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1 INTRODUCTION

1.1 Purpose of Study

This report presents the data, hydrologic and hydraulic analyses, and conclusions of a
conceptual drainage study performed for the Plateau Project. The information, data, and
calculations presented herein are intended to provide conceptual drainage information for
the Plateau Tentative Map and remainder rezoned parcels in accordance with the Carson
City Municipal Code. This report documents the existing drainage conditions of the project
site, presents the proposed drainage system, and includes summaries of analyses
evaluating storm flows and proposed mitigations.

Referencing the tentative map plans will aid in the understanding of this report. Future
Final Maps will incorporate a technical drainage report supporting the final design of
improvements.

This conceptual report documents the existing and proposed conditions of the project for
a range of rainfall events. The following are addressed herein:

Existing information for project site and drainage basin

Hydrologic analyses for existing site condition and proposed developed condition
Proposed drainage facilities for drainage management

Compliance with Carson City Municipal Code 2005 (CCMC) and other applicable
ordinances

1.2 Project Location and Description

The Plateau project site is in eastern Carson City, south of U.S. Highway 50 in the area
of Drako Way, located in Township 15 North, Range 20 East in portions of Sections 1 and
12. Figure 1-1 shows the location of the project site. The Plateau Development and
remainder parcels have the following characteristics:

e 270 Single Family Residential lots on 67.89 acres
e 18.53 acres Multi-Family

o Estimated 250 EDUs
e 13.81 acres General Commercial

The overall drainage catchment is 262 acres.

The site is not located in a FEMA flood zone. Relevant FEMA flood maps define the area
as outside the 0.2% annual chance flood. Exhibit 1 shows the FEMA flood zone mapping
adjacent to Plateau.
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1.3 Drainage Patterns

Drainage to, and through, the site is from a 262-acre catchment that is roughly bounded
by Rifle Range Road to the east and Astro Drive to the north. Drainage flows westerly
through the proposed SFR site to a location just south of the intersection of Morgan Mill
Road and Drako Way. Downgradient drainage then continues ~1,000 feet to the Carson
River near the intersection of North Deer Run Road and Brunswick Canyon Road before
entering the Carson River. Existing conditions at the site include ~85 acres of previously
mass graded site with slopes ranging from 2.5 to 4.5 percent and land cover consisting
of some bare earth, and areas of sagebrush and grass understory in fair to good condition.
There is a fair amount of land disturbance from off highway vehicle use on the property
site. Photos of site were collected and are and are contained in Appendix F. Onsite and
offsite undisturbed areas consist of sagebrush with grass understory in good condition
with sparse Pinyon Pine-Juniper on the upper catchment areas. Slopes range from 5 to
20 percent in the upper offsite catchment. Offsite and onsite soils are classified as very
high runoff potential with hydrologic soil group type D soils.

The subiject site includes the Old Carson City Landfill (Facility ID # A-000050). The old
landfill has been previously capped and NDEP has required that a stormwater
management plan (SWMP) be developed for the old landfill site which will be Common
Open Space and mitigated with grading and drainage under the proposed conditions. A
draft SWMP is currently on file with NDEP with a final SWMP due after acceptance of a
tentative map.

Figure 1-1: Plateau Location Map
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Plateau

[Googl Maps: https://www.google.com/maps/search/google+maps/@39.1897644, -
119.7016629,4292m/data=!3m1!1e: accessed 10/10/2018]

2 METHODOLOGY AND ASSUMPTIONS

The offsite and onsite drainage areas total 0.4 square miles (262 acres). This conceptual
report documents the following:

e Pre-development hydrology
e Post-development hydrology and mitigation
e Hydraulic analysis of flow in proposed roadways and catch basins

This conceptual drainage study for the Plateau Development and remainder parcels
adheres to the 2005 CCMC requirements for conceptual studies including sections 14.2
Technical Criteria, 14.6 Submittal and Review process, and 14.8 Conceptual Drainage
Study. Per table 14.1 of the CCMC, the SCS TR-55 computation procedure is used as
the Contributing Basin Area is over 100 acres. For the on-site storm drain system
analysis, the Rational Method and Manning’s Equation are used to show compliance with
Table 14.2 Design Storm Street Capacity Limitations of the CCMC.

