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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 [-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 1-376
traffic, little room for Contractor staging, and reliance on existing foundation slabs and
reinforcement constructed in the mid-1980s.

F2. Construct a Tunnel over 1-376: This alternative considers a watertight rigid frame structure
constructed over [-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 [-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:

Ul. 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)

US. 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 1-376, 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 1-376
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 1-376 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 1-376, 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 — 1-376 Bathtub — Parkway Central
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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 [-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 [-376 WB traffic from the Mon-Wharf parking and ramp
entrance and [-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 [-376 Ramp D and will not need to be altered to reduce future flooding.

~ 10~
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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.

~12 ~
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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.

~ 14 ~
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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).

~16 ~
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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 1-376 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 [-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 1-376
Westbound and continue the length of the area studied. These conduits are part of the ITS and
lighting systems for 1-376 and Fort Pitt Blvd and as such connect to multiple luminaires and
overhead sign structures along the roadway. On the south side of 1-376 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.

~ 19~
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All of the various overpasses which cross the 1-376 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.

~ 20~
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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 [-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.

~21~
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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 1-376 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.

~22 ~
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4.0 Alternatives Evaluation

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

1. Increase the height of the current floodwall.
2. Construct a tunnel over [-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 (NAVDSS, 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 1-376 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 [-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 [-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 L.

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 [-376 Westbound, impacts to traffic was a key
consideration for each alternative.

This alternative requires work adjacent to the left lane of [-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 1-376 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 [-376 and the Mon Whart 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 [-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

~37~



ALTERNATIVE ANALYSIS REPORT
1-376 Bathtub (Parkway Central)
Pittsburgh, PA

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 1-376 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 1-376. 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
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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

~ 39~



ALTERNATIVE ANALYSIS REPORT
1-376 Bathtub (Parkway Central)
Pittsburgh, PA

4.2 Alternative F2 — Construct a tunnel-like structure over 1-376

The second alternative studied to prevent future flooding of the parkway was the construction of a
tunnel structure over [-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 %7

16°-9 '

14)_5”

14’_579
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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 [-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 [-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
. Major impact to traffic during construction
. Little room for Contractor staging
. More complicated construction materials and methods
. Greatest impact to utilities
. Greatest future maintenance
. Pump system and parkway closure still required if tunnel is flooded

o0 3 N L A W DN

. 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 1-376 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 [-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 1-376 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 1-376 Eastbound with the wall tying into the
existing [-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 [-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 I1-376
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).

[-376 WB before Grant Street off-ramp
Ramp from Grant Street to [-376 WB
1-279 SB to I-376 EB on Portal Bridge
Access from Point State Park to 1-376 EB
Ramp from Stanwix Street to [-376 EB
Ramp from Market Street to [-376 EB
Ramp from Wood Street to 1-376 EB

Nowunhk W=
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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 Eég’.t;:]/g Ac(i:ci(i:’q?\r;al
I-376 WB before Grant Street off-ramp YES NO
Ramp from Grant Street to 1-376 WB YES Possible
[-279 SB to 1-376 EB on Portal Bridge YES Possible
Access from Point State Park to |-376 EB NO YES
Ramp from Stanwix Street to I1-376 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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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:

. DMS 213 - I-279SB, Hazlett ST [Overhead Full matrix DMS]

. DMS 209 - RT65SB — RT65/McKees Rocks Bridge [Center mount DMS]
. DMS Insert — [-376 WB — County Jail [Grant St Exit Sign DMS Insert]

. DMS Insert — [-376 WB — 2nd Ave [Grant St 3/8th Mile Sign DMS Insert]
. DMS 50 — I-376 WB, Bates St [Overhead Full matrix DMS]

. DMS 60 — 1376 WB — Saline St [Overhead Full matrix DMS]

. DMS 70 — 1376 WB — Edgewood [Overhead Full matrix DMS]

. DMS 80 — 1376 WB — Greensburg Pike [Overhead Full matrix DMS]

. DMS 90 — 1376 WB — Penn Hills [Overhead Full matrix DMS]

O 00 1 N DN B~ WK —

PROPOSED:

1. Three new replacement DMS signs near Heinz field

2. Overhead DMS sign on Ft Duquesne Bridge on existing sign support for [-279 SB
3. Full Truss or Centermount DMS on [376WB 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 [-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 [-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.
e The DMS messages should be displayed along [-376 West approaching the closure and, if
possible, at the Pennsylvania Turnpike Interchange with [-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 [-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 Edn Tll:mtiik T/Wall Elev. | Stem Height | Uplift | T/Wall Elev. | Stem Height | Uplift
Panel ™ o) NGVD 29 (FT) Fs. | NAvVD S8 (FT) (1) F.S.
B 13,12 4 720.00 5.2 1.40 724.5 10.2 0.94
B 1(1'0151' 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 4.4 141 724.5 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.Sof 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 (¢) 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 [-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 [-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 1-376 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 [-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
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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.

~ 64 ~



ALTERNATIVE ANALYSIS REPORT
1-376 Bathtub (Parkway Central)
Pittsburgh, PA

Appendix A:
Hydrologic and Hydraulic Memorandum
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I-376 BATHTUB ALTERNATIVES ANALYSIS
ALLEGHENY COUNTY | PENNDOT DISTRICT 11-0

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 [-376 Bathtub. The
existing condition on [-376 includes a depressed section where the highway passes through downtown
Pittsburgh near Point State Park, immediately adjacent to the Monongahela River. The 1-376 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 1-376 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.

o B S

City of Pittsburgh

Project Location

e

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 1-376
Bathtub.



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 [-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 [-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 Pittsburgh! 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 [-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), [-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 1-376
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 [-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 1-376
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
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Table A-1: Flooding Events on I-376 Bathtub between 1985-2019

Date River Stage! WSE?2 Discharge3 Approxim..ate

(feet) (NAVD 88, feet) (cfs) Return Period*
02/09/2019 24.4 7189 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 239 718.4 41,600 1-year
01/06/2005 28.4 7229 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

L River Stage according to Ohio River NOAA Gage at Pittsburgh

Z Approximate water surface elevations at the 1-376 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

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 1-376 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 1-376
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 1-376 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 [-376 Bathtub is closed when water surface elevations on Monongahela River are
1-foot below the top elevation of the floodwall.

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

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.



