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FINAL DRAINAGE REPORT FOR
STERLING RANCH FILING NO. 2

DRAINAGE PLAN STATEMENTS

ENGINEERS STATEMENT

The attached drainage plan and report was prepared under my direction and supervision and are correct to
the best of my knowledge and belief. Said drainage report has been prepared according to the criteria
established by the County for drainage reports and said report is in conformity with the master plan of the
drainage basin.

Virgil A. Sanchez, P.E. #37160
For and on Behalf of M&S Civil Consultants, Inc

DEVELOPER’S STATEMENT

I, the developer have read and will comply with all the requirements specified in this drainage report
and plan.

BY:

James F Morley

TITLE:
DATE:

ADDRESS: SR Land, LLC
20 Boulder Crescent, Suite 210
Colorado Springs, CO 80903

EL PASO COUNTY'S STATEMENT

Filed in accordance with the requirements of El Paso County Land Development Code, Drainage
Criteria Manual Volumes 1 and 2, and the Engineering Criteria Manual, as amended.

BY: DATE:
Jennifer Irvine, P.E.
County Engineer / ECM Administrator
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FINAL DRAINAGE REPORT FOR
STERLING RANCH FILING NO. 2

PURPOSE

This document is the Final Drainage Report for Sterling Ranch Filing No.2. This report was previously
discussed, as a preliminary drainage report, in the “Master Development Drainage Report for Sterling
Ranch Filing Nos. 1&2, and Final Drainage Report for Sterling Ranch Filing No.1” prepared by MS Civil
Consultants, dated April 2017. The purpose of this document is to identify and analyze the on and offsite
drainage patterns and to ensure that post development runoff is routed through the site safely and in a
manner that satisfies the requirements set forth by the El Paso County Drainage Criteria Manual. The
principal use for this Final Drainage Report and Final Plat, is only for the major roadways, 49 lot single
family residential lots, zero lot single family residential and tracts. The defined tracts are for the
development of; landscape areas, and future single family lots. The tracts proposed for future single
family development will be replatted into lots, except for those shown on this drainage report, and will
have a separate final drainage report. The following report is an analysis of the drainage for the entire
development, single family lots, onsite and offsite drainage.

GENERAL LOCATION AND DESCRIPTION

Sterling Ranch Filing No. 2 is located in Section 32, Township 12 South, Range 65 West of the 6"
Principal Meridian, Section 33, Township 12 South, Range 65 West of the 6™ Principal Meridian and
Section 4, Township 13 South, Range 65 West of the 6" Principal Meridian within unincorporated El Paso
County, Colorado. The site is bound on the west by existing Vollmer Road. The site is bound on the north
by the Barbarick Subdivision and Sterling Ranch Filing No. 1. The property is bound to the east by Sand
Creek. The site is bound on the south by properties owned by FM Partners LLC and 8335 Vollmer Road
LLC c/o Pioneer Sand Co. Sterling Ranch lies within the Sand Creek Drainage Basin. Flows from this site
are tributary to Sand Creek.

Sterling Ranch Filing No. 2 consists of 144.778 acres and is presently undeveloped. Vegetation is sparse,
consisting of native grasses. Existing site terrain generally slopes from north to south at grade rates that
vary between 2% and 8%.

Sterling Ranch Filing No. 2 is currently zoned "RS-5000" for residential single family development, and
“CS” for Commercial development. Improvements proposed for the site include paved, streets, trails,
utilities, and storm drainage improvements, as normally constructed for a residential and commercial
development. Full spectrum detention facilities are proposed to be constructed along the length of the site,
off line of Sand Creek, to provide water quality treatment and detain stormwater for the development.

SOILS

Soils for this project are delineated by the map in the appendix as Blakeland Loamy Sand (8), Flakeland-
Fluvaquentic Haplaquolis (9) and Columbine Gravelly Sandy Loam (19) are characterized as Hydrologic
Soil Types "A". Pring Coarse Sandy Loam (71) is characterized as Hydrologic Soil Types "B". Soils in
the study area are shown as mapped by S.C.S. in the "Soils Survey of El Paso County Area". Vegetation is
sparse, consisting of native grasses and weeds.



