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1.0  INTRODUCTION

This report outlines the floodplain modeling, scour results, minor drainage requirements
and proposed permanent stormwater quality facilities (PSQFs) for the 1-70 over Sand
Creek project. These improvements will help protect against scour at the bridge
abutments for the 100-year event, safely convey runoff from the I-70 pavement to a
stable outfall and provide water quality improvements to the improved roadway runoff
prior to discharging into Sand Creek.

The project is located in the City and County of Denver, on I-70 between Quebec Street
and [-270. Please see Figure 1 below for the project location.

Figure 1:
Project Location

2.0 EXISTING CONDITIONS

According to the CDOT plans, the I-70 Bridges at Sand Creek are approximately 330 feet
long and 100 feet wide combined. The upstream low girder elevation is 5246.39 feet at
2/3rds across the structure. The bridge has five multi-column bent piers with web walls.
The bridges are on grade and consist of three travel lanes in the westbound direction and
four travel lanes in the eastbound direction.

MOSER ’




HYDRAULIC DESIGN REPORT FOR
1-70 OVER SAND CREEK
Project Number FBR 0704 220

3.0 PROPOSED CONDITIONS
The proposed bridge will be lengthened approximately to 345 feet and the width will be
increased 164 feet to accommodate future widening of 1-70.

Hydraulic criteria that were satisfied included:
* Safely convey the 100-year event under I-70 through the bridge and design riprap
revetment to handle the corresponding velocity.
e Maintain proper freeboard.
* Safely convey runoff from the 100-year event from the I-70 pavement
e Obtain 100% water quality capture volume or 80% TSS removal for the entire
project.

The existing and proposed bridge section can be located in the Appendix.

4.0 SITE VISIT

A site visit was performed on March 22, 2010. The purpose of this initial visit was to
gather information on the existing drainage structure and site conditions, in particular the
bridge. Please see the photos contained in the Appendix illustrate the existing conditions.

5.0 GENERAL HYDROLOGY

5.1 Sand Creek

The Sand Creek watershed tributary to the 1-70 Bridge is approximately 175 square
miles. The anticipated 100-year event is 30,000 cfs while the anticipated 500-year event
is 33,000 cfs.

§.2 Roadway Runoff

Runoff from the improved I-70 roadway, ramps, and bridge was calculated based on a
total of 6.84 acres of pavement being affected by this project. The peak flows were
developed using the rational method with one hour rainfall data from the City and County
of Denver Storm Drainage Design & Technical Criteria.

Supporting information for the hydrology is shown in the Appendix.

5.2.1 Bridge Drainage

In order to size the bridge inlets, CDOT criteria was reviewed. The 5-year event needs to
be captured before the expansion joint. A copy of the criteria is provided in the
Appendix.

Double vane grate inlet (specials) are placed within the moment and approach slab of the
bridge to intercept the 5-year event from running over the expansion joint per CDOT
criteria. The spreadwidth was checked along the bridge for the 100-year event and no
deck drains were required.
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5.2.2 Roadway Inlet Interception

In order to size the storm drains along the interstate CDOT criteria was reviewed. The
allowable spread is the shoulder plus 4 feet. A copy of the criteria is provided in the
Appendix.

The capacity of the shoulder plus 4 feet was calculated for the various longitudinal and
cross slopes. Inlet interception curves were developed to determine interception rates and
bypass. The roadway geometry (carrying capacity) and the inlet interception were used
to determine the inlet type and spacing.

All inlets on the project consist of a double vane grate inlets or double vane grate inlet
(specials) because all inlet locations have a spreadwidth of at least 9 feet. Double vane
grate inlet (specials) were developed for the bridge to be able to fit within the approach
slab and near the retaining wall.

A Type D inlet was originally placed in the median at the sump location near 88+00,
however at CDOTSs request the inlet was changed to a double vane grate in the sump and
additional inlets were added on both the east and west sides to intercept runoff before
reaching the low point. Still, the double vane grate within the sump may have a tendency
to clog and should be monitored carefully to ensure its functionality during a major storm
event.

Inlet interception calculations are provided in the Appendix.

5.2.3 Storm Sewer

Storm sewer will be placed throughout the project. All pipe called out on the plans is
reinforced concrete pipe (RCP) per CDOT criteria since there are only storm sewer
systems (except for an existing RCP cross culvert to be extended 24.8’) within this
project. There are also soil sulfrate resistance concerns which require the use of RCP.

Peak flows were calculated within the storm sewer systems to assure that the pipe sizes
shown would be adequate. The HGL calculations were performed using NeoUDSewer
and are located in the Appendix.

The pipe slopes were designed to minimize sediment accumulation within the system.
The minimum velocity within a pipe is 5 ft/s for the 2-year event. The only exceptions
are the ditches above pipes E-42 and E-44, which have velocities approximately 1 fps
during the 100-year event. As a result sediment will likely fall out in the shoulder /
drainage ditch to the inlet before getting into the pipe and therefore be monitored for
sediment accumulation.

5.2.4 Outlet Protection
The riprap calculations are provided in the Appendix.
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6.0 FLOODPLAIN INFORMATION

The only cross section which was changed from the effective model was sections 2618,
and then sections 2449 and 2475 were removed to account for the wider bridge and
replaced with cross section 2400. The effective model showed a 0.00% longitudinal
channel profile that we revised to better reflect the actual slope of 0.1%. The existing and
proposed cross section locations are included. Please see the floodplain section ion the
appendix, Figure 1 illustrates the Effective and Pre-Project cross section locations and
Figure 2 illustrates the Post-Project cross section locations with the new bridge and
proposed grading.

There was also some minor grading that was accounted for underneath the bridge, which
is labeled on the proposed cross sections and shown on a plan view of the bridge which is
attached.

We adjusted the n values slightly on the proposed upstream cross section at the bridge
(2618), to better reflect the existing and proposed conditions with a wider section of n =
0.035 than shown on the existing model. Also, in our estimation of n values on the new
downstream section of the proposed bridge, we kept similar n values to the existing
model, however we reduced the width of n = 0.022 to account for the reduced sand
channel bottom near the downstream drop structure since we feel this is a more
conservative approach. I have attached both the existing and proposed cross sections,
with the n values highlighted, for your information / review.

The table below, Table 1, compares the Pre-Project, the Post-Project and the Effective
Model WSELs. As you can see the Post-Project model is less than or equal to the Pre-
Project model at all cross sections.
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Table 1.
Floodplain Summary Mo_del
Location Cro_ss Effective Pr.e ) qu i Difference
Section Project Project
ID WSEL WSEL WSEL | Post-Pre
3302| 5242.74| 5242.67| 5242.49] -0.18
3273| 5242.73| 5242.61| 5242.41 -0.2
2857 5241.91| 5241.85| 5241.84| -0.01
2680 5241.42| 5241.51| 5241.20| -0.31
I-70 Pedestrian Bridge 2665 =
2651 5240.30f 5240.29| 5239.47| -0.82
2618| 5240.21| 5240.22| 5239.45| -0.77
I-70 Bridge 2546 -
Cross section removed
in Post-Project model 2475 5238.37| 5238.45 B
Cross section removed
in Post-Project model 2449| 5237.82| 5238.54 -
New Cross Section DS
of Proposed Bridge 2400 5236.40 -
2358| 65236.08] 5235.60| 5235.60 0
2319| 5234.66] 5234.82| 5234.82 0
2102 5233.87| 5233.91| 5233.91 0
2063| 5233.89| 5234.00f 5234.00 0
1884| 5233.56 5233.56| 5233.56 0

Figure 3 illustrates our floodplain delineation, in addition profiles have been added
illustrating the effective, pre-project and post-project conditions. As the table above
shows, the water surface elevations are very close between the effective and the pre and
post-project conditions.

