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01. INTRODUCTION 

This Appendix G contains the elements of the mitigation work plan as specified in the MD MBI Template dated 

February 11, 2025, which is the basis for this document. The included mitigation plan discusses the template elements 

as required. In this section, the Sponsor has included supplemental information to the Mitigation Work Plan (MWP) for 

the IRT which details additional elements required for review.   The Sponsor shall obtain MWP approval of the IRT prior 

to commencement of construction activities, which may include revisions later to meet specific permit conditions as 

required by the IRT.  

The subsequent MWP elements are covered in the following sections, which include detailed specifications and work 

descriptions, including but not limited to: 

• The geographic boundaries of the Bank construction methods, timing, and sequence. 

• Source(s) of water, including connections to existing waters and uplands. 

• Methods for establishing the desired plant community. 

• Plans to control invasive plant species. 

• Soil management 

• The proposed grading plan, including elevations and slopes of the substrate. 

o Erosion control measures, 

o Planform geometry, channel form (e.g., typical channel cross-sections), watershed size, design 

discharge, and riparian area plantings 

02. DESIGN APPROACH 

The proposed restoration design, for improvements within the project area, is based upon a multitude of assessments 

and data evaluation, which included specific habitat assessments and analysis to determine departure from IRT-

established creditable habitat parameters. This includes a watershed assessment, a historical perspective and 

understanding of the causes of current site instability, geomorphic and wetland data evaluation, soils assessment and 

validation, invasive species inventory, and a sediment transport analysis. All of these studies, located in the Baseline 

Information Report (Appendix E) have been utilized to provide guidance to the proper channel and floodplain dimensions 

which will serve to maintain sediment equilibrium and long-term stability without the need to import large quantities of 

stone or synthetic materials. The proposed design will focus on providing restoration approaches to address the principal 

impairments within the project area via the Stream Evolution Triangle (Castro et al., 2019) and the specific detailed 

Maryland IRT-accredited assessments previously outlined. 

The objectives and basis for the design are as follows: 

• Develop a stable design, dimension, pattern, and profile that will promote stable geomorphic function to both the 

proposed channel and the proposed floodplain.   

• Develop a complex and biodiverse wetland system through hydrologic variation, microtopography, and vegetation 

heterogeneity to improve ecosystem functions, enhance landscape connectivity, and increase resilience to 

disturbances.  
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• Reduce floodplain velocities to accrete organic debris and suspended sediments through riparian vegetation, 

course woody debris, and floodplain reconnection.  

• Develop a design approach which retains forest stands and limits the removal of trees to those that are absolutely 

necessary to achieve ecosystem wide goals.   

The design approach to this system is a modified Rosgen/Floodplain Restoration approach as suitable for the Maryland 

coastal plain. The methodology utilizes both present day as well as historical references, and historic site soils to meet 

top level physiochemical and biological goals for the project. These goals are outlined in Appendix E. Additional details 

of the approach include: 

• A proposed streambed profile utilizing native materials and furnished substrates of geologically appropriate 

composition and size in the event of a lack of native material or where needed for transitional reaches.  

• A proposed low-gradient channel. Historic analyses indicate stable site conditions consist of a low-gradient 

system of moderate sinuosity which frequently connects to the floodplain during minor precipitation events 

promoting hydrologic complexity.  

• A hydrologic and hydraulic regime where the stream floods frequently in a non-erosive manner to maintain 

geomorphic and biological functions in a depositional floodplain environment. 

• Developing a low-energy floodplain environment with maximum shear stresses typically do not exceed 2.0 lbs./sq. 

ft., and a much lower average channel shear stress. A variety of woody debris structures have been proposed for 

minor grade control and specific habitats, which are sustainable with a surface treatment of native herbaceous 

and woody plant species through the full range of the ultimate conditions hydrograph. 

• Planting with diverse and suitable woody and herbaceous species to stabilize site soils as well as promote woody 

substrates in the channel and wetlands. 

The proposed design is intended to restore conditions which once existed prior to colonial settlement disturbances. 

02.01. INTEGRATED WETLAND DESIGN ELEMENTS 

Wetland design is largely dictated by the stream design methodology, as the two are intrinsically linked and not separable. 

A fundamental tenant of this design approach is that for multiple hydrologic conditions through the year, portions of the 

stream may be virtually indistinguishable from the wetland; similarly, close connectivity through shallow emerged habitats 

should distribute channel baseflow through the wetland as well as add groundwater from the wetland to the channel 

through hyporheic exchange. Stream channel pool and point bar locations are blended and connected to the floodplain. 

Additional floodplain connection is provided through small wetland stream channels (zero-order channels) which provide 

habitat for small fish and amphibians and shelter from predators.  

Part of the proposed plan derives from reference studies  multiple high-quality wetlands in the region. The specifics of 

these reference parameters are proprietary and not available to the IRT. This includes the use of log boulder step 

structures to allow floodwaters to access adjacent floodplains, create habitat and biodiversity, trap sediment and nutrients, 

and provide minor grade control. These structures have been utilized successfully at multiple coastal plain locations in 

Maryland, including grant funded projects on the Eastern shore as well as the Glenstone Museum. Areas with these 

proposed structures are located in forested portions of the site which due to their minimal installation footprint will limit 

any negative tree impacts. These structures provide a more permanent solution then post-assisted log structures and do 

not require the ongoing maintenance of beaver to maintain their stability.  They serve to create a permeable element 
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which perches surface water and saturates adjacent floodplain soils, as well as provides shallow emergent areas suitable 

for a variety of purposes. These devices are not intended to be water-sealing dams, but porous devices made of logs, 

uncompacted mud, sticks, woody debris, and stones or boulders.  Their composition will vary as salvaged materials vary 

through the site, and as woody vegetation grows in them over time. Woody vegetation will be installed via live stakes, 

seeding and planting, as well as management to foster native volunteers from the adjoining woodland and those seeds 

washing in through flow events. Accumulation of leaf pack from flow events will aid in long-term sequestration of organic 

matter, further developing organic floodplain soils. 

The resulting habitats should therefore be one where vegetation controls the stream and wetland morphology. Temporary 

minor impoundment will alter vegetation towards the emergent regime, and during drier periods encourage tree and shrub 

growth integrated into those emergent areas. Long-term evolution of those areas will trend towards forested wetlands 

barring beaver herbivory. Other areas with longer inundation periods will vary as shallow emergent or small patches of 

mud flat habitats. Greater periods of inundation may result at the beginning and end of the growing season. 

Using these approaches, wetlands are constructed to be immediately 2-parameter positive with hydric soils and 

surface/groundwater integrated hydrology. Obligate plant communities then immediately follow. Wetlands may be 

seasonally inundated due to higher stream flows.  

Course woody debris are an essential element of the wetland design. JMT’s preference is to utilize all materials which 

would be impacted through the grading process, and leave scattered branches, trees, and brush piles throughout the 

floodplain. Providing this type of carbon source not only provides cover and substrate for reptiles, amphibians, and birds, 

but provides additional carbon sources to the soil, overwintering habitats, and perching opportunities for birds. Floodplain 

roughness with the use of microtopography is also provided, slowing water flow through the floodplain, and further 

enhancing opportunity for hyporheic exchange and sediment deposition. 

02.02. STREAM ELEMENTS 

Specific design elements of this project are proposed to restore top level biological and physiochemical functions as 

defined in the Maryland IRT-defined crediting calculator(s). The performance standards in Appendix I specify what 

physical habitat and other elements are to be installed and their performance. Descriptions of these elements are included 

here: 

Geologic Substrates 

Where possible, materials native to the site will be re-used for the benefit of the restoration project. This includes the use 

of site soils and gravels in the foundation of the stream and floodplain.  

• Furnished and native materials larger than gravel, such as cobble and boulder, will be utilized in the design for 

channel flow diversity and the pinning of woody debris structures.  

• Floodplain surfaces shall be composed of native hydric soils uncovered through excavation, or suitable salvaged 

site topsoil. Uncovered hydric soil and site topsoil are at least 6-inches deep and have an average organic content 

of 2.00% across the project site. 

No bank armoring of any type is proposed for credit, including imbricated riprap, rock toe, or other stone bank 
practices. Stone usage is limited to substrates and flow alteration structures as described in the design plans. 
Channel Form, Facet, and In-Channel Habitat Formation  
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The channel form will be modified to be in accordance with known reference parameters and to sustain a self-forming and 

diverse geomorphic system, capable of maintaining top-level biological and physiochemical functions and values. The 

channel will be altered to correct principal impairments previously identified in this document. 

• Increase channel sinuosity to facilitate the stable formation and maintenance of diverse pools for in-channel 

cover and refugia. Add meander bends within acceptable stable known reference parameters for Coastal Plain 

streams.  Construct a new channel offline, where able, to limit impact to existing resources and facilitate work 

curing in-channel time of year closures. 

• Re-align confluences of tributaries to reflect reference habitat parameters and less reflect land drainage 

features. 

• Re-size and re-shape channel for improved baseflow habitat and within reference parameters for floodplain 

restoration, Rosgen C4 and B4/B4c restored streams. 

• Increase frequency of channel flooding to leave the base flow channel. 

• Provide flow diversity through facets, obstructions, and graded features. 

• Provide in-channel overhead cover for meander bends. 

• Provide micro pools and other flow diversity features in each riffle, through the addition of random boulders and 

other substrates. 

• Provide compound and diverse pools. 

• Provide greater pool variability, including the addition of thermal refugia / overwintering pools greater than two 

feet static depth. 

• Preserve existing habitats identified in preservation locations. 

Woody Substrates:  

Extensive alternatives analysis and design iteration has been used to limit disturbance to large and otherwise significant 

trees. The best evidence of this is the use of uplift and limited grading footprints which directly save specific stands and 

trees. However, some clearing of smaller trees is necessary in some locations to achieve the proposed project 

performance standards mandated by the IRT. Necessary tree removal consists primarily of low-quality trees smaller than 

6-inches, trees in fair to poor condition, and Tulip Poplars which have weak wood, are prone to storm damage, and a 

shallow and competitive root system. Forest stand and individual tree retention is of utmost importance for the design of 

the project site. Tree protection measures are proposed for trees within the limit of disturbance that are to remain 

throughout the entirety of construction, as seen on the design plans. Trees 18-inches and above, that are slated for 

removal, can be seen on the Tree Inventory Table in Appendix G.1. Salvaged woody material will be utilized in the project 

design. Additional material may be imported from other offsite locations and approved for use prior to coming onto the 

project site. Approval will include screening for size, type, or any noted invasive species. 

Trees and other woody materials salvaged during excavation of the proposed floodplain will be fully repurposed to provide 

minor grade control and habitat features throughout the proposed channel and floodplain. Trees are sustainable, 

renewable resources. These materials provide critical organic value to the ecosystem for both fish and wildlife. The 

extensive use of wood sequesters an available carbon source vital to both floodplain and in-channel nutrient processing.   

Wood structures/habitat features to be implemented include: 

• In channel log placements will be installed throughout the project reach to provide grade control and to generate 

low magnitude flow shear stress to aid in the formation and maintenance of pools. Logs from trees removed during 



Mill Swamp Mitigation Bank V.1 

Appendix G. Mitigation Work Plan 

 

 

7 

 

construction within the project site limits of disturbance will be salvaged and repurposed for use.  The use of these 

in riffles will be used for substrate variability and minor grade control, and to generate flow diversity. Log vanes will 

utilize logs for similar flow manipulation. 

• Toe wood will be utilized as cover and substrate in meander bends. This material is not an armoring process, but 

rather a means of creating a varied channel edge with cover opportunities. Its use in outer meander bends is to 

ensure shear stress adequately maintains voids between twigs and branches of debris to sustain cover. Because 

of its placement, it is commonly confused with an armoring practice. 

• Course woody debris to be utilized in the proposed design includes the repurposing of smaller branches, saplings, 

treetops, and stumps removed during grading operations. The woody debris will be placed randomly throughout the 

project site as directed by an on-site designated stream specialist.  Course woody debris in the channel and 

floodplain provide organic food content, critical cover for fish and wildlife and a trapping mechanism of finer organic 

materials.  Broken and exposed wood also provides habitat for insects. Standing dead wood provides habitat for 

cavity nesting birds and roosting sites for bats. The woody debris will also aid in constructing a floodplain with varied 

microtopography and habitat diversity. The inclusion of woody stream bed materials and log grade controls will 

likely increase the capture and deposition of leaf litter and course organic material for macroinvertebrate processing.  

These habitat enhancements will positively benefit fish communities by increasing habitat refugia and food sources 

for fish and are expected to have significant benefits for small fish. 

Vegetation: 

In the proposed conditions, the entire floodplain area will be seeded with a robust native seed mix, which contains 

numerous native herbaceous plant species. Tree plantings are proposed throughout the floodplain area and adjacent 

upland areas. In the proposed conditions, the channel and floodplain vegetation will be highly connected to groundwater, 

providing year-round thermal stability. In addition, due to the small size of the proposed channel, the proposed herbaceous 

and grass community along the channel will accomplish or surpass the shading processes of trees during initial stability. 

The combination of a restored hyporheic connection and improved shade will enhance year-round temperature regulation.  

The use of trees on restored floodplains is not necessary to achieve long-term stability. Research from respected 

academia suggests that many stream valleys remained stable for thousands of years as sedge dominated, emergent 

wetland systems, largely devoid of trees. However, since the existing forest will be temporarily and minorly disturbed and 

existing trees repurposed, it is very appropriate to restore the proposed valley bottom to a forested condition.    

Small or Zero Order Streams: 

The purpose of smaller order streams on the project site is to restore the braided and small order stream habitats lost in 

the watershed as well as on the project site from agricultural impacts. These restored streams are habitat for young fish, 

smaller species of fish, amphibians, and macroinvertebrates. They serve as refugia in high flow conditions and as direct 

conduits for groundwater input into the mainstem and tributaries. They are a specific / specialist habitat represented in 

the overall restoration plan and credited at a lesser ratio through the mitigation credit calculator than other resources to 

take this into account.  

Multiple new tributaries are proposed to increase the quantity of stream refugia on the site. The proposed design for these 

includes riffles at two feet wide and approximately 0.25-feet deep. Pools are varied and amorphous and intended to blend 

into mixed channel and wetland features as they accumulate detritus, vegetation and fine sediments. Braiding of channels 
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is anticipated in pool facets in the long term. Because of the small width, quick herbaceous overhead cover is anticipated 

for these channels, shading them within the first full growing season. 

Channels such as these historically have been straightened, channelized, drained, and tiled, making them relatively rare 

within the watershed. They are an essential habitat for small and juvenile fish, herpetofauna, and other wildlife, and 

represent an interface between upland and wetland areas and the main stem channel. 

Soils: 

The project site has been historically altered for agricultural operations, disconnecting the channel from its floodplain as 

well as incising toward earlier geologic materials. A noted absence of carbon is visible in the more recent soil horizons, 

where landscape alterations are evident, indicating drier conditions with less carbon sequestration. Given this, JMT 

estimates that the present-day project conditions do not sequester carbon as effectively as historic conditions. The 

proposed shallow floodplain will improve wetland functions and aid in the creation of a wetland soil which rapidly 

sequesters carbon. 

Excess site soils are inevitable in a restoration project such as this. In general, excess soils will be disposed of on-site or 

at an approved off-site location owned by the landowners in concert with the Charles Soil Conservation District (SCD). 

The soils are typically suitable for fill or agricultural purposes. This soil will be stabilized as appropriate via the farm’s 

approved conservation plan.  

Other soils may be exported from the site to approved disposal areas and stabilized per their individual site plans. All soil 

transport will be within the requirements of an approved erosion and sediment control plan.  

• Vegetation Selection to Foster Sequestration of Soil Carbon: Tree and wetland species which create large amounts 

of biomass are proposed. This includes sycamores, maples, and other species which rapidly grow, producing 

leaves, bark, seeds, and other organic detritus. Increasing the organic carbon content of soils has multiple benefits, 

including enhancing infiltration rates, promoting plant growth, and reducing atmospheric carbon. Submerging woody 

debris in wetlands not only sequesters carbon but creates subsurface structure and texture characteristics found in 

high quality wetlands.   

03. WETLAND PRESERVATION, RESTORATION AND ENHANCEMENT DESIGN 

As discussed in previous sections, this design integrates stream and wetland design together into a system, where stream 

and wetland elements may blend depending on the level of inundation. In this respect, riverine wetlands are the dominant 

proposed type. 

This mitigation work plan additionally preserves, enhances, and restores wetlands on the site. Preservation, though a 

passive design practice, has a direct response on the success of enhancement and restoration activities on the site. 

Preservation areas were selected based on their perceived high quality and high functional ability; such examples of this 

include forested wetlands with mature trees and stable hydrology. Preservation wetlands overall are forested with varying 

degrees of hydrologic connectivity. Most are seasonally inundated, perching surface flows predominantly through the 

winter, spring and early summer depending on precipitation. The wetlands highlighted for preservation have functions and 

values which could not be easily replicated in a restored wetland within a ten-year monitoring framework. 

Preservation wetlands serve important purposes and are required for the success of the restored and enhanced wetland 

areas. They are refugia during construction for species which may be displaced in the construction and impact of other 
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existing wetlands and buffer areas. They additionally serve to provide a source adjacent to restored and enhanced areas 

to facilitate the repopulation native of species in the restored and enhanced areas. While these areas are proposed to be 

planted, natural recruitment of trees and wetland plants is important to the success of these areas. 

Wetland rehabilitation/enhancement includes multiple practices combined: 

• Increased floodplain connectivity through grading or hydraulic changes to the stream which enhance frequent 

connection of the wetland and the stream. 

• Increased connectivity to adjacent existing, preserved, or enhanced wetlands. Alteration of surface and other runoff 

hydrology to enhance wetlands. 

• Removal of invasive species and replanting with robust native trees, shrubs and herbaceous material to increase 

diversity and function of wetlands. 

• Placement of course woody debris and other woody substrates within the wetlands. 

• Maintaining, creating, and enhancing microtopography to support wetland function through textural / substrate 

changes. 

Wetland enhancement approaches include not only changes in overall connectivity but substrate of wetlands, hydrology, 

and connectivity to effect functions and values on a systems-wide basis. They include invasive species management but 

also practices which impact the viability of invasive species found in the seed bank and those likely to volunteer on the 

site. They are proposed to be monitored similarly to restoration practices to facilitate comparison to preserved and restored 

systems to determine if functional uplift has occurred.  

The fundamentals of the wetland restoration design of the site focuses on the assumption, which has been verified through 

Groundwater Well data (Appendix E), that sources of groundwater hydrology underlie much of the grading footprint and 

will be connected through the grading activities of the proposed design. 

These fundamentals of floodplain restoration dictate the soils and hydrologic regime of the restored wetlands and indicate 

that these restored areas were historically wetland prior to agricultural impacts. As soils and hydrology are so readily 

apparent at these elevations, hydrology should be apparent in these systems year-round, as expressed through 

groundwater being at or near the floodplain surface and these areas being frequently inundated from the stream. 

Because wetland restoration approaches require extensive earthwork, and that earthwork must be coordinated with 

stream channel work, this work must be supervised by a designated specialist or design engineer, particularly at points 

of intersection with the limit of disturbance and existing resources to be preserved. Grading efforts must ensure that 

secondary impacts to wetlands do not occur outside of the limit of disturbance, and similarly, that drainage patterns and 

connectivity of these resources to the stream channel are preserved. These drainage patterns and connectivity are often 

governed by very small topographic features, which may have escaped the topographic survey efforts, therefore field 

supervisory staff will have the following methodology at their disposal: 

• The ability to coordinate the limit of disturbance with the resources observed in the field following stakeout. The 

contractor and Engineer shall walk and approve the limit of disturbance and adjust as necessary and coordinate 

with the soil conservation district to ensure preservation wetlands, specific trees, and other nature features are 

adequately accommodated. 
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• Adjustment of the grading plan to adjust drainage patterns, including installing micro berms, logs, and other 

flow controls, as directed to prevent impact to resources outside the limit of disturbance.  

• Flexibility and understanding of the grading and design parameters to inform and direct the contractor to 

maximize success of the restored and preserved resources. 

Existing wetlands near or adjacent to proposed grading areas will be monitored to ensure that there will not be adverse 

impacts to their hydrology.  The primary source of hydrology for all of these identified wetlands is upgradient surface 

driven which will not be impacted through the restoration activities.   These wetlands are defined below in the following 

Table as well as the Site Credit Map located in Appendix F: 

Table 1: Existing Wetlands Requiring Hydrologic Monitoring 

Wetland Classification Activity 

WET W 02 PFO Preservation 

WET W 03 PEM Preservation 

WET W 05 PEM Preservation 

WET W 05 PFO Preservation 

WET W 06 PSS Preservation 

WET W 06 PEM Preservation 

WET W 06 PFO Preservation 

WET W 09 PEM Preservation 

WET W 10 PEM Preservation 

 

03.01 COMPLIANCE WITH MDE’S WETLAND MITIGATION STANDARDS  

MDE’s guidance document, “Phase II Wetland Mitigation Plan – Required Information – Revised March 27, 2025” must 

be complied with to meet wetland mitigation guidance for this banking project. While much of the document is complied 

with through the MBI and its various appendices, key design elements are discussed in this section. 

Existing and proposed wells and boring locations: Four (4) groundwater wells were installed on the Tippett agricultural 

properties to determine hydrology for the design of this section of the project, other areas have been observed to have 

groundwater and stream hydrology. The soil and hydrologic design elements of the project were based on floodplain 

restoration methodology. A proposed well plan will be included with the as-built plans submitted to the IRT; iris tubes or 



Mill Swamp Mitigation Bank V.1 

Appendix G. Mitigation Work Plan 

 

 

11 

 

films are proposed to indicate saturation and reduction. All hydrology is groundwater and surface water based per 

floodplain hydrology. 

Best management practices: MDE’s best management practices will be used to build the project, with the exception of 

chisel plowing to reduce compaction, as this would disturb the geologic valley substrates in the project. Other practices 

to reduce compaction including creating roughness and rough grading with the teeth on an excavator bucket have been 

shown on these projects to achieve a similar reduction in compaction within the top 6-12 inches of floodplain soils, suitable 

for vegetation growth. Chisel plowing typically disturbs 12-18 inches of soil depth and ruins the underlying geologic base 

layer. 

Soil and substrates: Existing in-situ hydric soil and salvaged topsoil, as field verified, will be used for wetlands. Extensive 

use of course woody debris will augment the wetlands. Course woody debris will be in various configurations for habitat, 

perching, and herpetofauna habitat purposes. Microtopography will be incorporated across the site at 3-6 inches less than 

or greater than the planned elevation through placement of debris and through normal grading operations. The site grading 

tolerance is ± 0.02-feet to facilitate this. Imported or salvaged topsoil will not be placed as the existing hydric soil layer 

and seed bank are necessary, unless areas are encountered which lack the appropriate soils. Additional topsoil on this 

surface would entrench the stream and limit floodplain connectivity. 

Planting: A detailed planting plan is provided in Appendix G.3. It includes a variety of herbaceous seedings, as well as 

tree and shrub plantings. The plan, through strategic tree saves and proximity to forest resources, has provisions for 

allowing natural volunteers of native species to be part of the overall vegetation composition, and tries not to plan species 

anticipated to volunteer on the site.  

Reference Systems: Multiple reference wetlands were utilized for an understanding of the site restoration potential. Key 

parameters were taken from local references which scored an 80 or above in MDWAM assessment, including vegetation 

composition, topography / microtopography in relation to water surfaces, depths, proportions, and specific habitat 

elements including side slopes, differing slopes in transition areas, and species in relation to design water surface. 

Groundwater wells will be installed to monitor these reference wetlands concurrent with long-term monitoring of restored 

wetlands. Systems include public and private systems that are not accessible, including forested, scrub shrub, and 

emergent systems. JMT is modeling the proposed wetlands principally on the reference data collected on the Calvert Cliff 

/ Excel Nuclear Generation site as well as completed floodplain restoration projects through Maryland and Pennsylvania. 

Collected reference data is proprietary; however, the basic parameters are approximate to Maryland’s performance 

standards. 

Hydrology at the reference sites is complex is evident in hydric soils with redox characteristics; soils are low chroma with 

iron and / or manganese nodules evident within the first foot of soils as seen not through test pits, but through beaver 

activity including small excavations and slides. The performance of this wetland through multiple years of observation 

indicates it matches well with MDE's wetland performance standards, as detailed in the performance standards of the 

MBI. This includes density of vegetation exceeding MDE's standard for small trees and shrubs, multiple inundation periods 

through the year including a seasonal inundation longer than 60 days from March-May, and period storm inundations 

exceeding two weeks following storm events during the July-September period. Native cover is over 85% with small 

pockets of herbaceous invasive cover observed in disturbed areas from park maintenance. Invasive cover includes is a 

relatively minor component of site, however the threat of adjacent phragmites is associated with all reference wetlands. 

Scrub shrub portions of the site include winterberry, which is dense in some areas, but also found through the site along 
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with dogwoods, willows, and redbud. Stream performance is similar with fish observed below and above dam and log/root 

step structures, and connectivity existing during storm events and periods of elevated seasonal flow. 

04. VEGETATION AND PLANT COMMUNITY 

As mentioned in the section above, a detailed planting plan with plant list is included in Appendix G.3.  The goal is to 

create and restore native plant communities that provide ecosystem services and provide habitat for various wildlife. The 

planting plan is divided into various planting zones based on wetland indicator status. Tree and shrub species are chosen 

by understanding the existing community, supplementing with species that are native to the area and coastal plain 

province. Vegetation is established through seeding and direct planting by hand or aided by machines. Seeding is 

conducted via hand seeders, and installed plants are protected from herbivory through tree shelters and wire cages. 

Management of the vegetation includes pruning, replacement, and management of invasive species via the Maintenance 

plan in Exhibit H.  

All plants should be healthy and free from any signs of insect, disease, injury, or show signs of any other stress.  Plant 

species will be inspected by the on-site designated specialist or design engineer prior to installation. Plants will be installed 

during suitable times of the year for those species and nursery stock type.   

Vegetation and Non-Native Invasive Species will be monitored post-installation per the Performance Standards in Exhibit 

I. 

05. CONSTRUCTION METHODS 

The project involves earthwork, structure placement, and planting / vegetation management to establish stream and 

wetland restoration, using the best available industry practices. Construction will take place using equipment and labor 

and a qualified and experienced stream and wetland restoration contractor with direct design consultant oversight. The 

contractor will conduct work using best industry practices and in cooperation with stakeholders, the project owner, and 

all applicable permits.  

Timing of the construction work will be dependent on permit-related time of year closure periods intended to protect 

natural resources and specific species. These will be set by the IRT as part of permit issuance. Seeding and planting 

will be installed only during suitable times of the year for those species and nursery stock type.  

The sequence of construction will be set by the Charles Soil Conservation District (SCD) in consultation with MDE’s 

appropriate best management practices and guidelines for erosion and sediment control. In general, however, 

construction will commence with appropriate agency notifications, installation of first phase erosion and sediment 

perimeter controls, and generally work in a progressive manner with incremental stabilization to limit the potential for 

sediment to leave the project site. Streams will be worked offline or pumped around to reduce potential for sediment 

pollution. Completed work will be final stabilized. Planting of completed work will occur at the recommended time of year 

based on the species. Completed work will have flow returned to it and be surveyed as part of as-built survey 

compliance. Final walk-throughs and agency coordination will be conducted as appropriate prior to credit release. 

Following final walk through, JMT relies upon bonding, and contract-specific warranties to handle any issues with 

workmanship, and should the site be destabilized prior to vegetation establishing, has adequate contracting 

mechanisms to ensure the site is returned to the as-built condition. A one-year warranty is required for all installed 
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plants. Vegetative cover is required as per the erosion and sediment control permit, as inspected and verified by the 

County. 

Vegetation is established through seeding and direct planting by hand. Seeding is conducted via hand seeders, and 

installed plants are protected from herbivory through tree shelters and wire cages. Management of the vegetation 

includes pruning, replacement, and management of invasive species via the Maintenance plan in Appendix H. 

06. BEDLOAD SEDIMENT TRANSPORT ANALYSIS 

A major determining factor in the sizing of the bankfull channel for the restoration of Mill Swamp and the UNT to Mill 

Swamp is to analyze the existing hydraulic characteristics of the channel (cross sectional area, width, and depth) and 

developing channel morphology that will minimize streambed substrate mobility yet maintain the competency to mobilize 

finer sediments being contributed to the design reach from the upper watershed. Based on geomorphic assessment of 

watershed condition, we anticipate the average size of these sediments to be no more than 10 mm to 20 mm in size. To 

accomplish this objective the proposed channel dimensions must be sized to provide a frequent hydraulic connection to 

the surrounding floodplain and maintain a low transport condition during bankfull flow events.  

The dimensions of the proposed channels are based upon providing stability of the proposed channel bed by focusing on 

creating lower energy conditions than existing conditions with frequent hydraulic connection of flows to the floodplain at 

levels which eliminate bank erosion. Secondly, the proposed design must have the competency to mobilize finer 

sediments delivered to the project reach while maintaining sediment equilibrium of the streambed substrate. 

The following analysis will utilize the Andrews (1995) marginal bed load transport function to analyze critical shear stresses 

necessary to initiate partial movement of the finer sediments. The data presented herein will be used as a guide to help 

establish a range of proposed channel parameters which considers the sustainable size fraction and load of sediments 

through which the project reach must transport and the stability of the streambed substrates or other materials which will 

form the bed of the proposed channels. 

Due to a variety of past and present influences, the project site conditions, and the sediment regime of the project reach 

and upper watershed has been greatly altered. Therefore, the baseline information provided in Appendix E will serve as 

a general guide to help establish channel parameters that promote long-term stability of the active channel and floodway 

in the restoration design. 

05.01 PRINCIPLES 

A major premise of the sediment mobility analysis is that threshold conditions defined by any critical shear stress method 

represent a condition of very low transport rate (Wilcock 1988).  Secondly, smaller grains within a mixture of sizes tend to 

be harder to move than they would in a bed consisting of uniform size sediments, and larger grains tend to become easier 

to move in a mixture of sizes. Based upon the data presented from the gravel samples, sufficient fine material exists in 

these samples to demonstrate a coarsening of the riffles through its transport from the site. Riffle materials in a less 

entrenched system would correspondingly constitute a more well-graded mixture of gravel substrates.  

Methods considered in this report for the computation of the critical dimensionless shear stress condition for marginal 

transport of a specific size fraction in mixed-grain sediments (Andrews et al 1995) have the form: 

τ*ci = a (D1/D2)b 
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where τ*ci is the critical dimensionless shear stress for a very low transport rate for the specific size fraction in the matrix 

armor layer.  This equation is used to estimate the conditions under which marginal transport will exist in the channel.  An 

assumption is made that the minimum shear stress under bankfull conditions in the assessment riffle should be that which 

mobilizes the largest particles in the bed load.  The variables D1 and D2 are representative sizes of the sediment samples.  

Using Andrews’ 1995 equation, D1 is equal to Di identified below, and D2 is the mean diameter particle size of the riffle 

surface using the Wolman Pebble Count method.  Coefficient ‘a’ and exponent ‘b’ are 0.0376 and –0.994, respectively, 

for the 1995 equation. 

The critical shear stress for marginal transport rate of the largest size fraction in the bed load corresponding to τ*ci, which 

relates shear stress to bed load material, is given as: 

τci = τ*ci (s-1) γ Di 

where τci is the critical shear stress required to mobilize Di , which represents the largest size fraction that is considered 

to be mobile; s is the specific gravity of the sediment (typically 2.65); and γ is the specific weight of water (62.4 psf).  

The average boundary shear stress produced by a discharge over each riffle is expressed as: 

τb = γ R Sf 

where τb is the cross section average boundary shear stress (psf), R is the hydraulic radius, and Sf is the energy slope.  

Because the channel depth on riffle features is relatively shallow (bank resistance considered minor at bankfull conditions) 

and backwater effects from downstream bends or other blockages will be minor in the proposed conditions, the average 

boundary stress, using the proposed average riffle depth was considered to be a good approximation for the average 

stress on the wetted perimeter of the cross-sectional area.  To assess the maximum boundary shear stress which may 

be asserted on the streambed at any single point within the cross section, R or hydraulic radius has been approximated 

using D (max) or the maximum channel depth.  The energy slope (friction slope), Sf, for each reach is the proposed 

bankfull slope of the proposed channels. 

The use of critical shear stress (τci) and boundary shear stress (τb) methodologies provides a sound approach for 

calibrating the threshold and recommended bankfull parameters at the riffles studied and for establishing the proper and/or 

threshold values for the depth and width-to-depth ratio in the natural channel design process. The proper dimensions of 

the proposed channel must be sized to both maintain stability on the basal gravel layer and have the competency to 

mobilize finer sediments transported to the project reach from upstream erosion.  This design strategy may be appropriate 

to encourage the deposition and treatment of very fine sediment on the proposed floodplain surface. Although the supply 

of fine sediment from upstream sources is not significant enough to affect future channel stability, the fine sediment 

supplied from upstream reaches may actually create biodiversity in the proposed floodplain and create critical habitats. 

This is based on the design team’s geomorphic assessment of watershed conditions. The proposed bankfull channel will 

need to be sized to maintain a near-equilibrium condition with the finer size fractions of the sampled basal gravels. The 

methodology used for this analysis were derived by Andrews from specific bed-load data sets for similar stream types 

located in the western United States and therefore may not be directly applicable to the project site; however, they provide 

a conservative estimate of the expected shear stress required for sediment mobility.  
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05.02 ENTRAINMENT ANALYSIS 

For the entrainment study, JMT will perform a sediment mobility analysis, for the Final MBI submission, utilizing the 

proposed bankfull channel dimensions for all reaches to be restored. The basic premise, to maintain stability of the 

channel bed materials, is to create hydraulic conditions in which the boundary shear stress exerted on the channel bed 

does not exceed the critical shear stress necessary to begin mobilization of the proposed bed materials. Each reach of 

the proposed design was evaluated to determine the maximum boundary shear stress experienced at bankfull.  

The results of this analysis will be performed using Andrews’s 1995 methodology to determine critical shear stress. The 

proposed channel will be plotted using RIVERMorph and will be included in Appendix G.1. RIVERMorph will be used to 

determine the maximum proposed channel boundary shear stresses found in each reach. Cross sections within riffles at 

bankfull conditions will be used to determine the maximum shear stress in each analyzed reach. The maximum shear 

stresses will be used to determine the required material sizes for each reach and if any imported material is needed. The 

shear conditions will be evaluated for the proposed channel substrate within the bankfull channel, which is below the 10-

year storm discharge. The bankfull channel dimensions developed provide a very conservative estimate of proposed 

channel hydraulics and sediment mobility competency. 

Table 2 will be provided at the Final MBI stage and will show the sediment mobility computations included in Appendix 

G.1. Appendix G.1 will also include the Andrews Methodology computations which detail the sizing and critical shear 

stress of the proposed substrate.  

Table 2: Summary of Entrainment Data (Andrews 1995 Methodology) 
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SR-4B         

SR-5         

As previously discussed, the streams on site remain highly entrenched with significant stream power, despite their 

seemingly small size. Under these conditions, the channel will continue to erode both laterally and vertically and mobilize 

sediment much larger then is sustainable in the long-term. Even utilizing USFWS bankfull discharge relationships, 

boundary conditions remain too high to be sustainable without the need to import large volumes of non-native materials. 

Sizing a larger channel through bank grading which has the competency to mobilize the native streambed and larger 

materials will require armoring of the channel bed and does not address the stable sediment regime of the system. Adding 
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“hard’’ structures and imported bed materials, pins or forces the channel into a defined geometry and does not account 

for a higher risk of maintenance or failures because water will always find a way to erode around and through the fine 

alluvial sediments they are founded on. In addition, these methods may increase boundary roughness within the channel 

and increase existing flood elevations.  

Being that the primary volume of sediment, which is transported to downstream receiving waters, consists of fine gravel, 

sand and silt generated from bank erosion, the design discharge of the proposed channel must remain at levels which 

can both transport and treat fine sediment from upstream sources and remain stable on native streambed materials. 

Based on our assessment of watershed and project site conditions, the sustainable supply of sediment from upstream 

sources are anticipated to be less than approximately 10 mm in size. Identifying what should be considered the long-term 

sustainable supply of sediment in highly impacted eastern stream systems should be considered the primary objective of 

a design discharge. 

07. HYDRAULIC ANALYSIS 

08.01 HYDRAULIC ANALYSIS 

The hydraulic model in this report was created using the U.S. Army Corps of Engineers Hydrologic Engineering Center’s 

River Analysis System (HEC-RAS), version 6.3.1, dated September 2022.  There is no current Federal Emergency 

Management Agency (FEMA) model for the project site to be utilized. Therefore, cross sections were created to best 

represent the existing 100-year flood event within the project area. An existing model for approximately 5,039 feet of reach 

length was developed to evaluate the existing flood conditions. A proposed model will be developed for the Final MBI to 

evaluate proposed flood conditions and to compare those to existing conditions. The HEC-RAS model includes sections 

throughout, upstream and downstream of the proposed restoration area and was run using a subcritical flow regime.   

Table 3 depicts the reach names used in the HEC-RAS model as compared to the site assessment reach naming that 

has previously been discussed in this document.  The Unnamed Tributary to Mill Swamp joins the main stem at a junction 

downstream of the project site.   

The HEC-RAS model is split up into two reaches.  Main Stem is the main stem of Mill Swamp from upstream of the culvert 

under Marshall Hall Road to just before the confluence with the UNT to Mill Swamp.  UNT is the Unnamed Tributary to 

Mill Swamp and includes the culvert Under Marshall Hall Road.  

Table 3: HEC-RAS Reach Naming Convention Compared to Site Assessment Reach 

HEC-RAS Reach Name Site Assessment Reaches 

Main Stem Main channel section: SR-1, SR-2, SR-3 

UNT Unnamed tributary to Mill Swamp channel section: SR-4, SR-5 

The HEC-RAS maps showing the reaches and cross sections locations can be found in Appendix G.2.   

08.02 HEC-RAS MODEL  

08.02.01 Reach Boundary Conditions 
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There are two boundary conditions, one for each reach.  Main Stem derives a normal depth from the slope of 0.005863 

ft/ft on the downstream end.  The Unnamed Tributary derives a normal depth from the slope of .0093405 ft/ft on the 

downstream end. 

08.02.02 Cross Sections 

A full topographic survey within the proposed easement is combined with Charles County LiDAR outside of the easement 

to make a surface.  Cross sections are then cut from the combined terrain data in OpenRoads Designer (ORD 10.12).  For 

the existing conditions model the Main Stem has 28 cross sections and the Unnamed Tributary has 12 cross sections.   

Table 4: Cross Sections for HEC-RAS 

 

 

Reach 
Existing Conditions 

Model 
Reach 

Existing Conditions 
Model 

UNT 1871.76 Main Stem 3167.55 

UNT 1816.26 Main Stem 3054.33 

UNT 1751.42 Main Stem 2973.38 

UNT 1594.73 Main Stem 2839.60 

UNT 1407.58 Main Stem 2660.24 

UNT 1160.10 Main Stem 2519.45 

UNT 1024.27 Main Stem 2308.05 

UNT 842.87 Main Stem 2054.86 

UNT 619.62 Main Stem 1818.29 

UNT 377.47 Main Stem 1659.70 

UNT 213.05 Main Stem 1568.01 

UNT 0.00 Main Stem 1485.47 

  Main Stem 1425.23 

  Main Stem 1342.71 

  Main Stem 1233.44 

  Main Stem 1152.32 

  Main Stem 1103.11 

  Main Stem 1065.85 

  Main Stem 1035.74 

  Main Stem 964.76 

  Main Stem 862.63 

  Main Stem 661.45 

  Main Stem 565.90 

  Main Stem 443.98 

  Main Stem 280.64 

  Main Stem 194.03 

  Main Stem 133.53 

  Main Stem 24.38 
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08.02.03 Manning’s N-values 

Roughness values for the existing model were determined based on the USGS guide for selecting Manning’s n-values 

for natural channels and floodplains, Table 3-1 of the HEC-RAS User Manual, and verified from field observations. Each 

cross-section’s floodplain is broken into many divisions through aerial imagery and topographic information.  Manning’s n 

values for the floodplain range from 0.02-0.10.    

Table 5: Manning’s n-values for HEC-RAS 

Reach 
Channel 

Manning’s n-value 

Floodplain 
Manning’s n-value 

range 

Associated land use for 
Floodplain Manning’s n-values 

Main Stem 0.049 - 0.057 0.02 - 0.10 
Woods and Low Density 

Residential 

UNT 0.057 0.02 - 0.10 Old Agriculture Field and Woods 

 

08.02.04 Structures 

There are three culvert systems in the model.  There is a 6’x10.5’ dual box culvert where Marshall Hall Rd crosses the 

Unnamed Tributary, just upstream of the proposed easement. There is also a 6’x12’ dual box culvert where Marshall Hall 

Rd crosses the Main Stem, upstream of the proposed easement. Additionally, there is a 72” RCP facilitating Main Stem 

flows underneath the private driveway that runs through the project site. 

08.02.05 Contraction and Expansion Coefficients 

Contraction and expansion coefficients of 0.1 and 0.3 for gradual transitions between cross sections were 

used.  Coefficients of 0.3 and 0.5 are used for cross sections adjacent to all roadway crossings and private landowner’s 

driveway crossing.  

08.02.06 Ineffective Flow Areas 

Ineffective flow areas are modeled at both of the Marshall Hall Road dual box culverts on the Main Stem and Unnamed 

Tributary. Ineffective flow areas are also modeled at the private landowner’s driveway crossing (along Main Stem). The 

ineffective flow areas are projected at a 1:1 angle upstream of the crossing.  Downstream of the crossing, the ineffective 

flow areas are projected at a 2:1 angle.  

