74809

Asite (mi
2
) 7,380.00

Agage (mi
2
) 5,340.00

USGS Gage # 3075070 Monongahela River at Elizabeth, PA

Flood-Flow Region 4

1 39,110 51,402

2 80,220 105,433

5 106,700 140,236

10 125,100 161,895

25 149,500 192,859

50 168,400 216,097

100 188,100 240,753

500 237,300 302,284

Qsite

(cfs)
Return Period (years)

Qgage

(cfs)

Return Period (years)

Peak Flow Transposition

USGS SIR 2008-5102

Drainage Area Characteristic Coefficient "b"

Note: 2-year "b" value used for  1-year and 5-year calculations. 25-year "b" value interpolated from 10-

year and and 50-year values. 
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APPENDIX A-5

Hydraulic Analysis

I-376
Monongahela River

Allegheny County
PennDOT District 11-0
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HEC-RAS  Plan: Existing   River: Stream   Reach: Reach
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 30      1-year Low 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      2-year Low 101800.00 686.10 716.39 716.86 0.000122 5.5 18551.76 772.73 0.20
Reach 30      5-year Low 136800.00 686.10 720.87 721.47 0.000126 6.2 22039.93 782.87 0.20
Reach 30      25-year 187200.00 686.10 726.49 727.28 0.000130 7.1 26474.45 795.75 0.21
Reach 30      10-year 168500.00 686.10 723.99 724.73 0.000135 6.9 24490.60 790.01 0.22
Reach 30      50-year 212000.00 686.10 728.69 729.58 0.000136 7.6 28268.17 868.07 0.22
Reach 30      100-year 231000.00 686.10 730.55 731.51 0.000136 7.9 30007.50 1021.97 0.22
Reach 30      1-year High 39690.00 686.10 719.04 719.09 0.000013 1.9 20606.53 778.67 0.07
Reach 30      5-year High 136800.00 686.10 721.96 722.52 0.000111 6.0 22893.58 785.37 0.19
Reach 30      2-year High 101800.00 686.10 720.34 720.68 0.000074 4.7 21622.20 781.65 0.16
Reach 30      Normal 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04

Reach 29      1-year Low 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      2-year Low 101800.00 690.79 716.30 716.79 0.000140 5.6 18259.01 816.09 0.21
Reach 29      5-year Low 136800.00 690.79 720.80 721.41 0.000138 6.3 21950.44 825.81 0.21
Reach 29      25-year 187200.00 690.79 726.43 727.21 0.000137 7.1 26633.01 837.82 0.22
Reach 29      10-year 168500.00 690.79 723.92 724.66 0.000145 6.9 24536.54 832.47 0.22
Reach 29      50-year 212000.00 690.79 728.63 729.51 0.000142 7.5 28537.79 905.58 0.22
Reach 29      100-year 231000.00 690.79 730.50 731.44 0.000141 7.8 30509.05 1193.18 0.23
Reach 29      1-year High 39690.00 690.79 719.03 719.09 0.000015 1.9 20489.67 821.98 0.07
Reach 29      5-year High 136800.00 690.79 721.90 722.46 0.000121 6.0 22860.35 828.16 0.20
Reach 29      2-year High 101800.00 690.79 720.30 720.64 0.000081 4.7 21533.57 824.72 0.16
Reach 29      Normal 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04

Reach 28      1-year Low 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      2-year Low 101800.00 691.86 716.25 716.71 0.000133 5.4 18856.07 851.00 0.20
Reach 28      5-year Low 136800.00 691.86 720.76 721.33 0.000130 6.0 22713.95 861.87 0.21
Reach 28      25-year 187200.00 691.86 726.40 727.12 0.000129 6.8 27613.76 884.65 0.21
Reach 28      10-year 168500.00 691.86 723.88 724.57 0.000137 6.7 25416.51 869.30 0.21
Reach 28      50-year 212000.00 691.86 728.60 729.42 0.000133 7.2 29727.23 1105.77 0.22
Reach 28      100-year 231000.00 691.86 730.48 731.34 0.000132 7.5 32091.86 1330.28 0.22
Reach 28      1-year High 39690.00 691.86 719.02 719.08 0.000014 1.9 21221.31 857.72 0.07
Reach 28      5-year High 136800.00 691.86 721.87 722.39 0.000114 5.8 23669.74 864.51 0.19
Reach 28      2-year High 101800.00 691.86 720.27 720.60 0.000077 4.6 22293.49 860.71 0.16
Reach 28      Normal 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04

Reach 27      1-year Low 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      2-year Low 101800.00 692.11 716.20 716.60 0.000128 5.1 19961.00 951.60 0.20
Reach 27      5-year Low 136800.00 692.11 720.72 721.22 0.000121 5.6 24279.17 957.16 0.20
Reach 27      25-year 187200.00 692.11 726.39 727.01 0.000116 6.3 29729.16 984.71 0.20
Reach 27      10-year 168500.00 692.11 723.86 724.45 0.000125 6.2 27285.11 961.04 0.20
Reach 27      50-year 212000.00 692.11 728.60 729.30 0.000118 6.7 32045.56 1198.10 0.20
Reach 27      100-year 231000.00 692.11 730.48 731.22 0.000117 6.9 34560.12 1462.56 0.20
Reach 27      1-year High 39690.00 692.11 719.02 719.07 0.000013 1.8 22649.74 955.05 0.06
Reach 27      5-year High 136800.00 692.11 721.84 722.29 0.000105 5.4 25348.16 958.59 0.18
Reach 27      2-year High 101800.00 692.11 720.25 720.53 0.000071 4.3 23825.31 956.62 0.15
Reach 27      Normal 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04

Reach 26      1-year Low 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      2-year Low 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19762.74 929.52 0.19
Reach 26      5-year Low 136800.00 690.05 720.68 702.96 721.20 0.000122 5.7 24047.01 1001.37 0.20
Reach 26      25-year 187200.00 690.05 726.34 705.12 726.99 0.000119 6.5 29940.92 1094.01 0.20
Reach 26      10-year 168500.00 690.05 723.81 704.33 724.43 0.000127 6.3 27250.09 1042.73 0.21
Reach 26      50-year 212000.00 690.05 728.55 706.10 729.27 0.000121 6.8 32445.99 1166.31 0.21
Reach 26      100-year 231000.00 690.05 730.43 706.84 731.20 0.000120 7.0 34857.70 1430.19 0.21
Reach 26      1-year High 39690.00 690.05 719.02 697.64 719.06 0.000013 1.8 22435.21 947.78 0.06
Reach 26      5-year High 136800.00 690.05 721.80 702.96 722.28 0.000106 5.5 25177.01 1018.92 0.19
Reach 26      2-year High 101800.00 690.05 720.23 701.29 720.52 0.000071 4.4 23592.70 977.93 0.15
Reach 26      Normal 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04

Reach 25.5    Bridge

Reach 25      1-year Low 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      2-year Low 101800.00 686.75 716.08 716.51 0.000133 5.2 19431.82 923.01 0.20
Reach 25      5-year Low 136800.00 686.75 720.58 721.11 0.000127 5.8 23630.38 943.52 0.20
Reach 25      25-year 187200.00 686.75 726.22 726.89 0.000123 6.5 29161.59 1049.74 0.21
Reach 25      10-year 168500.00 686.75 723.69 724.33 0.000132 6.4 26605.84 973.80 0.21
Reach 25      50-year 212000.00 686.75 728.42 729.16 0.000126 6.9 31629.56 1256.43 0.21
Reach 25      100-year 231000.00 686.75 730.30 731.08 0.000124 7.1 34298.73 1469.99 0.21
Reach 25      1-year High 39690.00 686.75 719.01 719.06 0.000013 1.8 22150.29 934.09 0.06
Reach 25      5-year High 136800.00 686.75 721.71 722.20 0.000110 5.6 24702.95 954.63 0.19
Reach 25      2-year High 101800.00 686.75 720.17 720.47 0.000074 4.4 23241.16 939.47 0.15
Reach 25      Normal 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04

Reach 24      1-year Low 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      2-year Low 101800.00 689.54 716.08 716.46 0.000119 5.0 20534.47 980.03 0.19
Reach 24      5-year Low 136800.00 689.54 720.59 721.06 0.000113 5.5 24987.83 993.78 0.19



HEC-RAS  Plan: Existing   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 24      25-year 187200.00 689.54 726.24 726.83 0.000110 6.2 30741.78 1151.88 0.19
Reach 24      10-year 168500.00 689.54 723.71 724.27 0.000118 6.0 28099.69 1003.43 0.20
Reach 24      50-year 212000.00 689.54 728.44 729.10 0.000112 6.5 33620.25 1408.50 0.20
Reach 24      100-year 231000.00 689.54 730.32 731.02 0.000110 6.7 36410.52 1517.87 0.20
Reach 24      1-year High 39690.00 689.54 719.01 719.05 0.000012 1.7 23416.96 988.86 0.06
Reach 24      5-year High 136800.00 689.54 721.72 722.15 0.000098 5.3 26113.62 997.34 0.18
Reach 24      2-year High 101800.00 689.54 720.17 720.44 0.000066 4.2 24574.20 992.47 0.15
Reach 24      Normal 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04

Reach 23      1-year Low 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      2-year Low 101800.00 688.70 716.05 701.52 716.45 0.000131 5.1 20112.64 994.58 0.20
Reach 23      5-year Low 136800.00 688.70 720.56 703.21 721.05 0.000123 5.6 24651.71 1016.10 0.20
Reach 23      25-year 187200.00 688.70 726.21 705.39 726.81 0.000117 6.3 30578.92 1163.29 0.20
Reach 23      10-year 168500.00 688.70 723.67 704.60 724.26 0.000126 6.1 27849.98 1041.31 0.20
Reach 23      50-year 212000.00 688.70 728.41 706.36 729.09 0.000119 6.6 33161.89 1180.30 0.20
Reach 23      100-year 231000.00 688.70 730.29 707.08 731.00 0.000117 6.8 35397.66 1208.50 0.20
Reach 23      1-year High 39690.00 688.70 719.00 697.55 719.05 0.000013 1.7 23075.88 1008.93 0.06
Reach 23      5-year High 136800.00 688.70 721.69 703.22 722.14 0.000106 5.4 25808.81 1022.64 0.18
Reach 23      2-year High 101800.00 688.70 720.16 701.52 720.43 0.000072 4.2 24242.40 1013.89 0.15
Reach 23      Normal 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04

Reach 22.5    Bridge

Reach 22      1-year Low 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      2-year Low 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20004.03 981.98 0.20
Reach 22      5-year Low 136800.00 689.39 720.51 703.29 721.00 0.000123 5.6 24466.84 998.39 0.20
Reach 22      25-year 187200.00 689.39 726.15 705.43 726.76 0.000117 6.3 30264.17 1102.27 0.20
Reach 22      10-year 168500.00 689.39 723.61 704.67 724.20 0.000126 6.2 27596.57 1032.39 0.20
Reach 22      50-year 212000.00 689.39 728.34 706.40 729.02 0.000119 6.6 32708.94 1126.06 0.20
Reach 22      100-year 231000.00 689.39 730.22 707.12 730.94 0.000117 6.8 34858.43 1181.36 0.20
Reach 22      1-year High 39690.00 689.39 719.00 697.71 719.05 0.000013 1.7 22964.16 992.85 0.06
Reach 22      5-year High 136800.00 689.39 721.65 703.29 722.10 0.000106 5.4 25607.82 1002.58 0.18
Reach 22      2-year High 101800.00 689.39 720.13 701.62 720.41 0.000071 4.2 24087.50 997.12 0.15
Reach 22      Normal 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04

Reach 21      1-year Low 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      2-year Low 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20209.77 960.35 0.19
Reach 21      5-year Low 136800.00 689.92 720.48 703.02 720.96 0.000118 5.6 24564.92 972.01 0.19
Reach 21      25-year 187200.00 689.92 726.11 705.14 726.72 0.000113 6.3 30312.47 1082.53 0.20
Reach 21      10-year 168500.00 689.92 723.58 704.39 724.16 0.000122 6.1 27624.58 1018.43 0.20
Reach 21      50-year 212000.00 689.92 728.31 706.10 728.99 0.000116 6.6 32705.25 1106.34 0.20
Reach 21      100-year 231000.00 689.92 730.19 706.80 730.90 0.000114 6.8 34846.02 1173.76 0.20
Reach 21      1-year High 39690.00 689.92 719.00 697.85 719.04 0.000012 1.7 23128.89 968.19 0.06
Reach 21      5-year High 136800.00 689.92 721.62 703.02 722.06 0.000102 5.3 25679.21 974.96 0.18
Reach 21      2-year High 101800.00 689.92 720.11 701.40 720.39 0.000068 4.2 24208.77 971.05 0.15
Reach 21      Normal 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04

Reach 20      1-year Low 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      2-year Low 101800.00 691.23 715.92 701.09 716.30 0.000118 4.9 20887.71 1027.85 0.19
Reach 20      5-year Low 136800.00 691.23 720.44 702.75 720.89 0.000111 5.4 25543.55 1033.63 0.19
Reach 20      25-year 187200.00 691.23 726.09 704.84 726.65 0.000106 6.0 31553.73 1161.23 0.19
Reach 20      10-year 168500.00 691.23 723.55 704.08 724.09 0.000115 5.9 28778.39 1075.61 0.20
Reach 20      50-year 212000.00 691.23 728.29 705.80 728.92 0.000108 6.4 34182.14 1286.55 0.19
Reach 20      100-year 231000.00 691.23 730.17 706.51 730.83 0.000106 6.6 36624.34 1363.04 0.19
Reach 20      1-year High 39690.00 691.23 718.99 697.48 719.03 0.000011 1.7 24046.66 1031.81 0.06
Reach 20      5-year High 136800.00 691.23 721.59 702.75 722.01 0.000096 5.2 26734.16 1035.08 0.18
Reach 20      2-year High 101800.00 691.23 720.09 701.09 720.35 0.000064 4.1 25179.61 1033.19 0.14
Reach 20      Normal 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04

Reach 19      1-year Low 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      2-year Low 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20720.41 1038.96 0.19
Reach 19      5-year Low 136800.00 692.33 720.42 703.18 720.87 0.000115 5.4 25454.31 1083.45 0.19
Reach 19      25-year 187200.00 692.33 726.07 705.28 726.63 0.000108 6.0 31543.10 1248.68 0.19
Reach 19      10-year 168500.00 692.33 723.52 704.53 724.07 0.000117 5.9 28739.81 1170.30 0.20
Reach 19      50-year 212000.00 692.33 728.27 706.24 728.89 0.000110 6.4 34074.66 1272.01 0.20
Reach 19      100-year 231000.00 692.33 730.15 706.93 730.81 0.000108 6.5 36357.75 1393.66 0.20
Reach 19      1-year High 39690.00 692.33 718.99 697.90 719.03 0.000012 1.7 23957.69 1077.81 0.06
Reach 19      5-year High 136800.00 692.33 721.57 703.18 721.99 0.000099 5.2 26668.56 1089.31 0.18
Reach 19      2-year High 101800.00 692.33 720.07 701.56 720.33 0.000067 4.1 25096.08 1082.19 0.15
Reach 19      Normal 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04

Reach 18      1-year Low 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.60 1034.82 0.10
Reach 18      2-year Low 101800.00 690.71 715.87 701.64 716.24 0.000124 4.9 20874.86 1051.21 0.19
Reach 18      5-year Low 136800.00 690.71 720.40 703.26 720.85 0.000114 5.4 25645.30 1141.53 0.19
Reach 18      25-year 187200.00 690.71 726.05 705.33 726.61 0.000107 6.0 31713.48 1253.54 0.19
Reach 18      10-year 168500.00 690.71 723.51 704.58 724.04 0.000116 5.9 28938.99 1166.54 0.20
Reach 18      50-year 212000.00 690.71 728.26 706.27 728.87 0.000109 6.3 34255.49 1269.49 0.19



HEC-RAS  Plan: Existing   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 18      100-year 231000.00 690.71 730.14 706.96 730.78 0.000107 6.5 36487.62 1343.70 0.19
Reach 18      1-year High 39690.00 690.71 718.99 697.98 719.03 0.000012 1.6 24153.99 1082.09 0.06
Reach 18      5-year High 136800.00 690.71 721.56 703.26 721.97 0.000098 5.1 26870.39 1153.38 0.18
Reach 18      2-year High 101800.00 690.71 720.06 701.64 720.32 0.000066 4.0 25291.76 1091.03 0.14
Reach 18      Normal 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04

Reach 17.5    Bridge

Reach 17      1-year Low 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1033.76 0.10
Reach 17      2-year Low 101800.00 690.70 715.80 701.48 716.16 0.000121 4.8 21107.97 1100.81 0.19
Reach 17      5-year Low 136800.00 690.70 720.28 703.07 720.72 0.000111 5.3 26050.38 1146.37 0.19
Reach 17      25-year 187200.00 690.70 725.84 705.12 726.38 0.000105 5.9 32378.04 1275.41 0.19
Reach 17      10-year 168500.00 690.70 723.34 704.39 723.86 0.000114 5.8 29465.66 1197.91 0.19
Reach 17      50-year 212000.00 690.70 728.00 706.06 728.59 0.000106 6.2 34995.17 1290.62 0.19
Reach 17      100-year 231000.00 690.70 729.84 706.75 730.47 0.000105 6.4 37260.11 1312.20 0.19
Reach 17      1-year High 39690.00 690.70 718.92 698.05 718.96 0.000011 1.6 24550.05 1143.98 0.06
Reach 17      5-year High 136800.00 690.70 721.43 703.07 721.82 0.000095 5.1 27322.30 1153.51 0.18
Reach 17      2-year High 101800.00 690.70 719.97 701.48 720.22 0.000064 4.0 25707.03 1145.59 0.14
Reach 17      Normal 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04

Reach 16      1-year Low 39690.00 690.63 712.03 697.67 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      2-year Low 101800.00 690.63 715.75 701.23 716.13 0.000121 4.9 20861.97 1103.50 0.19
Reach 16      5-year Low 136800.00 690.63 720.23 702.87 720.68 0.000114 5.4 25807.08 1149.78 0.19
Reach 16      25-year 187200.00 690.63 725.78 704.94 726.35 0.000109 6.1 32065.94 1248.21 0.19
Reach 16      10-year 168500.00 690.63 723.28 704.20 723.83 0.000117 6.0 29195.76 1173.13 0.20
Reach 16      50-year 212000.00 690.63 727.93 705.90 728.56 0.000111 6.4 34625.43 1258.48 0.20
Reach 16      100-year 231000.00 690.63 729.77 706.61 730.43 0.000109 6.6 36823.56 1261.67 0.20
Reach 16      1-year High 39690.00 690.63 718.92 697.67 718.96 0.000011 1.7 24356.16 1106.44 0.06
Reach 16      5-year High 136800.00 690.63 721.38 702.87 721.80 0.000098 5.2 27086.06 1157.09 0.18
Reach 16      2-year High 101800.00 690.63 719.94 701.23 720.20 0.000065 4.1 25488.77 1149.32 0.14
Reach 16      Normal 12700.00 690.63 710.94 695.40 710.95 0.000004 0.8 15833.90 979.87 0.04

Reach 15      1-year Low 39690.00 689.96 712.02 697.27 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      2-year Low 101800.00 689.96 715.75 700.79 716.12 0.000114 4.9 21092.61 1089.74 0.19
Reach 15      5-year Low 136800.00 689.96 720.22 702.43 720.67 0.000109 5.4 25975.10 1135.19 0.19
Reach 15      25-year 187200.00 689.96 725.77 704.52 726.33 0.000105 6.1 32087.92 1192.00 0.19
Reach 15      10-year 168500.00 689.96 723.27 703.75 723.81 0.000113 5.9 29320.18 1158.70 0.19
Reach 15      50-year 212000.00 689.96 727.92 705.47 728.55 0.000108 6.4 34583.55 1234.78 0.19
Reach 15      100-year 231000.00 689.96 729.76 706.17 730.42 0.000107 6.6 36741.68 1240.42 0.20
Reach 15      1-year High 39690.00 689.96 718.92 697.27 718.96 0.000011 1.7 24550.82 1092.61 0.06
Reach 15      5-year High 136800.00 689.96 721.37 702.43 721.79 0.000094 5.2 27239.01 1137.15 0.18
Reach 15      2-year High 101800.00 689.96 719.94 700.79 720.19 0.000063 4.1 25664.90 1134.74 0.14
Reach 15      Normal 12700.00 689.96 710.93 694.99 710.94 0.000004 0.8 16136.09 964.86 0.03

Reach 14      1-year Low 39690.00 690.18 712.01 697.50 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      2-year Low 101800.00 690.18 715.72 701.09 716.10 0.000121 5.0 20686.68 1083.47 0.19
Reach 14      5-year Low 136800.00 690.18 720.19 702.72 720.65 0.000114 5.5 25544.61 1144.91 0.19
Reach 14      25-year 187200.00 690.18 725.75 704.82 726.32 0.000109 6.1 31606.90 1157.62 0.19
Reach 14      10-year 168500.00 690.18 723.24 704.09 723.80 0.000118 6.0 28868.07 1147.93 0.20
Reach 14      50-year 212000.00 690.18 727.90 705.78 728.53 0.000111 6.5 34039.39 1210.86 0.20
Reach 14      100-year 231000.00 690.18 729.73 706.51 730.41 0.000110 6.7 36168.00 1222.95 0.20
Reach 14      1-year High 39690.00 690.18 718.91 697.50 718.96 0.000011 1.7 24156.46 1086.42 0.06
Reach 14      5-year High 136800.00 690.18 721.35 702.72 721.77 0.000098 5.2 26805.89 1146.06 0.18
Reach 14      2-year High 101800.00 690.18 719.92 701.09 720.18 0.000065 4.1 25249.79 1144.64 0.14
Reach 14      Normal 12700.00 690.18 710.93 695.19 710.94 0.000004 0.8 15749.13 957.08 0.04

Reach 13      1-year Low 39690.00 690.25 712.01 696.97 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      2-year Low 101800.00 690.25 715.69 700.58 716.07 0.000119 5.0 20538.08 1049.68 0.19
Reach 13      5-year Low 136800.00 690.25 720.15 702.30 720.63 0.000114 5.6 25232.59 1092.44 0.19
Reach 13      25-year 187200.00 690.25 725.70 704.43 726.29 0.000111 6.2 31074.80 1096.45 0.20
Reach 13      10-year 168500.00 690.25 723.19 703.66 723.77 0.000119 6.1 28436.70 1094.43 0.20
Reach 13      50-year 212000.00 690.25 727.84 705.42 728.51 0.000114 6.6 33374.90 1139.18 0.20
Reach 13      100-year 231000.00 690.25 729.67 706.15 730.38 0.000113 6.8 35398.96 1149.06 0.20
Reach 13      1-year High 39690.00 690.25 718.91 696.97 718.95 0.000011 1.7 23926.06 1051.49 0.06
Reach 13      5-year High 136800.00 690.25 721.31 702.30 721.75 0.000098 5.3 26455.92 1093.15 0.18
Reach 13      2-year High 101800.00 690.25 719.90 700.58 720.17 0.000065 4.2 24965.39 1092.28 0.14
Reach 13      Normal 12700.00 690.25 710.93 694.68 710.94 0.000004 0.8 15844.61 929.99 0.03

Reach 12      1-year Low 39690.00 688.05 712.00 696.13 712.09 0.000031 2.3 17135.84 916.30 0.09
Reach 12      2-year Low 101800.00 688.05 715.66 699.91 716.04 0.000111 5.0 20676.66 1000.75 0.18
Reach 12      5-year Low 136800.00 688.05 720.13 701.69 720.60 0.000108 5.5 25235.75 1090.70 0.19
Reach 12      25-year 187200.00 688.05 725.68 703.87 726.27 0.000106 6.2 30939.29 1097.86 0.19
Reach 12      10-year 168500.00 688.05 723.17 703.09 723.74 0.000114 6.1 28361.85 1095.77 0.20
Reach 12      50-year 212000.00 688.05 727.82 704.84 728.48 0.000110 6.6 33148.08 1099.65 0.20
Reach 12      100-year 231000.00 688.05 729.65 705.59 730.35 0.000109 6.8 35093.27 1148.36 0.20
Reach 12      1-year High 39690.00 688.05 718.91 696.13 718.95 0.000011 1.7 23980.33 1047.50 0.06
Reach 12      5-year High 136800.00 688.05 721.30 701.69 721.73 0.000093 5.3 26432.22 1093.03 0.18



HEC-RAS  Plan: Existing   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 12      2-year High 101800.00 688.05 719.89 699.91 720.15 0.000062 4.1 24984.19 1090.22 0.14
Reach 12      Normal 12700.00 688.05 710.93 693.74 710.94 0.000004 0.8 16162.06 907.57 0.03

Reach 11      1-year Low 39690.00 688.28 711.99 695.75 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      2-year Low 101800.00 688.28 715.60 699.65 716.00 0.000112 5.1 20316.84 990.13 0.19
Reach 11      5-year Low 136800.00 688.28 720.06 701.39 720.56 0.000111 5.7 24735.49 1034.64 0.19
Reach 11      25-year 187200.00 688.28 725.59 703.61 726.22 0.000112 6.4 30233.09 1038.62 0.20
Reach 11      10-year 168500.00 688.28 723.09 702.82 723.69 0.000118 6.3 27744.17 1036.81 0.20
Reach 11      50-year 212000.00 688.28 727.72 704.63 728.43 0.000116 6.8 32496.96 1186.46 0.20
Reach 11      100-year 231000.00 688.28 729.54 705.37 730.30 0.000116 7.0 34703.86 1305.28 0.20
Reach 11      1-year High 39690.00 688.28 718.90 695.75 718.95 0.000011 1.7 23585.16 992.29 0.06
Reach 11      5-year High 136800.00 688.28 721.23 701.39 721.69 0.000097 5.4 25899.58 1035.48 0.18
Reach 11      2-year High 101800.00 688.28 719.85 699.65 720.13 0.000063 4.3 24523.59 1034.42 0.14
Reach 11      Normal 12700.00 688.28 710.93 693.26 710.94 0.000004 0.8 16006.06 870.23 0.03

Reach 10      1-year Low 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16536.75 884.17 0.10
Reach 10      2-year Low 101800.00 688.91 715.57 699.98 715.98 0.000120 5.2 19926.07 994.47 0.19
Reach 10      5-year Low 136800.00 688.91 720.03 701.74 720.53 0.000117 5.7 24370.62 1055.23 0.19
Reach 10      25-year 187200.00 688.91 725.56 704.01 726.20 0.000115 6.4 29903.20 1059.53 0.20
Reach 10      10-year 168500.00 688.91 723.06 703.20 723.67 0.000123 6.3 27396.21 1057.59 0.20
Reach 10      50-year 212000.00 688.91 727.70 705.04 728.41 0.000118 6.8 32040.19 1061.20 0.20
Reach 10      100-year 231000.00 688.91 729.52 705.79 730.28 0.000118 7.1 33901.64 1118.49 0.21
Reach 10      1-year High 39690.00 688.91 718.90 696.07 718.95 0.000011 1.7 23243.52 996.86 0.06
Reach 10      5-year High 136800.00 688.91 721.21 701.74 721.67 0.000101 5.5 25545.91 1056.15 0.18
Reach 10      2-year High 101800.00 688.91 719.83 699.98 720.11 0.000066 4.3 24171.57 1055.08 0.15
Reach 10      Normal 12700.00 688.91 710.93 693.50 710.94 0.000004 0.8 15619.10 871.32 0.03

Reach 9       1-year Low 39690.00 688.16 711.97 695.73 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       2-year Low 101800.00 688.16 715.52 699.53 715.96 0.000131 5.3 19446.52 944.28 0.19
Reach 9       5-year Low 136800.00 688.16 719.97 701.29 720.51 0.000135 5.9 23649.41 987.54 0.20
Reach 9       25-year 187200.00 688.16 725.48 703.55 726.17 0.000140 6.7 28888.27 994.49 0.21
Reach 9       10-year 168500.00 688.16 722.98 702.76 723.64 0.000146 6.6 26508.85 991.85 0.21
Reach 9       50-year 212000.00 688.16 727.60 704.63 728.38 0.000147 7.1 30910.79 996.71 0.21
Reach 9       100-year 231000.00 688.16 729.42 705.39 730.25 0.000149 7.4 32674.08 1037.00 0.21
Reach 9       1-year High 39690.00 688.16 718.89 695.73 718.94 0.000013 1.8 22630.79 946.02 0.06
Reach 9       5-year High 136800.00 688.16 721.15 701.29 721.65 0.000118 5.7 24770.25 990.05 0.19
Reach 9       2-year High 101800.00 688.16 719.80 699.53 720.10 0.000076 4.4 23485.73 987.17 0.15
Reach 9       Normal 12700.00 688.16 710.93 693.34 710.94 0.000004 0.8 15416.97 820.08 0.03

Reach 8       1-year Low 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       2-year Low 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       5-year Low 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       25-year 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       10-year 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       50-year 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       100-year 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       1-year High 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       5-year High 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       2-year High 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       Normal 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03

Reach 7       1-year Low 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       2-year Low 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       5-year Low 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       25-year 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       10-year 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       50-year 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       100-year 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       1-year High 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       5-year High 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       2-year High 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       Normal 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03

Reach 6       1-year Low 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       2-year Low 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       5-year Low 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       25-year 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       10-year 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       50-year 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       100-year 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       1-year High 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       5-year High 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       2-year High 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       Normal 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03

Reach 5       1-year Low 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       2-year Low 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17



HEC-RAS  Plan: Existing   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 5       5-year Low 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       25-year 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       10-year 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       50-year 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       100-year 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       1-year High 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       5-year High 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       2-year High 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       Normal 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03

Reach 4.5     Bridge

Reach 4       1-year Low 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       2-year Low 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       5-year Low 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       25-year 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       10-year 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       50-year 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       100-year 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       1-year High 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       5-year High 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       2-year High 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       Normal 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03

Reach 3       1-year Low 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       2-year Low 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       5-year Low 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       25-year 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       10-year 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       50-year 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       100-year 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       1-year High 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       5-year High 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       2-year High 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       Normal 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03

Reach 2       1-year Low 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       2-year Low 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       5-year Low 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       25-year 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       10-year 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       50-year 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       100-year 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       1-year High 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       5-year High 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       2-year High 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       Normal 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03

Reach 1       1-year Low 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       2-year Low 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       5-year Low 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       25-year 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       10-year 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       50-year 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       100-year 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       1-year High 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       5-year High 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       2-year High 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       Normal 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
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HEC-RAS   River: Stream   Reach: Reach
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 30      1-year Low Pr Floodwall 5ft 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      1-year Low Pr Floodwall 2ft 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      2-year Low Pr Floodwall 5ft 101800.00 686.10 716.39 716.86 0.000122 5.5 18551.76 772.73 0.20
Reach 30      2-year Low Pr Floodwall 2ft 101800.00 686.10 716.39 716.86 0.000122 5.5 18551.76 772.73 0.20
Reach 30      5-year Low Pr Floodwall 5ft 136800.00 686.10 720.87 721.47 0.000126 6.2 22039.93 782.87 0.20
Reach 30      5-year Low Pr Floodwall 2ft 136800.00 686.10 720.87 721.47 0.000126 6.2 22039.93 782.87 0.20
Reach 30      25-year Pr Floodwall 5ft 187200.00 686.10 726.49 727.28 0.000130 7.1 26474.55 795.75 0.21
Reach 30      25-year Pr Floodwall 2ft 187200.00 686.10 726.49 727.28 0.000130 7.1 26474.45 795.75 0.21
Reach 30      10-year Pr Floodwall 5ft 168500.00 686.10 723.99 724.73 0.000135 6.9 24490.51 790.01 0.22
Reach 30      10-year Pr Floodwall 2ft 168500.00 686.10 723.99 724.73 0.000135 6.9 24490.51 790.01 0.22
Reach 30      50-year Pr Floodwall 5ft 212000.00 686.10 728.69 729.59 0.000136 7.6 28268.79 868.11 0.22
Reach 30      50-year Pr Floodwall 2ft 212000.00 686.10 728.69 729.59 0.000136 7.6 28268.69 868.10 0.22
Reach 30      100-year Pr Floodwall 5ft 231000.00 686.10 730.55 731.51 0.000136 7.9 30007.71 1021.99 0.22
Reach 30      100-year Pr Floodwall 2ft 231000.00 686.10 730.55 731.51 0.000136 7.9 30007.50 1021.97 0.22
Reach 30      1-year High Pr Floodwall 5ft 39690.00 686.10 719.04 719.09 0.000013 1.9 20606.53 778.67 0.07
Reach 30      1-year High Pr Floodwall 2ft 39690.00 686.10 719.04 719.09 0.000013 1.9 20606.53 778.67 0.07
Reach 30      5-year High Pr Floodwall 5ft 136800.00 686.10 721.96 722.52 0.000111 6.0 22893.58 785.37 0.19
Reach 30      5-year High Pr Floodwall 2ft 136800.00 686.10 721.96 722.52 0.000111 6.0 22893.58 785.37 0.19
Reach 30      2-year High Pr Floodwall 5ft 101800.00 686.10 720.34 720.68 0.000074 4.7 21622.20 781.65 0.16
Reach 30      2-year High Pr Floodwall 2ft 101800.00 686.10 720.34 720.68 0.000074 4.7 21622.20 781.65 0.16
Reach 30      Normal Pr Floodwall 5ft 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04
Reach 30      Normal Pr Floodwall 2ft 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04

Reach 29      1-year Low Pr Floodwall 5ft 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      1-year Low Pr Floodwall 2ft 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      2-year Low Pr Floodwall 5ft 101800.00 690.79 716.30 716.79 0.000140 5.6 18259.01 816.09 0.21
Reach 29      2-year Low Pr Floodwall 2ft 101800.00 690.79 716.30 716.79 0.000140 5.6 18259.01 816.09 0.21
Reach 29      5-year Low Pr Floodwall 5ft 136800.00 690.79 720.80 721.41 0.000138 6.3 21950.44 825.81 0.21
Reach 29      5-year Low Pr Floodwall 2ft 136800.00 690.79 720.80 721.41 0.000138 6.3 21950.44 825.81 0.21
Reach 29      25-year Pr Floodwall 5ft 187200.00 690.79 726.43 727.21 0.000137 7.1 26633.11 837.82 0.22
Reach 29      25-year Pr Floodwall 2ft 187200.00 690.79 726.43 727.21 0.000137 7.1 26633.01 837.82 0.22
Reach 29      10-year Pr Floodwall 5ft 168500.00 690.79 723.92 724.66 0.000145 6.9 24536.43 832.47 0.22
Reach 29      10-year Pr Floodwall 2ft 168500.00 690.79 723.92 724.66 0.000145 6.9 24536.43 832.47 0.22
Reach 29      50-year Pr Floodwall 5ft 212000.00 690.79 728.63 729.51 0.000142 7.5 28538.45 905.68 0.22
Reach 29      50-year Pr Floodwall 2ft 212000.00 690.79 728.63 729.51 0.000142 7.5 28538.34 905.66 0.22
Reach 29      100-year Pr Floodwall 5ft 231000.00 690.79 730.50 731.44 0.000141 7.8 30509.34 1193.20 0.23
Reach 29      100-year Pr Floodwall 2ft 231000.00 690.79 730.50 731.44 0.000141 7.8 30509.05 1193.18 0.23
Reach 29      1-year High Pr Floodwall 5ft 39690.00 690.79 719.03 719.09 0.000015 1.9 20489.67 821.98 0.07
Reach 29      1-year High Pr Floodwall 2ft 39690.00 690.79 719.03 719.09 0.000015 1.9 20489.67 821.98 0.07
Reach 29      5-year High Pr Floodwall 5ft 136800.00 690.79 721.90 722.46 0.000121 6.0 22860.35 828.16 0.20
Reach 29      5-year High Pr Floodwall 2ft 136800.00 690.79 721.90 722.46 0.000121 6.0 22860.35 828.16 0.20
Reach 29      2-year High Pr Floodwall 5ft 101800.00 690.79 720.30 720.64 0.000081 4.7 21533.57 824.72 0.16
Reach 29      2-year High Pr Floodwall 2ft 101800.00 690.79 720.30 720.64 0.000081 4.7 21533.57 824.72 0.16
Reach 29      Normal Pr Floodwall 5ft 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04
Reach 29      Normal Pr Floodwall 2ft 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04

Reach 28      1-year Low Pr Floodwall 5ft 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      1-year Low Pr Floodwall 2ft 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      2-year Low Pr Floodwall 5ft 101800.00 691.86 716.25 716.71 0.000133 5.4 18856.07 851.00 0.20
Reach 28      2-year Low Pr Floodwall 2ft 101800.00 691.86 716.25 716.71 0.000133 5.4 18856.07 851.00 0.20
Reach 28      5-year Low Pr Floodwall 5ft 136800.00 691.86 720.76 721.33 0.000130 6.0 22713.95 861.87 0.21
Reach 28      5-year Low Pr Floodwall 2ft 136800.00 691.86 720.76 721.33 0.000130 6.0 22713.95 861.87 0.21
Reach 28      25-year Pr Floodwall 5ft 187200.00 691.86 726.40 727.12 0.000129 6.8 27613.87 884.65 0.21
Reach 28      25-year Pr Floodwall 2ft 187200.00 691.86 726.40 727.12 0.000129 6.8 27613.76 884.65 0.21
Reach 28      10-year Pr Floodwall 5ft 168500.00 691.86 723.88 724.57 0.000137 6.7 25416.41 869.30 0.21
Reach 28      10-year Pr Floodwall 2ft 168500.00 691.86 723.88 724.57 0.000137 6.7 25416.41 869.30 0.21
Reach 28      50-year Pr Floodwall 5ft 212000.00 691.86 728.60 729.42 0.000133 7.2 29728.03 1105.84 0.22
Reach 28      50-year Pr Floodwall 2ft 212000.00 691.86 728.60 729.42 0.000133 7.2 29727.89 1105.83 0.22
Reach 28      100-year Pr Floodwall 5ft 231000.00 691.86 730.48 731.34 0.000132 7.5 32092.10 1330.28 0.22
Reach 28      100-year Pr Floodwall 2ft 231000.00 691.86 730.48 731.34 0.000132 7.5 32091.86 1330.28 0.22
Reach 28      1-year High Pr Floodwall 5ft 39690.00 691.86 719.02 719.08 0.000014 1.9 21221.31 857.72 0.07
Reach 28      1-year High Pr Floodwall 2ft 39690.00 691.86 719.02 719.08 0.000014 1.9 21221.31 857.72 0.07
Reach 28      5-year High Pr Floodwall 5ft 136800.00 691.86 721.87 722.39 0.000114 5.8 23669.74 864.51 0.19
Reach 28      5-year High Pr Floodwall 2ft 136800.00 691.86 721.87 722.39 0.000114 5.8 23669.74 864.51 0.19
Reach 28      2-year High Pr Floodwall 5ft 101800.00 691.86 720.27 720.60 0.000077 4.6 22293.49 860.71 0.16
Reach 28      2-year High Pr Floodwall 2ft 101800.00 691.86 720.27 720.60 0.000077 4.6 22293.49 860.71 0.16
Reach 28      Normal Pr Floodwall 5ft 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04
Reach 28      Normal Pr Floodwall 2ft 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04

Reach 27      1-year Low Pr Floodwall 5ft 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      1-year Low Pr Floodwall 2ft 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      2-year Low Pr Floodwall 5ft 101800.00 692.11 716.20 716.60 0.000128 5.1 19961.00 951.60 0.20
Reach 27      2-year Low Pr Floodwall 2ft 101800.00 692.11 716.20 716.60 0.000128 5.1 19961.00 951.60 0.20
Reach 27      5-year Low Pr Floodwall 5ft 136800.00 692.11 720.72 721.22 0.000121 5.6 24279.17 957.16 0.20
Reach 27      5-year Low Pr Floodwall 2ft 136800.00 692.11 720.72 721.22 0.000121 5.6 24279.17 957.16 0.20
Reach 27      25-year Pr Floodwall 5ft 187200.00 692.11 726.39 727.01 0.000116 6.3 29729.27 984.71 0.20
Reach 27      25-year Pr Floodwall 2ft 187200.00 692.11 726.39 727.01 0.000116 6.3 29729.16 984.71 0.20
Reach 27      10-year Pr Floodwall 5ft 168500.00 692.11 723.86 724.45 0.000125 6.2 27285.05 961.04 0.20
Reach 27      10-year Pr Floodwall 2ft 168500.00 692.11 723.86 724.45 0.000125 6.2 27285.05 961.04 0.20
Reach 27      50-year Pr Floodwall 5ft 212000.00 692.11 728.60 729.30 0.000118 6.7 32046.36 1198.22 0.20
Reach 27      50-year Pr Floodwall 2ft 212000.00 692.11 728.60 729.30 0.000118 6.7 32046.21 1198.20 0.20
Reach 27      100-year Pr Floodwall 5ft 231000.00 692.11 730.48 731.22 0.000117 6.9 34560.39 1462.57 0.20
Reach 27      100-year Pr Floodwall 2ft 231000.00 692.11 730.48 731.22 0.000117 6.9 34560.12 1462.56 0.20
Reach 27      1-year High Pr Floodwall 5ft 39690.00 692.11 719.02 719.07 0.000013 1.8 22649.74 955.05 0.06
Reach 27      1-year High Pr Floodwall 2ft 39690.00 692.11 719.02 719.07 0.000013 1.8 22649.74 955.05 0.06



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 27      5-year High Pr Floodwall 5ft 136800.00 692.11 721.84 722.29 0.000105 5.4 25348.16 958.59 0.18
Reach 27      5-year High Pr Floodwall 2ft 136800.00 692.11 721.84 722.29 0.000105 5.4 25348.16 958.59 0.18
Reach 27      2-year High Pr Floodwall 5ft 101800.00 692.11 720.25 720.53 0.000071 4.3 23825.31 956.62 0.15
Reach 27      2-year High Pr Floodwall 2ft 101800.00 692.11 720.25 720.53 0.000071 4.3 23825.31 956.62 0.15
Reach 27      Normal Pr Floodwall 5ft 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04
Reach 27      Normal Pr Floodwall 2ft 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04

Reach 26      1-year Low Pr Floodwall 5ft 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      1-year Low Pr Floodwall 2ft 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      2-year Low Pr Floodwall 5ft 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19762.74 929.52 0.19
Reach 26      2-year Low Pr Floodwall 2ft 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19762.74 929.52 0.19
Reach 26      5-year Low Pr Floodwall 5ft 136800.00 690.05 720.68 702.96 721.20 0.000122 5.7 24047.01 1001.37 0.20
Reach 26      5-year Low Pr Floodwall 2ft 136800.00 690.05 720.68 702.96 721.20 0.000122 5.7 24047.01 1001.37 0.20
Reach 26      25-year Pr Floodwall 5ft 187200.00 690.05 726.34 705.12 726.99 0.000119 6.5 29941.04 1094.01 0.20
Reach 26      25-year Pr Floodwall 2ft 187200.00 690.05 726.34 705.12 726.99 0.000119 6.5 29940.92 1094.01 0.20
Reach 26      10-year Pr Floodwall 5ft 168500.00 690.05 723.81 704.33 724.43 0.000127 6.3 27250.03 1042.73 0.21
Reach 26      10-year Pr Floodwall 2ft 168500.00 690.05 723.81 704.33 724.43 0.000127 6.3 27250.03 1042.73 0.21
Reach 26      50-year Pr Floodwall 5ft 212000.00 690.05 728.55 706.10 729.28 0.000121 6.8 32446.71 1166.31 0.21
Reach 26      50-year Pr Floodwall 2ft 212000.00 690.05 728.55 706.10 729.28 0.000121 6.8 32446.56 1166.31 0.21
Reach 26      100-year Pr Floodwall 5ft 231000.00 690.05 730.43 706.84 731.20 0.000120 7.0 34857.88 1430.25 0.21
Reach 26      100-year Pr Floodwall 2ft 231000.00 690.05 730.43 706.84 731.20 0.000120 7.0 34857.70 1430.19 0.21
Reach 26      1-year High Pr Floodwall 5ft 39690.00 690.05 719.02 697.64 719.06 0.000013 1.8 22435.21 947.78 0.06
Reach 26      1-year High Pr Floodwall 2ft 39690.00 690.05 719.02 697.64 719.06 0.000013 1.8 22435.21 947.78 0.06
Reach 26      5-year High Pr Floodwall 5ft 136800.00 690.05 721.80 702.96 722.28 0.000106 5.5 25177.01 1018.92 0.19
Reach 26      5-year High Pr Floodwall 2ft 136800.00 690.05 721.80 702.96 722.28 0.000106 5.5 25177.01 1018.92 0.19
Reach 26      2-year High Pr Floodwall 5ft 101800.00 690.05 720.23 701.29 720.52 0.000071 4.4 23592.70 977.93 0.15
Reach 26      2-year High Pr Floodwall 2ft 101800.00 690.05 720.23 701.29 720.52 0.000071 4.4 23592.70 977.93 0.15
Reach 26      Normal Pr Floodwall 5ft 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04
Reach 26      Normal Pr Floodwall 2ft 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04

Reach 25.5    Bridge

Reach 25      1-year Low Pr Floodwall 5ft 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      1-year Low Pr Floodwall 2ft 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      2-year Low Pr Floodwall 5ft 101800.00 686.75 716.08 716.51 0.000133 5.2 19431.82 923.01 0.20
Reach 25      2-year Low Pr Floodwall 2ft 101800.00 686.75 716.08 716.51 0.000133 5.2 19431.82 923.01 0.20
Reach 25      5-year Low Pr Floodwall 5ft 136800.00 686.75 720.58 721.11 0.000127 5.8 23630.38 943.52 0.20
Reach 25      5-year Low Pr Floodwall 2ft 136800.00 686.75 720.58 721.11 0.000127 5.8 23630.38 943.52 0.20
Reach 25      25-year Pr Floodwall 5ft 187200.00 686.75 726.22 726.89 0.000123 6.5 29161.64 1049.75 0.21
Reach 25      25-year Pr Floodwall 2ft 187200.00 686.75 726.22 726.89 0.000123 6.5 29161.59 1049.74 0.21
Reach 25      10-year Pr Floodwall 5ft 168500.00 686.75 723.69 724.33 0.000132 6.4 26605.78 973.80 0.21
Reach 25      10-year Pr Floodwall 2ft 168500.00 686.75 723.69 724.33 0.000132 6.4 26605.78 973.80 0.21
Reach 25      50-year Pr Floodwall 5ft 212000.00 686.75 728.42 729.16 0.000126 6.9 31630.33 1256.60 0.21
Reach 25      50-year Pr Floodwall 2ft 212000.00 686.75 728.42 729.16 0.000126 6.9 31630.17 1256.56 0.21
Reach 25      100-year Pr Floodwall 5ft 231000.00 686.75 730.30 731.08 0.000124 7.1 34298.91 1469.99 0.21
Reach 25      100-year Pr Floodwall 2ft 231000.00 686.75 730.30 731.08 0.000124 7.1 34298.73 1469.99 0.21
Reach 25      1-year High Pr Floodwall 5ft 39690.00 686.75 719.01 719.06 0.000013 1.8 22150.29 934.09 0.06
Reach 25      1-year High Pr Floodwall 2ft 39690.00 686.75 719.01 719.06 0.000013 1.8 22150.29 934.09 0.06
Reach 25      5-year High Pr Floodwall 5ft 136800.00 686.75 721.71 722.20 0.000110 5.6 24702.95 954.63 0.19
Reach 25      5-year High Pr Floodwall 2ft 136800.00 686.75 721.71 722.20 0.000110 5.6 24702.95 954.63 0.19
Reach 25      2-year High Pr Floodwall 5ft 101800.00 686.75 720.17 720.47 0.000074 4.4 23241.16 939.47 0.15
Reach 25      2-year High Pr Floodwall 2ft 101800.00 686.75 720.17 720.47 0.000074 4.4 23241.16 939.47 0.15
Reach 25      Normal Pr Floodwall 5ft 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04
Reach 25      Normal Pr Floodwall 2ft 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04

Reach 24      1-year Low Pr Floodwall 5ft 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      1-year Low Pr Floodwall 2ft 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      2-year Low Pr Floodwall 5ft 101800.00 689.54 716.08 716.46 0.000119 5.0 20534.47 980.03 0.19
Reach 24      2-year Low Pr Floodwall 2ft 101800.00 689.54 716.08 716.46 0.000119 5.0 20534.47 980.03 0.19
Reach 24      5-year Low Pr Floodwall 5ft 136800.00 689.54 720.59 721.06 0.000113 5.5 24987.83 993.78 0.19
Reach 24      5-year Low Pr Floodwall 2ft 136800.00 689.54 720.59 721.06 0.000113 5.5 24987.83 993.78 0.19
Reach 24      25-year Pr Floodwall 5ft 187200.00 689.54 726.24 726.83 0.000110 6.2 30741.92 1151.90 0.19
Reach 24      25-year Pr Floodwall 2ft 187200.00 689.54 726.24 726.83 0.000110 6.2 30741.83 1151.89 0.19
Reach 24      10-year Pr Floodwall 5ft 168500.00 689.54 723.71 724.27 0.000118 6.0 28099.63 1003.43 0.20
Reach 24      10-year Pr Floodwall 2ft 168500.00 689.54 723.71 724.27 0.000118 6.0 28099.63 1003.43 0.20
Reach 24      50-year Pr Floodwall 5ft 212000.00 689.54 728.44 729.10 0.000112 6.5 33621.03 1408.73 0.20
Reach 24      50-year Pr Floodwall 2ft 212000.00 689.54 728.44 729.10 0.000112 6.5 33620.85 1408.68 0.20
Reach 24      100-year Pr Floodwall 5ft 231000.00 689.54 730.32 731.02 0.000110 6.7 36410.70 1517.87 0.20
Reach 24      100-year Pr Floodwall 2ft 231000.00 689.54 730.32 731.02 0.000110 6.7 36410.52 1517.87 0.20
Reach 24      1-year High Pr Floodwall 5ft 39690.00 689.54 719.01 719.05 0.000012 1.7 23416.96 988.86 0.06
Reach 24      1-year High Pr Floodwall 2ft 39690.00 689.54 719.01 719.05 0.000012 1.7 23416.96 988.86 0.06
Reach 24      5-year High Pr Floodwall 5ft 136800.00 689.54 721.72 722.15 0.000098 5.3 26113.62 997.34 0.18
Reach 24      5-year High Pr Floodwall 2ft 136800.00 689.54 721.72 722.15 0.000098 5.3 26113.62 997.34 0.18
Reach 24      2-year High Pr Floodwall 5ft 101800.00 689.54 720.17 720.44 0.000066 4.2 24574.20 992.47 0.15
Reach 24      2-year High Pr Floodwall 2ft 101800.00 689.54 720.17 720.44 0.000066 4.2 24574.20 992.47 0.15
Reach 24      Normal Pr Floodwall 5ft 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04
Reach 24      Normal Pr Floodwall 2ft 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04

Reach 23      1-year Low Pr Floodwall 5ft 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      1-year Low Pr Floodwall 2ft 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      2-year Low Pr Floodwall 5ft 101800.00 688.70 716.05 701.52 716.45 0.000131 5.1 20112.64 994.58 0.20
Reach 23      2-year Low Pr Floodwall 2ft 101800.00 688.70 716.05 701.52 716.45 0.000131 5.1 20112.64 994.58 0.20
Reach 23      5-year Low Pr Floodwall 5ft 136800.00 688.70 720.56 703.21 721.05 0.000123 5.6 24651.71 1016.10 0.20
Reach 23      5-year Low Pr Floodwall 2ft 136800.00 688.70 720.56 703.21 721.05 0.000123 5.6 24651.71 1016.10 0.20
Reach 23      25-year Pr Floodwall 5ft 187200.00 688.70 726.21 705.39 726.81 0.000117 6.3 30579.14 1163.29 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 23      25-year Pr Floodwall 2ft 187200.00 688.70 726.21 705.39 726.81 0.000117 6.3 30579.06 1163.29 0.20
Reach 23      10-year Pr Floodwall 5ft 168500.00 688.70 723.67 704.60 724.26 0.000126 6.1 27849.91 1041.31 0.20
Reach 23      10-year Pr Floodwall 2ft 168500.00 688.70 723.67 704.60 724.26 0.000126 6.1 27849.91 1041.31 0.20
Reach 23      50-year Pr Floodwall 5ft 212000.00 688.70 728.41 706.36 729.09 0.000119 6.6 33162.62 1180.30 0.20
Reach 23      50-year Pr Floodwall 2ft 212000.00 688.70 728.41 706.36 729.09 0.000119 6.6 33162.47 1180.30 0.20
Reach 23      100-year Pr Floodwall 5ft 231000.00 688.70 730.29 707.08 731.00 0.000117 6.8 35397.80 1208.51 0.20
Reach 23      100-year Pr Floodwall 2ft 231000.00 688.70 730.29 707.08 731.00 0.000117 6.8 35397.66 1208.50 0.20
Reach 23      1-year High Pr Floodwall 5ft 39690.00 688.70 719.00 697.55 719.05 0.000013 1.7 23075.88 1008.93 0.06
Reach 23      1-year High Pr Floodwall 2ft 39690.00 688.70 719.00 697.55 719.05 0.000013 1.7 23075.88 1008.93 0.06
Reach 23      5-year High Pr Floodwall 5ft 136800.00 688.70 721.69 703.22 722.14 0.000106 5.4 25808.81 1022.64 0.18
Reach 23      5-year High Pr Floodwall 2ft 136800.00 688.70 721.69 703.22 722.14 0.000106 5.4 25808.81 1022.64 0.18
Reach 23      2-year High Pr Floodwall 5ft 101800.00 688.70 720.16 701.52 720.43 0.000072 4.2 24242.40 1013.89 0.15
Reach 23      2-year High Pr Floodwall 2ft 101800.00 688.70 720.16 701.52 720.43 0.000072 4.2 24242.40 1013.89 0.15
Reach 23      Normal Pr Floodwall 5ft 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04
Reach 23      Normal Pr Floodwall 2ft 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04

Reach 22.5    Bridge

Reach 22      1-year Low Pr Floodwall 5ft 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      1-year Low Pr Floodwall 2ft 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      2-year Low Pr Floodwall 5ft 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20004.03 981.98 0.20
Reach 22      2-year Low Pr Floodwall 2ft 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20004.03 981.98 0.20
Reach 22      5-year Low Pr Floodwall 5ft 136800.00 689.39 720.51 703.29 721.00 0.000123 5.6 24466.84 998.39 0.20
Reach 22      5-year Low Pr Floodwall 2ft 136800.00 689.39 720.51 703.29 721.00 0.000123 5.6 24466.84 998.39 0.20
Reach 22      25-year Pr Floodwall 5ft 187200.00 689.39 726.15 705.43 726.76 0.000117 6.3 30264.31 1102.27 0.20
Reach 22      25-year Pr Floodwall 2ft 187200.00 689.39 726.15 705.43 726.76 0.000117 6.3 30264.25 1102.27 0.20
Reach 22      10-year Pr Floodwall 5ft 168500.00 689.39 723.61 704.67 724.20 0.000126 6.2 27596.46 1032.39 0.20
Reach 22      10-year Pr Floodwall 2ft 168500.00 689.39 723.61 704.67 724.20 0.000126 6.2 27596.46 1032.39 0.20
Reach 22      50-year Pr Floodwall 5ft 212000.00 689.39 728.34 706.40 729.02 0.000119 6.6 32709.55 1126.07 0.20
Reach 22      50-year Pr Floodwall 2ft 212000.00 689.39 728.34 706.40 729.02 0.000119 6.6 32709.36 1126.07 0.20
Reach 22      100-year Pr Floodwall 5ft 231000.00 689.39 730.22 707.12 730.94 0.000117 6.8 34858.57 1181.37 0.20
Reach 22      100-year Pr Floodwall 2ft 231000.00 689.39 730.22 707.12 730.94 0.000117 6.8 34858.35 1181.36 0.20
Reach 22      1-year High Pr Floodwall 5ft 39690.00 689.39 719.00 697.71 719.05 0.000013 1.7 22964.16 992.85 0.06
Reach 22      1-year High Pr Floodwall 2ft 39690.00 689.39 719.00 697.71 719.05 0.000013 1.7 22964.16 992.85 0.06
Reach 22      5-year High Pr Floodwall 5ft 136800.00 689.39 721.65 703.29 722.10 0.000106 5.4 25607.82 1002.58 0.18
Reach 22      5-year High Pr Floodwall 2ft 136800.00 689.39 721.65 703.29 722.10 0.000106 5.4 25607.82 1002.58 0.18
Reach 22      2-year High Pr Floodwall 5ft 101800.00 689.39 720.13 701.62 720.41 0.000071 4.2 24087.50 997.12 0.15
Reach 22      2-year High Pr Floodwall 2ft 101800.00 689.39 720.13 701.62 720.41 0.000071 4.2 24087.50 997.12 0.15
Reach 22      Normal Pr Floodwall 5ft 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04
Reach 22      Normal Pr Floodwall 2ft 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04

Reach 21      1-year Low Pr Floodwall 5ft 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      1-year Low Pr Floodwall 2ft 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      2-year Low Pr Floodwall 5ft 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20209.77 960.35 0.19
Reach 21      2-year Low Pr Floodwall 2ft 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20209.77 960.35 0.19
Reach 21      5-year Low Pr Floodwall 5ft 136800.00 689.92 720.48 703.02 720.96 0.000118 5.6 24564.92 972.01 0.19
Reach 21      5-year Low Pr Floodwall 2ft 136800.00 689.92 720.48 703.02 720.96 0.000118 5.6 24564.92 972.01 0.19
Reach 21      25-year Pr Floodwall 5ft 187200.00 689.92 726.11 705.14 726.72 0.000113 6.3 30312.59 1082.53 0.20
Reach 21      25-year Pr Floodwall 2ft 187200.00 689.92 726.11 705.14 726.72 0.000113 6.3 30312.52 1082.53 0.20
Reach 21      10-year Pr Floodwall 5ft 168500.00 689.92 723.58 704.39 724.16 0.000122 6.1 27624.46 1018.42 0.20
Reach 21      10-year Pr Floodwall 2ft 168500.00 689.92 723.58 704.39 724.16 0.000122 6.1 27624.46 1018.42 0.20
Reach 21      50-year Pr Floodwall 5ft 212000.00 689.92 728.31 706.10 728.99 0.000116 6.6 32705.85 1106.36 0.20
Reach 21      50-year Pr Floodwall 2ft 212000.00 689.92 728.31 706.10 728.99 0.000116 6.6 32705.64 1106.35 0.20
Reach 21      100-year Pr Floodwall 5ft 231000.00 689.92 730.19 706.80 730.90 0.000114 6.8 34846.15 1173.76 0.20
Reach 21      100-year Pr Floodwall 2ft 231000.00 689.92 730.19 706.80 730.90 0.000114 6.8 34845.95 1173.76 0.20
Reach 21      1-year High Pr Floodwall 5ft 39690.00 689.92 719.00 697.85 719.04 0.000012 1.7 23128.89 968.19 0.06
Reach 21      1-year High Pr Floodwall 2ft 39690.00 689.92 719.00 697.85 719.04 0.000012 1.7 23128.89 968.19 0.06
Reach 21      5-year High Pr Floodwall 5ft 136800.00 689.92 721.62 703.02 722.06 0.000102 5.3 25679.21 974.96 0.18
Reach 21      5-year High Pr Floodwall 2ft 136800.00 689.92 721.62 703.02 722.06 0.000102 5.3 25679.21 974.96 0.18
Reach 21      2-year High Pr Floodwall 5ft 101800.00 689.92 720.11 701.40 720.39 0.000068 4.2 24208.77 971.05 0.15
Reach 21      2-year High Pr Floodwall 2ft 101800.00 689.92 720.11 701.40 720.39 0.000068 4.2 24208.77 971.05 0.15
Reach 21      Normal Pr Floodwall 5ft 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04
Reach 21      Normal Pr Floodwall 2ft 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04

Reach 20      1-year Low Pr Floodwall 5ft 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      1-year Low Pr Floodwall 2ft 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      2-year Low Pr Floodwall 5ft 101800.00 691.23 715.92 701.09 716.30 0.000118 4.9 20887.71 1027.85 0.19
Reach 20      2-year Low Pr Floodwall 2ft 101800.00 691.23 715.92 701.09 716.30 0.000118 4.9 20887.71 1027.85 0.19
Reach 20      5-year Low Pr Floodwall 5ft 136800.00 691.23 720.44 702.75 720.89 0.000111 5.4 25543.55 1033.63 0.19
Reach 20      5-year Low Pr Floodwall 2ft 136800.00 691.23 720.44 702.75 720.89 0.000111 5.4 25543.55 1033.63 0.19
Reach 20      25-year Pr Floodwall 5ft 187200.00 691.23 726.09 704.84 726.65 0.000106 6.0 31553.86 1161.23 0.19
Reach 20      25-year Pr Floodwall 2ft 187200.00 691.23 726.09 704.84 726.65 0.000106 6.0 31553.79 1161.23 0.19
Reach 20      10-year Pr Floodwall 5ft 168500.00 691.23 723.55 704.08 724.09 0.000115 5.9 28778.27 1075.61 0.20
Reach 20      10-year Pr Floodwall 2ft 168500.00 691.23 723.55 704.08 724.09 0.000115 5.9 28778.27 1075.61 0.20
Reach 20      50-year Pr Floodwall 5ft 212000.00 691.23 728.29 705.80 728.92 0.000108 6.4 34182.91 1286.57 0.19
Reach 20      50-year Pr Floodwall 2ft 212000.00 691.23 728.29 705.80 728.92 0.000108 6.4 34182.59 1286.56 0.19
Reach 20      100-year Pr Floodwall 5ft 231000.00 691.23 730.17 706.51 730.83 0.000106 6.6 36624.51 1363.04 0.19
Reach 20      100-year Pr Floodwall 2ft 231000.00 691.23 730.17 706.51 730.83 0.000106 6.6 36624.27 1363.04 0.19
Reach 20      1-year High Pr Floodwall 5ft 39690.00 691.23 718.99 697.48 719.03 0.000011 1.7 24046.66 1031.81 0.06
Reach 20      1-year High Pr Floodwall 2ft 39690.00 691.23 718.99 697.48 719.03 0.000011 1.7 24046.66 1031.81 0.06
Reach 20      5-year High Pr Floodwall 5ft 136800.00 691.23 721.59 702.75 722.01 0.000096 5.2 26734.16 1035.08 0.18
Reach 20      5-year High Pr Floodwall 2ft 136800.00 691.23 721.59 702.75 722.01 0.000096 5.2 26734.16 1035.08 0.18
Reach 20      2-year High Pr Floodwall 5ft 101800.00 691.23 720.09 701.09 720.35 0.000064 4.1 25179.61 1033.19 0.14
Reach 20      2-year High Pr Floodwall 2ft 101800.00 691.23 720.09 701.09 720.35 0.000064 4.1 25179.61 1033.19 0.14
Reach 20      Normal Pr Floodwall 5ft 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 20      Normal Pr Floodwall 2ft 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04

Reach 19      1-year Low Pr Floodwall 5ft 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      1-year Low Pr Floodwall 2ft 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      2-year Low Pr Floodwall 5ft 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20720.41 1038.96 0.19
Reach 19      2-year Low Pr Floodwall 2ft 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20720.41 1038.96 0.19
Reach 19      5-year Low Pr Floodwall 5ft 136800.00 692.33 720.42 703.18 720.87 0.000115 5.4 25454.31 1083.45 0.19
Reach 19      5-year Low Pr Floodwall 2ft 136800.00 692.33 720.42 703.18 720.87 0.000115 5.4 25454.31 1083.45 0.19
Reach 19      25-year Pr Floodwall 5ft 187200.00 692.33 726.07 705.28 726.63 0.000108 6.0 31543.24 1248.69 0.19
Reach 19      25-year Pr Floodwall 2ft 187200.00 692.33 726.07 705.28 726.63 0.000108 6.0 31543.16 1248.68 0.19
Reach 19      10-year Pr Floodwall 5ft 168500.00 692.33 723.52 704.53 724.07 0.000117 5.9 28739.61 1170.29 0.20
Reach 19      10-year Pr Floodwall 2ft 168500.00 692.33 723.52 704.53 724.07 0.000117 5.9 28739.61 1170.29 0.20
Reach 19      50-year Pr Floodwall 5ft 212000.00 692.33 728.27 706.24 728.89 0.000110 6.4 34075.38 1272.02 0.20
Reach 19      50-year Pr Floodwall 2ft 212000.00 692.33 728.27 706.24 728.89 0.000110 6.4 34075.10 1272.02 0.20
Reach 19      100-year Pr Floodwall 5ft 231000.00 692.33 730.15 706.93 730.81 0.000108 6.5 36357.91 1393.75 0.20
Reach 19      100-year Pr Floodwall 2ft 231000.00 692.33 730.15 706.93 730.81 0.000108 6.5 36357.66 1393.62 0.20
Reach 19      1-year High Pr Floodwall 5ft 39690.00 692.33 718.99 697.90 719.03 0.000012 1.7 23957.69 1077.81 0.06
Reach 19      1-year High Pr Floodwall 2ft 39690.00 692.33 718.99 697.90 719.03 0.000012 1.7 23957.69 1077.81 0.06
Reach 19      5-year High Pr Floodwall 5ft 136800.00 692.33 721.57 703.18 721.99 0.000099 5.2 26668.56 1089.31 0.18
Reach 19      5-year High Pr Floodwall 2ft 136800.00 692.33 721.57 703.18 721.99 0.000099 5.2 26668.56 1089.31 0.18
Reach 19      2-year High Pr Floodwall 5ft 101800.00 692.33 720.07 701.56 720.33 0.000067 4.1 25096.08 1082.19 0.15
Reach 19      2-year High Pr Floodwall 2ft 101800.00 692.33 720.07 701.56 720.33 0.000067 4.1 25096.08 1082.19 0.15
Reach 19      Normal Pr Floodwall 5ft 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04
Reach 19      Normal Pr Floodwall 2ft 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04

Reach 18      1-year Low Pr Floodwall 5ft 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.60 1034.82 0.10
Reach 18      1-year Low Pr Floodwall 2ft 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.60 1034.82 0.10
Reach 18      2-year Low Pr Floodwall 5ft 101800.00 690.71 715.87 701.64 716.24 0.000124 4.9 20874.86 1051.21 0.19
Reach 18      2-year Low Pr Floodwall 2ft 101800.00 690.71 715.87 701.64 716.24 0.000124 4.9 20874.86 1051.21 0.19
Reach 18      5-year Low Pr Floodwall 5ft 136800.00 690.71 720.40 703.26 720.85 0.000114 5.4 25645.30 1141.53 0.19
Reach 18      5-year Low Pr Floodwall 2ft 136800.00 690.71 720.40 703.26 720.85 0.000114 5.4 25645.30 1141.53 0.19
Reach 18      25-year Pr Floodwall 5ft 187200.00 690.71 726.06 705.33 726.61 0.000107 6.0 31713.61 1253.54 0.19
Reach 18      25-year Pr Floodwall 2ft 187200.00 690.71 726.05 705.33 726.61 0.000107 6.0 31713.53 1253.54 0.19
Reach 18      10-year Pr Floodwall 5ft 168500.00 690.71 723.51 704.58 724.04 0.000116 5.9 28938.75 1166.54 0.20
Reach 18      10-year Pr Floodwall 2ft 168500.00 690.71 723.51 704.58 724.04 0.000116 5.9 28938.75 1166.54 0.20
Reach 18      50-year Pr Floodwall 5ft 212000.00 690.71 728.26 706.27 728.87 0.000109 6.3 34256.29 1269.51 0.19
Reach 18      50-year Pr Floodwall 2ft 212000.00 690.71 728.26 706.27 728.87 0.000109 6.3 34255.99 1269.50 0.19
Reach 18      100-year Pr Floodwall 5ft 231000.00 690.71 730.14 706.96 730.78 0.000107 6.5 36487.79 1343.71 0.19
Reach 18      100-year Pr Floodwall 2ft 231000.00 690.71 730.14 706.96 730.78 0.000107 6.5 36487.55 1343.70 0.19
Reach 18      1-year High Pr Floodwall 5ft 39690.00 690.71 718.99 697.98 719.03 0.000012 1.6 24153.99 1082.09 0.06
Reach 18      1-year High Pr Floodwall 2ft 39690.00 690.71 718.99 697.98 719.03 0.000012 1.6 24153.99 1082.09 0.06
Reach 18      5-year High Pr Floodwall 5ft 136800.00 690.71 721.56 703.26 721.97 0.000098 5.1 26870.39 1153.38 0.18
Reach 18      5-year High Pr Floodwall 2ft 136800.00 690.71 721.56 703.26 721.97 0.000098 5.1 26870.39 1153.38 0.18
Reach 18      2-year High Pr Floodwall 5ft 101800.00 690.71 720.06 701.64 720.32 0.000066 4.0 25291.76 1091.03 0.14
Reach 18      2-year High Pr Floodwall 2ft 101800.00 690.71 720.06 701.64 720.32 0.000066 4.0 25291.76 1091.03 0.14
Reach 18      Normal Pr Floodwall 5ft 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04
Reach 18      Normal Pr Floodwall 2ft 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04

Reach 17.5    Bridge

Reach 17      1-year Low Pr Floodwall 5ft 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1033.76 0.10
Reach 17      1-year Low Pr Floodwall 2ft 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1033.76 0.10
Reach 17      2-year Low Pr Floodwall 5ft 101800.00 690.70 715.80 701.48 716.16 0.000121 4.8 21107.97 1100.81 0.19
Reach 17      2-year Low Pr Floodwall 2ft 101800.00 690.70 715.80 701.48 716.16 0.000121 4.8 21107.97 1100.81 0.19
Reach 17      5-year Low Pr Floodwall 5ft 136800.00 690.70 720.28 703.07 720.72 0.000111 5.3 26050.45 1146.37 0.19
Reach 17      5-year Low Pr Floodwall 2ft 136800.00 690.70 720.28 703.07 720.72 0.000111 5.3 26050.45 1146.37 0.19
Reach 17      25-year Pr Floodwall 5ft 187200.00 690.70 725.84 705.12 726.38 0.000105 5.9 32378.18 1275.41 0.19
Reach 17      25-year Pr Floodwall 2ft 187200.00 690.70 725.84 705.12 726.38 0.000105 5.9 32378.10 1275.41 0.19
Reach 17      10-year Pr Floodwall 5ft 168500.00 690.70 723.34 704.39 723.86 0.000114 5.8 29465.45 1197.91 0.19
Reach 17      10-year Pr Floodwall 2ft 168500.00 690.70 723.34 704.39 723.86 0.000114 5.8 29465.45 1197.91 0.19
Reach 17      50-year Pr Floodwall 5ft 212000.00 690.70 728.00 706.06 728.60 0.000106 6.2 34995.91 1290.63 0.19
Reach 17      50-year Pr Floodwall 2ft 212000.00 690.70 728.00 706.06 728.59 0.000106 6.2 34995.68 1290.63 0.19
Reach 17      100-year Pr Floodwall 5ft 231000.00 690.70 729.84 706.75 730.47 0.000105 6.4 37260.27 1312.20 0.19
Reach 17      100-year Pr Floodwall 2ft 231000.00 690.70 729.84 706.75 730.47 0.000105 6.4 37260.04 1312.20 0.19
Reach 17      1-year High Pr Floodwall 5ft 39690.00 690.70 718.92 698.05 718.96 0.000011 1.6 24550.05 1143.98 0.06
Reach 17      1-year High Pr Floodwall 2ft 39690.00 690.70 718.92 698.05 718.96 0.000011 1.6 24550.05 1143.98 0.06
Reach 17      5-year High Pr Floodwall 5ft 136800.00 690.70 721.43 703.07 721.82 0.000095 5.1 27322.30 1153.51 0.18
Reach 17      5-year High Pr Floodwall 2ft 136800.00 690.70 721.43 703.07 721.82 0.000095 5.1 27322.30 1153.51 0.18
Reach 17      2-year High Pr Floodwall 5ft 101800.00 690.70 719.97 701.48 720.22 0.000064 4.0 25707.03 1145.59 0.14
Reach 17      2-year High Pr Floodwall 2ft 101800.00 690.70 719.97 701.48 720.22 0.000064 4.0 25707.03 1145.59 0.14
Reach 17      Normal Pr Floodwall 5ft 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04
Reach 17      Normal Pr Floodwall 2ft 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04

Reach 16      1-year Low Pr Floodwall 5ft 39690.00 690.63 712.03 697.67 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      1-year Low Pr Floodwall 2ft 39690.00 690.63 712.03 697.66 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      2-year Low Pr Floodwall 5ft 101800.00 690.63 715.75 701.21 716.13 0.000121 4.9 20861.97 1103.50 0.19
Reach 16      2-year Low Pr Floodwall 2ft 101800.00 690.63 715.75 701.24 716.13 0.000121 4.9 20861.97 1103.50 0.19
Reach 16      5-year Low Pr Floodwall 5ft 136800.00 690.63 720.23 702.87 720.68 0.000114 5.4 25807.14 1107.93 0.19
Reach 16      5-year Low Pr Floodwall 2ft 136800.00 690.63 720.23 702.88 720.68 0.000114 5.4 25807.14 1107.93 0.19
Reach 16      25-year Pr Floodwall 5ft 187200.00 690.63 725.78 704.95 726.35 0.000109 6.1 32066.10 1248.22 0.19
Reach 16      25-year Pr Floodwall 2ft 187200.00 690.63 725.78 704.95 726.35 0.000109 6.1 32066.01 1248.22 0.19
Reach 16      10-year Pr Floodwall 5ft 168500.00 690.63 723.28 704.20 723.83 0.000117 6.0 29195.55 1131.20 0.20
Reach 16      10-year Pr Floodwall 2ft 168500.00 690.63 723.28 704.20 723.83 0.000117 6.0 29195.55 1173.13 0.20
Reach 16      50-year Pr Floodwall 5ft 212000.00 690.63 727.93 705.90 728.56 0.000111 6.4 34626.16 1258.48 0.20
Reach 16      50-year Pr Floodwall 2ft 212000.00 690.63 727.93 705.90 728.56 0.000111 6.4 34625.95 1258.48 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 16      100-year Pr Floodwall 5ft 231000.00 690.63 729.77 706.59 730.43 0.000109 6.6 36823.70 1261.67 0.20
Reach 16      100-year Pr Floodwall 2ft 231000.00 690.63 729.77 706.61 730.43 0.000109 6.6 36823.49 1261.67 0.20
Reach 16      1-year High Pr Floodwall 5ft 39690.00 690.63 718.92 697.67 718.96 0.000011 1.7 24356.16 1106.44 0.06
Reach 16      1-year High Pr Floodwall 2ft 39690.00 690.63 718.92 697.66 718.96 0.000011 1.7 24356.16 1106.44 0.06
Reach 16      5-year High Pr Floodwall 5ft 136800.00 690.63 721.38 702.87 721.80 0.000098 5.2 27086.06 1115.16 0.18
Reach 16      5-year High Pr Floodwall 2ft 136800.00 690.63 721.38 702.88 721.80 0.000098 5.2 27086.06 1115.16 0.18
Reach 16      2-year High Pr Floodwall 5ft 101800.00 690.63 719.94 701.21 720.20 0.000065 4.1 25488.77 1107.55 0.14
Reach 16      2-year High Pr Floodwall 2ft 101800.00 690.63 719.94 701.24 720.20 0.000065 4.1 25488.77 1107.55 0.14
Reach 16      Normal Pr Floodwall 5ft 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04
Reach 16      Normal Pr Floodwall 2ft 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04

Reach 15      1-year Low Pr Floodwall 5ft 39690.00 689.96 712.02 697.26 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      1-year Low Pr Floodwall 2ft 39690.00 689.96 712.02 697.27 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      2-year Low Pr Floodwall 5ft 101800.00 689.96 715.75 700.78 716.12 0.000114 4.9 21092.61 1089.74 0.19
Reach 15      2-year Low Pr Floodwall 2ft 101800.00 689.96 715.75 700.78 716.12 0.000114 4.9 21092.61 1089.74 0.19
Reach 15      5-year Low Pr Floodwall 5ft 136800.00 689.96 720.22 702.43 720.67 0.000109 5.4 25975.17 1093.89 0.19
Reach 15      5-year Low Pr Floodwall 2ft 136800.00 689.96 720.22 702.40 720.67 0.000109 5.4 25975.17 1093.89 0.19
Reach 15      25-year Pr Floodwall 5ft 187200.00 689.96 725.77 704.52 726.33 0.000105 6.1 32088.13 1192.01 0.19
Reach 15      25-year Pr Floodwall 2ft 187200.00 689.96 725.77 704.51 726.33 0.000105 6.1 32087.97 1192.01 0.19
Reach 15      10-year Pr Floodwall 5ft 168500.00 689.96 723.27 703.76 723.81 0.000113 5.9 29319.97 1117.05 0.19
Reach 15      10-year Pr Floodwall 2ft 168500.00 689.96 723.27 703.76 723.81 0.000113 5.9 29319.97 1158.70 0.19
Reach 15      50-year Pr Floodwall 5ft 212000.00 689.96 727.92 705.46 728.55 0.000108 6.4 34584.26 1234.79 0.19
Reach 15      50-year Pr Floodwall 2ft 212000.00 689.96 727.92 705.47 728.55 0.000108 6.4 34584.05 1234.79 0.19
Reach 15      100-year Pr Floodwall 5ft 231000.00 689.96 729.76 706.17 730.42 0.000107 6.6 36741.84 1240.42 0.20
Reach 15      100-year Pr Floodwall 2ft 231000.00 689.96 729.76 706.17 730.42 0.000107 6.6 36741.63 1240.42 0.20
Reach 15      1-year High Pr Floodwall 5ft 39690.00 689.96 718.92 697.26 718.96 0.000011 1.7 24550.82 1092.61 0.06
Reach 15      1-year High Pr Floodwall 2ft 39690.00 689.96 718.92 697.27 718.96 0.000011 1.7 24550.82 1092.61 0.06
Reach 15      5-year High Pr Floodwall 5ft 136800.00 689.96 721.37 702.43 721.79 0.000094 5.2 27239.01 1095.58 0.18
Reach 15      5-year High Pr Floodwall 2ft 136800.00 689.96 721.37 702.40 721.79 0.000094 5.2 27239.01 1095.58 0.18
Reach 15      2-year High Pr Floodwall 5ft 101800.00 689.96 719.94 700.78 720.19 0.000063 4.1 25664.90 1093.52 0.14
Reach 15      2-year High Pr Floodwall 2ft 101800.00 689.96 719.94 700.78 720.19 0.000063 4.1 25664.90 1093.52 0.14
Reach 15      Normal Pr Floodwall 5ft 12700.00 689.96 710.93 694.98 710.94 0.000004 0.8 16136.09 964.86 0.03
Reach 15      Normal Pr Floodwall 2ft 12700.00 689.96 710.93 694.99 710.94 0.000004 0.8 16136.09 964.86 0.03

Reach 14      1-year Low Pr Floodwall 5ft 39690.00 690.18 712.01 697.48 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      1-year Low Pr Floodwall 2ft 39690.00 690.18 712.01 697.48 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      2-year Low Pr Floodwall 5ft 101800.00 690.18 715.72 701.09 716.10 0.000121 5.0 20686.68 1083.47 0.19
Reach 14      2-year Low Pr Floodwall 2ft 101800.00 690.18 715.72 701.08 716.10 0.000121 5.0 20686.68 1083.47 0.19
Reach 14      5-year Low Pr Floodwall 5ft 136800.00 690.18 720.19 702.72 720.65 0.000114 5.5 25544.55 1087.55 0.19
Reach 14      5-year Low Pr Floodwall 2ft 136800.00 690.18 720.19 702.72 720.65 0.000114 5.5 25544.57 1087.56 0.19
Reach 14      25-year Pr Floodwall 5ft 187200.00 690.18 725.75 704.83 726.32 0.000109 6.1 31606.64 1157.61 0.19
Reach 14      25-year Pr Floodwall 2ft 187200.00 690.18 725.75 704.83 726.32 0.000109 6.1 31606.78 1157.62 0.19
Reach 14      10-year Pr Floodwall 5ft 168500.00 690.18 723.24 704.07 723.80 0.000118 6.0 28867.61 1090.21 0.20
Reach 14      10-year Pr Floodwall 2ft 168500.00 690.18 723.24 704.08 723.80 0.000118 6.0 28867.76 1147.93 0.20
Reach 14      50-year Pr Floodwall 5ft 212000.00 690.18 727.90 705.77 728.53 0.000111 6.5 34039.27 1210.86 0.20
Reach 14      50-year Pr Floodwall 2ft 212000.00 690.18 727.90 705.79 728.53 0.000111 6.5 34039.34 1210.86 0.20
Reach 14      100-year Pr Floodwall 5ft 231000.00 690.18 729.73 706.49 730.41 0.000110 6.7 36167.53 1222.95 0.20
Reach 14      100-year Pr Floodwall 2ft 231000.00 690.18 729.73 706.49 730.41 0.000110 6.7 36167.75 1222.95 0.20
Reach 14      1-year High Pr Floodwall 5ft 39690.00 690.18 718.91 697.48 718.96 0.000011 1.7 24156.43 1086.39 0.06
Reach 14      1-year High Pr Floodwall 2ft 39690.00 690.18 718.91 697.48 718.96 0.000011 1.7 24156.44 1086.40 0.06
Reach 14      5-year High Pr Floodwall 5ft 136800.00 690.18 721.35 702.72 721.77 0.000098 5.2 26805.74 1088.56 0.18
Reach 14      5-year High Pr Floodwall 2ft 136800.00 690.18 721.35 702.72 721.77 0.000098 5.2 26805.78 1088.58 0.18
Reach 14      2-year High Pr Floodwall 5ft 101800.00 690.18 719.92 701.09 720.18 0.000065 4.1 25249.73 1087.31 0.14
Reach 14      2-year High Pr Floodwall 2ft 101800.00 690.18 719.92 701.08 720.18 0.000065 4.1 25249.75 1087.32 0.14
Reach 14      Normal Pr Floodwall 5ft 12700.00 690.18 710.93 695.20 710.94 0.000004 0.8 15749.13 957.08 0.04
Reach 14      Normal Pr Floodwall 2ft 12700.00 690.18 710.93 695.19 710.94 0.000004 0.8 15749.13 957.08 0.04

Reach 13      1-year Low Pr Floodwall 5ft 39690.00 690.25 712.01 696.97 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      1-year Low Pr Floodwall 2ft 39690.00 690.25 712.01 696.97 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      2-year Low Pr Floodwall 5ft 101800.00 690.25 715.69 700.57 716.07 0.000119 5.0 20538.08 1049.68 0.19
Reach 13      2-year Low Pr Floodwall 2ft 101800.00 690.25 715.69 700.57 716.07 0.000119 5.0 20538.08 1049.68 0.19
Reach 13      5-year Low Pr Floodwall 5ft 136800.00 690.25 720.15 702.30 720.63 0.000114 5.6 25232.65 1052.19 0.19
Reach 13      5-year Low Pr Floodwall 2ft 136800.00 690.25 720.15 702.30 720.63 0.000114 5.6 25232.65 1052.19 0.19
Reach 13      25-year Pr Floodwall 5ft 187200.00 690.25 725.70 704.44 726.29 0.000111 6.2 31075.07 1096.45 0.20
Reach 13      25-year Pr Floodwall 2ft 187200.00 690.25 725.70 704.43 726.29 0.000111 6.2 31075.01 1096.45 0.20
Reach 13      10-year Pr Floodwall 5ft 168500.00 690.25 723.19 703.68 723.77 0.000119 6.1 28436.58 1054.01 0.20
Reach 13      10-year Pr Floodwall 2ft 168500.00 690.25 723.19 703.66 723.77 0.000119 6.1 28436.58 1094.43 0.20
Reach 13      50-year Pr Floodwall 5ft 212000.00 690.25 727.84 705.42 728.51 0.000114 6.6 33375.23 1139.19 0.20
Reach 13      50-year Pr Floodwall 2ft 212000.00 690.25 727.84 705.42 728.51 0.000114 6.6 33375.04 1139.18 0.20
Reach 13      100-year Pr Floodwall 5ft 231000.00 690.25 729.67 706.14 730.38 0.000113 6.8 35399.09 1149.06 0.20
Reach 13      100-year Pr Floodwall 2ft 231000.00 690.25 729.67 706.15 730.38 0.000113 6.8 35398.96 1149.06 0.20
Reach 13      1-year High Pr Floodwall 5ft 39690.00 690.25 718.91 696.97 718.95 0.000011 1.7 23926.06 1051.49 0.06
Reach 13      1-year High Pr Floodwall 2ft 39690.00 690.25 718.91 696.97 718.95 0.000011 1.7 23926.06 1051.49 0.06
Reach 13      5-year High Pr Floodwall 5ft 136800.00 690.25 721.31 702.30 721.75 0.000098 5.3 26455.92 1052.84 0.18
Reach 13      5-year High Pr Floodwall 2ft 136800.00 690.25 721.31 702.30 721.75 0.000098 5.3 26455.92 1052.84 0.18
Reach 13      2-year High Pr Floodwall 5ft 101800.00 690.25 719.90 700.57 720.17 0.000065 4.2 24965.39 1052.04 0.14
Reach 13      2-year High Pr Floodwall 2ft 101800.00 690.25 719.90 700.57 720.17 0.000065 4.2 24965.39 1052.04 0.14
Reach 13      Normal Pr Floodwall 5ft 12700.00 690.25 710.93 694.66 710.94 0.000004 0.8 15844.61 929.99 0.03
Reach 13      Normal Pr Floodwall 2ft 12700.00 690.25 710.93 694.66 710.94 0.000004 0.8 15844.61 929.99 0.03

Reach 12      1-year Low Pr Floodwall 5ft 39690.00 688.05 712.00 696.14 712.09 0.000031 2.3 17135.84 916.30 0.09
Reach 12      1-year Low Pr Floodwall 2ft 39690.00 688.05 712.00 696.13 712.09 0.000031 2.3 17135.84 916.30 0.09
Reach 12      2-year Low Pr Floodwall 5ft 101800.00 688.05 715.66 699.92 716.04 0.000111 5.0 20676.66 1000.75 0.18
Reach 12      2-year Low Pr Floodwall 2ft 101800.00 688.05 715.66 699.92 716.04 0.000111 5.0 20676.66 1000.75 0.18
Reach 12      5-year Low Pr Floodwall 5ft 136800.00 688.05 720.13 701.69 720.60 0.000108 5.5 25235.80 1048.93 0.19