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 1-376 Bathtub to prevent floods
from inundating the highway. The tunnel is proposed between the existing floodwall and Fort Pitt
Boulevard Westbound to encapsulate the [-376 Westbound roadway and the [-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.

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 1-376 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



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 website?, is 7,380 square miles. A drainage area map is provided
in Appendix A-4.

Act167

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 Il 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
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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 1-376 Bathtub

Hydrologic Peak Flows (cfs)
Method
1-year 2-year 5-year 10-year 25-year 50-year 100-year
FEMA - - - 168,500 212,000 231,000
Bulletin 178 39,690 | 101,800 | 136,800 | 159,400 | 187,200 207,500 227,600
USGS 03085000 ’ ’ ’ ’ ’ ’ ’
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 [-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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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 [-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.
0 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.
0 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.
0 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.
0 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 Downstrearr_l 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




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
Cross Section (feet EVAS\}IED 88) Cross Section (feet ‘IGVE‘ED 88) (feet)
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 1-376 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 [-376 Bathtub area as ineffective is applicable as the velocities in the [-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

11
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Figure A-4: SRH-2D 2-year Velocities and Velocity Vectors at the I-376 Bathtub

PROPOSED HYDRAULIC RESULTS

Several proposed alternatives have been developed to alleviate flooding on [-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 [-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

Top of Floodwall Elevation (feet)3
Date LR Existing Proposed
(NAVDS8S, feet)

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

11-376 Closure is determined when the Monongahela River gage is 1-foot below top of floodwall
Z Approximate water surface elevations at the [-376 Bathtub
3Top of Floodwall is the river stage at the top of floodwall

Four additional alternatives were modeled in HEC-RAS to alleviate flooding on 1-376 Bathtub using an
elevated trail adjacent to the Monongahela River. Note this alternative is not limited in height by the
elevated sections of [-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 [-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 [-376 Bathtub. The top elevation of the tunnel generally
matches the elevation of the top of the retaining wall between [-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 1-376 (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 [-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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PROJECT PHOTOGRAPHS

By: MJK Date: 1/16/2020 Sheet No.: lof5
Project Name: |-376 Bathtub Project No.: 19036.06
Photo #1

Mon Wharf Parking

Note: Mon Wharf Parking
area beneath |-376
between the Smithfield
Street Bridge and the Fort
Pitt Bridge.

Photo #2
Right Overbank Tralil

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.: 20f5
Project Name: |-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.




PROJECT PHOTOGRAPHS

By: MJK Date: 1/16/2020 Sheet No.: 3of5
Project Name: |-376 Bathtub Project No.: 19036.06
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.




PROJECT PHOTOGRAPHS

By: MJK Date: 1/16/2020 Sheet No.: 4 of 5
Project Name: |-376 Bathtub Project No.: 19036.06
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.




PROJECT PHOTOGRAPHS

By: MJK Date: 1/16/2020 Sheet No.: 50f5
Project Name: |-376 Bathtub Project No.: 19036.06
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 |-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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FLOOD #
INSU RANCE
STUDY

VOLUME 1 OF 6

ALLEGHENY COUNTY,

PENNSYLVANIA
(ALL JURISDICTIONS)

COMMUNITY COMMUNITY COMMUNITY COMMUNITY COMMUNITY COMMUNITY COMMUNITY COMMUNITY
NAME NUMBER NAME NUMBER NAME NUMBER NAME NUMBER

