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RIO GRANDE DE MANATI FLOOD RISK MANAGEMENT STUDY, 
CIALES, PUERTO RICO 
Engineering Appendix 

1 STUDY AREA – GENERAL BACKGROUND AND EXISTING CONDITIONS 

1.1 GENERAL BACKGROUND 
The Municipality of Ciales (Municipality) on the island of Puerto Rico is located on the northern 
slopes of the Central Mountain Range, approximately 25 miles southwest of San Juan and has a 
population of approximately 19,000 (Figure 1). During an initial site visit conducted on 26 
October 2018, members of the Project Delivery Team (PDT), with input from the Municipality, 
defined the limits of the study as the flood-prone area (i.e., within the 500-year floodplain) 
extending approximately 12,500 linear feet along the Rio Grande de Manati from the PR-145 
Bridge downstream to the PR-6685 Bridge. The study area encompasses several communities, 
including the City of Ciales, Residencial Dos Rios, Dos Rios, and Alturas De Ciales. 

Puerto Rico has a long history of flooding. The most damaging historic flooding events for Dos 
Rios were associated with Hurricanes Hugo (1989), Hortense (1996), and Georges (1998). In 
response to recurring flooding, the Municipality contracted for the development of plans and 
specifications for a flood protection works project (henceforth referred to as the ‘Original Flood 
Protection Works’) designed to manage recurring flood risk within the communities of Dos Rios 
and Alturas de Ciales. The Original Flood Protection Works anticipated construction of a project 
that included a combined levee, floodwall, retention pond, interior drainage system and river 
widening along the Dos Rios community.  Plans for the Original Flood Protection Works is 
included as Attachment 1 to this Appendix. Due to Puerto Rico's financial crisis, funding for 
construction was never obtained.  

Extensive flooding and associated damages to Dos Rios and other communities within the 
Municipality (i.e., Alturas de Ciales and City of Ciales) during hurricane Maria in 2017 led the 
Municipality to request flood risk reduction assistance from the U.S. Army Corps of Engineers 
(USACE). In response to this request, USACE was authorized through the Supplemental 
Appropriations in the Bipartisan Budget Act of 2018 (Public Law 115-123) to conduct Flood Risk 
Management (FRM) feasibility study (Study) of which this Engineering Appendix is part.  
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Figure 1.  Location of the Rio Grande de Manati watershed, Municipality of Ciales, and Study Area. 
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The 26 October 2018 site visit resulted in identification of the following concerns to be 
addressed by the current FRM Study.  These areas of concern are identified as “Problems” in 
the Main Report. 

• Elevated flood risk for structures within the floodplain.  There are 157 structures within
the Study Area (i.e., 0.002 AEP floodplain; Figure 2), including private homes,
businesses, industrial sites, and public facilities (i.e., sewage treatment plant).

• Inundation of transportation infrastructure. Several major access and evacuation
routes are located within the 0.01- and 0.02 AEP floodplains (Figure 2). Inundation of
and damage to roadways and bridges increases life safety risk both during (evacuation)
and after (recovery) flood events.

• Extensive flood-induced bank failure. Hurricane Maria resulted in extensive flood-
induced bank failure that is currently placing key pieces of transportation infrastructure
at elevated risk of failure (i.e., loss of use due to damage or safety) within two zones
throughout the study area (Figure 2). Bank failure in Zone 1 is threatening the PR-149
Bridge and PR-145, while failure in Zone 2 is threatening PR-6685. Transportation
infrastructure at elevated risk of failure as a result of flood-induced bank failure are
integral to key access and evacuation routes for municipal residents both within and
outside of the Study Area.

Given these concerns, the overall goal of this FRM Study is to identify and recommend risk 
reduction and protective actions for areas identified as high-risk as a result of recent and 
historic flooding. The PDT then identified the following specific objectives: 

• Reduce risks to life safety associated with inundation of structures, as well as
transportation routes required for evacuation and post-flood recovery within Dos Rios,
Ciales Pueblo, and Alturas de Ciales over the next 50 years.

• Reduce risk of flood damage to structures and public infrastructure within the
communities of Dos Rios, Ciales Pueblo, and Alturas de Ciales over the next 50 years.

The Study Area was divided into four focal areas (Figure 2). The areas as well as the flooding-
related problems associated with each are summarized below: 

• Focal Area 1: Focal Area 1 extends approximately 0.58 miles from the site of the PR-145
Bridge downstream to the PR-149 Bridge. Flooding-related problems in Focal Area 1
include elevated flood risk for structures in the floodplain, inundation of major access
roads (i.e., PR-145 and PR-149), and extensive flood-induced bank failure threatening
structures and transportation infrastructure (i.e., PR-145 and PR-149 Bridge). The PR-
149 Bridge at the downstream extent of Focal Area 1 may act as a pinch point, causing
upstream water back-up and inundation.
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• Focal Area 2: Focal Area 2 extends approximately 0.42 miles downstream of the PR-149
Bridge and includes the communities of Dos Rios and Alturas de Ciales. The original
flood protection works plan was entirely within Focal Area 2. Flooding-related problems
in Focal Area 2 include elevated flood risk for structures in the floodplain and inundation
of major access roads (i.e., PR-146, PR-6685) and infrastructure (The PRSA Waste Water
Treatment Plant (WWTP)).

• Focal Area 3: Focal Area 3 extends approximately 0.44 miles and includes a large
industrial facility. Flooding-related problems include increased flood risk for structures
within the floodplain, inundation of major access roads (i.e., PR-6685), and extensive
flood-induced bank failure threatening PR-6685, as well as residential structures and the
industrial facilities. The large river bend in Focal Area 3 may be causing water backup
and increased inundation upstream.

• Focal Area 4: Extends approximately 0.87 miles to the PR-6685 Bridge. Flooding-related
problems include elevated flood risk for structures within the floodplain and inundation
of PR-6685, which results in the isolation of communities outside of the floodplain.

This Engineering Appendix documents the preliminary engineering analyses used in 
determining measures associated with the Alternatives considered. Review of these measures 
and other factors will ultimately result in a Tentatively Selected Plan (TSP; also known as the 
Recommended Plan)   

Included in this Appendix are sections related to Geotechnical, Hydrologic and Hydraulic (H&H), 
Structural and general Civil Engineering aspects of the Alternatives considered.  
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Figure 2- Focal Areas and Bank Failure Zones within the Study Area 
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1.2 EXISTING CONDITIONS 

1.2.1 GEOTECHNICAL 

For this Study, available geotechnical information from a 1971 Subsurface Investigation Report 
for the PR 149 Bridge and from a 2012 Flood Protection Works project, in and around the Study 
Area were reviewed to evaluate the type and condition of subsurface materials. Area geology 
and seismicity, subsurface soil/ bedrock types, laboratory test results, and other pertinent 
geotechnical information contained in the reports are summarized in this Section. 

1.2.1.1 Geology and Seismicity 
Puerto Rico has a volcanic past.  The oldest rocks exposed within the limits of the Municipalities 
are young from a geologic standpoint.  The town of Ciales sits over Granodiorite, a Plutonic 
igneous rock.  East and west of the Ciales-Dos Rios are large extensions of Lares Limestone. 
This is a massive hard crystalline pale-orange to nearly white coralline limestone where 
sinkholes are abundant.  Quaternary alluvium and colluvium border the river and talus slopes at 
the interior face of the Lares Escarpment. 

Because of its volcanic origin, the island of Puerto Rico is also seismically highly active. 
According to (Uniform Building Code) (UBC), Puerto Rico lies within Seismic Zone 3 and as such 
peak ground acceleration of 0.3g should be considered in the evaluation of civil infrastructure 
and flood protection. 

Geology of the study area is primarily of the Cretaceous to middle Tertiary age (upper and 
middle Oligocene and lower Miocene) and Quaternary period. Cretaceous and Tertiary age 
rocks include stratified limestone and marly limestone containing lenses of calcareous sand and 
gravel and terrigneous clastics (USGS, 1965). The northern end of the study area includes 
Quaternary period (Holocene-Pleistocene) landslide deposits and unconsolidated alluvium. 
(Figure 3.) The alluvium is comprised of unconsolidated silt, sand, gravel, cobbles, and boulders 
along the stream and stream valley and angular rock debris and rock-slide debris on and at the 
base of steep slopes and are the most recent geological deposits in the Ciales region (USGS, 
1965). The San Sebastian Formation (middle-upper Oligocene) is also identified in the northern 
part of the study area and includes clay, sand, gravel, and sandy limestone, shaley clay, 
sandstone, and conglomerate. The southern end of the study area includes the intrusive mass 
(Morovis and Ciales stocks) of plutonic granodiorite and unconsolidated alluvium. A small 
portion of the southern end of the study area includes the Los Negros Formation composed of 
basaltic hyaloclastite-breccia with basaltic lava, volcanic sandstone, and siltstone (USGS, 1998).  



 11 

Figure 3 – Underlying Geology associated with the Study Area 

The topography of the area around PR 149 Bridge is level ground towards the south where the 
river can extend during heavy flood.  Toward the bridge’s north abutment where residual soil is 
encountered, the area consists of a hilly section where erosion of the river banks is minimal. 
Subsurface soil and prior investigations relating to existing conditions are discussed below. 

PR 149 
Bridge 
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1.2.1.2 Prior Subsurface Investigation Summary 
As part of the 1971 Report on the Subsoil Investigation Performed at the Site of Proposed 
Bridge over Manati River, five borings were taken as part of subsoil investigation.  The 
investigation was conducted to gather subsurface information at the abutments and piers of 
the bridge in order to provide foundation recommendations for the construction of the 
structure.  Borings B-1 and B-5 were drilled for left and right abutments, respectively.  Borings 
B-4, B-3 and B-2 were drilled for intermediate piers P-1, P-2 and P-3, respectively.  The borings
were drilled to depths ranging from 28 ft. to 55 ft.  In the field, standard penetration test (SPT)
blow counts (N value) were measured in the borings.  SPT blow count is a measure of soil
consistency (fine grained soils, i.e., clay and silt) and density (coarse grained soils, i.e., sand and
gravel) and is often used to derive soil’s parameters for design, such as bearing capacity. Coring
was performed in the borings after auger refusal was met.  Generally used correlation of SPT N
value with the soils relative density for coarse grained soil and, consistency and shear strength
for fine grained soil is presented in Table 1 below.

Table 1 – 1971 Investigation SPT N-Value and its Correlation to Coarse Grained and Fine Grained Soils. 
Relative Density of Coarse Grained 

Soils (Sand and Gravel) 
Consistency of Fine-Grained Soils (Clay and Silt) 

Descriptive 
Term 

SPT N-Value 
Descriptive 

Term 
Unconfined Compressive 

Strength (psf) 
SPT N-Value 

Very Loose 0 - 4 Very Soft Less than 500 Less than 2 

Loose 4 – 10 Soft 500 - 1000 2 - 4 

Medium 
Dense 

10 – 30 Medium Stiff 1,000 – 2,000 4 – 8 

Dense 30 – 50 Stiff 2,000 – 4,000 8 – 15 

Very Dense  50 and over Very Stiff 4,000 – 8,000 15 - 30 

Hard Greater than  8,000 > 30

As part of the 2012 Original Flood Protection Works project investigation, subsurface 
investigation was performed for the design of proposed flood control structures in Ciales, 
Puerto Rico.  Altogether, 17 borings were drilled to depths varying from 20 to 40 feet along the 
banks of the Rio Grande de Manati River.  Eleven borings (Boring 1 thru Boring 11), were drilled 
on the southern side of the river and six borings (Boring 12 thru Boring 17), were drilled on the 
northern side of the river.  Field and laboratory tests were conducted during the investigation. 
Field test consist of measurement of SPT N values and pocket penetrometer tests.  Laboratory 
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test consist of moisture content, specific gravity, unit weight, plasticity and grain size analysis 
tests on the selected samples from the borings.  

1.2.1.3 Subsurface Soils 
The subsurface conditions at the location of the soil borings drilled for flood protection 
indicated two main strata of alluvial soils.  The upper stratum is comprised of interbedded 
layers of silty and sandy clay and clayey and silty sand.  The lower layer consists of sandy gravel 
with cobbles and trace layers of clay and silt.   

  Based on the review of borings, the upper stratum of fine grained materials are present to 
depths ranging from 2 to 15 feet below the ground surface.    Weathered rock was encountered 
in some of the borings below the coarse grained soils at an approximate depth of 5 feet. 

Depending on the location along the project alignment within the Study Area, bedrock may be 
present near surface or as deep as 35 feet as indicated by the available boring information.   

Table 2 – Soil Composition Summary - of the Original Flood Protection Works project. 
Boring Depth (feet) Gravel (%) Sand (%) Fine Grain (%) 
B-11 2 0 44 56 
B-14 2 4 68 28 
B-4 4 0 61 39 

B-12 4 14 50 36 
B-16 4 11 69 20 
B-4 6 0 50 50 

B-13 6 0 54 46 
B-6 8 82 13 5 

B-12 8 72 23 5 
B-13 8 61 26 13 
B-10 9 5 32 63 
B-4 13 0 66 34 
B-7 13 0 68 32 
B-2 18 3 88 9 
B-3 18 58 37 5 
B-3 18 32 63 5 
B-6 18 47 48 5 
B-1 23 26 69 5 
B-2 23 27 61 12 
B-5 33 64 29 7 

Additional geotechnical information including field /laboratory test results and preliminary 
parameters are in Attachment 2 to this Appendix.  
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1.2.2 STRUCTURAL 

1.2.2.1 Buildings or Structures in Study Area 
There are over 157 structures (residential, commercial, industrial and public facility) within the 
Study Area. The material used in construction of these structures ranges from cast-in-place 
concrete to wood framing (Figures 4 and 5). 

Figure 4 – Residential Structures along left bank of Rio Grande de Manati 

Many of these structures have experienced recurring and severe flooding.  Flooding of the 
waste water treatment plant results in discharges of raw sewage to the Rio Grande de Manati. 
Figure 6 shows where these at-risk structures are within the focus areas and floodplain.  Refer 
to the Real Estate Appendix (Appendix E) for more information related to residential structures 
and property. 

Figure 5 – Residential Structure along eroded bank of Rio Grande de Manati River      
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Figure 6 – Map of Study Area Focus Areas and at-risk structures. 

Additional at-risk structures within the Study Area not associated with buildings are those 
related to transportation.   Three bridge structures are located within the Study Area. These 
bridges carry traffic along PR-149, PR-145 and PR-6685.   

PR 149 
Bridge 

PR 145 
Bridge 

PR 6685 
Bridge 
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1.2.2.1.1 PR 149 Bridge 
The most at-risk bridge structure is Puerto Rico Highway and Transportation Authority (PRHTA) 
Bridge 1374 (PR 149 Bridge) (See Figures 7 thru 11).   

The PR 149 Bridge was constructed in 1975. It is four-span precast concrete bridge with two 
spill-through abutments and three pile bents. The bridge superstructure is composed of a 
concrete flat slab deck poured in place over concrete, pre-cast, pre-stressed girders. Each 
concrete-reinforced pier is composed of a concrete column with round tip supported on piles. 
Intermediate bridge piers are founded on concrete pile caps supported by vertical and battered 
driven steel HP 12x53 piles. Piles are assumed to be driven and capped in very dense sand and 
gravel/boulder to volcanic rock. The right abutment is founded on spread footing bearing on 
weathered rock. The left abutment is founded on vertical and battered driven steel HP 12x53 
piles. Information on bridge construction was obtained from the PRHTA Scour Phase 1 Bridge 
1374.  

Figure 7 - Photo of PR 149 Bridge looking downstream from left bank, pre-Hurricane Maria 

PR 149 Bridge 
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Figure 8 – Photo of PR 149 Bridge looking upstream from left bank, pre-Hurricane Maria 

Figure 9 – PR 149 Bridge during Hurricane Maria 

Direction of flow

PR 149 Bridge 
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Figure 10 – PR 149 Bridge Pier 2 scour post-Hurricane Maria 

Figure 11 – PR 149 Bridge Pier 3 scour post-Hurricane Maria 
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1.2.2.2 Below Ground Structures 
Based on information provided by the Puerto Rico Department of Natural and Environmental 
Resources, utilities exist within or adjacent to the Study Area.  Specifically, a wastewater 
treatment plant (WWTP) is located above the right bank of the Rio Grande de Manati, and a 
pump station is located along the left bank, both approximately 500 feet downstream of the 
confluence with the Cialitos River.   Connecting these two structures is one abandoned and one 
active 10-inch diameter force main runs under the de Manati, from the pump station to the 
WWTP.  

Any excavation within the de Manati or along the WWTP side of the river may require 
relocation of the active force main.  

See Attachment 1 for locations of underground structures and infrastructure. 
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1.2.3 WATER RESOURCES 

1.2.3.1 Surface Water 
The Municipality has a long history of flooding during severe storm and hurricane events. 
United States Geological Survey (USGS) data indicate the Rio Grande de Manati has reached 
flood stage 35 times within the past 50 years. A study was completed in 2007 for the Federal 
Emergency Management Agency (FEMA) by the URS Group, Inc. and Dewberry to develop new 
flood hazard information in the wake of flooding caused by Tropical Storm Jeanne in 2004.  

The study included updating the hydrology and creating a 1-dimensional (1D), steady state 
hydraulic model in HEC-RAS (URS Group, Inc., 2006; URS Group, Inc., 2007). USACE obtained the 
HEC-RAS model, and supporting hydrology and hydraulic files, in 2019.  

The HEC-RAS model covers approximately 21 miles of the Rio Grande de Manati (from Route 
145 to its confluence with Atlantic Ocean). This study focuses on the upstream extent of the Rio 
Grande de Manati, which spans from the Route 145 Bridge to the Route 6685 bridge. Input for 
the existing conditions hydraulic model retrieved from FEMA is summarized below. Very 
minimal updates to the retrieved model were made, as stated below, so previous calibration 
and verification runs of the existing conditions model are assumed to be relevant.  

Figure 12 shows the Study Area portion of the HEC-RAS model (with HEC-RAS River Stations / 
Sections identified).  
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Figure 12 – Rio Grande de Manati showing HEC-RAS River Station Cross-section Locations 

PR 149 
Bridge 

Industrial 
Plant 
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1.2.3.2 Model Input 

1.2.3.2.1 Geometry 
For the existing conditions (also defined as Alternative 0 elsewhere in this report) geometry 
data, a Triangular Irregular Network (TIN) developed from Pre-Maria Light Detection and 
Ranging (LiDAR) data was used to prepare the Rio Grande de Manati hydraulic model.  

Post-Maria LiDAR was not available at the commencement of this study so pre-Maria LiDAR was 
used in order to meet the condensed timeline. More discussion on LiDAR usage with respect to 
Alternatives and modeling is included in Attachment 3.  

The hydraulic cross-sections were cut from the digital terrain model for the HEC-RAS hydraulic 
model. Generally, the survey data were used to develop the channel portion of the cross-
section geometry while the TIN was the source of overbank topography (URS Group, Inc., 
2007).  This study is primarily focused on the upstream extent of the hydraulic model that was 
completed for FEMA in 2007. The primary area of interest for this study is between the Route 
145 Bridge and the Route 6685 bridge along the Rio Grande de Manati. The inclusion of two 
interpolated cross-sections were added to the existing conditions model in order to sufficiently 
model the alternatives and compare with the existing conditions model. The geometry for the 
two interpolated cross-sections were based solely on the adjacent cross-sections in the existing 
conditions model. 

Manning’s roughness coefficient values were determined for each cross-section using the 
Cowan (1956) procedure outlined in “Guide for Selecting Manning’s Roughness Coefficients for 
Natural Channels and Floodplains”.  The ground photographs acquired during a field survey 
were used in conjunction with the 2004 aerial images to estimate Manning’s roughness 
coefficients for the channel and overbank areas. Assigned channel Manning’s n roughness 
coefficients ranged from 0.035 to 0.058, and overbank values ranged from 0.015 to 0.19, all of 
which were in a reasonable range for the terrain being evaluated (URS Group, Inc., 2007).   

There are seven total bridges in the FEMA model, although only three of those are within the 
Study Area: Route 6685, Route 149, and Route 145. It was noted that the most upstream bridge 
crossing, Route 145, was washed out as a result of Hurricane Maria in 2017, and a temporary 
bridge is currently located in the same approximate location. No design information is available 
for the temporary and/or proposed bridge crossing at that approximate location, so Route 145 
was retained in the model to be conservative. 

Note that Post-Maria LiDAR was not available at the commencement of this study, and the PDT 
was directed by the vertical team to use available, pre-Maria LiDAR due to the condensed 
timeline. It is recommended that post-Maria LiDAR be incorporated into the hydraulic model, 
wherever available, and that new wet sections be surveyed. Based on imagery pre- and post-
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Maria, the overbank land cover appear to be similar, although the channel geometry is 
noticeably different in certain areas, particularly around bends due to sediment erosion and 
deposition. 

The hydraulic model was retrieved from FEMA and was previously calibrated based on the 
available data at the time. No new data was available at the commencement of this study, so 
the FEMA model was assumed to be representative of existing conditions. The PDT is aware of 
the limitations of the FEMA model and highly recommends the incorporation of new LiDAR and 
survey data and re-calibration during the design phase. 

1.2.3.2.2 Steady State Flow Data 
The existing conditions model included four flow profiles for Rio Grande de Manati at locations 
along the studied reach, the 10%, 2%, 1%, and 0.2% annual chance peak flow discharges. The 
discharges were based on the Log Pearson Type III statistical analysis of systematic annual peak 
flow data recorded at the Ciales and Highway 2 gages. The discharges at un-gaged sites along 
the reach were calculated using the transfer equation based on drainage area ratio to a specific 
power, and the power was driven from the one-variable (drainage area) regression equation 
defined in USGS WRI 99-4142 (URS Group, Inc., 2006).  

Additional flows (50%, 20%, 4% and 0.5% annual chance peak flow discharges) were calculated 
for locations of interest for this study, primarily because eight flows are required for economic 
analysis of alternatives. In accordance with the previously calculated flow profiles, these 
additional flows were also calculated using the transfer equation based on drainage area ratio 
to a specific power. Upon closer review of the flows assigned to specific flow change locations, 
it was determined that some of the flow change locations, as described in the FEMA FIS, did not 
align with their associated descriptions and drainage areas. Therefore, in addition to inclusion 
of four additional flow profiles, it was also decided to correct the cross-sections associated with 
flows based on associated descriptions and drainage areas. Overall changes to the resulting 
water surface profiles in the existing conditions model was, on average, less than one foot. 
Specifically, water surface elevation difference ranged from 0.1 ft. (0.3% during the 50-yr event) 
to 2.7 ft. (4.4% during the 500-yr event) within the Study Area. 

1.2.3.2.3 Boundary Conditions 
The original existing conditions model included a downstream boundary condition at the San 
Juan Tidal Gage (URS Group, Inc., 2006). One boundary condition allows the hydraulic model to 
be run in a subcritical flow regime. In the interest of running the model in a mixed flow regime 
(capturing both sub- and super- critical flow regimes), an upstream boundary condition, set to 
critical depth, was also incorporated.  

The hydraulic model was switched from subcritical to mixed flow due to potential impacts from 
the steep terrain. Based on comparing the water surface elevations from the runs using a 
subcritical flow regime and the runs using a mixed flow regime, there are no differences in the 
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water surface elevations in the study area, such that the resulting alternatives and associated 
analyses were not impacted. 

1.2.3.2.4 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  

1.2.3.3 Groundwater 
Groundwater interactions with surface water are not incorporated in the hydraulic model used 
for this study. Typical groundwater levels within the project extents should be considered for 
any proposed alteration to the existing channel and adjacent banks. 

1.2.3.4 Flood Plains 
The 1% and 0.2% floodplains were delineated previously for the FEMA FIS (URS Group, Inc., 
2007). Based on that study, the TIN created from the LiDAR data was converted to a 5-by-5 
meter grid cell digital elevation model (DEM). This ground surface was then intersected with 5-
by-5-meter grid cell water-surface representations of the 1% and 0.2% annual chance floods, 
respectively. Figure 13 illustrate the final 1% chance floodplain developed based on this study.   
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Figure 13 - Rio Grande de Manati 1% Annual Chance Floodplain. 
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1.2.3.5 Climate Change Assessment 
As referenced in ECB 2018-14, more extreme seasonal conditions of rainfall and runoff and 
altered snow volume and melt have been observed in some regions. As a result, the 
assumptions of stationary climatic baselines and a fixed range of natural variability as captured 
in the historical hydrologic record are no longer appropriate for long-term project planning in 
some locations. Therefore, qualitative and quantitative analyses have been conducted and are 
presented in  Appendix A – Attachment 3, in compliance with ECB 2018-14 & ETL 1110-2-3. A 
summary of the sea level rise analysis is also included below. 

1.2.3.6 Sea Level Rise 
There is high confidence that sea levels are rising and will continue to do so (PRCCC, 2013). In 
accordance with Engineering Regulation (ER) 1100-2-8162, a quantitative assessment of sea 
level rise must be considered for waterways with oceanic astronomical tidal influence, as well 
as connected waterways with base-level controlled by sea level. Although the downstream 
extent of the study area is approximately 16 miles upstream of the mouth of Rio Grande de 
Manati, a sea level rise assessment is still required by Engineering Manual (EM) 1110-2-1416 
because the river profile computation begins at the outlet of a stream influenced by tidal 
fluctuations. 

Using the USACE Sea Level Change Calculator, Figure 14 shows that for a 100-year planning 
horizon with sea level rise.  USACE low to high estimates ranging from 0.69 to 6.77 feet above 
current mean sea level by the year 2120 at the San Juan, PR gage (datum PRVD02).  
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Figure 14 - USACE Sea Level Change Curve Calculator at Gage Closest to Ciales, Puerto Rico. 

Although the study area downstream extents are approximately 16 miles upstream of the 
mouth of Rio Grande de Manati, the downstream boundary of the existing conditions hydraulic 
model obtained from FEMA goes to the ocean. Therefore, consistent with Engineering 
Regulation (ER) 1100-2-8162, sea level rise was incorporated into the downstream boundary 
condition in the hydraulic model The summation of the sea level change (SLC), high tide for 
each of the three scenarios (low, intermediate and high, as determined from the Sea Level 
Change Calculator), and the NOAA 100 yr (i.e. 1% AEP) estimated extreme water level (EWL) 
was used to estimate downstream boundary conditions for the base year and year 2120 (100-
year project lifespan). Initially, the low, intermediate, and high values for the base year (0.15 ft, 
0.22 ft, and 0.44 ft, respectively) were each combined with the EWL (2.49 ft) and MHHW (0.81 
ft). These scenarios for the base year are estimated to range from 3.45 ft to 3.74 ft. Then, the 
low, intermediate, and high values for the 2120 scenario (0.69 ft, 2.15 ft, and 6.77 ft) were 
analyzed, yielding totals of 3.99 ft to 10.07 ft. Although the base year scenarios were initially 
analyzed, ultimately the most conservative value from the 2120 scenarios (10.07 ft) was the 
highest downstream boundary condition used for the analysis and was compared with the 
MHHW initially incorporated in the existing conditions hydraulic model.  There was no increase 
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in water surface elevation in the study area extents for the future without- and with- project 
conditions. Therefore, additional analysis with regards to incorporating sea level rise was not 
completed. 
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2 PLAN FORMULATION 

2.1 MANAGEMENT MEASURES CONSIDERED TO ACHIEVE PLANNING OBJECTIVES 

Management measures (Measures) in the context of this Appendix (and Report) are features or 
activities implemented at specific locations to address one or more of the planning objectives. 
From an exhaustive list of measures, 17 distinct structural, non-structural, and nature-based 
measures were identified as having the potential to address one or more of the study 
objectives. Measures considered for each focal area are listed in the main report and are 
included here in Tables 3 and 4.   

2.1.1 Structural Measures 
Structural measures are physical constructs or features that alter the characteristics of a flood 
and reduce the probability of flooding in a location of interest. They reduce the likelihood or 
impact of flooding and include items such as dams, levees, floodwalls, and other appurtenant 
“structures”. 

Table 3- Structural Management Measures 
Management Measure Category Description 

Measures to reduce risk and damages associated with flood inundation 

Channelization/Channel 
Modification Structural 

Channelization and channel modification can include channel 
widening, deepening straightening, and/or relocating, as well as 
channel lining to maintain the desired geometry and decrease 
roughness, expediting water movement through the system. 

Floodwalls Structural 
Construction of a concrete wall along the watercourse or around 
critical infrastructure to exclude temporary flood waters from 
protected areas. 

Levees Structural 
Construction of an earthen embankment along the watercourse 
or around critical infrastructure (ring levee) to exclude temporary 
flood waters from protected areas. 

Detention Basins Structural 
Detention basins reduce peak discharge and associated flood 
damages downstream by temporarily storing flood water 
throughout the watershed and releasing it slowly. 

Upstream Retention Structural Upstream retention (i.e., reservoir) can be used to store large 
quantities of flood water, reducing peak discharges downstream. 

2.1.2 Non-structural and Nature-Based Measures 
Non-structural management measures can be both physical and non-physical features or 
actions that attempt to reduce the likelihood or impact of flooding.  They include such items as 
hazard forecasting, land use planning, property acquisition and/or relocation, construction of 
natural systems; etc.  
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     Table 4 - Non Structural and Nature Based Management Measures 

Management Measure Category Description 
Measures to reduce risk and damages associated with flood inundation 

Flood-Proofing Non-structural 

Combination of dry (i.e., keeping the water out of 
the structures) and wet (i.e., allowing water to flow 
through structures) flood-proofing to reduce 
damages to individual structures. 

Structure Elevation Non-structural Raise structures such that the main living area will 
be above a design flood elevations. 

Acquisition/Relocation Non-structural 

Acquisition and demolition of existing structures 
located within the floodplain. Floodplain residents 
would then be relocated outside of the floodplain. 
Participation in the program would be mandatory. 
The floodplain would be planted with native 
vegetation. The local sponsor would retain 
ownership of the acquired property and must 
ensure no future development or fill would occur; 
however, the acquired area could be deeded to the 
local government and/or converted to undeveloped 
public space. 

Flood Warning & Planning Non-structural Develop and expand flood warning system and 
emergency planning (e.g., evacuation routes). 

Off-Channel Detention Nature-based 

Create storage in floodplain to decrease flood 
stages downstream and adjacent to Dos Rios. Off-
channel detention areas (which may be part of the 
floodplain, including wetlands or marshes) would 
temporarily store water diverted from the river 
channel. Off-channel detention could be 
implemented throughout the watershed, including 
within the study area, to reduce the magnitude of 
flooding. 

All of the identified measures were then compared to certain selected performance criteria and 
“screened”. A more in depth discussion of this screening process is included in the main Report. 