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 12      5-year Low Pr Floodwall 2ft 136800.00 688.05 720.13 701.69 720.60 0.000108 5.5 25235.80 1048.93 0.19
Reach 12      25-year Pr Floodwall 5ft 187200.00 688.05 725.68 703.85 726.27 0.000106 6.2 30939.55 1097.86 0.19
Reach 12      25-year Pr Floodwall 2ft 187200.00 688.05 725.68 703.86 726.27 0.000106 6.2 30939.48 1097.86 0.19
Reach 12      10-year Pr Floodwall 5ft 168500.00 688.05 723.17 703.10 723.74 0.000114 6.1 28361.73 1052.94 0.20
Reach 12      10-year Pr Floodwall 2ft 168500.00 688.05 723.17 703.08 723.74 0.000114 6.1 28361.73 1095.77 0.20
Reach 12      50-year Pr Floodwall 5ft 212000.00 688.05 727.82 704.86 728.48 0.000110 6.6 33148.39 1099.65 0.20
Reach 12      50-year Pr Floodwall 2ft 212000.00 688.05 727.82 704.87 728.48 0.000110 6.6 33148.20 1099.65 0.20
Reach 12      100-year Pr Floodwall 5ft 231000.00 688.05 729.65 705.59 730.35 0.000109 6.8 35093.41 1148.36 0.20
Reach 12      100-year Pr Floodwall 2ft 231000.00 688.05 729.65 705.58 730.35 0.000109 6.8 35093.27 1148.36 0.20
Reach 12      1-year High Pr Floodwall 5ft 39690.00 688.05 718.91 696.14 718.95 0.000011 1.7 23980.33 1047.50 0.06
Reach 12      1-year High Pr Floodwall 2ft 39690.00 688.05 718.91 696.13 718.95 0.000011 1.7 23980.33 1047.50 0.06
Reach 12      5-year High Pr Floodwall 5ft 136800.00 688.05 721.30 701.69 721.73 0.000093 5.3 26432.22 1050.27 0.18
Reach 12      5-year High Pr Floodwall 2ft 136800.00 688.05 721.30 701.69 721.73 0.000093 5.3 26432.22 1050.27 0.18
Reach 12      2-year High Pr Floodwall 5ft 101800.00 688.05 719.89 699.92 720.15 0.000062 4.1 24984.19 1048.65 0.14
Reach 12      2-year High Pr Floodwall 2ft 101800.00 688.05 719.89 699.92 720.15 0.000062 4.1 24984.19 1048.65 0.14
Reach 12      Normal Pr Floodwall 5ft 12700.00 688.05 710.93 693.73 710.94 0.000004 0.8 16162.06 907.57 0.03
Reach 12      Normal Pr Floodwall 2ft 12700.00 688.05 710.93 693.74 710.94 0.000004 0.8 16162.06 907.57 0.03

Reach 11      1-year Low Pr Floodwall 5ft 39690.00 688.28 711.99 695.73 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      1-year Low Pr Floodwall 2ft 39690.00 688.28 711.99 695.74 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      2-year Low Pr Floodwall 5ft 101800.00 688.28 715.60 699.66 716.00 0.000112 5.1 20316.84 990.13 0.19
Reach 11      2-year Low Pr Floodwall 2ft 101800.00 688.28 715.60 699.65 716.00 0.000112 5.1 20316.84 990.13 0.19
Reach 11      5-year Low Pr Floodwall 5ft 136800.00 688.28 720.06 701.38 720.56 0.000111 5.7 24735.55 993.10 0.19
Reach 11      5-year Low Pr Floodwall 2ft 136800.00 688.28 720.06 701.39 720.56 0.000111 5.7 24735.55 993.10 0.19
Reach 11      25-year Pr Floodwall 5ft 187200.00 688.28 725.59 703.59 726.22 0.000112 6.4 30232.90 1038.62 0.20
Reach 11      25-year Pr Floodwall 2ft 187200.00 688.28 725.59 703.61 726.22 0.000112 6.4 30233.15 1038.62 0.20
Reach 11      10-year Pr Floodwall 5ft 168500.00 688.28 723.09 702.82 723.69 0.000118 6.3 27744.04 995.04 0.20
Reach 11      10-year Pr Floodwall 2ft 168500.00 688.28 723.09 702.78 723.69 0.000118 6.3 27743.99 1036.81 0.20
Reach 11      50-year Pr Floodwall 5ft 212000.00 688.28 727.72 704.62 728.43 0.000116 6.8 32496.69 1186.45 0.20
Reach 11      50-year Pr Floodwall 2ft 212000.00 688.28 727.72 704.63 728.43 0.000116 6.8 32496.96 1186.46 0.20
Reach 11      100-year Pr Floodwall 5ft 231000.00 688.28 729.54 705.37 730.30 0.000116 7.0 34703.25 1305.27 0.20
Reach 11      100-year Pr Floodwall 2ft 231000.00 688.28 729.54 705.35 730.30 0.000116 7.0 34703.73 1305.28 0.20
Reach 11      1-year High Pr Floodwall 5ft 39690.00 688.28 718.90 695.73 718.95 0.000011 1.7 23585.16 992.29 0.06
Reach 11      1-year High Pr Floodwall 2ft 39690.00 688.28 718.90 695.74 718.95 0.000011 1.7 23585.16 992.29 0.06
Reach 11      5-year High Pr Floodwall 5ft 136800.00 688.28 721.23 701.38 721.69 0.000097 5.4 25899.58 993.82 0.18
Reach 11      5-year High Pr Floodwall 2ft 136800.00 688.28 721.23 701.39 721.69 0.000097 5.4 25899.58 993.82 0.18
Reach 11      2-year High Pr Floodwall 5ft 101800.00 688.28 719.85 699.66 720.13 0.000063 4.3 24523.59 992.94 0.14
Reach 11      2-year High Pr Floodwall 2ft 101800.00 688.28 719.85 699.65 720.13 0.000063 4.3 24523.59 992.94 0.14
Reach 11      Normal Pr Floodwall 5ft 12700.00 688.28 710.93 693.25 710.94 0.000004 0.8 16006.06 870.23 0.03
Reach 11      Normal Pr Floodwall 2ft 12700.00 688.28 710.93 693.27 710.94 0.000004 0.8 16006.06 870.23 0.03

Reach 10      1-year Low Pr Floodwall 5ft 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16536.75 884.17 0.10
Reach 10      1-year Low Pr Floodwall 2ft 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16536.75 884.17 0.10
Reach 10      2-year Low Pr Floodwall 5ft 101800.00 688.91 715.57 699.99 715.98 0.000120 5.2 19926.07 994.47 0.19
Reach 10      2-year Low Pr Floodwall 2ft 101800.00 688.91 715.57 699.96 715.98 0.000120 5.2 19926.07 994.47 0.19
Reach 10      5-year Low Pr Floodwall 5ft 136800.00 688.91 720.03 701.74 720.53 0.000117 5.7 24370.59 997.65 0.19
Reach 10      5-year Low Pr Floodwall 2ft 136800.00 688.91 720.03 701.74 720.53 0.000117 5.7 24370.60 997.66 0.19
Reach 10      25-year Pr Floodwall 5ft 187200.00 688.91 725.56 704.01 726.20 0.000115 6.5 29903.07 1059.53 0.20
Reach 10      25-year Pr Floodwall 2ft 187200.00 688.91 725.56 704.01 726.20 0.000115 6.4 29903.23 1059.53 0.20
Reach 10      10-year Pr Floodwall 5ft 168500.00 688.91 723.06 703.19 723.67 0.000123 6.3 27395.96 999.80 0.20
Reach 10      10-year Pr Floodwall 2ft 168500.00 688.91 723.06 703.20 723.67 0.000123 6.3 27396.07 1057.59 0.20
Reach 10      50-year Pr Floodwall 5ft 212000.00 688.91 727.70 705.04 728.41 0.000118 6.8 32039.99 1061.20 0.20
Reach 10      50-year Pr Floodwall 2ft 212000.00 688.91 727.70 705.04 728.41 0.000118 6.8 32040.16 1061.20 0.20
Reach 10      100-year Pr Floodwall 5ft 231000.00 688.91 729.52 705.80 730.28 0.000118 7.1 33901.18 1118.42 0.21
Reach 10      100-year Pr Floodwall 2ft 231000.00 688.91 729.52 705.76 730.28 0.000118 7.1 33901.48 1118.47 0.21
Reach 10      1-year High Pr Floodwall 5ft 39690.00 688.91 718.90 696.07 718.95 0.000011 1.7 23243.51 996.85 0.06
Reach 10      1-year High Pr Floodwall 2ft 39690.00 688.91 718.90 696.07 718.95 0.000011 1.7 23243.51 996.85 0.06
Reach 10      5-year High Pr Floodwall 5ft 136800.00 688.91 721.21 701.74 721.67 0.000101 5.5 25545.86 998.49 0.18
Reach 10      5-year High Pr Floodwall 2ft 136800.00 688.91 721.21 701.74 721.67 0.000101 5.5 25545.88 998.50 0.18
Reach 10      2-year High Pr Floodwall 5ft 101800.00 688.91 719.83 699.99 720.11 0.000066 4.3 24171.54 997.51 0.15
Reach 10      2-year High Pr Floodwall 2ft 101800.00 688.91 719.83 699.96 720.11 0.000066 4.3 24171.55 997.52 0.15
Reach 10      Normal Pr Floodwall 5ft 12700.00 688.91 710.93 693.51 710.94 0.000004 0.8 15619.10 871.32 0.03
Reach 10      Normal Pr Floodwall 2ft 12700.00 688.91 710.93 693.50 710.94 0.000004 0.8 15619.10 871.32 0.03

Reach 9       1-year Low Pr Floodwall 5ft 39690.00 688.16 711.97 695.74 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       1-year Low Pr Floodwall 2ft 39690.00 688.16 711.97 695.74 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       2-year Low Pr Floodwall 5ft 101800.00 688.16 715.52 699.54 715.96 0.000131 5.3 19446.52 944.28 0.19
Reach 9       2-year Low Pr Floodwall 2ft 101800.00 688.16 715.52 699.54 715.96 0.000131 5.3 19446.52 944.28 0.19
Reach 9       5-year Low Pr Floodwall 5ft 136800.00 688.16 719.97 701.28 720.51 0.000135 5.9 23648.83 946.80 0.20
Reach 9       5-year Low Pr Floodwall 2ft 136800.00 688.16 719.97 701.29 720.51 0.000135 5.9 23648.98 947.03 0.20
Reach 9       25-year Pr Floodwall 5ft 187200.00 688.16 725.48 703.56 726.17 0.000140 6.7 28883.27 993.35 0.21
Reach 9       25-year Pr Floodwall 2ft 187200.00 688.16 725.48 703.57 726.17 0.000140 6.7 28886.20 994.49 0.21
Reach 9       10-year Pr Floodwall 5ft 168500.00 688.16 722.98 702.75 723.64 0.000146 6.6 26505.13 949.99 0.21
Reach 9       10-year Pr Floodwall 2ft 168500.00 688.16 722.98 702.76 723.64 0.000146 6.6 26506.72 991.85 0.21
Reach 9       50-year Pr Floodwall 5ft 212000.00 688.16 727.60 704.63 728.38 0.000147 7.1 30905.64 996.71 0.21
Reach 9       50-year Pr Floodwall 2ft 212000.00 688.16 727.60 704.63 728.38 0.000147 7.1 30908.65 996.71 0.21
Reach 9       100-year Pr Floodwall 5ft 231000.00 688.16 729.42 705.39 730.25 0.000149 7.4 32668.70 1036.89 0.21
Reach 9       100-year Pr Floodwall 2ft 231000.00 688.16 729.42 705.40 730.25 0.000149 7.4 32671.83 1036.96 0.21
Reach 9       1-year High Pr Floodwall 5ft 39690.00 688.16 718.89 695.74 718.94 0.000013 1.8 22630.76 945.84 0.06
Reach 9       1-year High Pr Floodwall 2ft 39690.00 688.16 718.89 695.74 718.94 0.000013 1.8 22630.77 945.89 0.06
Reach 9       5-year High Pr Floodwall 5ft 136800.00 688.16 721.15 701.28 721.65 0.000118 5.7 24768.36 947.87 0.19
Reach 9       5-year High Pr Floodwall 2ft 136800.00 688.16 721.15 701.29 721.65 0.000118 5.7 24768.89 948.29 0.19
Reach 9       2-year High Pr Floodwall 5ft 101800.00 688.16 719.80 699.54 720.10 0.000076 4.4 23485.29 946.63 0.15
Reach 9       2-year High Pr Floodwall 2ft 101800.00 688.16 719.80 699.54 720.10 0.000076 4.4 23485.41 946.82 0.15
Reach 9       Normal Pr Floodwall 5ft 12700.00 688.16 710.93 693.32 710.94 0.000004 0.8 15416.97 820.08 0.03



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 9       Normal Pr Floodwall 2ft 12700.00 688.16 710.93 693.34 710.94 0.000004 0.8 15416.97 820.08 0.03

Reach 8       1-year Low Pr Floodwall 5ft 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       1-year Low Pr Floodwall 2ft 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       2-year Low Pr Floodwall 5ft 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       2-year Low Pr Floodwall 2ft 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       5-year Low Pr Floodwall 5ft 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       5-year Low Pr Floodwall 2ft 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       25-year Pr Floodwall 5ft 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       25-year Pr Floodwall 2ft 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       10-year Pr Floodwall 5ft 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       10-year Pr Floodwall 2ft 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       50-year Pr Floodwall 5ft 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       50-year Pr Floodwall 2ft 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       100-year Pr Floodwall 5ft 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       100-year Pr Floodwall 2ft 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       1-year High Pr Floodwall 5ft 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       1-year High Pr Floodwall 2ft 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       5-year High Pr Floodwall 5ft 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       5-year High Pr Floodwall 2ft 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       2-year High Pr Floodwall 5ft 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       2-year High Pr Floodwall 2ft 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       Normal Pr Floodwall 5ft 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03
Reach 8       Normal Pr Floodwall 2ft 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03

Reach 7       1-year Low Pr Floodwall 5ft 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       1-year Low Pr Floodwall 2ft 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       2-year Low Pr Floodwall 5ft 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       2-year Low Pr Floodwall 2ft 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       5-year Low Pr Floodwall 5ft 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       5-year Low Pr Floodwall 2ft 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       25-year Pr Floodwall 5ft 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       25-year Pr Floodwall 2ft 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       10-year Pr Floodwall 5ft 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       10-year Pr Floodwall 2ft 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       50-year Pr Floodwall 5ft 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       50-year Pr Floodwall 2ft 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       100-year Pr Floodwall 5ft 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       100-year Pr Floodwall 2ft 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       1-year High Pr Floodwall 5ft 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       1-year High Pr Floodwall 2ft 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       5-year High Pr Floodwall 5ft 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       5-year High Pr Floodwall 2ft 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       2-year High Pr Floodwall 5ft 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       2-year High Pr Floodwall 2ft 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       Normal Pr Floodwall 5ft 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03
Reach 7       Normal Pr Floodwall 2ft 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03

Reach 6       1-year Low Pr Floodwall 5ft 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       1-year Low Pr Floodwall 2ft 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       2-year Low Pr Floodwall 5ft 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       2-year Low Pr Floodwall 2ft 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       5-year Low Pr Floodwall 5ft 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       5-year Low Pr Floodwall 2ft 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       25-year Pr Floodwall 5ft 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       25-year Pr Floodwall 2ft 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       10-year Pr Floodwall 5ft 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       10-year Pr Floodwall 2ft 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       50-year Pr Floodwall 5ft 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       50-year Pr Floodwall 2ft 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       100-year Pr Floodwall 5ft 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       100-year Pr Floodwall 2ft 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       1-year High Pr Floodwall 5ft 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       1-year High Pr Floodwall 2ft 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       5-year High Pr Floodwall 5ft 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       5-year High Pr Floodwall 2ft 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       2-year High Pr Floodwall 5ft 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       2-year High Pr Floodwall 2ft 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       Normal Pr Floodwall 5ft 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03
Reach 6       Normal Pr Floodwall 2ft 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03

Reach 5       1-year Low Pr Floodwall 5ft 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       1-year Low Pr Floodwall 2ft 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       2-year Low Pr Floodwall 5ft 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17
Reach 5       2-year Low Pr Floodwall 2ft 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17
Reach 5       5-year Low Pr Floodwall 5ft 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       5-year Low Pr Floodwall 2ft 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       25-year Pr Floodwall 5ft 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       25-year Pr Floodwall 2ft 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       10-year Pr Floodwall 5ft 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       10-year Pr Floodwall 2ft 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       50-year Pr Floodwall 5ft 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       50-year Pr Floodwall 2ft 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       100-year Pr Floodwall 5ft 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       100-year Pr Floodwall 2ft 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 5       1-year High Pr Floodwall 5ft 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       1-year High Pr Floodwall 2ft 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       5-year High Pr Floodwall 5ft 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       5-year High Pr Floodwall 2ft 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       2-year High Pr Floodwall 5ft 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       2-year High Pr Floodwall 2ft 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       Normal Pr Floodwall 5ft 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03
Reach 5       Normal Pr Floodwall 2ft 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03

Reach 4.5     Bridge

Reach 4       1-year Low Pr Floodwall 5ft 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       1-year Low Pr Floodwall 2ft 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       2-year Low Pr Floodwall 5ft 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       2-year Low Pr Floodwall 2ft 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       5-year Low Pr Floodwall 5ft 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       5-year Low Pr Floodwall 2ft 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       25-year Pr Floodwall 5ft 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       25-year Pr Floodwall 2ft 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       10-year Pr Floodwall 5ft 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       10-year Pr Floodwall 2ft 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       50-year Pr Floodwall 5ft 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       50-year Pr Floodwall 2ft 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       100-year Pr Floodwall 5ft 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       100-year Pr Floodwall 2ft 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       1-year High Pr Floodwall 5ft 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       1-year High Pr Floodwall 2ft 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       5-year High Pr Floodwall 5ft 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       5-year High Pr Floodwall 2ft 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       2-year High Pr Floodwall 5ft 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       2-year High Pr Floodwall 2ft 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       Normal Pr Floodwall 5ft 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03
Reach 4       Normal Pr Floodwall 2ft 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03

Reach 3       1-year Low Pr Floodwall 5ft 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       1-year Low Pr Floodwall 2ft 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       2-year Low Pr Floodwall 5ft 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       2-year Low Pr Floodwall 2ft 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       5-year Low Pr Floodwall 5ft 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       5-year Low Pr Floodwall 2ft 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       25-year Pr Floodwall 5ft 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       25-year Pr Floodwall 2ft 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       10-year Pr Floodwall 5ft 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       10-year Pr Floodwall 2ft 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       50-year Pr Floodwall 5ft 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       50-year Pr Floodwall 2ft 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       100-year Pr Floodwall 5ft 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       100-year Pr Floodwall 2ft 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       1-year High Pr Floodwall 5ft 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       1-year High Pr Floodwall 2ft 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       5-year High Pr Floodwall 5ft 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       5-year High Pr Floodwall 2ft 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       2-year High Pr Floodwall 5ft 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       2-year High Pr Floodwall 2ft 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       Normal Pr Floodwall 5ft 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03
Reach 3       Normal Pr Floodwall 2ft 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03

Reach 2       1-year Low Pr Floodwall 5ft 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       1-year Low Pr Floodwall 2ft 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       2-year Low Pr Floodwall 5ft 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       2-year Low Pr Floodwall 2ft 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       5-year Low Pr Floodwall 5ft 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       5-year Low Pr Floodwall 2ft 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       25-year Pr Floodwall 5ft 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       25-year Pr Floodwall 2ft 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       10-year Pr Floodwall 5ft 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       10-year Pr Floodwall 2ft 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       50-year Pr Floodwall 5ft 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       50-year Pr Floodwall 2ft 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       100-year Pr Floodwall 5ft 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       100-year Pr Floodwall 2ft 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       1-year High Pr Floodwall 5ft 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       1-year High Pr Floodwall 2ft 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       5-year High Pr Floodwall 5ft 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       5-year High Pr Floodwall 2ft 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       2-year High Pr Floodwall 5ft 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       2-year High Pr Floodwall 2ft 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       Normal Pr Floodwall 5ft 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03
Reach 2       Normal Pr Floodwall 2ft 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03

Reach 1       1-year Low Pr Floodwall 5ft 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       1-year Low Pr Floodwall 2ft 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       2-year Low Pr Floodwall 5ft 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       2-year Low Pr Floodwall 2ft 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       5-year Low Pr Floodwall 5ft 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 1       5-year Low Pr Floodwall 2ft 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       25-year Pr Floodwall 5ft 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       25-year Pr Floodwall 2ft 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       10-year Pr Floodwall 5ft 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       10-year Pr Floodwall 2ft 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       50-year Pr Floodwall 5ft 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       50-year Pr Floodwall 2ft 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       100-year Pr Floodwall 5ft 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       100-year Pr Floodwall 2ft 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       1-year High Pr Floodwall 5ft 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       1-year High Pr Floodwall 2ft 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       5-year High Pr Floodwall 5ft 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       5-year High Pr Floodwall 2ft 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       2-year High Pr Floodwall 5ft 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       2-year High Pr Floodwall 2ft 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       Normal Pr Floodwall 5ft 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
Reach 1       Normal Pr Floodwall 2ft 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03



APPENDIX A-5.3

Proposed Elevated Trail
HEC-RAS Model



0 2000 4000 6000
680

690

700

710

720

730

740

750

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

Main Channel Distance (ft)

El
ev

at
io

n 
(ft

)

Legend

WS  100-year

WS  50-year

WS  25-year

WS  10-year

WS  5-year High

WS  5-year Low

WS  2-year High

WS  1-year High

WS  2-year Low

WS  1-year Low

WS  Normal

Ground

1 2 3 4 4.
5

6 7 8 9 10 11 12 13 14 15 17 17
.5

19 20 21 22 24 25 26 27 28 29 30

Stream Reach



 

-2000 -1500 -1000 -500 0 500 1000
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 30  FEMA E

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
5

.
0
2
4

.1 .025 .1

 

-2000 -1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 29  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
5

.
0
2
4

.
0
5

.
1

.025 .1



 

-2000 -1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 28  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
5

.
0
2
4

.
0
5

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000 1500
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 27  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.1 .025 .1



 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 26  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.1 .025 .1

 

-1500 -1000 -500 0 500 1000
680

700

720

740

760

780

800

820

840

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 25.5     BR  Liberty Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.1 .025 .1



 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

800

820

840

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 25.5     BR  Liberty Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.1 .025 .1

 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 25  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.1 .025 .1



 

-1500 -1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 24  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 23  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

800

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 22.5     BR  Panhandle Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

800

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 22.5     BR  Panhandle Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 22  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000
680

690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 21  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Ineff

Bank Sta

.1 .05 .
0
2
4

.
1

.025 .1



 

-1500 -1000 -500 0 500 1000 1500
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 20  FEMA D

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Ineff

Bank Sta

.1 .05 .
0
2
4

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 19  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 18  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 17.5     BR  Smithfield Street Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 17.5     BR  Smithfield Street Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1

 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 17  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1



 

-1500 -1000 -500 0 500 1000
690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 16  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1

 

-1500 -1000 -500 0 500 1000 1500 2000
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 15  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1



 

-1500 -1000 -500 0 500 1000 1500 2000
690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 14  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1

 

-1500 -1000 -500 0 500 1000 1500 2000
690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 13  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1



 

-1500 -1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 12  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.025 .
0
1
3

.1

 

-1500 -1000 -500 0 500 1000
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 11  FEMA C

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .05 .
0
2
4

.
1

.025 .
0
1
3

.1



 

-1500 -1000 -500 0 500 1000 1500
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 10  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.025 .
0
1
3

.1

 

-1500 -1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 9  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Ineff

Bank Sta

.1 .
0
2
4

.
1

.025 .
0
1
3

.1



 

-1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 8  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 7  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1000 -500 0 500 1000 1500 2000
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 6  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 5  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1000 -500 0 500 1000 1500
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 4.5      BR  Fort Pitt Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1000 -500 0 500 1000 1500 2000
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 4.5      BR  Fort Pitt Bridge

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1



 

-1000 -500 0 500 1000 1500 2000
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 4  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Levee

Bank Sta

.1 .
0
2
4

.
1

.025 .1

 

-1000 -500 0 500 1000 1500 2000
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 3  

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .05



 

-1000 -500 0 500 1000 1500
680

690

700

710

720

730

740

750

760

770

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 2  FEMA B

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .05

 

-600 -400 -200 0 200 400 600 800 1000 1200
680

700

720

740

760

780

I-376 Bathtub       Plan: Proposed Elevated Trail Alt 1
Geom: Proposed Elevated Trail Alt 1    Flow: Design Flows

River = Stream   Reach = Reach      RS = 1  FEMA A

Station (ft)

El
ev

at
io

n 
(ft

)

Legend

WS 100-year

WS 50-year

WS 25-year

WS 10-year

WS 5-year High

WS 5-year Low

WS 2-year High

WS 1-year High

WS 2-year Low

WS 1-year Low

WS Normal

Ground

Bank Sta

.1 .
0
2
4

.
1

.025 .05



  

HEC-RAS   River: Stream   Reach: Reach
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 30      1-year Low Pr. Elevated Trail 1 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      1-year Low Pr Elevated Trail 2 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      1-year Low Pr Elevated Trail 3 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      2-year Low Pr. Elevated Trail 1 101800.00 686.10 716.38 716.85 0.000122 5.5 18549.73 772.72 0.20
Reach 30      2-year Low Pr Elevated Trail 2 101800.00 686.10 716.38 716.85 0.000122 5.5 18549.73 772.72 0.20
Reach 30      2-year Low Pr Elevated Trail 3 101800.00 686.10 716.38 716.85 0.000122 5.5 18549.73 772.72 0.20
Reach 30      5-year Low Pr. Elevated Trail 1 136800.00 686.10 720.85 721.45 0.000126 6.2 22021.91 782.82 0.20
Reach 30      5-year Low Pr Elevated Trail 2 136800.00 686.10 720.85 721.45 0.000126 6.2 22021.96 782.82 0.20
Reach 30      5-year Low Pr Elevated Trail 3 136800.00 686.10 720.85 721.45 0.000126 6.2 22021.96 782.82 0.20
Reach 30      25-year Pr. Elevated Trail 1 187200.00 686.10 726.40 727.19 0.000131 7.2 26402.25 795.54 0.22
Reach 30      25-year Pr Elevated Trail 2 187200.00 686.10 726.47 727.26 0.000130 7.1 26458.04 795.70 0.21
Reach 30      25-year Pr Elevated Trail 3 187200.00 686.10 726.40 727.19 0.000131 7.2 26402.58 795.54 0.22
Reach 30      10-year Pr. Elevated Trail 1 168500.00 686.10 723.93 724.68 0.000136 6.9 24448.02 789.89 0.22
Reach 30      10-year Pr Elevated Trail 2 168500.00 686.10 723.93 724.68 0.000136 6.9 24448.13 789.89 0.22
Reach 30      10-year Pr Elevated Trail 3 168500.00 686.10 723.93 724.68 0.000136 6.9 24448.13 789.89 0.22
Reach 30      50-year Pr. Elevated Trail 1 212000.00 686.10 728.57 729.47 0.000137 7.6 28160.94 860.88 0.22
Reach 30      50-year Pr Elevated Trail 2 212000.00 686.10 728.66 729.56 0.000136 7.6 28244.81 866.51 0.22
Reach 30      50-year Pr Elevated Trail 3 212000.00 686.10 728.66 729.56 0.000136 7.6 28245.98 866.59 0.22
Reach 30      100-year Pr. Elevated Trail 1 231000.00 686.10 730.40 731.36 0.000138 7.9 29847.84 1014.94 0.22
Reach 30      100-year Pr Elevated Trail 2 231000.00 686.10 730.52 731.48 0.000137 7.9 29973.42 1020.25 0.22
Reach 30      100-year Pr Elevated Trail 3 231000.00 686.10 730.52 731.48 0.000137 7.9 29975.54 1020.34 0.22
Reach 30      1-year High Pr. Elevated Trail 1 39690.00 686.10 719.01 719.07 0.000013 1.9 20585.65 778.61 0.07
Reach 30      1-year High Pr Elevated Trail 2 39690.00 686.10 719.01 719.07 0.000013 1.9 20585.65 778.61 0.07
Reach 30      1-year High Pr Elevated Trail 3 39690.00 686.10 719.01 719.07 0.000013 1.9 20585.65 778.61 0.07
Reach 30      5-year High Pr. Elevated Trail 1 136800.00 686.10 721.92 722.48 0.000112 6.0 22864.49 785.28 0.19
Reach 30      5-year High Pr Elevated Trail 2 136800.00 686.10 721.92 722.48 0.000112 6.0 22864.54 785.28 0.19
Reach 30      5-year High Pr Elevated Trail 3 136800.00 686.10 721.92 722.48 0.000112 6.0 22864.54 785.28 0.19
Reach 30      2-year High Pr. Elevated Trail 1 101800.00 686.10 720.31 720.66 0.000074 4.7 21601.78 781.59 0.16
Reach 30      2-year High Pr Elevated Trail 2 101800.00 686.10 720.31 720.66 0.000074 4.7 21601.78 781.59 0.16
Reach 30      2-year High Pr Elevated Trail 3 101800.00 686.10 720.31 720.66 0.000074 4.7 21601.78 781.59 0.16
Reach 30      Normal Pr. Elevated Trail 1 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04
Reach 30      Normal Pr Elevated Trail 2 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04
Reach 30      Normal Pr Elevated Trail 3 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04

Reach 29      1-year Low Pr. Elevated Trail 1 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      1-year Low Pr Elevated Trail 2 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      1-year Low Pr Elevated Trail 3 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      2-year Low Pr. Elevated Trail 1 101800.00 690.79 716.30 716.79 0.000140 5.6 18256.87 816.09 0.21
Reach 29      2-year Low Pr Elevated Trail 2 101800.00 690.79 716.30 716.79 0.000140 5.6 18256.87 816.09 0.21
Reach 29      2-year Low Pr Elevated Trail 3 101800.00 690.79 716.30 716.79 0.000140 5.6 18256.87 816.09 0.21
Reach 29      5-year Low Pr. Elevated Trail 1 136800.00 690.79 720.78 721.39 0.000138 6.3 21931.24 825.76 0.21
Reach 29      5-year Low Pr Elevated Trail 2 136800.00 690.79 720.78 721.39 0.000138 6.3 21931.28 825.76 0.21
Reach 29      5-year Low Pr Elevated Trail 3 136800.00 690.79 720.78 721.39 0.000138 6.3 21931.28 825.76 0.21
Reach 29      25-year Pr. Elevated Trail 1 187200.00 690.79 726.34 727.12 0.000139 7.1 26556.37 837.63 0.22
Reach 29      25-year Pr Elevated Trail 2 187200.00 690.79 726.41 727.19 0.000138 7.1 26615.57 837.78 0.22
Reach 29      25-year Pr Elevated Trail 3 187200.00 690.79 726.34 727.12 0.000139 7.1 26556.67 837.63 0.22
Reach 29      10-year Pr. Elevated Trail 1 168500.00 690.79 723.87 724.61 0.000146 6.9 24491.21 832.35 0.22
Reach 29      10-year Pr Elevated Trail 2 168500.00 690.79 723.87 724.61 0.000146 6.9 24491.32 832.35 0.22
Reach 29      10-year Pr Elevated Trail 3 168500.00 690.79 723.87 724.61 0.000146 6.9 24491.32 832.35 0.22
Reach 29      50-year Pr. Elevated Trail 1 212000.00 690.79 728.51 729.39 0.000143 7.5 28425.54 893.31 0.23
Reach 29      50-year Pr Elevated Trail 2 212000.00 690.79 728.61 729.48 0.000142 7.5 28513.24 902.08 0.22
Reach 29      50-year Pr Elevated Trail 3 212000.00 690.79 728.61 729.48 0.000142 7.5 28514.51 902.26 0.22
Reach 29      100-year Pr. Elevated Trail 1 231000.00 690.79 730.34 731.29 0.000143 7.8 30321.87 1178.23 0.23
Reach 29      100-year Pr Elevated Trail 2 231000.00 690.79 730.47 731.40 0.000141 7.8 30469.04 1190.43 0.23
Reach 29      100-year Pr Elevated Trail 3 231000.00 690.79 730.47 731.41 0.000141 7.8 30471.51 1190.69 0.23
Reach 29      1-year High Pr. Elevated Trail 1 39690.00 690.79 719.00 719.06 0.000015 1.9 20467.59 821.92 0.07
Reach 29      1-year High Pr Elevated Trail 2 39690.00 690.79 719.00 719.06 0.000015 1.9 20467.59 821.92 0.07
Reach 29      1-year High Pr Elevated Trail 3 39690.00 690.79 719.00 719.06 0.000015 1.9 20467.59 821.92 0.07
Reach 29      5-year High Pr. Elevated Trail 1 136800.00 690.79 721.86 722.43 0.000121 6.0 22829.42 828.08 0.20
Reach 29      5-year High Pr Elevated Trail 2 136800.00 690.79 721.86 722.43 0.000121 6.0 22829.47 828.08 0.20
Reach 29      5-year High Pr Elevated Trail 3 136800.00 690.79 721.86 722.43 0.000121 6.0 22829.47 828.08 0.20
Reach 29      2-year High Pr. Elevated Trail 1 101800.00 690.79 720.27 720.62 0.000082 4.7 21511.87 824.66 0.16
Reach 29      2-year High Pr Elevated Trail 2 101800.00 690.79 720.27 720.62 0.000082 4.7 21511.87 824.66 0.16
Reach 29      2-year High Pr Elevated Trail 3 101800.00 690.79 720.27 720.62 0.000082 4.7 21511.87 824.66 0.16
Reach 29      Normal Pr. Elevated Trail 1 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04
Reach 29      Normal Pr Elevated Trail 2 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04
Reach 29      Normal Pr Elevated Trail 3 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04

Reach 28      1-year Low Pr. Elevated Trail 1 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      1-year Low Pr Elevated Trail 2 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      1-year Low Pr Elevated Trail 3 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      2-year Low Pr. Elevated Trail 1 101800.00 691.86 716.25 716.71 0.000133 5.4 18853.78 850.99 0.20
Reach 28      2-year Low Pr Elevated Trail 2 101800.00 691.86 716.25 716.71 0.000133 5.4 18853.78 850.99 0.20
Reach 28      2-year Low Pr Elevated Trail 3 101800.00 691.86 716.25 716.71 0.000133 5.4 18853.78 850.99 0.20
Reach 28      5-year Low Pr. Elevated Trail 1 136800.00 691.86 720.74 721.30 0.000131 6.0 22693.79 861.81 0.21
Reach 28      5-year Low Pr Elevated Trail 2 136800.00 691.86 720.74 721.30 0.000131 6.0 22693.84 861.81 0.21
Reach 28      5-year Low Pr Elevated Trail 3 136800.00 691.86 720.74 721.30 0.000131 6.0 22693.84 861.81 0.21
Reach 28      25-year Pr. Elevated Trail 1 187200.00 691.86 726.31 727.04 0.000131 6.9 27532.50 882.27 0.21
Reach 28      25-year Pr Elevated Trail 2 187200.00 691.86 726.38 727.10 0.000130 6.8 27595.31 884.11 0.21
Reach 28      25-year Pr Elevated Trail 3 187200.00 691.86 726.31 727.04 0.000131 6.9 27532.89 882.28 0.21
Reach 28      10-year Pr. Elevated Trail 1 168500.00 691.86 723.83 724.52 0.000138 6.7 25368.88 869.17 0.22
Reach 28      10-year Pr Elevated Trail 2 168500.00 691.86 723.83 724.52 0.000138 6.7 25368.98 869.17 0.22
Reach 28      10-year Pr Elevated Trail 3 168500.00 691.86 723.83 724.52 0.000138 6.7 25368.98 869.17 0.22
Reach 28      50-year Pr. Elevated Trail 1 212000.00 691.86 728.48 729.30 0.000135 7.3 29589.12 1092.20 0.22
Reach 28      50-year Pr Elevated Trail 2 212000.00 691.86 728.58 729.39 0.000134 7.3 29697.10 1102.82 0.22
Reach 28      50-year Pr Elevated Trail 3 212000.00 691.86 728.58 729.39 0.000134 7.3 29698.65 1102.97 0.22
Reach 28      100-year Pr. Elevated Trail 1 231000.00 691.86 730.32 731.19 0.000134 7.5 31881.03 1325.88 0.22
Reach 28      100-year Pr Elevated Trail 2 231000.00 691.86 730.44 731.31 0.000133 7.5 32046.97 1329.34 0.22
Reach 28      100-year Pr Elevated Trail 3 231000.00 691.86 730.45 731.31 0.000133 7.5 32049.74 1329.40 0.22
Reach 28      1-year High Pr. Elevated Trail 1 39690.00 691.86 719.00 719.05 0.000014 1.9 21198.28 857.66 0.07



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 28      1-year High Pr Elevated Trail 2 39690.00 691.86 719.00 719.05 0.000014 1.9 21198.28 857.66 0.07
Reach 28      1-year High Pr Elevated Trail 3 39690.00 691.86 719.00 719.05 0.000014 1.9 21198.28 857.66 0.07
Reach 28      5-year High Pr. Elevated Trail 1 136800.00 691.86 721.83 722.35 0.000115 5.8 23637.24 864.42 0.19
Reach 28      5-year High Pr Elevated Trail 2 136800.00 691.86 721.83 722.35 0.000115 5.8 23637.29 864.42 0.19
Reach 28      5-year High Pr Elevated Trail 3 136800.00 691.86 721.83 722.35 0.000115 5.8 23637.29 864.42 0.19
Reach 28      2-year High Pr. Elevated Trail 1 101800.00 691.86 720.24 720.57 0.000077 4.6 22270.80 860.64 0.16
Reach 28      2-year High Pr Elevated Trail 2 101800.00 691.86 720.24 720.57 0.000077 4.6 22270.80 860.64 0.16
Reach 28      2-year High Pr Elevated Trail 3 101800.00 691.86 720.24 720.57 0.000077 4.6 22270.80 860.64 0.16
Reach 28      Normal Pr. Elevated Trail 1 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04
Reach 28      Normal Pr Elevated Trail 2 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04
Reach 28      Normal Pr Elevated Trail 3 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04

Reach 27      1-year Low Pr. Elevated Trail 1 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      1-year Low Pr Elevated Trail 2 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      1-year Low Pr Elevated Trail 3 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      2-year Low Pr. Elevated Trail 1 101800.00 692.11 716.20 716.60 0.000128 5.1 19958.38 951.60 0.20
Reach 27      2-year Low Pr Elevated Trail 2 101800.00 692.11 716.20 716.60 0.000128 5.1 19958.38 951.60 0.20
Reach 27      2-year Low Pr Elevated Trail 3 101800.00 692.11 716.20 716.60 0.000128 5.1 19958.38 951.60 0.20
Reach 27      5-year Low Pr. Elevated Trail 1 136800.00 692.11 720.70 721.20 0.000121 5.7 24256.55 957.13 0.20
Reach 27      5-year Low Pr Elevated Trail 2 136800.00 692.11 720.70 721.20 0.000121 5.7 24256.61 957.13 0.20
Reach 27      5-year Low Pr Elevated Trail 3 136800.00 692.11 720.70 721.20 0.000121 5.7 24256.61 957.13 0.20
Reach 27      25-year Pr. Elevated Trail 1 187200.00 692.11 726.29 726.92 0.000117 6.3 29638.17 982.09 0.20
Reach 27      25-year Pr Elevated Trail 2 187200.00 692.11 726.36 726.99 0.000116 6.3 29708.48 984.02 0.20
Reach 27      25-year Pr Elevated Trail 3 187200.00 692.11 726.29 726.92 0.000117 6.3 29638.59 982.10 0.20
Reach 27      10-year Pr. Elevated Trail 1 168500.00 692.11 723.80 724.40 0.000125 6.2 27232.02 960.97 0.20
Reach 27      10-year Pr Elevated Trail 2 168500.00 692.11 723.80 724.40 0.000125 6.2 27232.15 960.97 0.20
Reach 27      10-year Pr Elevated Trail 3 168500.00 692.11 723.80 724.40 0.000125 6.2 27232.15 960.97 0.20
Reach 27      50-year Pr. Elevated Trail 1 212000.00 692.11 728.48 729.17 0.000120 6.7 31895.62 1175.37 0.20
Reach 27      50-year Pr Elevated Trail 2 212000.00 692.11 728.57 729.27 0.000119 6.7 32012.72 1193.16 0.20
Reach 27      50-year Pr Elevated Trail 3 212000.00 692.11 728.58 729.27 0.000119 6.7 32014.39 1193.41 0.20
Reach 27      100-year Pr. Elevated Trail 1 231000.00 692.11 730.32 731.07 0.000119 6.9 34328.10 1445.21 0.21
Reach 27      100-year Pr Elevated Trail 2 231000.00 692.11 730.45 731.19 0.000117 6.9 34510.50 1461.03 0.20
Reach 27      100-year Pr Elevated Trail 3 231000.00 692.11 730.45 731.19 0.000117 6.9 34513.54 1461.13 0.20
Reach 27      1-year High Pr. Elevated Trail 1 39690.00 692.11 718.99 719.04 0.000013 1.8 22624.03 955.02 0.06
Reach 27      1-year High Pr Elevated Trail 2 39690.00 692.11 718.99 719.04 0.000013 1.8 22624.03 955.02 0.06
Reach 27      1-year High Pr Elevated Trail 3 39690.00 692.11 718.99 719.04 0.000013 1.8 22624.03 955.02 0.06
Reach 27      5-year High Pr. Elevated Trail 1 136800.00 692.11 721.80 722.26 0.000105 5.4 25311.88 958.54 0.18
Reach 27      5-year High Pr Elevated Trail 2 136800.00 692.11 721.80 722.26 0.000105 5.4 25311.94 958.54 0.18
Reach 27      5-year High Pr Elevated Trail 3 136800.00 692.11 721.80 722.26 0.000105 5.4 25311.94 958.54 0.18
Reach 27      2-year High Pr. Elevated Trail 1 101800.00 692.11 720.22 720.51 0.000071 4.3 23800.02 956.58 0.15
Reach 27      2-year High Pr Elevated Trail 2 101800.00 692.11 720.22 720.51 0.000071 4.3 23800.02 956.58 0.15
Reach 27      2-year High Pr Elevated Trail 3 101800.00 692.11 720.22 720.51 0.000071 4.3 23800.02 956.58 0.15
Reach 27      Normal Pr. Elevated Trail 1 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04
Reach 27      Normal Pr Elevated Trail 2 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04
Reach 27      Normal Pr Elevated Trail 3 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04

Reach 26      1-year Low Pr. Elevated Trail 1 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      1-year Low Pr Elevated Trail 2 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      1-year Low Pr Elevated Trail 3 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      2-year Low Pr. Elevated Trail 1 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19760.19 929.51 0.20
Reach 26      2-year Low Pr Elevated Trail 2 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19760.19 929.51 0.20
Reach 26      2-year Low Pr Elevated Trail 3 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19760.19 929.51 0.20
Reach 26      5-year Low Pr. Elevated Trail 1 136800.00 690.05 720.66 702.96 721.17 0.000122 5.8 24023.29 1001.09 0.20
Reach 26      5-year Low Pr Elevated Trail 2 136800.00 690.05 720.66 702.96 721.17 0.000122 5.8 24023.35 1001.09 0.20
Reach 26      5-year Low Pr Elevated Trail 3 136800.00 690.05 720.66 702.96 721.17 0.000122 5.8 24023.35 1001.09 0.20
Reach 26      25-year Pr. Elevated Trail 1 187200.00 690.05 726.25 705.12 726.90 0.000120 6.5 29839.38 1091.92 0.20
Reach 26      25-year Pr Elevated Trail 2 187200.00 690.05 726.32 705.12 726.97 0.000119 6.5 29917.81 1093.53 0.20
Reach 26      25-year Pr Elevated Trail 3 187200.00 690.05 726.25 705.12 726.90 0.000120 6.5 29839.85 1091.93 0.20
Reach 26      10-year Pr. Elevated Trail 1 168500.00 690.05 723.76 704.33 724.38 0.000128 6.3 27192.20 1042.23 0.21
Reach 26      10-year Pr Elevated Trail 2 168500.00 690.05 723.76 704.33 724.38 0.000128 6.3 27192.37 1042.23 0.21
Reach 26      10-year Pr Elevated Trail 3 168500.00 690.05 723.76 704.33 724.38 0.000128 6.3 27192.37 1042.23 0.21
Reach 26      50-year Pr. Elevated Trail 1 212000.00 690.05 728.43 706.10 729.15 0.000123 6.9 32298.11 1164.67 0.21
Reach 26      50-year Pr Elevated Trail 2 212000.00 690.05 728.53 706.10 729.25 0.000122 6.8 32413.84 1165.95 0.21
Reach 26      50-year Pr Elevated Trail 3 212000.00 690.05 728.53 706.10 729.25 0.000122 6.8 32415.46 1165.97 0.21
Reach 26      100-year Pr. Elevated Trail 1 231000.00 690.05 730.27 706.84 731.05 0.000122 7.1 34630.38 1412.76 0.21
Reach 26      100-year Pr Elevated Trail 2 231000.00 690.05 730.40 706.84 731.17 0.000120 7.0 34809.11 1424.65 0.21
Reach 26      100-year Pr Elevated Trail 3 231000.00 690.05 730.40 706.84 731.17 0.000120 7.0 34812.07 1424.96 0.21
Reach 26      1-year High Pr. Elevated Trail 1 39690.00 690.05 718.99 697.64 719.04 0.000013 1.8 22409.77 947.60 0.06
Reach 26      1-year High Pr Elevated Trail 2 39690.00 690.05 718.99 697.64 719.04 0.000013 1.8 22409.77 947.60 0.06
Reach 26      1-year High Pr Elevated Trail 3 39690.00 690.05 718.99 697.64 719.04 0.000013 1.8 22409.77 947.60 0.06
Reach 26      5-year High Pr. Elevated Trail 1 136800.00 690.05 721.77 702.96 722.24 0.000106 5.5 25138.29 1018.25 0.19
Reach 26      5-year High Pr Elevated Trail 2 136800.00 690.05 721.77 702.96 722.24 0.000106 5.5 25138.40 1018.25 0.19
Reach 26      5-year High Pr Elevated Trail 3 136800.00 690.05 721.77 702.96 722.24 0.000106 5.5 25138.40 1018.25 0.19
Reach 26      2-year High Pr. Elevated Trail 1 101800.00 690.05 720.20 701.29 720.50 0.000072 4.4 23566.82 976.05 0.15
Reach 26      2-year High Pr Elevated Trail 2 101800.00 690.05 720.20 701.29 720.50 0.000072 4.4 23566.82 976.05 0.15
Reach 26      2-year High Pr Elevated Trail 3 101800.00 690.05 720.20 701.29 720.50 0.000072 4.4 23566.82 976.05 0.15
Reach 26      Normal Pr. Elevated Trail 1 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04
Reach 26      Normal Pr Elevated Trail 2 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04
Reach 26      Normal Pr Elevated Trail 3 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04

Reach 25.5    Bridge

Reach 25      1-year Low Pr. Elevated Trail 1 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      1-year Low Pr Elevated Trail 2 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      1-year Low Pr Elevated Trail 3 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      2-year Low Pr. Elevated Trail 1 101800.00 686.75 716.08 716.50 0.000133 5.2 19429.28 923.00 0.20
Reach 25      2-year Low Pr Elevated Trail 2 101800.00 686.75 716.08 716.50 0.000133 5.2 19429.28 923.00 0.20
Reach 25      2-year Low Pr Elevated Trail 3 101800.00 686.75 716.08 716.50 0.000133 5.2 19429.28 923.00 0.20
Reach 25      5-year Low Pr. Elevated Trail 1 136800.00 686.75 720.56 721.09 0.000127 5.8 23607.80 943.29 0.20
Reach 25      5-year Low Pr Elevated Trail 2 136800.00 686.75 720.56 721.09 0.000127 5.8 23607.86 943.29 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 25      5-year Low Pr Elevated Trail 3 136800.00 686.75 720.56 721.09 0.000127 5.8 23607.86 943.29 0.20
Reach 25      25-year Pr. Elevated Trail 1 187200.00 686.75 726.13 726.80 0.000124 6.6 29063.47 1044.70 0.21
Reach 25      25-year Pr Elevated Trail 2 187200.00 686.75 726.20 726.86 0.000123 6.5 29139.30 1048.55 0.21
Reach 25      25-year Pr Elevated Trail 3 187200.00 686.75 726.13 726.80 0.000124 6.6 29063.92 1044.72 0.21
Reach 25      10-year Pr. Elevated Trail 1 168500.00 686.75 723.64 724.28 0.000133 6.4 26551.22 971.58 0.21
Reach 25      10-year Pr Elevated Trail 2 168500.00 686.75 723.64 724.28 0.000133 6.4 26551.33 971.59 0.21
Reach 25      10-year Pr Elevated Trail 3 168500.00 686.75 723.64 724.28 0.000133 6.4 26551.33 971.59 0.21
Reach 25      50-year Pr. Elevated Trail 1 212000.00 686.75 728.29 729.04 0.000127 6.9 31470.61 1220.18 0.21
Reach 25      50-year Pr Elevated Trail 2 212000.00 686.75 728.39 729.14 0.000126 6.9 31594.47 1248.52 0.21
Reach 25      50-year Pr Elevated Trail 3 212000.00 686.75 728.40 729.14 0.000126 6.9 31596.37 1248.95 0.21
Reach 25      100-year Pr. Elevated Trail 1 231000.00 686.75 730.14 730.93 0.000126 7.2 34060.86 1467.09 0.21
Reach 25      100-year Pr Elevated Trail 2 231000.00 686.75 730.27 731.05 0.000124 7.1 34248.25 1469.38 0.21
Reach 25      100-year Pr Elevated Trail 3 231000.00 686.75 730.27 731.05 0.000124 7.1 34251.29 1469.41 0.21
Reach 25      1-year High Pr. Elevated Trail 1 39690.00 686.75 718.98 719.03 0.000013 1.8 22125.15 933.99 0.06
Reach 25      1-year High Pr Elevated Trail 2 39690.00 686.75 718.98 719.03 0.000013 1.8 22125.15 933.99 0.06
Reach 25      1-year High Pr Elevated Trail 3 39690.00 686.75 718.98 719.03 0.000013 1.8 22125.15 933.99 0.06
Reach 25      5-year High Pr. Elevated Trail 1 136800.00 686.75 721.68 722.16 0.000111 5.6 24666.37 954.25 0.19
Reach 25      5-year High Pr Elevated Trail 2 136800.00 686.75 721.68 722.16 0.000111 5.6 24666.49 954.25 0.19
Reach 25      5-year High Pr Elevated Trail 3 136800.00 686.75 721.68 722.16 0.000111 5.6 24666.49 954.25 0.19
Reach 25      2-year High Pr. Elevated Trail 1 101800.00 686.75 720.14 720.45 0.000074 4.4 23216.16 939.21 0.15
Reach 25      2-year High Pr Elevated Trail 2 101800.00 686.75 720.14 720.45 0.000074 4.4 23216.16 939.21 0.15
Reach 25      2-year High Pr Elevated Trail 3 101800.00 686.75 720.14 720.45 0.000074 4.4 23216.16 939.21 0.15
Reach 25      Normal Pr. Elevated Trail 1 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04
Reach 25      Normal Pr Elevated Trail 2 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04
Reach 25      Normal Pr Elevated Trail 3 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04

Reach 24      1-year Low Pr. Elevated Trail 1 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      1-year Low Pr Elevated Trail 2 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      1-year Low Pr Elevated Trail 3 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      2-year Low Pr. Elevated Trail 1 101800.00 689.54 716.08 716.46 0.000120 5.0 20531.78 980.02 0.19
Reach 24      2-year Low Pr Elevated Trail 2 101800.00 689.54 716.08 716.46 0.000120 5.0 20531.78 980.02 0.19
Reach 24      2-year Low Pr Elevated Trail 3 101800.00 689.54 716.08 716.46 0.000120 5.0 20531.78 980.02 0.19
Reach 24      5-year Low Pr. Elevated Trail 1 136800.00 689.54 720.57 721.04 0.000114 5.5 24964.07 993.70 0.19
Reach 24      5-year Low Pr Elevated Trail 2 136800.00 689.54 720.57 721.04 0.000114 5.5 24964.13 993.70 0.19
Reach 24      5-year Low Pr Elevated Trail 3 136800.00 689.54 720.57 721.04 0.000114 5.5 24964.13 993.70 0.19
Reach 24      25-year Pr. Elevated Trail 1 187200.00 689.54 726.14 726.74 0.000111 6.2 30634.53 1137.45 0.19
Reach 24      25-year Pr Elevated Trail 2 187200.00 689.54 726.22 726.81 0.000110 6.2 30717.35 1148.61 0.19
Reach 24      25-year Pr Elevated Trail 3 187200.00 689.54 726.14 726.74 0.000111 6.2 30635.02 1137.52 0.19
Reach 24      10-year Pr. Elevated Trail 1 168500.00 689.54 723.65 724.22 0.000118 6.1 28043.35 1003.26 0.20
Reach 24      10-year Pr Elevated Trail 2 168500.00 689.54 723.65 724.22 0.000118 6.1 28043.47 1003.26 0.20
Reach 24      10-year Pr Elevated Trail 3 168500.00 689.54 723.65 724.22 0.000118 6.1 28043.47 1003.26 0.20
Reach 24      50-year Pr. Elevated Trail 1 212000.00 689.54 728.31 728.98 0.000113 6.5 33440.37 1397.13 0.20
Reach 24      50-year Pr Elevated Trail 2 212000.00 689.54 728.41 729.07 0.000112 6.5 33580.82 1402.37 0.20
Reach 24      50-year Pr Elevated Trail 3 212000.00 689.54 728.42 729.08 0.000112 6.5 33583.05 1402.46 0.20
Reach 24      100-year Pr. Elevated Trail 1 231000.00 689.54 730.16 730.86 0.000112 6.7 36164.84 1516.52 0.20
Reach 24      100-year Pr Elevated Trail 2 231000.00 689.54 730.29 730.99 0.000110 6.7 36358.44 1517.58 0.20
Reach 24      100-year Pr Elevated Trail 3 231000.00 689.54 730.29 730.99 0.000110 6.7 36361.69 1517.60 0.20
Reach 24      1-year High Pr. Elevated Trail 1 39690.00 689.54 718.98 719.02 0.000012 1.7 23390.35 988.78 0.06
Reach 24      1-year High Pr Elevated Trail 2 39690.00 689.54 718.98 719.02 0.000012 1.7 23390.35 988.78 0.06
Reach 24      1-year High Pr Elevated Trail 3 39690.00 689.54 718.98 719.02 0.000012 1.7 23390.35 988.78 0.06
Reach 24      5-year High Pr. Elevated Trail 1 136800.00 689.54 721.68 722.12 0.000099 5.3 26075.39 997.22 0.18
Reach 24      5-year High Pr Elevated Trail 2 136800.00 689.54 721.68 722.12 0.000099 5.3 26075.52 997.22 0.18
Reach 24      5-year High Pr Elevated Trail 3 136800.00 689.54 721.68 722.12 0.000099 5.3 26075.52 997.22 0.18
Reach 24      2-year High Pr. Elevated Trail 1 101800.00 689.54 720.15 720.42 0.000067 4.2 24547.73 992.38 0.15
Reach 24      2-year High Pr Elevated Trail 2 101800.00 689.54 720.15 720.42 0.000067 4.2 24547.73 992.38 0.15
Reach 24      2-year High Pr Elevated Trail 3 101800.00 689.54 720.15 720.42 0.000067 4.2 24547.73 992.38 0.15
Reach 24      Normal Pr. Elevated Trail 1 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04
Reach 24      Normal Pr Elevated Trail 2 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04
Reach 24      Normal Pr Elevated Trail 3 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04

Reach 23      1-year Low Pr. Elevated Trail 1 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      1-year Low Pr Elevated Trail 2 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      1-year Low Pr Elevated Trail 3 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      2-year Low Pr. Elevated Trail 1 101800.00 688.70 716.04 701.52 716.44 0.000131 5.1 20109.90 994.57 0.20
Reach 23      2-year Low Pr Elevated Trail 2 101800.00 688.70 716.04 701.52 716.44 0.000131 5.1 20109.90 994.57 0.20
Reach 23      2-year Low Pr Elevated Trail 3 101800.00 688.70 716.04 701.52 716.44 0.000131 5.1 20109.90 994.57 0.20
Reach 23      5-year Low Pr. Elevated Trail 1 136800.00 688.70 720.54 703.21 721.02 0.000123 5.6 24627.34 1015.97 0.20
Reach 23      5-year Low Pr Elevated Trail 2 136800.00 688.70 720.54 703.21 721.02 0.000123 5.6 24627.39 1015.97 0.20
Reach 23      5-year Low Pr Elevated Trail 3 136800.00 688.70 720.54 703.21 721.02 0.000123 5.6 24627.39 1015.97 0.20
Reach 23      25-year Pr. Elevated Trail 1 187200.00 688.70 726.11 705.39 726.72 0.000118 6.3 30469.82 1158.06 0.20
Reach 23      25-year Pr Elevated Trail 2 187200.00 688.70 726.19 705.39 726.79 0.000117 6.3 30554.29 1162.45 0.20
Reach 23      25-year Pr Elevated Trail 3 187200.00 688.70 726.11 705.39 726.72 0.000118 6.3 30470.38 1158.09 0.20
Reach 23      10-year Pr. Elevated Trail 1 168500.00 688.70 723.62 704.60 724.20 0.000127 6.1 27791.34 1040.68 0.20
Reach 23      10-year Pr Elevated Trail 2 168500.00 688.70 723.62 704.60 724.21 0.000127 6.1 27791.46 1040.69 0.20
Reach 23      10-year Pr Elevated Trail 3 168500.00 688.70 723.62 704.60 724.21 0.000127 6.1 27791.46 1040.69 0.20
Reach 23      50-year Pr. Elevated Trail 1 212000.00 688.70 728.29 706.36 728.96 0.000120 6.6 33009.96 1179.16 0.20
Reach 23      50-year Pr Elevated Trail 2 212000.00 688.70 728.39 706.36 729.06 0.000119 6.6 33128.61 1180.05 0.20
Reach 23      50-year Pr Elevated Trail 3 212000.00 688.70 728.39 706.36 729.06 0.000119 6.6 33130.50 1180.06 0.20
Reach 23      100-year Pr. Elevated Trail 1 231000.00 688.70 730.13 707.08 730.85 0.000119 6.8 35202.38 1200.55 0.20
Reach 23      100-year Pr Elevated Trail 2 231000.00 688.70 730.26 707.08 730.97 0.000117 6.8 35356.22 1206.82 0.20
Reach 23      100-year Pr Elevated Trail 3 231000.00 688.70 730.26 707.08 730.97 0.000117 6.8 35358.73 1206.92 0.20
Reach 23      1-year High Pr. Elevated Trail 1 39690.00 688.70 718.98 697.55 719.02 0.000013 1.7 23048.72 1008.81 0.06
Reach 23      1-year High Pr Elevated Trail 2 39690.00 688.70 718.98 697.55 719.02 0.000013 1.7 23048.72 1008.81 0.06
Reach 23      1-year High Pr Elevated Trail 3 39690.00 688.70 718.98 697.55 719.02 0.000013 1.7 23048.72 1008.81 0.06
Reach 23      5-year High Pr. Elevated Trail 1 136800.00 688.70 721.66 703.22 722.10 0.000106 5.4 25769.43 1022.39 0.18
Reach 23      5-year High Pr Elevated Trail 2 136800.00 688.70 721.66 703.22 722.10 0.000106 5.4 25769.56 1022.39 0.18
Reach 23      5-year High Pr Elevated Trail 3 136800.00 688.70 721.66 703.22 722.10 0.000106 5.4 25769.56 1022.39 0.18
Reach 23      2-year High Pr. Elevated Trail 1 101800.00 688.70 720.13 701.52 720.41 0.000072 4.2 24215.36 1013.75 0.15
Reach 23      2-year High Pr Elevated Trail 2 101800.00 688.70 720.13 701.52 720.41 0.000072 4.2 24215.36 1013.75 0.15
Reach 23      2-year High Pr Elevated Trail 3 101800.00 688.70 720.13 701.52 720.41 0.000072 4.2 24215.36 1013.75 0.15



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 23      Normal Pr. Elevated Trail 1 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04
Reach 23      Normal Pr Elevated Trail 2 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04
Reach 23      Normal Pr Elevated Trail 3 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04

Reach 22.5    Bridge

Reach 22      1-year Low Pr. Elevated Trail 1 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      1-year Low Pr Elevated Trail 2 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      1-year Low Pr Elevated Trail 3 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      2-year Low Pr. Elevated Trail 1 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20001.28 981.97 0.20
Reach 22      2-year Low Pr Elevated Trail 2 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20001.28 981.97 0.20
Reach 22      2-year Low Pr Elevated Trail 3 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20001.28 981.97 0.20
Reach 22      5-year Low Pr. Elevated Trail 1 136800.00 689.39 720.48 703.29 720.98 0.000123 5.6 24442.83 998.31 0.20
Reach 22      5-year Low Pr Elevated Trail 2 136800.00 689.39 720.48 703.29 720.98 0.000123 5.6 24442.95 998.31 0.20
Reach 22      5-year Low Pr Elevated Trail 3 136800.00 689.39 720.48 703.29 720.98 0.000123 5.6 24442.95 998.31 0.20
Reach 22      25-year Pr. Elevated Trail 1 187200.00 689.39 726.05 705.43 726.67 0.000118 6.3 30160.33 1093.70 0.20
Reach 22      25-year Pr Elevated Trail 2 187200.00 689.39 726.12 705.43 726.74 0.000117 6.3 30240.56 1102.08 0.20
Reach 22      25-year Pr Elevated Trail 3 187200.00 689.39 726.05 705.43 726.67 0.000118 6.3 30160.80 1093.75 0.20
Reach 22      10-year Pr. Elevated Trail 1 168500.00 689.39 723.56 704.67 724.15 0.000127 6.2 27537.97 1032.10 0.20
Reach 22      10-year Pr Elevated Trail 2 168500.00 689.39 723.56 704.67 724.15 0.000127 6.2 27538.11 1032.10 0.20
Reach 22      10-year Pr Elevated Trail 3 168500.00 689.39 723.56 704.67 724.15 0.000127 6.2 27538.11 1032.10 0.20
Reach 22      50-year Pr. Elevated Trail 1 212000.00 689.39 728.21 706.40 728.90 0.000120 6.7 32563.30 1123.81 0.20
Reach 22      50-year Pr Elevated Trail 2 212000.00 689.39 728.31 706.40 729.00 0.000119 6.6 32676.93 1125.64 0.20
Reach 22      50-year Pr Elevated Trail 3 212000.00 689.39 728.32 706.40 729.00 0.000119 6.6 32678.77 1125.66 0.20
Reach 22      100-year Pr. Elevated Trail 1 231000.00 689.39 730.06 707.12 730.78 0.000119 6.9 34667.61 1157.11 0.20
Reach 22      100-year Pr Elevated Trail 2 231000.00 689.39 730.18 707.12 730.90 0.000117 6.8 34817.64 1178.86 0.20
Reach 22      100-year Pr Elevated Trail 3 231000.00 689.39 730.19 707.12 730.91 0.000117 6.8 34820.03 1179.00 0.20
Reach 22      1-year High Pr. Elevated Trail 1 39690.00 689.39 718.97 697.71 719.02 0.000013 1.7 22937.39 992.75 0.06
Reach 22      1-year High Pr Elevated Trail 2 39690.00 689.39 718.97 697.71 719.02 0.000013 1.7 22937.39 992.75 0.06
Reach 22      1-year High Pr Elevated Trail 3 39690.00 689.39 718.97 697.71 719.02 0.000013 1.7 22937.39 992.75 0.06
Reach 22      5-year High Pr. Elevated Trail 1 136800.00 689.39 721.61 703.29 722.06 0.000106 5.4 25569.02 1002.43 0.19
Reach 22      5-year High Pr Elevated Trail 2 136800.00 689.39 721.61 703.29 722.06 0.000106 5.4 25569.15 1002.44 0.19
Reach 22      5-year High Pr Elevated Trail 3 136800.00 689.39 721.61 703.29 722.06 0.000106 5.4 25569.15 1002.44 0.19
Reach 22      2-year High Pr. Elevated Trail 1 101800.00 689.39 720.10 701.62 720.38 0.000072 4.3 24060.85 997.03 0.15
Reach 22      2-year High Pr Elevated Trail 2 101800.00 689.39 720.10 701.62 720.38 0.000072 4.3 24060.85 997.03 0.15
Reach 22      2-year High Pr Elevated Trail 3 101800.00 689.39 720.10 701.62 720.38 0.000072 4.3 24060.85 997.03 0.15
Reach 22      Normal Pr. Elevated Trail 1 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04
Reach 22      Normal Pr Elevated Trail 2 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04
Reach 22      Normal Pr Elevated Trail 3 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04

Reach 21      1-year Low Pr. Elevated Trail 1 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      1-year Low Pr Elevated Trail 2 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      1-year Low Pr Elevated Trail 3 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      2-year Low Pr. Elevated Trail 1 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20207.01 960.34 0.19
Reach 21      2-year Low Pr Elevated Trail 2 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20207.01 960.34 0.19
Reach 21      2-year Low Pr Elevated Trail 3 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20207.01 960.34 0.19
Reach 21      5-year Low Pr. Elevated Trail 1 136800.00 689.92 720.45 703.02 720.94 0.000118 5.6 24541.36 971.94 0.19
Reach 21      5-year Low Pr Elevated Trail 2 136800.00 689.92 720.45 703.02 720.94 0.000118 5.6 24541.47 971.94 0.19
Reach 21      5-year Low Pr Elevated Trail 3 136800.00 689.92 720.45 703.02 720.94 0.000118 5.6 24541.47 971.94 0.19
Reach 21      25-year Pr. Elevated Trail 1 187200.00 689.92 726.02 705.14 726.63 0.000115 6.3 30209.88 1082.07 0.20
Reach 21      25-year Pr Elevated Trail 2 187200.00 689.92 726.09 705.14 726.70 0.000114 6.3 30289.15 1082.42 0.20
Reach 21      25-year Pr Elevated Trail 3 187200.00 689.92 726.02 705.14 726.63 0.000115 6.3 30210.27 1082.08 0.20
Reach 21      10-year Pr. Elevated Trail 1 168500.00 689.92 723.52 704.39 724.11 0.000123 6.2 27566.63 1016.89 0.20
Reach 21      10-year Pr Elevated Trail 2 168500.00 689.92 723.52 704.39 724.11 0.000123 6.2 27566.76 1016.89 0.20
Reach 21      10-year Pr Elevated Trail 3 168500.00 689.92 723.52 704.39 724.11 0.000123 6.2 27566.76 1016.89 0.20
Reach 21      50-year Pr. Elevated Trail 1 212000.00 689.92 728.18 706.10 728.86 0.000117 6.6 32561.87 1101.16 0.20
Reach 21      50-year Pr Elevated Trail 2 212000.00 689.92 728.28 706.10 728.96 0.000116 6.6 32673.73 1105.27 0.20
Reach 21      50-year Pr Elevated Trail 3 212000.00 689.92 728.28 706.10 728.96 0.000116 6.6 32675.49 1105.33 0.20
Reach 21      100-year Pr. Elevated Trail 1 231000.00 689.92 730.02 706.80 730.75 0.000116 6.8 34654.37 1170.36 0.20
Reach 21      100-year Pr Elevated Trail 2 231000.00 689.92 730.15 706.80 730.87 0.000114 6.8 34805.34 1173.04 0.20
Reach 21      100-year Pr Elevated Trail 3 231000.00 689.92 730.15 706.80 730.87 0.000114 6.8 34807.77 1173.08 0.20
Reach 21      1-year High Pr. Elevated Trail 1 39690.00 689.92 718.97 697.85 719.01 0.000012 1.7 23102.78 968.12 0.06
Reach 21      1-year High Pr Elevated Trail 2 39690.00 689.92 718.97 697.85 719.01 0.000012 1.7 23102.78 968.12 0.06
Reach 21      1-year High Pr Elevated Trail 3 39690.00 689.92 718.97 697.85 719.01 0.000012 1.7 23102.78 968.12 0.06
Reach 21      5-year High Pr. Elevated Trail 1 136800.00 689.92 721.58 703.02 722.03 0.000102 5.4 25641.30 974.86 0.18
Reach 21      5-year High Pr Elevated Trail 2 136800.00 689.92 721.58 703.02 722.03 0.000102 5.4 25641.43 974.86 0.18
Reach 21      5-year High Pr Elevated Trail 3 136800.00 689.92 721.58 703.02 722.03 0.000102 5.4 25641.43 974.86 0.18
Reach 21      2-year High Pr. Elevated Trail 1 101800.00 689.92 720.08 701.40 720.36 0.000069 4.2 24182.81 970.98 0.15
Reach 21      2-year High Pr Elevated Trail 2 101800.00 689.92 720.08 701.40 720.36 0.000069 4.2 24182.81 970.98 0.15
Reach 21      2-year High Pr Elevated Trail 3 101800.00 689.92 720.08 701.40 720.36 0.000069 4.2 24182.81 970.98 0.15
Reach 21      Normal Pr. Elevated Trail 1 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04
Reach 21      Normal Pr Elevated Trail 2 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04
Reach 21      Normal Pr Elevated Trail 3 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04

Reach 20      1-year Low Pr. Elevated Trail 1 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      1-year Low Pr Elevated Trail 2 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      1-year Low Pr Elevated Trail 3 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      2-year Low Pr. Elevated Trail 1 101800.00 691.23 715.92 701.09 716.29 0.000118 4.9 20884.75 1027.84 0.19
Reach 20      2-year Low Pr Elevated Trail 2 101800.00 691.23 715.92 701.09 716.29 0.000118 4.9 20884.75 1027.84 0.19
Reach 20      2-year Low Pr Elevated Trail 3 101800.00 691.23 715.92 701.09 716.29 0.000118 4.9 20884.75 1027.84 0.19
Reach 20      5-year Low Pr. Elevated Trail 1 136800.00 691.23 720.42 702.75 720.87 0.000112 5.4 25518.38 1033.60 0.19
Reach 20      5-year Low Pr Elevated Trail 2 136800.00 691.23 720.42 702.75 720.87 0.000112 5.4 25518.51 1033.60 0.19
Reach 20      5-year Low Pr Elevated Trail 3 136800.00 691.23 720.42 702.75 720.87 0.000112 5.4 25518.51 1033.60 0.19
Reach 20      25-year Pr. Elevated Trail 1 187200.00 691.23 725.99 704.84 726.56 0.000108 6.1 31445.66 1156.92 0.19
Reach 20      25-year Pr Elevated Trail 2 187200.00 691.23 726.07 704.84 726.63 0.000107 6.0 31529.12 1160.23 0.19
Reach 20      25-year Pr Elevated Trail 3 187200.00 691.23 725.99 704.84 726.56 0.000108 6.1 31446.09 1156.94 0.19
Reach 20      10-year Pr. Elevated Trail 1 168500.00 691.23 723.49 704.08 724.04 0.000116 5.9 28717.74 1074.58 0.20
Reach 20      10-year Pr Elevated Trail 2 168500.00 691.23 723.49 704.08 724.04 0.000116 5.9 28717.93 1074.59 0.20
Reach 20      10-year Pr Elevated Trail 3 168500.00 691.23 723.49 704.08 724.04 0.000116 5.9 28717.93 1074.59 0.20
Reach 20      50-year Pr. Elevated Trail 1 212000.00 691.23 728.16 705.80 728.79 0.000110 6.4 34017.91 1282.52 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 20      50-year Pr Elevated Trail 2 212000.00 691.23 728.26 705.80 728.89 0.000109 6.4 34146.06 1285.66 0.20
Reach 20      50-year Pr Elevated Trail 3 212000.00 691.23 728.26 705.80 728.89 0.000109 6.4 34148.07 1285.71 0.20
Reach 20      100-year Pr. Elevated Trail 1 231000.00 691.23 730.00 706.51 730.67 0.000108 6.6 36404.92 1361.64 0.20
Reach 20      100-year Pr Elevated Trail 2 231000.00 691.23 730.13 706.51 730.80 0.000107 6.6 36577.83 1362.74 0.20
Reach 20      100-year Pr Elevated Trail 3 231000.00 691.23 730.14 706.51 730.80 0.000107 6.6 36580.60 1362.76 0.20
Reach 20      1-year High Pr. Elevated Trail 1 39690.00 691.23 718.96 697.48 719.01 0.000011 1.7 24018.82 1031.78 0.06
Reach 20      1-year High Pr Elevated Trail 2 39690.00 691.23 718.96 697.48 719.01 0.000011 1.7 24018.82 1031.78 0.06
Reach 20      1-year High Pr Elevated Trail 3 39690.00 691.23 718.96 697.48 719.01 0.000011 1.7 24018.82 1031.78 0.06
Reach 20      5-year High Pr. Elevated Trail 1 136800.00 691.23 721.55 702.75 721.97 0.000096 5.2 26693.66 1035.03 0.18
Reach 20      5-year High Pr Elevated Trail 2 136800.00 691.23 721.55 702.75 721.97 0.000096 5.2 26693.79 1035.03 0.18
Reach 20      5-year High Pr Elevated Trail 3 136800.00 691.23 721.55 702.75 721.97 0.000096 5.2 26693.79 1035.03 0.18
Reach 20      2-year High Pr. Elevated Trail 1 101800.00 691.23 720.06 701.09 720.32 0.000065 4.1 25151.92 1033.16 0.14
Reach 20      2-year High Pr Elevated Trail 2 101800.00 691.23 720.06 701.09 720.32 0.000065 4.1 25151.92 1033.16 0.14
Reach 20      2-year High Pr Elevated Trail 3 101800.00 691.23 720.06 701.09 720.32 0.000065 4.1 25151.92 1033.16 0.14
Reach 20      Normal Pr. Elevated Trail 1 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04
Reach 20      Normal Pr Elevated Trail 2 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04
Reach 20      Normal Pr Elevated Trail 3 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04

Reach 19      1-year Low Pr. Elevated Trail 1 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      1-year Low Pr Elevated Trail 2 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      1-year Low Pr Elevated Trail 3 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      2-year Low Pr. Elevated Trail 1 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20717.37 1038.94 0.19
Reach 19      2-year Low Pr Elevated Trail 2 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20717.37 1038.94 0.19
Reach 19      2-year Low Pr Elevated Trail 3 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20717.37 1038.94 0.19
Reach 19      5-year Low Pr. Elevated Trail 1 136800.00 692.33 720.39 703.18 720.85 0.000115 5.4 25428.68 1083.41 0.19
Reach 19      5-year Low Pr Elevated Trail 2 136800.00 692.33 720.39 703.18 720.85 0.000115 5.4 25428.81 1083.41 0.19
Reach 19      5-year Low Pr Elevated Trail 3 136800.00 692.33 720.39 703.18 720.85 0.000115 5.4 25428.81 1083.41 0.19
Reach 19      25-year Pr. Elevated Trail 1 187200.00 692.33 725.97 705.28 726.54 0.000109 6.0 31434.15 1247.16 0.19
Reach 19      25-year Pr Elevated Trail 2 187200.00 692.33 726.05 705.28 726.61 0.000109 6.0 31518.37 1248.52 0.19
Reach 19      25-year Pr Elevated Trail 3 187200.00 692.33 725.97 705.28 726.54 0.000109 6.0 31434.50 1247.17 0.19
Reach 19      10-year Pr. Elevated Trail 1 168500.00 692.33 723.47 704.53 724.01 0.000118 5.9 28678.06 1167.73 0.20
Reach 19      10-year Pr Elevated Trail 2 168500.00 692.33 723.47 704.53 724.01 0.000118 5.9 28678.26 1167.74 0.20
Reach 19      10-year Pr Elevated Trail 3 168500.00 692.33 723.47 704.53 724.01 0.000118 5.9 28678.26 1167.74 0.20
Reach 19      50-year Pr. Elevated Trail 1 212000.00 692.33 728.14 706.24 728.77 0.000111 6.4 33922.71 1267.56 0.20
Reach 19      50-year Pr Elevated Trail 2 212000.00 692.33 728.24 706.24 728.87 0.000110 6.4 34041.25 1271.38 0.20
Reach 19      50-year Pr Elevated Trail 3 212000.00 692.33 728.24 706.24 728.87 0.000110 6.4 34043.11 1271.42 0.20
Reach 19      100-year Pr. Elevated Trail 1 231000.00 692.33 729.98 706.93 730.65 0.000110 6.6 36147.41 1383.34 0.20
Reach 19      100-year Pr Elevated Trail 2 231000.00 692.33 730.11 706.93 730.77 0.000108 6.5 36312.95 1387.16 0.20
Reach 19      100-year Pr Elevated Trail 3 231000.00 692.33 730.12 706.93 730.78 0.000108 6.5 36315.68 1387.23 0.20
Reach 19      1-year High Pr. Elevated Trail 1 39690.00 692.33 718.96 697.90 719.01 0.000012 1.7 23929.33 1077.70 0.06
Reach 19      1-year High Pr Elevated Trail 2 39690.00 692.33 718.96 697.90 719.01 0.000012 1.7 23929.33 1077.70 0.06
Reach 19      1-year High Pr Elevated Trail 3 39690.00 692.33 718.96 697.90 719.01 0.000012 1.7 23929.33 1077.70 0.06
Reach 19      5-year High Pr. Elevated Trail 1 136800.00 692.33 721.53 703.18 721.95 0.000099 5.2 26627.24 1088.10 0.18
Reach 19      5-year High Pr Elevated Trail 2 136800.00 692.33 721.53 703.18 721.95 0.000099 5.2 26627.43 1088.10 0.18
Reach 19      5-year High Pr Elevated Trail 3 136800.00 692.33 721.53 703.18 721.95 0.000099 5.2 26627.43 1088.10 0.18
Reach 19      2-year High Pr. Elevated Trail 1 101800.00 692.33 720.05 701.56 720.31 0.000067 4.1 25067.83 1082.08 0.15
Reach 19      2-year High Pr Elevated Trail 2 101800.00 692.33 720.05 701.56 720.31 0.000067 4.1 25067.83 1082.08 0.15
Reach 19      2-year High Pr Elevated Trail 3 101800.00 692.33 720.05 701.56 720.31 0.000067 4.1 25067.83 1082.08 0.15
Reach 19      Normal Pr. Elevated Trail 1 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04
Reach 19      Normal Pr Elevated Trail 2 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04
Reach 19      Normal Pr Elevated Trail 3 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04

Reach 18      1-year Low Pr. Elevated Trail 1 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.58 1034.30 0.10
Reach 18      1-year Low Pr Elevated Trail 2 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.58 1034.30 0.10
Reach 18      1-year Low Pr Elevated Trail 3 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.58 1034.30 0.10
Reach 18      2-year Low Pr. Elevated Trail 1 101800.00 690.71 715.87 701.64 716.24 0.000125 4.9 20832.90 1038.11 0.19
Reach 18      2-year Low Pr Elevated Trail 2 101800.00 690.71 715.87 701.67 716.24 0.000125 4.9 20832.90 1038.11 0.19
Reach 18      2-year Low Pr Elevated Trail 3 101800.00 690.71 715.87 701.66 716.24 0.000125 4.9 20832.90 1038.11 0.19
Reach 18      5-year Low Pr. Elevated Trail 1 136800.00 690.71 720.37 703.26 720.82 0.000116 5.4 25518.96 1042.69 0.19
Reach 18      5-year Low Pr Elevated Trail 2 136800.00 690.71 720.37 703.25 720.82 0.000116 5.4 25519.07 1042.69 0.19
Reach 18      5-year Low Pr Elevated Trail 3 136800.00 690.71 720.37 703.27 720.82 0.000116 5.4 25519.07 1042.69 0.19
Reach 18      25-year Pr. Elevated Trail 1 187200.00 690.71 725.96 705.33 726.52 0.000110 6.0 31418.35 1122.58 0.19
Reach 18      25-year Pr Elevated Trail 2 187200.00 690.71 726.03 705.33 726.59 0.000111 6.0 31519.53 1253.41 0.19
Reach 18      25-year Pr Elevated Trail 3 187200.00 690.71 725.96 705.33 726.52 0.000110 6.0 31418.74 1122.60 0.19
Reach 18      10-year Pr. Elevated Trail 1 168500.00 690.71 723.45 704.58 723.99 0.000119 5.9 28732.47 1045.94 0.20
Reach 18      10-year Pr Elevated Trail 2 168500.00 690.71 723.45 704.58 723.99 0.000119 5.9 28732.66 1045.94 0.20
Reach 18      10-year Pr Elevated Trail 3 168500.00 690.71 723.45 704.58 723.99 0.000119 5.9 28732.66 1045.94 0.20
Reach 18      50-year Pr. Elevated Trail 1 212000.00 690.71 728.12 706.27 728.74 0.000112 6.3 33864.45 1134.37 0.20
Reach 18      50-year Pr Elevated Trail 2 212000.00 690.71 728.23 706.27 728.84 0.000113 6.3 34052.96 1268.93 0.19
Reach 18      50-year Pr Elevated Trail 3 212000.00 690.71 728.23 706.28 728.84 0.000113 6.3 34013.95 1268.96 0.19
Reach 18      100-year Pr. Elevated Trail 1 231000.00 690.71 729.97 706.96 730.63 0.000111 6.5 35977.06 1159.57 0.20
Reach 18      100-year Pr Elevated Trail 2 231000.00 690.71 730.10 706.96 730.75 0.000111 6.5 36275.41 1340.42 0.19
Reach 18      100-year Pr Elevated Trail 3 231000.00 690.71 730.10 706.95 730.75 0.000111 6.5 36237.04 1340.60 0.19
Reach 18      1-year High Pr. Elevated Trail 1 39690.00 690.71 718.96 697.98 719.00 0.000012 1.7 24045.16 1041.23 0.06
Reach 18      1-year High Pr Elevated Trail 2 39690.00 690.71 718.96 697.98 719.00 0.000012 1.7 24045.16 1041.23 0.06
Reach 18      1-year High Pr Elevated Trail 3 39690.00 690.71 718.96 697.98 719.00 0.000012 1.7 24045.16 1041.23 0.06
Reach 18      5-year High Pr. Elevated Trail 1 136800.00 690.71 721.52 703.26 721.93 0.000100 5.1 26711.80 1043.87 0.18
Reach 18      5-year High Pr Elevated Trail 2 136800.00 690.71 721.52 703.25 721.93 0.000100 5.1 26712.06 1043.87 0.18
Reach 18      5-year High Pr Elevated Trail 3 136800.00 690.71 721.52 703.27 721.93 0.000100 5.1 26712.06 1043.87 0.18
Reach 18      2-year High Pr. Elevated Trail 1 101800.00 690.71 720.04 701.64 720.29 0.000067 4.0 25167.65 1042.34 0.14
Reach 18      2-year High Pr Elevated Trail 2 101800.00 690.71 720.04 701.67 720.29 0.000067 4.0 25167.65 1042.34 0.14
Reach 18      2-year High Pr Elevated Trail 3 101800.00 690.71 720.04 701.66 720.29 0.000067 4.0 25167.65 1042.34 0.14
Reach 18      Normal Pr. Elevated Trail 1 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04
Reach 18      Normal Pr Elevated Trail 2 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04
Reach 18      Normal Pr Elevated Trail 3 12700.00 690.71 710.94 695.59 710.95 0.000005 0.8 15727.84 1016.29 0.04

Reach 17.5    Bridge

Reach 17      1-year Low Pr. Elevated Trail 1 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1032.71 0.10
Reach 17      1-year Low Pr Elevated Trail 2 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1032.71 0.10



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 17      1-year Low Pr Elevated Trail 3 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1032.71 0.10
Reach 17      2-year Low Pr. Elevated Trail 1 101800.00 690.70 715.80 701.48 716.17 0.000122 4.8 21005.37 1036.62 0.19
Reach 17      2-year Low Pr Elevated Trail 2 101800.00 690.70 715.80 701.47 716.17 0.000122 4.8 21005.32 1036.62 0.19
Reach 17      2-year Low Pr Elevated Trail 3 101800.00 690.70 715.80 701.48 716.17 0.000122 4.8 21005.32 1036.62 0.19
Reach 17      5-year Low Pr. Elevated Trail 1 136800.00 690.70 720.28 703.07 720.72 0.000114 5.3 25660.32 1041.88 0.19
Reach 17      5-year Low Pr Elevated Trail 2 136800.00 690.70 720.28 703.04 720.72 0.000114 5.3 25660.32 1041.88 0.19
Reach 17      5-year Low Pr Elevated Trail 3 136800.00 690.70 720.28 703.07 720.72 0.000114 5.3 25660.32 1041.88 0.19
Reach 17      25-year Pr. Elevated Trail 1 187200.00 690.70 725.84 705.12 726.40 0.000109 6.0 31544.75 1111.57 0.19
Reach 17      25-year Pr Elevated Trail 2 187200.00 690.70 725.84 705.12 726.40 0.000111 6.0 32028.54 1275.45 0.19
Reach 17      25-year Pr Elevated Trail 3 187200.00 690.70 725.84 705.12 726.40 0.000109 6.0 31544.82 1111.57 0.19
Reach 17      10-year Pr. Elevated Trail 1 168500.00 690.70 723.34 704.39 723.87 0.000117 5.9 28860.60 1048.65 0.20
Reach 17      10-year Pr Elevated Trail 2 168500.00 690.70 723.34 704.37 723.87 0.000117 5.9 28860.60 1048.65 0.20
Reach 17      10-year Pr Elevated Trail 3 168500.00 690.70 723.34 704.39 723.87 0.000117 5.9 28860.60 1048.65 0.20
Reach 17      50-year Pr. Elevated Trail 1 212000.00 690.70 728.00 706.06 728.62 0.000111 6.3 33962.52 1126.75 0.19
Reach 17      50-year Pr Elevated Trail 2 212000.00 690.70 728.00 706.03 728.61 0.000112 6.3 34643.68 1290.62 0.19
Reach 17      50-year Pr Elevated Trail 3 212000.00 690.70 728.00 706.06 728.61 0.000113 6.3 34585.08 1290.63 0.19
Reach 17      100-year Pr. Elevated Trail 1 231000.00 690.70 729.84 706.75 730.50 0.000110 6.5 36058.40 1148.33 0.19
Reach 17      100-year Pr Elevated Trail 2 231000.00 690.70 729.84 706.76 730.49 0.000110 6.5 36908.23 1312.20 0.19
Reach 17      100-year Pr Elevated Trail 3 231000.00 690.70 729.84 706.75 730.49 0.000111 6.5 36849.45 1312.21 0.19
Reach 17      1-year High Pr. Elevated Trail 1 39690.00 690.70 718.92 698.05 718.96 0.000012 1.6 24246.07 1039.92 0.06
Reach 17      1-year High Pr Elevated Trail 2 39690.00 690.70 718.92 698.05 718.96 0.000012 1.6 24246.07 1039.92 0.06
Reach 17      1-year High Pr Elevated Trail 3 39690.00 690.70 718.92 698.05 718.96 0.000012 1.6 24246.07 1039.92 0.06
Reach 17      5-year High Pr. Elevated Trail 1 136800.00 690.70 721.43 703.07 721.83 0.000098 5.1 26858.03 1044.44 0.18
Reach 17      5-year High Pr Elevated Trail 2 136800.00 690.70 721.43 703.04 721.83 0.000098 5.1 26858.10 1044.44 0.18
Reach 17      5-year High Pr Elevated Trail 3 136800.00 690.70 721.43 703.07 721.83 0.000098 5.1 26858.10 1044.44 0.18
Reach 17      2-year High Pr. Elevated Trail 1 101800.00 690.70 719.97 701.48 720.22 0.000066 4.0 25336.42 1041.20 0.14
Reach 17      2-year High Pr Elevated Trail 2 101800.00 690.70 719.97 701.47 720.22 0.000066 4.0 25336.36 1041.20 0.14
Reach 17      2-year High Pr Elevated Trail 3 101800.00 690.70 719.97 701.48 720.22 0.000066 4.0 25336.36 1041.20 0.14
Reach 17      Normal Pr. Elevated Trail 1 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04
Reach 17      Normal Pr Elevated Trail 2 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04
Reach 17      Normal Pr Elevated Trail 3 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04