6.1 Freeboard

Freeboard was calculated according to CDOT criteria. A review of the upstream
watershed found Sand Creek to be considered a low debris stream. Our review showed
that there are several locations where any large debris would be “screened” prior to
reaching the 1-70 over Sand Creek Bridge. See Figure 2 next page. A detention pond
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and multiple bridges upstream will filter any material and prevent most of the debris from
heading downstream to the bridge for 1-70. Section 2680 was used from the hydraulic
model since it was sufficiently upstream of both the I-70 bridge and the pedestrian bridge
and used the velocity through the bridge as outlined in CDOT criteria. The freeboard
calculations and backup information are located in the Appendix.

6.2 Sand Creek

Required freeboard was calculated according to CDOT criteria using the 100-year peak
flow and water surface elevation from the upstream cross section from HEC-RAS,
Section 2680 and the velocity from within the bridge. The proposed bridge girder type is
U-72 which allows a 1 foot reduction in the freeboard requirements for a “tapered”
upstream girder per CDOT criteria, however the reduction was not included in the
freeboard calculations in order to be conservative. For the proposed 1-70 Bridge over
Sand Creek, the freeboard required is 3.82 feet (neglecting girder shape) and the
freeboard available is 3.95 feet. The actual upstream low cord elevation at 0.67W is
5245.15 feet.

See the Appendix for floodplain information, freeboard calculations and a description of
the backwater calculations.

7.0 BRIDGE SCOUR ANALYSIS

Scour is the erosion of streambed or bank material due to flowing water. There are three
types of scour which were calculated for Sand Creek at the 1-70 bridge. Contraction
scour results from the contraction of the flow area at the bridge, which causes an increase
in velocity and shear stress on the stream bed at the bridge and is divided further into live
bed and clear water scour. Local scour at piers and abutments results in the removal of
material around the piers and abutments caused by an acceleration of flow and the
resulting vortices induced by obstructions to the flow.

A scour analysis was performed and scour depths were calculated for both the 100-year
and 500-year peak flows per CDOT criteria using HEC-RAS 4.0 which utilizes the
equations from the latest edition of HEC-18. The 500-yr peak flow scour analysis was
also run assuming the downstream drop structure failed. The scour input data and results
for all three scenarios can be found in the Appendix.

Table 2 summarizes the findings regarding contraction, pier, and abutment scour at the I-
70 bridge.
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Table 2:
Scour Analysis Results

Scour Depth (ft)

Type 100-Year 500-Year
Contraction 1.5 1.2
Pier 6.0 11.0
Left Abutment 4.6 11.6
Right Abutment 27.3 30.3

With the results shown in Table 2 it is apparent that the bridge abutment scour occurs for
the right abutment only. This is the anticipated result because the left abutment is aligned
with the flow, due to construction of a guidebank when the bridge was first built, whereas
the left abutment encroaches into the flow path.

Prior to the analysis it was determined if there was live bed (material transported) or if it
was clear water (no material transport) scour. The velocity compared to the bed material
shows that live bed scour is likely to occur.

The analysis showed that riprap bank protection along the abutments was sufficient since
the velocities are relatively low (less than 14 fps) for the 100-year event. Since little field
data on abutment scour exists, equations for predicting abutment scour are based entirely
on laboratory data. As a result, the analysis calculated the scour depths from both the
HIRE and the Froehlich equations and reported the more conservative results.

For the pier scour since there is anticipated little debris in the stream we left the pier
widths at 2.5 feet and did not increase the width due to excess debris.

CDOT requested that we consider the scour potential if the drop structure immediately
downstream of the bridge were to fail. As the output shows, the loss of the drop structure
only lowers the channel invert, simulating contraction scour, by the drop height (roughly
five feet) and does not increase the relative depths of scour.

The Appendix contains the results of the updated HEC-RAS model, showing the results
for the 100-year and 500-year scour for contraction, pier and abutment.

8.0 WATER QUALITY

Permanent stormwater quality facilities (PSQFs) were evaluated and considered for
feasibility of implementation for the entire project. The PSQFs will capture 100 percent
of the project highway runoff and treat it with a water quality capture volume (WQCYV)
or by removal of 80% of the total suspended solids (TSS) as required by CDOTs MS4
permit.
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The PSQFs consist of dry swales and ecology embankments. Since CDOT has numerous
dry swales throughout the Denver region, they have found them to be maintenance
intensive. The frequently plug up, fill with water and do not drain. For this project it was
desired to not pond the water to be treated but perform the 80% TSS removal by allowing
the runoff to infiltrate and be partially stored within the granular matrix below ground.

The dry swales will infiltrate the WQCV and the ecology embankments are intended to
remove 80% of the TSS. At the dry swales there will not be ponding water above
finished grade and will not store the WQCV above the invert of the dry swale. Each of
the water quality features has a granular bedding material and underdrains even though
the soils are classified as Hydrologic Soil Group A. The runoff will infiltrate through the
granular bedding to the underdrain where it will pass through the Class 1 geotextile to the
4” perforated pipe underdrain. In addition to the significant infiltration of the granular
material there will be some inadvertent storage within the voids of the Class A material.
These improvements are intended to infiltrate the WQCV within the bed and remove
80% TSS.

Another water quality improvement feature is the ecology embankments. These are
currently used in the State of Washington for TSS removal. A description from their
criteria manual is included in the Appendix.

The 1-70 Water Quality Figure Sheets 1-2 illustrate the locations of the PSQF’s and the
tributary treatment area to each, the impervious area and the required WQCV if
necessary.

Table 3, summarizes the location, the type of permanent BMP, the drainage area, the %
imperviousness, required capture volume and the actual capture volume.

Table 3:
PSQF Summary Table
. %

ID Station _ lype Drainage Area (acres) Impervicusness waQcv
EE-1 74+26.29 Ecology Embankment 1 0.33 100 N/A
EE-2 75+36.78 Ecology Embankment 2 0.51 100 N/A
EE-3 82+64.03 Ecology Embankment 3 0.34 100 N/A
EE-4 83+25.02 Ecology Embankment 4 1.42 100 N/A
DS-1 74+65.21 Dry Swale 1 1.46 100 0.06
DS-2 75+26.63 Dry Swale 2 0.47 100 0.02
DS-3 86+27.22 Dry Swale 3 2.33 100 0.10

Maintenance of the PSQFs is expected to occur on an “as-needed” basis and shall be
inspected once a year per the MS4 requirement. All of the facilities have a maintenance
road for access to ease sediment removal. CDOT will handle all maintenance.
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9.0 CONCLUSION

This report presents the supporting information for the final scour, floodplain evaluation,
minor drainage and water quality assessment for the proposed improvements for 1-70
Bridge over Sand Creek.

Included are the final results from the HEC-RAS modeling for the proposed bridge over
Sand Creek for the scour analysis and to evaluate the effects on the floodplain.

Based on the scour calculations, the extents and size of riprap revetment for the scour
countermeasure is shown on the bridge hydraulic information sheets.

In addition drainage infrastructure has been designed to safely convey runoff from the
highway to a permanent stormwater quality facility.

