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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

ENGINEER’S STATEMENT:

| hereby certify that this report and plan for the preliminary drainage design of Kingston PLACE, was
prepared by me (or under my direction supervision) in accordance with the provisions of the City of
Aurora Drainage Criteria Manual for the owners thereof.

Benjamin Murphy, P.E. Date
State of Colorado No. 51733
For and on behalf of Calibre Engineering, Inc.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

REPORT UPDATE AND PROJECT HISTORY:

The intent of this report is to update the design for drainage facilities discussed in the Kingston Place
Subdivision Filing No. 1 Final Drainage Report, prepared by Calibre Engineering, Inc (Calibre), October
2004, City of Aurora (COA) Approval Number 204252. Since the original design and report were
approved the COA in 2004, the following changes have been made to the site and surrounding areas:

»  Four of the Eleven duplexes have been constructed,

» The pond, overflow weir, outlet structure, and other drainage infrastructure have been
constructed,

» S Kenton Way Rights-of-Way (ROW) were vacated,
* And the Centro Apartment Complex was constructed west of the site.

The vacation of S Kenton Way and the construction of the Centro Apartment Complex have resulted in
the pond overflow path being blocked by Centro’s MSE block retaining wall and wood fence. Calibre had
several discussions with COA staff (Craig Perl) to discuss potential steps to amend the current design
and allow the construction of the remaining 7 duplex units. The following represents the agreed to
conditions that will allow the site to continue construction:

» Existing overflow western overflow weir must be removed, and the western pond slope raised to
prevent pond overtopping along the western property line.

* A new overflow weir must be constructed in the north slope of the pond.

* A new maintenance road must be constructed to the new overflow weir. The road will connect
from the weir to the existing Westerly Creek recreational trail.

* No floodplain modifications will be required.

* Floodplain permitting fees will be waved.

* No CLOMR or No-Rise analyses will be required.

* No modifications to the existing outlet structure will be required.

This Kingston PLACE report includes updated hydraulic calculations, as well as tables, graphs and
exhibits showing drainage basins and routing.

VERTICAL DATUM SHIFT NOTE:

Please note that due to a datum change from the original 2004 survey and report, there is a change of
approximately +3.0’ to all elevations referenced from the 2004 report. Any elevations given in the text of
this report will be the updated elevations, followed by the 2004 elevations in parentheses. For example,
an updated elevation would be shown as 298’ (295’).
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

A.

INTRODUCTION

1.

Location

The site is located in the City of Aurora, Arapahoe County and State of Colorado. The
site is located in the northwest quarter Section 23, Township 4 South, Range 67 West, of
the 6" principal meridian

North of Ridermark Filing No. 1 subdivision.
South of Westerly Creek

East of Buckingham Square Subdivision Filing 8, previously South Kenton Way right-of-
way

West of South Kingston Street and Carriage Village Subdivision Filing 2.
See Vicinity Map located in Appendix A.

Proposed Development

Kingston Place in its entirety is approximately 2.52 acres in size of which 0.23 acres were
dedicated to the Kingston Street right-of-way, reducing the area to 2.29 acres.

The areas where the proposed houses will be consists entirely of undeveloped land and
native grass.

The site generally drains northwest at slopes varying from 0.5% to 2%.

Site Soil Mapping Units consist of BmB (70.9%) (Bijou sandy loam, Hydrologic Soil Group
A) and TrC (29.1%) (Truckton loamy sand, Hydrologic Soil Group A).

The proposed development will include 22 duplex units, of which 14 have been built per
the approved Construction Documents (EDN #204252).

A description of the site and proposed development is as follows:

= The existing undeveloped area is covered with native grasses. The general
topography slopes to the north & west with average slopes between 0.5-3%
towards the existing detention pond facility in the northwest corner of the site.

= Currently the existing detention pond facility does not have an emergency
overflow path due to the construction of Buckingham Subdivision Filing 8 directly
west of the site. In the approved Drainage Report from 2004 (EDN #204252),
the emergency overflow path was to outfall into Kingston Way right-of-way, which
has since been vacated and developed. This development is now blocking the
originally proposed emergency overflow path.

=  Westerly Creek lies directly to the north of the project site and will serve as the
recipient of a new emergency outfall for the existing detention pond. From
Westerly Creek, emergency flows from the Kingston Place site will continue on
its historic path per the approved Drainage Report from 2004.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

3.

Generally, the overall imperviousness of the existing area will be in conformance with the
previously approved Kingston Place Subdivision Filing No. 1 drainage report prepared by
Calibre Engineering, October 2004 COA Approval Number 204252 .

This site lies within the area of FEMA FIRM Map Number 08005C0178K, although the
site itself is outside the limits of FEMA'’s study area and is delineated as Zone X;
therefore, there is no delineated floodplain on this site.

*  Westerly Creek does run just to the north of this site, and has an
anticipated 100-year WSEL of 5501.0 (5498.0) as determined by a 1996
study performed by Merrick and Company. A 2015 study by CH2M Hill
recommends improvements to Westerly Creek that could potentially
reduce this 100-year WSEL to 5495.5 (5492.5), however it is not know
whether these improvements have been implemented.

« This ‘floodplain’ does not encroach into the existing site due to the berm
on the north side of the site. Improvements to this berm to incorporate
the new emergency overflow will not impact the blockage of the Westerly
Creek floodplain.

Variances

No variances are requested at this time.

B. HISTORIC DRAINAGE

1. Overall Basin Description

Kingston Street has been constructed with curb, gutter and cross pans to control flows
within its right-of-way and prevent flows from entering the project site. Additionally,
Kingston Way, a private road with curb and gutter within the project site, has been
constructed per the approved construction documents (COA #204252).

The Ridermark subdivision to the south is graded such that negligible flows are expected
to enter the project area from offsite.

The Kingston Place property is elevated in comparison to the Buckingham Square Filing
8 subdivision to the west, preventing any flows from the Buckingham site encroaching
onto our project site.

Westerly Creek is a concrete-lined major drainage channel directly north of the site. Its
flows travel from east to west where they enter a 5'x12’ concrete culvert traveling north
beneath E. Kenton Way.

Dramage Patterns Through Property
Runoff flows in a northwesterly direction across the site to the existing detention pond

facility which was constructed per the approved Construction Plans (COA#204252).

» There are no existing major irrigation facilities on the Kingston PLACE property.

» Water detained in the existing pond on the northwest corner of the site is released via
outlet structure (constructed as per the approved plans) to Westerly Creek.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

3. Outfalls Downstream of Property

*  Runoff from the site flows to Westerly Creek.

* The creek flows to the Westerly Creek Dam within the Lowry Development (formally
Lowry Air Force Base) which is a regional flood control facility for Westerly Creek.

e The current existing emergency overflow from the pond is non-functional due to the
development west of this site. A new emergency overflow will be designed and
implemented on the north side of the pond.

C. DESIGN CRITERIA

1. References
* The Final drainage design for this site is based on the following studies:

* Preliminary Drainage Report for Kingston Place Subdivision Filing No. 1 by
Calibre Engineering (2004)
« Final Drainage Report for The Ridermark Subdivision Filing No. 1 by KMD Inc.,
COA #202057
» Final Drainage Report for Carriage Village Subdivision by Spiska Engineering
Inc., COA# 950092
« Final Drainage Report for Kingston Place Subdivision Filing 1 by Calibre
Engineering, COA #204252
» Calculations and design were done in accordance with:
» City of Aurora Storm Drainage Design and Technical Criteria
e Urban Storm Drainage Criteria Manual (USDCM)
» The Final drainage design for this site is based on the following Master Plans:
» Outfall Systems Planning Westerly Creek East of Havana by Merrick and
Company
» Final Westerly Creek (Upstream of the Westerly Creed Dam Outlet) Major
Drainageway Plan by CH2MHill, January 2015

» The main guide used in the development of this Final Drainage Report is the City of
Aurora Storm Drainage Design and Technical Criteria (Criteria).

» The Mile High Flood District's Urban Storm Drainage Criteria Manual (USDCM) was also
used as a reference and guide for criteria.

2. Hydrologic Criteria

» Peak storm runoff was determined using the Rational Formula: Q=CIA. This method is
considered appropriate for basin areas up to 90 acres.

» Rainfall intensity data and runoff coefficients were taken from the City’s Criteria for south
of East Alameda Avenue, per the approved Final Drainage Report.

» The Detention pond volume and release rate were determined using the equation V=KA
as specified by the City according to the approved Final Drainage Report.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

The 2-year storm event was used as the minor storm and the 100-year storm event was
used as the major storm.

Hydraulic Criteria

Hydraulic criteria are based on UDFCD and the City of Aurora Storm Drainage Design
and Technical Criteria Manual

The 100-year storm was used to size onsite storm drain facilities.
Water surface profiles are calculated using the NeoUDSewer program.

According to the OSP, the projected existing flow in Westerly Creek is approximately
3000 cfs. However, a Major Drainageway Plan and study by CH2MHill from 2015
indicates that this peak flow may be reduced to 950 cfs.

It is unknown if any of the proposed Westerly Creek improvements from the CH2MHill
study have been implanted at this time, therefore a flow of 3000 cfs in Westerly Creek
was used for all calculations.

Proposed water surface calculations in Kingston Street were performed using existing
surrounding conditions and proposed Kingston Place improvements per the approved
Drainage Report.

Conservative calculations have been performed to determine the water surface of
Westerly Creek assuming the flow will overtop the culverts at Kingston Street at a width
of 100’. This assumes future development of the site north of Westerly Creek.

D. DRAINAGE PLAN

1.

General Concept

The onsite drainage will be, in general, captured by existing storm sewers and drainage
facilities that were constructed per the approved Construction Documents (COA
#204252). The drainage patterns have been developed to preserve natural drainageways
and follow historic patterns whenever possible.

The majority of offsite flows remain offsite.

A small piece of The Ridermark Subdivision flows onto the proposed Kingston Place
Subdivision.

This runoff is routed through the onsite detention/water quality pond.

Kingston Street improvements from the approved Construction Documents included the
addition of curb and gutter on the west side of the road and a new sump inlet just south of
the Westerly Creek crossing. These have been constructed and are now existing
conditions.

The Westerly Creek culverts at Kingston Street and Kenton Way are assumed to be
undersized. ltis likely that Westerly Creek will backup and overflow onto Kingston Street
until upstream improvements are in place and the peak flow through Westerly Creek is
reduced.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

During proposed conditions when Westerly Creek can encroach onto the property north

of the creek, the water elevation as it crosses Kingston Street is 5499.0 on the NAVD88

datum (5496.0 on the Aurora Vertical Control 1981 Datum on the approved Construction
Plans).

Because we do not control how the property to the north of Westerly Creek will be
developed, a conservative analysis was performed using a weir width of 100’.

Westerly Creek could pond to an elevation of 5500.1 (5497.6) as it overtops Kingston
Street if the flow is restricted to a 100’ wide path.

The conservative analysis results in water surface elevations of 5501.6 (5497.6) along
the north property line.

A wall is currently provided along the north property line at an elevation of 5500.6
(5497.6), which was intended to provide freeboard during an event where Westerly Creek
would encroach the future development to the north. However, since the emergency
spillway is proposed to be moved to this location, Westerly Creek flows will enter the
Kingston site at the spillway crest elevation of 5498.0 (5495.0).

The onsite detention pond is located in the northwest corner of the site.
The detention pond volume has been sized for the 100-year storm event.
The detention pond release rate is also based on the 100-year storm event.

Multiple volumes and discharges do not need to be analyzed due to the fact the pond will
discharge directly to an improved drainageway.

Water quality volume is currently provided for the site.

Specific Details
* Detention Pond parameters

* Nearly all of the Kingston Place Subdivision drains to a single detention pond
located in the northwest corner of the site.

* The detention pond is designed to detain the 100-year storm event and the water
quality capture volume.

» The pond outfalls directly to Westerly Creek via an outlet structure and storm
drainpipe. The pipe is at an elevation 2’ higher than the channel invert. One 14’
section of concrete will be removed and reconstructed where the outfall pipe
enters the channel. The reconstructed channel section shall be recessed so a
flap gate can be installed.

» The detention pond outlet structure is a modified type C inlet.

»  Water Quality Capture Volume has been provided in the detention facility. The
outlet control structure incorporates a perforated plate to allow the WQCV water
to release at a slow rate.

» The top of the grate is placed at the water quality water surface elevation.

* Any volume grater that the WQCV is released through the top of the inlet.
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KINGSTON PLACE
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=Calibre

» The release rate will be controlled by an orifice plate that is placed on the inside
of the outlet structure over the 12” outlet pipe.

» The orifice plate is placed 3.5” above the invert of the pipe and the pond volume
will be released at a rate of 2.3cfs (allowable release rate) until the water surface
in Westerly Creek is 89.8+/-.

» If the tailwater on the pipe is assumed to be 91 (top of channel elevation) then
the orifice plate should be placed 4” above the invert of the pipe to release the
pond volume at 2.3cfs.

e ltis recommended to place the orifice plate 4” above the invert of the pipe. If
tailwater is not present, the pond volume will be released at a rate of 2.8cfs.

* In an emergency condition, the pond will overflow to Westerly Creek via a
proposed emergency overflow weir located on the north side of the detention
pond.

» The Kingston Place detention pond outlet pipe invert is at an elevation of 5492.5
(5489.5) and the invert of Westerly Creek adjacent to the site is roughly 5489
(5486).

» If the culvert is plugged, using the City’s criteria for plugged culverts with an area
greater than 20 square feet, and the weir overflow is restricted to 100’ wide; the
overflow water surface could reach an elevation of 5501.0 (5498.0).

» If Westerly Creek backs up into the onsite pond it should not damage proposed
structures. The minimum foundation elevation adjacent to the pond and/or
Westerly Creek is 5503.2 (5500.2) (2.2’ above Westerly Creek’s emergency
water surface elevation)

* No unit adjacent to Westerly Creek will be a garden level unit or have a
basement or crawl space.

» The peak site discharge of 18cfs has a time of concentration of 5 minutes.
Therefore, the pond will likely fill before the water surface in Westerly Creek is
high enough to back up into the pond.

» The simultaneous filling of the onsite pond by Westerly Creek water and the
Kingston Place Subdivision runoff is unlikely.

An elevation of 5500.6 (5497.6) will be provided along the east property line to

prevent flows from the detention pond entering the easterly adjacent Buckingham

Square Filing 8 site during the 100-year storm event.

The remaining construction on this site is anticipated to be completed in one phase,

and the detention pond already exists onsite. A new overflow weir will be added to

this existing pond on the north side.

During the minor event, runoff from Basin A1A will be collected in the rear of the

proposed 5’ R inlet at DP1 through a 6” circular orifice. Runoff from the major event

will overtop the back of the inlet and will be captured in the curb opening of the inlet.

Runoff during both the minor and major event from Basin A1B will be collected in the

5 R sump inlet at DP1.

Runoff from Basin A2 will be collected in the 5 R sump inlet at DP2.
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* Runoff from Basin A3 will flow directly to the onsite detention pond represented at
DP3.

*  Runoff during the minor event from Basin B1 will be collected in a proposed 5° R
sump inlet at DP4 in Kingston Street and will be piped to Westerly Creek. Runoff
during the major event will overtop the Kingston Street curb and will flow directly to
Westerly Creek.

»  Runoff between units will be conveyed via grass-lined swales or paved driveways to
either the private drive or directly to the proposed detention pond.