Reach 16      1-year Low Pr. Elevated Trail 1 39690.00 690.63 712.03 697.66 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      1-year Low Pr Elevated Trail 2 39690.00 690.63 712.03 697.67 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      1-year Low Pr Elevated Trail 3 39690.00 690.63 712.03 697.67 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      2-year Low Pr. Elevated Trail 1 101800.00 690.63 715.75 701.23 716.13 0.000122 4.9 20596.02 990.94 0.19
Reach 16      2-year Low Pr Elevated Trail 2 101800.00 690.63 715.75 701.24 716.13 0.000122 4.9 20595.25 990.74 0.19
Reach 16      2-year Low Pr Elevated Trail 3 101800.00 690.63 715.75 701.24 716.13 0.000122 4.9 20595.25 990.74 0.19
Reach 16      5-year Low Pr. Elevated Trail 1 136800.00 690.63 720.23 702.88 720.69 0.000116 5.5 25036.69 995.31 0.19
Reach 16      5-year Low Pr Elevated Trail 2 136800.00 690.63 720.23 702.87 720.69 0.000116 5.5 25035.02 995.11 0.19
Reach 16      5-year Low Pr Elevated Trail 3 136800.00 690.63 720.23 702.87 720.69 0.000116 5.5 25035.02 995.11 0.19
Reach 16      25-year Pr. Elevated Trail 1 187200.00 690.63 725.78 704.95 726.36 0.000113 6.1 30668.22 1071.14 0.19
Reach 16      25-year Pr Elevated Trail 2 187200.00 690.63 725.78 704.95 726.36 0.000116 6.1 31720.16 1248.26 0.19
Reach 16      25-year Pr Elevated Trail 3 187200.00 690.63 725.78 704.93 726.36 0.000113 6.1 30665.44 1070.94 0.19
Reach 16      10-year Pr. Elevated Trail 1 168500.00 690.63 723.28 704.19 723.84 0.000121 6.0 28080.04 999.43 0.20
Reach 16      10-year Pr Elevated Trail 2 168500.00 690.63 723.28 704.20 723.84 0.000121 6.0 28077.71 999.23 0.20
Reach 16      10-year Pr Elevated Trail 3 168500.00 690.63 723.28 704.20 723.84 0.000121 6.0 28077.71 999.23 0.20
Reach 16      50-year Pr. Elevated Trail 1 212000.00 690.63 727.93 705.90 728.58 0.000116 6.5 32984.52 1081.43 0.20
Reach 16      50-year Pr Elevated Trail 2 212000.00 690.63 727.93 705.90 728.58 0.000118 6.5 34279.02 1258.49 0.20
Reach 16      50-year Pr Elevated Trail 3 212000.00 690.63 727.94 705.90 728.58 0.000119 6.5 34219.90 1258.49 0.20
Reach 16      100-year Pr. Elevated Trail 1 231000.00 690.63 729.77 706.61 730.46 0.000115 6.7 34976.01 1084.63 0.20
Reach 16      100-year Pr Elevated Trail 2 231000.00 690.63 729.77 706.61 730.45 0.000116 6.6 36477.88 1261.68 0.20
Reach 16      100-year Pr Elevated Trail 3 231000.00 690.63 729.77 706.61 730.45 0.000117 6.6 36418.61 1261.68 0.20
Reach 16      1-year High Pr. Elevated Trail 1 39690.00 690.63 718.92 697.66 718.96 0.000012 1.7 23733.83 993.84 0.06
Reach 16      1-year High Pr Elevated Trail 2 39690.00 690.63 718.92 697.67 718.96 0.000012 1.7 23732.49 993.64 0.06
Reach 16      1-year High Pr Elevated Trail 3 39690.00 690.63 718.92 697.67 718.96 0.000012 1.7 23732.49 993.64 0.06
Reach 16      5-year High Pr. Elevated Trail 1 136800.00 690.63 721.38 702.88 721.81 0.000100 5.2 26185.38 996.89 0.18
Reach 16      5-year High Pr Elevated Trail 2 136800.00 690.63 721.38 702.87 721.81 0.000100 5.2 26183.55 996.69 0.18
Reach 16      5-year High Pr Elevated Trail 3 136800.00 690.63 721.38 702.87 721.81 0.000100 5.2 26183.55 996.69 0.18
Reach 16      2-year High Pr. Elevated Trail 1 101800.00 690.63 719.94 701.23 720.20 0.000067 4.1 24751.04 994.94 0.15
Reach 16      2-year High Pr Elevated Trail 2 101800.00 690.63 719.94 701.24 720.20 0.000067 4.1 24749.43 994.74 0.15
Reach 16      2-year High Pr Elevated Trail 3 101800.00 690.63 719.94 701.24 720.20 0.000067 4.1 24749.43 994.74 0.15
Reach 16      Normal Pr. Elevated Trail 1 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04
Reach 16      Normal Pr Elevated Trail 2 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04
Reach 16      Normal Pr Elevated Trail 3 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04

Reach 15      1-year Low Pr. Elevated Trail 1 39690.00 689.96 712.02 697.27 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      1-year Low Pr Elevated Trail 2 39690.00 689.96 712.02 697.26 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      1-year Low Pr Elevated Trail 3 39690.00 689.96 712.02 697.27 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      2-year Low Pr. Elevated Trail 1 101800.00 689.96 715.75 700.79 716.12 0.000115 4.9 20813.20 974.82 0.19
Reach 15      2-year Low Pr Elevated Trail 2 101800.00 689.96 715.75 700.79 716.12 0.000115 4.9 20813.20 974.82 0.19
Reach 15      2-year Low Pr Elevated Trail 3 101800.00 689.96 715.75 700.80 716.12 0.000115 4.9 20813.20 974.82 0.19
Reach 15      5-year Low Pr. Elevated Trail 1 136800.00 689.96 720.22 702.43 720.68 0.000112 5.4 25180.31 978.90 0.19
Reach 15      5-year Low Pr Elevated Trail 2 136800.00 689.96 720.22 702.43 720.68 0.000112 5.4 25180.31 978.90 0.19
Reach 15      5-year Low Pr Elevated Trail 3 136800.00 689.96 720.22 702.43 720.68 0.000112 5.4 25180.31 978.90 0.19
Reach 15      25-year Pr. Elevated Trail 1 187200.00 689.96 725.77 704.52 726.35 0.000110 6.1 30648.61 1012.85 0.19
Reach 15      25-year Pr Elevated Trail 2 187200.00 689.96 725.77 704.49 726.35 0.000111 6.1 31734.61 1192.06 0.19
Reach 15      25-year Pr Elevated Trail 3 187200.00 689.96 725.77 704.51 726.35 0.000110 6.1 30648.61 1012.85 0.19
Reach 15      10-year Pr. Elevated Trail 1 168500.00 689.96 723.27 703.74 723.83 0.000117 6.0 28172.40 983.56 0.20
Reach 15      10-year Pr Elevated Trail 2 168500.00 689.96 723.27 703.76 723.83 0.000117 6.0 28172.40 983.56 0.20
Reach 15      10-year Pr Elevated Trail 3 168500.00 689.96 723.27 703.76 723.83 0.000117 6.0 28172.40 983.56 0.20
Reach 15      50-year Pr. Elevated Trail 1 212000.00 689.96 727.91 705.47 728.57 0.000113 6.5 32891.65 1055.67 0.20
Reach 15      50-year Pr Elevated Trail 2 212000.00 689.96 727.92 705.47 728.56 0.000114 6.5 34228.36 1234.78 0.20
Reach 15      50-year Pr Elevated Trail 3 212000.00 689.96 727.92 705.46 728.57 0.000114 6.5 34169.36 1234.79 0.20
Reach 15      100-year Pr. Elevated Trail 1 231000.00 689.96 729.75 706.17 730.45 0.000113 6.7 34835.02 1061.22 0.20
Reach 15      100-year Pr Elevated Trail 2 231000.00 689.96 729.76 706.17 730.44 0.000113 6.7 36385.86 1240.41 0.20
Reach 15      100-year Pr Elevated Trail 3 231000.00 689.96 729.76 706.17 730.44 0.000113 6.7 36326.71 1240.41 0.20
Reach 15      1-year High Pr. Elevated Trail 1 39690.00 689.96 718.92 697.27 718.96 0.000011 1.7 23906.96 977.63 0.06
Reach 15      1-year High Pr Elevated Trail 2 39690.00 689.96 718.92 697.26 718.96 0.000011 1.7 23906.96 977.63 0.06
Reach 15      1-year High Pr Elevated Trail 3 39690.00 689.96 718.92 697.27 718.96 0.000011 1.7 23906.96 977.63 0.06



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 15      5-year High Pr. Elevated Trail 1 136800.00 689.96 721.37 702.43 721.79 0.000097 5.2 26311.02 980.55 0.18
Reach 15      5-year High Pr Elevated Trail 2 136800.00 689.96 721.37 702.43 721.79 0.000097 5.2 26311.02 980.55 0.18
Reach 15      5-year High Pr Elevated Trail 3 136800.00 689.96 721.37 702.43 721.79 0.000097 5.2 26311.02 980.55 0.18
Reach 15      2-year High Pr. Elevated Trail 1 101800.00 689.96 719.93 700.79 720.19 0.000064 4.1 24903.31 978.53 0.14
Reach 15      2-year High Pr Elevated Trail 2 101800.00 689.96 719.93 700.79 720.19 0.000064 4.1 24903.31 978.53 0.14
Reach 15      2-year High Pr Elevated Trail 3 101800.00 689.96 719.93 700.80 720.19 0.000064 4.1 24903.31 978.53 0.14
Reach 15      Normal Pr. Elevated Trail 1 12700.00 689.96 710.93 694.99 710.94 0.000004 0.8 16136.09 964.86 0.03
Reach 15      Normal Pr Elevated Trail 2 12700.00 689.96 710.93 694.98 710.94 0.000004 0.8 16136.09 964.86 0.03
Reach 15      Normal Pr Elevated Trail 3 12700.00 689.96 710.93 694.98 710.94 0.000004 0.8 16136.09 964.86 0.03

Reach 14      1-year Low Pr. Elevated Trail 1 39690.00 690.18 712.01 697.50 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      1-year Low Pr Elevated Trail 2 39690.00 690.18 712.01 697.50 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      1-year Low Pr Elevated Trail 3 39690.00 690.18 712.01 697.50 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      2-year Low Pr. Elevated Trail 1 101800.00 690.18 715.71 701.09 716.10 0.000123 5.0 20357.74 967.11 0.19
Reach 14      2-year Low Pr Elevated Trail 2 101800.00 690.18 715.71 701.09 716.10 0.000123 5.0 20357.74 967.11 0.19
Reach 14      2-year Low Pr Elevated Trail 3 101800.00 690.18 715.71 701.08 716.10 0.000123 5.0 20357.74 967.11 0.19
Reach 14      5-year Low Pr. Elevated Trail 1 136800.00 690.18 720.18 702.72 720.66 0.000118 5.5 24689.40 971.15 0.19
Reach 14      5-year Low Pr Elevated Trail 2 136800.00 690.18 720.18 702.72 720.66 0.000118 5.5 24689.40 971.15 0.19
Reach 14      5-year Low Pr Elevated Trail 3 136800.00 690.18 720.18 702.72 720.66 0.000118 5.5 24689.40 971.15 0.19
Reach 14      25-year Pr. Elevated Trail 1 187200.00 690.18 725.73 704.83 726.33 0.000115 6.2 30095.89 983.10 0.20
Reach 14      25-year Pr Elevated Trail 2 187200.00 690.18 725.74 704.83 726.33 0.000116 6.2 31218.15 1157.57 0.20
Reach 14      25-year Pr Elevated Trail 3 187200.00 690.18 725.73 704.83 726.33 0.000115 6.2 30095.89 983.10 0.20
Reach 14      10-year Pr. Elevated Trail 1 168500.00 690.18 723.23 704.06 723.81 0.000123 6.1 27651.62 973.79 0.20
Reach 14      10-year Pr Elevated Trail 2 168500.00 690.18 723.23 704.06 723.81 0.000123 6.1 27651.62 973.79 0.20
Reach 14      10-year Pr Elevated Trail 3 168500.00 690.18 723.23 704.07 723.81 0.000123 6.1 27651.62 973.79 0.20
Reach 14      50-year Pr. Elevated Trail 1 212000.00 690.18 727.87 705.77 728.55 0.000119 6.6 32271.92 1035.86 0.20
Reach 14      50-year Pr Elevated Trail 2 212000.00 690.18 727.88 705.79 728.55 0.000119 6.6 33645.50 1210.76 0.20
Reach 14      50-year Pr Elevated Trail 3 212000.00 690.18 727.88 705.79 728.55 0.000120 6.6 33585.85 1210.76 0.20
Reach 14      100-year Pr. Elevated Trail 1 231000.00 690.18 729.71 706.51 730.43 0.000118 6.8 34183.18 1047.53 0.20
Reach 14      100-year Pr Elevated Trail 2 231000.00 690.18 729.72 706.51 730.42 0.000117 6.8 35771.94 1222.85 0.20
Reach 14      100-year Pr Elevated Trail 3 231000.00 690.18 729.72 706.49 730.42 0.000118 6.8 35711.66 1222.85 0.20
Reach 14      1-year High Pr. Elevated Trail 1 39690.00 690.18 718.91 697.50 718.96 0.000012 1.7 23456.68 970.01 0.06
Reach 14      1-year High Pr Elevated Trail 2 39690.00 690.18 718.91 697.50 718.96 0.000012 1.7 23456.68 970.01 0.06
Reach 14      1-year High Pr Elevated Trail 3 39690.00 690.18 718.91 697.50 718.96 0.000012 1.7 23456.68 970.01 0.06
Reach 14      5-year High Pr. Elevated Trail 1 136800.00 690.18 721.34 702.72 721.78 0.000102 5.3 25815.01 972.15 0.18
Reach 14      5-year High Pr Elevated Trail 2 136800.00 690.18 721.34 702.72 721.78 0.000102 5.3 25815.01 972.15 0.18
Reach 14      5-year High Pr Elevated Trail 3 136800.00 690.18 721.34 702.72 721.78 0.000102 5.3 25815.01 972.15 0.18
Reach 14      2-year High Pr. Elevated Trail 1 101800.00 690.18 719.92 701.09 720.19 0.000067 4.2 24429.40 970.91 0.15
Reach 14      2-year High Pr Elevated Trail 2 101800.00 690.18 719.92 701.09 720.19 0.000067 4.2 24429.40 970.91 0.15
Reach 14      2-year High Pr Elevated Trail 3 101800.00 690.18 719.92 701.08 720.19 0.000067 4.2 24429.40 970.91 0.15
Reach 14      Normal Pr. Elevated Trail 1 12700.00 690.18 710.93 695.19 710.94 0.000004 0.8 15749.13 957.08 0.04
Reach 14      Normal Pr Elevated Trail 2 12700.00 690.18 710.93 695.20 710.94 0.000004 0.8 15749.13 957.08 0.04
Reach 14      Normal Pr Elevated Trail 3 12700.00 690.18 710.93 695.19 710.94 0.000004 0.8 15749.13 957.08 0.04

Reach 13      1-year Low Pr. Elevated Trail 1 39690.00 690.25 712.01 696.98 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      1-year Low Pr Elevated Trail 2 39690.00 690.25 712.01 696.96 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      1-year Low Pr Elevated Trail 3 39690.00 690.25 712.01 696.97 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      2-year Low Pr. Elevated Trail 1 101800.00 690.25 715.68 700.58 716.08 0.000120 5.0 20291.68 937.80 0.19
Reach 13      2-year Low Pr Elevated Trail 2 101800.00 690.25 715.68 700.57 716.08 0.000120 5.0 20291.68 937.80 0.19
Reach 13      2-year Low Pr Elevated Trail 3 101800.00 690.25 715.68 700.58 716.08 0.000120 5.0 20291.68 937.80 0.19
Reach 13      5-year Low Pr. Elevated Trail 1 136800.00 690.25 720.15 702.30 720.64 0.000116 5.6 24484.49 940.29 0.19
Reach 13      5-year Low Pr Elevated Trail 2 136800.00 690.25 720.15 702.30 720.64 0.000116 5.6 24484.49 940.29 0.19
Reach 13      5-year Low Pr Elevated Trail 3 136800.00 690.25 720.15 702.29 720.64 0.000116 5.6 24484.49 940.29 0.19
Reach 13      25-year Pr. Elevated Trail 1 187200.00 690.25 725.69 704.43 726.31 0.000116 6.3 29702.43 943.97 0.20
Reach 13      25-year Pr Elevated Trail 2 187200.00 690.25 725.69 704.43 726.31 0.000117 6.3 30725.56 1096.45 0.20
Reach 13      25-year Pr Elevated Trail 3 187200.00 690.25 725.69 704.43 726.31 0.000116 6.3 29702.43 943.97 0.20
Reach 13      10-year Pr. Elevated Trail 1 168500.00 690.25 723.19 703.66 723.78 0.000123 6.2 27345.19 942.10 0.20
Reach 13      10-year Pr Elevated Trail 2 168500.00 690.25 723.19 703.68 723.78 0.000123 6.2 27345.19 942.10 0.20
Reach 13      10-year Pr Elevated Trail 3 168500.00 690.25 723.19 703.67 723.78 0.000123 6.2 27345.19 942.10 0.20
Reach 13      50-year Pr. Elevated Trail 1 212000.00 690.25 727.83 705.42 728.52 0.000120 6.7 31760.35 986.37 0.20
Reach 13      50-year Pr Elevated Trail 2 212000.00 690.25 727.83 705.40 728.52 0.000120 6.7 33023.54 1139.10 0.20
Reach 13      50-year Pr Elevated Trail 3 212000.00 690.25 727.83 705.42 728.52 0.000121 6.7 32964.19 1139.12 0.20
Reach 13      100-year Pr. Elevated Trail 1 231000.00 690.25 729.66 706.15 730.40 0.000119 6.9 33578.23 996.29 0.20
Reach 13      100-year Pr Elevated Trail 2 231000.00 690.25 729.66 706.15 730.39 0.000119 6.9 35046.80 1149.04 0.20
Reach 13      100-year Pr Elevated Trail 3 231000.00 690.25 729.66 706.16 730.40 0.000120 6.9 34987.26 1149.04 0.20
Reach 13      1-year High Pr. Elevated Trail 1 39690.00 690.25 718.91 696.98 718.95 0.000012 1.7 23318.91 939.60 0.06
Reach 13      1-year High Pr Elevated Trail 2 39690.00 690.25 718.91 696.96 718.95 0.000012 1.7 23318.91 939.60 0.06
Reach 13      1-year High Pr Elevated Trail 3 39690.00 690.25 718.91 696.97 718.95 0.000012 1.7 23318.91 939.60 0.06
Reach 13      5-year High Pr. Elevated Trail 1 136800.00 690.25 721.31 702.30 721.76 0.000101 5.4 25577.18 940.94 0.18
Reach 13      5-year High Pr Elevated Trail 2 136800.00 690.25 721.31 702.30 721.76 0.000101 5.4 25577.18 940.94 0.18
Reach 13      5-year High Pr Elevated Trail 3 136800.00 690.25 721.31 702.29 721.76 0.000101 5.4 25577.18 940.94 0.18
Reach 13      2-year High Pr. Elevated Trail 1 101800.00 690.25 719.90 700.58 720.17 0.000067 4.2 24246.50 940.15 0.15
Reach 13      2-year High Pr Elevated Trail 2 101800.00 690.25 719.90 700.57 720.17 0.000067 4.2 24246.50 940.15 0.15
Reach 13      2-year High Pr Elevated Trail 3 101800.00 690.25 719.90 700.58 720.17 0.000067 4.2 24246.50 940.15 0.15
Reach 13      Normal Pr. Elevated Trail 1 12700.00 690.25 710.93 694.68 710.94 0.000004 0.8 15844.61 929.99 0.03
Reach 13      Normal Pr Elevated Trail 2 12700.00 690.25 710.93 694.67 710.94 0.000004 0.8 15844.61 929.99 0.03
Reach 13      Normal Pr Elevated Trail 3 12700.00 690.25 710.93 694.68 710.94 0.000004 0.8 15844.61 929.99 0.03

Reach 12      1-year Low Pr. Elevated Trail 1 39690.00 688.05 712.00 696.14 712.09 0.000031 2.3 17135.40 911.66 0.09
Reach 12      1-year Low Pr Elevated Trail 2 39690.00 688.05 712.00 696.14 712.09 0.000031 2.3 17135.40 911.66 0.09
Reach 12      1-year Low Pr Elevated Trail 3 39690.00 688.05 712.00 696.13 712.09 0.000031 2.3 17135.40 911.66 0.09
Reach 12      2-year Low Pr. Elevated Trail 1 101800.00 688.05 715.66 699.92 716.05 0.000113 5.0 20477.60 914.56 0.18
Reach 12      2-year Low Pr Elevated Trail 2 101800.00 688.05 715.66 699.92 716.05 0.000113 5.0 20477.60 914.56 0.18
Reach 12      2-year Low Pr Elevated Trail 3 101800.00 688.05 715.66 699.90 716.05 0.000113 5.0 20477.60 914.56 0.18
Reach 12      5-year Low Pr. Elevated Trail 1 136800.00 688.05 720.13 701.69 720.61 0.000112 5.6 24566.96 918.10 0.19
Reach 12      5-year Low Pr Elevated Trail 2 136800.00 688.05 720.13 701.69 720.61 0.000112 5.6 24566.96 918.10 0.19
Reach 12      5-year Low Pr Elevated Trail 3 136800.00 688.05 720.13 701.67 720.61 0.000112 5.6 24566.96 918.10 0.19
Reach 12      25-year Pr. Elevated Trail 1 187200.00 688.05 725.66 703.87 726.28 0.000113 6.3 29660.80 922.49 0.20
Reach 12      25-year Pr Elevated Trail 2 187200.00 688.05 725.67 703.87 726.28 0.000114 6.3 30546.91 1097.85 0.19
Reach 12      25-year Pr Elevated Trail 3 187200.00 688.05 725.66 703.87 726.28 0.000113 6.3 29660.80 922.49 0.20



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 12      10-year Pr. Elevated Trail 1 168500.00 688.05 723.16 703.08 723.75 0.000119 6.2 27357.92 920.51 0.20
Reach 12      10-year Pr Elevated Trail 2 168500.00 688.05 723.16 703.09 723.75 0.000119 6.2 27357.92 920.51 0.20
Reach 12      10-year Pr Elevated Trail 3 168500.00 688.05 723.16 703.10 723.75 0.000119 6.2 27357.92 920.51 0.20
Reach 12      50-year Pr. Elevated Trail 1 212000.00 688.05 727.80 704.86 728.50 0.000117 6.7 31632.25 924.18 0.20
Reach 12      50-year Pr Elevated Trail 2 212000.00 688.05 727.80 704.86 728.49 0.000118 6.7 32751.53 1099.64 0.20
Reach 12      50-year Pr Elevated Trail 3 212000.00 688.05 727.80 704.87 728.49 0.000119 6.7 32691.21 1099.64 0.20
Reach 12      100-year Pr. Elevated Trail 1 231000.00 688.05 729.62 705.59 730.37 0.000118 7.0 33373.45 972.52 0.20
Reach 12      100-year Pr Elevated Trail 2 231000.00 688.05 729.63 705.59 730.37 0.000117 6.9 34693.06 1148.15 0.20
Reach 12      100-year Pr Elevated Trail 3 231000.00 688.05 729.63 705.57 730.37 0.000118 6.9 34632.20 1148.15 0.20
Reach 12      1-year High Pr. Elevated Trail 1 39690.00 688.05 718.91 696.14 718.95 0.000011 1.7 23449.57 917.13 0.06
Reach 12      1-year High Pr Elevated Trail 2 39690.00 688.05 718.91 696.14 718.95 0.000011 1.7 23449.57 917.13 0.06
Reach 12      1-year High Pr Elevated Trail 3 39690.00 688.05 718.91 696.13 718.95 0.000011 1.7 23449.57 917.13 0.06
Reach 12      5-year High Pr. Elevated Trail 1 136800.00 688.05 721.29 701.69 721.73 0.000097 5.3 25636.51 919.02 0.18
Reach 12      5-year High Pr Elevated Trail 2 136800.00 688.05 721.29 701.69 721.73 0.000097 5.3 25636.51 919.02 0.18
Reach 12      5-year High Pr Elevated Trail 3 136800.00 688.05 721.29 701.67 721.73 0.000097 5.3 25636.51 919.02 0.18
Reach 12      2-year High Pr. Elevated Trail 1 101800.00 688.05 719.88 699.92 720.15 0.000064 4.2 24344.58 917.91 0.14
Reach 12      2-year High Pr Elevated Trail 2 101800.00 688.05 719.88 699.92 720.15 0.000064 4.2 24344.58 917.91 0.14
Reach 12      2-year High Pr Elevated Trail 3 101800.00 688.05 719.88 699.90 720.15 0.000064 4.2 24344.58 917.91 0.14
Reach 12      Normal Pr. Elevated Trail 1 12700.00 688.05 710.93 693.74 710.94 0.000004 0.8 16162.06 907.57 0.03
Reach 12      Normal Pr Elevated Trail 2 12700.00 688.05 710.93 693.74 710.94 0.000004 0.8 16162.06 907.57 0.03
Reach 12      Normal Pr Elevated Trail 3 12700.00 688.05 710.93 693.73 710.94 0.000004 0.8 16162.06 907.57 0.03

Reach 11      1-year Low Pr. Elevated Trail 1 39690.00 688.28 711.99 695.75 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      1-year Low Pr Elevated Trail 2 39690.00 688.28 711.99 695.74 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      1-year Low Pr Elevated Trail 3 39690.00 688.28 711.99 695.73 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      2-year Low Pr. Elevated Trail 1 101800.00 688.28 715.60 699.66 716.00 0.000113 5.1 20093.87 876.61 0.19
Reach 11      2-year Low Pr Elevated Trail 2 101800.00 688.28 715.60 699.65 716.00 0.000113 5.1 20093.87 876.61 0.19
Reach 11      2-year Low Pr Elevated Trail 3 101800.00 688.28 715.60 699.66 716.00 0.000113 5.1 20093.87 876.61 0.19
Reach 11      5-year Low Pr. Elevated Trail 1 136800.00 688.28 720.06 701.37 720.56 0.000114 5.7 24004.63 879.52 0.19
Reach 11      5-year Low Pr Elevated Trail 2 136800.00 688.28 720.06 701.39 720.56 0.000114 5.7 24004.63 879.52 0.19
Reach 11      5-year Low Pr Elevated Trail 3 136800.00 688.28 720.06 701.38 720.56 0.000114 5.7 24004.63 879.52 0.19
Reach 11      25-year Pr. Elevated Trail 1 187200.00 688.28 725.58 703.60 726.23 0.000117 6.5 28870.13 883.12 0.20
Reach 11      25-year Pr Elevated Trail 2 187200.00 688.28 725.58 703.61 726.23 0.000118 6.5 29876.12 1038.62 0.20
Reach 11      25-year Pr Elevated Trail 3 187200.00 688.28 725.58 703.60 726.23 0.000117 6.5 28870.13 883.12 0.20
Reach 11      10-year Pr. Elevated Trail 1 168500.00 688.28 723.08 702.82 723.70 0.000123 6.3 26666.75 881.45 0.20
Reach 11      10-year Pr Elevated Trail 2 168500.00 688.28 723.08 702.82 723.70 0.000123 6.3 26666.75 881.45 0.20
Reach 11      10-year Pr Elevated Trail 3 168500.00 688.28 723.08 702.80 723.70 0.000123 6.3 26666.75 881.45 0.20
Reach 11      50-year Pr. Elevated Trail 1 212000.00 688.28 727.71 704.62 728.45 0.000122 6.9 30887.47 1030.41 0.21
Reach 11      50-year Pr Elevated Trail 2 212000.00 688.28 727.71 704.62 728.44 0.000123 6.9 32137.09 1186.25 0.20
Reach 11      50-year Pr Elevated Trail 3 212000.00 688.28 727.71 704.62 728.44 0.000123 6.9 32077.02 1186.25 0.20
Reach 11      100-year Pr. Elevated Trail 1 231000.00 688.28 729.53 705.33 730.32 0.000122 7.1 32882.70 1149.14 0.21
Reach 11      100-year Pr Elevated Trail 2 231000.00 688.28 729.54 705.33 730.32 0.000122 7.1 34341.70 1305.08 0.21
Reach 11      100-year Pr Elevated Trail 3 231000.00 688.28 729.54 705.38 730.32 0.000123 7.1 34281.38 1305.07 0.21
Reach 11      1-year High Pr. Elevated Trail 1 39690.00 688.28 718.90 695.75 718.95 0.000011 1.7 22987.79 878.72 0.06
Reach 11      1-year High Pr Elevated Trail 2 39690.00 688.28 718.90 695.74 718.95 0.000011 1.7 22987.79 878.72 0.06
Reach 11      1-year High Pr Elevated Trail 3 39690.00 688.28 718.90 695.73 718.95 0.000011 1.7 22987.79 878.72 0.06
Reach 11      5-year High Pr. Elevated Trail 1 136800.00 688.28 721.23 701.37 721.69 0.000099 5.5 25035.13 880.23 0.18
Reach 11      5-year High Pr Elevated Trail 2 136800.00 688.28 721.23 701.39 721.69 0.000099 5.5 25035.13 880.23 0.18
Reach 11      5-year High Pr Elevated Trail 3 136800.00 688.28 721.23 701.38 721.69 0.000099 5.5 25035.13 880.23 0.18
Reach 11      2-year High Pr. Elevated Trail 1 101800.00 688.28 719.85 699.66 720.13 0.000065 4.3 23817.77 879.36 0.14
Reach 11      2-year High Pr Elevated Trail 2 101800.00 688.28 719.85 699.65 720.13 0.000065 4.3 23817.77 879.36 0.14
Reach 11      2-year High Pr Elevated Trail 3 101800.00 688.28 719.85 699.66 720.13 0.000065 4.3 23817.77 879.36 0.14
Reach 11      Normal Pr. Elevated Trail 1 12700.00 688.28 710.93 693.26 710.94 0.000004 0.8 16006.06 870.23 0.03
Reach 11      Normal Pr Elevated Trail 2 12700.00 688.28 710.93 693.27 710.94 0.000004 0.8 16006.06 870.23 0.03
Reach 11      Normal Pr Elevated Trail 3 12700.00 688.28 710.93 693.26 710.94 0.000004 0.8 16006.06 870.23 0.03

Reach 10      1-year Low Pr. Elevated Trail 1 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16535.34 875.77 0.10
Reach 10      1-year Low Pr Elevated Trail 2 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16535.34 875.77 0.10
Reach 10      1-year Low Pr Elevated Trail 3 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16535.34 875.77 0.10
Reach 10      2-year Low Pr. Elevated Trail 1 101800.00 688.91 715.56 699.98 715.98 0.000121 5.2 19680.08 878.31 0.19
Reach 10      2-year Low Pr Elevated Trail 2 101800.00 688.91 715.56 699.99 715.98 0.000121 5.2 19680.08 878.31 0.19
Reach 10      2-year Low Pr Elevated Trail 3 101800.00 688.91 715.56 699.98 715.98 0.000121 5.2 19680.08 878.31 0.19
Reach 10      5-year Low Pr. Elevated Trail 1 136800.00 688.91 720.02 701.75 720.54 0.000121 5.8 23598.42 881.42 0.20
Reach 10      5-year Low Pr Elevated Trail 2 136800.00 688.91 720.02 701.74 720.54 0.000121 5.8 23598.42 881.42 0.20
Reach 10      5-year Low Pr Elevated Trail 3 136800.00 688.91 720.02 701.74 720.54 0.000121 5.8 23598.42 881.42 0.20
Reach 10      25-year Pr. Elevated Trail 1 187200.00 688.91 725.54 704.01 726.21 0.000122 6.6 28474.69 885.32 0.20
Reach 10      25-year Pr Elevated Trail 2 187200.00 688.91 725.54 704.01 726.21 0.000124 6.6 29498.84 1059.52 0.20
Reach 10      25-year Pr Elevated Trail 3 187200.00 688.91 725.54 704.01 726.21 0.000122 6.6 28474.69 885.32 0.20
Reach 10      10-year Pr. Elevated Trail 1 168500.00 688.91 723.04 703.20 723.68 0.000129 6.4 26263.92 883.55 0.21
Reach 10      10-year Pr Elevated Trail 2 168500.00 688.91 723.04 703.20 723.68 0.000129 6.4 26263.92 883.55 0.21
Reach 10      10-year Pr Elevated Trail 3 168500.00 688.91 723.04 703.20 723.68 0.000129 6.4 26263.92 883.55 0.21
Reach 10      50-year Pr. Elevated Trail 1 212000.00 688.91 727.66 705.04 728.42 0.000127 7.0 30357.10 886.82 0.21
Reach 10      50-year Pr Elevated Trail 2 212000.00 688.91 727.67 705.04 728.42 0.000128 7.0 31631.26 1061.18 0.21
Reach 10      50-year Pr Elevated Trail 3 212000.00 688.91 727.67 705.04 728.42 0.000129 7.0 31570.35 1061.18 0.21
Reach 10      100-year Pr. Elevated Trail 1 231000.00 688.91 729.48 705.80 730.30 0.000128 7.2 31998.44 936.49 0.21
Reach 10      100-year Pr Elevated Trail 2 231000.00 688.91 729.50 705.79 730.29 0.000127 7.2 33488.11 1113.48 0.21
Reach 10      100-year Pr Elevated Trail 3 231000.00 688.91 729.49 705.80 730.29 0.000128 7.2 33426.56 1113.21 0.21
Reach 10      1-year High Pr. Elevated Trail 1 39690.00 688.91 718.90 696.07 718.95 0.000012 1.8 22612.16 880.63 0.06
Reach 10      1-year High Pr Elevated Trail 2 39690.00 688.91 718.90 696.07 718.95 0.000012 1.8 22612.16 880.63 0.06
Reach 10      1-year High Pr Elevated Trail 3 39690.00 688.91 718.90 696.07 718.95 0.000012 1.8 22612.16 880.63 0.06
Reach 10      5-year High Pr. Elevated Trail 1 136800.00 688.91 721.19 701.75 721.67 0.000105 5.6 24636.07 882.25 0.18
Reach 10      5-year High Pr Elevated Trail 2 136800.00 688.91 721.19 701.74 721.67 0.000105 5.6 24636.07 882.25 0.18
Reach 10      5-year High Pr Elevated Trail 3 136800.00 688.91 721.19 701.74 721.67 0.000105 5.6 24636.07 882.25 0.18
Reach 10      2-year High Pr. Elevated Trail 1 101800.00 688.91 719.82 699.98 720.12 0.000069 4.3 23427.24 881.29 0.15
Reach 10      2-year High Pr Elevated Trail 2 101800.00 688.91 719.82 699.99 720.12 0.000069 4.3 23427.24 881.29 0.15
Reach 10      2-year High Pr Elevated Trail 3 101800.00 688.91 719.82 699.98 720.12 0.000069 4.3 23427.24 881.29 0.15
Reach 10      Normal Pr. Elevated Trail 1 12700.00 688.91 710.93 693.51 710.94 0.000004 0.8 15619.10 871.32 0.03
Reach 10      Normal Pr Elevated Trail 2 12700.00 688.91 710.93 693.50 710.94 0.000004 0.8 15619.10 871.32 0.03
Reach 10      Normal Pr Elevated Trail 3 12700.00 688.91 710.93 693.51 710.94 0.000004 0.8 15619.10 871.32 0.03



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 9       1-year Low Pr. Elevated Trail 1 39690.00 688.16 711.97 695.74 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       1-year Low Pr Elevated Trail 2 39690.00 688.16 711.97 695.73 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       1-year Low Pr Elevated Trail 3 39690.00 688.16 711.97 695.74 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       2-year Low Pr. Elevated Trail 1 101800.00 688.16 715.52 699.54 715.96 0.000133 5.3 19197.52 824.13 0.19
Reach 9       2-year Low Pr Elevated Trail 2 101800.00 688.16 715.52 699.53 715.96 0.000133 5.3 19197.52 824.13 0.19
Reach 9       2-year Low Pr Elevated Trail 3 101800.00 688.16 715.52 699.54 715.96 0.000133 5.3 19197.52 824.13 0.19
Reach 9       5-year Low Pr. Elevated Trail 1 136800.00 688.16 719.96 701.29 720.52 0.000138 6.0 22859.58 826.25 0.20
Reach 9       5-year Low Pr Elevated Trail 2 136800.00 688.16 719.96 701.29 720.52 0.000138 6.0 22859.58 826.25 0.20
Reach 9       5-year Low Pr Elevated Trail 3 136800.00 688.16 719.96 701.29 720.52 0.000138 6.0 22859.58 826.25 0.20
Reach 9       25-year Pr. Elevated Trail 1 187200.00 688.16 725.46 703.57 726.19 0.000148 6.8 27415.56 831.29 0.21
Reach 9       25-year Pr Elevated Trail 2 187200.00 688.16 725.47 703.57 726.18 0.000149 6.8 28498.73 994.48 0.21
Reach 9       25-year Pr Elevated Trail 3 187200.00 688.16 725.46 703.57 726.19 0.000148 6.8 27415.56 831.29 0.21
Reach 9       10-year Pr. Elevated Trail 1 168500.00 688.16 722.97 702.74 723.65 0.000152 6.7 25345.53 828.77 0.21
Reach 9       10-year Pr Elevated Trail 2 168500.00 688.16 722.97 702.77 723.65 0.000152 6.7 25345.53 828.77 0.21
Reach 9       10-year Pr Elevated Trail 3 168500.00 688.16 722.97 702.74 723.65 0.000152 6.7 25345.53 828.77 0.21
Reach 9       50-year Pr. Elevated Trail 1 212000.00 688.16 727.57 704.63 728.40 0.000156 7.3 29173.51 833.39 0.22
Reach 9       50-year Pr Elevated Trail 2 212000.00 688.16 727.58 704.63 728.39 0.000157 7.2 30517.42 996.68 0.21
Reach 9       50-year Pr Elevated Trail 3 212000.00 688.16 727.58 704.63 728.39 0.000158 7.2 30456.65 996.68 0.21
Reach 9       100-year Pr. Elevated Trail 1 231000.00 688.16 729.39 705.40 730.27 0.000159 7.5 30708.48 865.04 0.22
Reach 9       100-year Pr Elevated Trail 2 231000.00 688.16 729.40 705.38 730.26 0.000159 7.5 32277.20 1028.71 0.22
Reach 9       100-year Pr Elevated Trail 3 231000.00 688.16 729.40 705.39 730.27 0.000160 7.5 32215.86 1028.68 0.22
Reach 9       1-year High Pr. Elevated Trail 1 39690.00 688.16 718.89 695.74 718.94 0.000013 1.8 21977.47 825.53 0.06
Reach 9       1-year High Pr Elevated Trail 2 39690.00 688.16 718.89 695.73 718.94 0.000013 1.8 21977.47 825.53 0.06
Reach 9       1-year High Pr Elevated Trail 3 39690.00 688.16 718.89 695.74 718.94 0.000013 1.8 21977.47 825.53 0.06
Reach 9       5-year High Pr. Elevated Trail 1 136800.00 688.16 721.14 701.29 721.65 0.000121 5.7 23835.72 827.06 0.19
Reach 9       5-year High Pr Elevated Trail 2 136800.00 688.16 721.14 701.29 721.65 0.000121 5.7 23835.72 827.06 0.19
Reach 9       5-year High Pr Elevated Trail 3 136800.00 688.16 721.14 701.29 721.65 0.000121 5.7 23835.72 827.06 0.19
Reach 9       2-year High Pr. Elevated Trail 1 101800.00 688.16 719.79 699.54 720.10 0.000078 4.5 22720.09 826.11 0.15
Reach 9       2-year High Pr Elevated Trail 2 101800.00 688.16 719.79 699.53 720.10 0.000078 4.5 22720.09 826.11 0.15
Reach 9       2-year High Pr Elevated Trail 3 101800.00 688.16 719.79 699.54 720.10 0.000078 4.5 22720.09 826.11 0.15
Reach 9       Normal Pr. Elevated Trail 1 12700.00 688.16 710.93 693.34 710.94 0.000004 0.8 15416.97 820.08 0.03
Reach 9       Normal Pr Elevated Trail 2 12700.00 688.16 710.93 693.32 710.94 0.000004 0.8 15416.97 820.08 0.03
Reach 9       Normal Pr Elevated Trail 3 12700.00 688.16 710.93 693.34 710.94 0.000004 0.8 15416.97 820.08 0.03

Reach 8       1-year Low Pr. Elevated Trail 1 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       1-year Low Pr Elevated Trail 2 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       1-year Low Pr Elevated Trail 3 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       2-year Low Pr. Elevated Trail 1 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       2-year Low Pr Elevated Trail 2 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       2-year Low Pr Elevated Trail 3 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       5-year Low Pr. Elevated Trail 1 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       5-year Low Pr Elevated Trail 2 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       5-year Low Pr Elevated Trail 3 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       25-year Pr. Elevated Trail 1 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       25-year Pr Elevated Trail 2 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       25-year Pr Elevated Trail 3 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       10-year Pr. Elevated Trail 1 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       10-year Pr Elevated Trail 2 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       10-year Pr Elevated Trail 3 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       50-year Pr. Elevated Trail 1 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       50-year Pr Elevated Trail 2 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       50-year Pr Elevated Trail 3 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       100-year Pr. Elevated Trail 1 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       100-year Pr Elevated Trail 2 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       100-year Pr Elevated Trail 3 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       1-year High Pr. Elevated Trail 1 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       1-year High Pr Elevated Trail 2 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       1-year High Pr Elevated Trail 3 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       5-year High Pr. Elevated Trail 1 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       5-year High Pr Elevated Trail 2 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       5-year High Pr Elevated Trail 3 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       2-year High Pr. Elevated Trail 1 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       2-year High Pr Elevated Trail 2 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       2-year High Pr Elevated Trail 3 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       Normal Pr. Elevated Trail 1 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03
Reach 8       Normal Pr Elevated Trail 2 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03
Reach 8       Normal Pr Elevated Trail 3 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03

Reach 7       1-year Low Pr. Elevated Trail 1 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       1-year Low Pr Elevated Trail 2 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       1-year Low Pr Elevated Trail 3 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       2-year Low Pr. Elevated Trail 1 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       2-year Low Pr Elevated Trail 2 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       2-year Low Pr Elevated Trail 3 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       5-year Low Pr. Elevated Trail 1 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       5-year Low Pr Elevated Trail 2 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       5-year Low Pr Elevated Trail 3 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       25-year Pr. Elevated Trail 1 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       25-year Pr Elevated Trail 2 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       25-year Pr Elevated Trail 3 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       10-year Pr. Elevated Trail 1 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       10-year Pr Elevated Trail 2 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       10-year Pr Elevated Trail 3 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       50-year Pr. Elevated Trail 1 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       50-year Pr Elevated Trail 2 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       50-year Pr Elevated Trail 3 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       100-year Pr. Elevated Trail 1 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       100-year Pr Elevated Trail 2 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       100-year Pr Elevated Trail 3 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       1-year High Pr. Elevated Trail 1 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 7       1-year High Pr Elevated Trail 2 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       1-year High Pr Elevated Trail 3 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       5-year High Pr. Elevated Trail 1 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       5-year High Pr Elevated Trail 2 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       5-year High Pr Elevated Trail 3 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       2-year High Pr. Elevated Trail 1 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       2-year High Pr Elevated Trail 2 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       2-year High Pr Elevated Trail 3 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       Normal Pr. Elevated Trail 1 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03
Reach 7       Normal Pr Elevated Trail 2 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03
Reach 7       Normal Pr Elevated Trail 3 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03

Reach 6       1-year Low Pr. Elevated Trail 1 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       1-year Low Pr Elevated Trail 2 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       1-year Low Pr Elevated Trail 3 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       2-year Low Pr. Elevated Trail 1 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       2-year Low Pr Elevated Trail 2 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       2-year Low Pr Elevated Trail 3 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       5-year Low Pr. Elevated Trail 1 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       5-year Low Pr Elevated Trail 2 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       5-year Low Pr Elevated Trail 3 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       25-year Pr. Elevated Trail 1 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       25-year Pr Elevated Trail 2 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       25-year Pr Elevated Trail 3 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       10-year Pr. Elevated Trail 1 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       10-year Pr Elevated Trail 2 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       10-year Pr Elevated Trail 3 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       50-year Pr. Elevated Trail 1 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       50-year Pr Elevated Trail 2 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       50-year Pr Elevated Trail 3 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       100-year Pr. Elevated Trail 1 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       100-year Pr Elevated Trail 2 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       100-year Pr Elevated Trail 3 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       1-year High Pr. Elevated Trail 1 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       1-year High Pr Elevated Trail 2 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       1-year High Pr Elevated Trail 3 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       5-year High Pr. Elevated Trail 1 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       5-year High Pr Elevated Trail 2 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       5-year High Pr Elevated Trail 3 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       2-year High Pr. Elevated Trail 1 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       2-year High Pr Elevated Trail 2 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       2-year High Pr Elevated Trail 3 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       Normal Pr. Elevated Trail 1 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03
Reach 6       Normal Pr Elevated Trail 2 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03
Reach 6       Normal Pr Elevated Trail 3 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03

Reach 5       1-year Low Pr. Elevated Trail 1 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       1-year Low Pr Elevated Trail 2 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       1-year Low Pr Elevated Trail 3 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       2-year Low Pr. Elevated Trail 1 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17
Reach 5       2-year Low Pr Elevated Trail 2 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17
Reach 5       2-year Low Pr Elevated Trail 3 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17
Reach 5       5-year Low Pr. Elevated Trail 1 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       5-year Low Pr Elevated Trail 2 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       5-year Low Pr Elevated Trail 3 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       25-year Pr. Elevated Trail 1 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       25-year Pr Elevated Trail 2 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       25-year Pr Elevated Trail 3 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       10-year Pr. Elevated Trail 1 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       10-year Pr Elevated Trail 2 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       10-year Pr Elevated Trail 3 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       50-year Pr. Elevated Trail 1 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       50-year Pr Elevated Trail 2 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       50-year Pr Elevated Trail 3 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       100-year Pr. Elevated Trail 1 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       100-year Pr Elevated Trail 2 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       100-year Pr Elevated Trail 3 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       1-year High Pr. Elevated Trail 1 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       1-year High Pr Elevated Trail 2 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       1-year High Pr Elevated Trail 3 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       5-year High Pr. Elevated Trail 1 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       5-year High Pr Elevated Trail 2 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       5-year High Pr Elevated Trail 3 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       2-year High Pr. Elevated Trail 1 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       2-year High Pr Elevated Trail 2 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       2-year High Pr Elevated Trail 3 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       Normal Pr. Elevated Trail 1 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03
Reach 5       Normal Pr Elevated Trail 2 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03
Reach 5       Normal Pr Elevated Trail 3 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03

Reach 4.5     Bridge

Reach 4       1-year Low Pr. Elevated Trail 1 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       1-year Low Pr Elevated Trail 2 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       1-year Low Pr Elevated Trail 3 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       2-year Low Pr. Elevated Trail 1 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       2-year Low Pr Elevated Trail 2 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       2-year Low Pr Elevated Trail 3 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       5-year Low Pr. Elevated Trail 1 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       5-year Low Pr Elevated Trail 2 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 4       5-year Low Pr Elevated Trail 3 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       25-year Pr. Elevated Trail 1 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       25-year Pr Elevated Trail 2 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       25-year Pr Elevated Trail 3 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       10-year Pr. Elevated Trail 1 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       10-year Pr Elevated Trail 2 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       10-year Pr Elevated Trail 3 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       50-year Pr. Elevated Trail 1 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       50-year Pr Elevated Trail 2 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       50-year Pr Elevated Trail 3 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       100-year Pr. Elevated Trail 1 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       100-year Pr Elevated Trail 2 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       100-year Pr Elevated Trail 3 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       1-year High Pr. Elevated Trail 1 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       1-year High Pr Elevated Trail 2 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       1-year High Pr Elevated Trail 3 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       5-year High Pr. Elevated Trail 1 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       5-year High Pr Elevated Trail 2 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       5-year High Pr Elevated Trail 3 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       2-year High Pr. Elevated Trail 1 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       2-year High Pr Elevated Trail 2 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       2-year High Pr Elevated Trail 3 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       Normal Pr. Elevated Trail 1 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03
Reach 4       Normal Pr Elevated Trail 2 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03
Reach 4       Normal Pr Elevated Trail 3 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03

Reach 3       1-year Low Pr. Elevated Trail 1 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       1-year Low Pr Elevated Trail 2 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       1-year Low Pr Elevated Trail 3 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       2-year Low Pr. Elevated Trail 1 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       2-year Low Pr Elevated Trail 2 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       2-year Low Pr Elevated Trail 3 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       5-year Low Pr. Elevated Trail 1 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       5-year Low Pr Elevated Trail 2 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       5-year Low Pr Elevated Trail 3 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       25-year Pr. Elevated Trail 1 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       25-year Pr Elevated Trail 2 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       25-year Pr Elevated Trail 3 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       10-year Pr. Elevated Trail 1 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       10-year Pr Elevated Trail 2 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       10-year Pr Elevated Trail 3 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       50-year Pr. Elevated Trail 1 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       50-year Pr Elevated Trail 2 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       50-year Pr Elevated Trail 3 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       100-year Pr. Elevated Trail 1 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       100-year Pr Elevated Trail 2 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       100-year Pr Elevated Trail 3 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       1-year High Pr. Elevated Trail 1 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       1-year High Pr Elevated Trail 2 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       1-year High Pr Elevated Trail 3 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       5-year High Pr. Elevated Trail 1 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       5-year High Pr Elevated Trail 2 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       5-year High Pr Elevated Trail 3 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       2-year High Pr. Elevated Trail 1 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       2-year High Pr Elevated Trail 2 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       2-year High Pr Elevated Trail 3 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       Normal Pr. Elevated Trail 1 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03
Reach 3       Normal Pr Elevated Trail 2 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03
Reach 3       Normal Pr Elevated Trail 3 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03

Reach 2       1-year Low Pr. Elevated Trail 1 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       1-year Low Pr Elevated Trail 2 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       1-year Low Pr Elevated Trail 3 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       2-year Low Pr. Elevated Trail 1 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       2-year Low Pr Elevated Trail 2 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       2-year Low Pr Elevated Trail 3 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       5-year Low Pr. Elevated Trail 1 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       5-year Low Pr Elevated Trail 2 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       5-year Low Pr Elevated Trail 3 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       25-year Pr. Elevated Trail 1 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       25-year Pr Elevated Trail 2 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       25-year Pr Elevated Trail 3 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       10-year Pr. Elevated Trail 1 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       10-year Pr Elevated Trail 2 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       10-year Pr Elevated Trail 3 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       50-year Pr. Elevated Trail 1 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       50-year Pr Elevated Trail 2 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       50-year Pr Elevated Trail 3 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       100-year Pr. Elevated Trail 1 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       100-year Pr Elevated Trail 2 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       100-year Pr Elevated Trail 3 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       1-year High Pr. Elevated Trail 1 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       1-year High Pr Elevated Trail 2 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       1-year High Pr Elevated Trail 3 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       5-year High Pr. Elevated Trail 1 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       5-year High Pr Elevated Trail 2 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       5-year High Pr Elevated Trail 3 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       2-year High Pr. Elevated Trail 1 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       2-year High Pr Elevated Trail 2 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       2-year High Pr Elevated Trail 3 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14



HEC-RAS   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Plan Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 2       Normal Pr. Elevated Trail 1 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03
Reach 2       Normal Pr Elevated Trail 2 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03
Reach 2       Normal Pr Elevated Trail 3 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03

Reach 1       1-year Low Pr. Elevated Trail 1 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       1-year Low Pr Elevated Trail 2 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       1-year Low Pr Elevated Trail 3 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       2-year Low Pr. Elevated Trail 1 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       2-year Low Pr Elevated Trail 2 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       2-year Low Pr Elevated Trail 3 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       5-year Low Pr. Elevated Trail 1 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       5-year Low Pr Elevated Trail 2 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       5-year Low Pr Elevated Trail 3 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       25-year Pr. Elevated Trail 1 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       25-year Pr Elevated Trail 2 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       25-year Pr Elevated Trail 3 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       10-year Pr. Elevated Trail 1 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       10-year Pr Elevated Trail 2 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       10-year Pr Elevated Trail 3 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       50-year Pr. Elevated Trail 1 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       50-year Pr Elevated Trail 2 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       50-year Pr Elevated Trail 3 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       100-year Pr. Elevated Trail 1 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       100-year Pr Elevated Trail 2 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       100-year Pr Elevated Trail 3 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       1-year High Pr. Elevated Trail 1 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       1-year High Pr Elevated Trail 2 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       1-year High Pr Elevated Trail 3 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       5-year High Pr. Elevated Trail 1 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       5-year High Pr Elevated Trail 2 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       5-year High Pr Elevated Trail 3 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       2-year High Pr. Elevated Trail 1 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       2-year High Pr Elevated Trail 2 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       2-year High Pr Elevated Trail 3 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       Normal Pr. Elevated Trail 1 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
Reach 1       Normal Pr Elevated Trail 2 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
Reach 1       Normal Pr Elevated Trail 3 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
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HEC-RAS  Plan: Proposed Tunnel Alternative   River: Stream   Reach: Reach
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 30      1-year Low 39690.00 686.10 712.20 712.31 0.000035 2.6 15343.73 761.30 0.10
Reach 30      2-year Low 101800.00 686.10 716.39 716.86 0.000122 5.5 18551.76 772.73 0.20
Reach 30      5-year Low 136800.00 686.10 720.87 721.47 0.000126 6.2 22039.93 782.87 0.20
Reach 30      25-year 187200.00 686.10 726.49 727.28 0.000130 7.1 26474.55 795.75 0.21
Reach 30      10-year 168500.00 686.10 723.99 724.73 0.000135 6.9 24490.51 790.01 0.22
Reach 30      50-year 212000.00 686.10 728.69 729.59 0.000136 7.6 28268.69 868.10 0.22
Reach 30      100-year 231000.00 686.10 730.55 731.51 0.000136 7.9 30007.13 1021.95 0.22
Reach 30      1-year High 39690.00 686.10 719.04 719.09 0.000013 1.9 20606.53 778.67 0.07
Reach 30      5-year High 136800.00 686.10 721.96 722.52 0.000111 6.0 22893.58 785.37 0.19
Reach 30      2-year High 101800.00 686.10 720.34 720.68 0.000074 4.7 21622.20 781.65 0.16
Reach 30      Normal 12700.00 686.10 710.96 710.97 0.000004 0.9 14397.68 755.90 0.04

Reach 29      1-year Low 39690.00 690.79 712.18 712.29 0.000042 2.7 14910.55 807.23 0.11
Reach 29      2-year Low 101800.00 690.79 716.30 716.79 0.000140 5.6 18259.01 816.09 0.21
Reach 29      5-year Low 136800.00 690.79 720.80 721.41 0.000138 6.3 21950.44 825.81 0.21
Reach 29      25-year 187200.00 690.79 726.43 727.21 0.000137 7.1 26633.11 837.82 0.22
Reach 29      10-year 168500.00 690.79 723.92 724.66 0.000145 6.9 24536.43 832.47 0.22
Reach 29      50-year 212000.00 690.79 728.63 729.51 0.000142 7.5 28538.34 905.66 0.22
Reach 29      100-year 231000.00 690.79 730.50 731.43 0.000141 7.8 30508.62 1193.16 0.23
Reach 29      1-year High 39690.00 690.79 719.03 719.09 0.000015 1.9 20489.67 821.98 0.07
Reach 29      5-year High 136800.00 690.79 721.90 722.46 0.000121 6.0 22860.35 828.16 0.20
Reach 29      2-year High 101800.00 690.79 720.30 720.64 0.000081 4.7 21533.57 824.72 0.16
Reach 29      Normal 12700.00 690.79 710.95 710.97 0.000005 0.9 13924.49 803.36 0.04

Reach 28      1-year Low 39690.00 691.86 712.16 712.27 0.000040 2.6 15393.34 841.43 0.11
Reach 28      2-year Low 101800.00 691.86 716.25 716.71 0.000133 5.4 18856.07 851.00 0.20
Reach 28      5-year Low 136800.00 691.86 720.76 721.33 0.000130 6.0 22713.95 861.87 0.21
Reach 28      25-year 187200.00 691.86 726.40 727.12 0.000129 6.8 27613.87 884.65 0.21
Reach 28      10-year 168500.00 691.86 723.88 724.57 0.000137 6.7 25416.41 869.30 0.21
Reach 28      50-year 212000.00 691.86 728.60 729.42 0.000133 7.2 29727.89 1105.83 0.22
Reach 28      100-year 231000.00 691.86 730.48 731.34 0.000132 7.5 32091.37 1330.27 0.22
Reach 28      1-year High 39690.00 691.86 719.02 719.08 0.000014 1.9 21221.31 857.72 0.07
Reach 28      5-year High 136800.00 691.86 721.87 722.39 0.000114 5.8 23669.74 864.51 0.19
Reach 28      2-year High 101800.00 691.86 720.27 720.60 0.000077 4.6 22293.49 860.71 0.16
Reach 28      Normal 12700.00 691.86 710.95 710.96 0.000005 0.9 14377.02 838.25 0.04

Reach 27      1-year Low 39690.00 692.11 712.14 712.24 0.000040 2.5 16110.64 946.55 0.11
Reach 27      2-year Low 101800.00 692.11 716.20 716.60 0.000128 5.1 19961.00 951.60 0.20
Reach 27      5-year Low 136800.00 692.11 720.72 721.22 0.000121 5.6 24279.17 957.16 0.20
Reach 27      25-year 187200.00 692.11 726.39 727.01 0.000116 6.3 29729.27 984.71 0.20
Reach 27      10-year 168500.00 692.11 723.86 724.45 0.000125 6.2 27285.05 961.04 0.20
Reach 27      50-year 212000.00 692.11 728.60 729.30 0.000118 6.7 32046.21 1198.20 0.20
Reach 27      100-year 231000.00 692.11 730.48 731.22 0.000117 6.9 34559.58 1462.54 0.20
Reach 27      1-year High 39690.00 692.11 719.02 719.07 0.000013 1.8 22649.74 955.05 0.06
Reach 27      5-year High 136800.00 692.11 721.84 722.29 0.000105 5.4 25348.16 958.59 0.18
Reach 27      2-year High 101800.00 692.11 720.25 720.53 0.000071 4.3 23825.31 956.62 0.15
Reach 27      Normal 12700.00 692.11 710.95 710.96 0.000005 0.8 14987.79 936.70 0.04

Reach 26      1-year Low 39690.00 690.05 712.13 697.64 712.23 0.000038 2.5 16063.97 905.06 0.10
Reach 26      2-year Low 101800.00 690.05 716.17 701.29 716.58 0.000126 5.2 19762.74 929.52 0.19
Reach 26      5-year Low 136800.00 690.05 720.68 702.96 721.20 0.000122 5.7 24047.01 1001.37 0.20
Reach 26      25-year 187200.00 690.05 726.34 705.12 726.99 0.000119 6.5 29941.04 1094.01 0.20
Reach 26      10-year 168500.00 690.05 723.81 704.33 724.43 0.000127 6.3 27250.03 1042.73 0.21
Reach 26      50-year 212000.00 690.05 728.55 706.10 729.28 0.000121 6.8 32446.56 1166.31 0.21
Reach 26      100-year 231000.00 690.05 730.43 706.84 731.20 0.000120 7.0 34857.18 1430.01 0.21
Reach 26      1-year High 39690.00 690.05 719.02 697.64 719.06 0.000013 1.8 22435.21 947.78 0.06
Reach 26      5-year High 136800.00 690.05 721.80 702.96 722.28 0.000106 5.5 25177.01 1018.92 0.19
Reach 26      2-year High 101800.00 690.05 720.23 701.29 720.52 0.000071 4.4 23592.70 977.93 0.15
Reach 26      Normal 12700.00 690.05 710.95 695.23 710.96 0.000005 0.8 14993.80 899.73 0.04

Reach 25.5    Bridge

Reach 25      1-year Low 39690.00 686.75 712.11 712.21 0.000040 2.5 15803.08 906.72 0.11
Reach 25      2-year Low 101800.00 686.75 716.08 716.51 0.000133 5.2 19431.82 923.01 0.20
Reach 25      5-year Low 136800.00 686.75 720.58 721.11 0.000127 5.8 23630.38 943.52 0.20
Reach 25      25-year 187200.00 686.75 726.22 726.89 0.000123 6.5 29161.64 1049.75 0.21
Reach 25      10-year 168500.00 686.75 723.69 724.33 0.000132 6.4 26605.78 973.80 0.21
Reach 25      50-year 212000.00 686.75 728.42 729.16 0.000126 6.9 31630.17 1256.56 0.21
Reach 25      100-year 231000.00 686.75 730.30 731.08 0.000124 7.1 34298.29 1469.99 0.21
Reach 25      1-year High 39690.00 686.75 719.01 719.06 0.000013 1.8 22150.29 934.09 0.06
Reach 25      5-year High 136800.00 686.75 721.71 722.20 0.000110 5.6 24702.95 954.63 0.19
Reach 25      2-year High 101800.00 686.75 720.17 720.47 0.000074 4.4 23241.16 939.47 0.15
Reach 25      Normal 12700.00 686.75 710.95 710.96 0.000005 0.9 14751.57 897.17 0.04

Reach 24      1-year Low 39690.00 689.54 712.11 712.20 0.000036 2.4 16676.21 964.89 0.10
Reach 24      2-year Low 101800.00 689.54 716.08 716.46 0.000119 5.0 20534.47 980.03 0.19
Reach 24      5-year Low 136800.00 689.54 720.59 721.06 0.000113 5.5 24987.83 993.78 0.19



HEC-RAS  Plan: Proposed Tunnel Alternative   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 24      25-year 187200.00 689.54 726.24 726.83 0.000110 6.2 30741.92 1151.90 0.19
Reach 24      10-year 168500.00 689.54 723.71 724.27 0.000118 6.0 28099.63 1003.43 0.20
Reach 24      50-year 212000.00 689.54 728.44 729.10 0.000112 6.5 33620.85 1408.68 0.20
Reach 24      100-year 231000.00 689.54 730.32 731.02 0.000110 6.7 36410.15 1517.87 0.20
Reach 24      1-year High 39690.00 689.54 719.01 719.05 0.000012 1.7 23416.96 988.86 0.06
Reach 24      5-year High 136800.00 689.54 721.72 722.15 0.000098 5.3 26113.62 997.34 0.18
Reach 24      2-year High 101800.00 689.54 720.17 720.44 0.000066 4.2 24574.20 992.47 0.15
Reach 24      Normal 12700.00 689.54 710.95 710.96 0.000005 0.8 15555.52 958.17 0.04

Reach 23      1-year Low 39690.00 688.70 712.10 697.55 712.19 0.000040 2.4 16237.26 968.25 0.11
Reach 23      2-year Low 101800.00 688.70 716.05 701.52 716.45 0.000131 5.1 20112.64 994.58 0.20
Reach 23      5-year Low 136800.00 688.70 720.56 703.21 721.05 0.000123 5.6 24651.71 1016.10 0.20
Reach 23      25-year 187200.00 688.70 726.21 705.39 726.81 0.000117 6.3 30579.14 1163.29 0.20
Reach 23      10-year 168500.00 688.70 723.67 704.60 724.26 0.000126 6.1 27849.91 1041.31 0.20
Reach 23      50-year 212000.00 688.70 728.41 706.36 729.09 0.000119 6.6 33162.47 1180.30 0.20
Reach 23      100-year 231000.00 688.70 730.29 707.08 731.00 0.000117 6.8 35397.44 1208.49 0.20
Reach 23      1-year High 39690.00 688.70 719.00 697.55 719.05 0.000013 1.7 23075.88 1008.93 0.06
Reach 23      5-year High 136800.00 688.70 721.69 703.22 722.14 0.000106 5.4 25808.81 1022.64 0.18
Reach 23      2-year High 101800.00 688.70 720.16 701.52 720.43 0.000072 4.2 24242.40 1013.89 0.15
Reach 23      Normal 12700.00 688.70 710.94 694.58 710.96 0.000005 0.8 15127.02 951.15 0.04

Reach 22.5    Bridge

Reach 22      1-year Low 39690.00 689.39 712.09 697.71 712.18 0.000040 2.5 16194.77 966.51 0.11
Reach 22      2-year Low 101800.00 689.39 716.00 701.62 716.40 0.000131 5.1 20004.03 981.98 0.20
Reach 22      5-year Low 136800.00 689.39 720.51 703.29 721.00 0.000123 5.6 24466.84 998.39 0.20
Reach 22      25-year 187200.00 689.39 726.15 705.43 726.76 0.000117 6.3 30264.31 1102.27 0.20
Reach 22      10-year 168500.00 689.39 723.61 704.67 724.20 0.000126 6.2 27596.46 1032.39 0.20
Reach 22      50-year 212000.00 689.39 728.34 706.40 729.02 0.000119 6.6 32709.36 1126.07 0.20
Reach 22      100-year 231000.00 689.39 730.22 707.12 730.94 0.000117 6.8 34858.14 1181.34 0.20
Reach 22      1-year High 39690.00 689.39 719.00 697.71 719.05 0.000013 1.7 22964.16 992.85 0.06
Reach 22      5-year High 136800.00 689.39 721.65 703.29 722.10 0.000106 5.4 25607.82 1002.58 0.18
Reach 22      2-year High 101800.00 689.39 720.13 701.62 720.41 0.000071 4.2 24087.50 997.12 0.15
Reach 22      Normal 12700.00 689.39 710.94 695.12 710.95 0.000005 0.8 15090.56 957.86 0.04

Reach 21      1-year Low 39690.00 689.92 712.08 697.85 712.17 0.000037 2.4 16494.53 951.63 0.10
Reach 21      2-year Low 101800.00 689.92 715.97 701.40 716.36 0.000124 5.0 20209.77 960.35 0.19
Reach 21      5-year Low 136800.00 689.92 720.48 703.02 720.96 0.000118 5.6 24564.92 972.01 0.19
Reach 21      25-year 187200.00 689.92 726.11 705.14 726.72 0.000113 6.3 30312.59 1082.53 0.20
Reach 21      10-year 168500.00 689.92 723.58 704.39 724.16 0.000122 6.1 27624.46 1018.42 0.20
Reach 21      50-year 212000.00 689.92 728.31 706.10 728.99 0.000116 6.6 32705.64 1106.35 0.20
Reach 21      100-year 231000.00 689.92 730.19 706.80 730.90 0.000114 6.8 34845.74 1173.75 0.20
Reach 21      1-year High 39690.00 689.92 719.00 697.85 719.04 0.000012 1.7 23128.89 968.19 0.06
Reach 21      5-year High 136800.00 689.92 721.62 703.02 722.06 0.000102 5.3 25679.21 974.96 0.18
Reach 21      2-year High 101800.00 689.92 720.11 701.40 720.39 0.000068 4.2 24208.77 971.05 0.15
Reach 21      Normal 12700.00 689.92 710.94 694.94 710.95 0.000005 0.8 15412.61 947.89 0.04

Reach 20      1-year Low 39690.00 691.23 712.07 697.48 712.15 0.000035 2.3 16979.62 995.12 0.10
Reach 20      2-year Low 101800.00 691.23 715.92 701.09 716.30 0.000118 4.9 20887.71 1027.85 0.19
Reach 20      5-year Low 136800.00 691.23 720.44 702.75 720.89 0.000111 5.4 25543.55 1033.63 0.19
Reach 20      25-year 187200.00 691.23 726.09 704.84 726.65 0.000106 6.0 31553.86 1161.23 0.19
Reach 20      10-year 168500.00 691.23 723.55 704.08 724.09 0.000115 5.9 28778.27 1075.61 0.20
Reach 20      50-year 212000.00 691.23 728.29 705.80 728.92 0.000108 6.4 34182.59 1286.56 0.19
Reach 20      100-year 231000.00 691.23 730.17 706.51 730.83 0.000106 6.6 36624.01 1363.04 0.19
Reach 20      1-year High 39690.00 691.23 718.99 697.48 719.03 0.000011 1.7 24046.66 1031.81 0.06
Reach 20      5-year High 136800.00 691.23 721.59 702.75 722.01 0.000096 5.2 26734.16 1035.08 0.18
Reach 20      2-year High 101800.00 691.23 720.09 701.09 720.35 0.000064 4.1 25179.61 1033.19 0.14
Reach 20      Normal 12700.00 691.23 710.94 695.15 710.95 0.000004 0.8 15865.80 982.92 0.04

Reach 19      1-year Low 39690.00 692.33 712.06 697.90 712.14 0.000038 2.4 16779.09 1015.99 0.10
Reach 19      2-year Low 101800.00 692.33 715.89 701.56 716.27 0.000124 4.9 20720.41 1038.96 0.19
Reach 19      5-year Low 136800.00 692.33 720.42 703.18 720.87 0.000115 5.4 25454.31 1083.45 0.19
Reach 19      25-year 187200.00 692.33 726.07 705.28 726.63 0.000108 6.0 31543.24 1176.58 0.19
Reach 19      10-year 168500.00 692.33 723.52 704.53 724.07 0.000117 5.9 28739.61 1108.66 0.20
Reach 19      50-year 212000.00 692.33 728.27 706.24 728.89 0.000110 6.4 34075.10 1199.91 0.20
Reach 19      100-year 231000.00 692.33 730.15 706.93 730.81 0.000108 6.5 36357.41 1321.38 0.20
Reach 19      1-year High 39690.00 692.33 718.99 697.90 719.03 0.000012 1.7 23957.69 1077.81 0.06
Reach 19      5-year High 136800.00 692.33 721.57 703.18 721.99 0.000099 5.2 26668.56 1085.45 0.18
Reach 19      2-year High 101800.00 692.33 720.07 701.56 720.33 0.000067 4.1 25096.08 1082.19 0.15
Reach 19      Normal 12700.00 692.33 710.94 695.54 710.95 0.000005 0.8 15647.94 1006.60 0.04

Reach 18      1-year Low 39690.00 690.71 712.05 697.98 712.14 0.000038 2.4 16874.60 1034.82 0.10
Reach 18      2-year Low 101800.00 690.71 715.87 701.64 716.24 0.000124 4.9 20874.86 1051.21 0.19
Reach 18      5-year Low 136800.00 690.71 720.40 703.26 720.85 0.000114 5.4 25645.30 1091.24 0.19
Reach 18      25-year 187200.00 690.71 726.06 705.33 726.61 0.000107 6.0 31713.61 1201.53 0.19
Reach 18      10-year 168500.00 690.71 723.51 704.58 724.04 0.000116 5.9 28938.75 1114.62 0.20
Reach 18      50-year 212000.00 690.71 728.26 706.27 728.87 0.000109 6.3 34255.99 1217.42 0.19



HEC-RAS  Plan: Proposed Tunnel Alternative   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 18      100-year 231000.00 690.71 730.14 706.96 730.78 0.000107 6.5 36487.34 1291.54 0.19
Reach 18      1-year High 39690.00 690.71 718.99 697.98 719.03 0.000012 1.6 24153.99 1082.09 0.06
Reach 18      5-year High 136800.00 690.71 721.56 703.26 721.97 0.000098 5.1 26870.39 1102.30 0.18
Reach 18      2-year High 101800.00 690.71 720.06 701.64 720.32 0.000066 4.0 25291.76 1084.48 0.14
Reach 18      Normal 12700.00 690.71 710.94 695.60 710.95 0.000005 0.8 15727.84 1016.29 0.04

Reach 17.5    Bridge

Reach 17      1-year Low 39690.00 690.70 712.04 698.05 712.12 0.000036 2.3 17110.04 1033.76 0.10
Reach 17      2-year Low 101800.00 690.70 715.80 701.48 716.16 0.000121 4.8 21107.97 1100.81 0.19
Reach 17      5-year Low 136800.00 690.70 720.28 703.07 720.72 0.000111 5.3 26050.45 1106.20 0.19
Reach 17      25-year 187200.00 690.70 725.84 705.12 726.38 0.000105 5.9 32378.18 1234.58 0.19
Reach 17      10-year 168500.00 690.70 723.34 704.39 723.86 0.000114 5.8 29465.45 1157.08 0.19
Reach 17      50-year 212000.00 690.70 728.00 706.06 728.59 0.000106 6.2 34995.62 1249.80 0.19
Reach 17      100-year 231000.00 690.70 729.84 706.75 730.47 0.000105 6.4 37259.82 1271.37 0.19
Reach 17      1-year High 39690.00 690.70 718.92 698.05 718.96 0.000011 1.6 24550.05 1104.20 0.06
Reach 17      5-year High 136800.00 690.70 721.43 703.07 721.82 0.000095 5.1 27322.30 1113.18 0.18
Reach 17      2-year High 101800.00 690.70 719.97 701.48 720.22 0.000064 4.0 25707.03 1105.51 0.14
Reach 17      Normal 12700.00 690.70 710.94 695.80 710.95 0.000005 0.8 15980.23 1022.61 0.04

Reach 16      1-year Low 39690.00 690.63 712.03 697.66 712.11 0.000036 2.3 16906.15 987.03 0.10
Reach 16      2-year Low 101800.00 690.63 715.75 701.23 716.13 0.000121 4.9 20861.97 1103.50 0.19
Reach 16      5-year Low 136800.00 690.63 720.23 702.88 720.68 0.000114 5.4 25807.14 1107.93 0.19
Reach 16      25-year 187200.00 690.63 725.78 704.95 726.35 0.000109 6.1 32066.10 1206.29 0.19
Reach 16      10-year 168500.00 690.63 723.28 704.19 723.83 0.000117 6.0 29195.55 1131.20 0.20
Reach 16      50-year 212000.00 690.63 727.93 705.90 728.56 0.000111 6.4 34625.86 1216.55 0.20
Reach 16      100-year 231000.00 690.63 729.77 706.61 730.43 0.000109 6.6 36823.25 1219.74 0.20
Reach 16      1-year High 39690.00 690.63 718.92 697.66 718.96 0.000011 1.7 24356.16 1106.44 0.06
Reach 16      5-year High 136800.00 690.63 721.38 702.88 721.80 0.000098 5.2 27086.06 1115.16 0.18
Reach 16      2-year High 101800.00 690.63 719.94 701.23 720.20 0.000065 4.1 25488.77 1107.55 0.14
Reach 16      Normal 12700.00 690.63 710.94 695.41 710.95 0.000004 0.8 15833.90 979.87 0.04

Reach 15      1-year Low 39690.00 689.96 712.02 697.27 712.11 0.000033 2.3 17189.71 970.79 0.10
Reach 15      2-year Low 101800.00 689.96 715.75 700.79 716.12 0.000114 4.9 21092.61 1089.74 0.19
Reach 15      5-year Low 136800.00 689.96 720.22 702.43 720.67 0.000109 5.4 25975.17 1093.89 0.19
Reach 15      25-year 187200.00 689.96 725.77 704.52 726.33 0.000105 6.1 32088.06 1150.25 0.19
Reach 15      10-year 168500.00 689.96 723.27 703.74 723.81 0.000113 5.9 29319.97 1117.05 0.19
Reach 15      50-year 212000.00 689.96 727.92 705.47 728.55 0.000108 6.4 34583.98 1192.93 0.19
Reach 15      100-year 231000.00 689.96 729.76 706.17 730.42 0.000107 6.6 36741.41 1198.48 0.20
Reach 15      1-year High 39690.00 689.96 718.92 697.27 718.96 0.000011 1.7 24550.82 1092.61 0.06
Reach 15      5-year High 136800.00 689.96 721.37 702.43 721.79 0.000094 5.2 27239.01 1095.58 0.18
Reach 15      2-year High 101800.00 689.96 719.94 700.79 720.19 0.000063 4.1 25664.90 1093.52 0.14
Reach 15      Normal 12700.00 689.96 710.93 694.99 710.94 0.000004 0.8 16136.09 964.86 0.03

Reach 14      1-year Low 39690.00 690.18 712.01 697.50 712.10 0.000035 2.4 16787.13 963.43 0.10
Reach 14      2-year Low 101800.00 690.18 715.72 701.09 716.10 0.000121 5.0 20686.68 1083.47 0.19
Reach 14      5-year Low 136800.00 690.18 720.19 702.72 720.65 0.000114 5.5 25544.61 1087.58 0.19
Reach 14      25-year 187200.00 690.18 725.75 704.83 726.32 0.000109 6.1 31606.62 1099.60 0.19
Reach 14      10-year 168500.00 690.18 723.24 704.06 723.80 0.000118 6.0 28867.73 1090.22 0.20
Reach 14      50-year 212000.00 690.18 727.90 705.77 728.53 0.000111 6.5 34038.91 1152.43 0.20
Reach 14      100-year 231000.00 690.18 729.73 706.51 730.41 0.000110 6.7 36166.87 1164.10 0.20
Reach 14      1-year High 39690.00 690.18 718.91 697.50 718.96 0.000011 1.7 24156.46 1086.42 0.06
Reach 14      5-year High 136800.00 690.18 721.35 702.72 721.77 0.000098 5.2 26805.83 1088.58 0.18
Reach 14      2-year High 101800.00 690.18 719.92 701.09 720.18 0.000065 4.1 25249.79 1087.34 0.14
Reach 14      Normal 12700.00 690.18 710.93 695.19 710.94 0.000004 0.8 15749.13 957.08 0.04

Reach 13      1-year Low 39690.00 690.25 712.01 696.98 712.09 0.000034 2.4 16847.27 935.10 0.10
Reach 13      2-year Low 101800.00 690.25 715.69 700.58 716.07 0.000119 5.0 20538.08 1049.68 0.19
Reach 13      5-year Low 136800.00 690.25 720.15 702.30 720.63 0.000114 5.6 25232.65 1052.19 0.19
Reach 13      25-year 187200.00 690.25 725.70 704.43 726.29 0.000111 6.2 31075.01 1055.89 0.20
Reach 13      10-year 168500.00 690.25 723.19 703.66 723.77 0.000119 6.1 28436.58 1054.01 0.20
Reach 13      50-year 212000.00 690.25 727.84 705.42 728.51 0.000114 6.6 33375.04 1098.50 0.20
Reach 13      100-year 231000.00 690.25 729.67 706.15 730.38 0.000113 6.8 35398.74 1108.26 0.20
Reach 13      1-year High 39690.00 690.25 718.91 696.98 718.95 0.000011 1.7 23926.06 1051.49 0.06
Reach 13      5-year High 136800.00 690.25 721.31 702.30 721.75 0.000098 5.3 26455.92 1052.84 0.18
Reach 13      2-year High 101800.00 690.25 719.90 700.58 720.17 0.000065 4.2 24965.39 1052.04 0.14
Reach 13      Normal 12700.00 690.25 710.93 694.68 710.94 0.000004 0.8 15844.61 929.99 0.03

Reach 12      1-year Low 39690.00 688.05 712.00 696.14 712.09 0.000031 2.3 17135.84 916.30 0.09
Reach 12      2-year Low 101800.00 688.05 715.66 699.92 716.04 0.000111 5.0 20676.66 1000.75 0.18
Reach 12      5-year Low 136800.00 688.05 720.13 701.69 720.60 0.000108 5.5 25235.80 1048.94 0.19
Reach 12      25-year 187200.00 688.05 725.68 703.87 726.27 0.000106 6.2 30939.48 1055.04 0.19
Reach 12      10-year 168500.00 688.05 723.17 703.08 723.74 0.000114 6.1 28361.73 1053.06 0.20
Reach 12      50-year 212000.00 688.05 727.82 704.86 728.48 0.000110 6.6 33148.20 1056.74 0.20
Reach 12      100-year 231000.00 688.05 729.65 705.59 730.35 0.000109 6.8 35093.08 1105.37 0.20
Reach 12      1-year High 39690.00 688.05 718.91 696.14 718.95 0.000011 1.7 23980.33 1047.50 0.06
Reach 12      5-year High 136800.00 688.05 721.30 701.69 721.73 0.000093 5.3 26432.22 1050.39 0.18



HEC-RAS  Plan: Proposed Tunnel Alternative   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 12      2-year High 101800.00 688.05 719.89 699.92 720.15 0.000062 4.1 24984.19 1048.65 0.14
Reach 12      Normal 12700.00 688.05 710.93 693.74 710.94 0.000004 0.8 16162.06 907.57 0.03

Reach 11      1-year Low 39690.00 688.28 711.99 695.75 712.07 0.000030 2.3 16928.60 874.03 0.09
Reach 11      2-year Low 101800.00 688.28 715.60 699.66 716.00 0.000112 5.1 20316.84 990.13 0.19
Reach 11      5-year Low 136800.00 688.28 720.06 701.37 720.56 0.000111 5.7 24735.55 993.10 0.19
Reach 11      25-year 187200.00 688.28 725.59 703.60 726.22 0.000112 6.4 30233.27 996.74 0.20
Reach 11      10-year 168500.00 688.28 723.09 702.82 723.69 0.000118 6.3 27744.05 995.06 0.20
Reach 11      50-year 212000.00 688.28 727.72 704.62 728.43 0.000116 6.8 32497.10 1144.46 0.20
Reach 11      100-year 231000.00 688.28 729.54 705.33 730.30 0.000116 7.0 34703.64 1263.18 0.20
Reach 11      1-year High 39690.00 688.28 718.90 695.75 718.95 0.000011 1.7 23585.16 992.29 0.06
Reach 11      5-year High 136800.00 688.28 721.23 701.37 721.69 0.000097 5.4 25899.58 993.82 0.18
Reach 11      2-year High 101800.00 688.28 719.85 699.66 720.13 0.000063 4.3 24523.59 992.94 0.14
Reach 11      Normal 12700.00 688.28 710.93 693.26 710.94 0.000004 0.8 16006.06 870.23 0.03

Reach 10      1-year Low 39690.00 688.91 711.98 696.07 712.07 0.000033 2.4 16536.75 884.17 0.10
Reach 10      2-year Low 101800.00 688.91 715.57 699.98 715.98 0.000120 5.2 19926.07 994.47 0.19
Reach 10      5-year Low 136800.00 688.91 720.03 701.75 720.53 0.000117 5.7 24370.62 997.67 0.19
Reach 10      25-year 187200.00 688.91 725.56 704.01 726.20 0.000115 6.5 29903.08 1001.58 0.20
Reach 10      10-year 168500.00 688.91 723.06 703.20 723.67 0.000123 6.3 27396.03 999.81 0.20
Reach 10      50-year 212000.00 688.91 727.69 705.04 728.41 0.000118 6.8 32039.94 1003.09 0.20
Reach 10      100-year 231000.00 688.91 729.52 705.80 730.28 0.000118 7.1 33900.93 1059.95 0.21
Reach 10      1-year High 39690.00 688.91 718.90 696.07 718.95 0.000011 1.7 23243.52 996.86 0.06
Reach 10      5-year High 136800.00 688.91 721.21 701.75 721.67 0.000101 5.5 25545.91 998.50 0.18
Reach 10      2-year High 101800.00 688.91 719.83 699.98 720.11 0.000066 4.3 24171.57 997.53 0.15
Reach 10      Normal 12700.00 688.91 710.93 693.51 710.94 0.000004 0.8 15619.10 871.32 0.03

Reach 9       1-year Low 39690.00 688.16 711.97 695.74 712.06 0.000034 2.4 16272.35 822.47 0.10
Reach 9       2-year Low 101800.00 688.16 715.52 699.54 715.96 0.000131 5.3 19446.52 944.28 0.19
Reach 9       5-year Low 136800.00 688.16 719.97 701.29 720.51 0.000135 5.9 23649.41 947.65 0.20
Reach 9       25-year 187200.00 688.16 725.48 703.57 726.17 0.000140 6.7 28888.09 953.25 0.21
Reach 9       10-year 168500.00 688.16 722.98 702.74 723.64 0.000146 6.6 26508.73 950.73 0.21
Reach 9       50-year 212000.00 688.16 727.60 704.63 728.38 0.000147 7.1 30910.43 955.38 0.21
Reach 9       100-year 231000.00 688.16 729.42 705.40 730.25 0.000149 7.4 32673.25 995.43 0.21
Reach 9       1-year High 39690.00 688.16 718.89 695.74 718.94 0.000013 1.8 22630.79 946.02 0.06
Reach 9       5-year High 136800.00 688.16 721.15 701.29 721.65 0.000118 5.7 24770.25 949.01 0.19
Reach 9       2-year High 101800.00 688.16 719.80 699.54 720.10 0.000076 4.4 23485.73 947.37 0.15
Reach 9       Normal 12700.00 688.16 710.93 693.34 710.94 0.000004 0.8 15416.97 820.08 0.03

Reach 8       1-year Low 39690.00 687.93 711.96 695.48 712.05 0.000034 2.4 16337.99 879.48 0.10
Reach 8       2-year Low 101800.00 687.93 715.47 699.56 715.90 0.000125 5.2 19466.88 895.04 0.20
Reach 8       5-year Low 136800.00 687.93 719.92 701.50 720.45 0.000123 5.9 23456.20 899.44 0.20
Reach 8       25-year 187200.00 687.93 725.43 703.87 726.12 0.000123 6.7 28429.79 906.61 0.21
Reach 8       10-year 168500.00 687.93 722.92 703.04 723.58 0.000131 6.5 26166.72 903.20 0.21
Reach 8       50-year 212000.00 687.93 727.54 704.97 728.32 0.000128 7.1 30351.69 910.74 0.21
Reach 8       100-year 231000.00 687.93 729.36 705.76 730.19 0.000128 7.3 32029.90 943.04 0.21
Reach 8       1-year High 39690.00 687.93 718.89 695.48 718.94 0.000012 1.8 22531.01 898.48 0.06
Reach 8       5-year High 136800.00 687.93 721.11 701.50 721.60 0.000107 5.6 24526.03 900.94 0.19
Reach 8       2-year High 101800.00 687.93 719.77 699.56 720.07 0.000070 4.4 23321.38 899.30 0.15
Reach 8       Normal 12700.00 687.93 710.93 692.96 710.94 0.000004 0.8 15443.61 862.93 0.03

Reach 7       1-year Low 39690.00 688.16 711.95 695.04 712.04 0.000031 2.4 16590.76 841.14 0.09
Reach 7       2-year Low 101800.00 688.16 715.44 699.19 715.86 0.000118 5.2 19536.76 845.75 0.19
Reach 7       5-year Low 136800.00 688.16 719.88 701.09 720.42 0.000119 5.9 23306.06 851.56 0.20
Reach 7       25-year 187200.00 688.16 725.38 703.54 726.08 0.000122 6.7 28025.38 924.31 0.21
Reach 7       10-year 168500.00 688.16 722.88 702.66 723.54 0.000128 6.5 25866.40 855.72 0.21
Reach 7       50-year 212000.00 688.16 727.49 704.60 728.28 0.000127 7.1 30132.94 1075.24 0.21
Reach 7       100-year 231000.00 688.16 729.31 705.37 730.16 0.000128 7.4 32191.87 1199.44 0.21
Reach 7       1-year High 39690.00 688.16 718.89 695.04 718.93 0.000011 1.8 22457.46 850.23 0.06
Reach 7       5-year High 136800.00 688.16 721.07 701.09 721.57 0.000104 5.6 24321.79 853.27 0.19
Reach 7       2-year High 101800.00 688.16 719.75 699.19 720.05 0.000067 4.4 23191.73 851.38 0.15
Reach 7       Normal 12700.00 688.16 710.93 692.33 710.94 0.000004 0.8 15731.90 838.74 0.03

Reach 6       1-year Low 39690.00 687.20 711.95 694.29 712.03 0.000026 2.2 17767.12 881.76 0.09
Reach 6       2-year Low 101800.00 687.20 715.45 698.19 715.82 0.000101 4.9 20906.22 909.31 0.18
Reach 6       5-year Low 136800.00 687.20 719.90 699.98 720.37 0.000102 5.5 24996.05 927.46 0.18
Reach 6       25-year 187200.00 687.20 725.41 702.30 726.02 0.000105 6.3 30161.71 950.76 0.19
Reach 6       10-year 168500.00 687.20 722.90 701.48 723.49 0.000110 6.1 27800.87 937.93 0.19
Reach 6       50-year 212000.00 687.20 727.52 703.37 728.22 0.000110 6.7 32353.29 1084.95 0.20
Reach 6       100-year 231000.00 687.20 729.34 704.15 730.09 0.000110 6.9 34419.21 1192.36 0.20
Reach 6       1-year High 39690.00 687.20 718.89 694.29 718.93 0.000010 1.7 24059.93 923.86 0.06
Reach 6       5-year High 136800.00 687.20 721.09 699.98 721.52 0.000089 5.3 26103.75 931.65 0.17
Reach 6       2-year High 101800.00 687.20 719.76 698.19 720.02 0.000057 4.1 24865.15 926.96 0.14
Reach 6       Normal 12700.00 687.20 710.93 691.61 710.93 0.000003 0.8 16869.39 874.23 0.03

Reach 5       1-year Low 39690.00 683.93 711.94 693.44 712.02 0.000025 2.2 17892.20 859.55 0.09
Reach 5       2-year Low 101800.00 683.93 715.43 697.53 715.80 0.000097 4.9 20935.17 885.76 0.17



HEC-RAS  Plan: Proposed Tunnel Alternative   River: Stream   Reach: Reach (Continued)
Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft)  
Reach 5       5-year Low 136800.00 683.93 719.88 699.39 720.35 0.000100 5.5 24918.92 908.14 0.18
Reach 5       25-year 187200.00 683.93 725.38 701.75 726.00 0.000104 6.3 30030.45 1003.98 0.19
Reach 5       10-year 168500.00 683.93 722.88 700.91 723.47 0.000109 6.2 27664.41 925.59 0.19
Reach 5       50-year 212000.00 683.93 727.49 702.84 728.20 0.000109 6.8 32191.72 1053.13 0.20
Reach 5       100-year 231000.00 683.93 729.31 703.66 730.07 0.000110 7.0 34193.30 1148.45 0.20
Reach 5       1-year High 39690.00 683.93 718.88 693.44 718.93 0.000009 1.7 24021.43 901.25 0.06
Reach 5       5-year High 136800.00 683.93 721.07 699.39 721.51 0.000087 5.3 26004.90 911.46 0.17
Reach 5       2-year High 101800.00 683.93 719.74 697.53 720.01 0.000056 4.1 24799.78 907.69 0.14
Reach 5       Normal 12700.00 683.93 710.93 690.84 710.93 0.000003 0.7 17020.12 852.42 0.03

Reach 4.5     Bridge

Reach 4       1-year Low 39690.00 682.84 711.73 693.18 711.81 0.000025 2.2 17874.35 869.99 0.09
Reach 4       2-year Low 101800.00 682.84 715.21 697.40 715.58 0.000099 4.9 20982.07 904.40 0.18
Reach 4       5-year Low 136800.00 682.84 719.66 699.24 720.13 0.000101 5.5 25162.76 958.52 0.18
Reach 4       25-year 187200.00 682.84 725.14 701.61 725.76 0.000104 6.3 30676.13 1060.38 0.19
Reach 4       10-year 168500.00 682.84 722.66 700.78 723.24 0.000109 6.1 28072.98 994.41 0.19
Reach 4       50-year 212000.00 682.84 727.23 702.70 727.93 0.000109 6.7 32897.46 1073.66 0.20
Reach 4       100-year 231000.00 682.84 729.02 703.52 729.77 0.000110 7.0 34847.16 1105.13 0.20
Reach 4       1-year High 39690.00 682.84 718.72 693.18 718.76 0.000010 1.7 24259.00 954.68 0.06
Reach 4       5-year High 136800.00 682.84 720.86 699.24 721.30 0.000088 5.3 26316.66 964.48 0.17
Reach 4       2-year High 101800.00 682.84 719.56 697.40 719.82 0.000056 4.1 25062.33 958.10 0.14
Reach 4       Normal 12700.00 682.84 710.71 690.44 710.72 0.000003 0.7 16995.94 852.36 0.03

Reach 3       1-year Low 39690.00 686.48 711.73 711.80 0.000026 2.2 17957.64 911.52 0.09
Reach 3       2-year Low 101800.00 686.48 715.18 715.54 0.000101 4.8 21180.54 947.48 0.18
Reach 3       5-year Low 136800.00 686.48 719.64 720.10 0.000101 5.4 25439.04 961.91 0.18
Reach 3       25-year 187200.00 686.48 725.13 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3       10-year 168500.00 686.48 722.63 723.20 0.000109 6.0 28422.77 1081.42 0.19
Reach 3       50-year 212000.00 686.48 727.22 727.87 0.000106 6.5 35459.07 1823.94 0.19
Reach 3       100-year 231000.00 686.48 729.02 729.70 0.000104 6.7 38859.30 1966.97 0.19
Reach 3       1-year High 39690.00 686.48 718.72 718.76 0.000010 1.6 24551.93 959.10 0.06
Reach 3       5-year High 136800.00 686.48 720.84 721.26 0.000087 5.2 26604.84 978.03 0.17
Reach 3       2-year High 101800.00 686.48 719.55 719.80 0.000057 4.0 25348.22 961.62 0.14
Reach 3       Normal 12700.00 686.48 710.71 710.72 0.000003 0.7 17036.53 904.87 0.03

Reach 2       1-year Low 39690.00 686.68 711.72 711.79 0.000026 2.2 18010.96 906.87 0.09
Reach 2       2-year Low 101800.00 686.68 715.15 715.51 0.000100 4.8 21193.56 942.18 0.18
Reach 2       5-year Low 136800.00 686.68 719.61 720.07 0.000100 5.4 25430.82 958.66 0.18
Reach 2       25-year 187200.00 686.68 725.10 725.68 0.000102 6.2 32048.79 1544.22 0.19
Reach 2       10-year 168500.00 686.68 722.60 723.17 0.000108 6.0 28400.58 1116.26 0.19
Reach 2       50-year 212000.00 686.68 727.19 727.84 0.000105 6.5 35284.31 1548.45 0.19
Reach 2       100-year 231000.00 686.68 728.99 729.67 0.000104 6.7 38099.75 1606.26 0.19
Reach 2       1-year High 39690.00 686.68 718.71 718.75 0.000009 1.6 24573.39 955.11 0.06
Reach 2       5-year High 136800.00 686.68 720.82 721.24 0.000087 5.2 26597.28 977.40 0.17
Reach 2       2-year High 101800.00 686.68 719.53 719.78 0.000056 4.0 25353.35 958.34 0.14
Reach 2       Normal 12700.00 686.68 710.71 710.72 0.000003 0.7 17099.07 902.79 0.03

Reach 1       1-year Low 39690.00 686.93 711.71 694.08 711.79 0.000026 2.2 18006.63 898.15 0.09
Reach 1       2-year Low 101800.00 686.93 715.11 698.10 715.48 0.000100 4.8 21154.88 958.39 0.18
Reach 1       5-year Low 136800.00 686.93 719.58 699.96 720.03 0.000100 5.4 26175.16 1166.67 0.18
Reach 1       25-year 187200.00 686.93 725.07 702.37 725.64 0.000100 6.1 33905.90 1555.58 0.19
Reach 1       10-year 168500.00 686.93 722.57 701.54 723.13 0.000107 6.0 30034.65 1473.34 0.19
Reach 1       50-year 212000.00 686.93 727.17 703.45 727.80 0.000103 6.5 37170.46 1559.16 0.19
Reach 1       100-year 231000.00 686.93 728.97 704.16 729.63 0.000102 6.6 39995.21 1597.41 0.19
Reach 1       1-year High 39690.00 686.93 718.71 694.08 718.75 0.000009 1.6 25166.54 1162.62 0.06
Reach 1       5-year High 136800.00 686.93 720.79 699.92 721.21 0.000087 5.2 27627.20 1252.75 0.17
Reach 1       2-year High 101800.00 686.93 719.51 698.11 719.76 0.000056 4.0 26098.12 1166.36 0.14
Reach 1       Normal 12700.00 686.93 710.71 691.10 710.72 0.000003 0.7 17109.86 895.38 0.03
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I-376 BATHTUB STUDY ALTERNATIVES ANALYSIS  
STORMWATER ANALYSIS 

ALLEGHENY COUNTY | PENNDOT DISTRICT 11-0 
 

I. INTRODUCTION AND PROJECT DESCRIPTION 
 
A stormwater analysis was performed to evaluate the PennDOT District 11-0 (PennDOT) drainage 
systems and surface flooding into the “Big Bathtub” and “Little Bathtub” section of the Interstate 376 (I-
376) Central Parkway. The analysis also encompasses the Ramp D area of ponding on I-376 West from 
Grant Street to the Ft. Pitt Bridge.  The project site is located within the City of Pittsburgh in Allegheny 
County, Pennsylvania on the USGS quadrangle maps entitled Pittsburgh East, PA and Pittsburgh West, 
PA (Figure B-1A). The purpose of the stormwater analysis was to determine if the localized stormwater 
runoff (runoff from the road and impervious drainage areas to the sumps) and storm sewer surcharge 
is a source of the flooding and see how it might be interconnected to the river flooding.   
 