ALEPPO, TOWNSHIP OF 421266 *EAST McKEESPORT, BOROUGH OF 420029 LINCOLN, BOROUGH OF 420049 ROSSLYN FARMS, BOROUGH OF 420069
ASPINWALL, BOROUGH OF 420005 EAST PITTSBURGH, BOROUGH OF 422662 MARSHALL, TOWNSHIP OF 421080 SCOTT, TOWNSHIP OF 421100
AVALON, BOROUGH OF 420006 *EDGEWOOD, BOROUGH OF 422663 MCCANDLESS, TOWN OF 421081 SEWICKLEY, BOROUGH OF 420070
BALDWIN, BOROUGH OF 420007 EDGEWORTH, BOROUGH OF 420032 MCDONALD, BOROUGH OF 420855 SEWICKLEY HEIGHTS, BOROUGH OF 420071
BALDWIN, TOWNSHIP OF 422650 ELIZABETH, BOROUGH OF 421263 MCKEESPORT, CITY OF 420051 SEWICKLEY HILLS, BOROUGH OF 420072
BELL ACRES, BOROUGH OF 420008 ELIZABETH, TOWNSHIP OF 420033 MCKEES ROCKS, BOROUGH OF 420052 SHALER, TOWNSHIP OF 421101
BELLEVUE, BOROUGH OF 420009 EMSWORTH, BOROUGH OF 420034 MILLVALE, BOROUGH OF 420053 SHARPSBURG, BOROUGH OF 420073
BEN AVON, BOROUGH OF 420010 ETNA, BOROUGH OF 421062 MONROEVILLE, MUNICIPALITY OF 420054 SOUTH FAYETTE, TOWNSHIP OF 421106
*BEN AVON HEIGHTS, BOROUGH OF 420011 FAWN, TOWNSHIP OF 421285 MOON, TOWNSHIP OF 421082 SOUTH PARK, TOWNSHIP OF 421165
BETHEL PARK, MUNICIPALITY OF 420012 FINDLAY, TOWNSHIP OF 421286 *MOUNT OLIVER, BOROUGH OF 420055 SOUTH VERSAILLES, TOWNSHIP OF = 421281
BLAWNOX, BOROUGH OF 420013 *FOREST HILLS, BOROUGH OF 420035 MT. LEBANON, MUNICIPALITY OF 421272 SPRINGDALE, BOROUGH OF 421282
BRACKENRIDGE, BOROUGH OF 420014 FORWARD, TOWNSHIP OF 421064 MUNHALL, BOROUGH OF 420056 SPRINGDALE, TOWNSHIP OF 420074
BRADDOCK, BOROUGH OF 420015 FOX CHAPEL, BOROUGH OF 420036 NEVILLE, TOWNSHIP OF 425385 STOWE, TOWNSHIP OF 421110
*BRADDOCK HILLS, BOROUGH OF 420016 FRANKLIN PARK, BOROUGH OF 420037 NORTH BRADDOCK, BOROUGH OF 420058 SWISSVALE, BOROUGH OF 420075
BRADFORD WOODS, BOROUGH OF 421262 FRAZER, TOWNSHIP OF 421288 NORTH FAYETTE, TOWNSHIP OF 421085 TARENTUM, BOROUGH OF 420076
BRENTWOOD, BOROUGH OF 420017 GLASSPORT, BOROUGH OF 420038 NORTH VERSAILLES, TOWNSHIP OF 421231 THORNBURG, BOROUGH OF 420077
BRIDGEVILLE, BOROUGH OF 420018 GLEN OSBORNE, BOROUGH OF 420061 OAKDALE, BOROUGH OF 420059 TRAFFORD, BOROUGH OF 420903
CARNEGIE, BOROUGH OF 420019 GLENFIELD, BOROUGH OF 420039 OAKMONT, BOROUGH OF 420060 TURTLE CREEK, BOROUGH OF 420079
CASTLE SHANNON, BOROUGH OF 420020 GREEN TREE, BOROUGH OF 420040 O'HARA, TOWNSHIP OF 421088 UPPER ST. CLAIR, TOWNSHIP OF 421119
*CHALFANT, BOROUGH OF 420021 HAMPTON, TOWNSHIP OF 420978 OHIO, TOWNSHIP OF 421089 VERONA, BOROUGH OF 422611
CHESWICK, BOROUGH OF 420022 HARMAR, TOWNSHIP OF 421068 PENN HILLS, MUNICIPALITY OF 421092 VERSAILLES, BOROUGH OF 420081
CHURCHILL, BOROUGH OF 420023 HARRISON, TOWNSHIP OF 420041 *PENNSBURY VILLAGE, BOROUGH OF 422665 WALL, BOROUGH OF 420082
CLAIRTON, CITY OF 420024 HAYSVILLE, BOROUGH OF 420042 PINE, TOWNSHIP OF 421094 WEST DEER, TOWNSHIP OF 421299
COLLIER, TOWNSHIP OF 421058 HEIDELBURG, BOROUGH OF 420043 PITCAIRN, BOROUGH OF 420062 WEST ELIZABETH, BOROUGH OF 420083
CORAOPOLIS, BOROUGH OF 420025 HOMESTEAD, BOROUGH OF 420044 PITTSBURGH, CITY OF 420063 WEST HOMESTEAD, BOROUGH OF 420084
CRAFTON, BOROUGH OF 420026 INDIANA, TOWNSHIP OF 421070 PLEASANT HILLS, BOROUGH OF 420064 WEST MIFFLIN, BOROUGH OF 420085
CRESCENT, TOWNSHIP OF 421060 *INGRAM, BOROUGH OF 420045 PLUM, BOROUGH OF 420065 *WEST VIEW, BOROUGH OF 420086
*DORMONT, BOROUGH OF 422630 JEFFERSON HILLS, BOROUGH OF 420046 PORT VUE, BOROUGH OF 420066 WHITEHALL, BOROUGH OF 420088
DRAVOSBURG, BOROUGH OF 420027 KENNEDY, TOWNSHIP OF 421072 RANKIN, BOROUGH OF 420067 WHITAKER, BOROUGH OF 420087
DUQUESNE, CITY OF 420028 KILBUCK, TOWNSHIP OF 421073 RESERVE, TOWNSHIP OF 420068 WHITE OAK, BOROUGH OF 420089
EAST DEER, TOWNSHIP OF 421061 LEET, TOWNSHIP OF 421075 RICHLAND, TOWNSHIP OF 421199 WILKINS, TOWNSHIP OF 420090
*No special flood hazard areas identified LEETSDALE, BOROUGH OF 420047 ROBINSON, TOWNSHIP OF 421097 *WILKINSBURG, BOROUGH OF 422667

LIBERTY, BOROUGH OF 420048 ROSS, TOWNSHIP OF 420979 WILMERDING, BOROUGH OF 420091

REVISED: September 26, 2014

Federal Emergency Management Agency

FLOOD INSURANCE STUDY NUMBER
42003CV001B



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 readings 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 NW S) 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, covering a
66-year period. The gaging stationis  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
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TABLE 6 - SUMMARY OF DISCHARGES — (continued)

FLOODING SOURCE DRAINAGE AREA Annual Chance of Flooding
AND LOCATION (sq. miles) 10-percent 2-percent I- 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 7,3881 168,500 212,000 231,000 275,000
5,668

'Reduced due to the Tygart, Stonewall Jackson, and Youghiogheny Dams
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4.0

33

It isim portant to note thattem 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 found in the Technical Support Data
Notebook associated with this FIS ~and FIRM. Interested individuals m ay
contact FEMA to access this data

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.

3

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 may 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 NAVDSS, 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

FLOODPLAIN MANAGEMENT APPLICATIONS

The NFIP encourages State and local governments to adopt sound floodplain
management programs. To assist in this endeavor, each FIS provides 1-percent 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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BASE FLOOD
FLOODING SOURCE FLOODWAY WATER SURFACE ELEVATION
SECTION MEAN
CROSS WIDTH AREA VELOCITY | REGULATORY | _WITHOUT WITH
SECTION DISTANCE (FEET) (SQUARE (FEET PER (NAVD) FL&%'\),‘S’)AY FL&?&‘S’)AY INCREASE
FEET) SECOND)
Millers Run
(Continued)
Z 19,620" 60 496 7.8 888.7 888.7 889.6 0.9
AA 21,318' 109 488 7.9 896.2 896.2 896.2 0.0
AB 22,338' 164 803 4.8 901.1 901.1 901.9 0.8
AC 22,929' 114 471 8.2 904.1 904 .1 904.3 0.2
AD 23,823' 70 540 71 911.1 911.1 911.1 0.0
AE 24,699’ 90 635 6.1 913.5 913.5 914.1 0.6
AF 25,354' 46 337 11.4 915.6 915.6 915.9 0.3
AG 26,154" 83 580 6.6 920.3 920.3 921.1 0.8
AH 26,659' 65 487 7.9 921.9 921.9 922.3 04
Al 27,214 60 439 8.8 924 .1 924 .1 924 .4 0.3
Monongahela
River
A 25° 991 35,116 6.6 729.0 729.0 730.0 1.0
B 370° 930 34,546 6.7 729.0 729.0 730.0 1.0
C 2,640? 889 32,636 7.1 729.4 7294 730.3 0.9
D 4,450° 1,019 35,592 6.5 729.8 729.8 730.8 1.0
E 7,640? 806 29,638 7.8 730.2 730.2 731.2 1.0
F 9,240? 880 31,614 7.3 730.7 730.7 731.6 0.9
G 10,880° 1,033 34,472 6.7 731.1 7311 732.0 0.9
H 13,9922 1,000 33,314 6.9 731.9 731.9 732.8 0.9
I 15,6807 828 30,811 7.5 7321 7321 732.9 0.8
J 17,952% 948 33,986 6.8 732.8 732.8 733.6 0.8
K 19,5367 916 34,479 6.7 733.0 733.0 733.8 0.8
T Feet above confluence with Chartiers Creek
2 Feet above confluence with Ohio River
FEDERAL EMERGENCY MANAGEMENT AGENCY FLOODWAY DATA