3. Site Conformance

» The tables below show a comparison of the updated percent imperviousness values for
Kingston PLACE with the existing imperviousness values from the approved Drainage
Report. The analysis shows that the updates to the amenity site and associated
imperviousness show some decreases in flow and negligible increases of flow during the
2-year minor storm event.

BASIN %l (2004) | %I (2020) | C2 (cfs, 2004) | C2 (cfs, 2020)
A1 (A1A/B) 60 44 0.45 0.30

A2 100 100 0.87 0.89

A3 60.42 44 0.45 0.30

B1 61.57 68.89 0.55 0.56

« Asitis built currently, the detention pond onsite does have enough capacity to detain the
100 year flows on the site, however, the outlet structure does not allow for proper release
rates. Due to grading changes involving the FFE of nearby structures, the pond was
redesigned (regraded) with this updated plan set.

o The newly graded pond also has enough volume to detain the 100-year flows from this
site. This site requires 0.308 ac-ft of detention for the 100-year storm and this pond
provides 0.32 ac-ft of storage plus 1’ freeboard to the overflow weir (please refer to the
plan set associated with this submittal).

o As is built currently, the outlet structure stands 2.5’ tall with a grated top and a 28"x3”
rectangular vertical slot on the front of the box. This box releases the water quality
volume in approximately 1 hour and the 100-year flows at rates considerably higher than
is allowed.

= To resolve the outflow issue with the 100-year flow, a restrictor plate can be
added to the outfall pipe on the back of the outlet structure. This would release
the 100-year flows at 3.2 cfs, which is within the allowable release rates. Please
see Appendix B for the detention calculations with just the restrictor plate.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

E. BEST MANAGEMENT PRACTICES (BMPS)
4. Temporary BMPs

Separate Stormwater Management Plan for details regarding temporary (construction)
BMPs will be provided with the Construction Drawings.

5. Permanent BMPs

» Permanent BMPs for the Kingston PLACE site include the as-built detention pond.
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KINGSTON PLACE
PRELIMINARY DRAINAGE REPORT

F.

CONCLUSIONS

1. Compliance with Standards

This report is in general accordance with the City of Aurora Storm Drainage Design and
Technical Criteria.

This report is in general accordance, where applicable and not superseded by other
criteria, to the USDCM.

This report is in general accordance with FEMA. There are no known existing floodplains
within the site boundary.

Summary of Concept

Downstream properties will not be adversely affected by the updates to the existing site.

The lowest finished floor elevation adjacent to Westerly Creek is a minimum of 2’ above
the estimated floodplain.

The proposed storm drain system and detention facilities will provide adequate site
drainage and water quality for the site.

The proposed development and improvements will not adversely impact any adjacent
properties.
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NOTES TO USERS

This map is for use in administering the National Flood Insura gram.
s nol necessanly identfy al areas subject o fooding, aricsary o ocal
drainage sources of small inity “map _repository  should be
Comoated o possie updated or additonal Tood havars iformation
To obtan, moro gelaled information in areas wher Base Flood Elevations
(BFES) andlor floodwa mined, users are encouraged to consult
e Find. brofies and.Flooaay Data andlor Summry o snnwaner Elvatons
{ables containcd witin the Flood nsurance Sdy (F19 report hat a
i FIRM.  Users should be aware. thal GFES sfown on.ihe FIRM represent
rounded whole- foot elevations. These BFEs are intended for flood insurance
rating purposes only and should not be used as the sole sou o
sevalin. tormaton. Acoordingy food olevation data' presenied it FIS
report should be utiized in conjunction with the FIRM for purposes of

omairuchon-andior foodiuan mansgoment

Coastal | Bssa Flood  Elevations shown antis map sopy only landuars
00" North American Vertical Datum of 1988 (NAVD 88). ~ Users of this
:uw should be aware that coastal flood elevations are also provided in the
Summary of Stilwater Elevations table in the Flood Insurance Study report
for this jurisdiction. Elevations shown in the Summary of Stillater Elevations
table should be used for construction andlor floodplain management  purposes
when they are higher than the elevations shown on this FIRM

Boundaresofhe_floodways were computed at crose sectons and inerpolated
twsen cross sectons. The fodvays were based on hydraulc consideatons

Vi regard 1 roqhoments of the Newond Foad msufancs P

vidine “and 'oher perinent foocwey dais” e provaed i i Fiood Insurancy

Study report for this jurisdiction

Gelan arees not 1 Spedsl Food Hezard Arsss may bo prteciod by flood
tructy Refer 1o Section 24 'Flood Protection Measures™ of
Flood Insurance Sy ropor for inormation on food conirol _ siructures

for th redichon

e preetion, used 1 10 progartn of e rap was Unfierl Trnewese
Mercator (UTM) zontal datum wes NADSS, GRS1oED
spherol projecti used in
the pfoduamn "o FiRMs for djacent prsclcions . rosull {4 sight_positonal
dNerences n mep festures across Krisdilion boundaries. These: fiarences
o not affect the accuracy of this

Flood elevations on this map are referenced to the North American Vertical
Datum of - 1988, Thete food eievaions. must_ be- compared. 1o, stciure. and
ground _elevations _referenced to the same vertical datum. For information
regarding conversion between the National Geodetic Vertical Datum of 1529
and the North American Vertical Datum of 1988, visit the National Geodeic
Survey website at hifp:/www.ngs.noaa.gov/ or contact the National Geodetic
Survey at the following address:

NGS Informatn Servicss
INGS12
Nationa Geodstc Survey
-3, 49
515 Eate Wost Hghway
Silver Spring, MD 20910- 3262
To obtain current elevation, description, and/or location information for_bench marks
shown on this map, please contact the Information s Branch of the
National  Geodetic Survey at (301) 713-3242, or visit s website at
ngs.noaa.gov.

Base map nformaton sow on i FIRM was provided by the Arapaos County

and Cities of Aurora system
o the dgtal FIR\ s ntoreal Transveree Mortator Zons 1. reforonced 0 e
foth American Daturm of 1983 and the GRS 80 spheroid, Western Hemisphere.

s map roflects mor dlaled an up o dle steam channel configuratons
than those shown on the previous FIRM for this jurisdiction. The ~floodplains
2nd foodways thal s we(e trnslred from, the preveus FIRM may have "vaon
adjusted to _conforr ‘configurations. As

sl e Fiooa Froles ana- Fiooway. bors tanes.n e Hood hurance
Sty roport (hich contans, auboriatie hyioulc, datg may roflec seam
chanhel distances that dffer fom what is shown on this

Corporate imits shoun on_tis mep e based on the beu data walstle
 the ime ofpublcato due to

may ter _this map was published, map users snomd contact
mopaats commanly ofcie 1o very Surent emporae i ocatens

Please refer to the separately printed Map Index for an overview map of the
county showing the layout of map panels; community map repository - addresses;

fes for each community as well as a lising of the panels on which each
community is located.

Contact the FEMA Map Service Center at 1-800-358-9616 for information on
avalable prodcts associaled wih this FIRM. Avaiable products may include
previously " issued Letiers of Map Change. a Flood Insurance. Sty report

Srr atar vorsons f is . T FEVA Hap Senics Contr méy s b6
reached by Fax at 1-800-358-9620 and s website at hitp:/www.msc.fema.gov.

you have questions about this map o questions conceming the National
P murancs rogram in oneral ploach cal - 77- FEMA MAP (1-577- 336-2627)
or visit the FEMA website at hitp:/www fema gov/
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[ SPECIAL FLOOD HAZARD AREAS (SFHAS) SUBJECT TO
TONDATION BY THE 156’ ANNUAL CHANCE FLOOD

The 1% annual chance food (100-vear flood), ako known as the base flood, is the flood

that has 2 1% chance of being equaled or exceeded in any given year. The  Specal

Pl s the area subject to flooding by the 1% annual flood. Areas.

of Specal zard indude Zones A, AE, AM, AO, AR, A%9, V and VE. The Base

ZONEAH  Food depths of 1 to 3 feet (usualy areas of poncing); Base Food

Elevations determined.

ZONEAO  Fiood depths of 1103 feet (usualy sheet flow on skping temain);
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Hydrologic Soil Group—Arapahoe County, Colorado
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Hydrologic Soil Group—Arapahoe County, Colorado
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MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:20,000.

Warning: Soil Map may not be valid at this scale.

Enlargement of maps beyond the scale of mapping can cause
misunderstanding of the detail of mapping and accuracy of soil
line placement. The maps do not show the small areas of
contrasting soils that could have been shown at a more detailed
scale.

Please rely on the bar scale on each map sheet for map
measurements.

Source of Map: Natural Resources Conservation Service
Web Soil Survey URL:
Coordinate System: Web Mercator (EPSG:3857)

Maps from the Web Soil Survey are based on the Web Mercator
projection, which preserves direction and shape but distorts
distance and area. A projection that preserves area, such as the
Albers equal-area conic projection, should be used if more
accurate calculations of distance or area are required.

This product is generated from the USDA-NRCS certified data as
of the version date(s) listed below.

Soil Survey Area: Arapahoe County, Colorado
Survey Area Data: Version 16, Jun 4, 2020

Soil map units are labeled (as space allows) for map scales
1:50,000 or larger.

Date(s) aerial images were photographed: Oct 3, 2018—Dec 4,
2018

The orthophoto or other base map on which the soil lines were
compiled and digitized probably differs from the background
imagery displayed on these maps. As a result, some minor
shifting of map unit boundaries may be evident.

Natural Resources
== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

9/8/2020
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Hydrologic Soil Group—Arapahoe County, Colorado

Hydrologic Soil Group

Map unit symbol Map unit name Rating Acres in AOI Percent of AOI

BmB

Bijou sandy loam, wet, 0 |A 4.3
to 3 percent slopes

70.9%

TrC

Truckton loamy sand, 1 |A 1.8
to 5 percent slopes

29.1%

Totals for Area of Interest 6.1

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.

Rating Options

Aggregation Method: Dominant Condition

USDA

=0
|
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Hydrologic Soil Group—Arapahoe County, Colorado

Component Percent Cutoff: None Specified
Tie-break Rule: Higher

UsDA  Natural Resources Web Soil Survey 9/8/2020
== Conservation Service National Cooperative Soil Survey Page 4 of 4



APPENDIX B

HYDROLOGIC CALCULATIONS

EXISTING RATIONAL CALCULATIONS

PROPOSED RATIONAL CALCULATIONS

«~Calibre




«Calibre

COMPOSITE 'C' FACTORS
LOCATION: aurora DATE : 10/14/2020
BASIN SoIL PAVED LAWNS SF-0.25 COMP. C FACTOR
DESIGNATION | PAVED | LAWNS | SF-0.25 | TOTAL | TOTAL (SQ MI) | TYPE %l 2YR 5YR | 10YR | 100 YR| %l 2YR 5YR | 10YR (100 YR| %l 2YR 5YR | 10YR | 100 YR| %l 2YR 5YR | 10 YR [ 100 YR
DEVELOPED
A1 0.00 0.00 0.72 0.72 0.0011 A 100 0.89 0.90 0.92 0.96 0 0.05 0.15 0.25 0.50 44 0.30 0.36 043 0.59 44.00 0.30 0.36 0.43 0.59
A2 0.18 0.00 0.00 0.18 0.0003 A 100 0.89 0.90 0.92 0.96 0 0.05 0.15 0.25 0.50 44 0.30 0.36 0.43 0.59 100.00 | 0.89 0.90 0.92 0.96
A3 0.00 0.00 143 143 0.0022 A 100 0.89 0.90 0.92 0.96 0 0.05 0.15 0.25 0.50 44 0.30 0.36 043 0.59 44.00 0.30 0.36 0.43 0.59
B-1 0.40 0.00 0.50 0.90 0.0014 A 100 0.89 0.90 0.92 0.96 0 0.05 0.15 0.25 0.50 44 0.30 0.36 0.43 0.59 68.89 0.56 0.60 0.65 0.75

P:\MCCANN KINGSTON\DRAINAGE\W orking\Rational-.xls
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«Calibre

TIME OF CONCENTRATION REMARKS
LOCATION: aurora redo BY: jnk DATE: 10/14/2020 FORMULAS:
BASIN DATA INIT./OVERLAND TIME (Ti) TRAVEL TIME (Tt) TOTAL [Tc Check FINAL Tc * Ti = 0.395 (1.1-C5)L~0.5/S*1/3
GRASS/ GRASS/ Urbanized Basins
DESIGNATION c5 AREA (AC) | LENGTH (FT) SLOPE % Ti (Min.)* PAVED | LENGTH (FT)| SLOPE % | VEL.(FPS)** | Tt(Min.) PAVED | Ti+Tt(Min.) | LENGTH (FT) | Tc = (L/180) + 10 (minutes) **V=Cv(Sw"/2)
where Cv=15 for grassed waterways and 20
DEVELOPED for paved areas
A-1 0.36 0.72 200 25 14.1 GRASS 10 25 24 0.1 GRASS 14.2 210.00 11.2 11
A-2 0.90 0.18 10 2.0 0.9 PAVED 230 2.0 2.8 1.4 PAVED 23 240.00 11.3 5
A-3 0.36 1.43 250 2.3 16.3 GRASS 30 23 2.3 0.2 GRASS 16.5 280.00 11.6 12
B-1 0.60 0.90 10 23 22 PAVED 670 23 3.0 3.7 PAVED 5.9 680.00 13.8 6

10/14/2020
P:\MCCANN KINGSTON\DRAINAGE\Working\Rational-.xls




«Calibre

STORM DRAINAGE SYSTEM DESIGN

(RATIONAL METHOD PROCEDURE)

DESIGN STORM: 2-YEAR DEVELOPED Calc. by: jnk
Chk'd by: bp
LOCATION: aurora aurora Date: 10/14/2020
DIRECT RUNOFF TOTAL RUNOFF n DITCH PIPE TRAVEL TIME REMARKS
= -
w F
[ - n w w w
r4 O ] w 4 o 7)) o w w —_ w
w | 2 ] < | £ S |le| B || @ z|6 | E|&|wm N E| -~ | 2
S 4 1) o - ] £ - a " |p| W R e e} 2 o e R 3 w L ? =
= g = - 9 H q < <} F 2 |o] 2 R o [ H = o R : N T o -
o z -~ w £ = 0 < e £ o -1 = = I w g [ = » g w = »n = 3 w
5 (2] z < ry s S £ 5 a1 2 z (5] © o 2 z o X 2 o 5 o S| 3
z » a w w < £ L = = £ = I ° ° 2 ] ° o E o ° ] ] w H .
E w < © o 0 b = > H) = H) ) -4 3 |E| o ] a4 3 & < -4 ] ] a w In] =
(/] -] -] < (%] = (%] - (<] (7] ] - 7] = ™ ™ a [ (7] ™ ™ Q -] ™ (7] o o = > =
DEVELOPED
IN-1 1 A-1 0.72 0.36 11 0.26 2.90 0.8 0.8 0.8 [0.50% | 847 18 1 A
IN-2 2 A-2 0.18 0.90 5 0.16 3.80 0.6 0.6 0.6 [0.50% | 7.86 18 1 B
IN-3 3 A-3 1.43 0.36 12 0.51 2.86 1.5 1.5 1.5 [0.50% [ 10.90 18 1 C
IN-4 4 B-1 0.90 0.60 6 0.54 3.63 2.0 2.0 2.0 [0.50% [ 12.14 18 1 A

P:\MCCANN KINGSTON\DRAINAGE\Working\Rational-.xls
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MHFD-Detention_vé4 03 (1).xism, Basin