  
Figure B-1A. Project Location – USGS Quadrangle 
 
NTM was tasked with studying the storm water system in the area where Smithfield street crosses I-
376. This task was completed with SWMM modeling of the existing stormwater system using the 
PCSWMM model. PCSWMM is a dynamic rainfall-runoff simulation and storm sewer analysis model used 
for single event or long-term simulation of runoff quantity and quality from primarily urban areas, and 

PROJECT 
LOCATION 
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thus is appropriate for this situation. The three areas of the Central Parkway that typically flood are 
shown in Figure B1-B: the Ramp D/Tunnel Area near Grant Street; the “Big Bathtub” area (Wood Street 
Sump); and the “Little Bathtub” area (Stanwix Street Sump).  
 

 
Figure B-1B. Project Location – CAD Base Mapping 
 
There are currently two separate PennDOT storm sewer systems consisting of 18-inch diameter pipe in 
the Little Bathtub and Big Bathtub areas that drain to a sump chamber located at Stanwix Street for the 
Little Bathtub and Wood Street for the Big Bathtub.  A third system is located southeast of the tunnel 
and flows directly to the river, with a drop structure into the ALCOSAN sewer system.  
 
The sump chambers have sump pumps in them to pump out water during and after flooding events 
when water from the Monongahela River floods the roads. The pumps are dewatering pumps and do not 
reduce the flooding event as it is occurring. The areas of the Central Parkway that flood are closed off to 
traffic during flooding events and the stormwater is pumped out through the pumps over the wall into 
the parking area between the wall and the River. The existing permanent 4-inch pumps are undersized 
and cannot handle mud and other flood-related debris. Therefore, these pumps are deactivated just 
prior to the wall being overtopped. After the wall is breached and the floodwaters have receded below 
the wall, a Contractor on retainer with PennDOT, trailers in larger 6-inch centrifugal pumps at the Mon 
Wharf and Stanwix Street Ramps. The 6-inch standpipe systems are used to pump out the bathtub areas 
more quickly than the 4-inch pumps and without mud and flood debris clogging the pumps. Once the 
water level in the bathtub reaches a point that the 6-inch pumps are ineffective and flood debris is not a 
concern, the 4-inch pumps are activated to remove the remaining water.  
 
Although the Little Bathtub and Big Bathtub are separate areas of flooding, when the flood level reaches 
a high enough elevation between the two areas, the two areas possibly overflow into each other and 
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become contiguous. PennDOT has reported that local drainage area runoff has not contributed to the 
flooding in the bathtubs and the goal of this analysis is to determine if this is the case.   
 
 

II. DATA ANALYSIS 
 
General information about the sumps was provided by PennDOT in the March 2, 2020 status conference 
call. Bill Lester from PennDOT District 11 indicated that the sluice gates on each sump pump chamber 
outflow pipe in both bathtubs were functioning properly and would be improved or made automated if 
enhancements are made to alleviate the bathtub’s flooding.  As such, surcharge into the two bathtub 
areas would not need to be further analyzed and the stormwater analysis would be focused on the Ramp 
D/Tunnel Area flooding and surcharge.  
 
The various drawing sets and data for the bathtub obtained from PennDOT and other sources included: 

 1982 PennDOT LR 764 Roadway Plans (76 sheets) 
 1982 PennDOT LR 764 Floodwall Protection Plans (26 sheets) 
 2001 Fort Pitt Boulevard Eastbound/Interstate Connector Plans (88 sheets)  
 Project surveyed LiDAR topographic data  
 PASDA LiDAR data 
 ALCOSAN GIS and SWMM model data  
 Google Earth and Google Earth Street View images   
 10th Street Bypass Bathtub/Interstate Connector Emergency Closure Procedure 

 
After further research and after additional plans for the Ramp D/Tunnel area were provided, it was 
determined that the Ramp D inlets near where there is reported ponding are connected to the Big 
Bathtub system and Wood Street sump pump chamber. Therefore, the Big Bathtub was included as part 
of the Ramp D/Tunnel Area PCSWMM model for the analysis.   

 
NTM Engineering, Inc. (NTM) evaluated the data available for the storm drainage systems in this section 
of the Central Parkway. Data provide by others included detailed topography of the drainage area to the 
bathtub and the surrounding drainage area at 0.5-foot intervals. There was existing data on storm 
sewers, inlets and manhole locations provided but there was limited data on inlet/manhole and rim and 
invert and pipe elevations that drain to this area. All storm sewers, drainage systems and appurtenance 
works were evaluated to determine if they should be included in the PCSWMM model. On October 10, 
2020, additional survey was completed to obtain the inlet/manhole rim and invert elevations for the 
structures that are located in the Big Bathtub and in the Ramp D/Tunnel Area required to run the 
PCSWMM model.   

 
The PWSA/ALCOSAN SWMM model and the PennDOT 1982 drawings have a vertical datum of NGVD 
1929. Current survey is in NAVD 1988. Elevation reported herein are NAVD 1988 with NGVD 1929 in 
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parentheses (where applicable) to compare against the SWMM model and appurtenant drawings. The 
NAVD 1988 elevations are 0.52 feet lower than the reported NGVD 1929 elevations. Any data from plans 
that was recorded in NGVD 1929 datum, was converted to NAVD 1988 datum for input into the 
PCSWMM model. 
 
Based on the information provided, the PennDOT Big Bathtub storm sewer system is independent of the 
PWSA/ALCOSAN system. There are, however, drop structure tie-ins at the ALCOSAN 90-inch trunk line 
diversion structures and at various roadway storm inlets in the area of Ramp D southeast of the Tunnel. 
The Fort Pitt Boulevard Eastbound/Interstate Connector Plans from 2001 are the most current set 
received from PennDOT. From the available drawings, it appears that the local PennDOT system (the 
area where stormwater flows to the PennDOT storm sewer system in the bathtub area) eventually flows 
to the sump chambers (highlighted in yellow southeast of the floodwall in Figure B-2).  
 
The floodwall drawings have more detail on the sump chamber system, particularly on how the 
PennDOT storm system ties into the sump chambers, a sample of which is shown in Figure B-2. The 
PWSA/ALCOSAN system is highlighted in brown while the PennDOT system is shown in yellow. The 
drawing set provided profiles for road elevations, inverts, and profiles for some of the storm sewers, but 
did not provide all of the necessary invert data to fully develop the stormwater model.   
 

 
 
Figure B-2. Sample Floodwall Drawing for the Big Bathtub Area (Near Wood Street) Showing the Big 
Bathtub Sump 
 
Based on the field view, the field survey and the floodwall drawings, stormwater flows from the sump 
chamber through a manually operated sluice gate on the exterior of the chamber to the 90” ALCOSAN 
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system and ties in via a diversion structure.  
 
The sluice gates prevent the storm sewer on the river side of the floodwall from surcharging into the 
sump chambers. It appears that for the storm system to function one would expect a baffle within the 
sump chamber separating the incoming and outgoing storm sewer from the actual sump pump chamber, 
although no design drawings have been received to confirm this. The field survey uncovered what 
appeared to be a baffle during the field view, but it does not function as a full baffle due to a 1.5’ gap 
between the bottom of the sump chamber and the bottom of the “baffle”.  It appears that the upper 
portion of the baffle is to shield the pumps from the inflow turbulence and prevent floatables from 
interfering with the pumps, while the open bottom would allow the entire chamber to be pumped dry 
after an event.  From team progress meetings, it has been determined that the sluice gate on the sump 
pump chamber outflow pipe in the Big Bathtub is functioning properly and would be improved if 
enhancements are made to alleviate the bathtub’s flooding. Figure B-3 provides a layout of the sump 
chamber(s) from information received from the field survey.   

 

Figure B-3: Schematic of PennDOT Sump System  
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The roadway plans did not have inverts for the storm sewers, an example of which is shown in Figure 
B-4. Therefore, additional survey data was required to complete the storm sewer analysis and the data 
was collected on October 10, 2020. 

 

 
Figure B-4. Sample Roadway Drawing for Big Bathtub Area  
 
ALCOSAN Sewer 

NTM obtained the ALCOSAN SWMM Model to evaluate if the ALCOSAN system impacted the PennDOT 
system in the Bathtub area. The ALCOSAN SWMM model has a 4-foot diameter pipe and a 3-foot 
diameter pipe that traverse the Ramp D area just southeast and northwest of the tunnel respectively 
(Figure B-5) and one 6-foot diameter line pipe that traverses the Big Bathtub area just northwest of the 
sump (shown in brown in Figure B-2 and Figure B-4).  The 6-foot pipe has an invert that is 8 feet below 
the PennDOT storm sewer and the PennDOT storm system does not tie into it, or vice versa. The six-foot 
pipe as well as the PennDOT Wood Street sump chamber tie into an ALCOSAN diversion structure 
downstream of the Wood Street sump chamber (middle-bottom of Figure B-2).  The tie in of the 
PennDOT system to the ALCOSAN diversion structure downstream of Wood Street is not shown in 
Figure B-4 because it was not included as part of the Roadway Plans.  
 
The 3-foot diameter pipe just northwest of the tunnel in Figure B-5 traverses Ramp D from Fort Pitt 
Boulevard on its way to the river. It has a tie in from the PennDOT storm sewer system from Ramp A 
before the pipe crosses approximately 8 feet under Ramp D1.  No inlets from Ramp D tie into this pipe.   
 
The 4-foot ALCOSAN pipe just southeast of the tunnel flows towards Ramp D from the City (Figure B-
5). The pipe first enters a manhole (referred to as a junction in the SWMM model) on the southeast side 

 
 
1 Based on the 2001 Fort Pitt Boulevard Eastbound/Interstate Connector Plan details. 

ALCOSAN 
diversion 
structure 

6-ft dia. 
ALCOSAN 
pipe 

7.5-ft dia. 
ALCOSAN pipe 
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of Ramp D with a field surveyed bottom elevation of 709.40 and a rim elevation of 726.10. PennDOT 
storm sewers on Ramp D southeast of the tunnel area tie into this junction. The ALCOSAN pipe then 
flows under Ramp D in another 4-foot diameter pipe to a diversion structure.  The ALCOSAN SWMM 
model did not include the PennDOT storm sewer system.  

 
Figure B-5. ALCOSAN System Layout Through the Ramp D Area as Portrayed by the ALCOSAN SWMM 
Model  

 
The invert of the 4-foot diameter ALCOSAN pipe is approximately 6 feet below the PennDOT pipe where 
they cross. The diversion structure, which has dimensions of 1 foot wide by 0.333 ft in height, diverts 
some flow to a junction with an invert of 704.84 (705.36) and a rim of 728.77 (729.29). This then flows 
through another diversion structure with a 1.5-foot diameter. The profile of the ALCOSAN system 
configuration is shown in Figure B-6. The flow then enters another junction to the 90-inch (7.5-foot) 
diameter ALCOSAN trunk line with an invert of 630.18 (630.7) and a rim of 729.48 (730). Note that the 
90-inch trunk line is approximately 100 feet below the ground surface.  
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ALCOSAN 
pipe 

4-ft dia. 
ALCOSAN 
pipe 

7.5-ft dia. 
ALCOSAN 
pipe 
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Figure B-6. SWMM Profile of 4-foot Diameter ALCOSAN Storm Sewer Through the Ramp D Area 

 
The flow that is not diverted is allowed to flow through another 3.75-foot by 3.75-foot diversion 
structure and into a junction with an invert of 707.85 (708.37) and a rim of 730.67 (731.19). From there, 
it flows into a 3.81-foot diameter pipe to its outlet at the river. According to the ALCOSAN SWMM model, 
this diversion structure has a flap gate on it.  (Figure B-7). The river outlet has an invert of 706.62 
(707.14) (Figures B-5 and B-6).   
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Figure B-7. Diversion Structure West Side of Ramp D – ALCOSAN System 
 
Ramp D Surface Data 

An initial comparison of the PennDOT Floodwall and Roadway drawings and the street views showed a 
number of discrepancies. Many of the discrepancies were with the number and location of inlets found 
in street view versus those shown on the plans. There was also a discrepancy with the location of 
Ramp D when overlaying the survey over the Floodwall Drawings as shown in Figure B-8.  Ramp D in 
the survey did not line up with Ramp D on the plans. Once the 2001 Fort Pitt Boulevard 
Eastbound/Interstate Connector Plans were made available, the discrepancies between the Google Street 
View and the Plans were explained. The Fort Pitt Boulevard Plans Eastbound/Interstate Connector Plans 
showed that Ramp D underneath the Smithfield Bridge was shifted south and new inlets were added in 
2001 (Figure B-10). 
 
From the Google Street View it appeared that the area of ponding in Ramp D is in the tunnel 
(approximate location 650+00); the PennDOT Ramp D profile (Figure B-9) and project surveyed LiDAR 
topo indicated a low point under the Smithfield Street bridge overpass at approximately Station 645+40 
with an elevation of 717.53 (718.05) from Figure B-9. The initial project surveyed LiDAR elevations 
were not picked up directly inside of the tunnel, however, the subsequent field survey did pick up spot 
elevations inside the tunnel.  The project surveyed LiDAR elevations just southeast of the Smithfield 
Street bridge indicate a low point of elevation 716.9 at approximately station 646+30 and a top of grate 
elevation obtained through the field survey at an inlet at that location is 716.97.  The subsequent field 
survey also picked up a relatively flat area just northwest of the tunnel. 
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Figure B-8. Floodwall Drawing Overlay onto Survey 
 
The profile for Ramp D (Figure B-9) shows that there is a constant downward slope northwestward in 
the tunnel towards the low area northwest of the tunnel. There are six inlets and an 18-inch diameter 
RCCP storm sewer located in a depressed area of Ramp D (just southeast of the Smithfield Street Bridge), 
shown in Figure B-10, that convey stormwater to the storm sewer system to the Wood Street sump (Big 
Bathtub). The plans did not provide pipe or inlet invert elevations for these structures, but the invert 
elevations were provided by AECOM for those six inlets through archived design files supplied by SAI 
and ultimately provided by AECOM through a field survey. There are no inlets inside the tunnel.   
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Figure B-9: Ramp D Profile at Smithfield Street Bridge 
 
 

 
Figure B-10. Ramp D Inlets at Smithfield Street Bridge Intersection - Source: 2001 Eastbound/ Interstate 
Connector Drawings 
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Figure B-11. Inlets in Ramp D Southeast of the Tunnel Area that Discharge to the ALCOSAN System 

 
It appears by comparing various elevations (shown in Figure B-12) that when the Big Bathtub floods to 
an elevation above the low point of the Ramp D depressed area, the floodwater from the Big Bathtub 
could surcharge through the storm sewer to the inlets in Ramp D. It can be seen from Figure B-12 that 
the low point elevation of the Ramp D/Tunnel Area is somewhere between the 2- and 5-year river event 
elevations. However, as has been reported by PennDOT, both bathtubs have sluice valves that are in 
working order.  If this is the case, the inlets in the Ramp D sump should not surcharge until the floodwall 
is overtopped. 
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Figure B-12. Wood Street Sump, Ramp D Low Point, and Monongahela River Elevation Comparison 
 
Drainage Areas  

The various plans, models and other data were compared to determine the surface drainage area that 
contributes to the Little Bathtub, Big Bathtub, and the Ramp D/Tunnel Area flooding, the low point 
location, and how the storm sewer system functions in this area.   
 
Drainage areas were delineated to the Little Bathtub area, the Big Bathtub area, and the Tunnel Area, as 
shown in Figure B-13. Only the Big Bathtub and Tunnel Area was analyzed since it was decided in status 
meetings that the sump sluice gates were functioning properly and preventing backwater from the river 
from entering the bathtub areas. The Ramp D tunnel is not included in any of the drainage areas because 
it is completely enclosed and therefore rainfall does not fall on the inside of the tunnel.  The portion of 
the Ramp D location that is tributary to the Big Bathtub is shown as part of the Big Bathtub drainage 
area in Figure B-13.  The Tunnel Area drainage area in green in Figure B-13 was included in the analysis 
even though its inlets are not tributary to the Big Bathtub  It was currently assumed that the inlets that 
are located southeast of the Tunnel Area (highlighted in yellow in Figure B-11) do not capture all of the 
stormwater tributary to them and that the stormwater bypasses and enters into the Big Bathtub 
drainage area.  
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Figure B-13. Overview of Study Area and Respective Drainage Areas 
  

PennDOT Storm System Data 

An analysis was performed to determine what data (pipe sizes, manhole inlet and pipe inverts, and 
connectivity) was available for modeling and what data was missing. A significant amount of storm 
sewer data needed to be surveyed. A complete listing of available PennDOT storm sewer data is listed 
in Appendix B-1. 
 
 Additionally, the stage-storage data for the Ramp D/Tunnel Area, Big Bathtub and Little Bathtub were 
calculated from the LiDAR survey. An example of the stage-storage data is shown in Figure B-14.   
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Figure B-14. Stage-Storage Data for the Little Bathtub 

 
 
III. PCSWMM MODEL 

 
A PCSWMM model has been developed for the storm sewer system from the Ramp D/Tunnel Area to the 
Wood Street sump in the Big Bathtub (Figure B-15). The analysis includes the Ramp D inlets that are 
tributary to the Wood Street sump and all other inlets along SR 376 Westbound that are tributary to the 
sump. The model is established with information (inverts, top of grates) from the field survey and the 
plans.   
 
Flooding area storage data was incorporated into the model. Runoff rates and volumes to the Big 
Bathtub and the Ramp D/Tunnel Area were determined and incorporated into evaluating the existing 
conditions and the PCSWMM model was finalized.  A storm sump pump curve was incorporated into the 
model. The model was run to determine possible flooding from the drainage systems for the 25-year 
design event. The model was also run using rainfall data and river elevation data from an event in 
September 2018.  
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Figure B-15. Preliminary Ramp D/Tunnel Area/Big Bathtub PCSWMM Model 
 

Sumps, Pumps and Sluice Gate 

There are two pumps located in the Wood Street Big Bathtub sump.  According to the 10th Street Bypass 
Bathtub/Interstate Connector Emergency Closure Procedure the sluice gates are manually closed when 
the river stage is at 18’ which corresponds to elevation 711.71. The pump on/off in the sump chamber 
for the Big Bathtub are set up on floats.  When the sump chamber fills to a certain level, the first pump 
turns on. If the sump chamber continues to fill and sets off the second float the second pump turns on. If 
both pumps cannot empty the sump chamber the third float activates and sets off an alarm (flashing 
light).  The system changes the lead pump in order to share the hours of operation. If pump number one 
comes on first under a flood event pump number two will start first in the next event. This is done so 
one pump is not continually used. 
 
When modeling the Big Bathtub, two pump curves with similar pumping characteristics were provided 
to NTM for the sump pumps located in the sump chambers. The pump curves were for a Sulzer 
Submersible Sewage Pump and a Goulds Submersible Sewage Pump.  There was no indication of which 
pump was installed in the sump chambers.  The field survey did not obtain the type of pump. Since pump 
curves were similar, the Goulds pump was chosen for the Big Bathtub model. The pump curves for both 



 
 

17 
 

are provided in Figure B-16 and Figure B-17.   
 
Dewatering time of the Big Bathtub area assumed both pumps on, and was determined utilizing the top 
of wall elevation of 719.5 at the Wood Street Sump Chamber, since above that point, the ponded water 
recedes as the river recedes.  The Little Bathtub begins to overflow into the Big Bathtub at elevation 
718.5, or vice versa depending on which one fills up first, so the volume in the drawdown calculations 
includes overflow from the Little Bathtub.  The volume of water the pumps need to draw down is 191,929 
cubic feet, or 1,435,727 gallons.   

 
Assuming 2 Goulds pumps were installed in the Wood Street sump chamber at 650 GPM (1.45 cfs), the 
drawdown time for the volume of the Big Bathtub is approximately 18 hours, as shown in the pump 
drawdown table in Figure B-18.  If the current pumping capacity were doubled to 1300 GPM each then 
the drawdown time for the volume of the Big Bathtub would be reduced to 9 hours, as shown in Figure 
B-18. 
 
The sump specifications for the Submersible Pumping System within Wood Street Sump Area provided 
from the LR 764 project indicate different information than the pump curves supplied.  The 
specifications indicate that the pump shall be capable of delivering 950 GPM (2.12 cfs) against a total 
head of 13 feet.  Assuming 2 pumps at 950 GPM (2.12 cfs), the drawdown time for the volume of the Big 
Bathtub is 13 hours (Figure B-18).  According to the pump curves in Figure B-16 and Figure B-17, 13 
feet of head and 950 GPM (2.12 cfs) is not within the range of the curves for each pump and appears that 
the pumps that were installed may not meet the requirements in the specification, but this cannot be 
confirmed.   
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Figure B-16. SULZER XFP100E Pump Curve  
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Figure B-17. GOULDS 4SDX12J2GC 7.69” DIA. Pump Curve  

 
 

Pump  Vol- cf 
Vol 

Ac-Ft  Gallons 

Pump 
rate 

(gpm) 

Pump 
rate 
(cfs) 

Draw-
down 
(min) 

Draw-
down 
(hr) 

Draw-
down 
(days) 

2 Goulds Pumps at 
650 gpm each 191929 4.41 1,435,727 1,300 2.86 1,104 18 0.77 
2 pumps at 950 gpm 
from LR 764 Spec 191929 4.41 1,435,727 1,900 4.18 756 13 0.52 
2 pumps at 1300 gpm 
each 191929 4.41 1,435,727 2,600 5.72 552 9 0.38 

Figure B-18. Pump Drawdown Times 
 
 
IV. TUNNEL FLOODING 

A summary conference call with the District held on November 5th indicated that staff had observed 
flooding southeast of the Ramp D tunnel. There was a subsequent conference call with William Lester 
on November 9th to try to pinpoint the exact area of flooding concern.  Based on that conversation, 
William indicated that the flooding was actually in the tunnel and the area directly to the northwest of 
the tunnel, not southeast of it, and that it only occurred during the three day event September 8 - 11, 
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2018. Figure B-19 is the Google Streetview of the location of the flooding, looking southeast, described 
in the November 9th conference call. 

 

 
Figure B-19. Google Streetview of the Location of the Flooding Eastbound Ramp D looking Southeast 

 

It was discussed in the November 5th meeting that NTM would evaluate modeling scenarios where the 
inlets southeast of the tunnel were 50% and 100% clogged to see how that would affect the Big Bathtub.  
In actuality, the entire drainage area and surface runoff leading to the inlets southeast of the tunnel, as 
shown in green in Figure B-20 had already been included in the model for the Big Bathtub. This would 
be equivalent to assuming the inlets were 100% clogged and the runoff southeast of the tunnel and 
would reach the Big Bathtub storm sewer system. This provides conservative flow estimates in the Big 
Bathtub area.   
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Figure B-20. Drainage area Southeast of Ramp D Tunnel Accounted for Flow to the Big Bathtub. 
 

Tunnel Area Storm Sewer System 

In response to the concerns raised in this status call meeting of November 5th, NTM reviewed the 
available storm sewer information to determine if there was sufficient information to identify the cause 
of the ponding that occurred to the northwest  and inside the Ramp D tunnel as reported by Bill Lester.    
 
Although the surface runoff was assumed to flow to the Big Bathtub, in actuality, the storm sewer system 
to the southeast of the Ramp D tunnel is not tributary to the Big Bathtub. It has a separate outfall to the 
river. The PCSWMM stormwater model in Figure B-21 illustrates the location of the inlets and the 
elevations that are available from the survey. The red triangle is the downstream end of the ALCOSAN 
sewer that crosses Fort Pitt Boulevard.  The survey did not get the downstream elevation. This system 
was not modeled since it ties into the ALCOSAN system which goes outside the scoped study area.   



 
 

22 
 

 
Figure B-21. PCSWMM Model of the Area Southeast of the Tunnel 

 

Figure B-22 is a screenshot of the Roadway Plans in the area of the Ramp D Tunnel.  Highlighted in 
yellow are the ALCOSAN and PennDOT storm sewers on the plan.  Circled in red below is a manhole that 
corresponds with Manhole 22 (Node J9) in the PCSWMM model). This manhole is an ALCOSAN manhole 
and is located on the northeast side of Ramp D. The PennDOT inlets on the southeast side of the tunnel 
drain to this manhole.  A 48” ALCOSAN pipe from the Grant Street area also enters this 
manhole.  According to the survey elevations in Figure B-26 and Figure B-27 for the ALCOSAN manhole 
MH-22 (Node J9), this is approximately 4 feet below the inverts into the manhole from the PennDOT 
storm sewers in Ramp D.   It also appears from the Roadway Plan that there are various other storm 
sewers that connect to these inlets in Ramp D.  There appears that there may also be various sanitary 
sewers that lead into the system in the upstream area.  NTM does not have survey of the extent of the 
ALCOSAN system.     
 

 
 
 

J9 
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Figure B-22. Roadway Plan and Storm Sewer in the area southeast of Ramp D Tunnel showing ALCOSAN 
Manhole (SWMM model Node J9) 
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Figure B-23 and Figure B-24 show the results from the field survey on October 10, 2020.  Manhole 
Node J9 in the PCSWMM model is MH-22 in the field survey in Figure B-24 below.   

 

 
Figure B-23.  Ramp D Inlets Field Survey  

 
Field Survey 
Structure ID 

SWMM 
Model 

Node/Junction 

GRATE EL. INV. IN INV. OUT PIPE 

CB-17 J1 723.78 - 717.95 - 
CB-18 J2 721.78 717.49 717.39 18” RCP 
CB-19 J7 722.17 716.87 716.87 18” RCP 
CB-21 J3 723.04 716.51+/- 716.19 18” RCP 
CB-20 J8 724.80 716.01 715.70 18” RCP 
MH-22 J9 726.10 715.70 +/- (CB-20); 

715.8 (CB-23) 
BOTTOM = 709.40 18” RCP 

CB-23 J10 729.10 723.90 723.70 18” RCP 
CB-24 J11 732.81 - 726.40 18” RCP 

Figure B-24.  Ramp D Inlets Field Survey Results Table 
 
The bottom of ALCOSAN manhole MH-22 is at elevation 709.40 which appears to be close to the invert 
of the ALCOSAN 48” pipe entering the manhole. The invert elevations, provided in Figure B-23 and 
Figure B-24, indicate that the invert in from the Ramp D PennDOT 18-inch storm system are 715.7 and 
715.8, indicating the PennDOT storm sewers drop into the 48” ALCOSAN pipe.  The field survey 
identified various inlets in this area that were significantly clogged with sediment. This system southeast 
of the tunnel was not modeled and all surface flow was assumed to flow to the Big Bathtub storm system 
since the inlets were clogged with sediment.  Figure B-25 is a photo of CB-18 taken during the survey 
which shows the sediment in the bottom of the inlet.  The survey indicated that the pipe outlet was half 
full of sediment. 
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Figure B-25.  Survey Inlet CB-18 Full of Sediment 

 
Tunnel Area Topography 

In Figure B-26, in red, are the spot elevations from the field survey in the Ramp D tunnel. Figure B-27 
is a profile of the spot elevations from southeast (right side) to northwest (left side). It is apparent that 
the tunnel slopes generally downward from southeast to northwest except for one area where it is fairly 
flat at elevation 717.68 for a distance of approximately 15 feet that could result in slight ponding in this 
location. The approximate location of reported ponding is shown in Figure B-26.   
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Figure B-26. Spot Elevations Along Ramp D and the Ramp D Tunnel 
 

 
Figure B-27. Profile of Spot Elevations in Ramp D – Note: LowPoint is Beyond (Northwest of) Station 
Zero  

 
River / ALCOSAN System Backwater 

The scope of this project was based on analyzing the PennDOT systems and was scoped assuming the 
ALCOSAN system did not connect directly. Based on the data analysis provided some of the ALCOSAN 

Approximate location of reported 
ponding 

Ramp D Tunnel 
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and PennDOT storm systems are connected so NTM did preliminary investigation as to the interaction 
between the ALCOSAN and PennDOT systems, but further evaluation will be required during 
preliminary engineering to fully understand the full interaction of the two systems.  
 
Therefore, the ALCOSAN SWMM model was run to see if it could be determined if the ALCOSAN system 
caused a backwater into the PennDOT system. The ALCOSAN model was set up by ALCOSAN to run an 
entire year of rainfall data for a typical rainfall year, from January 1, 2003 to January 1, 2004.   The 
ALCOSAN SWMM model does not have the PennDOT system tied into it.  Figure B-28 is from the 
ALCOSAN SWMM model showing the ALCOSAN system in the area southeast of the tunnel.  According 
to this model, the HGL in the ALCOSAN manhole on the northwest side of Ramp D reaches a maximum 
elevation of 711.73 (converted to NAVD88) for a November 19, 2003 event. This storm event is 
approximately equivalent to a 1.5-year storm and resulted in the closure of I-376 due to the river stage 
being within 1’ from the top of the floodwall.  
 
According to the photo provided from the survey shown in Figure B-29, it appears that there is a flap 
gate on the incoming pipe from CB-20 into the ALCOSAN manhole. In addition, according to the 
ALCOSAN SWMM model, there is a flap gate in the ALCOSAN diversion structure that, when functioning 
properly, prevents the river from surcharging into the storm system. During the 1.5-year event it 
appears that the ALCOSAN storm sewer does not surcharge into the PennDOT Ramp D inlets. 
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Figure B-28. ALCOSAN SWMM Model 

 
 

4-ft dia. 
ALCOSAN 
pipe 

Outlet to 
River 

ALCOSAN 
Manhole 
MH-22  

ALCOSAN 
Diversion 
Structure 
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 Figure B-29. Photo of MH-22 flap gate from survey  
 

It is a possibility that if the ALCOSAN flap gate in the diversion structure does not seal properly, then the 
hydraulic head from the River, shown in Figure B-6, could possibly surcharge out of the PennDOT inlets.   

 
September 2018 Event PCSWMM Analysis 

A PCSWMM analysis was performed for the storm event of September 8 through 10, 2018 using actual 
rainfall and river data to model the river overtopping the wall in the Big Bathtub.    This is the 3-day 
storm event where ponding was observed in Ramp D.  5.54 inches of rainfall fell over this period at the 
Pittsburgh International Airport while 8.26 inches fell at the Allegheny County Airport.  Localized 
rainfall data was not available for the Bathtub area.  The rainfall data is displayed in Appendix B-3. In 
this analysis, the sluice gate closed and the pumps turned on and the river overtopped the Big Bathtub’s 
flood wall.  The inlets to the southeast of the Ramp D tunnel were assumed to be 100% blocked and the 
drainage area was assumed to enter the Big Bathtub system. The results of the analysis showed that the 
inlets in Ramp D that are connected to the Big Bathtub’s system did not surcharge, indicating the 
flooding was most likely due to clogged inlets and/or the flat area northwest of the tunnel.   
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V. CONCLUSIONS AND RECOMMENDATIONS 
The PCSWMM analysis performed for the storm sewer system that drains to the Big Bathtub indicates 
that the PennDOT storm sewer system has the capacity to convey the 25-year event. 
 
Although the exact pump installed in the sump chambers could not be confirmed, it appears that the 
pumps installed do not meet the requirements from the LR 764 project specifications and results in 
slower dewatering of the Big Bathtub during storms when the river level is high enough to close the 
sluice gates and turn on the pumps.  
 
The area to the southeast of the tunnel is managed by a separate storm sewer system than the Big 
Bathtub’s storm sewer. It ties into an ALCOSAN diversion structure and 48-inch storm sewer, and then 
outlets directly into the Monongahela River.  The diversion structure has flap gates to prevent the river 
from backing up into the storm sewer system, however, if these don’t seal properly, surcharge could 
occur.  
 
The exact reason for ponding in Ramp D cannot be determined at this time due to the complexities of 
the PennDOT/ALCOSAN storm sewer relationship, and relation to the River water levels, although there 
are a few possibilities. 
 
The only reported flooding event in the Ramp D tunnel was the September 8 to 10, 2018 event, where 
5.54 to 8.26 inches of rain fell over a three-day period.  What most likely happened is that the river level 
was up for that period-of-time and the flap gates and sluice gates were closed, so the additional rainfall 
that fell on day 3 over the bathtub area had no where to go.  This coupled with the inlets being clogged 
in this area most likely caused the flooding in the tunnel area.  The frequency of a multi-day event where 
the river level is elevated and the gates are closed while it is still raining over the bathtub area is rather 
infrequent.   
 
The inlets southeast of the tunnel are significantly clogged reducing the capacity of the storm sewer 
system.  This reduced capacity could be one reason why there was ponding in the area northwest of the 
tunnel. The Big Bathtub PCSWMM model assumed the inlets were clogged to account for flow bypassing 
the inlets. 
 
Ramp D slopes from southeast to northwest with a relatively flat area to the northwest of the Ramp D 
tunnel in the area that has been identified as having ponded water.  It appears that the flat grading of 
the road in this area causes water to pond. It appears the ponding is not caused by backup of the 
PennDOT storm sewer system nor the ALCOSAN system during smaller storms up to the 1.5 year event 
but it is not possible to determine at this time if the ALCOSAN system backs up during larger events.  
However, it is a possibility that if the ALCOSAN flap gate in the diversion structure did not seal properly, 
then the hydraulic head from the River could possibly surcharge out of the PennDOT inlets.    
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This analysis determined the functioning and capacities of the Big Bathtub storm sewer system and 
determined that the storm sewer system was not a source of flooding the Big Bathtub in localized storm 
events. 
 
The size of the sump chambers has little effect on the dewater of the Big Bathtub.  If larger capacity 
pumps are installed, a larger sump chamber should be considered to avoid cavitation.  
 
The Little Bathtub storm sewer system, sump and pumps appear to be functioning as designed, and did 
not warrant further analysis. 

 
As this was an alternatives analysis investigation, it uncovered some additional areas that need 
additional research and modeling in order to confirm the relationship between the ALCOSAN System 
and PennDOT’s system. In the preliminary engineering (PE) phase of the project, the following tasks are 
recommended to be evaluated for design: 

 
 Survey the ALCOSAN diversion, flap gate and where the PennDOT system drops into the 48-Inch 

ALCOSAN storm sewer. 
 Tie the ALCOSAN and PennDOT SWMM models together to run the various design storm events 

to finalize conclusions for their surcharge interaction. 
 Size new sump chambers and pumps according to desired drawdown times. 
 Evaluate inlet capacities and design new inlets to reduce trash and sediment build up, i.e. offline 

trash collector with easy maintenance access before connecting to the inlet. 
 
 



APPENDIX B-1

PennDOT Storm Sewer Data

Local Stormwater Analysis- Bathtub Area of I-376

Allegheny County

PennDOT District 11-0



Structure ID Rim/ T.G. Inv. IN or US Inv
INV. OUT or 

DS Inv
Pipe Size/ 

Type
US Struct DS Struct

I-1 738.98 N/A
Pipe 1 737.7 I-1 MH-1
MH-1 737.7 730.4 730.4
Pipe 2 737.7 733.7 18" RCC MH-1 MH-2
MH-2 733.7 733.7 733.7
Pipe 3 733.7 I-2 MH-2
I-2 735.5 N/A
I-3 729.9 N/A
Pipe 4 733.7 729.7 18" RCC MH-2 MH-3
Pipe 5 722 I-2 MH-3
MH-3 729.7 722 722
Pipe 6 722 720.7 18" RCC MH-3 MH-4
I-4 736.5 N/A
MH-4 728.4 720.7 720.7
Pipe 7 720.7 719.2 MH-4 MH-5
Pipe 8 719.2 I-4 
MH-5 726.7 718.68 718.68
Pipe 9 I-5 MH-4
I-5 728.3
Pipe 10 718.68 715.18 18" RCC MH-5 MH-6
I-6 722.46 717.84
Pipe 11 717.84 715.18 I-6 MH-6
MH-6 723.2 715.18 715.18
Pipe 12 715.18 711.8 18" D.I. MH-6 MH-7

MH-7
711.8 (MH-6);     
711.01 (I-7) 710.78

Pipe 13 711.01 I-7 MH-7
I-7
Pipe 14 710.78 710.36 18" D.I. MH-7 I-8
I-8 710.36 708.93
Pipe 15 708.93 708.62 18" D.I. I-8 MH-8

MH-8
709.07 (I-9); 
708.62 (I-8) 708.45

Pipe 16 708.45 18" D.I. MH-8 Sump-Stanwix St
Sump- Stanwix Street
Pipe 17 18" R.C.C Sump- Stanwix StMH-9
MH-9
Pipe 18 MH-9 MH-10
MH-10
Pipe 19 710.09 709.7 18" D.I. I-9 MH-8
I-9 710.26 710.09
Pipe 20 710.69 710.26 18" D.I. I-10 I-9
I-10 710.86 710.69
Pipe 21 711.38 710.86 18" D.I. I-11 I-10
I-11 711.55 711.38
Pipe 22 712.07 711.55 18" D.I. MH-11 I-11
MH-11 712.24 712.07
Pipe 23 712.24 I-12 MH-11
I-12

Legend

Inv. IN and Inv. Out inverts are the same so we might need more information

Little Bathtub Elevation Summary

Not Applicable
Missing information



Structure ID Rim/ T.G. Inv. IN or US Inv
INV. OUT 
or DS Inv

Pipe Size/ 
Type

US Struct DS Struct

I-13 717.38 711.89
Pipe 24 711.89 710.31 18" RCP I-13 I-14
I-14 715.92 710.31 709.71
Pipe 25 709.71 708.68 18" RCP I-14 I-15
I-15 714.11 708.68 708.83
Pipe 26 708.83 707.96 18" PVC I-15 I-16

I-16 713.4
707.96 (I-15); 
707.44 (MH-14) 707.29

Pipe 27 707.29 707.14 18" PVC I-16 Sump- Wood St
Sump- Wood Street 712.73 707.14 706.45
Pipe 28 706.45 18" RCP Sump- Wood StMH-12
MH-12 712.66
Pipe 29 699.77 MH-12 MH-13
MH-13 712.47 699.77
Pipe 30 707.84 707.37 18" PVC MH-14 I-16

MH-14 714.11
707.76 (I-18);        
707.9 (I-17) 707.71

I-17 714.01 708.1
Pipe 31 708.1 707.9 18"PVC I-17 MH-14
Pipe 32 708.53 707.76 18" RCP I-18 MH-14
I-18 715.33 709.73 708.53
Pipe 33 710.15 709.73 18"PVC I-19 I-18
I-19 716.46 710.2 710.15
Pipe 34 710.48 709.96 18" PVC I-21 I-19

I-21 717.59 710.04 709.99
I-22 726.29 718.84 711.19
Pipe 36 711.19 710.04 18" RCP I-22 I-21
Pipe 37 710.82 710.04 18" PVC MH-15 I-21
I-23
Pipe 38 710.97 18" PVC I-23 MH-15

MH-15 718.62
710.97 (I-23);      
710.91 (I-24) 710.82

Pipe 39 711.79 710.81 18" PVC I-24 MH-15
I-24 719.82 711.73 711.79
Pipe 40 712.24 711.73 18" RCP I-25 I-24
I-25 720.02 712.4 712.24
Pipe 41 712.68 711.73 18" RCP I-26 I-25

I-26 717.83
712.78 (CB-12);     
713.06 (CB-10) 712.68

Pipe 85 714.2 713.06 18" RCP I-55 I-26
I-55 718.4 714.39 714.2
Pipe 84 715.02 714.39 18" RCP I-56 I-55
I-56 719.12 715.02
Pipe 86 713.23 712.78 18" RCP I-57 I-26
I-57 717.41 713.25 713.23
Pipe 87 713.5 713.25 18" RCP I-58 I-57
I-58 716.97 713.58 713.5
Pipe 88 713.76 713.58 18" RCP I-59 I-58
I-59 717.07 713.76

Legend

Big Bathtub Elevation Summary

Not Applicable
Missing information

Info based on Sump TG elevation from Floodwall Details and survey Sump dimensions



Structure ID Rim/ T.G. Inv. IN or US Inv INV. OUT or DS Inv
Pipe Size/ 

Type
US Struct DS Struct

I-33 721.78 717.49 717.39

Pipe 89 717.95 717.49 18" RCP i-33A I-33
I-33a 723.78 717.95
Pipe 50 717.39 716.87 18" RCP I-33 I-34
I-34 722.17 716.87 716.87
Pipe 51 716.87 716.51 18" RCP I-34 I-35
Pipe 52 716.51 18" R.C.C. I-35
Pipe 53 716.51 18" R.C.C. I-35
Pipe 54 716.19 716.01 18" R.C.C. I-35 I-35a
I-35 723.04 716.51 716.19
I-35a 724.8 716.01 715.7

MH-20 726.1
715.7 (I-35A);     715.8 (I-
36) 709.4 (BOTTOM)

Pipe 55 723.7 715.8 18" R.C.C. I-36 MH-20
I-36 729.1 723.9 723.7
Pipe 57 724.18 I-39 I-36
I-39
Pipe 58 729.78 726.48 18" R.C.C. I-38 I-37
Pipe 59 726.48 8" V.C. I-37
I-37 732.81 726.48 726.44
Pipe 60 726.44 723.9 18" R.C.C. I-37 I-36

Pipe 61 726.48 8" V.C. I-37
I-49 736.89 729.78 18" R.C.C.
Pipe 62 724.18 8" V.C.
Outfall 706.62
I-50 719.86 715.86 714.4
Pipe 79 714.4 714.2 18" I-50 I-51
I-51 718.2 714.2 713.12
Pipe 80 713.12 18" I-51 I-26
I-52 713.18 713.09
Pipe 81 713.09 712.92 18" I-52 I-26
I-26 717.67 712.92 712.5
I-53 716.94 713.52 713.35
Pipe 82 713.35 713.18 18" I-53 I-52
I-54 717.09 713.84 713.69
Pipe 83 713.69 713.52 18" I-54 I-53

Legend

SAI provided drainage design info

Ramp D/Tunnel Elevation Summary

Not Applicable
Missing information



APPENDIX B-2

Stage Storage Data

Local Stormwater Analysis- Bathtub Area of I-376

Allegheny County

PennDOT District 11-0



Little Bathtub

Local Stormwater Analysis- Bathtub Area of I-376

Allegheny County

PennDOT District 11-0



PROJECT NAME:
LOCATION:

PREPARED BY: DATE:  2/10/2020
CHECKED BY: DATE:  2/15/2020

715.0 12 0
283 0.5 141

715.5 553 141
1,359 0.5 679

716.0 2,164 821
4,831 0.5 2,416

716.5 7,498 3,236
9,947 0.5 4,973

717.0 12,395 8,209
14,580 0.5 7,290

717.5 16,765 15,499
19,020 0.5 9,510

718.0 21,274 25,009
45,852 0.5 22,926

718.5 70,429 47,935
72,042 0.5 36,021

719.0 73,654 83,956
75,298 0.5 37,649

719.5 76,942 121,605

WATER SURFACE 
ELEVATION (FT.)

AREA      
(SQ. FT.)

AVERAGE AREA 
(SQ. FT.)

DIFFERENCE IN 
ELEVATION (FT.)

STORAGE VOLUME (CU. FT.)

INCREMENTAL TOTAL

PD

STANDARD WORKSHEET #14 
 Storage Data: Little Bathtub

Little Bathtub- Stanwix
Pittsburgh, PA
PB



Big Bathtub

Local Stormwater Analysis- Bathtub Area of I-376

Allegheny County

PennDOT District 11-0



PROJECT NAME:
LOCATION:

PREPARED BY: DATE:  2/10/2020
CHECKED BY: DATE:  2/15/2020

707.1 107 0
107 5.9 626

713.0 107 626
259 0.0 3

713.0 411 629
947 0.5 473

713.5 1,482 1,102
4,459 0.5 2,229

714.0 7,435 3,331
9,456 0.5 4,728

714.5 11,477 8,059
13,244 0.5 6,622

715.0 15,011 14,681
16,689 0.5 8,345

715.5 18,367 23,026
20,114 0.5 10,057

716.0 21,861 33,083
23,655 0.5 11,827

716.5 25,448 44,910
27,233 0.5 13,617

717.0 29,018 58,526
30,731 0.5 15,365

717.5 32,443 73,892
34,871 0.5 17,436

718.0 37,299 91,327
53,864 0.5 26,932

718.5 70,429 118,259
72,042 0.5 36,021

719.0 73,654 154,280
75,298 0.5 37,649

719.5 76,942 191,929

WATER SURFACE 
ELEVATION (FT.)

AREA      
(SQ. FT.)

AVERAGE AREA 
(SQ. FT.)

DIFFERENCE IN 
ELEVATION (FT.)

STORAGE VOLUME (CU. FT.)

INCREMENTAL TOTAL

PD

STANDARD WORKSHEET #14 
 Storage Data: Big Bathtub

Big Bathtub- Wood St
Pittsburgh, PA
PB



APPENDIX B‐3

Rainfall Data

Local Stormwater Analysis‐ Bathtub Area of I‐376

Allegheny County
PennDOT District 11‐0



Data selection for site: PITTSBURGH, PA
Pittsburgh International Airport
Database: FAA_HOURLY

Metadata:

Id: KPIT
Name: PITTSBURGH
County: ALLEGHENY
State: PA
Lat: 40.500
Lon: -80.230
Elev (ft): 1150.0
Start_date: 1952-02-01
End_date: 2020-07-08

Requested Start Date: 2018-09-08
Requested End Date: 2018-09-12
Variables Requested: datetime, precip1hr
Records Returned: 119

Date/Time (GMT) 1 Hour Precip 
(in)

24-Hour 
Totals

9/8/2018 0:00
9/8/2018 1:00
9/8/2018 2:00
9/8/2018 3:00
9/8/2018 4:00 0.01
9/8/2018 5:00 0.03
9/8/2018 6:00 0.02
9/8/2018 7:00 0.04
9/8/2018 8:00 0.09
9/8/2018 9:00 0.06
9/8/2018 10:00 0.02
9/8/2018 11:00 0.05
9/8/2018 12:00 0.02
9/8/2018 13:00 0.06
9/8/2018 14:00 0.03
9/8/2018 15:00 0.02
9/8/2018 16:00 0.06



9/8/2018 17:00 0
9/8/2018 18:00 0
9/8/2018 19:00 0.02
9/8/2018 20:00 0.02
9/8/2018 21:00 0.06
9/8/2018 22:00 0.08
9/8/2018 23:00 0.05 0.74
9/9/2018 0:00 0.06
9/9/2018 1:00 0.04
9/9/2018 2:00 0.04
9/9/2018 3:00 0.06
9/9/2018 4:00 0.1
9/9/2018 5:00 0.04
9/9/2018 6:00 0.04
9/9/2018 7:00 0.09
9/9/2018 8:00 0.1
9/9/2018 9:00 0.06
9/9/2018 10:00 0.12
9/9/2018 11:00 0.14
9/9/2018 12:00 0.16
9/9/2018 13:00 0.29
9/9/2018 14:00 0.33
9/9/2018 15:00 0.65
9/9/2018 16:00 0.11
9/9/2018 17:00 0.2
9/9/2018 18:00 0.25
9/9/2018 19:00 0.29
9/9/2018 20:00 0.18
9/9/2018 21:00 0.15
9/9/2018 23:00 0.11 3.61
9/10/2018 0:00 0.12
9/10/2018 1:00 0.03
9/10/2018 2:00 0.03
9/10/2018 3:00 0.01
9/10/2018 4:00 0.09
9/10/2018 5:00 0.19
9/10/2018 6:00 0.11
9/10/2018 7:00 0.08
9/10/2018 8:00 0.07
9/10/2018 9:00 0.04
9/10/2018 10:00 0.16
9/10/2018 11:00 0.13
9/10/2018 12:00 0.02
9/10/2018 13:00 0.03
9/10/2018 14:00 0.02
9/10/2018 15:00 0
9/10/2018 16:00 0



9/10/2018 17:00 0.01
9/10/2018 18:00
9/10/2018 19:00 0.03
9/10/2018 20:00 0.02 1.19
9/10/2018 21:00 5.54



Data selection for site: PITTSBURGH AGC, PA
Allegheny County Airport
Database: FAA_HOURLY

Metadata:

Id: KAGC
Name: PITTSBURGH AGC
County: ALLEGHENY
State: PA
Lat: 40.355
Lon: -79.922
Elev (ft): 1248.0
Start_date: 1972-01-01
End_date: 2020-07-08

Requested Start Date: 2018-09-08
Requested End Date: 2018-09-12
Variables Requested: datetime, precip1hr
Records Returned: 120

Date/Time (GMT) 1 Hour 
Precip (in)

24-Hour 
Totals

9/8/2018 0:00
9/8/2018 1:00
9/8/2018 2:00
9/8/2018 3:00
9/8/2018 4:00
9/8/2018 5:00 0.04
9/8/2018 6:00 0.01
9/8/2018 7:00 0
9/8/2018 8:00 0.28
9/8/2018 9:00 0.52
9/8/2018 10:00 0.13
9/8/2018 11:00 0.13
9/8/2018 12:00 0.08
9/8/2018 13:00 0.08
9/8/2018 14:00 0.01
9/8/2018 15:00 0
9/8/2018 16:00 0.01



9/8/2018 17:00 0
9/8/2018 18:00 0
9/8/2018 19:00 0.07
9/8/2018 20:00 0.05
9/8/2018 21:00 0.09
9/8/2018 22:00 0.15
9/8/2018 23:00 0.12 1.77
9/9/2018 0:00 0.07
9/9/2018 1:00 0.04
9/9/2018 2:00 0.05
9/9/2018 3:00 0.09
9/9/2018 4:00 0.1
9/9/2018 5:00 0.05
9/9/2018 6:00 0.09
9/9/2018 7:00 0.11
9/9/2018 8:00 0.05
9/9/2018 9:00 0.11
9/9/2018 10:00 0.03
9/9/2018 11:00 0.14
9/9/2018 12:00 0.19
9/9/2018 13:00 0.21
9/9/2018 14:00 0.51
9/9/2018 15:00 0.24
9/9/2018 16:00 0.27
9/9/2018 17:00 0.44
9/9/2018 18:00 0.45
9/9/2018 19:00 0.26
9/9/2018 20:00 0.28
9/9/2018 21:00 0.14
9/9/2018 22:00 0.11
9/9/2018 23:00 0.09 4.12
9/10/2018 0:00 0.02
9/10/2018 1:00 0.01
9/10/2018 2:00 0.04
9/10/2018 3:00 0.02
9/10/2018 4:00 0.17
9/10/2018 5:00 0.11
9/10/2018 6:00 0.14
9/10/2018 7:00 0.05
9/10/2018 8:00 0.06
9/10/2018 9:00 0.29
9/10/2018 10:00 0.5
9/10/2018 11:00 0.08
9/10/2018 12:00 0.28
9/10/2018 13:00 0.21
9/10/2018 14:00 0.22
9/10/2018 15:00 0.01



9/10/2018 16:00 0.01
9/10/2018 17:00 0.01
9/10/2018 18:00 0.01
9/10/2018 19:00 0
9/10/2018 20:00 0.01
9/10/2018 21:00 0.03
9/10/2018 22:00 0.08
9/10/2018 23:00 0.01 2.37
9/11/2018 0:00 0.01 8.26



ALTERNATIVE ANALYSIS REPORT
I-376 Bathtub (Parkway Central)
Pittsburgh, PA

Appendix C:
Geotechnical Data
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Standard Subsurface Fence Plot

Prepared by:  AECOM Technical Services, Inc.

Note:  Lines, if any, drawn between fence diagrams designate estimated subsurface conditions for presentation purposes only to indicate similar materials.  Actual subsurface conditions between boring locations are not known.

Note:
- For description of graphic symbols see Publication 222.
- See General Notes and Legend for Subsurface Profiles sheet.
- BR = Broken Rock
- GRAV = Gravel
- ORG = Organics
- UNSAMP = Unsampled
- Recovery(RQD)
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Prepared by:  AECOM Technical Services, Inc.

Note:  Lines, if any, drawn between fence diagrams designate estimated subsurface conditions for presentation purposes only to indicate similar materials.  Actual subsurface conditions between boring locations are not known.

Note:
- For description of graphic symbols see Publication 222.
- See General Notes and Legend for Subsurface Profiles sheet.
- BR = Broken Rock
- GRAV = Gravel
- ORG = Organics
- UNSAMP = Unsampled
- Recovery(RQD)

Allegheny County
SR 0376 Section Bathtub Study
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Note:  Lines, if any, drawn between fence diagrams designate estimated subsurface conditions for presentation purposes only to indicate similar materials.  Actual subsurface conditions between boring locations are not known.

Note:
- For description of graphic symbols see Publication 222.
- See General Notes and Legend for Subsurface Profiles sheet.
- BR = Broken Rock
- GRAV = Gravel
- ORG = Organics
- UNSAMP = Unsampled
- Recovery(RQD)

Allegheny County
SR 0376 Section Bathtub Study

Date:  2/12/2020

Horizontal Scale: Vertical Scale:

PE
N

N
D

O
T 

ST
AN

D
AR

D
 F

EN
C

E 
PL

O
T 

- P
EN

N
D

O
T_

G
IN

T_
VE

R
SI

O
N

_1
.2

.2
.3

_9
-2

1-
20

16
.G

D
T 

- 2
/1

2/
20

 1
0:

56
 - 

\\U
SP

IT
1F

P0
02

\D
AT

A\
PR

O
JE

C
TS

\T
R

AN
SP

O
R

TA
TI

O
N

\6
06

12
29

6 
E0

30
24

 W
O

6 
I3

76
 B

AT
H

TU
B 

FL
O

O
D

IN
G

 A
LT

 A
N

AL
YS

IS
\4

00
-T

EC
H

N
IC

AL
\3

 - 
AL

TE
R

N
AT

IV
E 

AN
AL

Y

 5.0'

 18.0'

 10.0'

 14.0'

 10.0'

 8.0'

 26.0'

 29.0'

 39.0'

 53.5'

 63.7'

47

32

10

16

20

22

35

39

22

62

51

34

34

68

34

33

35

97(0)

S-10

 21.0'

 7.0'

 5.3'

 13.7'

 10.0'

 23.5'

 32.0'

 37.3'

 51.0'

 61.0'

7

17

16

13

17

15

22

35

51

16

47

50

27

29

41

98(0)

S-7

 4.0'

 12.5'

 8.5'

 10.5'

 4.0'

 10.0'

 6.0'

 10.0'

 24.0'

 34.5'

 47.0'

 51.0'

 61.0'

19

17

11

12
26

15

44

18

34

61

22

37

48

34

20

100(15)

S-8

 8.0'

 19.3'

 7.0'

 15.2'

 27.3'

 9.7'

 29.0'

 36.0'

 52.7'

 80.0'

16

11

12

15

21

21

20

17

15

64

34

17

48

46

30

25

21

100(29)

100(98)

89(85)

S-9

250

BR

SAND

SAND

SILT

SAND

SILT

SAND

SHALE

SILTSTONE
w/LIMESTONE

SAND

SILT

SAND

SILT

SAND & BR

SILTSTONE
w/LIMESTONE

SAND

SILT & SAND
SILT

SAND

SILT

SAND & SILT

BR

SILTSTONE
w/LIMESTONE

SILT

SAND

SAND &
SAND
SILT

SILT

SILTSTONE
w/LIMESTONE

SHALE

Subsurface Profile - Section 4a



640

650

660

670

680

690

700

710

720

730

640

650

660

670

680

690

700

710

720

730

67.9'

ELEV. 720.0 FT.

STA. 38+37.8

0 hr.: NR
24 hr.: NR

5.6 FT. RT.

77.5'

ELEV. 719.5 FT.

STA. 1117+57.0

0 hr.: NR
24 hr.: 711.5 FT.

15.0 FT. RT.

78.0'

ELEV. 719.9 FT.

STA. 1118+70.0

0 hr.: NR
24 hr.: 712.3 FT.

12.0 FT. RT.

76.9'

ELEV. 720.3 FT.

STA. 1119+30.0

0 hr.: NR
24 hr.: 708.6 FT.

15.0 FT. RT.

EL
EV

AT
IO

N
 (F

T.
) ELEVATIO

N
 (FT.)

Standard Subsurface Fence Plot

Prepared by:  AECOM Technical Services, Inc.

Note:  Lines, if any, drawn between fence diagrams designate estimated subsurface conditions for presentation purposes only to indicate similar materials.  Actual subsurface conditions between boring locations are not known.
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- For description of graphic symbols see Publication 222.
- See General Notes and Legend for Subsurface Profiles sheet.
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I-376 Bathtub Flooding Study - Preliminary Hydrostatic Uplift Analysis BY: JV/SER Date: 5/29/2020
E03204 WO 5 - AECOM Technical Services Chkd: Date

Purpose: Compute the factor of safety for uplift on the existing floodwall foundation due to the hydrostatic pressure exerted by water at the top of the existing and proposed walls.

Assumptions:
- Full communication of river level and foundation materials and no head loss
- Sands and gravels have percent passing of 5 to 15%
- Uplift forces essentially instantaneous with high water

 Pavement Density = 135 PCF Input Value
Footing Density = 150 PCF

Calculation: Factor of Safety (F.S.) = (Weight of Pavement + Foundation) / (Height of Water x Unit Weight)
 = ((Min. Pvt Depth * Pavement Density) + (Ftg Thick * Footing Density)) / ((T/Wall Elev - B/Ftg Elev) * 62.4 PCF)

Reference: 1982 - L.R. 766 SEC 23 - Floodwall Structure Plans - S-14584 - 114 sheets

EXISTING FLOODWALL PROPOSED FLOODWALL

Wall Wall Panel Fdn Panel 
Min. Pvt Depth Ftg Thick B/Ftg Elev. T/Wall Elev. Total Height Stem Height Uplift T/Wall Elev. Total Height Stem Height Uplift

(FT) (FT) NGVD 29 NGVD 29 (FT) (FT) F.S. NAVD 88 (FT) (1) (FT) (1) F.S.
B 18, 19 13, 12 1.5 4 710.84 720.00 9.2 5.2 1.40 724.5 14.2 10.2 0.94
B 20, 21 10, 11, 10S 1.5 4.5 709.92 720.00 10.1 5.6 1.40 724.5 15.1 10.6 0.96
B 22 - 25 6-9 1.5 4 710.84 720.00 9.2 5.2 1.40 724.5 14.2 10.2 0.94
B 26 5 1.5 3.5 712.07 720.05 8.0 4.5 1.46 724.5 13.0 9.5 0.94
B 27 4 1.5 3 713.11 720.46 7.3 4.3 1.42 724.5 11.9 8.9 0.92
B 28 3 1.5 2.5 714.3 721.23 6.9 4.4 1.34 724.5 10.7 8.2 0.91
B 29 2 1.5 2 715.66 722.17 6.5 4.5 1.24 724.5 9.4 7.4 0.91
B 30 1 1.5 1.5 717.17 723.19 6.0 4.5 1.14 724.5 7.9 6.4 0.93
C 22 49 1.5 6 706.51 720.00 13.5 7.5 1.31 724.5 18.5 12.5 0.98
C 23, 24 47S 1.5 6.5 705.42 720.00 14.6 8.1 1.29 724.5 19.6 13.1 0.99
C 25-28 46-44 1.5 6 706.51 720.00 13.5 7.5 1.31 724.5 18.5 12.5 0.98
C 38 34 1.5 3.5 711.98 720.04 8.1 4.6 1.45 724.5 13.1 9.5 0.93
C 39 33 1.5 3 713.07 720.27 7.2 4.2 1.45 724.5 12.0 9.0 0.91
C 40 32 1.5 3 713.07 720.50 7.4 4.4 1.41 724.5 12.0 9.0 0.91
C 41 31 1.5 3 713.07 720.73 7.7 4.7 1.37 724.5 12.0 9.0 0.91
C 42 30 1.5 2.69 714.09 720.88 6.8 4.1 1.43 724.5 10.9 8.3 0.93
C 43 29 1.5 2.61 714.09 720.97 6.9 4.3 1.38 724.5 10.9 8.3 0.91
C 44 28 1.5 2.56 714.09 721.00 6.9 4.4 1.36 724.5 10.9 8.4 0.90
C 45 27 1.5 2.52 714.09 721.02 6.9 4.4 1.34 724.5 10.9 8.4 0.89
C 46 26 1.5 2.5 714.09 721.21 7.1 4.6 1.30 724.5 10.9 8.4 0.89
C 47 25N 1.5 2 715.38 721.85 6.5 4.5 1.24 724.5 9.7 7.7 0.88
C 48 24N 1.5 1.5 717.02 723.47 6.5 5.0 1.06 724.5 8.0 6.5 0.92

NOTE: - F.S of 1.14 and 1.06 for Wall B - Panel 30 and Wall C - Panel 48, assumes that the water rises to the top of the existing wall, however the water level will be limited to
elevation 720 due spillover at the pump locations.  Therefore, these numbers are conservative.
- (1) Includes a 0.53' increase in height due to conversion of NVGD 29 Datum to NAVD 88 Datum for B/Ftg Elevation

Conclusion: 
- EXISTING FLOODWALL: The factors of safety are acceptable at all panel points for the existing wall configuration.
- PROPOSED FLOODWALL: The factors of safety are NOT acceptable ( < 1.2) at all panel points for the proposed wall height.  Therefore, refined analysis or physical mitigation of
hydrostatic uplift is necessary at all panel points.
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ALTERNATIVE ANALYSIS REPORT
I-376 Bathtub (Parkway Central)
Pittsburgh, PA

Appendix D:
Structural Calculations



PennDOT District 11-0 Designed By: HCF Date: 6/12/2020
I-376 Bathtub Analysis Checked By: Date:
Job Number:  60612296 Printed
File Name:  Max Wall Height Calc.xlsx

Existing Wall, #5 Bars at 12" 21" Wide Wall, #5 Bars at 6"
Height of Wall 8 ft Height of Wall 16.5 ft

Pwall 499.2 lb/ft^2 Pwall 1029.6 lb/ft^2
Mmax,wall 5.32 kip-ft Mmax,wall 46.72 kip-ft
Vwall 2.00 kip Vwall 8.49 kip
18" Wide Wall, #5 Bars at 6" 21" Wide Wall, #5 Bars at 12"
Height of Wall 15.5 ft Height of Wall 11.5 ft

Pwall 967.2 lb/ft^2 Pwall 717.6 lb/ft^2
Mmax,wall 38.73 kip-ft Mmax,wall 15.82 kip-ft
Vwall 7.50 kip Vwall 4.13 kip
18" Wide Wall, #5 Bars at 12" 12" Wide Wall, #5 Bars at 12"
Height of Wall 10.75 ft Height of Wall 8.75 ft

Pwall 670.8 lb/ft^2 Pwall 546 lb/ft^2
Mmax,wall 12.92 kip-ft Mmax,wall 6.97 kip-ft
Vwall 3.61 kip Vwall 2.39 kip

7/2/2020
WFA 7/2/2020



AECOM    JOB NO. 60612296 MADE BY: HCF 04/17/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
8 FT MAX HEIGHT WALL (EXISTING CONDITION)
#5 BARS @ 12"

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 18.00   IN BEAM DEPTH
      ds  = 15.69   IN EFFECTIVE DEPTH = 18.0 - 2.0 - (0.625/2) EXISTING
      b  = 12.00   IN DESIGN WIDTH
      M  = 5.32   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 5.32   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.68067227  * As LRFD 5.7.3.2.3
      a/2  =  = 0.84033613  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.3781513  * As^2
      B*As  =  PHI*As*Fy*d  = 847.125  * As
      C  =  M*12  = 63.84   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.0757   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.3100   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 1
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
1            18



AECOM    JOB NO. 60612296 MADE BY: HCF 04/17/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 0.5210084
     a/2  =  = 0.2605042
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 21.52   K-FT

      CHECK: 21.52   K-FT     > 5.32   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c)  = 3408.79   KSI LRFD 5.4.2.4
     Es  =  = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec  = 8.51 LRFD 5.7.1

     At  =  (n-1)*As  = 2.33   IN^2
     Ac  =  D*b  = 216.00   IN^2
     Ag  =  At+Ac  = 218.33   IN^2

     dc  =  D-ds  = 2.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag  = 8.9287   IN

     Icg  =  = 5934.97   IN^4

     fr  =  0.24*SQRT(F'c)  = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb  = 26.66   K-FT
1.33*M = = 7.08   K-FT

Mr = MIN (Mcr, 1.33*M) = 7.08   K-FT

      CHECK: 7.08   K-FT     < 21.52   K-FT    O.K.

USE 1 # 5 BARS As = 0.31 IN^2

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 04/17/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 2.3125   IN     USE dc = 2.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.21058623
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 55.19 IN^2

     P  =  As(PRV)/bds  = 0.00165
     Pn  =  P*n  = 0.01401
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.1540
     J  =  1-(K/3)  = 0.9487

     fs  =  Ms/(As*J*d)  = 13.84   KSI GOVERNS
  OR
     fs  =  0.6*Fy  = 36.00   KSI

smax  = (700*γe)/(βs*fs) - 2dc  = 37.16 IN

      CHECK: 12.00  IN     < 37.16  IN    O.K.

CALCULATE HEIGHT OF WALL

H  = (M*1000/10.4)^(1/3)  = 8.00 FT

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
18" THICK WALL, #5 BARS @ 6", MOMENT AT TOP OF FOOTING
All new #5 @ 12" bars at new ds location and conservative with existing #5 @ 12" also at new ds location.
See last page of calc for max wall height.

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 18.00   IN BEAM DEPTH
      ds  = 14.69   IN EFFECTIVE DEPTH = 18.0 - 3.0 - (0.625/2) PROPOSED
      b  = 12.00   IN DESIGN WIDTH
      M  = 38.73   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 38.73   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.6806723  * As LRFD 5.7.3.2.3
      a/2  =  = 0.8403361  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.378151  * As^2
      B*As  =  PHI*As*Fy*d  = 793.125  * As
      C  =  M*12  = 464.76   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.6071   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.6200   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 2
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 1.0420168
     a/2  =  = 0.5210084
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 39.52   K-FT

      CHECK: 39.52   K-FT     > 38.73   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c) = 3408.79   KSI LRFD 5.4.2.4
     Es  = = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec = 8.51 LRFD 5.7.1

     At  =  (n-1)*As = 4.65   IN^2
     Ac  =  D*b = 216.00   IN^2
     Ag  =  At+Ac = 220.65   IN^2

     dc  =  D-ds = 3.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag = 8.8800   IN

     Icg  = = 5979.39   IN^4

     fr  =  0.24*SQRT(F'c) = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb = 27.01   K-FT
1.33*M = = 51.51   K-FT

Mr = MIN (Mcr, 1.33*M) = 27.01   K-FT

      CHECK: 27.01   K-FT     < 39.52   K-FT    O.K.

USE 2 # 5 BARS As = 0.62 IN^2

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 3.3125   IN     USE dc = 3.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.3221884
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 39.44 IN^2

     P  =  As(PRV)/bds  = 0.00352
     Pn  =  P*n  = 0.02993
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.2165
     J  =  1-(K/3)  = 0.9278

     fs  =  Ms/(As*J*d)  = 55.01   KSI
  OR
     fs  =  0.6*Fy  = 36.00   KSI GOVERNS

smax  = (700*γe)/(βs*fs) - 2dc  = 8.08 IN

      CHECK: 6.00  IN     < 8.08  IN    O.K.

CALCULATE HEIGHT OF WALL

H  = (M*1000/10.4)^(1/3)  = 15.50 FT

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
18" THICK WALL, #5 BARS @ 12", MOMENT AT TOP OF FOOTING
Calc assumes new bars will be lapped with existing #5 bars.
See last page of calc for max wall height.

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 18.00   IN BEAM DEPTH
      ds  = 15.69   IN EFFECTIVE DEPTH = 18.0 - 2.0 - (0.625/2) PROPOSED/EXISTING
      b  = 12.00   IN DESIGN WIDTH
      M  = 12.92   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 12.92   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.6806723  * As LRFD 5.7.3.2.3
      a/2  =  = 0.8403361  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.378151  * As^2
      B*As  =  PHI*As*Fy*d  = 847.125  * As
      C  =  M*12  = 155.04   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.1848   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.3100   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 1
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 0.5210084
     a/2  =  = 0.2605042
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 21.52   K-FT

      CHECK: 21.52   K-FT     > 12.92   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c) = 3408.79   KSI LRFD 5.4.2.4
     Es  = = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec = 8.51 LRFD 5.7.1

     At  =  (n-1)*As = 2.33   IN^2
     Ac  =  D*b = 216.00   IN^2
     Ag  =  At+Ac = 218.33   IN^2

     dc  =  D-ds = 2.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag = 8.9287   IN

     Icg  = = 5934.97   IN^4

     fr  =  0.24*SQRT(F'c) = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb = 26.66   K-FT
1.33*M = = 17.18   K-FT

Mr = MIN (Mcr, 1.33*M) = 17.18   K-FT

      CHECK: 17.18   K-FT     < 21.52   K-FT    O.K.

USE 1 # 5 BARS As = 0.31 IN^2

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 2.3125   IN     USE dc = 2.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.2105862
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 55.19 IN^2

     P  =  As(PRV)/bds  = 0.00165
     Pn  =  P*n  = 0.01401
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.1540
     J  =  1-(K/3)  = 0.9487

     fs  =  Ms/(As*J*d)  = 33.61   KSI GOVERNS
  OR
     fs  =  0.6*Fy  = 36.00   KSI

smax  = (700*γe)/(βs*fs) - 2dc  = 12.58 IN

      CHECK: 12.00  IN     < 12.58  IN    O.K.

CALCULATE HEIGHT OF WALL

H  = (M*1000/10.4)^(1/3)  = 10.75 FT

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
21" THICK WALL@ BASE OF SAFETY SHAPE, #5 BARS @ 6", MOMENT AT TOP OF FOOTING
All new #5 @ 12" bars at new ds location and conservative with #5 @ 12" also assumed at new ds location.
See last page of calc for max wall height.

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 21.00   IN BEAM DEPTH
      ds  = 17.69   IN EFFECTIVE DEPTH = 21.0 - 3.0 - (0.625/2) PROPOSED
      b  = 12.00   IN DESIGN WIDTH
      M  = 46.72   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 46.72   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.6806723  * As LRFD 5.7.3.2.3
      a/2  =  = 0.8403361  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.378151  * As^2
      B*As  =  PHI*As*Fy*d  = 955.125  * As
      C  =  M*12  = 560.64   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.6043   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.6200   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 2
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 1.0420168
     a/2  =  = 0.5210084
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 47.89   K-FT

      CHECK: 47.89   K-FT     > 46.72   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c) = 3408.79   KSI LRFD 5.4.2.4
     Es  = = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec = 8.51 LRFD 5.7.1

     At  =  (n-1)*As = 4.65   IN^2
     Ac  =  D*b = 252.00   IN^2
     Ag  =  At+Ac = 256.65   IN^2

     dc  =  D-ds = 3.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag = 10.3696   IN

     Icg  = = 9497.10   IN^4

     fr  =  0.24*SQRT(F'c) = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb = 36.74   K-FT
1.33*M = = 62.14   K-FT

Mr = MIN (Mcr, 1.33*M) = 36.74   K-FT

      CHECK: 36.74   K-FT     < 47.89   K-FT    O.K.

USE 2 # 5 BARS As = 0.62 IN^2

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 3.3125   IN     USE dc = 3.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.2675416
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 39.44 IN^2

     P  =  As(PRV)/bds  = 0.00292
     Pn  =  P*n  = 0.02485
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.1995
     J  =  1-(K/3)  = 0.9335

     fs  =  Ms/(As*J*d)  = 54.77   KSI
  OR
     fs  =  0.6*Fy  = 36.00   KSI GOVERNS

smax  = (700*γe)/(βs*fs) - 2dc  = 8.72 IN

      CHECK: 6.00  IN     < 8.72  IN    O.K.

CALCULATE HEIGHT OF WALL

H  = (M*1000/10.4)^(1/3)  = 16.50 FT

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
21" THICK WALL@ BASE OF SAFETY SHAPE, #5 BARS @ 12", MOMENT AT TOP OF FOOTING
Calc assumes new bars will be lapped with existing #5 bars.
See last page of calc for max wall height.

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 21.00   IN BEAM DEPTH
      ds  = 18.69   IN EFFECTIVE DEPTH = 21.0 - 2.0 - (0.625/2) PROPOSED/EXISTING
      b  = 12.00   IN DESIGN WIDTH
      M  = 15.82   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 15.82   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.6806723  * As LRFD 5.7.3.2.3
      a/2  =  = 0.8403361  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.378151  * As^2
      B*As  =  PHI*As*Fy*d  = 1009.125  * As
      C  =  M*12  = 189.84   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.1897   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.3100   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 1
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
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AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 0.5210084
     a/2  =  = 0.2605042
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 25.71   K-FT

      CHECK: 25.71   K-FT     > 15.82   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c) = 3408.79   KSI LRFD 5.4.2.4
     Es  = = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec = 8.51 LRFD 5.7.1

     At  =  (n-1)*As = 2.33   IN^2
     Ac  =  D*b = 252.00   IN^2
     Ag  =  At+Ac = 254.33   IN^2

     dc  =  D-ds = 2.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag = 10.4251   IN

     Icg  = = 9415.58   IN^4

     fr  =  0.24*SQRT(F'c) = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb = 36.23   K-FT
1.33*M = = 21.04   K-FT

Mr = MIN (Mcr, 1.33*M) = 21.04   K-FT

      CHECK: 21.04   K-FT     < 25.71   K-FT    O.K.

USE 1 # 5 BARS As = 0.31 IN^2

WFA 7/2/20
14           18



AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 2.3125   IN     USE dc = 2.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.1767797
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 55.19 IN^2

     P  =  As(PRV)/bds  = 0.00138
     Pn  =  P*n  = 0.01176
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.1421
     J  =  1-(K/3)  = 0.9526

     fs  =  Ms/(As*J*d)  = 34.40   KSI GOVERNS
  OR
     fs  =  0.6*Fy  = 36.00   KSI

smax  = (700*γe)/(βs*fs) - 2dc  = 12.67 IN

      CHECK: 12.00  IN     < 12.67  IN    O.K.

CALCULATE HEIGHT OF WALL

H  = (M*1000/10.4)^(1/3)  = 11.50 FT

WFA 7/2/20
15           18



AECOM    JOB NO. 60612296 MADE BY: HCF 06/15/20
PennDOT District 11-0
I-376 Bathtub Analysis CHKD BY:
FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  1  OF  3 SHEET          OF

LRFD REINFORCED CONCRETE BEAM DESIGN
12" THICK WALL@ TOP OF BARRIER, #5 BARS @ 12", MOMENT AT TOP OF SAFETY SHAPE
Calc assumes new bars will be lapped with existing #5 bars.
See last page of calc for max wall height.

INPUT PARAMETERS:

      F'c  = 3.5   KSI CONCRETE STRENGTH
      Fy  = 60   KSI REINFORCEMENT STEEL STRENGTH
      D  = 12.00   IN BEAM DEPTH
      ds  = 9.69   IN EFFECTIVE DEPTH = 12.0 - 2.0 - (0.625/2) PROPOSED/EXISTING
      b  = 12.00   IN DESIGN WIDTH
      M  = 6.97   K-FT FACTORED MOMENT (Load factor for water is 1.0)
      Ms  = 6.97   K-FT SERVICE LOAD MOMENT
      B1  = 0.8500 LRFD 5.7.2.2
      PHI  = 0.9 RESISTANCE FACTOR LRFD 5.5.4.2.1

CALCULATE AREA OF STEEL REQUIRED:

      a  =  (As*Fy)/(0.85*F'c*b)  = 1.6806723  * As LRFD 5.7.3.2.3
      a/2  =  = 0.8403361  * As

      A*As^2  =  PHI*(As)*Fy*(a/2)  = 45.378151  * As^2
      B*As  =  PHI*As*Fy*d  = 523.125  * As
      C  =  M*12  = 83.64   K-IN

  As(REQ)  =  {B-[SQRT(B^2-4*A*C)]}/(2*A)  = 0.1622   IN^2

  As(PRV)  =     AREA OF REINFORCEMENT PROVIDED  = 0.3100   IN^2
 # of BARS  =     NUMBER OF REINFORCEMENT BARS  = 1
  DIA  =     DIAMETER OF REINFORCEMENT BAR  = 0.625   IN

WFA 7/2/20
16           18
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FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  2  OF  3 SHEET          OF

CHECK MOMENT CAPACITY:

     a  =  (As*Fy)/(0.85*F'c*b)  = 0.5210084
     a/2  =  = 0.2605042
     Mu  =  [PHI*As*Fy*(d-a/2)]/12  = 13.15   K-FT

      CHECK: 13.15   K-FT     > 6.97   K-FT    O.K.