8 319Vl

ALLEGHENY COUNTY, PA
(ALL JURISDICTIONS)

MILLERS RUN - MONONGAHELA RIVER
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ELEVATION IN FEET (NAVD 88)
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APPENDIX A-3.1

HEC-2 Geometry Comparison



FEMA vs. Current HEC-RAS Cross Section Comparison
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1-376 Bathtub
Monongahela River

APPENDIX A-4

Allegheny County
PennDOT District 11-0



APPENDIX A-4.1

Watershed Characteristics






Drainage Area Delineation

Project Site
DA = 7,380 mi?




Basin Characteristics

Parameter

Code Parameter Description Value Unit

BSLOPD Mean basin slope measured in degrees 10.8 degrees

BSLOPDRAW Unadjusted basin slope, in degrees 11.01 degrees

CARBON Percentage of area of carbonate rock 1.5 percent

CENTROXA83 X coordinate of the centroid, in -158011.9 meters
NAD_1983_Albers, meters

CENTROYAB83 Basin centroid horizontal (y) location in NAD 57796.9 meters
1983 Albers

DRN Drainage quality index from STATSGO 3.3 dimensionless

IDRNAREA Area that drains to a point on a stream 7380 square miles I

ELEV Mean Basin Elevation 1836.1 feet

FOREST Percentage of area covered by forest 72.6 percent

GLACIATED Percentage of basin area that was historically 0 percent
covered by glaciers

IMPNLCDO1 Percentage of impervious area determined from 2.1 percent
NLCD 2001 impervious dataset

LCO1DEV Percentage of land-use from NLCD 2001 classes 10.3 percent
21-24

LC11DEV Percentage of developed (urban) land from NLCD 10.8 percent
2011 classes 21-24

LC11IMP Average percentage of impervious area 2.42 percent
determined from NLCD 2011 impervious dataset

LONG_OUT Longitude of Basin Outlet -80.01614 degrees

MAXTEMP Mean annual maximum air temperature over 59.3 degrees F
basin area from PRISM 1971-2000 800-m grid

OUTLETXA8B3 X coordinate of the outlet, in -171015 meters
NAD_1983_Albers,meters

OUTLETYAB3 Y coordinate of the outlet, in NAD_1983_Albers, 162165 meters
meters

PRECIP Mean Annual Precipitation 46.2 inches

ROCKDEP Depth to rock 4.1 feet

STORAGE Percentage of area of storage (lakes ponds 0.8 percent
reservoirs wetlands)

STRDEN Stream Density -- total length of streams divided 2.04 miles per
by drainage area square mile

STRMTOT total length of all mapped streams (1:24,000- 15065.14 miles
scale) in the basin

URBAN Percentage of basin with urban development 4.5 percent




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

Annual Feak Streanflow, in cubic feet
per second

238008

2000008

1586066

16d008

Ha068

USGS 03085000 Monongahela River at Braddock, PA
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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\W0O 6 I 376
Flooding\H&H\Hydrology\PeakFQ 7.1\USGS3085000\PKFQWPSF.TMP
Output file(s):
main - \\server\projects\19036\W0O 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 = (%]
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
Interval Data

Not Applicable
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



.9000
. 8000
.6667
.5000
.4292
. 2000
.1000
.0400
.0200
.0100
.0050
.0020

OO OO0 OOOO®

64130.

75260.

87260.
101800.
108400.
136800.
159400.
187200.
207500.
227600.
247500.
273700.

Program PeakFq
Version 7.2

3/28/2018

WATER
YEAR
1944
1945
1946
1947
1948
1949
1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

64020.

75330.

87470@.
102100.
108700.
136900.
159100.
186100.
205600.
224700.
243500.
268100.

57230.
68410.
80340.
94350@.
100600.
126100.
145300.
168300.
184600.
200500.
216000.
236200.

U. S. GEOLOGICAL SURVEY
Annual peak flow frequency analysis

OO OO0 OOOOO

70360.

81650.

94120.
109800.
117200.
150500.
178500.
214300.
241200.
268200.
295400.
332100.

O OO OPODODOOOOOOO

Seq.001.003
Run Date / Time
11/20/2019 10:06

Station - 03085000 Monongahela River at Braddock, PA

PEAK
VALUE

81800.
134000.
96200.
53900.
144000.
130000.
102000.
129000.
118000.
68500.
46100.
200000.
164000.
112000.
84900.
84900.
108000.
80200.
86500.
163000.
105000.
59300.
133000.
176000.
133000.
45100.
101000.
96800.

(4]

OO OO0 OOEOODOIOOOOOOOOO

TABLE 5 - INPUT DATA LISTING

PEAKFQ
CODES REMARKS

AAARARARARARARARARARARARARARARARARARARARARARARARARARARARARRN



1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004

180000.
109000.
142000.
107000.
80800.
101000.
124000.
150000.
105000.
104000.
91200.
62600.
95700.
74500.
190000.
57500.
80000.
120000.
85000.
107000.
68800.
89500.
128000.
59700.
210000.
83400.
79500.
69100.
152000.
74200.
105000.
108000.
142000.

[OILOR RO EN ORI E RO R RO EN OB RO RO RO R RO IO RO RO RE O BN ORE RO RO BRI R OB O RN RN

AR ARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARARRAR

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



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  1860000.0 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
19560 102000.0 0.5161 0.5161
1976  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
1944
1976
1961
1988
1998
1985
2001
1999
1992
1953
1983
1995
1965
1987
1947
1954
1969

End PeakFQ analysis.
Stations processed :

83400.
81800.
80800.
80200.
80000.
79500.
74500.
74200.
69100.
68800.
68500.
62600.
597600.
59300.
57500.
53900.
46100.
45100.