R

DETENTION WITH 100-YEAR
ESTRICTOR BUT NO WQ PLATE
ADDED

DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)

Project: KINGSTON - NO WQ PLATE
Basin ID:

- =

roovean
penuANENT Srices ennee Depth norement =1 Gptional Gplional
pooL Example Zone Configuration (Retention Pond) Stage- Storage | Stage | Override | Length Width Aea | Owerride | Area Volume | Volume
Description () Stage (ft () () (2) | Avea(it2) | (acre) ('3) (ac-ft)
Required Volume C: Top of Micropool - 0.00 - 168 0.004
Selected BMP Type EDB 1.00 724 0017 439 0010
Watershed Are: 323 |acres - 200 1455 0033 1521 0035
Watershed Length=| 450 |t - 3.00 3431 0.072 3828 0.088
Watershed Slope =|__ 0.023__|fuft - 4.00 5158 0.118 7.973 0.183
Watershed Imperviousness = 54.06% _|percent - 5.00 6790 0.156 13,947 0.320
Percentage Hydrologic Soil Group A=| 100.0% _|percent
Percentage Hydrologic Soil Group 00% _|percent
Percentage Hydrologic Soil Groups C/D=[ 0.0% _|percent
Desired WQCV Drain Time = 400 |hours
Location for 1-hr Rainfall Depths = Aurora Reservoir
Water Quality Capture Volume (WQCV)=[ 0059 |acre-feet  Optional User Override.
Excess Urban Runoff Volume (EURV) =| 0206  |acre-feet  1-hr Precipitation
2-yr Runoff Volume (P1=0.84in)=| 0100 |acre-feet inches
5-yr Runoff Volume (P1=1.13in)=| 0139 |acre-feet inches
10-yr Runoff Volume (P1=1.39in)=|  0.180 _|acre-feet inches
25-yr Runoff Volume (P1=1.77in)=| 0248 |acre-feet inches
50-yr Runoff Volume (P1=2.08in.)=| 0319 |acre-feet inches
100-yr Runoff Volume (P1=242in)=| 0404 _|acre-feet inches
500-yr Runoff Volume (P1=3.3in.)=| 0625 |acre-feet inches
Approximate 2-yr Detention Volume =|  0.094 _|acre-feet
Approximate 5-yr Detention Volum 0131 |acre-feet
Approximate 10-yr Detention Volume =|  0.168 __|acre-feet
Approximate 25-yr Detention Volume =|  0.229_|acre-feet
Approximate 50-yr Detention Volume =|  0.265 _|acre-feet
Approximate 100-yr Detention Volume =|  0.308 _|acre-feet
Stage-Storage C
Zone 1Volume (WQCV)=[ 0.059 |acre-feet
Zone 2 Volume (10-year - Zone 1) =] 0.110_|acre-feet
Zone 3 (100yr + 1/2WQCV-Zones 1&2) =] 0169 |acre-feet
Total Detention Basin Volume =|  0.337__|acre-feet
nitial Surcharge Volume (ISV) =] user _|g
nitial Surcharge Depth (ISD)=|__user g
Total Available Detention Depth (Hio uer |
Depth of Trickle Channel (Hrc) =| user |
Slope of Trickle Channel (Src) =] user _|q
Slopes of Main Basin Sides (S, user |y
Basin Length-to-Width Ratio (Ryw) =] user
Initial Surcharge Area (A, user o
Surcharge Volume Length (Lis) uer |
Surcharge Volume Width (Wis,) = user g
Depth of Basin Floor (Hroo) =| _user |
Length of Basin Floor (Lrioos) =|__user g
Width of Basin Floor (Wrioon) =] user _|g
Avea of Basin Floor (Aroon) = user g
Volume of Basin Floor (Vrioor) =] user_|gg
Depth of Main Basin (M) =] user |
Length of Main Basin (Lya) =| __user g
Width of Main Basin (Wyun) =] user |
Avea of Main Basin (Auan) = user |
Volume of Main Basin (Vi) =] user_|gg
Caloulated Total Basin Volume (View) = user  |acre-feet
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: KINGSTON - NO WQ PLATE

Basin ID:
[,
"’”":I: i ] Stage (ft) Zone Volume (ac-ft) Outlet Type
voLUME| guny | wnch iy g Zone 1 (WQCV) 2.54 0.059 Orifice Plate
100-YEAR Zone 2 (10-year) 3.88 0.110 Rectangular Orifice
. ZONE 1 AND 2 ORIFICE
PERMANENT- ORIFICES. .(100+1/2wQCV) 0.169 Weir&Pipe (Restrict)
pooL Example Zone Configuration (Retention Pond) 0337 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP) Calculated Parameters for Underdrain
Underdrain Orifice Invert Depth = ft (distance below the filtration media surface) Underdrain Orifice Area = ftz
Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid feet
User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = 0.000E+00 t
Depth at top of Zone using Orifice Plate = 2.54 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = N/A inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = 0.00 sq. inches - area too small, increase vertical spacing Elliptical Slot Area = N/A 2

User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest]
Row 1 (required) Row 2 (optional) Row 3 (optional) Row 4 (optional) Row 5 (optional) Row 6 (optional) Row 7 (optional) Row 8 (optional)
Stage of Orifice Centroid (ft) 0.00 0.00 0.00
Orifice Area (sq. inches) 0.00 0.00 0.00
Row 9 (optional) Row 10 (optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (optional)
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Zone 2 Rectangular Not Selected Zone 2 Rectangular Not Selected
Invert of Vertical Orifice = 0.00 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.56 N/A 2
Depth at top of Zone using Vertical Orifice = 2.50 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 1.13 N/A feet
Vertical Orifice Height = 27.00 N/A inches
Vertical Orifice Width = 3.00 inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 2.50 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 2.50 N/A feet
Overflow Weir Front Edge Length = 2.75 N/A feet Over Flow Weir Slope Length = 3.35 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 18.37 N/A should be >4
Horiz. Length of Weir Sides = 3.35 N/A feet Overflow Grate Open Area w/o Debris = 6.45 N/A ft?
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 3.22 N/A 2
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Rectangular Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Restrictor Not Selected Zone 3 Restrictor Not Selected
Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.35 N/A ft?
Outlet Pipe Diameter = 12.00 N/A inches Outlet Orifice Centroid = 0.27 N/A feet
Restrictor Plate Height Above Pipe Invert = 5.50 inches Half-Central Angle of Restrictor Plate on Pipe = 1.49 N/A radians
User Input: pil y( lar or Tr idal) Calculated P for Spill
Spillway Invert Stage= 5.00 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.26 feet
Spillway Crest Length = 18.00 feet Stage at Top of Freeboard = 6.26 feet
Spillway End Slopes = 5.00 H:V Basin Area at Top of Freeboard = 0.16 acres
Freeboard above Max Water Surface = 1.00 feet

Routed Hydrograph Results

Design Storm Return Period = wacv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 0.84 1.13 1.39 1.77 2.08 2.42 3.30
Calculated Runoff Volume (acre-ft) = 0.059 0.206 0.100 0.139 0.180 0.248 0.319 0.404 0.625
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) =| 0.058 0.206 0.100 0.139 0.180 0.248 0.319 0.404 0.624
Predevelopment Unit Peak Flow, q (cfs/acre) =| 0.00 0.00 0.00 0.00 0.01 0.03 0.22 0.54 1.32
Predevelopment Peak Q (cfs) = 0.0 0.0 0.0 0.0 0.0 0.1 0.7 1.8 4.3
Peak Inflow Q (cfs) = 1.1 3.9 19 2.7 3.4 4.7 6.0 7.6 11.7
Peak Outflow Q (cfs) =| 0.9 2.5 1.5 2.0 2.3 2.7 2.9 3.2 3.7
Ratio Peak Outflow to Predevelopment Q =| N/A N/A N/A 136.4 64.6 29.4 4.2 1.8 0.9
Structure Controlling Flow =|| Vertical Orifice 1 Outlet Plate 1 Vertical Orifice 1 Vertical Orifice 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 N/A
Max Velocity through Grate 1 (fps) =| N/A N/A N/A N/A N/A -0.1 -0.2 -0.2 -0.3
Max Velocity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A N/A
Time to Drain 97% of Inflow Volume (hours) = 2 2 2 2 2 2 2 2 3
Time to Drain 99% of Inflow Volume (hours) = 2 2 2 2 2 2 2 2 3
Maximum Ponding Depth (ft) = 1.16 2.43 1.55 1.85 2.19 2.77 331 3.85 5.00
Area at Maximum Ponding Depth (acres) =| 0.02 0.05 0.03 0.03 0.04 0.06 0.09 0.11 0.16
Maximum Volume Stored (acre-ft) =| 0.013 0.053 0.022 0.030 0.042 0.072 0.112 0.165 0.320




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
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Detention Basin Outlet Structure Design

Storm Inflow Hydrographs

Outflow Hydrograph Workbook Filename:

UD-Detention, Version 3.07 (February 2017)

The user can override the calculated inflow hydrographs from this workbook with inflow hydrographs developed in a separate program.

SOURCE WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK | WORKBOOK

Time Interval TIME WQCV [cfs] EURV [cfs] 2 Year [cfs] 5 Year [cfs] 10 Year [cfs] | 25 Year [cfs] 50 Year [cfs] 100 Year [cfs] [ 500 Year [cfs]
4.43 min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:04:26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Hydrograph 0:08:52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Constant 0:13:17 0.05 0.18 0.09 0.12 0.16 0.21 0.27 0.34 0.52
1.130 0:17:43 0.14 0.47 0.23 0.32 0.41 0.57 0.73 0.91 1.40
0:22:09 0.35 121 0.60 0.83 1.07 1.46 1.86 2.35 3.59
0:26:35 0.97 3.34 1.65 2.28 2.93 4.01 5.12 6.45 9.87
0:31:01 1.13 3.91 1.91 2.65 3.42 4.70 6.03 7.61 11.71
0:35:26 1.06 3.72 1.82 2.52 3.25 4.47 5.74 7.25 11.17
0:39:52 0.97 3.38 1.65 2.29 2.96 4.07 5.22 6.60 10.17
0:44:18 0.85 3.00 1.46 2.03 2.62 3.61 4.65 5.88 9.08
0:48:44 0.72 2.57 1.24 1.73 2.25 3.10 3.99 5.06 7.84
0:53:10 0.63 2.25 1.09 1.51 1.96 2.71 3.49 4.41 6.83
0:57:35 0.57 2.03 0.98 137 1.78 2.45 3.16 4.00 6.19
1:02:01 0.46 1.66 0.79 111 1.45 2.00 2.58 3.28 5.11
1:06:27 0.36 134 0.64 0.89 1.17 1.62 2.10 2.67 4.7
1:10:53 0.27 1.01 0.47 0.67 0.88 1.23 1.60 2.04 3.21
1:15:19 0.19 0.74 0.34 0.48 0.64 0.90 117 151 239
1:19:44 0.14 0.54 0.25 0.36 0.47 0.66 0.86 1.10 1.73
1:24:10 0.11 0.42 0.20 0.28 0.37 0.51 0.67 0.85 134
1:28:36 0.09 0.35 0.16 0.23 0.30 0.42 0.55 0.70 1.10
1:33:02 0.08 0.30 0.14 0.20 0.26 0.36 0.47 0.60 0.94
1:37:28 0.07 0.26 0.12 0.18 0.23 0.32 0.41 0.53 0.82
1:41:53 0.06 0.24 0.11 0.16 0.21 0.29 0.37 0.47 0.74
1:46:19 0.06 0.22 0.11 0.15 0.19 0.27 0.35 0.44 0.68
1:50:45 0.04 0.16 0.08 0.11 0.14 0.20 0.25 0.32 0.50
1:55:11 0.03 0.12 0.06 0.08 0.10 0.14 0.19 0.24 0.37
1:59:37 0.02 0.09 0.04 0.06 0.08 0.10 0.14 0.17 0.27
2:04:02 0.02 0.06 0.03 0.04 0.05 0.08 0.10 0.13 0.20
2:08:28 0.01 0.04 0.02 0.03 0.04 0.05 0.07 0.09 0.14
2:12:54 0.01 0.03 0.01 0.02 0.03 0.04 0.05 0.06 0.10
2:17:20 0.01 0.02 0.01 0.01 0.02 0.03 0.03 0.04 0.07
2:21:46 0.00 0.01 0.01 0.01 0.01 0.02 0.02 0.03 0.05
2:26:11 0.00 0.01 0.00 0.00 0.01 0.01 0.01 0.02 0.03
2:30:37 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01 0.01
2:35:03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:39:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:43:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:48:20 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:52:46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
2:57:12 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:01:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:06:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:29 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:14:55 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:19:21 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:23:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:28:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:32:38 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:37:04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:41:30 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:54:47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:59:13 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:03:39 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:08:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:12:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:16:56 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:21:22 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:34:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:39:05 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:43:31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:47:57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:52:23 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:56:49 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:01:14 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:40 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:06 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:14:32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:18:58 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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Weir Report

Hydraflow Express Extension for Autodesk® AutoCAD® Civil 3D® by Autodesk, Inc. Monday, Sep 21 2020

<Name>

Trapezoidal Weir Highlighted

Crest = Sharp Depth (ft) = 0.67

Bottom Length (ft) = 18.00 Q (cfs) = 34.20

Total Depth (ft) = 1.00 Area (sqft) = 13.86

Side Slope (z:1) = 4.00 Velocity (ft/s) = 2.47

Top Width (ft) = 23.36

Calculations

Weir Coeff. Cw = 3.10

Compute by: Known Q

Known Q (cfs) = 34.20

Depth (ft) <Name> Depth (ft)

2.00 2.00
1.50 1.50
1.00 1.00

0.50 \ / 0.50

0.00 \ / 0.00

-0.50 -0.50
0 5 10 15 20 25 30 35 40

Weir W.S. Length (ft)
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INLET MANAGEMENT

INLET NAME Inlet A1 Inlet A2 Inlet B1

Site Type (Urban or Rural) URBAN URBAN URBAN

Inlet Application (Street or Area) STREET STREET STREET
Hydraulic Condition In Sump In Sump In Sump

Inlet Type CDOT Type R Curb Opening CDOT Type R Curb Opening CDOT Type R Curb Opening

USER-DEFINED INPUT

User-Defined Design Flows

Minor Qxnown (cfS) I 0.8 | 0.6 I 2.0
[Major Qknoun (cfS) | 0.8 | 0.6 | 2.0

Bypass (Carry-Over) Flow from Upstream

Receive Bypass Flow from: No Bypass Flow Received No Bypass Flow Received No Bypass Flow Received
Minor Bypass Flow Received, Q, (cfs) 0.0 0.0 0.0
Major Bypass Flow Received, Q, (cfs) 0.0 0.0 0.0

Watershed Characteristics

Subcatchment Area (acres)

Percent Impervious

NRCS Soil Type

Watershed Profile

Overland Slope (ft/ft)

Overland Length (ft)

Channel Slope (ft/ft)

Channel Length (ft)

Minor Storm Rainfall Input

Design Storm Return Period, T, (years) | | |
[

[One-Hour Precipitation, P (inches)

Major Storm Rainfall Input

Design Storm Return Period, T, (years) | | |
[

[One-Hour Precipitation, P; (inches)