CHECK MINIMUM STEEL:

     Ec  =  33000*(0.145^1.5)*SQRT(F'c)  = 3408.79   KSI LRFD 5.4.2.4
     Es  =  = 29000   KSI LRFD 5.4.3.2
     n  =  Es/Ec  = 8.51 LRFD 5.7.1

     At  =  (n-1)*As  = 2.33   IN^2
     Ac  =  D*b  = 144.00   IN^2
     Ag  =  At+Ac  = 146.33   IN^2

     dc  =  D-ds  = 2.3125   IN
     Yb  =  [(Ac*D/2)+(At*dc)]/Ag  = 5.9414   IN

     Icg  =  = 1759.14   IN^4

     fr  =  0.24*SQRT(F'c)  = 0.4490   KSI LRFD 5.4.2.6

γ1 = = 1.6 LRFD 5.7.3.3.2
γ3 = = 0.67 LRFD 5.7.3.3.2

    Mcr  = γ1γ3 (fr*Icg)/Yb  = 11.88   K-FT
1.33*M = = 9.27   K-FT

Mr = MIN (Mcr, 1.33*M) = 9.27   K-FT

      CHECK: 9.27   K-FT     < 13.15   K-FT    O.K.

USE 1 # 5 BARS As = 0.31 IN^2

WFA 7/2/20
17           18
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FILENAME: Bathtub Moment Wall Analysis.xlsAASHTO VERSION: 7TH ED. PAGE  3  OF  3 SHEET          OF

CHECK DISTRIBUTION OF FLEXURAL REINFORCEMENT: LRFD/DM4 5.7.3.4

ACTUAL dc  = 2.3125   IN     USE dc = 2.3125  IN

βs  = 1+(dc/(0.7*(D-dc)))  = 1.3410138
γe  =  = 1
Ab  =  [(2*dc*b)-As]/(# of BARS)  = 55.19 IN^2

     P  =  As(PRV)/bds  = 0.00267
     Pn  =  P*n  = 0.02269
     K  =  {SQRT[(2*Pn)+(Pn^2)]}-Pn  = 0.1915
     J  =  1-(K/3)  = 0.9362

     fs  =  Ms/(As*J*d)  = 29.75   KSI GOVERNS
  OR
     fs  =  0.6*Fy  = 36.00   KSI

smax  = (700*γe)/(βs*fs) - 2dc  = 12.92 IN

      CHECK: 12.00  IN     < 12.92  IN    O.K.

CALCULATE HEIGHT OF WALL

HT/BARRIER  = (M*1000/10.4)^(1/3)  = 8.75 FT
HT/FOOTING = HT/BARRIER + 3'-6" BARRIER + 2'-0" PVMT = 14.25 FT (VERIFY W/ 21" WALL HEIGHT)

WFA 7/2/20
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PennDOT District 11-0 Designed By: HCF Date: 4/17/2020
I-376 Bathtub Analysis Checked By: Date:
Job Number:  60612296 Printed
File Name:  Bathtub Wall Shear Analysis.xlsx

Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 18 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 15.6875 in = de = 18.0 - 2.0 - (0.625/2)
Mu = factored moment at the section 63.84 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 1.997 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.31 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 14.12 in (AASHTO C5.7.2.8)
de = ds 15.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 20.03 kip (AASHTO 5.7.3.3-1)
Vn = 0.25f'cbvdv 148.25 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 20.03 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 1.997 <= 18.03 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 1.997 kip
 0.5φ(Vc) 9.014489 kip No transverse reinforcement required.

7/2/2020

I-376 Bathtub Existing Floodwall Shear Analysis (18" wall, #5 @ 12", 8'-0" wall height)

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

WFA 7/2/2020
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I-376 Bathtub Analysis Checked By: Date:
Job Number:  60612296 Printed
File Name:  Bathtub Wall Shear Analysis.xlsx

Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 18 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 14.6875 in = de = 18.0 - 3.0 - (0.625/2)
Mu = factored moment at the section 464.76 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 7.5 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.62 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 13.22 in (AASHTO C5.7.2.8)
de = ds 14.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 18.76 kip (AASHTO 5.7.3.3-1) Controls
Vn = 0.25f'cbvdv 138.80 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 18.76 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 7.5 <= 16.88 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 7.5 kip
 0.5φ(Vc) 8.43986 kip No transverse reinforcement required.

7/2/2020

I-376 Bathtub Proposed Floodwall Shear Analysis (18" wall, #5 @ 6", 15'-6" wall height)

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

WFA 7/2/2020
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Job Number:  60612296 Printed
File Name:  Bathtub Wall Shear Analysis.xlsx

Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 18 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 15.6875 in = de = 18.0 - 2.0 - (0.625/2)
Mu = factored moment at the section 155.04 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 3.61 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.31 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 14.12 in (AASHTO C5.7.2.8)
de = ds 15.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 20.03 kip (AASHTO 5.7.3.3-1) Controls
Vn = 0.25f'cbvdv 148.25 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 20.03 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 3.61 <= 18.03 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 3.61 kip
 0.5φ(Vc) 9.014489 kip No transverse reinforcement required.

7/2/2020

I-376 Bathtub Proposed Floodwall Shear Analysis (18" wall, #5 @ 12", 10'-9" wall height)

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

WFA 7/2/2020
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Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 21 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 17.6875 in = de = 21.0 - 3.0 - (0.625/2)
Mu = factored moment at the section 560.64 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 8.5 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.62 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 15.92 in (AASHTO C5.7.2.8)
de = ds 17.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 22.59 kip (AASHTO 5.7.3.3-1) Controls
Vn = 0.25f'cbvdv 167.15 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 22.59 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 8.5 <= 20.33 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 8.5 kip
 0.5φ(Vc) 10.16375 kip No transverse reinforcement required.

7/2/2020

I-376 Bathtub Proposed Floodwall Shear Analysis (21" wall, #5 @ 6", 16'-6" wall height)

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

WFA 7/2/2020
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Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 21 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 18.6875 in = de = 21.0 - 2.0 - (0.625/2)
Mu = factored moment at the section 189.84 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 4.13 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.31 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 16.82 in (AASHTO C5.7.2.8)
de = ds 18.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 23.86 kip (AASHTO 5.7.3.3-1) Controls
Vn = 0.25f'cbvdv 176.60 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 23.86 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 4.13 <= 21.48 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 4.13 kip
 0.5φ(Vc) 10.73838 kip No transverse reinforcement required.

7/2/2020

I-376 Bathtub Proposed Floodwall Shear Analysis (21" wall, #5 @ 12", 11'-6" wall height)

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

WFA 7/2/2020
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Calculate Shear Resistance (AASHTO 5.7.3.3)

Inputs
f'c 3.5 ksi
fy 60 ksi
h = overall depth 12 in
ds = extreme compression fiber to centroid of
nonprestressed tensile reinforcement 9.6875 in = de = 12.0 - 2.0 - (0.625/2)
Mu = factored moment at the section 83.64 kip-in
Nu = applied factored axial force (tension = +) 0 kip
Vu = factored shear force at section 2.39 kip
Es = modulus of elasticity of reinforcing bars 29000 ksi

As = Area of nonprestressed tension reinforcement 0.31 in^2
β 2
bv = design strip width 12 in
dv = max(0.9de, 0.72h) 8.72 in (AASHTO C5.7.2.8)
de = ds 9.69 in (AASHTO C5.7.2.8-2) (de = ds for non-prestressed)
λ = Concrete density modification factor 1 (AASHTO 5.4.2.8) (for normal weight concrete)
φv 0.9 (AASHTO 5.5.4.2)

Calculate Shear Resistance and Compare to Applied Shear (AASHTO 5.7.3.3)
Vn = Vc 12.37 kip (AASHTO 5.7.3.3-1)
Vn = 0.25f'cbvdv 91.55 kip (AASHTO 5.7.3.3-2)

Vc = 0.0316βλ√(f'c)bvdv 12.37 kip (AASHTO 5.7.3.3-3)

Vu≤φVn 2.39 <= 11.13 OK

Check for Requirement of Transverse Reinforcement (AASHTO 5.7.2.3)
If Vu > 0.5φ(Vc), transverse reinforcement is required.
Vu 2.39 kip
 0.5φ(Vc) 5.566716 kip No transverse reinforcement required.

7/2/2020

ABLRFD analysis currently uses the simplified method in AASHTO 5.7.3.4.1 per DC5.7.3.4.1. Use the simplified method to evaluate shear.

I-376 Bathtub Proposed Floodwall Shear Analysis (12" wall, #5 @ 12", 8'-9" Above Top of Barrier)

WFA 7/2/2020
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and Gate System Memorandum
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Memorandum 
Feb 21, 2020 

I-376 Bathtub Flooding Study 

 
High Level Evaluation Flood Detection System and Gate System – 
Option 3 
1) Project Overview 

 
The Bathtub Flooding Study project entails the evaluation of three potential build 
alternatives to mitigate recurring flood events along the I-376 W bathtub area of the 
Parkway East: 
 

▪ Option 1: Increase the size of the wall adjacent to the Mon Wharf parking area 
▪ Option 2: Create Tunnel like structure 
▪ Option 3: Install larger capacity pumps and Automated detection/gate system 

 
This memorandum focuses specifically on Option 3, the High-Level Evaluation for a 
Flood Detection System and Gate System. A cost estimate for the conceptual Flood 
Detection System was developed and can be found in the Appendix H. This cost 
estimate is broken down by the individual Scada Remote Input/Output locations and 
various devices within those groups. 
 
Based on PennDOT’s current Bathtub/Interstate Connector Emergency Closure 
procedures, the existing Bathtub Flooding Plan calls for the following requirements to 
be implemented based upon the existing river water levels. The required actions are 
provided below: 
 

▪ Bathtub and Interstate Connector flood when river water levels reach 25.0’ 
▪ 18.0’ River Level: Sluice gates to be closed by Tunnel personnel 
▪ 23.0’ River Level:  

o  Emergency Management Coordinator to contact Press Officer informing of 
impending closure 
o Assistant/Incident Commander (IC) to ensure Sign Crew is prepared to close 

Bathtub and Interstate Connector 
o Crash trucks begin to access staging locations  
o Detour routes are to be implemented  
o Assistant/(IC) to contact State Police to be on-scene for initial closure  
o Assistant/IC to contact City of Pittsburgh Police to be informed of potential 

Bathtub closure. If Bathtub is closed, Pittsburgh Police must be stationed on 
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Ft. Pitt Boulevard to facilitate flow of traffic.  ADE-Maintenance must be 
contacted in event Pittsburgh Police are not responsive. 

▪ River Level 12” below top of Mon Wharf wall and Rising: 
o County Manager makes call to close I-376 WB immediately 
o Incident Command Center (ICC) should stand-up 
o County Manager/Assistant to contact TMC and Press Office to notify of 

closure 
▪ Seven access areas need closed (in order of priority) 

o I-376 WB before Grant Street off-ramp 
o Ramp from Grant Street to I-376 WB 
o I-279 SB to I-376 EB on Portal Bridge 
o Access from Point State Park to I-376 EB 
o Ramp from Stanwix Street to I-376 EB 
o Ramp from Market Street to I-376 EB 
o Ramp from Wood Street to I-376 EB 

Aligning with the PennDOT response procedures, AECOM has developed 
recommendations for an Automated Flood Detection/Gate System to be located within and 
outside the Bathtub area during severe flooding events. This proposed automated system 
has been prepared to significantly reduce the time and labor force required to close and 
reopen to traffic the seven access points to the Bathtub area during a flood event. 

 

2) Existing ITS System within Bathtub Area 
 

The existing ITS devices located in this area include nine (9) CCTV cameras and three 
(3) DMS insert signs. These devices are connected through a Hybrid of wireless and 
fiber media with overall fiber connectivity to the Western Regional Transportation 
Management Center and Ft Pitt Tunnel Control Room. Operators at both locations can 
monitor and control these devices during the flooding events. The three major DMS 
insert signs allow the display of a “Closed” message for inbound I-376 traffic in advance 
of the Grant Street off ramp during a flooding event. There is no existing flood detection 
or gate system within this area for monitoring and managing the flooding event when it 
occurs. The existing ITS system within the Bathtub area of I-376 is shown in Figure 1 
below. 
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 Figure1 

 

3) Proposed Flood Detection System and Gate SCADA Monitoring and Control System 
 

a) Existing Ft Pitt Tunnel Scada System 
 
An office meeting was held on November 1, 2019 at the Ft Pitt Tunnel with 
PennDOT Tunnel Manager, Ben DeVore, and representatives of AECOM in 
attendance. Discussed at the meeting was the existing PLC Scada Monitoring and 
Control System equipment operating in the Ft Pitt Tunnel. The current Scada 
System is an Allen Bradley PLX Control Logix 5573 Controller as shown in Figure 2 
below. This system currently controls the tunnel fans and ventilation system. 
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 Figure 2 

 
The existing FT Pitt Tunnel PLC Scada Monitoring and Control System has the 
ability to be expanded to include new Flood Detection and gate system components 
simply by adding new remote I/O (Input/Output) control cabinet locations needed for 
the proposed automated equipment for the Bathtub Flooding areas. This topology 
expansion would be thru an EtherNet/IP connection using the existing fiber optic 
network to the Bathtub area. The existing Allen Bradley Factory Talk Software, the 
current operations (Graphical User Interface) operating at the Ft Pitt Tunnel can be 
modified to account for the proposed Bathtub Flood Area components. 
 

b) Proposed Remote PLC Scada Monitoring and Control cabinets within the Bathtub 
Area  

(1) Scada Input/Output Modules for Flood Detection, Gates and Pumps 
 

A typical Remote Input/Output SCADA Chassis is shown below in Figure 3 
 
 
 
 
 
 
 
 
 
 

Figure 3 



5 
 

The Remote Input/Output chassis consists of the following components 
working from left to right: 

• Dual 120V power supplies 
• Ethernet Ip Network module 
• Analog Input Module 
• Digital Input Module 
• Digital Output Module 

 

The above listed Remote Input/Output modules above are further explained 
as follows: 

 
Analog Input Module – This module is used to receive any variable 
signal input from a field device. Variable signal inputs on this project 
would include  

• Pressure Transducer readings for the depth of water behind 
the flood wall 

• Flood Pump parameters such as Speed, GPM etc 

 

Digital Input Module – This module is used to receive a digital “ON” 
signal from a field device. Digital input readings on this project would 
include: 

• Gate in an Open position 
• Gate in a Closed position 
• Pump in an on condition 
• Pump in an off condition 

 

Digital Output Module – This module is used to send a digital on 
signal to a field device. Digital input readings on this project would 
include: 

• Command to Open Gate 
• Command to Close Gate 
• Command to turn pump on 
• Command to turn pump off 

Command to turn on any future flashing signs or DMS Blank 
Out signs 

 
(2) Proposed Remote Scada Input/Output [I/O] locations 
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AECOM explained at the November 1, 2019 meeting at the Ft Pitt Tunnel 
that there are several existing ITS cabinets and a wireless network within the 
Bathtub area that was installed under the I-376-A46 project. [Refer to 
Figure1] Remote I/O cabinet locations can easily be installed and integrated 
to the existing fiber and wireless network. These added remote I/O locations 
will control the various ITS and Flood monitoring and control devices such as 
Gates, DMS Signs, Flood River level monitors and Pumps. 
 
Figure 4 below is a layout of the proposed Remote Scada Network and 
devices needed for the Flood Detection System and Gate System. 

 

Figure 4 
 
 

(3) Emergency Closure Procedures – Scada Automated 
 
Incorporating a expansion of the existing SCADA PLC based system to 
provide an automated Flood Detection System and Gate System following 
the existing emergency closure procedures can be achieved thru 
modification and additions to the existing FT Pitt Tunnel Scada System. With 
Pressure Transducer monitoring of actual river levels against the Bathtub 
walls, the Scada System can send out alarms at various critical levels in a 
timely manner so that maintenance personal can act in a quick and efficient 
manor in assisting the closing of the potential automated Sluice Gates, 
Interstate connector and I-376 WB at Grant St off-ramp. Gate closings would 
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be fully automated and would not necessitate the need to use PennDOT 
resources to field deploy traffic barricades and signs.  
 
A new (GUI) will need to be developed for the Bathtub Closure displaying all 
controlled devices and allowing command control of all Gates and signs. 
With interconnectivity between the FT Pitt Tunnel, Bathtub Field devices and 
the TMC, Scada GUI displays for the Bathtub can be added to the existing 
SCADA HOV GUI displays at the TMC. Operators at the TMC and Ft Pitt 
Tunnel can monitor or possibly even control Bathtub Scada devices based 
on Flooding Operational procedures. 
  
The seven access areas that will have gates can be Scada controlled  
individually and mutually exclusive of each other. Also based on river  
level readings in relation to Mon Wharf Wall, alerts and events will be capture 
and logged by the PLC Scada Software during the entire flooding event. 
 

4) Flood Detection Component and Locations 
 

a) Flood Monitoring Vendors and Existing Projects 
 
Flood monitoring devices would include a Submersible Pressure Transducer 
attached to the Mon Wharf river side wall. The pressure transducer is capable of 
reading a hydrostatic water pressure at various river levels below the max water 
height of Mon Wharf Wall. These pressure readings are then converted to an 
electrical Milli-amp reading for input into the Remote Input/Output module through 
an Analog Input Card. Changing river levels can be viewed by operators, providing 
warning messages on the Graphical User Interface (GUI). 
 
 
 

Submersible Pressure Transducer 

 

 

 

 
Listed below are vendors of Submersible Pressure Transducers. Three primary 
vendors are: 
 

• High Sierra Electronics Project: Washington Blvd 
155 Springhill Rd    Flood Detection 
Grass Valley, CA 95945   City of Pittsburgh 
 

Figure 5 
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• Campbell Scientific 
W 1800 N 
Logan, UT 84321 
 

• Keller America Project: 10th St Bridge Vault 
351 Bell King Rd  Acculevel Model  
Newport News, VA  

Based upon the high-water readings captured by the Scada System, the Sluice 
Gates can automatically be closed by issuance of a command by Scada only when 
the area of the Sluice gates are physically clear and free of any trapped debris. 

b) Flood Detection locations 
 
 
Figure 6 below shows a typical mounting configuration for a Submersible Pressure 
Transducer to a wall for a submerged condition of flooding behind the bathtub wall 
along the Mon Wharf area. 
 
 
 
 

Flood Detector wall mounting 

 
 
 
 
 
 
 
 
 
 
 
The locations for mounting the Submersible Pressure Transducers should coincide 
with the existing location for the Sluice Gates and pumps which are currently 
located near Stanwix St and Wood St intersections with I-376WB Bathtub area. 
 
 
 
 
 
 
 

Figure 6 
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5) Gate Systems 
 

a) Proposed Gate Locations 
 
The following Figure 7 shows the proposed gate locations for the seven access 
points into and out of the bathtub area that would require closure during a flooding 
event. Gate locations are shown in light red and are consistent with the access 
locations listed in Section 1 Project Overview. 
 

 

Figure 7 
 
The locations as per the District’s Emergency procedures for the Bathtub are: 

1. I-376 WB before Grant Street off-ramp 
2. Ramp from Grant Street to I-376 WB 
3. I-279 SB to I-376 EB on Portal Bridge 
4. Access from Point State Park to I-376 EB 
5. Ramp from Stanwix Street to I-376 EB 
6. Ramp from Market Street to I-376 EB 
7. Ramp from Wood Street to I-376 EB 

 

b) Gate Types and Manufacturers 
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There are various manufacturers of waring type gate systems deployed in the US and 
worldwide. The two primary Highway Warning Gate Manufacturer vendors include B&B 
Roadway Gate Systems and Versilis SwiftGate Systems. 
 
B&B Roadway Gate Systems 
 
B&B Roadway Gate Versilis Swift Gates come in either a Horizontal Gate or a Vertical 
Gate. The gates previously used on the I-279 HOV are as follows 
 

• Vertical Gate – VW-4 

 

 

 
 
 
 
 

• Horizontal Gate – HW-4 

 

 

 
 
 
 
 
 
Versilis SwiftGate System 
 
Versilis Swift Gates come in either a Horizontal Crash Tested Gate or a Vertical Gate. 
The gates used on the I-279 HOV project are as follows: 
 

• Horizontal Crash Tested Gate – Model HSG-18CW 
• Vertical Gate – Model VSG-40 
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The Versilis SwiftGate System has been 
deployed on numerous projects including 
the recently renovated I-279 HOV Lanes 
in Pittsburgh, PA.   

The photo to the left shows an aerial view 
of the I-279 HOV Slip Ramp with a 
combination of SwiftGate Swing Gates 
and Vertical gates 

 
 
 
 
 
 
 
 
 
 
 

 
 
The major difference between the two vendors is that the Horizontal Swing Gate from 
Versilis can be mounted on a concrete barrier where the B&B Roadway Gate cannot 
and must be ground mounted. Also, the Versilis Gates are more visible to oncoming 
traffic with flashing arrows mounted on each gate. Considering the limited space within 
the approach areas to the bathtub area to install gates, it is suggested that the Versilis 
SwiftGates be used in all areas. 
 
 
c) CCTV Coverage for proposed gate locations 

There are a few existing cameras that are within the vicinity of the proposed Gate 
locations (Refer to Figure 1). The existing CCTV’s within the Bathtub area are only 
able to view the lower Parkway East Outbound roadway and can be used only for 
surveillance of the flooding condition. 

Figure 8 below shows where the existing CCTV are located relative to the Bathtub 
area 
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Figure 8 
 
 
With respect to the seven access areas for proposed gate closures, Table 1 show 
each location and whether there is existing CCTV coverage and whether there is a 
need for additional CCTV coverage for gate viewing coverage. 
 

Gate Location Existing 
CCTV 

Additional 
CCTV 

I-376 WB before Grant Street off-ramp YES NO 

Ramp from Grant Street to I-376 WB YES Possible 

I-279 SB to I-376 EB on Portal Bridge YES Possible 

Access from Point State Park to I-376 EB NO YES 

Ramp from Stanwix Street to I-376 EB NO YES 

Ramp from Market Street to I-376 EB NO YES 

Ramp from Wood Street to I-376 EB NO YES 
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6) DMS System 
a) DMS Types for Flood Detection and Detour Routing 

There are three types of DMS signs either existing or proposed that would be used as 
part of the proposed Flood Detection System and Gate System. These sign types 
include: 

1. Insert DMS Signs – These single line DMS signs are inserted within the sign 
face area of an overhead major guide sign. They typically display an “Open” or 
“Closed” message or can be blank as is the case of the existing flood detection 
insert DMS at the I-376WB off-ramp for Grant St. 
 

2. Full Matrix DMS Signs – These signs are large Full Matrix DMS Signs usually 
mounted on an overhead sign structure or can be mounted as a ground 
mounted Type “A” sign. Existing Full Matrix DMS signs can be used as part of 
the notification of a Bathtub Flood condition.  
 

3. Detour DMS Signs – These signs are smaller 36”x36” Blank Out DMS Signs that 
can be custom made to display a message similar to the Detour DMS message 
below or can be a small full matrix that can display any message 

 

INSERT DMS     FULL MATRIX 
 
 
 
 
 
 
 
 
 DETOUR DMS 
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b) Existing DMS locations for Flood Detection Warning 

There are a few existing advanced DMS signs that are part of the Western 
Regional TMC that can have messages displayed to alert motorists that the I-279 
to I-376 Connector is closed due to a flooding condition. Current operational 
procedures and coordination with TMC needs to be done in advance in order to 
create a scenario where a group of advance DMS signs would change 
automatically based on flood event scenario. Individual messages could also be 
displayed on any advance DMS sign that leads into the Bathtub flood area. 

Below is a list of existing DMS Sign locations that can used in advance of the 
flooded bathtub area to alert motorist of this condition: 

1. DMS 213 - I-279SB, Hazlett ST [Overhead Full matrix DMS] 
2. DMS 209 - RT65SB – RT65/McKees Rocks Bridge [Center mount DMS] 
3. DMS Insert – I-376WB – County Jail [Grant St Exit Sign DMS Insert] 
4. DMS Insert – I-376WB – 2nd Ave [Grant St 3/8th Mile Sign DMS Insert] 
5. DMS 50 – I-376 WB, Bates St [Overhead Full matrix DMS] 
6. DMS 60 – I376 WB – Saline St [Overhead Full matrix DMS] 
7. DMS 70 – I376 WB – Edgewood [Overhead Full matrix DMS] 
8. DMS 80 – I376 WB – Greensburg Pike [Overhead Full matrix DMS] 
9. DMS 90 – I376 WB – Penn Hills [Overhead Full matrix DMS] 

        
c) Proposed DMS Locations for Flood Detection Warning and Detour Routing 

Flood Detection Warning DMS’s 

The proposed new DMS signs for Flood Detection Warning are shown in Figure 9 
below. These include: 

1. Three new replacement DMS signs near Heinz field on existing structure or 
Ground Mounted Type ’A” 

2. Overhead DMS sign on Ft Duquesne Bridge on existing sign support for I-
279 SB 
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3. Full Truss or Centermount DMS on I376WB 1 mile in advance of Grant St 

 Figure 9 

 

Flood Detour DMS Signs 

 

The proposed location for Flood Detour DMS Signing is shown in Figure 10 below: 

There are three DMS detour signs at the Banksville Interchange circulating traffic 
around the Banksville interchange loop back to I-376 EB. These signs in addition to 
the DMS sign on the Ft Duquesne Bridge should be activated during a closure 
event. All four signs could be control by a relay output from Scada into the DMS 
Controller or through an IP connection from the ATMS Software at the TMC.  
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 Figure 10 

 

7) Scada/ITS Construction Cost Estimate 
The overall construction cost estimate for the Scada/ITS System describe in this 
memorandum is $4,067,000.00. This cost will be incorporated into the Comparison 
Matrix and documented in the Alternative Analysis Report. Refer to Appendix H for a 
complete breakdown of the total by Scada cabinet locations. 
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APPENDICES 
 

Appendix A – Existing ITS System Bathtub Area 

Appendix B – Proposed Scada Communications Bathtub Area 

Appendix C – Scada Proposed Gate Locations 

Appendix D – Scada Existing/Proposed CCTV Locations 

Appendix E – Scada Existing/Proposed DMS Locations 

Appendix F – I -279 to I-376 Detour [DMS Group]  

Appendix G – Gate Group Sketches 

• I-376 Connector Gate Group 
• Commonwealth Gate Group 
• Stanwix Gate Group 
• Market St Gate Group 
• Wood St Gate Group 
• Grant St On-Ramp Gate Group 
• Grant St Off-ramp Gate Group 

 

Appendix H – Construction Cost Estimate 
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60612296 - E03024 WO6 I-376 Bathtub Flooding Alt Analysis
Bathtub - ITS/Scada Estimate - Option 3

Scada Cabinet Device QTY Unit Price Total Price

PA65/Alleghney Ave

Remote I/O & Switch 1 $50,000 $50,000

Communication/Power/Conduit/Cabinet 1 $30,000 $30,000

DMS & Type A 3 $80,000 $240,000

$320,000

Ft Duquesne Blvd

Remote I/O & Switch 1 $50,000 $50,000

Communication/Power/Conduit/Cabinet 1 $30,000 $30,000

DMS & Structural Hanger 1 $80,000 $80,000

$160,000

Point State Park

I-376 Connector Ramp Remote I/O & Switch 1 $50,000 $50,000

Communication/Power/Conduit/Cabinet 1 $40,000 $40,000

Gate Group #1 - Horizontal 5 $60,000 $300,000

$390,000

Commonwealth Place

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Gate Group #2 - Horizontal 4 $60,000 $240,000

Wireless Radio 1 20000 $20,000

$345,000

Stanwix St

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Gate Group #3 - Vertical 1 105000 $105,000

Gate Group #4 - Vertical 1 105000 $105,000

CCTV 1 24000 $24,000

Wireless Radio 1 20000 $20,000

Pressure transducer 1 25000 $25,000

Sluice gate Control 1 25000 $25,000

Pump Control and Monitoring 1 25000 $25,000

$414,000

Market St

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Wireless Radio 1 20000 $20,000

Gate Group #5 - Vertical 1 105000 $105,000

Gate Group #6 - Vertical 1 105000 $105,000

$315,000

Wood St

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Gate Group #7 - Vertical 1 105000 $105,000

Gate Group #8 - Vertical 1 105000 $105,000

Wireless Radio 1 20000 $20,000

Pressure transducer 1 25000 $25,000

Sluice gate Control 1 25000 $25,000

Pump Control and Monitoring 1 25000 $25,000

Appendix H

Subtotal

Subtotal

Subtotal

Subtotal

Subtotal

Subtotal



$390,000

Grant St On-Ramp

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Gate Group #9 - Vertical 1 105000 $105,000

Wireless Radio 1 20000 $20,000

CCTV 1 24000 $24,000

$234,000

Grant St Off-Ramp

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $60,000 $60,000

Gate Group #10 - Horizontal 11 60000 $660,000

CCTV 1 24000 $24,000

$769,000

2nd Ave

Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $10,000 $10,000

$35,000

Gist St Remote I/O & Switch 1 $25,000 $25,000

Communication/Power/Conduit/Cabinet 1 $50,000 $50,000

Wireless Radio 1 20000 $20,000

DMS 1 $250,000 $250,000

$345,000

SCADA Software Programming Existing Ft Pitt Tunnel PLC 1 $350,000 $350,000

$4,067,000

Subtotal

Subtotal

TOTAL

Subtotal

Subtotal

Subtotal



ALTERNATIVE ANALYSIS REPORT
I-376 Bathtub (Parkway Central)
Pittsburgh, PA
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Traffic Analysis Memorandum



I-376 Bathtub Flooding Study 

Task 13 – Traffic Analysis 

 

Memorandum 

May 29, 2020 

1.0 Project Overview 
The I-376 Bathtub Flooding Study project entails the Alternative analysis of the following three 

alternatives:  

 Option 1: Increase the size of the wall adjacent to the Mon Wharf parking area 

 Option 2: Create Tunnel like structure 

 Option 3: Install larger capacity pumps and Automated detection/gate system 

 

Option 1 is anticipated to reduce the number of flood events, but not eliminate future flood events by 

increasing the height of the wall adjacent to the Mon Wharf parking lot.  Option 2 would eliminate flood 

events by creating a tunnel around I-376.  Option 3 maintains I-376 but installs larger pumps and installs 

an automatic food detection and gate system.  This traffic analysis focuses on Alternative Option 3 since 

floods are still anticipated to occur and provides a high-level traffic evaluation for a Flood Detection 

System and Gate System as per Task 13 scope. 

 

Based on PennDOT’s current Bathtub/Interstate Connector Emergency Closure procedures, the Bathtub 

Flooding Plan calls for the following requirements at various river water levels:  

 

• Bathtub and Interstate Connector flood when river water levels reach 25.0’ 

• 18.0’ River Level: Sluice gates to be closed by Tunnel personnel 

• 23.0’ River Level:  

o  Emergency Management Coordinator to contact Press Officer informing of potential 

closure 

o Assistant to ensure Sign Crew is prepared to close Bathtub and Interstate Connector 

o Crash trucks to begin accessing staging locations  

o Detour routes are to be implemented  

o Assistant/ Incident Commander (IC) to contact State Police to be on-scene for initial 

closure  

o Assistant/IC to contact City of Pittsburgh Police to be informed of potential Bathtub 

closure. If Bathtub is closed, Pittsburgh Police must be stationed on Ft. Pitt Boulevard to 

facilitate flow of traffic.  ADE-Maintenance must be contacted in event Pittsburgh Police 

are not responsive. 
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• River Level 12” below top of Mon Wharf wall and Rising: 

o County Manager makes call to close I-376 WB immediately 

o Incident Command Center (ICC) should stand-up 

o County Manager/Assistant to contact TMC and Press Office to notify of closure 

• Seven access areas need closed (in order of priority) 

o I-376 WB before Grant Street off-ramp 

o Ramp from Grant Street to I-376 WB 

o I-279 SB to I-376 EB on Portal Bridge 

o Access from Point State Park to I-376 EB 

o Ramp from Stanwix Street to I-376 EB 

o Ramp from Market Street to I-376 EB 

o Ramp from Wood Street to I-376 EB 

This task involves identifying any traffic signal operational improvements that can be made along the 

Detour route within the Central Business District (CBD) to lessen the impacts of the detour.   

2.0 Study Area 
The study area for traffic analysis includes I-376 West at the Grant Street Exit (Exit 71A) and a portion of 

the CBD including the following signalized intersections:  

• Grant Street with Fort Pitt Boulevard  

• Grant Street with First Avenue  

• Grant Street with the Boulevard of the Allies (SR 2208)  

• Boulevard of the Allies (SR 2208) with Cherry Way 

• Boulevard of the Allies (SR 2208) with Smithfield Street 

• Boulevard of the Allies (SR 2208) with Wood Street 

• Boulevard of the Allies (SR 2208) with Market Street 

• Boulevard of the Allies (SR 2208) with Stanwix Street 

• Fort Pitt Boulevard with Stanwix Street  

3.0 Data Collection  

3.1 Traffic Data  

PennDOT District 11-0 provided traffic data for I-376 West mainline and the I-376 West ramps to and from 

Grant Street and Stanwix Street from their Roadway Management Information System (RMIS).  This 

information provided the average daily traffic (ADT) and heavy vehicle percentages for each segment / 

offset for the years the data was collected.  In order to determine the Existing Year 2020 ADT for I-376 

West and the on- and off-ramps to Grant Street, the PennDOT Traffic Growth Factors for August 2019 – 

July 2020 for Urban Interstate in Allegheny County were applied.  The compound traffic growth rate of 

0.81% was applied to the ADT data from the RMIS to establish the Existing Year 2020 ADT.  Since hourly 

volume data was not available for all highway segments, the hourly breakdown from Traffic Pattern Group 

(TPG) factors from the 2018 Pennsylvania Traffic Data were utilized to determine AM, Midday, and PM 

hourly volumes.  The ADT data, the heavy vehicle percentages, and the TPG factors for I-376 West and the 

Grant Street ramps can be seen graphically on Figure 1.   
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3.2 Turning Movement Counts  

Turning movement counts at the study intersections within the CBD were performed in 2017 as part of 

the Downtown CBD Traffic Counts for the City of Pittsburgh’s Department of Mobility and Infrastructure.   

Since a CBD area has different traffic growth trends than an interstate highway, the Southwestern 

Pennsylvania Commission (SPC) was contacted to obtain a traffic growth rate for the City of Pittsburgh’s 

Downtown area.  The turning movement counts were grown to 2020 using a linear growth rate of 0.5% 

provided by a representative of SPC.   TPG factors were applied to the ADT information for I-376 West and 

the Grant Street Exit (Exit 71A) ramp in order to determine AM, Midday, and PM hourly volumes for the 

freeway and diverge analysis.  The average heavy vehicle percentage for each highway segment and ramp 

were utilized for all peak hours in the analysis since heavy vehicle percentage for each peak hour was not 

available.  The Existing Year 2020 AM, Midday, and PM peak hour volumes for the CBD intersections, I-

376 West segments, and the I-376 West on- and off-ramps to Grant Street and Stanwix Street can be seen 

on Figures 2, 3, and 4.   

3.3 INRIX Data  

3.3.1 Normal Weekday  

INRIX is a service that provides real-time and historical traffic information including travel times and 

speeds along interstates.  Color thresholds were established to correspond to speeds on I-376 West as 

can be seen in Exhibit 1 below.   

Exhibit 1.  I-376 West INRIX Data Color Thresholds 

 

Dark red indicates the slowest speeds or vehicles stopped, and bright green indicates free flow speeds.  

This data was utilized to determine the speeds and queues along I-376 West on normal weekdays and 

also during a closure of I-376 West between the Grant Street Exit (Exit 71A) and the US-30 / PA-8 Exit (Exit 

78).  Tuesday, February 25, 2020, was selected as a normal weekday to determine normal queuing on I-

376 West.  The data is depicted for a full 24 hours in 5-minute increments with the corresponding vehicular 

speeds for each segment at that increment.  The INRIX data for Tuesday, February 25, 2020, can be seen 

in Exhibit 2 on the next page.   



I-376 Bathtub Flooding Traffic Analysis 
City of Pittsburgh, Allegheny County 

 

                                                                                                                                          4 | P a g e  

  

Exhibit 2.  I-376 West INRIX Data on a Normal Weekday 
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As can be seen in Exhibit 2, there are several times that I-376 West experiences congestion between the 

Grant Street Exit (Exit 71A) and the US-30 / PA-8 Exit (Exit 78) on a normal weekday as seen in red, orange, 

and yellow.  During the morning peak period, westbound traffic queues from the US-30 / PA-8 Exit (Exit 

78) to the Squirrel Hill Tunnel which is located between Exit 77 (Edgewood / Swissvale) and Exit 74 

(Squirrel Hill / Homestead).  Westbound traffic also slows to between 30 mph and 40 mph between 

Second Avenue (Exit 71B) and Grant Street (Exit 71A) in the morning.  During the evening peak period, 

slowdowns are seen in similar areas, but to different degrees than the morning peak period.  Westbound 

traffic still experiences slowdowns before the Squirrel Hill Tunnel, but not as severe as seen in the 

morning.  Congestion is more significant during the evening peak period at the Grant Street Exit (Exit 71A) 

and extends to Forbes Avenue (Exit 72A).   

3.3.2 Flood Event  

The following are historical dates where the Bathtub section of I-376 West flooded and was closed in the 

last two (2) years:  

• Saturday, January 13, 2018 

• Saturday, February 17, 2018 

• Tuesday, September 11, 2018 

• Friday, January 25, 2019 

• Saturday, February 9, 2019 

• Wednesday, February 13, 2019 

Each flood event closure causes varying degrees of queues on I-376 West dependent on time of day, day 

of week, and season of the year of the closure.  For this high-level study, a typical weekday closure date 

was utilized to compare typical weekday peak hour conditions.  Tuesday, September 11, 2018, was used 

to determine the queuing experienced on I-376 West when the Bathtub section was closed since a defined 

queue on I-376 West can be seen.  The INRIX data for Tuesday, September 11, 2018, can be seen in Exhibit 

3 on the next page.   

As can be seen in Exhibit 3, during a flood event when I-376 West is closed at the Grant Street Exit (Exit 

71A), traffic is at a standstill or near standstill as indicated by the dark red (vehicular speed averaging 5 

mph or less) from the Grant Street Exit (Exit 71A) to beyond the Second Avenue Exit (Exit 71B) for most of 

the day.   
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Exhibit 3.  I-376 West INRIX Data during a Flood Event  
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4.0 Traffic Analysis  

4.1 Normal Traffic Condition Analysis  

4.1.1 Capacity Analysis  

4.1.1.1 Intersection Analysis  

Levels of service at the study intersections in the CBD have been determined for the AM, Midday, and PM 

peak hours.  These levels of service (LOS) were determined through implementation of signalized capacity 

analysis methodologies presented in the 2010 Highway Capacity Manual published by the Transportation 

Research Board.  The LOS ranges from A to F, comparable to a grading system in school, with LOS A being 

the best traffic conditions and LOS F being the worst.  A summary of the LOS criteria has been included in 

Exhibit 4 below.   

Exhibit 4. Intersection LOS Criteria Summary 

Signalized Intersections 

LOS Delay per Vehicle (seconds) 

A Less than 10 

B Between 10 and 20 

C Between 20 and 35  

D  Between 35 and 55 

E Between 55 and 80 

F  Greater than 80 

 

 

The Existing Year 2020 Conditions were modeled in Synchro Version 10.1, build 2, revision 20, and the 

most recently implemented traffic signal timings for the signalized study intersections were utilized in the 

Synchro analysis.   

 

The results of the Existing Year 2020 Level of Service (LOS) analyses are provided in Table 1 in the Tables 

section of the Attachments for the AM, Midday, and PM peak hours.  The Existing Year 2020 capacity 

analysis results for the signalized intersections can be seen in Attachment A.  As can be seen from Table 

1, all the intersections operate at acceptable LOS (LOS D or better) during all peaks analyzed.  There are 

some movements and approaches which operate at LOS E during the AM and PM peak hours at the 

intersection of Grant Street with Fort Pitt Boulevard.    

4.1.1.2 Highway Analysis  

LOS for the Freeway and Diverge movements of I-376 West at the Grant Street Exit (Exit 71A) were 

determined for the AM, Midday, and PM peak hours.  These LOS were determined through 

implementation of freeway and ramps analysis methodologies presented in the 2010 Highway Capacity 

Manual published by the Transportation Research Board.  A summary of the LOS criteria has been included 

in Exhibit 5 on the next page.   
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Exhibit 5. LOS Criteria Summary 

 Freeways Diverge 

LOS Density (pc/mi/ln) 

A Less than 11 Less than 10 

B Between 11 and 18 Between 10 and 20 

C Between 18 and 26  Between 20 and 28  

D  Between 26 and 35 Between 28 and 35 

E Between 35 and 45 Greater than 35  

F  Greater than 45 Demand Exceeds Capacity 

 

LOS for the I-376 West highway segment before the Grant Street Exit (Exit 71A) and the diverging 

movement of the Grant Street Exit (Exit 71A) were determined for the AM, Midday, and PM peak hours.  

The Existing Year 2020 Conditions were analyzed using Highway Capacity Software (HCS) Version 7.  The 

results of the Existing Year 2020 LOS analyses are provided in Table 2 in the Tables section of the 

Attachments for the AM, Midday, and PM peak hours.  The Existing Year 2020 capacity analysis results for 

freeway and diverge sections can be seen in Attachment B.  As can be seen in Table 2, the freeway sections 

before and after the Grant Street Exit (Exit 71A) operate at acceptable LOS (LOS D or better) for each peak 

hour analyzed.  The diverge section of the Grant Street Exit (Exit 71A) operates at acceptable LOS (LOS D 

or better) during the Midday peak hour and experiences congestion during the AM and PM peak hours 

which operate at LOS E and F, respectively.   

4.1.2 Queuing Analysis  

The Existing Year 2020 AM, Midday, and PM peak hour Synchro models were transferred to SimTraffic.  

Five (5) separate 60-minute simulations (utilizing a thirty-minute seeding interval) were performed in 

SimTraffic for each individual peak hour and averaged.   

The results of the Existing Year 2020 Conditions queuing analyses are provided in Table 3 in the Tables 

section of the Attachments for the AM, Midday, and PM peak hours.  The Existing Year 2020 queue 

analysis results can be seen in Attachment C.  The queuing analyses show that queues do not extend 

beyond auxiliary turn lanes to extend beyond the adjacent intersection with the exception of the 

southbound approach of Grant Street with the Boulevard of the Allies during the AM and Midday peak 

hours and the westbound approach of Grant Street with Fort Pitt Boulevard during the PM peak hour.   

4.1.3 Travel Times 

Travel times along the detour route within the CBD (see Section 4.2 for description of Detour Route) were 

determined for the Existing Year 2020 normal weekday conditions for AM, Midday, and PM peak hours.  

The travel times and average speeds were determined from the SimTraffic simulations for each peak hour 

and can be seen in Exhibit 6 and the results can be seen in Attachment D.   

Exhibit 6. Existing Year 2020 Travel Times and  

Average Speed along Detour Route 

 AM Midday PM 

Travel Time (seconds) 255 225 344 

Travel Time (minutes) 4.3 3.8 5.7 

Speed (mph)  8 9 6 
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As can be seen in Exhibit 6, the travel time along the detour route under normal weekday conditions 

during the peak hours varies between 3.8 minutes in the Midday peak to 5.7 minutes during the PM peak 

hour.  Average speeds along the detour route also vary between 6 mph in the PM peak to 9 mph in the 

Midday peak.   

4.2 Traffic Condition Analysis with Bathtub Detour  

4.2.1 Detour Route during Bathtub Closure  

PennDOT’s Bathtub / Interstate Connector Emergency Closure Procedure dated March 11, 2019, indicates 

that when the Bathtub section floods and I-376 West must close, traffic detours through the CBD along 

Grant Street to the Boulevard of the Allies, to Stanwix Street, and back to I-376 West.  This Detour Route 

can be seen on Exhibit 7.  

Exhibit 7. Bathtub Detour Route  

 

4.2.2 Bottleneck Analysis  

With the Bathtub section of I-376 West closed during a flood event, traffic on I-376 West must detour 

onto Grant Street to the Boulevard of the Allies and to Stanwix Street to continue on I-376 West.  When 

this detour occurs, the public is informed via multiple Dynamic Message Signs (DMS) from the 

Pennsylvania Turnpike at the I-376 Interchange and at several points along I-376 West.  This advanced 

warning encourages some traffic to detour and take earlier exits onto other routes to continue to their 

destination before they must exit I-376 West at Grant Street (Exit 71A).   

INRIX historical data was used to determine the percentage of vehicles that would normally continue on 

I-376 West beyond the Grant Street Exit (Exit 71A) but instead divert off I-376 West before approaching 

the Grant Street Exit (Exit 71A) because of the closure.   
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The INRIX data seen in Exhibit 3 was exported to Excel in order to see the speed for each 5-minute interval, 

which can be seen below in Exhibit 8.  The exhibit below shows the distance between each ramp, including 

on ramps and off ramps for each exit.   

Exhibit 8. I-376 West INRIX Data during a Flood Event 

Exit (Description) Miles 8:15 AM 8:20 AM 8:25 AM 

EXIT 78B (PA-8N) 0.25 58 60 62 

EXIT 78A (US 30E) 0.85 30 39 36 

Exit 77 (Edgewood / Swissvale) 0.69 19 15 13 

Exit 77 (Edgewood / Swissvale) 0.49 11 13 13 

Squirrel Hill Tunnel 0.88 26 26 20 

Squirrel Hill Tunnel 0.75  

Exit 74 (Squirrel Hill / Homestead) 0.21 41 42 19 

Exit 74 (Squirrel Hill / Homestead) 0.55 25 11 9 

EXIT 73 (PA-885) 1.00 13 13 10 

EXIT 73 (PA-885) 0.18 18 20 23 

Exit 72B (Boulevard of the Allies) 0.48 13 14 14 

Exit 72B (Boulevard of the Allies) 0.03 18 20 23 

Exit 72A (Forbes Ave) 0.04 20 21 22 

Exit 72A (Forbes Ave) 0.39 4 5 3 

Exit 71B (Second Ave) 0.71 2 2 3 

Exit 71B (Second Ave) 0.05 2 2 3 

Exit 71A (Grant Street) 0.32 3 3 5 

 Total 1.47    

 

As seen in Exhibit 8, the INRIX data on Tuesday, September 11, 2018, indicates that at approximately 1.47 

miles from the Grant Street Exit (Exit 71A), the speeds on I-376 West register 5 mph.  This is considered 

the back of queue during a flood event.   

Using the INRIX historical data, a bottleneck analysis was then performed to determine the percentage of 

traffic which is diverted from I-376 West before the Grant Street Exit (Exit 71A).  The bottleneck analysis 

indicated that 50% of the traffic must be diverted from I-376 West to obtain a 1.5-mile queue on I-376 

West.  The bottleneck analysis can be seen in Attachment E.  

4.2.3 Traffic Volume Development  

With the Bathtub section of I-376 West closed, several ramps and movements within the CBD are 

prohibited.  The traffic volumes for the impacted movements have been redistributed through the study 

area accordingly and can be seen on Figures 5, 6, and 7 for the AM, Midday, and PM peak hours, 

respectively.    

Figure 8 show the peak hour traffic volume on I-376 West with the Bathtub closed, which consists of a 

50% diversion rate as indicated by the bottleneck analysis.  To be conservative, all traffic exiting I-376 

West was assumed to travel along the posted Detour route to enter I-376 West beyond the closed Bathtub 

section.   
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The CBD Redistributed traffic volumes (Figures 5, 6, and 7) and the I-376 West Detoured volumes (Figure 

8) were combined with the Existing Year 2020 traffic volumes (Figures 2, 3, and 4) to develop the Existing 

Year 2020 Bathtub Detour Traffic Volumes for the AM, Midday, and PM peak hours which can be seen in 

Figures 9, 10, and 11, respectively.   

4.2.4 Travel Times and Average Speeds 

Existing Year 2020 under Bathtub Detour Conditions were modeled using the same traffic signal phasing 

and timings as was seen under Existing Conditions.  Under Detour Conditions, police may operate some 

of the intersections along the detour route, but since not all intersections are always controlled by police 

during the detour and police operation of the signals is not accurately modeled in Synchro, the existing 

traffic signal timings were utilized for this analysis.   

Travel times along the detour route were determined for the Existing Year 2020 Bathtub Detour 

Conditions for AM, Midday, and PM peak hours.  The travel times were determined from the SimTraffic 

simulations for each peak hour.  The travel times and average speeds along the Detour Route under 

normal weekday conditions and under Bathtub Detour Conditions can be seen in Exhibit 9 and the results 

can be seen in Attachment F.   

Exhibit 9. Existing Year 2020 Travel Times and  

Average Speed along Detour Route Under Detour Conditions 

Peak Hour / 

Condition 

AM Midday PM 

Normal 

Weekday 

Bathtub 

Detour 

Normal 

Weekday 

Bathtub 

Detour 

Normal 

Weekday 

Bathtub 

Detour 

Travel Time (seconds) 255 2,672 225 5,091 344 12,473 

Travel Time (minutes) 4.3 45 3.8 85 5.7 208 

Speed (mph) 8 1 9 1 6 1 

 

As can be seen in Exhibit 9, the travel times along the detour route increase significantly and the speeds 

decrease significantly, which is expected with the peak hour volumes on I-376 West being detoured 

through the CBD.  Since it was assumed for this analysis that all the volume on I-376 West will follow the 

detour route through the CBD, the results can be considered conservative.        

4.3 Traffic Condition Analysis with Bathtub Detour & Mitigations 

4.3.1 Mitigation Measures  

Although there are not mitigation measures to move traffic through the CBD which would result in 

acceptable LOS or queuing, the following mitigation measures can be implemented to facilitate the 

movement of vehicles to the maximum capacity:  

• Traffic signal cycle length, split, and offset optimization 

• Traffic signal progression changes along the detour route  

4.3.2 Traffic Signal Timing Optimization  

The traffic signal timings along the detour route were optimized under detour conditions for the AM, 

Midday, and PM peak hours.  The traffic signal cycle length along the detour route is currently 95 seconds 

during all peak periods except for the intersection of Fort Pitt Boulevard with Stanwix Street which has 

cycle lengths of 110 seconds and 75 seconds during the AM and Midday peak hours, respectively.  Cycle 

lengths between 75 and 110 seconds were considered for Detour Conditions.  A 110 second cycle length 
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was considered to be the highest reasonable cycle length since it limits the pedestrian delay and maintains 

pedestrian compliance at the signalized intersections, and limits the additional queuing on the minor 

street approaches at the study intersections along the detour route.  During all three peak hours analyzed, 

a cycle length of 110 seconds was chosen for the intersections along the detour route.  Offsets at 

intersections along the detour route were also optimized.  The existing traffic signal phasing was 

maintained for all peak hours analyzed to maintain phasing consistency for pedestrians.  

4.3.3 Traffic Signal Progression   

In order to optimize progression along the detour route, the reference phase for coordination was 

changed at two intersections.  First, at the intersection of Boulevard of the Allies with Stanwix Street, the 

progression was changed to reference Phase 1 – Westbound left turn phase.  Next, in order to provide 

progression from the Boulevard of the Allies to the ramp to I-376 West at Fort Pitt Boulevard, the 

progression was changed to reference Phase 4 – Southbound phase.   

4.3.4 Travel Times and Average Speeds 

The mitigation measures listed in Section 4.3.1 (Mitigation Measures) were modeled in Synchro and 

transferred to SimTraffic.  The travel times were determined from the SimTraffic simulations for each peak 

hour.  The travel times along the Detour Route under Existing Bathtub Detour Conditions and with the 

specified mitigation measures can be seen in Exhibit 10 below and the results can be seen in Attachment 

G.   

Exhibit 10. Existing Year 2020 Travel Times and  

Average Speed along Detour Route Under Detour Conditions with Mitigations  

Peak Hour / 

Condition 

AM Midday PM 

Bathtub 

Detour 

With 

Mitigation 

Bathtub 

Detour 

With 

Mitigation 

Bathtub 

Detour 

With 

Mitigation 

Travel Time (seconds) 2,672 2,332 5,091 2,728 12,473 11,119 

Travel Time (minutes) 45 39 85 45 208 185 

% Difference  -13%  -46%  -11% 

Speed (mph)  1 2 1 3 1 2 

 

As can be seen in Exhibit 10, implementing a 110 second cycle length along the detour route and 

modifying the phases of progression, travel times along the corridor decrease and speeds increase.  

Although the results still indicate significant increases in travel times along the detour route compared to 

existing travel times, the results indicate that implementing traffic signal control changes will maximize 

the operations along the detour route to the greatest extent possible during Bathtub closures.   

 

Even though pedestrians and minor street traffic would be negatively impacted by a longer cycle length 

of 150 seconds along the detour route, it was also modeled to determine the impact on travel times along 

the detour route.  The longer cycle length decreased the travel times by less 5% along the detour route 

compared to the 110 second cycle length during the AM and PM peak hours as seen in Exhibit 10.  Since 

a significant decrease in travel times is not realized from a longer cycle length along the detour route, a 

110 second cycle length was utilized for comparison purposes for this analysis.   
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5.0 Recommendations   
Using the turning movement counts collected in 2017 as part of the Downtown CBD Traffic Counts, ADT 

data provided by PennDOT, and INRIX data, traffic analysis was performed to determine the effects of a 

closure of the Bathtub section of I-376 West on the detour route of the CBD.  Based on this analysis, the 

following are recommendations to increase the flow of traffic along the detour route:  

1. Optimize traffic signal cycle lengths, splits, and offsets 

• Although optimizing the traffic signal lengths, splits, and offsets will not yield acceptable LOS 

or queuing, it will maximize the flow of traffic along the detour route.  

• Existing traffic signal phasing should remain.  

• Cycle lengths should be short enough that pedestrians comply with the pedestrian phasing 

and minor street traffic does not significantly impact adjacent intersections within the CBD.   

2. Modify the traffic signal progression along the detour route  

• Modify the reference phase for coordination at two intersections along the detour route in 

order to progress the flow of traffic along the detour route.  

3. Coordinate with the City of Pittsburgh to implement timing plan during flood event  

• Coordination with the City of Pittsburgh should occur to establish a plan for when a flood 

event occurs and I-376 West traffic must be detoured through the CBD.   

• A predetermined timing plan should be established that can be implemented remotely for 

the intersections along the detour route to move traffic as efficiently as possible during a 

flood event.   

4. Implement DMS warning messages  

• DMS warning messages should be used to alert drivers that the Bathtub section of I-376 

West is closed.   

• The DMS messages should be displayed along I-376 West approaching the closure and also if 

possible, at the Pennsylvania Turnpike Interchange with I-376 West.   



 

 

 

 

 

 

Tables 

 

 

 

 

 

 

 

 



AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

A (7.9) A (9.6) B (10.3)

A (7.9) A (9.6) B (10.3)

B (13.1) B (11.9) D (37.6)

B (13.1) B (11.9) D (37.6)

B (16.4) B (16.1) C (21.4)

B (16.4) B (16.0) C (21.0)

B (11.9) B (12.0) C (22.1)

AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

D (40.0) C (23.7) B (19.5)

D (39.8) B (18.5) C (22.3)

C (26.1) C (20.9) C (25.3)

A (2.7) A (2.9) A (6.6)

B (12.1) B (16.3) B (17.6)

B (15.6) B (14.0) B (17.7)Overall Intersection

Southbound

Through
B (12.1) B (16.3) B (17.6)

Right Turn

Approach

Approach / Movement

Grant Street North/South Roadway

Northbound

Left Turn

A (2.7) A (2.9) A (6.6)Through

Right Turn

Approach

B (15.9) C (20.6)
Right Turn

Approach

Westbound

Left Turn

C (26.1) C (20.9) C (25.3)Through

Right Turn

Approach

Peak Hour

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn
D (39.7) B (15.2) C (23.0)

Through

Right Turn

Approach

Direction

Overall Intersection

Intersection Grant Street & Boulevard of the Allies

Westbound
Through

Approach

Table 1.  

Intersection Level-of-Service Summary: Existing Year 2020

Intersection Boulevard of the Allies & Cherry Way

Peak Hour

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

Eastbound
Through

Approach

Cherry Way North/South Roadway

Southbound

Left Turn

Through
B (16.4)



AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

B (12.3) B (16.7) B (18.9)

B (18.9) C (23.2) C (20.6)

D (36.5) C (20.3) D (43.1)

D (39.3) C (20.3) D (43.5)

B (14.0) B (13.3) B (19.5)

C (24.4) C (21.2) C (29.8)

AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

A (4.5) A (5.8) A (7.9)

A (4.3) A (5.4) A (6.9)

B (12.8) C (21.0) B (13.8)

C (20.3) C (28.6) B (15.5)

A (23.8) C (24.6) C (33.6)

B (13.9) B (17.9) B (12.3)

Table 1.  

Intersection Level-of-Service Summary: Existing Year 2020

Overall Intersection

Southbound

Left Turn

A (23.8) C (24.6) C (33.6)Through

Right Turn

Approach

Smithfield Street North/South Roadway

Northbound

Left Turn

C (20.3) C (28.6) B (15.5)Through

Right Turn

Approach

Westbound

Through
B (12.8) C (21.0) B (13.8)

Right Turn

Approach

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
A (4.2) A (5.3) A (6.8)

Right Turn

Approach

Overall Intersection

Intersection Boulevard of the Allies & Smithfield Street

Peak Hour

Southbound

Left Turn

B (14.0) B (13.3) B (19.5)Through

Right Turn

Approach

D (43.6)
Right Turn

Approach

Market Street North/South Roadway

Westbound

Left Turn

Through
D (39.4) C (20.3)

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
B (19.1) C (23.5) C (20.6)

Right Turn

Approach

Intersection Boulevard of the Allies & Market Street

Peak Hour

Direction Approach / Movement



AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

B (13.1) B (17.4) C (22.2)

B (17.8) B (21.9) C (24.8)

A (1.5) A (3.2) A (8.4)

A (9.1) A (3.3) A (8.7)

C (22.6) B (18.8) C (25.3)

C (24.4) B (19.8) C (26.8)

C (31.6) C (22.7) C (28.6)

C (21.7) C (21.0) B (19.9)

C (21.7) B (19.2) B (23.6)

C (25.6) C (21.5) C (23.6)

C (20.2) B (17.1) B (19.6)

Table 1.  

Intersection Level-of-Service Summary: Existing Year 2020

Overall Intersection

C (26.9)
Right Turn

Approach

Southbound

Left Turn

Through

Right Turn

Approach

Northbound

Left Turn

Through
C (24.6) B (19.9)

A (8.8)
Right Turn

Approach

Stanwix Street North/South Roadway

Westbound

Left Turn

Through
B (10.8) A (3.3)

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
B (19.3) C (22.8) C (25.2)

Right Turn

Approach

Intersection Boulevard of the Allies & Stanwix Street

Peak Hour



AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

A (1.1) A (0.0) A (0.0)

A (5.8) C (22.7) B (10.4)

A (5.9) B (12.8) A (3.8)

B (19.1) B (13.5) A (2.3)

B (19.1) B (16.8) C (26.3)

B (15.4)

B (15.6) B (17.9) C (24.8)

B (12.6) B (18.1) B (11.4)

AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

C (27.0) C (23.4) C (26.4)

C (34.7) B (11.2) C (32.9)

C (32.1) B (10.1) D (35.1)

B (11.8) A (6.1) B (11.2)

A (5.5) A (5.7) A (8.5)

A (6.3) A (5.8) A (8.7)

B (25.4) B (10.1) C (22.9)

Table 1.  

Intersection Level-of-Service Summary: Existing Year 2020

Southbound

Left Turn

Through

Approach

Overall Intersection

Grant Street North/South Roadway

Northbound

Left Turn
C (30.8) A (9.5) D (35.8)

Through

Right Turn

Approach

Direction Approach / Movement

First Avenue East/West Roadway

Westbound

Left Turn
C (27.0) C (23.4) C (26.4)

Right Turn

Approach

Overall Intersection

Intersection Grant Street & First Avenue

Peak Hour

Southbound

Left Turn

B (15.6)
B (18.2)

C (24.8)Through

Right Turn

Approach

Northbound

Left Turn

B (19.1) B (16.8) C (26.3)Through

Right Turn

Approach

A (1.9)
Right Turn

Approach

Wood Street North/South Roadway

Westbound

Left Turn

Through
C (21.5) B (13.8)

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
A (5.8) C (22.7) B (10.4)

Right Turn

Approach

Intersection Boulevard of Allies & Wood Street

Peak Hour



AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

D (39.5) C (34.9) D (35.6)

D (39.5) C (34.7) E (59.6)

E (59.1) C (22.2) C (31.3)

E (59.1) C (22.2) C (31.3)

A (8.2) A (7.2) B (13.0)

A (6.0) A (6.9) A (8.5)

C (33.2) D (37.7) C (29.5)

D (37.4) C (20.3) C (29.1)

AM Peak Hour Midday Peak Hour PM Peak Hour

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

C (22.6) A (7.0) B (12.9)

C (26.8) A (7.1) B (11.7)

B (19.8) B (19.6) C (20.9)

B (18.7) B (18.9) C (23.2)

B (18.4) B (17.6) B (17.3)

B (19.3) B (19.0) C (21.1)

C (25.6) B (19.0) B (20.0)

C (25.1) B (12.4) B (15.8)Overall Intersection

Table 1.  

Intersection Level-of-Service Summary: Existing Year 2020

Northbound

Left Turn
C (25.6) B (19.0) B (20.0)

Right Turn

Approach

Stanwix Street North/South Roadway

Southbound

Through

Right Turn

Right Turn 2

Approach

Direction Approach / Movement

Fort Pitt Blcd East/West Roadway

Westbound

Left Turn

Through
C (27.3) A (7.1) B (10.9)

Right Turn

Approach

Overall Intersection

Intersection Stanwix Street & Fort Pitt Boulevard

Peak Hour

C (33.2) D (37.7) C (29.5)
Through

Approach

Southbound
Right Turn 

Sharp Right Turn

Northeastbound

Left Turn

Grant Street North/South Roadway

Northbound
Through

Approach

Fort Pitt Boulevard East/West Roadway

Westbound

Left Turn
D (39.5) C (34.6) E (70.8)

Through

Right Turn

Approach

Intersection Grant Street & Fort Pitt Blvd

Peak Hour

Direction Approach / Movement



AM Peak Hour Midday Peak Hour PM Peak Hour

D (29.7) C (19.2) D (31.2)

AM Peak Hour Midday Peak Hour PM Peak Hour

E (36.5) C (23.3) F 

AM Peak Hour Midday Peak Hour PM Peak Hour

D (30.7) C (19.9) D (32.2)

Table 2.  

Freeway / Diverge Level-of-Service Summary: Existing Year 2020

Freeway I 376 West Before Grant Street

Peak Hour

Peak Hour

Diverge I 376 West / Grant Street Exit

Peak Hour

Freeway I 376 West After Grant Street



AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

300 95 70 186

300 156 78 224

400 75 81 175

AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

196 96 254

197 102 279

300 138 113 280

AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

75 41 59 35

300 22 48 66

141Through

Right Turn

Southbound

Left Turn

200 35 46

196 189
Right Turn

Market Street North/South Roadway

Westbound

Left Turn

Through
525 137

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
450 166 190 177

Right Turn

Intersection Boulevard of the Allies & Market Street

Peak Hour

Direction Approach / Movement

202
Right Turn

Northbound

Left Turn

250 129 66 170Through

Right Turn

Southbound
Through

175 183 202

Approach / Movement

Grant Street North/South Roadway

Eastbound

Left Turn
300

Through

Right Turn

Westbound

Left Turn

300 176 130 234Through

Right Turn

Boulevard of the Allies East/West Roadway

Cherry Way North/South Roadway

Southbound

Left Turn

Through
400 91 92 209

Right Turn

Intersection Grant Street & Boulevard of the Allies

Peak Hour

Direction

Boulevard of the Allies East/West Roadway

Eastbound Through

Westbound Through

Table 3.  Queuing Summary: Existing Year 2020

Intersection Boulevard of the Allies & Cherry Way

Peak Hour

Direction Approach / Movement

Note: Red text indicates queuing beyond available storage length.



AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

75 70 69 82

AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

600 188 78 127

175 72 67 111

150 76 22 47

136 117 172

105 114 145

75 57 95

Southbound

Left Turn

200Through

Right Turn

Stanwix Street North/South Roadway

Northbound

Left Turn

Through
450 177 117 124

Right Turn

121 175
Right Turn

Westbound

Left Turn

Through
425 82 104 139

Right Turn

Eastbound

Left Turn

Through
600 196

Peak Hour

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

136Through

Right Turn

Intersection Boulevard of the Allies & Stanwix Street

Southbound

Left Turn

200 126 84

Smithfield Street North/South Roadway

Northbound

Left Turn

425 174 228 142Through

Right Turn

64 203
Right Turn

Westbound
Through

300 163 90 163
Right Turn

Eastbound

Left Turn

Through
525 71

Peak Hour

Direction Approach / Movement

Boulevard of the Allies East/West Roadway

Intersection Boulevard of the Allies & Smithfield Street

Table 3.  Queuing Summary: Existing Year 2020

Note: Red text indicates queuing beyond available storage length.



AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

75 4 0 0

150 75 104 100

63 52 153

AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

200 186 137 167

225 86 87 86

225 85 97 146

AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

806 104 1071

550 508 80 293

200 141 124 158

200 107 93 154

Table 3.  Queuing Summary: Existing Year 2020

200
Through

Northeastbound
Left Turn

525 414 284

Northbound Through

Southbound
Right Turn 

Sharp Right Turn

1065
Through

Right Turn

Grant Street North/South Roadway

Westbound

Left Turn

825
803 149

Peak Hour

Direction Approach / Movement

Fort Pitt Boulevard East/West Roadway

Southbound
Left Turn

Through

Intersection Grant Street & Fort Pitt Blvd

Grant Street North/South Roadway

Northbound

Left Turn
200 165 90 186

Through

Right Turn

First Avenue East/West Roadway

Westbound
Left Turn

350 189 190 336
Right Turn

Intersection Grant Street & First Avenue

Peak Hour

Direction Approach / Movement

126Through

Right Turn

Southbound

Left Turn

200
82 143 188

Through

Right Turn

Northbound

Left Turn

425 101 64

163 140
Right Turn

Wood Street North/South Roadway

Westbound

Left Turn

Through
525 135

Boulevard of the Allies East/West Roadway

Eastbound

Left Turn

Through
525 91 286 147

Right Turn

Intersection Boulevard of Allies & Wood Street

Peak Hour

Direction Approach / Movement

Note: Red text indicates queuing beyond available storage length.



AM Peak Hour Midday Peak Hour PM Peak Hour

Storage 

Length (ft)

Existing Year 

2020
Existing Year 2020

Existing Year 

2020

375 54 82 207

150 113 102 189

450 59 102 219

450 64 64 118

250

250

Table 3.  Queuing Summary: Existing Year 2020

Northbound
Left Turn

268 90 43
Right Turn

Stanwix Street North/South Roadway

Southbound

Through

Right Turn

Right Turn 2

Direction Approach / Movement

Fort Pitt Blvd East/West Roadway

Westbound

Left Turn

Through
375 193 93 134

Right Turn

Intersection Stanwix Street & Fort Pitt Boulevard

Peak Hour

Note: Red text indicates queuing beyond available storage length.



 

 

 

 

 

 

Figures  

 

 

 

 

 

 

 

 



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

FIRST AVE

BLVD OF THE ALLIES

R
O

S
S
 S

T

SECOND AVE

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

LEGEND:

S
E
C

O
N

D
 A

V
E

FIGURE 1

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

N
 R

A
M
P
 F

R
O

M
 

HV: 5%HV: 5%

H
V
: 
7
%

H
V
: 7

%

HV: 5%

H
V
: 7

%

EXISTING YEAR 2020 TRAFFIC DATA

AM : 8.35% MD : 5.41% PM : 8.78%.

URBAN INTERSTATE WITH HOURLY FACTORS  

I-376 AND RAMPS ARE CLASSIFIED AS TPG 1 - 

NOTE:

I-376 WEST I-376 WEST

45,909 (3,833) {2484} [4,031]

2
,9
9
4
 (2

5
0
) {1

6
2
} [2

6
3
]

5
,1
9
5
 (4

3
4
) {2

8
1
} [4

5
6
]6

,6
1
3
 (
5
5
2
) 
{3
5
8
} 
[5
8
1
]

42,915 (3,583) {2,322} [3,768]44,333 (3,702) {2,398} [3,892]

G
R

A
N

T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

 

XX  -  ADT (AM DHV) {MD DHV} [PM DHV]



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

3
4
3

1
1
4

257

2
3
2
6

7
8
0

695
5

45

114
342

1 4
6

86
239
161

199
110

2
3
7

3
2
5

684

4041
1

8
692 174

2 10

82

1
8
2

3
9
2

3
0
2

1
4
0

2
6
0

1
1
5

4
9

3
9

252

63

*

1

$ - TO/FROM MON WHARF PARKING LOT

$

$

273

1

LEGEND:

*

5
8

8
1

6
2

$

2020 VEHICULAR TRAFFIC VOLUMES AM PEAK HOUR

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

4
7
1

9
5
2

119

4
5
2

1
5
9

7
9
3

290

4
5
2

312

1
7
1

244
247

1
2
1

1
5
9

155

376

356

124
269

274

1
0
3

3
4
9

252

311

192

500
310
129

1
3
6

2
8
1

1
3
2

1
0
2

2
1

16

11

4

4
7

80

2

4116
5

4
2

43

66
26

4
6

4
6

1

9
1

2

1

3
1

61

1 4
7

1
00

46

0
4
5 0

1
0

79

1
7

8
9

4
5

12

7

6 7 5

14

23

59

37

2
8

81

1
5
9

1
2
4

FIGURE 2

101



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

1
4
6

0

3
0
8

*

1

$ - TO/FROM MON WHARF PARKING LOT

$

$

LEGEND:

*

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

117

1
4
5

2020 VEHICULAR TRAFFIC VOLUMES MIDDAY PEAK HOUR

168 177 205 231
171

153

1
3
6

119
162

180
350

224
113

1
2
9

1
5
2

1
3
1

2
0
3

4
5
9

5
0
9

3
8
6

2
0
4

1
0
5

3
5
5

1
5
3

1
4
8

1
0
5

4
8
9

1
1
8

1
2
9

250
212

199 273 195

405

348

107
226

1
4
3

1
1
1

1
7
9

0

3806
7

122

2
1211

9

9

3
5

6
94
6

56

1
4

18
3

4
2

1

1
8

4
9

35

84

65

1

7
5

2

1

6

0

1

4
0

5
3

0 02
6

74

4

0

69

4
8

2
3

0
0

45

0

2
3 1

10

22

1
9

1
2

2
0

13

31

0 7
7
9

7
8

57
80
49

2
2

35

51

24

8
9

65

3
0

1

31
40

442

6

5

2
4

3
8

29

72

6

1
2
6

6
8

7
1

4
1

3
8

FIGURE 3

1
0
1



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

0

*

2$ - TO/FROM MON WHARF PARKING LOT

$

$

LEGEND:

*

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

2
0
4

1
4
2

3
4

0

06
4

1

3
4

6

3
7

12

8

92

1
0

2

1

4
0

15

66

1

6

0

3

61

0

3
2

4
9

4 07
1

61

3

0

9
8

3
6

0
0 0

4
0 2

19

42

6
3

3
9

10

50

0
2
1

8
4

3
4

65

42

0
17

56

7
4

0

18
26

0

38

7
0

13

2

1
6

1
8

80

2020 VEHICULAR TRAFFIC VOLUMES PM PEAK HOUR

3
5
4

2
1
3

4
0
1

2
2
3 1

4
7
0

5
8
7

6
5
3

1
8
5

7
5
8

299

170
276

1
3
2169

1
6
4

1
0
3

3916
8
0

1
0
6

1
0
9

817
142 4

1
1

3
0
2

5393
8
1

1
4
4

659

563

569

1
9
7

468
123

553
119

2
7
0

480

524

109
323
112

2
1
5

2
5
6

260
107

1
3
0

1
3
8

2
9
2

2
6
8

237

113
449
366

498

1
8
7

730

520

407

299
446

9
4

490

3
2
5

2
0
3

FIGURE 4

101

1
0
1



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

$ - TO/FROM MON WHARF PARKING LOT

LEGEND:

*
       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

-1
4
0

+105

-84

-2
6
0

-174

-2
0
0

-4
2

-5
5

376 EB OFF RAMP

376 WB OFF RAMP TO FT PITT

376 WB OFF RAMP TO STANWIX

-114

-4
8

-48

-18

- 4
8

-90

-110
-199
-257

-684 -695
-5 -64

-14

FT PITT TO MON WHARF

376 EB OFF RAMP U TURN SMITHFIELD

376 EB OFF RAMP LEFT TURN SMITHFIELD

-2
3

-7
8

-1
9
9

-23

6
6
-

-1
3
3

-2
1

-1
1
2

-21

376 EB OFF RAMP LEFT TURN GRANT ( NO ONE IS TURNING LEFT ON BLVD)

WOOD STREET SB TO MON WHARF

-5
8

-2
3

-20

-12

-20
-20

WOOD STREET SB TO 376 RAMP

-692

-8
1

-12

-6
6

-1
1
5

SB STANWIX TO 376 EB

-7
1

-45

-8

-2

-8

SB GRANT STREET TO 376 WB

-3
9
2

-82

-3
1
0

-3
1
0

2020 VEHICULAR TRAFFIC VOLUMES AM DETOUR PEAK HOUR

FIGURE 5

+
 1
4
0

-1
2

+105+105

+105

+
1
0
5

+105

+
1
0
5

+
1
4
0

-10

-14

-1
4

-23

-12

-12 -12

-5

-1

-1

+
 2
6
0

+
2
6
0

+
1
4
2

+
1
1
8

+
3
5

+142+142
+100
+42

+45

+
7
1

+115
+115

+115

+115

+115

+
 4
8

+
4
8

+
4
8

+
4
8

+
4
8+5

+
6
6

+
1

+
9 +80

+81

+81

+
3
1
0

+82

+
8
2

+392+392

+392

+
3
9
2

+142 +392

+142 +392

+8
+8

+8

+8

+8

-1
0

- 2

376 EB MARKET STREET SB



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

$ - TO/FROM MON WHARF PARKING LOT

LEGEND:

*
       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

376 EB OFF RAMP

376 WB OFF RAMP TO FT PITT

376 WB OFF RAMP TO STANWIX

FT PITT TO MON WHARF

376 EB OFF RAMP U TURN SMITHFIELD

376 EB OFF RAMP LEFT TURN SMITHFIELD

376 EB OFF RAMP LEFT TURN GRANT ( NO ONE IS TURNING LEFT ON BLVD)

WOOD STREET SB TO MON WHARF

WOOD STREET SB TO 376 RAMP

SB STANWIX TO 376 EB

SB GRANT STREET TO 376 WB

-1 -5

-348

-1
2
9

-7

-6
8-2
6-1

-405
-29

-5

-2
4

-1

-6
-1

-3

-2

-442

-8
-9

-107
-226

-1
-40

-3
-9

-1

-8

-1
-2

-9

-2

-9

-2

-6 -9

-8

-22

-5
2

-9
5

-34

-1
0
7

-30

-15

-1
5
2

-1
4
5

-24

-2
5

-7
0

-3
7

-106

-3
5
3

-6
2

-3
5
3

2020 VEHICULAR TRAFFIC VOLUMES MIDDAY DETOUR PEAK HOUR

FIGURE 6

- 
6

-7

+24

+
3

+
3

+
1

+106

+
1
0
6

+
3
5
3

+459

+459+459+459

+459

+34

+
9
5

+24
+24

+24

+24

+129
+129

+129

+129

+129

+
1
4
5

+152

+152

+
2
6

-15

-1
5

+152 +
1
9

+19

+19+19+19

+19

+
4
5
9

+
1
9

+
6
8

+
2
6

+
6
8

+
1

+
3
7

+
1

+
3
1

- 4

- 
3

- 
4
5
9

- 
3

- 
3

+31

+31

+
7

+31+31
+26
+5

+7 

-1

376 EB MARKET STREET SB



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

$ - TO/FROM MON WHARF PARKING LOT

LEGEND:

*
       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

376 EB OFF RAMP

376 WB OFF RAMP TO FT PITT

376 WB OFF RAMP TO STANWIX

FT PITT TO MON WHARF

376 EB OFF RAMP U TURN SMITHFIELD

376 EB OFF RAMP LEFT TURN SMITHFIELD

376 EB OFF RAMP LEFT TURN GRANT ( NO ONE IS TURNING LEFT ON BLVD)

WOOD STREET SB TO 376 RAMP

SB STANWIX TO 376 EB

SB GRANT STREET TO 376 WB

-1
-6

-1
8

-3

-237

-498
-13

-2
-3

-9

-9

+
6

-5

-3 -5

-520

-1
6

-10

-1
8
8

-80

-2
6
8

-18
-26
-80

-490

-1
7

-17

-5
8
7

-4
2
1

-166

-8
0

-6
2

-1
8

-4
2
1

-3
7

-2
5 -25

-1
8

-2
7
0

-55

-3
2
5

-3
9

-31

-7
0

-38

-3
4

2020 VEHICULAR TRAFFIC VOLUMES PM DETOUR PEAK HOUR 

376 EB MARKET STREET SB

FIGURE 7

+166

+
4
2
1

-5

+
6

-9

+
1
6
6

+
4

+
2

+4

+4+4

+4

+
4

+
1
8

+
1
8

+
1
0

+
8

+10

+10+10+2
+8

+587

+4 +10 +587+587+587

+587

+
5
8
7

+55

+
2
7
0

+325+268
+80

+
1
8
8

+268
+268+31

+
3
9

+39
+70

+325+268+70

+325+268+70

+
3
4

+
3
4

+
3
4

+34

+34+34+34

+34

+
3
4



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 *

$ - TO/FROM MON WHARF PARKING LOT

$

$

LEGEND:

*

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

+
 1
5
1
5

+
1
5
1
5

+
1
5
1
5

+ 1515

+ 1515
+ 1515+ 1515

+ 1515

+
 1

5
1
5

2020 VEHICULAR TRAFFIC VOLUMES PARKWAY DETOUR PEAK HOUR

FIGURE 8



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

2
3
0
6

1
1
4

2
7
8

7
8
0

0

31
328

1 4
6

86
191
161

1
7
9

3
7
3

4041
1

0

0 0

0

1
8
2

1
0
3

4
9

168

63

*

1

$ - TO/FROM MON WHARF PARKING LOT

$

$

183

0

LEGEND:

*

0 06
2

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

4
0
5

2
7
8
2

1
4
2

1
3
8

8
8
2

278

1
4
2

312

1
7
1

244
235

1
2
1

1
5
9

134

2518

537

124
2411

477

3
1
9

2406

439

2346

603
335
129

1
3
6

1
7
3

2
1

16

11

4

4
7

80

2

16
5

20

66

4
6

1

9
1

2

1

3
1

61

0 4
7

1
10

33

0
3
1 9

1
0

54

1
7

0

12

7

6 7 5

14

15

2
8

36

1 5

1
2
4

0
0

0

0

0
0 0

0

0

123

37

1
8
8
6

3
5
6

230

8
0

1
1
1159

143
2049

6
1

2
6

2
0
5
1

0

0
0
0

2020 AM PEAK HOUR VEHICULAR TRAFFIC VOLUMES WITH BATHTUB DETOUR

FIGURE 9



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 

$ - TO/FROM MON WHARF PARKING LOT

$

$

LEGEND:

*

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

1
7
4
60

7
8

1
4
6

2
0
1
1

2
0
0

1
9
2
6

1
6
70

01
5
3

6
7

3
3
81

4
1

6
86
6 1

0
59

3
5

122

2
1201

1
8

1
2
9

1
9169

56

1
4

11
3
3

8
3

195
26

84

569
1

6

2253
1

1
0
5

7
5

2

3
4

4
4504

74

4

0 02
6

2227
0

1

115
162

65

1
4
6

3
8

0
0

3
0

1

165
9

0
0

1
3
1

0

0

0 8 1

372

0
0

37

2
3

2201
0

67

2192
10

22

1
2

1
2

2
0

402
13

7

0 2
2
1

7
8

150
35

17

2
2 83

85

202
113

65

0

0

4
1

03
8

350
0

0

*

0

144
47

1
6
8
9

3
9
5

370

1
3
1

1
9
3

0

2042

5
0

0

0
0

02
0
6
4

0 0

0

9
9

0
0

FIGURE 10

1
9
6

2020 MIDDAY PEAK HOUR VEHICULAR TRAFFIC VOLUMES WITH BATHTUB DETOUR



DEPARTMENT OF TRANSPORTATION

pennsylvania

I-376, BATHTUB FLOODING STUDY

FIRST AVE

W
O

O
D
 S

T

M
A

R
K

E
T
 S

T

S
T

A
N

W
IX
 S

T

FT PITT BLVD

BLVD OF THE ALLIES

F
T
 D

U
Q

U
E

N
S

E
 B

R
ID

G
E

R
A

M
P
 T

O

F
T
 P
IT

T
 B

R
ID

G
E

R
A

M
P
 F

R
O

M

R
O

S
S
 S

T

SECOND AVE

C
O

M
M

O
N

W
E

A
L
T

H
  
P

L
A

C
E

C
H

E
R

R
Y
 W

A
Y

S
M
IT

H
F
IE

L
D

G
R

A
N

T
 S

T

S
T
A

N
W
IX
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 

F
R

O
M
 S

T
A

N
W
IX
 S

T

W
B
 O

N
 R

A
M
P
 

G
R

A
N
T
 S

T

W
B
 O

F
F
 R

A
M
P
 T

O
 G

R
A

N
T
 S

T

E
B
 O

F
F
 R

A
M

P
 T

O
 

T
O
 G

R
A

N
T
 S

T

S
M
IT

H
F
IE

L
D
 B

R
ID

G
E
 *

$ - TO/FROM MON WHARF PARKING LOT

$

$

LEGEND:

*

$

       -  ILLEGAL MOVEMENT

XX  -  AM PEAK HOUR VOLUME

65
340

0
1
9

8
4

1
1
1

117
325
2252

4
0
3

3
4

10

19
823

2
4

3
9

1
4
0 19

42
2630 3

6

0
0

915

0

3
1 2

0
2618
123

4 07
1

61

0
2713

2
9

4
4

1
7
9

61

3
1232

3
8
1

61
4
4

1
2689

0

3
1317

10
817
142

22
5
9

1
0
6

5
3
0 92

1
0

391

1

3
8
4

2
7
7

1
6
4

3
4

1
0
3

1

170
276

6

3
7

1
3
2

12

8
144

133
26706

4

3
3
7

0

2
1
6
4

1
6
7

4
7
0

0
3
5
4

1
7
8
6

4
0
112

1
4
3

2
0
4

1
2
5

9
4

56
299
446

7
4

0

0

33

0
0

398

02
0
3

0

0
73001

8
7

0

0
0

0

0

110
439
366

1
3
8

2
4
3
2

0

1
7
6
9

729

0 3
6
8

64

6
8

27

0

0

0

0

0

0
0

0

FIGURE 11

2020 PM PEAK HOUR VEHICULAR TRAFFIC VOLUMES WITH BATHTUB DETOUR



 

 

 

 

 

 

Attachment A 

Existing Year 2020 Intersection Capacity Results 

 

 

 

 

 

 

 



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

20: Cherry Way/Cherry Way  & Blvd of the Allies #1 04/22/2020

AECOM Synchro 10 Report

Page 1

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 0 349 1 1 369 0 0 0 0 89 2 122

Future Volume (vph) 0 349 1 1 369 0 0 0 0 89 2 122

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 12 12 12 12 12 12 14 14 12

Grade (%) 3% -1% 0% -4%

Total Lost time (s) 6.0 6.0 7.0 7.0

Lane Util. Factor 0.91 0.95 0.95 0.95

Frpb, ped/bikes 1.00 1.00 1.00 0.95

Flpb, ped/bikes 1.00 1.00 1.00 1.00

Frt 1.00 1.00 1.00 0.86

Flt Protected 1.00 1.00 0.95 1.00

Satd. Flow (prot) 4346 3373 1802 1571

Flt Permitted 1.00 0.95 0.95 1.00

Satd. Flow (perm) 4346 3219 1802 1571

Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 0 383 1 1 405 0 0 0 0 98 2 134

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 76 0

Lane Group Flow (vph) 0 384 0 0 406 0 0 0 0 88 70 0

Confl. Peds. (#/hr) 98 79 79 98 53 6 6 53

Confl. Bikes (#/hr) 1 2 2

Heavy Vehicles (%) 0% 13% 0% 0% 7% 0% 0% 0% 0% 3% 0% 2%

Turn Type NA Perm NA Split NA

Protected Phases 2 6 4 4

Permitted Phases 6

Actuated Green, G (s) 41.0 41.0 41.0 41.0

Effective Green, g (s) 41.0 41.0 41.0 41.0

Actuated g/C Ratio 0.43 0.43 0.43 0.43

Clearance Time (s) 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 1875 1389 777 678

v/s Ratio Prot 0.09 c0.05 0.04

v/s Ratio Perm c0.13

v/c Ratio 0.20 0.29 0.11 0.10

Uniform Delay, d1 16.8 17.6 16.1 16.1

Progression Factor 0.46 0.72 1.00 1.00

Incremental Delay, d2 0.2 0.5 0.3 0.3

Delay (s) 7.9 13.1 16.4 16.4

Level of Service A B B B

Approach Delay (s) 7.9 13.1 0.0 16.4

Approach LOS A B A B

Intersection Summary

HCM 2000 Control Delay 11.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.20

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 79.2% ICU Level of Service D

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

24: Ramp to Parkway East & Grant St #1/Grant St & Blvd of the Allies #1/Blvd of the Allies04/22/2020

AECOM Synchro 10 Report
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Movement EBL EBT EBR EBR2 WBT WBR NBL NBT NBR SBT SBR SBR2

Lane Configurations

Traffic Volume (vph) 42 306 65 25 284 78 41 777 156 443 45 45

Future Volume (vph) 42 306 65 25 284 78 41 777 156 443 45 45

Ideal Flow (vphpl) 2000 2000 2000 2000 2100 2100 2100 2100 2100 2200 2200 2200

Lane Width 12 12 12 12 12 14 12 12 12 11 11 11

Grade (%) 0% -3% 1% -1%

Total Lost time (s) 6.0 6.0 6.0 7.0 7.0

Lane Util. Factor 0.95 1.00 0.95 0.95 0.95

Frpb, ped/bikes 1.00 0.64 0.99 0.99 0.99

Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00

Frt 1.00 0.85 0.97 0.98 0.97

Flt Protected 0.99 1.00 1.00 1.00 1.00

Satd. Flow (prot) 3024 872 3288 3337 3358

Flt Permitted 0.86 1.00 1.00 0.90 1.00

Satd. Flow (perm) 2605 872 3288 3016 3358

Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 44 318 68 26 296 81 43 809 162 461 47 47