2.1.3 Screening Criteria 
The criteria against which the measures were compared are listed below: 

• Effectiveness: A relative assessment of the extent to which each management measure
alleviates one or more of the specified problems and achieves the specified
opportunities.

• Cost: An assessment of the initial and ongoing cost of each management measure
relative to the benefits gained and problems addressed.

• Acceptability: A relative assessment of the initial and long-term workability and viability
of each management measure with respect to acceptance by local stakeholders.
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• Environmental Impacts: A relative assessment of the potential for environmental
impacts (e.g., loss of wetland or protected habitats) of each management measure,
including effects to Federally-listed species.

2.1.4 Chosen Management Measures 
Each measure was assessed based on the criteria listed above (effectiveness, cost, acceptability, 
and environmental impact) to determine whether a measure should be retained in or removed 
from the plan formulation process within and across Focal Areas. The results of the initial 
screening evaluations are listed in Table 5.  Measures selected as well as how they would be 
generally constructed or implemented across the Focal Areas are also better defined in the 
succeeding paragraphs. 

Table 5 - Summary of Management Measures retained based on screening. 

Management Measure Description Decision Apply to 
Focal Areas 

Measures to reduce damages and life safety risk associated with flood inundation 

Channelization/Channel 
Modification 

Channel straightening, widening, deepening, 
relocation, and lining could increase capacity 
and efficiency, alleviating flood risk. 
Environmental impact would be moderate to 
high. High initial and ongoing costs. 

Retain 1, 2, 3, 4 

Floodwalls 

Floodwalls were included in the original 
flood protection works study to protect the 
Dos Rios community and would be effective 
at protecting large, high-cost structures. 
High initial and ongoing costs. 

Retain 2 

Levees 

Levees were included in the original flood 
protection works plan to reduce flood risk in 
the Dos Rios community and would be 
effective at protecting large, high-cost 
structures. High initial and ongoing costs. 

Retain 2 

Upstream Retention 

Upstream retention would be effective at 
decreasing peak discharge and flow velocity, 
alleviating risk of inundation and flood-
induced bank failure. Constructing an 
upstream reservoir would be extremely 
expensive and would have significant 
environmental impacts. 

Retain Outside 
study area 

Acquisition/Relocation 

Removing all structures and residents from 
the floodplain would effectively eliminate 
flood risk and associated damages. 
Relocation would be complete in that it 
would not require any additional 

Retain 1, 2, 3, 4 
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Acquisition/Relocation (cont’d) 

investments or actions to achieve the 
planned reductions in flood risk for relocated 
structures. Feedback received during the 
public scoping meeting indicated that 
Relocation is locally-preferred over 
implementation of structural measures. 
Relocations would comply with laws, 
regulations, and policies. Relocation of 
public housing from Dos Rios and Alturas de 
Ciales would make this a more efficient 
solution in that fewer structures would need 
to be relocated. 

2.1.4.1 Channelization / Channel Modification 
• Channelization involves construction of approximately 9,000 linear feet of concrete-

lined channel throughout all Focal Areas within existing riverbank limits. This would
require excavating the existing channel to a depth of 17 feet and width of 300 feet. The
bottom of the trapezoidal channel would be 100 feet wide, and the slopes would extend
to a height of 15 feet with a 3(H):1(V) side slope. The channel would be aligned to
improve hydraulic conductivity. See Figure 15.

o Channelization would reduce flood risk by increasing capacity and expediting
water movement through the study area as well as preventing flood-induced
bank failure and associated damages to transportation infrastructure. The
channel would be designed to contain a 0.1 Annual Exceedance Probability (AEP)
event (10-year storm).  Construction would not significantly alter existing public
and private infrastructure.

o Concrete material would be sourced from a commercial batch plant(s) located
within the region. Excavated material will be reused on site as fill and
construction material to the extent possible. Any remaining material will be
disposed of at a commercial landfill.
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Figure 15 – Typical Trapezoidal Concrete (Channelization) Cross-section 

• Channel Modification involves excavation and construction of approximately 7,800 feet
of new, meandering low flow channel throughout all Focal Areas. The bottom of the
trapezoidal channel would be approximately 200 feet wide and lined with natural river
material. Natural river material would be reused from excavated material on site to the
greatest extent possible. Channel slopes would be rock-lined at a 3(H):1(V) slope to a
height of six feet. See Figure 16.

o Material would be removed from the area adjacent to the constructed channel
to flatten the floodplain and tie into existing grade. The newly constructed low
flow channel and widening of the channel within the existing floodplain will
increase channel capacity and improve floodplain connection. The channel will
be aligned to improve hydraulic conductivity by avoiding large bends in order to
prevent water backup and associated flood inundation.

o The channel would be designed to maximize benefit within the existing channel
morphology and to minimize the need to alter existing public and provide
infrastructure.
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Figure 16 – Typical Channel Modification Cross Section 



 35 

2.1.4.2 Flood Wall 
The flood wall Option consists of constructing a 1,200-foot, concrete-capped, sheet pile “I-wall” 
(Figure 17) around the PRSA wastewater treatment plant (WWTP).    Height of the floodwall will 
vary based on topography to maintain a constant elevation to be at or just above the 0.04 AEP 
event (25-year storm) elevation. Based on the limited topographical and subsurface  
information in the immediate area, a conservative maximum floodwall height would be eight 
feet. If implemented, detail survey and site investigation will be required during the design 
phase of the project.  Such information will allow the height of the wall to be determined more 
accurately.  

Figure 17 – Typical “I-Wall” Detail 
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2.1.4.3 Levees 
The levee Option involves the construction of a levee (Figure 18) that is part of the locally-
developed Original Flood Protection Works plan, which consists of a combined levee/floodwall 
system along the left bank area of the de Manati River just downstream of the confluence with 
the los Cialitos River.  

Design plans and details for this option are included in Attachment 1 of this Appendix. 

Figure 18 – Typical earth berm (Levee) and wall detail from Original Flood Protection Works project 
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2.1.5 Options within Focal Areas 

After screening was completed, the Options, consisting of combinations of the selected 
Measures that addressed the problems identified within each focal area were developed.   The 
combinations of Options per Focal Area are listed and shown graphically in the main report 
with the descriptions and summary reproduced here. (Table 6) 

Table 6 – Focal Area Options and Alternatives 

2.1.5.1 Focal Area 1 Options 
• Option 1.1. Channel Modification: Channel modifications would include widening and

deepening throughout the focal area and at the PR-149 Bridge to increase capacity and
decrease water backup and inundation.

• Option 1.2. Relocation: High-risk structures within the floodplain would be bought out
and residents relocated outside of the floodplain.

2.1.5.2 Focal Area 2 Options 
• Option 2.1. Channel Modification, Wastewater Treatment Plant Floodwall: Channel

modifications would include channel realignment through the field opposite of Dos Rios
to regulate flow.. The channel would be designed to increase capacity and create
improved floodplain connection. This option would include a floodwall or ring levee
around the wastewater treatment plant to protect this critical infrastructure.
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• Option 2.2. Levee/Floodwall System: This option would include construction of a
floodwall/levee system similar to that proposed under the original Flood Protection
Works plan. This option would include a floodwall or ring levee around the wastewater
treatment plant to protect this critical infrastructure.

• Option 2.3. Relocation, Wastewater Treatment Plant Floodwall: High-risk structures
within the Dos Rios and Altures de Ciales communities would be bought out and
residents relocated outside of the floodplain. This option would include a floodwall or
ring levee around the wastewater treatment plant to protect this critical infrastructure
that also serves areas outside of Dos Rios and Altures de Ciales (e.g., City of Ciales).

2.1.5.3 Focal Area 3 Options 
• Option 3.1. Channel Modification: Channel modifications would include channel

widening to increase capacity and realignment to regulate flow and prevent water
backup upstream of the existing river bend. A floodplain bench would also be
constructed to restore natural floodplain processes.

• Option 3.2. Relocation: High-risk structures within the floodplain would be bought out
and residents relocated outside of the floodplain.

2.1.5.4 Focal Area 4 Options 
• Option 4.1. Channel Modification: Channel modifications would include channel

realignment and widening to increase capacity and regulate flow. A floodplain bench
would also be constructed to restore natural floodplain processes.

• Option 4.2. Relocation: High-risk structures within the floodplain would be bought out
and residents relocated outside of the floodplain.

2.1.5.5 Comprehensive Area-wide Options 
The PDT also developed a series of comprehensive options that would work to address 
identified problems across all focal areas.  

• Option C1. Channelization: Channelization would involve channel improvements (i.e.,
widening and deepening) to increase capacity. The channel would be lined with
concrete to decrease roughness, regulate flow, and maintain desired channel geometry
and location. Channelization would be designed to reduce inundation of structures,
infrastructure (i.e., roadways), and public facilities (i.e., wastewater treatment plant).
Channelization would also reduce risks associated with flood-caused bank failure.
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• Option C2. Upstream Reservoir: Construction of an upstream reservoir would decrease
peak discharge and water velocity throughout the study area, alleviating risk and
damages associated with both inundation and flood-caused bank failure.

2.1.6 Alternatives 
Focal area-specific and comprehensive options were then combined into distinct alternatives 
and then compared to the “No Action” plan (see Table 6). Alternatives are named for the 
primary flood risk management measure included in each; however, other flood risk 
management measures are generally also included in each alternative. The Alternatives 
considered are more fully described and graphically presented in the main report and are 
summarized below. 

• Alternative 0. - No Action

• Alternative 1. - Levee/Floodwall System

• Alternative 2. - Channel Modification

• Alternative 3. - Non-Structural Relocations

• Alternative 4 - Channelization

2.1.7 Recommended Plan 

The Recommended Plan is defined as Alternative 3b (Figure 19). It is a modified (optimized) 
version of Alternative 3.  More specifically, the Recommended Plan includes the following 
generalized scope of work: 

• Non-Structural Relocations.   Structures within the 0.04 AEP floodplain would be
acquired and demolished. Affected residents would be relocated outside of the
floodplain.

.
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Figure 19 – Conceptual View of Recommended Plan 
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3 ENGINEERING CONSIDERATIONS RELATED TO THE DEVELOPMENT AND 
ANALYSIS OF ALTERNATIVES 

3.1 GEOTECHNICAL CONSIDERATIONS 

3.1.1 Assumptions 
Preliminary analyses performed for this Feasibility Study are based on the existing data 
provided by the Municipality and shareholders.  Available geotechnical information was used to 
interpret subsurface soil and rock types, and derive engineering parameters to formulate 
geotechnical recommendations for the measures included in the proposed Alternatives for the 
site.   

A reference list of existing documents that were reviewed is provided at the end of this 
Appendix.  

3.1.2 Preliminary Recommendations 
Conceptual geotechnical design recommendations of measures included in the proposed 
Alternatives are described below.  The recommendations are based on available geotechnical 
information in the vicinity of the project.  Additional site specific exploration/ investigation will 
be needed during final design phase if the listed measure is to be part of the recommended 
plan.  Relevant USACE Engineering Design Manuals used to develop the design assumptions/ 
recommendations are listed in the Reference Section of this Appendix. 

3.1.2.1 Flood Wall 
A flood wall ranging in height from six to eight feet is proposed for protection of the existing 
waste water treatment plant (WWTP).  Subsurface investigation was performed in the vicinity 
of the WWTP. Based on the borings near the WWTP, a mixture of sandy and clayey soil was 
encountered.  The top 4 feet of materials encountered in the boring may be fill consisting of 
sand, gravel and limestone fragments.  SPT blow counts measured in the borings ranged from 
22 to 61 in the medium dense and very dense soils, respectively.  Pocket penetrometer tests in 
the clayey soils indicated undrained shear strength between 1,000 – 2,000 psf.   

Based on the level of protection needed, an I-type  flood wall is recommended in the area of 
the WWTP.  I-walls are generally suitable for protection in narrow restricted areas where the 
exposed wall height is not more than 10 feet.  I-walls consist of driven sheet piles capped by a 
concrete wall.  The vast majority of I-walls within the USACE inventory fall into the Type II I-wall 
which is essentially the sheet pile wall with a concrete cap placed above ground with needed 
embedment for stability.  
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Alluvium soils consisting of sand, gravel and cobbles investigated in this area are highly 
permeable based on the laboratory grain size analysis results.  Sheet pile may need to be 
extended to greater depth to provide effective seepage cutoff.  In general, the sheet pile cut-off 
should penetrate the coarse grained alluvium which may be greater than 35 feet in depth. 

3.1.3 Conclusions 
Based on the existing data, erodible soils are present in the channel and flood plain of Rio 
Grande de Manati River.  

The recommendation contained in the report is based on the review of the existing subsurface 
investigation and should only be considered as preliminary.  Detail site specific subsurface 
investigation should be performed during the design phase of the project.       

3.2 STRUCTURAL 

3.2.1 At Risk Structures 

3.2.1.1 Buildings 
The Recommended Plan effectively eliminates flood risk for homes and businesses within the 
0.04 AEP event—providing these individuals the opportunity to relocate to areas with zero 
flood risk.  Residual risk remains for homes, businesses, and public facilities (i.e., wastewater 
treatment plant) outside of the 0.04 AEP floodplain.  

• Of the structures affected by flooding only 59 properties are expected to be purchased
and demolished with affected residents relocated.  Finished floor elevations of the
structures remaining in the Study Area and identified at risk will be surveyed and
documented.
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3.3 WATER RESOURCES 

3.3.1  Considerations Related to Alternatives 

3.3.1.1 No Action Alternative 
The No Action Alternative is essentially the Existing Conditions.  Input for the existing conditions 
is discussed previously in Section 1.2.3.2. 

The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  

3.3.1.2 Alternative 1 (Levee / Floodwall System) 
This alternative incorporates the locally-developed, original flood protection works plan and 
specifications, which included a combined levee/floodwall system, a drainage system and 
retention pond, as well as channel improvements to reduce flood risk within the community of 
Dos Rios. High-risk structures in other focal areas not protected by the levee/floodwall system 
may be relocated to reduce residual risk if incrementally justified.  

Alternative 1 also incorporates a 1,200-foot concrete capped I-wall (Type II) around the 
wastewater treatment plant. Height of the floodwall will vary to maintain a constant elevation 
to protect against the 0.04 AEP event. Maximum height of the floodwall will be 8 feet.  

3.3.1.2.1 Model Input 

3.3.1.2.1.1  Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No 
Action), as described in section 1.2.3.2, and then the following adjustments were made: 1) 
inclusion of a levee feature from cross-section 32988 to 32455 on the left bank and channel 
widening from cross-section 32988 to 32325 on the right bank, to mimic the design from the 
2008 Original Flood Protection Works Project; and 2) inclusion of a levee feature from cross-
section 32918 to 32740 on the right bank, around the wastewater treatment plant.  

3.3.1.2.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.3.3.2.2. 

3.3.1.2.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is 
described in section 1.3.3.2.3. 

3.3.1.2.2 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  
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3.3.1.3 Alternative 2 (Channel Modification) 
This alternative includes excavation and construction of approximately 7,800 feet of new, 
meandering low flow channel. The bottom of the trapezoidal channel would be 200 feet wide 
and lined with natural river material. Natural river material would be reused from 
excavated material from the site to the extent possible. Channel slopes would be rock-lined at 
a 3H: 1V slope to a height of 6 feet. Material would be removed from the area adjacent 
to the constructed channel to flatten the floodplain and tie into existing grade. The newly 
constructed low flow channel and widening of the channel within the existing floodplain 
will increase channel capacity and improve floodplain connection. The channel will be 
aligned to improve hydraulic conductivity by avoiding large bends in order to prevent 
water backup and associated flood inundation. The channel was designed to maximize 
benefit within the existing channel morphology and to minimize the need to alter existing 
public and private infrastructure. 

Alternative 2 also incorporates a floodwall around the PRSA wastewater treatment plant as 
described under Alternative 1. 
2.1.3.3.1 Model Input 

2.1.3.3.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No 
Action), with the following adjustments made: 1) inclusion of a levee feature from cross-section 
32918 to 32740 on the right bank, around the wastewater treatment plant; and 3) channel 
widening/realignment from cross-section 32455 to 31041 on both the left and right banks. 

2.1.3.3.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action). 

2.1.3.3.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action). 

2.1.3.3.2 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3. 

3.3.1.4 Alternative 3 (Non Structural Relocations) 
Structures within the 0.04 AEP floodplain would be acquired and demolished. Residents would 
be relocated outside of the floodplain. The 0.04 AEP floodplain was selected to include those 
structures with the majority of recurring flood damages, as well as those with the greatest life 
and safety risk during major flood events.  

Alternative 3 also incorporates a floodwall around the wastewater treatment plant, as 
described under Alternatives 1 and 2. 
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3.3.1.4.1 Model Input 

3.3.1.4.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No 
Action), with the following adjustments made: 1) inclusion of a levee feature from cross-section 
32918 to 32740 on the right bank, around the wastewater treatment plant. No modifications to 
the geometry were made to account for the properties that are proposed to be bought out 
(relocation of residents in the 0.04 AEP floodplain) because early in the planning process it was 
uncertain whether the properties to be purchased would be demolished. Assuming that they 
would not be demolished was believed to be conservative relative to the Manning's n values 
used; demolition of the buildings would result in lower roughness values and ultimately lower 
water surface elevations. 

3.3.1.4.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action). 

3.3.1.4.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action). 

3.3.1.4.2 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  

3.3.1.5 Alternative 4 (Channelization) 
Channelization involves construction of approximately 9,000 linear feet of concrete-lined 
channel within existing riverbank limits. This alternative would require excavating the existing 
channel to a depth of 17 feet and width of 300 feet. The bottom of the trapezoidal channel 
would be 100 feet wide, and the side slopes would extend to a height of 15 feet at a 3H: 1V 
slope.  

3.3.1.5.1 Model Input 

3.3.1.5.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No 
Action), with the following adjustments made: 1) modification to the channel geometry and 
manning’s n roughness coefficient from river cross-section 33704 to river cross-section 30753. 

3.3.1.5.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action). 

3.3.1.5.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action). 
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3.3.1.5.2 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  

3.3.1.6 Alternative 3b (Recommended Plan) 
The tentatively selected plan (TSP or Recommended Plan) is the Alternative 3b (Non-Structural 
Relocations) Plan with modification. The modification includes removing the proposed 
floodwall around the WWTP.  

3.3.1.6.1 Model Input 

3.3.1.6.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 3 
(Non-Structural Relocations), with the following adjustments made: 1) removal of the levee 
feature from cross-section 32918 to 32740 on the right bank, around the wastewater treatment 
plant.. 

3.3.1.6.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action). 

3.3.1.6.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action). 

3.3.2 Model Output 
The water surface profiles, output table, and cross-sections for the project extents are 
summarized in Attachment 3.  
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RIO GRANDE DE MANATI FLOOD RISK MANAGEMENT STUDY, 
CIALES, PUERTO RICO 

Engineering Appendix  

ATTACHMENT 2 – Geotechnical Information 

1 STUDY AREA – GENERAL 
 
The Municipality of Ciales is located on the northern slopes of the Central Mountain Range, 
approximately 25 miles southwest of San Juan and has a population of approximately 19,000 
(Fig. 1). During an initial site visit conducted on 26 October 2018, members of the Project 
Delivery Team (PDT) with input from the Municipality and local Sponsor defined the limits of 
the study as the flood-prone area (i.e., within the 500-year floodplain) extending approximately 
12,500 linear feet along the Rio Grande de Manati from the PR-145 Bridge downstream to the 
PR-6685 Bridge (Fig. 1). The study area encompasses several communities, including the City of 
Ciales, Residencial Dos Rios, Dos Rios, and Alturas De Ciales (Fig. 1). 
 

 

Figure 1- Location of the Rio Grande de Manati watershed. 
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1.1 GEOTECHNICAL INFORMATION  
Available geotechnical investigation performed for bridge foundations and flood control works 
in and around the project area were reviewed to evaluate the type and condition of subsurface 
materials for this feasibility study. Area geology and seismicity, subsurface soil/ bedrock types, 
laboratory test results, and other pertinent geotechnical information contained in the reports is 
summarized below. 

1.1.1 Geology and Seismicity 
 
Puerto Rico has volcanic past.  The oldest rocks exposed within the limits of the Ciales and 
Manati Municipalities are young from a geologic standpoint.  The town of Ciales sits over 
Granodiorite, a Plutonic igneous rock.  East and west of the Ciales-Dos Rios are large extensions 
of Lares Limestone.  This is a massive hard crystalline pale-orange to nearly white coralline 
limestone where sinkholes are abundant.  Quaternary alluvium and colluvium border the river 
and talus slopes at the interior face of the Lares Escarpment. 

The island of Puerto Rico is seismically highly active.  According to UBC code, Puerto Rico lies 
within Seismic Zone 3 and as such peak ground acceleration of 0.3g should be considered in the 
evaluation of civil infrastructure and flood protection  works. 

1.1.2 Subsurface Investigation 
 
Five (5) borings were performed as part of subsoil investigation for the Bridge over Manati River 
(PR-149 Bridge) in March 1971.  The investigation was conducted to gather subsurface 
information at the abutments and piers of the bridge in order to provide foundation 
recommendations for the construction of the structure.  Borings B-1 and B-5 were drilled for 
left and right abutments, respectively.  Borings B-4, B-3 and B-2 were drilled for intermediate 
piers P-1, P-2 and P-3, respectively.  The borings were drilled to depths ranging from 28 ft. to 55 
ft.  In the field SPT blow counts were measured in the borings.  SPT blow count is a measure of 
soils consistency (fine grained soils, i.e., clay and silt) and density (coarse grained soils, i.e., sand 
and gravel) and is often used to derive soil’s parameters for design. Coring was performed in 
the borings after auger refusal was met.  Generally used correlation of SPT N value with the 
soils relative density for coarse grained soil and, consistency and shear strength for fine grained 
soil is presented in Table 1 below.   
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Table 1 - SPT N-Value and its Correlation to Coarse Grained and Fine Grained Soils. 

Relative Density of Coarse Grained 
Soils (Sand and Gravel) 

Consistency of Fine-Grained Soils (Clay and Silt) 

Descriptive 
Term 

SPT N-Value Descriptive 
Term 

Unconfined Compressive 
Strength (psf) 

SPT N-Value 

Very Loose 0 -.4 3 Very Soft Less than 500  less than 2 
Loose 4 – 10 Soft 500 - 1000 2 - 4 

Medium Dense 10 – 30 Medium Stiff 1,000 – 2,000 4 – 8 
Dense 30 – 50 Stiff 2,000 – 4,000 8 – 15 

Very Dense  50 and over Very Stiff 4,000 – 8,000 15 - 30 
  Hard greater than  8,000 > 30 

 
As part of flood control works, subsurface investigation was performed for the design and 
construction of different structures in Ciales, Puerto Rico.  Altogether 17 borings were drilled to 
depths varying from 20 to 40 feet along the banks of the Rio Grande de Manati River.  Eleven 
borings (Boring 1 thru Boring 11), were drilled on the southern side of the river and six borings 
(Boring 12 thru Boring 17), were drilled on the northern side of the river.  Field and laboratory 
tests were conducted during the investigation.  Field test consist of measurement of SPT N 
values and pocket penetrometer tests.  Laboratory test consist of moisture content, specific 
gravity, unit weight, plasticity and grain size analysis tests on the selected samples from the 
borings.  

1.1.3 Subsurface Soil and Bedrock 
 
At the boring performed for the bridge over Manati River, the soil profile described by the test 
borings B-1 through B-4 indicate that, the subsurface soil consist of deep flood plain and 
channel deposit extending deeper toward the south.  These deposits consist of stratified layers 
of sand, sand and gravel, boulders and thin layers of medium clayey silt. The thin layers of 
medium clayey silt were found erratically along the site possibly on account of an old river 
meander during previous geologic activities.  2 to 4 feet thick sandy clay was encountered in 
south side borings B-1, B-2 and B-3 at the ground surface.  Volcanic rock was encountered in 
borings B-3 and B-4 below the flood plain deposit. 
  
At the right (north) abutment of the bridge and corresponding to Boring No. 5, the subsurface 
soil consists of surface clayey soil overlying clayey sandy silt derived from the heavily weathered 
underling volcanic rocks. 
 
The topography of the site is level ground towards the south where the river can extend during 
heavy flood.  Toward the north abutment where residual soil is encountered, the area consists 
of a hilly section where erosion of the river banks is minimum. 
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The subsurface conditions at the location of the 15 flood control borings consist of two main 
strata.  The upper stratum is comprised of interbedded layers of silty and sandy clay and clayey 
and silty sand.  The lower layer consists of sandy gravel with cobbles and boulders, with 
traceand layers of clay and silt.  . Based on the review borings, the upper stratum of fine 
grained materials consisting of clayey silty soils with trace sand and gravel are present to depths 
ranging from 2 to 15 feet below the ground surface.    Weathered rock was encountered in 
some of the borings below the coarse grained soils at a depth below 35 feet. 
 
1.1.4 Field and Laboratory Test Results and Preliminary Design Parameters 
 

SPT N-values measured in the borings (B-1 through B-5) drilled for the design of bridge over 
Manati River is shown in the plot below in Figure 2  Based on the N values shown in the plot, 
the top 10-12 feet of alluvial soils is loose to medium dense (SPT N-values between 4 - 29).   
Below this depth, the sand and gravel are dense to very dense.   
 
Borings B-1 is a left abutment boring, Borings B-2, B-3 and B-4 were drilled for Piers P-3, P-2 and 
P-1, respectively; Boring B-5 is a right abutment boring).  N-values greater than 100 is shown as 
N-value of 100. 
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Figure 2 - SPT N-Values Measured at Borings Drilled for Bridge Foundation for Bridge 149  
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Table 2 below show the results of Atterberg limits (liquid limit and plasticity index) test 
measured in selected soil samples from the borings drilled for flood control works.  Plasticity 
Index of 1-10, 11-30 and >30 indicate low, medium and high plastic soils, respectively.  
Undrained shear strength of the corresponding samples are also shown in the table.  Undrained 
shear strength reported is half the value of unconfined compressive strength measured using 
pocket penetrometer.  Based on the test results the near surface fine grained soils is medium 
plastic and of medium stiff consistency.  For preliminary design calculation, an undrained shear 
strength of about 750 psf can be assigned to these soils.   
 

Table 2 - Plasticity and Shear Strength Test Results of Fine Grained Soil Samples from Borings Drilled 
for Flood Control Works, Ciales.  

S.N. Boring 
No. 

Sample 
No. 

Sample 
Depth 
(feet) 

USCS 
Classification 

Water 
Content 

(%) 

Liquid 
Limit 
(%) 

Plasticity 
Index (%) 

Undrained 
Shear 

Strength 
(psf) 

1 B-3 2 2 Lean Clay 32 46 20 1,500 

2 B-6 2 2 Lean Clay 31 41 18 1,000 

3 B-8 4 6 Lean Clay 38 51 25 600 

4 B-10 7 10 Organics 52 62 29 250 

5 B-12 4 6 Lean Clay to 
Silty Sand 28 42 20 2,000 

 
SPT N value measured in borings drilled for flood control works is shown in Figure 3 (borings 
Southside of Rio Grande de Manati River) and Figure 4 (borings Northside of Rio Grande de 
Manati River).  Based on the measured SPT values, the relative density of soil is generally 
medium dense in the upper strata consisting of clayey and silty sand and grades to dense to 
very dense in the lower strata consisting of sand, gravel and cobble.  Soils effective friction 
angles of 30 and 34 degrees can be assigned to upper and lower strata of coarse grained soils, 
respectively.  N-values greater than 100 is shown as N-value of 100. 
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Figure 3 - SPT N-Values Measured at Borings Drilled on Southside of Rio Grande de Manati River for 
Flood Control Works.   
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Figure 4 - SPT N-Values Measured at Borings Drilled on Northside of Rio Grande de Manati River for 
Flood Control Works.   
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Grain size distribution tests were performed on selected samples from the borings drilled for 
flood control project.  The results of the grain size test is plotted in Figure 5.  Percent of fine 
grained (silt size and clay size) fraction was not determined.  In total, fine grained fraction 
ranged from 5 to 63 percent. Particle size ranges are Gravel (75 mm - 4.75 mm), Sand (4.75 mm 
- 0.075 mm), Silt (0.075 mm - 0.002 mm) and Clay (less than 0.002 mm). 
 

 

Figure 5 - Grain Size Distribution Plot of Samples from Borings Drilled for Flood Control Works, Ciales.   
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2 Geotechnical Considerations for the Alternatives Considered 

2.1 Assumptions 
 
Preliminary analyses performed for this Feasibility Study is based on the existing data provided 
by the sponsor.  Available geotechnical information was used to interpret subsurface soil and 
rock types, and derive engineering parameters to formulate geotechnical recommendations for 
the planned structures related to Alternatives considered for implementation at the site.   

A reference list of existing documents that were reviewed is provided with this Appendix.  

2.2 Recommendation 
Conceptual design recommendations of project features are described below.  The 
recommendations are based on available geotechnical information in the vicinity of the project.  
Additional site specific exploration/ investigation will be needed during final design phase of 
any of the non-relocation based alternatives or Options that might be implemented. .  Relevant 
USACE Engineering Design Manuals to develop the design assumptions/ recommendations are 
listed with this Appendix. 

2.2.1 Bridge Scour 
Scour susceptible materials are  present in the Rio Grande de Manati River flood plain.  Based 
on the SPT blow counts measured in PR-149 bridge borings, the top 10 to 12 feet of alluvial soil 
is loose to medium-dense which is likely to be highly erodible.  Below this depth, the sand and 
gravel are dense to very dense. 

The report of the subsoil investigation (1971) performed for this bridge recommended erosion 
protection using heavy rocks at the left (south) abutment and extending to the existing highway 
PR 145. 

Scour Evaluation Report Phase 2 (URS 2012) indicated possible 9 to 16 feet of scour at bridge 
piers and abutments. 

Significant erosion, transport, and deposition of sediment may occur during storm events which 
would otherwise not occur in normal flow conditions.   

2.2.2 Streambank 
The recommendation provided in the subsoil exploration report (2005) for flood control works 
indicate that cut slopes with an inclination of 2H:1V was proposed along the eastern bank of 
the Grande de Manati River for any widening of the channel.  It was recommended that the 
existing soil at the site can withstand the proposed cut provided the face of the slope is 
protected by a layer of filter fabric and riprap mattress.  
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Based on the existing topography and flood elevation, the improvement may require 
maintaining and or constructing up to 20 feet high river bank in the river.  Backfill required for 
constructing the bank slope can be either fine or coarse grained soils.  Random fill, organics and 
highly plastic soils should not be used as a backfill.  Highly compressible organic was 
encountered in some of the borings performed for the flood control works north of the Rio 
Grande de Manati River. 