CALCULATED OUTPUT

Minor Total Design Peak Flow, Q (cfs) 0.8 0.6 2.0
Major Total Design Peak Flow, Q (cfs) 0.8 0.6 2.0
Minor Flow Bypassed Downstream, Qj, (cfs) N/A N/A N/A
Major Flow Bypassed Downstream, Qj, (cfs) N/A N/A N/A
Minor Storm (Calculated) Analysis of Flow Time

C /A /A /A
Cs /A /A /A
Overland Flow Velocity, Vi /A /A /A
Channel Flow Velocity, Vit /A /A /A
Overland Flow Time, Ti /A /A /A
Channel Travel Time, Tt /A /A /A
Calculated Time of Concentration, T, /A /A /A
Regional T, /A /A /A
Recommended T, /A /A /A
T selected by User /A /A /A
Design Rainfall Intensity, | /A /A /A
Calculated Local Peak Flow, Q, /A /A /A
Major Storm (Calculated) Analysis of Flow Time

C /A /A /A
Cs /A /A /A
Overland Flow Velocity, Vi /A /A /A
Channel Flow Velocity, Vit /A /A /A
Overland Flow Time, Ti /A /A /A
Channel Travel Time, Tt /A /A /A
Calculated Time of Concentration, T, /A /A /A
Regional T, /A /A /A
Recommended T, /A /A /A
T selected by User /A /A /A
Design Rainfall Intensity, | /A /A /A
Calculated Local Peak Flow, Q, /A /A /A
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|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Enter Your Project Name Here

Inlet ID:

|-—Teack Terown

T, Tuax

Seack
—_—

Heurs
d

Gutter Geometry (Enter dat: the blue cells’

Maximum Allowable Width for Spread Behind Curb

Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 1.0 ft
Seack = 0.020 fuft
Neack = 0.018
Heurs = 6.00 inches
Terown = 16.0 ft
W= 1.00 ft
Sx = 0.020 fuft
Sw = 0.083 fuft
So = 0.000 fuft
NsTREET = 0.018
Minor Storm Major Storm
Tux =| 5.0 | 5.0 it
Ahaax =| 6.0 | 6.0 linches
- r
Minor Storm Maijor Storm
Quow=[  SUMP [ SUMP |cfs

UD-Inlet_v4.06.xIsm, Inlet A1

10/14/2020, 3:00 PM



I INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) - MINOR MAJOR
Type of Inlet ‘ CDOT Type R Curb Opening ﬂ Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
\Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.0 inches
Grate Information MINOR MAJOR v Override Depths
Length of a Unit Grate L, (G) = N/A feet
Width of a Unit Grate W, = N/A feet
/Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw (G)= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G (G)= N/A
ICurb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
/Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) W, = 1.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) C:(C)= 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cy (C) = 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deye = 0.42 0.42 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.77 0.77
Curb Opening Performance Reduction Factor for Long Inlets RFcym = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q,= 5.9 5.9 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peaK REQURED = 0.8 0.8 cfs

UD-Inlet_v4.06.xIsm, Inlet A1 10/14/2020, 3:00 PM
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|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Enter Your Project Name Here

Inlet ID:

|-—Teack Terown

T, Tuax

Seack
—_—

Heurs
d

Gutter Geometry (Enter dat: the blue cells’

Maximum Allowable Width for Spread Behind Curb

Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 2.0 ft
Seack = 0.020 fuft
Neack = 0.018
Heurs = 6.00 inches
Terown = 16.0 ft
W= 1.00 ft
Sx = 0.020 fuft
Sw = 0.083 fuft
So = 0.000 fuft
NsTREET = 0.018
Minor Storm Major Storm
Tux =| 6.0 | 6.0 it
Ahaax =| 6.0 | 6.0 linches
- r
Minor Storm Maijor Storm
Quow=[  SUMP [ SUMP |cfs

UD-Inlet_v4.06.xIsm, Inlet A2
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I INLET IN A SUMP OR SAG LOCATION

Version 4.06 Released August 2018

Design Information (Input) -
Type of Inlet | CDOT Type R Curb Opening
Number of Unit Inlets (Grate or Curb Opening)

\Water Depth at Flowline (outside of local depression)

Grate Information

Length of a Unit Grate

\Width of a Unit Grate

/Area Opening Ratio for a Grate (typical values 0.15-0.90)
IClogging Factor for a Single Grate (typical value 0.50 - 0.70)
Grate Weir Coefficient (typical value 2.15 - 3.60)

Grate Orifice Coefficient (typical value 0.60 - 0.80)

ICurb Opening Information

Length of a Unit Curb Opening

Height of Vertical Curb Opening in Inches

Height of Curb Orifice Throat in Inches

/Angle of Throat (see USDCM Figure ST-5)

Side Width for Depression Pan (typically the gutter width of 2 feet)
Clogging Factor for a Single Curb Opening (typical value 0.10)
ICurb Opening Weir Coefficient (typical value 2.3-3.7)

ICurb Opening Orifice Coefficient (typical value 0.60 - 0.70)

Low Head Performance Reduction (Calculated)

Depth for Grate Midwidth

Depth for Curb Opening Weir Equation

Combination Inlet Performance Reduction Factor for Long Inlets
ICurb Opening Performance Reduction Factor for Long Inlets
Grated Inlet Performance Reduction Factor for Long Inlets

Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK)

=

Local Depression (additional to continuous gutter depression 'a’ from above)

Total Inlet Interception Capacity (assumes clogged condition)

MINOR MAJOR
Type = CDOT Type R Curb Opening
Aocal = 3.00 inches
No = 1
Ponding Depth = 3.0 3.0 inches
MINOR MAJOR v Override Depths
Lo (G) = N/A feet
W, = N/A feet
Avatio = N/A
Ci(G)= N/A N/A
Cw (G)= N/A
Co (G) = N/A
MINOR MAJOR
L (C)= 5.00 feet
Huert = 6.00 inches
Hinvoat = 6.00 inches
Theta = 63.40 degrees
W, = 1.00 feet
Ci(C)= 0.10 0.10
Cuw(C)= 3.60
G, (C)= 0.67
MINOR MAJOR
dorate = N/A N/A ft
deun = 0.17 0.17 ft
RF combination = 0.38 0.38
RFcun = 0.93 0.93
RFgrate = N/A N/A
MINOR MAJOR
Q,= 1.4 1.4 cfs
Q peak REQUIRED = 0.6 0.6 cfs

|O\ Worksheet : Circular Pipe - 1

=] B ]

Uniform Flow  Gradually Varied Flow Messages
Solve For: | pigcharge v & Friction Method: | yanning Formula ~
Roughness Coefficient: Flow Area: it
Channel Slope: it Wetted Perimeter: ft
Normal Depth: it Hydraulic Radius: it
Diameter: it Top Width it
Discharge: (553 Critical Depth: ft
Percent Full: o
Critical Slope: it
Welocity: ftis
Veloecity Head it
Specific Energy: ft
Froude Number:
WMaximum Discharge: LD
Discharge Full: B
Slope Full: it

| o Calculation Successful

UD-Inlet_v4.06.xIsm, Inlet A2
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Version 4.06 Released August 2018

|| ALLOWABLE CAPACITY FOR ONE-HALF OF STREET (Minor & Major Storm)

(Based on Regulated Criteria for Maximum Allowable Flow Depth and Spread)

Project: Enter Your Project Name Here

Inlet ID:

|-—Teack Terown

T, Tuax

Seack
—_—

Heurs
d

Gutter Geometry (Enter dat: the blue cells’

Maximum Allowable Width for Spread Behind Curb

Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and 0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

IStreet Transverse Slope

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)

Street Longitudinal Slope - Enter 0 for sump condition

Manning's Roughness for Street Section (typically between 0.012 and 0.020)

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm
Check boxes are not applicable in SUMP conditions

MINOR STORM Allowable Capacity is based on Depth Criterion
MAJOR STORM Allowable Capacity is based on Depth Criterion

Teack = 2.0 ft
Seack = 0.020 fuft
Neack = 0.018
Heurs = 6.00 inches
Terown = 16.0 ft
W= 1.00 ft
Sx = 0.020 fuft
Sw = 0.083 fuft
So = 0.000 fuft
NsTREET = 0.018
Minor Storm Major Storm
Tux =| 5.0 | 5.0 it
Ahaax =| 6.0 | 6.0 linches
- r
Minor Storm Maijor Storm
Quow=[  SUMP [ SUMP |cfs

UD-Inlet_v4.06.xIsm, Inlet B1
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I INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) - MINOR MAJOR
Type of Inlet ‘ CDOT Type R Curb Opening ﬂ Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
\Water Depth at Flowline (outside of local depression) Ponding Depth = 6.0 6.0 inches
Grate Information MINOR MAJOR v Override Depths
Length of a Unit Grate L, (G) = N/A feet
Width of a Unit Grate W, = N/A feet
/Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G) = N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw (G)= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G (G)= N/A
ICurb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
/Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) W, = 1.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) C:(C)= 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cy (C) = 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) Co (C) = 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deye = 0.42 0.42 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.77 0.77
Curb Opening Performance Reduction Factor for Long Inlets RFcym = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q,= 5.9 5.9 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peaK REQURED = 2.0 2.0 cfs

UD-Inlet_v4.06.xIsm, Inlet B1 10/14/2020, 3:00 PM



APPENDIX D

CALIBRE 2004 DRAINAGE REPORT

«~Calibre




J OISR

) s

20/

Kingston Place Subdivision Filing No. 1

FINAL DRAINAGE REPORT
LS CTOBER 2004
\\\\\\\0 RE GI”I}%
Q‘\ 0."?“'.'9)‘6\4'/,
X . e o
r, M(/& ,o.‘:p /
] 4 &
{/ j
' "f..'jefzﬂ._T : o RS For:
1111111\ Wikiyston Ptace Deveo, LLC
Scolt Hamifton
10164 Sumac Run
Littlston, CO 80125
303.948.7450

APPROVED FOR ONE YEAR FROM THIS DATE

/17-0¢
A

W PP el =t
City Engineer Date
L™  /re-s)
tilitigs Department Date

Catibre Engineering, Inc.
I“I 8000 South Lincoin Streat, Unit 208, Litleton, CO 30122 “
903-730-0434 tax 303-730-1139
Municipal Enginsering Devalopment Master Planning




Kingston Place Subdivision Filing No. 1 ““ll““!palibre -

Final Drainage Report
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Final Drainage Report

A. INTRODUCTION
1. Location

The project is located as follows:

o Within the northwest quarter of Section 23, Township 4 South, Range 67
West, of the 6™ Principal Meridian

» Within the city of Aurora

s North of Ridermark Filing No.1 subdivision

o South of Westerly Creek

e East of South Kenton Way

e  West of South Kingston Street

e See appendix for Vicinity Map

2. Proposed Development

The following are characteristics of the property:

e Approximately 2.52 acres, of which 0.23 acres will be dedicated to the
Kingston Street right-of-way, reducing the area to 2.29 acres.

o The site is currently occupied by a boarding facility for horses which will be
removed with the development of the subject site.

o Ground cover is mainly native grasses.

s The site currently drains northwest at slopes varying from 0.5% to 2%.

s The native soil onsite is Bijou sandy loam, which belongs to Hydrologic Soil
Group C.

¢ The proposed development will include 22 duplex units yielding 9.6 dwelling
units per acre.

e An imperviousness of 63 percent is used for all detention and water quality
calculations.

¢ Access will be provided via a private drive off of Kingston Street.

e No variances are requested for this development.

B. HISTORIC DRAINAGE
1. Overall Basin Description
o Currently, a portion of Kingston Street may flow onto the subject site.
e There is presently no curb and gutter along the west side of Kingston Street to
keep the street runoff off the subject site.

2LAPROJECTS\HAM QUEEN\CIVIL\DRAINAGEFINAL\Final Drainage Report.doc
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Final Dralnage Report

o The Ridermark subdivision to the south is graded such that nearly all runoff
generated by the site stays onsite.

» The Kingston Place property is elevated in comparison to Kenton Way
preventing any flow in Kenton Way from encroaching onto the subject
property.

o Westerly Creek, which is a concrete-lined major drainage channel, flows from
east to west just north of the Kingston Place property.

e The FEMA regulated floodplain ends on the north side of Mississippi Avenue;
therefore our site is well outside of the regulated floodplain.

e The upstream limit of the FHAD for Westerly Creek is well downstream of
the subject area.

s Although water surfaces were not given in the Outfall System Plan for Upper
Westerly Creek, it stated that the culvert for Westerly Creek at Kenton Way is
undersized.

¢ When the culvert is at capacity the excess flow overtops the sidewalk and
flows onto Kenton Way. It is possible that, currently, flooding occurs on the
northwest corner of the subject site as the flow continues to rise.

2. Drainage Patterns through Property
¢ Runoff flows in a northwesterly direction across the site where shallow
ponding occurs in the northwest corner of the site.
o The runoff then overtops a small berm on the north side of the site where
runoff is either collected in an area inlet and piped to Westerly Creek or flows
directly into Westerly Creek.

3. Outfalls Downstream from Property
e Runoff from the site flows to Westerly Creek.
¢ The creek flows to the Westerly Creek Dam within the Lowry Development
(formally Lowry Air Force Base) which is a regional flood control facility for
Westerly Creek.

C. DESIGN CRITERIA

1. References
¢ The Final drainage design for this site is based on the following studies:

3LAPROJECTS\HAM QUEEN\CIVIL\DRAINAGE\FINAL \Final Drainage Report.doc
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Final Drainage Report

s Preliminary Drainage Report for Kingston Place Subdivision Filing No. 1
by Calibre Engineering
e Final Drainage Report for The Ridermark Subdivision Filing No. 1 by
KMD Inc., COA# 202057
 Final Drainage Report for Carriage Village Subdivision by Spiska
Engineering Inc., COA# 950092
e Calculations and design were done in accordance with:
e City of Aurora Storm Drainage Design and Technical Criteria
e Urban Storm Drainage Criteria Manual (USDCM)
o The Final drainage design for this site is based on the following Master Plans:
s Outfall Systems Planning Westerly Creek East of Havana by Merrick and
Company

2. Hydrologic Criteria

¢ Rainfall intensity data and runoff coefficients have been taken from the
City’s Criteria for south of East Alameda Avenue.

e The rational method was used to develop runoff rates for onsite storm-drain
pipes and inlets.

¢ The detention pond volume and release rate were determined using the
equation V=KA as specified by the City.

e  The 2-year storm was used as the minor storm and the 100-year storm was
used as the major storm.

3. Hydraulic Criteria

e  No references were used other than the USDCM.

e  The 100-year storm was used to size onsite storm drain facilities.

e  Water surface profiles are calculated using the NeoUDSewer program.

e  According to the OSP, the projected existing flow in Westerly Creek is
approximately 3000 cfs.

o A flow of 3000 cfs in Westerly Creek was used for all calculations.

e  Proposed water surface calculations in Kingston Street and Kenton Way were
performed using existing surrounding conditions and proposed Kingston
Place improvements.

o Conservative calculations have been performed to determine the water
surface of Westerly Creek assuming the flow will overtop the culverts at

ALAPROJECTS\HAM QUEEN\CIVIL\DRAINAGEFINAL\Final Drainage Report.doc
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Kingston Street and Kenton Way at a width of 100°. This assumes the site
north of Westerly Creek will develop prior to master plan improvements and
will restrict the existing flow patterns.

D. DRAINAGE PLAN
1. General Concept

s The majority of offsite flows remain offsite.

s A small piece of The Ridermark Subdivision will flow onto the proposed
Kingston Place Subdivision.

e This runoff will be routed through the onsite detention/water quality pond.