Manhard Consulting, Ltd. 6 Project #: TIVCCNVO1
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2.1 Hydrologic Methods

The hydrologic analysis for on- and offsite peak flows is performed using version 4.2 of
the USACE HEC-HMS flood hydrograph software. The HEC-HMS model represents the
response of a watershed to a storm event and estimates peak flow and runoff volume.
The hydrology uses the SCS unit hydrograph method which routes peak flows through a
defined basin area. GIS data is used in the ArcMap 10.5 software to develop the
hydrologic and hydraulic parameters for use in HEC-HMS. The drainage basin overlain
on local topography for existing and proposed conditions are illustrated in Exhibits 2 and
3, respectively.

Parameters for peak storm flow and runoff volume estimates are determined using the
CCMC. The TMRDM and/or the other appropriate sources and software user manuals
are used to augment the CCMC. Parameter calculations for peak storm flow and runoff
volume estimates are determined using the methodologies specified within the CCMC
and the TMRDM and are contained in Appendix A. These parameters are reflected in
Exhibits 2 and 3. Rainfall data for Carson City is obtained from the NOAA database
website that can be found at the following link and included in Appendix A:

e https://hdsc.nws.noaa.qgov/hdsc/pfds/pfds map cont.html?bkmrk=nv

Rainfall depths are distributed using a frequency storm for the 5-, 15-minute, 1-, 2-, 3-, 6-
, 12-, and 24-hour durations.

Table 2-1: NOAA Storm Depths for Plateau
Storm Event  Rainfall Depth (in)

5yr-24hr 11.76
10yr-24hr | 2.05
25yr-24hr | 2.46
100yr-24hr | 2.78

2.2 Existing and Proposed Conditions Sub-Basin Delineation

Exhibits 2 and 3 show the drainage basin delineation for the existing and proposed
conditions, respectively. The catchment boundary is delineated as all land area on which
rain falls that flows out through the developed area. Onsite existing drainage patterns are
estimated from pre-2006 aerial mapping and the patterns that currently exist. The 2017
USGS Reno-Carson-Lyon LIDAR DEM is used to develop 2-foot contours for catchment
delineation and drainage patterns.

HEC-HMS is utilized to model stormwater runoff for the existing and proposed conditions.
The hydrologic modeling uses the SCS methodology per the CCMC and TMRDM, which
estimates runoff based on drainage area, lag time or time of concentration, the HSG, land
cover/use, and rainfall. The method used to determine rainfall abstraction and runoff
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method within the model is the SCS curve number method. The SCS curve number
method uses the runoff curve number (CN) loss rate, related to potential abstraction.

N 1000
S+10

where: S (in.) = initial abstraction

The CN represents the "runoff potential” of a given land use/cover and HSG within the
drainage basin. The CN is determined based on the HSG per the USDA National
Cooperative Soil Survey. This soil report is contained in Appendix B. The basin that
drains through the Plateau development is composed almost entirely of HSG D soils with
high runoff potential. Appendix A contains the parameter calculations for area weighted
CNs, lag time, and the relevant TMRDM references. Soil HSG data is obtained from the
NRCS database (https://gdg.sc.egov.usda.gov/) from shapefiles of the sub-basins
exported from ArcMap. The CN uses the sagebrush with grass understory in good
condition for undeveloped areas. Other CN determinations are per the calculations in
Appendix A and assume an antecedent moisture condition (AMC) 2.

Lag time is defined as the time elapsed between the center of mass rainfall excess to the
center of mass of the resulting runoff hydrograph. This method uses the calculated lag
time to determine the runoff hydrograph and peak runoff for each sub-basin. The lag time
is calculated using two different methods as shown in Appendix A.