For a conceptual design, 2.5H : 1V bank slope is recommended based on the infinite slope 
analysis with soil’s average friction angle of 30 degrees and slope stability factor of safety of 1.5 
(Figure 6).  The analysis does not consider the pore water pressure in the slope which will have 
an effect to reduce the factor of safety.  A 3H : 1V slope should be more stable and ideal.  
Future slope design should include analysis of seismic stability given the higher seismic 
potential in the region.   

 

 
Figure 6 - 2.5H : 1V Infinite Slope Stability Calculation.  
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2.2.3 Flood Wall 
Flood wall ranging in height from 6 to 8 feet will be constructed to protect the existing waste 
water treatment plant (WWTP).  Subsurface investigation was performed in the vicinity of the 
WWTP for the flood control works (2005).  Boring B-12 was performed down of the WWTP.  
Mixture of sandy and clayey soils were encountered in the boring to the boring termination 
depth of 20 feet.  The top 4 feet of materials encountered in the boring may be fill consisting of 
sand, gravel and limestone fragments.  SPT blow counts measured in the borings ranged from 
22 to 61 in the medium dense and very dense soils, respectively.  Pocket penetrometer tests in 
the clayey soils indicated undrained shear strength of at least 1,000 psf.   

Based on the level of protection needed, an I-type of flood wall is recommended in the area of 
WWTP.  I-walls are generally suitable for protection in narrow restricted areas where the 
exposed wall height is not more than 10 feet.  I-walls consist of driven sheet piles capped by a 
concrete wall.  The vast majority of I-walls within the USACE inventory fall into the Type II I-wall 
which is essentially the sheetpile wall with a concrete cap placed above ground with needed 
embedment for stability.  

Alluvium soils consisting of sand, gravel and cobbles investigated in this area are highly 
permeable based on the laboratory grain size analysis results.  Sheet pile may need to be 
extended to greater depth to provide seepage cutoff below the I-wall.  In general the sheet pile 
cut-off should penetrate the coarse grained alluvium which may be greater than 35 feet in 
depth. 
 

2.3 Conclusions 
 
Based on the existing data, erodible soils are present in the channel and flood plain of Rio 
Grande de Manati River.  Scour evaluation study indicated considerable scour along the PR-149 
Bridge piers and abutments. 
 
 
The island of Puerto Rico is seismically highly active.  This should be considered in the future 
design of slope and other channel improvement methods.  
 
The recommendation contained in the report is based on the review of the existing subsurface 
investigation and should only be considered as preliminary.  Detail site specific subsurface 
investigation should be performed during the design phase of the project.       
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1 MODELING OF ALTERNATIVES  

1.1 General   
The Municipality of Ciales, Puerto Rico has a long history of flooding during severe storm and hurricane 
events. United States Geological Survey (USGS) data indicate the Rio Grande de Manati has reached flood 
stage 35 times within the past 50 years. A study was completed in 2007 for the Federal Emergency 
Management Agency (FEMA) by the URS Group, Inc. and Dewberry to develop new flood hazard 
information in the wake of flooding caused by Tropical Storm Jeanne in 2004.  The study included updating 
the hydrology and creating a 1-dimensional (1D), steady state hydraulic model in HEC-RAS (URS Group, 
Inc., 2006; URS Group, Inc., 2007). USACE obtained the HEC-RAS model, and supporting hydrology and 
hydraulic files, in 2019. The HEC-RAS model covers approximately 21 miles of the Rio Grande de Manati 
(from Route 145 to its confluence with Atlantic Ocean). This study focuses on the upstream extent of the 
Rio Grande de Manati, which spans from the Route 145 bridge to the Route 6885 bridge. Input for the 
existing conditions hydraulic model retrieved from FEMA is summarized below. Very minimal updates to 
the retrieved model were made, as stated below, so previous calibration and verification runs of the 
existing conditions model are assumed to be relevant.  

1.2 Existing Conditions - Alternative 0 (No Action)  

1.2.1 Model Input 

1.2.1.1 Geometry 
For the existing conditions geometry data, a Triangular Irregular Network (TIN) developed from Light 
Detection and Ranging (LiDAR) data was used to prepare the Rio Grande de Manati hydraulic model. The 
hydraulic cross sections were cut from the digital terrain model for the HEC-RAS hydraulic model. 
Generally, the survey data were used to develop the channel portion of the cross-section geometry while 
the TIN was the source of overbank topography (URS Group, Inc., 2007).   

This study is primarily focused on the upstream extent of the hydraulic model that was completed for 
FEMA in 2007. The primary area of interest for this study is between the Route 145 bridge and the Route 
6885 bridge along the Rio Grande de Manati. The inclusion of two interpolated cross sections were added 
to the existing conditions model in order to sufficiently model the alternatives and compare with the 
existing conditions model. The geometry for the two interpolated cross sections were based solely on the 
adjacent cross sections in the existing conditions model. 
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Manning’s roughness coefficient values were determined for each cross section using the Cowan (1956) 
procedure outlined in “Guide for Selecting Manning’s Roughness Coefficients for Natural Channels and 
Floodplains”.  The ground photographs acquired during a field survey were used in conjunction with the 
2004 aerial images to estimate Manning’s roughness coefficients for the channel and overbank areas. 
Assigned channel Manning’s n roughness coefficients ranged from 0.035 to 0.058, and overbank values 
ranged from 0.015 to 0.19, all of which were in a reasonable range for the terrain being evaluated (URS 
Group, Inc., 2007).   

There are seven total bridges in the FEMA model, although only three of those are within the project area: 
Route 6885, Route 149, and Route 145. It was noted that the most upstream bridge crossing, Route 145, 
was washed out as a result of Hurricane Maria in 2017, and a temporary bridge is currently located in the 
same approximate location. No design information is available for the temporary and/or proposed bridge 
crossing at that approximate location, so Route 145 was retained in the model to be conservative.  

Note that Post-Maria LiDAR was not available at the commencement of this study, and the PDT was 
directed by the vertical team to use available, pre-Maria LiDAR due to the condensed timeline. It is 
recommended that post-Maria LiDAR be incorporated into the hydraulic model, wherever available, and 
that new wet sections be surveyed. Based on imagery pre- and post-Maria, the overbank land cover 
appear to be similar, although the channel geometry is noticeably different in certain areas, particularly 
around bends due to sediment erosion and deposition. 

The hydraulic model was retrieved from FEMA and was previously calibrated based on the available data 
at the time. No new data was available at the commencement of this study, so the FEMA model was 
assumed to be representative of existing conditions. The PDT is aware of the limitations of the FEMA 
model and highly recommends the incorporation of new LiDAR and survey data and re-calibration during 
the design phase. 

1.2.1.2 Steady Flow Data 
The existing conditions model included four flows profiles for Rio Grande de Manati at locations along the 
studied reach, the 10%, 2%, 1%, and 0.2% annual chance peak flow discharges. The discharges were based 
on the Log Pearson Type III statistical analysis of systematic annual peak flow data recorded at the Ciales 
and Highway 2 gages. The discharges at un-gaged sites along the reach were calculated using the transfer 
equation based on drainage area ratio to a specific power, and the power was driven from the one-
variable (drainage area) regression equation defined in USGS WRI 99-4142 (URS Group, Inc., 2006).  

Additional flows (50%, 20%, 4% and 0.5% annual chance peak flow discharges) were calculated for 
locations of interest for this study, primarily because eight flows are required for economic analysis of 
alternatives. In accordance with the previously calculated flow profiles, these additional flows were also 
calculated using the transfer equation based on drainage area ratio to a specific power. Upon closer 
review of the flows assigned to specific flow change locations, it was determined that some of the flow 
change locations, as described in the FEMA FIS, did not align with their associated descriptions and 
drainage areas. Therefore, in addition to inclusion of four additional flow profiles, it was also decided to 
correct the cross sections associated with flows based on associated descriptions and drainage areas. 
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Overall changes to the resulting water surface profiles in the existing conditions model was, on average, 
less than one foot. Specifically the differences ranged from 0.1 ft. (0.3% during the 50-yr event) to 2.7 ft. 
(4.4 % during the 500-yr event).  

1.2.1.3  Boundary Conditions 
The original existing conditions model included a downstream boundary condition at the San Juan Tidal 
Gage (URS Group, Inc., 2006). One boundary condition allows the hydraulic model to be run in a subcritical 
flow regime. In the interest of running the model in a mixed flow regime (capturing both sub- and super- 
critical flow regimes), an upstream boundary condition, set to critical depth, was also incorporated.  

The hydraulic model was switched from subcritical to mixed flow due to potential impacts from the steep 
terrain. Based on comparing the water surface elevations from the runs using a subcritical flow regime 
and the runs using a mixed flow regime, there are no differences in the water surface elevations in the 
study area, that the resulting alternatives and associated analyses were not impacted. 

1.2.2 Model Output 
The water surface profiles, output table, and cross sections for the project extents are included in the 
attached H&H HEC-RAS Model Results.    

1.2.3 Groundwater 
Groundwater interactions with surface water are not incorporated in the hydraulic model used for this 
study. Typical groundwater levels within the project extents should be considered for any proposed 
alteration to the existing channel and adjacent banks. 

1.2.4  Flood Plains 
The 1% and 0.2% floodplains were delineated previously for the FEMA FIS (URS Group, Inc., 2007). Based 
on that study, the TIN created from the LiDAR data was converted to a 5-by-5 meter grid cell digital 
elevation model (DEM). This ground surface was then intersected with 5-by-5-meter grid cell water-
surface representations of the 1% and 0.2% annual chance floods, respectively. Figure 1 illustrate the final 
1% chance floodplain developed based on this study.   
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Figure 1 - Rio Grande de Manati Floodplain. 
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1.3 Alternative 1 (Levee/Floodwall System) 
This alternative incorporates the original, locally-developed flood protection works plan and 
specifications, which included a combined levee/floodwall system, a drainage system and retention pond, 
as well as channel improvements to reduce flood risk within the community of Dos Rios. High-risk 
structures in other focal areas not protected by the levee/floodwall system may be relocated to reduce 
residual risk if incrementally justified.  
 
Alternative 1 also incorporates a 1,200-foot concrete capped I-wall (Type I-2) around the wastewater 
treatment plant. Height of the floodwall will vary to maintain a constant elevation to protect against the 
0.04 AEP event. Maximum height of the floodwall will be 8 feet.  

1.3.1 Model Input 

1.3.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No Action), 
as described in section 1.2.1.1, and then the following adjustments were made:  1) inclusion of a levee 
feature from cross section 32988 to 32455 on the left bank and channel widening from cross section 
32988 to 32325 on the right bank, to mimic the design from the 2008 Flood Protection Works Project; 
and 2) inclusion of a levee feature from cross section 32918 to 32740 on the right bank, around the 
wastewater treatment plant.  

1.3.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in section 
1.2.1.2. 

1.3.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.2.1.3. 

1.3.2 Model Output 
The water surface profiles, output table, and cross sections for the project extents are included in the 
attached H&H HEC-RAS Model Results.  
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1.4 Alternative 2 (Channel Modification) 
This alternative includes excavation and construction of approximately 7,800 feet of new, meandering 
low flow channel. The bottom of the trapezoidal channel would be 200 feet wide and lined with natural 
river material. Natural river material would be reused from excavated material on site to the extent 
possible. Channel slopes would be rock-lined at a 3H:1V slope to a height of 6 feet. Material would be 
removed from the area adjacent to the constructed channel to flatten the floodplain and tie into existing 
grade. The newly constructed low flow channel and widening of the channel within the existing floodplain 
will increase channel capacity and improve floodplain connection. The channel will be aligned to improve 
hydraulic conductivity by avoiding large bends in order to prevent water backup and associated flood 
inundation. The channel was designed to maximize benefit within the existing channel morphology and 
to minimize the need to alter existing public and provide infrastructure. 
 
Alternative 2 also incorporates a floodwall around the wastewater treatment plant, stream bank 
stabilization, and bridge scour protection as described under Alternative 1.  

1.4.1 Model Input 

1.4.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No Action), as 
described in section 1.2.1.1, and then the following adjustments were made: 1) ) inclusion of a levee 
feature from cross section 32918 to 32740 on the right bank, around the wastewater treatment plant; 
and 2) channel widening/realignment from cross section 32455 to 31041 on both the left and right banks. 

1.4.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in section 
1.2.1.2. 

1.4.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.2.1.32.1.. 

1.4.2 Model Output 
The water surface profiles, output table, and cross sections for the project extents are included in the 
attached H&H HEC-RAS Model Results. 
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1.5 Alternative 3 (Non-Structural Relocations) 
Structures within the 0.04 AEP floodplain would be acquired and demolished. Residents would be 
relocated outside of the floodplain. The 0.04 AEP floodplain was selected to include those structures with 
the majority of recurring flood damages, as well as those with the greatest life and safety risk during major 
flood events.  
 
Alternative 3 also incorporates a floodwall around the wastewater treatment plant, stream bank 
stabilization, and bridge scour protection as described under Alternatives 1 and 2. 

1.5.1 Model Input 

1.5.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No Action), 
as described in section 1.2.1.1, and then the following adjustments were made: 1)  inclusion of a levee 
feature from cross section 32918 to 32740 on the right bank, around the wastewater treatment plant. 
No modifications to the geometry were made to account for the properties that are proposed to be 
bought out (relocation of residents in the 0.04 AEP floodplain) because  early in the planning process it 
was uncertain whether the properties to be purchased would be demolished. Assuming that they would 
not be demolished was believed to be conservative relative to the Manning's n values used; demolition 
of the buildings would result in lower roughness values and ultimately lower water surface elevations. 

1.5.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in section 
1.2.1.2. 

1.5.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.2.1.32.1. 

1.5.2 Model Output 
The water surface profiles, output table, and cross sections for the project extents are included in the 
attached H&H HEC-RAS Model Results.  
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1.6 Alternative 4 (Channelization) 
Channelization involves construction of approximately 9,000 linear feet of concrete-lined channel within 
existing riverbank limits. This alternative would require excavating the existing channel to a depth of 17 
feet and width of 300 feet. The bottom of the trapezoidal channel would be 100 feet wide, and the side 
slopes would extend to a height of 15 feet at a 3H:1V slope.  

1.6.1 Model Input 

1.6.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 0 (No Action), as 
described in section 1.2.1.1, and then the following adjustment was made: 1) modification to the channel 
geometry and Manning’s n roughness coefficient from cross section 33704 to 30753. 

1.6.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in section 1.2.1.2. 

1.6.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.2.1.3. 

1.6.2 Model Output 
The water surface profiles, output table, and cross sections for the project are included in the attached 
H&H HEC-RAS Model Results.  
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2 Climate Change Assessment 

2.1 Literature Review 
An August 2016 report conducted by the United States Environmental Protection Agency (US EPA) on 
climate change for Puerto Rico summarizes impacts of a changing climate for Puerto Rico. The report 
states that the Commonwealth has warmed by more than one degree (F) since the mid-20th century, and 
the surrounding waters have warmed by nearly two degrees since 1901. Furthermore, the ocean has been 
rising every 15 years by approximately one inch, and tropical storms and hurricanes have become more 
intense during the past 20 years (EPA, 2016). 

The USACE has developed concise reports summarizing observed and projected climate and hydrological 
patterns, at a hydrologic unit code (HUC2) watershed scale. A June 2015 by USACE literature review report 
focused on the Caribbean Region summarizes several studies which have projected future changes in 
hydrometeorology. The document indicates that it is projected that air temperature will increase through 
the country over the next century. Specifically, projected temperature increases for the Caribbean are 
projected to be slightly below the global average by 2.5 to 4°C by 2100, but slightly above the tropical 
average. Projected temperature increases are expected to be significant by late century at all locations. 
Projections for Puerto Rico show an increase of as little as 0.02°C per year through 2050 and as much as 
2-5°C by the year 2100 (PRCCC, 2013). 

The USACE literature review (2015) indicate that -12% more precipitation is falling in Puerto Rico now as 
compared with the first half of the 20th century, and that the precipitation is concentrated in larger 
events. 

Regionally within the island, there are indications that the southern region of Puerto Rico has experienced 
positive trends in annual rainfall while the western and a portion of the northern region showed 
decreases. In order to simulate future climate change, global climate models (GCMs) need to accurately 
represent observed climate. There is uncertainty in the magnitude of precipitation changes in the 
Caribbean, though a majority of GCMs show future decreases in precipitation are likely. Model projections 
range from -78 to -10%, and current evidence suggests drier conditions are more likely than wetter for 
Puerto Rico, a contrast to the global precipitation signal. Specifically the PRCCC analysis found that past 
and future trends are similar, a decrease of rainfall of -0.0012 to -0.0032 mm/day/yr, are projected to 
continue through 2050 (PRCCC, 2013). 

There is limited information with regards to the effects of climate change on streamflow trends and 
hydrologic conditions within the Caribbean Region. There is no clear consensus on projected streamflow 
trends in the Caribbean Region. The Puerto Rico Climate Change Council (PRCCC) also prepared a report 
assessing the social-ecological vulnerabilities in a changing climate. The report indicates that surface 
temperatures and sea levels are increasing for the island. It was likely that mean sea level rise will 
contribute to upward trends in extreme coastal high water levels in the future (PRCCC, 2013).  

Figure 2 summarizes observed and projected trends for a variety of variables that were reviewed (USACE, 2015). 
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Figure 2 - Summary of observed and projected climate trends and literary consensus (USACE, 2015).  
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2.2 Inland Hydrology Climate Change Assessment Tools 
In accordance with the USACE Engineering and Construction Bulletin (ECB) 2018-14, potential impact of 
climate change on inland hydrology was assessed using the applicable tools. The tools are qualitative and 
include the Climate Hydrology Assessment Tool, the Nonstationarity Detection Tool, and Watershed 
Climate Vulnerability Assessment Tool. The results are described in the following sections.  

2.2.1 The USACE Climate Hydrology Assessment Tool  
There is a lack of coverage by the USACE Climate Hydrology Assessment Tool (CHAT) at Rio Grande de 
Manati gage at Ciales, PR (USGS gage 50035000), so future projections of annual peak streamflow could 
not be performed. However, a trend analysis was performed using the USACE Nonstationarity Detection 
Tool (NSD), as described below.The USACE Nonstationarity Detection Tool 

The USACE Nonstationarity Detection Tool is an analytical tool that enables users to detect abrupt and 
slowly varying changes in annual peak flows at stream gages with over 30 years of record and conduct 
monotonic trend analysis on the data. The USACE Nonstationarity Detection Tool was used to analyze 
changes to the maximum annual flow at the Rio Grande de Manati at Ciales, PR gage (USGS gage 
50035000). The Nonstationarity Detection Tool failed to detect significant (p=0.05) nonstationarities in 
the maximum annual flow at the Rio Grande de Manati at Ciales, PR gage (USGS gage 50035000) during 
the period of record from 1958 through 2018 (Figure 3). There was missing data from 1953 through 1958, 
so this period of data was neglected from the analysis, in correspondence with guidance from ETL 1110-
2-3. Even when the analysis start year was updated to exclude the period of partially missing data in the 
1950's, no change points were detected.  There is no regulation of the river upstream of the gage, and 
potential changes from a changing climate on the mean, variance, and distribution of the maximum 
annual flow were not identified as being statistically significant. In addition, a monotonic trend analysis 
was performed on the maximum annual flow at the gage, and no statistically significant trends were 
identified (Figure 4).  
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Figure 3 - Nonstationarity Analysis of Maximum Annual Flow, Rio Grande de Manati at Ciales, Puerto 
Rico. 
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Figure 4 - Nonstationarity Analysis of Maximum Annual Flow, Rio Grande de Manati at Ciales, Puerto 
Rico. 

2.2.2 The USACE Watershed Climate Vulnerability Assessment Tool 
The HUC-4 watersheds are not available in the USACE Vulnerability Assessment Tool, so an assessment 
could not be applied. 
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2.3 Sea Level Rise 
There is high confidence that sea levels are rising and will continue to do so (PRCCC, 2013). In accordance 
with Engineering Regulation (ER) 1100-2-8162, a quantitative assessment of sea level rise must be 
considered for waterways with oceanic astronomical tidal influence, as well as connected waterways with 
base-level controlled by sea level. Although the downstream extent of the study area is approximately 16 
miles upstream of the mouth of Rio Grande de Manati, a sea level rise assessment is still required by 
Engineering Manual (EM) 1110-2-1416 because the river profile computation begins at the outlet of a 
stream influenced by tidal fluctuations. 

Using the USACE Sea Level Change Calculator, Figure 5 shows that for a 100-year planning horizon with 
sea level rise USACE low to high estimates range from 0.69 to 6.77 feet above current mean sea level by 
the year 2120 at the San Juan, PR gage (datum PRVD02). Discussion regarding how sea level change was 
accounted for in the design is provided in the following section. 

 

Figure 5 - USACE Sea Level Change Curve Calculator at Gage Closest to Ciales, Puerto Rico. 

Although the study area downstream extents are approximately 16 miles upstream of the mouth of Rio 
Grande de Manati, the downstream boundary of the existing conditions hydraulic model obtained from 
FEMA goes to the ocean. Therefore, consistent with Engineering Regulation (ER) 1100-2-8162, sea level 
rise was incorporated into the downstream boundary condition in the hydraulic model. Based on the 
PRVD02 datum, the summation of the sea level change (SLC), high tide for each of the three scenarios 
(low, intermediate and high, as determined from the Sea Level Change Calculator), and the NOAA 100 yr 
(i.e. 1% AEP) estimated extreme water level (EWL) was used to estimate downstream boundary conditions 
for the base year and year 2120 (100-year project lifespan). Initially, the low, intermediate, and high values 
for the base year (0.15 ft, 0.22 ft, and 0.44 ft, respectively) were each combined with the EWL (2.49 ft) 
and MHHW (0.81 ft). These scenarios for the base year are estimated to range from 3.45 ft to 3.74 ft. 
Then, the low, intermediate, and high values for the 2120 scenario (0.69 ft, 2.15 ft, and 6.77 ft) were 
analyzed, yielding totals of 3.99 ft to 10.07 ft. Although the base year scenarios were initially analyzed, 
ultimately the most conservative value from the 2120 scenarios (10.07 ft) was the highest downstream 
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boundary condition used for the analysis and was compared with the MHHW initially incorporated in the 
existing conditions hydraulic model.  There was no increase in water surface elevation in the study area 
extents for the future without- and with- project conditions. Therefore, additional analysis with regards 
to incorporating sea level rise was not completed. 
 

2.4 Residual Risk 
A summary table of the residual risk associated with the tentatively selected plan (TSP) is included 
below. 

Table 1. Residual risk associated with TSP.  

Feature/Measure Trigger Hazard Harm Qualitative 
Likelihood 

Non-Structural 
Relocations 

Increased 
magnitude and 
frequency of 
large storm and 
flood events.  

Future flood 
volumes and 
velocities may 
be larger than 
present. 

Increased inundation 
risk for structures 
outside of the 0.04 
AEP floodplain not 
included in the 
project. 

Likely 
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3 WATER RESOURCE CONSIDERATIONS RELATED TO THE 
RECOMMENDED PLAN 

3.1 Alternative 3B - Non-Structural Relocations 
The tentatively selected plan (TSP) is an optimized version of Alternative 3 (Non-Structural Relocations). 
Based on the results from the expert elicitation and an economic analysis, as discussed in the report, there 
were modifications to Alternative 3. The modifications include  removing the proposed floodwall around 
the wastewater treatment plant.  

3.1.1  Model Input 

3.1.1.1 Geometry 
The baseline geometry for this alternative was copied from the geometry for Alternative 3 (Non-Structural 
Relocations), as described in section 1.6.1.1, and the following adjustment was made: 1) removal of the 
levee feature from cross section 32918 to 32740 on the right bank, around the wastewater treatment 
plant.  

3.1.1.2 Steady Flow Data 
The steady flow data was kept the same as for Alternative 0 (No Action) and is described in section 1.2.1.2. 

3.1.1.3 Boundary Conditions 
The boundary conditions data was kept the same as for Alternative 0 (No Action) and is described in 
section 1.2.1.3. 

3.1.2 Model Output 
The water surface profiles, output table, and cross sections for the project extents are included in the 
attached H&H HEC-RAS Model Results.  
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ATTACHMENT: HEC-RAS RESULTS



 

 

 

 

 

 

 

 

 

 

 

 

 

 

HEC-RAS CROSS SECTIONS PLAN VIEW



 

Figure 1. Plan view of cross sections in HEC-RAS model within study area extents. 



 

 

 

 

 

 

 

 

 

 

 

 

 

HEC-RAS OUTPUT TABLES  



HEC-RAS  Plan: Alt 1  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 139.51 125.86 140.34 0.003817 7.11 5625.18 270.47 0.26 5.07 1.53 4.69

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 143.44 129.56 144.89 0.005287 9.15 6711.32 282.49 0.32 8.18 2.74 0.26 7.38

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 151.87 135.35 153.35 0.003729 9.25 11327.18 657.74 0.28 7.63 1.61 1.01 3.86

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 155.56 138.83 157.44 0.003212 9.19 13779.02 671.26 0.26 7.27 2.07 1.21 3.96

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 160.24 148.32 162.70 0.002800 9.27 17040.68 709.37 0.25 7.12 2.46 1.39 4.03

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 165.07 150.84 168.29 0.002532 9.46 20710.83 787.30 0.24 7.16 2.88 0.97 3.99

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 171.73 155.15 176.19 0.002338 9.92 26476.56 972.74 0.24 7.53 3.52 0.89 3.82

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 138.67 124.38 139.48 0.002932 7.27 5947.50 307.12 0.26 4.23 0.67 1.21 3.42

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 142.25 128.07 143.67 0.004335 9.70 7141.42 395.49 0.33 7.19 0.81 2.28 4.74

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 150.36 134.04 152.24 0.004311 11.50 10878.04 624.26 0.34 9.26 2.01 1.46 4.58

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 154.53 137.81 156.53 0.004040 11.99 13629.58 680.01 0.34 9.70 2.50 2.31 4.93

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 159.60 145.46 161.82 0.003613 12.29 17191.06 715.76 0.32 9.79 3.10 3.05 5.27

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 164.67 152.41 167.31 0.003342 12.70 20890.96 743.71 0.32 10.08 3.66 3.71 5.68

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 171.61 157.02 175.06 0.003075 13.28 26391.29 897.95 0.31 10.56 3.35 4.48 5.48

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 126.05 118.60 126.59 0.001090 5.83 3153.70 264.48 0.29 0.84 0.08 0.28 0.79

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 133.39 122.98 134.37 0.001019 7.66 5270.76 302.44 0.30 1.24 0.27 0.44 1.06

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 138.32 126.86 139.83 0.001076 9.12 6803.59 324.56 0.32 1.63 0.34 0.67 1.34

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 145.75 131.56 147.76 0.001157 11.27 10233.87 576.25 0.35 2.28 0.41 0.61 1.24

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 149.85 134.95 152.19 0.001075 11.76 12669.15 609.63 0.34 2.39 0.60 0.77 1.35

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 155.38 139.83 158.09 0.000949 12.14 16127.39 642.11 0.33 2.43 0.79 0.91 1.44

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 161.36 146.72 164.45 0.000847 12.53 20157.85 768.30 0.32 2.48 0.72 1.04 1.34

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 169.75 152.49 173.23 0.000730 12.96 26879.41 827.31 0.30 2.51 0.94 1.08 1.43

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 108.76 124.39 118.44 125.24 0.002244 8.17 3130.37 293.82 0.40 1.76 1.15 1.44

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 108.76 131.59 123.34 132.97 0.002658 10.69 5424.25 345.51 0.43 3.07 2.08 0.03 2.49

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 108.76 136.27 127.07 138.29 0.003000 13.10 7188.89 441.00 0.47 4.30 2.30 0.32 2.93

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 108.76 143.71 132.58 146.20 0.002844 15.24 11342.41 635.65 0.48 5.32 2.67 0.73 3.27

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 108.76 148.27 136.39 150.82 0.002572 15.85 14168.90 746.42 0.46 5.51 2.96 0.90 3.48

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 108.76 154.24 143.49 156.93 0.002306 16.62 18065.46 842.17 0.45 5.75 3.30 0.58 3.56

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 108.76 160.39 147.26 163.32 0.002157 17.60 22524.75 878.50 0.45 6.16 3.78 1.06 3.94

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 108.76 168.81 152.39 172.29 0.002114 19.39 28916.31 926.75 0.45 7.09 4.68 1.53 4.64

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 123.37 115.26 123.92 0.002646 6.08 3363.48 320.69 0.28 2.35 0.61 0.53 1.69

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 130.52 120.05 131.46 0.002833 8.23 6156.65 438.31 0.31 3.76 1.32 1.19 2.42

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 135.28 123.59 136.55 0.003078 9.80 8302.04 460.44 0.34 4.99 2.21 1.77 3.36

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 142.57 129.69 144.47 0.003475 12.25 11796.78 501.80 0.37 7.19 3.83 2.42 4.92

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 146.91 133.19 149.25 0.003723 13.75 14012.33 521.14 0.39 8.70 4.91 3.12 6.01

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 152.48 137.10 155.44 0.004012 15.64 16989.94 553.84 0.42 10.75 6.37 3.85 7.38

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 158.05 141.51 161.79 0.004395 17.74 20154.08 579.92 0.45 13.28 8.11 5.05 9.14

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 165.46 147.84 170.60 0.005108 21.00 24619.80 725.79 0.49 17.76 9.58 6.72 11.25

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 109.15 122.34 116.27 122.99 0.002606 7.30 3033.69 296.06 0.37 1.87 0.74 1.77 1.59

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 109.15 129.51 120.49 130.54 0.002427 9.62 5921.87 485.23 0.39 2.79 0.90 2.52 1.78

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 109.15 134.29 123.88 135.59 0.002445 11.21 8275.07 497.85 0.40 3.51 1.58 3.10 2.43

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 109.15 141.58 130.12 143.41 0.002621 13.85 12026.14 533.78 0.44 4.91 2.63 4.20 3.52

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 109.15 145.91 133.00 148.11 0.002743 15.45 14384.00 556.30 0.46 5.85 3.38 4.75 4.22

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 109.15 151.52 136.42 154.19 0.002871 17.43 17599.13 589.56 0.48 7.09 4.35 5.39 5.09

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 109.15 157.16 140.98 160.38 0.003071 19.64 20987.03 620.25 0.51 8.62 5.70 6.27 6.28

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 109.15 164.62 147.08 168.90 0.003512 23.18 25615.00 664.68 0.55 11.42 8.10 8.11 8.48

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 120.12 109.16 120.60 0.003491 5.81 4295.34 470.03 0.24 3.80 0.95 0.65 1.90

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 127.27 115.10 128.04 0.004153 7.90 7904.03 525.01 0.28 6.28 2.68 1.52 3.71