¢ Kingston Street improvements include the addition of curb and gutter on the
west side of the road.

» Kingston Street runoff will be conveyed in Kingston Street to a sump inlet just
south of the Westerly Creek crossing.

e There is an existing type R inlet on the east side of Kingston Street at the
proposed low point. A type R inlet is proposed on the west side of Kingston
Street just south of the Westerly Creek crossing. It is anticipated runoff from
the minor event will be collected in the proposed inlet will be piped across
Kingston Street to the existing inlet and eventually to Westerly Creek. Runoff
from the major event will overtop the inlet and flow directly to Westerly
Creek.

s The Westerly Creek culverts at Kingston Street and Kenton Way are
undersized. It is likely that Westerly Creek will backup and overflow onto
Kingston Street and Kenton Way until upstream improvements are in place
and the peak flow through Westerly Creek is reduced.

¢ During proposed conditions when Westerly Creek can encroach onto the
property to the north, the water elevation as it overtops onto Kenton Way is
5496.0.

o During proposed conditions when Westerly Creek can encroach onto the
property north of the creek, the water elevation as it crosses Kingston Street is
5499.0.

e Because we do not control how the property to the north of Westerly Creek
will be developed, a conservative analysis was performed using a weir width
of 100°.

SLAPROJECTS\HAM QUEEN\CIVILADRAINAGEWINALFinal Drainage Report.doc
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o Waesterly Creek could pond to an elevation of 5497.6 as it overiops Kenton
Way if the width of flow is restricted to 100°.

» Waesterly Creek could pond to an elevation of 5500.1 as it overtops Kingston
Street if the flow is restricted to a 100° wide path.

+ The conservative analysis results in water surface elevations of 5497.6 along
the north property line and 5500.1 along the east property line.

e Therefore, a wall is provided along the north property line at an elevation of
5497.6. An elevation of 5500.1 must be obtained along the east property line
to prevent potential Westerly Creek flows from entering the site.

¢ The wall and the berm will provide at least 1° of freeboard for the 5496.0 and
5499.0 elevations.

e The onsite detention pond will be located in the northwest corner of the site.

e The detention pond volume is sized for the 100-year storm event.

¢ The detention pond release rate is also based on the 100-year storm event.

e Multiple volumes and discharges do not need to be analyzed due to the fact
the pond will discharge directly to an improved drainageway.

e Water quality volume will be provided for the site.

2. Specific Details
s Detention Pond parameters

e Nearly all of the Kingston Place Subdivision will drain to a single
detention pond located in the northwest comer of the site.

» The detention pond is designed to detain the 100-year storm event and the
water quality capture volume.

¢ The pond will outfall directly to Westerly Creek via an outlet structure and
storm drain pipe. The pipe will be at an elevation 2’ higher than the
channel invert. One 14’ section of concrete will be removed and
reconstructed where the outfal! pipe enters the channel. The reconstructed
channel section shall be recessed so a flap gate can be installed.

¢ The detention pond outlet structure will be a modified type C inlet.

e Water Quality Capture Volume has been provided in the detention facility.
The outlet control structure will incorporate a perforated plate to allow the
WQCV water to release at a slow rate.

¢ The top of the grate will be placed at the water quality water surface
elevation.
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s Any volume grater that the WQCV will be released through the top of the
inlet.

o The release rate will be controlled by an orifice plate placed on the inside
of the outlet structure over the 12” outlet pipe.

o If the orifice plate is placed 3.5” above the invert of the pipe, the pond
volume will be released at a rate of 2.3cfs (allowable release rate) until the
water surface in Westerly Creek is 89.8+/-.

o If the tailwater on the pipe is assumed to be 91 (top of channel clevation)
then the orifice plate should be placed 4 above the invert of the pipe to
release the pond volume at 2.3cfs.

e It is recommended to place the orifice plate 4” above the invert of the pipe.
If tailwater is not present, the pond volume will be released at a rate of
2.8cfs.

¢ In an emergency condition, the pond will overflow to Kenton Way via an
emergency overflow weir located on the west side of the proposed
detention pond.

o The Kingston Place detention pond outlet pipe invert is at an elevation of
5489.5 and the invert of Westerly Creek adjacent to the site is roughly
5486.

o The 100-year water surface in Westerly Creek at Kenton Way is roughly
5496.0 using the OSP existing flow of 3000 cfs.

o At the elevation of 5496.0, water is flowing onto Kenton Way at a depth of
2.3> (Weir elevation of the sidewalk varies from 5493.7 to 5493.95).

o If the overflow width onto Kenton Way is reduced to the 100° ROW of
Westerly Creek, then the water surface could rise to 5497.6.

o A wall will be constructed along the north property line to prevent
Westerly Creek flow from entering the site. The top of wall elevation 1s
proposed to be 5497.6.

¢ Ifthe culvert is plugged, using the City’s critenia for plugged culverts with

Under Kingston St.? _/m‘ﬁa greater that 20 square feet, and the weir overflow is restricted to
100’ wide; the overflow water surface could reach an elevation of 5498.0.

e At this elevation, the water in Westerly Creek will back up/overflow into
the Kingston Place detention pond and flow out onto Kenton Way.

» If Westerly Creck backs up into the onsite pond it should not damage
proposed structures. The minimum foundation elevation adjacent to the

TLAPROJECTS\HAM QUEEN\CIVIL\DRAINAGE\FINAT ¥Final Drainage Report.doc
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5500.2
pond and/or Westerly Creek is 5400:2-(2.2” above Westerly Creek’s

emergency water surface elevation)

¢ No unit adjacent to Westerly Creek will be a garden level unit or have a
basement or crawl space.

e The peak site discharge of 18cfs has a time of concentration of 5 minutes.
Therefore, the pond will likely fill before the water surface in Westerly
Creek is high enough to back up into the pond.

¢ The simultaneous filling of the onsite pond by Westerly Creck water and
the Kingston Place Subdivision runoff is unlikely.

s However, a flap gate shall be implemented to prevent Westerly Creek
from backing into the onsite pond in an effort to keep the creek and the
pond hydraulically disconnected.

¢ At an elevation higher than the required volume all water will be safely
directed to Kenton Way via the overflow weir.

o The culvert at Kingston Street was analyzed using the OSP flow of 3000 cfs
and a tail water of 5496.0 (calculated water surface at Kenton Way).

e During proposed conditions when Westerly Creek can encroach onto the
property north of the creek, the water elevation as it crosses Kingston Street is
5499.0.

s Westerly Creek could reach an elevation of 5500.1 as it overtops Kingston
Street if the creek is restricted to a 100” wide flow path.

¢ An clevation of 5500.1 will be provided along the east property line to reduce
the potential of Westerly Creek flows from entering the site.

s The proposed development is to be constructed during a single phase. The
detention pond will be constructed during the initial overlot grading.

¢ The proposed grading will incorporate a single low point in the private drive.

¢ During the minor event, runoff from Basin A1A will be collected in the rear of
the proposed 5° R inlet at DP1 through a 6” circular orifice. Runoff from the
major event will overtop the back of the inlet and will be captured in the curb
opening of the inlet.

¢ Runoff during both the minor and major event from Basin A1B will be
collected in the 5° R sump inlet at DP1.

e Runoff from Basin A2 will be collected in the 5’ R sump inlet at DP2.

¢ Runoff from Basin A3 will flow directly to the onsite detention pond
represented at DP3.
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Runoff during the minor event from Basin B1 will be collected in a proposed
5’ R sump inlet at DP4 in Kingston Street and will be piped to Westerly
Creek. Runoff during the major event will overtop the Kingston Street curb
and will flow directly to Westerly Creek.

Runoff between units will be conveyed via grass-lined swales or paved
driveways to either the private drive or directly to the proposed detention

pond.

E. CONCLUSIONS
1. Compliance with Standards

This study is in compliance with the following Standards:
e City of Aurora Storm Drainage Design and Technical Criteria
e  Urban Storm Drainage Criteria Manual

2, Summary of Concept

The design flow of 3000 cfs from the OSP is conservative because it does not
account for any runoff that potentially escapes the Westerly Creek right of
way.

The lowest finished floor elevation adjacent to Westerly Creek is a minimum
of 2° above the estimated floodplain.

The detention pond emergency overflow path will be designed to safely
convey site runoff away from any proposed structures.

The proposed storm drain system and detention facilities will provide
adequate site drainage and water quality for the site.

The proposed development does not adversely impact any adjacent properties.
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- ORIFICE EQUATION
Q:Cd*A*((zﬁG*H)ﬂ.ﬁ)

Q0™ 5.4

05: 1.0

Ce& 0.85

g= 322

W.5= 5497.00

H= 1.64

Orifice D= 0.50

Orifice inv.=  5495.81

A= 0.20 '

CALCQ= = 13 OZIFICE WILL Phos Aoz,

FLows.
Avoinod AL Fow wile. oveenrP

B&Q\ oF wher 7‘ Wy Be
CAPTURER 1 dLeT



Formula Method Detention (V=KA)
Reguired Volume

Allowable Rel=ase Rates for Detention Ponds

Control Seil Group
A= 2.27 acre Frequency A B C D
= 63.0% 10 Year 0.13 0.23 0.30 0.30
Soil Type C 100 Year 0.50 0.85 1.00 1.00

Q= 0.681 cfs

Not used since pond discharges
to an improved drainageway

For 100 Year Event

K 10 = (1.781-0.002 © -3.56)/900

K 0= 0.1118
Vim= 0.25 ac-ft
= 11057 £
Q= 2.27 ofs
Vg™ 2439 ft’

Vit™ Vgt Voo

LAPROJECTS\HAM QUEENCIVIL\DRAINAGEVFINAILLO and 100 V=KAxls

\ 13497 ft’

RWL
8/13/2004
8:29 AM

20



Elev Area Step Vot | Cumiml Conic

ot ft? it ftt

5495.0 7798 1505 13878 |<— N+ Vi
5404.8 7251 1399 12375

5494 6 6744 1299 10976
5494.4 6247 1200 9677
5494.2 5760 1104 8476
5494.0 5283 1000 7372
5493.8 4722 901 6379
5493.6 4293 816 5477
5493.4 3874 734 4661
5493.2 3467 651 3027
5493.0 3048 557 3646
5492.8 2533 478 3099
54926 2250 423 2621 e \’wq
5492.4 1978 369 2199 _
5492.2 1719 319 1829.
5492.0 1471 265 1510
5491.8 1181 221 1252
5491.6 1032 192 1031
5491.4 889 164 839
'5491.2 753 138 675

5491.0 628 100 537

5400.8 | 387 73 447 eV
5490.6 341 64 374

5490.4 295 55 311

5490.2 251 46 256

5490.0 208 39 210

5489.8 183 34 171

5489.6 160 30 137

5489.4 138 25 107

5489.2 117 21 82

5489.0 08 18 60

5488.8 81 15 42

54886 | 66 12 28

5488.4 52 9 16

5488.2 39 7 7

5488.0 28 0

Al



Sheet 1

Designer: RWL

Company: CALIERE ENGINEERING

Date: August 13, 2004

Project: KINGSTON PLACE FILING NO. 1
" Location: AURDRA

1. Basin Storage Volume

A) Tribulary Area's Imperviousness Ralic (i = I,/ 100 )

B) Coniributing Watershed Area (Area) Arga = 2.27  acras

€} Water Quality Capturs Volume (WQCV) " watershed inches

(WACY =1.0 = (0.81* 1*- 119 F+ 0787 1)}

D) Dasign Volume: Vol = (WQCV /12) * Area ™ 1.2 acre-feel
2. Qutlet Works
A} Outlet Typa [Chack One} . X Qrifice Plate
Perfarated Riser Pipe
Other:-
8) Depth at Outlst Above Lowest Perforation (H} H= 1.80 faet

) Reguired Maximum Oittiel Area per Row, (A) square inches

D) Perforation Dimansions (enter one only):
i} Circtilar Perforation Diameter OR 0= 0406 inches OR
i) 2* Height Rectangular Perforation Width W= tnches

E} Number of Columns (nc, See Table Ba-1 For Maximum)

F) Actual Design Outlet Area per Row {A)

G) Number of Rows (nr)

H} Total Gutlet Area (Aq}

3. Trash Rack

A) Needed Open Area: A, = 0.5 " (Figure 7 Value) * Ay

B} Type of Outlet Opening {Check One}

C) For 2°, or Smaller, Round Qpenlng (Rel.: Figure 8a).

i} Width ot Trash Rack and Concrete Upening (Weonc)
rom 1aole 6a-1

i) Height ot Trash Rack Screen {Hyg)

USDCM VOL 3 BMP Design Forms v2.03 (20020925)-FINAL xls, EDB 8/13/2004, 10:56 AM l‘l



Designer: RWL

Company: CALIBRE ENGINEERING

Date: August 13, 2004
Project: KINGSTON PLACE FILING NO.1
{.acation: AURORA

i) Type of Screen (Based on Depth H), Describe If “Other”
- i) Sereen Opening Slot Dimension, Describe if *Other”

v) Spacing of Support Rod {0.C.)
Type and Size of Support Rod (Ref.: Table £8-2)

vi) Type and Size of Holding Frame (Ref.: Table 83-2)
D} For 2° High Rectangular Opening (Refer to Figure 6b):

I} Width of Rectangular Opening (W)
ii) Wieth ot Parforated Plate Opening (W, = W+ 127)
iif) vVidth of Trashrack Opening (Wi Tom Tabla §b-1

iv} Height ot Trash Rack Screen (Heg)

v) Type of Screen (based on depih H) {Describe If "Othar®)

vi) Cross-bar Spacing (Based on Table 6b-1, Klemp'™ KPP
Grating). Desonibe if "Other”

vii} Minimum Bearing Bar Size (Klemp'" Series, Table 6b-2)
{Based on depth of WQCV surchargs)

X $.5, #93 VEE Wire {US Fitter}

Cther:

.139" (US Filter)
Other,

#156 VEE

348 in. x 1.0 in. flat bar

" Klemp'™ KPP Series Aluminum
Other:

Other:

4. Detention Basin length to width ratio {LwW)
5 Pre-sedimentalion Forebay Basin - Enter design valuas
A) Volume (no less than 5% of Design Volume from 10) acre-feet
B} Surface Area acres
C} Connector Pipa Diameter Inches
{Size to drain this volume in 5-minutes under inlet control)
) Paved/Hard Bottom and Sides yes/no

USDCM YOL 3 BMP Design Forms v2.03 (20020925)-FINAL.xIs, EDB

8/1372004, 10:56 AM
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__100 - YEAR PLATE DURING 100-YR EVENT

ORIFICE EQUATION
Q=C4"AN(2*G*H)®)
Qrelease= 2.3

Cy= 065

g= 32.2

W.5.= 549500

H= 534

Pipe D= 1.00
Pipe Inv.= 5489.50 Plate Elev.

A= 0.23
CALC Q= 2.8

————

5489.83

I= NomoAM

»

PIPE ¢ PLATE PoAed
4% heodE PPE VSR

(RECDW@DEPB

25



__100 - YEAR PLATE DURING 100:YREVENT ~ W/o ThA\later

ORIFICE EQUATION
Q=CdiAt((2*GtH)ﬂ.5)
Qrelease= 2.3

Cy= 0.65

g= 32.2

W.S= 548500

H= 536

Pipe D= 1.00
Pipe Inv.= 5489.50 Plate Elev.