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 362 94 0 377 0 0 1014 0 555 0 0

Confl. Peds. (#/hr) 57 116 105 57 61 114 61

Confl. Bikes (#/hr) 5

Heavy Vehicles (%) 12% 12% 14% 6% 6% 5% 2% 3% 3% 4% 2% 21%

Turn Type Perm NA Perm NA Perm NA NA

Protected Phases 4 8 2 6

Permitted Phases 4 4 2

Actuated Green, G (s) 30.0 30.0 30.0 52.0 52.0

Effective Green, g (s) 30.0 30.0 30.0 52.0 52.0

Actuated g/C Ratio 0.32 0.32 0.32 0.55 0.55

Clearance Time (s) 6.0 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 822 275 1038 1650 1838

v/s Ratio Prot 0.11 0.17

v/s Ratio Perm c0.14 0.11 c0.34

v/c Ratio 0.44 0.34 0.36 0.61 0.30

Uniform Delay, d1 25.8 24.9 25.1 14.7 11.7

Progression Factor 1.47 1.47 1.00 0.10 1.00

Incremental Delay, d2 1.7 3.3 1.0 1.2 0.4

Delay (s) 39.7 40.0 26.1 2.7 12.1

Level of Service D D C A B

Approach Delay (s) 39.8 26.1 2.7 12.1

Approach LOS D C A B

Intersection Summary

HCM 2000 Control Delay 15.6 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.55

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 115.1% ICU Level of Service H

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

26: Market St & Blvd of the Allies #1 04/22/2020

AECOM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 14 490 23 7 188 12 0 0 0 5 7 6

Future Volume (vph) 14 490 23 7 188 12 0 0 0 5 7 6

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) -1% 2% 0% 2%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 0.95 1.00

Frpb, ped/bikes 1.00 1.00 1.00 1.00 0.96

Flpb, ped/bikes 0.98 1.00 0.99 1.00 0.98

Frt 1.00 0.99 1.00 0.99 0.95

Flt Protected 0.95 1.00 0.95 1.00 0.99

Satd. Flow (prot) 1655 3263 1645 2948 1653

Flt Permitted 0.61 1.00 0.32 1.00 0.99

Satd. Flow (perm) 1056 3263 547 2948 1653

Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 16 574 27 8 220 14 0 0 0 6 8 7

RTOR Reduction (vph) 0 4 0 0 6 0 0 0 0 0 4 0

Lane Group Flow (vph) 16 597 0 8 228 0 0 0 0 0 17 0

Confl. Peds. (#/hr) 29 56 56 29 139 98 98 139

Confl. Bikes (#/hr) 2 2

Heavy Vehicles (%) 0% 6% 0% 0% 15% 17% 0% 0% 0% 0% 0% 0%

Turn Type pm+pt NA pm+pt NA Perm NA

Protected Phases 5 2 1 6 4

Permitted Phases 2 6 4

Actuated Green, G (s) 35.8 31.8 30.6 29.2 43.8

Effective Green, g (s) 35.8 31.8 30.6 29.2 43.8

Actuated g/C Ratio 0.38 0.33 0.32 0.31 0.46

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 423 1092 192 906 762

v/s Ratio Prot c0.00 c0.18 0.00 0.08

v/s Ratio Perm 0.01 0.01 0.01

v/c Ratio 0.04 0.55 0.04 0.25 0.02

Uniform Delay, d1 18.7 25.7 27.5 24.7 13.9

Progression Factor 0.66 0.67 1.33 1.57 1.00

Incremental Delay, d2 0.0 1.9 0.0 0.7 0.1

Delay (s) 12.3 19.1 36.5 39.4 14.0

Level of Service B B D D B

Approach Delay (s) 18.9 39.3 0.0 14.0

Approach LOS B D A B

Intersection Summary

HCM 2000 Control Delay 24.4 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.24

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 68.3% ICU Level of Service C

Analysis Period (min) 15



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

27: Smithfield St  & Blvd of the Allies #1 04/22/2020

AECOM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 60 269 0 0 264 122 30 342 101 10 46 1

Future Volume (vph) 60 269 0 0 264 122 30 342 101 10 46 1

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 1000 1000 1000

Lane Width 10 11 12 11 10 12 11 12 12 14 14 14

Grade (%) 3% -3% 1% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 0.95 0.95 1.00

Frpb, ped/bikes 1.00 1.00 0.97 0.97 1.00

Flpb, ped/bikes 0.98 1.00 1.00 0.99 0.99

Frt 1.00 1.00 0.95 0.97 1.00

Flt Protected 0.95 1.00 1.00 1.00 0.99

Satd. Flow (prot) 1621 3026 2928 3197 467

Flt Permitted 0.46 1.00 1.00 0.93 0.90

Satd. Flow (perm) 788 3026 2928 2996 426

Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 66 295 0 0 290 134 33 375 111 11 50 1

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 1 0

Lane Group Flow (vph) 66 295 0 0 424 0 0 519 0 0 61 0

Confl. Peds. (#/hr) 81 139 139 81 217 202 202 217

Confl. Bikes (#/hr) 3 6 1

Heavy Vehicles (%) 0% 13% 0% 0% 11% 0% 3% 4% 1% 80% 95% 100%

Bus Blockages (#/hr) 0 0 0 0 0 0 0 0 0 10 10 10

Turn Type pm+pt NA NA Perm NA Perm NA

Protected Phases 5 2 6 4 8

Permitted Phases 2 4 8

Actuated Green, G (s) 43.0 43.0 30.6 40.0 40.0

Effective Green, g (s) 43.0 43.0 30.6 40.0 40.0

Actuated g/C Ratio 0.45 0.45 0.32 0.42 0.42

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 0.2 0.2 0.2 0.2

Lane Grp Cap (vph) 412 1369 943 1261 179

v/s Ratio Prot 0.01 c0.10 c0.14

v/s Ratio Perm 0.06 c0.17 0.14

v/c Ratio 0.16 0.22 0.45 0.41 0.34

Uniform Delay, d1 17.3 15.8 25.5 19.3 18.6

Progression Factor 0.26 0.25 0.44 1.00 1.00

Incremental Delay, d2 0.1 0.3 1.5 1.0 5.2

Delay (s) 4.5 4.2 12.8 20.3 23.8

Level of Service A A B C C

Approach Delay (s) 4.3 12.8 20.3 23.8

Approach LOS A B C C

Intersection Summary

HCM 2000 Control Delay 13.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.42

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 79.2% ICU Level of Service D



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

28: Stanwix St #1/Stanwix St & Blvd of the Allies /Blvd of the Allies #1 04/22/2020

AECOM Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBU NBL NBT NBR SBL SBT

Lane Configurations

Traffic Volume (vph) 126 304 79 36 99 58 1 58 275 133 100 129

Future Volume (vph) 126 304 79 36 99 58 1 58 275 133 100 129

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) 3% -2% -1% 1%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95

Frpb, ped/bikes 1.00 0.98 1.00 0.98 1.00 0.97 1.00 0.98

Flpb, ped/bikes 0.97 1.00 0.98 1.00 0.90 1.00 0.95 1.00

Frt 1.00 0.97 1.00 0.94 1.00 0.95 1.00 0.97

Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1424 3138 1543 2849 1629 3316 1495 3243

Flt Permitted 0.64 1.00 0.47 1.00 0.64 1.00 0.43 1.00

Satd. Flow (perm) 958 3138 758 2849 1096 3316 674 3243

Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 144 348 91 41 113 66 1 66 315 152 115 148

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 144 439 0 41 179 0 0 67 467 0 115 179

Confl. Peds. (#/hr) 68 86 86 68 140 105 105

Confl. Bikes (#/hr) 8 1

Heavy Vehicles (%) 13% 4% 3% 8% 1% 35% 0% 0% 0% 0% 14% 5%

Turn Type pm+pt NA pm+pt NA Perm Perm NA Perm NA

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 4 8

Actuated Green, G (s) 49.2 39.8 38.8 34.6 33.0 33.0 33.0 33.0

Effective Green, g (s) 49.2 39.8 38.8 34.6 33.0 33.0 33.0 33.0

Actuated g/C Ratio 0.52 0.42 0.41 0.36 0.35 0.35 0.35 0.35

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 542 1314 344 1037 380 1151 234 1126

v/s Ratio Prot c0.03 c0.14 0.01 0.06 0.14 0.06

v/s Ratio Perm 0.11 0.04 0.06 c0.17

v/c Ratio 0.27 0.33 0.12 0.17 0.18 0.41 0.49 0.16

Uniform Delay, d1 13.0 18.6 18.9 20.5 21.6 23.6 24.4 21.4

Progression Factor 1.00 1.00 0.08 0.51 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.1 0.7 0.1 0.4 1.0 1.1 7.2 0.3

Delay (s) 13.1 19.3 1.5 10.8 22.6 24.6 31.6 21.7

Level of Service B B A B C C C C

Approach Delay (s) 17.8 9.1 24.4 25.6

Approach LOS B A C C

Intersection Summary

HCM 2000 Control Delay 20.2 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.41

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 93.0% ICU Level of Service F

Analysis Period (min) 15



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

28: Stanwix St #1/Stanwix St & Blvd of the Allies /Blvd of the Allies #1 04/22/2020
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Movement SBR

Lane Configurations

Traffic Volume (vph) 27

Future Volume (vph) 27

Ideal Flow (vphpl) 2100

Lane Width 12

Grade (%)

Total Lost time (s)

Lane Util. Factor

Frpb, ped/bikes

Flpb, ped/bikes

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)

Peak-hour factor, PHF 0.89

Growth Factor (vph) 102%

Adj. Flow (vph) 31

RTOR Reduction (vph) 0

Lane Group Flow (vph) 0

Confl. Peds. (#/hr) 140

Confl. Bikes (#/hr)

Heavy Vehicles (%) 4%

Turn Type

Protected Phases

Permitted Phases

Actuated Green, G (s)

Effective Green, g (s)

Actuated g/C Ratio

Clearance Time (s)

Vehicle Extension (s)

Lane Grp Cap (vph)

v/s Ratio Prot

v/s Ratio Perm

v/c Ratio

Uniform Delay, d1

Progression Factor

Incremental Delay, d2

Delay (s)

Level of Service

Approach Delay (s)

Approach LOS

Intersection Summary



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

30: Wood St /Wood St & Blvd of the Allies #1 04/22/2020
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Movement EBU EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT

Lane Configurations

Traffic Volume (vph) 1 0 305 77 45 247 0 0 44 0 44 87

Future Volume (vph) 1 0 305 77 45 247 0 0 44 0 44 87

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 1000 1000 1000 2100 2100

Lane Width 12 10 11 12 10 12 11 13 13 13 11 12

Grade (%) -2% -2% 2% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95

Frpb, ped/bikes 1.00 0.99 1.00 1.00 1.00 0.98

Flpb, ped/bikes 0.94 1.00 0.99 1.00 1.00 0.96

Frt 1.00 0.97 1.00 1.00 1.00 0.98

Flt Protected 0.95 1.00 0.95 1.00 1.00 0.99

Satd. Flow (prot) 1596 3161 1646 3267 453 3177

Flt Permitted 0.58 1.00 0.43 1.00 1.00 0.87

Satd. Flow (perm) 971 3161 745 3267 453 2789

Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 1 0 350 88 52 283 0 0 50 0 50 100

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 1 438 0 52 283 0 0 50 0 0 169

Confl. Peds. (#/hr) 96 43 43 96 188 194 194

Confl. Bikes (#/hr) 4 2 3

Heavy Vehicles (%) 0% 0% 8% 0% 2% 11% 0% 0% 95% 0% 6% 1%

Bus Blockages (#/hr) 0 0 0 0 0 0 0 10 10 10 0 0

Turn Type custom pm+pt NA pm+pt NA NA Perm NA

Protected Phases 1 6 5 2 4 8

Permitted Phases 1 6 2 8

Actuated Green, G (s) 26.6 25.2 40.4 33.0 42.6 42.6

Effective Green, g (s) 26.6 25.2 40.4 33.0 42.6 42.6

Actuated g/C Ratio 0.28 0.27 0.43 0.35 0.45 0.45

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 3.0 2.0 3.0 3.0 3.0

Lane Grp Cap (vph) 281 838 404 1134 203 1250

v/s Ratio Prot 0.00 c0.14 c0.01 c0.09 c0.11

v/s Ratio Perm 0.00 0.04 0.06

v/c Ratio 0.00 0.52 0.13 0.25 0.25 0.14

Uniform Delay, d1 24.6 29.8 19.4 22.2 16.2 15.4

Progression Factor 0.05 0.13 0.30 0.95 1.00 1.00

Incremental Delay, d2 0.0 2.1 0.0 0.5 2.9 0.2

Delay (s) 1.1 5.8 5.9 21.5 19.1 15.6

Level of Service A A A C B B

Approach Delay (s) 5.8 19.1 19.1 15.6

Approach LOS A B B B

Intersection Summary

HCM 2000 Control Delay 12.6 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.33

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 78.3% ICU Level of Service D
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Movement SBR

Lane Configurations

Traffic Volume (vph) 17

Future Volume (vph) 17

Ideal Flow (vphpl) 2100

Lane Width 12

Grade (%)

Total Lost time (s)

Lane Util. Factor

Frpb, ped/bikes

Flpb, ped/bikes

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)

Peak-hour factor, PHF 0.89

Growth Factor (vph) 102%

Adj. Flow (vph) 19

RTOR Reduction (vph) 0

Lane Group Flow (vph) 0

Confl. Peds. (#/hr) 188

Confl. Bikes (#/hr)

Heavy Vehicles (%) 10%

Bus Blockages (#/hr) 0

Turn Type

Protected Phases

Permitted Phases

Actuated Green, G (s)

Effective Green, g (s)

Actuated g/C Ratio

Clearance Time (s)

Vehicle Extension (s)

Lane Grp Cap (vph)

v/s Ratio Prot

v/s Ratio Perm

v/c Ratio

Uniform Delay, d1

Progression Factor

Incremental Delay, d2

Delay (s)

Level of Service

Approach Delay (s)

Approach LOS

Intersection Summary
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Movement WBL WBR NBU NBT NBR SBU SBL SBT

Lane Configurations

Traffic Volume (vph) 117 40 2 933 462 1 64 443

Future Volume (vph) 117 40 2 933 462 1 64 443

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2200 2200 2200

Lane Width 15 15 12 11 12 12 10 12

Grade (%) 2% 3% -3%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 1.00 0.95

Frpb, ped/bikes 0.99 1.00 0.96 1.00 1.00

Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00

Frt 0.97 1.00 0.85 1.00 1.00

Flt Protected 0.96 1.00 1.00 0.95 1.00

Satd. Flow (prot) 1721 3385 1488 1730 3637

Flt Permitted 0.96 0.95 1.00 0.19 1.00

Satd. Flow (perm) 1721 3231 1488 346 3637

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 124 42 2 991 491 1 68 471

RTOR Reduction (vph) 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 167 0 0 993 491 0 69 471

Confl. Peds. (#/hr) 4 24 17 17

Confl. Bikes (#/hr) 2

Heavy Vehicles (%) 3% 30% 0% 1% 2% 0% 3% 5%

Turn Type Perm Perm NA Perm custom pm+pt NA

Protected Phases 2 1 6

Permitted Phases 8 2 2 1 6

Actuated Green, G (s) 29.0 41.0 41.0 54.0 54.0

Effective Green, g (s) 29.0 41.0 41.0 54.0 54.0

Actuated g/C Ratio 0.31 0.43 0.43 0.57 0.57

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Lane Grp Cap (vph) 525 1394 642 298 2067

v/s Ratio Prot 0.02 c0.13

v/s Ratio Perm c0.10 0.31 c0.33 0.11

v/c Ratio 0.32 0.71 0.76 0.23 0.23

Uniform Delay, d1 25.4 22.2 22.9 19.7 10.2

Progression Factor 1.00 1.31 1.29 0.51 0.52

Incremental Delay, d2 1.6 1.9 5.2 1.8 0.2

Delay (s) 27.0 30.8 34.7 11.8 5.5

Level of Service C C C B A

Approach Delay (s) 27.0 32.1 6.3

Approach LOS C C A

Intersection Summary

HCM 2000 Control Delay 25.4 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.55

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 85.3% ICU Level of Service E

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

350: Ramp B & Ramp C/Grant St #1 & Fort Pitt Blvd /Ramp E 04/22/2020
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Movement WBL WBT WBR NBT SBR SBR2 NEL2 NEL

Lane Configurations

Traffic Volume (vph) 2 320 336 765 384 178 1 296

Future Volume (vph) 2 320 336 765 384 178 1 296

Ideal Flow (vphpl) 2100 2100 2100 2100 2200 2200 2100 2100

Lane Width 13 13 13 11 12 12 15 15

Grade (%) 2% 3% 0%

Total Lost time (s) 7.0 7.0 6.0 6.0 6.0 6.0

Lane Util. Factor 0.95 0.95 0.95 1.00 1.00 1.00

Frt 0.99 0.85 1.00 0.85 0.85 1.00

Flt Protected 1.00 1.00 1.00 1.00 1.00 0.95

Satd. Flow (prot) 1761 1546 3352 1626 1552 1936

Flt Permitted 1.00 1.00 1.00 1.00 1.00 1.00

Satd. Flow (perm) 1761 1546 3352 1626 1552 2036

Peak-hour factor, PHF 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 2 326 343 780 392 182 1 302

RTOR Reduction (vph) 0 0 0 0 0 77 0 0

Lane Group Flow (vph) 0 362 309 780 392 105 0 303

Heavy Vehicles (%) 0% 3% 1% 2% 4% 9% 0% 2%

Turn Type Perm NA Perm NA pt+ov custom D.Pm Prot

Protected Phases 8 4 2 4 2 4 2

Permitted Phases 8 8 2

Actuated Green, G (s) 27.0 27.0 23.0 55.0 55.0 26.0

Effective Green, g (s) 27.0 27.0 23.0 55.0 55.0 26.0

Actuated g/C Ratio 0.28 0.28 0.24 0.58 0.58 0.27

Clearance Time (s) 7.0 7.0 6.0 6.0

Lane Grp Cap (vph) 500 439 811 941 898 557

v/s Ratio Prot c0.23 0.24 0.07

v/s Ratio Perm 0.21 0.20 c0.15

v/c Ratio 0.72 0.70 0.96 0.42 0.12 0.54

Uniform Delay, d1 30.6 30.4 35.6 11.1 9.0 29.4

Progression Factor 1.00 1.00 1.00 0.62 0.64 1.00

Incremental Delay, d2 8.8 9.1 23.6 1.3 0.3 3.8

Delay (s) 39.5 39.5 59.1 8.2 6.0 33.2

Level of Service D D E A A C

Approach Delay (s) 39.5 59.1 33.2

Approach LOS D E C

Intersection Summary

HCM 2000 Control Delay 37.4 HCM 2000 Level of Service D

HCM 2000 Volume to Capacity ratio 0.73

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 19.0

Intersection Capacity Utilization 78.8% ICU Level of Service D

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing AM Peak Hour

3531: Ramp Bu & Stanwix St /Stanwix St #1 & Ramp N & Fort Pitt Blvd/Fort Pitt Blvd 04/22/2020
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Movement WBL2 WBL WBT WBR SBT SBR SBR2 NWL NWR

Lane Configurations

Traffic Volume (vph) 1 62 268 247 113 38 48 137 255

Future Volume (vph) 1 62 268 247 113 38 48 137 255

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 10 10 10 12 12 12 16 12

Total Lost time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Util. Factor 1.00 0.95 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 0.97 1.00 1.00 0.92 1.00

Flpb, ped/bikes 0.89 1.00 1.00 1.00 1.00 1.00

Frt 1.00 0.93 1.00 0.85 0.85 0.91

Flt Protected 0.95 1.00 1.00 1.00 1.00 0.98

Satd. Flow (prot) 1493 2972 1766 1530 1481 1883

Flt Permitted 0.95 1.00 1.00 1.00 1.00 0.98

Satd. Flow (perm) 1493 2972 1766 1530 1481 1883

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 1 66 285 262 120 40 51 146 271

RTOR Reduction (vph) 0 0 0 0 0 0 29 0 0

Lane Group Flow (vph) 0 67 547 0 120 40 22 417 0

Confl. Peds. (#/hr) 91 55 96

Confl. Bikes (#/hr) 5

Heavy Vehicles (%) 0% 0% 2% 2% 7% 5% 0% 2% 2%

Turn Type Perm Perm NA NA Prot Perm Perm

Protected Phases 6 4 4

Permitted Phases 6 6 4 8

Actuated Green, G (s) 46.0 46.0 47.0 47.0 47.0 47.0

Effective Green, g (s) 46.0 46.0 47.0 47.0 47.0 47.0

Actuated g/C Ratio 0.42 0.42 0.43 0.43 0.43 0.43

Clearance Time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Grp Cap (vph) 624 1242 754 653 632 804

v/s Ratio Prot c0.18 0.07 0.03

v/s Ratio Perm 0.04 0.01 c0.22

v/c Ratio 0.11 0.44 0.16 0.06 0.03 0.52

Uniform Delay, d1 19.5 22.8 19.4 18.5 18.3 23.2

Progression Factor 1.14 1.15 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.3 1.1 0.5 0.2 0.1 2.4

Delay (s) 22.6 27.3 19.8 18.7 18.4 25.6

Level of Service C C B B B C

Approach Delay (s) 26.8 19.3 25.6

Approach LOS C B C

Intersection Summary

HCM 2000 Control Delay 25.1 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.47

Actuated Cycle Length (s) 110.0 Sum of lost time (s) 16.0

Intersection Capacity Utilization 119.7% ICU Level of Service H

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing Midday Peak Hour

20: Cherry Way/Cherry Way  & Blvd of the Allies #1 04/22/2020
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Movement EBU EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT

Lane Configurations

Traffic Volume (vph) 1 0 268 6 1 226 0 0 0 0 103 2

Future Volume (vph) 1 0 268 6 1 226 0 0 0 0 103 2

Ideal Flow (vphpl) 1800 1800 1800 1800 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 12 10 11 12 12 12 12 12 12 12 14 14

Grade (%) 3% -1% 0% -4%

Total Lost time (s) 6.0 6.0 7.0 7.0

Lane Util. Factor 0.91 0.95 0.95 0.95

Frpb, ped/bikes 1.00 1.00 1.00 0.95

Flpb, ped/bikes 1.00 1.00 1.00 1.00

Frt 1.00 1.00 1.00 0.87

Flt Protected 1.00 1.00 0.95 0.99

Satd. Flow (prot) 3947 3372 1734 1574

Flt Permitted 0.94 0.95 0.95 0.99

Satd. Flow (perm) 3708 3218 1734 1574

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 1 0 300 7 1 253 0 0 0 0 115 2

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 19

Lane Group Flow (vph) 0 0 308 0 0 254 0 0 0 0 103 78

Confl. Peds. (#/hr) 206 150 150 206 77 6 6

Confl. Bikes (#/hr) 4 2

Heavy Vehicles (%) 0% 0% 6% 0% 0% 7% 0% 0% 0% 0% 7% 0%

Turn Type Perm NA Perm NA Split NA

Protected Phases 2 6 4 4

Permitted Phases 2 6

Actuated Green, G (s) 40.0 40.0 42.0 42.0

Effective Green, g (s) 40.0 40.0 42.0 42.0

Actuated g/C Ratio 0.42 0.42 0.44 0.44

Clearance Time (s) 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 1561 1354 766 695

v/s Ratio Prot c0.06 0.05

v/s Ratio Perm c0.08 0.08

v/c Ratio 0.20 0.19 0.13 0.11

Uniform Delay, d1 17.4 17.3 15.7 15.6

Progression Factor 0.54 0.67 1.00 1.00

Incremental Delay, d2 0.3 0.3 0.4 0.3

Delay (s) 9.6 11.9 16.1 15.9

Level of Service A B B B

Approach Delay (s) 9.6 11.9 0.0 16.0

Approach LOS A B A B

Intersection Summary

HCM 2000 Control Delay 12.0 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.17

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 79.2% ICU Level of Service D

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing Midday Peak Hour
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Movement SBR

Lane Configurations

Traffic Volume (vph) 74

Future Volume (vph) 74

Ideal Flow (vphpl) 2100

Lane Width 12

Grade (%)

Total Lost time (s)

Lane Util. Factor

Frpb, ped/bikes

Flpb, ped/bikes

Frt

Flt Protected

Satd. Flow (prot)

Flt Permitted

Satd. Flow (perm)

Peak-hour factor, PHF 0.91

Growth Factor (vph) 102%

Adj. Flow (vph) 83

RTOR Reduction (vph) 0

Lane Group Flow (vph) 0

Confl. Peds. (#/hr) 77

Confl. Bikes (#/hr)

Heavy Vehicles (%) 1%

Turn Type

Protected Phases

Permitted Phases

Actuated Green, G (s)

Effective Green, g (s)

Actuated g/C Ratio

Clearance Time (s)

Lane Grp Cap (vph)

v/s Ratio Prot

v/s Ratio Perm

v/c Ratio

Uniform Delay, d1

Progression Factor

Incremental Delay, d2

Delay (s)

Level of Service

Approach Delay (s)

Approach LOS

Intersection Summary
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Movement EBL EBT EBR EBR2 WBL2 WBL WBT WBR NBL2 NBL NBT NBR

Lane Configurations

Traffic Volume (vph) 34 191 82 64 4 1 168 55 1 18 348 48

Future Volume (vph) 34 191 82 64 4 1 168 55 1 18 348 48

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 12 12 12 12 12 12 12 14 12 12 12 12

Grade (%) 0% -3% 1%

Total Lost time (s) 6.0 6.0 6.0 7.0

Lane Util. Factor 0.95 1.00 0.95 0.95

Frpb, ped/bikes 1.00 0.49 0.97 0.99

Flpb, ped/bikes 0.99 1.00 0.99 1.00

Frt 1.00 0.85 0.96 0.98

Flt Protected 0.99 1.00 1.00 1.00

Satd. Flow (prot) 3366 775 3310 3260

Flt Permitted 0.88 1.00 0.95 0.91

Satd. Flow (perm) 2977 775 3146 2973

Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 35 199 85 67 4 1 175 57 1 19 362 50

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 234 152 0 0 0 237 0 0 0 432 0

Confl. Peds. (#/hr) 122 185 191 185 191 122 191 122 130

Confl. Bikes (#/hr) 1

Heavy Vehicles (%) 9% 4% 2% 0% 0% 0% 2% 4% 0% 0% 6% 8%

Turn Type Perm NA Perm Perm Perm NA Perm Perm NA

Protected Phases 4 8 2

Permitted Phases 4 4 8 8 2 2

Actuated Green, G (s) 35.0 35.0 35.0 47.0

Effective Green, g (s) 35.0 35.0 35.0 47.0

Actuated g/C Ratio 0.37 0.37 0.37 0.49

Clearance Time (s) 6.0 6.0 6.0 7.0

Lane Grp Cap (vph) 1096 285 1159 1470

v/s Ratio Prot

v/s Ratio Perm 0.08 c0.20 0.08 0.15

v/c Ratio 0.21 0.53 0.20 0.29

Uniform Delay, d1 20.6 23.6 20.5 14.2

Progression Factor 0.72 0.71 1.00 0.17

Incremental Delay, d2 0.4 6.9 0.4 0.5

Delay (s) 15.2 23.7 20.9 2.9

Level of Service B C C A

Approach Delay (s) 18.5 20.9 2.9

Approach LOS B C A

Intersection Summary

HCM 2000 Control Delay 14.0 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.47

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 113.3% ICU Level of Service H

Analysis Period (min) 15

c    Critical Lane Group
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Movement SBL SBT SBR SBR2

Lane Configurations

Traffic Volume (vph) 1 479 81 41

Future Volume (vph) 1 479 81 41

Ideal Flow (vphpl) 2100 2100 2100 2100

Lane Width 11 11 11 11

Grade (%) -1%

Total Lost time (s) 7.0

Lane Util. Factor 0.95

Frpb, ped/bikes 0.96

Flpb, ped/bikes 1.00

Frt 0.97

Flt Protected 1.00

Satd. Flow (prot) 3084

Flt Permitted 0.95

Satd. Flow (perm) 2944

Peak-hour factor, PHF 0.98 0.98 0.98 0.98

Growth Factor (vph) 102% 102% 102% 102%

Adj. Flow (vph) 1 499 84 43

RTOR Reduction (vph) 0 0 0 0

Lane Group Flow (vph) 0 627 0 0

Confl. Peds. (#/hr) 130 191 122

Confl. Bikes (#/hr) 1 1

Heavy Vehicles (%) 0% 5% 6% 7%

Turn Type Perm NA

Protected Phases 6

Permitted Phases 6

Actuated Green, G (s) 47.0

Effective Green, g (s) 47.0

Actuated g/C Ratio 0.49

Clearance Time (s) 7.0

Lane Grp Cap (vph) 1456

v/s Ratio Prot

v/s Ratio Perm c0.21

v/c Ratio 0.43

Uniform Delay, d1 15.4

Progression Factor 1.00

Incremental Delay, d2 0.9

Delay (s) 16.3

Level of Service B

Approach Delay (s) 16.3

Approach LOS B

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 13 245 30 22 165 10 0 0 0 19 12 20

Future Volume (vph) 13 245 30 22 165 10 0 0 0 19 12 20

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) -1% 2% 0% 2%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 1.00 0.87 1.00 0.99 0.92

Flpb, ped/bikes 0.93 1.00 1.00 0.97 1.00 0.91

Frt 1.00 1.00 0.85 1.00 0.99 0.95

Flt Protected 0.95 1.00 1.00 0.95 1.00 0.98

Satd. Flow (prot) 1565 1749 1280 1614 1634 1470

Flt Permitted 0.57 1.00 1.00 0.45 1.00 0.98

Satd. Flow (perm) 943 1749 1280 761 1634 1470

Peak-hour factor, PHF 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 15 287 35 26 193 12 0 0 0 22 14 23

RTOR Reduction (vph) 0 0 25 0 3 0 0 0 0 0 12 0

Lane Group Flow (vph) 15 287 10 26 202 0 0 0 0 0 47 0

Confl. Peds. (#/hr) 120 72 72 120 240 181 181 240

Confl. Bikes (#/hr) 3 3 1

Heavy Vehicles (%) 0% 5% 10% 0% 9% 0% 0% 0% 0% 0% 0% 0%

Turn Type pm+pt NA Perm pm+pt NA Perm NA

Protected Phases 5 2 1 6 4

Permitted Phases 2 2 6 4

Actuated Green, G (s) 31.2 28.4 28.4 31.2 28.4 45.8

Effective Green, g (s) 31.2 28.4 28.4 31.2 28.4 45.8

Actuated g/C Ratio 0.33 0.30 0.30 0.33 0.30 0.48

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 328 522 382 275 488 708

v/s Ratio Prot 0.00 c0.16 c0.00 0.12

v/s Ratio Perm 0.01 0.01 0.03 0.03

v/c Ratio 0.05 0.55 0.03 0.09 0.41 0.07

Uniform Delay, d1 23.5 27.9 23.5 26.8 26.6 13.2

Progression Factor 0.71 0.69 1.00 0.75 0.66 1.00

Incremental Delay, d2 0.0 4.1 0.1 0.1 2.6 0.2

Delay (s) 16.7 23.5 23.7 20.3 20.3 13.3

Level of Service B C C C C B

Approach Delay (s) 23.2 20.3 0.0 13.3

Approach LOS C C A B

Intersection Summary

HCM 2000 Control Delay 21.2 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.25

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 78.3% ICU Level of Service D

Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 73 195 4 1 201 0 39 150 52 0 25 0

Future Volume (vph) 73 195 4 1 201 0 39 150 52 0 25 0

Ideal Flow (vphpl) 2100 2100 2100 1800 1800 1800 2100 2100 2100 1000 1000 1000

Lane Width 10 11 12 11 10 12 11 12 12 14 14 14

Grade (%) 3% -3% 1% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 1.00 1.00

Frpb, ped/bikes 1.00 1.00 1.00 0.96 1.00

Flpb, ped/bikes 0.89 1.00 1.00 0.93 1.00

Frt 1.00 1.00 1.00 0.97 1.00

Flt Protected 0.95 1.00 1.00 0.99 1.00

Satd. Flow (prot) 1391 3401 1434 1546 422

Flt Permitted 0.58 1.00 1.00 0.95 1.00

Satd. Flow (perm) 854 3401 1433 1480 422

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 82 219 4 1 225 0 44 168 58 0 28 0

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 82 223 0 0 226 0 0 270 0 0 28 0

Confl. Peds. (#/hr) 199 129 129 199 321 213 213 321

Confl. Bikes (#/hr) 3 3 1

Heavy Vehicles (%) 6% 0% 0% 0% 7% 0% 5% 4% 4% 0% 100% 0%

Bus Blockages (#/hr) 0 0 0 0 0 0 0 0 0 30 30 30

Turn Type pm+pt NA Perm NA Perm Perm NA NA

Protected Phases 5 2 6 4 8

Permitted Phases 2 6 6 4

Actuated Green, G (s) 50.0 50.0 36.8 33.0 33.0

Effective Green, g (s) 50.0 50.0 36.8 33.0 33.0

Actuated g/C Ratio 0.53 0.53 0.39 0.35 0.35

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 0.2 0.2 0.2 0.2

Lane Grp Cap (vph) 490 1790 555 514 146

v/s Ratio Prot c0.01 0.07 0.07

v/s Ratio Perm 0.08 c0.16 c0.18

v/c Ratio 0.17 0.12 0.41 0.53 0.19

Uniform Delay, d1 13.0 11.4 21.2 24.7 21.7

Progression Factor 0.44 0.45 0.89 1.00 1.00

Incremental Delay, d2 0.1 0.1 2.2 3.8 2.9

Delay (s) 5.8 5.3 21.0 28.6 24.6

Level of Service A A C C C

Approach Delay (s) 5.4 21.0 28.6 24.6

Approach LOS A C C C

Intersection Summary

HCM 2000 Control Delay 17.9 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.44

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 113.3% ICU Level of Service H
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 34 115 50 48 78 56 7 77 76 99 142 22

Future Volume (vph) 34 115 50 48 78 56 7 77 76 99 142 22

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) 3% -2% -1% 1%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 1.00 1.00 0.95 1.00 0.95 1.00 1.00 1.00

Frpb, ped/bikes 1.00 0.95 1.00 0.94 1.00 0.93 1.00 1.00 0.85

Flpb, ped/bikes 0.94 1.00 0.92 1.00 0.89 1.00 0.90 1.00 1.00

Frt 1.00 0.95 1.00 0.94 1.00 0.93 1.00 1.00 0.85

Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00 1.00

Satd. Flow (prot) 1246 1613 1474 2841 1604 3029 1454 1808 1195

Flt Permitted 0.66 1.00 0.64 1.00 0.66 1.00 0.65 1.00 1.00

Satd. Flow (perm) 867 1613 990 2841 1116 3029 993 1808 1195

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 36 122 53 51 83 60 7 82 81 105 151 23

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 36 175 0 51 143 0 7 163 0 105 151 23

Confl. Peds. (#/hr) 158 124 124 158 154 136 136 154

Confl. Bikes (#/hr) 5 1 3 3

Heavy Vehicles (%) 24% 1% 0% 6% 8% 11% 0% 5% 1% 11% 4% 14%

Turn Type pm+pt NA pm+pt NA Perm NA Perm NA Perm

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8 8

Actuated Green, G (s) 38.8 34.6 44.0 37.2 35.6 35.6 35.6 35.6 35.6

Effective Green, g (s) 38.8 34.6 44.0 37.2 35.6 35.6 35.6 35.6 35.6

Actuated g/C Ratio 0.41 0.36 0.46 0.39 0.37 0.37 0.37 0.37 0.37

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 370 587 493 1112 418 1135 372 677 447

v/s Ratio Prot 0.00 c0.11 c0.01 0.05 0.05 0.08

v/s Ratio Perm 0.04 0.04 0.01 c0.11 0.02

v/c Ratio 0.10 0.30 0.10 0.13 0.02 0.14 0.28 0.22 0.05

Uniform Delay, d1 17.3 21.5 14.7 18.5 18.7 19.6 20.8 20.3 18.9

Progression Factor 1.00 1.00 0.21 0.17 1.00 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.0 1.3 0.0 0.2 0.1 0.3 1.9 0.8 0.2

Delay (s) 17.4 22.8 3.2 3.3 18.8 19.9 22.7 21.0 19.2

Level of Service B C A A B B C C B

Approach Delay (s) 21.9 3.3 19.8 21.5

Approach LOS C A B C

Intersection Summary

HCM 2000 Control Delay 17.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.27

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 90.9% ICU Level of Service E

Analysis Period (min) 15



HCM Signalized Intersection Capacity Analysis Existing Midday Peak Hour

30: Wood St  & Blvd of the Allies #1 04/22/2020
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 0 208 44 68 174 0 0 23 1 47 145 23

Future Volume (vph) 0 208 44 68 174 0 0 23 1 47 145 23

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 1000 1000 1000 2100 2100 2100

Lane Width 10 11 12 10 12 11 13 13 13 11 12 12

Grade (%) -2% -2% 2% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 1.00 1.00 1.00 1.00 1.00

Frpb, ped/bikes 0.98 1.00 1.00 0.98 1.00 0.52

Flpb, ped/bikes 1.00 0.97 1.00 1.00 0.86 1.00

Frt 0.97 1.00 1.00 0.99 1.00 0.85

Flt Protected 1.00 0.95 1.00 1.00 0.99 1.00

Satd. Flow (prot) 1688 1647 1801 434 1539 762

Flt Permitted 1.00 0.49 1.00 1.00 0.93 1.00

Satd. Flow (perm) 1688 851 1801 434 1445 762

Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 0 226 48 74 189 0 0 25 1 51 157 25

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 274 0 74 189 0 0 26 0 0 208 25

Confl. Peds. (#/hr) 362 100 100 362 378 709 709 378

Confl. Bikes (#/hr) 3 2

Heavy Vehicles (%) 0% 5% 2% 0% 6% 0% 0% 85% 0% 4% 5% 9%

Bus Blockages (#/hr) 0 0 0 0 0 0 30 30 30 0 0 0

Turn Type pm+pt NA pm+pt NA NA Perm NA Perm

Protected Phases 1 6 5 2 4 8

Permitted Phases 6 2 4 8 8

Actuated Green, G (s) 28.8 40.4 40.4 42.6 42.6 42.6

Effective Green, g (s) 28.8 40.4 40.4 42.6 42.6 42.6

Actuated g/C Ratio 0.30 0.43 0.43 0.45 0.45 0.45

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 2.0 3.0 3.0 3.0 3.0

Lane Grp Cap (vph) 511 408 765 194 647 341

v/s Ratio Prot c0.16 0.01 c0.10 0.06

v/s Ratio Perm 0.07 c0.14 0.03

v/c Ratio 0.54 0.18 0.25 0.13 0.32 0.07

Uniform Delay, d1 27.5 20.8 17.5 15.4 16.9 14.9

Progression Factor 0.69 0.61 0.74 1.00 1.00 1.00

Incremental Delay, d2 3.6 0.1 0.7 1.4 1.3 0.4

Delay (s) 22.7 12.8 13.8 16.8 18.2 15.4

Level of Service C B B B B B

Approach Delay (s) 22.7 13.5 16.8 17.9

Approach LOS C B B B

Intersection Summary

HCM 2000 Control Delay 18.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.40

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 103.3% ICU Level of Service G



HCM Signalized Intersection Capacity Analysis Existing Midday Peak Hour

320: Grant St #1 & 1st Ave 04/22/2020
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Movement WBL WBR NBT NBR SBL SBT

Lane Configurations

Traffic Volume (vph) 150 37 378 200 66 499

Future Volume (vph) 150 37 378 200 66 499

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100

Lane Width 15 15 11 12 10 12

Grade (%) 2% 3% -3%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 1.00 0.95

Frpb, ped/bikes 0.99 1.00 0.96 1.00 1.00

Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00

Frt 0.97 1.00 0.85 1.00 1.00

Flt Protected 0.96 1.00 1.00 0.95 1.00

Satd. Flow (prot) 1741 3352 1411 1628 3539

Flt Permitted 0.96 1.00 1.00 0.49 1.00

Satd. Flow (perm) 1741 3352 1411 844 3539

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 159 39 402 212 70 530

RTOR Reduction (vph) 0 0 0 0 0 0

Lane Group Flow (vph) 198 0 402 213 70 530

Confl. Peds. (#/hr) 4 25 13 13

Heavy Vehicles (%) 7% 22% 2% 8% 4% 3%

Turn Type Prot NA Perm pm+pt NA

Protected Phases 8 2 1 6

Permitted Phases 2 6

Actuated Green, G (s) 34.0 36.0 36.0 49.0 49.0

Effective Green, g (s) 34.0 36.0 36.0 49.0 49.0

Actuated g/C Ratio 0.36 0.38 0.38 0.52 0.52

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Lane Grp Cap (vph) 623 1270 534 493 1825

v/s Ratio Prot c0.11 0.12 0.01 c0.15

v/s Ratio Perm c0.15 0.06

v/c Ratio 0.32 0.32 0.40 0.14 0.29

Uniform Delay, d1 22.1 20.8 21.6 13.1 13.1

Progression Factor 1.00 0.43 0.43 0.42 0.41

Incremental Delay, d2 1.3 0.6 2.0 0.6 0.4

Delay (s) 23.4 9.5 11.2 6.1 5.7

Level of Service C A B A A

Approach Delay (s) 23.4 10.1 5.8

Approach LOS C B A

Intersection Summary

HCM 2000 Control Delay 10.1 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.36

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 87.5% ICU Level of Service E

Analysis Period (min) 15

c    Critical Lane Group
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Movement WBL WBT WBR NBT SBR SBR2 NEL2 NEL

Lane Configurations

Traffic Volume (vph) 1 77 133 143 450 199 1 302

Future Volume (vph) 1 77 133 143 450 199 1 302

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 13 13 13 11 12 12 15 15

Grade (%) 2% 3% 0%

Total Lost time (s) 7.0 7.0 6.0 6.0 6.0 6.0

Lane Util. Factor 0.95 0.95 0.95 1.00 1.00 1.00

Frpb, ped/bikes 1.00 0.99 1.00 1.00 1.00 1.00

Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00

Frt 0.96 0.85 1.00 0.85 0.85 1.00

Flt Protected 1.00 1.00 1.00 1.00 1.00 0.95

Satd. Flow (prot) 1637 1481 3226 1568 1523 1899

Flt Permitted 1.00 1.00 1.00 1.00 1.00 1.00

Satd. Flow (perm) 1637 1481 3226 1568 1523 1997

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 1 82 141 152 478 211 1 321

RTOR Reduction (vph) 0 0 0 0 0 73 0 0

Lane Group Flow (vph) 0 118 106 152 478 138 0 322

Confl. Peds. (#/hr) 1

Heavy Vehicles (%) 0% 8% 4% 6% 3% 6% 0% 4%

Turn Type Perm NA Perm NA pt+ov custom D.Pm Prot

Protected Phases 8 4 2 4 2 4 2

Permitted Phases 8 8 2

Actuated Green, G (s) 20.0 20.0 32.0 62.0 62.0 24.0

Effective Green, g (s) 20.0 20.0 32.0 62.0 62.0 24.0

Actuated g/C Ratio 0.21 0.21 0.34 0.65 0.65 0.25

Clearance Time (s) 7.0 7.0 6.0 6.0

Lane Grp Cap (vph) 344 311 1086 1023 993 504

v/s Ratio Prot 0.05 c0.30 0.09

v/s Ratio Perm 0.07 0.07 c0.16

v/c Ratio 0.34 0.34 0.14 0.47 0.14 0.64

Uniform Delay, d1 31.9 31.9 21.9 8.2 6.3 31.6

Progression Factor 1.00 1.00 1.00 0.69 1.05 1.00

Incremental Delay, d2 2.7 3.0 0.3 1.5 0.3 6.1

Delay (s) 34.6 34.9 22.2 7.2 6.9 37.7

Level of Service C C C A A D

Approach Delay (s) 34.7 22.2 37.7

Approach LOS C C D

Intersection Summary

HCM 2000 Control Delay 20.3 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.50

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 19.0

Intersection Capacity Utilization 49.7% ICU Level of Service A

Analysis Period (min) 15

c    Critical Lane Group
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Movement WBL2 WBL WBT WBR SBT SBR SBR2 NWL2 NWL NWR

Lane Configurations

Traffic Volume (vph) 6 111 220 71 126 70 40 1 25 67

Future Volume (vph) 6 111 220 71 126 70 40 1 25 67

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 10 10 10 12 12 12 12 16 12

Total Lost time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Util. Factor 1.00 0.95 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 0.99 1.00 1.00 0.97 1.00

Flpb, ped/bikes 0.97 1.00 1.00 1.00 1.00 1.00

Frt 1.00 0.96 1.00 0.85 0.85 0.90

Flt Protected 0.95 1.00 1.00 1.00 1.00 0.99

Satd. Flow (prot) 1618 3091 1890 1560 1482 1847

Flt Permitted 0.95 1.00 1.00 1.00 1.00 0.99

Satd. Flow (perm) 1618 3091 1890 1560 1482 1847

Peak-hour factor, PHF 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94 0.94

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 7 120 239 77 137 76 43 1 27 73

RTOR Reduction (vph) 0 0 0 0 0 0 29 0 0 0

Lane Group Flow (vph) 0 127 316 0 137 76 14 0 101 0

Confl. Peds. (#/hr) 23 24 21

Confl. Bikes (#/hr) 1

Heavy Vehicles (%) 0% 1% 4% 3% 0% 3% 5% 0% 4% 3%

Turn Type Perm Perm NA NA Prot Perm Perm Perm

Protected Phases 6 4 4

Permitted Phases 6 6 4 8 8

Actuated Green, G (s) 34.0 34.0 24.0 24.0 24.0 24.0

Effective Green, g (s) 34.0 34.0 24.0 24.0 24.0 24.0

Actuated g/C Ratio 0.45 0.45 0.32 0.32 0.32 0.32

Clearance Time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Grp Cap (vph) 733 1401 604 499 474 591

v/s Ratio Prot c0.10 c0.07 0.05

v/s Ratio Perm 0.08 0.01 0.05

v/c Ratio 0.17 0.23 0.23 0.15 0.03 0.17

Uniform Delay, d1 12.2 12.5 18.7 18.2 17.5 18.3

Progression Factor 0.53 0.54 1.00 1.00 1.00 1.00

Incremental Delay, d2 0.5 0.4 0.9 0.6 0.1 0.6

Delay (s) 7.0 7.1 19.6 18.9 17.6 19.0

Level of Service A A B B B B

Approach Delay (s) 7.1 19.0 19.0

Approach LOS A B B

Intersection Summary

HCM 2000 Control Delay 12.4 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.22

Actuated Cycle Length (s) 75.0 Sum of lost time (s) 16.0

Intersection Capacity Utilization 75.0% ICU Level of Service D

Analysis Period (min) 15

c    Critical Lane Group
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 0 646 3 1 528 0 0 0 0 374 6 141

Future Volume (vph) 0 646 3 1 528 0 0 0 0 374 6 141

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 12 12 12 12 12 12 14 14 12

Grade (%) 3% -1% 0% -4%

Total Lost time (s) 6.0 6.0 7.0 7.0

Lane Util. Factor 0.91 0.95 0.95 0.95

Frpb, ped/bikes 1.00 1.00 1.00 0.97

Flpb, ped/bikes 1.00 1.00 1.00 1.00

Frt 1.00 1.00 1.00 0.92

Flt Protected 1.00 1.00 0.95 0.98

Satd. Flow (prot) 4719 3437 1856 1702

Flt Permitted 1.00 0.95 0.95 0.98

Satd. Flow (perm) 4719 3280 1856 1702

Peak-hour factor, PHF 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89 0.89

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 0 740 3 1 605 0 0 0 0 429 7 162

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 48 0

Lane Group Flow (vph) 0 743 0 0 606 0 0 0 0 309 241 0

Confl. Peds. (#/hr) 75 98 98 75 55 1 1 55

Confl. Bikes (#/hr) 11 2

Heavy Vehicles (%) 0% 4% 0% 0% 5% 0% 0% 0% 0% 0% 0% 0%

Turn Type NA Perm NA Split NA

Protected Phases 2 6 4 4

Permitted Phases 6

Actuated Green, G (s) 43.0 43.0 39.0 39.0

Effective Green, g (s) 43.0 43.0 39.0 39.0

Actuated g/C Ratio 0.45 0.45 0.41 0.41

Clearance Time (s) 6.0 6.0 7.0 7.0

Lane Grp Cap (vph) 2135 1484 761 698

v/s Ratio Prot 0.16 c0.17 0.14

v/s Ratio Perm c0.18

v/c Ratio 0.35 0.41 0.41 0.34

Uniform Delay, d1 16.9 17.5 19.8 19.2

Progression Factor 0.58 2.11 1.00 1.00

Incremental Delay, d2 0.4 0.8 1.6 1.4

Delay (s) 10.3 37.6 21.4 20.6

Level of Service B D C C

Approach Delay (s) 10.3 37.6 0.0 21.0

Approach LOS B D A C

Intersection Summary

HCM 2000 Control Delay 22.1 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.41

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 79.2% ICU Level of Service D

Analysis Period (min) 15

c    Critical Lane Group
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Movement EBL EBT EBR EBR2 WBL WBT WBR NBL2 NBL NBT NBR SBL

Lane Configurations

Traffic Volume (vph) 15 801 139 65 1 383 90 1 39 403 296 2

Future Volume (vph) 15 801 139 65 1 383 90 1 39 403 296 2

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 12 12 12 12 12 12 14 12 12 12 12 11

Grade (%) 0% -3% 1%

Total Lost time (s) 6.0 6.0 6.0 7.0

Lane Util. Factor 0.95 1.00 0.95 0.95

Frpb, ped/bikes 1.00 0.86 0.99 0.98

Flpb, ped/bikes 1.00 1.00 1.00 1.00

Frt 1.00 0.85 0.97 0.94

Flt Protected 1.00 1.00 1.00 1.00

Satd. Flow (prot) 3513 1314 3387 3218

Flt Permitted 0.94 1.00 0.95 0.84

Satd. Flow (perm) 3305 1314 3230 2726

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 16 851 148 69 1 407 96 1 41 428 314 2

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 867 217 0 0 504 0 0 0 785 0 0

Confl. Peds. (#/hr) 52 87 87 52 87 46 70 70

Confl. Bikes (#/hr) 1

Heavy Vehicles (%) 7% 2% 7% 0% 0% 4% 1% 0% 3% 3% 0% 0%

Turn Type Perm NA Perm Perm NA Perm Perm NA Perm

Protected Phases 4 8 2

Permitted Phases 4 4 8 2 2 6

Actuated Green, G (s) 33.0 33.0 33.0 49.0

Effective Green, g (s) 33.0 33.0 33.0 49.0

Actuated g/C Ratio 0.35 0.35 0.35 0.52

Clearance Time (s) 6.0 6.0 6.0 7.0

Lane Grp Cap (vph) 1148 456 1122 1406

v/s Ratio Prot

v/s Ratio Perm c0.26 0.17 0.16 0.29

v/c Ratio 0.76 0.48 0.45 0.56

Uniform Delay, d1 27.4 24.2 24.0 15.6

Progression Factor 0.68 0.67 1.00 0.34

Incremental Delay, d2 4.4 3.3 1.3 1.3

Delay (s) 23.0 19.5 25.3 6.6

Level of Service C B C A

Approach Delay (s) 22.3 25.3 6.6

Approach LOS C C A

Intersection Summary

HCM 2000 Control Delay 17.7 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.66

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 13.0

Intersection Capacity Utilization 126.5% ICU Level of Service H

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing PM Peak Hour

24: Ramp to Parkway East & Grant St #1/Grant St & Blvd of the Allies #1/Blvd of the Allies04/22/2020

City of Pittsburgh Synchro 10 Report

AECOM Page 3

Movement SBT SBR SBR2

Lane Configurations

Traffic Volume (vph) 667 104 107

Future Volume (vph) 667 104 107

Ideal Flow (vphpl) 2100 2100 2100

Lane Width 11 11 11

Grade (%) -1%

Total Lost time (s) 7.0

Lane Util. Factor 0.95

Frpb, ped/bikes 0.98

Flpb, ped/bikes 1.00

Frt 0.96

Flt Protected 1.00

Satd. Flow (prot) 3228

Flt Permitted 0.95

Satd. Flow (perm) 3079

Peak-hour factor, PHF 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102%

Adj. Flow (vph) 709 110 114

RTOR Reduction (vph) 0 0 0

Lane Group Flow (vph) 936 0 0

Confl. Peds. (#/hr) 87 46

Confl. Bikes (#/hr) 1 1

Heavy Vehicles (%) 0% 0% 16%

Turn Type NA

Protected Phases 6

Permitted Phases

Actuated Green, G (s) 49.0

Effective Green, g (s) 49.0

Actuated g/C Ratio 0.52

Clearance Time (s) 7.0

Lane Grp Cap (vph) 1588

v/s Ratio Prot

v/s Ratio Perm c0.30

v/c Ratio 0.59

Uniform Delay, d1 16.0

Progression Factor 1.00

Incremental Delay, d2 1.6

Delay (s) 17.6

Level of Service B

Approach Delay (s) 17.6

Approach LOS B

Intersection Summary
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 10 514 49 41 471 19 0 0 0 99 62 38

Future Volume (vph) 10 514 49 41 471 19 0 0 0 99 62 38

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) -1% 2% 0% 2%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 0.95 1.00

Frpb, ped/bikes 1.00 0.99 1.00 1.00 0.98

Flpb, ped/bikes 0.99 1.00 0.99 1.00 0.92

Frt 1.00 0.99 1.00 0.99 0.97

Flt Protected 0.95 1.00 0.95 1.00 0.98

Satd. Flow (prot) 1668 3314 1642 3249 1601

Flt Permitted 0.37 1.00 0.31 1.00 0.98

Satd. Flow (perm) 644 3314 539 3249 1601

Peak-hour factor, PHF 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91 0.91

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 11 576 55 46 528 21 0 0 0 111 69 43

RTOR Reduction (vph) 0 8 0 0 3 0 0 0 0 0 8 0

Lane Group Flow (vph) 11 623 0 46 546 0 0 0 0 0 215 0

Confl. Peds. (#/hr) 49 74 74 49 128 182 182 128

Confl. Bikes (#/hr) 9 6

Heavy Vehicles (%) 0% 3% 0% 0% 5% 0% 0% 0% 0% 0% 0% 0%

Turn Type pm+pt NA pm+pt NA Perm NA

Protected Phases 5 2 1 6 4

Permitted Phases 2 6 4

Actuated Green, G (s) 31.6 30.2 42.0 35.4 40.2

Effective Green, g (s) 31.6 30.2 42.0 35.4 40.2

Actuated g/C Ratio 0.33 0.32 0.44 0.37 0.42

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 229 1053 314 1210 677

v/s Ratio Prot 0.00 c0.19 c0.01 0.17

v/s Ratio Perm 0.02 0.05 0.13

v/c Ratio 0.05 0.59 0.15 0.45 0.32

Uniform Delay, d1 25.3 27.2 21.4 22.5 18.3

Progression Factor 0.74 0.67 2.01 1.89 1.00

Incremental Delay, d2 0.0 2.3 0.1 1.2 1.2

Delay (s) 18.9 20.6 43.1 43.6 19.5

Level of Service B C D D B

Approach Delay (s) 20.6 43.5 0.0 19.5

Approach LOS C D A B

Intersection Summary

HCM 2000 Control Delay 29.8 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.41

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 72.4% ICU Level of Service C

Analysis Period (min) 15
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 60 558 3 0 552 60 31 193 48 0 70 4

Future Volume (vph) 60 558 3 0 552 60 31 193 48 0 70 4

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 1000 1000 1000

Lane Width 10 11 12 11 10 12 11 12 12 14 14 14

Grade (%) 3% -3% 1% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 0.95 0.95 1.00

Frpb, ped/bikes 1.00 1.00 0.99 0.98 0.99

Flpb, ped/bikes 0.99 1.00 1.00 0.98 1.00

Frt 1.00 1.00 0.99 0.97 0.99

Flt Protected 0.95 1.00 1.00 0.99 1.00

Satd. Flow (prot) 1635 3278 3223 3276 297

Flt Permitted 0.28 1.00 1.00 0.92 1.00

Satd. Flow (perm) 490 3278 3223 3024 297

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 64 593 3 0 586 64 33 205 51 0 74 4

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 2 0

Lane Group Flow (vph) 64 596 0 0 651 0 0 289 0 0 76 0

Confl. Peds. (#/hr) 105 117 117 105 291 162 162 291

Confl. Bikes (#/hr) 13 4 5 3

Heavy Vehicles (%) 0% 4% 33% 0% 3% 0% 0% 2% 0% 0% 94% 33%

Bus Blockages (#/hr) 0 0 0 0 0 0 0 0 0 0 50 50

Parking  (#/hr) 30

Turn Type pm+pt NA NA Perm NA NA

Protected Phases 5 2 6 4 8

Permitted Phases 2 4

Actuated Green, G (s) 39.0 39.0 27.4 44.0 44.0

Effective Green, g (s) 39.0 39.0 27.4 44.0 44.0

Actuated g/C Ratio 0.41 0.41 0.29 0.46 0.46

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 0.2 0.2 0.2 0.2

Lane Grp Cap (vph) 268 1345 929 1400 137

v/s Ratio Prot 0.01 c0.18 c0.20 c0.26

v/s Ratio Perm 0.08 0.10

v/c Ratio 0.24 0.44 0.70 0.21 0.55

Uniform Delay, d1 25.2 20.2 30.1 15.1 18.4

Progression Factor 0.31 0.29 0.32 1.00 1.00

Incremental Delay, d2 0.1 0.9 4.1 0.3 15.2

Delay (s) 7.9 6.8 13.8 15.5 33.6

Level of Service A A B B C

Approach Delay (s) 6.9 13.8 15.5 33.6

Approach LOS A B B C

Intersection Summary

HCM 2000 Control Delay 12.3 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.61

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0



HCM Signalized Intersection Capacity Analysis Existing PM Peak Hour

28: Stanwix St #1/Stanwix St & Blvd of the Allies #9/Blvd of the Allies #1 04/22/2020

City of Pittsburgh Synchro 10 Report

AECOM Page 8

Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 64 255 105 110 317 107 21 127 82 211 251 33

Future Volume (vph) 64 255 105 110 317 107 21 127 82 211 251 33

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 11 12 10 11 12 12 12 12 12 12 12

Grade (%) 3% -2% -1% 1%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 0.95 1.00 0.95 1.00 0.95

Frpb, ped/bikes 1.00 0.96 1.00 0.98 1.00 0.96 1.00 0.98

Flpb, ped/bikes 0.98 1.00 0.97 1.00 0.92 1.00 0.94 1.00

Frt 1.00 0.96 1.00 0.96 1.00 0.94 1.00 0.98

Flt Protected 0.95 1.00 0.95 1.00 0.95 1.00 0.95 1.00

Satd. Flow (prot) 1298 3069 1637 3140 1582 3233 1617 3422

Flt Permitted 0.43 1.00 0.48 1.00 0.56 1.00 0.61 1.00

Satd. Flow (perm) 589 3069 836 3140 937 3233 1036 3422

Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 70 280 115 121 348 117 23 139 90 231 275 36

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 70 395 0 121 465 0 23 229 0 231 311 0

Confl. Peds. (#/hr) 100 149 149 100 159 105 105 159

Confl. Bikes (#/hr) 8 3 3

Heavy Vehicles (%) 25% 3% 0% 0% 0% 19% 5% 2% 0% 4% 0% 9%

Turn Type pm+pt NA pm+pt NA Perm NA Perm NA

Protected Phases 5 2 1 6 4 8

Permitted Phases 2 6 4 8

Actuated Green, G (s) 37.4 31.8 42.6 34.4 37.0 37.0 37.0 37.0

Effective Green, g (s) 37.4 31.8 42.6 34.4 37.0 37.0 37.0 37.0

Actuated g/C Ratio 0.39 0.33 0.45 0.36 0.39 0.39 0.39 0.39

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0

Lane Grp Cap (vph) 273 1027 444 1137 364 1259 403 1332

v/s Ratio Prot 0.02 0.13 c0.02 c0.15 0.07 0.09

v/s Ratio Perm 0.09 0.10 0.02 c0.22

v/c Ratio 0.26 0.38 0.27 0.41 0.06 0.18 0.57 0.23

Uniform Delay, d1 22.0 24.1 18.2 22.7 18.2 19.1 22.8 19.5

Progression Factor 1.00 1.00 0.46 0.34 1.38 1.40 1.00 1.00

Incremental Delay, d2 0.2 1.1 0.1 1.0 0.3 0.3 5.8 0.4

Delay (s) 22.2 25.2 8.4 8.8 25.3 26.9 28.6 19.9

Level of Service C C A A C C C B

Approach Delay (s) 24.8 8.7 26.8 23.6

Approach LOS C A C C

Intersection Summary

HCM 2000 Control Delay 19.6 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.49

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 96.6% ICU Level of Service F

Analysis Period (min) 15



HCM Signalized Intersection Capacity Analysis Existing PM Peak Hour

30: Wood St  & Blvd of the Allies #1 04/22/2020

City of Pittsburgh Synchro 10 Report
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Movement EBL EBT EBR WBL WBT WBR NBL NBT NBR SBL SBT SBR

Lane Configurations

Traffic Volume (vph) 0 542 117 121 459 0 0 39 2 96 265 35

Future Volume (vph) 0 542 117 121 459 0 0 39 2 96 265 35

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 1000 1000 1000 2100 2100 2100

Lane Width 10 11 12 10 12 11 13 13 13 11 12 12

Grade (%) -2% -2% 2% 0%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 0.95 1.00 0.95 1.00 0.95

Frpb, ped/bikes 0.98 1.00 1.00 0.99 0.97

Flpb, ped/bikes 1.00 0.99 1.00 1.00 0.93

Frt 0.97 1.00 1.00 0.99 0.99

Flt Protected 1.00 0.95 1.00 1.00 0.99

Satd. Flow (prot) 3276 1682 3454 422 3118

Flt Permitted 1.00 0.29 1.00 1.00 0.86

Satd. Flow (perm) 3276 512 3454 422 2710

Peak-hour factor, PHF 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93 0.93

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 0 594 128 133 503 0 0 43 2 105 291 38

RTOR Reduction (vph) 0 0 0 0 0 0 0 0 0 0 0 0

Lane Group Flow (vph) 0 722 0 133 503 0 0 45 0 0 434 0

Confl. Peds. (#/hr) 180 97 97 180 315 458 458 315

Confl. Bikes (#/hr) 10 5 2

Heavy Vehicles (%) 0% 3% 0% 0% 5% 0% 0% 92% 0% 2% 1% 0%

Bus Blockages (#/hr) 0 0 0 0 0 0 0 30 30 0 0 0

Turn Type pm+pt NA pm+pt NA NA Perm NA

Protected Phases 1 6 5 2 4 8

Permitted Phases 6 2 8

Actuated Green, G (s) 36.0 49.0 49.0 34.0 34.0

Effective Green, g (s) 36.0 49.0 49.0 34.0 34.0

Actuated g/C Ratio 0.38 0.52 0.52 0.36 0.36

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Vehicle Extension (s) 3.0 2.0 3.0 3.0 3.0

Lane Grp Cap (vph) 1241 350 1781 151 969

v/s Ratio Prot c0.22 c0.03 0.15 0.11

v/s Ratio Perm 0.17 c0.16

v/c Ratio 0.58 0.38 0.28 0.30 0.45

Uniform Delay, d1 23.5 20.5 13.0 21.9 23.3

Progression Factor 0.37 0.18 0.12 0.98 1.00

Incremental Delay, d2 1.8 0.2 0.3 4.8 1.5

Delay (s) 10.4 3.8 1.9 26.3 24.8

Level of Service B A A C C

Approach Delay (s) 10.4 2.3 26.3 24.8

Approach LOS B A C C

Intersection Summary

HCM 2000 Control Delay 11.4 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.51

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 76.9% ICU Level of Service D



HCM Signalized Intersection Capacity Analysis Existing PM Peak Hour

320: Grant St #1 & 1st Ave 04/22/2020

City of Pittsburgh Synchro 10 Report
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Movement WBL WBR NBT NBR SBL SBT

Lane Configurations

Traffic Volume (vph) 293 99 640 181 63 743

Future Volume (vph) 293 99 640 181 63 743

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100

Lane Width 15 15 11 12 10 12

Grade (%) 2% 3% -3%

Total Lost time (s) 6.0 6.0 6.0 6.0 6.0

Lane Util. Factor 1.00 0.95 1.00 1.00 *1.00

Frpb, ped/bikes 0.99 1.00 0.94 1.00 1.00

Flpb, ped/bikes 1.00 1.00 1.00 1.00 1.00

Frt 0.97 1.00 0.85 1.00 1.00

Flt Protected 0.96 1.00 1.00 0.95 1.00

Satd. Flow (prot) 1826 3385 1457 1584 3761

Flt Permitted 0.96 1.00 1.00 0.29 1.00

Satd. Flow (perm) 1826 3385 1457 489 3761

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 311 105 680 192 67 789

RTOR Reduction (vph) 0 0 0 0 0 0

Lane Group Flow (vph) 416 0 680 192 67 789

Confl. Peds. (#/hr) 18 28 28

Heavy Vehicles (%) 2% 11% 1% 2% 7% 2%

Turn Type Perm NA Perm pm+pt NA

Protected Phases 2 1 6

Permitted Phases 8 2 6

Actuated Green, G (s) 37.0 32.0 32.0 46.0 46.0

Effective Green, g (s) 37.0 32.0 32.0 46.0 46.0

Actuated g/C Ratio 0.39 0.34 0.34 0.48 0.48

Clearance Time (s) 6.0 6.0 6.0 6.0 6.0

Lane Grp Cap (vph) 711 1140 490 328 1821

v/s Ratio Prot c0.20 0.02 c0.21

v/s Ratio Perm c0.23 0.13 0.08

v/c Ratio 0.59 0.60 0.39 0.20 0.43

Uniform Delay, d1 22.9 26.1 24.1 20.2 16.0

Progression Factor 1.00 1.29 1.28 0.50 0.49

Incremental Delay, d2 3.5 2.1 2.1 1.2 0.6

Delay (s) 26.4 35.8 32.9 11.2 8.5

Level of Service C D C B A

Approach Delay (s) 26.4 35.1 8.7

Approach LOS C D A

Intersection Summary

HCM 2000 Control Delay 22.9 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.59

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 18.0

Intersection Capacity Utilization 93.6% ICU Level of Service F

Analysis Period (min) 15

c    Critical Lane Group



HCM Signalized Intersection Capacity Analysis Existing PM Peak Hour

350: Ramp B & Ramp C/Grant St #1 & Fort Pitt Blvd /Ramp E 04/22/2020
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Movement WBL WBT WBR NBL NBT SBR SBR2 NEL2 NEL

Lane Configurations

Traffic Volume (vph) 33 347 209 1 393 575 461 2 219

Future Volume (vph) 33 347 209 1 393 575 461 2 219

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 13 13 13 11 11 12 12 15 15

Grade (%) 2% 3% 0%

Total Lost time (s) 7.0 7.0 6.0 6.0 6.0 6.0

Lane Util. Factor 0.95 0.95 0.95 1.00 1.00 1.00

Frpb, ped/bikes 1.00 1.00 1.00 1.00 1.00 1.00

Flpb, ped/bikes 0.99 1.00 1.00 1.00 1.00 1.00

Frt 0.99 0.85 1.00 0.85 0.85 1.00

Flt Protected 1.00 1.00 1.00 1.00 1.00 0.95

Satd. Flow (prot) 1743 1516 3352 1599 1568 1973

Flt Permitted 1.00 1.00 1.00 1.00 1.00 1.00

Satd. Flow (perm) 1743 1516 3352 1599 1568 2067

Peak-hour factor, PHF 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96 0.96

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 35 369 222 1 418 611 490 2 233

RTOR Reduction (vph) 0 0 0 0 0 0 62 0 0

Lane Group Flow (vph) 0 426 200 0 419 611 428 0 235

Confl. Peds. (#/hr) 53 3 3

Heavy Vehicles (%) 6% 3% 3% 0% 2% 1% 3% 0% 0%

Turn Type Perm NA Perm Perm NA pt+ov custom D.Pm Prot

Protected Phases 8 4 2 4 2 4 2

Permitted Phases 8 8 4 2

Actuated Green, G (s) 24.0 24.0 25.0 58.0 58.0 27.0

Effective Green, g (s) 24.0 24.0 25.0 58.0 58.0 27.0

Actuated g/C Ratio 0.25 0.25 0.26 0.61 0.61 0.28

Clearance Time (s) 7.0 7.0 6.0 6.0

Lane Grp Cap (vph) 440 382 882 976 957 587

v/s Ratio Prot c0.38 0.27

v/s Ratio Perm 0.24 0.13 0.13 0.11

v/c Ratio 0.97 0.52 0.48 0.63 0.45 0.40

Uniform Delay, d1 35.1 30.6 29.5 11.7 9.9 27.5

Progression Factor 1.00 1.00 1.00 0.88 0.72 1.00

Incremental Delay, d2 35.7 5.1 1.8 2.7 1.4 2.0

Delay (s) 70.8 35.6 31.3 13.0 8.5 29.5

Level of Service E D C B A C

Approach Delay (s) 59.6 31.3 29.5

Approach LOS E C C

Intersection Summary

HCM 2000 Control Delay 29.1 HCM 2000 Level of Service C

HCM 2000 Volume to Capacity ratio 0.78

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 19.0

Intersection Capacity Utilization 88.4% ICU Level of Service E

Analysis Period (min) 15

c    Critical Lane Group
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Movement WBL2 WBL WBT WBR SBT SBR SBR2 NWL2 NWL NWR

Lane Configurations

Traffic Volume (vph) 2 359 440 111 263 286 135 1 6 18

Future Volume (vph) 2 359 440 111 263 286 135 1 6 18

Ideal Flow (vphpl) 2100 2100 2100 2100 2100 2100 2100 2100 2100 2100

Lane Width 10 10 10 10 12 12 12 12 16 12

Total Lost time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Util. Factor 1.00 0.95 1.00 1.00 1.00 1.00

Frpb, ped/bikes 1.00 0.99 1.00 1.00 0.93 1.00

Flpb, ped/bikes 0.92 1.00 1.00 1.00 1.00 0.98

Frt 1.00 0.97 1.00 0.85 0.85 0.90

Flt Protected 0.95 1.00 1.00 1.00 1.00 0.99

Satd. Flow (prot) 1541 2878 1890 1606 1481 1861

Flt Permitted 0.95 1.00 1.00 1.00 1.00 0.99

Satd. Flow (perm) 1541 2878 1890 1606 1481 1861

Peak-hour factor, PHF 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98 0.98

Growth Factor (vph) 102% 102% 102% 102% 102% 102% 102% 102% 102% 102%

Adj. Flow (vph) 2 374 458 116 274 298 141 1 6 19

RTOR Reduction (vph) 0 0 0 0 0 0 91 0 0 0

Lane Group Flow (vph) 0 376 574 0 274 298 50 0 26 0

Confl. Peds. (#/hr) 10 62 46 69 62

Heavy Vehicles (%) 50% 0% 1% 0% 0% 0% 1% 0% 0% 0%

Parking  (#/hr) 20 20

Turn Type Perm Perm NA NA Prot Perm Perm Perm

Protected Phases 6 4 4

Permitted Phases 6 6 4 8 8

Actuated Green, G (s) 44.0 44.0 34.0 34.0 34.0 34.0

Effective Green, g (s) 44.0 44.0 34.0 34.0 34.0 34.0

Actuated g/C Ratio 0.46 0.46 0.36 0.36 0.36 0.36

Clearance Time (s) 6.0 6.0 8.0 8.0 8.0 8.0

Lane Grp Cap (vph) 713 1332 676 574 530 666

v/s Ratio Prot 0.20 0.14 c0.19

v/s Ratio Perm c0.24 0.03 0.01

v/c Ratio 0.53 0.43 0.41 0.52 0.10 0.04

Uniform Delay, d1 18.1 17.1 22.9 24.1 20.3 19.9

Progression Factor 0.57 0.58 0.83 0.83 0.84 1.00

Incremental Delay, d2 2.7 1.0 1.8 3.3 0.4 0.1

Delay (s) 12.9 10.9 20.9 23.2 17.3 20.0

Level of Service B B C C B B

Approach Delay (s) 11.7 21.1 20.0

Approach LOS B C B

Intersection Summary

HCM 2000 Control Delay 15.8 HCM 2000 Level of Service B

HCM 2000 Volume to Capacity ratio 0.52

Actuated Cycle Length (s) 95.0 Sum of lost time (s) 16.0

Intersection Capacity Utilization 91.7% ICU Level of Service F

Analysis Period (min) 15

c    Critical Lane Group
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HCS7 Freeway Diverge Text Report

______________________________________________FREEWAY DIVERGE ANALYSIS_______________________________________________
File Name: 376 WB OFF RAMP GRANT DIVERGE_AM.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: WB OFF Grant Street
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: AM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Density in Off-Ramp (Diverge) Influence Area, DR 36.5 pc/mi/ln
Level of Service, LOS E
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Ramp Influence Area, SR 47.1 mi/h
Average Speed in Outer Lanes of Freeway, SO 60.3 mi/h
Average Speed for Off-Ramp (Diverge) Junction, S 47.1 mi/h
Density Across All Lanes, D 46.5 pc/mi/ln

_______________________Step 1: Specify Inputs and Convert Demand Volumes to Demand Flow Rates________________________
Freeway Data 
Number of Freeway Lanes 2 ln
Freeway Free-Flow Speed, FFS 55.0 mi/h
Segment Length 1500 ft
Multilane Highway or C-D Roadway?  Freeway
Demand Volume, V 3583 veh/h
Peak Hour Factor, PHF 0.90

Ramp Data 
Number of Ramp Lanes 1 ln
Ramp Free-Flow Speed, SFR 25.0 mi/h
Ramp Side Left
Length of First Deceleration Lane, LD or LD1 600 ft
Length of Second Deceleration Lane, LD2 - ft

Junction Components Freeway Ramp

Demand Volume, V 3583 434 veh/h
Peak Hour Factor, PHF 0.90 0.90
Percent Total Trucks 5.00 7.00 %

Percent SUTs - - %
Percent TTs - - %

Prop.Total Trucks, PT 0.0500 0.0700
Heavy Vehicle PCE, ET 3.000 3.000
Heavy Vehicle Adj., fHV 0.909 0.877
Terrain Type Rolling Rolling

Percent Grade - - %
Grade Length - - mi

Demand Adj.Factor, DAF 1.000 1.000
Demand Flow Rate, v 4380 550 pc/h

_____________________________Step 2: Estimate the Approaching Flow Rate in Lanes 1 and 2_____________________________
Estimating Flow in Lanes 1 and 2 for Off-Ramps 
Adjacent Upstream On-Ramp Equilibrium Distance, LEQ - ft
Adjacent Downstream Off-Ramp Equilibrium Distance, LEQ - ft
Prop. Freeway Veh. in Lanes 1 and 2, PFD 1.000
Flow Rate in Lanes 1 and 2, v12 4380 pc/h

______________________Step 3: Estimate Capacity of Ramp-Freeway Junction and Compare Flow Rates______________________
Capacity Checks 



Actual Maximum Violation? 

vF 4380 4500 No
vR 550 1900 No
v12 4380 4400 No

Freeway Ramp 

Unadjusted Capacity, cmd 4500 1900 pc/h
Driver Population All Familiar All Familiar

Driver Population CAF 1.000 1.000
Weather Type Non-Severe Weather Non-Severe Weather

Weather Type CAF 1.000 1.000
Incident Type No Incident -
Final Capacity Adj. Factor, CAF 1.000 1.000
Adjusted Capacity, cmda 4500 1900 pc/h

__________________________Step 4: Estimate Density in Ramp Influence Area and Determine LOS__________________________
Demand Flow Rate in Lanes 1 and 2, v12 4380 pc/h
Length of Deceleration Lane, LA 600 ft
Density in Off-Ramp Influence Area, DR 36.5 pc/mi/ln
Density in Off-Ramp Influence Area, DR 32.0 veh/mi/ln
Level of Service, LOS E

__________________________Step 5: Estimate Speeds in the Vicinity of Ramp-Freeway Junctions__________________________
Freeway Free-Flow Speed, FFS 55.0 mi/h
Ramp Free-Flow Speed, SFR 25.0 mi/h
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Demand Flow Rate on Freeway, vF 4380 pc/h
Demand Flow Rate in Lanes 1 and 2, v12 4380 pc/h
Number of Outer Lanes on Freeway, NO 0 ln

Speed Index for Off-Ramp, DS 0.607
Average Speed in Ramp Influence Area, SR 47.1 mi/h
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Outer Lanes of Freeway, SO 60.3 mi/h
Average Speed for Off-Ramp Junction, S 47.1 mi/h
Density Across All Lanes, D 46.5 pc/mi/ln

________________________________________________Design Analysis Table________________________________________________
Number of Lanes, ln 2 2 3 3 4 4 5 5
Number of Ramp Lanes, ln 1 2 1 2 1 2 1 2
Density, pc/mi/ln 46.5 46.5 29.1 28.7 21.0 20.4 16.8 16.3
LOS E D C B B A B A

This Freeway Diverge Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/26/2020 09:24:59



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB AFTER GRANT_AM.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway After Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: AM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 1508 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 30.7 pc/mi/ln
Level of Service, LOS D

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 3702 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 3702 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 1508 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 1508 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 30.7 pc/mi/ln
Level of Service, LOS D

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 10:57:31



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB BEFORE GRANT_AM.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway before Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: AM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 1460 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 29.7 pc/mi/ln
Level of Service, LOS D

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 3583 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 3583 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 1460 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 1460 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 29.7 pc/mi/ln
Level of Service, LOS D

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 10:59:35



HCS7 Freeway Diverge Text Report

______________________________________________FREEWAY DIVERGE ANALYSIS_______________________________________________
File Name: 376 WB OFF RAMP GRANT DIVERGE_MD.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB OFF Grant Street
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: MD
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Density in Off-Ramp (Diverge) Influence Area, DR 23.3 pc/mi/ln
Level of Service, LOS C
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Ramp Influence Area, SR 47.3 mi/h
Average Speed in Outer Lanes of Freeway, SO 60.3 mi/h
Average Speed for Off-Ramp (Diverge) Junction, S 47.3 mi/h
Density Across All Lanes, D 30.0 pc/mi/ln

_______________________Step 1: Specify Inputs and Convert Demand Volumes to Demand Flow Rates________________________
Freeway Data 
Number of Freeway Lanes 2 ln
Freeway Free-Flow Speed, FFS 55.0 mi/h
Segment Length 1500 ft
Multilane Highway or C-D Roadway?  Freeway
Demand Volume, V 2322 veh/h
Peak Hour Factor, PHF 0.90

Ramp Data 
Number of Ramp Lanes 1 ln
Ramp Free-Flow Speed, SFR 25.0 mi/h
Ramp Side Left
Length of First Deceleration Lane, LD or LD1 600 ft
Length of Second Deceleration Lane, LD2 - ft

Junction Components Freeway Ramp

Demand Volume, V 2322 281 veh/h
Peak Hour Factor, PHF 0.90 0.90
Percent Total Trucks 5.00 7.00 %

Percent SUTs - - %
Percent TTs - - %

Prop.Total Trucks, PT 0.0500 0.0700
Heavy Vehicle PCE, ET 3.000 3.000
Heavy Vehicle Adj., fHV 0.909 0.877
Terrain Type Rolling Rolling

Percent Grade - - %
Grade Length - - mi

Demand Adj.Factor, DAF 1.000 1.000
Demand Flow Rate, v 2838 356 pc/h

_____________________________Step 2: Estimate the Approaching Flow Rate in Lanes 1 and 2_____________________________
Estimating Flow in Lanes 1 and 2 for Off-Ramps 
Adjacent Upstream On-Ramp Equilibrium Distance, LEQ - ft
Adjacent Downstream Off-Ramp Equilibrium Distance, LEQ - ft
Prop. Freeway Veh. in Lanes 1 and 2, PFD 1.000
Flow Rate in Lanes 1 and 2, v12 2838 pc/h

______________________Step 3: Estimate Capacity of Ramp-Freeway Junction and Compare Flow Rates______________________
Capacity Checks 



Actual Maximum Violation? 

vF 2838 4500 No
vR 356 1900 No
v12 2838 4400 No

Freeway Ramp 

Unadjusted Capacity, cmd 4500 1900 pc/h
Driver Population All Familiar All Familiar

Driver Population CAF 1.000 1.000
Weather Type Non-Severe Weather Non-Severe Weather

Weather Type CAF 1.000 1.000
Incident Type No Incident -
Final Capacity Adj. Factor, CAF 1.000 1.000
Adjusted Capacity, cmda 4500 1900 pc/h

__________________________Step 4: Estimate Density in Ramp Influence Area and Determine LOS__________________________
Demand Flow Rate in Lanes 1 and 2, v12 2838 pc/h
Length of Deceleration Lane, LA 600 ft
Density in Off-Ramp Influence Area, DR 23.3 pc/mi/ln
Density in Off-Ramp Influence Area, DR 20.4 veh/mi/ln
Level of Service, LOS C

__________________________Step 5: Estimate Speeds in the Vicinity of Ramp-Freeway Junctions__________________________
Freeway Free-Flow Speed, FFS 55.0 mi/h
Ramp Free-Flow Speed, SFR 25.0 mi/h
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Demand Flow Rate on Freeway, vF 2838 pc/h
Demand Flow Rate in Lanes 1 and 2, v12 2838 pc/h
Number of Outer Lanes on Freeway, NO 0 ln

Speed Index for Off-Ramp, DS 0.590
Average Speed in Ramp Influence Area, SR 47.3 mi/h
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Outer Lanes of Freeway, SO 60.3 mi/h
Average Speed for Off-Ramp Junction, S 47.3 mi/h
Density Across All Lanes, D 30.0 pc/mi/ln

This Freeway Diverge Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/26/2020 08:54:24



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB AFTER GRANT_MD.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway After Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: MD
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 977 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 19.9 pc/mi/ln
Level of Service, LOS C

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 2398 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 2398 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 977 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 977 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 19.9 pc/mi/ln
Level of Service, LOS C

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 10:58:46



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB BEFORE GRANT_MD.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway before Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: MD
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 946 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 19.2 pc/mi/ln
Level of Service, LOS C

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 2322 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 2322 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 946 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 946 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 19.2 pc/mi/ln
Level of Service, LOS C

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 11:00:04



HCS7 Freeway Diverge Text Report

______________________________________________FREEWAY DIVERGE ANALYSIS_______________________________________________
File Name: Diverge2.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB OFF Grant Street
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: PM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Density in Off-Ramp (Diverge) Influence Area, DR - pc/mi/ln
Level of Service, LOS F
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Ramp Influence Area, SR - mi/h
Average Speed in Outer Lanes of Freeway, SO - mi/h
Average Speed for Off-Ramp (Diverge) Junction, S - mi/h
Density Across All Lanes, D - pc/mi/ln

_______________________Step 1: Specify Inputs and Convert Demand Volumes to Demand Flow Rates________________________
Freeway Data 
Number of Freeway Lanes 2 ln
Freeway Free-Flow Speed, FFS 55.0 mi/h
Segment Length 1500 ft
Multilane Highway or C-D Roadway?  Freeway
Demand Volume, V 3768 veh/h
Peak Hour Factor, PHF 0.90

Ramp Data 
Number of Ramp Lanes 1 ln
Ramp Free-Flow Speed, SFR 25.0 mi/h
Ramp Side Left
Length of First Deceleration Lane, LD or LD1 600 ft
Length of Second Deceleration Lane, LD2 - ft

Junction Components Freeway Ramp

Demand Volume, V 3768 456 veh/h
Peak Hour Factor, PHF 0.90 0.90
Percent Total Trucks 5.00 7.00 %

Percent SUTs - - %
Percent TTs - - %

Prop.Total Trucks, PT 0.0500 0.0700
Heavy Vehicle PCE, ET 3.000 3.000
Heavy Vehicle Adj., fHV 0.909 0.877
Terrain Type Rolling Rolling

Percent Grade - - %
Grade Length - - mi

Demand Adj.Factor, DAF 1.000 1.000
Demand Flow Rate, v 4606 578 pc/h

_____________________________Step 2: Estimate the Approaching Flow Rate in Lanes 1 and 2_____________________________
Estimating Flow in Lanes 1 and 2 for Off-Ramps 
Adjacent Upstream On-Ramp Equilibrium Distance, LEQ - ft
Adjacent Downstream Off-Ramp Equilibrium Distance, LEQ - ft
Prop. Freeway Veh. in Lanes 1 and 2, PFD 1.000
Flow Rate in Lanes 1 and 2, v12 4606 pc/h

______________________Step 3: Estimate Capacity of Ramp-Freeway Junction and Compare Flow Rates______________________
Capacity Checks 



Actual Maximum Violation? 

vF 4606 4500 Yes
vR 578 1900 No
v12 4606 4400 Yes

Freeway Ramp 

Unadjusted Capacity, cmd 4500 1900 pc/h
Driver Population All Familiar All Familiar

Driver Population CAF 1.000 1.000
Weather Type Non-Severe Weather Non-Severe Weather

Weather Type CAF 1.000 1.000
Incident Type No Incident -
Final Capacity Adj. Factor, CAF 1.000 1.000
Adjusted Capacity, cmda 4500 1900 pc/h

__________________________Step 4: Estimate Density in Ramp Influence Area and Determine LOS__________________________
Demand Flow Rate in Lanes 1 and 2, v12 4606 pc/h
Length of Deceleration Lane, LA 600 ft
Density in Off-Ramp Influence Area, DR - pc/mi/ln
Density in Off-Ramp Influence Area, DR - veh/mi/ln
Level of Service, LOS F

__________________________Step 5: Estimate Speeds in the Vicinity of Ramp-Freeway Junctions__________________________
Freeway Free-Flow Speed, FFS 55.0 mi/h
Ramp Free-Flow Speed, SFR 25.0 mi/h
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Demand Flow Rate on Freeway, vF 4606 pc/h
Demand Flow Rate in Lanes 1 and 2, v12 4606 pc/h
Number of Outer Lanes on Freeway, NO 0 ln

Speed Index for Off-Ramp, DS -
Average Speed in Ramp Influence Area, SR - mi/h
Average Flow in Outer Lanes, vOA - pc/h/ln
Average Speed in Outer Lanes of Freeway, SO - mi/h
Average Speed for Off-Ramp Junction, S - mi/h
Density Across All Lanes, D - pc/mi/ln

This Freeway Diverge Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/26/2020 08:57:57