08.02.07 Steady Flow Data 

The 2, 5, 10, 25, 50 and 100-year design storms were evaluated in the HEC-RAS models. The design storm flows are 

delineated for each reach separately based on the Watershed Hydrology Study in Appendix G. Per MDE guidelines, the 

100-year design storm is used to evaluate the water surface elevation and the 2 and 10-year design storms are used to 

evaluate shear and velocity. The 2, 10, and 100-years are reported in Tables 6, 7, and 8, respectively. Proposed data will 

be provided at the Final MBI stage. 
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Table 6: 2-Year Storm Event, HEC-RAS Summary 

Reach Station 
Discharge 

(cfs) 

Shear Stress (lb/sq ft)  Velocity (ft/s) 

Existing Proposed Difference Existing Proposed Difference 

UNT 1871.76 320.4 0.82   3.98   

UNT 1816.26 320.4 0.33   2.36   

UNT 1785.50 Culvert -   -   

UNT 1751.42 320.4 0.80   3.77   

UNT 1594.73 320.4 0.41   3.22   

UNT 1407.58 320.4 0.38   3.27   

UNT 1160.10 320.4 0.11   1.87   

UNT 1024.27 320.4 0.92   5.15   

UNT 842.87 320.4 0.09   0.94   

UNT 619.62 320.4 0.03   0.49   

UNT 377.47 320.4 0.06   0.95   

UNT 213.05 320.4 3.08   6.32   

UNT 0.00 320.4 0.33   1.68   

Main Stem 3167.55 298.3 0.17   1.87   

Main Stem 3054.33 298.3 0.14   1.70   

Main Stem 3004.16 Culvert -   -   

Main Stem 2973.38 298.3 0.32   2.56   

Main Stem 2839.60 298.3 0.39   2.57   

Main Stem 2660.24 298.3 0.13   1.27   

Main Stem 2519.45 298.3 0.13   1.33   

Main Stem 2308.05 298.3 0.14   1.06   

Main Stem 2054.86 298.3 0.13   1.08   

Main Stem 1818.29 298.3 0.07   0.80   

Main Stem 1659.70 298.3 0.05   0.60   

Main Stem 1568.01 298.3 0.06   0.69   

Main Stem 1485.47 298.3 0.04   0.54   

Main Stem 1425.23 298.3 0.04   0.53   

Main Stem 1342.71 298.3 0.04   0.53   

Main Stem 1233.44 298.3 0.04   0.57   

Main Stem 1152.32 298.3 0.04   0.58   

Main Stem 1103.11 298.3 0.04   0.58   

Main Stem 1065.85 298.3 0.16   1.58   

Main Stem 1052.49 Culvert -   -   

Main Stem 1035.74 298.3 0.86   3.82   

Main Stem 964.76 298.3 0.20   2.32   

Main Stem 862.63 298.3 0.11   1.84   
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Main Stem 661.45 298.3 0.12   1.16   

Main Stem 565.90 298.3 0.15   1.35   

Main Stem 443.98 298.3 0.17   1.35   

Main Stem 280.64 298.3 0.24   1.90   

Main Stem 194.03 298.3 0.21   1.59   

Main Stem 133.53 298.3 0.16   1.71   

Main Stem 24.38 298.3 0.33   2.77   

 

Table 7: 10-Year Storm Event, HEC-RAS Summary 

Reach Station 
Discharge 

(cfs) 

Shear Stress (lb/sq ft)  Velocity (ft/s) 

Existing Proposed Difference Existing Proposed Difference 

UNT 1871.76 1256.5 0.12   1.12   

UNT 1816.26 1256.5 0.02   0.49   

UNT 1785.50 Culvert -   -   

UNT 1751.42 1256.5 3.93   9.00   

UNT 1594.73 1256.5 1.01   5.05   

UNT 1407.58 1256.5 0.42   2.91   

UNT 1160.10 1256.5 0.24   2.04   

UNT 1024.27 1256.5 0.43   2.30   

UNT 842.87 1256.5 0.18   1.42   

UNT 619.62 1256.5 0.11   0.97   

UNT 377.47 1256.5 0.32   1.91   

UNT 213.05 1256.5 0.64   2.42   

UNT 0.00 1256.5 0.73   2.42   

Main Stem 3167.55 735.4 0.06   0.92   

Main Stem 3054.33 735.4 0.03   0.61   

Main Stem 3004.16 Culvert -   -   

Main Stem 2973.38 735.4 1.01   4.61   

Main Stem 2839.60 735.4 0.75   3.21   

Main Stem 2660.24 735.4 0.22   1.49   

Main Stem 2519.45 735.4 0.22   1.53   

Main Stem 2308.05 735.4 0.22   1.34   

Main Stem 2054.86 735.4 0.27   1.50   

Main Stem 1818.29 735.4 0.16   1.15   

Main Stem 1659.70 735.4 0.11   0.94   

Main Stem 1568.01 735.4 0.17   1.15   

Main Stem 1485.47 735.4 0.12   0.94   

Main Stem 1425.23 735.4 0.12   0.94   

Main Stem 1342.71 735.4 0.11   0.96   
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Main Stem 1233.44 735.4 0.13   1.06   

Main Stem 1152.32 735.4 0.14   1.09   

Main Stem 1103.11 735.4 0.13   1.07   

Main Stem 1065.85 735.4 0.38   1.97   

Main Stem 1052.49 Culvert -   -   

Main Stem 1035.74 735.4 3.49   7.93   

Main Stem 964.76 735.4 0.41   3.56   

Main Stem 862.63 735.4 0.18   2.50   

Main Stem 661.45 735.4 0.22   1.60   

Main Stem 565.90 735.4 0.22   1.52   

Main Stem 443.98 735.4 0.32   1.79   

Main Stem 280.64 735.4 0.3   1.81   

Main Stem 194.03 735.4 0.25   1.61   

Main Stem 133.53 735.4 0.24   1.68   

Main Stem 24.38 735.4 0.53   2.73   

 

Table 8: 100-Year Water Surface Elevations 

Reach Station 
Discharge 

(cfs) 
Existing 

WSEL (ft) 
Proposed 
WSEL (ft) 

Difference 

UNT 1871.76 2682.3 23.68   

UNT 1816.26 2682.3 23.70   

UNT 1785.50 Culvert -   

UNT 1751.42 2682.3 22.37   

UNT 1594.73 2682.3 20.50   

UNT 1407.58 2682.3 19.31   

UNT 1160.10 2682.3 18.35   

UNT 1024.27 2682.3 17.90   

UNT 842.87 2682.3 17.48   

UNT 619.62 2682.3 17.26   

UNT 377.47 2682.3 16.71   

UNT 213.05 2682.3 15.76   

UNT 0.00 2682.3 13.95   

Main Stem 3167.55 2230.7 17.15   

Main Stem 3054.33 2230.7 17.07   

Main Stem 3004.16 Culvert -   

Main Stem 2973.38 2230.7 16.72   

Main Stem 2839.60 2230.7 16.30   

Main Stem 2660.24 2230.7 16.00   

Main Stem 2519.45 2230.7 15.76   
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Main Stem 2308.05 2230.7 15.40   

Main Stem 2054.86 2230.7 14.95   

Main Stem 1818.29 2230.7 14.53   

Main Stem 1659.70 2230.7 14.35   

Main Stem 1568.01 2230.7 14.19   

Main Stem 1485.47 2230.7 14.14   

Main Stem 1425.23 2230.7 14.02   

Main Stem 1342.71 2230.7 13.89   

Main Stem 1233.44 2230.7 13.74   

Main Stem 1152.32 2230.7 13.59   

Main Stem 1103.11 2230.7 13.48   

Main Stem 1065.85 2230.7 13.07   

Main Stem 1052.49 Culvert -   

Main Stem 1035.74 2230.7 11.68   

Main Stem 964.76 2230.7 11.41   

Main Stem 862.63 2230.7 11.21   

Main Stem 661.45 2230.7 10.75   

Main Stem 565.90 2230.7 10.39   

Main Stem 443.98 2230.7 9.80   

Main Stem 280.64 2230.7 9.57   

Main Stem 194.03 2230.7 9.37   

Main Stem 133.53 2230.7 9.22   

Main Stem 24.38 2230.7 8.66   

08.03 HYDRAULIC MODEL ANALYSIS  

The proposed model, along with an analysis of the existing and proposed HEC-RAS output, will be provided in the Final 

MBI stage.  

08. PROJECT STRENGTHS 

For the purposes of this discussion, the resilience of an ecosystem restoration project will be its ability to adapt to the 

changing boundary conditions of climate change without losing ecosystem complexity. Complexity may have many 

definitions, but it includes the diversity of biology, and ability of the system to continue to maintain and develop its functions 

and values. Those functions, values, and diversity may change with time, but not devolve into monocultures of vegetation, 

loss of flow diversity, or loss of overall habitat.  

Similarly, the restored project provides ecosystem services on a watershed or regional basis. Resilient projects should 

continue to provide an array of ecosystem services through time, despite climate change. Those services may include 

habitats of regional value or concern for local or migratory species, flood flow attenuation, flood storage, nutrient 

processing, carbon sequestration, or similar services which are valued not only inside the physical bounds of the project, 

but also in a greater regional context. The regional context can be explored in several documents, including MDE’s Climate 

Change Program, which promotes nature-based solutions to climate problems. 
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Carbon Sequestration 

Prior to anthropogenic impact in the post-colonial era, it is well understood that floodplains, such as the one at the project 

site, were net depositional and sequestered carbon – hydric soil at these sites has typically higher levels of carbon than 

the younger soils transported through incised streams through them. Much of the prior-sequestered carbon at these 

coastal plain sites has been lost through wetting and drying, ditching, channelization, and poor land practices which 

destroyed the original floodplain wetlands and lowered the groundwater table. We operate under the assumption of 

restoring the system to a state similar to the unimpacted condition will yield similar results in terms of building rich carbon 

soils, understanding that present day climactic conditions are not unlike the extremes found within that geologic period. 

Nutrient and Sediment Sequestration 

Similarly, hydraulic modeling indicates that the restoration practices used will be net-depositional of sediment and nutrients 

across the floodplain. Nutrients will have direct contact with historic carbon-bearing soils in the presence of hydrology and 

hyporheic exchange. This increases the opportunity for sequestration and processing, making the watershed more 

resilient to nutrient pollution. 

Flood Flow Attenuation and Flood Storage 

These are functions which can only occur within the floodplain itself. While not a substitute for upland stormwater volume 

controls, flood flow attenuation and storage are necessary because the contributing catchments of the site are no longer 

in a pristine land use condition. Similarly, upland controls are unable to collect all upland runoff, and typical stormwater 

controls bypass and release untreated runoff after a design threshold. The floodplain restoration design of the project is 

designed to provide significant attenuation of velocity and peak discharges, and to have function beyond the 100-year 

storm design event. Floodplain soils are better suited for saturated chemistry such as denitrification, and at lower slopes 

to promote increased detention time and contact area for water quality treatment than an upland BMP can provide. The 

added benefits of floodplain attenuation and storage are useful ecosystem services that benefit the region on a watershed 

scale, aiding in the resilience of both infrastructure and ecosystems downstream. 

Biodiversity 

Agriculture and invasive species are site factors which promote monocultures in landscapes. Monocultures are more 

difficult to perpetuate in the face of climate change; a single species may not be adapted to handle increased rainfall, 

drought, or similar other changes of climactic boundary conditions. Take a cultivated conventional agriculture field for 

example, through winter it may have a winter rye cover crop but is often left bare. In spring it may be dominated by a few 

early emergent weed species but is quickly sprayed and becomes a monoculture of a cereal crop, maintained with 

discriminating herbicides. These single crops are highly susceptible to pests, fungus, drought or too much rain, any of 

which can reap consequences upon the entire landscape with no other species present which may resist it. Similar to the 

management of a field, invasive species often suppress other native species by out-competing them, or allelopathic 

properties to prevent their growth. This leaves a natural landscape less equipped to handle changes in climate, potentially 

lessening diversity on the site and promoting the invasive species. 

Wetlands are some of the most diverse ecosystems on the planet, and by planting a robust and diverse native planting 

scheme and having a diversity of wetland environments, a wetland system will be better suited to persist in the event of 

significant climactic shifts or drastic weather events, as will the organisms which rely on the wetland system. Forested 

wetlands in particular will be better suited due to the amount of carbon they sequester and the resilient hydrology of the 



Mill Swamp Mitigation Bank V.1 

Appendix G. Mitigation Work Plan 

 

 

24 

 

floodplain environment, which includes a mix of surface and ground water. These practices will additionally regulate 

stream temperature better than a floodplain dominated by upland conditions and species. 

09. ALTERNATIVE ANALYSIS 

For the purposes of agency review, the alternatives analysis is utilized to determine the Least Environmentally Damaging 

Practicable Alternative (LEDPA) which achieves the goals of the Mitigation Bank and the functional uplift as mandated by 

the IRT. The goals of the project are stated previously in this document as well as articulated in multiple other attachments, 

including the performance standards in Appendix I. These goals represent what JMT believes to be the greatest possible 

ecological uplift of the site, and the preferred restoration alternative for this project is that which JMT feels best meets this 

goal. 

Tree canopy and the associated forested wetlands below the canopy are the resources of most value on this site. As a 

result, these portions of the site require preservation to preserve their canopy and hydrology. Preservation alternatives 

are discussed in the next section.  

A no-action alternative is also included in this analysis, which details the projected fate of the biological and 

physiochemical functions and values on the project site in relation to the identified principal impairments of the site and 

watershed. All analysis relates to the proposed alternative, which is the preferred alternative accomplishing the most goals 

in the long term when compared to other alternatives. 

For the purposes of this alternative, goals must be considered in the long-term, in-perpetuity context which is set forth in 

the 2008 Final Mitigation Rule. To determine only short-term goals and attainments does not meet the mitigation standard, 

although it is industry standard when considering projects set forth with the intent to meet MS4 / TMDL program sediment 

and nutrient reduction goals. 

No action alternative assumes that watershed and site pressures and impairments continue to act on the site as they do 

currently, or with the same relative rates of change as historically seen. The following effects are anticipated at the project 

site: 

• Moderate channel enlargement and change of profile within the next 5-10 years. 

Multiple locations exhibit excessive bank erosion and the potential for channel re-alignment, through activation of remnant 

channel threads. Debris jams may also increase this potential. While the hazard of bank erosion has detrimental 

watershed impacts, the greater risk is the loss of sensitive forested wetland habitats through erosion and channel change. 

Many of these habitats are partially connected to stream channels as they are potentially former stream locations. While 

the potential to form new habitats through stream channel change is anticipated, temporal impacts to these species, which 

require a more specialized hydroperiod than others, has the potential for detriment to them. 

• Loss of aquatic habitats 

Watershed pressures of development, water quality, and poorly managed runoff from urbanized and rural sectors will 

yield a continued degradation of habitat and lack of resiliency. While restoration activities cannot cure all watershed issues, 

greater resiliency through the addition of added floodplain wetlands and decreases in shear stress will aid in having a 

system resilient with watershed pressures. 

A no action alternative does not significantly meet any goals of this project in the short or long term.  
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Uplift, Patch Work, Stabilize in Place Techniques 

Stabilizing the channel in place and adding habitat structures within the existing channel would not meet the goals of the 

2008 Final Mitigation Rule; channel deficiencies in hydraulics, excess shear stress, and impaired substrates would 

continue to operate and degrade channel habitats. Habitat and substrate placement would be jeopardized by frequent 

high shear stress discharges within the channel, as floodplain relief would not lessen these stresses for frequent 

discharges. Additionally, and most importantly, stone armoring practices and patchwork repair of the channel does not 

provide any significant sustainable habitat uplift. Repair and maintenance of the reach would be frequent and releasing 

credit from the project would be difficult to justify for the given performance criteria. Armoring of instabilities in the reach 

would be required, which is entirely inappropriate for a fishery of this potential quality. Simply stated, uplift cannot be 

provided to meet the mitigation standard using the stabilization practices which have been locally implemented to meet 

TMDL goals alone. These practices in the long term do not even meet sediment and nutrient source reduction goals 

particularly well, nor economically. 

An alternative which lifts the channel using riffle grade controls, debris jams, or similar perching techniques would create 

a new floodplain at a higher elevation. This alternative would definitively meet many hydraulic goals. However, if not 

utilized in the correct location, would have the distinct disadvantage of perching water on private property, negatively 

impacting flooding on public roads, additionally requiring measures to ensure aquatic organism passage at transitions to 

existing grade. Benthos is anticipated to suffer in such an instance, as artificial substrates replace native ones and channel 

facets are altered drastically. Administrative hurtles, such as increases in the 100-year water surface and potential 

floodplain impacts to upstream property owners would also complicate the project. Ecosystem functions and values would 

none the less be lifted, however the entire ecosystem type would change to favor a warm water fishery more closely 

versus a cold-water fishery, as disconnection to the sands and gravels and groundwater table would occur, favoring a 

perched groundwater system. Hyporheic exchange would likely not increase definitively as dense in-situ sediments would 

remain in the floodplain. Inundation of existing canopy tree roots may result in additional temporary canopy impacts. 

Expansive open water systems, as we see in similar restorations in Howard or Anne Arundel County would promote 

increased water temperatures. This type of approach does not meet the full extent of project goals as the preferred 

alternative. Examples of this include: 

• Does not utilize the appropriate stream substrate and topsoil / hydric soil layers within the design approach.  

• Requires a significant amount of imported unnatural materials to stabilize the channel. 

• Only creates limited flood flow relief for smaller flooding events contained within the inset bankfull bench/floodway 

feature.  

• Regional curves for which method is highly dependent on, does not account for stable sediment regimes and usually 

creates a large channel with competency to mobilize more sediment than is sustainable. 

• Does not fully meet Levels 3-5 of the Stream Functions Pyramid. 

• Level 3 of the Stream Functions Pyramid cannot be achieved through importing large, unnatural materials into the 

system. 

• Structures and imported bed materials may be highly susceptible to failure due to erosion occurring around and 

under them. 

• High risk of failure and/or routine maintenance of rock structures. 

• Serves to “pin” the channel in one position. 

• Large channel dimensions will create a transport reach condition which may create future downstream instability. 
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• Very limited organic carbon inputs, which are vital to nutrient processing and food sources, can be incorporated into 

the system due to the fact that in-channel energy will remain at or above existing levels and cannot rely on vegetative 

stability.  

• Increased boundary roughness within the channel may increase flood stage. 

• Additional disturbance outside the limits of the inset floodplain will be required for construction access. 

• Increased cost due to importing large quantities of rock, construction of structures and erosion and sediment 

controls.  

• The requirement for importing large rock quantities for grade and structure control 
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APPENDIX G.1 

DESIGN COMPUTATIONS 

  



Project:

Site Condition: where:

Reach: d50 = median stone size (ft)

Outfall Type: d = culvert diamter or span (ft)

Tw = tailwater depth (ft)

d = 6.0 ft Q = design flow for the culvert, min 10-yr, 24-hr storm (cfs)

Tw = 5.54 ft B = plunge pool width (ft)

Q = 735.4 cfs C = plunge pool length (ft)

d50 = 1.37 ft D = 2 x d50 = riprap thickness (ft)

B = 30.0 ft E = culvert diameter or span equal to d (ft)

C = 36.0 ft 3E = plunge pool bottom length (ft)

D = 2.75 ft 2E = plunge pool bottom width (ft)

E = 6.0 ft F = plunge pool depth (ft) =  0.5d

3E = 18.0 ft

2E = 12.0 ft

F = 3 ft

d50 (design) = 1.63 ft Class II/III Mix

D (design) = 3.25 ft

PLUNGE POOL CALCULATIONS

TYPE I - PLUNGE POOL DEPRESSED 1/2 CULVERT RISE

Type I: d50 = (0.0125d
2
/TW)(Q10/d

2.5
)

1.333
Mill Swamp Mitigation Bank

Existing

SR-3

*Calculations are based off Section D-4-2 in the the 2011 Maryland Standards and Specifications for Soil Erosion and Sediment Control

72" RCP
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Tree No. Tree Class Common Name Scientific Name DBH (in.) Multistem DBH (in.) Condition Comments

T-001 Normal Red Maple Acer rubrum 18.6  Good  

T-002 Specimen Tulip poplar Liriodendron tulipifera 32.5  Fair Bark decay

T-003 Normal Southern red oak Quercus falcata 19.7  Good  outside of LOD

T-004 Normal Southern red oak Quercus falcata 23.5  Good  to remain

T-005 Significant White oak Quercus alba 25.8  Good  to be removed

T-006 Significant White oak Quercus alba 28.2  Poor Possibly dead.

T-007 Significant Tulip poplar Liriodendron tulipifera 28.2  Fair  

T-008 Normal Mockernut hickory Carya tomentosa 21.1  Poor Dead branches, bark covered with fungus.

T-009 Normal Tulip poplar Liriodendron tulipifera 18.5  Good  

T-010 Normal Tulip poplar Liriodendron tulipifera 18.2  Good  

T-011 Normal American sweetgum Liquidambar styraciflua 18.4  Good  

T-012 Normal White oak Quercus alba 21.1  Good  

T-013 Normal Tulip poplar Liriodendron tulipifera 18.1  Good  

T-014 Significant American beech Fagus grandifolia 24.6  Good  

T-015 Normal White oak Quercus alba 22  Good  

T-016 Normal American beech Fagus grandifolia 22.7  Good  

T-017 Normal White oak Quercus alba 19.6  Poor Dead

T-018 Significant American beech Fagus grandifolia 25.5  Fair Lots to dead branches.

T-019 Normal White oak Quercus alba 20  Good  

T-020 Normal White oak Quercus alba 20.7  Fair Dead branches.

T-021 Normal American beech Fagus grandifolia 19.9  Fair Dead branches.

T-022 Normal White oak Quercus alba 19  Good  

T-023 Normal Red Maple Acer rubrum 21.6  Good  

T-024 Normal Southern red oak Quercus falcata 23.7  Good  

T-025 Normal Red Maple Acer rubrum 20.1  Good  

T-026 Normal Southern red oak Quercus falcata 23.6  Good  

T-027 Normal River birch Betula nigra 19.4 16.0, 15.5 Good Vines

T-028 Normal River birch Betula nigra 20  Poor Covered in vines.

T-029 Normal American sweetgum Liquidambar styraciflua 18  Good  

T-030 Normal Red Maple Acer rubrum 18.7 15, 8.1 Good  

T-031 Significant American beech Fagus grandifolia 25.4  Good  

T-032 Significant Red Maple Acer rubrum 25  Good  

T-033 Normal American beech Fagus grandifolia 21.9  Good  

T-034 Significant White oak Quercus alba 26.5  Good  

T-035 Normal Tulip poplar Liriodendron tulipifera 22.5  Good  

T-036 Specimen Tulip poplar Liriodendron tulipifera 34.5  Fair  

T-037 Normal Red Maple Acer rubrum 23  Good  

T-094 Specimen Tulip poplar Liriodendron tulipifera 76  Fair Bark decay

T-100 Normal White oak Quercus alba 19.7  Fair Vines

T-101 Normal Tulip poplar Liriodendron tulipifera 20.4  Good  

T-102 Normal American sweetgum Liquidambar styraciflua 19.7  Good  

T-103 Normal Tulip poplar Liriodendron tulipifera 18.4  Good  

T-104 Normal Tulip poplar Liriodendron tulipifera 18.5  Good  

T-105 Normal Tulip poplar Liriodendron tulipifera 18  Good  

T-106 Normal American sycamore Platanus occidentalis 19.4  Good  

T-107 Normal American sycamore Platanus occidentalis 22  Good Vines

T-108 Normal Red Maple Acer rubrum 19  Good  

T-109 Normal Tulip poplar Liriodendron tulipifera 19  Good  

T-110 Normal Tulip poplar Liriodendron tulipifera 18.2  Good  

T-111 Normal Tulip poplar Liriodendron tulipifera 22.9  Good  

T-112 Normal American sycamore Platanus occidentalis 18.7  Good  

T-113 Normal American sycamore Platanus occidentalis 19.9  Good  

T-114 Normal River birch Betula nigra 31  Good  

T-115 Normal River birch Betula nigra 21.7  Good  

T-116 Normal River birch Betula nigra 18  Fair Vines.

T-117 Normal American sycamore Platanus occidentalis 19.9 19.8, 8 Good  

T-118 Normal American elm Ulmus americana 20  Good  

T-119 Significant Tulip poplar Liriodendron tulipifera 25.1  Good  

T-120 Significant Tulip poplar Liriodendron tulipifera 28.8  Good  

T-121 Normal River birch Betula nigra 20.2  Good  

T-122 Normal River birch Betula nigra 21.7  Good  

T-123 Normal White oak Quercus alba 21.4  Good  

T-124 Significant American sweetgum Liquidambar styraciflua 25.4  Good  

T-125 Significant American sweetgum Liquidambar styraciflua 26  Good  

T-126 Significant Tulip poplar Liriodendron tulipifera 25.1  Good  

T-127 Significant Tulip poplar Liriodendron tulipifera 24  Good  

T-128 Normal Tulip poplar Liriodendron tulipifera 19.1  Good  

T-129 Significant American sweetgum Liquidambar styraciflua 25  Poor Covered in vines. Bark decay.

T-130 Specimen American beech Fagus grandifolia 38.8  Good  

T-131 Normal Tulip poplar Liriodendron tulipifera 22.3  Good  

T-132 Normal Tulip poplar Liriodendron tulipifera 18.5  Good  

T-133 Normal Tulip poplar Liriodendron tulipifera 20.8  Good  

T-134 Normal Tulip poplar Liriodendron tulipifera 23.1  Good  

T-135 Normal Tulip poplar Liriodendron tulipifera 18.6  Good  

T-136 Specimen American sycamore Platanus occidentalis 31  Poor Covered in vines.

T-137 Normal River birch Betula nigra 19.5  Poor Covered in vines.

T-138 Normal Tulip poplar Liriodendron tulipifera 22.3  Good  

T-139 Normal American sweetgum Liquidambar styraciflua 21  Good  

T-140 Significant Red maple Acer rubrum 24  Good  

T-141 Normal Tulip poplar Liriodendron tulipifera 20.3  Good  

T-142 Normal Tulip poplar Liriodendron tulipifera 19.5  Good  

T-143 Normal River birch Betula nigra 18.4  Fair Vines

T-144 Normal American sycamore Platanus occidentalis 18 16 Fair Vines

T-145 Specimen American sweetgum Liquidambar styraciflua 44.7  Good  

T-146 Normal Black cherry Prunus serotina 18.7  Good  

T-147 Normal Southern red oak Quercus falcata 19.1  Good  

T-148 Significant American sycamore Platanus occidentalis 28  Good  

T-149 Normal American sycamore Platanus occidentalis 18  Fair Partly rotted at the bottom.

T-150 Normal American beech Fagus grandifolia 19.5  Good  

T-151 Normal Willow oak Quercus phellos 19  Fair Covered in vines.

T-152 Significant American beech Fagus grandifolia 24  Good  

T-153 Significant American beech Fagus grandifolia 25.8  Good  

Tree Inventory Table

Legend



Tree No. Tree Class Common Name Scientific Name DBH (in.) Multistem DBH (in.) Condition Comments

Tree Inventory Table

T-154 Normal Red maple Acer rubrum 18.7  Good  

T-155 Normal Pin oak Quercus palustris 18.2  Fair Dead branches, beaver damage at base of trunk

T-156 Normal American sweetgum Liquidambar styraciflua 21.2  Good  outside of LOD

T-157 Significant American sweetgum Liquidambar styraciflua 24.7  Good  to remain

T-158 Normal Pin oak Quercus palustris 20.5  Fair Covered in vines into canopy to be removed

T-159 Normal Pin oak Quercus palustris 21.1  Fair Vines into canopy

T-160 Normal River birch Betula nigra 18  Fair  Vines

T-161 Normal River birch Betula nigra 21.6  Good Trunk growing out of stream bank

T-162 Normal River birch Betula nigra 18 16, 10 Good Trunk growing out of stream bank

T-163 Normal River birch Betula nigra 18  Poor Covered in vines

T-164 Normal Red maple Acer rubrum 21.5  Good  

T-165 Normal Red maple Acer rubrum 22.3  Good Trunk growing out of stream bank

T-166 Specimen American sweetgum Liquidambar styraciflua 32.5  Good  

T-167 Normal American sweetgum Liquidambar styraciflua 18  Fair Vines on trunk, dead branches

T-168 Normal American sweetgum Liquidambar styraciflua 18  Fair Vines, dead branches

T-169 Normal Tulip poplar Liriodendron tulipifera 23.9  Good  

T-170 Normal American sweetgum Liquidambar styraciflua 20  Poor Covered in vines

T-171 Normal American sweetgum Liquidambar styraciflua 18  Poor Covered in vines into canopy

T-172 Significant River birch Betula nigra 25  Poor Covered in vines into canopy, DBH estimated due to large vines

T-173 Significant American sweetgum Liquidambar styraciflua 24  Poor Vines, some branches with dead ends

T-174 Specimen River birch Betula nigra 30.2  Good  

T-175 Specimen Willow oak Quercus phellos 32  Good  

T-176 Significant American sweetgum Liquidambar styraciflua 26.3  Good  

T-177 Normal American sweetgum Liquidambar styraciflua 19.7  Good  

T-178 Significant White oak Quercus alba 24.9  Good  

T-179 Normal American sweetgum Liquidambar styraciflua 21.3  Fair Sbranches with dead ends

T-180 Specimen Red maple Acer rubrum 31.7  Good  

T-181 Normal Tulip poplar Liriodendron tulipifera 19  Good  

T-182 Normal Red maple Acer rubrum 22.5  Good  

T-183 Significant Tulip poplar Liriodendron tulipifera 26.3  Good  

T-184 Significant Tulip poplar Liriodendron tulipifera 24  Fair Vines

T-185 Normal Pin oak Quercus palustris 19.1  Fair Vines

T-186 Normal River birch Betula nigra 18  Poor Covered in vines

T-187 Normal River birch Betula nigra 18  Fair Trunk covered in vines

T-188 Significant White mulberry Morus alba 27  Poor Dead branches, large hole in base of trunk

T-189 Normal American beech Fagus grandifolia 21.6  Good  

T-190 Specimen Tulip poplar Liriodendron tulipifera 37  Good  

T-191 Normal American sweetgum Liquidambar styraciflua 22.2  Good  

T-192 Normal American sweetgum Liquidambar styraciflua 19.3  Good  

T-193 Significant Willow oak Quercus phellos 24.7  Fair Bark decay.

T-194 Specimen Red maple Acer rubrum 30.8  Good  

T-195 Normal American sycamore Platanus occidentalis 18  Fair Dead branches, small canopy

T-196 Specimen Willow oak Quercus phellos 34.4  Good  

T-197 Normal American sweetgum Liquidambar styraciflua 19.7  Good  

T-198 Significant American sweetgum Liquidambar styraciflua 24.5  Fair Dead branches.

T-199 Significant American sweetgum Liquidambar styraciflua 24.5  Good  

T-200 Normal American sweetgum Liquidambar styraciflua 22.1  Fair Dead branches.

T-201 Specimen American sweetgum Liquidambar styraciflua 23.4 23.4, 23.3 Good

T-202 Normal American sweetgum Liquidambar styraciflua 18.3  Good  

T-203 Normal American sweetgum Liquidambar styraciflua 22  Fair Vines into canopy.

T-204 Normal American sweetgum Liquidambar styraciflua 21.5  Good  

T-205 Normal Red maple Acer rubrum 20  Fair Vines.

T-206 Normal American sycamore Platanus occidentalis 20.7  Fair Dead branches, small canopy.

T-207 Normal American sweetgum Liquidambar styraciflua 20  Good  

T-208 Normal American sycamore Platanus occidentalis 20.8  Good  

T-209 Normal American sweetgum Liquidambar styraciflua 22.4  Good  

T-210 Normal American sweetgum Liquidambar styraciflua 23  Fair Vines, dead branches.

T-211 Significant Red maple Acer rubrum 24  Fair Covered in vines into canopy.

T-212 Normal American sycamore Platanus occidentalis 23.5  Fair Vines into canopy.

T-213 Normal American sweetgum Liquidambar styraciflua 20.5  Fair Dead branches.

T-214 Significant American sweetgum Liquidambar styraciflua 25.1  Good  

T-215 Normal American sweetgum Liquidambar styraciflua 22  Fair Vines into canopy.

T-216 Normal American elm Ulmus americana 22.4    

T-217 Significant Red maple Acer rubrum 25.9  Fair Dead branches and vines on trunk.

T-218 Normal American sycamore Platanus occidentalis 22.1  Good  

T-219 Significant Tulip poplar Liriodendron tulipifera 29.5  Good  

T-220 Specimen Tulip poplar Liriodendron tulipifera 31.2  Good  

T-221 Specimen Willow oak Quercus phellos 30.7  Good  

T-222 Normal Red maple Acer rubrum 23.8  Poor Trunk spilts and half is dead.

T-223 Significant American sweetgum Liquidambar styraciflua 26  Good  

T-224 Normal American sycamore Platanus occidentalis 19.4  Fair Twin trunk, other trunk dead.

T-225 Significant Tulip poplar Liriodendron tulipifera 28.8  Fair Bark decay

T-226 Significant American sweetgum Liquidambar styraciflua 26  Good  

T-227 Normal Red maple Acer rubrum 23.3 23.3,26.6 Fair

T-228 Normal American sweetgum Liquidambar styraciflua 21.2  Good  

T-229 Significant American sweetgum Liquidambar styraciflua 25.6  Good  

T-230 Significant American elm Ulmus americana 29.1  Fair Vines and dead branches

T-231 Normal American sweetgum Liquidambar styraciflua 23  Fair Dead branches, beaver damage to base of trunk.

T-232 Normal Red maple Acer rubrum 19.6 19.6, 18 Poor Bark decay, dead branches.

T-233 Normal River birch Betula nigra 18  Fair Dead branches

T-234 Normal River birch Betula nigra 20  Good  

T-235 Significant American sweetgum Liquidambar styraciflua 26  Good  

T-236 Normal Pignut hickory Carya glabra 22.4  Good  

T-237 Normal River birch Betula nigra 22  Good  

T-238 Normal Tulip poplar Liriodendron tulipifera 21.4  Good  

T-239 Normal Southern red oak Quercus falcata 21  Good  

T-240 Normal Southern red oak Quercus falcata 18  Good  

T-241 Significant American sycamore Platanus occidentalis 24.8  Good  

T-242 Normal American sweetgum Liquidambar styraciflua 18.7  Good  

T-243 Normal Southern red oak Quercus falcata 21.9  Good  

T-244 Significant Tulip poplar Liriodendron tulipifera 29.4  Good  

T-245 Specimen Tulip poplar Liriodendron tulipifera 32.6  Good  

Legend



Tree No. Tree Class Common Name Scientific Name DBH (in.) Multistem DBH (in.) Condition Comments

Tree Inventory Table

T-246 Normal River birch Betula nigra 19  Poor Completely dead.

T-247 Normal American sweetgum Liquidambar styraciflua 21.5  Good  

T-248 Normal River birch Betula nigra 22.5  Fair Vines, bark decay outside of LOD

T-249 Normal River birch Betula nigra 19.8  Poor Vines, canopy mostly dead to remain

T-250 Normal American sweetgum Liquidambar styraciflua 18.7  Good  to be removed

T-251 Normal Tulip poplar Liriodendron tulipifera 19  Good  

T-252 Significant River birch Betula nigra 25  Good  

T-253 Normal Tulip poplar Liriodendron tulipifera 19.5  Good  

T-254 Significant Tulip poplar Liriodendron tulipifera 28.8  Good  

T-255 Normal Tulip poplar Liriodendron tulipifera 22.9  Good  

T-256 Normal American sweetgum Liquidambar styraciflua 18.1  Good  

T-257 Normal American sweetgum Liquidambar styraciflua 22.2  Good  

T-258 Significant American sycamore Platanus occidentalis 29.7  Good  

T-259 Significant Tulip poplar Liriodendron tulipifera 24.1  Good  

T-260 Significant American sweetgum Liquidambar styraciflua 25.1  Good  

T-261 Normal Tulip poplar Liriodendron tulipifera 19.3  Good  

T-262 Normal Tulip poplar Liriodendron tulipifera 18.1  Good  

T-263 Normal Tulip poplar Liriodendron tulipifera 23.5  Good  

T-264 Significant Tulip poplar Liriodendron tulipifera 29  Good Vines

T-265 Normal Tulip poplar Liriodendron tulipifera 23.7  Good  

T-266 Normal American sycamore Platanus occidentalis 22.2  Good  

T-267 Specimen American sycamore Platanus occidentalis 30.3  Good  

T-268 Normal River birch Betula nigra 19.5  Good  

T-269 Normal American sweetgum Liquidambar styraciflua 19.8  Good  

T-270 Normal River birch Betula nigra 18  Good  

T-271 Normal Red maple Acer rubrum 20  Good Vines

T-272 Significant American sycamore Platanus occidentalis 26.6  Good  

T-273 Normal River birch Betula nigra 19  Fair Vines into canopy, dead branches

T-274 Normal American sweetgum Liquidambar styraciflua 19.5  Good  

T-275 Normal American sweetgum Liquidambar styraciflua 20.4  Good  

T-276 Normal American sweetgum Liquidambar styraciflua 19  Fair Lots of vines.

T-277 Normal River birch Betula nigra 20 15", 20" Fair Vines into canopy.

T-278 Significant Tulip poplar Liriodendron tulipifera 24.7  Good  

T-279 Significant Red maple Acer rubrum 25.8  Good Vines on trunk.

T-280 Normal River birch Betula nigra 19  Good  

T-281 Normal Red maple Acer rubrum 21  Good  

T-282 Normal American sweetgum Liquidambar styraciflua 22.5  Poor Mostly dead.

T-283 Specimen Northern red oak Quercus rubra 30.2  Good  

T-284 Normal American sweetgum Liquidambar styraciflua 19  Good Vines

T-285 Specimen American sweetgum Liquidambar styraciflua 33.2  Fair Canopy half dead.

T-286 Specimen Northern red oak Quercus rubra 49  Good  

T-287 Normal American sweetgum Liquidambar styraciflua 19  Poor Canopy mostly dead.

T-288 Significant American sweetgum Liquidambar styraciflua 29.8  Good Vines

T-289 Normal American sweetgum Liquidambar styraciflua 22  Good  

T-290 Normal American sweetgum Liquidambar styraciflua 19.5  Fair Dead canopy.

T-291 Normal Northern red oak Quercus rubra 23  Good Vines into canopy.

T-292 Normal American sweetgum Liquidambar styraciflua 18.3  Fair Vines into canopy.

T-293 Normal American sweetgum Liquidambar styraciflua 20.2  Fair Vines into canopy.

T-294 Significant Red maple Acer rubrum 26  Good Trunk covered in vines.

T-295 Normal American sweetgum Liquidambar styraciflua 18.3  Good  

T-296 Normal American sweetgum Liquidambar styraciflua 19.1  Good  

T-297 Significant American sweetgum Liquidambar styraciflua 26  Good  

T-298 Significant Red maple Acer rubrum 25  Good  

T-299 Normal American sycamore Platanus occidentalis 18  Good Vines

T-300 Significant Northern red oak Quercus rubra 29  Good  

T-301 Specimen Northern red oak Quercus rubra 34.8  Good  

T-302 Normal American sycamore Platanus occidentalis 18.1  Good  

T-303 Significant Northern red oak Quercus rubra 27.8  Fair Dead branches.

T-304 Normal American sweetgum Liquidambar styraciflua 19  Good  

T-305 Normal American sweetgum Liquidambar styraciflua 18  Good  

T-306 Significant Northern red oak Quercus rubra 26.5  Good  

T-307 Normal American sweetgum Liquidambar styraciflua 18  Poor Almost dead.

T-308 Normal Red maple Acer rubrum 18  Good  

T-309 Normal River birch Betula nigra 21  Good  

T-310 Significant Red maple Acer rubrum 25.1  Good  

T-311 Normal American elm Ulmus americana 20.1  Good  

T-312 Normal American sycamore Platanus occidentalis 21.5  Good  

T-313 Normal American sweetgum Liquidambar styraciflua 20  Fair Vines into canopy.

T-314 Normal American sweetgum Liquidambar styraciflua 21.1  Good  

T-315 Normal American sweetgum Liquidambar styraciflua 23.7  Good  

T-316 Normal Red maple Acer rubrum 20  Poor Bark decay, no canopy.

T-317 Normal Red maple Acer rubrum 22  Good  

T-318 Specimen Northern red oak Quercus rubra 33.2  Good  

T-319 Significant River birch Betula nigra 27.9  Good  

T-320 Normal American sweetgum Liquidambar styraciflua 22  Good  

T-321 Specimen American sycamore Platanus occidentalis 39.5  Good  

T-322 Normal Tulip poplar Liriodendron tulipifera 21.8 18.9 Good  

T-323 Specimen Northern red oak Quercus rubra 32  Good  

T-324 Normal White oak Quercus alba 20.4  Good  

T-325 Significant White oak Quercus alba 28.7  Fair Missing bark along trunk; some dead branches

T-326 Significant Northern red oak Quercus rubra 25.1  Good  

T-327 Normal Pignut hickory Carya glabra 18  Good  

T-328 Specimen Southern red oak Quercus falcata 43.8  Good  

T-329 Normal American beech Fagus grandifolia 22.7  Good  

T-330 Significant American beech Fagus grandifolia 27.9  Good  

T-331 Normal American beech Fagus grandifolia 20.2  Good  

T-332 Significant White oak Quercus alba 25.4  Good  

T-333 Normal American beech Fagus grandifolia 22  Good  

T-334 Significant American beech Fagus grandifolia 24.2 8.1, 5.3, 5.0, 4.0, 4.0, 3.0 Good  

T-335 Normal American beech Fagus grandifolia 18.5  Good  

T-336 Normal American beech Fagus grandifolia 22.9  Good  

T-337 Normal Willow oak Quercus phellos 20.6  Good  

Legend



Tree No. Tree Class Common Name Scientific Name DBH (in.) Multistem DBH (in.) Condition Comments

Tree Inventory Table

T-338 Significant White oak Quercus alba 28.7  Good  

T-339 Normal American beech Fagus grandifolia 20  Good  

T-340 Normal Post oak Other (see comments) 22.8  Fair Quercus stellata; missing bark and part of trunk outside of LOD

T-341 Normal American beech Fagus grandifolia 23.9  Good  to remain

T-342 Normal Southern red oak Quercus falcata 22.7    to be removed

T-343 Significant White oak Quercus alba 25.7  Good  

T-344 Normal Red maple Acer rubrum 18  Good  

Legend
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HYDROLOGY AND HYDRAULICS DATA 

  



Stream and Location:

Reach:

Event for which n is assigned:

1.  Is roughness uniform throughout the reach being considered?

If not, should n be assigned for the average condition of the reach?