HYDROLOGIC CALCULATIONS

Hydrologic calculations were performed using the El Paso County and City of Colorado Springs Storm
Drainage Design Criteria manual and where applicable the Urban Storm Drainage Criteria Manual. The
Rational Method was used to estimate stormwater runoff anticipated from design storms with 5-year and
100-year recurrence intervals.

The historic and developed drainage conditions in this report were calculated using the Soil Conservation
Service (SCS) Hydrograph procedure per the El Paso County Drainage Criteria Manual. Since the majority
of the existing drainage basins in this report exceed 100 acres in size, this method was selected for an
“MDDP” level of detail. However, in future phases of drainage analysis for Sterling Ranch, the Rational
Method will be used to analyze smaller drainage basin areas. Normally, the Rational Method is a bit more
conservative, but is better used to analyze smaller basins and smaller “local” drainage facilities. The SCS
procedure will be used for regional and larger drainage facilities, such as, detention ponds, channel
improvements and culverts.

HYDRAULIC CALCULATIONS

Hydraulic calculations were estimated using the Manning's Formula and the methods described in the El
Paso County and City of Colorado Springs Storm Drainage Design Criteria manual. The relevant data
sheets are included in the appendix of this report.

FLOODPLAIN STATEMENT

A portion of this site is within a designated F.E.M.A. floodplain as determined by the Federal Emergency
Management Agency (FEMA) Flood Insurance Rate Map (FIRM) Panel No. 08041C0535 F, effective
date March 17, 1997 and revised to reflect LOMR, 08-08-O541P, dated July 23, 2009. An annotated
FIRM Panel is included in the Appendix. The only development within the floodplain will be outfall
pipes and minor bank stabilization. A "No Rise Permit" will be performed with the proposed
improvements to Sand Creek.

DRAINAGE CRITERIA

This drainage analysis has been prepared in accordance with the current City of Colorado Springs/El
Paso County Drainage Criteria Manual, Volumes I & II, dated November 1991, including subsequent
updates. EIl Paso County has also adopted Chapter 6 and Section 3.2.1 of Chapter 13 in the City of
Colorado Springs & El Paso County Drainage Criteria Manual Volumes I and II, dated May 2014.
(Appendix I of the El Paso County’s Engineering Criteria Manual (ECM), 2008). In addition to the
ECM, the Urban Storm Drainage Criteria Manuals, Volumes 1-3, published by the Urban Drainage and
Flood Control District (Volumes 1 & 2 dated January 2016, Volume 3 dated November 2010 and
updates. Calculations were performed to determine runoff quantities for the 5-year and 100-year
frequency storms for developed conditions using the Rational Method. The site is in excess of 100 acres,
which according to the above referenced criteria triggers the use of the Soil Conservation Service (SCS)
Method for peak runoff determination. To be conservative, the rational method is used to ensure
downstream structures are of adequate size to accept anticipated peak flows, and to be consistent with
future Final Drainage Reports within Sterling Ranch. However, the SCS method, Full Spectrum
Detention was used to size the detention ponds for the development. The SCS method is less
conservative and more accurately sizes the storm events to model the detention ponds, and Sand Creek
channel conveyance.
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WETLANDS

Sterling Ranch was authorized under Section 404 of the (fean Water Act to discharge dredged and fill
materials into waters of the United States to conduct work associated with construction of Sterling Ranch
Residential Development in accordance with Actig’ Number SPA-2015-00428-SCO. A copy of the
permit is within the Appendix of this report. For the construction of Sterling Ranch Filing No. 1, ~2950
square feet of wetlands will be displaced and mitigated. The disturbance areas are located within the
general area of Pond BB, Pond 4 and Pond8 which outfall into the Sand Creek Channel. A mitigation
area is designated on the construction drg®ings. Coordination with the wetlands consultant and the Army
Corp of Engineers will be in conforpance with the wetland permit. No other construction associated
with Sterling Ranch Filing No. 1 gll disturb the existing wetlands. Sterling Ranch Filing No. 2 will
have significant wetland disturbance. The area(s) of mitigation will be shown on the construction
drawings and Final Drainage report associated with Filing No. 2. Included in this report (in the appendix)
are the memo and map from Core Consultants showing intent to have wetlands delineated in the Filing
No. 2 areas of wetland disturbance and mitigation.