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB AFTER GRANT_PM.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway After Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: PM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 1586 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 32.2 pc/mi/ln
Level of Service, LOS D

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 3892 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 3892 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 1586 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 1586 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 32.2 pc/mi/ln
Level of Service, LOS D

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 10:59:12



HCS7 Basic Freeway Segment Text Report

___________________________________________BASIC FREEWAY SEGMENT ANALYSIS____________________________________________
File Name: I_376_WB BEFORE GRANT_PM.xuf
Analyst: JJS
Agency: AECOM
Jurisdiction: I-376 WB Freeway before Grant St
Date: 5/26/2020
Analysis Year: 2020
Time Period Analyzed: PM
Project Description: 60612296 E03024 WO6 I-376 Bathtub Flooding Analysis
Units: United States Customary

____________________________________________LOS and Performance Measures_____________________________________________
Flow Rate, vp 1535 pc/h/ln
Adjusted Capacity, cadj 2200 pc/h/ln
Speed, S 49.2 mi/h
Density, D 31.2 pc/mi/ln
Level of Service, LOS D

_________________________________________________Step 1: Input Data__________________________________________________
Number of Lanes, N 3 ln
Lane Width 12 ft
Segment Length - ft
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Right-Side Lateral Clearance 10 ft
Total Ramp Density, TRD 2.00 ramps/mi

Demand Volume 3768 veh/h
Peak Hour Factor, PHF 0.90
Percent Total Trucks 5.00 %

Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

___________________________________________Step 2: Estimate and Adjust FFS___________________________________________
Estimating FFS
Measured or Base FFS Base
Base Free-Flow Speed, BFFS 55.0 mi/h
Lane Width 12 ft

Lane Width Adjustment, fLW 0.0 mi/h
Right-Side Lateral Clearance 10 ft

Right-Side Lateral Clearance Adj., fRLC 0.0 mi/h
Total Ramp Density, TRD 2.00 ramps/mi

TRD Adjustment 5.8 mi/h
Free-Flow Speed, FFS 49.2 mi/h

Speed Adjustments
Driver Population All Familiar

Driver Population SAF 1.000
Weather Type Non-Severe Weather

Weather Type SAF 1.000
Final Speed Adjustment Factor, SAF 1.000
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h

________________________________________Step 3: Estimate and Adjust Capacity_________________________________________
Adjusted Free-flow Speed, FFSadj 49.2 mi/h
Capacity, c 2200 pc/h/ln

Capacity Adjustments
Driver Population All Familiar

Driver Population CAF 1.000



Weather Type Non-Severe Weather
Weather Type CAF 1.000

Incident Type No Incident
Incident Type CAF 1.000

Final Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln

____________________________________________Step 4: Adjust Demand Volume_____________________________________________
Demand Volume, V 3768 veh/h
Peak Hour Factor, PHF 0.90
Number of Lanes, N 3 ln
Terrain Type Rolling

Percent Grade - %
Grade Length - mi

Percent Total Trucks 5.00 %
Percent Single-Unit Trucks, SUT - %
Percent Tractor-Trailers, TT - %

Proportion of Total Trucks, PT 0.0500
Heavy Vehicle PCE, ET 3.000
Heavy Vehicle Adjustment, fHV 0.909
Demand Adjustment Factor, DAF 1.000
Demand Flow Rate, vp 1535 pc/h/ln

_____________________________Steps 5 and 6: Estimate Speed and Density and Determine LOS_____________________________
Demand Flow Rate, vp 1535 pc/h/ln
Adjusted Free-Flow Speed, FFSadj 49.2 mi/h
Capacity Adjustment Factor, CAF 1.000
Adjusted Capacity, cadj 2200 pc/h/ln
Breakpoint, BP 2032 pc/h/ln
Density at Capacity, Dc 45 pc/mi/ln
Mean Speed under Base Conditions, S 49.2 mi/h
Density, D 31.2 pc/mi/ln
Level of Service, LOS D

This Basic Freeway Segment text report was created in HCS™ Freeways Version 7.8.5 on 5/27/2020 11:00:23



 

 

 

 

 

 

Attachment C 

Existing Year 2020 Queuing Results 
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Existing AM Peak Hour 03/26/2020
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Intersection: 20: Cherry Way/Cherry Way  & Blvd of the Allies #1

Movement EB EB EB WB WB SB SB

Directions Served T T TR LT T L LTR

Maximum Queue (ft) 96 122 95 181 170 88 116

Average Queue (ft) 17 47 28 93 89 34 49

95th Queue (ft) 58 95 69 156 145 75 91

Link Distance (ft) 210 210 227 227 352 352

Upstream Blk Time (%) 0 0

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 75

Storage Blk Time (%) 0 3

Queuing Penalty (veh) 0 3

Intersection: 24: Ramp to Parkway East & Grant St #1/Grant St & Blvd of the Allies #1/Blvd of the Allies

Movement EB EB EB WB WB NB NB SB SB

Directions Served LT T R> T TR LT TR T TR>

Maximum Queue (ft) 215 222 188 211 194 128 143 146 178

Average Queue (ft) 124 133 64 112 87 46 56 37 138

95th Queue (ft) 196 197 138 176 158 119 129 112 183

Link Distance (ft) 227 227 227 255 255 106 106 133 133

Upstream Blk Time (%) 0 0 0 0 1 1 1 18

Queuing Penalty (veh) 0 0 0 0 4 5 0 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 26: Market St & Blvd of the Allies #1

Movement EB EB EB WB WB WB SB

Directions Served L T TR L T TR LTR

Maximum Queue (ft) 73 184 202 32 158 153 45

Average Queue (ft) 10 101 106 5 66 81 10

95th Queue (ft) 41 166 165 22 129 137 35

Link Distance (ft) 358 358 456 456 142

Upstream Blk Time (%)

Queuing Penalty (veh)

Storage Bay Dist (ft) 75 300

Storage Blk Time (%) 0 17

Queuing Penalty (veh) 1 2
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City of Pittsburgh SimTraffic Report
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Intersection: 27: Smithfield St  & Blvd of the Allies #1

Movement EB EB EB WB WB NB NB SB

Directions Served L T TR T TR LT TR LTR

Maximum Queue (ft) 85 99 52 174 196 168 205 159

Average Queue (ft) 32 29 8 28 77 79 105 55

95th Queue (ft) 70 71 33 108 163 149 174 126

Link Distance (ft) 472 472 210 210 332 332 138

Upstream Blk Time (%) 0 0 1

Queuing Penalty (veh) 0 0 0

Storage Bay Dist (ft) 75

Storage Blk Time (%) 1 1

Queuing Penalty (veh) 1 1

Intersection: 28: Stanwix St #1/Stanwix St & Blvd of the Allies /Blvd of the Allies #1

Movement EB EB EB WB WB WB NB NB NB SB SB SB

Directions Served L T TR L T TR UL T TR L T TR

Maximum Queue (ft) 221 241 199 101 88 110 93 156 202 163 141 99

Average Queue (ft) 101 118 86 26 16 35 37 65 113 71 49 32

95th Queue (ft) 188 196 168 72 55 82 76 131 177 136 105 75

Link Distance (ft) 552 552 552 358 358 365 365 140 140 140

Upstream Blk Time (%) 2 0 0

Queuing Penalty (veh) 0 0 0

Storage Bay Dist (ft) 175 150

Storage Blk Time (%) 0

Queuing Penalty (veh) 0

Intersection: 30: Wood St /Wood St & Blvd of the Allies #1

Movement EB EB EB WB WB WB NB SB SB

Directions Served UL T TR L T TR LTR LT TR

Maximum Queue (ft) 5 76 131 90 145 155 127 114 86

Average Queue (ft) 0 11 32 32 67 76 35 38 25

95th Queue (ft) 4 43 91 75 125 135 101 82 63

Link Distance (ft) 456 456 472 472 349 145 145

Upstream Blk Time (%) 0

Queuing Penalty (veh) 0

Storage Bay Dist (ft) 75 150

Storage Blk Time (%) 0 0

Queuing Penalty (veh) 0 0
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Intersection: 320: Grant St #1 & 1st Ave

Movement WB NB NB NB SB SB SB

Directions Served LR UT T R UL T T

Maximum Queue (ft) 226 168 196 182 109 88 108

Average Queue (ft) 102 137 160 156 42 36 39

95th Queue (ft) 189 165 181 186 86 76 85

Link Distance (ft) 296 131 131 131 106 106 106

Upstream Blk Time (%) 17 37 38 0 0 0

Queuing Penalty (veh) 81 174 179 1 0 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 350: Ramp B & Ramp C/Grant St #1 & Fort Pitt Blvd /Ramp E

Movement WB WB NB NB SB SB NE

Directions Served LTR R T T R > <L

Maximum Queue (ft) 818 818 461 471 139 134 438

Average Queue (ft) 792 792 305 315 80 51 229

95th Queue (ft) 803 806 498 508 141 107 414

Link Distance (ft) 777 777 504 504 131 131 487

Upstream Blk Time (%) 100 99 6 7 2 0 2

Queuing Penalty (veh) 0 0 0 0 6 1 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 514: Ross St & 2nd Ave

Movement EB WB WB NB SB SB

Directions Served LTR T R LTR L TR

Maximum Queue (ft) 161 212 201 150 149 294

Average Queue (ft) 91 101 112 69 103 97

95th Queue (ft) 156 175 178 134 166 235

Link Distance (ft) 119 218 218 130 366

Upstream Blk Time (%) 6 0 0 2 1

Queuing Penalty (veh) 0 0 0 0 0

Storage Bay Dist (ft) 125

Storage Blk Time (%) 14 1

Queuing Penalty (veh) 20 2
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Intersection: 3521: Smithfield St/Smithfield St  & Fort Pitt Blvd 

Movement WB WB WB B9991 B9991 NB NB SB

Directions Served L T R T T LT T TR

Maximum Queue (ft) 178 255 71 50 123 74 67 194

Average Queue (ft) 70 104 25 2 6 53 31 55

95th Queue (ft) 136 204 55 40 74 65 65 136

Link Distance (ft) 217 217 217 211 211 48 48 332

Upstream Blk Time (%) 0 1 9 2

Queuing Penalty (veh) 0 2 33 7

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3522: Smithfield St Bridge/Smithfield St & Relocated Ft Pitt Blvd EB

Movement EB EB NB NB SB

Directions Served LT R T TR T

Maximum Queue (ft) 502 416 1486 1468 51

Average Queue (ft) 301 174 1050 1030 7

95th Queue (ft) 509 339 1817 1802 36

Link Distance (ft) 515 515 1688 1688 48

Upstream Blk Time (%) 2 1 19 17 3

Queuing Penalty (veh) 0 0 0 0 6

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3531: Ramp Bu & Stanwix St /Stanwix St #1 & Ramp N & Fort Pitt Blvd/Fort Pitt Blvd 

Movement WB WB WB SB SB SB NW

Directions Served <L T TR T R > LR

Maximum Queue (ft) 65 142 226 157 77 82 236

Average Queue (ft) 22 68 119 54 21 25 185

95th Queue (ft) 54 122 193 113 59 64 268

Link Distance (ft) 302 302 302 365 365 211

Upstream Blk Time (%) 0 10

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 150

Storage Blk Time (%) 0

Queuing Penalty (veh) 0



Queuing and Blocking Report

Existing Midday Peak Hour 03/26/2020

City of Pittsburgh SimTraffic Report

AECOM Page 2

Intersection: 20: Cherry Way/Cherry Way  & Blvd of the Allies #1

Movement EB EB EB WB WB SB SB

Directions Served UT T TR LT T L LTR

Maximum Queue (ft) 100 86 86 103 90 92 115

Average Queue (ft) 34 31 32 39 30 34 45

95th Queue (ft) 78 70 70 78 73 81 92

Link Distance (ft) 223 223 223 227 227 352 352

Upstream Blk Time (%)

Queuing Penalty (veh)

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 24: Ramp to Parkway East & Grant St #1/Grant St & Blvd of the Allies #1/Blvd of the Allies

Movement EB EB EB WB WB NB NB SB SB

Directions Served LT T R> <LT TR <LT TR LT TR>

Maximum Queue (ft) 112 128 140 151 128 85 97 172 185

Average Queue (ft) 53 42 55 73 51 17 22 115 149

95th Queue (ft) 96 102 113 130 104 58 66 202 173

Link Distance (ft) 227 227 227 255 255 106 106 133 133

Upstream Blk Time (%) 0 0 17 36

Queuing Penalty (veh) 0 0 0 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 26: Market St & Blvd of the Allies #1

Movement EB EB EB WB WB SB

Directions Served L T R L TR LTR

Maximum Queue (ft) 88 213 160 73 238 53

Average Queue (ft) 15 111 46 16 114 17

95th Queue (ft) 59 190 117 48 196 46

Link Distance (ft) 358 358 456 141

Upstream Blk Time (%)

Queuing Penalty (veh)

Storage Bay Dist (ft) 75 300

Storage Blk Time (%) 21 0

Queuing Penalty (veh) 3 0
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Intersection: 27: Smithfield St  & Blvd of the Allies #1

Movement EB EB EB WB WB NB SB

Directions Served L T TR LT R LTR T

Maximum Queue (ft) 84 78 58 112 62 262 123

Average Queue (ft) 31 26 10 41 4 139 28

95th Queue (ft) 69 64 38 90 28 228 84

Link Distance (ft) 471 223 223 321 139

Upstream Blk Time (%) 0 0

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 75 150

Storage Blk Time (%) 1 1

Queuing Penalty (veh) 1 1

Intersection: 28: Stanwix St #1/Stanwix St & Blvd of the Allies /Blvd of the Allies #1

Movement EB EB WB WB WB NB NB NB SB SB SB

Directions Served L TR L T TR UL T TR L T R

Maximum Queue (ft) 105 143 86 72 120 32 79 148 141 139 80

Average Queue (ft) 32 68 26 5 44 5 16 62 60 59 18

95th Queue (ft) 78 121 67 33 104 22 52 117 117 114 57

Link Distance (ft) 553 553 358 358 366 366 140 140 140

Upstream Blk Time (%) 1 0

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 175 150

Storage Blk Time (%) 0

Queuing Penalty (veh) 0

Intersection: 30: Wood St  & Blvd of the Allies #1

Movement EB WB WB NB SB SB

Directions Served TR L TR LTR LT R

Maximum Queue (ft) 331 148 206 88 171 70

Average Queue (ft) 174 50 90 18 76 15

95th Queue (ft) 286 104 163 64 143 52

Link Distance (ft) 456 471 360 157 157

Upstream Blk Time (%) 1

Queuing Penalty (veh) 0

Storage Bay Dist (ft) 150

Storage Blk Time (%) 25 2

Queuing Penalty (veh) 0 1



Queuing and Blocking Report

Existing Midday Peak Hour 03/26/2020

City of Pittsburgh SimTraffic Report

AECOM Page 4

Intersection: 320: Grant St #1 & 1st Ave

Movement WB NB NB NB SB SB SB

Directions Served LR UT T R L T T

Maximum Queue (ft) 229 106 113 162 100 105 116

Average Queue (ft) 100 53 44 70 38 44 51

95th Queue (ft) 190 89 90 137 87 87 97

Link Distance (ft) 296 131 131 131 106 106 106

Upstream Blk Time (%) 0 0 0 2 0 0 0

Queuing Penalty (veh) 0 0 0 3 0 0 1

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 350: Ramp B & Ramp C/Grant St #1 & Fort Pitt Blvd /Ramp E

Movement WB WB NB NB SB SB NE

Directions Served LTR R T T R > <L

Maximum Queue (ft) 174 135 97 103 128 122 318

Average Queue (ft) 88 50 41 31 72 46 172

95th Queue (ft) 149 104 80 75 124 93 284

Link Distance (ft) 777 777 504 504 131 131 487

Upstream Blk Time (%) 1 0

Queuing Penalty (veh) 3 1

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 514: Ross St & 2nd Ave

Movement EB WB WB NB SB SB

Directions Served LTR LT R LTR L TR

Maximum Queue (ft) 112 133 133 127 140 179

Average Queue (ft) 44 55 54 53 78 58

95th Queue (ft) 91 109 109 109 134 126

Link Distance (ft) 119 218 218 130 366

Upstream Blk Time (%) 0 0 1

Queuing Penalty (veh) 0 0 0

Storage Bay Dist (ft) 125

Storage Blk Time (%) 2 0

Queuing Penalty (veh) 3 1
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Intersection: 3521: Smithfield St/Smithfield St  & Fort Pitt Blvd 

Movement WB WB WB NB NB SB

Directions Served L T R L T TR

Maximum Queue (ft) 181 168 85 66 38 136

Average Queue (ft) 95 83 31 41 4 35

95th Queue (ft) 160 147 65 69 22 101

Link Distance (ft) 225 225 225 49 49 321

Upstream Blk Time (%) 4 0

Queuing Penalty (veh) 6 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3522: Smithfield St Bridge/Smithfield St & Relocated Ft Pitt Blvd EB

Movement EB EB NB NB SB

Directions Served LT R T TR LT

Maximum Queue (ft) 224 260 169 190 58

Average Queue (ft) 106 147 67 80 5

95th Queue (ft) 184 239 139 155 31

Link Distance (ft) 515 515 1688 1688 49

Upstream Blk Time (%) 3

Queuing Penalty (veh) 5

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3531: Ramp Bu & Stanwix St/Stanwix St #1 & Ramp N & Fort Pitt Blvd 

Movement WB WB WB SB SB SB NW

Directions Served <L T TR T R > <LR

Maximum Queue (ft) 99 103 110 112 129 60 116

Average Queue (ft) 41 35 49 55 46 29 42

95th Queue (ft) 82 78 93 102 102 64 90

Link Distance (ft) 302 302 302 366 211

Upstream Blk Time (%)

Queuing Penalty (veh)

Storage Bay Dist (ft) 150 25

Storage Blk Time (%) 0 25 14

Queuing Penalty (veh) 0 43 28
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Intersection: 20: Cherry Way/Cherry Way  & Blvd of the Allies #1

Movement EB EB EB WB WB SB SB

Directions Served T T TR LT T L LTR

Maximum Queue (ft) 100 208 185 230 247 213 268

Average Queue (ft) 35 83 66 158 149 109 110

95th Queue (ft) 95 186 174 221 224 175 209

Link Distance (ft) 210 210 227 227 352 352

Upstream Blk Time (%) 4 4 1 1 0

Queuing Penalty (veh) 13 13 3 2 0

Storage Bay Dist (ft) 75

Storage Blk Time (%) 2 21

Queuing Penalty (veh) 5 46

Intersection: 24: Ramp to Parkway East & Grant St #1/Grant St & Blvd of the Allies #1/Blvd of the Allies

Movement EB EB EB WB WB NB NB SB SB

Directions Served LT T R> LT TR <LT TR LT TR>

Maximum Queue (ft) 235 277 257 254 220 127 170 160 182

Average Queue (ft) 167 198 151 149 104 78 96 114 151

95th Queue (ft) 254 279 280 234 185 151 170 202 165

Link Distance (ft) 227 227 227 255 255 106 106 133 133

Upstream Blk Time (%) 1 8 8 0 0 10 4 23 69

Queuing Penalty (veh) 3 27 27 0 0 40 16 0 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 26: Market St & Blvd of the Allies #1

Movement EB EB EB WB WB WB SB

Directions Served L T TR L T TR LTR

Maximum Queue (ft) 70 195 198 95 206 211 154

Average Queue (ft) 7 103 112 30 119 125 83

95th Queue (ft) 35 171 177 66 185 189 141

Link Distance (ft) 358 358 456 456 142

Upstream Blk Time (%) 1

Queuing Penalty (veh) 0

Storage Bay Dist (ft) 75 300

Storage Blk Time (%) 15

Queuing Penalty (veh) 2



Queuing and Blocking Report

Existing PM Peak Hour 03/26/2020

City of Pittsburgh SimTraffic Report

AECOM Page 3

Intersection: 27: Smithfield St  & Blvd of the Allies #1

Movement EB EB EB WB WB NB NB SB

Directions Served L T TR T TR LT TR TR

Maximum Queue (ft) 98 255 241 190 217 147 168 148

Average Queue (ft) 39 76 64 70 89 50 72 62

95th Queue (ft) 82 203 198 144 163 113 142 136

Link Distance (ft) 472 472 210 210 332 332 138

Upstream Blk Time (%) 1 1 0 0 1

Queuing Penalty (veh) 2 2 0 1 0

Storage Bay Dist (ft) 75

Storage Blk Time (%) 1 11

Queuing Penalty (veh) 4 7

Intersection: 28: Stanwix St #1/Stanwix St & Blvd of the Allies #9/Blvd of the Allies #1

Movement EB EB EB WB WB WB NB NB NB SB SB SB

Directions Served L T TR L T TR UL T TR L T TR

Maximum Queue (ft) 162 187 160 129 182 199 57 92 142 161 155 116

Average Queue (ft) 61 107 84 59 30 66 17 39 73 107 79 43

95th Queue (ft) 127 175 151 111 97 139 47 81 124 172 145 95

Link Distance (ft) 552 552 552 358 358 365 365 140 140 140

Upstream Blk Time (%) 6 2 0

Queuing Penalty (veh) 0 0 0

Storage Bay Dist (ft) 175 150

Storage Blk Time (%) 0

Queuing Penalty (veh) 0

Intersection: 30: Wood St  & Blvd of the Allies #1

Movement EB EB WB WB WB NB SB SB

Directions Served T TR L T TR LTR LT TR

Maximum Queue (ft) 181 179 119 152 167 160 165 163

Average Queue (ft) 78 84 55 53 62 49 124 79

95th Queue (ft) 139 147 100 124 140 126 188 153

Link Distance (ft) 456 456 472 472 342 145 145

Upstream Blk Time (%) 11 2

Queuing Penalty (veh) 0 0

Storage Bay Dist (ft) 150

Storage Blk Time (%) 14 0 1

Queuing Penalty (veh) 0 0 1
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Intersection: 320: Grant St #1 & 1st Ave

Movement WB NB NB NB SB SB SB

Directions Served LR UT T R L T T

Maximum Queue (ft) 326 160 192 169 101 144 144

Average Queue (ft) 220 125 155 99 38 99 108

95th Queue (ft) 336 165 186 167 86 139 146

Link Distance (ft) 296 123 123 123 106 106 106

Upstream Blk Time (%) 11 24 38 9 0 9 17

Queuing Penalty (veh) 0 66 108 25 0 25 47

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 350: Ramp B & Ramp C/Grant St #1 & Fort Pitt Blvd /Ramp E

Movement WB WB B33 B33 NB NB SB SB NE

Directions Served LTR R T T LT T R > <L

Maximum Queue (ft) 853 851 232 234 276 274 153 146 242

Average Queue (ft) 822 819 198 199 131 147 104 93 115

95th Queue (ft) 841 840 224 231 287 293 158 154 200

Link Distance (ft) 748 748 186 186 504 504 123 123 487

Upstream Blk Time (%) 100 98 99 99 0 0 7 4

Queuing Penalty (veh) 0 0 0 0 0 0 36 22

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 514: Ross St & 2nd Ave

Movement EB WB WB NB SB SB

Directions Served LTR LT R LTR L TR

Maximum Queue (ft) 134 206 167 126 149 207

Average Queue (ft) 79 122 83 58 87 69

95th Queue (ft) 135 194 147 115 149 154

Link Distance (ft) 119 218 218 130 366

Upstream Blk Time (%) 3 0 0 1

Queuing Penalty (veh) 0 0 0 0

Storage Bay Dist (ft) 125

Storage Blk Time (%) 4 0

Queuing Penalty (veh) 6 0
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Intersection: 3521: Smithfield St/Smithfield St  & Fort Pitt Blvd 

Movement WB WB WB NB NB SB

Directions Served L T TR LT T TR

Maximum Queue (ft) 362 328 195 75 36 212

Average Queue (ft) 216 81 118 47 3 78

95th Queue (ft) 344 210 188 73 17 176

Link Distance (ft) 485 485 485 49 49 332

Upstream Blk Time (%) 9 0

Queuing Penalty (veh) 18 0

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3522: Smithfield St Bridge/Smithfield St & Relocated Ft Pitt Blvd EB

Movement EB EB NB NB SB

Directions Served LT R T TR T

Maximum Queue (ft) 535 536 317 276 62

Average Queue (ft) 519 529 151 110 14

95th Queue (ft) 612 544 264 217 46

Link Distance (ft) 515 515 1688 1688 49

Upstream Blk Time (%) 57 94 4

Queuing Penalty (veh) 0 0 18

Storage Bay Dist (ft)

Storage Blk Time (%)

Queuing Penalty (veh)

Intersection: 3531: Ramp Bu & Stanwix St/Stanwix St #1 & Ramp N & Fort Pitt Blvd #2

Movement WB WB WB SB SB SB NW

Directions Served <L T TR T R > <LR

Maximum Queue (ft) 259 139 151 174 244 136 55

Average Queue (ft) 113 59 82 106 123 61 14

95th Queue (ft) 207 111 134 189 219 118 43

Link Distance (ft) 302 302 302 365 365 211

Upstream Blk Time (%) 0

Queuing Penalty (veh) 1

Storage Bay Dist (ft) 150

Storage Blk Time (%) 1 4

Queuing Penalty (veh) 4 10
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Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 21.3 34.9 0.1 9

Market St 26 21.8 33.8 0.1 9

Wood St 30 3.4 15.9 0.1 23

Smithfield St 27 1.4 15.4 0.1 23

Cherry Way 20 7.1 14.6 0.1 14

Ramp to Parkway East 24 50.3 68.8 0.1 3

1st Ave 320 15.8 23.1 0.0 7

Fort Pitt Blvd 350 5.5 12.3 0.0 12

Total 126.6 218.8 0.6 9

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 34.2 40.4 0.0 4

Blvd of the Allies 24 12.1 17.9 0.0 9

Cherry Way 20 29.4 38.7 0.1 5

Smithfield St 27 3.4 10.0 0.1 20

Wood St 30 33.4 47.9 0.1 8

Market St 26 30.3 43.1 0.1 8

Stanwix St 28 20.1 31.8 0.1 9

Fort Pitt Blvd 3531 14.1 25.2 0.1 12

Total 177.0 255.0 0.6 8
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Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 21.0 33.1 0.1 10

Market St 26 16.6 28.7 0.1 10

Wood St 30 20.2 42.7 0.1 8

Smithfield St 27 2.8 18.1 0.1 20

Cherry Way 20 13.2 24.9 0.1 8

Ramp to Parkway East 24 17.1 27.8 0.1 7

1st Ave 320 17.7 25.0 0.0 6

Fort Pitt Blvd 350 1.6 8.4 0.0 17

Total 110.0 208.8 0.6 10

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 16.8 22.5 0.0 6

Blvd of the Allies 24 26.2 32.0 0.0 5

Cherry Way 20 7.0 15.8 0.1 13

Smithfield St 27 3.2 14.1 0.1 14

Wood St 30 29.6 44.7 0.1 8

Market St 26 21.5 44.3 0.1 8

Stanwix St 28 9.4 23.6 0.1 13

Fort Pitt Blvd 3531 15.9 28.0 0.1 11

Total 129.7 225.1 0.6 9
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Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 30.2 40.5 0.1 8

Market St 26 19.7 31.2 0.1 10

Wood St 30 12.1 25.7 0.1 14

Smithfield St 27 13.4 27.8 0.1 13

Cherry Way 20 18.9 26.9 0.1 8

Ramp to Parkway East 24 52.7 63.1 0.1 3

1st Ave 320 30.3 37.1 0.0 4

Fort Pitt Blvd 350 2.3 9.0 0.0 16

Total 179.6 261.3 0.6 8

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 55.0 60.9 0.0 2

Blvd of the Allies 24 121.3 126.9 0.0 1

Cherry Way 20 7.2 15.2 0.1 13

Smithfield St 27 9.7 16.8 0.1 12

Wood St 30 11.9 26.4 0.1 14

Market St 26 31.2 44.8 0.1 8

Stanwix St 28 17.4 29.0 0.1 10

Fort Pitt Blvd #2 3531 11.1 23.7 0.1 13

Total 264.9 343.8 0.6 6
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Bottleneck Analysis  

 

 

 

 

 

 

 



Note:  Use this "Quick Version" when the capacity of the WZ does not vary from hour to hour, hourly volumes

can be estimated from the AADT and TPG info., and the facility in question is not an existing bottleneck.

Project:

Analyst:

Date: 4/24/2020

One Way Work Zone Capacity (veh/hr) 1200 vph

One Way AADT (veh/day) 44333 vpd

Percent of Peak Period (>1000 vph) Traffic Diverted (%) 50 % TPG Index

Number of Lanes for Queued Vehicles(lanes) 3 1=Urban Interstate

Percent Trucks (Daily) 5 % 2=Rural Interstate

Traffic Pattern Group (Number 1 to 10) 1 3=Urban Other Principal Arterials

Inbound = 1, Outbound = 2, Neutral =3 1 4=Rural Other Principal Arterials

Number of vehicles in Queue per Lane Mile (veh) 232 vpm 5=Urban Minor Arterials, Collectors, Local Roads

6=North Rural Minor Arterials

20-Minute Delay Results 7=Central Rural Minor Arterials

Number of Episodes of 20-Minute Delay 1 8=North Rural Collectors and Local Roads

Longest Sustained Episode of 20-Minute Delay 14.56 hours 9=Central Rural Collectors and Local Roads

Total Hours per Day with Delays > 20-min 14.56 hours 10=Special Recreational

Significant Project Based on 20-Minute Delay Threshold? Yes

Maximum Delay (min) 90 min

20-Minute Delay Calculations

Total Daily Delay (vehicle-hours) 17,136 vehicle-hours Growth Decline Cumulative Maximums

Portion of Full Partial Partial 

Hour with Hours Hours Hours

Delay for 11 Delay>20 min

Time Estimated Reduced Queue Queue Last Arrival Hourly Percentages from

Begining Volume Volume (Veh) (miles) of Hour (min) Table 350 of Traffic Data Report

0:00 492 492 0 0.0 0 1.11% 0.00 0.00

1:00 375 375 0 0.0 0 0.85% 0.00 0.00

2:00 347 347 0 0.0 0 0.78% 0.00 0.00

3:00 380 380 0 0.0 0 0.86% 0.00 0.00

4:00 551 551 0 0.0 0 1.24% 0.00 0.00

5:00 1157 578 0 0.0 0 2.61% 0.00 0.00

6:00 2627 1314 114 0.2 6 5.93% 0.00 0.00

7:00 3620 1810 724 1.0 36 X 8.17% 0.53 0.53 0.53

8:00 3030 1515 1038 1.5 52 6.83% 1.00 1 1.53

9:00 2414 1207 1045 1.5 52 5.45% 1.00 1 2.53

10:00 2319 1160 1005 1.4 50 5.23% 1.00 1 3.53

11:00 2347 1173 978 1.4 49 5.29% 1.00 1 4.53

12:00 2373 1187 965 1.4 48 5.35% 1.00 1 5.53

13:00 2396 1198 963 1.4 48 5.40% 1.00 1 6.53

14:00 2608 1304 1067 1.5 53 5.88% 1.00 1 7.53

15:00 2886 1443 1310 1.9 66 6.51% 1.00 1 8.53

16:00 2946 1473 1583 2.3 79 6.64% 1.00 1 9.53

17:00 2847 1424 1807 2.6 90 6.42% 1.00 1 10.53

18:00 2313 1156 1763 2.5 88 5.22% 1.00 1 11.53

19:00 1771 885 1448 2.1 72 3.99% 1.00 1 12.53

20:00 1470 735 984 1.4 49 3.32% 1.00 1 13.53

21:00 1277 639 422 0.6 21 2.88% 1.00 1 14.53

22:00 1030 515 0 0.0 0 2.32% 0.03 0.03 14.56

23:00 757 757 0 0.0 0 1.71% 0.00 0.00 14.56310865

44333 23617 0

Restrict Work 

to Avoid 20 

minute delay

60612296 E03024 WO6 I376 Bathtub Flooding Alt Analysis

JJS

Delay and Queue Calc. Spreadsheet 

for Bottleneck Work Zones - Quick Version



 

 

 

 

 

 

Attachment F 

Existing Year 2020 with Bathtub Detour  

Travel Times and Average Speed Results 

 

 

 

 

 

 

 



Arterial Level of Service

Existing Detour AM Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 34.2 47.5 0.1 7

Market St 26 16.6 28.6 0.1 10

Wood St 30 4.4 17.3 0.1 21

Smithfield St 27 2.3 16.3 0.1 22

Cherry Way 20 10.7 18.3 0.1 11

Ramp to Parkway East 24 54.5 72.7 0.1 3

1st Ave 320 14.5 21.9 0.0 7

Total 137.1 222.6 0.5 8

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 147.0 333.6 0.0 1

Blvd of the Allies 24 104.1 126.3 0.0 1

Cherry Way 20 155.1 164.0 0.1 1

Smithfield St 27 136.4 676.6 0.1 1

Wood St 30 302.3 396.8 0.1 1

Market St 26 272.8 702.5 0.1 1

Stanwix St 28 149.4 229.7 0.1 2

Fort Pitt Blvd 3531 28.4 42.4 0.1 7

Total 1295.5 2671.8 0.6 1



Arterial Level of Service

Existing Detour Midday Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 36.9 47.1 0.1 7

Market St 26 13.2 25.1 0.1 12

Wood St 30 24.9 47.9 0.1 7

Smithfield St 27 3.1 18.6 0.1 20

Cherry Way 20 16.7 28.8 0.1 7

Ramp to Parkway East 24 27.5 38.3 0.1 5

1st Ave 320 23.7 31.1 0.0 5

Total 145.9 237.0 0.5 8

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 628.7 2108.6 0.0 0

Blvd of the Allies 24 294.0 1782.6 0.0 1

Cherry Way 20 203.0 210.0 0.1 1

Smithfield St 27 146.6 158.5 0.1 1

Wood St 30 201.7 513.6 0.1 2

Market St 26 124.6 146.1 0.1 2

Stanwix St 28 87.0 111.5 0.1 3

Fort Pitt Blvd 3531 45.7 59.9 0.1 5

Total 1731.4 5090.9 0.6 1



Arterial Level of Service

Existing Detour PM Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 739.5 1448.9 0.1 0

Market St 26 221.4 227.0 0.1 1

Wood St 30 324.5 448.0 0.1 1

Smithfield St 27 98.2 148.7 0.1 3

Cherry Way 20 9.3 16.7 0.1 12

Ramp to Parkway East 24 13.8 22.8 0.1 9

1st Ave 320 27.8 35.0 0.0 4

Total 1434.4 2347.1 0.5 1

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 1412.1 9813.9 0.0 0

Blvd of the Allies 24 203.6 420.1 0.0 1

Cherry Way 20 145.1 152.2 0.1 1

Smithfield St 27 252.7 508.3 0.1 1

Wood St 30 462.4 814.7 0.1 1

Market St 26 314.3 532.2 0.1 1

Stanwix St 28 135.3 199.2 0.1 2

Fort Pitt Blvd 3531 18.4 32.5 0.1 10

Total 2943.9 12473.2 0.6 1



 

 

 

 

 

 

Attachment G 

Existing Year 2020 with Bathtub Detour and Mitigations  

Travel Times and Average Speed Results 



Arterial Level of Service

Existing Detour Mitigated AM Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 80.1 93.6 0.1 3

Market St 26 18.6 30.5 0.1 10

Wood St 30 13.5 26.5 0.1 14

Smithfield St 27 18.2 32.1 0.1 11

Cherry Way 20 15.4 23.0 0.1 9

Ramp to Parkway East 24 27.8 46.1 0.1 4

1st Ave 320 5.2 12.7 0.0 12

Total 178.8 264.5 0.5 7

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 34.9 676.5 0.0 4

Blvd of the Allies 24 84.8 95.1 0.0 2

Cherry Way 20 142.1 151.0 0.1 1

Smithfield St 27 84.7 464.5 0.1 2

Wood St 30 217.0 298.8 0.1 2

Market St 26 198.4 497.9 0.1 2

Stanwix St 28 100.6 123.3 0.1 3

Fort Pitt Blvd 3531 10.8 25.1 0.1 13

Total 873.4 2332.3 0.6 2



Arterial Level of Service

Existing Detour Mitigated Midday Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 64.4 74.9 0.1 4

Market St 26 11.2 23.5 0.1 13

Wood St 30 14.7 37.8 0.1 9

Smithfield St 27 4.0 19.4 0.1 19

Cherry Way 20 11.6 23.8 0.1 8

Ramp to Parkway East 24 46.8 57.7 0.1 4

1st Ave 320 21.5 28.8 0.0 5

Total 174.1 265.8 0.5 7

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 166.7 1942.7 0.0 1

Blvd of the Allies 24 84.4 142.2 0.0 2

Cherry Way 20 122.7 131.4 0.1 2

Smithfield St 27 77.2 89.6 0.1 2

Wood St 30 100.7 254.1 0.1 3

Market St 26 68.7 90.7 0.1 4

Stanwix St 28 38.1 53.1 0.1 6

Fort Pitt Blvd 3531 9.7 24.0 0.1 13

Total 668.1 2727.6 0.6 3



Arterial Level of Service

Existing Detour Mitigated PM Peak Hour 04/21/2020

City of Pittsburgh SimTraffic Report

AECOM Page 1

Arterial Level of Service: EB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

Blvd of the Allies # 28 121.1 152.8 0.1 2

Market St 26 141.4 150.3 0.1 2

Wood St 30 218.1 297.5 0.1 2

Smithfield St 27 81.1 140.6 0.1 4

Cherry Way 20 21.0 28.8 0.1 7

Ramp to Parkway East 24 31.0 40.1 0.1 5

1st Ave 320 39.1 46.5 0.0 3

Total 652.8 856.5 0.5 3

Arterial Level of Service: WB #1

Delay Travel Dist Arterial

Cross Street Node (s/veh) time (s) (mi) Speed

1st Ave 320 32.8 9572.2 0.0 4

Blvd of the Allies 24 92.2 126.3 0.0 2

Cherry Way 20 107.8 116.2 0.1 2

Smithfield St 27 150.7 283.1 0.1 1

Wood St 30 274.6 528.3 0.1 1

Market St 26 202.2 364.3 0.1 2

Stanwix St 28 76.7 92.3 0.1 3

Fort Pitt Blvd 3531 21.7 35.9 0.1 9

Total 958.8 11118.6 0.6 2



ALTERNATIVE ANALYSIS REPORT
I-376 Bathtub (Parkway Central)
Pittsburgh, PA

Appendix G:
Floodwall Cost Estimates



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 1
PROJECT NO - 60620418
Project Phase: Conceptual
Date Prepared:  7/1/2020 Wall Height: 18 LF
Estimate Summary Report Report r3

Total Cost
Project Wide Costs $3,040,182
Raise Existing Floodwall $3,941,062
Pavement Replacement $223,971

Subtotal $7,205,216
Unallocated Contingency 10.00% $720,522

Subtotal $7,925,737
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $713,316

Total Construction Cost $8,639,053



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 1
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
Project Wide Costs 5% $3,040,182

GENERAL CONDITIONS 1.00 LS $3,597,145.01 $3,597,145 $179,857.25 $3,040,182
Raise Existing Floodwall 30% $3,941,062

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC

Traffic Cones 255.00 EA $26.66 $6,799 $2,039.58 $8,838
Temporary Signs 12.00 EA $159.97 $1,920 $575.88 $2,495

Construction Barrels 26.00 EA $46.66 $1,213 $363.92 $1,577
Set up single lane closure MPT ‐  Labor 48.00 HR $82.48 $3,959 $1,187.73 $5,147

Equipment: Truck 1.00 SHIFT $161.97 $162 $48.59 $211
FLOODWALL DEMOLITION

Removal of Portion of Existing Floodwall  237.00 CY
Volume of Demo Per Shift 10.00 CY

# of Shifts 24.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 96.00 HRS
Total Hours 2,304.00 HRS

Remove Floodwall 2,304.00 HR $97.61 $224,888 $67,466.34 $292,354
Equipment: Truck 24.00 SHIFT $161.97 $3,887 $1,166.16 $5,053

Equipment: (2) Generators 24.00 SHIFT $170.63 $4,095 $1,228.54 $5,324
Disposal 1.00 LS $25,152.00 $25,152 $7,545.60 $32,698

INSTALL FLOODWALL REBAR

Reinforcement Bars, Epoxy Coated 81,900.00 LBS
Crew Size Per Shift 6.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 48.00 HR
Amount of Rebar Installed Per Shift 2,000.00 LBS

Total # of Shifts 41.00 EA
Total Hours 1,968.00 HRS

Install Floodwall Rebar 1,968.00 HOURS $125.56 $247,103 $74,130.86 $321,234
Material: Wall Rebar 81,900.00 LBS $2.33 $190,545 $57,163.58 $247,709

Equipment: (2) Generators 41.00 SHIFTS $170.63 $6,996 $2,098.76 $9,095
Equipment: Manlift 41.00 SHIFTS $117.31 $4,810 $1,442.90 $6,253

Equipment: Small Tools 1.00 LS $3,772.80 $3,773 $1,131.84 $4,905
INSTALL FLOODWALL DOWELS

Dowel Holes, 14" Depth 510.00 EA
Manhours Per Hole 1.00 HRS

Total Hours 510.00 HRS
Dowel Install 510.00 HRS $121.25 $61,835 $18,550.52 $80,386

Dowels 510.00 EA $18.86 $9,621 $2,886.19 $12,507
Equipment: (2) Generators 16.00 SHIFTS $170.63 $2,730 $819.03 $3,549

Equipment: Small Tools 1.00 LS $2,515.20 $2,515 $754.56 $3,270
INSTALL FLOODWALL FORMWORK

Formwork Area 17,804.00 SF
Install Area Per Shift 160.00 SF
Total # of Shifts 111.00 EA

Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 10,656.00 HRS

Install Floodwall Formwork 10,656.00 HRS $90.93 $968,904 $290,671.34 $1,259,576
Material: Formwork 17,602.00 SF $6.60 $116,215 $34,864.63 $151,080
Equipment: Truck 111.00 SHIFTS $161.97 $17,978 $5,393.48 $23,372

Equipment: (2) Manlift 111.00 SHIFTS $234.62 $26,043 $7,812.77 $33,855
Equipment: Small Tools 1.00 LS $6,288.00 $6,288 $1,886.40 $8,174

PLACE FLOODWALL CONCRETE

Volume of Concrete 468.00 SF
Volume Poured Per Shift 10.00 CY

Total # of Shifts 47.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 4,512.00 HRS

Place Floodwall Concrete 4,512.00 HOURS $93.40 $421,437 $126,431.20 $547,869
Material: Concrete 468.00 CY $193.29 $90,461 $27,138.35 $117,600

Equipment: Pump Truck 47.00 SHIFTS $917.14 $43,106 $12,931.71 $56,037
Equipment: (3) Manlift 47.00 SHIFTS $351.93 $16,541 $4,962.17 $21,503

Equipment: Concrete Vibrators (3) 47.00 SHIFTS $78.92 $3,709 $1,112.73 $4,822
STRIP FORMS

Formwork Area 17,804.00 SF
Forms Removed Area Per Shift 800.00 SF

Total # of Shifts 22.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 2,112.00 HRS

STRIP FORMS 2,112.00 HRS $90.93 $192,035 $57,610.54 $249,646
Equipment: Truck 22.00 SF $161.97 $3,563 $1,068.98 $4,632

Equipment: (2) Manlift 22.00 SHIFTS $234.62 $5,162 $1,548.48 $6,710
SEAL FLOODWALL

Floodwall Area 17,804.00 SF
Sealer Applied Per Shift 1,000.00 SF

Total # of Shifts 18.00 EA
Crew Size Per Shift 2.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 16.00 HR
Total Hours 288.00 HRS

Seal Floodwall 288.00 HRS $79.39 $22,865 $6,859.50 $29,724
Equipment: (2) Manlift 18.00 SHIFTS $234.62 $4,223 $1,266.94 $5,490

Material ‐ Sealant 17,804.00 SF $0.44 $7,837 $2,350.98 $10,188
DRAINAGE ALLOWANCE

Drainage Allowance 1.00 LS $201,216.00 $201,216 $60,364.80 $261,581
INSTALL FLOODWALL LIGHTING CONDUIT AND LIGHTS (EXCLUDED)
PUNCH LIST FLOODWALL

Punchlist 480.00 HRS $90.92 $43,644 $13,093.13 $56,737
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC

Remove MPT 24.00 HRS $82.49 $1,980 $593.90 $2,574



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 1
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
INSTALL TEMPORARY LIGHTING

Install Temporary Lighting 96.00 HRS $92.48 $8,878 $2,663.54 $11,542
Equipment: Truck 3.00 SHIFTS $161.97 $486 $145.77 $632

Equipment: Manlift 3.00 SHIFTS $117.31 $352 $105.58 $458
Material: Temporary Lighting 1.00 LS $26,661.12 $26,661 $7,998.34 $34,659

Pavement Replacement 15% $223,971
1‐376 PAVEMENT REMOVAL

Total Removal 187.00 CY
Sawcut Pavement 1,085.00 LF $8.17 $8,869 $2,116 $10,985

Demolish Pavement 187.00 CY $50.10 $9,369 $2,235 $11,604
Load and Haul Demo'd Pavement 205.70 CY $10.69 $2,199 $525 $2,723

Disposal 378.68 TON $31.44 $11,906 $2,840 $14,746
I‐376 PAVEMENT REPLACEMENT

Pavement Total 187.00 CY

Concrete pavement formwork (erecting, bracing, stripping and cleaning)
813.75 SF $6.93 $5,639 $1,345 $6,984

Concrete Pavement Joints + Sealant 2,332.75 LF $7.56 $17,642 $4,209 $21,851
Expansion joint   2,332.75 LF $10.99 $25,637 $6,116 $31,753
Pavement Rebar 7.48 TON $3,717.73 $27,809 $6,634 $34,442

Ready‐Mix Concrete ‐ delivered ‐  excludes any additives 187.00 CY $183.61 $34,335 $8,191 $42,526
Concrete placement ‐ direct chute 187.00 CY $24.74 $4,626 $1,104 $5,730

Concrete finishing    3,366.00 SF $1.16 $3,888 $928 $4,816
Concrete curing 33.66 CSF $28.78 $969 $231 $1,200

LINE STRIPING
Line Striping Labor 100.00 HRS $79.39 $7,939 $1,894 $9,833

Material: Line Striping 2,170.00 LF $2.52 $5,458 $1,302 $6,760
PUNCH LIST ‐ PAVEMENT

Punchlist 160.00 HRS $90.92 $14,548 $3,470 $18,018



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 2
PROJECT NO - 60620418
Project Phase: Conceptual
Date Prepared:  7/1/2020 Wall Height: 18 LF
Estimate Summary Report Report r3

Total Cost
Project Wide Costs $2,871,020
Raise Existing Floodwall $3,526,010
Pavement Replacement $0

Subtotal $6,397,030
Unallocated Contingency 10.00% $639,703

Subtotal $7,036,733
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $633,306

Total Construction Cost $7,670,039



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 2
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
Project Wide Costs 5% $2,871,020

GENERAL CONDITIONS 1.00 LS $3,396,992.32 $3,396,992 $169,849.62 $2,871,020
Raise Existing Floodwall 30% $3,526,010

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC

Traffic Cones 255.00 EA $26.66 $6,799 $2,039.58 $8,838
Temporary Signs 12.00 EA $159.97 $1,920 $575.88 $2,495

Construction Barrels 26.00 EA $46.66 $1,213 $363.92 $1,577
Set up single lane closure MPT ‐  Labor 48.00 HR $82.48 $3,959 $1,187.73 $5,147

Equipment: Truck 1.00 SHIFT $161.97 $162 $48.59 $211
FLOODWALL DEMOLITION

Removal of Portion of Existing Floodwall  199.00 CY
Volume of Demo Per Shift 10.00 CY

# of Shifts 20.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 96.00 HRS
Total Hours 1,920.00 HRS

Remove Floodwall 1,920.00 HR $97.61 $187,406 $56,221.95 $243,628
Equipment: Truck 20.00 SHIFT $161.97 $3,239 $971.80 $4,211

Equipment: (2) Generators 20.00 SHIFT $170.63 $3,413 $1,023.79 $4,436
Disposal 1.00 LS $25,152.00 $25,152 $7,545.60 $32,698

INSTALL FLOODWALL REBAR

Reinforcement Bars, Epoxy Coated 75,250.00 LBS
Crew Size Per Shift 6.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 48.00 HR
Amount of Rebar Installed Per Shift 2,000.00 LBS

Total # of Shifts 38.00 EA
Total Hours 1,824.00 HRS

Install Floodwall Rebar 1,824.00 HOURS $125.56 $229,022 $68,706.65 $297,729
Material: Wall Rebar 75,250.00 LBS $2.33 $175,074 $52,522.09 $227,596

Equipment: (2) Generators 38.00 SHIFTS $170.63 $6,484 $1,945.20 $8,429
Equipment: Manlift 38.00 SHIFTS $117.31 $4,458 $1,337.32 $5,795

Equipment: Small Tools 1.00 LS $3,772.80 $3,773 $1,131.84 $4,905
INSTALL FLOODWALL DOWELS

Dowel Holes, 14" Depth 510.00 EA
Manhours Per Hole 1.00 HRS

Total Hours 510.00 HRS
Dowel Install 510.00 HRS $121.25 $61,835 $18,550.52 $80,386

Dowels 510.00 EA $18.86 $9,621 $2,886.19 $12,507
Equipment: (2) Generators 16.00 SHIFTS $170.63 $2,730 $819.03 $3,549

Equipment: Small Tools 1.00 LS $2,515.20 $2,515 $754.56 $3,270
INSTALL FLOODWALL FORMWORK

Formwork Area 14,874.00 SF
Install Area Per Shift 160.00 SF
Total # of Shifts 93.00 EA

Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 8,928.00 HRS

Install Floodwall Formwork 8,928.00 HRS $90.93 $811,785 $243,535.45 $1,055,320
Material: Formwork 17,602.00 SF $6.60 $116,215 $34,864.63 $151,080
Equipment: Truck 93.00 SHIFTS $161.97 $15,063 $4,518.86 $19,582

Equipment: (2) Manlift 93.00 SHIFTS $234.62 $21,819 $6,545.84 $28,365
Equipment: Small Tools 1.00 LS $6,288.00 $6,288 $1,886.40 $8,174

PLACE FLOODWALL CONCRETE

Volume of Concrete 430.00 CY
Volume Poured Per Shift 10.00 CY

Total # of Shifts 43.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 4,128.00 HRS

Place Floodwall Concrete 4,128.00 HOURS $93.40 $385,570 $115,671.10 $501,241
Material: Concrete 430.00 CY $193.29 $83,116 $24,934.81 $108,051

Equipment: Pump Truck 43.00 SHIFTS $917.14 $39,437 $11,831.14 $51,268
Equipment: (3) Manlift 43.00 SHIFTS $351.93 $15,133 $4,539.86 $19,673

Equipment: Concrete Vibrators (3) 43.00 SHIFTS $78.92 $3,393 $1,018.03 $4,411
STRIP FORMS

Formwork Area 14,874.00 SF
Forms Removed Area Per Shift 800.00 SF

Total # of Shifts 19.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 1,824.00 HRS

STRIP FORMS 1,824.00 HRS $90.93 $165,849 $49,754.55 $215,603
Equipment: Truck 19.00 SF $161.97 $3,077 $923.21 $4,001

Equipment: (2) Manlift 19.00 SHIFTS $234.62 $4,458 $1,337.32 $5,795
SEAL FLOODWALL

Floodwall Area 14,874.00 SF
Sealer Applied Per Shift 1,000.00 SF

Total # of Shifts 15.00 EA
Crew Size Per Shift 2.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 16.00 HR
Total Hours 240.00 HRS

Seal Floodwall 240.00 HRS $79.39 $19,054 $5,716.25 $24,770
Equipment: (2) Manlift 15.00 SHIFTS $234.62 $3,519 $1,055.78 $4,575

Material ‐ Sealant 14,874.00 SF $0.44 $6,547 $1,964.08 $8,511
DRAINAGE ALLOWANCE

Drainage Allowance 1.00 LS $201,216.00 $201,216 $60,364.80 $261,581
INSTALL FLOODWALL LIGHTING CONDUIT AND LIGHTS (EXCLUDED)
PUNCH LIST FLOODWALL

Punchlist 480.00 HRS $90.92 $43,644 $13,093.13 $56,737
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC

Remove MPT 24.00 HRS $82.49 $1,980 $593.90 $2,574



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 2
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
INSTALL TEMPORARY LIGHTING

Install Temporary Lighting 96.00 HRS $92.48 $8,878 $2,663.54 $11,542
Equipment: Truck 3.00 SHIFTS $161.97 $486 $145.77 $632

Equipment: Manlift 3.00 SHIFTS $117.31 $352 $105.58 $458
Material: Temporary Lighting 1.00 LS $26,661.12 $26,661 $7,998.34 $34,659

Pavement Replacement 15% $0



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 3
PROJECT NO - 60620418
Project Phase: Conceptual
Date Prepared:  7/1/2020 Wall Height: 18 LF
Estimate Summary Report Report r3

Total Cost
Project Wide Costs $2,727,469
Raise Existing Floodwall $2,729,921
Pavement Replacement $0

Subtotal $5,457,391
Unallocated Contingency 10.00% $545,739

Subtotal $6,003,130
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $540,282

Total Construction Cost $6,543,412



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 3
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
Project Wide Costs 5% $2,727,469

GENERAL CONDITIONS 1.00 LS $3,227,142.71 $3,227,143 $161,357.14 $2,727,469
Raise Existing Floodwall 30% $2,729,921

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC

Traffic Cones 255.00 EA $26.66 $6,799 $2,039.58 $8,838
Temporary Signs 12.00 EA $159.97 $1,920 $575.88 $2,495

Construction Barrels 26.00 EA $46.66 $1,213 $363.92 $1,577
Set up single lane closure MPT ‐  Labor 48.00 HR $82.48 $3,959 $1,187.73 $5,147

Equipment: Truck 1.00 SHIFT $161.97 $162 $48.59 $211
FLOODWALL DEMOLITION

Removal of Portion of Existing Floodwall  195.00 CY
Volume of Demo Per Shift 10.00 CY

# of Shifts 20.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 96.00 HRS
Total Hours 1,920.00 HRS

Remove Floodwall 1,920.00 HR $97.61 $187,406 $56,221.95 $243,628
Equipment: Truck 20.00 SHIFT $161.97 $3,239 $971.80 $4,211

Equipment: (2) Generators 20.00 SHIFT $170.63 $3,413 $1,023.79 $4,436
Disposal 1.00 LS $25,152.00 $25,152 $7,545.60 $32,698

INSTALL FLOODWALL REBAR

Reinforcement Bars, Epoxy Coated 50,050.00 LBS
Crew Size Per Shift 6.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 48.00 HR
Amount of Rebar Installed Per Shift 2,000.00 LBS

Total # of Shifts 25.00 EA
Total Hours 1,200.00 HRS

Install Floodwall Rebar 1,200.00 HOURS $125.56 $150,672 $45,201.74 $195,874
Material: Wall Rebar 50,050.00 LBS $2.33 $116,444 $34,933.30 $151,378

Equipment: (2) Generators 25.00 SHIFTS $170.63 $4,266 $1,279.73 $5,546
Equipment: Manlift 25.00 SHIFTS $117.31 $2,933 $879.82 $3,813

Equipment: Small Tools 1.00 LS $3,772.80 $3,773 $1,131.84 $4,905
INSTALL FLOODWALL DOWELS

Dowel Holes, 14" Depth 0.00 EA
Manhours Per Hole 1.00 HRS

Total Hours 0.00 HRS
Dowel Install 0.00 HRS #DIV/0! $0 $0.00 $0

Dowels 0.00 EA #DIV/0! $0 $0.00 $0
Equipment: (2) Generators 0.00 SHIFTS #DIV/0! $0 $0.00 $0

Equipment: Small Tools 0.00 LS #DIV/0! $0 $0.00 $0
INSTALL FLOODWALL FORMWORK

Formwork Area 12,364.00 SF
Install Area Per Shift 160.00 SF
Total # of Shifts 77.00 EA

Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 7,392.00 HRS

Install Floodwall Formwork 7,392.00 HRS $90.93 $672,123 $201,636.88 $873,760
Material: Formwork 12,364.00 SF $6.60 $81,632 $24,489.62 $106,122
Equipment: Truck 77.00 SHIFTS $161.97 $12,471 $3,741.42 $16,213

Equipment: (2) Manlift 77.00 SHIFTS $234.62 $18,066 $5,419.67 $23,485
Equipment: Small Tools 1.00 LS $6,288.00 $6,288 $1,886.40 $8,174

PLACE FLOODWALL CONCRETE

Volume of Concrete 286.00 CY
Volume Poured Per Shift 10.00 CY

Total # of Shifts 29.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 2,784.00 HRS

Place Floodwall Concrete 2,784.00 HOURS $93.40 $260,036 $78,010.74 $338,047
Material: Concrete 286.00 CY $193.29 $55,282 $16,584.55 $71,866

Equipment: Pump Truck 29.00 SHIFTS $917.14 $26,597 $7,979.14 $34,576
Equipment: (3) Manlift 29.00 SHIFTS $351.93 $10,206 $3,061.76 $13,268

Equipment: Concrete Vibrators (3) 29.00 SHIFTS $78.92 $2,289 $686.58 $2,975
STRIP FORMS

Formwork Area 12,364.00 SF
Forms Removed Area Per Shift 800.00 SF

Total # of Shifts 15.00 EA
Crew Size Per Shift 12.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 96.00 HR
Total Hours 1,440.00 HRS

STRIP FORMS 1,440.00 HRS $90.93 $130,933 $39,279.91 $170,213
Equipment: Truck 15.00 SF $161.97 $2,429 $728.85 $3,158

Equipment: (2) Manlift 15.00 SHIFTS $234.62 $3,519 $1,055.78 $4,575
SEAL FLOODWALL

Floodwall Area 12,364.00 SF
Sealer Applied Per Shift 1,000.00 SF

Total # of Shifts 12.00 EA
Crew Size Per Shift 2.00 EA
Hours Per Shift 8.00 HR

Total Hours Per Shift 16.00 HR
Total Hours 192.00 HRS

Seal Floodwall 192.00 HRS $79.39 $15,243 $4,573.00 $19,816
Equipment: (2) Manlift 12.00 SHIFTS $234.62 $2,815 $844.62 $3,660

Material ‐ Sealant 12,364.00 SF $0.44 $5,442 $1,632.64 $7,075
DRAINAGE ALLOWANCE

Drainage Allowance 1.00 LS $201,216.00 $201,216 $60,364.80 $261,581
INSTALL FLOODWALL LIGHTING CONDUIT AND LIGHTS (EXCLUDED)
PUNCH LIST FLOODWALL

Punchlist 480.00 HRS $90.92 $43,644 $13,093.13 $56,737
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC

Remove MPT 24.00 HRS $82.49 $1,980 $593.90 $2,574



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Raise Existing Floodwall, Alternate 1 - Option 3
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: Total Length: 0 LF
Date Prepared:  7/1/2020 Wall Height: Wall Height: 18 LF
Estimate Summary Report Report r3

Item QNTY UOM UNIT COST TOTAL COST Allocated Contingency Total Cost
INSTALL TEMPORARY LIGHTING

Install Temporary Lighting 96.00 HRS $92.48 $8,878 $2,663.54 $11,542
Equipment: Truck 3.00 SHIFTS $161.97 $486 $145.77 $632

Equipment: Manlift 3.00 SHIFTS $117.31 $352 $105.58 $458
Material: Temporary Lighting 1.00 LS $26,661.12 $26,661 $7,998.34 $34,659

Pavement Replacement 15% $0



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Cast In Place Tunnel Option
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2640 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Summary Report Report

Total Cost
Project Wide Costs $9,499,350
North Wall $31,292,820
South Wall $28,532,140
Roof/Ceiling $29,044,600
Flood Gates $1,162,200
Pavement Replacement $2,293,100

Subtotal $101,824,210
Unallocated Contingency 30.00% $30,547,263

Subtotal $132,371,473
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $11,913,432.57

Total Construction Cost $144,284,905.57



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Cast In Place Tunnel Option
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2640 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Detail Report

Item Total Cost Allocated Contingency Total Cost
Project Wide Costs 5% $9,499,350

GENERAL CONDITIONS $9,047,000 $452,350 $9,499,350
North Wall 30% $31,292,820

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC
$21,000 $6,300 $27,300

REMOVE EXISTING CONDUITS ‐ NORTH WALL ONLY $39,000 $11,700 $50,700
NORTH WALL FOUNDATIONS $5,098,400 $1,529,520 $6,627,920
PIN PILES ‐ 60' LONG ‐ 260 AT NORTH WALL $1,040,000 $312,000 $1,352,000
INSTALL NORTH SIDE WALL ANCHORS FOR FORMWORK AND REBAR $1,064,000 $319,200 $1,383,200
INSTALL NORTH SIDE WALL REBAR $1,008,000 $302,400 $1,310,400
INSTALL NORTH SIDE WALL FORMWORK $6,631,000 $1,989,300 $8,620,300
PLACE NORTH WALL CONCRETE $3,431,000 $1,029,300 $4,460,300
STRIP FORMS $612,000 $183,600 $795,600
PATCH CONCRETE $500,000 $150,000 $650,000
PAINT NORTH WALL $379,000 $113,700 $492,700
DRAINAGE ALLOWANCE $1,056,000 $316,800 $1,372,800
NEW CONDUITS $568,000 $170,400 $738,400
ELECTRICAL JUNCTION BOXES $340,000 $102,000 $442,000
RUN PROPOSED UTILITIES INSIDE CONDUITS $983,000 $294,900 $1,277,900
INSTALL NORTH WALL LIGHTING CONDUIT AND LIGHTS $1,191,000 $357,300 $1,548,300
INSTALL NORTH WALL FIRE ESTINGUISHERS $40,000 $12,000 $52,000
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC $2,000 $600 $2,600
PUNCH LIST ‐ NORTH WALL $68,000 $20,400 $88,400

South Wall 30% $28,532,140

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC
$24,000 $7,200 $31,200

SOUTH WALL FOUNDATIONS $4,868,800 $1,460,640 $6,329,440
PIN PILES ‐ 60' LONG ‐ 260 AT SOUTH WALL $1,040,000 $312,000 $1,352,000
INSTALL SOUTH SIDE WALL REBAR $1,069,000 $320,700 $1,389,700
INSTALL SOUTH SIDE WALL FORMWORK $6,631,000 $1,989,300 $8,620,300
PLACE SOUTH WALL CONCRETE $3,431,000 $1,029,300 $4,460,300
STRIP FORMS $612,000 $183,600 $795,600
PATCH CONCRETE $429,000 $128,700 $557,700
PAINT SOUTH WALL $1,473,000 $441,900 $1,914,900
DRAINAGE ALLOWANCE $1,056,000 $316,800 $1,372,800
INSTALL SOUTH WALL LIGHTING CONDUIT AND LIGHTS $1,191,000 $357,300 $1,548,300
INSTALL PERMANENT SOUTH WALL FIRE ESTINGUISHERS $40,000 $12,000 $52,000
PUNCH LIST SOUTH WALL $68,000 $20,400 $88,400
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC $2,000 $600 $2,600
INSTALL TEMPORARY LIGHTING $13,000 $3,900 $16,900

Roof/Ceiling 30% $29,044,600
INSTALL TEMPORARY JET FANS AT EACH END OF THE TUNNEL IN THE FORMER 
CONSTRUCTION SHAFTS.  $6,000 $1,800 $7,800

MAINTENANCE & PROTECTION OF TRAFFIC FOR FULL SHUTDOWN 9PM‐5AM $5,000 $1,500 $6,500
INSTALL CEILING REBAR $2,566,000 $769,800 $3,335,800
MAINTENANCE & PROTECTION OF TRAFFIC FOR FULL SHUTDOWN   $5,000 $1,500 $6,500
SET UP TRAVELLING FORM $459,000 $137,700 $596,700
SET UP TRAVELLING FORM BULKHEADS $24,000 $7,200 $31,200
PLACE CEILING CONCRETE $12,379,000 $3,713,700 $16,092,700
STRIP FORMS/ADVANCE TRAVELLING FORM $813,000 $243,900 $1,056,900
PATCH CONCRETE $760,000 $228,000 $988,000
PAINT CEILING  $1,847,000 $554,100 $2,401,100
PERMANENT VENTILATION $1,260,000 $378,000 $1,638,000
PARK ALLOWANCE ‐ EXCLUDED $0 $0 $0
ROOF GRATING $1,980,000 $594,000 $2,574,000
REMOVE TEMPORARY VENTILLATION $44,000 $13,200 $57,200
PREPARE AREAS FOR FLOOD GATES $81,000 $24,300 $105,300
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC OPEN TUNNEL $5,000 $1,500 $6,500
PUNCH LIST CEILING  $108,000 $32,400 $140,400

Flood Gates 30% $1,162,200
INSTALL FLOOD GATES $855,000 $256,500 $1,111,500



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Cast In Place Tunnel Option
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2640 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Detail Report

Item Total Cost Allocated Contingency Total Cost
TEST FLOOD GATES $12,000 $3,600 $15,600
PUNCH LIST FLOOD GATES $27,000 $8,100 $35,100

Pavement Replacement 15% $2,293,100
MILL PAVEMENT $538,000 $80,700 $618,700
PATCH CONCRETE $807,000 $121,050 $928,050
REPAVE SURFACE $531,000 $79,650 $610,650
LINE STRIPING $50,000 $7,500 $57,500
PUNCH LIST ‐ PAVEMENT $68,000 $10,200 $78,200



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Precast Tunnel Option
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2640 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Summary Report Report

Total Cost
Project Wide Costs $9,499,350
North Wall $27,246,167
South Wall $24,813,594
Roof/Ceiling $21,276,795
Flood Gates $1,162,200
Pavement Replacement $2,293,100

Subtotal $86,291,206
Unallocated Contingency 30.00% $25,887,362

Subtotal $112,178,567
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $10,096,071.04

Total Construction Cost $122,274,638.19



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Precast Tunnel Option
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2640 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Detail Report

Item Total Cost Allocated Contingency Total Cost
Project Wide Costs 5% $9,499,350

GENERAL CONDITIONS $9,047,000 $452,350 $9,499,350
North Wall 30% $27,246,167

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC
$21,000 $6,300 $27,300

REMOVE EXISTING CONDUITS ‐ NORTH WALL ONLY $39,000 $11,700 $50,700
NORTH WALL FOUNDATIONS $5,098,400 $1,529,520 $6,627,920
PIN PILES ‐ 60' LONG ‐ 260 AT NORTH WALL $1,040,000 $312,000 $1,352,000
PRECAST NORTH WALL $10,133,190 $3,039,957 $13,173,147
PAINT NORTH WALL $379,000 $113,700 $492,700
DRAINAGE ALLOWANCE $1,056,000 $316,800 $1,372,800
NEW CONDUITS $568,000 $170,400 $738,400
ELECTRICAL JUNCTION BOXES $340,000 $102,000 $442,000
RUN PROPOSED UTILITIES INSIDE CONDUITS $983,000 $294,900 $1,277,900
INSTALL NORTH WALL LIGHTING CONDUIT AND LIGHTS $1,191,000 $357,300 $1,548,300
INSTALL NORTH WALL FIRE ESTINGUISHERS $40,000 $12,000 $52,000
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC $2,000 $600 $2,600
PUNCH LIST ‐ NORTH WALL $68,000 $20,400 $88,400

South Wall 30% $24,813,594

SET UP SINGLE LANE CLOSURE MAINTENANCE & PROTECTION OF TRAFFIC
$24,000 $7,200 $31,200

SOUTH WALL FOUNDATIONS $4,868,800 $1,460,640 $6,329,440
PIN PILES ‐ 60' LONG ‐ 260 AT SOUTH WALL $1,040,000 $312,000 $1,352,000
PRECAST SOUTH WALL $9,311,580 $2,793,474 $12,105,054
PAINT SOUTH WALL $1,473,000 $441,900 $1,914,900
DRAINAGE ALLOWANCE $1,056,000 $316,800 $1,372,800
INSTALL SOUTH WALL LIGHTING CONDUIT AND LIGHTS $1,191,000 $357,300 $1,548,300
INSTALL PERMANENT SOUTH WALL FIRE ESTINGUISHERS $40,000 $12,000 $52,000
PUNCH LIST SOUTH WALL $68,000 $20,400 $88,400
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC $2,000 $600 $2,600
INSTALL TEMPORARY LIGHTING $13,000 $3,900 $16,900

Roof/Ceiling 30% $21,276,795
INSTALL TEMPORARY JET FANS AT EACH END OF THE TUNNEL IN THE FORMER 
CONSTRUCTION SHAFTS.  $6,000 $1,800 $7,800

MAINTENANCE & PROTECTION OF TRAFFIC FOR FULL SHUTDOWN 9PM‐5AM $5,000 $1,500 $6,500
PRECAST CEILING $13,005,765 $3,901,730 $16,907,495
MAINTENANCE & PROTECTION OF TRAFFIC FOR FULL SHUTDOWN   $5,000 $1,500 $6,500
PAINT CEILING  $1,847,000 $554,100 $2,401,100
PARK ALLOWANCE‐ EXCLUDED $0 $0 $0
PERMANENT VENTILATION $1,260,000 $378,000 $1,638,000
REMOVE TEMPORARY VENTILLATION $44,000 $13,200 $57,200
PREPARE AREAS FOR FLOOD GATES $81,000 $24,300 $105,300
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC OPEN TUNNEL $5,000 $1,500 $6,500
PUNCH LIST CEILING  $108,000 $32,400 $140,400

Flood Gates 30% $1,162,200
INSTALL FLOOD GATES $855,000 $256,500 $1,111,500
TEST FLOOD GATES $12,000 $3,600 $15,600
PUNCH LIST FLOOD GATES $27,000 $8,100 $35,100

Pavement Replacement 15% $2,293,100
MILL PAVEMENT $538,000 $80,700 $618,700
PATCH CONCRETE $807,000 $121,050 $928,050
REPAVE SURFACE $531,000 $79,650 $610,650
LINE STRIPING $50,000 $7,500 $57,500
PUNCH LIST ‐ PAVEMENT $68,000 $10,200 $78,200



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Precast Trail Wall
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2150 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Summary Report Report r1

Total Cost
Project Wide Costs $4,365,325
North Bike Trail Wall $11,094,819
South Bike Trail Wall $11,862,573
Top Slab $5,044,013
Pavement Replacement $230,000

Subtotal $32,596,730
Unallocated Contingency 10.00% $3,259,673

Subtotal $35,856,403
Escalation (Assumes a Midpoint of Construction of Summer 2023) 9.00% $3,227,076.24

Total Construction Cost $39,083,478.87
Assume low range estimate is 80% of the estimate above that applies full contingencies = $31,266,783.00



PENNDOT
PROJECT: I-376 "Bathtub" Renovation, Precast Trail Wall
PROJECT NO - 60620418
Project Phase: Conceptual Total Length: 2150 LF
Date Prepared:  7/2/2020 Wall Height: 18 LF
Estimate Summary Report Report r1

Item Total Cost Allocated Contingency Total Cost
Project Wide Costs 5% $4,365,325

GENERAL CONDITIONS $4,157,452 $207,873 $4,365,325
North Wall 30% $11,094,819

NORTH WALL FOUNDATIONS $2,002,736 $600,821 $2,603,557
PRECAST NORTH WALL $5,006,840 $1,502,052 $6,508,892
SEAL NORTH WALL $214,200 $64,260 $278,460
DRAINAGE ALLOWANCE $85,000 $25,500 $110,500
NEW CONDUITS $294,100 $88,230 $382,330
ELECTRICAL JUNCTION BOXES $289,000 $86,700 $375,700
RUN PROPOSED UTILITIES INSIDE CONDUITS $583,100 $174,930 $758,030
REMOVE MAINTENANCE & PROTECTION OF TRAFFIC $1,700 $510 $2,210
PUNCH LIST ‐ NORTH WALL $57,800 $17,340 $75,140

South Wall 30% $11,862,573
SOUTH WALL FOUNDATIONS $2,129,216 $638,765 $2,767,981
SHEET PILING ‐ ENTIRE LENGTH OF WALL, 60' DEEP, DECORATIVE FINISH ‐ 
EXCLUDED $0 $0 $0
BOAT ACCESS $637,500 $191,250 $828,750
PRECAST SOUTH WALL $5,006,840 $1,502,052 $6,508,892
PATCH CONCRETE $316,200 $94,860 $411,060
SEAL SOUTH WALL $881,450 $264,435 $1,145,885
DRAINAGE ALLOWANCE $85,000 $25,500 $110,500
PUNCH LIST SOUTH WALL $57,800 $17,340 $75,140
INSTALL TEMPORARY LIGHTING $11,050 $3,315 $14,365

Top Slab 25% $5,044,013
PRECAST TOP SLAB $1,203,600 $361,080 $1,564,680
BACKFILL $609,167 $152,292 $761,458
TRAIL/PARK ALLOWANCE ‐ EXCLUDED $0 $0 $0
RAILINGS AT TRAIL $382,500 $95,625 $478,125
ADA RAMPS TO MON WARF PARKING $1,700,000 $425,000 $2,125,000
PUNCH LIST TOP SLAB $91,800 $22,950 $114,750

Pavement Replacement 15% $230,000
PAVEMENT REPLACEMENT ALLOWANCE $200,000 $30,000 $230,000
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This report is not copyrighted, but the information contained herein is For Official Use Only.

Estimated Construction Time 365 Days
Effective Date of Pricing 7/6/2020

Preparation Date 7/6/2020

Prepared by Shannon Landry

Estimated by Shannon Landry, CEP, PSP, CCM, PMP
Designed by

I-376 Bathtub Renovation, Raise Existing Floodwall, Alternate 1 Option 1
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Designed by Design Document
Document Date 7/6/2020

Estimated by District
Shannon Landry, CEP, PSP, CCM, PMP Contact Shannon Landry

Prepared by Budget Year 2020
Shannon Landry UOM System Original

Direct Costs Timeline/Currency
LaborCost Preparation Date 7/6/2020
EQCost Escalation Date 7/6/2020
MatlCost Eff. Pricing Date 7/6/2020
SubBidCost Estimated Duration 365 Day(s)
UserCost1

Currency US dollars
Exchange Rate 1.000000

Costbook CB16EN: 2016 MII English Cost Book

Labor NLS2016: National Labor Library - Seattle 2016
Note: http://www.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable.  In a non-union job the whole fringes are taxable.    In a union job, the vacation pay fringes are taxable.

Labor Rates
LaborCost1
LaborCost2
LaborCost3
LaborCost4

Equipment EP18R02: 2018_EP1110-1-8_Mii_Library_Region_02_R1

Region 02 -  MIDEAST, (2018) Fuel Shipping Rates
Sales Tax 5.90 Electricity 0.101 Over 0 CWT 10.53

Working Hours per Year 1,410 Gas 2.710 Over 240 CWT 7.72
Labor Adjustment Factor 1.02 Diesel Off-Road 2.510 Over 300 CWT 6.40

Cost of Money 3.50 Diesel On-Road 3.020 Over 400 CWT 5.57
Cost of Money Discount 25.00 Over 500 CWT 5.89

Tire Recap Cost Factor 1.50 Over 700 CWT 5.89
Tire Recap Wear Factor 1.80 Over 800 CWT 8.66

Tire Repair Factor 0.15
Equipment Cost Factor 1.00

Standby Depreciation Factor 0.50

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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Direct Cost Markups Category Method
Productivity Productivity Productivity
Overtime Overtime Overtime

Days/Week Hours/Shift Shifts/Day 1st Shift 2nd Shift 3rd Shift
Standard 5.00 8.00 1.00 8.00 0.00 0.00
Actual 5.00 8.00 1.00 8.00 0.00 0.00

Day OT Factor Working OT Percent FCCM Percent
Monday 1.50 Yes 0.00 0.00
Tuesday 1.50 Yes
Wednesday 1.50 Yes
Thursday 1.50 Yes
Friday 1.50 Yes
Saturday 1.50 No
Sunday 2.00 No

Sales Tax TaxAdj Running % on Selected Costs
MatlCost

Contractor Markups Category Method
JOOH (Small Tools) Allowance % of Labor
JOOH JOOH JOOH (Calculated)
HOOH HOOH Running %
Profit Profit Amount
Bond Bond Running %
Excise Tax Excise Running %

Owner Markups Category Method
Escalation Escalation Escalation

StartDate StartIndex EndDate EndIndex Escalation
7/6/2020 920.40 6/1/2023 997.96 8.43

Contingency Contingency Contract %
SIOH SIOH Running %

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

Project Cost Summary Report 2,081,966 4,897,749 1,469,325 6,779,954

2,551.43 6,002.14 8,308.77

Estimated Cost at Award 816.00 LF 2,081,966 4,897,749 1,469,325 6,779,954

Contractor Mobilization 1.00 LS 698,671 1,643,598 493,079 2,275,233

2,543.93 5,984.51 30.00% 8,284.35
RSM 015436501600 Mobilization or demobilization, delivery charge for equipment, hauled on 50-ton capacity towed trailer 14.00 EA 35,615 83,783 25,135 115,981

(Note: 8 Pieces Delivered For Mobilization; 8 Pieces Removed from Jobiste for Demobilization.)

2,000.00 4,704.93 30.00% 6,513.03
RSM 015213200890 Modular office building, delivery, each way 6.00 EA 12,000 28,230 8,469 39,078

(Note: Project Duration of 11-months. Includes demob of office trailers and on-site storage.)

11,293.25 26,566.96 30.00% 36,776.64
RSM 015113500890 Temporary electrical power equipment (pro-rated per job), connections, office trailer, 200 amp 1.00 EA 11,293 26,567 7,970 36,777

11,293.25 26,566.96 30.00% 36,776.64
RSM 015113500040 Temporary electrical power equipment (pro-rated per job), overhead feed, 3 uses, 200 amp 1.00 EA 11,293 26,567 7,970 36,777

56.41 132.70 30.00% 183.69
GEN G10Z3060 GENERATOR SET, SKID MOUNTED, 275 KW, 240/480V, 60HZ 4,608.00 HR 259,930 611,475 183,442 846,464

12.49 29.39 30.00% 40.69
GEN L40Z4600 LOADER, FRONT END, WHEEL, SKID-STEER, 9-11 CF (0.2-0.3 M3), 60" (1.5 M) BUCKET {BOBCAT}, 13 CWT (590 KG) 4,608.00 HR 57,572 135,435 40,631 187,483

12,957.02 30,480.91 30.00% 42,194.72
NLU 013113200880 Field Personnel, motor pools equipment operator 24.00 MO 310,968 731,542 219,463 1,012,673

(Note: Unit total represents two operators.)

1,806.60 4,249.96 5,883.22

Floodwall Demolition 237.00 CY 428,164 1,007,241 302,172 1,394,324

57.45 135.15 30.00% 187.09
HNC 024113302345 Minor site demolition, concrete, rod  reinforcing, to 6" thick, with hand held air equipment, sweep and remove, excludes hauling 6,491.28 SF 372,929 877,301 263,190 1,214,448

63.99 150.54 30.00% 208.39
RSM 312323201106 Cycle hauling(wait, load, travel, unload or dump & return) time per cycle, excavated or borrow, loose cubic yards, 15 min load/wait/unload, 12 C.Y. truck, cycle 10 miles, 50 MPH, excludes  
loading equipment

308.10 LCY 19,716 46,381 13,914 64,205

74.00 174.08 30.00% 240.98
RSM 024119200100 Selective demolition, dump charges, typical urban city, building construction materials, includes tipping fees only 480.00 TON 35,520 83,559 25,068 115,671

297.89 700.78 970.08

Pavement Demolition I-376 187.00 CY 55,706 131,045 39,314 181,406

142.22 334.56 30.00% 463.13
RSM 024113175500 Demolish, remove pavement & curb, concrete, rod reinforced, 7" to 24" thick, remove with backhoe, excludes hauling 187.00 CY 26,595 62,563 18,769 86,606

4.48 10.54 30.00% 14.59
RSM 312323201106 Cycle hauling(wait, load, travel, unload or dump & return) time per cycle, excavated or borrow, loose cubic yards, 15 min load/wait/unload, 12 C.Y. truck, cycle 10 miles, 50 MPH, excludes  
loading equipment

243.10 LCY 1,089 2,562 769 3,546

74.00 174.08 30.00% 240.98
RSM 024119200100 Selective demolition, dump charges, typical urban city, building construction materials, includes tipping fees only 378.68 TON 28,022 65,921 19,776 91,254

917.00 2,157.22 2,986.23

Floodwall Construction 816.00 LF 748,274 1,760,288 528,086 2,436,766

2.52 5.92 30.00% 8.19
RSM 040519260060 Masonry reinforcing bars, #5 and #6 reinforcing steel bars, placed vertically, ASTM A615 81,900.00 LB 206,013 484,639 145,392 670,885

142.03 334.13 30.00% 462.53
RSM 038213100100 Concrete core drilling, core, reinforced concrete slab, 1" diameter, up to 6" thick slab, includes bit cost, layout and set up time 510.00 EA 72,437 170,404 51,121 235,891

1.70 4.01 30.00% 5.55
RSM 038213100150 Concrete core drilling, core, reinforced concrete slab, 1" diameter, up to 6" thick slab, includes bit cost, layout and set up time, for each additional inch of slab thickness in same hole, add 4,080.00 EA 6,955 16,361 4,908 22,649

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

435.00 1,023.32 30.00% 1,416.58
RSM 032116100100 Epoxy coating, for reinforcing steel, add to plain steel rebar pricing for epoxy-coated rebar 40.95 TON 17,813 41,905 12,572 58,009

113.00 265.83 30.00% 367.99
RSM 033113350300 Structural concrete, ready mix, heavyweight, 4000 psi, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments 468.00 CY 52,884 124,408 37,322 172,218

16.64 39.15 30.00% 54.20
RSM 031113859260 C.I.P. concrete forms, walls, steel framed plywood, over 8' to 16' high, based on 50 uses of purchased forms, 4 uses of bracing lumber, includes erecting, bracing, stripping and cleaning 17,602.00 SFC 292,951 689,156 206,747 953,998

241.85 568.94 30.00% 787.58
GEN C55Z1960 CONCRETE PUMP, PUMP & BOOM, 117 CY/HR (89 M3/HR), 75' (23 M) BOOM, TRUCK MOUNTED 376.00 HR 90,935 213,922 64,176 296,132

0.47 1.09 30.00% 1.52
NLU 099113660900 Paints & Coatings, vertical surfaces, application only, form poured concrete wall, 1 coat, spray 17,804.00 SF 8,286 19,494 5,848 26,985

(Note: Material Cost last updated 1 Jan 2010.)

413.00 971.56 1,344.94

Pavement Replacement I-376 187.00 CY 77,231 181,682 54,505 251,503

113.00 265.83 30.00% 367.99
RSM 033113350300 Structural concrete, ready mix, heavyweight, 4000 psi, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments 187.00 CY 21,131 49,710 14,913 68,813

5.81 13.67 30.00% 18.93
RSM 031113653050 C.I.P. concrete forms, slab on grade, edge, wood, 7" to 12" high, 4 use, includes erecting, bracing, stripping and cleaning 813.75 SFC 4,730 11,127 3,338 15,402

2,103.88 4,949.30 30.00% 6,851.32
RSM 032111600250 Reinforcing steel, in place, columns, #8 to #18, A615, grade 60, incl labor for accessories, excl material for accessories 7.48 TON 15,737 37,021 11,106 51,248

20.77 48.87 30.00% 67.65
HNC 033113701200 Structural concrete, placing, duct bank, direct chute, includes vibrating, excludes material 187.00 CY 3,885 9,139 2,742 12,650

6.75 15.89 30.00% 22.00
RSM 321313054200 Slip form cement concrete pavement, airports, expansion joint, keyed cold joint, 24 gauge, 12 inch high, includes stakes 2,332.75 LF 15,758 37,069 11,121 51,315

6.31 14.85 30.00% 20.56
HNC 320113643500 Sealing, roads, resealing joints in concrete 2,332.75 LF 14,730 34,653 10,396 47,970

0.58 1.37 30.00% 1.89
RSM 321723130200 Painted pavement markings, acrylic waterborne, white or yellow, 6" wide, less than 3000 LF 2,170.00 LF 1,260 2,965 889 4,104

Drainage Allowance 1.00 LS 73,920 173,894 52,168 240,722

1,540.00 3,622.79 30.00% 5,015.03
HTW 026219116514 Contaminated groundwater recovery, product recovery pump, controls, pneumatic, shallow depths (<=20'), monthly rental 48.00 MO 73,920 173,894 52,168 240,722

(Note: Assumes one recovery system per reconstruction area.)