[OEORR IR OR RO IO BRI RO RO R RO IO R R W]

Number of errors
Stations skipped
Station years

O OO0 OOODTOIOIOOOPOOO®OO

.7097
.7258
.7419
.7581
7742
.7903
.8065
.8226
.8387
.8548
.8710
.8871
.9032
.9194
.9355
.9516
.9677
.9839

PO o

.7097
.7258
.7419
.7581
7742
.7903
.8065
.8226
.8387
.8548
.8710
.8871
.9032
.9194
.9355
.9516
.9677
.9839

OO OO0 OOODTIOIOOOOOOO®OOO

Data records may have been ignored for the stations listed below.
(Card type must be Y, Z, N, H, I, 2, 3, 4,
(2, 4, and * records are ignored.)

or *.)

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




Program PeakFq
Ver. 5.2
11/01/2007

U. S. GEOLOGICAL SURVEY Seq.000.000
Annual peak flow frequency analysis Run Date / Time
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\W0 6 I 376 FLOODING\H&H\HYDROLOGY\PEAKFQ

7.1\USGS3075070\3075070.PRT

1

Program PeakFq
Ver. 5.2
11/01/2007

Station

U. S. GEOLOGICAL SURVEY Seq.001.001
Annual peak flow frequency analysis Run Date / Time
following Bulletin 17-B Guidelines 12/05/2019 15:54

- 03075070 Monongahela River at Elizabeth, PA

INPUT DATA SUMMARY

Number of peaks in record = 40
Peaks not used in analysis = (%]
Systematic peaks in analysis = 40
Historic peaks in analysis = (%]
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

-- Preliminary machine computations. HAAA A A KK

¥xkx%%%**  User responsible for assessment and interpretation. —R¥¥¥dikkx

WCF134I-NO SYSTEMATIC PEAKS WERE BELOW GAGE BASE. 0.0



WCF163I-NO HIGH OUTLIERS OR HISTORIC PEAKS EXCEEDED HHBASE.

WCF195I-NO LOW OUTLIERS WERE DETECTED BELOW CRITERION.

Program Pea
Ver. 5.2
11/01/2007

kFq

U. S. GEOLOGICAL SURVEY

Annual peak flow frequency analysis
following Bulletin 17-B Guidelines

195285.3
34156.6

Seq.001.002
Run Date / Time
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

Program Pea
Ver. 5.2
11/01/2007

kFq

U. S. GEOLOGICAL SURVEY
Annual peak flow frequency analysis
following Bulletin 17-B Guidelines

Seq.001.003
Run Date / Time
12/05/2019 15:54

Station - ©3075070 Monongahela River at Elizabeth, PA



INPUT DATA LISTING

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
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

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

[OINRN



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: 1-376 over Monongahela River
PennDOT District 11-0
By: DEB Ckd: FJA
Date: 01/17/20 Date: 01/17/20

Peak Flow Transposition

Q site — A site

Q gage A gage

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

USGS SIR 2008-5102
Return Period (years) Drainage Area Characteristic Coefficient "b"

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

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.

Agie (Mi%) 7,380.00
Agage (Mi°) 5,340.00
USGS Gage # 3075070 Monongahela River at Elizabeth, PA
Flood-Flow Region 4
: ange Qs,ite
Return Period (years) ) )
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




1-376
Monongahela River

APPENDIX A-5

Allegheny County
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HEC-RAS Plan: Existing River: Stream Reach: Reach

Reach River Sta Profile Q Total Min Ch EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 71 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 71 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 72712 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 46 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 25 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 43 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 71213 697.64 712.23 0.000038 25 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 71 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 0.1
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 71217 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 72416 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 71212 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 71211 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 54 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 71211 0.000033 23 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 24 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 24 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 23 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 1 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 1" 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 1 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 741 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 71 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 71 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 71 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 22 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 22 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 22 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 72317 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 22 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 72717 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




APPENDIX A-5.2

Proposed Elevated Floodwall
HEC-RAS Model
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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) (fUft) (fUs) (saft) (ft)
Reach 30 1-year Low Pr Floodwall 5ft 39690.00 686.10 712.20 712.31 0.000035 26 15343.73 761.30 0.10
Reach 30 1-year Low Pr Floodwall 2ft 39690.00 686.10 712.20 712.31 0.000035 26 15343.73 761.30 0.10
Reach 30 2-year Low Pr Floodwall 5ft 101800.00 686.10 716.39 716.86 0.000122 55 18551.76 77273 0.20
Reach 30 2-year Low Pr Floodwall 2ft 101800.00 686.10 716.39 716.86 0.000122 55 18551.76 77273 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 71 26474.55 795.75 0.21
Reach 30 25-year Pr Floodwall 2ft 187200.00 686.10 726.49 727.28 0.000130 71 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 76 28268.79 868.11 0.22
Reach 30 50-year Pr Floodwall 2ft 212000.00 686.10 728.69 729.59 0.000136 76 28268.69 868.10 0.22
Reach 30 100-year Pr Floodwall 5ft 231000.00 686.10 730.55 731.51 0.000136 79 30007.71 1021.99 0.22
Reach 30 100-year Pr Floodwall 2ft 231000.00 686.10 730.55 731.51 0.000136 79 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 47 21622.20 781.65 0.16
Reach 30 2-year High Pr Floodwall 2ft 101800.00 686.10 720.34 720.68 0.000074 47 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 27 14910.55 807.23 0.11
Reach 29 1-year Low Pr Floodwall 2ft 39690.00 690.79 712.18 712.29 0.000042 27 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 71 26633.11 837.82 0.22
Reach 29 25-year Pr Floodwall 2ft 187200.00 690.79 726.43 727.21 0.000137 71 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 75 28538.34 905.66 0.22
Reach 29 100-year Pr Floodwall 5ft 231000.00 690.79 730.50 731.44 0.000141 78 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 47 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 26 15393.34 841.43 0.11
Reach 28 1-year Low Pr Floodwall 2ft 39690.00 691.86 712.16 712.27 0.000040 26 15393.34 841.43 0.11
Reach 28 2-year Low Pr Floodwall 5ft 101800.00 691.86 716.25 716.71 0.000133 54 18856.07 851.00 0.20
Reach 28 2-year Low Pr Floodwall 2ft 101800.00 691.86 716.25 716.71 0.000133 54 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 72 29728.03 1105.84 0.22
Reach 28 50-year Pr Floodwall 2ft 212000.00 691.86 728.60 729.42 0.000133 72 29727.89 1105.83 0.22
Reach 28 100-year Pr Floodwall 5ft 231000.00 691.86 730.48 731.34 0.000132 75 32092.10 1330.28 0.22
Reach 28 100-year Pr Floodwall 2ft 231000.00 691.86 730.48 731.34 0.000132 75 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 25 16110.64 946.55 0.11
Reach 27 1-year Low Pr Floodwall 2ft 39690.00 692.11 712.14 712.24 0.000040 25 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) (fUft) (fUs) (saft) (ft)