A= 0.19
CALC Q= 2.3

548979

?L}(_E e 38"
ABoiE 1 WEET oF
OUTLET PPE

26



__100 - YEAR PLATE DURING 100-YR EVENT

ORIFICE EQUATION
Q__.Cthi((Z*G*H)O.S)
Qrelease= 2.3
Cq4= .65
g= 32.2
W.S= 5495.00
Channel W.S.= 5491.00
H= 4.00
Pipe D= 1.00
Pipe Inv.= 5480.50 Plate Elev. 5480.83 IF ciAdde. W% = 9)
A= 0.23 v
CALC Q= 24 THeS AT 4 AnlE

INVERZT™ vosD REATRICT
FLOW 0 MAW  ALLOWABLE
RELENSE

117



Culvert Calculator Report
12" Pond Outlet - Neglect Tailwater

Solve For; Section Size

Culvert Summary

Afiowable HW ElevaBon’ 95.00 fi Headwaier Depth/Height 1.07
CGomputed Headwater Elevation 90,07 fl Discharge 230 cfs
inlet Control HW Elev. 90.00 fi Talwater Elevation o.0g fi
Qutlet Control HW Elev, $90.07 f Controt Type Entrance Control -
Grades

Upstream Invest B83.00 ft Downstream Invert §7.10 #
Length 67.00 ft Constructed Slope 284 %
Hydraulic Profée

Profile 52 Depth, Downstream 043 ft
Siope Type Steep Normal Depth 043 ft
‘Flow Regime Supercritica Critical Depth 065 ft
Velocity Downstream T.13 /s Critical Skope 073 %
Section

Section Shape Gircular Mannings Coefficient © 0.3
Section Material Concrete Span 100 f
Section Size 12inch Rise 100 ft
Number Sections 1

Owtiet Control Properties

Qutiat Control HW Elev., 90.07 & Upstream Velocity Head 028 #

Ke 0.50 Entrance Loss 014

Inlet Control Properties

Inlst Control HW Elev., 90.00 # Flow Control Unsubmerged
Intet Type Square edge wheadwall Area Full 08 [
K 0.00980 HDS 5 Chart 1

M 2.00000 HDS 5 Scale 1

c : ) : 0.03980 Equation Form ) 1.
Y 067000 -

T TRACTIRNE a5y, Tor or cHANEL. = x4 Palp oomET PPE
. IF ORIFUE PLATE 1o PLAED 35 ARE IWVERT oF PIPE , MAX. RELEME =2.5¢Fs
U THE W% Wl Westery Ceesk = B9.BE

P E TW o4 PPE % Astoned T© BE 9\ (T oF wiNEL) THEN PLALE
ORAFCE. PLATE 4" ABNE WNERT oF PIvE

c T 15 RECOMMBDED To PME PLATE 4' J@de PRe e IF ND Ty
15 PRESENTy B> whu. RELWENSE 2.BoFS

Froject Engineer; Greg Murphy
t\.. \ham queentcivildrainage\yueensmark.cvm Callbra Engineering CulvertMaster v2.0 (2.005]

OT/28/04 05:03:49 PM @ Haestad Methods, inc. 37 Brookside Road  Waterbury, OT 06708 USA  +1-203-755-1668 Page 10f 1

a8



Detention Pond
Emergency Overflow Weir

Weir must pass 34.2 cfs

Bottom of Weir elevation = 5485
Top of weir elevation = 5496
Available head = 1
Weir Coefficient = 3.1

Length of Rectangular Weir . 18
Side Slope 1 20% Angle 1 78.69
Side Slope 2 - : - 20% Angle2 78.69
Total Angle For. V-notch Weir  157.38
WSE head  Freeboard Rectweir v-notch total Q
)y (i) (cfs) {cfs) (cfs)
5495 66 066 0.3 299 4.4 34 <—-2x100 YR Flow
into Pond

RWL

' : 8/13/2004

LAPROJECTSHAM QUEENCIVIL\ADRAINAGE\F INALYPOND overflow.xls 11:08 AM
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NeoUDS Results Summary

NeoUDS Results Summary

Page 1 of 4

Project Title: Kingston Place

Project Description: Final Drainage Report

Output Created On: 8/13/2004 at 8:36:24 AM

Using NeoUDSewer Version 1.5.

~ Rainfall Intensity Formula Used.
Return Period of Flood is 2 Years.

Sub Basin Information

|

Time of Concentration

Eflanhole Basin ||{Overland|| Gnutter Basin RainI [[Peak Flow

ID# |Area * C|[(Minutes)|[(Minutes)||(Minutes)|(Inch/Hour)|| (CFS)

[ 2 0.48 sof o0 0.0] 377 1.8
|L 3 || oasf 5.4 0o 0.0 4.00}] 1.8]

4 T o3 sol oo 00 3.86] 1.
[ 1 0.48 sol  oJ 0.0 3.77 1.8]

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 supercedes

the calculated values.

S"ummary of Manhole Hydraulics

. . Design
Manhole{[Contributing Ramf.all Ramﬁ.’“ Peak Gl’Ol.ll.ld ' Watgr
ID # Area* C Duration Intensity || o o Elevation || Elevation j|[Comments
(Minutes) || (Inch/Hour) (CFS) (Feet) (Feet)
2 || 124 32.4] 1.45 1.8 97.70) 94.32 |
3 076 123 2.37 1.8 97.55)f  94.62 ]
4 | 0.31 5.0] 3.86 1.2 97.54 94.91) ]
1 0] 0.0 0.00 1.8 95.00] 93.00]] |

Saummary of Sewer Hydraulics

Note: The given depth to flow ratio is 0.9.

I

file://C:\Program%20Files\NeoUDSewer\Reports\3301547784.htm

8/13/2004
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NeoUDS Results Summary Page 2 of 4

Manhole ID Number | | Calculated " Suggested I Existing l

Sewer Sewer|Diameter (Rise){|Diameter (Rise)||Diameter (Rise? Width
D # |[Upstream|Downstreamcy "y ches) (FT) || (Inches) (FT) || (Inches) (FT) || (FT)
2 3 2 Round 112 12 18] N/A

3 ' 3 Round 9.6 12 15 N/A

1 2 1 Round 1o 12 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 availible 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
Flow || Flow || Depth || Velocity | Depth | Velocity || Velocity rou Comment
- ID Number
(CFS) [|(CFS)|{| (Feet) | (FPS) || (Feet) | (FPS) | (EPS) |
2 18] 65 054 34 0.2 33 10 o087 |
3 120 4o  047] 28] 044 3.1 1.0 0.84]|
1 [ 18] 65 0.54 34 052 3.3 1.0 087
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
| Invert Elevation || Buried Depth _J
Slope{|Upstream|Downstream||Upstream{[Downstream
:]IS_ewer ID|| " v (Feet) | (eet) (Reet) (Reet) Comment
2 050 o408  93.99 1.97 2.21
3 050 9444 9428 1.85 2.02
1 050 93.78 93.25 242 0.25|[Sewer Too Shallow
Summary of Hydraulic Grade Line
Invert Elevation Water Elevation ]
Sewer Surcharged
Sﬁ;v;r Length Length U[(:;t:‘;&;m I)m:rlgl:‘t:t'eam UpIs?tre;:am Downst;eam Condition
(Reet) (Reet) ) || (Feet) || (Feet)
2 18.97 o  94.08] 93.99] - 94.62 94.32|[Suberitical]
3 31.34) of 94.44 94.28]  94.91 94.62|[Subcritical]
I 1 | 106.63 of 93.78 9325  94.32 93.00[|Subcriticall

file://C:\Program%:20Files\NeoUDSewer\Reports\3301547784 . htm 8/13/2004



NeoUDS Results Summary Page 3 of 4
Summary of Energy Grade Line
Downstream
Upstream Manhole Juncturg Losses Manhole
Energy || Sewer Bend Lateral Energy
SIe];v;r M;]l;h#()le Elevation || Friction CE:;Iﬁ‘iciI:n ¢ Loss é:::tqzilelet Loss Mil]';h; le Elevation
(Feet} [| (Feet) (Feet) (Feet) (Eeet)

2 3 94.77] 030 0.05| 0.00 000 ooof 2 || 9447
[3 [ 4 | 9504 o026 0.05] 0.00 000 o000 3 9477
[ 1 2 || 9447 147 0.05] 0.00 000 o.00f 1 93.00|
Bend loss = Bend K * Flowing full vhead in sewer.

Lateral loss = Qutflow 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 estimatéd 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)
2| 97.70|] 93.78]| 3.92]
N 97.55| 94.08]| 3.47]
4 | 97.54| 94.44}] 3.10]
i 95.00| 93.25)! 1.75
Upstream Trench | Downstream Trench
Width _Width
Earth
On At Trench Wall '
Sew;r D Ground || Invert On(g;:tt)md A:é:‘;e;rt Length Thickness \(731;1;?:
(Reet) (Feet) (Feet) (Inches). Yards)
| 7.0 3.9 7.5 3.9 18.97]] 2.50 15]
HEE 6.6 3.6] 69| 3.6| 31.34) 2.25 20|
1 7.9 3.9 3.6 3.9 106.63 2.50] 67

Total earth volume for sewer trenches = 102.37 Cubic Yards. The earth volume was estimated to have a
bottem 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.
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NeoUDS Results Summary Page 4 of 4

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: (equivelant diameter in inches/12)+1

file://C:\Program%?20Files\NeoUDSewer\Reports\3301 547784.htm 8/13/2004 3"'



NeoUDS Results Summary

NeoUDS Results Summary

Page 1 of 4

Project Fitle: Kingston Place

Project Description: Final Drainage Report
Output Created On: 8/13/2004 at 8:43:09 AM
Using NeoUDSewer Version 1.5.

Rainfall Intensity Formula Used.

Return Period of Flood is 100 Years.

Sub Basin Information

. Time of Concentration
Manhole Basin Overland|| Gutter Basin Rain 1 |[Peak Flow
ID# |Area * C|j(Minutes)||(Minutes)/{(Minutes)||(Inch/Hour)j (CES)
2 || o6t s.0f 0.9) 0.0] 10.06 6.7]
3 | o6d_ so oo  oof 1006 6.7
4 || osof  sof oo oo 1032 52
1 || o.67] 5.0|] 0.0 0.0 10.06|| 6.7

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 ounutes.

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 supercedes
the calculated values. _

Summary of Manhole Hydraulics

~ . Tat Design
- {{Manhole[{Contributing Il)h mti;all IR :mf?“ Peak EGrour.ld Wate:r -
ID # Area * C uration ntensity || o levation [{ Elevation || Comments
{Minutes) [{ (Inch/Hour) (CES) (Feet) (Feet)
2 184 356 365 67 97.70 96.01];
3 1.17] 15.7 573 6.7 97.55 96.12)
4 | 0.5 5.0 1032 52 97.54 96.35
1 : Surface
1 0 0.0 0.008 67 95.00 95.66([Water
~ |iPresent
Summary of Sewer Hydraulics
file://C:\Program%20Files\NeoUDSewer\Reports\3301548189.htm 8/13/2004
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Box sewers are measured in feet.
Calculated diameter was determined by sewer hydraulic capacity.
Suggested diameter was rounded up to the nearest commercially avalhble size
Al hydraulics where calculated using the existing parameters.
If sewer was sized mathematically, the suggested diameter was used for hydrauhc calculations.

NeoUDS Results Summary Page 2 of 4
" Note: The given depth to flow ratio is 0.9.
| Manhole ID Number l | Calculated “ Suggested Existing ]
Sewer Sewer||Diameter (Rise)[[Diameter (Rise){|Diameter (Rise)] Width
D # ||UpstreamyDownstreamiis, 1 yiches) (BT) || (Inches) (BT) || (Inches) (RT) | (FT)
2 3 || 2 Round]| 18.3 21| 18] N/A
3 4 || 3 Round|| 16.6 18 15 N/A
[1 | 2 | 1 |Round|] 18.3] 21} 18] N/A
Round and arch sewers are measured in inches.

Sewer | Design || Fult || Normal || Normal Critical || Critical | ruit [ o
1D Flow || Flow || Depth [| Velocity | Depth || Velocity || Velocity Number Comment
| (CES) {[(CFS)|| (Feet) | (FPS) || (Beet) || (FPS) | (FPS) b
67 6.5 1.50 3.8 1.00] 5.4 3.8 N/AJ
3 s2 a0 125 42 093 saf 42 N/l
1 6q 63 150 38 1.00 5.4 38 waA 5
A Froude number = 0 indicated that a pressured flow occurs.
Summary of Sewer Design Information
[ Invert Elevation " Buried DED_{I:I |
|[Slope|{Upstream|{Downstream|{Upstream| Downstream
Sewer IDI o/ 1l (Reet) || - (Feet) (Feet) (Feet) Comment
2 050 9408 93.99 1.97 2.21)
E 0.50]  94.44| 94.28] 1.85 2.02]] |
1 [ 0.50 93.78 93.25 2.42 ___0.25|iSewer Too Shallow
Summary of Hydraulic Grade Line
Invert Elevation || Water Elevation [
Sewer LS::;; Su{?;aglt.ﬁed Upstream|{Downstream||Upstream|Downstream Condition
ID # (Feet) (Feet) ' (Fect) (Feet) (Feet) (Feet)
[ 2 18.97 18971 94.08] 93.99 9612 96.01][ Pressured]
3 [ 334 3134 94.44 94.28  96.35] 96.12] Pressured|
| 1 106.63 106.63]  93.78 0325 96.01] 95.66|| Pressured

file://C:\Program%20Files\NeocUDSewer\Reports\330154818%.htm

8/13/2004

AU



NeoUDS Results Summary : Page 3 of 4

Summary of Energy Grade Line

~ Downstream
Upstream Manhole Juncture Losses Manhole
Energy | Sewer Bend Lateral Energy
Sﬁ;v;r M;;;h; fe Elevation ||[Friction CE:il‘lﬁdciljn Loss é‘c?:te‘t!i'iilellft Loss M?;h#me Elevation
(Feet (Feet) Feet) (Feet) {Feet
[2 3 96.35]_0.10 005 oot  ooo ooof 2 96.23
[3 4 —96.63 027 0.05] 0.01 o.0o 0.0 3 96.35
(1] 2 96.23 057 0.05 0.00 ooo ooo 1 95.66
Bend loss = Bend K * Flowing full vhead in sewer.
Lateral loss = Qutflow 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
ID4 (Feet) || (Feet) _ (Beet)
2 I 97.70| 93.78 3.92
3 | 97.55 94.08 3.47
4 97.54 04.44 3.10
1 95.00|| 19325 1.75
Upstream Trench || Downstream Trench
Width Width
_ Earth
On At Trench Wall
Sew;r D Ground | Invert On(g:;tl)md' AE}:IP::;;rt Length Thickness Yél:l;:l:
i
_ (Feet) (Feet) | (Feet) (Inches) Yards)
| 2 | 7.0 3.9 750 3.9 18.97 2.50| 15
[ 3 6.6 3.6 6.9 3.6 31.34 2.25| 20]
I 1 7.9 3.9]1 3.6, 3.9 106.63 2.50 67

Total earth volume for sewer trenches = 102.37 Cubic Yards. The earth volume was estimated to have a
bottem 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.

file://C:\Program%20Files\NeoUDSewer\Reports\3301548189.htm | - 8/13/2004



NeoUDS Results Summary Page 4 of 4

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: (equivelant diameter in inches/12)+1
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Channel DS of ex dual 12x5 RCBC
Worksheet for Trapezoidal Channel