2.  Is roughness uniformly distributed along the cross section?

Is a division between channel and floodplain necessary?

(Channel Roughness uses steps 3-13, Floodplain roughness uses steps 14-23.)

Is roughness uniformly distributed across the channel?

If not, what basis should n for the individual segments be weighted?

3.  Describe the channel.  Are present conditions representative of those during the flood?

If not, describe the probable conditions during the flood.

4.  How will the roughness-producing effects of the following on the channel be accounted for?

Bank roughness:

Bedrock outcrops:

Isolated boulders:

Vegetation:

Obstructions:

Meander:

width (ft) depth (ft)

SR-1 21.4 1.86 17.03 20.17 13.65 0.029 None N/A N/A 0.029

0.029

0.029

Factor

Irregularity, n1

Alignment, n2

Obstructions, n3

Vegetation, n4

Meander, m

14.  Descibe the floodplain.

Are present conditions representative of those during a flood? 

If not, describe probable conditions during the flood.

15.  Is the roughness coefficient to be determined by roughness factors only or is it to include vegetation-density method? Roughness only

16.  Is roughness uniformly distributed accorss the floodplain?

If not, how should the floodplain be subdivided?

Subsection

Left Bank

Right Bank

Manning's Roughness Coefficients for Natural Channels and Floodplains

Mill Swamp Mitigation Bank

SR-1

Existing Bankfull flow condition

Yes

Little to no sinuosity 

Yes

Yes

Yes

Clean stream channel, straightened, exhibiting riffle pool pattern. Bank erosion present, contributing to channel incision. Channel is entrenched 1.29

Flat floodplain present, forested. Channel is disconnected from floodplain.

Mostly exposed sand and silt. The majority of the banks are exposed, with some being vegetated. 

No bedrock present.

No boulders present.

Mix of woody and herbaceous vegetation near the channel and in floodplain.

Mostly clear with a few large debris jams present.

Adjustment factors for the channel

5-10.  Computation n for the Channel

Segment Number and 

Material

Approximate 

Dimensions

Wetted 

perimeter 

(ft)

Area (sf)

Median 

Grain Size 

(mm)

Base n for 

segment
Adjustments

Adjusted 

n

Weight 

Factors

Adjusted n times 

weight factors

Sum = 

Weighted n = 

11-13.  Computation of n  for the channel

Describe conditions briefly Adjustment

Moderate - Compares to dredged channels having moderate to considerable bed roughness and 

moderately sloughed or eroded side slopes. 
0.006

Alternating occasionally - Size and shape of cross sections alternate ocassionally. 0.001

Minor - Obstructions occupy less than 15 percent of the cross-sectional area 0.005

Small - Dense growth of grasses and other herbaceous vegetation and small woody vegetation. 0.008

Minor- Ratio of the channel length to valley length is 1.0 to 1.2 1.00

Adjustment factors not using vegetation-desity method

Weighted n plus nx adjustments 0.049

Computed n times m factor = 0.049

Moderately forested with medium amount of undergrowth. 

Yes

Within proposed floodplain sections, mostly uniform

17-23.  Computation n  for floodplain

0.020 0.006 0.045 0.010 0.08

Base n, nb Irregularity, n1 Obstructions, n3 Vegetation, n4 Computed n

0.025 0.006 0.045 0.010 0.09



Stream and Location:

Reach:

Event for which n is assigned:

1.  Is roughness uniform throughout the reach being considered?

If not, should n be assigned for the average condition of the reach?

2.  Is roughness uniformly distributed along the cross section?

Is a division between channel and floodplain necessary?

(Channel Roughness uses steps 3-13, Floodplain roughness uses steps 14-23.)

Is roughness uniformly distributed across the channel?

If not, what basis should n for the individual segments be weighted?

3.  Describe the channel.  Are present conditions representative of those during the flood?

If not, describe the probable conditions during the flood.

4.  How will the roughness-producing effects of the following on the channel be accounted for?

Bank roughness:

Bedrock outcrops:

Isolated boulders:

Vegetation:

Obstructions:

Meander:

width (ft) depth (ft)

SR-2 22.7 1.87 17.27 17.91 8.66 0.029 None N/A N/A 0.029

0.029

0.029

Factor

Irregularity, n1

Alignment, n2

Obstructions, n3

Vegetation, n4

Meander, m

14.  Descibe the floodplain.

Are present conditions representative of those during a flood? 

If not, describe probable conditions during the flood.

15.  Is the roughness coefficient to be determined by roughness factors only or is it to include vegetation-density method? Roughness only

16.  Is roughness uniformly distributed accorss the floodplain?

If not, how should the floodplain be subdivided?

Subsection

Left Bank

Right Bank

Manning's Roughness Coefficients for Natural Channels and Floodplains

Mill Swamp Mitigation Bank

SR-2

Existing Bankfull flow condition

Yes

Moderate sinuosity, some torturous meanders 

Yes

Yes

Yes

Clean stream channel, with moderate sinuosity, exposed soil present in stream banks.  Bank erosion present, contributing to channel incision. Channel is entrenched 

2.51

Flat floodplain present, forested, with multiple channels present on floodplain for 

overbank flow

Mostly exposed sand and silt. The majority of the banks are exposed, with some being vegetated. 

No bedrock present.

No boulders present.

Mix of woody and herbaceous vegetation near the channel and in floodplain.

Clear of major debris

Adjustment factors for the channel

5-10.  Computation n for the Channel

Segment Number and 

Material

Approximate 

Dimensions

Wetted 

perimeter 

(ft)

Area (sf)

Median 

Grain Size 

(mm)

Base n for 

segment
Adjustments

Adjusted 

n

Weight 

Factors

Adjusted n times 

weight factors

Sum = 

Weighted n = 

11-13.  Computation of n  for the channel

Describe conditions briefly Adjustment

Moderate - Compared to dredged channels having moderate to considerable bed roughness and 

moderately sloughed or eroded side slopes. 
0.006

Alternating occasionally - Size and shape of cross sections alternate ocassionally. 0.003

Negligible- Obstructions occupy less than 5 percent of the cross-sectional area 0.004

Small - Dense growth of grasses and other herbaceous vegetation and small woody vegetation. 0.008

Appreciable - Ratio of the channel length to valley length is 1.2 to 1.5 1.15

Adjustment factors not using vegetation-desity method

Weighted n plus nx adjustments 0.050

Computed n times m factor = 0.057

Forested with medium amount of undergrowth. 

Yes

Within proposed floodplain sections, mostly uniform

17-23.  Computation n  for floodplain

0.025 0.006 0.045 0.010 0.09

Base n, nb Irregularity, n1 Obstructions, n3 Vegetation, n4 Computed n

0.025 0.006 0.045 0.010 0.09



Stream and Location:

Reach:

Event for which n is assigned:

1.  Is roughness uniform throughout the reach being considered?

If not, should n be assigned for the average condition of the reach?

2.  Is roughness uniformly distributed along the cross section?

Is a division between channel and floodplain necessary?

(Channel Roughness uses steps 3-13, Floodplain roughness uses steps 14-23.)

Is roughness uniformly distributed across the channel?

If not, what basis should n for the individual segments be weighted?

3.  Describe the channel.  Are present conditions representative of those during the flood?

If not, describe the probable conditions during the flood.

4.  How will the roughness-producing effects of the following on the channel be accounted for?

Bank roughness:

Bedrock outcrops:

Isolated boulders:

Vegetation:

Obstructions:

Meander:

width (ft) depth (ft)

SR-3 22.7 1.87 16.99 19.33 20.20 0.030 None N/A N/A 0.030

0.030

0.030

Factor

Irregularity, n1

Alignment, n2

Obstructions, n3

Vegetation, n4

Meander, m

14.  Descibe the floodplain.

Are present conditions representative of those during a flood? 

If not, describe probable conditions during the flood.

15.  Is the roughness coefficient to be determined by roughness factors only or is it to include vegetation-density method? Roughness only

16.  Is roughness uniformly distributed accross the floodplain?

If not, how should the floodplain be subdivided?

Subsection

Upstream Left Bank

Upstream Right Bank

Downstream Left Bank

Downstream Right Bank

Manning's Roughness Coefficients for Natural Channels and Floodplains

Mill Swamp Mitigation Bank

SR-3

Existing Bankfull flow condition

Yes

Little to no sinuosity 

Yes

Yes

Yes

Moderatly clean stream channel, mostly straightened, exhibiting riffle pool pattern. Bank erosion present, contributing to channel incision. Channel is entrenched 1.81

Flat floodplain present, mix of forest and residential

Mostly exposed sand and silt. The majority of the banks are exposed, with some being vegetated. 

No bedrock present.

No boulders present.

Mix of woody and herbaceous vegetation near the channel and in floodplain, with some areas of turfgrass.

Mostly clear with a few large debris jams present.

Adjustment factors for the channel

5-10.  Computation n for the Channel

Segment Number and 

Material

Approximate 

Dimensions

Wetted 

perimeter 

(ft)

Area (sf)

Median 

Grain Size 

(mm)

Base n for 

segment
Adjustments

Adjusted 

n

Weight 

Factors

Adjusted n times 

weight factors

Sum = 

Weighted n = 

11-13.  Computation of n  for the channel

Describe conditions briefly Adjustment

Moderate - Compared to dredged channels having moderate to considerable bed roughness and 

moderately sloughed or eroded side slopes. 
0.006

Alternating occasionally - Size and shape of cross sections alternate ocassionally. 0.003

Minor - Obstructions occupy less than 15 percent of the cross-sectional area 0.010

Small - Dense growth of grasses and other herbaceous vegetation and small woody vegetation. 0.008

Minor- Ratio of the channel length to valley length is 1.0 to 1.2 1.00

Adjustment factors not using vegetation-desity method

Weighted n plus nx adjustments 0.057

Computed n times m factor = 0.057

Partly forested with medium undergrowth, partly residential area

Yes

No

Upstream section is residential, downstream section is forested

17-23.  Computation n  for floodplain

0.020 0.006 0.004 0.001 0.03

Base n, nb Irregularity, n1 Obstructions, n3 Vegetation, n4 Computed n

0.015 0.006 0.040 0.005 0.07

0.025 0.006 0.004 0.001 0.04

0.015 0.006 0.045 0.010 0.08



Stream and Location:

Reach:

Event for which n is assigned:

1.  Is roughness uniform throughout the reach being considered?

If not, should n be assigned for the average condition of the reach?

2.  Is roughness uniformly distributed along the cross section?

Is a division between channel and floodplain necessary?

(Channel Roughness uses steps 3-13, Floodplain roughness uses steps 14-23.)

Is roughness uniformly distributed across the channel?

If not, what basis should n for the individual segments be weighted?

3.  Describe the channel.  Are present conditions representative of those during the flood?

If not, describe the probable conditions during the flood.

4.  How will the roughness-producing effects of the following on the channel be accounted for?

Bank roughness:

Bedrock outcrops:

Isolated boulders:

Vegetation:

Obstructions:

Meander:

width (ft) depth (ft)

SR-4 22.8 1.95 17.49 25.23 12.38 0.029 None N/A N/A 0.029

0.029

0.029

Factor

Irregularity, n1

Alignment, n2

Obstructions, n3

Vegetation, n4

Meander, m

14.  Descibe the floodplain.

Are present conditions representative of those during a flood? 

If not, describe probable conditions during the flood.

15.  Is the roughness coefficient to be determined by roughness factors only or is it to include vegetation-density method? Roughness only

16.  Is roughness uniformly distributed accross the floodplain?

If not, how should the floodplain be subdivided?

Subsection

Left Bank

Right Bank

Manning's Roughness Coefficients for Natural Channels and Floodplains

Mill Swamp Mitigation Bank

SR-4

Existing Bankfull flow condition

Yes

No sinuosity 

Yes

Yes

Yes

Moderatly clean stream channel, straightened, exhibiting riffle pool pattern. Bank erosion present, contributing to channel incision. Channel is entrenched 1.32

Flat floodplain present, comprised of forested and historically farmed areas

Mostly exposed sand and silt. The majority of the banks are exposed, with some being vegetated. 

No bedrock present.

No boulders present.

Mix of woody and herbaceous vegetation near the channel and in floodplain.

Mostly clear with a few large debris jams present.

Adjustment factors for the channel

5-10.  Computation n for the Channel

Segment Number and 

Material

Approximate 

Dimensions

Wetted 

perimeter 

(ft)

Area (sf)

Median 

Grain Size 

(mm)

Base n for 

segment
Adjustments

Adjusted 

n

Weight 

Factors

Adjusted n times 

weight factors

Sum = 

Weighted n = 

11-13.  Computation of n  for the channel

Describe conditions briefly Adjustment

Moderate - Compared to dredged channels having moderate to considerable bed roughness and 

moderately sloughed or eroded side slopes. 
0.006

Gradual - Size and shape of cross sections change gradually 0.000

Minor - Obstructions occupy less than 15 percent of the cross-sectional area 0.008

Medium - Moderately dense stemy grasses, weeds, or tree seedlings growing 0.010

Minor- Ratio of the channel length to valley length is 1.0 to 1.2 1.00

Adjustment factors not using vegetation-desity method

Weighted n plus nx adjustments 0.053

Computed n times m factor = 0.053

Forested with medium undergrowth with historically farmed land

Yes

Within proposed floodplain sections, mostly uniform

17-23.  Computation n  for floodplain

0.020 0.006 0.040 0.010 0.08

Base n, nb Irregularity, n1 Obstructions, n3 Vegetation, n4 Computed n

0.02 0.006 0.04 0.010 0.08



Stream and Location:

Reach:

Event for which n is assigned:

1.  Is roughness uniform throughout the reach being considered?

If not, should n be assigned for the average condition of the reach?

2.  Is roughness uniformly distributed along the cross section?

Is a division between channel and floodplain necessary?

(Channel Roughness uses steps 3-13, Floodplain roughness uses steps 14-23.)

Is roughness uniformly distributed across the channel?

If not, what basis should n for the individual segments be weighted?

3.  Describe the channel.  Are present conditions representative of those during the flood?

If not, describe the probable conditions during the flood.

4.  How will the roughness-producing effects of the following on the channel be accounted for?

Bank roughness:

Bedrock outcrops:

Isolated boulders:

Vegetation:

Obstructions:

Meander:

width (ft) depth (ft)

SR-5 22.8 1.95 21.61 20.08 20.86 0.030 None N/A N/A 0.030

0.030

0.030

Factor

Irregularity, n1

Alignment, n2

Obstructions, n3

Vegetation, n4

Meander, m

14.  Descibe the floodplain.

Are present conditions representative of those during a flood? 

If not, describe probable conditions during the flood.

15.  Is the roughness coefficient to be determined by roughness factors only or is it to include vegetation-density method? Roughness only

16.  Is roughness uniformly distributed accross the floodplain?

If not, how should the floodplain be subdivided?

Subsection

Left Bank

Right Bank

Manning's Roughness Coefficients for Natural Channels and Floodplains

Mill Swamp Mitigation Bank

SR-5

Existing Bankfull flow condition

Yes

No sinuosity 

Yes

Yes

Yes

Moderatly clean stream channel, straightened, exhibiting riffle pool pattern. Bank erosion present, contributing to channel incision. Channel is entrenched 1.07

Flat floodplain present, forested

Mostly exposed sand and silt. The majority of the banks are exposed, with some being vegetated. 

No bedrock present.

No boulders present.

Mix of woody and herbaceous vegetation near the channel and in floodplain.

Mostly clear with a few large debris jams present.

Adjustment factors for the channel

5-10.  Computation n for the Channel

Segment Number and 

Material

Approximate 

Dimensions

Wetted 

perimeter 

(ft)

Area (sf)

Median 

Grain Size 

(mm)

Base n for 

segment
Adjustments

Adjusted 

n

Weight 

Factors

Adjusted n times 

weight factors

Sum = 

Weighted n = 

11-13.  Computation of n  for the channel

Describe conditions briefly Adjustment

Moderate - Compared to dredged channels having moderate to considerable bed roughness and 

moderately sloughed or eroded side slopes. 
0.006

Gradual - Size and shape of cross sections change gradually 0.000

Minor - Obstructions occupy less than 15 percent of the cross-sectional area 0.008

Medium - Moderately dense stemy grasses, weeds, or tree seedlings growing 0.010

Minor- Ratio of the channel length to valley length is 1.0 to 1.2 1.00

Adjustment factors not using vegetation-desity method

Weighted n plus nx adjustments 0.054

Computed n times m factor = 0.054

Forrested with medium to large amount of undergrowth. 

Yes

Within proposed floodplain sections, mostly uniform

17-23.  Computation n  for floodplain

0.025 0.006 0.040 0.010 0.08

Base n, nb Irregularity, n1 Obstructions, n3 Vegetation, n4 Computed n

0.025 0.006 0.04 0.010 0.08
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HEC-RAS  Plan: EC

River Reach River Sta Profile Q Total Invert Slope W.S. Elev Crit W.S. Flow Area Top Width Froude # Chl Shear Total Shear Chan Shear LOB Shear ROB Vel Total Vel Chnl Vel Left Vel Right

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

UNT UNT 1871.760 2 YR 320.40 0.0085 20.03 18.11 80.44 109.12 0.39 0.82 0.88 0.02 3.98 3.99 0.21

UNT UNT 1871.760 5 YR 909.70 0.0085 22.66 20.32 969.81 501.06 0.16 0.08 0.23 0.08 0.06 0.94 2.21 0.74 0.61

UNT UNT 1871.760 10 YR 1256.50 0.0085 22.96 21.27 1125.12 507.80 0.18 0.12 0.30 0.12 0.09 1.12 2.58 0.92 0.77

UNT UNT 1871.760 25 YR 1768.60 0.0085 23.22 21.69 1255.97 513.64 0.22 0.20 0.45 0.19 0.15 1.41 3.19 1.19 1.00

UNT UNT 1871.760 50 YR 2207.60 0.0085 23.44 21.95 1369.34 518.53 0.25 0.26 0.57 0.25 0.19 1.61 3.60 1.39 1.16

UNT UNT 1871.760 100 YR 2682.30 0.0085 23.68 22.21 1493.69 523.66 0.26 0.32 0.68 0.32 0.24 1.80 3.94 1.57 1.32

UNT UNT 1816.260 2 YR 320.40 -0.0148 20.00 17.24 135.55 440.92 0.23 0.33 0.32 0.41 2.36 2.44 1.94

UNT UNT 1816.260 5 YR 909.70 -0.0148 22.67 19.06 2338.38 692.62 0.05 0.01 0.02 0.02 0.01 0.39 0.72 0.37 0.21

UNT UNT 1816.260 10 YR 1256.50 -0.0148 22.98 19.69 2554.52 701.59 0.07 0.02 0.04 0.02 0.01 0.49 0.90 0.47 0.28

UNT UNT 1816.260 25 YR 1768.60 -0.0148 23.24 20.52 2737.78 703.98 0.08 0.04 0.06 0.04 0.02 0.65 1.17 0.62 0.38

UNT UNT 1816.260 50 YR 2207.60 -0.0148 23.46 21.24 2894.49 706.00 0.10 0.05 0.08 0.06 0.03 0.76 1.38 0.73 0.47

UNT UNT 1816.260 100 YR 2682.30 -0.0148 23.70 21.24 3064.55 708.19 0.11 0.07 0.10 0.08 0.04 0.88 1.57 0.84 0.56

UNT UNT 1785.496 Culvert

UNT UNT 1751.420 2 YR 320.40 0.0086 19.38 18.04 85.04 176.25 0.39 0.80 0.82 0.37 3.77 3.80 1.49

UNT UNT 1751.420 5 YR 909.70 0.0086 20.72 19.61 125.33 437.21 0.63 2.64 2.67 1.69 7.26 7.33 3.58

UNT UNT 1751.420 10 YR 1256.50 0.0086 21.20 20.35 139.56 471.53 0.74 3.93 3.97 2.67 9.00 9.10 4.62

UNT UNT 1751.420 25 YR 1768.60 0.0086 21.53 21.33 937.54 485.77 0.34 0.34 0.87 0.32 0.22 1.89 4.30 1.45 1.15

UNT UNT 1751.420 50 YR 2207.60 0.0086 21.95 21.48 1145.02 516.31 0.32 0.35 0.84 0.35 0.16 1.93 4.29 1.58 1.07

UNT UNT 1751.420 100 YR 2682.30 0.0086 22.37 21.51 1393.91 610.67 0.32 0.34 0.84 0.35 0.14 1.92 4.35 1.61 1.36

UNT UNT 1594.725 2 YR 320.40 -0.0009 18.62 16.95 99.36 226.80 0.40 0.41 0.82 0.19 3.22 3.81 1.86

UNT UNT 1594.725 5 YR 909.70 -0.0009 19.56 19.22 209.43 342.07 0.54 0.73 1.38 0.57 0.15 4.34 5.20 3.67 0.73

UNT UNT 1594.725 10 YR 1256.50 -0.0009 19.82 19.51 248.66 378.20 0.59 1.01 1.82 0.86 0.25 5.05 5.98 4.54 1.01

UNT UNT 1594.725 25 YR 1768.60 -0.0009 20.12 19.86 295.97 457.35 0.66 1.42 2.49 1.31 0.43 5.98 7.00 5.67 1.39

UNT UNT 1594.725 50 YR 2207.60 -0.0009 20.30 20.14 325.08 468.96 0.73 1.84 3.16 1.75 0.61 6.79 7.91 6.62 1.71

UNT UNT 1594.725 100 YR 2682.30 -0.0009 20.50 20.41 357.81 485.54 0.78 2.25 3.79 2.20 0.82 7.50 8.68 7.50 2.03

UNT UNT 1407.578 2 YR 320.40 0.0105 17.33 16.66 98.06 139.53 0.51 0.38 1.18 0.20 3.27 4.38 1.79

UNT UNT 1407.578 5 YR 909.70 0.0105 18.21 17.94 311.30 370.67 0.58 0.39 0.84 0.38 0.14 2.92 4.56 2.42 1.52

UNT UNT 1407.578 10 YR 1256.50 0.0105 18.50 432.04 435.70 0.54 0.42 0.82 0.42 0.21 2.91 4.41 2.57 1.93

UNT UNT 1407.578 25 YR 1768.60 0.0105 18.83 580.80 473.44 0.51 0.49 0.90 0.48 0.31 3.05 4.42 2.79 2.35

UNT UNT 1407.578 50 YR 2207.60 0.0105 19.10 714.21 506.34 0.47 0.51 0.92 0.50 0.36 3.09 4.37 2.87 2.60

UNT UNT 1407.578 100 YR 2682.30 0.0105 19.31 824.74 531.55 0.47 0.57 1.01 0.56 0.43 3.25 4.51 3.04 2.88

UNT UNT 1160.098 2 YR 320.40 -0.0054 16.40 171.03 246.67 0.27 0.11 0.40 0.05 1.87 2.62 0.47

UNT UNT 1160.098 5 YR 909.70 -0.0054 17.28 497.39 464.54 0.30 0.18 0.52 0.18 0.09 1.83 3.09 1.31 1.25

UNT UNT 1160.098 10 YR 1256.50 -0.0054 17.52 614.91 493.31 0.31 0.24 0.61 0.25 0.13 2.04 3.37 1.58 1.59

UNT UNT 1160.098 25 YR 1768.60 -0.0054 17.83 771.19 511.71 0.33 0.30 0.71 0.32 0.20 2.29 3.67 1.85 1.97

UNT UNT 1160.098 50 YR 2207.60 -0.0054 18.09 916.67 643.48 0.34 0.31 0.81 0.27 0.26 2.41 3.97 1.84 2.31

UNT UNT 1160.098 100 YR 2682.30 -0.0054 18.35 1084.19 658.35 0.34 0.34 0.81 0.30 0.29 2.47 4.01 1.92 2.49

UNT UNT 1024.274 2 YR 320.40 0.0104 15.33 14.52 62.17 54.07 0.61 0.92 1.88 0.11 5.15 5.46 0.54

UNT UNT 1024.274 5 YR 909.70 0.0104 16.50 365.18 431.20 0.51 0.47 1.65 0.49 0.16 2.49 5.35 1.60 1.56

UNT UNT 1024.274 10 YR 1256.50 0.0104 16.86 546.85 530.55 0.45 0.43 1.37 0.51 0.20 2.30 4.97 1.74 1.68

UNT UNT 1024.274 25 YR 1768.60 0.0104 17.28 776.05 558.75 0.40 0.44 1.16 0.51 0.27 2.28 4.65 1.83 2.07

UNT UNT 1024.274 50 YR 2207.60 0.0104 17.60 953.43 578.36 0.38 0.45 1.06 0.52 0.30 2.32 4.51 1.88 2.27

UNT UNT 1024.274 100 YR 2682.30 0.0104 17.90 1134.04 597.08 0.36 0.45 1.00 0.52 0.32 2.37 4.42 1.93 2.43

UNT UNT 842.8703 2 YR 320.40 -0.0008 14.96 13.94 342.52 342.50 0.21 0.09 0.21 0.08 0.94 1.80 0.64

UNT UNT 842.8703 5 YR 909.70 -0.0008 15.83 14.79 665.61 430.40 0.25 0.20 0.35 0.20 0.01 1.37 2.43 1.14 0.15

UNT UNT 842.8703 10 YR 1256.50 -0.0008 16.24 14.98 887.88 596.37 0.25 0.18 0.38 0.24 0.04 1.42 2.57 1.27 0.42

UNT UNT 842.8703 25 YR 1768.60 -0.0008 16.76 15.22 1214.08 655.91 0.24 0.20 0.38 0.26 0.08 1.46 2.66 1.38 0.74

UNT UNT 842.8703 50 YR 2207.60 -0.0008 17.12 15.40 1457.06 680.41 0.23 0.22 0.40 0.28 0.11 1.52 2.74 1.46 0.95

UNT UNT 842.8703 100 YR 2682.30 -0.0008 17.48 15.56 1701.57 716.69 0.23 0.23 0.41 0.29 0.12 1.58 2.82 1.52 1.12

UNT UNT 619.6199 2 YR 320.40 0.0018 14.85 13.28 653.77 531.01 0.11 0.03 0.07 0.03 0.03 0.49 1.11 0.38 0.42

UNT UNT 619.6199 5 YR 909.70 0.0018 15.64 14.12 1080.09 540.20 0.15 0.08 0.16 0.08 0.08 0.84 1.73 0.73 0.76

UNT UNT 619.6199 10 YR 1256.50 0.0018 16.05 14.34 1301.09 549.10 0.16 0.11 0.19 0.10 0.11 0.97 1.92 0.86 0.88

UNT UNT 619.6199 25 YR 1768.60 0.0018 16.56 14.55 1588.67 567.81 0.17 0.14 0.23 0.13 0.14 1.11 2.16 1.01 1.03



HEC-RAS  Plan: EC (Continued)

River Reach River Sta Profile Q Total Invert Slope W.S. Elev Crit W.S. Flow Area Top Width Froude # Chl Shear Total Shear Chan Shear LOB Shear ROB Vel Total Vel Chnl Vel Left Vel Right

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

UNT UNT 619.6199 50 YR 2207.60 0.0018 16.92 14.77 1791.99 579.90 0.18 0.17 0.27 0.16 0.16 1.23 2.36 1.12 1.15

UNT UNT 619.6199 100 YR 2682.30 0.0018 17.26 14.90 1992.51 591.55 0.19 0.19 0.31 0.19 0.19 1.35 2.55 1.23 1.26

UNT UNT 377.4746 2 YR 320.40 -0.0121 14.68 12.45 337.93 302.71 0.17 0.06 0.16 0.05 0.03 0.95 1.69 0.53 0.33

UNT UNT 377.4746 5 YR 909.70 -0.0121 15.25 14.30 523.94 347.49 0.30 0.25 0.58 0.23 0.15 1.74 3.28 1.18 0.88

UNT UNT 377.4746 10 YR 1256.50 -0.0121 15.62 14.60 656.23 369.06 0.32 0.32 0.70 0.30 0.21 1.91 3.66 1.39 1.12

UNT UNT 377.4746 25 YR 1768.60 -0.0121 16.08 14.95 833.05 421.82 0.35 0.41 0.89 0.36 0.32 2.12 4.20 1.56 1.43

UNT UNT 377.4746 50 YR 2207.60 -0.0121 16.40 15.15 971.93 433.49 0.36 0.48 0.99 0.43 0.39 2.27 4.47 1.73 1.63

UNT UNT 377.4746 100 YR 2682.30 -0.0121 16.71 15.38 1109.58 444.76 0.37 0.54 1.08 0.49 0.47 2.42 4.72 1.89 1.82

UNT UNT 213.0526 2 YR 320.40 0.0093 13.58 13.58 50.69 160.85 1.00 3.08 3.08 6.32 6.32

UNT UNT 213.0526 5 YR 909.70 0.0093 14.57 14.00 427.27 307.69 0.41 0.51 0.69 0.58 0.20 2.13 3.20 1.93 0.95

UNT UNT 213.0526 10 YR 1256.50 0.0093 14.87 14.00 520.11 315.58 0.44 0.64 0.85 0.72 0.32 2.42 3.66 2.21 1.28

UNT UNT 213.0526 25 YR 1768.60 0.0093 15.23 14.06 636.25 324.70 0.47 0.84 1.08 0.92 0.48 2.78 4.23 2.56 1.66

UNT UNT 213.0526 50 YR 2207.60 0.0093 15.50 14.45 725.75 331.30 0.49 0.98 1.26 1.07 0.61 3.04 4.64 2.81 1.93

UNT UNT 213.0526 100 YR 2682.30 0.0093 15.76 14.64 812.75 337.56 0.51 1.14 1.45 1.23 0.74 3.30 5.05 3.05 2.18

UNT UNT 0.000000 2 YR 320.40 12.32 11.97 190.89 338.81 0.48 0.33 0.72 0.42 0.14 1.68 3.06 1.45 0.70

UNT UNT 0.000000 5 YR 909.70 12.94 11.99 418.96 394.00 0.51 0.62 1.08 0.65 0.48 2.17 4.00 1.99 1.58

UNT UNT 0.000000 10 YR 1256.50 13.19 12.69 519.83 412.90 0.53 0.73 1.22 0.74 0.62 2.42 4.34 2.25 1.86

UNT UNT 0.000000 25 YR 1768.60 13.50 12.91 652.09 436.40 0.54 0.87 1.40 0.85 0.78 2.71 4.76 2.55 2.19

UNT UNT 0.000000 50 YR 2207.60 13.73 13.06 755.63 456.27 0.55 0.96 1.53 0.92 0.91 2.92 5.06 2.76 2.41

UNT UNT 0.000000 100 YR 2682.30 13.95 13.20 859.32 470.99 0.55 1.06 1.66 1.01 1.02 3.12 5.34 2.97 2.61

Mill Swamp Main Stem 3167.546 2 YR 298.30 0.0019 13.60 12.04 159.68 167.61 0.30 0.17 0.51 0.16 0.07 1.87 3.38 0.97 0.50

Mill Swamp Main Stem 3167.546 5 YR 525.70 0.0019 14.74 12.96 474.41 332.77 0.21 0.09 0.29 0.12 0.07 1.11 2.69 0.90 0.69

Mill Swamp Main Stem 3167.546 10 YR 735.40 0.0019 15.63 13.50 798.66 393.95 0.15 0.06 0.17 0.07 0.05 0.92 2.10 0.74 0.76

Mill Swamp Main Stem 3167.546 25 YR 1521.70 0.0019 16.68 14.66 1254.97 465.67 0.17 0.10 0.23 0.10 0.09 1.21 2.51 0.89 1.15

Mill Swamp Main Stem 3167.546 50 YR 1890.60 0.0019 16.95 14.86 1380.34 481.54 0.18 0.12 0.28 0.12 0.11 1.37 2.78 0.98 1.32

Mill Swamp Main Stem 3167.546 100 YR 2230.70 0.0019 17.15 15.01 1479.69 494.38 0.19 0.14 0.32 0.14 0.13 1.51 3.01 1.06 1.48

Mill Swamp Main Stem 3054.333 2 YR 298.30 0.0051 13.51 10.97 175.87 265.65 0.18 0.14 0.16 0.09 1.70 1.87 0.71

Mill Swamp Main Stem 3054.333 5 YR 525.70 0.0051 14.71 11.70 866.25 349.01 0.10 0.03 0.06 0.03 0.03 0.61 1.20 0.48 0.38

Mill Swamp Main Stem 3054.333 10 YR 735.40 0.0051 15.60 12.14 1205.08 448.24 0.10 0.03 0.07 0.03 0.03 0.61 1.31 0.48 0.40

Mill Swamp Main Stem 3054.333 25 YR 1521.70 0.0051 16.63 13.34 1744.28 576.15 0.14 0.07 0.14 0.07 0.06 0.87 1.98 0.74 0.60

Mill Swamp Main Stem 3054.333 50 YR 1890.60 0.0051 16.88 13.81 1891.87 593.15 0.15 0.09 0.18 0.09 0.08 1.00 2.27 0.84 0.71

Mill Swamp Main Stem 3054.333 100 YR 2230.70 0.0051 17.07 14.21 2006.77 603.37 0.17 0.11 0.23 0.11 0.10 1.11 2.51 0.93 0.81

Mill Swamp Main Stem 3004.159 Culvert

Mill Swamp Main Stem 2973.376 2 YR 298.30 -0.0017 13.16 10.57 116.38 198.00 0.24 0.32 0.38 0.16 2.56 2.81 0.91

Mill Swamp Main Stem 2973.376 5 YR 525.70 -0.0017 13.94 11.37 141.44 260.31 0.32 0.67 0.77 0.39 3.72 4.12 1.52

Mill Swamp Main Stem 2973.376 10 YR 735.40 -0.0017 14.50 12.08 159.63 282.59 0.38 1.01 1.15 0.64 4.61 5.14 2.02

Mill Swamp Main Stem 2973.376 25 YR 1521.70 -0.0017 15.80 13.85 949.83 337.64 0.20 0.16 0.38 0.11 0.18 1.60 3.06 1.57 1.09

Mill Swamp Main Stem 2973.376 50 YR 1890.60 -0.0017 16.32 14.62 1126.67 349.44 0.20 0.16 0.37 0.12 0.19 1.68 3.04 1.78 1.13

Mill Swamp Main Stem 2973.376 100 YR 2230.70 -0.0017 16.72 14.62 1269.14 359.67 0.19 0.17 0.37 0.13 0.20 1.76 3.06 1.94 1.17

Mill Swamp Main Stem 2839.603 2 YR 298.30 0.0051 12.72 11.43 115.99 122.42 0.41 0.39 0.78 0.01 0.25 2.57 3.99 0.14 1.03

Mill Swamp Main Stem 2839.603 5 YR 525.70 0.0051 13.45 12.66 180.57 146.42 0.44 0.59 1.05 0.13 0.50 2.91 4.80 0.72 1.60

Mill Swamp Main Stem 2839.603 10 YR 735.40 0.0051 13.95 13.05 229.08 160.41 0.46 0.75 1.27 0.20 0.70 3.21 5.40 0.98 1.99

Mill Swamp Main Stem 2839.603 25 YR 1521.70 0.0051 15.38 14.10 581.94 215.24 0.40 0.61 1.15 0.26 0.65 2.61 5.40 1.47 2.00

Mill Swamp Main Stem 2839.603 50 YR 1890.60 0.0051 15.89 14.51 701.06 249.89 0.41 0.64 1.28 0.32 0.68 2.70 5.77 1.86 2.06

Mill Swamp Main Stem 2839.603 100 YR 2230.70 0.0051 16.30 14.52 808.51 275.43 0.41 0.65 1.33 0.33 0.71 2.76 5.95 2.11 2.14

Mill Swamp Main Stem 2660.237 2 YR 298.30 0.0037 12.34 235.27 179.13 0.24 0.13 0.32 0.05 0.12 1.27 2.62 0.44 0.76

Mill Swamp Main Stem 2660.237 5 YR 525.70 0.0037 13.10 381.16 204.09 0.25 0.18 0.37 0.10 0.19 1.38 2.92 0.78 1.00

Mill Swamp Main Stem 2660.237 10 YR 735.40 0.0037 13.63 493.60 218.35 0.25 0.22 0.41 0.13 0.23 1.49 3.12 1.03 1.14

Mill Swamp Main Stem 2660.237 25 YR 1521.70 0.0037 15.07 828.86 245.82 0.25 0.31 0.50 0.21 0.33 1.84 3.60 1.72 1.48

Mill Swamp Main Stem 2660.237 50 YR 1890.60 0.0037 15.59 959.06 254.69 0.25 0.34 0.54 0.24 0.37 1.97 3.77 1.97 1.59

Mill Swamp Main Stem 2660.237 100 YR 2230.70 0.0037 16.00 1065.01 261.43 0.26 0.37 0.57 0.27 0.40 2.09 3.94 2.18 1.69

Mill Swamp Main Stem 2519.448 2 YR 298.30 0.0016 12.11 223.68 173.85 0.25 0.13 0.36 0.08 0.11 1.33 2.82 0.66 0.70



HEC-RAS  Plan: EC (Continued)

River Reach River Sta Profile Q Total Invert Slope W.S. Elev Crit W.S. Flow Area Top Width Froude # Chl Shear Total Shear Chan Shear LOB Shear ROB Vel Total Vel Chnl Vel Left Vel Right

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

Mill Swamp Main Stem 2519.448 5 YR 525.70 0.0016 12.86 367.82 205.61 0.26 0.18 0.43 0.13 0.17 1.43 3.21 0.88 0.95

Mill Swamp Main Stem 2519.448 10 YR 735.40 0.0016 13.40 481.94 221.61 0.27 0.22 0.48 0.17 0.22 1.53 3.45 1.04 1.10

Mill Swamp Main Stem 2519.448 25 YR 1521.70 0.0016 14.83 839.79 283.03 0.29 0.33 0.66 0.24 0.35 1.81 4.20 1.31 1.50

Mill Swamp Main Stem 2519.448 50 YR 1890.60 0.0016 15.35 992.65 303.43 0.29 0.36 0.72 0.28 0.39 1.90 4.44 1.43 1.60

Mill Swamp Main Stem 2519.448 100 YR 2230.70 0.0016 15.76 1120.29 316.38 0.30 0.40 0.77 0.31 0.42 1.99 4.63 1.54 1.70

Mill Swamp Main Stem 2308.054 2 YR 298.30 0.0001 11.80 280.99 194.70 0.21 0.14 0.28 0.16 0.11 1.06 2.42 1.01 0.69

Mill Swamp Main Stem 2308.054 5 YR 525.70 0.0001 12.56 435.72 209.79 0.21 0.18 0.31 0.20 0.16 1.21 2.61 1.20 0.91

Mill Swamp Main Stem 2308.054 10 YR 735.40 0.0001 13.09 549.46 220.92 0.21 0.22 0.35 0.24 0.20 1.34 2.82 1.34 1.07

Mill Swamp Main Stem 2308.054 25 YR 1521.70 0.0001 14.49 875.17 241.91 0.23 0.36 0.48 0.36 0.34 1.74 3.44 1.76 1.49

Mill Swamp Main Stem 2308.054 50 YR 1890.60 0.0001 15.00 1000.51 248.00 0.24 0.41 0.53 0.41 0.40 1.89 3.68 1.91 1.65

Mill Swamp Main Stem 2308.054 100 YR 2230.70 0.0001 15.40 1100.20 252.74 0.25 0.47 0.59 0.47 0.45 2.03 3.90 2.05 1.78

Mill Swamp Main Stem 2054.860 2 YR 298.30 0.0062 11.50 275.84 155.66 0.19 0.13 0.28 0.12 0.08 1.08 2.16 0.79 0.60

Mill Swamp Main Stem 2054.860 5 YR 525.70 0.0062 12.25 398.68 173.48 0.21 0.21 0.39 0.20 0.13 1.32 2.62 1.05 0.79

Mill Swamp Main Stem 2054.860 10 YR 735.40 0.0062 12.75 489.17 185.55 0.23 0.27 0.49 0.26 0.17 1.50 2.98 1.25 0.93

Mill Swamp Main Stem 2054.860 25 YR 1521.70 0.0062 14.08 767.60 232.45 0.27 0.45 0.81 0.48 0.25 1.98 3.99 1.78 1.17

Mill Swamp Main Stem 2054.860 50 YR 1890.60 0.0062 14.57 885.80 247.08 0.28 0.51 0.92 0.56 0.30 2.13 4.30 1.95 1.29

Mill Swamp Main Stem 2054.860 100 YR 2230.70 0.0062 14.95 980.18 257.52 0.29 0.58 1.03 0.63 0.35 2.28 4.58 2.11 1.41

Mill Swamp Main Stem 1818.292 2 YR 298.30 -0.0049 11.31 375.09 203.74 0.14 0.07 0.15 0.06 0.07 0.80 1.57 0.54 0.58

Mill Swamp Main Stem 1818.292 5 YR 525.70 -0.0049 12.01 527.15 232.78 0.16 0.12 0.23 0.10 0.11 1.00 2.00 0.75 0.77

Mill Swamp Main Stem 1818.292 10 YR 735.40 -0.0049 12.47 639.83 252.54 0.18 0.16 0.30 0.13 0.15 1.15 2.33 0.87 0.93

Mill Swamp Main Stem 1818.292 25 YR 1521.70 -0.0049 13.71 976.85 292.74 0.22 0.29 0.51 0.27 0.27 1.56 3.15 1.32 1.30

Mill Swamp Main Stem 1818.292 50 YR 1890.60 -0.0049 14.18 1118.51 304.12 0.23 0.33 0.58 0.32 0.31 1.69 3.40 1.47 1.43

Mill Swamp Main Stem 1818.292 100 YR 2230.70 -0.0049 14.53 1225.52 313.09 0.24 0.38 0.65 0.38 0.36 1.82 3.65 1.61 1.54

Mill Swamp Main Stem 1659.696 2 YR 298.30 -0.0059 11.25 497.52 229.88 0.10 0.05 0.09 0.05 0.03 0.60 1.26 0.55 0.39

Mill Swamp Main Stem 1659.696 5 YR 525.70 -0.0059 11.93 662.28 253.57 0.13 0.08 0.15 0.09 0.06 0.79 1.65 0.75 0.56