These proposed improvements will be further refined based on comments received at the
FIR.
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I-70 Over Sand Creek

Runoff and Peak Flow Calculations Calculated by LDR
Developed Condition 5/22/2010
(Rational Method Procedure)
Basin ID Tc A, acre Cio0o lioos in/hr g Infhr | Qqq, cfs Q,,q, cfs
1 5.0 0.34 0.96 8.72 1.70 2.9 0.6
2 5.0 0.35 0.96 8.72 1.70 2.9 0.6
3 5.0 0.29 0.96 8.72 1.70 2.4 0.5
4 5.0 0.47 0.96 8.72 1.70 3.9 0.8
5 5.0 0.33 0.96 8.72 1.70 2.7 0.5
6 5.0 0.27 0.96 8.72 1.70 A7) 0.4
7 5.0 0.48 0.96 8.72 1.70 4.0 0.8
8 5.0 0.24 0.96 8.72 170 | 20 0.4
9 5.0 0.68 0.96 8.72 1.70 |SE5N¥4 1.1
10 5.0 0.56 0.96 8.72 1.70 A 0.9
11 5.0 0.34 0.96 8.72 170 | 28 0.5
12 50 0.48 0.96 8.72 1.70 4.0 0.8
13 5.0 0.78 0.96 8.72 170 | 6.5 1.3
14 8.8 0.62 0.96 7.30 142 | 4.3 0.8
15 5.0 0.64 0.96 8.72 1.70 |54 1.0

Intensity = (28.5*P)/(10+Tc)"0.786

Return Period One-hour Rainfall (inches)

2-year 0.95
5-year 1.34
10-year 1.55
50-year 2.25

100-year 2.57
Water Quality 0.5

Rat Peak Flows_pro geometry.xls
Q 100
8/9/2010



STORM DRAINAGE DESIGN AND TECHNICAL CRITERIA RAINFALL

5.0 RAINFALL
5.1 Introduction

The design rainfall data to be used to complete hydrologic analyses described in the RUNOFF chapter of
these DENVER CRITERIA are presented in this section. More specifically, this chapter provides: 1) point
precipitation values for Denver, 2) information on the Colorado Urban Hydrograph Procedure (CUHP),
and 3) an imensity-duration-frequency table for use with the Rational Method . All hydrological analyses
within Denver shall use the rainfall data presented herein for calculating storm runoff. There may be

cases where the designer needs to consider events more extreme than the 100-year storm (e.g., for
public safety).

The design storms and intensity-frequency—duralion lables for Denver were developed using the rainfall
data and procedures presented in the DISTRICT MANUAL and are presented herein for convenience.

A review of the isopluvial maps presented in the Precipitation-Frequency Atlas of the Western United
States, Volume Iii-Colorado (National Oceanic and Atmospheric Administration [NOAA| Atlas) shows that
all of Denver can be included in one rainfall zone. The precipitation values for various return periods and
duration storms were found to have minimal variation.

The 1-hour point rainfall is necessary for use with both the Rational Method and CUHP and is also the
basis for deriving durations less than one hour. For waltersheds greater than 10 square miles, the 3-hour
rainfall depth is required, and for watersheds 20 square miles and larger, the 6-hour rainfall depth is
required for use with CUHP. One-hour point rainfall values are summarized in Table 5.1. To obtain
durations less than 1 hour, the factors in Table 5.2 are applied to the 1-hour point rainfall.

Return Period One-hour Point Rainfall (inches)
2-Year 0.95
5-Year 1.34
10-Year 1.55
50-Year 2.25
100-Year 2.57
Date: July, 1992 Reference:  Wastewater Management Division, 1987, as determined
Revised: based on NOAA Atlas 2, Volume 1.
01/2006 RF-1

City and County of Denver
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Maximum Spreadwidth
Worksheet for Triangular Channel

L 7> Brioee

Project Description

Overr Smos (pesg.

Project File untitled.fm?2

Worksheet Spreadwidth

Flow Element Triangular Channel

Method Manning's Formula

Solve For Discharge = \- To e~ QI " 4 =
Input Data

Mannings Coefficient 0.015

Channel Slope 0.023200 ft/ft

Depth 0.32 ft

Left Side Slope 0.000000 H : vV

Right Side Slope 50.000000 H : Vv

Results

Discharge 11.23 cfs

Flow Area 2.56 ft?

Wetted Perimeter 16.32 ft ,

Top Width 600 ' = s - ¢ G}
Critical Depth 042  f 27 Swwrst + e e (g
Critical Slope 0.005680 fu/ft

Velocity 4.39 ft/s

Velocity Head 0.30 ft

Specific Energy 0.62 ft

Froude Number 1.93

Flow is supercritical,

05/06/10
04:56:46 PM H

aeslad Methods. Inc 37 Brookside Road Waterbury, CT 06708 (203) 755-1666

F o W L F 59

FlowMaster v5 10
Page 1 of 1



Table
Rating Table for Triangular Channel

__Project Description

Project File untitled.fm2
Worksheet Spreadwidth

Flow Element Triangular Channel
Method Manning's Formula
Solve For Discharge

Constant Data
Mannings Coefficient 0.015

Channel Slope 0.023200 fi/ft
Left Side Slope 0.000000 H : Vv
Right Side Slope 50.000000 H : Vv
Input Data
Minimum Maximum Increment
Depth 0.20 0.32 0.02 ft
Rating Table
Depth Discharge Velocity
(ft) (cfs) (ft/s)
0.20 3.21 3.21
0.22 4.14 3.42
0.24 5.22 3.62
0.26 6.46 3.82
0.28 7.87 4.01
0.30 9.46 4.20
0.32 11.23 4.39
os/06/10 T — FlowMaster v5 10
04:57:06 PM Haestad Methods, Inc. 37 Brookside Road Waterbury, CT 06708 (203) 755-1666 Page 1 of 1
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Page 1 of |
Marerire  Sewcrion o

Lee Rosen CM%WDET&T

——————

From:  Rich Ommerl [ommerl@moser-eng.com]
Sent: Wednesday, May 26, 2010 2:51 PM

To: ‘Lee Rosen’; Robert Mitchell

Subject: FW: FASTER Pipe Material Selection

————— Original Message-----
From: Hendrickson, Duane (Jay) [mailto:Duane.Hendrickson@dot.state.co.us]
Sent: Wednesday, May 26, 2010 2:35 PM

To: 'Ridley Moorman'; "Jennifer Wood'; John Guenther; Bill.Beams; 'Kurt.Kellogg'; Rich Ommert; moser@moser-eng.com
Cc: Kloska, Jeff; Werdel, Justin

Subject: FW: FASTER Pipe Material Selection

fyi:

Aay 26, 2010 1:51 PM
wane (Jay)

2 Pipe Material Selection

Jay,

Here is the location of CDOT's pipe material selection guidelines. Basically, the current guidelines specify concrete for

stormi Sewers. For culverts, alternative pipe materials are allowed. Could you send this to the appropriate people for each
''the FASTER projects? Thanks.

h_npm_wgngta_te:gg.us/DgsignSquon/Design%ZOBulletinleesiqn%208ulletins.htm

Jeff Kloska

Colorado Department of Transportation
Region 6 Hydraulics

(303) 757-9737

7/8/2010)
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3/10/2011 NeoUDS Results Summary

NeoUDS Results Summary
Srorm Sewec B

Project Title:

Project Description:

Output Created On: 3/10/2011 at 120:52 PM SO \ = e
Using NeoUDSewer Version 1.6.7 Beta Release. \ }w =i
Rainfall Intensity Formula Used.

Return Period of Flood is 100 Years.

Sub Basin Information

Time of Concentration

Manhole| Basin |[Overand| Gutter Basin RainI |[Peak Flow Comments
ID # |Area * C||(Minutes) (Minutes)| (Minutes)(((Inch/Hour) (CFS)_
1 96.00| 32459.4 0.0 0.0 0.02 2.0
3 96.00|| 13432.7 0.0 0.0 0.04 4.0
5 96.00( 13432.7 0.0 0.0 0.04 4.0
7 96.00|| 13432.7 0.0 0.0 0.04 4.0

The shortest design rainfall duration is 5 minutes.