Project Descripion

Worksheet ' Channel DS of ex dual 12x5 RCBC
"Flow Element ] Trapezoidal Channal '

Method Manning's Formula

‘Sofve Far - Channel Depth

Input Data

Mannings Coefficient 0.015

Shope 185 %

Left Side Slope B 200 H:V

Right Side Slope 200 H:V

Bottom Width 1000 ft

Discharga 3450.00 cofs

Resutis

Depth 524 f

Flow Area : 107.4 12

Wetled Perimater ~ 3345 &

Top Width - 3087 1
-Crifical Depth 874 ft

Critical Slope 021 %

Velocity : 29.33 Ws

Velocity Head ’ 1337 R

Spectic Energy : : 1861 A

Froude Number 2718

Flow Type Supeseritical

Project Engineer: Greg Murphy
IAprojectstham quesnicivildrainageiproject!.fm2 Calibre Engineering ' FlowMasler v6.1 [6140)

06/16/04 07:48:36 AM © Hasstad Mathads, inc. 37 Brookside Road Waterbury, CT 06708 USA  (203) 755-1666 Page 1 of 1
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_Solve For: Headwater Elevation

Culvert Calculator.Report
Ex Dual 12x5 RCBC

Culver Summary

Allpwable HW Efevation 5,498.00 ft Headwater Deplh.‘Heighf 1.08
Computed Headwater Elevation 548440 ft Discharge 700.00 cfs
Inlet Control HW Elev. 548381 ft Tallwatar Elevation 548335 R
‘Cutlet Conirol HW Elev. 548440 f Control Type Outlet Contral
Grades

Upstream invert 547910 f Downstream lnvert 5478.10 R
Length 130.00 ft Constructed Slope 8.77 %
Hydraulic Profile

Profile ComposilePres_surePréﬁleS1 Depih, Downsiream 525 f
Slope Type NfA Normal Depth 214 &
Flow Reglme Subcritical Critical Depih 238 ft
Valotity Downstream 5.83 fifs Critical Slope . 029 %
Seclion

Section Shape Box Mannings Coefficient 0.013
Section Material . Concrete Span 1200 11
Section Size 12x51# Rise 5.00 ft
Mumber Sections 2
Outlet Contro! Properties

Cutlet Control HW Elev. 5484.40 ft Upstream Velocity Head 077 ft
Ke 0.50 Entrance Loss 0.38
Infet Controt Properties

Inlat Confrol HW Elev. 548381 ft Flow Cantrot Unsubmerged
Inlet Type 45" non-offset wingwall flares Area Full - 1200 #

K 0.49700 HDS 5 Chart 12

M 0.86700 HDS 5 Scale 1

c 0.03380 Equalian Form 2

Y 0.80300

I Wam queenicivihdrainage\queensmark. cvm

06/16/04 09:06:26 AM

© Haestad Methods, In¢, 37 Brookside Road  Waterbury, CT 06708 USA

Caflbre Englneering

+1-203-755-1666

Project Engineer: Grag Murphy
CulvertMaster v2.0 [2.005]
) Page 1 of 1
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‘Overflow onto Kenton Way
100-Year Overflow Weir - Ultimate Conditions

Weir and Culvert must pass 3000 cfs

Bottom of Weir elevation 1 = 5483.7
Battorn of Weir elevation 2 = 5483.75
Bottom of Weir elevation 3 = 5493.85
. Top of weir elevation = 5497.8
Available head 1= 3.9
Available head 2= 3.85
Avallable head 3= 3.65
Weir Coefficient = 3.1

Length of Rectangular Weir 1

- Side Slope 1 _ 0.00% Angle1
Side Slope 2 0,00% Angle2
Total Angle For V-notch Weir
head Ract weir 1 - v-noich
3.8 1910.1 0.0

Length of Rectangular Weir Z

Side Slope 1 0.00% Angle1 ’
Side Slope 2 : - 0.00% Angle2
Total Angle For V-notch Weir
head Rect weir © v-poteh
3.85 2342 0.0

Length of Rectangular Weir 3

Side Siope 1 0.00%  Angle 1
- Side Slope 2 - 000%  Angle2
Total Angle For V-notch Weir
head Rect weir v-notch
3.65 216.2 0.0

80
0.00
0.00
0.00

10
0.00
0.00
0.00

10
0.00
0.00
'0.00

Q cuven

Q roral=

total Q

1910

total Q3

234

total Q

216

681

3041

Yl



Culvert Calculator Report
Existing 8'x6' RCBC — UL MATE: Cotpmons

Solve For: Headwater Elevalion

Culvert Summary

Allowable HW Elevation 5,497.60 Headwatar Depth/Helght 1.93
Computed Headwater Elevation 5497 60 R Discharge 680.65 cfs
Inket Control HW Elev. 5497.680 f Tailwater Elevation 548440 #
Oullet Control HW Elav. ‘549669 Controd Type ) Inlat Conire!
Grades

Upstream Inverl 5486.00 1t Downsirearn invest © 547910 ft
Langih ’ 600.00 fi Constructed Slope ) 115 %
Hydraulic Profile )

Profile 82 - Depth, Downstream 4.32 ft
Siope Type : Steep Normsa$ Depih . 428 ft
Flow Regime " Supercritical Critical Dapth 6.00 ft
Velocity Downstream 19.71 #fs Critical Slope 075 %
Saeclion

Seclion Shape Box Mannings Coefficient 0.013
Section Material Concrete Span | 3.00 fi
Seclion Size. ax6h Risa 800 ft
Number Sections 1

Outlet Control Properties

Cutiet Controt HW Elev. . 5.496.69 ft Upstream Velocity Head 312 ft
Ke ' 0.50 " Entrance Loss ' 1.56 #

Intet Contral Properties

Intet Control HW Elev.” 549760 ft Flow Control Submerged
IRlet-Type 45* non-cffset wingwall flares Area Full ) 48.0
K o - 049700 HDS 5 Chart 12
M ' ' 0.66700 HDS § Scale 1
G ) 0.03390 Equation Form 2
Y 0.803C0
. Project Enginear: Greg Murphy
1. Sham gueenicivifdreinage\queensmark.cvm Calibra Enginaaring CulveriMastar v2.0 [2.005)
0D6M6/04 08:06:04 AN . © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-753-1666 Page 1 of1
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" Salve For: Headwater Elevation

Culvert Calculator Report
Existing 8'x6’ RCBC ~ OLThAKTE ConsmrTionk

Culvert Summary

Allowable HW Elevation 549760 R Headwater Depih/Height 1.93
Computed Headwater Elevation 549760 # Discharge 680.65 cls
inlet Gontrol HW Elev. 549760 fi Tailwater Eievation 548640 ft £—Soyls AT “Ricke
Outist Control HW Elev. 5497.59 fl Control Type InletControl .\ ' pr ELER R er)l
Grades

Upstream invert 5486.00 fl Downsfream invert 5479.10
Langth 600.00 1t Consiructed Slope 1.5 %
Hydraulic Profile

Proflle PressureProfile Depth, Downstream 432 ft
Slope Type © NA Normal Depth 428 fl
Flow Regime NiA Critical Depth 800 ft
Velotity Downstream 1971 fts Criticad Slope 075 %
Section

Section Shape Box Mannings Coefficient 0.013
Section Material Concrete Span 8.00 #
Seition Size Gx6f Risa 6.00 ft
Number Secbons 1

Outlet Control Properties

Outiet Control HW Elev. 5497.59 fi Upstream Velocity Head 312 f
Ke 0.50 Entrance Loss 156 #
Inlet Control Properties

Inlet Contral HW Elav. 5497.60 fi Flow Control Submerged
intet Type 45* non-offset wingwall fares Atea Full 48.0
K 0.45700 HDS 5 Chart 12

M 0.66700 HDS 5 Scale 1

c 0.03390 Equation Form 2

Y . 080300

IA...\ham queen\civildralnage\quesnsmark.cvm

06/ME/04 08:05:40 &M

© Haestad Methods, Inc.

Calibre Enginanring

37 Brookside Road Waterbury, CT 06708 USA  +1-203-755-16G6

Project Engineer: Greg Mumphy

CulveriMasier v2.0 [2.005]
Page 101
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Overflow onto Kenton Way
100-Year Overflow Weir - Ultimate Conditions, Plugged Cutvert

Woeir and Culvert must pass 3000 cfs
Culvert must pass 47% of unplugged capacity

« Bottom of Weir elevation 1 = 5493.7 -
Bottom of Weir elevation 2 = 5483.75
Botiom of Weir elevation 3 = 5483.85

Top of weir elevation = 5498.0
Available head 1= 4.3
Availabla head 2= 4.25
Available head 3= 4.05

Weit Coefficient = 3.1

Length of Rectangular Weir 1 80
Side Slope 1 : 0.00% Angley - 0.00
Side Slope 2 0.00% Angle?2 0.00
Total Angle For V-notch Weir 0.00
. head Rect weir 1 v-noich total @
4.3 2211.3 ' 0.0 2211
Length of Rectangular Weir 10
Side Slope 1 0.00% Ange1t 0.00
Side Slope 2 0.00% Angle2 0.00
" Total Angle For V-notch Weir -~ 0.00
head Rect weir v-notch total Q
425 271.8 0.0 272
Length of Rectangular Weir : B 7 o S
Side Slope 1 0.00% Angle1 0.00
Side Slope' 2 0.00% Angle2 0.00
Total Angle For V-notch Weir . 0.00
head Rect weir v-notch total G

4.05 252.7 ' 0.0 © 253

Q eutvert 320.07

Qrota™ 3056
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Overflow onto Kingston Street
100-Year Overflow Weir - Ultimate Conditions

Weir and Culvert must pass 3000 cfs

Bottom of Weir elevation 1 = 5497.9
Bottorn of Weir elevation 2 = 5487.65
~ North along Kingston = 5497.25
Top of weir elevation = 5500.1
Available head 1 =22
Available head 2 = 2.45
Available head Kingston = 2.83
" Weir Coefficient = 3.1

Length of Rectangular Weir 1 .

Side Slope 1 0.00% Angle 1
Side Slope 2 0.00%  Angle 2
Total Angle For V-notch Weir
head  Rect wair 1 y-notch
2.2 7587 0.0
Length of Rectangular Weir
Side Slope 1. 0.00% Angle t
Side Slope 2 0.00% Angle2
' Total Angle For V-notch Weir
head  Rectweir v-notch
2.45 297.2 0.0

Lengfh of Rectangular Weir

Side Slope 1 0.00% Angie1
. Side Slope 2 0.00% Angle2
Total Angle For V-notch Weir
head Rect weir v-notch
2.85 B894.9 0.0

. 75
0.00
0.00
0.00

25
0.00
0.00
0.00

60
0.00
0.00
0.00

Q Cubver

o=

total Q

759 -

fotal Q

297

total Q

895

1097

3048

Ho



Culvert Calculator Report
Existing Dual 8.5x7 RCBC - Ulfimate Conditions

Solve For: Discharge

Cubverl Summary )

Allowable HW Elevation 550010 f Headwatar Depth/Height 1.73

Computed Headwater Elevation 5,500.10 #t Digcharge 1,087.45 cfs

Inlet Contral HV_\FEFEV. 5407860 Tadwater Elevation 6,487.60 R

Cntiet Control HW Blev. 5500.10 & Control Type Cutiet Control

Grades

Upstream Invert 5,488.83 # Downstream (nvert 5.487.74

Length 60.00 it Canstructed Slope 182 %

Hydraulic Profily

Profile PressureProfile Depth, Downstream 0.86 R

Slope Type - NiA Normal Depth 291 #

Flow Regime NIA Critical Depth 506 fi

Velochy Downstream 9.893 Rfs Ciitical S'ope 041 %

Section

Section Shape Box Mannings Coefficient 0013

Section Material Concrete Span B850 f

Seclion Size B5x&5M Rise 6.50 ft

Mumber Sections 2

Outlet Contro) Properfies

Outlet Control HW Elav. 5500.10 # Upstream Velogity Head 153 f

Ke 0.50 Entrance Loss 077 1t

Iniet Contrel Properties _

Inket Conirod HW Elav, 5497.60 Flow Control Transitlon

inlet Type 45* non-offset wingwall flares. Arga Fuff 1105
K 043700 HDS § Chart 12

M 0.65700 HDS 5 Scale 1

c 0.03390 Equation Form 2

Y (0.50300

. Project Engineer: Greg Murphy
I\.tham queenicivifdrainage\ueensmark.cvm Gallbre Englnesring CulveriMaster v2.0 [2.005]
DEAE04 D212:23 PM Page 10f 4

© Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755.-1666
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Overflow onto Kenton Way
100-Year Overflow Weir - Proposed Conditions

Weir and Culvert must pass 3000 ¢fs

Bottorn of Weir elevation 1 = 5493.7
Bottom of Weir elevation 2 = 5493.75
. Bottom of Weir elevation 3 = 5493.05
Top of weir elevation = 5496
Avaflable head 1= 2.3
. Available head 2= 225
Available head 3= 2.05
Weir Coefficient = 3.1

Length of Rectangutar Weir 1

Side Slope 1 0.00% Angle1
Side Slope 2 0.00% AngleZ2
: Total Angle For V-notch Weir
head  Rectweir 1 v-notch
2.3 BE65.1 0.0

Length of Rectangtiar Weir 2

Side Slope 1 0.00% Angle 1
Side Slope 2 000% Angle?2
Total Angle For V-notch Weir
head Rect weir v-notch
225 104.6 00

L.ength of Rectangular Weir 3

Side Slope 1 - 0.00% Angtei
Side Slope 2 0.00% Angle2
Total Angle For V-notch Weir
head Rect weir y-notch
2.05 1501.3 0.0

80
0.00

- 0.00
0.00

10

0.00
0.0
© 0.00

165
0.00
0.00
0.00

Q Culver

Qrora=

total Q

865

total Q

105

total Q
1501

595

3066

H8



~ Culvert Calculator Report
Existing 8'x6' RCBC - Proposed Conditions

Sotve For: Discharge

Culvert Summary

Allowable HW Elevation 549600 ft Headwater Depth/Height 167

Computad Headwater Elavation 5496.00 ft . Discharge 595.43 cfs

Inlet Control HW Elev. _ 5496.00 ft Tatwaler Elevalion 548440 i

Qublet Control HW Elev. 548574 Control Type Inlet Control

Grades

Upstraam Inver! 5486.00 ft Downsiream Invert : 547910 #

Lengih 60000 # Constructed Slope 115 %

Hydraulic Profile

Profile ' 82 Degpth, Downgtream ' 389

Slope Type Staep Normal Depth 187

Fiow Regime Supercritical Critical Depth 556 ft

Velacity Downsfream 9.4 R Criticat Slope 044 %

Section

Section Shapa Box Mannings Coefficient ) 0.013

Section Material Concrete Span _ 800 ft

Section Size 8x6f Rise 5.00 ft

Nurnber Sections . 1

Cutlet Control Properties

Outlet Control HW Elev. "549574 ft Upstream Velocity Head ‘278 R

Ke 0.50 Entrance Loss 1.9 R

Inlet Control Propesties

Inlet Conirol HW Elev. 5,496.00 f Flow Control Submerged

Inlet Type 45° non-offset wingwall flares  prea Full 480 ®

K 049700 HDS & Chart . 12

M © 066700 . HDS 5 Scale 1

c 8.03350 Equatian Form . 2

Y 0.80300

) . Project Engineer: Grag Murphy

1\, Ahbam quaenicivifdrainage\quesnsmark.cwin Calibre Englneering CulveriMaster v2.0 [2.005]