Mill Swamp Main Stem 1659.696 10 YR 735.40 -0.0059 12.37 778.63 265.97 0.14 0.11 0.20 0.13 0.08 0.94 1.94 0.91 0.68

Mill Swamp Main Stem 1659.696 25 YR 1521.70 -0.0059 13.56 1112.15 296.72 0.19 0.23 0.38 0.26 0.17 1.37 2.75 1.36 1.02

Mill Swamp Main Stem 1659.696 50 YR 1890.60 -0.0059 14.02 1251.88 307.19 0.20 0.28 0.45 0.32 0.21 1.51 3.02 1.52 1.15

Mill Swamp Main Stem 1659.696 100 YR 2230.70 -0.0059 14.35 1354.92 314.69 0.21 0.32 0.52 0.37 0.25 1.65 3.28 1.66 1.26

Mill Swamp Main Stem 1568.009 2 YR 298.30 0.0024 11.22 432.87 174.56 0.11 0.06 0.11 0.08 0.05 0.69 1.37 0.71 0.50

Mill Swamp Main Stem 1568.009 5 YR 525.70 0.0024 11.88 553.28 190.76 0.15 0.11 0.20 0.15 0.09 0.95 1.90 0.99 0.73

Mill Swamp Main Stem 1568.009 10 YR 735.40 0.0024 12.31 637.38 198.95 0.17 0.17 0.28 0.21 0.14 1.15 2.31 1.21 0.91

Mill Swamp Main Stem 1568.009 25 YR 1521.70 0.0024 13.44 874.17 219.46 0.24 0.36 0.60 0.45 0.31 1.74 3.48 1.82 1.43

Mill Swamp Main Stem 1568.009 50 YR 1890.60 0.0024 13.88 973.18 226.38 0.26 0.45 0.73 0.54 0.39 1.94 3.88 2.02 1.62

Mill Swamp Main Stem 1568.009 100 YR 2230.70 0.0024 14.19 1044.16 231.22 0.28 0.54 0.86 0.64 0.47 2.14 4.26 2.22 1.80

Mill Swamp Main Stem 1485.470 2 YR 298.30 0.0045 11.21 549.49 204.58 0.09 0.04 0.06 0.05 0.03 0.54 1.03 0.56 0.40

Mill Swamp Main Stem 1485.470 5 YR 525.70 0.0045 11.86 686.73 217.87 0.11 0.08 0.11 0.09 0.06 0.77 1.43 0.80 0.57

Mill Swamp Main Stem 1485.470 10 YR 735.40 0.0045 12.28 780.89 223.42 0.13 0.12 0.17 0.14 0.09 0.94 1.75 0.98 0.72

Mill Swamp Main Stem 1485.470 25 YR 1521.70 0.0045 13.40 1035.42 234.65 0.18 0.27 0.36 0.31 0.21 1.47 2.68 1.54 1.19

Mill Swamp Main Stem 1485.470 50 YR 1890.60 0.0045 13.83 1139.25 239.08 0.20 0.34 0.45 0.39 0.27 1.66 3.01 1.74 1.36

Mill Swamp Main Stem 1485.470 100 YR 2230.70 0.0045 14.14 1212.25 242.15 0.22 0.41 0.54 0.47 0.33 1.84 3.33 1.92 1.52

Mill Swamp Main Stem 1425.227 2 YR 298.30 0.0113 11.19 560.86 203.79 0.08 0.04 0.06 0.04 0.03 0.53 0.98 0.53 0.44

Mill Swamp Main Stem 1425.227 5 YR 525.70 0.0113 11.82 694.47 216.33 0.11 0.08 0.11 0.09 0.07 0.76 1.39 0.75 0.65

Mill Swamp Main Stem 1425.227 10 YR 735.40 0.0113 12.24 785.50 222.82 0.13 0.12 0.16 0.13 0.10 0.94 1.71 0.93 0.81

Mill Swamp Main Stem 1425.227 25 YR 1521.70 0.0113 13.31 1031.01 236.38 0.18 0.28 0.36 0.30 0.25 1.48 2.65 1.47 1.31

Mill Swamp Main Stem 1425.227 50 YR 1890.60 0.0113 13.73 1132.43 243.06 0.20 0.35 0.46 0.38 0.31 1.67 3.00 1.67 1.48

Mill Swamp Main Stem 1425.227 100 YR 2230.70 0.0113 14.02 1202.62 247.65 0.22 0.43 0.56 0.46 0.38 1.85 3.34 1.86 1.64

Mill Swamp Main Stem 1342.706 2 YR 298.30 -0.0032 11.17 561.45 191.62 0.08 0.04 0.06 0.04 0.03 0.53 1.06 0.48 0.39

Mill Swamp Main Stem 1342.706 5 YR 525.70 -0.0032 11.79 683.72 201.11 0.11 0.07 0.12 0.08 0.06 0.77 1.51 0.71 0.58

Mill Swamp Main Stem 1342.706 10 YR 735.40 -0.0032 12.19 765.78 207.73 0.13 0.11 0.18 0.12 0.09 0.96 1.88 0.89 0.73

Mill Swamp Main Stem 1342.706 25 YR 1521.70 -0.0032 13.22 986.50 221.65 0.19 0.28 0.43 0.29 0.22 1.54 2.97 1.46 1.21

Mill Swamp Main Stem 1342.706 50 YR 1890.60 -0.0032 13.63 1077.45 226.07 0.21 0.36 0.54 0.38 0.29 1.75 3.35 1.67 1.39

Mill Swamp Main Stem 1342.706 100 YR 2230.70 -0.0032 13.89 1138.09 228.97 0.23 0.45 0.66 0.46 0.35 1.96 3.73 1.87 1.56



HEC-RAS  Plan: EC (Continued)

River Reach River Sta Profile Q Total Invert Slope W.S. Elev Crit W.S. Flow Area Top Width Froude # Chl Shear Total Shear Chan Shear LOB Shear ROB Vel Total Vel Chnl Vel Left Vel Right

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

Mill Swamp Main Stem 1233.442 2 YR 298.30 0.0049 11.15 526.39 163.48 0.08 0.04 0.06 0.04 0.03 0.57 1.01 0.50 0.41

Mill Swamp Main Stem 1233.442 5 YR 525.70 0.0049 11.76 628.63 172.24 0.11 0.08 0.12 0.08 0.06 0.84 1.49 0.74 0.62

Mill Swamp Main Stem 1233.442 10 YR 735.40 0.0049 12.15 696.38 177.38 0.14 0.13 0.18 0.13 0.10 1.06 1.88 0.95 0.79

Mill Swamp Main Stem 1233.442 25 YR 1521.70 0.0049 13.12 874.23 190.12 0.21 0.33 0.48 0.34 0.26 1.74 3.12 1.59 1.32

Mill Swamp Main Stem 1233.442 50 YR 1890.60 0.0049 13.50 947.82 195.29 0.23 0.43 0.62 0.45 0.34 1.99 3.58 1.83 1.52

Mill Swamp Main Stem 1233.442 100 YR 2230.70 0.0049 13.74 994.80 198.34 0.26 0.53 0.77 0.56 0.42 2.24 4.03 2.07 1.71

Mill Swamp Main Stem 1152.323 2 YR 298.30 0.0018 11.14 510.35 162.41 0.08 0.04 0.07 0.05 0.03 0.58 1.13 0.55 0.41

Mill Swamp Main Stem 1152.323 5 YR 525.70 0.0018 11.73 610.12 173.24 0.12 0.09 0.14 0.10 0.07 0.86 1.67 0.83 0.62

Mill Swamp Main Stem 1152.323 10 YR 735.40 0.0018 12.11 676.17 180.60 0.15 0.14 0.23 0.16 0.10 1.09 2.11 1.05 0.80

Mill Swamp Main Stem 1152.323 25 YR 1521.70 0.0018 13.02 849.07 198.74 0.23 0.37 0.60 0.42 0.28 1.79 3.51 1.75 1.35

Mill Swamp Main Stem 1152.323 50 YR 1890.60 0.0018 13.38 921.61 205.88 0.26 0.48 0.78 0.54 0.37 2.05 4.03 2.00 1.56

Mill Swamp Main Stem 1152.323 100 YR 2230.70 0.0018 13.59 965.47 209.82 0.28 0.61 0.98 0.68 0.47 2.31 4.54 2.26 1.77

Mill Swamp Main Stem 1103.114 2 YR 298.30 0.0081 11.13 7.94 511.17 176.48 0.09 0.04 0.07 0.04 0.04 0.58 1.18 0.49 0.46

Mill Swamp Main Stem 1103.114 5 YR 525.70 0.0081 11.71 8.46 618.49 191.46 0.12 0.08 0.15 0.08 0.07 0.85 1.74 0.73 0.68

Mill Swamp Main Stem 1103.114 10 YR 735.40 0.0081 12.07 8.78 689.77 201.56 0.15 0.13 0.24 0.13 0.12 1.07 2.19 0.92 0.86

Mill Swamp Main Stem 1103.114 25 YR 1521.70 0.0081 12.94 9.68 875.15 224.10 0.23 0.35 0.62 0.35 0.30 1.74 3.61 1.56 1.41

Mill Swamp Main Stem 1103.114 50 YR 1890.60 0.0081 13.29 10.04 953.23 232.65 0.26 0.45 0.80 0.46 0.39 1.98 4.12 1.80 1.61

Mill Swamp Main Stem 1103.114 100 YR 2230.70 0.0081 13.48 10.30 997.88 237.06 0.29 0.57 1.01 0.58 0.49 2.24 4.65 2.04 1.82

Mill Swamp Main Stem 1065.854 2 YR 298.30 0.0468 11.00 8.20 188.72 181.34 0.25 0.16 0.53 0.08 0.12 1.58 2.95 0.54 0.71

Mill Swamp Main Stem 1065.854 5 YR 525.70 0.0468 11.55 10.36 297.65 218.05 0.30 0.27 0.79 0.19 0.24 1.77 3.68 0.89 1.05

Mill Swamp Main Stem 1065.854 10 YR 735.40 0.0468 11.88 11.03 373.05 238.24 0.33 0.38 1.03 0.29 0.34 1.97 4.24 1.15 1.28

Mill Swamp Main Stem 1065.854 25 YR 1521.70 0.0468 12.63 11.87 568.99 278.93 0.43 0.80 1.90 0.68 0.73 2.67 5.90 1.87 1.98

Mill Swamp Main Stem 1065.854 50 YR 1890.60 0.0468 12.96 12.12 662.18 293.01 0.45 0.94 2.12 0.82 0.87 2.86 6.29 2.10 2.19

Mill Swamp Main Stem 1065.854 100 YR 2230.70 0.0468 13.07 12.35 696.83 298.19 0.50 1.19 2.65 1.04 1.10 3.20 7.05 2.39 2.49

Mill Swamp Main Stem 1052.49 Culvert

Mill Swamp Main Stem 1035.739 2 YR 298.30 -0.0216 8.96 6.67 78.18 101.57 0.33 0.86 0.86 3.82 3.82

Mill Swamp Main Stem 1035.739 5 YR 525.70 -0.0216 9.47 7.67 87.65 174.81 0.49 2.04 2.04 6.00 6.00

Mill Swamp Main Stem 1035.739 10 YR 735.40 -0.0216 9.74 8.41 92.77 193.71 0.63 3.49 3.49 7.93 7.93

Mill Swamp Main Stem 1035.739 25 YR 1521.70 -0.0216 11.03 10.20 506.94 236.93 0.26 0.27 0.64 0.24 0.21 3.00 3.45 3.42 2.36

Mill Swamp Main Stem 1035.739 50 YR 1890.60 -0.0216 11.39 10.20 596.84 252.74 0.26 0.29 0.66 0.26 0.24 3.17 3.56 3.66 2.54

Mill Swamp Main Stem 1035.739 100 YR 2230.70 -0.0216 11.68 10.33 671.36 264.82 0.26 0.31 0.70 0.29 0.26 3.32 3.67 3.87 2.69

Mill Swamp Main Stem 964.7622 2 YR 298.30 0.0031 8.84 7.88 128.43 119.24 0.24 0.20 0.41 0.15 0.13 2.32 2.57 2.44 1.69

Mill Swamp Main Stem 964.7622 5 YR 525.70 0.0031 9.40 8.47 174.93 135.47 0.27 0.31 0.55 0.25 0.23 3.01 3.03 3.42 2.43

Mill Swamp Main Stem 964.7622 10 YR 735.40 0.0031 9.78 8.72 206.29 146.52 0.29 0.41 0.68 0.35 0.32 3.56 3.42 4.16 2.99

Mill Swamp Main Stem 964.7622 25 YR 1521.70 0.0031 10.82 9.50 437.18 176.05 0.27 0.33 0.66 0.30 0.27 3.48 3.51 3.94 2.74

Mill Swamp Main Stem 964.7622 50 YR 1890.60 0.0031 11.16 9.84 497.89 184.26 0.28 0.38 0.75 0.35 0.32 3.80 3.76 4.31 3.04

Mill Swamp Main Stem 964.7622 100 YR 2230.70 0.0031 11.41 10.14 545.64 192.82 0.29 0.43 0.84 0.40 0.36 4.09 4.03 4.65 3.27

Mill Swamp Main Stem 862.6342 2 YR 298.30 0.0039 8.70 162.50 118.83 0.19 0.11 0.25 0.10 0.08 1.84 1.98 2.00 1.36

Mill Swamp Main Stem 862.6342 5 YR 525.70 0.0039 9.27 236.18 142.01 0.21 0.15 0.32 0.14 0.12 2.23 2.32 2.46 1.72

Mill Swamp Main Stem 862.6342 10 YR 735.40 0.0039 9.66 294.57 155.12 0.22 0.18 0.37 0.16 0.15 2.50 2.54 2.76 2.00

Mill Swamp Main Stem 862.6342 25 YR 1521.70 0.0039 10.65 461.30 181.77 0.24 0.28 0.54 0.26 0.25 3.30 3.14 3.68 2.72

Mill Swamp Main Stem 862.6342 50 YR 1890.60 0.0039 10.98 521.65 190.78 0.25 0.33 0.62 0.31 0.30 3.62 3.41 4.05 3.00

Mill Swamp Main Stem 862.6342 100 YR 2230.70 0.0039 11.21 567.58 197.18 0.27 0.38 0.71 0.35 0.35 3.93 3.66 4.39 3.25

Mill Swamp Main Stem 661.4513 2 YR 298.30 -0.0026 8.42 257.89 204.45 0.20 0.12 0.29 0.10 0.09 1.16 2.17 0.89 1.42

Mill Swamp Main Stem 661.4513 5 YR 525.70 -0.0026 8.96 373.55 220.57 0.21 0.17 0.37 0.16 0.13 1.41 2.49 1.17 1.74

Mill Swamp Main Stem 661.4513 10 YR 735.40 -0.0026 9.34 459.10 232.09 0.23 0.22 0.44 0.21 0.16 1.60 2.74 1.37 1.98

Mill Swamp Main Stem 661.4513 25 YR 1521.70 -0.0026 10.28 689.24 259.26 0.27 0.38 0.69 0.38 0.28 2.21 3.56 1.95 2.79

Mill Swamp Main Stem 661.4513 50 YR 1890.60 -0.0026 10.57 764.75 267.18 0.29 0.47 0.83 0.47 0.35 2.47 3.93 2.20 3.14

Mill Swamp Main Stem 661.4513 100 YR 2230.70 -0.0026 10.75 815.48 272.86 0.31 0.57 0.99 0.57 0.42 2.74 4.32 2.43 3.49

Mill Swamp Main Stem 565.9014 2 YR 298.30 0.0027 8.14 221.51 234.01 0.27 0.15 0.48 0.13 0.09 1.35 2.74 0.92 0.66

Mill Swamp Main Stem 565.9014 5 YR 525.70 0.0027 8.67 362.21 299.81 0.28 0.20 0.56 0.18 0.13 1.45 3.04 1.14 0.82

Mill Swamp Main Stem 565.9014 10 YR 735.40 0.0027 9.04 482.68 353.87 0.28 0.22 0.62 0.20 0.16 1.52 3.24 1.26 0.94

Mill Swamp Main Stem 565.9014 25 YR 1521.70 0.0027 9.96 897.44 498.54 0.28 0.28 0.72 0.27 0.24 1.70 3.61 1.52 1.22



HEC-RAS  Plan: EC (Continued)

River Reach River Sta Profile Q Total Invert Slope W.S. Elev Crit W.S. Flow Area Top Width Froude # Chl Shear Total Shear Chan Shear LOB Shear ROB Vel Total Vel Chnl Vel Left Vel Right

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

Mill Swamp Main Stem 565.9014 50 YR 1890.60 0.0027 10.24 1035.99 507.44 0.29 0.32 0.76 0.30 0.26 1.82 3.73 1.67 1.30

Mill Swamp Main Stem 565.9014 100 YR 2230.70 0.0027 10.39 1110.08 510.55 0.30 0.38 0.87 0.36 0.31 2.01 4.04 1.85 1.43

Mill Swamp Main Stem 443.9817 2 YR 298.30 0.0070 7.75 6.62 221.76 225.73 0.27 0.17 0.47 0.15 0.09 1.35 2.72 1.03 0.64

Mill Swamp Main Stem 443.9817 5 YR 525.70 0.0070 8.21 7.02 324.53 260.13 0.30 0.26 0.65 0.23 0.15 1.62 3.24 1.35 0.87

Mill Swamp Main Stem 443.9817 10 YR 735.40 0.0070 8.54 7.19 409.76 287.42 0.31 0.32 0.76 0.29 0.20 1.79 3.58 1.55 1.03

Mill Swamp Main Stem 443.9817 25 YR 1521.70 0.0070 9.39 8.20 662.31 356.17 0.35 0.50 1.09 0.48 0.33 2.30 4.42 2.10 1.43

Mill Swamp Main Stem 443.9817 50 YR 1890.60 0.0070 9.62 8.44 739.38 375.52 0.37 0.59 1.26 0.57 0.40 2.56 4.79 2.36 1.59

Mill Swamp Main Stem 443.9817 100 YR 2230.70 0.0070 9.80 8.59 893.01 390.05 0.34 0.52 1.10 0.50 0.36 2.50 4.50 2.36 1.52

Mill Swamp Main Stem 280.6386 2 YR 298.30 -0.0010 7.26 6.79 157.17 223.30 0.36 0.24 0.84 0.18 0.10 1.90 3.55 1.04 0.59

Mill Swamp Main Stem 280.6386 5 YR 525.70 -0.0010 7.80 7.18 291.76 293.64 0.34 0.28 0.83 0.25 0.15 1.80 3.62 1.31 0.84

Mill Swamp Main Stem 280.6386 10 YR 735.40 -0.0010 8.19 7.53 406.38 330.84 0.32 0.30 0.80 0.28 0.17 1.81 3.62 1.46 0.92

Mill Swamp Main Stem 280.6386 25 YR 1521.70 -0.0010 9.09 8.07 712.17 381.39 0.31 0.41 0.87 0.40 0.25 2.14 3.91 1.95 1.23

Mill Swamp Main Stem 280.6386 50 YR 1890.60 -0.0010 9.40 8.24 923.28 392.45 0.27 0.34 0.65 0.33 0.21 2.05 3.41 1.96 1.15

Mill Swamp Main Stem 280.6386 100 YR 2230.70 -0.0010 9.57 8.40 988.84 395.36 0.28 0.40 0.76 0.40 0.26 2.26 3.71 2.18 1.28

Mill Swamp Main Stem 194.0256 2 YR 298.30 0.0041 6.93 6.53 188.00 232.50 0.31 0.21 0.65 0.18 0.08 1.59 3.15 1.10 0.56

Mill Swamp Main Stem 194.0256 5 YR 525.70 0.0041 7.56 6.84 339.16 283.02 0.28 0.23 0.59 0.22 0.13 1.55 3.07 1.30 0.80

Mill Swamp Main Stem 194.0256 10 YR 735.40 0.0041 7.97 7.05 455.62 314.70 0.27 0.25 0.59 0.25 0.15 1.61 3.14 1.44 0.91

Mill Swamp Main Stem 194.0256 25 YR 1521.70 0.0041 8.83 7.57 737.38 408.84 0.32 0.41 0.95 0.41 0.33 2.06 4.10 1.91 1.44

Mill Swamp Main Stem 194.0256 50 YR 1890.60 0.0041 9.18 7.76 875.27 426.82 0.31 0.44 0.94 0.43 0.35 2.16 4.13 2.06 1.51

Mill Swamp Main Stem 194.0256 100 YR 2230.70 0.0041 9.37 7.92 1037.03 437.19 0.29 0.40 0.82 0.40 0.30 2.15 3.87 2.12 1.43

Mill Swamp Main Stem 133.5329 2 YR 298.30 0.0059 6.74 5.03 174.36 208.58 0.29 0.16 0.56 0.13 0.08 1.71 2.96 0.89 0.60

Mill Swamp Main Stem 133.5329 5 YR 525.70 0.0059 7.40 6.51 320.51 264.32 0.28 0.21 0.60 0.18 0.16 1.64 3.17 1.15 0.92

Mill Swamp Main Stem 133.5329 10 YR 735.40 0.0059 7.83 6.84 436.65 304.71 0.28 0.24 0.65 0.22 0.19 1.68 3.35 1.32 1.05

Mill Swamp Main Stem 133.5329 25 YR 1521.70 0.0059 8.65 7.53 689.77 346.87 0.33 0.44 0.99 0.40 0.40 2.21 4.27 1.90 1.65

Mill Swamp Main Stem 133.5329 50 YR 1890.60 0.0059 9.00 7.81 803.20 370.13 0.33 0.50 1.06 0.46 0.46 2.35 4.46 2.07 1.83

Mill Swamp Main Stem 133.5329 100 YR 2230.70 0.0059 9.22 7.97 954.29 382.15 0.32 0.46 1.00 0.42 0.45 2.34 4.36 2.13 1.86

Mill Swamp Main Stem 24.38062 2 YR 298.30 6.17 4.63 107.72 125.37 0.39 0.33 1.10 0.10 0.19 2.77 4.16 0.68 0.92

Mill Swamp Main Stem 24.38062 5 YR 525.70 6.84 6.28 198.42 162.53 0.41 0.47 1.31 0.22 0.39 2.65 4.68 1.20 1.50

Mill Swamp Main Stem 24.38062 10 YR 735.40 7.27 6.68 269.54 194.03 0.41 0.53 1.45 0.26 0.51 2.73 5.00 1.31 1.87

Mill Swamp Main Stem 24.38062 25 YR 1521.70 8.08 7.53 502.81 310.92 0.42 0.58 1.70 0.35 0.73 3.03 5.57 2.29 2.52

Mill Swamp Main Stem 24.38062 50 YR 1890.60 8.43 7.71 620.65 360.55 0.43 0.62 1.82 0.39 0.82 3.05 5.81 2.16 2.79

Mill Swamp Main Stem 24.38062 100 YR 2230.70 8.66 7.76 705.88 379.68 0.43 0.67 1.89 0.45 0.88 3.16 5.97 2.33 2.97
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********************************************************************************

PROJECT DATA

Project Title: Mill Swamp_Existing

Project File : MillSwamp_Existing.prj

Run Date and Time: 6/25/2025 12:39:42 PM

Project in English units

********************************************************************************

PLAN DATA

Plan Title: Existing Conditions

Plan File : C:\Users\khiggins\OneDrive - Johnson, Mirmiran 

Thompson\Desktop\HECRAS\MillSwamp_Existing.p01

           Geometry Title: Mill Swamp Existing

           Geometry File : C:\Users\khiggins\OneDrive - Johnson, Mirmiran 

Thompson\Desktop\HECRAS\MillSwamp_Existing.g02

           Flow Title    : Mill Swamp Existing Flow

           Flow File     : C:\Users\khiggins\OneDrive - Johnson, Mirmiran 

Thompson\Desktop\HECRAS\MillSwamp_Existing.f02

Plan Summary Information:

Number of:  Cross Sections =   40    Multiple Openings  =    0

            Culverts       =    3    Inline Structures  =    0

            Bridges        =    0    Lateral Structures =    0

Computational Information

    Water surface calculation tolerance  =  0.01 

    Critical depth calculation tolerance =  0.01 



    Maximum number of iterations         =  20 

    Maximum difference tolerance         =  0.3 

    Flow tolerance factor                =  0.001 

Computation Options

    Critical depth computed only where necessary

    Conveyance Calculation Method: At breaks in n values only

    Friction Slope Method:         Average Conveyance

    Computational Flow Regime:     Subcritical Flow

********************************************************************************

FLOW DATA

Flow Title: Mill Swamp Existing Flow

Flow File : C:\Users\khiggins\OneDrive - Johnson, Mirmiran 

Thompson\Desktop\HECRAS\MillSwamp_Existing.f02

Flow Data (cfs)

************************************************************************************

*********************************************************

* River           Reach           RS      *            2 YR            5 YR         

 10 YR           25 YR           50 YR          100 YR *

* Mill Swamp      Main Stem       3167.546*           298.3           525.7         

 735.4          1521.7          1890.6          2230.7 *

* UNT             UNT             1871.760*           320.4           909.7         

1256.5          1768.6          2207.6          2682.3 *

************************************************************************************

*********************************************************

Boundary Conditions

************************************************************************************

********************

* River           Reach           Profile          *            Upstream            

    Downstream    *

************************************************************************************

********************

* Mill Swamp      Main Stem       2 YR             *                               

Normal S = 0.005863 *

* Mill Swamp      Main Stem       5 YR             *                               

Normal S = 0.005863 *

* Mill Swamp      Main Stem       10 YR            *                               

Normal S = 0.005863 *

* Mill Swamp      Main Stem       25 YR            *                               

Normal S = 0.005863 *

* Mill Swamp      Main Stem       50 YR            *                               

Normal S = 0.005863 *

* Mill Swamp      Main Stem       100 YR           *                               

Normal S = 0.005863 *



* UNT             UNT             2 YR             *                              

Normal S = 0.0093405 *

* UNT             UNT             5 YR             *                              

Normal S = 0.0093405 *

* UNT             UNT             10 YR            *                              

Normal S = 0.0093405 *

* UNT             UNT             25 YR            *                              

Normal S = 0.0093405 *

* UNT             UNT             50 YR            *                              

Normal S = 0.0093405 *

* UNT             UNT             100 YR           *                              

Normal S = 0.0093405 *

************************************************************************************

********************

********************************************************************************

GEOMETRY DATA

Geometry Title: Mill Swamp Existing

Geometry File : C:\Users\khiggins\OneDrive - Johnson, Mirmiran 

Thompson\Desktop\HECRAS\MillSwamp_Existing.g02

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 3167.546

INPUT

Description: XS-28

Station Elevation Data    num=     175

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.73     1.9   21.63    2.87   21.56    7.07   21.32    8.82    21.2

   11.88   21.02   14.04   20.89   16.38   20.74   17.82   20.65   20.57   20.49

   21.44   20.44   22.07   20.39   24.88   20.24   26.42   20.14   28.56   20.05

   28.83   20.04   29.62      20   33.99      20   35.07   19.99   41.08   19.99

    41.6   19.98   42.71   19.98   43.37   19.97   49.27    19.9   50.34    19.9

   53.24   19.91   53.62   19.91   58.85   19.92   61.98   19.91    62.5   19.91

   83.23   18.99   84.28   18.96   85.37   18.92   86.48   18.89  112.03   18.01

  115.25   18.01  120.32      18  122.63      18  124.71   17.91  130.31   17.65

  156.84   16.54  161.09   16.36  163.06   16.27  164.18   16.23  168.81   16.03

  169.26   16.03  171.17      16  171.23      16  174.26   15.79  174.93   15.75

  189.35   14.78  207.07    13.6  207.69   13.57  208.66   13.52  210.04   13.46

  211.21   13.41  212.21   13.36  213.08   13.32  213.51    13.3  214.21   13.27

  214.83   13.24  215.39   13.22   215.9    13.2  216.35   13.17  216.63   13.16

     217   13.15  217.33   13.13  217.53   13.12  226.55   12.68  235.63   12.29

  244.67   12.09  251.59   11.75  261.14   11.45  261.54   11.44  264.67   10.05

  267.58    8.99  268.97    8.86  270.24    8.69  272.45    8.99  273.92    9.27



  276.95    10.6  278.23   11.74  278.26   11.77  283.25   11.81  283.56   11.85

  284.03   11.99  289.81    13.5  290.58    13.5  292.75   13.48  300.52   13.56

  305.79   13.59  324.35   14.11  334.78   13.91  336.61    13.9  339.18   13.79

   342.4   13.91  350.14   13.45  350.54   13.49   361.2   13.14   370.4   12.96

  379.36   13.13  392.08   13.27   396.4   13.23  396.79   13.22  397.31   13.22

  408.54   13.11  409.01    13.1  409.67   13.09  410.56   13.09   411.7   13.07

  412.33   13.14  412.86   13.21  414.36   13.38  419.25      14  423.73      14

  426.84   14.01  428.86   14.01  436.27      14  439.35      14  447.75   13.99

  480.72   13.99  481.74      14  488.55      14  491.95   14.08  495.31   14.15

  498.45   14.22  501.39   14.29  513.66   14.56  524.52   14.77  525.71   14.79

  526.07    14.8  527.54   14.83  528.95   14.85     551   15.25   552.3   15.27

   553.5    15.3  555.31   15.33  556.39   15.35  558.21   15.39  559.15    15.4

     586   15.93  586.12   15.93  586.23   15.94  586.36   15.94   589.3      16

  595.34      16  600.06   16.01  620.51   16.73  634.86   17.11  635.38   17.12

  635.91   17.13  668.22      18  767.84      18  768.24   18.01  769.69   18.01

  769.82   18.02  769.87   18.02   775.5   18.21  779.58   18.36  799.17   19.01

  800.61   19.06  824.89      20  836.69      20  837.21   20.01  847.32   20.01

  868.16   20.57  868.78   20.58  875.44   20.69  876.42    20.7  877.12   20.72

  878.12   20.74  879.11   20.75  880.11   20.77  881.08   20.78  881.86   20.79

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .08  261.14    .049  278.23     .09  447.75     .03  635.91      .1

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        261.14  278.23           181.16  113.21  129.92             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

  383.34  881.86   14.57       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 3054.333

INPUT

Description: XS-27

Station Elevation Data    num=     268

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   18.62    7.71   18.34    9.57   18.25   32.51   17.52    32.6   17.52

   32.62   17.51   32.67   17.51   64.01   16.58   90.49   15.68   93.24   15.62

  126.35   14.89  151.33   14.45  157.99   14.39  169.02      14  174.39   13.64

  176.59   13.49  187.31   12.84  187.79   12.81  193.82   12.16  202.07    11.4

  202.63   11.38  207.84   11.09  224.45   10.85  228.09   10.72  240.38   10.48

  244.43   10.12  245.39   10.06  253.54   10.14  254.44   10.15  255.96    8.91

  256.25    8.83  256.45    8.75  256.97    8.71  258.14    8.67     264    8.48

  264.01    8.48  264.68    8.55  269.16    8.88  273.11   10.23  275.79   11.19



  279.45   11.19  280.06   11.21  285.61   11.37  286.23    11.2  286.64   11.15

  286.88   11.05  294.36   10.11  297.37   10.59  298.33   10.74  298.38   10.75

  298.39   10.76  299.04   11.09  299.06   11.09  299.12   11.11  300.92   11.59

  304.57   11.64   314.7   11.92  334.14   12.03  339.51   11.92  348.23   12.08

  366.69   11.76  369.04   11.85  370.07   11.91   393.8   12.73  398.82   12.78

  410.65   12.85  430.63    13.3  458.94   13.84  481.72   13.91  482.37   13.91

  482.76   14.11  482.89   14.11   483.5   14.35  483.82   14.36  484.35   14.52

  484.82   14.53   485.2   14.62  485.31   14.67  485.61   14.78  486.38   14.79

  486.61   14.85  487.51   14.87  487.97   14.96  488.07   14.98  489.15      15

  489.23   15.01  490.38   15.03   490.4   15.03  491.43   15.06   496.1   15.38

  497.27   15.39  498.49    15.4  499.73   15.41  500.99   15.42  502.26   15.43

  503.56   15.44  510.68   15.44  511.94   15.45  513.21   15.45  514.48   15.46

  515.91   15.46  517.18   15.47  520.98   15.47  522.25   15.48   524.8   15.48

     525   15.49  527.59   15.49  528.89    15.5  532.08   15.55   533.4   15.55

  534.74   15.56  536.09   15.56  537.44   15.57  538.81   15.58   540.2   15.58

   541.6   15.59  543.02    15.6  545.92   15.63  547.33   15.64  548.75   15.65

  549.01   15.65  550.45   15.66  551.92   15.67  552.17   15.67  553.65   15.68

  555.17   15.69  555.41   15.69  556.94    15.7  558.51   15.71  558.72   15.71

  560.31   15.72  561.92   15.73  562.11   15.74  563.74   15.74   565.4   15.75

  565.57   15.76  567.24   15.76  568.94   15.77  570.65   15.78  570.81   15.79

  572.53   15.79  574.28    15.8  574.42   15.81  576.18   15.82  577.96   15.83

  579.76   15.84  581.57   15.85  581.68   15.85  583.52   15.86   592.3      16

  606.67      16  607.54   16.04  609.65   16.07   609.7   16.08  611.77   16.11

  613.78   16.15  615.72   16.18  615.84   16.19  617.71   16.23  619.49   16.26

  619.67   16.27  621.37   16.31  622.98   16.34  623.22   16.35  624.74   16.38

  626.19    16.4  627.57   16.42  627.86   16.44  629.17   16.45  630.43   16.47

  630.76   16.49  631.97    16.5  633.12   16.51   633.5   16.53   634.6   16.54

  635.03   16.56  636.08   16.57  636.55   16.59  637.55    16.6  638.49   16.62

  639.01   16.64  639.87   16.65  640.43   16.67  641.19   16.69  641.79   16.71

  643.09   16.75  643.59   16.77   644.3   16.79  644.65   16.81   645.4   16.83

   646.2   16.85  647.04   16.87  647.26   16.89  648.16   16.91  663.95   17.84

  664.65   17.84  667.41   17.86  670.56    17.9  671.33   17.92  674.44   17.94

  674.57   17.94   675.9   17.97  677.21      18  677.25      18  678.69   18.01

  679.97   18.01  680.44   18.02  681.28   18.02  681.95   18.03  682.53   18.03

  683.37   18.04  683.75   18.04  685.47   18.05  685.71   18.05  688.83   18.07

  689.88   18.07  699.36   18.03  708.81   18.03  709.73   18.04  714.53   18.04

  715.64   18.05  718.77   18.05  721.69   18.06  724.63   18.06  727.96   18.07

  733.01   18.07  736.78   18.08  739.16   18.08  743.12   18.09  746.06   18.09

  749.25    18.1  751.36    18.1  756.11   18.11  756.75   18.11  757.37   18.12

  759.14   18.12  764.18   18.13  765.86   18.13  771.26   18.14  773.14   18.14

  773.58   18.15  779.59   18.15  780.03   18.16  780.45   18.16   786.4   18.17

  788.12   18.17  794.05   18.18  795.31   18.18   795.6   18.19   797.2   18.19

  830.15   19.94  830.22   19.94  831.26      20   832.3      20   832.8   20.01

   836.6   20.01  837.53   20.02  840.99   20.03  841.77   20.03  842.44   20.04

  843.01   20.04  845.38   20.05  846.99   20.05   851.2   20.08  851.36   20.08

  854.91   20.09  858.18    20.1  860.43   20.11

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************



       0     .08  253.54    .049  297.37     .09  624.74     .02

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        253.54  297.37            76.13   80.96  221.24             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  254.48   14.63       F

  310.28  860.43   14.57       F

CULVERT                

RIVER: Mill Swamp      

REACH: Main Stem          RS: 3004.159

INPUT

Description: 

Distance from Upstream XS =  12.717

Deck/Roadway Width        =   44.67

Weir Coefficient          =     2.6

Upstream  Deck/Roadway Coordinates

    num=      17

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

       0  18.575           12.16 18.0785            31.7 17.6339        

   64.01 17.0913           91.03 16.9776          124.86 16.7221        

     158 16.4098          185.93 16.2619           215.3 16.2134        

  247.84  16.032          292.21  15.846          314.47  15.697        

  340.11 15.5889          369.08  15.667          398.59 15.9248        

  427.33 15.9327          484.35 15.9777        

Upstream Bridge Cross Section Data

Station Elevation Data    num=     268

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   18.62    7.71   18.34    9.57   18.25   32.51   17.52    32.6   17.52

   32.62   17.51   32.67   17.51   64.01   16.58   90.49   15.68   93.24   15.62

  126.35   14.89  151.33   14.45  157.99   14.39  169.02      14  174.39   13.64

  176.59   13.49  187.31   12.84  187.79   12.81  193.82   12.16  202.07    11.4

  202.63   11.38  207.84   11.09  224.45   10.85  228.09   10.72  240.38   10.48

  244.43   10.12  245.39   10.06  253.54   10.14  254.44   10.15  255.96    8.91

  256.25    8.83  256.45    8.75  256.97    8.71  258.14    8.67     264    8.48

  264.01    8.48  264.68    8.55  269.16    8.88  273.11   10.23  275.79   11.19

  279.45   11.19  280.06   11.21  285.61   11.37  286.23    11.2  286.64   11.15

  286.88   11.05  294.36   10.11  297.37   10.59  298.33   10.74  298.38   10.75

  298.39   10.76  299.04   11.09  299.06   11.09  299.12   11.11  300.92   11.59

  304.57   11.64   314.7   11.92  334.14   12.03  339.51   11.92  348.23   12.08

  366.69   11.76  369.04   11.85  370.07   11.91   393.8   12.73  398.82   12.78

  410.65   12.85  430.63    13.3  458.94   13.84  481.72   13.91  482.37   13.91

  482.76   14.11  482.89   14.11   483.5   14.35  483.82   14.36  484.35   14.52



  484.82   14.53   485.2   14.62  485.31   14.67  485.61   14.78  486.38   14.79

  486.61   14.85  487.51   14.87  487.97   14.96  488.07   14.98  489.15      15

  489.23   15.01  490.38   15.03   490.4   15.03  491.43   15.06   496.1   15.38

  497.27   15.39  498.49    15.4  499.73   15.41  500.99   15.42  502.26   15.43

  503.56   15.44  510.68   15.44  511.94   15.45  513.21   15.45  514.48   15.46

  515.91   15.46  517.18   15.47  520.98   15.47  522.25   15.48   524.8   15.48

     525   15.49  527.59   15.49  528.89    15.5  532.08   15.55   533.4   15.55

  534.74   15.56  536.09   15.56  537.44   15.57  538.81   15.58   540.2   15.58

   541.6   15.59  543.02    15.6  545.92   15.63  547.33   15.64  548.75   15.65

  549.01   15.65  550.45   15.66  551.92   15.67  552.17   15.67  553.65   15.68

  555.17   15.69  555.41   15.69  556.94    15.7  558.51   15.71  558.72   15.71

  560.31   15.72  561.92   15.73  562.11   15.74  563.74   15.74   565.4   15.75

  565.57   15.76  567.24   15.76  568.94   15.77  570.65   15.78  570.81   15.79

  572.53   15.79  574.28    15.8  574.42   15.81  576.18   15.82  577.96   15.83

  579.76   15.84  581.57   15.85  581.68   15.85  583.52   15.86   592.3      16

  606.67      16  607.54   16.04  609.65   16.07   609.7   16.08  611.77   16.11

  613.78   16.15  615.72   16.18  615.84   16.19  617.71   16.23  619.49   16.26

  619.67   16.27  621.37   16.31  622.98   16.34  623.22   16.35  624.74   16.38

  626.19    16.4  627.57   16.42  627.86   16.44  629.17   16.45  630.43   16.47

  630.76   16.49  631.97    16.5  633.12   16.51   633.5   16.53   634.6   16.54

  635.03   16.56  636.08   16.57  636.55   16.59  637.55    16.6  638.49   16.62

  639.01   16.64  639.87   16.65  640.43   16.67  641.19   16.69  641.79   16.71

  643.09   16.75  643.59   16.77   644.3   16.79  644.65   16.81   645.4   16.83

   646.2   16.85  647.04   16.87  647.26   16.89  648.16   16.91  663.95   17.84

  664.65   17.84  667.41   17.86  670.56    17.9  671.33   17.92  674.44   17.94

  674.57   17.94   675.9   17.97  677.21      18  677.25      18  678.69   18.01

  679.97   18.01  680.44   18.02  681.28   18.02  681.95   18.03  682.53   18.03

  683.37   18.04  683.75   18.04  685.47   18.05  685.71   18.05  688.83   18.07

  689.88   18.07  699.36   18.03  708.81   18.03  709.73   18.04  714.53   18.04

  715.64   18.05  718.77   18.05  721.69   18.06  724.63   18.06  727.96   18.07

  733.01   18.07  736.78   18.08  739.16   18.08  743.12   18.09  746.06   18.09

  749.25    18.1  751.36    18.1  756.11   18.11  756.75   18.11  757.37   18.12

  759.14   18.12  764.18   18.13  765.86   18.13  771.26   18.14  773.14   18.14

  773.58   18.15  779.59   18.15  780.03   18.16  780.45   18.16   786.4   18.17

  788.12   18.17  794.05   18.18  795.31   18.18   795.6   18.19   797.2   18.19

  830.15   19.94  830.22   19.94  831.26      20   832.3      20   832.8   20.01

   836.6   20.01  837.53   20.02  840.99   20.03  841.77   20.03  842.44   20.04

  843.01   20.04  845.38   20.05  846.99   20.05   851.2   20.08  851.36   20.08

  854.91   20.09  858.18    20.1  860.43   20.11

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .08  253.54    .049  297.37     .09  624.74     .02

Bank Sta: Left   Right    Coeff Contr.   Expan.