EXISTING DRAINAGE CONDITIONS

The Sterling Ranch Filing No. 2 site consists of 49.643 acres and is situated west of the Sand Creek
Watershed. This area was previously studied in the "Sand Creek Drainage Basin Planning Study" (DBPS)
prepared by Kiowa Corporation, revised March 1996. More recently the area was studied in the
"Preliminary Drainage Report for Sterling Ranch-Phase 1", dated May 2015, by M&S Civil Consultants,
Inc. (henceforth referred to as "PDR"). A "Master Development Drainage Plan For Sterling Ranch",
prepared by M&S Civil Consultants, Inc., dated July 2010 and "Technical Memorandum Sand Creek
Channel Study (North of Woodmen Road) Hydrologic Analysis" (TM-SCCS) prepared by M&S Civil
Consultants, Inc., dated July 2016, was submitted and under review but not approved. And finally this
report was studied in the “Master Development Drainage Report for Sterling Ranch Filing Nos. 1&2, and
Final Drainage Report for Sterling Ranch Filing No.1” prepared by MS Civil Consultants, dated April
2017.

The Sand Creek DBPS assumed the Sterling Ranch property to have a "large lot residential" use for the
majority of the site. However, the proposed master plan is a mix of; school, multi-family, single-family,
and commercial land uses, resulting in higher runoff. The site generally drains from north to south
consisting of rolling hills. Currently, the site is used as pasture land for cattle. Sand Creek is located east
of the site running north to south. This reach of drainage conveyance is not currently improved. There are
a few stock ponds within the creek channel used for cattle watering. Barbed wire fences bound the entire
~1440 acres of Sterling Ranch.

Offsite flows enter Sterling Ranch from the east, west and north , described as follows;

To the west, the existing subdivision west of Vollmer Road historically drains south to the west side of
Vollmer Road. A roadside ditch carries the flow southwesterly and is intercepted by the Pond 6 storm
infrastructure. Flows will ultimately be released into Sand Creek. See the Historic Basin Descriptions
section of this report.

To the east; Sand Creek conveys flows from north to south. Flows from Sand Creek will continue to be
conveyed through Sterling Ranch. (DBPS SEG: 170, 187, 163)

To the north; Sterling Ranch Filing No. 1 flows are captured via detention ponds Pond 4 and Pond 8 and
are released into Sand Creek. Flows from the Barbarick Subdivision are collected by detention ponds and
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water quality ponds and are released at the northend of the proposed Sterling Ranch Filing No. 2 site. See
“Final Drainage Report for Barbarick Subdivision, Portions of Lots 1, 2 and Lots 3 & 4, by Matrix Design
Group, June 2016”. (DBPS SEG: 164, 159)

To the south of Sterling Ranch Filing No.2 lie properties owned by FM Partners LLC (undeveloped) and
8335 Vollmer Road LLC c/o Pioneer Sand Co., (zoned I-3 heavy industrial). The undeveloped runoff from
these areas is conveyed from north to south, via historic drainage patterns, and do not impact any Sterling
Ranch property.

The following “Proposed Drainage Characteristics” will address how developed and historic flows will be
routed through Sterling Ranch to Sand Creek. If future offsite development occurs upstream of Sterling
Ranch from the west or north, the propertie(s) will be required to detain to historic/ existing conditions per
the County / City drainage criteria.

Refer to the Sterling Ranch Historic Drainage Map and Sterling Ranch Filing No.1&2 MDDP-Proposed
Drainage Map (in the appendix) for off-site basin information. Descriptions of off-site basins are
discussed below.