2.3 Hydraulic Methods

Hydraulic calculations are performed for open channel flow in the street sections using
the software package Bentley FlowMaster. The proposed development contains street
ROW with widths of 50 and 60 feet. Flow conditions are analyzed for both ROWSs for
slopes that are representative of the proposed streets. FlowMaster is used to determine
the maximum allowable flow rate for each ROW that ensures the CCMC requirement of
maintaining a 12-foot-wide dry lane across the crown of the road. The FlowMaster results
are presented in Appendix D. These results are also used to determine the maximum
area a catch basin can drain according to the rational method. A summary of the
maximum area a catch basin can drain for a given street slope and rainfall depth are
included in Appendix E. The placement of catch basins to meet required dry lane width
meet or exceeded the 5-year and 100-year storm events required per section 14.2
Technical Criteria of the CCMC.
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3 HYDROLOGY RESULTS

This section presents the results of the hydrologic analysis for the existing and
proposed conditions.

3.1 Existing Drainage Results

Rainfall on the pre-development drainage basin flows in a western or north-western
direction. A hillslope located on the south and west quadrants of the basin direct flow
away from the Carson River and towards US Highway 50. The existing basin and a
representative flow path are illustrated in Figure 3-1 and Exhibit 2. To demonstrate how
existing runoff drains from the catchment, a 24-hour duration rain event for the 10- and
100-year recurrence intervals is estimated for this site. The NOAA rainfall record used for
this study is in Appendix A and summarized in Table 2-1.
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Figure 3-1: Existing Conditions HEC-HMS Basin and Routing

Manhard Consulting, Ltd. 10 Project #: TIVCCNVO1
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Table 3-1 summarizes the peak flow for existing and proposed conditions. Reference
Appendix E for the complete hydrologic parameter estimates.

Table 3-1: Existing and Proposed Conditions Peak Flow Summary

Sub-Basin  10-Yr (cfs)  100-Yr (cfs)
EXIST-1 | 97.8 290.9
PROP-1 | 101.0 281.0

Table 3-2 summarizes the pre- and post-project runoff volume.

Table 3-2: Existing and Proposed Conditions Runoff Volume Summary

Sub-Basin  10-Yr (ac-ft)  100-Yr (ac-ft)
EXIST-1 | 13.8 30.4
PROP-1 | 15.8 33.4

3.2 Proposed Drainage Results

The proposed onsite drainage is modeled for identical storm conditions. To represent the
proposed conditions in HEC-HMS, a weighted CN and modified time of concentration
accounting for the existing and proposed land cover and increased impervious area is
used. Results are presented in Table 3-1 and Table 3-2.

Per the CCMC, detention facilities are required to mitigate the proposed conditions peak
flow to the existing conditions peak flow according to the following criteria (CMC Section
14.8):

1. Onsite detention storage shall be sized to detain enough runoff to limit flows from
a five (5) year storm (Q5) to their predevelopment condition

2. Design Storm Events. Drainage facilities shall be designed to convey the run off
for the twenty-four (24) hour duration storm with a recurrence interval for a minor
storm (5-year) and major storm event (100-year).

This study, modeling, and improvements assume use the 10-year storm input data in
place of the 5-year storm in anticipation of a future change to the CCMC. Design
consideration is given to the 100-year storm event. Refer to Appendix A and Appendix C
for all data and supporting calculations using the HEC-HMS model.

Figure 3-2 shows the proposed conditions HEC-HMS basin and routing.

Appendix C contains the global summary from the existing and proposed conditions HEC-
HMS models.
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Figure 3-2: Proposed Conditions HEC-HMS Basin and Routing

& PROP-1
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4 HYDRAULIC RESULTS

This section presents the hydraulic calculations for the prosed conditions street flow and
catch basin placement.

4.1 Street Flow Results

Table 14.2 - Design Storm Street Capacity Limitations of the CCMC requires that street
capacity for the 5-year storm results in a dry twelve (12) foot land across the road crown.
Street flow capacity estimates to convey the 100-year flows are computed using the
Bentley FlowMaster software. A range of street slopes representative of the proposed
development roadways are analyzed to determine the maximum carrying capacity of the
roadway while maintaining the dry lane centered on the road crown. The results show
that the proposed street slopes and catch basin locations convey flows while preserving
the dry center lane for 5-year and 100-year storm events.