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 131.83 119.48 132.91 0.004969 9.64 10344.30 544.11 0.31 8.87 4.42 2.38 5.59

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 138.70 125.58 140.38 0.006273 12.43 14181.49 574.12 0.36 13.75 7.77 4.10 9.14

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 142.95 128.59 144.92 0.006584 13.69 16835.35 655.64 0.38 16.09 8.43 4.91 10.01

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 148.78 132.38 150.89 0.006246 14.56 21314.72 1064.85 0.37 17.43 6.42 4.33 8.01

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 154.77 136.22 156.91 0.005771 15.17 27708.04 1187.18 0.37 18.16 7.24 4.90 8.59

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 162.70 144.68 164.99 0.005483 16.22 36999.18 1332.90 0.37 19.83 8.48 5.92 9.66

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 98.89 118.79 108.04 119.17 0.002413 4.72 3761.29 335.83 0.20 2.46 0.80 1.64

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 98.89 125.81 113.40 126.65 0.002341 5.18 6249.73 370.50 0.19 3.16 1.69 0.13 2.38

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 98.89 129.88 118.79 131.27 0.002672 6.19 7802.64 389.64 0.21 4.26 2.49 0.57 3.22

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 98.89 135.90 121.87 138.27 0.003342 7.93 10360.79 516.00 0.24 6.54 2.93 1.29 4.11

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 98.89 139.77 126.15 142.72 0.003316 8.51 12363.24 624.12 0.25 7.26 3.69 1.62 4.74

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 98.89 146.84 132.29 149.33 0.002274 7.93 17858.51 896.11 0.21 5.94 2.04 1.30 2.77

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 98.89 153.07 137.37 155.64 0.001705 7.51 24034.79 1079.87 0.19 5.09 2.08 0.86 2.32

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 98.89 160.86 145.90 163.84 0.001384 7.45 32843.29 1166.25 0.17 4.78 2.20 1.23 2.38

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 100.39 118.59 108.32 118.98 0.004903 4.79 3716.71 370.90 0.21 4.95 1.06 0.60 3.01

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 100.39 125.67 113.62 126.34 0.002892 4.66 6930.95 512.32 0.17 4.17 1.48 1.12 2.47

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 100.39 129.80 117.93 130.80 0.002736 5.05 9076.44 563.25 0.17 4.63 1.88 1.72 2.82

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 100.39 135.76 122.70 137.53 0.002575 5.57 12292.27 626.18 0.17 5.29 2.71 2.53 3.60

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 100.39 139.15 125.49 141.53 0.002642 6.02 14124.82 653.61 0.17 5.98 3.34 3.13 4.24

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 100.39 143.62 129.63 146.60 0.002574 6.41 17147.34 693.09 0.18 6.53 3.97 2.42 4.56

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 100.39 149.43 133.53 152.29 0.002217 6.49 22357.12 846.63 0.17 6.41 2.86 2.37 3.58

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 100.39 158.29 140.04 161.30 0.001798 6.55 30541.47 1131.64 0.15 6.16 2.95 1.07 2.98

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.75 115.61 116.27 0.004477 6.73 2955.23 245.71 0.30 4.23 1.50 1.23 3.25

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.75 123.71 124.47 0.003338 7.73 6394.02 636.90 0.28 4.83 0.93 1.92 2.06

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.75 128.29 129.02 0.002595 7.68 9650.93 790.00 0.26 4.50 1.18 1.79 1.95

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.75 134.82 135.63 0.001933 7.63 15452.86 971.69 0.23 4.13 1.40 1.63 1.89

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.75 138.51 139.43 0.001744 7.76 19173.91 1128.09 0.22 4.13 1.56 1.05 1.83

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.75 143.36 144.35 0.001517 7.84 25515.51 1367.45 0.21 4.05 1.58 1.05 1.75

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.75 149.29 150.31 0.001239 7.72 33824.18 1456.16 0.19 3.76 1.69 1.15 1.78

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.75 158.42 159.47 0.000964 7.63 48511.98 1755.26 0.18 3.48 1.64 1.11 1.65

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 114.76 106.11 115.43 0.003088 6.80 3275.59 255.78 0.30 3.15 1.20 1.18 2.36

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 122.44 111.46 123.61 0.003536 9.40 6059.88 641.68 0.34 5.29 0.63 2.23 2.04

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 127.26 115.64 128.31 0.002866 9.55 9679.80 985.89 0.31 5.15 1.18 2.19 2.14

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 133.95 125.33 135.05 0.002250 9.72 15711.59 1257.71 0.29 4.98 1.85 1.44 2.22

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 137.66 127.54 138.89 0.002069 9.96 19395.22 1474.25 0.28 5.05 2.17 1.64 2.44

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 142.39 130.41 143.84 0.001927 10.37 24309.25 1535.29 0.28 5.27 2.58 1.86 2.71

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 148.19 133.10 149.86 0.001700 10.58 30772.18 1796.03 0.26 5.26 2.88 1.77 2.71

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 158.29 136.70 159.16 0.000885 8.63 58366.64 1930.79 0.20 3.29 1.56 1.38 1.65

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.54 111.94 105.15 112.81 0.006829 7.82 2879.07 282.79 0.36 6.35 1.96 1.75 4.25

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.54 119.65 110.39 120.88 0.006228 9.85 5986.76 782.80 0.36 8.77 1.77 1.26 3.07

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.54 125.13 115.25 126.15 0.004568 9.74 10684.49 1190.67 0.32 7.98 2.56 1.79 3.26

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.54 132.24 122.75 133.28 0.003781 10.30 17825.08 1331.53 0.31 8.27 3.71 2.32 3.90

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.54 136.01 124.95 137.19 0.003792 11.03 22449.90 1685.20 0.31 9.18 4.54 1.82 3.70

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.54 140.89 127.81 142.20 0.003661 11.72 29498.64 1755.38 0.31 9.97 5.39 2.66 4.47

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.54 147.00 130.67 148.36 0.003215 11.98 39091.98 1902.48 0.30 9.98 5.82 3.11 4.74

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.54 156.92 135.33 158.25 0.002532 12.00 55854.33 1985.40 0.27 9.42 5.92 3.79 5.05

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 108.33 98.27 108.81 0.002800 5.56 3598.59 269.61 0.25 2.69 1.37 0.44 2.48

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 115.20 103.12 116.28 0.003954 8.42 5510.96 349.48 0.31 5.46 3.45 1.16 4.31

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 120.10 107.05 121.75 0.004795 10.57 7437.22 685.59 0.36 8.06 5.49 0.88 3.48

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 128.29 113.64 129.80 0.003803 11.21 17035.20 1532.82 0.33 8.30 6.08 1.71 2.74

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 132.58 118.13 133.97 0.003371 11.38 23465.29 1650.12 0.32 8.25 6.19 2.27 3.16

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 137.96 126.80 139.27 0.003004 11.69 32121.71 1793.58 0.31 8.34 6.42 2.80 3.56

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 144.68 129.95 145.85 0.002451 11.58 43495.16 1888.83 0.28 7.82 2.03 3.26 3.84

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 155.23 133.92 156.29 0.001891 11.50 61959.16 1972.62 0.26 7.25 1.12 3.67 4.02

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.89 106.91 107.51 0.003238 6.33 3389.79 265.86 0.28 3.09 1.62 0.42 2.52

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.89 113.02 114.40 0.004920 9.75 5193.75 330.73 0.37 6.55 2.96 1.59 4.71

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.89 117.41 119.49 0.006001 12.18 6726.41 387.73 0.42 9.61 4.52 2.39 6.35

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.89 125.88 128.12 0.005130 13.60 14698.25 1458.26 0.41 10.90 4.43 1.77 3.20

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.89 130.72 132.65 0.004242 13.50 22417.70 1659.34 0.38 10.28 4.47 2.48 3.55

Alternative 0 (No Action) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 1  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.89 136.56 138.24 0.003518 13.48 32249.54 1706.84 0.35 9.80 4.17 3.29 4.11

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.89 143.66 145.09 0.002777 13.20 44566.35 1759.75 0.32 8.95 3.81 3.77 4.34

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.89 154.49 155.75 0.002111 13.06 64099.42 1859.70 0.29 8.22 3.80 4.10 4.49

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 105.77 97.42 106.53 0.003256 7.17 3125.76 250.96 0.33 3.03 2.02 0.48 2.46

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 110.79 102.84 112.77 0.005919 11.71 4496.56 295.14 0.46 7.35 4.13 1.96 5.48

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 113.89 107.22 117.32 0.008589 15.53 5464.01 323.92 0.57 12.32 6.74 3.64 8.79

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 120.91 114.63 125.99 0.009501 19.48 9394.71 945.57 0.62 17.75 9.26 2.42 5.81

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 127.87 122.27 131.31 0.005758 17.41 18156.54 1466.02 0.50 13.24 6.83 2.92 4.40

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 134.61 126.11 137.29 0.004233 16.68 28724.06 1666.99 0.44 11.49 5.93 3.51 4.49

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 142.29 130.70 144.43 0.003125 15.96 41892.46 1882.25 0.39 9.97 4.89 3.99 4.65

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 153.52 135.68 155.29 0.002282 15.55 61538.62 1913.57 0.35 8.87 5.04 4.41 4.90

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 98.34 92.33 99.80 0.005709 10.18 2309.29 193.80 0.46 5.42 2.48 1.87 4.05

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 105.71 101.69 106.67 0.003232 9.72 6854.67 794.22 0.36 4.54 1.24 1.58 1.71

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 111.95 104.65 112.57 0.001641 8.06 11941.44 836.48 0.26 2.94 1.21 1.03 1.43

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 121.41 107.64 122.00 0.001015 7.58 20241.18 900.88 0.22 2.41 1.27 0.84 1.39

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 128.01 109.41 128.60 0.000789 7.39 26249.57 920.97 0.19 2.19 1.29 0.77 1.36

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 134.36 111.76 135.09 0.000773 7.97 32229.35 970.81 0.20 2.45 1.55 0.62 1.55

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 141.81 114.37 142.66 0.000730 8.46 39728.45 1176.09 0.19 2.65 1.80 0.56 1.68

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 152.85 118.41 153.91 0.000688 9.18 51634.95 1235.61 0.19 2.97 2.16 0.79 1.96

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.62 94.89 87.36 95.79 0.003476 6.97 2649.69 259.01 0.31 3.30 1.03 0.38 2.12

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.62 102.68 93.21 104.20 0.002656 7.94 4776.32 282.78 0.29 3.75 1.88 0.87 2.64

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.62 108.80 97.67 110.87 0.002324 8.65 6553.78 299.46 0.28 4.13 2.32 1.11 2.96

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.62 117.74 103.77 120.62 0.002289 10.22 9603.40 438.93 0.29 5.28 2.08 1.55 2.95

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.62 124.94 108.04 127.49 0.001919 10.48 13031.14 530.86 0.27 5.25 2.07 1.57 2.78

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.62 131.17 117.25 133.96 0.002036 11.75 16633.35 598.11 0.29 6.33 2.65 1.87 3.35

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.62 138.81 121.78 141.60 0.001976 12.68 21935.06 804.02 0.29 7.04 2.62 2.11 3.28

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.62 150.06 128.63 152.91 0.001867 13.82 30920.88 1095.29 0.29 7.90 3.76 2.33 4.24

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 92.72 82.62 93.11 0.001240 4.99 3980.28 328.60 0.23 1.14 0.17 0.04 0.92

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 101.63 87.00 102.14 0.000902 5.99 8097.90 586.26 0.22 1.32 0.27 0.32 0.76

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 108.60 90.48 109.09 0.000663 6.18 13339.67 977.33 0.20 1.26 0.27 0.30 0.56

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 118.67 97.70 119.08 0.000373 5.65 24140.48 1105.20 0.16 0.93 0.30 0.37 0.50

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 125.88 99.82 126.28 0.000263 5.32 32246.39 1134.47 0.13 0.78 0.28 0.37 0.46

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 132.23 104.92 132.71 0.000255 5.70 39513.62 1154.65 0.14 0.85 0.32 0.45 0.53

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 139.85 110.54 140.42 0.000237 6.03 48796.38 1246.98 0.13 0.90 0.28 0.52 0.57

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 151.10 113.92 151.80 0.000221 6.52 63029.35 1291.26 0.13 0.99 0.39 0.62 0.66

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 91.66 92.12 0.000907 5.56 3641.18 250.50 0.24 0.93 0.01 0.30 0.79

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 100.42 101.29 0.000980 7.65 5907.47 267.67 0.27 1.53 0.04 0.70 1.25

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 107.09 108.34 0.001054 9.27 7840.93 384.00 0.29 2.08 0.20 0.49 1.26

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 117.36 118.61 0.000861 10.07 15117.13 898.65 0.27 2.24 0.38 0.49 0.87

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 125.05 125.99 0.000554 9.03 22083.34 913.37 0.22 1.71 0.33 0.57 0.80

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 131.42 132.45 0.000520 9.48 27961.64 930.38 0.22 1.80 0.38 0.73 0.93

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 139.07 140.18 0.000467 9.78 35134.20 943.86 0.22 1.84 0.42 0.86 1.03

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 150.29 151.58 0.000423 10.36 45819.00 960.62 0.21 1.96 0.47 1.05 1.18

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 0 (No Action) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 3  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 136.63 125.86 137.73 0.005850 8.30 4860.65 261.98 0.33 6.91 1.80 6.44

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 142.87 129.56 144.40 0.005726 9.38 6552.67 280.59 0.33 8.67 2.88 0.20 7.86

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 151.52 135.35 153.05 0.003998 9.52 11100.57 656.62 0.29 8.10 1.64 1.04 4.06

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 155.40 138.83 157.31 0.003299 9.29 13676.86 670.65 0.27 7.44 2.09 1.23 4.04

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 159.71 148.32 162.26 0.003033 9.57 16664.92 706.61 0.26 7.61 2.58 1.46 4.29

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 164.48 150.84 167.81 0.002730 9.74 20244.43 779.33 0.25 7.62 3.02 1.01 4.25

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 171.01 155.15 175.66 0.002529 10.23 25778.46 964.52 0.25 8.04 3.71 0.88 4.05

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 135.22 124.38 136.35 0.005007 8.56 4944.50 280.38 0.33 6.17 0.94 1.47 5.32

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 141.56 128.07 143.08 0.004755 9.99 6881.72 360.36 0.34 7.68 0.99 2.40 5.48

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 149.87 134.04 151.85 0.004622 11.80 10581.70 581.93 0.35 9.79 2.03 1.86 5.11

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 154.31 137.81 156.36 0.004175 12.15 13482.28 679.31 0.34 9.97 2.53 2.33 5.04

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 158.99 145.46 161.33 0.003927 12.69 16752.08 712.54 0.34 10.49 3.25 3.19 5.60

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 164.02 152.41 166.78 0.003624 13.10 20407.91 739.32 0.33 10.78 3.87 3.90 6.06

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 170.84 157.02 174.47 0.003342 13.72 25714.22 851.47 0.32 11.33 3.86 4.75 6.11

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 125.73 118.60 126.30 0.001191 5.99 3069.93 263.48 0.30 0.89 0.08 0.30 0.84

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 132.69 122.98 133.75 0.001164 7.99 5060.30 300.44 0.32 1.37 0.29 0.47 1.18

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 137.40 126.86 139.03 0.001240 9.55 6509.07 315.83 0.34 1.81 0.43 0.73 1.52

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 144.81 131.56 147.03 0.001347 11.92 9692.91 564.91 0.38 2.58 0.42 0.64 1.40

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 149.37 134.95 151.81 0.001152 12.06 12377.81 607.15 0.36 2.53 0.61 0.80 1.42

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 153.76 139.83 156.84 0.001160 13.08 15097.35 632.32 0.36 2.86 0.88 1.04 1.67

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 159.43 146.72 162.98 0.001045 13.55 18776.83 667.67 0.35 2.94 1.07 1.19 1.77

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 167.79 152.49 171.75 0.000880 13.90 25280.72 808.88 0.33 2.92 1.03 1.32 1.66

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 108.76 123.92 118.44 124.82 0.002471 8.44 2993.98 279.42 0.42 1.88 1.31 1.59

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 108.76 130.49 123.34 132.08 0.003241 11.46 5045.35 340.35 0.47 3.55 2.37 2.87

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 108.76 134.84 127.07 137.17 0.003726 14.02 6593.78 386.39 0.52 5.02 3.11 0.28 3.79

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 108.76 141.80 132.58 144.98 0.003840 17.00 10227.86 624.18 0.55 6.75 3.24 0.84 4.07

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 108.76 147.56 136.39 150.31 0.002828 16.41 13722.71 732.30 0.49 5.94 3.13 0.95 3.71

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 108.76 152.14 143.49 155.37 0.002919 18.08 16652.76 795.15 0.50 6.92 3.91 1.09 4.44

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 108.76 158.18 147.26 161.63 0.002678 19.01 20898.94 870.09 0.49 7.30 4.36 1.08 4.59

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 108.76 166.67 152.39 170.60 0.002506 20.58 27250.52 907.46 0.49 8.09 5.26 1.76 5.31

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 122.47 115.89 123.19 0.004117 6.98 2881.59 305.44 0.34 3.39 0.91 0.70 2.37

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 128.97 120.90 130.11 0.004210 9.19 5293.88 418.25 0.36 5.14 1.83 1.57 3.25

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 133.44 124.99 134.92 0.004346 10.70 7266.41 453.80 0.38 6.51 2.82 2.24 4.23

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 140.55 130.06 142.61 0.004465 12.86 10591.60 486.49 0.40 8.63 4.62 3.04 5.88

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 146.32 133.18 148.53 0.003891 13.43 13509.93 518.45 0.39 8.91 5.19 3.19 6.11

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 150.51 136.82 153.53 0.004651 15.77 15723.89 538.10 0.43 11.84 7.17 4.41 8.18

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 156.10 140.53 159.87 0.004956 17.71 18833.82 571.67 0.46 14.32 8.96 5.33 9.80

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 163.71 147.04 168.76 0.005485 20.59 23317.72 616.53 0.49 18.41 11.84 7.03 12.50

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 109.15 120.93 116.37 121.77 0.003868 8.43 2582.94 283.17 0.46 2.48 0.94 2.34 2.13

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 109.15 127.65 120.53 128.85 0.003127 10.58 4976.91 464.37 0.45 3.30 0.88 2.96 2.03

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 109.15 132.26 123.86 133.69 0.002912 11.98 7216.43 492.49 0.45 3.91 1.55 3.41 2.58

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 109.15 139.49 129.49 141.35 0.002788 14.21 10866.55 526.15 0.47 4.99 2.51 4.21 3.46

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 109.15 145.54 132.20 147.43 0.002290 14.62 14126.64 554.14 0.44 4.96 2.79 3.95 3.50

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 109.15 149.64 135.65 152.19 0.002733 17.20 16449.89 577.88 0.49 6.61 3.91 5.01 4.66

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 109.15 155.33 139.46 158.41 0.002842 19.20 19825.77 613.29 0.51 7.88 4.99 5.59 5.56

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 109.15 163.06 145.36 167.07 0.003104 22.32 24585.72 655.88 0.54 10.09 6.91 7.00 7.29

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 118.47 109.56 119.13 0.002880 6.81 3454.30 391.70 0.30 2.83 0.69 0.41 1.51

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 125.27 115.58 126.32 0.003282 9.15 6725.28 516.31 0.33 4.55 1.75 1.04 2.54

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 129.73 120.56 131.14 0.003732 10.96 9074.41 535.57 0.37 6.16 2.90 1.59 3.75

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 136.58 125.78 138.67 0.004413 13.81 12840.24 565.29 0.41 9.07 4.99 2.64 5.93

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 143.24 128.77 145.25 0.003565 13.95 16890.83 661.53 0.38 8.74 4.58 2.68 5.39

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 146.85 132.59 149.55 0.004414 16.42 19464.71 842.82 0.43 11.77 5.55 3.09 6.55

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 152.90 136.83 155.72 0.004178 17.38 25496.65 1165.13 0.43 12.64 4.89 3.33 5.84

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 161.11 144.68 164.11 0.003944 18.65 34898.38 1266.61 0.43 13.85 6.14 4.01 6.91

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 98.89 116.88 108.60 117.45 0.004089 5.69 3093.44 259.23 0.26 3.76 1.77 2.97

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 98.89 123.53 113.52 124.60 0.004480 6.45 5299.76 359.29 0.25 5.39 2.73 0.02 4.01

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 98.89 127.60 117.24 129.25 0.004643 7.42 6800.71 380.80 0.27 6.72 3.87 0.53 5.02

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 98.89 133.58 122.67 136.38 0.005336 9.22 9187.72 429.77 0.30 9.63 5.58 1.63 6.89

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 98.89 141.15 126.36 143.70 0.003156 8.23 12966.20 680.30 0.24 7.12 3.87 1.66 4.70

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 98.89 145.01 132.28 147.94 0.003290 8.97 16159.18 812.97 0.25 8.19 2.98 1.91 3.99

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 98.89 151.71 137.30 154.50 0.002285 8.26 22460.22 1051.31 0.21 6.60 2.68 1.06 2.99

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 98.89 160.08 145.91 163.14 0.001655 7.82 31812.02 1156.86 0.18 5.61 2.61 1.43 2.78

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 100.39 116.41 108.83 117.08 0.009177 6.16 2876.23 307.66 0.29 8.01 1.75 0.57 5.25

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 100.39 123.19 113.83 124.13 0.005470 6.15 5617.11 488.92 0.24 7.03 2.22 1.31 3.90

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 100.39 127.30 118.44 128.62 0.004512 6.29 7659.43 533.88 0.22 6.93 2.73 2.18 4.12

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 100.39 133.37 123.11 135.45 0.003801 6.67 10907.13 601.93 0.21 7.24 3.55 3.20 4.72

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 100.39 137.24 126.83 139.85 0.003441 6.86 12993.92 636.98 0.20 7.37 4.04 3.68 5.10

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 100.39 141.75 129.63 145.22 0.003361 7.35 15429.54 676.31 0.21 8.12 4.89 4.49 5.91

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 100.39 147.36 133.52 150.60 0.002783 7.30 20546.58 787.57 0.19 7.67 3.66 2.82 4.44

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 100.39 156.72 139.72 159.98 0.002091 7.17 28770.28 971.65 0.17 6.96 3.39 2.02 3.80

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.75 112.05 106.08 112.88 0.006153 7.39 2575.39 221.63 0.37 4.84 2.04 1.32 4.30

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.75 119.14 110.61 120.60 0.006176 9.94 4403.85 370.35 0.39 7.57 1.13 2.12 4.46

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.75 124.56 114.40 125.89 0.004550 10.03 7391.99 658.61 0.35 7.10 1.44 2.42 3.13

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.75 131.80 123.54 132.94 0.002819 9.34 12973.59 832.72 0.29 5.66 1.82 1.90 2.69

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.75 136.21 125.81 137.37 0.002239 9.06 16704.79 860.15 0.26 5.11 2.04 1.68 2.65

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.75 141.19 128.68 142.52 0.001964 9.24 21503.70 1044.03 0.25 5.09 2.36 1.02 2.46

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.75 147.12 131.14 148.27 0.001460 8.70 31167.70 1412.69 0.22 4.32 1.77 1.12 1.94

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.75 156.85 134.71 157.96 0.001042 8.31 46233.97 1697.14 0.19 3.71 1.64 1.11 1.72

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 111.34 103.96 112.01 0.002354 6.67 3077.74 240.86 0.31 2.06 0.83 0.73 1.81

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 118.26 108.63 119.65 0.002906 9.67 4877.58 305.96 0.37 3.78 0.88 1.28 2.77

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 123.04 112.37 124.94 0.003179 11.60 7111.80 707.82 0.40 5.08 0.60 1.65 1.95

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 130.62 119.44 132.25 0.002309 11.74 13003.18 810.34 0.36 4.77 1.43 1.53 2.25

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 135.22 126.22 136.79 0.001938 11.72 16730.14 810.34 0.34 4.56 1.72 1.75 2.41

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 140.35 129.16 142.00 0.001747 12.11 22651.19 1039.93 0.33 4.66 2.07 1.25 2.27

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 145.95 132.01 147.79 0.001623 12.66 28597.67 1120.12 0.32 4.90 2.44 1.42 2.47

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 156.66 137.14 157.67 0.000863 10.54 55864.04 1913.86 0.24 3.18 1.41 1.14 1.51

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.47 106.42 104.55 108.64 0.024604 12.15 1717.86 221.70 0.68 15.04 3.94 3.01 11.72

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.47 112.07 109.79 115.72 0.022782 15.98 3106.88 296.00 0.71 21.88 6.68 6.38 14.64

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.47 117.21 114.59 121.07 0.017292 16.93 4830.24 365.43 0.66 22.09 8.11 7.34 13.98

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.47 126.31 120.21 129.56 0.009843 16.38 9404.24 542.65 0.53 18.10 7.48 5.69 10.28

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.47 131.13 124.11 134.47 0.008566 16.91 12019.99 542.65 0.51 18.30 8.88 6.73 11.24

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.47 137.24 127.71 140.02 0.006817 16.85 20259.88 1176.36 0.47 17.14 9.38 3.63 7.03

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.47 144.77 131.48 146.31 0.003422 13.38 35715.70 1873.16 0.34 10.19 5.31 2.87 4.50

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.47 155.39 135.77 156.79 0.002493 13.06 53467.57 1983.06 0.30 9.06 5.18 3.44 4.59

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 107.17 93.71 107.27 0.000235 2.61 7582.15 478.40 0.11 0.25 0.09 0.02 0.24

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 113.23 96.68 113.50 0.000415 4.24 10421.74 507.63 0.16 0.59 0.31 0.11 0.56

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 118.19 99.12 118.64 0.000521 5.41 12815.30 538.53 0.18 0.90 0.53 0.20 0.83

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 126.71 103.31 127.40 0.000586 6.85 21218.43 1501.79 0.20 1.32 0.89 0.18 0.53

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 131.55 105.95 132.33 0.000595 7.50 28369.31 1574.88 0.21 1.52 1.08 0.34 0.69

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 137.21 109.47 138.13 0.000623 8.36 37346.73 1735.06 0.21 1.81 1.34 0.51 0.86

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 144.07 113.46 145.07 0.000602 8.99 48930.84 1885.51 0.22 2.00 0.86 0.73 1.06

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 154.70 119.94 155.78 0.000556 9.75 67497.99 1968.60 0.21 2.21 0.50 1.02 1.29

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.89 106.83 107.10 0.000666 4.21 4784.64 312.82 0.18 0.69 0.31 0.08 0.62

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.89 112.49 113.18 0.001189 6.82 6667.30 350.35 0.25 1.65 0.68 0.34 1.37

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.89 117.15 118.23 0.001465 8.57 8348.63 385.00 0.29 2.45 1.10 0.42 1.92

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.89 125.48 126.95 0.001509 10.39 15845.68 1444.35 0.31 3.30 1.34 0.42 1.02

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.89 130.36 131.91 0.001443 11.07 23543.91 1656.54 0.31 3.59 1.56 0.75 1.27

Alternative 1 (Levee/Floodwall) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 3  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.89 136.10 137.72 0.001396 11.90 33183.43 1702.80 0.31 3.96 1.71 1.20 1.68

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.89 143.12 144.71 0.001251 12.37 45338.54 1756.64 0.30 4.09 1.75 1.60 1.99

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.89 153.91 155.48 0.001070 12.94 64741.76 1853.28 0.29 4.21 1.97 1.99 2.30

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 105.79 98.85 106.67 0.002847 7.68 2677.58 238.58 0.36 2.47 1.65 0.42 1.95

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 109.98 104.27 112.34 0.005836 12.71 3754.14 273.81 0.52 6.57 4.09 1.77 4.87

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 113.32 108.59 117.11 0.007853 16.26 4725.41 306.70 0.62 10.46 6.27 3.13 7.37

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 120.50 115.39 125.72 0.008092 19.60 8368.39 881.59 0.64 14.36 8.15 2.01 4.73

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 127.63 122.11 131.07 0.004728 17.18 17074.41 1451.73 0.51 10.47 5.74 2.34 3.43

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 134.39 126.79 137.09 0.003452 16.36 27584.35 1657.05 0.44 9.09 4.87 2.82 3.54

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 142.09 130.24 144.25 0.002501 15.47 40764.79 1881.66 0.38 7.77 3.95 3.16 3.63

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 153.29 135.47 155.15 0.001783 14.85 60344.91 1913.12 0.33 6.77 3.99 3.42 3.76

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 99.81 92.99 100.77 0.007128 7.95 2572.19 442.46 0.34 7.43 0.91 2.56 2.54

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 106.42 101.34 107.01 0.003211 6.65 7250.00 798.13 0.24 4.66 1.34 1.62 1.79

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 112.26 103.44 112.78 0.001732 5.67 12033.05 838.55 0.18 3.14 1.30 1.09 1.52

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 121.53 106.37 122.09 0.001064 5.33 20174.20 901.20 0.15 2.54 1.34 0.89 1.45

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 128.09 108.14 128.67 0.000817 5.19 26153.18 921.36 0.14 2.28 1.34 0.79 1.41

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 134.43 110.54 135.16 0.000794 5.58 32129.11 971.56 0.14 2.52 1.59 0.64 1.59

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 141.87 113.26 142.74 0.000745 5.92 39624.77 1177.92 0.14 2.71 1.83 0.57 1.71

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 152.89 117.50 153.98 0.000697 6.42 51517.36 1235.78 0.14 3.01 2.19 0.80 1.98

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.79 95.10 87.48 96.00 0.004295 7.74 2594.49 260.44 0.34 4.08 1.11 0.50 2.58

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.79 102.87 94.08 104.30 0.003204 8.72 4718.82 283.16 0.32 4.53 2.18 1.07 3.17

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.79 108.96 98.04 110.92 0.002763 9.43 6493.29 299.94 0.30 4.91 2.69 1.33 3.52

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.79 117.88 103.68 120.62 0.002684 11.07 9555.44 440.63 0.31 6.20 2.38 1.82 3.45

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.79 125.01 107.73 127.50 0.002238 11.31 12960.73 533.94 0.29 6.12 2.37 1.84 3.23

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.79 131.21 115.42 133.97 0.002357 12.63 16551.02 598.30 0.31 7.32 3.04 2.17 3.88

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.79 138.83 121.33 141.62 0.002270 13.58 21835.68 804.16 0.31 8.08 2.98 2.42 3.77

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.79 150.05 128.33 152.94 0.002120 14.72 30800.30 1095.26 0.31 8.97 4.24 2.65 4.81

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 92.72 82.62 93.11 0.001240 4.99 3980.28 328.60 0.23 1.14 0.17 0.04 0.92

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 101.63 87.00 102.14 0.000902 5.99 8097.90 586.26 0.22 1.32 0.27 0.32 0.76