The following drainage basin narratives are based on information derived from field visits, USGS
topographic mapping, aerial topography, field surveys and information provided by others familiar with the
site. A “sheet flow” verses “concentrated ditch flow” designation was determined as best as possible from
the available source topography, actual conditions may vary. Ownership was determined by the use of the El
Paso County Assessor’s web site as of the date of this report. A summary of peak runoff for the basins and
designated design points are depicted on the Sterling Ranch Historic Drainage Map and Existing Conditions
Drainage Map in the appendix.

Historic Basin Descriptions

Basin EX-1 (Q5 = 3 cfs, Q100 = 40 cfs) is a 24 acre area of land located in the southwestern portion of the
site, southeast of Vollmer Road. This area of land, as well as the balance of Sterling Ranch is undeveloped
and is used for pasture. Runoff from the basin generally travels as sheet flow from north to south until it
reaches the northern boundary of an existing gravel pit.

Basin EX-2 (Q5 =3 cfs, Q100 = 45 cfs) is a 31 acre area of land located in the southwest portion of the site,
southeast of Vollmer Road. Runoff from the basin generally travels as sheet flow and concentrated ditch
flow from north to south until it reaches the northern boundary of an existing gravel pit.

Basin EX-3 (Q5 =49 cfs, Q100 = 341 cfs) is a 311 acre area of land located in the western portion of the
site. A portion of the basin extends off-site to the northwest side of Vollmer Road, and is undeveloped (See
Proposed Drainage Map, Sub-basin EX3~W-2, OS1A, OS1B, OS1C, OS1D~ Q5=21.0 cfs and Q100=154.2
cfs). A southern portion of the basin (adjacent to Vollmer Road) is currently developed as
commercial/industrial ground outside of the Sterling Ranch boundary, (Barbarick Subdivision). The
remaining southern portion of the ground is within Sterling Ranch. Runoff from the basin generally travels
from north to south until it reaches the southern boundary of Sterling Ranch and flows into a tributary of
Sand Creek (See Sand Creek Drainage Basin Planning Study, Segment 159, page 47-48, anticipated
flows=950 cfs). Per the approved Preliminary/Final Drainage Report for the Barbarick Subdivision,
detention ponds are proposed to detain flows discharging to the south into Sterling Ranch. At the time of
this report, the detention ponds have not been constructed. (See Proposed Map for location and flows).

Basin EX-4 (Q5 = 71 cfs, Q100 = 352 cfs) is a 330 acre area of land located on the western portion of the
site, including the Sand Creek channel. A portion of this basin extends off-site to the northwest of Vollmer
Road, and is currently undeveloped property. Runoff from the basin generally travels from north to south
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until it reaches the northern boundary of the site, being conveyed in the Sand Creek channel (See Proposed
Drainage Map, Sub-Basin EX4A EX4B, EX4C~Q5=28.2 cfs and Q100=208.4 cfs). (See SCDBPS,
Segment 163, pages 49-51)

Basin EX-5 (Q5 = 14 cfs, Q100 = 209 cfs) is a 152 acre area of land located on the northwestern portion of
the site, including the Sand Creek channel. A portion of this basin extends off-site to the north of the site
boundary. Runoff from the basin generally travels from northwest to southeast until it reaches the Sand
Creek Channel, then being conveyed through Sterling Ranch. (See SCDBPS, Segments, 170,& 187, pages
51-54).

Basin EX-6 (Q5 = 118 cfs, Q100 = 2168 cfs) is a 1,692 acre area of land located north of Sterling Ranch,
tributary to the Sand Creek channel. Some of the basin developed as low density residential , or is vacant
and used for pasture. Runoff from the basin generally travels from north to south until it reaches the Sand
Creek Channel, then being conveyed through Sterling Ranch. (See SCDBPS, Segments, 170,& 171, pages
54-55. The anticipated SCDBPS flow at the north boundary of Sterling Ranch is Q10 = 670cfs, Q100 =
2260cfs)

Basins EX 7 — 13 exist on the east side of Sand Creek and do not effect Sterling Ranch Filing No. 1 & 2.
(Per Historic Drainage Map in the Appendix)