The hydraulic results summarized in Appendix E and the FlowMaster output is contained
in Appendix D.
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5 CONCLUSIONS AND RECOMMENDATIONS

5.1 General Considerations

This study is intended to be a conceptual drainage analysis in support of the Plateau
Development and rezoned remainder parcels. Further progress towards a final design of
the Plateau Development or rezoned remainder parcel sites will include a technical
drainage report specific to the final civil design.

The hydrologic analysis and hydraulic calculations presented in this report shows that the
proposed storm water facilities meet or exceed the drainage performance required to
mitigate post-project flows to below the pre-project conditions.

5.2 Regulations

The proposed improvements and the analyses presented herein are in accordance with
drainage regulations and guidance presented in the CCMC, the TMRDM. Other
appropriate sources and software user manuals are used to the standard of care in the
engineering industry.

5.3 Impacts to Adjacent Properties

The performance of the proposed conceptual improvements, roadways, and storm water
conveyance facilities should not adversely impact upgradient or downstream properties
adjacent to this site within the context of the CCMC requirements and limitations of this
conceptual report. The development of the site for the uses proposed should not
significantly increase upstream or downstream storm flow runoff rates, volumes,
velocities, depths, and should not influence floodplain boundaries. A future technical
drainage report will address pre- and post-project potential impacts in greater detail.

5.4 Standards of Practice
This conceptual drainage report has been prepared using the degree of care and skill

ordinarily exercised, under similar circumstances, by reputable professional engineers
practicing in this and similar localities.
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Exhibit 1: FEMA FIRM
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Exhibit 2: Existing Conditions Hydrology Map
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Exhibit 3: Proposed Conditions Hydrology Map
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Plateau Development

Appendix A: HEC-HMS Parameter Calculations
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Project: PLATEAU DEVELOPMENT
Subject: Tentative Map Conceptual Hydrology
. Manhard e Tt
Job Code: TIV.CCNV01.00
CONSULTING Date: 10/10/2018
By: KANKENBAUER
Checked: |CANDERSON
PLATEAU PROPOSED DRAINAGE
HEC-HMS INPUT DATA
Point precipitation frequency estimates (inches)
NOAA Atlas 14 Volume 1 Version 5
Data type: Precipitation depth
Time series type: Partial duration
Project area: Southwest
Location name (ESRI Maps): Cars Nevada USA
Station Name: -
Latitude: 39.1895°
Longitude: -119.6891°
Elevation (USGS): 4762.02 ft
PRECIPITATION FREQUENCY ESTIMATES
by duration for ARI (years): 1 2 5 10 25 50 100 200 500 1000
5-min: 0.098 0.122 0.163 0.202 0.265 0.322 0.391 0.473 0.604 0.722
10-min: 0.149 0.185 0.247 0.306 0.403 0.491 0.596 0.72 0.919 1.1
15-min: 0.184 0.23 0.306 0.38 0.499 0.609 0.738 0.893 1.14 1.36
30-min: 0.248 0.309 0.413 0.512 0.672 0.82 0.994 1.2 1.53 1.84
60-min: 0.307 0.382 0.511 0.633 0.832 1.02 1.23 1.49 1.9 2.27
2-hr: 0.41 0.51 0.651 0.776 0.963 1.13 1.32 1.55 1.94 2.31
3-hr: 0.49 0.61 0.767 0.895 1.08 1.23 1.41 1.63 1.99 2.34
6-hr: 0.674 0.842 1.05 1.21 1.43 1.61 1.78 1.99 2.29 2.55
12-hr: 0.886 1.12 1.41 1.63 1.94 2.18 2.42 2.67 3 3.27
24-hr: 1.12 1.4 1.76 2.05 2.46 2.78 3.12 3.46 3.94 4.31
2-day: 1.32 1.65 2.09 2.45 2.94 3.34 3.75 4.18 4.77 5.24
3-day: 1.44 1.81 2.31 2.71 3.28 3.73 421 4.71 5.41 5.97
4-day: 1.57 1.97 2.52 2.98 3.61 4.13 4.67 5.24 6.05 6.71
7-day: 1.82 2.29 2.96 3.48 4.22 4.8 5.41 6.04 6.92 7.61
10-day: 2.01 2.55 3.3 3.88 4.67 5.3 5.93 6.59 7.47 8.16
20-day: 2.43 3.08 3.97 4.64 5.54 6.22 6.91 7.59 8.49 9.16
30-day: 2.74 3.47 4.46 5.19 6.17 6.91 7.65 8.38 9.34 10
45-day: 3.22 4.09 5.24 6.08 7.16 7.93 8.67 9.37 10.2 10.8
60-day: 3.7 4.7 6.02 6.96 8.12 8.94 9.7 10.4 11.2 11.7
Date/time (GMT): Thu Oct 11 00:13:13 2018
pyRunTime: 0.0253670215607
TIVCCNVO1_PLATEAU_HECHMS Datal_CRA-Checked 20181010.xlsx
NOAA Depth lof2