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 108.60 90.48 109.09 0.000663 6.18 13339.67 977.33 0.20 1.26 0.27 0.30 0.56

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 118.67 97.70 119.08 0.000373 5.65 24140.48 1105.20 0.16 0.93 0.30 0.37 0.50

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 125.88 99.82 126.28 0.000263 5.32 32246.39 1134.47 0.13 0.78 0.28 0.37 0.46

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 132.23 104.92 132.71 0.000255 5.70 39513.62 1154.65 0.14 0.85 0.32 0.45 0.53

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 139.85 110.54 140.42 0.000237 6.03 48796.38 1246.98 0.13 0.90 0.28 0.52 0.57

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 151.10 113.92 151.80 0.000221 6.52 63029.35 1291.26 0.13 0.99 0.39 0.62 0.66

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 91.66 92.12 0.000907 5.56 3641.18 250.50 0.24 0.93 0.01 0.30 0.79

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 100.42 101.29 0.000980 7.65 5907.47 267.67 0.27 1.53 0.04 0.70 1.25

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 107.09 108.34 0.001054 9.27 7840.93 384.00 0.29 2.08 0.20 0.49 1.26

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 117.36 118.61 0.000861 10.07 15117.13 898.65 0.27 2.24 0.38 0.49 0.87

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 125.05 125.99 0.000554 9.03 22083.34 913.37 0.22 1.71 0.33 0.57 0.80

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 131.42 132.45 0.000520 9.48 27961.64 930.38 0.22 1.80 0.38 0.73 0.93

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 139.07 140.18 0.000467 9.78 35134.20 943.86 0.22 1.84 0.42 0.86 1.03

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 150.29 151.58 0.000423 10.36 45819.00 960.62 0.21 1.96 0.47 1.05 1.18

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 1 (Levee/Floodwall) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 4  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 136.71 125.86 137.80 0.005781 8.27 4880.37 262.20 0.33 6.85 1.80 6.39

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 143.05 129.56 144.55 0.005582 9.31 6602.85 281.20 0.32 8.51 2.83 0.22 7.70

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 151.54 135.35 153.07 0.003983 9.50 11112.71 656.68 0.29 8.07 1.64 1.04 4.05

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 155.41 138.83 157.31 0.003299 9.29 13677.43 670.66 0.27 7.44 2.09 1.23 4.04

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 159.68 148.32 162.24 0.003045 9.58 16646.60 706.47 0.26 7.64 2.58 1.47 4.30

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 164.45 150.84 167.79 0.002739 9.76 20225.29 779.03 0.25 7.64 3.03 1.01 4.26

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 171.06 155.15 175.69 0.002515 10.20 25826.75 965.05 0.25 8.00 3.70 0.88 4.04

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 135.32 124.38 136.44 0.004925 8.51 4972.17 280.86 0.33 6.10 0.95 1.46 5.25

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 141.78 128.07 143.27 0.004617 9.90 6962.71 372.13 0.34 7.52 0.91 2.37 5.22

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 149.90 134.04 151.87 0.004605 11.78 10597.26 584.12 0.35 9.76 2.03 1.83 5.08

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 154.31 137.81 156.36 0.004175 12.15 13483.11 679.31 0.34 9.97 2.53 2.33 5.04

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 158.96 145.46 161.30 0.003943 12.71 16730.42 712.44 0.34 10.53 3.25 3.20 5.62

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 163.99 152.41 166.76 0.003636 13.12 20387.89 739.18 0.33 10.81 3.88 3.91 6.07

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 170.89 157.02 174.51 0.003323 13.69 25759.76 856.48 0.32 11.27 3.80 4.73 6.05

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 125.91 118.60 126.46 0.001133 5.90 3116.72 264.05 0.30 0.86 0.08 0.29 0.81

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 132.95 122.98 133.98 0.001108 7.87 5138.03 301.17 0.31 1.32 0.28 0.46 1.13

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 137.69 126.86 139.28 0.001186 9.41 6600.58 318.12 0.34 1.76 0.40 0.71 1.47

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 144.89 131.56 147.09 0.001330 11.86 9738.78 566.39 0.37 2.55 0.42 0.64 1.38

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 149.37 134.95 151.81 0.001152 12.06 12376.70 607.14 0.36 2.53 0.61 0.80 1.42

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 153.66 139.83 156.77 0.001175 13.14 15034.56 631.68 0.37 2.89 0.88 1.05 1.69

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 159.39 146.72 162.95 0.001050 13.57 18750.85 667.26 0.35 2.95 1.07 1.19 1.78

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 167.85 152.49 171.79 0.000875 13.87 25329.49 809.08 0.33 2.91 1.03 1.31 1.65

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 108.76 124.16 118.44 125.05 0.002378 8.35 3061.68 292.43 0.41 1.83 1.20 1.49

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 108.76 130.92 123.34 132.42 0.003012 11.14 5191.46 342.35 0.45 3.37 2.26 2.73

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 108.76 135.29 127.07 137.52 0.003485 13.74 6770.92 409.02 0.50 4.79 2.76 0.30 3.45

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 108.76 142.01 132.58 145.10 0.003714 16.79 10346.17 625.00 0.54 6.58 3.18 0.82 3.97

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 108.76 147.55 136.39 150.31 0.002829 16.41 13720.93 732.23 0.49 5.94 3.13 0.95 3.71

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 108.76 152.00 143.49 155.26 0.002969 18.18 16559.24 794.45 0.51 7.01 3.95 1.10 4.49

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 108.76 158.14 147.26 161.60 0.002690 19.04 20865.48 869.92 0.49 7.33 4.37 1.08 4.61

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 108.76 166.74 152.39 170.65 0.002493 20.54 27301.70 907.86 0.49 8.06 5.24 1.76 5.29

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 122.83 115.89 123.50 0.003728 6.76 2992.09 311.00 0.32 3.15 0.86 0.68 2.19

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 129.57 120.90 130.61 0.003724 8.82 5548.11 426.42 0.34 4.69 1.70 1.46 2.95

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 134.07 124.99 135.43 0.003906 10.31 7550.48 456.09 0.36 6.00 2.67 2.09 3.93

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 140.78 130.06 142.80 0.004343 12.74 10704.78 494.77 0.40 8.46 4.55 2.72 5.69

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 146.32 133.18 148.53 0.003893 13.43 13508.27 518.43 0.39 8.91 5.19 3.19 6.11

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 150.35 136.82 153.40 0.004726 15.85 15634.60 537.16 0.44 11.98 7.24 4.46 8.27

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 156.05 140.53 159.83 0.004979 17.73 18803.05 571.42 0.46 14.37 8.99 5.35 9.84

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 163.79 147.04 168.83 0.005453 20.55 23367.71 617.47 0.49 18.33 11.80 7.00 12.44

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 109.15 121.55 116.37 122.29 0.003172 7.93 2758.58 288.15 0.42 2.15 0.83 2.02 1.83

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 109.15 128.50 120.53 129.54 0.002580 9.93 5385.51 482.55 0.41 2.86 0.81 2.55 1.75

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 109.15 133.05 123.86 134.34 0.002523 11.42 7607.83 494.58 0.43 3.51 1.46 3.05 2.34

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 109.15 139.76 129.49 141.59 0.002686 14.04 11013.95 528.22 0.46 4.85 2.45 4.09 3.37

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 109.15 145.53 132.20 147.43 0.002291 14.62 14124.63 554.12 0.44 4.96 2.79 3.95 3.50

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 109.15 149.45 135.65 152.04 0.002784 17.30 16341.36 576.79 0.49 6.70 3.95 5.09 4.72

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 109.15 155.27 139.46 158.36 0.002856 19.24 19789.53 613.06 0.51 7.91 5.01 5.61 5.58

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 109.15 163.15 145.36 167.14 0.003084 22.28 24641.23 656.39 0.54 10.04 6.88 6.97 7.26

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 119.64 109.56 120.19 0.002203 6.24 3936.07 449.82 0.26 2.31 0.56 0.38 1.15

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 126.63 115.58 127.50 0.002567 8.40 7433.12 522.24 0.30 3.76 1.56 0.90 2.17

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 130.93 120.56 132.16 0.003121 10.31 9718.23 540.40 0.34 5.37 2.62 1.43 3.33

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 137.00 125.78 139.01 0.004199 13.58 13078.26 567.25 0.40 8.74 4.84 2.56 5.72

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 143.24 128.77 145.25 0.003567 13.96 16887.51 661.43 0.38 8.74 4.59 2.68 5.40

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 146.57 132.59 149.33 0.004549 16.60 19242.84 825.63 0.44 12.05 5.74 3.20 6.77

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 152.81 136.83 155.65 0.004213 17.43 25405.52 1164.64 0.43 12.72 4.91 3.35 5.87

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 161.22 144.68 164.20 0.003905 18.58 35035.98 1272.25 0.43 13.74 6.07 3.99 6.84

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 98.89 118.51 108.60 118.94 0.002867 4.95 3545.81 326.98 0.21 2.87 0.98 1.90

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 98.89 125.41 113.52 126.27 0.002960 5.56 5981.56 367.87 0.21 3.90 2.11 0.14 2.92

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 98.89 129.27 117.24 130.68 0.003445 6.69 7444.05 387.23 0.23 5.33 3.16 0.65 4.00

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 98.89 134.25 122.67 136.90 0.004824 8.90 9476.07 434.12 0.28 8.90 5.17 1.60 6.36

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 98.89 141.14 126.36 143.69 0.003159 8.23 12962.80 680.20 0.24 7.13 3.87 1.66 4.70

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 98.89 144.55 132.28 147.60 0.003514 9.20 15785.52 801.45 0.25 8.65 3.15 1.97 4.22

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 98.89 151.61 137.30 154.43 0.002315 8.30 22357.23 1049.28 0.21 6.67 2.71 1.06 3.02

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 98.89 160.21 145.91 163.24 0.001632 7.77 31960.39 1157.81 0.18 5.55 2.59 1.42 2.75

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 100.39 118.23 108.83 118.69 0.005090 4.96 3486.12 360.04 0.22 5.00 1.21 0.57 3.02

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 100.39 125.21 113.83 125.92 0.003100 4.92 6603.53 507.69 0.18 4.36 1.60 1.11 2.55

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 100.39 129.10 118.44 130.17 0.003013 5.38 8603.35 549.38 0.18 4.96 2.08 1.77 3.01

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 100.39 134.08 123.11 136.03 0.003351 6.36 11285.92 610.16 0.20 6.53 3.28 2.96 4.31

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 100.39 137.17 126.83 139.79 0.003480 6.89 12953.98 636.50 0.21 7.43 4.07 3.71 5.14

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 100.39 141.32 129.63 144.89 0.003551 7.50 15198.29 673.22 0.21 8.48 5.07 4.66 6.15

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 100.39 147.20 133.52 150.49 0.002834 7.35 20424.94 785.80 0.19 7.79 3.71 2.86 4.51

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 100.39 156.93 139.72 160.14 0.002046 7.11 28980.60 998.63 0.17 6.83 3.33 1.74 3.64

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.75 114.94 115.68 0.005258 7.08 2793.84 239.05 0.33 4.75 1.81 1.30 3.71

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.75 122.75 123.70 0.004307 8.54 5788.74 624.02 0.32 5.98 0.97 2.32 2.45

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.75 127.23 128.12 0.003362 8.52 8828.95 761.88 0.29 5.60 1.37 2.27 2.40

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.75 132.47 133.58 0.003045 9.13 13264.40 897.26 0.28 6.07 1.95 2.41 2.77

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.75 135.88 137.12 0.002747 9.28 16487.86 980.96 0.27 6.05 2.15 2.38 2.84

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.75 140.62 141.94 0.002282 9.20 21830.54 1309.45 0.26 5.70 2.07 1.33 2.35

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.75 146.81 148.07 0.001677 8.67 30283.53 1405.52 0.22 4.84 2.08 1.42 2.23

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.75 156.99 158.14 0.001102 8.03 46023.02 1706.05 0.19 3.88 1.81 1.24 1.84

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 113.91 106.11 114.66 0.003747 7.23 3059.51 250.13 0.32 3.63 1.46 1.28 2.74

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 121.14 111.47 122.60 0.004598 10.33 5299.03 495.01 0.38 6.52 0.80 2.69 2.99

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 125.72 115.63 127.16 0.004079 10.99 8464.16 944.58 0.37 6.94 1.32 2.97 2.72

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 131.00 125.33 132.64 0.003869 12.04 12724.60 1084.93 0.37 7.85 2.48 3.30 3.67

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 134.45 127.55 136.23 0.003534 12.30 15549.92 1121.62 0.36 7.93 3.01 3.67 4.08

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 139.22 130.09 141.17 0.003020 12.35 20988.26 1493.36 0.34 7.67 3.46 2.48 3.74

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 145.41 132.49 147.46 0.002355 11.98 27554.32 1578.96 0.31 6.88 3.59 2.44 3.60

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 155.48 137.14 157.67 0.001692 11.56 39650.89 1897.22 0.27 6.01 3.63 2.32 3.31

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.54 105.15 105.15 108.77 0.059418 15.45 1329.83 193.13 0.95 30.27 8.29 5.93 25.22

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.54 110.39 110.39 115.86 0.048993 19.49 2476.83 232.86 0.94 40.88 16.87 11.49 31.79

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.54 115.26 115.26 121.22 0.037416 20.92 3916.99 335.06 0.86 42.51 14.84 10.85 26.74

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.54 123.53 122.67 127.86 0.019814 19.52 8608.73 1019.57 0.67 32.67 9.21 10.95 13.99

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.54 130.02 124.95 132.73 0.010127 16.14 13609.34 1049.64 0.49 20.77 8.62 7.18 10.79

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.54 136.29 127.83 138.46 0.006840 14.89 22845.40 1689.55 0.42 16.68 8.29 3.30 6.70

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.54 143.56 130.76 145.39 0.004722 13.85 33577.75 1837.30 0.36 13.65 7.65 3.78 6.17

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.54 154.52 134.94 156.09 0.003138 13.00 51742.17 1981.71 0.30 11.20 6.92 4.18 5.77

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 98.53 92.09 99.19 0.002190 6.54 3073.93 275.62 0.33 1.69 0.44 0.45 1.50

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 106.16 96.41 107.26 0.002000 8.60 5330.50 326.52 0.34 2.49 1.02 0.86 2.10

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 111.91 99.95 113.39 0.001952 10.05 7170.00 355.91 0.35 3.12 1.66 1.17 2.60

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 121.09 105.79 123.14 0.001871 12.05 10986.99 810.53 0.36 4.05 2.60 0.47 1.67

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 127.78 109.33 129.64 0.001479 12.04 19158.21 1515.11 0.33 3.82 2.63 0.65 1.21

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 134.20 113.95 136.04 0.001336 12.59 28842.85 1673.42 0.32 3.98 2.88 1.04 1.52

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 141.81 121.48 143.54 0.001134 12.79 41474.70 1851.23 0.30 3.91 2.95 1.33 1.72

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 153.10 129.47 154.71 0.000934 13.13 61015.77 1955.73 0.28 3.88 1.36 1.70 1.97

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.91 97.50 98.19 0.002533 6.72 2987.75 273.49 0.34 1.90 0.49 0.50 1.70

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.91 105.25 106.38 0.002198 8.70 5279.30 317.40 0.34 2.71 0.92 0.94 2.23

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.91 111.07 112.55 0.002095 10.08 7245.60 359.35 0.35 3.34 1.12 1.25 2.58

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.91 120.42 122.33 0.001897 11.79 11490.35 836.55 0.35 4.12 1.58 0.45 1.60

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.91 127.32 129.03 0.001480 11.74 19822.34 1559.50 0.32 3.85 1.42 0.60 1.16

Alternative 2 (Channel Modification) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 4  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.91 133.82 135.51 0.001341 12.30 30547.82 1685.39 0.31 4.02 1.56 1.04 1.50

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.91 141.54 143.11 0.001140 12.52 43788.70 1747.16 0.29 3.96 1.53 1.40 1.76

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.91 152.88 154.38 0.000952 12.93 64056.30 1843.71 0.28 3.98 1.72 1.76 2.04

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 96.71 90.83 97.44 0.002574 6.88 2916.99 271.55 0.35 1.89 0.49 0.48 1.70

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 104.60 95.15 105.75 0.002130 8.78 5232.50 315.35 0.35 2.61 0.89 0.90 2.16

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 110.45 98.69 111.95 0.002029 10.19 7169.60 347.78 0.35 3.22 1.19 1.21 2.55

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 119.77 104.53 121.79 0.001900 12.13 11457.22 799.37 0.36 4.11 1.63 0.50 1.67

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 126.79 108.23 128.62 0.001472 12.06 19569.29 1439.62 0.33 3.83 1.56 0.65 1.23

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 133.30 113.01 135.16 0.001350 12.72 29520.07 1618.75 0.32 4.05 1.69 1.03 1.52

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 141.07 120.41 142.82 0.001148 12.95 42705.12 1790.87 0.30 4.00 1.60 1.37 1.75

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 152.49 128.08 154.15 0.000936 13.23 62650.13 1911.56 0.28 3.92 1.93 1.74 2.05

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 93.18 86.14 93.77 0.001873 6.24 3228.63 277.22 0.30 1.51 0.41 0.41 1.34

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 102.31 90.47 103.06 0.001274 7.33 7033.00 730.05 0.27 1.75 0.25 0.61 0.76

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 109.42 94.00 109.98 0.000754 6.79 12802.75 854.07 0.22 1.37 0.43 0.52 0.70

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 119.65 102.26 120.16 0.000505 6.79 22047.04 946.54 0.19 1.24 0.56 0.50 0.72

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 126.85 105.19 127.35 0.000394 6.70 28980.31 980.19 0.17 1.14 0.60 0.47 0.71

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 133.35 108.08 133.95 0.000398 7.35 35438.66 1005.89 0.18 1.31 0.75 0.55 0.86

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 141.06 111.00 141.76 0.000386 7.91 43288.35 1155.87 0.18 1.45 0.91 0.56 0.98

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 152.41 115.35 153.26 0.000366 8.64 55493.37 1233.95 0.18 1.64 1.12 0.61 1.13

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.62 92.72 80.07 92.99 0.000404 4.25 4876.12 308.99 0.17 0.47 0.16 0.15 0.39

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.62 101.80 84.39 102.32 0.000481 6.04 7911.78 359.62 0.20 0.83 0.32 0.31 0.64

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.62 108.67 87.93 109.41 0.000517 7.26 10516.57 397.97 0.22 1.11 0.44 0.44 0.83

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.62 118.46 93.81 119.62 0.000604 9.26 14675.88 452.51 0.25 1.66 0.69 0.68 1.18

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.62 125.51 97.56 126.85 0.000588 10.08 18114.98 548.81 0.25 1.87 0.62 0.74 1.17

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.62 131.68 102.42 133.41 0.000668 11.59 21748.22 604.03 0.27 2.38 0.79 1.02 1.45

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.62 139.13 107.73 141.19 0.000705 12.91 27012.99 808.03 0.28 2.84 0.74 1.29 1.46

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.62 150.15 115.55 152.67 0.000733 14.61 35822.43 1095.49 0.30 3.45 1.27 1.58 1.95

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 92.35 77.28 92.55 0.000258 3.69 5696.59 329.25 0.14 0.34 0.12 0.12 0.27

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 101.43 81.61 101.79 0.000316 5.18 9801.87 575.25 0.17 0.59 0.22 0.13 0.33

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 108.44 85.15 108.86 0.000299 5.78 15011.26 969.69 0.17 0.69 0.26 0.14 0.28

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 118.61 91.01 119.00 0.000229 5.95 25901.36 1104.84 0.15 0.67 0.30 0.23 0.33

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 125.87 95.59 126.24 0.000181 5.82 34064.55 1134.43 0.14 0.61 0.29 0.26 0.33

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 132.24 101.19 132.69 0.000187 6.37 41357.75 1154.68 0.14 0.71 0.34 0.33 0.41

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 139.88 106.74 140.41 0.000183 6.82 50669.66 1247.12 0.15 0.78 0.31 0.40 0.45

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 151.15 113.37 151.80 0.000179 7.46 64931.73 1291.45 0.15 0.89 0.41 0.50 0.55

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 91.66 92.12 0.000907 5.56 3641.18 250.50 0.24 0.93 0.01 0.30 0.79

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 100.42 101.29 0.000980 7.65 5907.47 267.67 0.27 1.53 0.04 0.70 1.25

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 107.09 108.34 0.001054 9.27 7840.93 384.00 0.29 2.08 0.20 0.49 1.26

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 117.36 118.61 0.000861 10.07 15117.13 898.65 0.27 2.24 0.38 0.49 0.87

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 125.05 125.99 0.000554 9.03 22083.34 913.37 0.22 1.71 0.33 0.57 0.80

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 131.42 132.45 0.000520 9.48 27961.64 930.38 0.22 1.80 0.38 0.73 0.93

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 139.07 140.18 0.000467 9.78 35134.20 943.86 0.22 1.84 0.42 0.86 1.03

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 150.29 151.58 0.000423 10.36 45819.00 960.62 0.21 1.96 0.47 1.05 1.18

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 2 (Channel Modification) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 5  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 136.73 125.86 137.82 0.005763 8.26 4885.49 262.26 0.33 6.83 1.79 6.37

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 143.12 129.56 144.61 0.005528 9.28 6622.29 281.43 0.32 8.45 2.82 0.23 7.64

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 151.63 135.35 153.14 0.003910 9.43 11172.45 656.98 0.28 7.94 1.63 1.03 4.00

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 155.30 138.83 157.22 0.003359 9.36 13609.25 670.25 0.27 7.55 2.11 1.24 4.09

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 159.87 148.32 162.40 0.002958 9.47 16782.09 707.48 0.26 7.45 2.54 1.44 4.21

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 164.63 150.84 167.93 0.002678 9.67 20362.43 781.35 0.25 7.50 2.99 1.00 4.18

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 171.16 155.15 175.76 0.002488 10.16 25920.29 966.07 0.24 7.93 3.67 0.89 4.00

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 135.35 124.38 136.46 0.004904 8.50 4979.33 280.98 0.33 6.08 0.95 1.46 5.23

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 141.86 128.07 143.34 0.004565 9.86 6994.18 374.56 0.33 7.46 0.91 2.35 5.15

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 150.03 134.04 151.98 0.004518 11.70 10674.76 600.12 0.35 9.62 2.03 1.65 4.89

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 154.16 137.81 156.25 0.004270 12.25 13382.78 678.84 0.34 10.16 2.56 2.35 5.12

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 159.18 145.46 161.48 0.003824 12.56 16889.99 713.44 0.33 10.26 3.20 3.15 5.50

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 164.19 152.41 166.92 0.003549 13.00 20530.89 740.37 0.33 10.60 3.82 3.85 5.96

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 170.99 157.02 174.59 0.003286 13.63 25849.61 872.37 0.32 11.17 3.65 4.69 5.90

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 125.93 118.60 126.48 0.001126 5.89 3122.34 264.12 0.29 0.86 0.08 0.29 0.80

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 133.01 122.98 134.03 0.001095 7.84 5156.55 301.34 0.31 1.31 0.28 0.46 1.12

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 137.80 126.86 139.38 0.001165 9.36 6636.33 319.00 0.33 1.73 0.39 0.71 1.44

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 145.12 131.56 147.27 0.001280 11.69 9872.32 568.70 0.37 2.48 0.42 0.63 1.34

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 149.02 134.95 151.54 0.001212 12.30 12163.88 604.67 0.36 2.63 0.63 0.82 1.47

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 154.24 139.83 157.21 0.001092 12.79 15401.50 635.45 0.35 2.72 0.85 1.00 1.60

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 160.00 146.72 163.41 0.000981 13.24 19160.98 673.75 0.34 2.79 1.01 1.14 1.68

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 168.17 152.49 172.03 0.000848 13.71 25591.33 810.14 0.33 2.84 1.01 1.28 1.62

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 108.76 124.20 118.44 125.08 0.002356 8.32 3072.28 292.65 0.41 1.82 1.19 1.49

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 108.76 131.01 123.34 132.49 0.002962 11.07 5225.22 342.81 0.45 3.32 2.24 2.70

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 108.76 135.47 127.07 137.66 0.003396 13.63 6842.01 416.19 0.50 4.70 2.66 0.30 3.34

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 108.76 142.54 132.58 145.42 0.003411 16.28 10654.86 626.95 0.52 6.15 3.02 0.80 3.74

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 108.76 146.99 136.39 149.92 0.003056 16.87 13367.97 719.29 0.50 6.31 3.27 0.99 3.91

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 108.76 152.81 143.49 155.84 0.002705 17.59 17088.60 800.20 0.49 6.52 3.70 1.04 4.19

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 108.76 158.85 147.26 162.13 0.002505 18.56 21388.28 872.65 0.48 6.93 4.17 1.08 4.38

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 108.76 167.09 152.39 170.93 0.002422 20.33 27575.23 910.08 0.48 7.88 5.13 1.73 5.17

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 122.88 115.89 123.55 0.003674 6.73 3008.83 311.83 0.32 3.12 0.86 0.67 2.17

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 129.70 120.90 130.73 0.003625 8.74 5605.49 428.24 0.34 4.59 1.67 1.44 2.89

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 134.30 124.99 135.63 0.003757 10.18 7655.93 456.92 0.36 5.82 2.62 2.04 3.83

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 141.40 130.06 143.31 0.004012 12.41 11012.07 497.36 0.38 7.97 4.33 2.61 5.37

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 145.67 133.18 148.00 0.004176 13.75 13175.75 515.49 0.40 9.39 5.43 3.33 6.44

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 151.28 136.82 154.15 0.004326 15.39 16137.45 542.29 0.42 11.22 6.83 4.18 7.74

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 156.88 140.53 160.48 0.004635 17.31 19281.05 574.98 0.44 13.62 8.55 5.12 9.33

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 164.22 147.04 169.15 0.005285 20.33 23633.51 622.48 0.48 17.91 11.57 6.82 12.15

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 109.15 121.63 116.37 122.36 0.003088 7.87 2783.27 288.84 0.42 2.11 0.82 1.98 1.79

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 109.15 128.68 120.53 129.69 0.002481 9.81 5470.67 483.05 0.41 2.78 0.80 2.48 1.71

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 109.15 133.34 123.86 134.57 0.002400 11.24 7748.60 495.33 0.42 3.38 1.43 2.94 2.27

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 109.15 140.49 129.49 142.19 0.002438 13.59 11398.79 530.45 0.44 4.52 2.32 3.79 3.15

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 109.15 144.81 132.20 146.82 0.002485 15.02 13723.97 549.93 0.45 5.27 2.94 4.23 3.72

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 109.15 150.50 135.65 152.90 0.002514 16.74 16947.88 582.84 0.47 6.22 3.70 4.67 4.38

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 109.15 156.19 139.46 159.11 0.002639 18.74 20347.76 616.57 0.49 7.46 4.77 5.28 5.28

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 109.15 163.62 145.36 167.52 0.002981 22.03 24935.25 659.06 0.53 9.80 6.74 6.78 7.09

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 119.78 109.56 120.32 0.002136 6.17 4001.29 456.71 0.26 2.26 0.55 0.38 1.11

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 126.89 115.58 127.72 0.002454 8.27 7568.45 523.36 0.29 3.63 1.53 0.87 2.11

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 131.33 120.56 132.51 0.002944 10.11 9936.83 542.03 0.33 5.14 2.54 1.37 3.20

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 138.05 125.78 139.88 0.003722 13.04 13672.29 571.48 0.38 7.98 4.49 2.37 5.26

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 142.20 128.77 144.41 0.004008 14.55 16211.60 644.44 0.40 9.58 5.07 2.94 5.97

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 148.11 132.59 150.54 0.003869 15.66 20530.54 1009.16 0.41 10.60 4.12 2.68 5.06

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 154.06 136.83 156.62 0.003725 16.66 26777.87 1173.91 0.41 11.53 4.59 3.09 5.42

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 161.82 144.68 164.67 0.003711 18.24 35766.62 1302.68 0.42 13.19 5.73 3.88 6.47

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 98.89 118.70 108.60 119.12 0.002730 4.85 3609.67 333.38 0.21 2.75 0.93 1.80

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 98.89 125.74 113.52 126.57 0.002766 5.43 6102.49 370.03 0.20 3.69 2.02 0.15 2.76

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 98.89 129.80 117.24 131.14 0.003152 6.48 7647.66 389.29 0.22 4.98 2.98 0.66 3.74

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 98.89 135.82 122.67 138.14 0.003830 8.19 10202.31 514.58 0.25 7.42 3.45 1.48 4.65

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 98.89 139.76 126.36 142.59 0.003793 8.80 12235.16 622.79 0.26 8.25 4.33 1.85 5.37

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 98.89 146.85 132.28 149.27 0.002575 8.17 17747.71 896.23 0.22 6.69 2.38 1.48 3.12

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 98.89 153.06 137.30 155.57 0.001908 7.68 23896.30 1079.36 0.19 5.67 2.37 0.96 2.58

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 98.89 160.87 145.91 163.78 0.001519 7.56 32734.99 1166.42 0.18 5.22 2.46 1.35 2.60

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 100.39 118.43 108.83 118.88 0.004766 4.85 3562.20 367.65 0.21 4.74 1.15 0.57 2.83

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 100.39 125.55 113.83 126.23 0.002835 4.75 6774.38 511.15 0.17 4.05 1.51 1.07 2.38

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 100.39 129.66 118.44 130.66 0.002705 5.17 8904.95 562.20 0.17 4.54 1.90 1.68 2.74

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 100.39 135.69 123.11 137.40 0.002547 5.73 12158.67 625.60 0.17 5.21 2.75 2.49 3.53

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 100.39 138.99 126.83 141.28 0.002661 6.23 13937.51 652.50 0.18 5.98 3.41 3.12 4.23

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 100.39 143.48 129.63 146.34 0.002591 6.64 16961.95 691.37 0.18 6.53 4.04 2.43 4.55

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 100.39 149.23 133.52 152.01 0.002249 6.74 22082.10 845.02 0.17 6.45 2.94 2.39 3.60

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 100.39 158.08 139.72 161.03 0.001823 6.81 30210.85 1121.15 0.16 6.22 3.04 1.09 3.02

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.75 115.48 116.16 0.004607 6.79 2923.51 242.85 0.31 4.31 1.61 1.24 3.35

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.75 123.54 124.33 0.003485 7.86 6289.68 634.50 0.29 5.01 0.94 1.98 2.12

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.75 128.11 128.87 0.002710 7.82 9509.05 786.01 0.26 4.67 1.21 1.87 2.02

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.75 134.70 135.53 0.001974 7.69 15341.47 970.56 0.23 4.21 1.41 1.66 1.92