Reach 27 5-year High Pr Floodwall 5ft 136800.00 692.11 721.84 722.29 0.000105 54 25348.16 958.59 0.18
Reach 27 5-year High Pr Floodwall 2ft 136800.00 692.11 721.84 722.29 0.000105 54 25348.16 958.59 0.18
Reach 27 2-year High Pr Floodwall 5ft 101800.00 692.11 720.25 720.53 0.000071 43 23825.31 956.62 0.15
Reach 27 2-year High Pr Floodwall 2ft 101800.00 692.11 720.25 720.53 0.000071 43 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 25 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 25 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 52 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 57 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 57 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 18 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 55 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 44 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 44 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 25 15803.08 906.72 0.11
Reach 25 1-year Low Pr Floodwall 2ft 39690.00 686.75 712.11 712.21 0.000040 25 15803.08 906.72 0.11
Reach 25 2-year Low Pr Floodwall 5ft 101800.00 686.75 716.08 716.51 0.000133 52 19431.82 923.01 0.20
Reach 25 2-year Low Pr Floodwall 2ft 101800.00 686.75 716.08 716.51 0.000133 52 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 71 34298.91 1469.99 0.21
Reach 25 100-year Pr Floodwall 2ft 231000.00 686.75 730.30 731.08 0.000124 71 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 44 23241.16 939.47 0.15
Reach 25 2-year High Pr Floodwall 2ft 101800.00 686.75 720.17 720.47 0.000074 44 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 24 16676.21 964.89 0.10
Reach 24 1-year Low Pr Floodwall 2ft 39690.00 689.54 712.11 712.20 0.000036 24 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 55 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 17 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 53 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 24 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 24 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) (fUft) (fUs) (saft) (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 17 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 17 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 54 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 54 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 42 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 42 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 225 Bridge

Reach 22 1-year Low Pr Floodwall 5ft 39690.00 689.39 712.09 697.71 712.18 0.000040 25 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 25 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 17 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 17 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 54 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 54 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 42 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 71217 0.000037 24 16494.53 951.63 0.10
Reach 21 1-year Low Pr Floodwall 2ft 39690.00 689.92 712.08 697.85 71217 0.000037 24 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 17 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 17 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 53 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 53 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 42 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 42 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 23 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 23 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 54 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 54 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 17 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 52 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 52 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) (fUft) (fUs) (saft) (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 24 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 24 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 54 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 54 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 59 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 17 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 52 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 52 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 24 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 24 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 54 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 54 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 23 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 23 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 53 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 53 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 16 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 23 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 23 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 54 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 54 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) (fUft) (fUs) (saft) (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 17 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 52 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 71211 0.000033 23 17189.71 970.79 0.10
Reach 15 1-year Low Pr Floodwall 2ft 39690.00 689.96 712.02 697.27 71211 0.000033 23 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 54 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 54 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 59 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 17 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 52 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 52 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 24 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 24 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 101800.00 690.18 716.72 701.08 716.10 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 55 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 17 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 17 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 52 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 52 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 24 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 24 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 17 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 17 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 53 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 53 26455.92 1052.84 0.18
Reach 13 2-year High Pr Floodwall 5ft 101800.00 690.25 719.90 700.57 72017 0.000065 42 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 42 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 23 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 23 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) (fUft) (fUs) (saft) (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 17 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 53 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 1 1-year Low Pr Floodwall 5ft 39690.00 688.28 711.99 695.73 712.07 0.000030 23 16928.60 874.03 0.09
Reach 1 1-year Low Pr Floodwall 2ft 39690.00 688.28 711.99 695.74 712.07 0.000030 23 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 1" 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 1 5-year Low Pr Floodwall 5ft 136800.00 688.28 720.06 701.38 720.56 0.000111 57 24735.55 993.10 0.19
Reach 1 5-year Low Pr Floodwall 2ft 136800.00 688.28 720.06 701.39 720.56 0.000111 57 24735.55 993.10 0.19
Reach 1 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 1 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 1 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 1 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 1 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 1 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 1 100-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 1 100-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 17 23585.16 992.29 0.06
Reach 1 1-year High Pr Floodwall 2ft 39690.00 688.28 718.90 695.74 718.95 0.000011 17 23585.16 992.29 0.06
Reach 1 5-year High Pr Floodwall 5ft 136800.00 688.28 721.23 701.38 721.69 0.000097 54 25899.58 993.82 0.18
Reach 1 5-year High Pr Floodwall 2ft 136800.00 688.28 721.23 701.39 721.69 0.000097 54 25899.58 993.82 0.18
Reach 1 2-year High Pr Floodwall 5ft 101800.00 688.28 719.85 699.66 720.13 0.000063 43 24523.59 992.94 0.14
Reach 1 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 1 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 1 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 24 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 52 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 52 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 57 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 71 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 71 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 17 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 17 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 55 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 43 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 43 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 24 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 24 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 53 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 53 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 71 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 71 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 74 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 74 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 57 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 44 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 44 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) (fUft) (fUs) (saft) (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 24 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 24 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 52 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 52 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 59 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 71 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 71 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 73 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 73 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 24 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 24 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 52 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 52 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 71 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 71 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 74 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 74 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 44 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 22 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 22 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 49 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 17 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 22 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 22 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 55 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) (fUft) (fUs) (saft) (ft)