For rural areas, the catchment time of concentration is always => 10 minutes.

For urban areas, the catchment time of concentration is always => 5 minutes.

At the first design point, the time constant is <= (10+Total Length/180) in minutes.

When the weighted runoff coefficient => 0.2, then the basin is considered to be urbanized.

When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

; g Design
Manhole||Contributing| o2l || Rainfall j = A" || Ground i
ID # P Duration Intensity Flow Elevation | Elevation ([Comments
(Minutes) || (Inch/Hour) (Feet) (Feet)
(CFs)
1 96 324594 0.02 2.0 5269.05 5266.15
3 192 324594 0.02 4.0 5269.01 5261.93
5 288 54378.8 0.01 4.0 5261.16 5251.01
7 0 0.0 0.00 4.0 5251.00 5251.00

C:/Program Files/.../3508924852.htm 1/4



3/10/2011 NeoUDS Results Summary
Summary of Sewer Hydraulics

Note: The given depth to flow ratio is 0.9.

Manhole ID Number Calculated Suggested Existing
Sewen Sewer|(Diameter (Rise)||Diameter (Rise)||Diameter (Rise)||Width
D¢ | P D°w"sm°“" Shape|| (Inches) (FT) || (Inches) (FT) | (Inches)(FT) || (FT)
6 5 7 Round 151 18 24) N/A
4 3 5 Round 6.9 18 24| N/A
2 1 3 Round 9.7 ‘ 18 24| N/A

Round and arch sewers are measured i inches.

Box sewers are measured in feet.

Calculated diameter was determined by sewer hydraulic capacity.

Suggested diameter was rounded up to the nearest commercially available size

All hydraulics where calculated using the existing parameters.

If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.

Sewer! Design || Full | Normal || Normal | Critical | Critical Full Froude
i;e Flow | Flow | Depth || Velocity | Depth || Velocity ||Velocity Nm ber Comment
(CFS) ||(CFS)|| (Feet) || (FPS) (Feet) (FPS) (FPS) |
4.0/ 13.9 0.73 3.8 0.72 3.9 1.3 0.91
4 4.0/ 111.3 0.26 16.7 0.72 3.9 1.3 6.99
20| 22.8 0.40 4.5 0.52 3.1 0.6 1.48
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
Invert Elevation Buried Depth
Slope||Upstream [Downstream Upstream|Downstream|
Seper il % (Feet) (Feet) (Feet) (Feet) 0 -
0.50| 5249.22 5249.04 9.94 -0.04(|Sewer Too Shallow
32.03|| 5261.21 5252.31 5.80 6.85
1.34)| 5265.63 5264.34 1.42 2.67||Sewer Too Shallow
Summary of Hydraulic Grade Line
Invert Elevation Water Elevation || |
i SewerID| Sewer Surcharged Upstre;ﬂngownstneanHl UpstreamHDownstream !

C:/Program Files/.../3508924852.htm 2/4



3/10/2011 NeoUDS Results Summary

# Length Length (Feet) (Feet) (Feet) (Feet) ||Condition
(Feet) (Feet)

36 0] 5249.22 5249.04| 5251.01 5249.77|| Subcritical

27.8 0 5261.21 5252.31|| 5261.93 5252.56 Jump

96.6 0] 5265.63 5264.34|| 5266.15 5264.74 Jump

Summary of Energy Grade Line

Downstream

Upstream Manhole Juncture Losses Manhole

Sewer | Manhole Ellge:ealgzn lf:::;; Bend K 113;:;1 Lateral K L::‘?‘ Manhole Ell"lne:tgiyll
ID# || ID# Coefficient Coefficient ID # PRI

(Feet) (Feei_ (Feet) (Feet) (Feet)
5 5251.04 0.04 0.05( 0.00 0.00f 0.00 7 5251.00

J 5262.17 1113 0.05|| 0.00 0.00[ 0.00 5 5251.04
2 1 5266.30 4.13 0.05| 0.00 0.00],  0.00 3 5262.17

Bend loss = Bend K * Flowing full vhead in sewer.

Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.

A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer invert drop at manhole.

Notice: Vhead denotes the velocity head of the full flow condition.

A minimum junction loss of 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.

Summary of Earth Excavation Volume for Cost Estimate

The user given trench side slope is 1.

Manhole|Rim Elevation||Invert Elevation|Manhole Height
ID # (Feet) (Feet) (Feet)
5269.05 5265.63 3.42

1

3 5269.01 5261.21 7.80
5 5261.16 5249.22 11.94
f: 5251.00 5249.04 1.96

Upstream Trench Downstream Trench
Width Width

“ Earth

C:/Program Files/.../3508924852.htm 3/4



3/10/2011

NeoUDS Results Summary

Sewer ID ||On Ground|[At Invert|| On Ground || At Invert Trench Wall Volume
i (Feet) (Feet) (Feet) (Feet) Length Thickness (Cubic
(Feet) (Inches) Yards)

234 4.5 34 4.5 36 3.00 107

15.1 4.5 17.2 4.5 27.8 3.00 78

6.3 4.5 8.8 4.5 96.6 3.00 91

Total earth volume for sewer trenches = 277 Cubic Yards. The earth volume was estimated to have a bottom

width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 inches
or 2 feet for pipes larger than 48 inches.
If the bottom width is less than the minimum width, the minimum width was used.
The backfill depth under the sewer was assumed to be 1 foot.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1

C:/Program Files/.../3508924852.htm
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3/10/2011

NeoUDS Results

Summary

NeoUDS Results Summary

Sroron Sete ©

Project Title:

Project De

scription:

Output Created On: 3/10/2011 at 1:19:09 PM
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.
Retum Period of Flood is 5 Years.

S yeol Event

Sub Basin Information

Time of Concentration
Manhole|| Basin ||Overand| Gutter Basin RainI ([Peak Flow Commments
ID # ||Area * C|(Minutes)||(Minutes)(|(Minutes) (Inch/Hour)| (CFS)
1 96.00| 51105.3 0.0 0.0 0.01 1.4
3 96.00| 21152.2 0.0 0.0 0.03 2.8
5 96.00| 21152.2 0.0 0.0 0.03 2.8
7 96.00| 21152.2 0.0 0.0) 0.03 2.8 |

The shortest design rainfall duration is 5 minutes,
For rural areas, the catchment time of concentration is always => 10 minutes.

For urban areas, the catchment time of concentration is always => 5 minutes.

At the first design point, the time constant is <= (10+Total Length/180) in minutes.
When the weighted runoff coefficient => 0.2, then the basin is considered to be urbanized.
When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

. ; Design
Manhole|(Contributing Raml:all Ramfe.lll Peak Gmm_ld Wate.r
ID # Area * C Duration Intensity Flow Elevation | Elevation {|[Comments
(Minutes) || (Inch/Hour) (Feet) (Feet)
(CFS)
1 96 51105.3 0.01 1.4 5269.05 5266.08
3 192 51105.3 0.01 2.8 5269.01 5261.82
5 288 85612.1 0.01 2.8 5261.16 5251.01
7 0 0.0 0.00 2.8 5251.00 5251.00
C:/Program Files/.../3508924749.htm 1/4



3/10/2011
Summary of Sewer Hydraulics

NeoUDS Results Summary

Note: The given depth to flow ratio is 0.9.