Basins OS 20-23 and Off-Site Conveyance

The existing drainage patterns on the west side of Vollmer Road are not intended to be significantly
altered by the development of Sterling Ranch. The construction of Vollmer Road will address the ditch
flows along the west side and will install drainage culverts were necessary per this report. The majority
of the flows from the west side of Vollmer Road are to be routed in the historical direction to the
southwest along the roadway to a proposed Pond W-2 and Pond W-4. At the north end of the Barbarick
subdivision, west side of Vollmer Road, a new 48” RCP is proposed to convey the flows from the full
spectrum detention pond W-2 and across Sterling Ranch development to Sand Creek. The proposed 48”
RCP replaces an undersized existing 24” CMP that historically conveyed a portion of the runoff from the
upstream watershed, but at a different location. The purpose of this relocation is to conveniently route
the flows across Sterling Ranch in a logical path to Sand Creek as in the historical condition. Runoff
produced from the remaining off-site watershed located along the west edge of the development will be
routed along the west side of Vollmer Road to the southwest corner of the development and a proposed
Pond W-4. At the northwest corner of Tahiti Drive and Vollmer Road a 66” RCP will be installed to
collect and convey runoff under proposed Marksheffel Road before ultimately discharging into Sand
Creek. Runoff reaching the development along the south boundary line of the Barbarick Subdivision will
be conveyed through the proposed site by portions of the existing western tributary channel, proposed
temporary swales and proposed storm sewer until it ultimately reaches Pond W-5. Additional internal
collection and conveyance storm sewer systems will be constructed with future development parcels
within Sterling Ranch. Runoff reaching the northern boundary of Phase I at proposed Briargate Parkway
will be redirected around the site via a temporary swale to Sand Creek. BMP’s will be installed to
prevent erosion of the temporary swale.

The intention of the drainage design for Sterling Ranch is to not adversely affect any adjacent property
within the developed flows from Sterling Ranch. As previously mentioned, on the south end of the site,
the developed flows are to be re-directed and collected in local storm sewer facilities onsite to Sterling
Ranch. Only very minor amount of storm water shall be conveyed from small landscaped areas, or tracts
onto the adjacent lands. This amount of discharge is far less than the historic runoff onto these
properties. (East side of Barbarick Subdivision). No downstream retention ponds exist that would be
sacrificed by this redirection of flow.



To the east of the proposed Sterling Ranch — Phase I, the property is not planned for development at this
time. Therefore, the adjacent properties to the east and south will not see any change in the upstream
historical conveyance of flows. The majority of all major flows exiting the Sterling Ranch — Phase |
development will be detained and treated in onsite full spectrum detention ponds, prior to discharging
into the Sand Creek channel. The option to construct larger online regional facilities to aid in the
treatment and detention of runoff produced from planned and future development will continue to be re-
evaluated.

Existing Utilities — High Pressure Gas Pipelines

At the southwest corner of Sterling Ranch exists three high pressure gas/petroleum pipelines. There are two
20-inch diameter and one 6-inch diameter pipelines. Special care in design and coordination with the
appropriate utility agency shall be made to ensure of safety. Also, at the southwest portion of the site exists a
Colorado Springs Utilities gas distribution line that serves the Barbarick Subdivision. This gas line will
likely be relocated in the proposed right-of-way of the southern proposed Filing No. 2 subdivision.

However, it should be noted that the gas pipelines existed pre-development. Additional utilities (including
MVEA, Century link, CIG,...,) are present adjacent to the Vollmer right-of-way, and will be relocated where
necessary with the Vollmer Road improvements.

PROPOSED DRAINAGE CHARACTERISTICS
General Concept Drainage Discussion

The following is a description of the offsite and onsite basins, offsite bypass flows and the overall future
drainage characteristics for the development of Sterling Ranch Filing No. 2. The initial development of
Filing No. 2 consists only of the roadway and storm sewer infrastructure for; Marksheffel Road (4 lane
urban principal arterial), Vollmer Road (modified Urban Minor Arterial) and Sterling Ranch Road (urban
non-residential collector). Calculations have been provided to show the proposed development will
adequately convey flows for the adjacent tracts to be developed.