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.75 138.25 139.20 0.001820 7.89 18887.03 1094.77 0.23 4.28 1.65 1.12 1.94

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.75 143.11 144.12 0.001572 7.95 25170.79 1365.08 0.21 4.17 1.62 1.07 1.79

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.75 149.00 150.05 0.001280 7.82 33413.22 1445.98 0.20 3.87 1.74 1.17 1.83

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.75 158.15 159.22 0.000989 7.71 48043.28 1750.49 0.18 3.55 1.67 1.13 1.68

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 114.60 106.11 115.28 0.003202 6.88 3233.97 254.71 0.30 3.24 1.24 1.20 2.43

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 122.22 111.47 123.44 0.003707 9.56 5918.13 630.04 0.34 5.50 0.63 2.30 2.13

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 127.02 115.63 128.12 0.003030 9.77 9485.98 983.19 0.32 5.40 1.20 2.30 2.22

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 133.83 125.33 134.94 0.002270 9.74 15046.50 1092.96 0.29 5.00 1.85 2.28 2.54

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 137.35 127.55 138.63 0.002192 10.20 19077.05 1468.88 0.29 5.31 2.26 1.64 2.51

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 142.08 130.09 143.59 0.002024 10.58 23986.80 1532.98 0.28 5.50 2.67 1.86 2.77

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 147.86 132.49 149.58 0.001782 10.78 30371.22 1785.11 0.27 5.48 2.98 1.79 2.78

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 158.01 137.14 158.91 0.000916 8.75 57827.65 1928.84 0.20 3.39 1.60 1.38 1.68

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.54 111.71 105.15 112.58 0.006994 7.84 2814.46 274.46 0.36 6.41 2.05 1.77 4.38

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.54 119.11 110.39 120.48 0.007028 10.30 5478.86 560.34 0.39 9.66 2.21 2.65 4.23

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.54 124.50 115.26 125.72 0.005401 10.44 9342.39 1028.75 0.35 9.23 2.83 2.87 4.09

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.54 131.79 122.67 133.04 0.004417 11.03 14990.82 1052.47 0.33 9.54 4.22 3.46 5.15

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.54 135.58 124.95 136.83 0.004046 11.31 21858.49 1629.39 0.32 9.69 4.74 1.94 3.96

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.54 140.50 127.83 141.87 0.003844 11.95 28930.54 1752.32 0.32 10.38 5.57 2.65 4.57

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.54 146.60 130.76 148.01 0.003368 12.20 38438.44 1898.42 0.31 10.37 6.02 3.13 4.85

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.54 156.60 134.94 157.97 0.002613 12.15 55305.58 1984.91 0.28 9.66 6.06 3.80 5.12

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 108.24 98.75 108.76 0.002565 5.76 3447.28 267.66 0.26 2.40 1.14 0.39 2.17

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 114.53 103.83 115.74 0.003793 8.82 5175.25 339.58 0.33 5.02 3.08 1.07 3.97

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 119.30 107.57 121.12 0.004445 10.90 6844.81 557.41 0.37 7.18 4.85 0.91 3.70

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 127.26 114.03 129.20 0.003865 12.12 15409.66 1508.25 0.36 8.12 6.02 1.51 2.55

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 131.73 118.53 133.49 0.003324 12.20 22040.68 1616.09 0.35 7.90 6.05 2.12 2.99

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 137.26 127.04 138.89 0.002898 12.44 30820.26 1788.99 0.33 7.86 6.22 2.58 3.30

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 144.14 130.30 145.57 0.002321 12.26 42436.35 1885.88 0.30 7.28 3.30 3.01 3.56

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 154.86 134.46 156.07 0.001767 12.14 61171.18 1969.86 0.27 6.70 1.59 3.39 3.72

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.89 106.98 107.57 0.002922 6.20 3228.58 261.40 0.28 2.76 1.38 0.39 2.20

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.89 112.60 113.96 0.004480 9.46 4879.99 324.43 0.36 5.78 2.57 1.43 4.12

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.89 117.16 119.12 0.005004 11.39 6454.52 375.46 0.40 7.86 3.75 2.12 5.25

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.89 125.52 127.64 0.004199 12.61 14006.11 1447.72 0.38 8.76 3.74 1.37 2.51

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.89 130.43 132.28 0.003483 12.57 21756.97 1657.08 0.36 8.32 3.78 1.97 2.83

Alternative 3 (Non-Structural Relocations) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 5  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.89 136.34 137.95 0.002896 12.60 31697.47 1704.93 0.33 7.97 3.56 2.67 3.33

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.89 143.49 144.86 0.002302 12.40 44098.91 1758.80 0.30 7.35 3.26 3.11 3.57

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.89 154.38 155.58 0.001769 12.35 63708.22 1858.42 0.27 6.84 3.28 3.42 3.74

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 105.79 98.85 106.67 0.002847 7.68 2677.58 238.58 0.36 2.47 1.65 0.42 1.95

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 109.98 104.27 112.34 0.005836 12.71 3754.14 273.81 0.52 6.57 4.09 1.77 4.87

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 113.32 108.59 117.11 0.007853 16.26 4725.41 306.70 0.62 10.46 6.27 3.13 7.37

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 120.50 115.39 125.72 0.008092 19.60 8368.39 881.59 0.64 14.36 8.15 2.01 4.73

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 127.63 122.11 131.07 0.004728 17.18 17074.41 1451.73 0.51 10.47 5.74 2.34 3.43

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 134.39 126.79 137.09 0.003452 16.36 27584.35 1657.05 0.44 9.09 4.87 2.82 3.54

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 142.09 130.24 144.25 0.002501 15.47 40764.79 1881.66 0.38 7.77 3.95 3.16 3.63

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 153.29 135.47 155.15 0.001783 14.85 60344.91 1913.12 0.33 6.77 3.99 3.42 3.76

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 99.81 92.99 100.77 0.007128 7.95 2572.19 442.46 0.34 7.43 0.91 2.56 2.54

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 106.42 101.34 107.01 0.003211 6.65 7250.00 798.13 0.24 4.66 1.34 1.62 1.79

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 112.26 103.44 112.78 0.001732 5.67 12033.05 838.55 0.18 3.14 1.30 1.09 1.52

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 121.53 106.37 122.09 0.001064 5.33 20174.20 901.20 0.15 2.54 1.34 0.89 1.45

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 128.09 108.14 128.67 0.000817 5.19 26153.18 921.36 0.14 2.28 1.34 0.79 1.41

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 134.43 110.54 135.16 0.000794 5.58 32129.11 971.56 0.14 2.52 1.59 0.64 1.59

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 141.87 113.26 142.74 0.000745 5.92 39624.77 1177.92 0.14 2.71 1.83 0.57 1.71

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 152.89 117.50 153.98 0.000697 6.42 51517.36 1235.78 0.14 3.01 2.19 0.80 1.98

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.79 95.10 87.48 96.00 0.004295 7.74 2594.49 260.44 0.34 4.08 1.11 0.50 2.58

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.79 102.87 94.08 104.30 0.003204 8.72 4718.82 283.16 0.32 4.53 2.18 1.07 3.17

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.79 108.96 98.04 110.92 0.002763 9.43 6493.29 299.94 0.30 4.91 2.69 1.33 3.52

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.79 117.88 103.68 120.62 0.002684 11.07 9555.44 440.63 0.31 6.20 2.38 1.82 3.45

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.79 125.01 107.73 127.50 0.002238 11.31 12960.73 533.94 0.29 6.12 2.37 1.84 3.23

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.79 131.21 115.42 133.97 0.002357 12.63 16551.02 598.30 0.31 7.32 3.04 2.17 3.88

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.79 138.83 121.33 141.62 0.002270 13.58 21835.68 804.16 0.31 8.08 2.98 2.42 3.77

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.79 150.05 128.33 152.94 0.002120 14.72 30800.30 1095.26 0.31 8.97 4.24 2.65 4.81

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 92.72 82.62 93.11 0.001240 4.99 3980.28 328.60 0.23 1.14 0.17 0.04 0.92

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 101.63 87.00 102.14 0.000902 5.99 8097.90 586.26 0.22 1.32 0.27 0.32 0.76

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 108.60 90.48 109.09 0.000663 6.18 13339.67 977.33 0.20 1.26 0.27 0.30 0.56

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 118.67 97.70 119.08 0.000373 5.65 24140.48 1105.20 0.16 0.93 0.30 0.37 0.50

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 125.88 99.82 126.28 0.000263 5.32 32246.39 1134.47 0.13 0.78 0.28 0.37 0.46

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 132.23 104.92 132.71 0.000255 5.70 39513.62 1154.65 0.14 0.85 0.32 0.45 0.53

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 139.85 110.54 140.42 0.000237 6.03 48796.38 1246.98 0.13 0.90 0.28 0.52 0.57

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 151.10 113.92 151.80 0.000221 6.52 63029.35 1291.26 0.13 0.99 0.39 0.62 0.66

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 91.66 92.12 0.000907 5.56 3641.18 250.50 0.24 0.93 0.01 0.30 0.79

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 100.42 101.29 0.000980 7.65 5907.47 267.67 0.27 1.53 0.04 0.70 1.25

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 107.09 108.34 0.001054 9.27 7840.93 384.00 0.29 2.08 0.20 0.49 1.26

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 117.36 118.61 0.000861 10.07 15117.13 898.65 0.27 2.24 0.38 0.49 0.87

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 125.05 125.99 0.000554 9.03 22083.34 913.37 0.22 1.71 0.33 0.57 0.80

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 131.42 132.45 0.000520 9.48 27961.64 930.38 0.22 1.80 0.38 0.73 0.93

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 139.07 140.18 0.000467 9.78 35134.20 943.86 0.22 1.84 0.42 0.86 1.03

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 150.29 151.58 0.000423 10.36 45819.00 960.62 0.21 1.96 0.47 1.05 1.18

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 3 (Non-Structural Relocations) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 1  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 139.51 125.86 140.34 0.003817 7.11 5625.18 270.47 0.26 5.07 1.53 4.69

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 143.44 129.56 144.89 0.005287 9.15 6711.32 282.49 0.32 8.18 2.74 0.26 7.38

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 151.87 135.35 153.35 0.003729 9.25 11327.18 657.74 0.28 7.63 1.61 1.01 3.86

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 155.56 138.83 157.44 0.003212 9.19 13779.02 671.26 0.26 7.27 2.07 1.21 3.96

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 160.24 148.32 162.70 0.002800 9.27 17040.68 709.37 0.25 7.12 2.46 1.39 4.03

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 165.07 150.84 168.29 0.002532 9.46 20710.83 787.30 0.24 7.16 2.88 0.97 3.99

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 171.73 155.15 176.19 0.002338 9.92 26476.56 972.74 0.24 7.53 3.52 0.89 3.82

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 138.67 124.38 139.48 0.002932 7.27 5947.50 307.12 0.26 4.23 0.67 1.21 3.42

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 142.25 128.07 143.67 0.004335 9.70 7141.42 395.49 0.33 7.19 0.81 2.28 4.74

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 150.36 134.04 152.24 0.004311 11.50 10878.04 624.26 0.34 9.26 2.01 1.46 4.58

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 154.53 137.81 156.53 0.004040 11.99 13629.58 680.01 0.34 9.70 2.50 2.31 4.93

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 159.60 145.46 161.82 0.003613 12.29 17191.06 715.76 0.32 9.79 3.10 3.05 5.27

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 164.67 152.41 167.31 0.003342 12.70 20890.96 743.71 0.32 10.08 3.66 3.71 5.68

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 171.61 157.02 175.06 0.003075 13.28 26391.29 897.95 0.31 10.56 3.35 4.48 5.48

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 126.05 118.60 126.59 0.001090 5.83 3153.70 264.48 0.29 0.84 0.08 0.28 0.79

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 133.39 122.98 134.37 0.001019 7.66 5270.76 302.44 0.30 1.24 0.27 0.44 1.06

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 138.32 126.86 139.83 0.001076 9.12 6803.59 324.56 0.32 1.63 0.34 0.67 1.34

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 145.75 131.56 147.76 0.001157 11.27 10233.87 576.25 0.35 2.28 0.41 0.61 1.24

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 149.85 134.95 152.19 0.001075 11.76 12669.15 609.63 0.34 2.39 0.60 0.77 1.35

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 155.38 139.83 158.09 0.000949 12.14 16127.39 642.11 0.33 2.43 0.79 0.91 1.44

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 161.36 146.72 164.45 0.000847 12.53 20157.85 768.30 0.32 2.48 0.72 1.04 1.34

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 169.75 152.49 173.23 0.000730 12.96 26879.41 827.31 0.30 2.51 0.94 1.08 1.43

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 108.76 124.39 118.44 125.24 0.002244 8.17 3130.37 293.82 0.40 1.76 1.15 1.44

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 108.76 131.59 123.34 132.97 0.002658 10.69 5424.25 345.51 0.43 3.07 2.08 0.03 2.49

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 108.76 136.27 127.07 138.29 0.003000 13.10 7188.89 441.00 0.47 4.30 2.30 0.32 2.93

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 108.76 143.71 132.58 146.20 0.002844 15.24 11342.41 635.65 0.48 5.32 2.67 0.73 3.27

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 108.76 148.27 136.39 150.82 0.002572 15.85 14168.90 746.42 0.46 5.51 2.96 0.90 3.48

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 108.76 154.24 143.49 156.93 0.002306 16.62 18065.46 842.17 0.45 5.75 3.30 0.58 3.56

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 108.76 160.39 147.26 163.32 0.002157 17.60 22524.75 878.50 0.45 6.16 3.78 1.06 3.94

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 108.76 168.81 152.39 172.29 0.002114 19.39 28916.31 926.75 0.45 7.09 4.68 1.53 4.64

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 123.37 115.26 123.92 0.002646 6.08 3363.48 320.69 0.28 2.35 0.61 0.53 1.69

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 130.52 120.05 131.46 0.002833 8.23 6156.65 438.31 0.31 3.76 1.32 1.19 2.42

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 135.28 123.59 136.55 0.003078 9.80 8302.04 460.44 0.34 4.99 2.21 1.77 3.36

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 142.57 129.69 144.47 0.003475 12.25 11796.78 501.80 0.37 7.19 3.83 2.42 4.92

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 146.91 133.19 149.25 0.003723 13.75 14012.33 521.14 0.39 8.70 4.91 3.12 6.01

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 152.48 137.10 155.44 0.004012 15.64 16989.94 553.84 0.42 10.75 6.37 3.85 7.38

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 158.05 141.51 161.79 0.004395 17.74 20154.08 579.92 0.45 13.28 8.11 5.05 9.14

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 165.46 147.84 170.60 0.005108 21.00 24619.80 725.79 0.49 17.76 9.58 6.72 11.25

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 109.15 122.34 116.27 122.99 0.002606 7.30 3033.69 296.06 0.37 1.87 0.74 1.77 1.59

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 109.15 129.51 120.49 130.54 0.002427 9.62 5921.87 485.23 0.39 2.79 0.90 2.52 1.78

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 109.15 134.29 123.88 135.59 0.002445 11.21 8275.07 497.85 0.40 3.51 1.58 3.10 2.43

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 109.15 141.58 130.12 143.41 0.002621 13.85 12026.14 533.78 0.44 4.91 2.63 4.20 3.52

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 109.15 145.91 133.00 148.11 0.002743 15.45 14384.00 556.30 0.46 5.85 3.38 4.75 4.22

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 109.15 151.52 136.42 154.19 0.002871 17.43 17599.13 589.56 0.48 7.09 4.35 5.39 5.09

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 109.15 157.16 140.98 160.38 0.003071 19.64 20987.03 620.25 0.51 8.62 5.70 6.27 6.28

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 109.15 164.62 147.08 168.90 0.003512 23.18 25615.00 664.68 0.55 11.42 8.10 8.11 8.48

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 120.12 109.16 120.60 0.003491 5.81 4295.34 470.03 0.24 3.80 0.95 0.65 1.90

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 127.27 115.10 128.04 0.004153 7.90 7904.03 525.01 0.28 6.28 2.68 1.52 3.71

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 131.83 119.48 132.91 0.004969 9.64 10344.30 544.11 0.31 8.87 4.42 2.38 5.59

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 138.70 125.58 140.38 0.006273 12.43 14181.49 574.12 0.36 13.75 7.77 4.10 9.14

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 142.95 128.59 144.92 0.006584 13.69 16835.35 655.64 0.38 16.09 8.43 4.91 10.01

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 148.78 132.38 150.89 0.006246 14.56 21314.72 1064.85 0.37 17.43 6.42 4.33 8.01

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 154.77 136.22 156.91 0.005771 15.17 27708.04 1187.18 0.37 18.16 7.24 4.90 8.59

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 162.70 144.68 164.99 0.005483 16.22 36999.18 1332.90 0.37 19.83 8.48 5.92 9.66

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 98.89 118.79 108.04 119.17 0.002413 4.72 3761.29 335.83 0.20 2.46 0.80 1.64

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 98.89 125.81 113.40 126.65 0.002341 5.18 6249.73 370.50 0.19 3.16 1.69 0.13 2.38

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 98.89 129.88 118.79 131.27 0.002672 6.19 7802.64 389.64 0.21 4.26 2.49 0.57 3.22

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 98.89 135.90 121.87 138.27 0.003342 7.93 10360.79 516.00 0.24 6.54 2.93 1.29 4.11

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 98.89 139.77 126.15 142.72 0.003316 8.51 12363.24 624.12 0.25 7.26 3.69 1.62 4.74

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 98.89 146.84 132.29 149.33 0.002274 7.93 17858.51 896.11 0.21 5.94 2.04 1.30 2.77

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 98.89 153.07 137.37 155.64 0.001705 7.51 24034.79 1079.87 0.19 5.09 2.08 0.86 2.32

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 98.89 160.86 145.90 163.84 0.001384 7.45 32843.29 1166.25 0.17 4.78 2.20 1.23 2.38

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 100.39 118.59 108.32 118.98 0.004903 4.79 3716.71 370.90 0.21 4.95 1.06 0.60 3.01

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 100.39 125.67 113.62 126.34 0.002892 4.66 6930.95 512.32 0.17 4.17 1.48 1.12 2.47

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 100.39 129.80 117.93 130.80 0.002736 5.05 9076.44 563.25 0.17 4.63 1.88 1.72 2.82

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 100.39 135.76 122.70 137.53 0.002575 5.57 12292.27 626.18 0.17 5.29 2.71 2.53 3.60

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 100.39 139.15 125.49 141.53 0.002642 6.02 14124.82 653.61 0.17 5.98 3.34 3.13 4.24

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 100.39 143.62 129.63 146.60 0.002574 6.41 17147.34 693.09 0.18 6.53 3.97 2.42 4.56

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 100.39 149.43 133.53 152.29 0.002217 6.49 22357.12 846.63 0.17 6.41 2.86 2.37 3.58

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 100.39 158.29 140.04 161.30 0.001798 6.55 30541.47 1131.64 0.15 6.16 2.95 1.07 2.98

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.75 115.61 116.27 0.004477 6.73 2955.23 245.71 0.30 4.23 1.50 1.23 3.25

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.75 123.71 124.47 0.003338 7.73 6394.02 636.90 0.28 4.83 0.93 1.92 2.06

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.75 128.29 129.02 0.002595 7.68 9650.93 790.00 0.26 4.50 1.18 1.79 1.95

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.75 134.82 135.63 0.001933 7.63 15452.86 971.69 0.23 4.13 1.40 1.63 1.89

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.75 138.51 139.43 0.001744 7.76 19173.91 1128.09 0.22 4.13 1.56 1.05 1.83

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.75 143.36 144.35 0.001517 7.84 25515.51 1367.45 0.21 4.05 1.58 1.05 1.75

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.75 149.29 150.31 0.001239 7.72 33824.18 1456.16 0.19 3.76 1.69 1.15 1.78

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.75 158.42 159.47 0.000964 7.63 48511.98 1755.26 0.18 3.48 1.64 1.11 1.65

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 114.76 106.11 115.43 0.003088 6.80 3275.59 255.78 0.30 3.15 1.20 1.18 2.36

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 122.44 111.46 123.61 0.003536 9.40 6059.88 641.68 0.34 5.29 0.63 2.23 2.04

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 127.26 115.64 128.31 0.002866 9.55 9679.80 985.89 0.31 5.15 1.18 2.19 2.14

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 133.95 125.33 135.05 0.002250 9.72 15711.59 1257.71 0.29 4.98 1.85 1.44 2.22

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 137.66 127.54 138.89 0.002069 9.96 19395.22 1474.25 0.28 5.05 2.17 1.64 2.44

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 142.39 130.41 143.84 0.001927 10.37 24309.25 1535.29 0.28 5.27 2.58 1.86 2.71

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 148.19 133.10 149.86 0.001700 10.58 30772.18 1796.03 0.26 5.26 2.88 1.77 2.71

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 158.29 136.70 159.16 0.000885 8.63 58366.64 1930.79 0.20 3.29 1.56 1.38 1.65

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.54 111.94 105.15 112.81 0.006829 7.82 2879.07 282.79 0.36 6.35 1.96 1.75 4.25

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.54 119.65 110.39 120.88 0.006228 9.85 5986.76 782.80 0.36 8.77 1.77 1.26 3.07

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.54 125.13 115.25 126.15 0.004568 9.74 10684.49 1190.67 0.32 7.98 2.56 1.79 3.26

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.54 132.24 122.75 133.28 0.003781 10.30 17825.08 1331.53 0.31 8.27 3.71 2.32 3.90

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.54 136.01 124.95 137.19 0.003792 11.03 22449.90 1685.20 0.31 9.18 4.54 1.82 3.70

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.54 140.89 127.81 142.20 0.003661 11.72 29498.64 1755.38 0.31 9.97 5.39 2.66 4.47

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.54 147.00 130.67 148.36 0.003215 11.98 39091.98 1902.48 0.30 9.98 5.82 3.11 4.74

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.54 156.92 135.33 158.25 0.002532 12.00 55854.33 1985.40 0.27 9.42 5.92 3.79 5.05

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 108.33 98.27 108.81 0.002800 5.56 3598.59 269.61 0.25 2.69 1.37 0.44 2.48

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 115.20 103.12 116.28 0.003954 8.42 5510.96 349.48 0.31 5.46 3.45 1.16 4.31

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 120.10 107.05 121.75 0.004795 10.57 7437.22 685.59 0.36 8.06 5.49 0.88 3.48

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 128.29 113.64 129.80 0.003803 11.21 17035.20 1532.82 0.33 8.30 6.08 1.71 2.74

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 132.58 118.13 133.97 0.003371 11.38 23465.29 1650.12 0.32 8.25 6.19 2.27 3.16

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 137.96 126.80 139.27 0.003004 11.69 32121.71 1793.58 0.31 8.34 6.42 2.80 3.56

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 144.68 129.95 145.85 0.002451 11.58 43495.16 1888.83 0.28 7.82 2.03 3.26 3.84

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 155.23 133.92 156.29 0.001891 11.50 61959.16 1972.62 0.26 7.25 1.12 3.67 4.02

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.89 106.91 107.51 0.003238 6.33 3389.79 265.86 0.28 3.09 1.62 0.42 2.52

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.89 113.02 114.40 0.004920 9.75 5193.75 330.73 0.37 6.55 2.96 1.59 4.71

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.89 117.41 119.49 0.006001 12.18 6726.41 387.73 0.42 9.61 4.52 2.39 6.35

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.89 125.88 128.12 0.005130 13.60 14698.25 1458.26 0.41 10.90 4.43 1.77 3.20

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.89 130.72 132.65 0.004242 13.50 22417.70 1659.34 0.38 10.28 4.47 2.48 3.55

Alternative 3b (Non-Structural Relocations - Recommended Plan) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 1  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.89 136.56 138.24 0.003518 13.48 32249.54 1706.84 0.35 9.80 4.17 3.29 4.11

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.89 143.66 145.09 0.002777 13.20 44566.35 1759.75 0.32 8.95 3.81 3.77 4.34

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.89 154.49 155.75 0.002111 13.06 64099.42 1859.70 0.29 8.22 3.80 4.10 4.49

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 105.77 97.42 106.53 0.003256 7.17 3125.76 250.96 0.33 3.03 2.02 0.48 2.46

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 110.79 102.84 112.77 0.005919 11.71 4496.56 295.14 0.46 7.35 4.13 1.96 5.48

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 113.89 107.22 117.32 0.008589 15.53 5464.01 323.92 0.57 12.32 6.74 3.64 8.79

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 120.91 114.63 125.99 0.009501 19.48 9394.71 945.57 0.62 17.75 9.26 2.42 5.81

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 127.87 122.27 131.31 0.005758 17.41 18156.54 1466.02 0.50 13.24 6.83 2.92 4.40

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 134.61 126.11 137.29 0.004233 16.68 28724.06 1666.99 0.44 11.49 5.93 3.51 4.49

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 142.29 130.70 144.43 0.003125 15.96 41892.46 1882.25 0.39 9.97 4.89 3.99 4.65

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 153.52 135.68 155.29 0.002282 15.55 61538.62 1913.57 0.35 8.87 5.04 4.41 4.90

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 98.34 92.33 99.80 0.005709 10.18 2309.29 193.80 0.46 5.42 2.48 1.87 4.05

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 105.71 101.69 106.67 0.003232 9.72 6854.67 794.22 0.36 4.54 1.24 1.58 1.71

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 111.95 104.65 112.57 0.001641 8.06 11941.44 836.48 0.26 2.94 1.21 1.03 1.43

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 121.41 107.64 122.00 0.001015 7.58 20241.18 900.88 0.22 2.41 1.27 0.84 1.39

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 128.01 109.41 128.60 0.000789 7.39 26249.57 920.97 0.19 2.19 1.29 0.77 1.36

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 134.36 111.76 135.09 0.000773 7.97 32229.35 970.81 0.20 2.45 1.55 0.62 1.55

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 141.81 114.37 142.66 0.000730 8.46 39728.45 1176.09 0.19 2.65 1.80 0.56 1.68

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 152.85 118.41 153.91 0.000688 9.18 51634.95 1235.61 0.19 2.97 2.16 0.79 1.96

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.62 94.89 87.36 95.79 0.003476 6.97 2649.69 259.01 0.31 3.30 1.03 0.38 2.12

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.62 102.68 93.21 104.20 0.002656 7.94 4776.32 282.78 0.29 3.75 1.88 0.87 2.64

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.62 108.80 97.67 110.87 0.002324 8.65 6553.78 299.46 0.28 4.13 2.32 1.11 2.96

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.62 117.74 103.77 120.62 0.002289 10.22 9603.40 438.93 0.29 5.28 2.08 1.55 2.95

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.62 124.94 108.04 127.49 0.001919 10.48 13031.14 530.86 0.27 5.25 2.07 1.57 2.78

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.62 131.17 117.25 133.96 0.002036 11.75 16633.35 598.11 0.29 6.33 2.65 1.87 3.35

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.62 138.81 121.78 141.60 0.001976 12.68 21935.06 804.02 0.29 7.04 2.62 2.11 3.28

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.62 150.06 128.63 152.91 0.001867 13.82 30920.88 1095.29 0.29 7.90 3.76 2.33 4.24

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 92.72 82.62 93.11 0.001240 4.99 3980.28 328.60 0.23 1.14 0.17 0.04 0.92

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 101.63 87.00 102.14 0.000902 5.99 8097.90 586.26 0.22 1.32 0.27 0.32 0.76

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 108.60 90.48 109.09 0.000663 6.18 13339.67 977.33 0.20 1.26 0.27 0.30 0.56

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 118.67 97.70 119.08 0.000373 5.65 24140.48 1105.20 0.16 0.93 0.30 0.37 0.50

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 125.88 99.82 126.28 0.000263 5.32 32246.39 1134.47 0.13 0.78 0.28 0.37 0.46

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 132.23 104.92 132.71 0.000255 5.70 39513.62 1154.65 0.14 0.85 0.32 0.45 0.53

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 139.85 110.54 140.42 0.000237 6.03 48796.38 1246.98 0.13 0.90 0.28 0.52 0.57

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 151.10 113.92 151.80 0.000221 6.52 63029.35 1291.26 0.13 0.99 0.39 0.62 0.66

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 91.66 92.12 0.000907 5.56 3641.18 250.50 0.24 0.93 0.01 0.30 0.79

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 100.42 101.29 0.000980 7.65 5907.47 267.67 0.27 1.53 0.04 0.70 1.25

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 107.09 108.34 0.001054 9.27 7840.93 384.00 0.29 2.08 0.20 0.49 1.26

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 117.36 118.61 0.000861 10.07 15117.13 898.65 0.27 2.24 0.38 0.49 0.87

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 125.05 125.99 0.000554 9.03 22083.34 913.37 0.22 1.71 0.33 0.57 0.80

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 131.42 132.45 0.000520 9.48 27961.64 930.38 0.22 1.80 0.38 0.73 0.93

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 139.07 140.18 0.000467 9.78 35134.20 943.86 0.22 1.84 0.42 0.86 1.03

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 150.29 151.58 0.000423 10.36 45819.00 960.62 0.21 1.96 0.47 1.05 1.18

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 3b (Non-Structural Relocations-Recommended Plan) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 2  Locations: User Defined 

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 34233.57 34069   0.5 (2 yr) 18434.26 111.45 129.87 121.19 130.40 0.004234 5.84 3159.66 238.79 0.28 3.47 0.29 3.36

Rio Manati 1 34233.57 34069   0.2 (5 yr) 40682.50 111.45 134.98 125.88 136.30 0.007662 9.14 4432.33 257.10 0.38 8.39 1.93 7.86

Rio Manati 1 34233.57 34069   0.1 (10 yr) 63177.94 111.45 143.25 129.56 144.73 0.005429 9.22 6658.14 281.86 0.32 8.34 2.79 0.24 7.53

Rio Manati 1 34233.57 34069   0.04 (25 yr) 108910.40 111.45 150.25 135.35 152.02 0.005200 10.59 10268.61 652.51 0.33 10.14 1.74 1.18 4.93

Rio Manati 1 34233.57 34069   0.02 (50 yr) 142989.10 111.45 154.72 138.83 156.72 0.003730 9.76 13216.11 667.91 0.28 8.26 2.22 1.31 4.43

Rio Manati 1 34233.57 34069   0.01 (100 yr) 193489.10 111.45 159.10 148.32 161.75 0.003331 9.93 16233.45 703.41 0.27 8.24 2.72 1.55 4.61

Rio Manati 1 34233.57 34069   0.005 (200 yr) 256702.30 111.45 164.43 150.84 167.77 0.002748 9.77 20204.71 778.74 0.25 7.66 3.04 1.02 4.27

Rio Manati 1 34233.57 34069   0.002 (500 yr) 364800.50 111.45 172.09 155.15 176.45 0.002251 9.78 26821.91 987.66 0.23 7.30 3.43 0.86 3.67