        253.54  297.37             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  254.48   14.63       F



  310.28  860.43   14.57       F

Downstream  Deck/Roadway Coordinates

    num=      16

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

  20.746  20.394           48.49 19.5755           77.31  18.775        

   93.96 18.3846          113.51  17.866          144.31 17.0939        

  171.84 16.6402          204.93 16.2078          237.76  15.979        

  265.11 16.0282           295.7 15.9277          316.72 15.9976        

  365.55 15.9327          394.97  15.782          421.24 15.5098        

  452.62 15.4184        

Downstream Bridge Cross Section Data

Station Elevation Data    num=      97

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.34    8.18   20.92    8.79   20.14   11.01   19.99   11.58   19.99

   22.54   19.48      36   18.69   60.25    17.5   60.81   17.47   85.29   16.18

   87.42   16.09   87.66   16.05   91.32   16.05   92.77   17.18   94.16    17.9

   96.93   17.95  101.41   17.87   101.8   17.87   109.6   17.73  112.11   15.82

  112.16   15.81  112.25    15.8  115.93   15.71  124.27   15.52  124.91    15.5

  127.39   15.43  147.15   15.02  149.83   14.97  167.32   14.31  171.26   14.19

  172.37   14.16  185.85   13.86  196.88   13.62  199.18   13.58  202.06   13.53

  213.71   13.55  214.59   13.55  219.63    13.4  234.41    13.1  247.91   13.01

  250.88    12.9  253.28    12.9  259.42   12.71   264.4   13.24  267.14   13.17

  273.45      13  280.07   13.04  286.38   11.47  286.46   11.45  286.48   11.45

   288.7   11.47  288.96   11.47  290.13  10.534  291.76    9.23  291.85    9.21

  292.01    9.19  296.88    8.43  296.97    8.41  297.66    8.25  297.68    8.24

  300.88    8.41   301.1    8.42  301.13    8.41  301.53    8.34  303.03    8.07

  307.53    8.77  309.41    8.96  313.69   10.71  314.92   11.21  315.01   11.31

   316.3   11.39  316.68   11.46  333.16   11.86  333.23   11.74  336.49   11.67

  341.15   11.55  357.26   12.29  359.22   12.36  360.88    12.4  371.92   12.54

  389.51   12.76   405.7   12.87  409.14   12.87  411.31   12.85   425.8   12.87

  427.22    12.9  439.77   13.46  440.41   13.58  441.72   13.69  446.35   14.88

  459.07   18.14   460.5   18.71  463.04   19.34  472.66   21.06  480.97   21.94

  493.66   23.02  501.74   23.09

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  234.41     .08  291.76    .049  313.69     .09

Bank Sta: Left   Right    Coeff Contr.   Expan.

        290.13  313.69             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  290.13   14.52       F

  322.46  501.74   14.62       F



Upstream Embankment side slope              =       0 horiz. to 1.0 vertical

Downstream Embankment side slope            =       0 horiz. to 1.0 vertical

Maximum allowable submergence for weir flow =     .98

Elevation at which weir flow begins         =        

Energy head used in spillway design         =        

Spillway height used in design              =        

Weir crest shape                            = Broad Crested

Number of Culverts =  2 

Culvert Name     Shape      Rise    Span

Culvert #1           Box       6      12

FHWA Chart # 8 - flared wingwalls

FHWA Scale # 1 - Wingwall flared 30 to 75 deg.

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

             12.717   60.22      .01     .014      .71                   .5         

      1

Upstream   Elevation =  8.63 

           Centerline Station =  265.15 

Downstream Elevation =  8.52 

           Centerline Station =  297.87 

Culvert Name     Shape      Rise    Span

Culvert #2           Box       6      12

FHWA Chart # 8 - flared wingwalls

FHWA Scale # 1 - Wingwall flared 30 to 75 deg.

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

             12.717   60.22      .01     .014     2.27                   .5         

      1

Upstream   Elevation =  8.57 

           Centerline Station =  277.85 

Downstream Elevation =  8.62 

           Centerline Station =  310.94 

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  186.37  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    4.05  *

* Q Barrel (cfs)         *  186.37  * Culv Vel DS (ft/s)     *    3.95  *

* E.G. US. (ft)          *   13.57  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   13.51  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   13.28  * Culv Frctn Ls (ft)     *    0.02  *

* W.S. DS (ft)           *   13.16  * Culv Exit Loss (ft)    *    0.12  *

* Delta EG (ft)          *    0.29  * Culv Entr Loss (ft)    *    0.13  *

* Delta WS (ft)          *    0.35  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   12.45  * Weir Sta Lft (ft)      *          *



* E.G. OC (ft)           *   13.56  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   13.17  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   13.16  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *    2.39  * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    1.96  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  315.09  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.68  *

* Q Barrel (cfs)         *  315.09  * Culv Vel DS (ft/s)     *    5.58  *

* E.G. US. (ft)          *   14.72  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   14.71  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   14.19  * Culv Frctn Ls (ft)     *    0.04  *

* W.S. DS (ft)           *   13.94  * Culv Exit Loss (ft)    *    0.23  *

* Delta EG (ft)          *    0.54  * Culv Entr Loss (ft)    *    0.25  *

* Delta WS (ft)          *    0.78  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   13.80  * Weir Sta Lft (ft)      *          *

* E.G. OC (ft)           *   14.71  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   13.96  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   13.94  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *    3.36  * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    2.78  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  425.65  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    6.83  *

* Q Barrel (cfs)         *  425.65  * Culv Vel DS (ft/s)     *    6.73  *

* E.G. US. (ft)          *   15.61  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   15.60  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   14.88  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *   14.50  * Culv Exit Loss (ft)    *    0.32  *

* Delta EG (ft)          *    0.73  * Culv Entr Loss (ft)    *    0.36  *

* Delta WS (ft)          *    1.10  * Q Weir (cfs)           *   20.41  *

* E.G. IC (ft)           *   14.83  * Weir Sta Lft (ft)      *  335.33  *

* E.G. OC (ft)           *   15.62  * Weir Sta Rgt (ft)      *  543.89  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   14.53  * Weir Max Depth (ft)    *    1.09  *

* Culv WS Outlet (ft)    *   14.50  * Weir Avg Depth (ft)    *    0.18  *

* Culv Nml Depth (ft)    *    4.11  * Weir Flow Area (sq ft) *   12.96  *

* Culv Crt Depth (ft)    *    3.39  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #1  

*************************************************************************



* Q Culv Group (cfs)     *  372.89  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.87  *

* Q Barrel (cfs)         *  372.89  * Culv Vel DS (ft/s)     *    5.87  *

* E.G. US. (ft)          *   16.65  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   16.63  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   15.87  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *   15.80  * Culv Exit Loss (ft)    *    0.47  *

* Delta EG (ft)          *    0.79  * Culv Entr Loss (ft)    *    0.27  *

* Delta WS (ft)          *    0.83  * Q Weir (cfs)           *  893.05  *

* E.G. IC (ft)           *   14.35  * Weir Sta Lft (ft)      *  131.86  *

* E.G. OC (ft)           *   16.66  * Weir Sta Rgt (ft)      *  640.04  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.12  *

* Culv WS Inlet (ft)     *   14.63  * Weir Max Depth (ft)    *    2.14  *

* Culv WS Outlet (ft)    *   14.52  * Weir Avg Depth (ft)    *    0.73  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  373.25  *

* Culv Crt Depth (ft)    *    3.11  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  312.66  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    4.93  *

* Q Barrel (cfs)         *  312.66  * Culv Vel DS (ft/s)     *    4.93  *

* E.G. US. (ft)          *   16.91  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   16.88  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   16.38  * Culv Frctn Ls (ft)     *    0.03  *

* W.S. DS (ft)           *   16.32  * Culv Exit Loss (ft)    *    0.31  *

* Delta EG (ft)          *    0.53  * Culv Entr Loss (ft)    *    0.19  *

* Delta WS (ft)          *    0.56  * Q Weir (cfs)           * 1364.70  *

* E.G. IC (ft)           *   13.77  * Weir Sta Lft (ft)      *   99.31  *

* E.G. OC (ft)           *   16.92  * Weir Sta Rgt (ft)      *  648.25  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.44  *

* Culv WS Inlet (ft)     *   14.63  * Weir Max Depth (ft)    *    2.40  *

* Culv WS Outlet (ft)    *   14.52  * Weir Avg Depth (ft)    *    0.93  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  509.91  *

* Culv Crt Depth (ft)    *    2.76  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  255.13  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    4.02  *

* Q Barrel (cfs)         *  255.13  * Culv Vel DS (ft/s)     *    4.02  *

* E.G. US. (ft)          *   17.11  * Culv Inv El Up (ft)    *    8.63  *

* W.S. US. (ft)          *   17.07  * Culv Inv El Dn (ft)    *    8.52  *

* E.G. DS (ft)           *   16.79  * Culv Frctn Ls (ft)     *    0.02  *

* W.S. DS (ft)           *   16.72  * Culv Exit Loss (ft)    *    0.18  *

* Delta EG (ft)          *    0.33  * Culv Entr Loss (ft)    *    0.13  *

* Delta WS (ft)          *    0.35  * Q Weir (cfs)           * 1802.53  *

* E.G. IC (ft)           *   13.19  * Weir Sta Lft (ft)      *   62.30  *



* E.G. OC (ft)           *   17.12  * Weir Sta Rgt (ft)      *  651.72  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.67  *

* Culv WS Inlet (ft)     *   14.63  * Weir Max Depth (ft)    *    2.60  *

* Culv WS Outlet (ft)    *   14.52  * Weir Avg Depth (ft)    *    1.06  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  626.51  *

* Culv Crt Depth (ft)    *    2.41  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  111.93  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    3.91  *

* Q Barrel (cfs)         *  111.93  * Culv Vel DS (ft/s)     *    4.10  *

* E.G. US. (ft)          *   13.57  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   13.51  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   13.28  * Culv Frctn Ls (ft)     *    0.04  *

* W.S. DS (ft)           *   13.16  * Culv Exit Loss (ft)    *    0.14  *

* Delta EG (ft)          *    0.29  * Culv Entr Loss (ft)    *    0.12  *

* Delta WS (ft)          *    0.35  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   13.06  * Weir Sta Lft (ft)      *          *

* E.G. OC (ft)           *   13.58  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   13.23  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   13.16  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    1.39  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  210.61  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.48  *

* Q Barrel (cfs)         *  210.61  * Culv Vel DS (ft/s)     *    5.76  *

* E.G. US. (ft)          *   14.72  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   14.71  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   14.19  * Culv Frctn Ls (ft)     *    0.06  *

* W.S. DS (ft)           *   13.94  * Culv Exit Loss (ft)    *    0.27  *

* Delta EG (ft)          *    0.54  * Culv Entr Loss (ft)    *    0.23  *

* Delta WS (ft)          *    0.78  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   14.26  * Weir Sta Lft (ft)      *          *

* E.G. OC (ft)           *   14.74  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   14.04  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   13.94  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    2.12  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #2  

*************************************************************************



* Q Culv Group (cfs)     *  289.33  * Culv Full Len (ft)     *   20.32  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    6.46  *

* Q Barrel (cfs)         *  289.33  * Culv Vel DS (ft/s)     *    6.68  *

* E.G. US. (ft)          *   15.61  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   15.60  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   14.88  * Culv Frctn Ls (ft)     *    0.09  *

* W.S. DS (ft)           *   14.50  * Culv Exit Loss (ft)    *    0.31  *

* Delta EG (ft)          *    0.73  * Culv Entr Loss (ft)    *    0.32  *

* Delta WS (ft)          *    1.10  * Q Weir (cfs)           *   20.41  *

* E.G. IC (ft)           *   15.10  * Weir Sta Lft (ft)      *  335.33  *

* E.G. OC (ft)           *   15.59  * Weir Sta Rgt (ft)      *  543.89  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   14.57  * Weir Max Depth (ft)    *    1.09  *

* Culv WS Outlet (ft)    *   14.50  * Weir Avg Depth (ft)    *    0.18  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *   12.96  *

* Culv Crt Depth (ft)    *    2.62  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  255.76  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.71  *

* Q Barrel (cfs)         *  255.76  * Culv Vel DS (ft/s)     *    5.71  *

* E.G. US. (ft)          *   16.65  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   16.63  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   15.87  * Culv Frctn Ls (ft)     *    0.09  *

* W.S. DS (ft)           *   15.80  * Culv Exit Loss (ft)    *    0.44  *

* Delta EG (ft)          *    0.79  * Culv Entr Loss (ft)    *    0.25  *

* Delta WS (ft)          *    0.83  * Q Weir (cfs)           *  893.05  *

* E.G. IC (ft)           *   14.75  * Weir Sta Lft (ft)      *  131.86  *

* E.G. OC (ft)           *   16.64  * Weir Sta Rgt (ft)      *  640.04  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.12  *

* Culv WS Inlet (ft)     *   14.57  * Weir Max Depth (ft)    *    2.14  *

* Culv WS Outlet (ft)    *   14.62  * Weir Avg Depth (ft)    *    0.73  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  373.25  *

* Culv Crt Depth (ft)    *    2.42  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  213.24  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    4.76  *

* Q Barrel (cfs)         *  213.24  * Culv Vel DS (ft/s)     *    4.76  *

* E.G. US. (ft)          *   16.91  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   16.88  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   16.38  * Culv Frctn Ls (ft)     *    0.07  *

* W.S. DS (ft)           *   16.32  * Culv Exit Loss (ft)    *    0.29  *

* Delta EG (ft)          *    0.53  * Culv Entr Loss (ft)    *    0.18  *

* Delta WS (ft)          *    0.56  * Q Weir (cfs)           * 1364.70  *

* E.G. IC (ft)           *   14.29  * Weir Sta Lft (ft)      *   99.31  *



* E.G. OC (ft)           *   16.90  * Weir Sta Rgt (ft)      *  648.25  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.44  *

* Culv WS Inlet (ft)     *   14.57  * Weir Max Depth (ft)    *    2.40  *

* Culv WS Outlet (ft)    *   14.62  * Weir Avg Depth (ft)    *    0.93  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  509.91  *

* Culv Crt Depth (ft)    *    2.14  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  173.04  * Culv Full Len (ft)     *   60.22  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    3.87  *

* Q Barrel (cfs)         *  173.04  * Culv Vel DS (ft/s)     *    3.87  *

* E.G. US. (ft)          *   17.11  * Culv Inv El Up (ft)    *    8.57  *

* W.S. US. (ft)          *   17.07  * Culv Inv El Dn (ft)    *    8.62  *

* E.G. DS (ft)           *   16.79  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *   16.72  * Culv Exit Loss (ft)    *    0.16  *

* Delta EG (ft)          *    0.33  * Culv Entr Loss (ft)    *    0.12  *

* Delta WS (ft)          *    0.35  * Q Weir (cfs)           * 1802.53  *

* E.G. IC (ft)           *   13.83  * Weir Sta Lft (ft)      *   62.30  *

* E.G. OC (ft)           *   17.10  * Weir Sta Rgt (ft)      *  651.72  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.67  *

* Culv WS Inlet (ft)     *   14.57  * Weir Max Depth (ft)    *    2.60  *

* Culv WS Outlet (ft)    *   14.62  * Weir Avg Depth (ft)    *    1.06  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  626.51  *

* Culv Crt Depth (ft)    *    1.86  * Min El Weir Flow (ft)  *   15.44  *

*************************************************************************

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2973.376

INPUT

Description: XS-26

Station Elevation Data    num=      97

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.34    8.18   20.92    8.79   20.14   11.01   19.99   11.58   19.99

   22.54   19.48      36   18.69   60.25    17.5   60.81   17.47   85.29   16.18

   87.42   16.09   87.66   16.05   91.32   16.05   92.77   17.18   94.16    17.9

   96.93   17.95  101.41   17.87   101.8   17.87   109.6   17.73  112.11   15.82

  112.16   15.81  112.25    15.8  115.93   15.71  124.27   15.52  124.91    15.5

  127.39   15.43  147.15   15.02  149.83   14.97  167.32   14.31  171.26   14.19

  172.37   14.16  185.85   13.86  196.88   13.62  199.18   13.58  202.06   13.53

  213.71   13.55  214.59   13.55  219.63    13.4  234.41    13.1  247.91   13.01

  250.88    12.9  253.28    12.9  259.42   12.71   264.4   13.24  267.14   13.17

  273.45      13  280.07   13.04  286.38   11.47  286.46   11.45  286.48   11.45

   288.7   11.47  288.96   11.47  290.13  10.534  291.76    9.23  291.85    9.21



  292.01    9.19  296.88    8.43  296.97    8.41  297.66    8.25  297.68    8.24

  300.88    8.41   301.1    8.42  301.13    8.41  301.53    8.34  303.03    8.07

  307.53    8.77  309.41    8.96  313.69   10.71  314.92   11.21  315.01   11.31

   316.3   11.39  316.68   11.46  333.16   11.86  333.23   11.74  336.49   11.67

  341.15   11.55  357.26   12.29  359.22   12.36  360.88    12.4  371.92   12.54

  389.51   12.76   405.7   12.87  409.14   12.87  411.31   12.85   425.8   12.87

  427.22    12.9  439.77   13.46  440.41   13.58  441.72   13.69  446.35   14.88

  459.07   18.14   460.5   18.71  463.04   19.34  472.66   21.06  480.97   21.94

  493.66   23.02  501.74   23.09

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  234.41     .08  291.76    .049  313.69     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        290.13  313.69            86.89  133.77  160.95             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  290.13   14.52       F

  322.46  501.74   14.62       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2839.603

INPUT

Description: XS-25

Station Elevation Data    num=      49

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   17.32    7.71   17.03   24.33   16.52   33.18   16.38   44.86    16.2

   46.92   16.14   77.51    14.9   79.08   14.83   82.11   14.71   94.73   14.22

  103.08   13.84  111.66    13.1  115.34   12.78  116.99   12.65  117.65   12.19

  122.53    8.62  126.15    8.33  126.46     8.3  126.88    8.31   130.2    8.57

  135.94   11.64  136.91   12.15  137.23   12.15  148.41   12.12  161.41   12.07

  173.96    11.8  186.63   11.44  192.16   11.47  194.43   11.48  207.98   11.85

  227.06   12.18  227.94    12.2  229.81    12.3  231.97   12.39  234.41   12.53

  255.18    13.5  266.58   14.38  279.55   15.35  288.62   15.56  298.34   15.77

  303.19    15.9  322.38   16.65  325.85   16.86  328.08   16.99  342.53    18.2

  351.77   18.71  360.73   19.16  363.11   19.24  363.52   19.26

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03   82.11     .08  116.99    .049  137.23     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.



        116.99  137.23           160.25  179.37  192.71             .1       .3

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0   42.39   14.52       F

  200.76  363.52   14.62       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2660.237

INPUT

Description: XS-24

Station Elevation Data    num=      75

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   27.37   17.72   26.79   29.42   26.04    53.2   23.96   61.42   22.34

   65.65   21.49   80.45   21.06   86.39   20.67   89.35    20.5   94.82   20.14

   94.83   20.14  106.94   19.61  107.07   19.61  107.14    19.6  107.22    19.6

   115.5   19.04  115.54   19.04  115.58   19.03  129.06   18.03  137.01   17.55

  152.49   16.62  152.77    16.6  153.04   16.59  153.13   16.58  153.24   16.58

  165.09   15.24  165.18   15.23  165.19   15.23  166.89   15.14  180.59   13.93

  198.62   12.99  204.57   12.63  218.29   12.18   222.1   12.06  231.48   11.55

  242.24   11.82  248.86   12.11  250.16   10.45  253.52    7.75     255    7.65

  256.88     7.4  261.57    7.39     262    7.46  266.34   11.28  266.57   11.44

  267.08   11.45  267.21   11.44  270.06   11.33  276.14   11.12  283.89   10.85

  285.39   10.14  286.87    9.28  288.39   10.19  290.48   11.28  299.33   11.36

  303.92   11.35  306.87   11.28  313.53   11.11  320.74   10.87  335.68   10.72

  343.28   10.61  346.09   10.57   352.9   11.05  354.62   11.15  373.13   11.38

  379.06   11.55  393.68   12.42  402.61    13.3  417.97    15.8  426.79   16.78

  437.83   17.86  451.06   19.33  461.52    20.4  474.43   21.54  475.24    21.6

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  204.57     .08  248.86    .049  267.21     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        248.86  267.21           136.68  140.79  125.27             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2519.448

INPUT

Description: XS-23

Station Elevation Data    num=      56



     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   28.23    3.32   28.27    5.91   28.25    7.35   28.23   29.78   27.47

   40.74   27.06   54.25   26.25   84.51   24.23   84.63   24.22  109.98   21.86

  115.51   21.33  120.22   20.95  127.43   20.29  134.27   19.52  141.89   18.89

  152.53   17.68  170.06   15.83  173.73   15.59  179.93   15.27  198.52   14.41

  211.35   14.14   222.1   14.07   241.8   12.75  246.48   12.58  250.21   12.41

   265.2   11.87  268.86   11.76  278.77   11.46  304.15   10.38  305.23   10.31

  305.35   10.26  310.93    7.63  311.07    7.62  314.14    6.87  317.45    6.92

  317.47    6.92  319.16    8.24  321.55   10.13  322.03   10.15  322.77   10.16

  342.51   10.65  356.05   10.61  371.88   10.75  381.65   11.02  395.64    11.4

  396.16   11.41  398.84   11.46  414.61   11.66  425.85   11.75  427.67   11.83

  446.19   12.89  454.98   13.48   469.5   14.66  483.25   15.43  500.55   16.78

  509.26   17.45

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  152.53     .08  305.23    .049  322.77     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        305.23  322.77           173.72  211.39  257.72             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2308.054

INPUT

Description: XS-22

Station Elevation Data    num=      67

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   30.71    7.21   30.56   16.88   30.25   30.65    29.5   48.21   28.68

   52.18   28.47   59.38   28.06   78.62   26.86   84.96    26.4  106.31   25.01

  109.74   24.73  132.28   23.58     151   22.27  153.07   22.16  155.65   21.97

  168.99   19.91  181.86   18.88  190.84   17.51  197.77   16.69  218.89   13.64

  229.94   12.54  244.45   10.85   246.1   10.65   253.4   10.66  265.68    10.4

  267.19   10.42  274.09   10.43  275.57      10   278.5    9.21  282.97    9.19

  286.15    9.02  295.19    9.27  295.67    9.28  296.05    9.33  303.91    10.6

  311.14   10.05  312.85    9.81  314.52    7.18  314.73    6.82  315.05    6.76

  316.96    6.54  317.11    6.55  318.67    6.61  319.38    7.27  321.61    10.7

  322.02   10.71  324.64    10.8  330.15   10.74  336.26   10.65   344.9    10.6

  369.27   10.72   376.6   10.73  379.32   10.73  393.48   10.57  393.88   10.56

  401.49   10.45  409.15   10.35   419.4   10.77  432.64   11.94  446.77   13.22

  451.96    13.9  469.27   17.37  471.99   17.89   472.9   18.01  491.79   21.77

  499.98   23.77   507.6   24.66

Manning's n Values        num=       3



     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .08  312.85    .049  322.02     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        312.85  322.02            188.9  253.19   173.1             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 2054.860

INPUT

Description: XS-21

Station Elevation Data    num=      65

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0    31.3    13.2   30.91   26.68   29.76   35.75   29.18   51.47   27.68

   71.46   25.57   85.37   24.08  103.23   22.18  122.75   19.77  141.44   18.16

  160.79   17.14   165.4   16.92  169.79   16.64  189.82   15.23  192.92   14.93

  207.89   13.65  213.34    13.3  233.94   11.84  237.26   11.61  251.81   10.67

  257.66    10.3  273.78    9.54  274.89    9.46  276.02    9.38  282.14     9.1

  282.78    9.15  285.09    8.95  286.02    8.57  286.32    8.48  288.35    8.65

  288.41    8.66  288.55    8.79  289.31    9.74  289.86    9.75  305.62   10.28

  314.93   10.01  323.37    9.75  341.57    9.59  347.93    9.59  349.62    9.57

  360.85    9.83  363.61    7.26  365.13    6.82  368.04    6.56  368.23    6.52

  373.02    7.16  373.21    7.15  375.79    9.22  375.97    9.45  377.59    9.57

  388.31   10.78  388.93   10.85   396.5   11.73  407.42   12.84  422.11    13.4

  423.93   13.45  439.63   14.32  441.03   14.38  453.72   15.16  458.54   15.46

  460.13   15.65  469.47    16.4  484.36   17.52  513.86   19.58  513.94   19.58

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  360.85    .057  375.97     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        360.85  375.97           300.33  236.57  134.45             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1818.292

INPUT

Description: XS-20

Station Elevation Data    num=      58

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev



********************************************************************************

       0   25.58    2.96   25.23   13.56   23.55   31.76   21.43   37.54   20.43

   47.28    18.8   63.05   16.49    72.8   13.51    78.2   12.51   88.59   11.95

  100.16   10.76  109.84   10.12  115.35     9.9  122.93    9.61   137.3    9.29

  137.98    9.28  144.54    9.21  149.07    9.22  152.96    6.82  153.66    6.33

  154.41    6.05  157.04    5.06  157.85    5.42  160.46    6.63  162.45    7.66

  170.04    9.32  171.73    9.31  185.38    9.28  189.06    9.38   201.3    9.49

  202.52    9.43  205.52    9.26  211.25    9.16  214.51    8.69  218.23    8.17

  221.03    8.54  226.57    8.93  235.99    8.85  245.22    9.63  262.13   10.31

  279.75   10.43  287.47   10.83  293.03   11.12  301.88   11.43  319.05   11.95

  325.98   12.29   348.5   13.06  360.54   13.49  360.65    13.5  378.24   14.35

  384.34    14.6  402.76   15.29  410.99   15.55  417.62   15.77  430.34   16.12

  434.82   16.36   449.2   17.05  454.37   17.23

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  149.07    .057  170.04     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        149.07  170.04           164.68   158.6  102.54             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1659.696

INPUT

Description: XS-19

Station Elevation Data    num=      52

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   20.72   15.83   17.87   36.49   14.75   55.66   11.62   61.68   11.35

    65.1   11.17   73.52   10.62   94.38    8.85  102.06    8.59  113.67    8.59

  125.59    8.11  130.72    8.16  143.11     8.3  159.86    8.45  172.68    8.77

  188.66    9.07  190.96    9.08  193.13    8.81  193.18    8.81     200    8.56

   203.7    8.41  204.92     7.9  206.37    6.31  207.92    6.14  209.47    5.83

  210.71    5.86  213.38    6.31  215.23    7.45  216.48    8.38   233.4    9.11

  233.77    9.14  234.55    9.16  237.87    9.27  257.66    9.95  260.18   10.03

  265.68    10.2  281.61   10.76   298.9   11.48  303.52   11.61   307.2   11.92

  331.76   13.06  334.25   13.18   334.5    13.2  334.77   13.21  356.06    14.5

  357.99   14.61  364.51   14.87  381.28   15.79  389.72   16.09  406.05   17.11

  411.22   17.41  414.25   17.53

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09   203.7    .057  216.48     .09



Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

         203.7  216.48            73.13   91.69   74.44             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1568.009

INPUT

Description: XS-18

Station Elevation Data    num=      62

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.36    6.69   23.36   16.49   21.58   25.82   20.44   36.89   18.94

   44.76   17.17   62.87   11.24   72.42    7.87   73.05    7.34   74.74    6.32

   75.06    6.33   76.04    6.18   76.61    6.26   77.53    6.24   79.27    7.27

   79.51     7.3   81.99    7.55   87.04     7.8   92.25    7.82   96.87    7.83

   99.42    7.89   100.5    7.94  108.27    7.76  111.17    7.65  113.26    7.36

  113.41    7.31  114.52     6.9   116.4    6.82  119.05     6.4  119.53    6.42

  120.69    6.37  121.45    6.38  122.61    6.48  123.71    7.05  125.11    7.76

  126.25    7.62  127.35    8.16  137.45    8.59  141.29    8.32     145    8.31

  166.17    8.44  169.53    8.46  172.23    8.55     174    8.56  195.59     9.8

  209.49   10.25  212.07   10.31   216.2   10.41  225.25   10.75  247.12   11.59

  264.17   12.66  264.96    12.7  268.22   12.86  270.27   13.01   291.2   14.68

  300.38   15.22  315.98   16.22   330.4    16.9   336.2   17.22  347.12   17.98

  357.46   18.59   367.3   19.19

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  113.41    .057  125.11     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        113.41  125.11             37.5   82.54   53.84             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1485.470

INPUT

Description: XS-17

Station Elevation Data    num=      59

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.41   15.58   21.61   22.87   20.72   34.72   18.46   39.92   17.72

   59.87   10.04   68.48    6.91   68.72     6.7    70.4    6.45   70.86    6.34

    70.9    6.33   73.61    5.66   73.62    5.67   74.74    5.84   76.25    6.09



   76.29    6.12   79.71    7.73   80.12    7.73    80.4    7.74    83.6    7.93

   84.22    7.94   87.92    8.05  100.65    8.11  108.74    8.15  117.97    8.15

  128.47    8.11  141.76    8.08  149.57    8.29  153.68     8.3  157.97    8.29

  168.76    8.08  169.55    8.09  172.52     6.3  172.57    6.26  173.04    6.21

  173.39    6.17  174.45    6.24  174.67    6.26  177.16     7.3  177.66    7.83

  188.28     8.5  191.74    8.54  209.57    8.67  212.61     8.8  225.71    9.44

  229.88    9.61  232.12     9.7  239.08    9.93  267.03   11.53  268.65   11.61

  272.63   11.83  275.77   12.06  292.22   14.25  309.08   15.79   321.6   16.85

  345.43   19.08   346.3   19.17  352.09   19.65  352.63   19.69

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  169.55    .057  177.66     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        169.55  177.66            83.15   60.24  103.32             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1425.227

INPUT

Description: XS-16

Station Elevation Data    num=      61

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.49    1.64   24.24   14.74   21.78    22.4   20.13   27.73   19.01

   41.75   15.88   48.22   14.75   64.37   12.02   84.66    9.91   89.59    9.22

   95.15    8.84  102.79    8.42  114.98    7.68  118.33    7.54  119.76    6.69

  126.08    5.68  127.63    5.75  128.39    5.58  129.42    5.76  131.25    6.07

     134     7.3  135.62    8.01   137.7    7.96  141.45    7.88  145.07    7.87

  152.71    8.12  156.53    8.11  160.21    8.14  171.28    8.07  174.51    8.05

  176.05    8.03  176.95    8.02  177.64    8.02   183.7    8.04   185.2    8.04

  185.28    7.98  188.28    6.01  189.59    5.91  189.65     5.9  189.75    5.91

  190.51    5.92  190.65    6.04  192.73    7.83  193.74    7.87  205.52    8.07

     213    8.07  222.81    7.88  236.98    8.54  246.87    9.38  250.71     9.6

  261.74   10.24  269.53   10.53  284.16   11.98  293.36   13.34   304.8   14.47

  307.63   14.75  312.17   15.34  318.32   16.16  334.89   17.62  346.57   19.37

  354.23    20.7

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09   183.7    .057  192.73     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

         183.7  192.73            82.01   82.52   50.49             .1       .3



CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1342.706

INPUT

Description: XS-15

Station Elevation Data    num=      44

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.55   27.14   20.28   35.27   19.06   50.09   16.91   57.42   15.84

   73.78   12.71   84.08   11.65  102.58     9.3  110.58    8.39  116.15    8.32

  127.24    8.16  127.83    8.15  144.17    7.79  154.07    7.75  160.94    7.73

  175.09    7.86  179.47    7.93   210.3    7.84   211.7     7.7  215.52     7.5

  218.41    7.34  221.99    7.05  222.94    6.14  224.12    5.55  225.85    5.48

  226.45    5.18  227.78    5.05  229.71    4.97  232.26    5.97  233.66    7.62

  246.72    8.37  251.45    8.57  253.72    8.69  255.47    8.83  257.93    8.91

  263.16    9.28  268.97    9.69  281.82    11.5  289.21   12.59  296.45   13.87

  316.74    17.3   324.5   18.35  332.66   19.82  348.53   22.33

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  221.99    .057  233.66     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        221.99  233.66            50.17  109.26  113.65             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1233.442

INPUT

Description: XS-14

Station Elevation Data    num=      39

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.75   24.22   20.89   32.15   19.61   49.29   17.21   59.01   15.22

   76.83   11.82   88.14   10.08  105.68    8.01  112.67    7.69  112.69    7.69

  134.88    7.11  143.09     6.9  161.07    7.22  168.49    7.57  170.25    7.62

  176.49    7.74  177.99    6.28  180.27    5.34  181.49    5.32  182.26    5.39

  183.05    5.43  183.76    5.51  188.18    5.98  191.84    6.97  194.99    7.39

  207.84    7.66  217.14    7.92  217.92    7.94  219.99    8.18  221.08    8.33

  229.92    9.38  238.29   10.37  245.09   11.21  258.91   12.97  263.72   13.55

  270.61   14.49  282.88   16.07  284.23   16.23  299.68   18.33



Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  176.49    .057  194.99     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        176.49  194.99            72.81   81.12      77             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1152.323

INPUT

Description: XS-13

Station Elevation Data    num=      50

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   24.21    8.49   23.12   16.53    21.8   30.97   18.88   45.68   15.92

   54.17   14.06   57.41   13.44   85.37    9.93    85.4    9.93   85.42    9.92

   90.41    8.36   93.62     7.8   96.47    7.48  107.21    7.29   112.3     7.2

  121.87    7.03  122.66    7.02  130.41    7.01  146.72    7.05  147.22    7.08

  148.92    7.09  161.38     7.5  167.16    6.71  168.21    6.55  168.85    6.36

  171.96     5.2  173.48    4.97  173.87    4.92  175.19    5.04  175.54    5.06

  178.44    6.65  179.15     7.3  182.69     7.9  186.09    8.19  193.09    8.07

  204.13    8.41  206.03    8.48  206.25    8.49  214.86    9.03  224.53    9.71

  233.53   10.65  237.53   11.07  240.89   11.44  245.91   11.88   264.3   13.42

  277.72   14.47  279.23   14.59  291.42   16.02  302.09   16.86  311.38   17.43

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  168.21    .057  179.15     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        168.21  179.15            54.41   49.21   37.53             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1103.114

INPUT

Description: XS-12

Station Elevation Data    num=      74

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   31.65    8.06   31.56   11.32   30.78   17.41   29.54   18.29   29.44



   23.45   29.13   26.11   28.91   41.67   28.22   47.33   27.96    51.1   27.84

   52.47   27.87   59.54   27.93   65.83   27.25    73.9    26.9    79.3   26.62

   86.42   25.74   91.09   25.45  102.39   24.54  109.34   23.43  113.92   22.82

  116.88   22.62   120.3   22.07  144.77   17.95  147.34    17.7  152.46   17.21

  160.18   16.28  160.78   16.22  166.77   15.66  167.58   15.54  183.76   13.29

     189   12.52  195.37   11.93  213.24   10.33  222.21    9.63  231.69    8.83

  232.71    8.76  251.74    7.47  253.16    7.37     254    7.31  255.21    7.31

  275.93    7.12  285.87    6.71   286.1    6.71  288.95       5  289.61    4.83

  289.68    4.83  291.54    4.85  291.65    4.85  292.74    4.99  296.67    5.67

  296.75    5.74  300.19    6.86  301.55    6.86  301.63    6.87  301.96    6.88

  319.99    7.75  320.32    7.76  330.82    8.09  336.39    8.24  344.91    8.47

  352.82    8.88  359.08    9.25  378.38   10.88  380.38   11.09  384.56   11.43

  407.25   12.78  418.36   13.39  418.65    13.4  435.81   14.93  442.51   15.37

  451.05   15.71  461.27   16.36     466   16.58  468.58   16.73

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09   286.1    .057  300.19     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

         286.1  300.19            57.24   37.26   37.39             .1       .3

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0   247.6    10.3       F

  333.84  468.58    10.3       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1065.854

INPUT

Description: XS-11

Station Elevation Data    num=      59

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   13.06    3.22   12.89     3.7   12.88    5.57   12.71    21.5   11.86

   21.59   11.91   23.38   11.72   43.07   11.07   47.16   10.93   48.58   10.84

   54.68   10.75   77.76   10.41   78.41   10.31   78.83   10.25      80     9.2

   82.91     9.4   83.72   10.22   84.11   10.36    90.2   10.36   99.55   10.48

  107.13   10.55  109.59   10.26  109.98   10.21  110.19    10.2   111.2   10.15

  112.48    9.85   116.3     5.7  117.59    4.85  118.81    4.81   119.6    4.71

  120.54    4.53   121.5    4.55  123.05    4.55  126.25     8.2   128.4    9.39

  128.57    9.48  129.71    9.66  147.62    9.69  153.92    10.3  158.24   10.29

  166.07   10.16  166.43   10.15   191.7   10.06  193.68   10.18  195.46   10.28

  197.64   10.34  230.77    11.1  232.11   11.17  233.64   11.22   277.5   12.32

   277.7   12.33  277.93   12.34  287.93    12.7  308.27   13.44  309.43   13.48

  310.79   13.52  341.57   14.57  347.16    14.8  366.19   15.61



Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  110.19    .057   128.4     .09

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        110.19   128.4            23.66   30.11   20.63             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0     115    10.3       F

     126  366.19    10.3       F

CULVERT                

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1052.49 

INPUT

Description: 

Distance from Upstream XS =    3.12

Deck/Roadway Width        =    10.5

Weir Coefficient          =     2.6

Upstream  Deck/Roadway Coordinates

    num=       7

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

       0   12.84         120.559  11.294          154.72   10.85        

 166.406   10.63         195.048   10.38         231.801   11.17        

  366.19   15.95        

Upstream Bridge Cross Section Data

Station Elevation Data    num=      59

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   13.06    3.22   12.89     3.7   12.88    5.57   12.71    21.5   11.86

   21.59   11.91   23.38   11.72   43.07   11.07   47.16   10.93   48.58   10.84

   54.68   10.75   77.76   10.41   78.41   10.31   78.83   10.25      80     9.2

   82.91     9.4   83.72   10.22   84.11   10.36    90.2   10.36   99.55   10.48

  107.13   10.55  109.59   10.26  109.98   10.21  110.19    10.2   111.2   10.15

  112.48    9.85   116.3     5.7  117.59    4.85  118.81    4.81   119.6    4.71

  120.54    4.53   121.5    4.55  123.05    4.55  126.25     8.2   128.4    9.39

  128.57    9.48  129.71    9.66  147.62    9.69  153.92    10.3  158.24   10.29

  166.07   10.16  166.43   10.15   191.7   10.06  193.68   10.18  195.46   10.28

  197.64   10.34  230.77    11.1  232.11   11.17  233.64   11.22   277.5   12.32

   277.7   12.33  277.93   12.34  287.93    12.7  308.27   13.44  309.43   13.48

  310.79   13.52  341.57   14.57  347.16    14.8  366.19   15.61

Manning's n Values        num=       3



     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .09  110.19    .057   128.4     .09

Bank Sta: Left   Right    Coeff Contr.   Expan.

        110.19   128.4             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0     115    10.3       F

     126  366.19    10.3       F

Downstream  Deck/Roadway Coordinates

    num=       8

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

       0   17.19           91.98  13.794          182.28  11.382        

  221.06  11.168          229.08   10.93          262.81   10.48        

  299.63   11.15           442.1  15.772        

Downstream Bridge Cross Section Data

Station Elevation Data    num=      87

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   17.55    3.01   17.29    3.98    17.2    5.14    17.1    6.23      17

    7.62   16.88    8.49    16.8   10.16   16.65   10.83    16.6   16.02   16.11

   16.27   16.09   16.39   16.08   17.36   15.99   19.57   15.75   22.28   15.46

   24.61   15.22   26.72   15.01   28.72   14.81   37.53   14.09    38.6   13.99

   40.47   13.82   42.07   13.68   43.51   13.55   44.87   13.43   47.57    13.2

   48.22   13.15   49.62   13.04   51.03   12.93   53.38   12.75   54.37   12.68

    75.4   11.28   75.79   11.27   76.73   11.22   99.52    9.71  106.62    9.49

  114.32     9.1  124.14    8.61  128.17    8.45  134.69    8.58  154.32     8.8

  162.58    8.37  170.19    8.57  171.68    8.42  174.92    6.07  177.73    4.51

  179.55       4  182.28    3.23  183.03    3.12  183.49     3.2  184.98    3.67

  187.99    4.91  190.64    6.21  194.72    9.15  194.78    9.15  198.69    9.38

   203.4    9.19  205.56    9.19  218.71    8.76  220.48    8.87  227.95    8.91

  239.05    8.97  240.67    8.98  263.19    9.06  270.66    9.21  272.26    9.21

  288.71    9.65  292.71    9.79  295.61    9.72  305.65   10.23  307.53   10.69

  334.08   11.68  340.05   11.83  345.18   12.13  346.04   11.96  352.02   12.11

  359.27   12.35  366.33   12.81  371.04   12.98  375.23    13.3  379.25   13.37

  387.33   13.85  392.62   13.35  405.72   13.46  406.52   13.48  410.42   13.93

  424.61   14.54   442.1   15.46

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .02   19.57     .03  171.68    .057  194.78     .04

Bank Sta: Left   Right    Coeff Contr.   Expan.

        171.68  194.78             .3       .5

Ineffective Flow     num=       2



   Sta L   Sta R    Elev  Permanent

       0   173.9    10.2       F

   192.5   442.1    10.2       F

Upstream Embankment side slope              =       0 horiz. to 1.0 vertical

Downstream Embankment side slope            =       0 horiz. to 1.0 vertical

Maximum allowable submergence for weir flow =     .98

Elevation at which weir flow begins         =        

Energy head used in spillway design         =        

Spillway height used in design              =        

Weir crest shape                            = Broad Crested

Number of Culverts =  2 

Culvert Name     Shape      Rise    Span

Culvert #2      Circular     1.5     1.5

FHWA Chart # 1 - Concrete Pipe Culvert

FHWA Scale # 1 - Square edge entrance with headwall

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

              11.01   16.65     .011     .011        0                   .2         

      1

Upstream   Elevation =  9.33 

           Centerline Station =  81.39 

Downstream Elevation =  8.9 

           Centerline Station =  149.12 

Culvert Name     Shape      Rise    Span

Culvert #1      Circular       6       6

FHWA Chart # 1 - Concrete Pipe Culvert

FHWA Scale # 1 - Square edge entrance with headwall

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

               3.12    20.5     .011     .011        0                   .5         

      1

Upstream   Elevation =  4.3 

           Centerline Station =  120.54 

Downstream Elevation =  4.2 

           Centerline Station =  183.03 

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *    7.81  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.72  *

* Q Barrel (cfs)         *    7.81  * Culv Vel DS (ft/s)     *    8.25  *

* E.G. US. (ft)          *   11.11  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   11.00  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *    9.18  * Culv Frctn Ls (ft)     *    0.17  *



* W.S. DS (ft)           *    8.96  * Culv Exit Loss (ft)    *    1.57  *

* Delta EG (ft)          *    1.93  * Culv Entr Loss (ft)    *    0.17  *

* Delta WS (ft)          *    2.04  * Q Weir (cfs)           *   63.97  *

* E.G. IC (ft)           *   11.09  * Weir Sta Lft (ft)      *  134.65  *

* E.G. OC (ft)           *   11.02  * Weir Sta Rgt (ft)      *  229.05  *

* Culvert Control        *   Inlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   10.41  * Weir Max Depth (ft)    *    0.73  *

* Culv WS Outlet (ft)    *    9.69  * Weir Avg Depth (ft)    *    0.39  *

* Culv Nml Depth (ft)    *    0.65  * Weir Flow Area (sq ft) *   36.73  *

* Culv Crt Depth (ft)    *    1.08  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    The flow in the culvert is entirely supercritical.