Satellite v

Labels

POINT PRECIPITATION FREQUENCY (PF) ESTIMATES

WITH 90% CONFIDENCE INTERVALS AND SUPPLEMENTARY INFORMATION
NOAA Atlas 14, Volume 1, Version 5

TIVCCNVO1_PLATEAU_HECHMS Datal_CRA-Checked_20181010.xlsx
NOAA Depth

20f2

a) Select location
Move crosshair or double click

b) Click on station icon
["] Show stations on map

Location information:

Name: Carson City, Nevada, USA*
Latitude: 39.1895°

Longitude: -119.6891°

Elevation: 4762.02 it **

* Source: ESRI Maps
** Source: USGS
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APPENDIX B
Hydrologic Soil Group—Carson City Area, Nevada

(TIV.CCNVO01 Plateau)
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Hydrologic Soil Group—Carson City Area, Nevada

TIV.CCNVO01 Plateau

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI
84 Ister-Reywat-Koontz C 0.8 0.3%
association
85 Devada-Rock outcrop D 104 .1 43.3%
association
Fulstone-Reno complex, | D 135.8 56.4%
2 to 30 percent slopes
Totals for Area of Interest 240.7 100.0%

Description

Hydrologic soil groups are based on estimates of runoff potential. Soils are
assigned to one of four groups according to the rate of water infiltration when the
soils are not protected by vegetation, are thoroughly wet, and receive
precipitation from long-duration storms.

The soils in the United States are assigned to four groups (A, B, C, and D) and
three dual classes (A/D, B/D, and C/D). The groups are defined as follows:

Group A. Soils having a high infiltration rate (low runoff potential) when
thoroughly wet. These consist mainly of deep, well drained to excessively
drained sands or gravelly sands. These soils have a high rate of water
transmission.

Group B. Soils having a moderate infiltration rate when thoroughly wet. These
consist chiefly of moderately deep or deep, moderately well drained or well
drained soils that have moderately fine texture to moderately coarse texture.
These soils have a moderate rate of water transmission.

Group C. Soils having a slow infiltration rate when thoroughly wet. These consist
chiefly of soils having a layer that impedes the downward movement of water or
soils of moderately fine texture or fine texture. These soils have a slow rate of
water transmission.

Group D. Soils having a very slow infiltration rate (high runoff potential) when
thoroughly wet. These consist chiefly of clays that have a high shrink-swell
potential, soils that have a high water table, soils that have a claypan or clay
layer at or near the surface, and soils that are shallow over nearly impervious
material. These soils have a very slow rate of water transmission.

If a soil is assigned to a dual hydrologic group (A/D, B/D, or C/D), the first letter is
for drained areas and the second is for undrained areas. Only the soils that in
their natural condition are in group D are assigned to dual classes.