Rio Manati 1 34155.99 33988   0.5 (2 yr) 18504.88 110.89 128.90 119.21 129.39 0.003601 5.66 3288.79 243.00 0.27 3.06 0.48 2.94

Rio Manati 1 34155.99 33988   0.2 (5 yr) 40859.07 110.89 132.85 124.38 134.31 0.007631 9.72 4293.65 266.96 0.40 8.30 0.90 1.68 7.40

Rio Manati 1 34155.99 33988   0.1 (10 yr) 63495.77 110.89 142.02 128.07 143.47 0.004471 9.80 7052.78 382.40 0.33 7.35 0.87 2.32 4.99

Rio Manati 1 34155.99 33988   0.04 (25 yr) 109440.10 110.89 148.09 134.04 150.46 0.005839 12.81 9629.58 492.53 0.39 11.74 2.30 3.24 6.92

Rio Manati 1 34155.99 33988   0.02 (50 yr) 143730.70 110.89 153.28 137.81 155.59 0.004862 12.88 12786.30 674.76 0.37 11.31 2.68 2.44 5.61

Rio Manati 1 34155.99 33988   0.01 (100 yr) 194477.90 110.89 158.26 145.46 160.76 0.004347 13.21 16235.39 710.22 0.35 11.42 3.42 3.36 6.04

Rio Manati 1 34155.99 33988   0.005 (200 yr) 258044.30 110.89 163.96 152.41 166.74 0.003649 13.14 20366.38 739.04 0.33 10.85 3.89 3.92 6.09

Rio Manati 1 34155.99 33988   0.002 (500 yr) 366742.80 110.89 171.98 157.02 175.35 0.002954 13.08 26727.68 899.53 0.31 10.21 3.27 4.35 5.32

Rio Manati 1 34135.98 33968   Bridge

Rio Manati 1 34115.96 33947   0.5 (2 yr) 18504.88 110.66 123.42 118.60 124.30 0.002434 7.45 2471.15 256.03 0.42 1.48 0.01 0.48 1.43

Rio Manati 1 34115.96 33947   0.2 (5 yr) 40859.07 110.66 129.54 122.98 131.09 0.002256 9.87 4128.97 289.76 0.43 2.21 0.37 0.63 1.94

Rio Manati 1 34115.96 33947   0.1 (10 yr) 63495.77 110.66 134.18 126.86 136.38 0.002128 11.36 5512.31 304.74 0.44 2.69 0.62 0.99 2.30

Rio Manati 1 34115.96 33947   0.04 (25 yr) 109440.10 110.66 141.45 131.56 144.90 0.002027 13.55 7987.78 429.61 0.45 3.47 0.41 1.51 2.26

Rio Manati 1 34115.96 33947   0.02 (50 yr) 143730.70 110.66 147.09 134.95 150.13 0.001619 13.69 11014.27 589.36 0.42 3.33 0.68 0.95 1.83

Rio Manati 1 34115.96 33947   0.01 (100 yr) 194477.90 110.66 151.74 139.83 155.37 0.001513 14.43 13828.57 619.73 0.41 3.54 0.99 1.21 2.04

Rio Manati 1 34115.96 33947   0.005 (200 yr) 258044.30 110.66 159.31 146.72 162.89 0.001059 13.62 18697.53 666.72 0.35 2.97 1.08 1.20 1.79

Rio Manati 1 34115.96 33947   0.002 (500 yr) 366742.80 110.66 170.41 152.49 173.73 0.000687 12.67 27426.63 841.95 0.30 2.39 0.91 0.98 1.35

Rio Manati 1 33860.74 33690   0.5 (2 yr) 18504.88 105.45 117.45 116.66 120.25 0.008660 13.98 1630.84 239.14 0.81 4.90 2.02 3.59

Rio Manati 1 33860.74 33690   0.2 (5 yr) 40859.07 105.45 123.68 121.77 127.31 0.007594 16.59 3279.94 278.52 0.76 6.81 3.94 5.35

Rio Manati 1 33860.74 33690   0.1 (10 yr) 63495.77 105.45 128.26 125.70 132.66 0.007858 18.62 4665.59 317.55 0.75 8.86 5.29 6.89

Rio Manati 1 33860.74 33690   0.04 (25 yr) 109440.10 105.45 135.72 131.51 141.35 0.007421 21.61 7303.48 427.20 0.74 11.40 5.70 0.70 7.57

Rio Manati 1 33860.74 33690   0.02 (50 yr) 143730.70 105.45 144.20 134.84 147.96 0.003780 18.60 11989.01 641.67 0.56 7.69 3.62 1.01 4.54

Rio Manati 1 33860.74 33690   0.01 (100 yr) 194477.90 105.45 149.51 142.52 153.46 0.003487 19.64 15303.80 770.95 0.55 8.18 4.26 1.22 5.05

Rio Manati 1 33860.74 33690   0.005 (200 yr) 258044.30 105.45 158.14 146.50 161.54 0.002443 18.73 21222.50 869.93 0.47 6.97 3.97 0.98 4.25

Rio Manati 1 33860.74 33690   0.002 (500 yr) 366742.80 105.45 169.55 151.84 172.86 0.001869 18.85 29854.52 930.47 0.43 6.58 4.21 1.40 4.21

Rio Manati 1 33704.47 33532   0.5 (2 yr) 18504.88 103.22 115.44 112.48 117.35 0.003426 11.09 1668.16 172.87 0.63 2.02 2.02

Rio Manati 1 33704.47 33532   0.2 (5 yr) 40859.07 103.22 121.50 118.03 124.74 0.003344 14.49 3035.43 295.12 0.67 2.99 0.50 0.33 2.10

Rio Manati 1 33704.47 33532   0.1 (10 yr) 63495.77 103.22 125.86 122.27 130.21 0.003248 16.98 4489.05 373.33 0.69 3.77 0.94 0.88 2.37

Rio Manati 1 33704.47 33532   0.04 (25 yr) 109440.10 103.22 133.63 128.91 139.18 0.002769 19.69 7794.25 454.54 0.67 4.52 1.76 1.48 2.88

Rio Manati 1 33704.47 33532   0.02 (50 yr) 143730.70 103.22 141.73 133.06 146.59 0.001791 18.88 11618.91 498.62 0.56 3.81 1.92 1.23 2.52

Rio Manati 1 33704.47 33532   0.01 (100 yr) 194477.90 103.22 144.12 137.80 151.63 0.002564 23.61 12821.13 508.39 0.68 5.83 3.07 1.99 3.89

Rio Manati 1 33704.47 33532   0.005 (200 yr) 258044.30 103.22 151.47 143.14 159.86 0.002322 25.32 16684.41 543.33 0.67 6.31 3.62 2.33 4.28

Rio Manati 1 33704.47 33532   0.002 (500 yr) 366742.80 103.22 160.55 150.84 171.11 0.002356 28.86 21864.05 591.23 0.69 7.71 4.67 2.98 5.21

Rio Manati 1 33597.73 33414   0.5 (2 yr) 18504.88 102.69 111.95 111.95 115.76 0.004745 15.65 1182.55 155.24 1.00 2.21 2.21

Rio Manati 1 33597.73 33414   0.2 (5 yr) 40859.07 102.69 117.50 117.50 123.19 0.004205 19.13 2135.88 188.30 1.00 2.90 2.90

Rio Manati 1 33597.73 33414   0.1 (10 yr) 63495.77 102.69 122.33 121.68 128.88 0.003072 20.62 3364.89 295.99 0.91 3.00 0.57 0.37 2.13

Rio Manati 1 33597.73 33414   0.04 (25 yr) 109440.10 102.69 131.09 128.95 138.22 0.001956 21.99 7026.66 489.40 0.78 2.96 0.94 0.69 1.71

Rio Manati 1 33597.73 33414   0.02 (50 yr) 143730.70 102.69 140.71 132.79 146.08 0.001008 19.64 11899.65 531.12 0.59 2.11 1.00 0.61 1.36

Rio Manati 1 33597.73 33414   0.01 (100 yr) 194477.90 102.69 141.29 137.44 150.72 0.001735 26.05 12207.14 532.90 0.78 3.70 1.77 1.07 2.40

Rio Manati 1 33597.73 33414   0.005 (200 yr) 258044.30 102.69 149.05 143.14 159.07 0.001461 27.32 16493.83 574.45 0.74 3.80 2.09 1.00 2.52

Rio Manati 1 33597.73 33414   0.002 (500 yr) 366742.80 102.69 157.24 151.11 170.21 0.001543 31.56 21372.58 620.57 0.78 4.79 2.94 1.32 3.25

Rio Manati 1 33357.12 33176   0.5 (2 yr) 18504.88 99.08 110.32 108.34 112.68 0.002368 12.32 1501.65 168.63 0.72 1.30 0.02 1.29

Rio Manati 1 33357.12 33176   0.2 (5 yr) 40859.07 99.08 116.76 114.01 120.28 0.001959 15.10 3165.39 337.71 0.71 1.68 0.38 0.11 1.10

Rio Manati 1 33357.12 33176   0.1 (10 yr) 63495.77 99.08 122.47 117.97 126.52 0.001463 16.37 5658.11 503.96 0.65 1.76 0.53 0.27 0.98

Rio Manati 1 33357.12 33176   0.04 (25 yr) 109440.10 99.08 131.33 124.65 136.43 0.001174 18.76 10310.38 542.97 0.62 2.05 0.98 0.44 1.33

Rio Manati 1 33357.12 33176   0.02 (50 yr) 143730.70 99.08 140.57 128.56 145.17 0.000752 18.08 15559.28 619.53 0.52 1.73 0.90 0.43 1.12

Rio Manati 1 33357.12 33176   0.01 (100 yr) 194477.90 99.08 140.94 133.68 149.17 0.001327 24.18 15792.04 621.90 0.69 3.09 1.61 0.78 2.00

Rio Manati 1 33357.12 33176   0.005 (200 yr) 258044.30 99.08 148.98 140.19 157.67 0.001135 25.39 21759.29 1071.47 0.66 3.20 1.13 0.65 1.48

Rio Manati 1 33357.12 33176   0.002 (500 yr) 366742.80 99.08 158.19 150.22 168.35 0.001106 28.29 31861.91 1226.20 0.67 3.74 1.54 0.88 1.83

Rio Manati 1 33200.01 33011   0.5 (2 yr) 18504.88 97.44 109.41 106.71 111.43 0.001888 11.39 1624.02 171.35 0.65 1.09 1.09

Rio Manati 1 33200.01 33011   0.2 (5 yr) 40859.07 97.44 116.09 112.26 119.15 0.001564 14.11 3047.74 272.55 0.64 1.44 0.22 0.13 1.07

Rio Manati 1 33200.01 33011   0.1 (10 yr) 63495.77 97.44 122.27 116.68 125.45 0.001078 14.72 5062.02 356.08 0.56 1.39 0.42 0.24 0.93

Rio Manati 1 33200.01 33011   0.04 (25 yr) 109440.10 97.44 131.61 123.33 135.19 0.000803 16.20 8573.24 404.01 0.52 1.49 0.69 0.31 1.03

Rio Manati 1 33200.01 33011   0.02 (50 yr) 143730.70 97.44 141.14 126.85 144.02 0.000478 14.97 13175.07 680.21 0.42 1.17 0.52 0.31 0.72

Rio Manati 1 33200.01 33011   0.01 (100 yr) 194477.90 97.44 142.11 131.28 147.02 0.000794 19.60 13689.32 694.92 0.54 1.98 0.91 0.53 1.24

Rio Manati 1 33200.01 33011   0.005 (200 yr) 258044.30 97.44 150.96 137.59 154.97 0.000557 18.70 21893.68 1035.52 0.47 1.69 0.58 0.29 0.72

Rio Manati 1 33200.01 33011   0.002 (500 yr) 366742.80 97.44 161.13 145.41 164.81 0.000441 18.83 33247.11 1170.86 0.43 1.61 0.68 0.42 0.76

Rio Manati 1 33176.74 32988   Bridge

Rio Manati 1 33153.54 32965   0.5 (2 yr) 18504.88 97.44 108.80 106.70 111.10 0.000822 12.17 1520.33 167.70 0.71 0.46 0.46

Rio Manati 1 33153.54 32965   0.2 (5 yr) 40859.07 97.44 115.30 112.27 118.79 0.000686 15.01 2814.96 263.34 0.70 0.60 0.06 0.05 0.45

Rio Manati 1 33153.54 32965   0.1 (10 yr) 63495.77 97.44 121.15 116.52 124.99 0.000493 16.00 4910.95 452.78 0.63 0.60 0.13 0.11 0.33

Rio Manati 1 33153.54 32965   0.04 (25 yr) 109440.10 97.44 130.04 123.78 134.26 0.000362 17.51 9365.07 565.12 0.57 0.64 0.25 0.25 0.39

Rio Manati 1 33153.54 32965   0.02 (50 yr) 143730.70 97.44 134.33 127.47 139.20 0.000361 19.17 11683.43 613.18 0.59 0.73 0.34 0.34 0.48

Rio Manati 1 33153.54 32965   0.01 (100 yr) 194477.90 97.44 140.50 132.29 146.00 0.000340 20.83 15010.10 666.88 0.58 0.82 0.45 0.45 0.58

Rio Manati 1 33153.54 32965   0.005 (200 yr) 258044.30 97.44 148.03 136.96 153.67 0.000294 21.75 21339.11 803.33 0.56 0.84 0.37 0.32 0.48

Rio Manati 1 33153.54 32965   0.002 (500 yr) 366742.80 97.44 158.36 143.89 164.53 0.000264 23.53 30787.26 1137.94 0.55 0.92 0.43 0.17 0.44

Rio Manati 1 32988.5* 0.5 (2 yr) 18504.88 97.08 108.09 106.33 110.58 0.000919 12.65 1462.95 165.65 0.75 0.50 0.50

Rio Manati 1 32988.5* 0.2 (5 yr) 40859.07 97.08 114.79 111.87 118.38 0.000712 15.20 2745.02 233.21 0.71 0.61 0.06 0.06 0.51

Rio Manati 1 32988.5* 0.1 (10 yr) 63495.77 97.08 119.97 115.81 124.49 0.000598 17.14 4281.67 432.43 0.69 0.70 0.08 0.16 0.36

Rio Manati 1 32988.5* 0.04 (25 yr) 109440.10 97.08 129.77 123.97 134.04 0.000364 17.57 10868.40 861.90 0.57 0.64 0.18 0.20 0.28

Rio Manati 1 32988.5* 0.02 (50 yr) 143730.70 97.08 134.28 128.32 138.85 0.000341 18.74 14922.91 959.17 0.57 0.70 0.24 0.22 0.33

Rio Manati 1 32988.5* 0.01 (100 yr) 194477.90 97.08 140.79 145.34 0.000292 19.50 22036.56 1313.92 0.54 0.71 0.27 0.14 0.30

Rio Manati 1 32988.5* 0.005 (200 yr) 258044.30 97.08 148.55 152.85 0.000237 19.78 32740.36 1439.72 0.50 0.69 0.32 0.19 0.33

Rio Manati 1 32988.5* 0.002 (500 yr) 366742.80 97.08 159.13 163.49 0.000202 20.87 49743.06 1772.19 0.48 0.72 0.35 0.22 0.35

Rio Manati 1 32918.20 32728   0.5 (2 yr) 19634.96 96.62 106.22 106.22 110.15 0.001692 15.89 1235.40 157.26 1.00 0.81 0.81

Rio Manati 1 32918.20 32728   0.2 (5 yr) 43754.87 96.62 112.02 112.02 117.91 0.001486 19.48 2247.33 199.14 1.00 1.07 0.01 0.01 1.02

Rio Manati 1 32918.20 32728   0.1 (10 yr) 68333.88 96.62 116.21 116.21 123.97 0.001308 22.38 3255.52 263.03 0.99 1.28 0.18 0.27 0.99

Rio Manati 1 32918.20 32728   0.04 (25 yr) 118304.10 96.62 125.13 125.13 133.51 0.000819 23.79 7608.93 895.23 0.84 1.24 0.23 0.42 0.51

Rio Manati 1 32918.20 32728   0.02 (50 yr) 155702.40 96.62 129.23 129.23 138.28 0.000763 25.42 10872.26 1085.68 0.83 1.35 0.39 0.39 0.61

Rio Manati 1 32918.20 32728   0.01 (100 yr) 211075.80 96.62 138.30 134.12 145.04 0.000444 23.25 19640.82 1481.16 0.66 1.03 0.48 0.31 0.53

Rio Manati 1 32918.20 32728   0.005 (200 yr) 280504.40 96.62 146.07 138.66 152.56 0.000360 23.67 27892.46 1628.17 0.62 1.00 0.56 0.33 0.55

Rio Manati 1 32918.20 32728   0.002 (500 yr) 399338.30 96.62 158.88 145.18 163.42 0.000218 21.74 59111.69 1934.81 0.50 0.78 0.39 0.33 0.41

Rio Manati 1 32740.16 32548   0.5 (2 yr) 19634.96 95.54 104.85 105.14 109.08 0.001885 16.49 1190.74 155.56 1.05 0.88 0.88

Rio Manati 1 32740.16 32548   0.2 (5 yr) 43754.87 95.54 110.24 110.94 116.89 0.001785 20.69 2114.77 187.63 1.09 1.22 1.22

Rio Manati 1 32740.16 32548   0.1 (10 yr) 68333.88 95.54 113.93 115.25 122.97 0.001693 24.17 3103.35 322.40 1.11 1.53 0.24 0.17 1.00

Rio Manati 1 32740.16 32548   0.04 (25 yr) 118304.10 95.54 120.78 123.14 132.56 0.001361 27.93 6486.19 892.38 1.06 1.79 0.33 0.31 0.68

Rio Manati 1 32740.16 32548   0.02 (50 yr) 155702.40 95.54 126.10 127.28 137.52 0.001032 28.15 11219.67 1220.47 0.96 1.70 0.56 0.40 0.75

Rio Manati 1 32740.16 32548   0.01 (100 yr) 211075.80 95.54 132.30 132.30 144.17 0.000858 29.45 17513.48 1333.56 0.90 1.73 0.78 0.52 0.87

Rio Manati 1 32740.16 32548   0.005 (200 yr) 280504.40 95.54 138.21 138.21 151.56 0.000807 31.87 25218.74 1706.30 0.90 1.92 1.01 0.48 0.87

Rio Manati 1 32740.16 32548   0.002 (500 yr) 399338.30 95.54 145.93 145.93 162.03 0.000807 35.94 36976.41 1887.76 0.93 2.30 1.35 0.74 1.14

Rio Manati 1 32455.27 32258   0.5 (2 yr) 19634.96 85.63 91.35 95.23 104.70 0.010441 29.30 670.03 134.15 2.31 3.21 3.21

Rio Manati 1 32455.27 32258   0.2 (5 yr) 43754.87 85.63 95.75 101.02 112.90 0.006973 33.22 1317.00 160.32 2.04 3.50 3.50

Rio Manati 1 32455.27 32258   0.1 (10 yr) 68333.88 85.63 99.19 105.17 119.20 0.005869 35.88 1904.59 180.84 1.95 3.77 3.77

Rio Manati 1 32455.27 32258   0.04 (25 yr) 118304.10 85.63 104.91 112.20 129.24 0.004201 39.59 3084.38 241.02 1.76 4.02 0.69 0.51 3.39

Rio Manati 1 32455.27 32258   0.02 (50 yr) 155702.40 85.63 109.41 116.93 134.59 0.003121 40.36 4187.72 285.03 1.58 3.84 1.38 0.75 3.04

Rio Manati 1 32455.27 32258   0.01 (100 yr) 211075.80 85.63 125.31 124.78 138.28 0.000769 29.50 13061.46 1483.41 0.87 1.69 1.10 0.23 0.44

Rio Manati 1 32455.27 32258   0.005 (200 yr) 280504.40 85.63 134.72 131.90 146.19 0.000539 28.81 27130.85 1691.80 0.75 1.49 1.08 0.43 0.57

Rio Manati 1 32455.27 32258   0.002 (500 yr) 399338.30 85.63 147.88 140.27 158.43 0.000388 28.96 49324.48 1906.30 0.67 1.38 0.60 0.59 0.68

Rio Manati 1 32325.2* 0.5 (2 yr) 19634.96 84.91 91.97 94.50 100.17 0.005023 22.97 854.76 142.11 1.65 1.86 1.86

Rio Manati 1 32325.2* 0.2 (5 yr) 43754.87 84.91 96.20 100.25 109.25 0.004689 28.98 1509.94 167.33 1.70 2.58 2.58

Rio Manati 1 32325.2* 0.1 (10 yr) 68333.88 84.91 99.55 104.41 115.96 0.004425 32.49 2102.94 187.26 1.71 3.03 3.03

Rio Manati 1 32325.2* 0.04 (25 yr) 118304.10 84.91 105.08 111.58 126.84 0.003492 37.45 3304.20 248.38 1.62 3.53 0.63 0.45 2.83

Rio Manati 1 32325.2* 0.02 (50 yr) 155702.40 84.91 120.28 116.25 129.96 0.000666 25.23 8813.75 821.44 0.79 1.29 0.47 0.14 0.44

Alternative 4 (Channelization) Results Table for XS in Project Area



HEC-RAS  Plan: Alt 2  Locations: User Defined  (Continued)

River Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl Shear Chan Shear LOB Shear ROB Shear Total

(cfs) (ft) (ft) (ft) (ft) (ft/ft) (ft/s) (sq ft) (ft) (lb/sq ft) (lb/sq ft) (lb/sq ft) (lb/sq ft)

Rio Manati 1 32325.2* 0.01 (100 yr) 211075.80 84.91 125.69 123.63 137.69 0.000688 28.47 14803.88 1453.07 0.82 1.56 0.53 0.24 0.43

Rio Manati 1 32325.2* 0.005 (200 yr) 280504.40 84.91 134.56 131.13 145.96 0.000524 28.65 29229.17 1690.51 0.74 1.47 0.56 0.43 0.56

Rio Manati 1 32325.2* 0.002 (500 yr) 399338.30 84.91 147.04 139.62 158.22 0.000405 29.54 50935.02 1777.65 0.68 1.44 0.59 0.63 0.72

Rio Manati 1 32235.51 32029   0.5 (2 yr) 19634.96 84.38 92.62 93.98 98.31 0.002921 19.14 1025.92 149.11 1.29 1.23 1.23

Rio Manati 1 32235.51 32029   0.2 (5 yr) 43754.87 84.38 96.53 99.77 107.39 0.003600 26.44 1654.84 172.42 1.50 2.11 2.11

Rio Manati 1 32235.51 32029   0.1 (10 yr) 68333.88 84.38 99.77 103.90 114.18 0.003636 30.45 2244.16 192.32 1.56 2.61 0.03 0.03 2.58

Rio Manati 1 32235.51 32029   0.04 (25 yr) 118304.10 84.38 105.15 111.02 125.44 0.003105 36.16 3403.18 242.77 1.54 3.25 0.53 0.46 2.65

Rio Manati 1 32235.51 32029   0.02 (50 yr) 155702.40 84.38 120.23 115.68 129.71 0.000637 24.92 9207.89 872.45 0.77 1.25 0.43 0.15 0.41

Rio Manati 1 32235.51 32029   0.01 (100 yr) 211075.80 84.38 125.69 123.39 137.41 0.000658 28.11 15425.03 1423.97 0.81 1.51 0.56 0.25 0.44

Rio Manati 1 32235.51 32029   0.005 (200 yr) 280504.40 84.38 133.77 130.57 145.75 0.000548 29.18 27759.42 1633.33 0.76 1.53 0.62 0.43 0.57

Rio Manati 1 32235.51 32029   0.002 (500 yr) 399338.30 84.38 145.84 139.58 158.00 0.000438 30.51 48491.05 1892.60 0.71 1.54 0.68 0.65 0.75

Rio Manati 1 31723.61 31578   0.5 (2 yr) 19634.96 79.69 88.11 89.29 93.51 0.002698 18.63 1053.90 150.23 1.24 1.16 1.16

Rio Manati 1 31723.61 31578   0.2 (5 yr) 43754.87 79.69 97.95 95.08 101.77 0.000721 15.68 2816.94 207.35 0.72 0.64 0.07 0.04 0.59

Rio Manati 1 31723.61 31578   0.1 (10 yr) 68333.88 79.69 105.17 99.63 108.57 0.000403 15.31 7087.25 790.65 0.58 0.54 0.12 0.07 0.22

Rio Manati 1 31723.61 31578   0.04 (25 yr) 118304.10 79.69 116.42 107.23 119.29 0.000226 15.11 16507.58 887.45 0.46 0.46 0.21 0.08 0.26

Rio Manati 1 31723.61 31578   0.02 (50 yr) 155702.40 79.69 124.64 110.65 127.21 0.000162 14.81 23910.41 910.52 0.41 0.41 0.22 0.08 0.26

Rio Manati 1 31723.61 31578   0.01 (100 yr) 211075.80 79.69 131.30 115.05 134.39 0.000165 16.56 30065.00 938.62 0.42 0.48 0.29 0.08 0.32

Rio Manati 1 31723.61 31578   0.005 (200 yr) 280504.40 79.69 139.27 119.67 142.82 0.000161 18.11 37859.94 1050.46 0.43 0.55 0.36 0.07 0.36

Rio Manati 1 31723.61 31578   0.002 (500 yr) 399338.30 79.69 150.99 126.42 155.30 0.000158 20.36 50347.18 1228.24 0.44 0.65 0.47 0.13 0.44

Rio Manati 1 31444.64 31314   0.5 (2 yr) 19634.96 73.62 90.70 83.22 91.61 0.000192 7.65 2574.25 198.22 0.37 0.16 0.01 0.01 0.15

Rio Manati 1 31444.64 31314   0.2 (5 yr) 43754.87 73.62 99.20 89.01 100.81 0.000181 10.29 4618.00 274.24 0.39 0.24 0.06 0.04 0.18

Rio Manati 1 31444.64 31314   0.1 (10 yr) 68333.88 73.62 105.79 93.16 107.97 0.000176 12.08 6476.04 290.22 0.40 0.31 0.11 0.06 0.23

Rio Manati 1 31444.64 31314   0.04 (25 yr) 118304.10 73.62 115.71 100.53 119.06 0.000186 15.13 9575.47 377.77 0.43 0.43 0.13 0.10 0.28

Rio Manati 1 31444.64 31314   0.02 (50 yr) 155702.40 73.62 123.05 104.84 126.93 0.000174 16.44 12884.66 494.39 0.43 0.48 0.14 0.12 0.27

Rio Manati 1 31444.64 31314   0.01 (100 yr) 211075.80 73.62 128.52 110.46 133.99 0.000213 19.65 15871.95 587.34 0.48 0.67 0.20 0.17 0.34

Rio Manati 1 31444.64 31314   0.005 (200 yr) 280504.40 73.62 135.06 117.08 142.28 0.000244 22.78 19868.12 702.21 0.53 0.86 0.26 0.22 0.41

Rio Manati 1 31444.64 31314   0.002 (500 yr) 399338.30 73.62 144.47 127.11 154.54 0.000286 27.22 27230.50 1082.86 0.59 1.17 0.42 0.31 0.58

Rio Manati 1 31041.5  30915   0.5 (2 yr) 19634.96 70.83 90.73 80.43 91.34 0.000101 6.31 3342.50 261.61 0.28 0.10 0.02 0.01 0.08

Rio Manati 1 31041.5  30915   0.2 (5 yr) 43754.87 70.83 99.34 86.22 100.49 0.000112 8.79 6748.47 516.49 0.31 0.17 0.07 0.04 0.09

Rio Manati 1 31041.5  30915   0.1 (10 yr) 68333.88 70.83 106.12 90.44 107.58 0.000110 10.21 11073.00 780.85 0.32 0.21 0.08 0.05 0.10

Rio Manati 1 31041.5  30915   0.04 (25 yr) 118304.10 70.83 116.81 98.31 118.36 0.000091 11.33 22017.32 1095.17 0.31 0.24 0.10 0.08 0.11

Rio Manati 1 31041.5  30915   0.02 (50 yr) 155702.40 70.83 124.65 102.86 126.06 0.000073 11.31 30776.94 1131.03 0.28 0.22 0.10 0.10 0.12

Rio Manati 1 31041.5  30915   0.01 (100 yr) 211075.80 70.83 131.03 110.76 132.71 0.000079 12.72 38050.36 1150.83 0.30 0.27 0.13 0.14 0.16

Rio Manati 1 31041.5  30915   0.005 (200 yr) 280504.40 70.83 138.62 115.09 140.55 0.000080 14.00 47188.57 1240.48 0.31 0.31 0.12 0.17 0.19

Rio Manati 1 31041.5  30915   0.002 (500 yr) 399338.30 70.83 149.74 121.03 152.05 0.000083 15.80 61224.65 1286.46 0.32 0.38 0.17 0.23 0.24

Rio Manati 1 30753.00 30623   0.5 (2 yr) 19634.96 71.39 90.56 91.23 0.000118 6.61 3098.33 240.30 0.30 0.11 0.02 0.01 0.09

Rio Manati 1 30753.00 30623   0.2 (5 yr) 43754.87 71.39 99.01 100.35 0.000134 9.40 5261.61 262.22 0.34 0.20 0.07 0.07 0.16

Rio Manati 1 30753.00 30623   0.1 (10 yr) 68333.88 71.39 105.43 107.41 0.000146 11.46 7027.34 294.94 0.37 0.27 0.09 0.09 0.20

Rio Manati 1 30753.00 30623   0.04 (25 yr) 118304.10 71.39 115.24 118.13 0.000154 14.21 13039.57 756.29 0.39 0.38 0.14 0.08 0.16

Rio Manati 1 30753.00 30623   0.02 (50 yr) 155702.40 71.39 123.13 125.85 0.000124 14.38 20062.20 910.03 0.37 0.36 0.14 0.11 0.16

Rio Manati 1 30753.00 30623   0.01 (100 yr) 211075.80 71.39 129.15 132.47 0.000137 16.30 25585.40 926.18 0.39 0.45 0.18 0.17 0.23

Rio Manati 1 30753.00 30623   0.005 (200 yr) 280504.40 71.39 136.50 140.28 0.000140 17.94 32435.09 939.47 0.40 0.52 0.21 0.23 0.29

Rio Manati 1 30753.00 30623   0.002 (500 yr) 399338.30 71.39 147.22 151.75 0.000144 20.25 42606.76 956.30 0.42 0.63 0.25 0.33 0.38

Rio Manati 1 30450.28 30327   0.5 (2 yr) 19634.96 48.56 90.62 90.78 0.001900 3.22 6401.35 410.59 0.13 2.21 0.46 0.00 1.67