0516104 021918 PM @ Haestad Methods, Inc. 37 Brookside Road . Waterbury, CT 06708 USA  +1-203-755-1666 : Page 1of 1
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Overflow onto Kingston Street
100-Year OQverflow Weir - Proposed Conditions

Weir and Culvert must pass 3000 cfs

Bottom of Weir elevation 1 = 5497.9
Boltom of Weir efevation 2 = 5487.65
Bottom of Weir elevation 3 = 5487.25
Top of weir elevation = 5499
Available head 1= 1.1
Available head 2 = 1.35
Available head 3= 1.75
Waeir Coefficient = 3.1

Length of Rectangular Weir 1

Side Slope 1 0.00% Angle1
Side Slope 2- 0.00% Angle?2
Total Angle For V-notch Weir
head Rect weir 1 v-notch
1.1 357.6 0.0
Length of Rectangutar Weir
Side Slops 1 0.00%  Angle 1
Side Slope 2 0.00% Angle2
Total Angle For V-notch Weir
_head Rect weir -~ y-notch
1.35 1945 0.0
“Length of Rectangutar Weir
Side Slope i . 0.00%  Angle1
Side Slopa 2 0.00% Angle2
Total Angle For V-notch Weir
head Rect weir v-notch
1.75 1220.0 0.0

100
0.00
0.00
0.00

40
0.00
0.0¢
0.00

170
0.00

0.00

0.00

Q cutver

Q roral=

totél Q

358

fotat Q

185

total @
1220

1202

2974

50



. Culvert Calculator Report
Existing Dual 8.5x7 RCBC - Proposed Conditions

Solve For. Discharge

Culvert Surnmary
Allowabe HW Elevation 548800 K Headwater DepthyHeight 1.56
Computed Headwater Elevation 5.499.00 #t Dlischarge 1,202.20 cfs
Iniet Cantrol HW Elev. , ' 5498.00 f Tailwater Elevation 549600 ft
Outlet Control HW Eley. 5499.00 ft Conrpt Type : Cullet Control
" Grades
Upstraam Invert 5.468.83 Ht * Downstream Invert S4B7.74
Length ' §0.00 ft Constructed Slope 1.82 %
" Hydraulic Profile
Profile PressureProfile Depth, Downstream B.26 ft
Skope Type NiA Normal Depih 311 ft
Flow Regime MiA Critical Depth 538 f
Valocty Downsiream 10.86 tfs Critical Slope 042 %
Section
Section Shape : Box Mannings Coafficient ) 0.013
Saction Material - _ Concrete _Span. ) BEO #
Section Slze B85x65R Rise ) 550 ft
Nismber Sections 2
Outlet Control Properties
Outlet Control HW Elev. : 5,499.00 ft Upstream Velocity Head ) 184 #
Ke ' 0.50 Enfrance Loss : 0g2 #
- Inlet Control Properties
Intet Conirol HYWY Eley. 549800 ft Fiow Control . Submerged
Intet Type 45* non-offset wingwall flares Area Ful 15
K ' _ 0.49700 -~ HDS 5 Chart : 12
M 0.66700 HDS 5 Scale - 1
c 0.03390 Equation Farm 2
Y 0.80300
: Project Engineer: Greg Murphy
tA.\ham queenichilidrainage\queensmark.cvm Calibra Englneering CuytvertMaster v2.0 {2.005]
0616804 03:24:43 PM © Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA  +1-203-755-1666 Page t of 1
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Private Road Capacity - North Half
Worksheet for Irreqular Channel

Project Descriplion

Worksheef Privale Road Capacity - North Half

Fiow Elermnent Irregular Channel
Method - Manning's Formuia
Solve For Discharge
input Data
Slope ’ : 0.50 %
Water Surface Elevation ) 043 #
Opfions
Cumrent Roughness Method . Improved Lotler's Method
Open Channe! Weighfing Method ’ improved Loters Method
Closed Channel Weighling Method Horlon's Method
Results
"Mannings Coefficient 0.015
" Elevation Range 0.00 0 343
Discharge : 536 cfs
Flow Area . 28 ft
Wefted Perimeter 2109 f
Top Width ' 21,00 ft
Agtual Depth 043 #
Criiical Elevalion ' 042 ft
Crifical Slope - 061 %
Velocity 1.89 tts
Veiocily Head 006 f
Specific Energy 049 1t
Frouda Number 091
Flow Type Subgritical
Roughness Segments
Start End ‘Mannings
Stafion Station Coefficlent
0+00 - 0+13 0.016
0413 0421 : ) 0.013

Natural Channel Points

Stafion Elevation
(4] : "

O+00 0.43

" oe13 0.17

D+15 0.00

‘0+16 0.33

orE 0.33

0+21 043
] Project Engineer; Greg Murphy
IAprojeststham queenichvibdrainageiproject1.fmz Calibre Enginwsring Flowhiaster vB.1 {514p]

1240502 04:46:02 FM ' €& Haestad Methods, Inc. 37 Brookside Road  Walerbury, CT DB708 LISA (203} 755-1666 Page 1of t
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Private Road Capacity - Minor Storm {(North Half)
Rating Table for Irregutar Channel

Project Descriplion

Worksheet Private Road Capacity - North Half

Flaw Element Irregular Channel

Method Manning's Formula

Sotve For Discharge

* Input Gata

Water Surface Elevafion 043 ft

Options

Current Roughness Method Improved Lotler's Method

Open Channe! Weighting Method improved Lotler's Method

Closed Channel Weighting Method - Horton's Method

Aftribute Minimum Maximum Increment
Slape (%} o506 4.00 . 050
Slope Discharge Velotity Flow Wetted Top
(%) {cfs) {firs) Area Perimeter Width
' () # {#).
0.50 5.38 1.89 .28 21.09 21.00
1.00 T8 288 28 21.09 21.00
150] 9.32 228 2.8 21.00 21.00
2.00 10.76 are 28 21.09 24.00
. 250 12,04 424 28 21.08 24.00

3.00 13.18 464 28 21.09 21.00
3.58 14.24 5.01 2.8 2108 21.00
4.00 15.22 5.36 .28 21.09 21.00

I\projecisiham gqueenicivifdrainage\project’.fm2 .
© Haestad Methods, nc. 37 Brookside Road  Waterbury, CT 06708 USA  (203) 755-1666

12/05/02 04:48:19 PM

Calibre Enginasring

Project Engineer: Greg Murphy
Flowhzster v6.1 [6140]

Page 1'of1
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Private Road Capacity - North Half
Cross Section for Irregular Channel

Project Descriplion
Workshget ' Private Road Capéacity - North Half
* Flow Element : Irrequiar Channel
Method Manning's Formula
Solve For Discharge
Section Data -
Mannings Coefficient 0.015
Slope 050 %
Waler Surfaca Elevation . ' 043 &
Elevation Range 0.00te .43
Discharge 538 cfs
B b S
5:88% : ‘ — —2 i
0+00 0+05 0+10 0+15 ' 0+20 0+25
Vi)
H:
NTS

Project Engineer: Grag Murphy
Callbre Enginearing . Flerwzster v8.1 [B140]
& Haestad Methods, Inc.- 37 Brookside Road  Watarbury, CT 06708 USA  (203) 755-1666 Page 1of 1

Mprojectstham queenichvibdrainagetproject!.im2
12K05/02 04:46:36 PM



Private Road Capacity - South Half
Worksheet for irreguiar Channel

Project Description
Workshzet Private Road Capacity - South Half
Fiow Elermant {mmegular Channel
Method Manning's Formula
Solve For Discharge
Ifput Datla
Slope _ 0.50 %
Water Surface Elevafion 0.33 ft
Opﬁons
Cumrent Roughness Methad Improved Lotter's hMethod
Cpen Channel Weighting Method Improved Lotler's Method
Closed Channef Weighting Method Horton's Method
Resulis
Mannings Cosfficient G015
Elevation Range 0.00 to 0.43
Discharge 202 cfs
Flow Area 12 8
Waetted Perimeter 1076 1
Top Width 10.67 R
Aclual Depth 033 #
Critical Etevation o ft
Critical Slope 072 %
" Velocity 163 ftls
Velocity Head 0.4 f
Specific Energy 037
Fraude Number 0.84
Flow Type Suberitical
Roughness Segments
Start - End Mannings
Station Station Coefficient
0416 13 0.013
-0+13 0+00 0.016
Natural Channe! Poinis
Statfion Elevation
m (m
-0+16 0.33
-0+15 0,00
~0+13 0.47
0+00 043

Ihprojecistham queenicivifdrainage\preject fm2

12005102 04:47:05 PM

Calibre Englneering
@ Haestad Methods, Inc. 37 Brookside Road  Waterbury, O 06708 USA  {203) 755-1666

Project Engineer: Greg Murphy
Fiowhaster v6.4 [6140)
Fage 1 of 1

55



Private Road Capacity - South Half
Rating Table for Irregular Channel

Project Description
Worksheet " Private Road Capacity - South Half
Flow Element Irregular Channel
Methad Manning’s Formula
Solve For Discharge
" Input Diata _
“Waler Suface Elevalion 033 ft
Options
Current Roughness Method improved Lotter's Method
Open Channal Welghfing Methed Improved Lotter's Method
Ciosed Channel Welghling Method ' Horton's Method
Attribute Minimum Maximum Increment
Slops (%) 0.58 - 4.00 .50 -
Slape Discharge Velocity Flow Wetlled Top
{%) . {cfs) . {ft's) Area Perimeler Width
] _ {1 (M {fly
0.50 2.02 1.63 12 10.76 ’ 1057
1001 - 2.86 2.3 1.2 . A10.76 10.67
1.50 KE N 83|, 1.2 10.76 1067
2.0 . 4,05 ) .26 1.2 10.76 $0.67
250 4.53 185 1.2 10.76 : 10.67
.00 496 4.00 1.2 10.76 10.67
.56 5.35 4.32 . 1.2 10.76 1067
4.001 572} 4.61 i 1.2 ) 10.76 1087
. . Project Englneer: Greg Murphy
liprojecisiham gueencivitdralnage\project!.fm2 Calibre Engineering Flowhaster v6.1 {6140]
12105102 04:47:25 PM £ Haestad Methods, Inc. 37 Brookside Road  Waterbury, CT 06708 USA, {203) T55-1666 Page 1 of 4
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Private Road Capacity - South Half
Cross Section for Irreguiar Channel

Project Dascription

Worksheet Private Road Capacity - South Half
Flow Elemnent Irragutar Channal
hMethod Manning's Formuia
Solve For Dischargs
- Section Dafa
Mannings Coefflciant 0015
_Slape 050 %
Water Surface Elevation .33 #
Elevation Range 0.00to D43
Discharge 202 ¢k
0.45 . — m—rrar = Yl
0.00 b : S A S ] ! ]
0+16

I\projecistham queenicivifidrainage\praject1.fm2

120502 04:47:41 PM

0+14  -0+12  -0+10  -0+08  -0+08  0+04  -0+02  0+00

’ Callbre Engineering :
@ Haestsd Methods, Inc. 37 Brooksida Road  Waterbury, CT 06708 USA  {203) 755-1666

Project Engineer: Greg Mutpiy
FlowMaster v5.1 [814¢0]
Fage 1of 1
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RIPRAP SIZING il .
From "Design of Low Tailwater Riprap Basins for Storm Sewer Pipe Outlets®, UDFCD 1986

18" Qutfall into WQ Pond From Target Low Point

D= 1.5 ft {pipe diam.)
From Stormcadd results:
Qmo = 6.70 cfs
V= 379 fps
d= 1.29 ft (full flow)
From UDFCD:

Pa= (v?+gd)"”
Pd = 7.48
Fram Figure 4*: Use Type M Riprap-Ds= 12 in.

*Note: Use min. Type M riprap
Thickness (T) =1.75 x Dg;

T= 21 inches
Find Basin Length and Width:
L= 6 ft
W= 6 ft

Find Concrete Cutoff Wall Depth:

B= a0 inchas

RWL

10/28/2004
LAPROJECTS\HAM QUEEMNCIVILIDRAINAGEFINAL ow Tail Water 7:46 AM



Kingston Place Subdivision Flling No. 1 “|palibre ]
Final Drainage Report ENGINEERING

APPENDIX

GRAPHS AND TABLES

LAPROJECTS\HAM QUEEN\CIVIL\DRAINAGE\FINALFinal Drainage Report. doc
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RUNOFF COEFFICIENTS AND PERCENTS IMPERVIOUS

LAND USE OR SURFACE PERCENT FREQUENCY.
~ CHARACTERISTICS IMPERVIOUS '
2 5 10 100
Busingss: '
Commercial Areas a5 .87 .87 .28 . 89
Neighborhood Areas 85 .60 65 70 80
Residential: : o
Single-Famity (*¥) ] .40 A5 50 60
Multi-Unit (detached) 60 - 43 30 60" - 70
Multi-Unit (attached) 75 .60 .65 00 .80
"I~ 1/2 Acre Lot or Larger {*) 30 35 40, 60
Apartments 80 .65 70 30 .80
Tndustrial: . B
Light Areas 80 71 72 .76, .82 .
Heavy Areas 90 .80 .80 851 50
Parks. Cemneteries 5 10 10 351 - .50
Playerounds 10 .15 25 351 .65
Schools 50 45 50 .60 | 70
Railroad Yard Areas 15 40 45 S50 60
Undeveloped Areas: o
.Historic Flow Analysis,
Greenbelts, Agricultural 2 (See "Lawns™):
Off-Site Flow Analysis :
{when land use not defined) 45 43 47 -S54 .63

03



TABLE 1 (continued)

RUNOFF COEFFICIENTS AND PERCENTS IMPERVIOUS

LAND USE OR SURFACE PERCENT FREQUENCY
" CHARACTERISTICS IMPERVIOUS g '
12 5 10 100
Streets: ) i
Paved . 100 .87 .88 80 .93
Gravel 140 15 25 35 65
Concrete Diive and Walks 56 ' 87 .87 -1 BB .89
"Roofs 90 1 .80 85 S50 ] 90
Lawns. Sandy Soil: 2
2% Slope 05 06 - 08 .10
2-7% Slope ' .10 1 .11 13 15
>7% Slope 15 .16 .18 .| 20
Lawns. Clay Soil: 3 : ;
2% Slope , 13 14 15 17
2-7% Slope - ‘ a8 |9 20 22
>7% Slope . - 125 27 30 .35
. NOTE: These Rational Formula coefficients may not be valid for large basins

(*)See Figures RO-3 through RO-5 of USDCM Volume 1 for percent impervious.

(**)Up to 5 umits per acre. Single-family with more than 5 units per acre, use values for multi-
unit/detached. ' '

64



DRAINAGE CRITERIA MANUAL - | | RUNOEE

50 /
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VELOCITY IN FEET PER SECOND

ESTIMATE OF AVERAGE FLOW VELOCITY. FOR
USE WITH THE RATIONAL FORMULA.

& MOST FREQUENTLY OCCURRING “UNDEVELOPED"
LAND SURFACES IN THE DENVER REGION.

REFERENCE: “Urban Hydrology For Small Watersheds” Technaical
Refease HNo. 55, USDA, S5CS Jan_. 1975

FIGURE i
5-1-84
URBAN DRAINAGE & FLOOD CONTROL DISTRICT
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