Natural Resources Web Soil Survey 10/8/2018
Conservation Service National Cooperative Soil Survey Page 3 of 4



Hydrologic Soil Group—Carson City Area, Nevada TIV.CCNVO01 Plateau

Rating Options

Aggregation Method: Dominant Condition
Component Percent Cutoff: None Specified
Tie-break Rule: Higher

usDA  Natural Resources Web Soil Survey 10/8/2018
== Conservation Service National Cooperative Soil Survey Page 4 of 4
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Manhard Consulting, Ltd. Project #: TIVCCNVO1
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Appendix D: FlowMaster Output

Manhard Consulting, Ltd. Project #: TIVCCNVO1



APPENDIX D - FlowMaster Output

Cross Section for Plateau 50 ft ROW

Project Description

Friction Method

Solve For

Input Data

Channel Slope
Normal Depth

Discharge

Cross Section Image

Manning Formula

Discharge

0.08000 ft/ft
0.36 ft
27.69 ft¥/s

0.60
0.50
0.40

_—

0.30

Elevation

0.10 /"
0.00

0.10
020

0.20 _'/

C-+00

0-+05

O+10 0+15 0+20 0+25 O+30 O+35
Station

10/11/2018 5:10:08 PM

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of
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Worksheet for Plateau 50 ft ROW - 0.5 Percent

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.00500 ft/ft
Normal Depth 0.36 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.36
0+00 0.00
0+02 0.13
0+12 0.36
0+24 0.36
0+34 0.13
0+36 0.00
0+36 0.36
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.36) (0+02, 0.13)
(0+02, 0.13) (0+34, 0.13)
(0+34, 0.13) (0+36, 0.36)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

6.92 ft¥/s
0.00 to 0.36 ft
3.48 ft2

Roughness Coefficient

0.013
0.016
0.013

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
10/11/2018 4:38:25 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page

1of 2



Worksheet for Plateau 50 ft ROW - 0.5 Percent

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Subcritical

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

24.73
0.14
24.00
0.36
0.37
0.00649
1.99
0.06
0.42
0.92

0.00
0.00

0.00

0.00
Infinity
Infinity

0.36

0.37

0.00500
0.00649

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]

10/11/2018 4:38:25 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666

Page
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Worksheet for Plateau 50 ft ROW - 3 Percent

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.03000  ft/ft
Normal Depth 0.36 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.36
0+00 0.00
0+02 0.13
0+12 0.36
0+24 0.36
0+34 0.13
0+36 0.00
0+36 0.36
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.36) (0+02, 0.13)
(0+02, 0.13) (0+34, 0.13)
(0+34, 0.13) (0+36, 0.36)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

16.96 ft¥/s
0.00 to 0.36 ft
3.48 ft2

Roughness Coefficient

0.013
0.016
0.013

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
10/11/2018 4:37:23 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page

1of 2



Worksheet for Plateau 50 ft ROW - 3 Percent

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Supercritical

24.73
0.14
24.00
0.36
0.45
0.00535
4.87
0.37
0.73
2.26

0.00
0.00

0.00

0.00
Infinity
Infinity

0.36

0.45

0.03000
0.00535

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft

10/11/2018 4:37:23 PM

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Plateau 50 ft ROW - 5 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.05000 ft/ft
Normal Depth 0.36 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.36
0+00 0.00
0+02 0.13
0+12 0.36
0+24 0.36
0+34 0.13
0+36 0.00
0+36 0.36
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.36) (0+02, 0.13)
(0+02, 0.13) (0+34, 0.13)
(0+34, 0.13) (0+36, 0.36)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

21.89 ft¥/s
0.00 to 0.36 ft
3.48 ft2

Roughness Coefficient

0.013
0.016
0.013

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
10/11/2018 4:36:44 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page

1of 2



Worksheet for Plateau 50 ft ROW - 5 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Supercritical

24.73
0.14
24.00
0.36
0.49
0.00507
6.29
0.61
0.97
291

0.00
0.00

0.00

0.00
Infinity
Infinity

0.36

0.49

0.05000
0.00507

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft

10/11/2018 4:36:44 PM

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
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Worksheet for Plateau 50 ft ROW - 6 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.06000  ft/ft
Normal Depth 0.36 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.36
0+00 0.00
0+02 0.13
0+12 0.36
0+24 0.36
0+34 0.13
0+36 0.00
0+36 0.36
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.36) (0+02, 0.13)
(0+02, 0.13) (0+34, 0.13)
(0+34, 0.13) (0+36, 0.36)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