Manhole ID Number Calculated Suggested Existing
Sewer, SewerDiameter (Rise)| Diameter (Rise)| Diameter (Rise)|Width
ID # ||UPstream D"w"s"“"‘l Shape| (Inches) (FT) | (Inches) (FT) || (Inches) (FT) || (FT)
6 5 7 Round| 13.2 18 24 N/A
4 3 5 Round 6.0 18 24| N/A
2 1 3 Round 8.4 18 24| N/A
Round and arch sewers are measured in inches.
Box sewers are measured in feet.
Calculated diameter was determined by sewer hydraulic capacity.
Suggested diameter was rounded up to the nearest commercially available size
All hydraulics where calculated using the existing parameters.
If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.
Sewer! Design | Full | Normal | Normal | Critical || Critical Full Froud
l;e Flow | Flow | Depth | Velocity || Depth || Velocity Velocity N er Comment
(CFS) ||(CFS)|| (Feet) | (FPS) (Feet) (FPS) || (FPS)
2.8 13.9 0.61 3.5 0.61 35 0.9 0.92
2.8/ 111.3 0.22 15.0 0.61 3.5 0.9 6.87
1.4/ 22.8 0.34 4.0 0.45 2.7 0.4 1.47
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
Invert Elevation Buried Depth
Slope|[Upstream||Downstream||Upstream|Downstream
Sewer ID % (Feet) (Feet) (Feet) (Feet) Comment
0.50[ 5249.22 5249.04 9.94 -0.04{[Sewer Too Shallow
32.03|| 5261.21 5252.31 5.80 6.85
1.34{ 5265.63 5264.34 1.42 2.67|[Sewer Too Shallow,

Summary of Hydraulic Grade Line

Invert Elevation Water Elevation

Sewer

Surcharged Upstream‘! Downstream |

2/4

Sewer ID Upstneam“Downstream

C:/Program Files/.../3508924749.htm



3/10/2011

NeoUDS Results Summary

# Length Length (Feet) (Feet) (Feet) (Feet) { Condition
(Feet) (Feet) i
36 0] 5249.22 5249.04|| 5251.01 5249.65 Subcritical%
4 27.8 0 5261.21 525231} 5261.82 5252.52 Jump
96.6 0] 5265.63 5264.34| 5266.08 5264.67 Jump:
Summary of Energy Grade Line
Downstream
Upstream Manhole Juncture Losses Manhole
Sewer || Manhole Energy S?w.er Bend K Bend Lateral K Lateral Manhole Energ.y
ID # ID # Elevation || Friction Coefficient Loss Coefficient Loss ID # Elevation
(Feet) (Feet) (Feet) (Feet) (Feet)
5 5251.02 0.02 0.05( 0.00 0.00] 0.00 7 5251.00
3 5262.00 10.98 0.05|| 0.00 0.00{ 0.00 5 5251.02
1 5266.19 4.18 0.05( 0.00 0.00( 0.00 3 5262.00
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.
A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer invert drop at manhole.
Notice: Vhead denotes the velocity head of the full flow condition.
A minimum junction loss of 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.
Summary of Earth Excavation Volume for Cost Estimate
The user given trench side slope is 1.
Manhole|Rim Elevation| Invert Elevation|Manhole Height
ID # (Feet) (Feet) (Feet)
1 5269.05 5265.63 3.42
3 5269.01 5261.21 7.80
5 5261.16 5249.22 11.94
7 5251.00 5249.04 1.96
Upstream Trench Downstream Trench
Width Width
| | -

C:/Program Files/.../3508924749.htm
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3/10/2011

NeoUDS Results Summary

Sewer ID ||On Ground||At Invert|| On Ground || At Invert Trench Wall Volume
# (Feet) (Feet) (Feet) (Feet) Length Thickness (Cubic
(Feet) (Inches) Yards)

234 4.5 34 4.5 36 3.00 107

15.1 4.5 17.2 4.5 27.8 3.00 78

6.3 4.5 8.8 4.5 96.6 3.00 91

Total earth volume for sewer trenches = 277 Cubic Yards. The earth volume was estimated to have a bottom

width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 inches
or 2 feet for pipes larger than 48 inches.
If the bottom width is less than the minimum width, the minimum width was used.
The backfill depth under the sewer was assumed to be 1 foot.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1

C:/Program Files/.../3508924749.htm
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3/10/2011

NeoUDS Results Summary

NeoUDS Results Summary

Project Title:

Project De

scription:

Output Created On: 3/10/2011 at 113508 AM
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.

Retumn Period of Flood is 100 Years.

FroFiLe
\OO Yeas Event

Sub Basin Information

Time of Concentration
Manhole|| Basin ||Overand| Gutter Basin Rain1 ||Peak Flow Comments
ID # |Area * C||(Minutes)(|(Minutes) (Minutes)| (Inch/Hﬂlﬂ) (CFS)
1 96.00| 32459.4 0.0 0.0 0.02 2.0
3 96.00| 13432.7 0.0 0.0 0.04 4.0
2 96.00| 13432.7 0.0 0.0 0.04 4.0
G 96.00| 13432.7 0.0 0.0 0.04 4.0

The shortest design rainfall duration is 5 minutes.
For rural areas, the catchment time of concentration is always => 10 minutes.

For urban areas, the catchment time of concentration is always => 5 minutes.

At the first design point, the time constant is <= (10+Total Length/180) in minutes.
When the weighted runoff coefficient => (.2, then the basin is considered to be urbanized.
When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

. ; Design
Manhole|Contributing| < *fall || Rainfall ) "5 /0" || Ground Stales
ID # Area * C Duration Intensity Flow Elevation | Elevation |[Comments
(Minutes) | (Inch/Hour) (Feet) (Feet)
(CFS)
1 96 324594 0.02 2.0 5269.05 5266.15
3 192 32459.4 0.02 4.0 5269.01 5261.93
5 288 54378.8 0.01 4.0 5261.16 5252.84
7 0 0.0 0.00 4.0 5251.00 5251.00

C:/Program Files/.../3508918508.htm
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3/10/2011

NeoUDS Results Summary

Summary of Sewer Hydraulics

Note: The given depth to flow ratio is 0.9.

Manhole ID Number

Calculated

Suggested

Existing

Sewer
ID #

Upstrea;l

Downstream

Sewer
Shape

Diameter (Rise—)|
(Inches) (FT)

Diameter (Rise)
(Inches) (FT)

Diameter (Rise)
(Inches) (FT)

Width

“

1

3

Rouerj

8.6

18

18

N/A

4

3

5

Round

12.5

18

18

N/A

6

5

7

Round

12.5

18

18

N/A

Round and arch sewers are measured in inches.
Box sewers are measured in feet.
Calculated diameter was determined by sewer hydraulic capacity.

Suggested diameter was rounded up to the nearest commercially available size
All hydraulics where calculated using the existing parameters.
If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.

Sewer
ID

Design
Flow
(CFs)

Full
Flow
(CFS)

Normal
Depth
(Feet)

Normal
Velocity

(FPS)

Critical
Depth
(Feet)

Critical
Velocity
(FPS)

Full
Velocity

(FPS)

Froude
Number

Comment

M)

12.3

0.38

4.9

0.51

3l

1.0 1.66

4.4

11:7

0.64

6.1

0.81

4.5

sl 1.56

4.4

11

0.64

6.1

0.81

4.5

2.5 1.56

A Froude number = 0 indicated that a pressured flow occurs.