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *   10.38  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.87  *

* Q Barrel (cfs)         *   10.38  * Culv Vel DS (ft/s)     *   10.00  *

* E.G. US. (ft)          *   11.68  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   11.55  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *   10.03  * Culv Frctn Ls (ft)     *    0.27  *

* W.S. DS (ft)           *    9.47  * Culv Exit Loss (ft)    *    1.28  *

* Delta EG (ft)          *    1.65  * Culv Entr Loss (ft)    *    0.11  *

* Delta WS (ft)          *    2.08  * Q Weir (cfs)           *  263.12  *

* E.G. IC (ft)           *   11.69  * Weir Sta Lft (ft)      *   89.68  *

* E.G. OC (ft)           *   11.39  * Weir Sta Rgt (ft)      *  246.42  *

* Culvert Control        *   Inlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   10.83  * Weir Max Depth (ft)    *    1.31  *

* Culv WS Outlet (ft)    *    9.75  * Weir Avg Depth (ft)    *    0.70  *

* Culv Nml Depth (ft)    *    0.77  * Weir Flow Area (sq ft) *  109.71  *

* Culv Crt Depth (ft)    *    1.24  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    The flow in the culvert is entirely supercritical.

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *   11.55  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    6.54  *

* Q Barrel (cfs)         *   11.55  * Culv Vel DS (ft/s)     *   10.73  *

* E.G. US. (ft)          *   12.04  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   11.88  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *   10.72  * Culv Frctn Ls (ft)     *    0.33  *

* W.S. DS (ft)           *    9.74  * Culv Exit Loss (ft)    *    0.85  *

* Delta EG (ft)          *    1.32  * Culv Entr Loss (ft)    *    0.13  *

* Delta WS (ft)          *    2.13  * Q Weir (cfs)           *  457.03  *

* E.G. IC (ft)           *   12.02  * Weir Sta Lft (ft)      *   62.73  *

* E.G. OC (ft)           *   11.57  * Weir Sta Rgt (ft)      *  256.14  *

* Culvert Control        *   Inlet  * Weir Submerg           *    0.00  *



* Culv WS Inlet (ft)     *   10.83  * Weir Max Depth (ft)    *    1.66  *

* Culv WS Outlet (ft)    *    9.78  * Weir Avg Depth (ft)    *    0.88  *

* Culv Nml Depth (ft)    *    0.82  * Weir Flow Area (sq ft) *  170.20  *

* Culv Crt Depth (ft)    *    1.30  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    The flow in the culvert is entirely supercritical.

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *   16.21  * Culv Full Len (ft)     *   16.65  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    9.17  *

* Q Barrel (cfs)         *   16.21  * Culv Vel DS (ft/s)     *    9.17  *

* E.G. US. (ft)          *   12.89  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   12.63  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *   11.18  * Culv Frctn Ls (ft)     *    0.29  *

* W.S. DS (ft)           *   11.03  * Culv Exit Loss (ft)    *    1.16  *

* Delta EG (ft)          *    1.71  * Culv Entr Loss (ft)    *    0.26  *

* Delta WS (ft)          *    1.60  * Q Weir (cfs)           * 1256.40  *

* E.G. IC (ft)           *   13.67  * Weir Sta Lft (ft)      *    2.64  *

* E.G. OC (ft)           *   12.88  * Weir Sta Rgt (ft)      *  281.02  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.09  *

* Culv WS Inlet (ft)     *   10.83  * Weir Max Depth (ft)    *    2.54  *

* Culv WS Outlet (ft)    *   10.40  * Weir Avg Depth (ft)    *    1.37  *

* Culv Nml Depth (ft)    *    1.03  * Weir Flow Area (sq ft) *  382.31  *

* Culv Crt Depth (ft)    *    1.50  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    Culvert critical depth exceeds the height of the culvert.

Note:    During the supercritical calculations a hydraulic jump occurred inside of 

the culvert.

Note:    The culvert inlet is submerged and the culvert flows full over part or all 

of its length.  Therefore, the culvert inlet 

         equations are not valid and the supercritical result has been discarded.  

The outlet answer will be used.

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *   16.12  * Culv Full Len (ft)     *   16.65  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    9.12  *

* Q Barrel (cfs)         *   16.12  * Culv Vel DS (ft/s)     *    9.12  *

* E.G. US. (ft)          *   13.23  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   12.96  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *   11.56  * Culv Frctn Ls (ft)     *    0.28  *

* W.S. DS (ft)           *   11.39  * Culv Exit Loss (ft)    *    1.12  *

* Delta EG (ft)          *    1.67  * Culv Entr Loss (ft)    *    0.26  *

* Delta WS (ft)          *    1.56  * Q Weir (cfs)           * 1626.98  *

* E.G. IC (ft)           *   13.63  * Weir Sta Lft (ft)      *    0.00  *

* E.G. OC (ft)           *   13.23  * Weir Sta Rgt (ft)      *  289.13  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.17  *



* Culv WS Inlet (ft)     *   10.83  * Weir Max Depth (ft)    *    2.83  *

* Culv WS Outlet (ft)    *   10.40  * Weir Avg Depth (ft)    *    1.61  *

* Culv Nml Depth (ft)    *    1.02  * Weir Flow Area (sq ft) *  464.31  *

* Culv Crt Depth (ft)    *    1.50  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    Culvert critical depth exceeds the height of the culvert.

Note:    During the supercritical calculations a hydraulic jump occurred inside of 

the culvert.

Note:    The culvert inlet is submerged and the culvert flows full over part or all 

of its length.  Therefore, the culvert inlet 

         equations are not valid and the supercritical result has been discarded.  

The outlet answer will be used.

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *   15.58  * Culv Full Len (ft)     *   16.65  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.81  *

* Q Barrel (cfs)         *   15.58  * Culv Vel DS (ft/s)     *    8.81  *

* E.G. US. (ft)          *   13.41  * Culv Inv El Up (ft)    *    9.33  *

* W.S. US. (ft)          *   13.07  * Culv Inv El Dn (ft)    *    8.90  *

* E.G. DS (ft)           *   11.87  * Culv Frctn Ls (ft)     *    0.28  *

* W.S. DS (ft)           *   11.68  * Culv Exit Loss (ft)    *    1.02  *

* Delta EG (ft)          *    1.54  * Culv Entr Loss (ft)    *    0.24  *

* Delta WS (ft)          *    1.39  * Q Weir (cfs)           * 1974.90  *

* E.G. IC (ft)           *   13.41  * Weir Sta Lft (ft)      *    0.00  *

* E.G. OC (ft)           *   13.39  * Weir Sta Rgt (ft)      *  296.01  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.21  *

* Culv WS Inlet (ft)     *   10.83  * Weir Max Depth (ft)    *    3.07  *

* Culv WS Outlet (ft)    *   10.40  * Weir Avg Depth (ft)    *    1.81  *

* Culv Nml Depth (ft)    *    1.00  * Weir Flow Area (sq ft) *  535.93  *

* Culv Crt Depth (ft)    *    1.50  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

Note:    Culvert critical depth exceeds the height of the culvert.

Note:    During the supercritical calculations a hydraulic jump occurred inside of 

the culvert.

Note:    The culvert inlet is submerged and the culvert flows full over part or all 

of its length.  Therefore, the culvert inlet 

         equations are not valid and the supercritical result has been discarded.  

The outlet answer will be used.

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  226.53  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    9.68  *

* Q Barrel (cfs)         *  226.53  * Culv Vel DS (ft/s)     *    9.42  *

* E.G. US. (ft)          *   11.11  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   11.00  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *    9.18  * Culv Frctn Ls (ft)     *    0.05  *



* W.S. DS (ft)           *    8.96  * Culv Exit Loss (ft)    *    1.15  *

* Delta EG (ft)          *    1.93  * Culv Entr Loss (ft)    *    0.73  *

* Delta WS (ft)          *    2.04  * Q Weir (cfs)           *   63.97  *

* E.G. IC (ft)           *   10.90  * Weir Sta Lft (ft)      *  134.65  *

* E.G. OC (ft)           *   11.11  * Weir Sta Rgt (ft)      *  229.05  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *    8.93  * Weir Max Depth (ft)    *    0.73  *

* Culv WS Outlet (ft)    *    8.96  * Weir Avg Depth (ft)    *    0.39  *

* Culv Nml Depth (ft)    *    3.51  * Weir Flow Area (sq ft) *   36.73  *

* Culv Crt Depth (ft)    *    4.12  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  252.21  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    9.73  *

* Q Barrel (cfs)         *  252.21  * Culv Vel DS (ft/s)     *    9.59  *

* E.G. US. (ft)          *   11.68  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   11.55  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *   10.03  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *    9.47  * Culv Exit Loss (ft)    *    0.87  *

* Delta EG (ft)          *    1.65  * Culv Entr Loss (ft)    *    0.74  *

* Delta WS (ft)          *    2.08  * Q Weir (cfs)           *  263.12  *

* E.G. IC (ft)           *   11.47  * Weir Sta Lft (ft)      *   89.68  *

* E.G. OC (ft)           *   11.68  * Weir Sta Rgt (ft)      *  246.42  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *    9.47  * Weir Max Depth (ft)    *    1.31  *

* Culv WS Outlet (ft)    *    9.47  * Weir Avg Depth (ft)    *    0.70  *

* Culv Nml Depth (ft)    *    3.77  * Weir Flow Area (sq ft) *  109.71  *

* Culv Crt Depth (ft)    *    4.35  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  266.82  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    9.87  *

* Q Barrel (cfs)         *  266.82  * Culv Vel DS (ft/s)     *    9.78  *

* E.G. US. (ft)          *   12.04  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   11.88  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *   10.72  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *    9.74  * Culv Exit Loss (ft)    *    0.51  *

* Delta EG (ft)          *    1.32  * Culv Entr Loss (ft)    *    0.76  *

* Delta WS (ft)          *    2.13  * Q Weir (cfs)           *  457.03  *

* E.G. IC (ft)           *   11.83  * Weir Sta Lft (ft)      *   62.73  *

* E.G. OC (ft)           *   12.04  * Weir Sta Rgt (ft)      *  256.14  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *    9.76  * Weir Max Depth (ft)    *    1.66  *

* Culv WS Outlet (ft)    *    9.74  * Weir Avg Depth (ft)    *    0.88  *

* Culv Nml Depth (ft)    *    3.93  * Weir Flow Area (sq ft) *  170.20  *

* Culv Crt Depth (ft)    *    4.47  * Min El Weir Flow (ft)  *   10.49  *



*************************************************************************

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  249.09  * Culv Full Len (ft)     *   20.50  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.81  *

* Q Barrel (cfs)         *  249.09  * Culv Vel DS (ft/s)     *    8.81  *

* E.G. US. (ft)          *   12.89  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   12.63  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *   11.18  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *   11.03  * Culv Exit Loss (ft)    *    1.05  *

* Delta EG (ft)          *    1.71  * Culv Entr Loss (ft)    *    0.60  *

* Delta WS (ft)          *    1.60  * Q Weir (cfs)           * 1256.40  *

* E.G. IC (ft)           *   11.40  * Weir Sta Lft (ft)      *    2.64  *

* E.G. OC (ft)           *   12.89  * Weir Sta Rgt (ft)      *  281.02  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.09  *

* Culv WS Inlet (ft)     *   10.30  * Weir Max Depth (ft)    *    2.54  *

* Culv WS Outlet (ft)    *   10.20  * Weir Avg Depth (ft)    *    1.37  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  382.31  *

* Culv Crt Depth (ft)    *    4.32  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  247.50  * Culv Full Len (ft)     *   20.50  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.75  *

* Q Barrel (cfs)         *  247.50  * Culv Vel DS (ft/s)     *    8.75  *

* E.G. US. (ft)          *   13.23  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   12.96  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *   11.56  * Culv Frctn Ls (ft)     *    0.05  *

* W.S. DS (ft)           *   11.39  * Culv Exit Loss (ft)    *    1.02  *

* Delta EG (ft)          *    1.67  * Culv Entr Loss (ft)    *    0.60  *

* Delta WS (ft)          *    1.56  * Q Weir (cfs)           * 1626.98  *

* E.G. IC (ft)           *   11.36  * Weir Sta Lft (ft)      *    0.00  *

* E.G. OC (ft)           *   13.23  * Weir Sta Rgt (ft)      *  289.13  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.17  *

* Culv WS Inlet (ft)     *   10.30  * Weir Max Depth (ft)    *    2.83  *

* Culv WS Outlet (ft)    *   10.20  * Weir Avg Depth (ft)    *    1.61  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  464.31  *

* Culv Crt Depth (ft)    *    4.31  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  240.23  * Culv Full Len (ft)     *   20.50  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.50  *

* Q Barrel (cfs)         *  240.23  * Culv Vel DS (ft/s)     *    8.50  *

* E.G. US. (ft)          *   13.41  * Culv Inv El Up (ft)    *    4.30  *

* W.S. US. (ft)          *   13.07  * Culv Inv El Dn (ft)    *    4.20  *

* E.G. DS (ft)           *   11.87  * Culv Frctn Ls (ft)     *    0.05  *



* W.S. DS (ft)           *   11.68  * Culv Exit Loss (ft)    *    0.94  *

* Delta EG (ft)          *    1.54  * Culv Entr Loss (ft)    *    0.56  *

* Delta WS (ft)          *    1.39  * Q Weir (cfs)           * 1974.90  *

* E.G. IC (ft)           *   11.20  * Weir Sta Lft (ft)      *    0.00  *

* E.G. OC (ft)           *   13.41  * Weir Sta Rgt (ft)      *  296.01  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.21  *

* Culv WS Inlet (ft)     *   10.30  * Weir Max Depth (ft)    *    3.07  *

* Culv WS Outlet (ft)    *   10.20  * Weir Avg Depth (ft)    *    1.81  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  535.93  *

* Culv Crt Depth (ft)    *    4.25  * Min El Weir Flow (ft)  *   10.49  *

*************************************************************************

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 1035.739

INPUT

Description: XS-10

Station Elevation Data    num=      87

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   17.55    3.01   17.29    3.98    17.2    5.14    17.1    6.23      17

    7.62   16.88    8.49    16.8   10.16   16.65   10.83    16.6   16.02   16.11

   16.27   16.09   16.39   16.08   17.36   15.99   19.57   15.75   22.28   15.46

   24.61   15.22   26.72   15.01   28.72   14.81   37.53   14.09    38.6   13.99

   40.47   13.82   42.07   13.68   43.51   13.55   44.87   13.43   47.57    13.2

   48.22   13.15   49.62   13.04   51.03   12.93   53.38   12.75   54.37   12.68

    75.4   11.28   75.79   11.27   76.73   11.22   99.52    9.71  106.62    9.49

  114.32     9.1  124.14    8.61  128.17    8.45  134.69    8.58  154.32     8.8

  162.58    8.37  170.19    8.57  171.68    8.42  174.92    6.07  177.73    4.51

  179.55       4  182.28    3.23  183.03    3.12  183.49     3.2  184.98    3.67

  187.99    4.91  190.64    6.21  194.72    9.15  194.78    9.15  198.69    9.38

   203.4    9.19  205.56    9.19  218.71    8.76  220.48    8.87  227.95    8.91

  239.05    8.97  240.67    8.98  263.19    9.06  270.66    9.21  272.26    9.21

  288.71    9.65  292.71    9.79  295.61    9.72  305.65   10.23  307.53   10.69

  334.08   11.68  340.05   11.83  345.18   12.13  346.04   11.96  352.02   12.11

  359.27   12.35  366.33   12.81  371.04   12.98  375.23    13.3  379.25   13.37

  387.33   13.85  392.62   13.35  405.72   13.46  406.52   13.48  410.42   13.93

  424.61   14.54   442.1   15.46

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .02   19.57     .03  171.68    .057  194.78     .04

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        171.68  194.78            57.69   70.98   88.27             .3       .5

Ineffective Flow     num=       2



   Sta L   Sta R    Elev  Permanent

       0   173.9    10.2       F

   192.5   442.1    10.2       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 964.7622

INPUT

Description: XS-9

Station Elevation Data    num=      92

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   18.63     .67   18.59    4.92   18.23    9.59   17.89   21.97   16.91

   22.89   16.85   23.42   16.82    24.1   16.77   25.64   16.67   26.77   16.59

   27.45   16.52   29.16   16.27   43.29   14.84   51.43   14.14   71.83   12.64

   80.06   12.11   95.49   11.25   98.99   11.05  122.28    9.33  124.68    9.13

  132.29    8.67  134.67    8.53  156.61    8.13  161.54    8.16  175.92    7.71

  184.12    7.46  189.03    7.36  194.57    7.36  195.92    6.27  199.54    4.96

  201.94    4.83  204.16    4.65  205.97    4.78  207.64    4.77  210.11     6.4

  211.39     7.3  215.56    7.46  225.03    7.88  231.12    7.94  241.75    8.35

  242.87    8.42  254.53    9.25  261.65    9.71  273.03   10.39  273.21    10.4

  273.25    10.4  273.31   10.41  280.06   10.98  280.11   10.98  281.98   11.24

  281.99   11.24  282.04   11.25  282.31   11.26  286.25   11.45  286.83   11.48

   288.2   11.57  293.01   11.79  301.05   12.29  301.26    12.3  306.32   12.61

  307.91   12.73  307.92   12.73  312.15   12.92  319.54    13.2  330.01   13.99

  338.76   14.72  347.88   15.26  347.98   15.27  355.15   15.71  355.19   15.72

  355.21   15.72  360.21   16.14  360.26   16.14  360.35   16.15  371.63   16.55

   371.7   16.56  371.77   16.56  378.34   16.65  391.57   17.64  391.61   17.64

  391.62   17.65  391.65   17.65  393.64   17.81   393.7   17.81  393.79   17.82

  397.41   17.98  397.58   17.99  397.62   17.99  411.02   18.26  419.37   18.71

  433.21   19.25  433.45   19.26

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .02   29.16     .03  194.57    .057  211.39     .04

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        194.57  211.39             92.1  102.13   96.42             .1       .3

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  158.47    10.2       F

  241.51  433.45    10.2       F

CROSS SECTION          



RIVER: Mill Swamp      

REACH: Main Stem          RS: 862.6342

INPUT

Description: XS-8

Station Elevation Data    num=      68

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   15.77      .5   15.74    4.72   15.49   12.91   15.05   17.76   14.84

   29.72   14.04   34.29   13.76   35.27   13.69   49.17   12.81   56.52   12.28

   71.13   11.41   78.73   10.96   95.87    9.99  102.04    9.61  116.64    9.02

  117.43    8.99   128.1    8.55  142.12    7.88  154.36    7.23  167.61    7.14

  179.84    7.08  184.57    7.12  189.63    7.02  191.38    5.78  193.28    4.45

   193.8    4.36  194.11    4.33  194.32    4.36  195.36    4.43  197.75     4.8

  198.82    5.02   199.5    5.44  203.33    6.99  209.77    7.02  220.39    7.51

  232.45     8.1  233.99    8.19  250.67    9.12  253.57    9.35  260.04   10.07

  277.43   11.78  278.84    11.9  280.83   12.17  289.63   12.82  291.02   12.94

  294.24   13.22  299.26    13.6  300.76      14  303.15   14.38  305.07   15.51

  310.48   15.64   311.9   15.83  313.07   15.89  315.29    15.9  320.68   15.77

  328.09   15.79  345.51    16.6  347.89   16.68  350.58   16.79  353.52   16.93

  372.95   17.56  373.08   17.56  402.37   19.27  402.44   19.28   402.5   19.28

  414.25   20.23  418.48   20.13  427.02    20.5

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .03  189.63    .057  203.33     .04

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        189.63  203.33           222.22  201.18  192.95             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 661.4513

INPUT

Description: XS-7

Station Elevation Data    num=      60

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   15.74    9.11   15.19   16.19   14.83   30.51   14.57   31.54   14.54

   32.05   14.52   61.53   12.48   83.34   10.95   87.12   10.64    89.3   10.59

  101.51    9.94  119.42    9.05  121.82    8.91  134.58    8.23  141.33    7.91

  148.64    7.66  174.65     7.2  201.96     7.4  207.57    7.44  209.44    7.48

  210.58    7.49  212.23     7.5   218.8    7.53  221.97    7.55  223.19    7.55

  249.17     7.6  253.85    7.09  258.13    6.89   268.1    6.61  280.92    6.42

  286.38    6.67  290.76    6.85  297.24    7.03  302.13    7.15  303.02    6.69

  305.67       4  306.55    3.88  308.46    3.54  309.53    3.75  310.82    4.02



  312.29    4.93  314.86    6.42  324.81    7.42  335.87    8.46  338.87    8.73

  348.32    9.59  367.51   11.76  382.88   13.12  393.81   13.53  405.86   13.99

  410.37   14.13  420.36   14.88  428.88   15.46  441.06   16.54  447.27   16.85

  456.57   17.44  466.08   17.97  466.12   17.98  470.43   17.98  483.24   18.77

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03   83.34     .07  302.13    .057  314.86     .04

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        302.13  314.86           152.71   95.55   82.74             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 565.9014

INPUT

Description: XS-6

Station Elevation Data    num=     123

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   30.05    5.31   30.05   10.26   30.04   13.55   30.04   14.19   30.03

   21.77   30.02   22.93   30.02   23.66   30.01   25.73   30.01   27.35      30

   28.98      30   30.04   29.86   30.45   29.81   33.93   29.33   35.93   29.07

   38.04   28.78   41.86   28.28   43.98      28   46.45   27.64   47.29   27.53

   50.09   27.12   52.01   26.86   55.38   26.38   56.26   26.26   58.04      26

   60.32   25.42   64.67   24.29   65.33   24.11   65.76   23.93   66.37   23.73

   68.17   23.05   69.12   22.81   75.34   21.25   84.07   19.05    89.7   17.64

   94.98   16.31   95.79   16.11   96.22      16   98.76   15.37  100.34   14.97

  100.89   14.83   101.7   14.63  102.62    14.4  103.17   14.26  104.92   13.82

  105.22   13.75  106.68   13.38  106.82   13.34  106.93   13.31   107.4    13.2

  107.85   13.08  107.86   13.08  108.27   12.98  108.28   12.97  111.06   12.79

  128.29   10.69  134.74   10.23  144.13    9.86  153.86    9.74  175.31    9.61

  192.47    9.36  215.93    9.08  237.35    9.14  253.33    9.25  276.55    9.07

  282.71    9.01  318.92    8.77  319.58    8.76  320.16    8.75  324.08    8.72

   360.9    8.41  390.35    8.14  407.09    7.95  426.91    7.72  434.13    7.71

  450.74    7.63  458.81    7.55  460.88    7.55   465.8    7.58  492.71    7.72

  496.02    7.71  536.88    7.26   554.2    6.65  571.72    6.05  572.83    6.01

  580.19    6.27  592.11    6.96  597.77    6.89  598.23    6.89  600.78    5.28

  603.33    4.02  605.14    3.83  606.52    3.79  607.72    3.91  609.16    4.08

  611.62    5.57  614.04    6.79  614.51    7.03  624.49    8.22  632.71    8.97

  632.95       9  652.69   11.69   670.2    14.1  694.04   15.52  696.37    15.9

   696.4    15.9  713.71   18.48  713.79   18.49  713.83    18.5   753.8   18.55

  753.82   18.55   753.9   18.56   755.7   18.57  756.85    18.6   758.6   18.72

  759.34   18.77  762.01   18.95  763.26   19.03  780.19   20.18  784.22   20.38

  787.33   20.77  802.87   22.83  802.97   22.85



Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0      .1  144.13     .07  597.77    .057  614.04     .08   670.2     .03

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        597.77  614.04           182.24  121.92  109.82             .1       .3

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 443.9817

INPUT

Description: XS-5

Station Elevation Data    num=      86

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.17     .63   21.11    2.85   20.91    3.78   20.83    5.51   20.67

       7   20.54    7.65   20.48    8.87   20.37    9.41   20.32   10.43   20.23

   10.87   20.19   11.75   20.11   12.12   20.08   12.85   20.01   25.21   19.06

   40.18   16.87   42.65   16.48   45.87   15.83   65.68   11.79   78.11    9.77

    79.2    9.56   80.36    9.47   88.25     9.2   92.93    9.09   97.68    4.27

   97.84    4.21   97.86    4.21   103.4    4.06  103.47    4.06  106.03    4.25

   106.2    4.57  113.94    9.69  114.27    9.77  114.86    9.75  127.48    9.61

  141.37    9.37  144.12    9.31  156.75    9.12  160.07    9.07  160.73    9.05

  161.98    9.03  201.44    8.38     222    8.14  241.94    7.89  249.08    7.67

  275.39    7.48  289.46    7.37  310.51    7.29  331.76    7.28  339.57    7.27

  353.01    7.19  384.77    5.92  394.46    5.69  411.75    5.91  413.76    5.92

   416.8    5.94  427.01    5.75  435.68    5.66  436.42    5.15  439.98    3.59

  440.55    3.56  442.02    3.46  442.58    3.53  444.23    3.72   447.5    6.08

  448.81    6.62  453.58    7.43  463.74     9.1  464.77    9.27  476.33    11.2

  490.29   14.73   490.7   14.81  491.06    14.9  508.61   16.51  520.74   17.31

  525.86   17.62   536.8   18.33  549.07   18.61  556.47   18.84  561.13      19

  572.71   19.68  574.22   19.81  592.38   22.26  592.48   22.27  592.49   22.28

  592.61   22.29

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .04  144.12     .07  435.68    .057  448.81     .08  490.29     .03

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        435.68  448.81            62.43  163.34  166.14             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  113.94    9.69       F

CROSS SECTION          



RIVER: Mill Swamp      

REACH: Main Stem          RS: 280.6386

INPUT

Description: XS-4

Station Elevation Data    num=      75

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   20.24    7.78   19.89   21.08   19.62   32.57   18.51   37.33   17.11

   61.32   14.14   66.37   13.37   67.05   13.28   70.55   12.87   85.06    10.5

   95.98    9.01   98.37    8.86   99.12    8.23    99.3    8.09  102.94    1.87

  103.27     1.9  107.21    2.28  107.49     2.3  109.94    3.18   113.2    4.98

  118.05    9.31  138.88    8.43  141.43    8.37  162.14    8.03  184.62    7.74

  185.48    7.73  188.34    7.68  227.51     7.3   239.1    7.26  242.46    7.24

  245.36    7.22  265.27    7.21  279.59    7.21  280.37     7.2  313.72    6.68

  326.67    6.57  348.06    5.99  361.38    6.38  381.02    6.31  384.07    6.41

  387.37    6.39  397.64    6.56  401.79    6.65  411.64     6.6  411.96    6.59

  417.56    6.73  418.36    6.73  422.87    4.97  424.89    4.18  425.05    4.06

  426.57    3.79  429.33    3.18  429.47    3.16  431.46    2.41  431.61    2.43

  432.83    2.31  433.21    2.68  436.56    6.69  440.86     6.9  452.91    7.58

  455.74    7.76  470.93    8.41  473.49    8.52  477.86     8.7  479.87    8.84

  496.83   10.51  511.23   12.32  517.15   13.18  525.66    14.2  536.08   15.42

  545.96   16.58  561.25   18.49  570.68   19.84  572.67   19.92  579.31   20.31

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .04  138.88     .07  418.36    .057  436.56     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        418.36  436.56            67.17   86.61  107.09             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  118.05    9.31       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 194.0256

INPUT

Description: XS-3

Station Elevation Data    num=     110

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.23     .85   21.22    1.43   21.21    1.47   21.21    2.67   21.19

    3.26   21.18    3.56   21.18    4.43   21.15    4.96   21.13     6.1    21.1



    6.61   21.08     7.7   21.05    8.57   21.04   30.06   20.29    44.8   20.13

   49.99   20.02   56.47   18.84   64.04   16.78   73.72   15.65   98.42   12.43

  101.45   12.13   111.7   10.56  117.01    9.87  117.43    9.85  128.53     9.1

  131.73    6.15  132.48    5.52  134.12    2.45  135.27    2.54  137.04    2.72

  137.81    2.76  138.92    3.19  146.96    7.96  148.27    9.24  155.21    8.93

   163.6    8.71  176.42     8.7  197.66    8.73  210.58    8.64  237.09    7.87

  257.09    7.43  267.98    7.29  283.75    6.87  293.61    6.68   304.4    6.47

  324.11    6.15  343.84    6.04  372.45    6.08  380.02    6.09  380.18    6.09

  382.76    6.11  387.48    6.17  416.11    6.29  424.27    6.15  436.59    5.99

   442.3    5.65  451.83    5.68  455.17    5.91  455.76    5.55  458.61    4.51

  460.45    3.52  460.94    3.29  463.88    2.69  464.22    2.55  464.57    2.53

  466.95     2.4  469.59    5.14  470.24    6.42  473.92    6.38  479.61    6.43

  490.16    6.71  498.85    6.91  518.11    7.56  518.94    7.58  532.86    8.03

  556.74    9.23  570.14    9.62  575.84    9.96  582.51   10.58  593.24   11.93

  597.56   12.28  597.58   12.28   597.7   12.29  597.73   12.29  597.85    12.3

  597.95   12.31  597.99   12.31  598.82   12.38  598.96   12.39  599.07    12.4

  599.17    12.4  599.25   12.41  599.53   12.43  600.21   12.49  606.35   12.98

  606.39   12.98  606.87   13.02  607.19   13.04  607.38   13.06   607.7   13.09

  608.02   13.11  608.29   13.13  608.36   13.14  608.48   13.17  609.88   13.48

  613.31   14.34  613.65   14.36  619.83   14.68   620.9   14.73  630.54    15.3

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .04   163.6     .07  455.17    .057  470.24     .08  593.24     .02

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        455.17  470.24            33.45   60.49   43.15             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  148.27    9.24       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 133.5329

INPUT

Description: XS-2

Station Elevation Data    num=     114

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   20.54     .84   20.53    7.49   20.25   15.87   19.19   26.44   17.15

   41.29   15.22   67.45   12.24    78.7   11.76   96.02   10.55   96.97   10.47

   99.36   10.36  116.12    9.49  118.82    9.32  119.32    9.31   119.9    9.28

  137.15    8.49  139.86    8.61  144.23    8.83   146.3    8.55  148.36    6.96

  154.06    5.24  156.17    4.28   156.7    4.12  156.77    4.08  158.36    3.28

  159.67    3.18  159.71    3.14  160.37    3.11   160.4    3.11  164.18     9.1

  164.32    9.26  164.73    9.25  180.67    8.37  196.33    7.96   209.3    7.56



  232.31    7.08  242.64    6.89  245.54    6.84  250.92    6.69  291.49    5.97

  293.15    5.94  295.33    5.93  296.28    5.93  297.82    5.92   330.2    5.66

  337.96    5.91  342.52    5.98  346.41    3.48  347.15    3.19  347.63    3.09

  348.11    3.02  354.47    2.65  358.27    2.23  359.64    2.15  362.55    4.61

  364.68    6.08   370.5     6.3  378.01    6.06  383.32     6.1  397.68    6.12

  399.51    6.13  412.74    6.28  418.28    6.35  424.75    6.45  440.29    6.63

  445.74     6.8  453.64    7.03  459.06     7.2  468.07    7.47     472    7.45

  485.03    7.59  487.05    7.61  487.31    7.61  487.59    7.65  498.03    8.76

  504.91    9.26  505.21    9.28  505.28    9.29  505.57    9.31   505.6    9.31

  506.57    9.39  506.69    9.39  506.77     9.4  506.85    9.41  508.05     9.5

  512.18   10.02  512.83   10.09   513.1   10.12  513.91    10.2  514.17   10.23

  515.16   10.33   515.4   10.35  516.56   10.46  516.78   10.48     526   11.49

   526.3    11.5  527.36   11.56  528.43   11.61  534.61   11.99  537.57   11.99

  538.41      12  538.96      12  550.53   13.46  554.68      14  555.89   14.14

  556.67   14.23  562.89   14.94  565.55   15.24  569.63    15.7  570.36   15.79

  572.25      16  574.69   16.21  575.23   16.25  577.84   16.47

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .04  158.36     .07  342.52    .057  364.68     .08  498.03     .03

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        342.52  364.68           102.93  109.15  103.73             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  164.18     9.1       F

CROSS SECTION          

RIVER: Mill Swamp      

REACH: Main Stem          RS: 24.38062

INPUT

Description: XS-1

Station Elevation Data    num=     192

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   21.46     .46   21.41     .95    21.4    1.47   21.38     3.1   21.21

    3.79   21.19    4.56   21.15    5.42   21.11     6.4   21.06     7.9   20.91

    9.09   20.84   10.47   20.74    12.1   20.62   14.12   20.46   16.76   20.24

   19.35      20   19.97   19.88   20.15   19.85   20.48   19.79    23.3   19.24

   24.97   18.94   26.45   17.32   27.61   16.29   29.66   15.98    31.6   15.68

   33.97   15.32   36.26   14.97   37.97   14.71   38.71   14.59    45.1   13.71

   45.95   13.58   46.38   13.51   47.03   13.41   49.22   13.07   50.57   12.87

   51.93   12.66   53.86   12.36    54.5   12.26   56.91   11.89   57.08   11.86

   58.73    11.6   59.22   11.53   60.56   11.32   61.56   11.17   62.47   11.03

   63.96   10.79   64.47   10.72   66.45   10.41   66.58   10.39   67.32   10.28

   68.37   10.11   68.59   10.08   69.91    9.87   70.48    9.79   71.42    9.64



   72.32     9.5   73.68    9.29   74.12    9.22   75.16    9.06   81.12    8.25

   86.22    7.71   93.39    7.57   93.53    7.83   93.96    7.84   94.21    7.84

    95.3    7.86   96.25    7.87   97.09    7.88   97.83     7.9   98.51    7.91

   99.12    7.92   99.68    7.92  103.49    7.98  104.31       8  109.93    8.14

  115.71    8.02  128.57    8.57  130.23    8.68  130.38    8.69  130.97    8.68

  131.15    8.41  132.84    6.51  136.21    3.07   137.2    3.12  137.27    3.12

  138.29    3.21  144.92    7.77  145.11    7.86  145.15    7.88  145.18    7.89

  145.21    7.91  145.23    7.91  145.45    8.02  145.55    8.07  165.68     8.5

  165.98    8.51  166.13    8.51  167.52    8.55   167.6    8.55  168.27    8.52

  188.57    7.82  201.29    7.74  204.82    7.76  207.55    7.72  230.05    7.32

  232.05    7.33  234.68    7.35  239.93    7.55  243.74    6.82   246.3    6.45

  251.21    7.29  252.58     7.5  258.76    7.43  268.39    7.13   275.6    7.09

  297.44    6.08  297.76    6.07  311.89    5.65  314.13    3.14   314.4    3.02

  315.46    2.52  315.48    2.52  315.55    2.49  316.26     2.3  316.27    2.29

  316.53    2.22   320.8    1.51  325.33    2.18  325.59    2.22  325.62    2.23

  325.65    2.23  325.74    2.25  325.84    2.26  325.88    2.27  326.29    2.34

  326.32    2.35  326.52    2.52  326.67    2.64  326.78    2.73  326.86     2.8

  326.92    2.85  326.97    2.89  327.01    2.93  327.04    2.95  327.06    2.98

  327.08    2.99   327.1       3  327.18    3.08  329.69    5.63  331.38    5.58

  340.45    5.81  355.39    5.35  364.31    5.31  381.62    5.69  384.52    5.73

  389.57    5.81  398.18    5.84  399.18    5.85  413.53    6.36  416.66       6

  417.45    6.08  425.05     6.7  425.75    6.77  425.86    6.77  434.35    7.13

  434.95    7.17  435.09    7.18  435.24    7.18  435.38    7.19  435.62     7.2

  439.16    7.61   439.4    7.64  440.59    7.75  440.76    7.77  442.55    7.93

   442.6    7.94  443.31       8  446.14       8   447.8    8.09  448.29    8.11

   453.3    8.37  455.78     8.5  459.38    8.69  465.03    8.98   467.2     9.1

  479.65    9.74  484.81      10  504.16    11.5  510.51      12  521.89   12.99

  533.46      14  542.07    14.7

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .04  165.98     .07  311.89    .057  329.69     .08  425.05     .03

Bank Sta: Left   Right    Coeff Contr.   Expan.