Reach 5 1-year High Pr Floodwall 5ft 39690.00 683.93 718.88 693.44 718.93 0.000009 17 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 53 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 53 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 22 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 22 17874.35 869.99 0.09
Reach 4 2-year Low Pr Floodwall 5ft 101800.00 682.84 7156.21 697.40 715.58 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 55 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 17 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 53 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 22 17957.64 911.52 0.09
Reach 3 1-year Low Pr Floodwall 2ft 39690.00 686.48 711.73 711.80 0.000026 22 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 54 25439.04 961.91 0.18
Reach 3 5-year Low Pr Floodwall 2ft 136800.00 686.48 719.64 720.10 0.000101 54 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 52 26604.84 978.03 0.17
Reach 3 5-year High Pr Floodwall 2ft 136800.00 686.48 720.84 721.26 0.000087 52 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 22 18010.96 906.87 0.09
Reach 2 1-year Low Pr Floodwall 2ft 39690.00 686.68 711.72 711.79 0.000026 22 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 54 25430.82 958.66 0.18
Reach 2 5-year Low Pr Floodwall 2ft 136800.00 686.68 719.61 720.07 0.000100 54 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 52 26597.28 977.40 0.17
Reach 2 5-year High Pr Floodwall 2ft 136800.00 686.68 720.82 721.24 0.000087 52 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 22 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 22 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 54 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) (fUft) (fUs) (saft) (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 72717 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 72717 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 52 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 52 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
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HEC-RAS River: Stream Reach: Reach

Reach River Sta Profile Plan Q Total Min Ch EI 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) (fuft) (ft/s) (saft) (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 55 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 55 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 71 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 79 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 19 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 27 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 27 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 27 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 71 26556.37 837.63 0.22
Reach 29 25-year Pr Elevated Trail 2 187200.00 690.79 726.41 727.19 0.000138 71 26615.57 837.78 0.22
Reach 29 25-year Pr Elevated Trail 3 187200.00 690.79 726.34 727.12 0.000139 71 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 75 28425.54 893.31 0.23
Reach 29 50-year Pr Elevated Trail 2 212000.00 690.79 728.61 729.48 0.000142 75 28513.24 902.08 0.22
Reach 29 50-year Pr Elevated Trail 3 212000.00 690.79 728.61 729.48 0.000142 75 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 19 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 19 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 54 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 75 31881.03 1325.88 0.22
Reach 28 100-year Pr Elevated Trail 2 231000.00 691.86 730.44 731.31 0.000133 75 32046.97 1329.34 0.22
Reach 28 100-year Pr Elevated Trail 3 231000.00 691.86 730.45 731.31 0.000133 75 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 EI 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) (fuft) (ft/s) (saft) (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 19 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 25 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 25 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 25 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 51 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 57 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 57 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 57 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 54 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 54 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 54 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 71213 697.64 712.23 0.000038 25 16063.97 905.06 0.10
Reach 26 1-year Low Pr Elevated Trail 2 39690.00 690.05 71213 697.64 712.23 0.000038 25 16063.97 905.06 0.10
Reach 26 1-year Low Pr Elevated Trail 3 39690.00 690.05 71213 697.64 712.23 0.000038 25 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 52 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 52 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 52 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 71 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 55 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 55 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 55 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 71211 712.21 0.000040 25 15803.08 906.72 0.11
Reach 25 1-year Low Pr Elevated Trail 2 39690.00 686.75 71211 712.21 0.000040 25 15803.08 906.72 0.11
Reach 25 1-year Low Pr Elevated Trail 3 39690.00 686.75 71211 712.21 0.000040 25 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 52 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 52 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 52 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 EI 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) (fuft) (ft/s) (saft) (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 71 34248.25 1469.38 0.21
Reach 25 100-year Pr Elevated Trail 3 231000.00 686.75 730.27 731.05 0.000124 71 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 71211 712.20 0.000036 24 16676.21 964.89 0.10
Reach 24 1-year Low Pr Elevated Trail 2 39690.00 689.54 71211 712.20 0.000036 24 16676.21 964.89 0.10
Reach 24 1-year Low Pr Elevated Trail 3 39690.00 689.54 71211 712.20 0.000036 24 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 55 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 55 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 55 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 53 26075.39 997.22 0.18
Reach 24 5-year High Pr Elevated Trail 2 136800.00 689.54 721.68 72212 0.000099 53 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 24 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 24 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 24 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 51 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 51 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 51 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 54 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 54 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 EI 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) (fuft) (ft/s) (saft) (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 225 Bridge

Reach 22 1-year Low Pr. Elevated Trail 1 39690.00 689.39 712.09 697.71 712.18 0.000040 25 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 25 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 25 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 51 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 51 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 54 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 54 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 24 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 24 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 24 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 72411 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 72411 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 54 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 54 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 54 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 1541261 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 1541261 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 1541261 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 23 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 23 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 23 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 54 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 54 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 59 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 59 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 59 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 EI 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) (fuft) (ft/s) (saft) (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 52 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 52 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 24 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 24 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 54 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 54 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 124717 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 59 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 59 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 52 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 52 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 52 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 24 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 24 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 24 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 54 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 54 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 59 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 59 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 59 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 1159.67 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 51 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 51 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 51 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 23 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 23 17110.04 1032.71 0.10




HEC-RAS River: Stream Reach: Reach (Continued)