Let it be noted that, the areas to be platted in Sterling Ranch Filing No. 2 are as follows:

-Vollmer Road additional ROW dedication and adjacent Tracts D and F

-Marksheffel Road and adjacent Tracts D and C

-Sterling Ranch Road and adjacent Tracts B, D, J, K and A

-Tract E zero lot line single family residential and

-49 single family residential lots and Tracts G, H and 1.

These platted areas will be addressed in this report as the Final Drainage Report for Sterling Ranch Filing
No. 2. The areas proposed for future single family development, future commercial parcels and future
school site will be replatted and will have a separate final drainage reports.

The following DPs and Basins were determined using the Rational Method since this method offers a
more conservative approach to sizing swales and storm drain. It should be noted that all calculations and
drainage basins have been revised to reflect the new criteria updates by the El Paso County/City of
Colorado Springs Drainage Criteria Manual. See appendix for minor and major street capacity rating
table sheets for street sections, sump inlet capacity rating table and design peak flow sheets for at-grade
inlets. Surface flow is designated as Design Points (DP) and storm sewer routing as Pipe Run (PR).

Detailed Drainage Discussion

Design Points Tributary to Detention Pond W-5 (Proposed Drainage Map)-Filing No. 2
9



DP28, 33.3 acres, consists of Basin OS3 off-site Barbarick Subdivision with runoff coefficients of 0.36 for
the 5-year and 0.55 for the 100-year and Basin YY future Sterling Ranch residential lots with runoff
coefficients of 0.22 for the 5-year and 0.46 for the 100-year. Developed runoff of Q5=25.8 cfs and
Q100=60.2 cfs has been calculated for DP28. Per the "Final Drainage Report for Barbarick Subdivision
Protions of Lots 1, 2 and Lots 3, 4", prepared by Matirx Design Group, dated June 6, 2016, a combined
onsite flow of Q5=11.4 cfs and Q100=85.4 cfs was calculated up to the detention pond on the south
boundary line of the Barbarick Subdivision. The reduction of flow, form previous reports is attributed to a
reduction of Sterling Ranch Subdivision flow contributing to the OS3 basin. The release rate from the
detention pond combined with Basin YY are Q5=25.8 cfs and Q100=60.2 cfs The surface runoff shall be
collected by a temporary sediment basin and 36" FES and routed south via 36" RCP (PR32) to PR34.
Historic flows produced by Basin OS3 will be accounted for in the calculations for detention/water quality
for Pond W5. The drainage report was prepared by Matrix Design Group, 2016 for the Barbarick
Subdivision and has been attached at the end of the reference section of this report. The Final Drainage
Report for Filing No. 2 will address the revisions from the previous report to the new Matrix report.

In the interim, a temporary diversion swale will be constructed and will replace the construction of PR32.
The diversion swale will route flows from DP28 to DP29 (Q5=41.4 cfs and Q100=97.8 cfs). Figure CU-9
Inlet Control Nomograph INT DP29 INT is provided and swale grading complies with required headwater
depth. Upon development of Tract I the diversion swale will be removed and PR32 will be installed.

DP29, 12.58 acres, consists of Basin XX future residential lots and streets with runoff coefficients of 0.22
for the 5-year and 0.46 for the 100-year and Basin JP-1 future school site with runoff coefficients of 0.39
for the 5-year and 0.55 for the 100-year. Developed runoff of Q5=17.3 cfs and Q100=41.7 cfs has been
calculated for DP29. The surface runoff will be routed via overlot grading and curb and gutter to a
temporary sediment basin at DP29 which will be collected by a 36" FES. The flow will be routed west via
a 36" RCP (PR33)and will combine with flow from PR32. The combined flows in PR34 (Q5=41.4 cfs and
Q100=97.8 cfs) will be routed south and west via a 48" RCP to PR35,

DP30, 2.46 acres, consists of Basin III future open space area with runoff coefficients of 0.08 for the 5-
year and 0.35 for the 100-year and Basin JP-7A (Sterling Ranch Road) with runoft coefficients of 0.90 for
the 5-year and 0.96 for the 100-year. Developed runoff of Q5=6.5 cfs and Q100=13.0 cfs has been
calculated for DP30. The surface runoff is routed via overlot grading and curb and gutter to DP30 which
will be collected by a 15' CDOT type R at-grade inlet. The intercepted flow (Q5=6.5 cfs and Q100=11.1
cfs) will routed south via a 24" RCP (PR34A) and will combine with flows from PR34 and PR34B. The
combined flows (Q5=53.1 cfs and Q100=117.8 cfs) will be routed west via a 48" RCP (PR35) to PR39.