        311.89  329.69             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  144.83    7.71       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 1871.760

INPUT

Description: XS-12A

Station Elevation Data    num=     164

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev



********************************************************************************

       0   34.75    2.39   34.67    4.52   34.59    8.56   34.45    9.98    34.4

   13.97   34.27   14.79   34.24   22.13      34   22.72      34   23.09   33.99

   23.72   33.99   23.88   33.98   28.06   33.77   29.21   33.71   29.55    33.7

   29.94   33.68   31.15   33.61   31.66   33.59   32.25   33.57   34.19   33.47

   39.37   33.19   42.19   33.03   44.09   32.92   48.18   32.69   54.58   32.31

   59.76      32   71.59   30.37   74.21      30   81.37   28.82    86.8      28

   88.14   27.72    89.3   27.48   92.54   26.82   96.37      26   97.14   25.67

  100.68      24  103.52   23.33  105.27   23.03  107.08   22.64  110.23   22.18

  110.53   22.12   111.5      22  119.74      22  124.79   21.99  150.54   21.47

  150.82   21.47  165.82   21.27  166.16   21.27  171.85   21.19  172.81   21.18

  173.81   21.17  181.62   21.05  182.34   21.04  183.42   21.02  184.17   21.01

  185.24   20.99  186.02   20.98  187.06   20.96  187.86   20.95  188.86   20.93

  189.65   20.92   195.5   20.79   196.3   20.79  213.16   20.58  214.61   20.58

  227.73    20.5   255.1   20.23  270.51      20  330.15      20  330.82   19.91

  331.29   19.57   331.4   19.49  332.17   19.49  335.89   19.47  336.02   19.47

  343.63   19.81   344.3   19.83  344.46   19.83  344.64   19.84  344.84   19.84

  345.05   19.85  345.28   19.85  345.55   19.86  345.86   19.87  346.23   19.88

  349.01   19.96  349.93   19.99  350.96   20.02  352.13   20.05  353.43   20.09

  354.81   20.13  356.17   20.17  357.36    20.2  357.91   20.22  358.79   20.24

  365.06   20.42  365.61   20.44  366.08   20.45  368.09   20.51   368.8   20.53

  368.89   20.53  372.23   20.62   390.2   21.04  396.93    21.3  397.92   21.32

  407.26   21.52   420.4    21.7   428.7   21.62  451.03   21.41  451.94    21.4

  465.66   21.31  471.31   21.01  472.74   18.52  478.82   15.22  480.59   15.21

  482.39   14.73  484.65   14.82  486.88   15.59  494.79   19.45  495.27   19.84

  495.96   19.89  496.57   19.94  498.69   20.07  523.57    20.9  531.85   21.15

  532.52   21.16  537.53   21.22  541.92   21.24     567   21.31  568.89   21.37

   596.9   22.07  602.77   22.35  630.03   23.93  636.11    24.1  667.12   25.36

  668.09   25.39  670.16   25.48  690.74   26.23  712.53    26.9  717.71   27.04

   718.4   27.06  726.75   27.69  727.53   27.71  727.77   27.72  728.02   27.73

   728.5   27.75  728.74   27.75  728.97   27.76  729.14   27.77  733.78   27.97

  734.46   27.97   734.8   27.98  737.05   27.98  740.28   27.99  740.73   27.99

  741.01      28  743.32      28  767.79   28.93  769.28   28.98  770.95   29.04

   772.8   29.11  774.89   29.18  777.25   29.27  779.28   29.34

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03   59.76     .08  471.31    .053  495.96     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        471.31  495.96            53.92    55.5   36.34             .1       .3

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  398.55   21.24       F

  527.18  779.28   21.55       F

CROSS SECTION          



RIVER: UNT             

REACH: UNT                RS: 1816.260

INPUT

Description: XS-11A

Station Elevation Data    num=     276

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   26.54      .8   26.52    1.13    26.5     2.5   26.46    3.94   26.43

    4.22   26.41    5.72   26.38    5.96   26.36    7.54   26.33    9.18    26.3

    9.38   26.29   11.08   26.26   15.18   26.02   17.97   26.02   19.45   26.01

   25.79   26.01   27.46      26   29.15      26   30.66   25.99   31.26   25.99

      33   25.97   34.51   25.96   35.82   25.95   37.44   25.93   38.73   25.92

   39.81   25.91   40.73    25.9   41.52   25.89   45.21   25.88   46.16   25.87

   46.99   25.86   52.24   25.79   52.74   25.79   53.16   25.78   53.81   25.78

   54.06   25.77   54.69   25.77   69.57   24.54   69.98   24.52   70.95   24.48

   71.29   24.46   71.59   24.44   72.73    24.4   72.98   24.39    74.3   24.35

    74.5   24.33   75.97    24.3   76.14   24.29   76.28   24.28   77.85   24.25

   81.04   24.04   82.36   24.04   83.77   24.03   89.98   24.03   91.63   24.02

    93.3   24.02   93.66      24  120.34      24  122.55   24.01  129.17   24.01

  130.09   24.02  130.55   24.02  131.25   24.03  132.42   24.05     133   24.05

  134.53   24.06  136.05   24.06  138.91   24.03  140.36   24.03  144.08   24.01

  144.49   24.01  144.82      24   145.4      24  157.78    22.5  158.56   22.45

  159.53    22.4  162.22   22.18  162.37   22.18  163.26   22.15  163.38   22.15

   163.5   22.14  164.56   22.12  164.65   22.12  165.89    22.1  165.96    22.1

  167.35   22.08  167.41   22.08  168.93   22.07  170.57   22.06  170.61   22.05

  172.33   22.05  172.36   22.04  174.13   22.04  175.95   22.03  175.96   22.03

  177.79   22.02  178.12      22  188.57      22  190.16   21.99   206.7   21.99

  206.81   21.61  206.91   21.64  206.96   21.66  207.37    21.8  213.66   21.72

  214.31   21.71  229.71   21.45   239.9   21.29  254.51   21.09   268.8   20.76

   278.9   20.58  306.58   19.86  311.52   19.76  316.07   19.68  344.53   19.59

  354.58   19.33  370.29   19.07  372.05   19.07  375.22   19.08  397.94   19.02

  406.21   19.03  428.26   18.84  447.47   18.75  450.85   18.67  473.33   18.36

  478.18   18.28  478.73   18.27  478.95   18.27  480.57   18.22  498.89   17.92

  500.47   17.93  511.32   17.73  524.35   17.88  528.42   17.91  556.54    17.3

  560.06   17.16  579.13   16.66  582.62   16.61  582.82    16.6  583.26   16.57

  584.51   16.57  590.87   16.48   614.8   16.17  619.09   16.21  620.68   16.31

  626.85   16.16  646.57   15.76  649.89      16  651.74    15.7  657.73   15.65

  661.62   15.63  663.08   15.62  663.67    15.4  664.08   15.14  666.48   14.86

  670.22   14.41  670.62   14.46  672.02   14.26  672.07   14.27  675.64   15.12

  675.69   15.13  675.77   15.41  678.03   16.76  678.36   17.16  680.59   17.06

  680.65   17.07  680.73   17.08  682.04   17.24  687.47   18.38  689.09   18.62

  689.86   18.67  698.02   18.86  698.22   18.87  698.28   18.87  704.97   18.41

  706.04   18.34  706.19   18.33  707.51   18.41  707.62   18.41  708.88   18.46

  710.41   18.72  713.94   18.83  723.42   18.84   723.9   18.83  727.89   19.04

  730.25   19.27  740.63   19.91  748.51   20.48  751.19   20.67  751.46   20.69

  776.77   21.54  793.31   21.71  794.59   21.75  798.06    21.9  806.08   21.94

  819.86   22.43  825.18   22.61  848.54   22.65  848.95   22.65  849.01   22.67

  850.28   22.67  854.82   22.82  855.44   22.98  856.59   24.32  858.91   24.37

  870.03   24.58  872.96   24.56  876.67   24.69  886.19    24.7   887.3   23.96



  890.93   24.08  894.41   24.32  901.83   25.02  910.16   25.42  917.98   25.69

  919.17   25.75  919.26   25.75  921.97   25.88  922.27   25.89  937.22   26.59

   941.5    26.7  941.69   26.71  942.06   26.72  945.52   26.22  945.76   26.25

  945.89   26.23  947.37   26.04  947.71   26.07  947.77   26.07  948.64   25.97

  949.18   26.72  950.54   26.75  950.93   26.78  952.22    26.8  952.64   26.83

  953.85   26.85  954.31   26.89  955.44   26.91  956.51   26.93  956.99   26.97

  957.98   26.99  958.51   27.03  959.39   27.04  959.98   27.09  960.75    27.1

  961.41   27.12  962.02   27.16   962.7   27.21   963.2   27.22  963.91   27.27

  964.27   27.28  965.03   27.33  965.82   27.38  966.65   27.43  966.85   27.44

  967.68    27.5  968.55   27.56  969.47   27.63  970.47    27.7  971.58   27.78

  973.32   27.98  973.85   27.99  974.47      28  981.03      28  997.33   28.64

  998.89   28.68  999.62   28.72 1001.06   28.76 1002.38   28.79 1003.17   28.84

 1004.34   28.87 1005.22   28.93 1006.22   28.96 1007.22   29.02 1008.37   29.08

 1008.99   29.11

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  159.53     .08  661.62    .053  704.97     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        661.62  704.97            73.64   64.84   70.41             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  657.09   21.24       F

  695.25 1008.99   21.55       F

CULVERT                

RIVER: UNT             

REACH: UNT                RS: 1785.496

INPUT

Description: 

Distance from Upstream XS =   3.151

Deck/Roadway Width        =   44.03

Weir Coefficient          =     2.6

Upstream  Deck/Roadway Coordinates

    num=       4

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

   159.6  22.356          670.62 22.6387          687.37 22.5582        

 1007.22  29.139        

Upstream Bridge Cross Section Data

Station Elevation Data    num=     276

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   26.54      .8   26.52    1.13    26.5     2.5   26.46    3.94   26.43



    4.22   26.41    5.72   26.38    5.96   26.36    7.54   26.33    9.18    26.3

    9.38   26.29   11.08   26.26   15.18   26.02   17.97   26.02   19.45   26.01

   25.79   26.01   27.46      26   29.15      26   30.66   25.99   31.26   25.99

      33   25.97   34.51   25.96   35.82   25.95   37.44   25.93   38.73   25.92

   39.81   25.91   40.73    25.9   41.52   25.89   45.21   25.88   46.16   25.87

   46.99   25.86   52.24   25.79   52.74   25.79   53.16   25.78   53.81   25.78

   54.06   25.77   54.69   25.77   69.57   24.54   69.98   24.52   70.95   24.48

   71.29   24.46   71.59   24.44   72.73    24.4   72.98   24.39    74.3   24.35

    74.5   24.33   75.97    24.3   76.14   24.29   76.28   24.28   77.85   24.25

   81.04   24.04   82.36   24.04   83.77   24.03   89.98   24.03   91.63   24.02

    93.3   24.02   93.66      24  120.34      24  122.55   24.01  129.17   24.01

  130.09   24.02  130.55   24.02  131.25   24.03  132.42   24.05     133   24.05

  134.53   24.06  136.05   24.06  138.91   24.03  140.36   24.03  144.08   24.01

  144.49   24.01  144.82      24   145.4      24  157.78    22.5  158.56   22.45

  159.53    22.4  162.22   22.18  162.37   22.18  163.26   22.15  163.38   22.15

   163.5   22.14  164.56   22.12  164.65   22.12  165.89    22.1  165.96    22.1

  167.35   22.08  167.41   22.08  168.93   22.07  170.57   22.06  170.61   22.05

  172.33   22.05  172.36   22.04  174.13   22.04  175.95   22.03  175.96   22.03

  177.79   22.02  178.12      22  188.57      22  190.16   21.99   206.7   21.99

  206.81   21.61  206.91   21.64  206.96   21.66  207.37    21.8  213.66   21.72

  214.31   21.71  229.71   21.45   239.9   21.29  254.51   21.09   268.8   20.76

   278.9   20.58  306.58   19.86  311.52   19.76  316.07   19.68  344.53   19.59

  354.58   19.33  370.29   19.07  372.05   19.07  375.22   19.08  397.94   19.02

  406.21   19.03  428.26   18.84  447.47   18.75  450.85   18.67  473.33   18.36

  478.18   18.28  478.73   18.27  478.95   18.27  480.57   18.22  498.89   17.92

  500.47   17.93  511.32   17.73  524.35   17.88  528.42   17.91  556.54    17.3

  560.06   17.16  579.13   16.66  582.62   16.61  582.82    16.6  583.26   16.57

  584.51   16.57  590.87   16.48   614.8   16.17  619.09   16.21  620.68   16.31

  626.85   16.16  646.57   15.76  649.89      16  651.74    15.7  657.73   15.65

  661.62   15.63  663.08   15.62  663.67    15.4  664.08   15.14  666.48   14.86

  670.22   14.41  670.62   14.46  672.02   14.26  672.07   14.27  675.64   15.12

  675.69   15.13  675.77   15.41  678.03   16.76  678.36   17.16  680.59   17.06

  680.65   17.07  680.73   17.08  682.04   17.24  687.47   18.38  689.09   18.62

  689.86   18.67  698.02   18.86  698.22   18.87  698.28   18.87  704.97   18.41

  706.04   18.34  706.19   18.33  707.51   18.41  707.62   18.41  708.88   18.46

  710.41   18.72  713.94   18.83  723.42   18.84   723.9   18.83  727.89   19.04

  730.25   19.27  740.63   19.91  748.51   20.48  751.19   20.67  751.46   20.69

  776.77   21.54  793.31   21.71  794.59   21.75  798.06    21.9  806.08   21.94

  819.86   22.43  825.18   22.61  848.54   22.65  848.95   22.65  849.01   22.67

  850.28   22.67  854.82   22.82  855.44   22.98  856.59   24.32  858.91   24.37

  870.03   24.58  872.96   24.56  876.67   24.69  886.19    24.7   887.3   23.96

  890.93   24.08  894.41   24.32  901.83   25.02  910.16   25.42  917.98   25.69

  919.17   25.75  919.26   25.75  921.97   25.88  922.27   25.89  937.22   26.59

   941.5    26.7  941.69   26.71  942.06   26.72  945.52   26.22  945.76   26.25

  945.89   26.23  947.37   26.04  947.71   26.07  947.77   26.07  948.64   25.97

  949.18   26.72  950.54   26.75  950.93   26.78  952.22    26.8  952.64   26.83

  953.85   26.85  954.31   26.89  955.44   26.91  956.51   26.93  956.99   26.97

  957.98   26.99  958.51   27.03  959.39   27.04  959.98   27.09  960.75    27.1

  961.41   27.12  962.02   27.16   962.7   27.21   963.2   27.22  963.91   27.27

  964.27   27.28  965.03   27.33  965.82   27.38  966.65   27.43  966.85   27.44



  967.68    27.5  968.55   27.56  969.47   27.63  970.47    27.7  971.58   27.78

  973.32   27.98  973.85   27.99  974.47      28  981.03      28  997.33   28.64

  998.89   28.68  999.62   28.72 1001.06   28.76 1002.38   28.79 1003.17   28.84

 1004.34   28.87 1005.22   28.93 1006.22   28.96 1007.22   29.02 1008.37   29.08

 1008.99   29.11

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .03  159.53     .08  661.62    .053  704.97     .08

Bank Sta: Left   Right    Coeff Contr.   Expan.

        661.62  704.97             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  657.09   21.24       F

  695.25 1008.99   21.55       F

Downstream  Deck/Roadway Coordinates

    num=       4

     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord     Sta Hi Cord Lo Cord

************************************************************************

     173  22.424           654.1 22.1853          678.15 22.3921        

 1012.35  28.695        

Downstream Bridge Cross Section Data

Station Elevation Data    num=     290

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   26.33    5.71   26.01    5.85      26    5.98   26.01    6.32      26

   17.49      26   19.71   25.99    20.6   25.99   24.65   25.82   24.87   25.82

    25.1    25.8   25.37   25.79   38.11   25.37   39.54   25.34   40.19   25.31

   41.54   25.28   42.25   25.25   43.51   25.22   44.27   25.18   45.44   25.16

   46.24   25.12   47.31    25.1   48.29   25.07   49.13   25.04   50.02   25.02

   50.84      25    51.6   24.98   52.45   24.95   53.16   24.94   53.83   24.92

   54.49   24.91   55.36   24.88   55.99   24.87    63.2   24.51   63.59    24.5

   63.97    24.5   64.36   24.49   64.74   24.48   65.12   24.48    65.5   24.47

   71.47   24.01   71.88   24.01   72.36      24   75.06      24   75.23   23.99

   85.79   23.99   99.52   23.63  101.05   23.62  101.34   23.61  102.85   23.61

  104.34    23.6  104.65   23.59  106.12   23.58  106.45   23.57  107.91   23.56

  109.35   23.56   109.7   23.55  111.12   23.54  111.48   23.54   112.9   23.53

  114.31   23.52  114.67   23.52  116.07   23.51  116.45    23.5  117.83    23.5

  118.21   23.49  119.58   23.48  120.93   23.48  121.32   23.47  122.66   23.46

  123.04   23.46  124.37   23.45  124.75   23.45  126.06   23.44  126.43   23.44

  127.73   23.43  128.09   23.43  129.37   23.42  129.71   23.42  130.97   23.41

   131.3   23.41  132.54    23.4  132.84   23.41  134.05   23.39  134.33    23.4

  135.51   23.38  135.77   23.39  137.13   23.41  138.33    23.4  140.15    23.4

  141.35   23.39  141.77   23.38  142.22   23.38  143.37   23.37  143.84   23.36

  144.94   23.35  145.42   23.35  146.47   23.34  146.96   23.34  147.96   23.33

  148.47   23.33  149.41   23.32  149.93   23.31  156.66   23.07  157.44   23.06



  158.17   23.05  158.86   23.04   159.5   23.03  167.57   22.56  167.96   22.55

  168.34   22.53   168.7   22.51  169.04    22.5  169.37   22.48  169.99   22.45

  170.29   22.44  170.57   22.42  171.38   22.38   172.2   22.35   172.7   22.34

   173.2   22.32  174.17   22.29  174.39   22.28  175.54   22.25  175.73   22.24

  177.04    22.2   177.2    22.2  178.64   22.16  178.76   22.16  180.31   22.12

   180.4   22.12  182.03   22.09  182.09   22.09   183.8   22.06  185.58   22.04

  185.61   22.04  187.44   22.01  187.45   22.01  188.75      22  224.62      22

  225.31   19.62  225.72    19.6  232.52   19.56  241.05   19.51  241.37   19.51

  242.61    19.5   243.3    19.5  245.21   19.49  245.31   19.49   255.5   19.29

  271.17   19.33  276.59    19.4  297.84   19.51  308.19   19.37  326.86   19.35

  355.33   19.31  360.64   19.32  376.97   19.07  388.89   19.16  393.37   18.37

  397.26   18.03     401   19.23  402.87   19.19  426.27   19.39  436.69   19.62

  439.32   19.63  465.42   19.79  467.19   19.81  467.39    19.8  494.69   20.27

  501.22   19.97   517.4   20.03  528.77   20.21  536.13   20.06   549.1   19.94

  568.82   20.05  571.56   20.08  572.81   20.09   579.2   20.18   582.9   20.28

  588.86   20.36  596.93   20.53  601.14   20.64  604.52   20.72  605.39   20.72

  611.31   20.87  611.46   20.89     613   20.94  615.17      21   629.7   21.23

  634.43   21.28  635.23   21.27  636.32   21.18  642.13   20.49  642.41   20.47

  642.43   20.47  645.98   19.41  646.09   19.37   646.1   19.37  646.82   18.08

  647.29   17.22  647.34    17.2  647.42   17.18  648.88   16.71  651.07   16.51

  653.14   16.34  653.29   16.33   656.6   15.85  658.01   15.63  658.67   15.54

  659.73   15.39  662.01   15.32  662.02   15.32  663.29   15.22  663.49   15.51

   663.5   15.51  667.52   17.05  667.54   17.08   667.6   17.22  672.74   17.36

  672.85   17.34  672.87   17.35  672.98   17.38  674.67    17.7  675.64   17.91

   675.9   17.97  680.96   19.12  681.02   19.13  681.05   19.14  681.11   19.15

  681.66   19.29  682.22    19.4  682.27   19.41  682.81   19.53  682.83   19.53

  682.85   19.54  682.86   19.54  683.18    19.6  683.28   19.61  688.05   20.19

  710.77   21.56  712.91   21.53  715.51   21.62  716.96   21.65  718.63    21.7

     726   21.78   728.4   21.79  731.45    21.8  742.43   21.97  751.77   22.05

  759.64   22.03  770.56   22.18  776.55   22.28  777.03    22.3  777.54   22.31

  785.44   22.42  786.55   22.44   787.6   22.47  795.46   22.73  796.29   22.75

   804.4   22.95  813.07    23.2  813.47   23.21  813.85   23.23  822.45   23.49

  822.68    23.5   831.7   23.72  832.17   23.71  832.25   23.71  847.32   23.97

  853.58   24.15  867.82   24.55  868.82    24.6  869.12   24.62  871.26   24.67

  893.94   25.31  897.08   25.38  899.57   25.45  917.79   25.93  929.48   26.31

  937.05   26.53  942.69   26.75  949.98   26.94  952.95   27.02  968.78   27.43

  986.42   27.88   995.5   28.15 1012.33   28.65 1025.42   29.05 1033.63   29.31

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .03   42.25     .08  646.82    .053   675.9     .08     726     .02

Bank Sta: Left   Right    Coeff Contr.   Expan.

        646.82   675.9             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  646.93   21.47       F

  676.83 1033.63    21.5       F



Upstream Embankment side slope              =       0 horiz. to 1.0 vertical

Downstream Embankment side slope            =       0 horiz. to 1.0 vertical

Maximum allowable submergence for weir flow =     .98

Elevation at which weir flow begins         =        

Energy head used in spillway design         =        

Spillway height used in design              =        

Weir crest shape                            = Broad Crested

Number of Culverts =  2 

Culvert Name     Shape      Rise    Span

Culvert #1           Box       6    10.5

FHWA Chart # 8 - flared wingwalls

FHWA Scale # 1 - Wingwall flared 30 to 75 deg.

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

              3.151   58.05     .011     .014      .87                   .4         

      1

Upstream   Elevation =  15.24 

           Centerline Station =  671.52 

Downstream Elevation =  15.47 

           Centerline Station =  658.67 

Culvert Name     Shape      Rise    Span

Culvert #2           Box       6    10.5

FHWA Chart # 8 - flared wingwalls

FHWA Scale # 1 - Wingwall flared 30 to 75 deg.

Solution Criteria = Highest U.S. EG

Culvert Upstrm Dist  Length    Top n  Bottom n  Depth Blocked  Entrance Loss Coef   

Exit Loss Coef

              3.151   58.05     .011     .014     1.44                   .4         

      1

Upstream   Elevation =  15.55 

           Centerline Station =  682.54 

Downstream Elevation =  15.5 

           Centerline Station =  671.88 

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  182.32  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.05  *

* Q Barrel (cfs)         *  182.32  * Culv Vel DS (ft/s)     *    5.72  *

* E.G. US. (ft)          *   20.09  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   20.00  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   19.60  * Culv Frctn Ls (ft)     *    0.06  *

* W.S. DS (ft)           *   19.38  * Culv Exit Loss (ft)    *    0.29  *

* Delta EG (ft)          *    0.50  * Culv Entr Loss (ft)    *    0.16  *

* Delta WS (ft)          *    0.63  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   19.48  * Weir Sta Lft (ft)      *          *



* E.G. OC (ft)           *   20.10  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   19.55  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   19.38  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    2.11  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  440.36  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.22  *

* Q Barrel (cfs)         *  440.36  * Culv Vel DS (ft/s)     *    9.57  *

* E.G. US. (ft)          *   22.67  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   22.67  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   21.55  * Culv Frctn Ls (ft)     *    0.12  *

* W.S. DS (ft)           *   20.72  * Culv Exit Loss (ft)    *    0.59  *

* Delta EG (ft)          *    1.12  * Culv Entr Loss (ft)    *    0.42  *

* Delta WS (ft)          *    1.95  * Q Weir (cfs)           *  101.87  *

* E.G. IC (ft)           *   22.36  * Weir Sta Lft (ft)      *  156.33  *

* E.G. OC (ft)           *   22.68  * Weir Sta Rgt (ft)      *  693.08  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.21  * Weir Max Depth (ft)    *    0.32  *

* Culv WS Outlet (ft)    *   20.72  * Weir Avg Depth (ft)    *    0.17  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *   93.33  *

* Culv Crt Depth (ft)    *    3.80  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  420.74  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    7.81  *

* Q Barrel (cfs)         *  420.74  * Culv Vel DS (ft/s)     *    7.81  *

* E.G. US. (ft)          *   22.98  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   22.98  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   22.47  * Culv Frctn Ls (ft)     *    0.13  *

* W.S. DS (ft)           *   21.20  * Culv Exit Loss (ft)    *    0.00  *

* Delta EG (ft)          *    0.51  * Culv Entr Loss (ft)    *    0.38  *

* Delta WS (ft)          *    1.78  * Q Weir (cfs)           *  465.74  *

* E.G. IC (ft)           *   22.10  * Weir Sta Lft (ft)      *  153.81  *

* E.G. OC (ft)           *   22.98  * Weir Sta Rgt (ft)      *  707.93  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.24  * Weir Max Depth (ft)    *    0.62  *

* Culv WS Outlet (ft)    *   21.53  * Weir Avg Depth (ft)    *    0.47  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  259.94  *

* Culv Crt Depth (ft)    *    3.68  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

Warning: During subcritical analysis, with the exit loss set =1.0, the projected 

WSEL in culvert has a lower energy than the 



         downstream energy.  Most likely, the downstream cross section blocks part 

of the culvert or the ineffective area is 

         set too far in.  Instead of projecting the WSEL, the program did an energy 

balance to get the WSEL inside the 

         culvert at the downstream end.

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  458.14  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.51  *

* Q Barrel (cfs)         *  458.14  * Culv Vel DS (ft/s)     *    8.51  *

* E.G. US. (ft)          *   23.25  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   23.24  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   21.66  * Culv Frctn Ls (ft)     *    0.14  *

* W.S. DS (ft)           *   21.53  * Culv Exit Loss (ft)    *    1.00  *

* Delta EG (ft)          *    1.59  * Culv Entr Loss (ft)    *    0.45  *

* Delta WS (ft)          *    1.71  * Q Weir (cfs)           *  907.85  *

* E.G. IC (ft)           *   22.63  * Weir Sta Lft (ft)      *  151.62  *

* E.G. OC (ft)           *   23.26  * Weir Sta Rgt (ft)      *  720.80  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.24  * Weir Max Depth (ft)    *    0.89  *

* Culv WS Outlet (ft)    *   21.47  * Weir Avg Depth (ft)    *    0.72  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  408.65  *

* Culv Crt Depth (ft)    *    3.90  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  432.42  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.03  *

* Q Barrel (cfs)         *  432.42  * Culv Vel DS (ft/s)     *    8.03  *

* E.G. US. (ft)          *   23.47  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   23.46  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   22.06  * Culv Frctn Ls (ft)     *    0.12  *

* W.S. DS (ft)           *   21.95  * Culv Exit Loss (ft)    *    0.89  *

* Delta EG (ft)          *    1.41  * Culv Entr Loss (ft)    *    0.40  *

* Delta WS (ft)          *    1.51  * Q Weir (cfs)           * 1396.30  *

* E.G. IC (ft)           *   22.24  * Weir Sta Lft (ft)      *  149.63  *

* E.G. OC (ft)           *   23.48  * Weir Sta Rgt (ft)      *  732.56  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.24  * Weir Max Depth (ft)    *    1.13  *

* Culv WS Outlet (ft)    *   21.47  * Weir Avg Depth (ft)    *    0.94  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  548.09  *

* Culv Crt Depth (ft)    *    3.75  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #1  

*************************************************************************

* Q Culv Group (cfs)     *  403.83  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    7.50  *



* Q Barrel (cfs)         *  403.83  * Culv Vel DS (ft/s)     *    7.50  *

* E.G. US. (ft)          *   23.72  * Culv Inv El Up (ft)    *   15.24  *

* W.S. US. (ft)          *   23.70  * Culv Inv El Dn (ft)    *   15.47  *

* E.G. DS (ft)           *   22.48  * Culv Frctn Ls (ft)     *    0.12  *

* W.S. DS (ft)           *   22.37  * Culv Exit Loss (ft)    *    0.76  *

* Delta EG (ft)          *    1.23  * Culv Entr Loss (ft)    *    0.35  *

* Delta WS (ft)          *    1.33  * Q Weir (cfs)           * 1920.92  *

* E.G. IC (ft)           *   21.94  * Weir Sta Lft (ft)      *  147.75  *

* E.G. OC (ft)           *   23.72  * Weir Sta Rgt (ft)      *  743.61  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.24  * Weir Max Depth (ft)    *    1.36  *

* Culv WS Outlet (ft)    *   21.47  * Weir Avg Depth (ft)    *    1.14  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  682.08  *

* Culv Crt Depth (ft)    *    3.58  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #2 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  138.08  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    5.30  *

* Q Barrel (cfs)         *  138.08  * Culv Vel DS (ft/s)     *    5.40  *

* E.G. US. (ft)          *   20.09  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   20.00  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   19.60  * Culv Frctn Ls (ft)     *    0.08  *

* W.S. DS (ft)           *   19.38  * Culv Exit Loss (ft)    *    0.23  *

* Delta EG (ft)          *    0.50  * Culv Entr Loss (ft)    *    0.17  *

* Delta WS (ft)          *    0.63  * Q Weir (cfs)           *          *

* E.G. IC (ft)           *   19.78  * Weir Sta Lft (ft)      *          *

* E.G. OC (ft)           *   20.08  * Weir Sta Rgt (ft)      *          *

* Culvert Control        *  Outlet  * Weir Submerg           *          *

* Culv WS Inlet (ft)     *   19.47  * Weir Max Depth (ft)    *          *

* Culv WS Outlet (ft)    *   19.38  * Weir Avg Depth (ft)    *          *

* Culv Nml Depth (ft)    *    2.85  * Weir Flow Area (sq ft) *          *

* Culv Crt Depth (ft)    *    1.75  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #5 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  367.47  * Culv Full Len (ft)     *          *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.69  *

* Q Barrel (cfs)         *  367.47  * Culv Vel DS (ft/s)     *    9.25  *

* E.G. US. (ft)          *   22.67  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   22.67  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   21.55  * Culv Frctn Ls (ft)     *    0.14  *

* W.S. DS (ft)           *   20.72  * Culv Exit Loss (ft)    *    0.50  *

* Delta EG (ft)          *    1.12  * Culv Entr Loss (ft)    *    0.47  *

* Delta WS (ft)          *    1.95  * Q Weir (cfs)           *  101.87  *

* E.G. IC (ft)           *   22.51  * Weir Sta Lft (ft)      *  156.33  *

* E.G. OC (ft)           *   22.66  * Weir Sta Rgt (ft)      *  693.08  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *



* Culv WS Inlet (ft)     *   21.02  * Weir Max Depth (ft)    *    0.32  *

* Culv WS Outlet (ft)    *   20.72  * Weir Avg Depth (ft)    *    0.17  *

* Culv Nml Depth (ft)    *    4.56  * Weir Flow Area (sq ft) *   93.33  *

* Culv Crt Depth (ft)    *    3.36  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

Note:    The normal depth exceeds the height of the culvert.  The program assumes 

that the normal depth is equal to the 

         height of the culvert.

CULVERT OUTPUT  Profile #10 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  370.02  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    7.73  *

* Q Barrel (cfs)         *  370.02  * Culv Vel DS (ft/s)     *    7.73  *

* E.G. US. (ft)          *   22.98  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   22.98  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   22.47  * Culv Frctn Ls (ft)     *    0.14  *

* W.S. DS (ft)           *   21.20  * Culv Exit Loss (ft)    *    0.00  *

* Delta EG (ft)          *    0.51  * Culv Entr Loss (ft)    *    0.37  *

* Delta WS (ft)          *    1.78  * Q Weir (cfs)           *  465.74  *

* E.G. IC (ft)           *   22.55  * Weir Sta Lft (ft)      *  153.81  *

* E.G. OC (ft)           *   22.98  * Weir Sta Rgt (ft)      *  707.93  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.55  * Weir Max Depth (ft)    *    0.62  *

* Culv WS Outlet (ft)    *   21.55  * Weir Avg Depth (ft)    *    0.47  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  259.94  *

* Culv Crt Depth (ft)    *    3.38  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

Warning: During subcritical analysis, with the exit loss set =1.0, the projected 

WSEL in culvert has a lower energy than the 

         downstream energy.  Most likely, the downstream cross section blocks part 

of the culvert or the ineffective area is 

         set too far in.  Instead of projecting the WSEL, the program did an energy 

balance to get the WSEL inside the 

         culvert at the downstream end.

CULVERT OUTPUT  Profile #25 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  402.61  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    8.41  *

* Q Barrel (cfs)         *  402.61  * Culv Vel DS (ft/s)     *    8.41  *

* E.G. US. (ft)          *   23.25  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   23.24  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   21.66  * Culv Frctn Ls (ft)     *    0.18  *

* W.S. DS (ft)           *   21.53  * Culv Exit Loss (ft)    *    0.98  *

* Delta EG (ft)          *    1.59  * Culv Entr Loss (ft)    *    0.44  *

* Delta WS (ft)          *    1.71  * Q Weir (cfs)           *  907.85  *

* E.G. IC (ft)           *   23.10  * Weir Sta Lft (ft)      *  151.62  *



* E.G. OC (ft)           *   23.23  * Weir Sta Rgt (ft)      *  720.80  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.55  * Weir Max Depth (ft)    *    0.89  *

* Culv WS Outlet (ft)    *   21.50  * Weir Avg Depth (ft)    *    0.72  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  408.65  *

* Culv Crt Depth (ft)    *    3.58  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #50 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  378.88  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    7.91  *

* Q Barrel (cfs)         *  378.88  * Culv Vel DS (ft/s)     *    7.91  *

* E.G. US. (ft)          *   23.47  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   23.46  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   22.06  * Culv Frctn Ls (ft)     *    0.16  *

* W.S. DS (ft)           *   21.95  * Culv Exit Loss (ft)    *    0.86  *

* Delta EG (ft)          *    1.41  * Culv Entr Loss (ft)    *    0.39  *

* Delta WS (ft)          *    1.51  * Q Weir (cfs)           * 1396.30  *

* E.G. IC (ft)           *   22.69  * Weir Sta Lft (ft)      *  149.63  *

* E.G. OC (ft)           *   23.45  * Weir Sta Rgt (ft)      *  732.56  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.55  * Weir Max Depth (ft)    *    1.13  *

* Culv WS Outlet (ft)    *   21.50  * Weir Avg Depth (ft)    *    0.94  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  548.09  *

* Culv Crt Depth (ft)    *    3.43  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CULVERT OUTPUT  Profile #100 YR  Culv Group:  Culvert #2  

*************************************************************************

* Q Culv Group (cfs)     *  357.55  * Culv Full Len (ft)     *   58.05  *

* # Barrels              *       1  * Culv Vel US (ft/s)     *    7.47  *

* Q Barrel (cfs)         *  357.55  * Culv Vel DS (ft/s)     *    7.47  *

* E.G. US. (ft)          *   23.72  * Culv Inv El Up (ft)    *   15.55  *

* W.S. US. (ft)          *   23.70  * Culv Inv El Dn (ft)    *   15.50  *

* E.G. DS (ft)           *   22.48  * Culv Frctn Ls (ft)     *    0.13  *

* W.S. DS (ft)           *   22.37  * Culv Exit Loss (ft)    *    0.76  *

* Delta EG (ft)          *    1.23  * Culv Entr Loss (ft)    *    0.35  *

* Delta WS (ft)          *    1.33  * Q Weir (cfs)           * 1920.92  *

* E.G. IC (ft)           *   22.36  * Weir Sta Lft (ft)      *  147.75  *

* E.G. OC (ft)           *   23.72  * Weir Sta Rgt (ft)      *  743.61  *

* Culvert Control        *  Outlet  * Weir Submerg           *    0.00  *

* Culv WS Inlet (ft)     *   21.55  * Weir Max Depth (ft)    *    1.36  *

* Culv WS Outlet (ft)    *   21.50  * Weir Avg Depth (ft)    *    1.14  *

* Culv Nml Depth (ft)    *          * Weir Flow Area (sq ft) *  682.08  *

* Culv Crt Depth (ft)    *    3.30  * Min El Weir Flow (ft)  *   22.37  *

*************************************************************************

CROSS SECTION          



RIVER: UNT             

REACH: UNT                RS: 1751.420

INPUT

Description: XS-10A

Station Elevation Data    num=     290

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   26.33    5.71   26.01    5.85      26    5.98   26.01    6.32      26

   17.49      26   19.71   25.99    20.6   25.99   24.65   25.82   24.87   25.82

    25.1    25.8   25.37   25.79   38.11   25.37   39.54   25.34   40.19   25.31

   41.54   25.28   42.25   25.25   43.51   25.22   44.27   25.18   45.44   25.16

   46.24   25.12   47.31    25.1   48.29   25.07   49.13   25.04   50.02   25.02

   50.84      25    51.6   24.98   52.45   24.95   53.16   24.94   53.83   24.92

   54.49   24.91   55.36   24.88   55.99   24.87    63.2   24.51   63.59    24.5

   63.97    24.5   64.36   24.49   64.74   24.48   65.12   24.48    65.5   24.47

   71.47   24.01   71.88   24.01   72.36      24   75.06      24   75.23   23.99

   85.79   23.99   99.52   23.63  101.05   23.62  101.34   23.61  102.85   23.61

  104.34    23.6  104.65   23.59  106.12   23.58  106.45   23.57  107.91   23.56

  109.35   23.56   109.7   23.55  111.12   23.54  111.48   23.54   112.9   23.53

  114.31   23.52  114.67   23.52  116.07   23.51  116.45    23.5  117.83    23.5

  118.21   23.49  119.58   23.48  120.93   23.48  121.32   23.47  122.66   23.46

  123.04   23.46  124.37   23.45  124.75   23.45  126.06   23.44  126.43   23.44

  127.73   23.43  128.09   23.43  129.37   23.42  129.71   23.42  130.97   23.41

   131.3   23.41  132.54    23.4  132.84   23.41  134.05   23.39  134.33    23.4

  135.51   23.38  135.77   23.39  137.13   23.41  138.33    23.4  140.15    23.4

  141.35   23.39  141.77   23.38  142.22   23.38  143.37   23.37  143.84   23.36

  144.94   23.35  145.42   23.35  146.47   23.34  146.96   23.34  147.96   23.33

  148.47   23.33  149.41   23.32  149.93   23.31  156.66   23.07  157.44   23.06

  158.17   23.05  158.86   23.04   159.5   23.03  167.57   22.56  167.96   22.55

  168.34   22.53   168.7   22.51  169.04    22.5  169.37   22.48  169.99   22.45

  170.29   22.44  170.57   22.42  171.38   22.38   172.2   22.35   172.7   22.34

   173.2   22.32  174.17   22.29  174.39   22.28  175.54   22.25  175.73   22.24

  177.04    22.2   177.2    22.2  178.64   22.16  178.76   22.16  180.31   22.12

   180.4   22.12  182.03   22.09  182.09   22.09   183.8   22.06  185.58   22.04

  185.61   22.04  187.44   22.01  187.45   22.01  188.75      22  224.62      22

  225.31   19.62  225.72    19.6  232.52   19.56  241.05   19.51  241.37   19.51

  242.61    19.5   243.3    19.5  245.21   19.49  245.31   19.49   255.5   19.29

  271.17   19.33  276.59    19.4  297.84   19.51  308.19   19.37  326.86   19.35

  355.33   19.31  360.64   19.32  376.97   19.07  388.89   19.16  393.37   18.37

  397.26   18.03     401   19.23  402.87   19.19  426.27   19.39  436.69   19.62

  439.32   19.63  465.42   19.79  467.19   19.81  467.39    19.8  494.69   20.27

  501.22   19.97   517.4   20.03  528.77   20.21  536.13   20.06   549.1   19.94

  568.82   20.05  571.56   20.08  572.81   20.09   579.2   20.18   582.9   20.28

  588.86   20.36  596.93   20.53  601.14   20.64  604.52   20.72  605.39   20.72

  611.31   20.87  611.46   20.89     613   20.94  615.17      21   629.7   21.23

  634.43   21.28  635.23   21.27  636.32   21.18  642.13   20.49  642.41   20.47

  642.43   20.47  645.98   19.41  646.09   19.37   646.1   19.37  646.82   18.08

  647.29   17.22  647.34    17.2  647.42   17.18  648.88   16.71  651.07   16.51



  653.14   16.34  653.29   16.33   656.6   15.85  658.01   15.63  658.67   15.54

  659.73   15.39  662.01   15.32  662.02   15.32  663.29   15.22  663.49   15.51

   663.5   15.51  667.52   17.05  667.54   17.08   667.6   17.22  672.74   17.36

  672.85   17.34  672.87   17.35  672.98   17.38  674.67    17.7  675.64   17.91

   675.9   17.97  680.96   19.12  681.02   19.13  681.05   19.14  681.11   19.15

  681.66   19.29  682.22    19.4  682.27   19.41  682.81   19.53  682.83   19.53

  682.85   19.54  682.86   19.54  683.18    19.6  683.28   19.61  688.05   20.19

  710.77   21.56  712.91   21.53  715.51   21.62  716.96   21.65  718.63    21.7

     726   21.78   728.4   21.79  731.45    21.8  742.43   21.97  751.77   22.05

  759.64   22.03  770.56   22.18  776.55   22.28  777.03    22.3  777.54   22.31

  785.44   22.42  786.55   22.44   787.6   22.47  795.46   22.73  796.29   22.75

   804.4   22.95  813.07    23.2  813.47   23.21  813.85   23.23  822.45   23.49

  822.68    23.5   831.7   23.72  832.17   23.71  832.25   23.71  847.32   23.97

  853.58   24.15  867.82   24.55  868.82    24.6  869.12   24.62  871.26   24.67

  893.94   25.31  897.08   25.38  899.57   25.45  917.79   25.93  929.48   26.31

  937.05   26.53  942.69   26.75  949.98   26.94  952.95   27.02  968.78   27.43

  986.42   27.88   995.5   28.15 1012.33   28.65 1025.42   29.05 1033.63   29.31

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .03   42.25     .08  646.82    .053   675.9     .08     726     .02

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        646.82   675.9           137.28  156.67  163.58             .3       .5

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  646.93   21.47       F

  676.83 1033.63    21.5       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 1594.725

INPUT

Description: XS-9A

Station Elevation Data    num=     194

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   31.01    4.61   30.76   11.25   30.41   18.97      30   20.63    29.9

   20.76   29.89   23.52   29.72   23.85   29.71   26.33   29.57   33.22    29.3

   36.39   29.14   38.88   29.02   40.88   28.92   61.33      28   62.01      28

   65.98   27.78   66.95   27.72   72.43   27.42   75.02   27.28    79.1   27.05

   88.61   26.55   91.72   26.38   94.06   26.28    94.4   26.27   96.98   26.13

   97.14   26.12   99.35      26  100.33   25.94  104.38    25.7  105.09   25.66

  108.48   25.46  111.08   25.31  113.15   25.19  114.67   25.09  116.35      25

  117.74   24.93   119.6    24.8   120.7   24.74  121.64   24.69  123.75   24.55

  124.44   24.51   126.9   24.34  127.33   24.32  127.71   24.29  130.32   24.11



  130.45    24.1  131.84      24  137.17    23.6  140.83   23.29  147.55   22.75

  155.99      22  156.99      22  166.37   21.99  166.81   21.99  169.67      22

  169.93      22  188.11   21.64  188.84   21.63  199.94   21.46  219.22    21.2

  219.51    21.2  219.84   21.19   220.2   21.19  220.58   21.18  233.37   20.97

  247.74   20.79  248.33   20.79  248.95   20.78  249.58   20.78  250.22   20.77

  250.86   20.77  251.49   20.76  252.12   20.76  252.75   20.75  267.43   20.43

  268.22   20.43   268.6   20.42  270.43   20.42  270.79   20.41  271.82   20.41

  278.84   20.25  279.24   20.25  279.44   20.24  288.83   20.01  288.87   20.01

  289.06      20  299.78      20  303.01   20.01  304.94      20   310.7      20

  313.28   19.99  324.67   19.99  327.79   19.98  328.85   19.98  337.91   19.97

  338.56   19.97  386.36   19.53  386.89    19.5   388.1   19.43  390.79   19.38

  395.71   19.28  402.97   19.09   403.3   19.08  411.22   19.04  411.63   19.04

  412.05   19.03  413.57   19.03  413.81   19.02  414.26   19.01  414.71      19

  415.14   18.99  415.56   18.98  415.96   18.97  416.34   18.96  416.69   18.95

  416.99   18.95  441.13   18.37     443   18.26  459.34   18.13  470.01   18.07

  485.37   18.08  492.66   18.07  497.59    17.9  509.87   17.77  517.92   17.88

  530.95   17.85  542.75   17.59  554.78   17.66  567.62   17.72  577.46   17.76

  596.66   17.67  597.84   17.67  622.34   18.43  627.21   18.52  649.72   18.89

  657.55   19.02  670.75   19.06  671.07   19.06  678.16   19.11  678.76   19.12

  683.77   18.27  685.87   17.98  688.53   16.72   692.2    14.3  693.96   14.19

  696.91   13.92  700.99   13.87  701.73   13.92  705.08   17.89  705.58   18.24

  706.21   18.66  712.23   18.99  727.19   19.62  729.44   19.72  738.57   19.99

  752.24   20.62  758.58   20.89  761.89   21.04  768.78    21.2  773.44   21.13

  779.16   21.21  802.18    21.4   802.8    21.4  804.44   21.42  827.48   21.62

  831.15   21.63  832.74   21.55  836.14   21.62  836.19   21.63  836.25   21.63

  928.44   23.44  928.48   23.44  928.54   23.43  929.78   23.32  931.79   23.26

  931.84   23.26  933.58   23.19  940.78   23.19  946.13   23.21  954.88   23.35

   958.2   23.46   965.4   23.59  984.76   24.03  984.89   24.03     985   24.04

 1010.49   24.34    1028   24.89  1035.4   25.11 1048.24   26.11 1058.04   27.21

 1066.56   31.25 1070.89   33.09 1080.39    33.5 1087.95   33.62

Manning's n Values        num=      11

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .02   18.97     .03  140.83      .1  509.87     .04  657.55     .08

  678.16    .053  705.58     .08  758.58     .03  832.74     .02  984.76     .03

 1048.24      .1

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        678.16  712.23           182.32  187.15  199.97             .1       .3

Ineffective Flow     num=       2

   Sta L   Sta R    Elev  Permanent

       0  581.58   21.47       F

  761.32 1087.95    21.5       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 1407.578



INPUT

Description: XS-8A

Station Elevation Data    num=     141

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   31.51    1.12   31.49    2.45   31.47    3.81   31.43    7.71   31.35