23.98 ft¥/s
0.00 to 0.36 ft
3.48 ft2

Roughness Coefficient

0.013
0.016
0.013

Bentley Systems, Inc. Haestad Methods SolB¢iothe@drioavMaster V8i (SELECTseries 1) [08.11.01.03]
10/11/2018 4:35:57 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page
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Worksheet for Plateau 50 ft ROW - 6 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Supercritical

24.73
0.14
24.00
0.36
0.50
0.00497
6.89
0.74
1.10
3.19

0.00
0.00

0.00

0.00
Infinity
Infinity

0.36

0.50

0.06000
0.00497

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for Plateau 50 ft ROW - 8 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.08000 ft/ft
Normal Depth 0.36 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.36
0+00 0.00
0+02 0.13
0+12 0.36
0+24 0.36
0+34 0.13
0+36 0.00
0+36 0.36
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.36) (0+02, 0.13)
(0+02, 0.13) (0+34, 0.13)
(0+34, 0.13) (0+36, 0.36)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

27.69 ft¥/s
0.00 to 0.36 ft
3.48 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 50 ft ROW - 8 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Supercritical

24.73
0.14
24.00
0.36
0.53
0.00482
7.96
0.98
1.34
3.68

0.00
0.00

0.00

0.00
Infinity
Infinity

0.36

0.53

0.08000
0.00482

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Cross Section for Plateau 60 ft ROW

Project Description

Friction Method Manning Formula

Solve For Discharge

Input Data

Channel Slope 0.08000 ft/ft
Normal Depth 0.43 ft
Discharge 46.00 ft3/s

Cross Section Image

0.60
0.50
0.40

0.30

020 ff -\.,__‘_‘.‘
0.10 /' \
0.00

010

-0.20

0+00 0+05 O+10 0+15 0420 0+25 0+30 0+35 O+40 0+45
Station

Elevation
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Worksheet for Plateau 60 ft ROW-0.5 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.00500 ft/ft
Normal Depth 043 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.43
0+00 0.00
0+02 0.13
0+17 0.43
0+29 0.43
0+44 0.13
0+46 0.00
0+46 0.43
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.43) (0+02, 0.13)
(0+02, 0.13) (0+44, 0.13)
(0+44, 0.13) (0+46, 0.43)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

11.50 ft3/s
0.00to 0.43 ft
6.03 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 60 ft ROW-0.5 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

Subcritical

46.87
0.13
46.00
0.43
0.40
0.00545
1.91
0.06
0.49
0.93

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.40

0.00500
0.00545

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for Plateau 60 ft ROW-3 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.03000  ft/ft
Normal Depth 043 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.43
0+00 0.00
0+02 0.13
0+17 0.43
0+29 0.43
0+44 0.13
0+46 0.00
0+46 0.43
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.43) (0+02, 0.13)
(0+02, 0.13) (0+44, 0.13)
(0+44, 0.13) (0+46, 0.43)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

28.17 ft3/s
0.00to 0.43 ft
6.03 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 60 ft ROW-3 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Supercritical

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

46.87
0.13
46.00
0.43
0.53
0.00485
4.67
0.34
0.77
2.28

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.53

0.03000
0.00485

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for Plateau 60 ft ROW-5 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.05000 ft/ft
Normal Depth 043 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.43
0+00 0.00
0+02 0.13
0+17 0.43
0+29 0.43
0+44 0.13
0+46 0.00
0+46 0.43
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.43) (0+02, 0.13)
(0+02, 0.13) (0+44, 0.13)
(0+44, 0.13) (0+46, 0.43)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

36.37 ft3s
0.00to 0.43 ft
6.03 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 60 ft ROW-5 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Supercritical