DP31, 4.64 acres, consists of Basin JJJ future residential lots with runoff coefficients of 0.22 for the 5-year
and 0.46 for the 100-year and Basin JP-7B (Sterling Ranch Road) with runoff coefficients of 0.90 for the
S-year and 0.96 for the 100-year. Developed runoff of Q5=8.4 cfs and Q100=19.8 cfs has been calculated
for DP31. The surface runoff is routed via overlot grading and curb and gutter to DP31 which will be
collected by a 15' CDOT type R at-grade inlet. The intercepted flow (Q5=8.2 cfs and Q100=14.2 cfs) will
routed south via a 24" RCP (PR34B) and will combine with flows from PR34 and PR34A. The combined
flows (PR35, Q5=53.1 cfs and Q100=117.8 cfs) will be routed west via a 48" RCP to PR39.

DP32, 17.0 acres, consists of Basin OS2 off-site Barbarick Subdivision with runoff coefficients of 0.55 for
the 5-year and 0.87 for the 100-year. Developed runoff of Q5=30.4 cfs and Q100=80.8 cfs has been
calculated for DP32 Per the "Final Drainage Report for Barbarick Subdivision Protions of Lots 1, 2 and
Lots 3, 4", prepared by Matirx Design Group, dated June 6, 2016, a combined onsite flow of Q5=3.13 cfs
and Q100=11.6 cfs was calculated up to the sand filter pond on the south boundary line of the Barbarick
Subdivision. The release rate from the sand filter pond combined with Lots 1 and 2 west of the sand filter
pond are Q5=30.4 cfs and Q100=80.8 cfs The surface runoff shall be collected by a temporary sediment
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basin and 42" FES. The flow will be routed south via 42" RCP (PR36) to PR38. Upon future development
of this basin, full spectrum detention shall be required and will release to historic release rates of Q5=30.4
cfs and Q100=80.8 cfs. Historic flows produced by Basin OS2 will be accounted for in the calculations for
detention/water quality for Pond W-5. The Final Drainage Report for Filing No. 2, will address the
revisions from the previous report to the new Matrix report.

In the interim, a temporary diversion swale will be constructed and will replace the construction of PR36.
The diversion swale will route flows from DP32 to DP33 (Q5=45.9 cfs and Q100=115.2 cfs). Figure CU-9
Inlet Control Nomograph INT DP33 is provided and swale grading complies with required headwater
depth. Upon development of Tract H the diversion swale will be removed and PR36 will be installed.

DP33, 9.68 acres, consists of Basin AAA future residential lots and streets with runoff coefficients of 0.49
for the 5-year and 0.65 for the 100-year. Developed runoff of Q5=17.3 cfs and Q100=38.5 cfs has been
calculated for DP33. The surface runoff will be routed via overlot grading and curb and gutter to a
temporary sediment basin at DP33 which will be collected by a 30" FES. The flow will be routed west via
a 30" RCP (PR37) and will combine with flows from PR36. The combined flows (PR38, Q5=45.9 cfs and
Q100=115.2 cfs) will be routed south via a 48" RCP to PR39. The combined flows in PR39 (Q5=98.5 cfs
and Q100=232.0 cfs) will be routed south via a 66" RCP to PR57.

DP39, 2.74 acres, consists of Basin BBB proposed residential lots and streets with runoff coefficients of
0.45 for the 5-year and 0.59 for the 100-year. Developed runoff of Q5=4.8 cfs and Q100=10.6 cfs has
been calculated for DP39. The surface runoff is routed via overlot grading and curb and gutter to dual 10’
CDOT type R at-grade inlets. The intercepted flow (Q5=4.8 cfs and Q100=10.14 cfs) will be routed south
via an 18" RCP (PR40A, PR40B) to PR40 (18” RCP). The flows from PR40 will be routed south to PR41
(24” RCP).