    9.19   31.31   24.54   30.83   25.96   30.79   27.28   30.75   28.49   30.72

   29.58   30.69   30.55   30.66    31.4   30.63   39.33   30.48   48.06   30.01

   50.01   30.01    50.9      30   54.35      30   56.82   29.53   57.96   29.32

   60.37   28.87    62.7   28.47   63.51   28.32   65.49      28    66.3   27.91

   68.64   27.65   69.28   27.58   71.17   27.37   72.58   27.23   73.69   27.12

   75.03   26.95   75.92   26.87   76.67    26.8   78.44   26.57   78.97   26.52

   79.43   26.48   81.55   26.19   81.73   26.18   81.89   26.16   82.97      26

   85.18   25.65   86.34   25.45    89.5   24.94   93.07    24.3   93.72   24.19

   94.76      24   98.13   23.49    99.6   23.28  102.38   22.86  105.41   22.43

   106.3   22.29  108.32      22  111.23   21.83  111.68   21.81  117.25   21.48

  133.98   20.47  136.68   20.31  137.99   20.23  141.59   20.01  142.31   20.01

   142.8      20   185.6      20  232.02   19.43  233.21   19.42  248.28   19.26

  248.98   19.26  250.21   19.24  260.94   19.13  270.43   19.03  271.11   19.03

  271.63   19.02  282.85    18.9  283.49    18.9  292.48    18.8  293.08    18.8

  306.68   18.68  307.24   18.68  355.08   17.96  367.22    17.9   372.5   17.85

  375.78   17.83  376.17   17.83  383.87   17.81  385.12    17.8  385.97   17.74

  387.94   17.76  411.39   17.43  417.67   17.45  436.48   17.33  453.22   17.09

  454.04   17.06  459.44   17.01  480.33   16.83  484.81   16.77  503.34   16.79

  514.54   16.82  523.73    16.9  525.84   16.91  541.83   17.17  546.84   17.23

  568.92   17.76  573.89   17.86  595.54   18.27  598.39    18.3  611.73   18.28

   615.7   18.21   633.2   17.69  640.35   15.07  641.87   14.69  642.73   14.61

  648.56   14.24  650.21   14.14  651.69   14.03  652.79   14.14   654.2   14.17

  657.88   16.29  658.75   18.41  682.86   18.06  685.47   18.02  689.93   17.98

  709.12   17.71  710.25   17.71  735.39   17.86  737.91   17.86  739.28   17.89

  747.04   18.19  768.22   19.01  782.82   19.67  791.22   20.08  801.47   20.81

  814.27   21.58  838.75   23.42  843.62   23.71  860.94   24.71  872.24   25.28

  875.15   25.39   886.4   25.84  892.12   26.04  906.77    26.6  909.57   26.76

  930.63   27.28

Manning's n Values        num=       8

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .03   60.37      .1  459.44     .04  598.39     .08   633.2    .053

  658.75     .08  682.86     .04   886.4      .1

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        611.73  658.75            221.8  247.48  236.86             .1       .3

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 1160.098



INPUT

Description: XS-7A

Station Elevation Data    num=     141

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   36.02   12.29   36.01    25.2   36.01    28.5      36   41.93      36

    44.2   35.66    46.7    35.3   49.89   34.83   51.39   34.61   52.28   34.48

   52.88    34.4   55.49      34   57.51   33.51   61.29   32.58   62.82    32.2

   63.64      32   68.51   30.58   70.52      30   75.76    28.7   78.53      28

   80.63   27.78   96.95   26.01   97.38   26.01   97.94      26   98.05      26

  108.45   24.24  109.86      24  112.52   23.67  113.02   23.63  113.69   23.57

  114.67   23.49  117.53   23.17  122.56   22.66   124.3   22.51  126.59    22.3

  129.74   22.01  129.89      22  135.17   21.39  138.06   21.06  140.89   20.71

  142.36   20.54  146.69      20  147.71   19.97  166.45   19.34  176.07   19.02

  181.96   18.83  185.95    18.7  188.84    18.6  191.04   18.53  192.78   18.47

  194.18   18.43  195.93   18.36  196.94   18.33  197.79    18.3   198.5   18.28

   199.1   18.26  200.91    18.2  201.31   18.18  206.49      18  322.94      18

  333.29    17.4   333.8   17.32  333.92   17.31  334.78   17.19  338.12   16.72

  338.43   16.35  342.72   16.35  362.56   16.18  367.76    16.2  389.66   16.13

  392.88   16.11  415.66   15.83  418.23   15.82  424.25   15.84  439.38   15.95

  445.76      16  460.81   16.17  465.88   15.99  468.36   15.99  486.77   16.03

  494.01   16.15  515.34   16.22  520.01   16.21   543.2   16.35  545.56   16.39

  554.01   17.16  554.77    17.2  562.31   17.08  562.79   17.07  569.49   16.93

  571.56   12.66  572.52   11.59  572.85   11.42  576.27   11.62  576.83   11.55

   578.9   12.25  582.53   13.71  584.44   14.44  588.77   12.74  590.88   11.97

  591.65   11.94  593.16   12.54  597.62   14.47  599.31   14.78     601   14.91

  605.55   15.31   607.3   15.79  609.58   16.53  614.12   17.53  627.02   17.27

  628.31   17.26  643.88   16.78  650.35    16.6  664.59    16.5  676.92   16.55

  687.63   16.58  704.57   16.69  721.83   16.64  728.65   16.58  737.22    16.5

   755.1   16.65  770.42   16.76  794.39   17.13  808.46   17.21   820.2   17.42

  831.67   17.68  849.76   18.16   854.8   18.36   867.1   18.89  877.02   19.35

  879.61   19.46  896.22   19.68  902.42   19.78  906.03   20.21  908.71   20.71

  914.83   21.13  923.48   21.67  933.41   22.48  941.43   22.89  956.79    23.7

  963.41   24.08

Manning's n Values        num=       8

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .03   41.93      .1  460.81     .04  554.77     .08  569.49    .053

  614.12     .08  650.35     .04  879.61      .1

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        569.49  614.12           136.16  135.82  110.58             .1       .3

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 1024.274



INPUT

Description: XS-6A

Station Elevation Data    num=     191

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0      36   28.77      36   31.54   35.57   33.01   35.31   36.22   34.79

   40.12   34.08   40.29   34.05   40.37   34.03   40.54      34   43.69   33.52

   45.83   33.21   47.32   33.01   48.98   32.78      50   32.65    52.3   32.34

   52.77   32.28    53.1   32.24   54.81      32   55.49   31.84   55.84   31.76

    58.2   31.23   59.93   30.86   61.13    30.6   61.77   30.46   64.04      30

   64.32   29.93   66.77   29.38   67.86   29.14    69.3   28.82   71.32   28.39

   71.82   28.29    72.1   28.23   73.25      28   74.23   27.85   74.43   27.81

   76.47    27.5   77.12   27.38   78.66   27.14   79.76   26.95   80.81    26.8

   82.32   26.55   82.92   26.46   83.35    26.4      85   26.13   85.12   26.12

   85.87      26   86.96   25.95      87   25.95   87.36   25.93   89.66   25.82

   91.71   25.73   93.57   25.65   95.03   25.51   96.83   25.43   97.33   25.38

   98.94    25.3  100.38   25.24  100.98   25.17  102.26   25.11     103   25.03

   104.1   24.98     105   24.89  105.94   24.85  106.79   24.81  107.78   24.71

  108.49   24.68  109.64   24.56  110.19   24.54  111.51   24.41  111.91   24.39

  113.41   24.25  113.65   24.24  115.34   24.08  115.42   24.07  116.17      24

  117.39   23.93  117.42   23.93   119.4   23.82  121.19   23.72  122.79   23.61

  124.73   23.49  126.43   23.39  127.91   23.31  129.22   23.23   133.4   22.87

  134.73    22.7  135.66   22.64  137.18   22.45  137.76    22.4  139.45   22.19

  139.68   22.17  141.01      22  141.11      22  143.68   21.78  146.85   21.55

  148.08   21.48  148.72   21.41  149.82   21.35  150.79   21.29  151.57   21.21

  152.42   21.16  153.31   21.06  154.35   20.95  155.03    20.9  156.19   20.76

  157.55   20.58     158   20.54  159.55   20.33  161.55   20.05  161.59   20.05

  161.92      20  167.73   18.56   169.9      18  173.95      18   233.1   17.99

  253.94   17.99  268.38   16.83  275.54   16.28  284.99   15.12  293.94   15.58

  301.35   15.53   324.5   15.34  332.88   15.35  352.46   15.49  362.87   15.41

  375.75   15.07  389.75   15.32  404.26   15.54  419.49   15.49  420.84    15.5

   431.6   15.58  439.85   15.53  461.18   15.72  467.07   15.81  490.12   15.81

  499.33   15.84  517.46   15.92  521.92   15.88  529.21   16.21  537.39   16.31

  548.47   16.43   550.3   14.52  551.43   12.16  555.07    12.2  559.86   12.22

  561.39   12.69  565.26   12.52  567.39   12.27  568.28    12.7  571.89      15

  572.84   15.29  574.11    16.6  580.38   16.52  582.79   16.56  587.91    16.4

  604.39    16.3  607.31   16.32  635.94   16.68  649.23   16.29  655.09   16.22

  667.52   16.23  668.26   16.22  683.97   15.89  684.81    15.9   695.4   15.98

   705.3   16.05  724.68   16.25  735.08    16.5  757.54   16.63  763.76   16.57

  767.19   16.58  784.71   16.66  790.08   16.71  814.34   17.15  816.87    17.2

  819.78   17.25  852.03   17.89  852.26   17.93  856.76   18.59  858.81    18.9

  862.82   18.95  882.17   19.21  883.59   19.24  896.12   19.64  902.71   19.89

  927.26   20.77  931.69   20.92  957.97   21.51  964.14   21.69  988.76   22.81

  989.47   22.84

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .08  548.47    .054  574.11     .08  635.94     .04  852.03      .1



Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        548.47  574.11            244.6   181.4  134.55             .1       .3

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 842.8703

INPUT

Description: XS-5A

Station Elevation Data    num=     201

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   34.29    3.58   34.12    4.55   34.12    4.86   34.13    7.91   34.13

    10.6   34.14   10.71   34.14   16.67    34.1   17.88    34.1   18.77   34.09

   19.93   34.09   23.02   34.07   24.83   34.07   25.55   34.06   26.71   34.06

    28.1   34.05   29.83   34.04   33.29   34.03   35.04   34.02   37.16   34.01

   39.77      34   40.72      34   42.31   33.69   42.81   33.59   44.68   33.23

   45.95   32.99   47.12   32.76    49.2   32.38   49.64   32.29   51.25      32

   52.09   31.76   52.45   31.67   54.26   31.17   55.52   30.86   56.45    30.6

   58.54    30.1   58.92      30   61.11    29.5   62.06   29.27   63.66   28.89

   65.87   28.34    66.3   28.23   67.23      28   69.34   27.35   71.42    26.7

   72.53   26.35   73.62      26   75.53   25.51   76.65   25.23   78.44   24.78

   81.19   24.11   81.35   24.07   81.65      24   84.14   23.38   85.46   23.04

    86.9   22.68   89.56      22   89.69   21.97   89.77   21.95   92.96    21.2

   94.95   20.74   96.14   20.46    98.1      20   99.12   19.87   99.32   19.85

  101.84   19.53  102.56   19.44  104.51    19.2  105.72   19.06  107.47   18.86

  108.83   18.69  111.26   18.41  111.91   18.33  114.81      18  114.91      18

  116.94   17.89  116.96   17.89  117.45   17.87  119.76   17.75  119.83   17.75

  119.89   17.74  122.07   17.63  122.17   17.63   124.2   17.52  124.33   17.52

  126.22   17.42  126.37   17.41  128.14   17.32  128.31   17.31  128.45   17.31

  130.11   17.22  130.31   17.21  142.92   16.67   145.8   16.49  154.19   15.96

  158.61   15.77  163.62   15.36  167.95   15.26  168.72   15.24  176.25   15.06

  176.38   15.06  176.78   15.05  178.86      15  179.19   14.99  180.79   14.95

  181.08   14.94  181.38   14.94  181.69   14.93     182   14.92  182.32   14.91

  182.65   14.91  182.99    14.9     183    14.9  197.43   14.63  208.94   14.43

  214.69    14.4   231.6   14.21  241.22    14.1  260.91   14.03  263.68   14.04

  264.15   13.82  266.45    12.7  267.29   12.67  271.05   12.65  274.84   14.53

  275.73   14.75  279.82   14.27  288.29    14.1  304.62   13.79  316.81   14.14

  319.59   14.15  321.33   14.12  333.54   13.94  358.71   13.65  362.47   13.61

  363.28    13.6  365.02    13.6   384.7   13.76   393.4   13.79  409.89   14.28

  431.65   14.31  437.53   14.32  451.92   14.29  463.76   14.33  468.14   14.39

  490.34   15.09  496.14    15.3   499.7   15.48   503.7   15.69  506.72   15.73

  507.42   14.56  509.03    10.4  509.36   10.27  512.21   10.36  513.35    10.5

  516.43   11.42  520.13   11.98  526.02   12.86  535.42   13.38  547.31   15.68

  547.39   15.72  547.73   15.73  547.74   15.73  566.74   15.95  578.61    15.9

   600.8   15.81  601.64    15.8  603.08   15.81  605.18   15.82  628.42   15.97

  631.57   15.99  658.55   15.97  667.05   16.06  669.98   16.06  685.23   16.03



  689.82   15.92  701.92   15.68  712.27   15.79  721.07   15.91  732.74   16.11

   764.4   16.42  764.59   16.42  764.68   16.43  794.42   16.71  806.87   16.99

  822.87   17.36  834.09   17.32   841.3   17.39  845.83   18.07     847   18.34

  853.52   18.56  868.63   19.05   874.9   19.17  893.39    19.6  912.95   20.17

  915.02   20.29  920.47   20.46  939.45   21.16   954.1   21.65  967.65    22.2

  974.22   22.52

Manning's n Values        num=       5

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

********************************************************************************

       0     .08  506.72    .054  547.73     .08  712.27     .04  822.87      .1

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        506.72  547.73           151.65  223.25   277.9             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  274.84   14.03       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 619.6199

INPUT

Description: XS-4A

Station Elevation Data    num=     292

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   34.71    2.33   34.62    4.17   34.54    8.56   34.42   10.09   34.35

   10.24   34.35   11.94   34.27   13.85   34.19   16.01    34.1   16.05    34.1

   18.44      34   18.46      34   22.43   33.76   22.94   33.71   26.36    33.5

   29.05   33.33   30.21   33.24    32.4    33.1   33.97   32.96   35.66   32.85

   37.01   32.77   38.83    32.6   39.77   32.54   41.93   32.35   42.46   32.31

   44.96   32.09    45.1   32.08   45.22   32.08   46.07      32   48.27   31.86

   48.55   31.84   51.77   31.63   54.38   31.47   55.31    31.4   57.57   31.26

   58.87   31.17   60.78   31.06   62.35   30.96   64.01   30.84   65.27   30.76

   67.26   30.62   68.19   30.56   70.52   30.39   71.12   30.36   71.61   30.33

   74.06   30.15   74.26   30.13   76.03      30   77.42   29.88   80.75   29.58

   81.35   29.53   83.95    29.3   84.84   29.22   86.82   29.04   88.32   28.92

   89.32   28.83   90.46   28.74   91.37   28.66   92.28   28.59   92.98   28.54

   93.81   28.48   94.36   28.44   94.82   28.41    97.8   28.23   98.03   28.21

  100.43   28.01  100.65   28.01  101.02      28  101.15      28  101.92    27.9

  102.13   27.87  105.01   27.48  106.22   27.29  108.44   26.97  110.99   26.57

  114.54      26  119.37   25.34  124.11   24.77  126.86   24.42  127.84   24.29

  130.51      24  131.77   23.79  132.11   23.74  134.12   23.41  135.09   23.28

  136.55   23.05   137.5    22.9  139.08   22.69  139.71    22.6  141.81   22.32

   142.1   22.28  144.21      22  144.73    21.9  144.96   21.84  147.52    21.3

  149.17   20.91  150.46   20.62  152.94      20  154.29   19.82  155.08   19.71

  158.43   19.23  164.37    18.4  167.05      18  167.46      18  218.72   16.06



  220.31      16   221.3   15.99  222.81   15.98  223.21   15.98  223.67   14.69

  223.91   14.52  223.92   14.52  223.99   14.51  224.51   14.51  224.78    14.5

  225.35    14.5   225.6   14.49  226.79   14.48  227.12   14.47  227.64   14.46

  228.03   14.46  228.81   14.45  228.87   14.45  229.18   14.44  230.03   14.43

  231.17   14.42  238.25   14.32  256.29   14.07  263.54   14.01  269.15   13.95

  283.63   13.74  299.67   13.63  305.06   13.61  313.02   13.57  331.21    13.4

  341.23   13.37  355.64   13.64  363.54   13.75  386.28   13.64  387.81   13.65

  388.06   13.52  393.39   11.31  393.67   11.32  396.08   11.51  396.43   11.64

  398.58   13.03  414.52   13.76  419.45   13.76  433.91   13.78  436.42   13.79

  442.37   13.88  457.97   13.69  470.55    13.5  485.36   13.58  500.27   14.12

  508.51   14.24  525.51   13.81  529.37   13.76  532.91   13.91  556.69   14.63

   577.5   13.79  584.78   13.42   584.8   13.42  588.98   11.03  589.69   10.54

   594.6   10.45  595.25   10.44  595.37   10.44  595.46   10.45  595.51   10.45

  597.65   10.64  602.83   11.64  603.05   11.65  603.16   11.66  603.19   11.66

  603.25   11.67  603.29   11.67  603.91   11.72  603.96   11.72  604.15   11.74

  604.24   11.74  604.31   11.75  604.37   11.79   604.4   11.81  604.56    11.9

  604.79   12.04  613.46   14.12  613.51   14.14  618.15   14.45  626.12   14.67

  645.39   14.55  658.16   14.12  658.22   14.12   658.6    14.1  658.63   14.09

  658.66   14.09  658.95   14.07  659.07   14.07  659.36   14.05  659.41   14.05

  659.58   14.04   662.3   13.87  675.39   13.07  675.93   13.03  676.46      13

  676.96   12.97  677.68   12.93  691.05   12.74  694.29   12.68   698.9   12.69

  703.82   12.69  707.89    12.7  713.17    12.7  718.03   12.71  720.48   12.71

   729.8   12.72  730.28    12.7  731.46   12.79  758.72   15.21  759.91   15.32

  764.06   15.69  769.57   16.18  770.33   16.25   770.9    16.3  771.59   16.36

  772.87   16.52  773.48    16.6  774.85   16.78  775.73   16.89  776.91   17.05

  777.48   17.12  779.07   17.33  779.32   17.36  780.78   17.55  781.11   17.59

  781.15   17.59  782.48   17.77  782.72    17.8  783.86   17.95   784.3      18

  785.27   18.13  785.91   18.21  786.72   18.31  787.55   18.42   788.2   18.51

  789.24   18.64  789.72    18.7  790.36   18.79  798.94   19.67  803.18   20.02

  803.76   20.09  804.08   20.12  805.48   20.27  805.68   20.29  807.28   20.47

  807.36   20.48  808.38   20.58  808.99   20.65  809.05   20.66  810.47   20.81

  810.68   20.83  811.96   20.97  812.32   21.01  812.74   21.06  813.97   21.19

  814.54   21.25  815.62   21.37  816.35   21.45  817.27   21.55  818.15   21.64

  818.94   21.73  819.96   21.84  820.61   21.91  821.78   22.03  822.31   22.09

  823.62   22.23  824.03   22.28   825.5   22.43   825.8   22.47  827.43   22.64

  827.62   22.66  827.78   22.68  829.51   22.87  829.58   22.88  830.91   23.02

  831.43   23.08  831.47   23.08  833.31   23.28  833.48    23.3  835.25   23.49

  835.56   23.52  836.76   23.65

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .04   84.84     .08   584.8    .054  613.46     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

         584.8  613.46           280.97  242.15  180.93             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  414.52   13.76       F



CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 377.4746

INPUT

Description: XS-3A

Station Elevation Data    num=     142

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   19.36    5.71   19.06    6.53   19.03    7.44      19    8.42   18.97

   34.55   18.07    36.4   18.01   38.68   18.01   48.59      18   55.95      18

   60.05   17.89   60.11   17.89   65.16   17.74   67.37   17.67   69.39   17.61

  117.75   16.02  120.16   16.02  123.61   16.01  125.86   16.01  126.81      16

  147.22      16  170.42    15.4  225.93   14.13  231.42      14  231.69   13.99

  232.14   13.98   232.3   13.98  233.25   13.97  233.74   13.97  234.11   13.96

  234.61   13.96  239.94   13.39  241.13   13.31  247.18   12.85  248.07   12.79

  249.44   12.71  256.89   12.01   260.4   12.01  260.58   12.02  262.79   12.02

  271.39   12.71  272.23   12.76  273.06   12.82  273.87   12.87  282.27   13.58

  287.16   13.99   288.7   13.99   289.9      14  295.91      14  300.63   14.01

  328.89   14.01   329.5   14.02  330.04   14.02   340.3   14.03  340.47   14.03

  359.23   14.01  359.82   14.01  369.29      14  389.44      14  392.25      14

  392.75   13.41  393.32   12.74  394.01      12  395.52   11.86  397.72   11.66

  398.13   11.61  399.98   11.44  400.67   11.37   402.2   11.22  403.19   11.11

  404.41      11  405.39   10.91  406.64   10.76  407.38    10.7  408.93    10.5

  409.41   10.46  411.31   10.19   411.5   10.18  412.66      10  418.08      10

  419.72   10.68  421.32   11.42  422.57      12  426.72   13.01  430.35   13.89

  430.74      14  453.22      14  455.37   14.01  456.73   14.01  468.65   14.17

  475.43   14.27  475.77   14.27  476.15   14.28  476.56   14.29     477    14.3

  490.37   14.49  514.69   14.82  515.32   14.84  518.08   14.95  521.42   15.11

  522.39   15.16  522.87   15.16  523.88   15.21  524.99   15.28  526.21   15.34

  527.56   15.42  529.06   15.51  530.74    15.6  532.62   15.71  532.83   15.72

  534.86   15.84  537.17   15.98  537.45      16  538.83   16.25  548.51      18

  549.91   18.43  555.04      20  555.86   20.21  562.66      22   563.9   22.32

  570.45      24  574.74   25.04  578.69      26  586.16   27.39   589.4      28

  595.42   28.77  603.45   29.74  605.63      30  611.11   30.97  616.68      32

   616.7      32  619.33   32.16  621.65    32.3  623.72   32.41  625.56   32.51

   627.2    32.6  632.84   32.78  634.71   32.86   635.8   32.91  637.44   32.98

  638.68   33.02  639.32   33.05

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .08  389.44    .054  430.74     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        389.44  430.74           201.08  164.42  137.51             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent



       0  287.16   13.99       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 213.0526

INPUT

Description: XS-2A

Station Elevation Data    num=     214

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   29.39   15.33   28.47   16.15   28.43   18.86   28.27   19.33   28.25

   19.73   28.23    22.6   28.06    22.7   28.06   23.66      28    25.3   27.97

   26.95   27.94   28.09   27.92    28.9   27.91   29.51    27.9   30.65   27.89

    37.4    27.8   48.12   27.69    52.8   27.74   53.21   27.75   57.51   27.74

   57.89   27.74   58.23   27.75   71.33   26.02   71.56      26    72.1   25.86

    74.6   25.23   78.79   24.18   79.11    24.1   79.52      24   81.17   23.61

   85.33   22.66   86.47   22.41   87.02   22.29    88.6   22.04   88.66   22.03

   88.69   22.02   88.71   22.02   88.88      22   89.39   21.99   89.55   21.99

   90.15   21.98   91.09   21.98   91.67   21.97   93.01   21.96   93.77   21.95

   98.42   21.95   99.57   21.94  101.92    21.9   104.2    21.9  105.25   21.89

  106.23   21.89  107.11   21.88  107.88   21.88  108.52   21.87  118.32   20.97

  119.08   20.88  119.99   20.82  120.92   20.72  121.66   20.66  122.76   20.55

  123.31    20.5  124.62   20.37  126.27   20.22   126.5    20.2  128.39   20.04

  128.43   20.03  128.85      20  130.05   19.98  131.19   19.97  132.03   19.96

  132.66   19.95  134.03   19.95  134.85   19.94  135.51   19.93  136.03   19.92

  136.45   19.92  150.45   18.87  151.99   18.76  153.09   18.69  154.97   18.56

   155.8   18.51  158.03   18.36  158.56   18.33  161.16   18.16  161.39   18.14

  163.57      18  163.79      18  164.55   17.99   165.1   17.98   165.5   17.98

  181.26   17.21   184.1   17.06  187.03   16.93  190.99   16.72     193   16.63

  198.22   16.36  199.22   16.31  205.11      16  218.18   15.02   229.5   14.21

  230.94   14.11  232.46      14  261.91    12.9  285.53      12  286.86   11.99

  290.47   11.99  291.53      12  294.57   12.01  306.05   12.01  307.47      12

  312.43      12  312.72   11.99  312.91   11.99  315.52   11.96  316.36   11.95

  318.11   11.92  319.19   11.91  320.69   11.89  321.65   11.87   322.1   11.86

  323.38   11.84  326.91   11.91  331.27      12  352.03   13.01  372.15      14

  407.05      14   407.3      14  407.49   13.93  407.63   13.88  410.51   12.81

  411.91   12.39  412.37   12.24  412.55   12.18  413.33      12   417.5      12

  424.78   11.99  426.77   11.99   433.1      12     436      12  441.05   12.59

  452.86      14  458.97      14  472.28      14  484.85   13.99  489.71   13.99

  494.26   13.98  497.72   13.98  502.69   13.99  514.92   13.99  516.51      14

  524.32      14  524.75   14.01  529.09   14.35  531.36    14.5  532.23   14.58

   534.2   14.72  535.48   14.84  537.08   14.96  538.83   15.13  540.03   15.23

  542.33   15.44   545.6   15.75  546.01   15.78  548.34      16  549.96   16.26

  550.89   16.42  554.22   16.96   557.8   17.56  558.76   17.72  559.21   17.79

   560.4      18   563.6   18.45  565.11   18.67  568.26   19.13   571.9   19.69

  573.91      20  578.17   20.86  583.75      22   584.8   22.21   586.8   22.59

  591.56   23.51  594.15      24  597.96   24.74  603.19   25.72  604.04   25.88



  604.68      26  607.98   26.53  609.34   26.74  611.66   27.11  614.45   27.53

  615.32   27.66  617.54      28  618.94   28.16  619.24   28.19  622.41   28.55

   623.4   28.66  625.68   28.92  627.25   29.09  628.75   29.26  630.81   29.49

  631.63   29.58  634.12   29.86  635.33      30  637.02      30  637.82   30.01

  641.14   30.02  643.81   30.02  645.99   30.03  647.81   30.04  650.77   30.04

  652.11   30.05  654.19   30.05     655   30.06  655.96   30.06

Manning's n Values        num=       3

     Sta   n Val     Sta   n Val     Sta   n Val

************************************************

       0     .08  407.05    .054  458.97     .08

Bank Sta: Left   Right    Lengths: Left Channel   Right     Coeff Contr.   Expan.

        407.05  458.97           244.51  213.05  153.04             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  372.15      14       F

CROSS SECTION          

RIVER: UNT             

REACH: UNT                RS: 0.000000

INPUT

Description: XS-1A

Station Elevation Data    num=     211

     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev     Sta    Elev

********************************************************************************

       0   22.79    1.77    22.7   16.25      22    22.9   21.79   29.98   21.56

   32.06    21.5   38.07   21.31   42.75   21.17    46.5   21.05   49.98   20.95

   53.04   20.85   67.64   20.43    70.4   20.35   73.34   20.28   77.92   20.17

   78.17   20.17   79.94   20.12   80.01   20.12   81.75   20.07   81.79   20.07

   83.47   20.02   84.25      20   85.02      20   85.45   19.99    87.7   19.99

   87.96   19.98  104.49   19.52  106.03   19.48  107.56   19.44  107.96   19.43

  109.51    19.4  111.05   19.36   112.6   19.33  114.12   19.29   114.6   19.28

  116.07   19.24  117.49   19.21  118.82   19.18  119.35   19.17  120.59   19.14

  121.74   19.12  122.78   19.09  123.72   19.08  124.28   19.06  125.13   19.04

  125.93   19.03  126.51   19.01  127.26      19  127.88   18.98  128.54   18.97

  136.91   18.73  137.54   18.72  149.72   18.31  152.69    18.2  152.91    18.2

  156.19   18.08  158.34      18  162.47   17.85   163.4   17.82  172.51    17.5

  178.87   17.28  182.71   17.14  187.53   16.97  191.07   16.85  196.37   16.66

  198.74   16.57  200.55   16.51  201.96   16.46  207.52   16.26  208.22   16.23

  208.78   16.21  214.53      16  214.78   15.99  215.16   15.97   229.8   15.33

  237.17      15  239.35   14.91  243.67   14.72  246.47   14.59   248.6    14.5

  250.36   14.42  251.64   14.37  252.62   14.33   253.4   14.29  254.03   14.27

  255.48   14.21   255.9   14.19  256.26   14.18  256.56   14.16  256.82   14.15

  257.05   14.14  260.63      14  264.49      14  268.78   13.91  278.85   13.73

  287.34   13.63  293.87   13.53  294.64   13.52   308.6    13.3  314.39   13.21

  320.43   13.12  322.17   13.09  340.74    12.8  351.88   12.63  352.79   12.62



  378.44   12.26  388.29   12.13  388.52   12.13  388.74   12.12  388.95   12.12

  390.39    12.1  390.98   12.09  391.21   12.09  396.78   12.01  399.38   12.01

  400.69      12  405.72      12  413.66   10.87  419.85      10  432.71      10

  433.86   10.09  434.21   10.12  440.24   10.59  442.49   10.76  446.37   11.06

  450.36   11.38  457.78   11.97  457.91   11.98  458.17      12     527      12

  530.18      12   530.5   11.89  531.13    11.7  531.18    11.7  531.72   11.56

   531.8   11.56  532.25   11.44  532.51   11.44  532.69   11.43  532.93   11.41

  533.38    11.3  533.73   11.26  534.19    11.2  534.57    11.1  535.22   11.02

  536.07   10.91  536.39   10.82  537.54   10.69  539.04   10.52  541.18   10.17

  542.42   10.09  543.79   10.02  544.19      10  549.72      10  550.59   10.23

  551.32   10.58  552.78   11.19  554.27      12  562.14   12.02  563.58   12.03

   587.7    12.1  587.96    12.1  591.32   12.09  604.84   12.09  628.36   12.07

  649.01   12.35  651.11   12.35  665.79   12.08  670.03   12.01   678.7   12.01

   681.3      12  715.28      12  730.13    13.3   738.2      14  746.61   15.53

  749.17      16  751.12   16.43  758.41      18  762.99   18.92  768.56      20

  770.92   20.45   775.5   21.31  777.94   21.76  779.23      22   784.2   23.06

  785.94   23.43  788.71      24  789.72   24.17  790.18   24.24  793.64    24.8

  795.88   25.17  797.51   25.43  800.95      26  801.42   26.07   801.7   26.12

  806.17   26.82  809.26   27.28  810.99   27.54  814.06      28  815.42   28.19

  815.85   28.25  816.69   28.36  820.61    28.9  823.63    29.3  825.27   29.53

  828.88      30  829.39      30  831.53   30.01  843.43   30.04  849.13   30.05

  852.99   30.05

Manning's n Values        num=       4

     Sta   n Val     Sta   n Val     Sta   n Val     Sta   n Val

****************************************************************

       0     .04  340.74     .08     527    .054  562.14     .08

Bank Sta: Left   Right    Coeff Contr.   Expan.

           527  562.14             .1       .3

Ineffective Flow     num=       1

   Sta L   Sta R    Elev  Permanent

       0  457.78   11.97       F

********************************************************************************

SUMMARY OF MANNING'S N VALUES 

River:Mill Swamp      

************************************************************************************

*

*     Reach      *   River Sta.   *   n1    *   n2    *   n3    *   n4    *   n5    

*

************************************************************************************

*

*Main Stem       *    3167.546    *      .08*     .049*      .09*      .03*       

.1*

*Main Stem       *    3054.333    *      .08*     .049*      .09*      .02*         

*

*Main Stem       *    3004.159    *Culvert  *        *        *        *        *



*Main Stem       *    2973.376    *      .03*      .08*     .049*      .09*         

*

*Main Stem       *    2839.603    *      .03*      .08*     .049*      .09*         

*

*Main Stem       *    2660.237    *      .03*      .08*     .049*      .09*         

*

*Main Stem       *    2519.448    *      .03*      .08*     .049*      .09*         

*

*Main Stem       *    2308.054    *      .08*     .049*      .09*         *         

*

*Main Stem       *    2054.860    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1818.292    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1659.696    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1568.009    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1485.470    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1425.227    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1342.706    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1233.442    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1152.323    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1103.114    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1065.854    *      .09*     .057*      .09*         *         

*

*Main Stem       *    1052.49     *Culvert  *        *        *        *        *

*Main Stem       *    1035.739    *      .02*      .03*     .057*      .04*         

*

*Main Stem       *    964.7622    *      .02*      .03*     .057*      .04*         

*

*Main Stem       *    862.6342    *      .03*     .057*      .04*         *         

*

*Main Stem       *    661.4513    *      .03*      .07*     .057*      .04*         

*

*Main Stem       *    565.9014    *       .1*      .07*     .057*      .08*      

.03*

*Main Stem       *    443.9817    *      .04*      .07*     .057*      .08*      

.03*

*Main Stem       *    280.6386    *      .04*      .07*     .057*      .08*         

*

*Main Stem       *    194.0256    *      .04*      .07*     .057*      .08*      

.02*

*Main Stem       *    133.5329    *      .04*      .07*     .057*      .08*      



.03*

*Main Stem       *    24.38062    *      .04*      .07*     .057*      .08*      

.03*

************************************************************************************

*

River:UNT             

************************************************************************************

*************************************************************

*     Reach      *   River Sta.   *   n1    *   n2    *   n3    *   n4    *   n5    

*   n6    *   n7    *   n8    *   n9    *   n10   *   n11   *

************************************************************************************

*************************************************************

*UNT             *    1871.760    *      .03*      .08*     .053*      .08*         

*         *         *         *         *         *         *

*UNT             *    1816.260    *      .03*      .08*     .053*      .08*         

*         *         *         *         *         *         *

*UNT             *    1785.496    *Culvert  *        *        *        *        *   

    *        *        *        *        *        *

*UNT             *    1751.420    *      .03*      .08*     .053*      .08*      

.02*         *         *         *         *         *         *

*UNT             *    1594.725    *      .02*      .03*       .1*      .04*      

.08*     .053*      .08*      .03*      .02*      .03*       .1*

*UNT             *    1407.578    *      .03*       .1*      .04*      .08*     

.053*      .08*      .04*       .1*         *         *         *

*UNT             *    1160.098    *      .03*       .1*      .04*      .08*     

.053*      .08*      .04*       .1*         *         *         *

*UNT             *    1024.274    *      .08*     .054*      .08*      .04*       

.1*         *         *         *         *         *         *

*UNT             *    842.8703    *      .08*     .054*      .08*      .04*       

.1*         *         *         *         *         *         *

*UNT             *    619.6199    *      .04*      .08*     .054*      .08*         

*         *         *         *         *         *         *

*UNT             *    377.4746    *      .08*     .054*      .08*         *         

*         *         *         *         *         *         *

*UNT             *    213.0526    *      .08*     .054*      .08*         *         

*         *         *         *         *         *         *

*UNT             *    0.000000    *      .04*      .08*     .054*      .08*         

*         *         *         *         *         *         *

************************************************************************************

*************************************************************

********************************************************************************

SUMMARY OF REACH LENGTHS

River: Mill Swamp      

*****************************************************************

*     Reach      *   River Sta.   *  Left   * Channel *  Right  *

*****************************************************************



*Main Stem       *    3167.546    *   181.16*   113.21*   129.92*

*Main Stem       *    3054.333    *    76.13*    80.96*   221.24*

*Main Stem       *    3004.159    *Culvert  *         *         *

*Main Stem       *    2973.376    *    86.89*   133.77*   160.95*

*Main Stem       *    2839.603    *   160.25*   179.37*   192.71*

*Main Stem       *    2660.237    *   136.68*   140.79*   125.27*

*Main Stem       *    2519.448    *   173.72*   211.39*   257.72*

*Main Stem       *    2308.054    *    188.9*   253.19*    173.1*

*Main Stem       *    2054.860    *   300.33*   236.57*   134.45*

*Main Stem       *    1818.292    *   164.68*    158.6*   102.54*

*Main Stem       *    1659.696    *    73.13*    91.69*    74.44*

*Main Stem       *    1568.009    *     37.5*    82.54*    53.84*

*Main Stem       *    1485.470    *    83.15*    60.24*   103.32*

*Main Stem       *    1425.227    *    82.01*    82.52*    50.49*

*Main Stem       *    1342.706    *    50.17*   109.26*   113.65*

*Main Stem       *    1233.442    *    72.81*    81.12*       77*

*Main Stem       *    1152.323    *    54.41*    49.21*    37.53*

*Main Stem       *    1103.114    *    57.24*    37.26*    37.39*

*Main Stem       *    1065.854    *    23.66*    30.11*    20.63*

*Main Stem       *    1052.49     *Culvert  *         *         *

*Main Stem       *    1035.739    *    57.69*    70.98*    88.27*

*Main Stem       *    964.7622    *     92.1*   102.13*    96.42*

*Main Stem       *    862.6342    *   222.22*   201.18*   192.95*

*Main Stem       *    661.4513    *   152.71*    95.55*    82.74*

*Main Stem       *    565.9014    *   182.24*   121.92*   109.82*

*Main Stem       *    443.9817    *    62.43*   163.34*   166.14*

*Main Stem       *    280.6386    *    67.17*    86.61*   107.09*

*Main Stem       *    194.0256    *    33.45*    60.49*    43.15*

*Main Stem       *    133.5329    *   102.93*   109.15*   103.73*

*Main Stem       *    24.38062    *         *        0*         *

*****************************************************************

River: UNT             

*****************************************************************

*     Reach      *   River Sta.   *  Left   * Channel *  Right  *

*****************************************************************

*UNT             *    1871.760    *    53.92*     55.5*    36.34*

*UNT             *    1816.260    *    73.64*    64.84*    70.41*

*UNT             *    1785.496    *Culvert  *         *         *

*UNT             *    1751.420    *   137.28*   156.67*   163.58*

*UNT             *    1594.725    *   182.32*   187.15*   199.97*

*UNT             *    1407.578    *    221.8*   247.48*   236.86*

*UNT             *    1160.098    *   136.16*   135.82*   110.58*

*UNT             *    1024.274    *    244.6*    181.4*   134.55*

*UNT             *    842.8703    *   151.65*   223.25*    277.9*

*UNT             *    619.6199    *   280.97*   242.15*   180.93*

*UNT             *    377.4746    *   201.08*   164.42*   137.51*

*UNT             *    213.0526    *   244.51*   213.05*   153.04*

*UNT             *    0.000000    *         *         *         *

*****************************************************************



********************************************************************************

SUMMARY OF CONTRACTION AND EXPANSION COEFFICIENTS

River: Mill Swamp      

*******************************************************

*     Reach      *   River Sta.   * Contr.  * Expan.  *

*******************************************************

*Main Stem       *    3167.546*       .1*       .3*

*Main Stem       *    3054.333*       .3*       .5*

*Main Stem       *    3004.159*Culvert  *         *

*Main Stem       *    2973.376*       .3*       .5*

*Main Stem       *    2839.603*       .1*       .3*

*Main Stem       *    2660.237*       .1*       .3*

*Main Stem       *    2519.448*       .1*       .3*

*Main Stem       *    2308.054*       .1*       .3*

*Main Stem       *    2054.860*       .1*       .3*

*Main Stem       *    1818.292*       .1*       .3*

*Main Stem       *    1659.696*       .1*       .3*

*Main Stem       *    1568.009*       .1*       .3*

*Main Stem       *    1485.470*       .1*       .3*

*Main Stem       *    1425.227*       .1*       .3*

*Main Stem       *    1342.706*       .1*       .3*

*Main Stem       *    1233.442*       .1*       .3*

*Main Stem       *    1152.323*       .1*       .3*

*Main Stem       *    1103.114*       .1*       .3*

*Main Stem       *    1065.854*       .3*       .5*

*Main Stem       *    1052.49 *Culvert  *         *

*Main Stem       *    1035.739*       .3*       .5*

*Main Stem       *    964.7622*       .1*       .3*

*Main Stem       *    862.6342*       .1*       .3*

*Main Stem       *    661.4513*       .1*       .3*

*Main Stem       *    565.9014*       .1*       .3*

*Main Stem       *    443.9817*       .1*       .3*

*Main Stem       *    280.6386*       .1*       .3*

*Main Stem       *    194.0256*       .1*       .3*

*Main Stem       *    133.5329*       .1*       .3*

*Main Stem       *    24.38062*       .1*       .3*

*******************************************************

River: UNT             

*******************************************************

*     Reach      *   River Sta.   * Contr.  * Expan.  *

*******************************************************

*UNT             *    1871.760*       .1*       .3*

*UNT             *    1816.260*       .3*       .5*

*UNT             *    1785.496*Culvert  *         *

*UNT             *    1751.420*       .3*       .5*

*UNT             *    1594.725*       .1*       .3*



*UNT             *    1407.578*       .1*       .3*

*UNT             *    1160.098*       .1*       .3*

*UNT             *    1024.274*       .1*       .3*

*UNT             *    842.8703*       .1*       .3*

*UNT             *    619.6199*       .1*       .3*

*UNT             *    377.4746*       .1*       .3*

*UNT             *    213.0526*       .1*       .3*

*UNT             *    0.000000*       .1*       .3*

*******************************************************





Mill Swamp Mitigation Bank V.1 

Appendix G. Mitigation Work Plan 

 

 

 

 

 

 

 

 

 

 

APPENDIX G.3 

DESIGN PLANS 
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