Summary of Sewer Design Information

Invert

Elevation

Buried Depth

Sewer ID

Slope
%

Upstream|
(Feet)

Downstream

(Feet)

Upstream

(Feet)

Downstream

(Feet)

Comment

1.81

5259.03

5258.67

1.50

2.40|

Sewer Too Shallow

1.64]| 5258.48

1.64

325532

345533

2.99

6.86

5254.15

7.07

_o.ﬂ

Sewer Too Shallow

Summary of Hydraulic Grade Line

|

|

Invert Elevation

Water Elevation

Sewer IDi

Sewer i

Surcharged

C:/Program Files/.../3508919674.htm
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3/10/2011

NeoUDS Results Summary

# Length Length (Feet) (Feet) (Feet) (Feet) ||Condition
(Feet) (Feet) |
20 5259.03 5258.67|| 5259.59 5259.04 Jump
180.1 5258.48 5255.53|| 5259.29 5256.16 Jum;j
g Ik 323532 5254.15|| 5256.13 5254.79 Jump
Summary of Energy Grade Line
Downstream
Upstream Manhole Juncture Losses Manhole
Sewer || Manhole Enetgy S?w-er Bend K M Lateral K Eetey Manbhole Energ.y
ID # ID # Elevation || Friction Coefficient Loss Coefficient Loss ID # Elevation
(Feet) (Feet) (Feet) (Feet) (Feet)
1 5259.61 0.00 0.05|| 0.00 0.00( 0.00 3 5259.61
3 5259.61 3.16 0.05( 0.00 0.00)f 0.00 9 5256.45
5 5256.45 0.90 0.08/ 0.00 0.00ff 0.00 7 325555
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.
A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer invert drop at manhole.
Notice: Vhead denotes the velocity head of the full flow condition.
A minimum junction loss 0of 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.
Summary of Earth Excavation Volume for Cost Estimate
The user given trench side slope is 1.
Manhole|[Rim Elevation|Invert Elevation|M anhole Height
| ID# (Feet) (Feet) (Feet)
3 5263.89 3255.32 8.57
3 5262.57 5258.48 4.09
1 5262.03 5259.03 3.00
7 b e B 5254.15 1.40
Upstream Trench Downstream Trench
Width Width
[ | et
l
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NeoUDS Results Summary

Sewer ID ||On Ground||At Invert|| On Ground || At Invert Trench Wall Volume
# (Feet) (Feet) (Feet) (Feet) Length Thickness (Cubic
i (Feet) (Inches) Yards)

2 6.1 3.9 7.9 3.9 20 2.50 15

4 8.3 39 16.8 3.9 180.1 2.50 343

17.2 3.9 29 3.9 71.5 2.50 121

Total earth volume for sewer trenches = 479.05 Cubic Yards. The earth volume was estimated to have a bottom
width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 mches

or 2 feet for pipes larger than 48 inches.
If the bottom width is less than the minimum width, the minimum width was used.
The backfill depth under the sewer was assumed to be 1 foot.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1
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3/10/2011 NeoUDS Results Summary

NeoUDS Results Summary
Yo Dewre ¢

Project Title:

Project Description:

Output Created On: 3/10/2011 at 126:57 PM
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.

Return Period of Flood is 5 Years.

S wead Event

Sub Basin Information

Time of Concentration
Manhole|| Basin ||Overdand| Gutter Basin Rain1 |[Peak Flow
ID# |Area * C|(Minutes) (Min@ (Minutes)||(Inch/Hour)| (CFs) [CO™ments
5 96.00 34649.0] 0o 00 0.02 1.9
3 96.00| 34649.0 0.0 0.0 0.02 1.9
1 96.00(| 362821.2 0.0 0.0 0.00 0.3
T 96.00| 34649.0 0.0 0.0 0.02 1.9

The shortest design rainfall duration is 5 minutes.

For rural areas, the catchment time of concentration is always => 10 minutes.

For urban areas, the catchment time of concentration is always => 5 minutes.

At the first design point, the time constant is <= (10+Total Length/180) in minutes.

When the weighted runoff coefficient => 0.2, then the basin is considered to be urbanized.

When the Overland Tc plhus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

; . Design
Manhole||Contributing| <22l || Rainfall - ©p " | Ground b
D # Ain ¥ © Duration Intensity Flow Elevation | Elevation |[Comments
(Minutes) || (Inch/Hour) (Feet) (Feet)
(CFS)
5 288 140219.9 0.01 1.9 5263.89 5255.85
3 192 83705.5 0.01 1.9 5262.57 5259.01
1 96 362821.2 0.00 0.3 5262.03 5259.27
7 0 0.0 0.00 1.9 5255.55 5255.55
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3/10/2011 NeoUDS Results Summary
Summary of Sewer Hydraulics

Note: The given depth to flow ratio is 0.9.
Manhole ID Number Calculated Suggested Existing

oy |UrstmamDowsteam e e e ey | ey o et
2 1 3 Round 4.5 18 18| N/A
4 3 5 Round| 9.1 18 18 N/A
6 5 7 Round| 9.1 18 18 N/A

Round and arch sewers are measured in inches.

Box sewers are measured in feet.

Calculated diameter was determined by sewer hydraulic capacity.

Suggested diameter was rounded up to the nearest commercially available size

All hydraulics where calculated using the existing parameters.

If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.

Sevees Design | Full || Normal || Normal || Critical || Critical Full Froud
I;e Flow | Flow | Depth || Velocity || Depth || Velocity ||Velocity 'N:::b:r Comment
(CFS) |(CFS)|| (Feet) (FPS) (Feet) (FPS) (FPS)
03| 12.3 0.16 2.9 0.24 1.6 0.2 155
19| 11.7 0.41 4.9 0.53 34 1.1 1.59
19| 11.7 0.41 4.9 0.53 34 1.1 1.59
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
Invert Elevation Buried Depth
Slope|[Upstream||Downs tream|{Upstream|/Downstream
SewerIDl oy | (Reet) || (Feety | (Feety | (Reet) CORNRENS
1.81|| 5259.03 5258.67 1.50 2.40||Sewer Too Shallow
1.64] 5258.48 5255.53 209 6.86
1.64| 5255.32 5254.15 7.07 -0.10)|Sewer Too Shallow|
Summary of Hydraulic Grade Line
Invert Elevation || Water Elevation
SewerID|| Sewer Surcharged UpstrezglﬁlDownstneam Upstreanﬂl,Downstma;! i
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NeoUDS Results Summary

# Length Length (Feet) (Feet) (Feet) (Feet) ||Condition|
(Feet) (Feet) '
20 0] 5259.03 5258.67|| 5259.27 5258.83 Jump‘
180.1 0] 5258.48 5255.53| 5259.01 5255.94 Jumpj
6 71.5 0] 5255.32 5254.15|| 5255.85 5254.56 Jumpl
Summary of Energy Grade Line
Downstream
Upstream Manhole Juncture Losses Manhole
Sewer || Manhole Enelg.y S?w.er Bend K Do Lateral K Lateral Manbhole Energ.y
ID # ID # Elevation || Friction Coefficient Loss Coefficient Loss ID # Elevation
(Feet) | (Feet) (Feet)|| (Feet) (Feet)
1 5259.31 0.12] 0.05(f 0.00 0.00f 0.00 3 5259.19
3 5259.19 3.16 0.05 x 0.00) 0.00 5 5256.03
5 5256.03 0.48 0.08jf 0.00 0.00{  0.00 7 5255.55
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.
A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer mvert drop at manhole.
Notice: Vhead denotes the velocity head of the full flow condition.
A minimum junction loss 0f 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.
Summary of Earth Excavation Volume for Cost Estimate
The user given trench side slope is 1.
Manhole|Rim Elevation|Invert Elevation|Manhole Height
ID # (Feet) (Feet) (Feet)
5 5263.89 325532 8.57
3 5262.57 5258.48 4.09
1 5262.03 5259.03 3.00
7 3255.55 5254.15 1.40
Upstream Trench Downstream Trench
Width Width
| * -
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NeoUDS Results Summary

Sewer ID ||On Ground| At Invert| On Ground || At Invert Trench Wall Volume
# (Feet) (Feet) (Feet) (Feet) Length Thickness (Cubic
(Feet) (Inches) Yards)

6.1 3.9 7.9 3.9 20 2.50 15

8.3 3.9 16.8 3.9 180.1 2.50 343

17.2 3.9 2.9 39 71.5 2.50 121

Total earth volume for sewer trenches = 479.05 Cubic Yards. The earth volume was estimated to have a bottom
width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 inches

or 2 feet for pipes larger than 48 inches.
If the bottom width is less than the minimum width, the minimum width was used.
The backfill depth under the sewer was assumed to be 1 foot.
The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1

C:/Program Files/.../3508925217.htm

4/4



) L:t}&QS— Event

C-1to C-7

5264.0 —

5263.0 -

5262.0—

5261.0—

5260.0—

5259.0—

52540 MH-7

I = P sy

! ‘ } | | i f ‘ |
0 25 50 75 100 125 150 175 200 225 250 275 300

———=HGL - EGL




SYoren Sewe D
NaL Calcoloxrions




3/10/2011

NeoUDS Results Summary

NeoUDS Results Summary

Socon sewec D

Project Title:

Project De

scription:

Output Created On: 3/10/2011 at 11:57:50 AM
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.