Reach River Sta Profile Plan Q Total Min Ch EI 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) (fuft) (ft/s) (saft) (ft)
Reach 17 1-year Low Pr Elevated Trail 3 39690.00 690.70 712.04 698.05 71212 0.000036 23 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 53 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 53 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 1111.67 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 1111.67 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 59 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 16 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 16 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 16 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 51 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 51 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 23 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 23 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 23 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 55 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 55 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 55 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 52 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 52 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 52 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 23 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 23 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 23 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 54 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 54 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 EI 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) (fuft) (ft/s) (saft) (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 24 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 24 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 55 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 55 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 53 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 53 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 53 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 24 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 24 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 24 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 54 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 54 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 54 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 23 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 23 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 23 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 EI 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) (fuft) (ft/s) (saft) (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 53 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 1" 1-year Low Pr. Elevated Trail 1 39690.00 688.28 711.99 695.75 712.07 0.000030 23 16928.60 874.03 0.09
Reach 1" 1-year Low Pr Elevated Trail 2 39690.00 688.28 711.99 695.74 712.07 0.000030 23 16928.60 874.03 0.09
Reach 1" 1-year Low Pr Elevated Trail 3 39690.00 688.28 711.99 695.73 712.07 0.000030 23 16928.60 874.03 0.09
Reach 1" 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 1" 2-year Low Pr Elevated Trail 2 101800.00 688.28 715.60 699.65 716.00 0.000113 51 20093.87 876.61 0.19
Reach 1" 2-year Low Pr Elevated Trail 3 101800.00 688.28 715.60 699.66 716.00 0.000113 51 20093.87 876.61 0.19
Reach 1" 5-year Low Pr. Elevated Trail 1 136800.00 688.28 720.06 701.37 720.56 0.000114 57 24004.63 879.52 0.19
Reach 1" 5-year Low Pr Elevated Trail 2 136800.00 688.28 720.06 701.39 720.56 0.000114 57 24004.63 879.52 0.19
Reach 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 1" 100-year Pr. Elevated Trail 1 231000.00 688.28 729.53 705.33 730.32 0.000122 71 32882.70 1149.14 0.21
Reach 1" 100-year Pr Elevated Trail 2 231000.00 688.28 729.54 705.33 730.32 0.000122 71 34341.70 1305.08 0.21
Reach 1" 100-year Pr Elevated Trail 3 231000.00 688.28 729.54 705.38 730.32 0.000123 71 34281.38 1305.07 0.21
Reach 1" 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 1" 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 1" 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 1" 5-year High Pr. Elevated Trail 1 136800.00 688.28 721.23 701.37 721.69 0.000099 55 25035.13 880.23 0.18
Reach 1" 5-year High Pr Elevated Trail 2 136800.00 688.28 721.23 701.39 721.69 0.000099 55 25035.13 880.23 0.18
Reach 1" 5-year High Pr Elevated Trail 3 136800.00 688.28 721.23 701.38 721.69 0.000099 55 25035.13 880.23 0.18
Reach 1" 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 1" 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 1" 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 1" 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 1" 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 1" 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 24 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 24 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 24 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 52 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 52 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 52 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 EI 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) (fuft) (ft/s) (saft) (ft)
Reach © 1-year Low Pr. Elevated Trail 1 39690.00 688.16 711.97 695.74 712.06 0.000034 24 16272.35 822.47 0.10
Reach S 1-year Low Pr Elevated Trail 2 39690.00 688.16 711.97 695.73 712.06 0.000034 24 16272.35 822.47 0.10
Reach © 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 S 2-year Low Pr. Elevated Trail 1 101800.00 688.16 715.52 699.54 715.96 0.000133 53 19197.52 824.13 0.19
Reach S 2-year Low Pr Elevated Trail 2 101800.00 688.16 715.52 699.53 715.96 0.000133 53 19197.52 824.13 0.19
Reach © 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 S 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 S 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 © 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 S 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 S 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 © 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 S 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 © 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 © 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 S 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 © 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 S 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 S 100-year Pr. Elevated Trail 1 231000.00 688.16 729.39 705.40 730.27 0.000159 75 30708.48 865.04 0.22
Reach © 100-year Pr Elevated Trail 2 231000.00 688.16 729.40 705.38 730.26 0.000159 75 32277.20 1028.71 0.22
Reach S 100-year Pr Elevated Trail 3 231000.00 688.16 729.40 705.39 730.27 0.000160 75 32215.86 1028.68 0.22
Reach S 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 © 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 S 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 S 5-year High Pr. Elevated Trail 1 136800.00 688.16 721.14 701.29 721.65 0.000121 57 23835.72 827.06 0.19
Reach © 5-year High Pr Elevated Trail 2 136800.00 688.16 721.14 701.29 721.65 0.000121 57 23835.72 827.06 0.19
Reach S 5-year High Pr Elevated Trail 3 136800.00 688.16 721.14 701.29 721.65 0.000121 57 23835.72 827.06 0.19
Reach S 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 S 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 S 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 © 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 S 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 S 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 24 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 24 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 24 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 52 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 52 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 52 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 59 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 59 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 59 23456.20 899.44 0.20
Reach 8 25-year Pr. Elevated Trail 1 187200.00 687.93 72543 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 71 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 71 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 71 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 24 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 24 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 24 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 52 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 52 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 52 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 59 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 59 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 59 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 71 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 71 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 71 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 EI 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) (fuft) (ft/s) (saft) (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 22 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 22 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 22 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 55 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 55 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 53 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 53 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 53 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 22 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 22 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 22 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 55 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 55 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 55 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 53 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 53 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 53 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 45 Bridge

Reach 4 1-year Low Pr. Elevated Trail 1 39690.00 682.84 711.73 693.18 711.81 0.000025 22 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 22 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 22 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 55 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 55 25162.76 958.52 0.18




HEC-RAS River: Stream Reach: Reach (Continued)

Reach River Sta Profile Plan Q Total Min Ch EI 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) (fuft) (ft/s) (saft) (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 53 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 53 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 22 17957 .64 911.562 0.09
Reach 3 1-year Low Pr Elevated Trail 2 39690.00 686.48 711.73 711.80 0.000026 22 17957 .64 911.562 0.09
Reach 3 1-year Low Pr Elevated Trail 3 39690.00 686.48 711.73 711.80 0.000026 22 17957 .64 911.562 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 72513 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3 25-year Pr Elevated Trail 2 187200.00 686.48 72513 725.71 0.000103 6.2 31866.38 1636.62 0.19
Reach 3 25-year Pr Elevated Trail 3 187200.00 686.48 72513 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 52 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 52 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 52 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 22 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 22 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 22 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 9565.11 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 52 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 52 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 52 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 EI 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) (fuft) (ft/s) (saft) (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 22 18006.63 898.15 0.09
Reach 1 1-year Low Pr Elevated Trail 2 39690.00 686.93 1.7 694.08 711.79 0.000026 22 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 22 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 54 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 54 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 16 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 16 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 16 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 52 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 52 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 71 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 71 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 72712 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 75 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 46 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 25 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 43 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 71213 697.64 712.23 0.000038 25 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 71 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (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 0.1
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 71217 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 72416 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 EI W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) () () () () () (f's) (saft) (ft

Reach 18 100-year 231000.00 690.71 730.14 706.96 730.78 0.000107 6.5 