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

46.87
0.13
46.00
0.43
0.57
0.00459
6.03
0.57
1.00
2.94

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.57

0.05000
0.00459

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for Plateau 60 ft ROW-6 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.06000  ft/ft
Normal Depth 043 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.43
0+00 0.00
0+02 0.13
0+17 0.43
0+29 0.43
0+44 0.13
0+46 0.00
0+46 0.43
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.43) (0+02, 0.13)
(0+02, 0.13) (0+44, 0.13)
(0+44, 0.13) (0+46, 0.43)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

39.84 ft3/s
0.00to 0.43 ft
6.03 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 60 ft ROW-6 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Supercritical

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

46.87
0.13
46.00
0.43
0.58
0.00450
6.61
0.68
111
3.22

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.58

0.06000
0.00450

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
ft
ft/ft
ft/ft
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Worksheet for Plateau 60 ft ROW-8 Percent Slope

Project Description

Friction Method

Manning Formula

Solve For Discharge
Input Data
Channel Slope 0.08000 ft/ft
Normal Depth 043 ft
Section Definitions
Station (ft) Elevation (ft)
0+00 0.43
0+00 0.00
0+02 0.13
0+17 0.43
0+29 0.43
0+44 0.13
0+46 0.00
0+46 0.43
Roughness Segment Definitions
Start Station Ending Station
(0+00, 0.43) (0+02, 0.13)
(0+02, 0.13) (0+44, 0.13)
(0+44, 0.13) (0+46, 0.43)

Options

Current Kougnness weigntea
Method

Open Channel Weighting Method
Closed Channel Weighting Method

Results

Discharge
Elevation Range

Flow Area

Pavlovskii's Method
Pavlovskii's Method

Pavlovskii's Method

46.00 ft3/s
0.00to 0.43 ft
6.03 ft2

Roughness Coefficient

0.013
0.016
0.013
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Worksheet for Plateau 60 ft ROW-8 Percent Slope

Results

Wetted Perimeter
Hydraulic Radius
Top Width
Normal Depth
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type Supercritical

GVF Input Data

Downstream Depth
Length
Number Of Steps

GVF Output Data

Upstream Depth
Profile Description
Profile Headloss
Downstream Velocity
Upstream Velocity
Normal Depth
Critical Depth
Channel Slope
Critical Slope

46.87
0.13
46.00
0.43
0.61
0.00437
7.63
0.91
1.34
3.72

0.00
0.00

0.00

0.00
Infinity
Infinity

0.43

0.61

0.08000
0.00437

ft
ft
ft
ft
ft
ft/ft
ft/s
ft
ft

ft
ft

ft

ft
ft/s
ft/s
ft
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ft/ft
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Conceptual Drainage Study
Plateau Development

Appendix E: FlowMaster and Hydraulic Calculations
Summary




APPENDIX E - FlowMaster and
Hydraulic Calculations Summary

Design Storm Street Capacity Limitations of Catchbasins and Roadways

50 ft ROW Street Cross Section

Flowmaster (Mannings Eq.)

Rational Formula Results

Street Flowmaster i {in/hr] | [in/hr] 5yr. Potential 100Yr Potential
Slope Mannings Q [cfs] C Qs Q100 Drainage Area | Drainage Area
[ft/ft] [acres] [acres]
0.08 27.69 31.2 13.0
0.06 23.98 27.0 11.2
0.05 21.89 0.6 1.480 3.560 24.7 10.2
0.03 16.96 19.1 7.9
0.005 6.92 7.8 3.2
60 ft ROW Street Cross Section
Flowmaster (Mannings Eq.) Rational Formula Results
Street Flowmaster i {in/hr] | [in/hr] 5yr. Potential 100Yr Potential
Slope Mannings Q [cfs] C Qs Q100 Drainage Area | Drainage Area
[ft/ft] A5 [acres] [acres]
0.08 46 51.8 21.5
0.06 39.84 44.9 18.7
0.05 36.37 0.6 1.480 3.560 41.0 17.0
0.03 28.17 31.7 13.2
0.005 11.5 13.0 5.4
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Conceptual Drainage Study
Plateau Development

Appendix F: Site Photographs

Manhard Consulting, Ltd. Project #: TIVCCNVO1
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