Return Period of Flood is 100 Years.

OO0 Yeor Event

Sub Basin Information

Time of Concentration
Manhole| Basin ||Overand| Gutter || Basin RainI ||Peak Flow Comments
ID# ||Area * C (Minutes)‘(Minutes) (Minutes)' (Inch/Hiuﬂ) r(CFS)_
1 96.00][ 20228.2 0. 0.0 0.03[ 29
3 96.00( 20228.2 0.0 0.0 0.03 2.9
5 96.00|| 20228.2 0.0 0.0 0.03 2.9

The shortest design rainfall duration is 5 minutes.
For rural areas, the catchment time of concentration is always => 10 minutes.
For urban areas, the catchment time of concentration is always => 5 minutes.
At the first design point, the time constant is <= (10+Total Length/1 80) in minutes.
When the weighted runoff coefficient => (.2, then the basin is considered to be urbanized.

When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

. . Design
M anhole||Contributing Ramf.all Ramfz.lll Peak Gmul.nd Wate'r
ID # Area * C Duration Intensity Flow Elevation || Elevation ||[Comments
(Minutes) || (Inch/Hour) || . (Feet) (Feet)
(CFS)
1 96 20228.2 0.03 2.9 5259.06 5256.71
3 192 48873.4 0.02 29 5263.81 5253.54
5 0 0.0 0.00 29 5250.12 5250.12
Summary of Sewer Hydraulics
Note: The given depth to flow ratio is 0.9.
It I i I il 1l
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3/10/2011 NeoUDS Results Summary
| || Manhole ID Number | | Calculated | Suggested | Existing ‘

Sewer Upstream] Downstreaml Sewer|Diameter (Rise)(|Diameter (Rise)/|Diameter (Rise)||Width

ID # Shape|| (Inches) (FT) || (Inches) (FT) (Inches) (FT) || (FT)
2 1 3 Round 10.6 18 18| N/A
4 3 5 Round 10.6 18 18| N/A

Round and arch sewers are measured in inches.

Box sewers are measured in feet.

Calculated diameter was determined by sewer hydraulic capacity.

Suggested diameter was rounded up to the nearest commercially available size

All hydraulics where calculated using the existing parameters.

If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.

Sewer Design || Full | Normal | Normal || Critical | Critical Full Froude
‘;D Flow | Flow | Depth || Velocity | Depth || Velocity |Velocity|| o " ~ [|Comment
(CFS) |(CFS)| (Feet) || (FPS) (Feet) (¥PS) | (FPS)
29| 11.9 0.50 5.6 0.65 3.9 1.6 1.61
29| 11.9 0.50 5.6 0.65 3.9 1.6 1.61
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
Invert Elevation Buried Depth
Slope|[Upstream|[Downstream| Upstnea;n! Downstream
SewerID| o0 | (Beet) | (Feet) | (Feet) | (Reet) L-Omemelit
1.70|| 5256.06 5253.08 1.50 9.23||Sewer Too Shallow
1.70) 5252.89 5248.70 9.42 -0.08||Sewer Too Shallow
Summary of Hydraulic Grade Line
Invert Elevation Water Elevation
Sewer ID e Smcharged Upstream||Downstream UpstreanJ Downstream4 -
# Length Lengty (Feet) | (Feet)y | (Feety | (Feety | omdition
(Feet) (Feet)
VS 175.2 0] 5256.06 5253.08|| 5256.71 3253.59 Jump
4 246.2 0] 5252.89 5248.70| 5253.54 5249.21 Jump
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3/10/2011 NeoUDS Results Summary
Summary of Energy Grade Line

Downstream
Upstream Manhole Juncture Losses Manhole
Sewer || Manhole Energ.y S?w.er Bend K Send Lateral K patere) Manbhole Enelg.y
ID # ID # Elevation || Friction Coefficient Loss Coefficient Loss ID # Elevation
(Feet) (Feet) (Feet) (Feet) (Feet)
2 1 5256.95|  3.17 0.05 0.00 0.00[ 0.00] 3 | 5253.78]
4 3 5253.78 3.66 0.05( 0.00 0.00ff 0.00 5 5250.12
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.
A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer invert drop at manhole.
Notice: Vhead denotes the velocity head of the full flow condition.
A minimum junction loss of 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.
Summary of Earth Excavation Volume for Cost Estimate
The user given trench side slope is 1.
Manhole|Rim Elevation|[Invert Elevation|[Manhole Height
ID # (Feet) (Feet) (Feet)
1 5259.06 5256.06 3.00
3 5263.81 5252.89 10.92
5 5250.12 5248.70 1.42 |
Upstream Trench Downstream Trench l
Width Width |
Earth
Sewer ID (On Ground((At Invert|| On Ground || At Invert ErEnch .Wall Volume
Length Thickness "
# (Feet) (Feet) (Feet) (Feet) (Feet) (Tnches) (Cubic
Yards)
6.1 39 21.5 3.9 1758.2 2.50 456
213 3.9 29 3.9 246.2 2.50 627

Total earth volume for sewer trenches = 1082.3 Cubic Yards. The earth volume was estimated to have a bottom
width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 inches
or 2 feet for pipes larger than 48 inches.

If the bottom width is less than the minimum width, the minimum width was used.
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3/10/2011 NeoUDS Results Summary
The backfill depth under the sewer was assumed to be 1 foot.

The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1
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NeoUDS Results

Summary

NeoUDS Results Summary
Do SDewer D

Project Title:
Project Description:
Output Created On: 3/10/2011 at 12735 PM ngr Event
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.
Return Period of Flood is 5 Years.
Sub Basin Information
Time of Concentration
Manhole| Basin ||Overland| Gutter Basin Rainl [[Peak Flow! Co o
ID # |Area * C|(Minutes)|((Minutes)|[(M inutes) (Inch/Hour)|| (CFS) ]
1 96.00|[ 39917.5 0.0 0.0 0.02 1.7 N
3 96.00| 39917.5 0.0 0.0 0.02 1.7
5 96.00{ 39917.5 0.0 0.0 0.02 1.7

The shortest design rainfall duration is 5 minutes.
For rural areas, the catchment time of concentration is always => 10 minutes.

For urban areas, the catchment time of concentration is always => 5 minutes.

At the first design point, the time constant is <= (10+Total Length/1 80) in minutes.
When the weighted runoff coefficient => 0.2, then the basin is considered to be urbanized.

When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the
calculated values.