Rio Manati 1 30450.28 30327   0.2 (5 yr) 43754.87 48.56 99.39 99.70 0.002421 4.63 10391.76 481.65 0.15 4.05 1.46 0.00 2.93

Rio Manati 1 30450.28 30327   0.1 (10 yr) 68333.88 48.56 106.15 106.58 0.002627 5.55 13725.27 509.07 0.16 5.44 2.38 0.00 3.94

Rio Manati 1 30450.28 30327   0.04 (25 yr) 118304.10 48.56 116.42 117.08 0.002936 6.96 19034.27 525.66 0.18 7.84 4.18 0.00 5.80

Rio Manati 1 30450.28 30327   0.02 (50 yr) 155702.40 48.56 124.18 124.95 0.002790 7.53 23164.23 537.78 0.18 8.71 5.01 0.00 6.47

Rio Manati 1 30450.28 30327   0.01 (100 yr) 211075.80 48.56 130.36 131.45 0.003451 9.01 26570.52 566.67 0.21 12.02 6.71 0.00 8.67

Rio Manati 1 30450.28 30327   0.005 (200 yr) 280504.40 48.56 137.79 139.21 0.003883 10.33 30828.20 579.34 0.22 15.21 8.85 0.00 10.95

Rio Manati 1 30450.28 30327   0.002 (500 yr) 399338.30 48.56 148.63 150.61 0.004506 12.30 37268.44 613.24 0.25 20.51 11.88 0.00 14.38

Rio Manati 1 30282.54 30154   0.5 (2 yr) 19634.96 62.99 89.65 89.85 0.001411 3.45 5437.75 357.96 0.13 1.72 1.01 1.30

Rio Manati 1 30282.54 30154   0.2 (5 yr) 43754.87 62.99 98.11 98.51 0.001816 4.58 8749.36 425.37 0.15 2.91 1.86 2.26

Rio Manati 1 30282.54 30154   0.1 (10 yr) 68333.88 62.99 104.72 105.27 0.001998 5.27 11603.64 446.36 0.16 3.75 0.01 2.78 3.10

Rio Manati 1 30282.54 30154   0.04 (25 yr) 118304.10 62.99 114.79 115.62 0.002202 6.42 16830.59 540.24 0.18 5.26 1.09 4.23 4.06

Rio Manati 1 30282.54 30154   0.02 (50 yr) 155702.40 62.99 122.68 123.60 0.001993 6.87 21162.57 558.53 0.17 5.67 1.73 4.60 4.43

Rio Manati 1 30282.54 30154   0.01 (100 yr) 211075.80 62.99 128.52 129.80 0.002419 8.16 24468.53 573.59 0.19 7.70 2.70 6.24 6.02

Rio Manati 1 30282.54 30154   0.005 (200 yr) 280504.40 62.99 135.70 137.36 0.002718 9.39 28651.12 592.81 0.21 9.78 3.69 7.93 7.61

Rio Manati 1 30282.54 30154   0.002 (500 yr) 399338.30 62.99 146.15 148.46 0.003145 11.20 35238.20 660.14 0.23 13.23 4.20 10.73 9.52

Rio Manati 1 29965.48 29830   0.5 (2 yr) 19634.96 70.47 85.48 80.34 86.33 0.012704 7.71 2781.06 280.64 0.41 8.87 5.64 1.82 7.76

Rio Manati 1 29965.48 29830   0.2 (5 yr) 43754.87 70.47 93.46 84.79 94.74 0.008060 9.40 5212.26 339.01 0.38 9.62 6.29 3.15 8.16

Rio Manati 1 29965.48 29830   0.1 (10 yr) 68333.88 70.47 99.83 88.37 101.46 0.006633 10.59 7218.06 422.66 0.37 10.54 7.76 3.59 9.09

Rio Manati 1 29965.48 29830   0.04 (25 yr) 118304.10 70.47 109.02 94.13 111.48 0.006375 13.01 10158.56 511.53 0.39 13.77 11.04 4.58 11.89

Rio Manati 1 29965.48 29830   0.02 (50 yr) 155702.40 70.47 117.30 97.67 119.95 0.005044 13.50 12863.51 581.59 0.36 13.49 11.29 4.24 11.49

Rio Manati 1 29965.48 29830   0.01 (100 yr) 211075.80 70.47 123.01 102.41 125.86 0.004946 14.61 20699.79 759.25 0.37 14.99 5.99 4.42 8.16

Rio Manati 1 29965.48 29830   0.005 (200 yr) 280504.40 70.47 130.34 107.78 133.38 0.004545 15.46 26407.46 798.74 0.36 15.84 7.26 4.60 9.08

Rio Manati 1 29965.48 29830   0.002 (500 yr) 399338.30 70.47 140.55 119.70 144.19 0.004562 17.42 35267.42 966.99 0.38 18.79 8.18 5.58 10.03

Rio Manati 1 29939.95 29805   Bridge

Rio Manati 1 29914.84 29779   0.5 (2 yr) 19634.96 65.13 84.41 76.37 85.25 0.007617 7.57 2864.72 213.98 0.33 7.29 3.47 0.33 6.09

Rio Manati 1 29914.84 29779   0.2 (5 yr) 43754.87 65.13 91.52 81.96 93.26 0.010137 11.15 4558.87 260.20 0.41 14.00 6.51 2.02 10.56

Rio Manati 1 29914.84 29779   0.1 (10 yr) 68333.88 65.13 97.33 86.25 99.83 0.011102 13.54 6304.61 366.51 0.44 19.17 6.87 3.76 11.91

Rio Manati 1 29914.84 29779   0.04 (25 yr) 118304.10 65.13 106.72 93.95 109.82 0.010241 15.69 9646.87 411.56 0.45 23.42 12.23 5.74 16.20

Rio Manati 1 29914.84 29779   0.02 (50 yr) 155702.40 65.13 112.57 99.88 116.09 0.009896 16.95 11777.39 440.71 0.45 26.08 15.38 6.89 18.69

Rio Manati 1 29914.84 29779   0.01 (100 yr) 211075.80 65.13 119.68 104.57 123.89 0.010258 19.06 16018.58 663.50 0.47 31.39 10.14 8.88 14.83

Rio Manati 1 29914.84 29779   0.005 (200 yr) 280504.40 65.13 127.39 109.71 132.17 0.010290 20.96 21924.70 895.37 0.48 36.22 12.01 6.06 15.19

Rio Manati 1 29914.84 29779   0.002 (500 yr) 399338.30 65.13 139.68 117.35 143.41 0.007218 19.91 34175.96 1075.21 0.42 30.69 12.03 7.09 13.70

Alternative 4 (Channelization) Results Table for XS in Project Area
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Alternative 0 (No Action) Results Profile for XS in Project Area
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Rio Manati 1

Alternative 1 (Levee/Floodwall) Results Table for XS in Project Area
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Alternative 2 (Channel Modification) Results Table for XS in Project Area
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Rio Manati 1

Alternative 3 (Non-Structural Relocations) Results Table for XS in Project Area
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Rio Manati 1

Alternative 3b (Non-Structural Relocations - Recommended Plan) Results Profile for XS in Project Area
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Alternative 4 (Channelization) Results Table for XS in Project Area
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Alternative 0 (No Action) Results in Project Area
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Quantity Summaries for Options Considered in Alternatives 
 
The Alternatives considered were based on the combination of one or more Flood Risk 
Management Measures (or Options) within each Focal Area. 
 
Quantities for each Option were then calculated and provided to the PDT Cost Engineer. 
Depending on the Alternative, summary sheets and / or detailed quantity workbooks are 
included in this Attachment.  
 
The combinations of Options per Focal Area are listed and shown graphically in the Main Report 
with the descriptions and summary reproduced here. (See Table 1 below) 
 
Table 1 – Focal Area Options and Alternatives 

 

 
Alternatives are named for the primary flood risk management measure included with each 
option within that Alternative described below.  
 

1. Alternative 1. - Levee/Floodwall System 
 

• Options 1.2., 3.2., 4.2. Non-Structural Relocations: High-risk structures within the 
floodplain would be bought out and residents relocated outside of the floodplain. 
Participation in the acquisition and relocation program would be mandatory. The 
floodplain would be planted with native vegetation. The local sponsor would retain 
ownership of the acquired property and must ensure no future development or fill 
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would occur. The acquired area could be deeded to the local government and/or 
converted to undeveloped public space. 

 
• Option 2.2. Levee/Floodwall System: This option would include construction of a 

floodwall/levee system similar to that proposed under the original Flood Protection 
Works plan. This option would include a floodwall or ring levee around the 
wastewater treatment plant to protect this critical infrastructure that also serves 
areas outside of Dos Rios and Alturas de Ciales (e.g., Ciales Pueblo). 

 
2. Alternative 2. - Channel Modification 

 
• Options 1.1., 3.1., 4.1. Channel Modification: Channel modifications would include 

channel widening to increase capacity and realignment to improve hydraulic 
conductivity and prevent water backup upstream of the existing river bend. A 
floodplain bench would also be constructed to restore natural floodplain processes. 

 
• Option 2.1. Channel Modification and Protection of Wastewater Treatment Plant: 

Channel modifications would include channel realignment through the field opposite 
of Dos Rios to improve hydraulic conductivity. The channel would be designed to 
increase capacity and create improved floodplain connection. This option would also 
include a floodwall or ring levee around the wastewater treatment plant to protect 
this critical infrastructure. 

 
3. Alternative 3. - Non-Structural Relocations 

 
• Options 1.2., 3.2., 4.2. Non-Structural Relocations: High-risk structures within the 

floodplain would be acquired and residents relocated outside of the floodplain. 
Participation in the acquisition and relocation program would be mandatory. The 
floodplain would be planted with native vegetation. The local sponsor would retain 
ownership of the acquired property and must ensure no future development or fill 
would occur; however, the acquired area could be deeded to the local government 
and/or converted to undeveloped public space 

 
• Option 2.3. Non-Structural Relocations & Protection of Wastewater Treatment Plant: 

High-risk structures within the Dos Rios and Alturas de Ciales communities would be 
bought out and residents relocated outside of the floodplain. Participation in the 
acquisition and relocation program would be mandatory. The floodplain would be 
planted with native vegetation. The local sponsor would retain ownership of the 
acquired property and must ensure no future development or fill would occur; 
however, the acquired area could be deeded to the local government and/or 
converted to undeveloped public space. This option would include a floodwall or 
ring levee around the wastewater treatment plant to protect this critical 
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infrastructure that also serves areas outside of Dos Rios and Alturas de Ciales (e.g., 
Ciales Pueblo). 

4. Alternative 4. - Channelization

• Option C1. Channelization: Channelization would involve channel improvements
(i.e., widening and deepening) to increase capacity. The channel would be lined with
concrete to decrease roughness, increase hydraulic conductivity, and maintain
desired channel geometry and location. Channelization would be designed to reduce
inundation of structures, infrastructure (i.e., roadways), and public facilities (i.e.,
wastewater treatment plant). Channelization would also reduce risks associated
with flood-caused bank failure.

The Recommended Plan is a modified version of Alternative 3.  More specifically, the 
Recommended Plan includes the following generalized scope of work: 

• Non-Structural Relocations.   Structures located within the 0.04 AEP floodplain
would be acquired and demolished. Residents would be relocated outside of the
floodplain.  The floodplain would be planted with native vegetation. The local
sponsor would retain ownership of the acquired property and must ensure no future
development or fill would occur; however, the acquired area could be deeded to the
local government and/or converted to undeveloped public space (e.g.,
recreational/sports fields).

Estimated Construction Line Item (CLIN) quantities for Options OTHER THAN the Non-
structural Relocations Option are herein provided. 

Quantities for the Recommended Alternative, Non Structural Relocations Option are 
provided in the Cost Appendix.  
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Alternative 1 
Levee and Floodwall System 
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Alternative 2 
Channel Modification 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/28/2019

Checked By:

Subject: Date:

Comp: CLIN 0010, Clear and Grub for Floodwall Page: 1 of 1

Item Description Quant Unit

0010 1,467 SY

1,200 LF  Area (SF) 12,000 SF
10 LF

Area (SY) 1,333 SY
Add (10%) 133 SY

Say 1,467 SY

Clear and Grub for Floodwall

Rio Grande de Manati - Bank Protection Project

Length of Floodwall
Width of Clearing

PRASA WWTP

10 Foot Clear Zone 
Around Fence Alignment



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/28/2019

Checked By:

Subject: Date:

Comp: CLIN 0011, Sediment Removal and Disposal Page: 1 of 1

Item Description Quant Unit

0011 1,200 LF

Concrete Volume estimate  = (1,200 ft x 1.5 ft x 11 ft. / 27) + 10%       =          806 CY

Length Sheetpile 1,200 LF 21,600 SF
Concrete 806 CY

Note:  For sheet pile driving, consider difficult to drive when calculating cost.

(assume 18 ft depth) = 

Construct Conc Cap Sheet Pile ( Type I-2) Floodwall

Rio Grande de Manati - Bank Protection Project

Assume: Floodwall height might vary.  For the ppurpose of this estimate we are assuming 
a constant wall height of eight feet and a length of 1,200 feet. 

12'



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: Page: 1 of 1

Item Quantity Unit Unit Price Extended 
Price Remarks

0001 1 JOB 0.00 0.00

0002 18 SET 0.00 0.00 one set per month of 
construction

0003 1 JOB 0.00 0.00

0004 1 JOB 0.00 0.00

0005 1 JOB 0.00 0.00

450 SY 0.00 0.00 5 access points

100 CY 0.00 0.00

Temporary Cofferdam / Stream Diversion 0 LF 0.00 0.00 along entire length of
channelized area

0006 1 JOB 0.00 0.00

0007 30 AC 0.00 0.00

0009 1 JOB 0.00 0.00

0008 1,110,000 CY 0.00 0.00

0008(1) 18,200 CY 0.00 0.00

0008(2) 63,600 CY 0.00 0.00

0.00

Channel Bottom Material

Channel Slope Stone Lining

Construct Channel Improvement

Reimbursement for Actual Performance and 
Payment Bonds Premiums

Description

Mobilization and Demobilization

Field Survey 

Erosion and Sediment Controls

Protection and Maintenance of Traffic During 
Construction

Digital Progress Images 

Excavation for Improved Channel 

Rock Construction Entrance AASHTO 1

Site Restoration

General Construction Activities

Rock Construction Entrance Geotextile

Clearing and Grubbing for Channelization

Quantities Summary

Rio Grande de Manati - Channel Improvement - 
Alternative 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: Page: 1 of 1

Item Quant Unit

0001 1 JOB

Standard Contract Requirements. No quantities to calculate

Description
Reimbursement for Actual Performance and Payment 
Bonds Premiums

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4
CLIN 0001, Reimbursement for Actual Performance and 
Payment Bonds Premiums



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0002, Digital Progress Images Page: 1 of 1

Item Quant Unit

0002 18 SET

Contract duration is assumed 18 months, with some inactive time.
Units defined as "SET" is a technical spec section requirement.  
One SET per month during period of construction.
 
 

Description

Digital Progress Images 

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0003, Mobilization and Demobilization Page: 1 of 1

Item Quant Unit

0003 1 JOB

Mobilization and demobilization requirements may be different for each type of contract. 
For this effort it is calculated as a one time mobilization and a one time demobilization
during the period of construction.

Description

Mobilization and Demobilization

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0004, Protection and Maintenance of Traffic During Co Page: 1 of 1

Item Quant Unit

0004 1 JOB

Contractor shall adequately maintain traffic at construction entrances to river and repair sites.
Assume three locations needing two std traffic signs and possibly
flag personnel for duration of construction period.
It is likely that for the three locations chosen, that construction crew members act as flaggers.

Description
Protection and Maintenance of Traffic During 
Construction

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 005, Erosion and Sediment Controls Page: 1 of 2

Item Quant Unit

0005 1 JOB

Rock Construction Entrance:
Assume four construction access locations 4.0 EA
Length 50.0 LF
Width 20.0 LF

Geotextile for RCE: 450.0 SY

Surface Area of RCE 1000.0 SF

Total Area 4000.0 SF
444.4 SY

SAY 450.0 SY

AASHTO 1: 100.0 CY

Thickness 0.7 LF

Volume per RCE 666.7 CF

Total Volume 2666.7 CF
98.8 CY

SAY 100 CY

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4

Description

Erosion and Sediment Controls



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 005, Erosion and Sediment Controls Page: 2 of 2

Assume Work is 1,900 feet of river at a time requires 4 diversions of some type

 Length   Total
1,900   1,900

 
1,900  1,900

  
1,900  1,900

 
1,900  1,900

  
 

7,600

   
 200   7,800

 
 
 7,800

  780

  8,580

Cofferdam / Stream diversion: Say 8,580
Cofferdams / diversions to be constructed for each of the four locations of bank protection, 
independently. (Assume jersey Barrier Type cofferdam on top of one layer of sandbags and plastic 
sheeting construction) .  Angle 45 degrees to shore each location upstream and downstream 

Length of Temporary Cofferdam / Diversion

Location 1 - 

Location 2 - 

Location 3- 

TOTAL LENGTH OF BANK PROTECTION

Location 4 - 

Temp. Cofferdam / Stream Diversion :

Length of Temporary Cofferdam / Diversion

Add 25 feet of diagonal diversion to 
shore each for U/S and D/S Portions

10% waste factor / overlap

Length per Location
Location Of Channel Section

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0006, Field Survey Page: 1 of 1

Item Quant Unit

0006 1 JOB

Field Surveying to include:
pre and post topographic survey of all areas to allow for .
1. verification of current contours in order to verify existing conditions,
2. calculate post construction contours, height, width, length of bank protection

and excavation.

Assume amount of acreage to be 100 feet on either side of channel

(440 feet  x 7,800 feet)/ 43560 = 78.78788 Acres

Say 79 Acres

Description

Field Survey 

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0007, Clearing and Grubbing for Bank Protection Page: 1 of 1

Item Description Quant Unit

0007 30 AC

Assume 50% of area receiving channel as overgrown and
that will have to be cleared and grubbed.

``

Total length of replacement

7,800 LF Total Area 2,620,800 SF

Addn'l 
length 0 LF 50 % needing cleared 1,310,400 SF

7,800 LF

336 LF
Total Area (Acres) 30 AC

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4

Clearing and Grubbing for Channelization

Also assume that areas outside of channel to be cleared for access, storage of material; etc. 
Assume additional 100 feet outside of channel.

Channel Length

Width

Total length

236 '

336 '



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0008, Excavation for Improved Channel Page: 1 of 1

Item Description Quant Unit

0008 1,110,000 CY

Typical Excavation within channel along improved river reach

River Area Distance Volume Volume

Station
(sq.mtr.) (meter) (cu.mtr.) (CY) 1 meter = 3.281 Ft

32740 0 1 cu.mtr = 1.3079 CY
285 57,000 74,550

32455 400
130 52,000 68,011

32325 400
90 43,110 56,384

32235 558
512 320,768 419,532

31723 695
279 185,535 242,661

31444 635
430 159,100 208,087

31014 105
564 29,610 38,727

30450 0
SUM 847,123 1,107,952

Say 1,110,000
2,290 meters
7,513 feet

Excavation for Improved Channel 

For entire length of improved channel reach, assume typical cross section for excavation and 
flattening out floodway areas and tie into existing grade.

Rio Grande de Manati - Channel Improvement - Alternative 
No. 4

depth varies...use six feet.



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0008(1), Channel Slope Stone Lining Page: 1 of 1

Item Description Quant Unit

0008(1) 18,200 CY

7,800 LF X 2 Sides = 15,600

Total Length 15,600 LF Total Volume 444,600 CF
Depth 1.5 LF
Width 19 LF Volume (CY) 16,467 CY

Waste (10%) 1,647 CY
Total 18,113 CY

Say 18,200 CY

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4

Channel Slope Stone Lining

For entire length of improved channel alignment, assume R-5 Riprap Stone lining 18-inches 
depth, both sloped banks

Total length of Channel Lining

19 '



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 8/12/2019

Checked By: NL

Subject: Date: 8/15/2019

Comp: CLIN 0008(2), Channel Bottom Material Page: 1 of 1

Item Description Quant Unit

0008(2) 63,600 CY

12-inch depth of river run material for natural bottom of channel

For entire length of channel improvement alignment

7,800 LF X 1 Sides = 7,800

Total Length 7,800 LF Total Volume 1,560,000 CF
Depth 1 LF
Width 200 LF Volume (CY) 57,778 CY

Waste (10%) 5,778 CY
Total 63,556 CY

Say 63,600 CY

Channel Bottom Material

Rio Grande de Manati - Channel Improvement - 
Alternative No. 4

Total length of Channel Lining



Rio Grande de Manati, FRM Study, Ciales PR.   
Appendix A:  Engineering 
Attachment 4 – Quantity Summaries for Options Considered in Alternatives 

Alternative 3 
Nonstructural Relocations / Recommended Plan 

(See Cost Appendix for Quantities associated with non-
Structural Relocations)



Rio Grande de Manati, FRM Study, Ciales PR.   
Appendix A:  Engineering 
Attachment 4 – Quantity Summaries for Options Considered in Alternatives 

Alternative 4 
Channelization 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: Page: 1 of 1

Item Quantity Unit Unit Price Extended 
Price Remarks

0001 1 JOB 0.00 0.00

0002 18 SET 0.00 0.00 one set per month of 
construction

0003 1 JOB 0.00 0.00

0004 1 JOB 0.00 0.00

0005 1 JOB 0.00 0.00

450 SY 0.00 0.00 5 access points

100 CY 0.00 0.00

Temporary Cofferdam / Stream Diversion 11,000 LF 0.00 0.00 along entire length of
channelized area

0006 1 JOB 0.00 0.00

0007 39 AC 0.00 0.00

0009 1 JOB 0.00 0.00

0008 1,870,000 CY 0.00 0.00

0008(1) 40,000 SY 0.00 0.00

0008(2) 36,667 CY 0.00 0.00

0008(3) 53,350 CY 0.00 0.00

0008(4) 213,400 SY 0.00 0.00

0.00

Concrete for Channel

Rock Construction Entrance Geotextile

Steel for Channel

Clearing and Grubbing for Channelization

Quantities Summary

Rio Grande de Manati - Channelization Alternative

Aggregate Base for Concrete

Geotextile Fabric Separation Layer

Construct Concrete Channel

Reimbursement for Actual Performance and 
Payment Bonds Premiums

Description

Mobilization and Demobilization

Field Survey 

Erosion and Sediment Controls

Protection and Maintenance of Traffic During 
Construction

Digital Progress Images 

Excavation for Channel Construction

Rock Construction Entrance AASHTO 1

Site Restoration

General Construction Activities



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: Page: 1 of 1

Item Quant Unit

0001 1 JOB

Standard Contract Requirements. No quantities to calculate

Description
Reimbursement for Actual Performance and Payment 
Bonds Premiums

Rio Grande de Manati - Channelization Alternative

CLIN 0001, Reimbursement for Actual Performance and 
Payment Bonds Premiums



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0002, Digital Progress Images Page: 1 of 1

Item Quant Unit

0002 18 SET

Contract duration is assumed 18 months, with some inactive time.
Units defined as "SET" will is a spec section requirement.  
One SET per month during period of construction.

Description

Digital Progress Images 

Rio Grande de Manati - Channelization Alternative



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0003, Mobilization and Demobilization Page: 1 of 1

Item Quant Unit

0003 1 JOB

Mob and demob requirements may be different for each type of contract. 
For this effort it is calculated as a one time mobilization and a one time demob.
during the period of construction.

Description

Mobilization and Demobilization

Rio Grande de Manati - Channelization Alternative



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0004, Protection and Maintenance of Traffic During Co Page: 1 of 1

Item Quant Unit

0004 1 JOB

Contractor shall adequately maintain traffic at construction entrances to river and repair sites.
Assume three locations needing two std traffic signs and possibly
flag personnel for duration of construction period.
It is likely that for the three locations chosen, that construction crew members act as flaggers.

Description
Protection and Maintenance of Traffic During 
Construction

Rio Grande de Manati - Channelization Alternative



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 005, Erosion and Sediment Controls Page: 1 of 2

Item Quant Unit

0005 1 JOB

Rock Construction Entrance:
Assume four construction access locations 4.0 EA
Length 50.0 LF
Width 20.0 LF

Geotextile for RCE: 450.0 SY

Surface Area of RCE 1000.0 SF

Total Area 4000.0 SF
444.4 SY

SAY 450.0 SY

AASHTO 1: 100.0 CY

Thickness 0.7 LF

Volume per RCE 666.7 CF

Total Volume 2666.7 CF
98.8 CY

SAY 100 CY

Cofferdam / Stream diversion: 11000 LF

Rio Grande de Manati - Channelization Alternative

Description

Erosion and Sediment Controls

Cofferdams / diversions to be constructed for each of the five locations of bank protection, 
independently. (Assume jersey Barrier Type cofferdam on top of one layer of sandbags and plastic 
sheeting construction) .  Angle 45 degrees to shore each location upstream and downstream 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:
Subject: Rio Grande de Manati - Channelization Alternative Date:
Comp: CLIN 005, Erosion and Sediment Controls Page: 2 of 2

Assume Work in1, 500 feet of river at a time requires 6 diversions of some type

Length Total
1,500 1,500

1,500 1,500

1,500 1,500

1,500 1,500

1,500 1,500

1,500 1,500

9,000

300 300

9,300
930

10,230

Say 11,000

Temp. Cofferdam / Stream Diversion :

Length of Temporary Cofferdam / Diversion

Add 25 feet of diagonal diversion to 
shore each for U/S and D/S Portions

10% waste factor / overlap

Length per Location
Location Of Channel Section

Location 6-

Length of Temporary Cofferdam / Diversion

Location 1 - 

Location 2 - 

Location 3- 

TOTAL LENGTH OF BANK PROTECTION

Location 4 - 

Location 5- 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0006, Field Survey Page: 1 of 1

Item Quant Unit

0006 1 JOB

Field Surveying to include:
pre and post topographic survey of all areas to allow for .
1. verification of current contours in order to verify existing conditions,
2. calculate post construction contours, height, width, length of bank protection

and excavation.

Assume amount of acreage to be 1) 100 feet on either side of channel
plus .
(480 feet  x 9000 feet)/ 43560 = 99 Acres

Say 100 Acres

Description

Field Survey 

Rio Grande de Manati - Channelization Alternative



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0007, Clearing and Grubbing for Bank Protection Page: 1 of 1

Item Description Quant Unit

0007 39 AC

Assume 50% of area receiving channel as overgrown and
that will have to be cleared and grubbed.

Typical Cross Section of Gabion Mattresses installed adjacent to walls.
(Ref: Dwg. No. 038a.7-PI-82/10.1)

Total length of replacement

9,000 LF Total Area 3,420,000 SF

Addn'l 
length 0 LF 50 % needing cleared 1,710,000 SF

9,000 LF

380 LF
Total Area (Acres) 39 AC

Rio Grande de Manati - Channelization Alternative

Clearing and Grubbing for Channelization

Also assume that areas outside of channel to be cleared for access, storage of material; 
etc.  Assume additional 50 feet each side.

Channel Length

Width

Total length

50 ' 50 '

380 ' 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0008, Excavation for Bank Protection Page: 1 of 1

Item Description Quant Unit

0008 1,870,000 CY

Total length of Channel 3,000 LF
9,000 LF Excavation Area 2700000.0 SF
300 LF SF

Segment Height or
Length 

1A 17 45,900,000 CF
1,700,000 CY

10% overexcavate 170,000 CY

Total 1,870,000 CY

Subtotal 0 0

Say 1,870,000 CY

Excavation for Channel Construction

For entire length of channel, assume 100%  excavation depth of 17 feet.

Rio Grande de Manati - Channelization Alternative

Typical Cross Section of Bank Protection-Related Excavation 
for Scoured and non-Scoured Areas

Volume

Length of Excavation
Width of Excavation

300 '

17 '



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0008(1), Geotextile Fabric Separation Layer Page: 1 of 1

Item Description Quant Unit

0008(1) 40,000 CY

Total length of channel 9,000 LF Area (SF) 300,000 SF

Location
Bottom 
Channel 

Perimeter
Length Area

1 200 3000 300,000 33,333 SY
20% waste 6,667 SY

Total 40,000 SY

Subtotal 300,000
TOTAL 300,000

Say 40,000 SY

Area (SY)

Rio Grande de Manati - Channelization Alternative

Geotextile Fabric Separation Layer

Typical Cross Section of Bank Protection-Related Select backfill 
for Scoured Areas

For entire length of all bank protection, assume backfill needed for 50%  of total length (Scoured 
Areas). Assume backfill will be placed in a right triangular configuration. 

Geotextile Separation layer



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0008(2), Aggregate Base for Channel Concrete Page: 1 of 1

Item Description Quant Unit

0008(2) 36,667 CY

Six-inch depth of aggregate base layer on top of geotextile

For entire length of all bank protection

9,000 LF

Total Length 200 LF Total Volume 900,000 CF
Depth 0.5 LF

Volume (CY) 33,333 CY
Waste (10%) 3,333 CY
Total 36,667 CY

Say 36,667 CY

Aggregate Base for Concrete

Rio Grande de Manati - Channelization Alternative

Total length of bank Protection

6-inches compacted
aggregate base



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0008(3), Concrete for Channel Page: 1 of 1

Item Description Quant Unit

0008(3) 53,350 CY

Assume 9-inch thick trapezoidal concrete channel

Typical Partial Cross Section of Concrete Channel

Total length of replacement
Length 9,000 LF Total Partial X-Sectional Area 73 SF

X 2 146 SF
Segment Length Depth Area

(ft) (ft) (SF)
1 47 0.75 35.25 1,309,500 CF
2 50 0.75 37.5 48,500 CY

10% for waste and transitions 4,850 CY
Total 72.75 Total 53,350 CY

Say 53,350 CY

Concrete for Channel

Volume

Rio Grande de Manati - Bank Protection Project

15 ' 
3

50 ' 



Computed By: JR
C O M P U T A T I O N   S H E E T Date: 5/24/2019

Checked By:

Subject: Date:

Comp: CLIN 0008(4), Steel for Channel Page: 1 of 1

Item Description Quant Unit

0008(4) 213,400 CY

Assume al steel is 6 x 6 x 10 x10 WWF

Typical Partial Cross Section of Concrete Channel

Total length 
Length 9,000 LF Total Partial X-Sectional Area 873,000 SF

X 2 1,746,000 SF
Segment Length Depth Area

(ft) (ft) (SF)
Slope 9000 47 423,000 1,746,000 SF

Bottom 9000 50 450,000 194,000 SY
10% for waste and transitions 19,400 SY

Total 873,000 Total 213,400 SY

Say 213,400 SY

Rio Grande de Manati - Bank Protection Project

Steel for Channel

Area

15 ' 
3

50 ' 
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