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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Description Quantity UOM DirectLabor DirectEQ DirectMatl DirectSubBid DirectUserCost DirectCost C/O

Job Office Overhead Direct Cost Report

AA Prime Contractor

1,330,764.90 201,799.86 167,227.51 127,272.70 1,886,392.97

02  AA OVERHEAD ITEMS 1.00 MO 1,330,765 201,800 167,228 127,273 59,328 1,886,393

0.00 27,114.64 0.00 0.00 27,114.64
USR AAST Small Tools 1.00 EA 0 27,115 0 0 0 27,115

1,330,764.90 174,685.22 167,227.51 127,272.70 1,859,278.33

02 0AA JOB OFFICE OVERHEAD 1.00 MO 1,330,765 174,685 167,228 127,273 59,328 1,859,278

449,813.29 26,045.62 0.00 1,000.00 476,858.91

02 0AA   A SUPERVISION AND MANAGEMENT 1.00 MO 449,813 26,046 0 1,000 0 476,859

(Note: Includes all top field management personnel, superintendents and non-working foremen, and their subsistence, travel, vehicles, supplies and miscellaneous. ***)

449,813.29 0.00 0.00 0.00 449,813.29

020AAAa Supervision Personnel 1.00 EA 449,813 0 0 0 0 449,813

12,228.28 0.00 0.00 0.00 12,228.28
HNC 013113200320 Carpenter superintendent 12.00 MO 146,739 0 0 0 0 146,739

12,479.09 0.00 0.00 0.00 12,479.09
HNC 013113200300 General superintendent 12.00 MO 149,749 0 0 0 0 149,749

12,777.06 0.00 0.00 0.00 12,777.06
FOP FA-PROJM Project Managers 12.00 MO 153,325 0 0 0 0 153,325

(Note: Used http://swz.salary.com/salarywizard/ and assumed median percentile of a Project Manager - Construction for Project Manager. Also assumed 30% of salary = full fringe  As of March 14, 2012)

0.00 26,045.62 0.00 0.00 26,045.62

020AAAb Management Vehicles 1.00 EA 0 26,046 0 0 0 26,046

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/C-Pickup    (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 8,289 0 0 0 8,289

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 12.00 MO 0 17,756 0 0 0 17,756

0.00 0.00 0.00 1,000.00 1,000.00

020AAAc Management Subsistance and Travel 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 500.00 500.00
USR DS-2 Home Office Execs Travel to Job 2.00 EA 0 0 0 1,000 0 1,000

88,906.80 16,578.36 8,868.00 1,500.00 117,053.16

02 0AA   B ADMINISTRATION JOB OFFICE 1.00 MO 88,907 16,578 8,868 1,500 1,200 117,053

(Note: Includes the field office and all field administrating, accounting purchasing inventory, security, and personnel.  Also their subsistence and travel, offices, vehicles, supplies and miscellaneous items to run the field office are included here. See item {C}  
for warehouse and warehouse personnel. ***)

88,906.80 16,578.36 0.00 0.00 105,485.16

020AABa Field Office Administration Personnel 1.00 EA 88,907 16,578 0 0 0 105,485

7,408.90 0.00 0.00 0.00 7,408.90
HNC 013113200350 Field Personnel, contract administrator 12.00 MO 88,907 0 0 0 0 88,907

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/Pickup      (Monthly Cost) Assume 2/3-time Standby 12.00 MO 0 16,578 0 0 0 16,578

0.00 0.00 8,868.00 1,200.00 11,268.00

020AABb Field Office Building & Supplies 1.00 EA 0 0 8,868 1,200 1,200 11,268

0.00 0.00 0.00 0.00 100.00
USR FOF-1 Office Equipment & Furniture 12.00 MO 0 0 0 0 1,200 1,200

0.00 0.00 500.00 0.00 500.00
USR FOF-2 Office - Supplies Assume 5% of Office Labor costs. 12.00 MO 0 0 6,000 0 0 6,000

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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Description Quantity UOM DirectLabor DirectEQ DirectMatl DirectSubBid DirectUserCost DirectCost C/O

0.00 0.00 239.00 0.00 239.00
RSM 015213200350 Office Trailer, furnished, rent per month, 32' x 8', excl. hookups 12.00 EA 0 0 2,868 0 0 2,868

0.00 0.00 0.00 100.00 100.00
USR MS-1 Mailing, Shipping Drawing and Submittal cost 12.00 EA 0 0 0 1,200 0 1,200

0.00 0.00 0.00 300.00 300.00

020AABf Field Office Utility Installation 1.00 EA 0 0 0 300 0 300

0.00 0.00 0.00 100.00 100.00
USR INS-2 Install Electrical 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-3 Install Sewer 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-4 Install Water 1.00 EA 0 0 0 100 0 100

97,796.99 22,053.76 0.00 0.00 132,450.75

02 0AA   D ENGINEERING AND SURVEYING 1.00 MO 97,797 22,054 0 0 12,600 132,451

(Note: Includes all engineering, drafting, scheduling, surveying and change order personnel.  Also includes their subsistence and travel, vehicles, miscellaneous computer expenses, shop drawings, submittals and CPM-schedules, O&M manuals, and  
miscellaneous items. ***)

0.00 0.00 0.00 0.00 12,600.00

020AADb Scheduling & Change Order Personnel 1.00 EA 0 0 0 0 12,600 12,600

0.00 0.00 0.00 0.00 800.00
USR CPM-1 CPM Schedule Monthly Updates 12.00 MO 0 0 0 0 9,600 9,600

USR CPM-2 CPM Computer Schedule Develop 1.00 LS 0 0 0 0 3,000 3,000

97,796.99 22,053.76 0.00 0.00 119,850.75

020AADc Field Surveying 1.00 EA 97,797 22,054 0 0 0 119,851

8,149.75 0.00 0.00 0.00 8,149.75
FOP FC-SURYR Surveyors 12.00 MO 97,797 0 0 0 0 97,797

(Note: Assumed a Occupation Code of #99659 Survey Technician   As of March 29, 2012)

0.00 1,670.74 0.00 0.00 1,670.74
USR 015251115 4x2 Suburban      (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 10,024 0 0 0 10,024

0.00 1,002.44 0.00 0.00 1,002.44
USR 53 Survey Supplies & Equipment Cost Assume 10% of Labor cost. 12.00 MO 0 12,029 0 0 0 12,029

164,620.65 0.00 4,756.00 99,121.30 288,997.95

02 0AA   E QUALITY CONTROL AND TESTING 1.00 MO 164,621 0 4,756 99,121 20,500 288,998

(Note: Includes personnel, vehicles, equipment, and supplies to produce all QC reports, QC inspections, and all other contract quality requirements.  Also includes their subsistence and travel, vehicles, supplies and miscellaneous items. ***)

161,819.88 0.00 0.00 0.00 164,319.88

020AAEa Quality Control Management 1.00 EA 161,820 0 0 0 2,500 164,320

13,484.99 0.00 0.00 0.00 13,484.99
FOP FC-ENGQC Engineers, Quality Control 12.00 MO 161,820 0 0 0 0 161,820

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 100% allocation to job duration.)

0.00 0.00 0.00 0.00 1,500.00
USR PSL Prepare Submittal List 1.00 EA 0 0 0 0 1,500 1,500

0.00 0.00 0.00 0.00 1,000.00
USR PQC Prepare QC Plan 1.00 EA 0 0 0 0 1,000 1,000

2,800.77 0.00 4,320.00 0.00 22,720.77

020AAEd Off-Site Testing 1.00 EA 2,801 0 4,320 0 15,600 22,721

700.19 0.00 120.00 0.00 820.19
USR 013404112 Union Welder Cert., 2 Positions Cost range between $60 & $300 4.00 EA 2,801 0 480 0 0 3,281

(Note: because of welding requirements& number of positions.)

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4
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0.00 0.00 50.00 0.00 50.00
USR OST-14 Weld Inspection - Visual, Steel outside lab testing fee 24.00 HR 0 0 1,200 0 0 1,200

0.00 0.00 550.00 0.00 550.00
USR OST-2 Asphaltic Concrete Mix Design, Hveem or Marshall Method - 3.00 EA 0 0 1,650 0 0 1,650

(Note: Aggr. Test NOT included, ASTMD1560, D1561 & D1559, Asphalticoutside lab testing fee)

0.00 0.00 10.00 0.00 10.00
USR OST-3 Compressive Strength, Cylinder 6x12, ASTM C39, Molds included, 18.00 EA 0 0 180 0 0 180

(Note: Concrete outside lab testing fee)

0.00 0.00 270.00 0.00 270.00
USR OST-5 Concrete Mix Design (Compressive Strength), Aggr Tests NOT 3.00 EA 0 0 810 0 0 810

(Note: included, Concrete outside labtesting fee)

USR OST-6 Concrete testing 10.00 LS 0 0 0 0 15,000 15,000

USR OST-7 Gradation Tests 2.00 LS 0 0 0 0 600 600

0.00 0.00 436.00 99,121.30 101,957.30

020AAEe Project Monitoring 1.00 EA 0 0 436 99,121 2,400 101,957

0.00 0.00 0.00 12.13 12.13
HTW 019413301111 Project Photo Documentation, photographs processing, color, 24 count, 3-1/2" x 5", includes film 10.00 EA 0 0 0 121 0 121

0.00 0.00 436.00 0.00 436.00
HTW 029110104211 Meteorological monitoring stations, purchase, 5 weather readings, 11" x 17" 1.00 EA 0 0 436 0 0 436

0.00 0.00 0.00 0.00 200.00
USR 01-Phot Photography Misc. Supplies 12.00 MO 0 0 0 0 2,400 2,400

0.00 0.00 0.00 450.00 450.00
RSM 014523505900 Vibration monitoring, seismograph and technician 220.00 DAY 0 0 0 99,000 0 99,000

501,759.66 81,584.61 134,623.51 1,059.40 739,055.18

02 0AA   F SAFETY, TRAFFIC CONTROL, FIRST AID, FIRE 1.00 MO 501,760 81,585 134,624 1,059 20,028 739,055

(Note: Safety, Traffic Control, First Aid, and Fire Prevention.      Includes all personnel, supplies and vehicles needed for safety, traffic control, first aid, safety training and fire prevention. Also includes their subsistence and travel, vehicles, supplies and  
miscellaneous items will be allocated to the job.  Assumes safety Engineer allocation at 50% of job duration.)

157,036.91 8,878.22 450.00 0.00 168,265.12

020AAFa Safety Management 1.00 EA 157,037 8,878 450 0 1,900 168,265

0.00 0.00 0.00 0.00 400.00
USR SM-1 Prepare Drug Free Plan 1.00 EA 0 0 0 0 400 400

0.00 0.00 0.00 0.00 1,000.00
USR SM-2 Prepare Hazard Analysis Plan 1.00 EA 0 0 0 0 1,000 1,000

0.00 0.00 0.00 0.00 500.00
USR SM-3 Prepare Safety Plan 1.00 EA 0 0 0 0 500 500

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 8,878 0 0 0 8,878

75.28 0.00 75.00 0.00 150.28
USR SM-4 Safety Engineer's Supplies Assume 2% of Labor cost. 6.00 MO 452 0 450 0 0 902

13,048.77 0.00 0.00 0.00 13,048.77
FOP FD-SAENG Safety Engineers 12.00 MO 156,585 0 0 0 0 156,585

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 30083  As of March 29, 2012)

0.00 0.00 1,339.20 0.00 1,339.20

020AAFb Field First Aid 1.00 EA 0 0 1,339 0 0 1,339

0.00 0.00 54.56 0.00 54.56
HTW 019413201503 First aid kits, 30 ingredients 4.00 EA 0 0 218 0 0 218
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0.00 0.00 280.24 0.00 280.24
HTW 019413201107 Eye and body wash stations, portable eye wash station, 6 gallon 4.00 EA 0 0 1,121 0 0 1,121

0.00 0.00 0.00 1,059.40 1,059.40

020AAFd Safety Training 1.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 0.00 52.97 52.97
HTW 019413206101 Personnel Training, off-site, refresher course, 8 hours, cost per student 20.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 2,260.56 0.00 2,260.56

020AAFg Field Fire Protection 1.00 EA 0 0 2,261 0 0 2,261

0.00 0.00 282.57 0.00 282.57
HTW 019413201202 Fire extinguisher, CO2, 10 lb 8.00 EA 0 0 2,261 0 0 2,261

(Note: Assumes two per work area.)

020AAFi Traffic Control 1.00 LS 344,723 72,706 130,574 0 18,128 566,131

999.04 0.00 0.00 0.00 999.04
USR 015702112 Two Flagman Crew 150.00 DAY 149,855 0 0 0 0 149,855

62.44 0.00 52.00 0.00 114.44
HNC 101453200560 Signs, stock, reflectorized, UTMCD standard, warning sign, 24" x 24", with posts 80.00 EA 4,995 0 4,160 0 0 9,155

0.00 1.78 0.00 0.00 1.78
EP TC-6 Flashing Arrows, 25 Lamps, TRLR Solar Panels w/ Battery Charger 4,334.00 HR 0 7,699 0 0 0 7,699

(Note: Quantity reflects 6 months of 24 hour usage.  Based on 4.3 weeks in a month.)

0.00 5.03 0.00 0.00 5.03
EP TC-5 Lite Set, 4L/1000W, 6KW-GEN,TRLR 8,668.80 HR 0 43,615 0 0 0 43,615

0.00 0.00 70.00 0.00 70.00
USR TC-4 Median Warning Sign Reflective Sheeting w/ stand 16.00 EA 0 0 1,120 0 0 1,120

0.00 0.00 44.00 0.00 52.00
USR TC-1 Type 2 w/ Two Striped Boards 24"Long A-Frame, Traffic Barrier 16.00 EA 0 0 704 0 128 832

0.00 0.00 30.00 0.00 75.00
USR TC-2 Safety Barrels / Cones to 36" Tall Traffic Barriers 400.00 EA 0 0 12,000 0 18,000 30,000

(Note: assumes some will be replaced during the course of construction.)

RSM 344113101410 Control Plan Design 1.00 LS 18,578 2,169 20,400 0 0 41,147

(Note: Traffic Controls)

6.30 0.79 32.50 0.00 39.59
HNC 015623100200 Barricades, precast concrete barrier walls, stock units, buy, 10' sections 150.00 LF 945 119 4,875 0 0 5,939

37.06 0.00 5.00 0.00 42.06
RSM 015623100150 Barricades, wood, movable, 3 rail, 5' high, 3 rail @ 2" x 8", movable 16.00 LF 593 0 80 0 0 673

133.30 15.00 68.50 0.00 216.80
RSM 323236104500 Gabion retaining walls, stone filled gabions, stone delivered, galvanized, highway surcharge, 3' wide, 6' long, 3'-0" high, excludes excavation 1,273.50 LF 169,756 19,104 87,235 0 0 276,095

(Note: Assumed to be for flood protection / permanent lane shift during construction.)

0.00 0.00 1,980.00 20,592.00 22,572.00

02 0AA   G SANITATION FAC & TEMP BLDGS 1.00 MO 0 0 1,980 20,592 0 22,572

(Note: Includes sanitation facilities, misc. buildings, yards, and building costs not otherwise classified.  But it does not include all utilities costs. ***)

0.00 0.00 0.00 20,592.00 20,592.00

020AAGa Sanitation Facilities 1.00 EA 0 0 0 20,592 0 20,592

0.00 0.00 0.00 99.00 99.00
HNC 224213406000 Water closet, chemical portable toilet, per week, note: (40 hours) per 10 people, per OSHA 208.00 WK 0 0 0 20,592 0 20,592

(Note: Assumes one per work area.)

0.00 0.00 1,980.00 0.00 1,980.00
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020AAGb Temporary Buildings 1.00 EA 0 0 1,980 0 0 1,980

0.00 0.00 82.50 0.00 82.50
RSM 015213201250 Storage Boxes, rent per month, 20' x 8' 24.00 EA 0 0 1,980 0 0 1,980

(Note: Assumes rental of two storage box.)

24,604.77 28,422.87 0.00 0.00 53,027.64

02 0AA   H GENERAL EQUIPMENT EXPENSES 1.00 MO 24,605 28,423 0 0 0 53,028

(Note: Includes equipment not required by specific work items.  Also includes testing and rental of equipment when not charged to a specific bid item or items of work.  Inspection fees and permits are included in mob and demob items. *****)

0.00 0.00 0.00 0.00 0.00

020AAHa Hook Services 1.00 EA 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00
GEN C80Z2240 CRANE, HYDRAULIC, TRUCK MOUNTED, 14 TON (12.7 MT), 80' (24.4 M) BOOM, 6X4 0.00 HR 0 0 0 0 0 0

1,785.74 480.55 0.00 0.00 2,266.29

020AAHb Crane Testing 1.00 EA 1,786 481 0 0 0 2,266

446.44 120.14 0.00 0.00 566.57
USR 015252122 Crane Testing - 26 to  50 tons Allow two hours per test. 4.00 EA 1,786 481 0 0 0 2,266

22,819.03 27,942.32 0.00 0.00 50,761.35

020AAHc Misc. Vehicles & Equipment 1.00 EA 22,819 27,942 0 0 0 50,761

2,535.45 3,104.70 0.00 0.00 5,640.15
USR 015251123 Water Truck w/1/4 Oper,3,000 Gal Assumed 3/4-time Standby 9.00 MO 22,819 27,942 0 0 0 50,761

3,262.74 0.00 17,000.00 4,000.00 29,262.74

02 0AA   I PROJECT UTILITIES SITE & CLEANUP 1.00 MO 3,263 0 17,000 4,000 5,000 29,263

(Note: Includes all project costs not otherwise classified. ***)

3,262.74 0.00 0.00 0.00 3,262.74

020AAIa Site Cleanup 1.00 EA 3,263 0 0 0 0 3,263

81.57 0.00 0.00 0.00 81.57
USR 83 Final Site Cleanup 40.00 HR 3,263 0 0 0 0 3,263

020AAIb Misc Project Expenses 1.00 LS 0 0 17,000 0 5,000 22,000

USR MPE-2 Protect Existing Property 5.00 LS 0 0 0 0 5,000 5,000

0.00 0.00 34.00 0.00 34.00
RSM 015813500020 Project Signs, sign, high intensity reflectorized, buy, excl. posts 500.00 SF 0 0 17,000 0 0 17,000

0.00 0.00 0.00 4,000.00 4,000.00

020AAIc Site Utility Usage Fees 1.00 EA 0 0 0 4,000 0 4,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-1 Site UtilityUsageTelephone 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-2 Site Utility Usage Electrical 2.00 EA 0 0 0 2,000 0 2,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-4 Site Utility Usage Water 1.00 EA 0 0 0 1,000 0 1,000
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Estimated Construction Time 301 Days
Effective Date of Pricing 7/6/2020

Preparation Date 7/6/2020

Prepared by Shannon Landry

Estimated by Shannon Landry, CEP, PSP, CCM, PMP
Designed by
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Designed by Design Document
Document Date 7/6/2020

Estimated by District
Shannon Landry, CEP, PSP, CCM, PMP Contact Shannon Landry

Prepared by Budget Year 2020
Shannon Landry UOM System Original

Direct Costs Timeline/Currency
LaborCost Preparation Date 7/6/2020
EQCost Escalation Date 7/6/2020
MatlCost Eff. Pricing Date 7/6/2020
SubBidCost Estimated Duration 301 Day(s)
UserCost1

Currency US dollars
Exchange Rate 1.000000

Costbook CB16EN: 2016 MII English Cost Book

Labor NLS2016: National Labor Library - Seattle 2016
Note: http://www.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable.  In a non-union job the whole fringes are taxable.    In a union job, the vacation pay fringes are taxable.

Labor Rates
LaborCost1
LaborCost2
LaborCost3
LaborCost4

Equipment EP18R02: 2018_EP1110-1-8_Mii_Library_Region_02_R1

Region 02 -  MIDEAST, (2018) Fuel Shipping Rates
Sales Tax 5.90 Electricity 0.101 Over 0 CWT 10.53

Working Hours per Year 1,410 Gas 2.710 Over 240 CWT 7.72
Labor Adjustment Factor 1.02 Diesel Off-Road 2.510 Over 300 CWT 6.40

Cost of Money 3.50 Diesel On-Road 3.020 Over 400 CWT 5.57
Cost of Money Discount 25.00 Over 500 CWT 5.89

Tire Recap Cost Factor 1.50 Over 700 CWT 5.89
Tire Recap Wear Factor 1.80 Over 800 CWT 8.66

Tire Repair Factor 0.15
Equipment Cost Factor 1.00

Standby Depreciation Factor 0.50
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Direct Cost Markups Category Method
Productivity Productivity Productivity
Overtime Overtime Overtime

Days/Week Hours/Shift Shifts/Day 1st Shift 2nd Shift 3rd Shift
Standard 5.00 8.00 1.00 8.00 0.00 0.00
Actual 5.00 8.00 1.00 8.00 0.00 0.00

Day OT Factor Working OT Percent FCCM Percent
Monday 1.50 Yes 0.00 0.00
Tuesday 1.50 Yes
Wednesday 1.50 Yes
Thursday 1.50 Yes
Friday 1.50 Yes
Saturday 1.50 No
Sunday 2.00 No

Sales Tax TaxAdj Running % on Selected Costs
MatlCost

Contractor Markups Category Method
JOOH (Small Tools) Allowance % of Labor
JOOH JOOH JOOH (Calculated)
HOOH HOOH Running %
Profit Profit Amount
Bond Bond Running %
Excise Tax Excise Running %

Owner Markups Category Method
Escalation Escalation Escalation

StartDate StartIndex EndDate EndIndex Escalation
7/6/2020 920.40 6/1/2023 997.96 8.43

Contingency Contingency Contract %
SIOH SIOH Running %
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Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

Project Cost Summary Report 1,684,404 4,251,549 1,275,465 5,885,419

2,603.41 6,571.17 9,096.48

Estimated Cost at Award 647.00 LF 1,684,404 4,251,549 1,275,465 5,885,419

Contractor Mobilization 1.00 LS 578,227 1,459,485 437,846 2,020,365

2,543.93 6,421.06 30.00% 8,888.67
RSM 015436501600 Mobilization or demobilization, delivery charge for equipment, hauled on 50-ton capacity towed trailer 12.00 EA 30,527 77,053 23,116 106,664

(Note: 6 Pieces Delivered For Mobilization; 6 Pieces Removed from Jobiste for Demobilization.)

2,000.00 5,048.14 30.00% 6,988.13
RSM 015213200890 Modular office building, delivery, each way 6.00 EA 12,000 30,289 9,087 41,929

(Note: Project Duration of 11-months. Includes demob of office trailers and on-site storage.)

11,293.25 28,504.93 30.00% 39,459.37
RSM 015113500890 Temporary electrical power equipment (pro-rated per job), connections, office trailer, 200 amp 1.00 EA 11,293 28,505 8,551 39,459

11,293.25 28,504.93 30.00% 39,459.37
RSM 015113500040 Temporary electrical power equipment (pro-rated per job), overhead feed, 3 uses, 200 amp 1.00 EA 11,293 28,505 8,551 39,459

56.41 142.38 30.00% 197.09
GEN G10Z3060 GENERATOR SET, SKID MOUNTED, 275 KW, 240/480V, 60HZ 3,686.00 HR 207,921 524,807 157,442 726,490

12.49 31.54 30.00% 43.65
GEN L40Z4600 LOADER, FRONT END, WHEEL, SKID-STEER, 9-11 CF (0.2-0.3 M3), 60" (1.5 M) BUCKET {BOBCAT}, 13 CWT (590 KG) 3,686.00 HR 46,052 116,239 34,872 160,910

12,957.02 32,704.39 30.00% 45,272.69
NLU 013113200880 Field Personnel, motor pools equipment operator 20.00 MO 259,140 654,088 196,226 905,454

(Note: Unit total represents two operators.)

1,806.58 4,559.92 6,312.30

Floodwall Demolition 199.00 CY 359,509 907,424 272,227 1,256,148

57.45 145.01 30.00% 200.74
HNC 024113302345 Minor site demolition, concrete, rod  reinforcing, to 6" thick, with hand held air equipment, sweep and remove, excludes hauling 5,450.48 SF 313,134 790,371 237,111 1,094,111

63.99 161.52 30.00% 223.59
RSM 312323201106 Cycle hauling(wait, load, travel, unload or dump & return) time per cycle, excavated or borrow, loose cubic yards, 15 min load/wait/unload, 12 C.Y. truck, cycle 10 miles, 50 MPH, excludes  
loading equipment

258.70 LCY 16,555 41,785 12,536 57,843

74.00 186.78 30.00% 258.56
RSM 024119200100 Selective demolition, dump charges, typical urban city, building construction materials, includes tipping fees only 402.98 TON 29,820 75,268 22,580 104,194

1,039.80 2,624.51 3,633.11

Floodwall Construction 647.00 LF 672,748 1,698,061 509,418 2,350,625

2.52 6.35 30.00% 8.79
RSM 040519260060 Masonry reinforcing bars, #5 and #6 reinforcing steel bars, placed vertically, ASTM A615 75,250.00 LB 189,286 477,770 143,331 661,377

142.03 358.50 30.00% 496.27
RSM 038213100100 Concrete core drilling, core, reinforced concrete slab, 1" diameter, up to 6" thick slab, includes bit cost, layout and set up time 510.00 EA 72,437 182,835 54,850 253,098

1.70 4.30 30.00% 5.96
RSM 038213100150 Concrete core drilling, core, reinforced concrete slab, 1" diameter, up to 6" thick slab, includes bit cost, layout and set up time, for each additional inch of slab thickness in same hole, add 4,080.00 EA 6,955 17,555 5,266 24,301

435.00 1,097.97 30.00% 1,519.92
RSM 032116100100 Epoxy coating, for reinforcing steel, add to plain steel rebar pricing for epoxy-coated rebar 40.95 TON 17,813 44,962 13,489 62,241

113.00 285.22 30.00% 394.83
RSM 033113350300 Structural concrete, ready mix, heavyweight, 4000 psi, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments 430.00 CY 48,590 122,644 36,793 169,777

16.64 42.01 30.00% 58.15
RSM 031113859260 C.I.P. concrete forms, walls, steel framed plywood, over 8' to 16' high, based on 50 uses of purchased forms, 4 uses of bracing lumber, includes erecting, bracing, stripping and cleaning 14,874.00 SFC 247,548 624,829 187,449 864,951

241.85 610.44 30.00% 845.04
GEN C55Z1960 CONCRETE PUMP, PUMP & BOOM, 117 CY/HR (89 M3/HR), 75' (23 M) BOOM, TRUCK MOUNTED 344.00 HR 83,196 209,992 62,998 290,692

0.47 1.17 30.00% 1.63
NLU 099113660900 Paints & Coatings, vertical surfaces, application only, form poured concrete wall, 1 coat, spray 14,874.00 SF 6,923 17,473 5,242 24,189
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Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

(Note: Material Cost last updated 1 Jan 2010.)

Drainage Allowance 1.00 LS 73,920 186,579 55,974 258,281

1,540.00 3,887.06 30.00% 5,380.86
HTW 026219116514 Contaminated groundwater recovery, product recovery pump, controls, pneumatic, shallow depths (<=20'), monthly rental 48.00 MO 73,920 186,579 55,974 258,281

(Note: Assumes one recovery system per reconstruction area.)
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Job Office Overhead Direct Cost Report

AA Prime Contractor

1,169,750.18 191,888.34 165,344.51 123,508.70 1,708,019.73

02  AA OVERHEAD ITEMS 1.00 MO 1,169,750 191,888 165,345 123,509 57,528 1,708,020

0.00 23,035.35 0.00 0.00 23,035.35
USR AAST Small Tools 1.00 EA 0 23,035 0 0 0 23,035

1,169,750.18 168,852.99 165,344.51 123,508.70 1,684,984.38

02 0AA JOB OFFICE OVERHEAD 1.00 MO 1,169,750 168,853 165,345 123,509 57,528 1,684,984

374,844.41 28,612.33 0.00 1,000.00 404,456.74

02 0AA   A SUPERVISION AND MANAGEMENT 1.00 MO 374,844 28,612 0 1,000 0 404,457

(Note: Includes all top field management personnel, superintendents and non-working foremen, and their subsistence, travel, vehicles, supplies and miscellaneous. ***)

374,844.41 0.00 0.00 0.00 374,844.41

020AAAa Supervision Personnel 1.00 EA 374,844 0 0 0 0 374,844

12,228.28 0.00 0.00 0.00 12,228.28
HNC 013113200320 Carpenter superintendent 10.00 MO 122,283 0 0 0 0 122,283

12,479.09 0.00 0.00 0.00 12,479.09
HNC 013113200300 General superintendent 10.00 MO 124,791 0 0 0 0 124,791

12,777.06 0.00 0.00 0.00 12,777.06
FOP FA-PROJM Project Managers 10.00 MO 127,771 0 0 0 0 127,771

(Note: Used http://swz.salary.com/salarywizard/ and assumed median percentile of a Project Manager - Construction for Project Manager. Also assumed 30% of salary = full fringe  As of March 14, 2012)

0.00 28,612.33 0.00 0.00 28,612.33

020AAAb Management Vehicles 1.00 EA 0 28,612 0 0 0 28,612

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/C-Pickup    (Monthly Cost) Assume 2/3-time Standby 10.00 MO 0 13,815 0 0 0 13,815

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 10.00 MO 0 14,797 0 0 0 14,797

0.00 0.00 0.00 1,000.00 1,000.00

020AAAc Management Subsistance and Travel 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 500.00 500.00
USR DS-2 Home Office Execs Travel to Job 2.00 EA 0 0 0 1,000 0 1,000

74,089.00 13,815.30 7,390.00 1,300.00 97,594.30

02 0AA   B ADMINISTRATION JOB OFFICE 1.00 MO 74,089 13,815 7,390 1,300 1,000 97,594

(Note: Includes the field office and all field administrating, accounting purchasing inventory, security, and personnel.  Also their subsistence and travel, offices, vehicles, supplies and miscellaneous items to run the field office are included here. See item {C}  
for warehouse and warehouse personnel. ***)

74,089.00 13,815.30 0.00 0.00 87,904.30

020AABa Field Office Administration Personnel 1.00 EA 74,089 13,815 0 0 0 87,904

7,408.90 0.00 0.00 0.00 7,408.90
HNC 013113200350 Field Personnel, contract administrator 10.00 MO 74,089 0 0 0 0 74,089

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/Pickup      (Monthly Cost) Assume 2/3-time Standby 10.00 MO 0 13,815 0 0 0 13,815

0.00 0.00 7,390.00 1,000.00 9,390.00

020AABb Field Office Building & Supplies 1.00 EA 0 0 7,390 1,000 1,000 9,390

0.00 0.00 0.00 0.00 100.00
USR FOF-1 Office Equipment & Furniture 10.00 MO 0 0 0 0 1,000 1,000

0.00 0.00 500.00 0.00 500.00
USR FOF-2 Office - Supplies Assume 5% of Office Labor costs. 10.00 MO 0 0 5,000 0 0 5,000
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0.00 0.00 239.00 0.00 239.00
RSM 015213200350 Office Trailer, furnished, rent per month, 32' x 8', excl. hookups 10.00 EA 0 0 2,390 0 0 2,390

0.00 0.00 0.00 100.00 100.00
USR MS-1 Mailing, Shipping Drawing and Submittal cost 10.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 300.00 300.00

020AABf Field Office Utility Installation 1.00 EA 0 0 0 300 0 300

0.00 0.00 0.00 100.00 100.00
USR INS-2 Install Electrical 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-3 Install Sewer 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-4 Install Water 1.00 EA 0 0 0 100 0 100

81,497.49 18,378.13 0.00 0.00 110,875.63

02 0AA   D ENGINEERING AND SURVEYING 1.00 MO 81,497 18,378 0 0 11,000 110,876

(Note: Includes all engineering, drafting, scheduling, surveying and change order personnel.  Also includes their subsistence and travel, vehicles, miscellaneous computer expenses, shop drawings, submittals and CPM-schedules, O&M manuals, and  
miscellaneous items. ***)

0.00 0.00 0.00 0.00 11,000.00

020AADb Scheduling & Change Order Personnel 1.00 EA 0 0 0 0 11,000 11,000

0.00 0.00 0.00 0.00 800.00
USR CPM-1 CPM Schedule Monthly Updates 10.00 MO 0 0 0 0 8,000 8,000

USR CPM-2 CPM Computer Schedule Develop 1.00 LS 0 0 0 0 3,000 3,000

81,497.49 18,378.13 0.00 0.00 99,875.63

020AADc Field Surveying 1.00 EA 81,497 18,378 0 0 0 99,876

8,149.75 0.00 0.00 0.00 8,149.75
FOP FC-SURYR Surveyors 10.00 MO 81,497 0 0 0 0 81,497

(Note: Assumed a Occupation Code of #99659 Survey Technician   As of March 29, 2012)

0.00 1,670.74 0.00 0.00 1,670.74
USR 015251115 4x2 Suburban      (Monthly Cost) Assume 2/3-time Standby 5.00 MO 0 8,354 0 0 0 8,354

0.00 1,002.44 0.00 0.00 1,002.44
USR 53 Survey Supplies & Equipment Cost Assume 10% of Labor cost. 10.00 MO 0 10,024 0 0 0 10,024

137,650.67 0.00 4,756.00 99,121.30 262,027.97

02 0AA   E QUALITY CONTROL AND TESTING 1.00 MO 137,651 0 4,756 99,121 20,500 262,028

(Note: Includes personnel, vehicles, equipment, and supplies to produce all QC reports, QC inspections, and all other contract quality requirements.  Also includes their subsistence and travel, vehicles, supplies and miscellaneous items. ***)

134,849.90 0.00 0.00 0.00 137,349.90

020AAEa Quality Control Management 1.00 EA 134,850 0 0 0 2,500 137,350

13,484.99 0.00 0.00 0.00 13,484.99
FOP FC-ENGQC Engineers, Quality Control 10.00 MO 134,850 0 0 0 0 134,850

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 100% allocation to job duration.)

0.00 0.00 0.00 0.00 1,500.00
USR PSL Prepare Submittal List 1.00 EA 0 0 0 0 1,500 1,500

0.00 0.00 0.00 0.00 1,000.00
USR PQC Prepare QC Plan 1.00 EA 0 0 0 0 1,000 1,000

2,800.77 0.00 4,320.00 0.00 22,720.77

020AAEd Off-Site Testing 1.00 EA 2,801 0 4,320 0 15,600 22,721

700.19 0.00 120.00 0.00 820.19
USR 013404112 Union Welder Cert., 2 Positions Cost range between $60 & $300 4.00 EA 2,801 0 480 0 0 3,281

(Note: because of welding requirements& number of positions.)
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0.00 0.00 50.00 0.00 50.00
USR OST-14 Weld Inspection - Visual, Steel outside lab testing fee 24.00 HR 0 0 1,200 0 0 1,200

0.00 0.00 550.00 0.00 550.00
USR OST-2 Asphaltic Concrete Mix Design, Hveem or Marshall Method - 3.00 EA 0 0 1,650 0 0 1,650

(Note: Aggr. Test NOT included, ASTMD1560, D1561 & D1559, Asphalticoutside lab testing fee)

0.00 0.00 10.00 0.00 10.00
USR OST-3 Compressive Strength, Cylinder 6x12, ASTM C39, Molds included, 18.00 EA 0 0 180 0 0 180

(Note: Concrete outside lab testing fee)

0.00 0.00 270.00 0.00 270.00
USR OST-5 Concrete Mix Design (Compressive Strength), Aggr Tests NOT 3.00 EA 0 0 810 0 0 810

(Note: included, Concrete outside labtesting fee)

USR OST-6 Concrete testing 10.00 LS 0 0 0 0 15,000 15,000

USR OST-7 Gradation Tests 2.00 LS 0 0 0 0 600 600

0.00 0.00 436.00 99,121.30 101,957.30

020AAEe Project Monitoring 1.00 EA 0 0 436 99,121 2,400 101,957

0.00 0.00 0.00 12.13 12.13
HTW 019413301111 Project Photo Documentation, photographs processing, color, 24 count, 3-1/2" x 5", includes film 10.00 EA 0 0 0 121 0 121

0.00 0.00 436.00 0.00 436.00
HTW 029110104211 Meteorological monitoring stations, purchase, 5 weather readings, 11" x 17" 1.00 EA 0 0 436 0 0 436

0.00 0.00 0.00 0.00 200.00
USR 01-Phot Photography Misc. Supplies 12.00 MO 0 0 0 0 2,400 2,400

0.00 0.00 0.00 450.00 450.00
RSM 014523505900 Vibration monitoring, seismograph and technician 220.00 DAY 0 0 0 99,000 0 99,000

475,586.84 80,104.91 134,548.51 1,059.40 711,327.66

02 0AA   F SAFETY, TRAFFIC CONTROL, FIRST AID, FIRE 1.00 MO 475,587 80,105 134,549 1,059 20,028 711,328

(Note: Safety, Traffic Control, First Aid, and Fire Prevention.      Includes all personnel, supplies and vehicles needed for safety, traffic control, first aid, safety training and fire prevention. Also includes their subsistence and travel, vehicles, supplies and  
miscellaneous items will be allocated to the job.  Assumes safety Engineer allocation at 50% of job duration.)

130,864.09 7,398.52 375.00 0.00 140,537.60

020AAFa Safety Management 1.00 EA 130,864 7,399 375 0 1,900 140,538

0.00 0.00 0.00 0.00 400.00
USR SM-1 Prepare Drug Free Plan 1.00 EA 0 0 0 0 400 400

0.00 0.00 0.00 0.00 1,000.00
USR SM-2 Prepare Hazard Analysis Plan 1.00 EA 0 0 0 0 1,000 1,000

0.00 0.00 0.00 0.00 500.00
USR SM-3 Prepare Safety Plan 1.00 EA 0 0 0 0 500 500

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 5.00 MO 0 7,399 0 0 0 7,399

75.28 0.00 75.00 0.00 150.28
USR SM-4 Safety Engineer's Supplies Assume 2% of Labor cost. 5.00 MO 376 0 375 0 0 751

13,048.77 0.00 0.00 0.00 13,048.77
FOP FD-SAENG Safety Engineers 10.00 MO 130,488 0 0 0 0 130,488

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 30083  As of March 29, 2012)

0.00 0.00 1,339.20 0.00 1,339.20

020AAFb Field First Aid 1.00 EA 0 0 1,339 0 0 1,339

0.00 0.00 54.56 0.00 54.56
HTW 019413201503 First aid kits, 30 ingredients 4.00 EA 0 0 218 0 0 218
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0.00 0.00 280.24 0.00 280.24
HTW 019413201107 Eye and body wash stations, portable eye wash station, 6 gallon 4.00 EA 0 0 1,121 0 0 1,121

0.00 0.00 0.00 1,059.40 1,059.40

020AAFd Safety Training 1.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 0.00 52.97 52.97
HTW 019413206101 Personnel Training, off-site, refresher course, 8 hours, cost per student 20.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 2,260.56 0.00 2,260.56

020AAFg Field Fire Protection 1.00 EA 0 0 2,261 0 0 2,261

0.00 0.00 282.57 0.00 282.57
HTW 019413201202 Fire extinguisher, CO2, 10 lb 8.00 EA 0 0 2,261 0 0 2,261

(Note: Assumes two per work area.)

020AAFi Traffic Control 1.00 LS 344,723 72,706 130,574 0 18,128 566,131

999.04 0.00 0.00 0.00 999.04
USR 015702112 Two Flagman Crew 150.00 DAY 149,855 0 0 0 0 149,855

62.44 0.00 52.00 0.00 114.44
HNC 101453200560 Signs, stock, reflectorized, UTMCD standard, warning sign, 24" x 24", with posts 80.00 EA 4,995 0 4,160 0 0 9,155

0.00 1.78 0.00 0.00 1.78
EP TC-6 Flashing Arrows, 25 Lamps, TRLR Solar Panels w/ Battery Charger 4,334.00 HR 0 7,699 0 0 0 7,699

(Note: Quantity reflects 6 months of 24 hour usage.  Based on 4.3 weeks in a month.)

0.00 5.03 0.00 0.00 5.03
EP TC-5 Lite Set, 4L/1000W, 6KW-GEN,TRLR 8,668.80 HR 0 43,615 0 0 0 43,615

0.00 0.00 70.00 0.00 70.00
USR TC-4 Median Warning Sign Reflective Sheeting w/ stand 16.00 EA 0 0 1,120 0 0 1,120

0.00 0.00 44.00 0.00 52.00
USR TC-1 Type 2 w/ Two Striped Boards 24"Long A-Frame, Traffic Barrier 16.00 EA 0 0 704 0 128 832

0.00 0.00 30.00 0.00 75.00
USR TC-2 Safety Barrels / Cones to 36" Tall Traffic Barriers 400.00 EA 0 0 12,000 0 18,000 30,000

(Note: assumes some will be replaced during the course of construction.)

RSM 344113101410 Control Plan Design 1.00 LS 18,578 2,169 20,400 0 0 41,147

(Note: Traffic Controls)

6.30 0.79 32.50 0.00 39.59
HNC 015623100200 Barricades, precast concrete barrier walls, stock units, buy, 10' sections 150.00 LF 945 119 4,875 0 0 5,939

37.06 0.00 5.00 0.00 42.06
RSM 015623100150 Barricades, wood, movable, 3 rail, 5' high, 3 rail @ 2" x 8", movable 16.00 LF 593 0 80 0 0 673

133.30 15.00 68.50 0.00 216.80
RSM 323236104500 Gabion retaining walls, stone filled gabions, stone delivered, galvanized, highway surcharge, 3' wide, 6' long, 3'-0" high, excludes excavation 1,273.50 LF 169,756 19,104 87,235 0 0 276,095

(Note: Assumed to be for flood protection / permanent lane shift during construction.)

0.00 0.00 1,650.00 17,028.00 18,678.00

02 0AA   G SANITATION FAC & TEMP BLDGS 1.00 MO 0 0 1,650 17,028 0 18,678

(Note: Includes sanitation facilities, misc. buildings, yards, and building costs not otherwise classified.  But it does not include all utilities costs. ***)

0.00 0.00 0.00 17,028.00 17,028.00

020AAGa Sanitation Facilities 1.00 EA 0 0 0 17,028 0 17,028

0.00 0.00 0.00 99.00 99.00
HNC 224213406000 Water closet, chemical portable toilet, per week, note: (40 hours) per 10 people, per OSHA 172.00 WK 0 0 0 17,028 0 17,028

(Note: Assumes one per work area.)

0.00 0.00 1,650.00 0.00 1,650.00
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020AAGb Temporary Buildings 1.00 EA 0 0 1,650 0 0 1,650

0.00 0.00 82.50 0.00 82.50
RSM 015213201250 Storage Boxes, rent per month, 20' x 8' 20.00 EA 0 0 1,650 0 0 1,650

(Note: Assumes rental of two storage box.)

22,819.03 27,942.32 0.00 0.00 50,761.35

02 0AA   H GENERAL EQUIPMENT EXPENSES 1.00 MO 22,819 27,942 0 0 0 50,761

(Note: Includes equipment not required by specific work items.  Also includes testing and rental of equipment when not charged to a specific bid item or items of work.  Inspection fees and permits are included in mob and demob items. *****)

0.00 0.00 0.00 0.00 0.00

020AAHa Hook Services 1.00 EA 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00
GEN C80Z2240 CRANE, HYDRAULIC, TRUCK MOUNTED, 14 TON (12.7 MT), 80' (24.4 M) BOOM, 6X4 0.00 HR 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00

020AAHb Crane Testing 1.00 EA 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00
USR 015252122 Crane Testing - 26 to  50 tons Allow two hours per test. 0.00 EA 0 0 0 0 0 0

22,819.03 27,942.32 0.00 0.00 50,761.35

020AAHc Misc. Vehicles & Equipment 1.00 EA 22,819 27,942 0 0 0 50,761

2,535.45 3,104.70 0.00 0.00 5,640.15
USR 015251123 Water Truck w/1/4 Oper,3,000 Gal Assumed 3/4-time Standby 9.00 MO 22,819 27,942 0 0 0 50,761

3,262.74 0.00 17,000.00 4,000.00 29,262.74

02 0AA   I PROJECT UTILITIES SITE & CLEANUP 1.00 MO 3,263 0 17,000 4,000 5,000 29,263

(Note: Includes all project costs not otherwise classified. ***)

3,262.74 0.00 0.00 0.00 3,262.74

020AAIa Site Cleanup 1.00 EA 3,263 0 0 0 0 3,263

81.57 0.00 0.00 0.00 81.57
USR 83 Final Site Cleanup 40.00 HR 3,263 0 0 0 0 3,263

020AAIb Misc Project Expenses 1.00 LS 0 0 17,000 0 5,000 22,000

USR MPE-2 Protect Existing Property 5.00 LS 0 0 0 0 5,000 5,000

0.00 0.00 34.00 0.00 34.00
RSM 015813500020 Project Signs, sign, high intensity reflectorized, buy, excl. posts 500.00 SF 0 0 17,000 0 0 17,000

0.00 0.00 0.00 4,000.00 4,000.00

020AAIc Site Utility Usage Fees 1.00 EA 0 0 0 4,000 0 4,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-1 Site UtilityUsageTelephone 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-2 Site Utility Usage Electrical 2.00 EA 0 0 0 2,000 0 2,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-4 Site Utility Usage Water 1.00 EA 0 0 0 1,000 0 1,000
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This report is not copyrighted, but the information contained herein is For Official Use Only.

Estimated Construction Time 180 Days
Effective Date of Pricing 7/7/2020

Preparation Date 7/7/2020

Prepared by Shannon Landry

Estimated by Shannon Landry, CEP, PSP, CCM, PMP
Designed by
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Designed by Design Document
Document Date 7/6/2020

Estimated by District
Shannon Landry, CEP, PSP, CCM, PMP Contact Shannon Landry

Prepared by Budget Year 2020
Shannon Landry UOM System Original

Direct Costs Timeline/Currency
LaborCost Preparation Date 7/7/2020
EQCost Escalation Date 7/7/2020
MatlCost Eff. Pricing Date 7/7/2020
SubBidCost Estimated Duration 180 Day(s)
UserCost1

Currency US dollars
Exchange Rate 1.000000

Costbook CB16EN: 2016 MII English Cost Book

Labor NLS2016: National Labor Library - Seattle 2016
Note: http://www.wdol.gov is the website for current Davis Bacon & Service Labor Rates. Fringes paid to the laborers are taxable.  In a non-union job the whole fringes are taxable.    In a union job, the vacation pay fringes are taxable.

Labor Rates
LaborCost1
LaborCost2
LaborCost3
LaborCost4

Equipment EP18R02: 2018_EP1110-1-8_Mii_Library_Region_02_R1

Region 02 -  MIDEAST, (2018) Fuel Shipping Rates
Sales Tax 5.90 Electricity 0.101 Over 0 CWT 10.53

Working Hours per Year 1,410 Gas 2.710 Over 240 CWT 7.72
Labor Adjustment Factor 1.02 Diesel Off-Road 2.510 Over 300 CWT 6.40

Cost of Money 3.50 Diesel On-Road 3.020 Over 400 CWT 5.57
Cost of Money Discount 25.00 Over 500 CWT 5.89

Tire Recap Cost Factor 1.50 Over 700 CWT 5.89
Tire Recap Wear Factor 1.80 Over 800 CWT 8.66

Tire Repair Factor 0.15
Equipment Cost Factor 1.00

Standby Depreciation Factor 0.50
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Direct Cost Markups Category Method
Productivity Productivity Productivity
Overtime Overtime Overtime

Days/Week Hours/Shift Shifts/Day 1st Shift 2nd Shift 3rd Shift
Standard 5.00 8.00 1.00 8.00 0.00 0.00
Actual 5.00 8.00 1.00 8.00 0.00 0.00

Day OT Factor Working OT Percent FCCM Percent
Monday 1.50 Yes 0.00 0.00
Tuesday 1.50 Yes
Wednesday 1.50 Yes
Thursday 1.50 Yes
Friday 1.50 Yes
Saturday 1.50 No
Sunday 2.00 No

Sales Tax TaxAdj Running % on Selected Costs
MatlCost

Contractor Markups Category Method
JOOH (Small Tools) Allowance % of Labor
JOOH JOOH JOOH (Calculated)
HOOH HOOH Running %
Profit Profit Amount
Bond Bond Running %
Excise Tax Excise Running %

Owner Markups Category Method
Escalation Escalation Escalation

StartDate StartIndex EndDate EndIndex Escalation
7/6/2020 920.40 6/1/2023 997.96 8.43

Contingency Contingency Contract %
SIOH SIOH Running %

Labor ID: NLS2016 EQ ID: EP18R02 Currency in US dollars TRACES MII Version 4.4



Print Date Tue 7 July 2020 Pennsylvania Department of Transportation Time 11:41:48
Eff. Date 7/7/2020 Project : I-376 Bathtub Renovation, Raise Existing Floodwall, Alternate 1 Option 3

Raise Existing Floodwall Alternative 1 Option 3 Project Cost Summary Report Page 1

Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

Project Cost Summary Report 1,097,575 3,290,327 845,141 4,372,953

1,696.41 5,085.51 6,758.81

Estimated Cost at Award 647.00 LF 1,097,575 3,290,327 845,141 4,372,953

167,218.16 473,190.82 473,190.82

Pavement Repair Allowance 1.00 EA 167,218 473,191 0 473,191

USR PRA1000 Pavement Repair Allowance 1.00 LS 167,218 473,191 0 473,191

(Note: Allowance for repair oconcrete adjacent to the construction area.  15% of base contract cost.)

Contractor Mobilization 1.00 LS 419,698 1,187,652 356,296 1,644,067

2,543.93 7,198.77 30.00% 9,965.26
RSM 015436501600 Mobilization or demobilization, delivery charge for equipment, hauled on 50-ton capacity towed trailer 12.00 EA 30,527 86,385 25,916 119,583

(Note: 6 Pieces Delivered For Mobilization; 6 Pieces Removed from Jobiste for Demobilization.)

2,000.00 5,659.56 30.00% 7,834.53
RSM 015213200890 Modular office building, delivery, each way 6.00 EA 12,000 33,957 10,187 47,007

(Note: Project Duration of 11-months. Includes demob of office trailers and on-site storage.)

11,293.25 31,957.43 30.00% 44,238.67
RSM 015113500890 Temporary electrical power equipment (pro-rated per job), connections, office trailer, 200 amp 1.00 EA 11,293 31,957 9,587 44,239

11,293.25 31,957.43 30.00% 44,238.67
RSM 015113500040 Temporary electrical power equipment (pro-rated per job), overhead feed, 3 uses, 200 amp 1.00 EA 11,293 31,957 9,587 44,239

56.41 159.62 30.00% 220.97
GEN G10Z3060 GENERATOR SET, SKID MOUNTED, 275 KW, 240/480V, 60HZ 2,889.60 HR 162,997 461,247 138,374 638,505

12.49 35.35 30.00% 48.94
GEN L40Z4600 LOADER, FRONT END, WHEEL, SKID-STEER, 9-11 CF (0.2-0.3 M3), 60" (1.5 M) BUCKET {BOBCAT}, 13 CWT (590 KG) 2,889.60 HR 36,102 102,161 30,648 141,422

12,957.02 36,665.53 30.00% 50,756.09
NLU 013113200880 Field Personnel, motor pools equipment operator 12.00 MO 155,484 439,986 131,996 609,073

(Note: Unit total represents two operators.)

0.00 926.79 1,282.96

Floodwall Demolition 199.00 CY 0 184,431 55,329 255,308

0.00 46.34 30.00% 64.14
HNC 024113302345 Minor site demolition, concrete, rod  reinforcing, to 6" thick, with hand held air equipment, sweep and remove, excludes hauling 3,039.00 SF 0 140,818 42,245 194,934

0.00 56.78 30.00% 78.60
RSM 312323201106 Cycle hauling(wait, load, travel, unload or dump & return) time per cycle, excavated or borrow, loose cubic yards, 15 min load/wait/unload, 12 C.Y. truck, cycle 10 miles, 50 MPH, excludes  
loading equipment

253.50 LCY 0 14,393 4,318 19,924

0.00 74.00 30.00% 102.44
RSM 024119200100 Selective demolition, dump charges, typical urban city, building construction materials, includes tipping fees only 394.88 TON 0 29,221 8,766 40,450

675.02 1,910.16 2,644.24

Floodwall Construction 647.00 LF 436,739 1,235,875 370,763 1,710,822

113.00 319.77 30.00% 442.65
RSM 033113350300 Structural concrete, ready mix, heavyweight, 4000 psi, includes local aggregate, sand, Portland cement (Type I) and water, delivered, excludes all additives and treatments 286.00 CY 32,318 91,453 27,436 126,598

16.64 47.10 30.00% 65.20
RSM 031113859260 C.I.P. concrete forms, walls, steel framed plywood, over 8' to 16' high, based on 50 uses of purchased forms, 4 uses of bracing lumber, includes erecting, bracing, stripping and cleaning 12,364.00 SFC 205,774 582,297 174,689 806,073

241.85 684.38 30.00% 947.39
GEN C55Z1960 CONCRETE PUMP, PUMP & BOOM, 117 CY/HR (89 M3/HR), 75' (23 M) BOOM, TRUCK MOUNTED 232.00 HR 56,109 158,776 47,633 219,794

0.47 1.32 30.00% 1.82
NLU 099113660900 Paints & Coatings, vertical surfaces, application only, form poured concrete wall, 1 coat, spray 12,364.00 SF 5,755 16,284 4,885 22,542

(Note: Material Cost last updated 1 Jan 2010.)

2.52 7.12 30.00% 9.85
RSM 040519260060 Masonry reinforcing bars, #5 and #6 reinforcing steel bars, placed vertically, ASTM A615 50,050.00 LB 125,897 356,261 106,878 493,172
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Description Quantity UOM CostToPrime ContractCost Contingency ProjectCost

435.00 1,230.95 30.00% 1,704.01
RSM 032116100100 Epoxy coating, for reinforcing steel, add to plain steel rebar pricing for epoxy-coated rebar 25.03 TON 10,886 30,805 9,241 42,643

Drainage Allowance 1.00 LS 73,920 209,177 62,753 289,564

1,540.00 4,357.86 30.00% 6,032.59
HTW 026219116514 Contaminated groundwater recovery, product recovery pump, controls, pneumatic, shallow depths (<=20'), monthly rental 48.00 MO 73,920 209,177 62,753 289,564

(Note: Assumes one recovery system per reconstruction area.)
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Job Office Overhead Direct Cost Report

AA Prime Contractor

801,490.96 157,942.53 161,728.51 98,677.70 1,273,767.69

02  AA OVERHEAD ITEMS 1.00 MO 801,491 157,943 161,729 98,678 53,928 1,273,768

0.00 13,411.84 0.00 0.00 13,411.84
USR AAST Small Tools 1.00 EA 0 13,412 0 0 0 13,412

801,490.96 144,530.69 161,728.51 98,677.70 1,260,355.86

02 0AA JOB OFFICE OVERHEAD 1.00 MO 801,491 144,531 161,729 98,678 53,928 1,260,356

224,906.64 17,167.40 0.00 1,000.00 243,074.04

02 0AA   A SUPERVISION AND MANAGEMENT 1.00 MO 224,907 17,167 0 1,000 0 243,074

(Note: Includes all top field management personnel, superintendents and non-working foremen, and their subsistence, travel, vehicles, supplies and miscellaneous. ***)

224,906.64 0.00 0.00 0.00 224,906.64

020AAAa Supervision Personnel 1.00 EA 224,907 0 0 0 0 224,907

12,228.28 0.00 0.00 0.00 12,228.28
HNC 013113200320 Carpenter superintendent 6.00 MO 73,370 0 0 0 0 73,370

12,479.09 0.00 0.00 0.00 12,479.09
HNC 013113200300 General superintendent 6.00 MO 74,875 0 0 0 0 74,875

12,777.06 0.00 0.00 0.00 12,777.06
FOP FA-PROJM Project Managers 6.00 MO 76,662 0 0 0 0 76,662

(Note: Used http://swz.salary.com/salarywizard/ and assumed median percentile of a Project Manager - Construction for Project Manager. Also assumed 30% of salary = full fringe  As of March 14, 2012)

0.00 17,167.40 0.00 0.00 17,167.40

020AAAb Management Vehicles 1.00 EA 0 17,167 0 0 0 17,167

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/C-Pickup    (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 8,289 0 0 0 8,289

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 8,878 0 0 0 8,878

0.00 0.00 0.00 1,000.00 1,000.00

020AAAc Management Subsistance and Travel 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 500.00 500.00
USR DS-2 Home Office Execs Travel to Job 2.00 EA 0 0 0 1,000 0 1,000

44,453.40 8,289.18 4,434.00 1,300.00 59,076.58

02 0AA   B ADMINISTRATION JOB OFFICE 1.00 MO 44,453 8,289 4,434 1,300 600 59,077

(Note: Includes the field office and all field administrating, accounting purchasing inventory, security, and personnel.  Also their subsistence and travel, offices, vehicles, supplies and miscellaneous items to run the field office are included here. See item {C}  
for warehouse and warehouse personnel. ***)

44,453.40 8,289.18 0.00 0.00 52,742.58

020AABa Field Office Administration Personnel 1.00 EA 44,453 8,289 0 0 0 52,743

7,408.90 0.00 0.00 0.00 7,408.90
HNC 013113200350 Field Personnel, contract administrator 6.00 MO 44,453 0 0 0 0 44,453

0.00 1,381.53 0.00 0.00 1,381.53
USR 015251111 Sedan/Pickup      (Monthly Cost) Assume 2/3-time Standby 6.00 MO 0 8,289 0 0 0 8,289

0.00 0.00 4,434.00 1,000.00 6,034.00

020AABb Field Office Building & Supplies 1.00 EA 0 0 4,434 1,000 600 6,034

0.00 0.00 0.00 0.00 100.00
USR FOF-1 Office Equipment & Furniture 6.00 MO 0 0 0 0 600 600

0.00 0.00 500.00 0.00 500.00
USR FOF-2 Office - Supplies Assume 5% of Office Labor costs. 6.00 MO 0 0 3,000 0 0 3,000
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0.00 0.00 239.00 0.00 239.00
RSM 015213200350 Office Trailer, furnished, rent per month, 32' x 8', excl. hookups 6.00 EA 0 0 1,434 0 0 1,434

0.00 0.00 0.00 100.00 100.00
USR MS-1 Mailing, Shipping Drawing and Submittal cost 10.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 300.00 300.00

020AABf Field Office Utility Installation 1.00 EA 0 0 0 300 0 300

0.00 0.00 0.00 100.00 100.00
USR INS-2 Install Electrical 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-3 Install Sewer 1.00 EA 0 0 0 100 0 100

0.00 0.00 0.00 100.00 100.00
USR INS-4 Install Water 1.00 EA 0 0 0 100 0 100

48,898.50 11,026.88 0.00 0.00 67,725.38

02 0AA   D ENGINEERING AND SURVEYING 1.00 MO 48,898 11,027 0 0 7,800 67,725

(Note: Includes all engineering, drafting, scheduling, surveying and change order personnel.  Also includes their subsistence and travel, vehicles, miscellaneous computer expenses, shop drawings, submittals and CPM-schedules, O&M manuals, and  
miscellaneous items. ***)

0.00 0.00 0.00 0.00 7,800.00

020AADb Scheduling & Change Order Personnel 1.00 EA 0 0 0 0 7,800 7,800

0.00 0.00 0.00 0.00 800.00
USR CPM-1 CPM Schedule Monthly Updates 6.00 MO 0 0 0 0 4,800 4,800

USR CPM-2 CPM Computer Schedule Develop 1.00 LS 0 0 0 0 3,000 3,000

48,898.50 11,026.88 0.00 0.00 59,925.38

020AADc Field Surveying 1.00 EA 48,898 11,027 0 0 0 59,925

8,149.75 0.00 0.00 0.00 8,149.75
FOP FC-SURYR Surveyors 6.00 MO 48,898 0 0 0 0 48,898

(Note: Assumed a Occupation Code of #99659 Survey Technician   As of March 29, 2012)

0.00 1,670.74 0.00 0.00 1,670.74
USR 015251115 4x2 Suburban      (Monthly Cost) Assume 2/3-time Standby 3.00 MO 0 5,012 0 0 0 5,012

0.00 1,002.44 0.00 0.00 1,002.44
USR 53 Survey Supplies & Equipment Cost Assume 10% of Labor cost. 6.00 MO 0 6,015 0 0 0 6,015

83,710.71 0.00 4,756.00 81,121.30 190,088.01

02 0AA   E QUALITY CONTROL AND TESTING 1.00 MO 83,711 0 4,756 81,121 20,500 190,088

(Note: Includes personnel, vehicles, equipment, and supplies to produce all QC reports, QC inspections, and all other contract quality requirements.  Also includes their subsistence and travel, vehicles, supplies and miscellaneous items. ***)

80,909.94 0.00 0.00 0.00 83,409.94

020AAEa Quality Control Management 1.00 EA 80,910 0 0 0 2,500 83,410

13,484.99 0.00 0.00 0.00 13,484.99
FOP FC-ENGQC Engineers, Quality Control 6.00 MO 80,910 0 0 0 0 80,910

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 100% allocation to job duration.)

0.00 0.00 0.00 0.00 1,500.00
USR PSL Prepare Submittal List 1.00 EA 0 0 0 0 1,500 1,500

0.00 0.00 0.00 0.00 1,000.00
USR PQC Prepare QC Plan 1.00 EA 0 0 0 0 1,000 1,000

2,800.77 0.00 4,320.00 0.00 22,720.77

020AAEd Off-Site Testing 1.00 EA 2,801 0 4,320 0 15,600 22,721

700.19 0.00 120.00 0.00 820.19
USR 013404112 Union Welder Cert., 2 Positions Cost range between $60 & $300 4.00 EA 2,801 0 480 0 0 3,281

(Note: because of welding requirements& number of positions.)
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0.00 0.00 50.00 0.00 50.00
USR OST-14 Weld Inspection - Visual, Steel outside lab testing fee 24.00 HR 0 0 1,200 0 0 1,200

0.00 0.00 550.00 0.00 550.00
USR OST-2 Asphaltic Concrete Mix Design, Hveem or Marshall Method - 3.00 EA 0 0 1,650 0 0 1,650

(Note: Aggr. Test NOT included, ASTMD1560, D1561 & D1559, Asphalticoutside lab testing fee)

0.00 0.00 10.00 0.00 10.00
USR OST-3 Compressive Strength, Cylinder 6x12, ASTM C39, Molds included, 18.00 EA 0 0 180 0 0 180

(Note: Concrete outside lab testing fee)

0.00 0.00 270.00 0.00 270.00
USR OST-5 Concrete Mix Design (Compressive Strength), Aggr Tests NOT 3.00 EA 0 0 810 0 0 810

(Note: included, Concrete outside labtesting fee)

USR OST-6 Concrete testing 10.00 LS 0 0 0 0 15,000 15,000

USR OST-7 Gradation Tests 2.00 LS 0 0 0 0 600 600

0.00 0.00 436.00 81,121.30 83,957.30

020AAEe Project Monitoring 1.00 EA 0 0 436 81,121 2,400 83,957

0.00 0.00 0.00 12.13 12.13
HTW 019413301111 Project Photo Documentation, photographs processing, color, 24 count, 3-1/2" x 5", includes film 10.00 EA 0 0 0 121 0 121

0.00 0.00 436.00 0.00 436.00
HTW 029110104211 Meteorological monitoring stations, purchase, 5 weather readings, 11" x 17" 1.00 EA 0 0 436 0 0 436

0.00 0.00 0.00 0.00 200.00
USR 01-Phot Photography Misc. Supplies 12.00 MO 0 0 0 0 2,400 2,400

0.00 0.00 0.00 450.00 450.00
RSM 014523505900 Vibration monitoring, seismograph and technician 180.00 DAY 0 0 0 81,000 0 81,000

373,439.94 80,104.91 134,548.51 1,059.40 609,180.76

02 0AA   F SAFETY, TRAFFIC CONTROL, FIRST AID, FIRE 1.00 MO 373,440 80,105 134,549 1,059 20,028 609,181

(Note: Safety, Traffic Control, First Aid, and Fire Prevention.      Includes all personnel, supplies and vehicles needed for safety, traffic control, first aid, safety training and fire prevention. Also includes their subsistence and travel, vehicles, supplies and  
miscellaneous items will be allocated to the job.  Assumes safety Engineer allocation at 50% of job duration.)

78,669.02 7,398.52 375.00 0.00 88,342.53

020AAFa Safety Management 1.00 EA 78,669 7,399 375 0 1,900 88,343

0.00 0.00 0.00 0.00 400.00
USR SM-1 Prepare Drug Free Plan 1.00 EA 0 0 0 0 400 400

0.00 0.00 0.00 0.00 1,000.00
USR SM-2 Prepare Hazard Analysis Plan 1.00 EA 0 0 0 0 1,000 1,000

0.00 0.00 0.00 0.00 500.00
USR SM-3 Prepare Safety Plan 1.00 EA 0 0 0 0 500 500

0.00 1,479.70 0.00 0.00 1,479.70
USR 015251112 4x2 3/4T Pickup   (Monthly Cost) Assume 2/3-time Standby 5.00 MO 0 7,399 0 0 0 7,399

75.28 0.00 75.00 0.00 150.28
USR SM-4 Safety Engineer's Supplies Assume 2% of Labor cost. 5.00 MO 376 0 375 0 0 751

13,048.77 0.00 0.00 0.00 13,048.77
FOP FD-SAENG Safety Engineers 6.00 MO 78,293 0 0 0 0 78,293

(Note: Assumed a Occupation Code of #29086 Engineer Technician III 30083  As of March 29, 2012)

0.00 0.00 1,339.20 0.00 1,339.20

020AAFb Field First Aid 1.00 EA 0 0 1,339 0 0 1,339

0.00 0.00 54.56 0.00 54.56
HTW 019413201503 First aid kits, 30 ingredients 4.00 EA 0 0 218 0 0 218
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0.00 0.00 280.24 0.00 280.24
HTW 019413201107 Eye and body wash stations, portable eye wash station, 6 gallon 4.00 EA 0 0 1,121 0 0 1,121

0.00 0.00 0.00 1,059.40 1,059.40

020AAFd Safety Training 1.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 0.00 52.97 52.97
HTW 019413206101 Personnel Training, off-site, refresher course, 8 hours, cost per student 20.00 EA 0 0 0 1,059 0 1,059

0.00 0.00 2,260.56 0.00 2,260.56

020AAFg Field Fire Protection 1.00 EA 0 0 2,261 0 0 2,261

0.00 0.00 282.57 0.00 282.57
HTW 019413201202 Fire extinguisher, CO2, 10 lb 8.00 EA 0 0 2,261 0 0 2,261

(Note: Assumes two per work area.)

020AAFi Traffic Control 1.00 LS 294,771 72,706 130,574 0 18,128 516,179

999.04 0.00 0.00 0.00 999.04
USR 015702112 Two Flagman Crew 100.00 DAY 99,904 0 0 0 0 99,904

62.44 0.00 52.00 0.00 114.44
HNC 101453200560 Signs, stock, reflectorized, UTMCD standard, warning sign, 24" x 24", with posts 80.00 EA 4,995 0 4,160 0 0 9,155

0.00 1.78 0.00 0.00 1.78
EP TC-6 Flashing Arrows, 25 Lamps, TRLR Solar Panels w/ Battery Charger 4,334.00 HR 0 7,699 0 0 0 7,699

(Note: Quantity reflects 6 months of 24 hour usage.  Based on 4.3 weeks in a month.)

0.00 5.03 0.00 0.00 5.03
EP TC-5 Lite Set, 4L/1000W, 6KW-GEN,TRLR 8,668.80 HR 0 43,615 0 0 0 43,615

0.00 0.00 70.00 0.00 70.00
USR TC-4 Median Warning Sign Reflective Sheeting w/ stand 16.00 EA 0 0 1,120 0 0 1,120

0.00 0.00 44.00 0.00 52.00
USR TC-1 Type 2 w/ Two Striped Boards 24"Long A-Frame, Traffic Barrier 16.00 EA 0 0 704 0 128 832

0.00 0.00 30.00 0.00 75.00
USR TC-2 Safety Barrels / Cones to 36" Tall Traffic Barriers 400.00 EA 0 0 12,000 0 18,000 30,000

(Note: assumes some will be replaced during the course of construction.)

RSM 344113101410 Control Plan Design 1.00 LS 18,578 2,169 20,400 0 0 41,147

(Note: Traffic Controls)

6.30 0.79 32.50 0.00 39.59
HNC 015623100200 Barricades, precast concrete barrier walls, stock units, buy, 10' sections 150.00 LF 945 119 4,875 0 0 5,939

37.06 0.00 5.00 0.00 42.06
RSM 015623100150 Barricades, wood, movable, 3 rail, 5' high, 3 rail @ 2" x 8", movable 16.00 LF 593 0 80 0 0 673

133.30 15.00 68.50 0.00 216.80
RSM 323236104500 Gabion retaining walls, stone filled gabions, stone delivered, galvanized, highway surcharge, 3' wide, 6' long, 3'-0" high, excludes excavation 1,273.50 LF 169,756 19,104 87,235 0 0 276,095

(Note: Assumed to be for flood protection / permanent lane shift during construction.)

0.00 0.00 990.00 10,197.00 11,187.00

02 0AA   G SANITATION FAC & TEMP BLDGS 1.00 MO 0 0 990 10,197 0 11,187

(Note: Includes sanitation facilities, misc. buildings, yards, and building costs not otherwise classified.  But it does not include all utilities costs. ***)

0.00 0.00 0.00 10,197.00 10,197.00

020AAGa Sanitation Facilities 1.00 EA 0 0 0 10,197 0 10,197

0.00 0.00 0.00 99.00 99.00
HNC 224213406000 Water closet, chemical portable toilet, per week, note: (40 hours) per 10 people, per OSHA 103.00 WK 0 0 0 10,197 0 10,197

(Note: Assumes one per work area.)

0.00 0.00 990.00 0.00 990.00
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020AAGb Temporary Buildings 1.00 EA 0 0 990 0 0 990

0.00 0.00 82.50 0.00 82.50
RSM 015213201250 Storage Boxes, rent per month, 20' x 8' 12.00 EA 0 0 990 0 0 990

(Note: Assumes rental of two storage box.)

22,819.03 27,942.32 0.00 0.00 50,761.35

02 0AA   H GENERAL EQUIPMENT EXPENSES 1.00 MO 22,819 27,942 0 0 0 50,761

(Note: Includes equipment not required by specific work items.  Also includes testing and rental of equipment when not charged to a specific bid item or items of work.  Inspection fees and permits are included in mob and demob items. *****)

0.00 0.00 0.00 0.00 0.00

020AAHa Hook Services 1.00 EA 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00
GEN C80Z2240 CRANE, HYDRAULIC, TRUCK MOUNTED, 14 TON (12.7 MT), 80' (24.4 M) BOOM, 6X4 0.00 HR 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00

020AAHb Crane Testing 1.00 EA 0 0 0 0 0 0

0.00 0.00 0.00 0.00 0.00
USR 015252122 Crane Testing - 26 to  50 tons Allow two hours per test. 0.00 EA 0 0 0 0 0 0

22,819.03 27,942.32 0.00 0.00 50,761.35

020AAHc Misc. Vehicles & Equipment 1.00 EA 22,819 27,942 0 0 0 50,761

2,535.45 3,104.70 0.00 0.00 5,640.15
USR 015251123 Water Truck w/1/4 Oper,3,000 Gal Assumed 3/4-time Standby 9.00 MO 22,819 27,942 0 0 0 50,761

3,262.74 0.00 17,000.00 4,000.00 29,262.74

02 0AA   I PROJECT UTILITIES SITE & CLEANUP 1.00 MO 3,263 0 17,000 4,000 5,000 29,263

(Note: Includes all project costs not otherwise classified. ***)

3,262.74 0.00 0.00 0.00 3,262.74

020AAIa Site Cleanup 1.00 EA 3,263 0 0 0 0 3,263

81.57 0.00 0.00 0.00 81.57
USR 83 Final Site Cleanup 40.00 HR 3,263 0 0 0 0 3,263

020AAIb Misc Project Expenses 1.00 LS 0 0 17,000 0 5,000 22,000

USR MPE-2 Protect Existing Property 5.00 LS 0 0 0 0 5,000 5,000

0.00 0.00 34.00 0.00 34.00
RSM 015813500020 Project Signs, sign, high intensity reflectorized, buy, excl. posts 500.00 SF 0 0 17,000 0 0 17,000

0.00 0.00 0.00 4,000.00 4,000.00

020AAIc Site Utility Usage Fees 1.00 EA 0 0 0 4,000 0 4,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-1 Site UtilityUsageTelephone 1.00 EA 0 0 0 1,000 0 1,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-2 Site Utility Usage Electrical 2.00 EA 0 0 0 2,000 0 2,000

0.00 0.00 0.00 1,000.00 1,000.00
USR SUF-4 Site Utility Usage Water 1.00 EA 0 0 0 1,000 0 1,000
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Purpose and Need Statement
I-376 Parkway Central Bathtub Flooding Study
Allegheny County, Pennsylvania
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Purpose and Need Statement
I-376 Parkway Central Bathtub Flooding Study
E03024 Work Order 6 

INTRODUCTION:
The bathtub section of Interstate 376 is a 
2,500-foot long portion of the interstate 
that lies between the Monongahela River 
and downtown Pittsburgh.  This segment of 
three-lane highway (two through lanes and 
one auxiliary exit lane) is roughly 5 feet 
higher than the normal river stage of 16 feet 
and is currently protected by a variable 
height floodwall with a minimum height of 
approximately 4 feet.  The “Parkway Central 
Bathtub” floods and is closed to traffic 
during flood events with river stages greater 
than 25 feet.

PURPOSE:
The purpose of this project is to maintain the movement of traffic, including freight vehicles, and emergency service 
providers along the Parkway Central during significant Monongahela River flood events and to improve response time to 
Parkway Central flood events. 

NEED 1: Reduce Frequency of or Eliminate Flooding

The primary need of the I-376, Section A69 Parkway Central “Bathtub” Flooding project is to significantly reduce or 
eliminate the frequency of Monongahela River flooding of the Parkway Central, thereby eliminating as much as practical 
the potential closure of the highway and the detouring of traffic through the City during river flooding that exceeds the 
current flood wall height (river stage in excess of 25 feet). 

 The existing floodwall was built in 1985 and can prevent flooding of the Parkway Central up to a 25-foot river stage.  
District 11-0 closes the Parkway Central when floodwaters are within 12 inches of the top of the floodwall (24-foot 
river stage);

 The height of the current floodwall is limited by the hydrostatic uplift pressure on the Parkway Central concrete 
roadway slabs;

 The Parkway Central has been closed due to high waters sixteen times since the floodwall was built in 1985; four 
times since 2018 (See historic flooding data in Appendix A);

 The flooding of the 2500 ft stretch of the “Parkway Central Bathtub” requires detouring of I-376 eastbound traffic 
3.3 miles and I-376 westbound traffic 0.8 miles through the downtown streets of Pittsburgh due to low points 
located along the route. (See Bathtub Closure Procedures in Appendix B). 



NEED 2: Improve Inadequate Maintenance Response Time

The secondary need of this project is to improve the response time needed to close the Parkway Central, establish the 
detour, pump out the flood water and clean-up debris from the roadway, and reopen to traffic following a flood event 
that exceeds the flood wall height.  

 The closure and detour of the Parkway Central are currently accomplished via Fort Pitt Tunnel and Allegheny 
County maintenance crews and the City of Pittsburgh Police. This is inefficient, expensive, and ties up resources 
from responding to other emergencies (See Bathtub Closure Procedures in Appendix B);

 After flooding of the Parkway Central occurs, it takes about 12 hours to pump out the water and cleanup the flood 
debris using the two 4-inch permanent pumps supplemented by two 8-inch pumps that are supplied by a 
Contractor that is on standby.  The cost of cleanup is approximately $100K;

 During the Parkway Central closures, sawhorse and barrel type barriers are used due to their portability. However, 
these barrier types do not always prevent motorists from trying to drive through the flooded portion of the 
Parkway Central which is a safety hazard. Two motorists had to be rescued from their vehicles after the January 13, 
2018 flood event;

 Detouring traffic within the City of Pittsburgh causes substantial additional delays/congestion and increased 
emergency service provider response times and safety concerns;

 The cleanup operations to remove mud and debris result in additional wear and tear on the Parkway Central 
pavement.  



E03024 WO6 - I-376 Parkway Central Bathtub Flood Study

Purpose and Need - Historical Flood Data

All flood 

events

Flood events 

resulting in 

closure

1 46.00 ft on 03/18/1936

2 38.50 ft on 03/15/1907
Greyed out data represents flooding that occurred prior to lock and dam 

installation and/or subsequent flood wall construction in 1985

3 36.60 ft on 12/31/1942
Per D11-0 Closure Procedures, Parkway is closed when water level is within 

12" of the top of the floodwall (= 24 foot river stage) 

4 35.82 ft on 06/24/1972 Data obtained from:

5 35.40 ft on 03/01/1902 https://water.weather.gov/ahps2/crests.php?wfo=pbz&gage=pttp1&crest_type=historic

6 35.10 ft on 04/27/1937

7 1 34.60 ft on 01/20/1996

8 34.50 ft on 01/26/1937

9 34.30 ft on 01/09/1913

10 33.40 ft on 03/07/1945

11 32.90 ft on 01/23/1937

12 32.40 ft on 10/16/1954

13 31.60 ft on 03/11/1964

14 2 31.00 ft on 09/18/2004

15 30.60 ft on 03/26/1936

16 29.80 ft on 04/15/1948

17 29.70 ft on 01/28/1952

18 29.23 ft on 01/22/1959

19 29.20 ft on 02/28/1936

20 28.60 ft on 02/14/1966

21 3 28.43 ft on 01/06/2005

22 27.60 ft on 03/06/1964

23 4 27.49 ft on 02/17/2018

24 5 27.20 ft on 12/31/1990

25 6 27.08 ft on 09/11/2018

26 26.70 ft on 03/20/1963

27 7 26.65 ft on 03/12/2011

28 8 26.19 ft on 11/06/1985

29 9 25.80 ft on 01/26/2010

30 25.80 ft on 03/13/1936

31 25.71 ft on 03/06/1979

32 10 25.69 ft on 11/20/2003

33 11 25.64 ft on 01/09/1998

34 25.60 ft on 04/03/1970

35 12 25.31 ft on 01/13/2018

36 13 25.25 ft on 12/02/2010

37 25.00 ft on 03/07/1967

38 14 24.93 ft on 02/06/1986

39 15 24.70 ft on 12/19/1990

40 16 24.43 ft on 02/09/2019

41 24.42 ft on 02/21/1981

42 24.27 ft on 02/26/1979 Assume events below this line did not result in closure.

(43) 23.93 ft on 03/16/2007

(44) 23.73 ft on 11/29/1985

(45) 23.70 ft on 02/20/2000

(46) 23.59 ft on 02/15/1984

(47) 23.40 ft on 02/17/1976

(48) 23.30 ft on 03/06/1963

Flood Events                              

(River Stage and Date)



 

 

 
 

PennDOT Allegheny County 
 
 

 
 
 

 

10th Street Bypass  
 

Bathtub/Interstate Connector 
 

Emergency Closure Procedure 
 
 
 
 
 

Updated: 3/11/2019 
 
 
 
 
 
 
 
 
 
 
 

 



 

Bathtub/Interstate Connector Flooding Plan 
 
Hydrograph Report from the National Weather Service: 
https://water.weather.gov/ahps2/hydrograph.php?gage=pttp1&wfo=pbz 
 
Bathtub (I-376 WB) – Interstate Connector (I-279 SB to I-376 EB) 

• Bathtub and Interstate Connector flood when river water levels reach 25.0’ 
 

• Once 10th Street Bypass is closed, alert should be raised to potential Bathtub flooding 
o If Incident Command Center (ICC) is operating, the Incident Commander will take place of 

Assistant in scenario described below. 
 

• 18.0’ River Level: Sluice gates to be closed by Tunnel personnel 
o If problems occur with sluice gate pumps, Electrical Maintenance Contract should be contacted 

(Primary: ACM-Bill Lester, 412-861-6268 – Backup: IIC-Nick Warner, 412-292-9343) 
 

• 22.0’ River Level and Rising:  
o County Manager to assign an individual to be stationed in the Mon Wharf Parking/Bathtub area 

to frequently monitor and report water levels on backside of barrier separating Bathtub and Mon 
Wharf Parking area 

o TMC to contact County Manager to inform of river level 
 

• 23.0’ River Level:  
o Emergency Management Coordinator to contact Press Officer informing of potential closure 
o Assistant to ensure Sign Crew is prepared to close Bathtub and Interstate Connector 
o Crash trucks to begin to accessing staging locations 
o Detour routes are attached 
o Assistant/ Incident Commander (IC) to contact State Police to be on-scene for initial closure 

 State Police: 412-787-2000 
o Assistant/IC to contact City of Pittsburgh Police to be informed of potential Bathtub closure. If 

Bathtub is closed, Pittsburgh Police must be stationed on Ft. Pitt Boulevard to facilitate flow of 
traffic.  ADE-Maintenance must be contacted in event Pittsburgh Police are not responsive. 
 City of Pittsburgh Police – Commander Trapp: 412-475-5339 
 City of Pittsburgh – Wendell Hissrich: 412-738-1192 

 
• River Level 12” below top of Mon Wharf wall and Rising:  

o County Manager makes call to close I-376 WB immediately 
o Incident Command Center (ICC) should stand-up 
o County Manager/Assistant to contact TMC and Press Office to notify of closure 
 

• Seven access areas need closed (in order of priority). Closure plans are attached.  
o I-376 WB before Grant Street off-ramp 
o Ramp from Grant Street to I-376 WB – ***Tunnels to initially close with cones 
o Ramp from 5th Ave/Boulevard of the Allies to I-376 WB near Oakland 
o I-279 SB to I-376 EB on Portal Bridge – ***Tunnels to initially close with crash truck and cones 
o Access from Point State Park to I-376 EB 

 Assistant/IC to contact Point State Park to notify of closure (Jake Weiland, Park 
Manager, 412-560-5123) 

o Ramp from Stanwix Street to I-376 EB – ***Tunnels to initially close with cones 
o Ramp from Market Street to I-376 EB – ***Tunnels to initially close with cones 
o Ramp from Wood Street to I-376 EB – ***Tunnels to initially close with cones 

https://water.weather.gov/ahps2/hydrograph.php?gage=pttp1&wfo=pbz


 

 
• Tunnels crash trucks to be used during I-376 initial WB closure, if necessary.  County Manager to 

contact Tunnel Manager (Ben DeVore, 412-292-8874) if needed. 
 

• Once Bathtub is closed, pumping cannot occur until water recedes back behind barrier 
 

• Once Bathtub is flooded, Incident Commander should contact Electrical Maintenance Contract to turn 
off sluice gate pumps (Primary: ACM-Bill Lester, 412-861-6268 – Backup: IIC-Nick Warner, 412-292-
9343) 

 
• Tow-behind pumps from Rental Equipment ITQ should be used to remove water from Bathtub. Sluice 

gate pumps should not be used to remove water from Bathtub. 
 

• County Manager/Assistant to contact contractors for pump availability to remove waters, if necessary 
 

• Flooding relief pipe, located on top of barrier near Stanwix Street on ramp, should be utilized and 
connected to pump 

 
• County Manager/Assistant to ensure equipment necessary for cleanup is available and positioned at the 

North Shore stockpile 
 

o Types and quantities of equipment may change based upon cleanup needs, but ensure the 
following equipment is available for cleanup efforts: 
 (2) Brooms 
 (2-4) Tankers/Flushers 
 (1) Vac Truck 
 (1) Rubber Blade Grader 
 (2) Loaders 

 
• 24’ River Level and Decreasing: 

o If all flood debris is removed from the roadway, Incident Commander and County Manager 
should make call to open Bathtub and Interstate Connector 

o County Manager/IC should contact TMC 
o ICC should stand-down 



 
 
 
 
 
 
 

Bathtub/Interstate Connector 
 
 
 

Traffic Control Plan 
Emergency Closure Plan 
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2 MILES

ROAD

CLOSED

RIGHT

TWO LANES

CLOSED

RIGHT

TWO LANES

CLOSED

•MILE 1 MILE

OF EMERGENCY PULL-OFF

PLACE SIGN AT BEGINNING

"PITTSBURGH EXITS" SIGN

PLACE SIGN AT

PAST "EXIT 72B" SIGN

PLACE SIGN AT JUST

PAST "EXIT 73A"

PLACE SIGN AT JUST

48"X48"

W4-2R

48"X48"

W20-5AR

30"X10"

W30-1-4

48"X48"

W20-5AR

30"X10"

W30-1-5

48"X48"

W20-3

30"X10"

W30-1-5 (MOD)

DO NOT MIX AND MATCH.

DISTANCES OR ALL AHEAD.  

PLAQUES. EITHER SHOW ALL 

WITH "AHEAD" (W30-1-6 \ 30X10) 

DISTANCE PLAQUES MAY BE SUBSTITUED 

NOTE:

1,640'

MERGE TAPER1,000'
 TO

2,640'

5,280'

2ND AVE EXIT

BATES ST EXIT AND

I-376 WB  BETWEENPOST MOUNTED SIGN

TYPE III BARRICADE

LEGEND

CHANNELIZER

TYPE B FLASHING LIGHT
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From: Rampulla, Brian <brrampulla@pa.gov> 

Sent: Monday, December 30, 2019 9:29 AM 

To: Rodgers, Steve 

Cc: Ruzzi, Louis 

Subject: FW: [External] RE: (11-0) - P&N - I-376 (A69) 

 

Steve, 

 

See below for FHWAs one comment.  I don’t believe you need to resubmit since she was going to pull 

from your supplied document. 

 

Thanks, 

Brian 

 

Brian P. Rampulla, PE | Bridge Inspection Squad Leader 
Phone: 412.429.4911 
www.dot.state.pa.us | brrampulla@pa.gov  

 

From: Young, Mark  

Sent: Monday, December 30, 2019 6:46 AM 

To: Rampulla, Brian <brrampulla@pa.gov> 

Cc: Ruzzi, Louis <LRUZZI@pa.gov>; DeFazio, Victor <VDEFAZIO@pa.gov>; Crouch, Todd 

<tcrouch@pa.gov>; Krobot, Nicholas <nikrobot@pa.gov> 

Subject: FW: [External] RE: (11-0) - P&N - I-376 (A69) 

 

Brian – the subject document has been approved with one comment relating to an 

attachment.  Please pass onto the consultant.  As we have discussed, alternatives moving forward 

must meet the P&N along with other engineering and environmental considerations deemed 

relevant.  Let me know if you have any questions – thanks.   

 
Mark J. Young | District Environmental Planning Manager 

PA Department of Transportation | Engineering District 11-0 

45 Thoms Run Road | Bridgeville, PA 15017 

Phone: 412.429.4858 | Mobile: 412.861.6271 

penndot.gov 

 

 

 

 

 

From: Otto, Camille (FHWA) <camille.otto@dot.gov>  

Sent: Thursday, December 26, 2019 8:12 AM 

To: Bucher, Jeffrey <JEBUCHER@pa.gov> 

Cc: Mento, Tony (FHWA) <tony.mento@dot.gov>; Young, Mark <MARKYOUNG@pa.gov> 

Subject: [External] RE: (11-0) - P&N - I-376 (A69) 

 



ATTENTION: This email message is from an external sender. Do not open links or attachments from 

unknown sources. To report suspicious email, forward the message as an attachment to 

CWOPA_SPAM@pa.gov. 

Jeff – I concur with the P&N as prepared.  I would suggest in the future that you ask that consultant not 

to include their QA/QC page in the final document.  I feel that is for their benefit, but shouldn’t be part 

of the final document.  I am going to remove that page from my file. 

 

Thanks! 

Cam 

 

Camille A. Otto 
FHWA PA Division Office 

Acting Director of Technical Services 

717-221-2238 

 

From: Bucher, Jeffrey [mailto:JEBUCHER@pa.gov]  

Sent: Tuesday, December 10, 2019 2:25 PM 

To: Otto, Camille (FHWA) <camille.otto@dot.gov> 

Cc: Mento, Tony (FHWA) <tony.mento@dot.gov>; Young, Mark <MARKYOUNG@pa.gov> 

Subject: (11-0) - P&N - I-376 (A69) 

 

Cam, 

 

Attached is the Purpose & Need Statement for the Parkway Central “Bathtub” project.  

 

I previously reviewed it and provided comments, which have been addressed in the attached version. 

 

Please review it and provide us with any comments you may have. 

 

Once you’re good with it, we will request P&N concurrence. 

 

Thanks, 
Jeff Bucher, P.E.  

Project Development Engineer & Roundabout Coordinator 

PA Department of Transportation | Bureau of Project Delivery 

Highway Delivery Division | Highway Design and Technology Section 

400 North Street, 7th Floor | Harrisburg, PA 17120  

Phone: 717.783.4586 | Fax: 717.705.2379 

www.state.pa.us 
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Appendix I:
Existing Plans 

(Key sheets redlined with photos)
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Appendix J:
Existing Utility and ROW Plan
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ALTERNATIVE ANALYSIS REPORT
I-376 Bathtub (Parkway Central)
Pittsburgh, PA

Appendix K:
Existing Plans: 

LR 764 (1982) and SR 279-A33 (2001) Full 
Sets
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