Summary of Manhole Hydraulics

. . Design
Manhole||Contributing Ramf:all Ramfz'lll Peak Gmul?d Wate:r
ID # Area * C Duration Intensity Flow Elevation | Elevation |[Comments
(Minutes) || (Inch/Hour) (Feet) (Feet)
(CFS)
1 96 39917.5 0.02 1.7 5259.06 5256.57
3 192 96431.1 0.01 1.7 5263.81 5253.40
5 0 0.0 0.00 1.7 5250.12 225012
Summary of Sewer Hydraulics
Note: The given depth to flow ratio is 0.9.
Ir il i r I I — 1l
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3/10/2011 NeoUDS Results Summary
| || Manhole ID Number | | Calculated | Suggested l Existing |

Sewer Downstnea;‘ Sewerj|Diameter (Rise)||Diameter (Rise)/|Diameter (Rise)||Width

Ip # | UPstream Shape|| (Inches) (FT) | (Inches) (FT) || (Inches) (FT) | (FT)
2 1 3 Round 8.7 18 18 N/A

_J

4 K 5 Round 8.7 18 18/ N/A

Round and arch sewers are measured in inches.

Box sewers are measured in feet.

Calculated diameter was determined by sewer hydraulic capacity.

Suggested diameter was rounded up to the nearest commercially available size

All hydraulics where calculated using the existing parameters.

If sewer was sized mathematically, the suggested diameter was used for hydraulic calculations.

Sewer Design | Full ({ Normal || Normal | Critical | Critical Full Froude
D Flow | Flow || Depth || Velocity || Depth Velocity ([ Velocity Number Comment
(CFS) ||(CFS)|| (Feet) | (FPS) (Feet) (FPS) | (FPS)
1.7 11.9 0.38 4.8 0.51 33 1.0 1.61
1.7)] 11.9 0.38 4.8 0.51 32 1.0 - 1.61
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
Invert Elevation Buried Depth
Sewer ID Sl.ope Upstneanﬂ Downstream||Upstream|{Downstream| Co -
| % (Feet) (Feet) (Feet) (Feet)
2 1.70}| 5256.06 5253.08 1.50 9.23||Sewer Too Shallow
1.70|| 5252.89 5248.70 9.42 -0.08|[Sewer Too Shallow
Summary of Hydraulic Grade Line
Invert Elevation Water Elevation
Sewer ID BEser - Upstream Downstnea:ll Upstream|Downstream .
# Length Length (Feet) (Feet) (Feet) (Feet) Condition
(Feet) (Feet)
175.2 0] 5256.06 5253.08( 5256.57 5253.46 Jump
246.2 0jf 5252.89 5248.70|| 5253.40 5249.09 Jump
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3/10/2011 NeoUDS Results Summary
Summary of Energy Grade Line

Downstream
Upstream Manhole Juncture Losses Manhole
Sewer |Manhole|| -neT8Y || Sewer || gy | Bend ) reratic [F2€m o ihote| EneTEY
ID # D # Elevation || Friction Coefficient Loss Coefficient Loss ID # Elevation
(Feet) (Feet) (Feet) (Feet) (Feet)
1 5256.73 3.17 0.05| 0.00 0.00] 0.00 3 5253.56
4 3 5253.56 3.44 0.05( 0.00 0.00| 0.00 5 5250.12
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Outflow full vhead - Junction Loss K * Inflow full vhead.
A friction loss of 0 means it was negligible or possible error due to jump.
Friction loss includes sewer invert drop at manhole.
Notice: Vhead denotes the velocity head of the full flow condition.
A minimum junction loss 0of 0.05 Feet would be introduced unless Lateral K is 0.
Friction loss was estimated by backwater curve computations.
Summary of Earth Excavation Volume for Cost Estimate
The user given trench side slope is 1.
Manbhole|Rim Elevation|(Invert Elevation|M anhole Height
ID # (Feet) (Feet) (Feet)
1 5259.06 5256.06 3.00
3 5263.81 5252.89 10.92
5 5250.12 5248.70 1.42
Upstream Trench Downstream Trench
Width Width
Earth
Sewer ID |[On Ground||At Invert| On Ground || At Invert <Lremch .Wall Volume
Length Thickness :
# (Feet) (Feet) (Feet) (Feet) (Feet) (iiscion) (Cubic
' Yards)
6.1 39 21.5 3.9 1752 2.50 456
4 21.9 39 29 3.9 246.2 2.50 627

Total earth volume for sewer trenches = 1082.3 Cubic Yards. The earth volume was estimated to have a bottom
width equal to the diameter (or width) of the sewer plus two times either 1 foot for diameters less than 48 inches
or 2 feet for pipes larger than 48 inches.

If the bottom width is less than the minimum width, the minimum width was used.
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3/10/2011 NeoUDS Results Summary
The backfill depth under the sewer was assumed to be 1 foot.

The sewer wall thickness is equal to: (equivalent diameter in inches/12)+1
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NeoUDS Results Summary

NeoUDS Results Summary
Srocen Sepyel E

Project Title:
Project Description:
Output Created On: 3/10/2011 at 2:36:54 PM
Using NeoUDSewer Version 1.6.7 Beta Release.
Rainfall Intensity Formula Used.
Return Period of Flood is 100 Years.

100 Yeas™ Event

Sub Basin Information

Time of Concentration
Manhole| Basin ||Overand| Gutter Basin RainI |[Peak Flow| Comments
ID # ||Area E (Minutes)/((Minutes)||(Minutes)(|(Inch/Hour)| (CFS)

33 96.00 2312.6] 0.0 0.0 0.17 15.9
31 96.00[ 2312.6 0.0 0.0 0.17 15.9
49 96.00|| 7098.7 0.0 0.0 0.07 6.6
47 96.00|| 10649.7 0.0 0.0 0.05 4.8
45 96.00| 12251.0 0.0 0.0 0.04 4.3
43 96.00| 21152.2 0.0 0.0 0.03 2.8
41 96.00] 51105.3 0.0 0.0 0.01 1.4
21 96.00| 5930.7 0.0 0.0 0.08 7.6
3 96.00| 11897.6 0.0 0.0 0.05 4.4
1 96.00| 11897.6 0.0] 0.0 0.05 4.4
13 96.00| 17845.8 0.0 0.0 0.03 3.2
11 96.00| 17845.8 0.0 0.0 0.03 3.2

The shortest design rainfall duration is 5 minutes.
For rural areas, the catchment time of concentration is always => 10 minutes.
For urban areas, the catchment time of concentration is always => 5 minutes.
At the first design point, the time constant is <= (10+Total Length/180) in minutes.
When the weighted runoff coefficient => 0.2, then the basin is considered to be urbanized.

When the Overland Tc plus the Gutter Tc does not equal the catchment Tc, the above criteria supersedes the

calculated values.

Summary of Manhole Hydraulics

| ]
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NeoUDS Results Summary

Manhole||Contributing| Duration Intensity Peak Elevation | Elevation |[[Comments
ID# || Area*C | (Minutes) || (Inch/Hour) || Flow (Feet) (Feet)
(CFS)
33 0 0.0 0.00 15.9 5239.54 5239.54
31 1056 49069.1 0.02 15.9 5244 .94 5239.88
49 480 55078.7 0.01 6.6 5244.11 5241.11
47 384 62180.6 0.01 4.8 5244.10 5241.23
45 288 49597.7 0.01 4.3 5244.12 5241.60
43 192 51105.3 0.01 2.8 524471 5242.28
41 96|[ 511053 0.01 14 524526  5243.08
21 480 46027.5 0.02 7.6 5250.23 524391
3 192 28751.6 0.02 44 5250.01 5245.29
1 96 11897.6 0.05 4.4 5250.34 5245.74
13 192 43119.1 0.02 8.2 5248.95 5244 .42
11 96 17845.8 0.03 3.2 5249.33 5244.89
Summary of Sewer H<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>