DP39A, 8.47 acres, consists of Basin BBB proposed residential lots and streets with runoff coefficients of
0.45 for the 5-year and 0.59 for the 100-year. Developed runoff of Q5=12.4 cfs and Q100=27.3 cfs has
been calculated for DP39A. The surface runoff is routed via overlot grading and curb and gutter to dual
10 CDOT type R at-grade inlets. The intercepted flow (Q5=11.36 cfs and Q100=17.86 cfs) will be routed
cast via an 18" RCP (PR41A) and a 24” RCP (PR41B). The combined flows from PR41B and PR40
(Q5=15.5 cfs and Q100=26.9 cfs) will be routed south via a 24" RCP to PR41.

DP44, 3.59 acres, consists of Basin HHH undisturbed gas line easements and minimal rear residential lots
with runoff coefficients of 0.08 for the 5-year and 0.35 for the 100-year. Developed runoff of Q5=1.0 cfs
and Q100=7.7 cfs has been calculated for DP44. The surface runoff is routed via historic drainage patterns
and overlot grading to a temporary sediment basin at DP44 which will be collected by an 18" FES. The
flow will be routed west via an 18" RCP (PR47) and will combine with flows at DP40 and PR42 (24”
RCP).

DP40, 3.12 acres, consists of Basin CCC proposed residential lots and streets with runoff coefficients of
0.49 for the 5-year and 0.62 for the 100-year and flowby from DP39 and DP39A. Developed runoff of
Q5=6.0 cfs and Q100=20.2 cfs has been calculated for DP40. The surface runoff is routed via overlot
grading and curb and gutter to dual 15 CDOT type R at-grade inlets at DP40. The flow will be routed
west via a 24" RCP (PR42) and will combine with flow from PR47. The combined flows in PR42
(Q5=4.8 cfs and Q100=15.8 cfs) will be routed south to PR48 (36 RCP). The combined flows from PR42
and PR41 will be routed south and west via a 36” RCP (PR48, Q5=23.0 cfs and Q100=52.3 cfs). These
flows are then routed to DP45.

DP43A, 19.14 acres, consists of Basin FFF proposed residential lots and streets with runoff coefficients of
0.49 for the 5-year and 0.62 for the 100-year. Developed runoff of Q5=35.0 cfs and Q100=74.3 cfs has
been calculated for DP43A. The surface runoff is routed via overlot grading to a temporary sediment basin
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at DP43A which will be collected by a 42" FES. The flow will be routed south via a 42" RCP (PR50) and
will combine with flow from PR48. The combined flows PRS0A (Q5=54.2 cfs and Q100=118.6 cfs) will
be routed south via a 48" RCP to PR52. Figure CU-9 Inlet Control Nomograph DP43A is provided and
swale grading complies with required headwater depth

DP45, 2.7 acres total, consists of Basin JP-7C (Sterling Ranch Road) with runoff coefficients of 0.90 for
the 5-year and 0.96 for the 100-year, Basin FFF1 proposed residential backyard lots with runoff
coefficients of 0.22 for the 5-year and 0.46 for the 100-year, Basin GGG proposed residential lots and
streets with runoff coefficients of 0.49 for the 5-year and 0.62 for the 100-year and flowby from DP30 and
DP40. Developed runoff of Q5=4.4 cfs and Q100=13.3 cfs has been calculated for DP45. The surface
runoff is routed via curb and gutter to DP45 which will be collected by a 15' CDOT type R at-grade inlet.
The intercepted flow (Q5=4.4 cfs and Q100=11.25 cfs) will be routed south via an 18" RCP (PR51) to
PR52. The combined flows PR52 (Q5=58.2 cfs and Q100=128.8 cfs) will be routed south via a 48" RCP to
PR56.

DP46, 0.61 acres, consists of Basin JP-7D (Sterling Ranch Road) with runoff coefficients of 0.90 for the 5-
year and 0.96 for the 100-year and flowby from DP-31. Developed runoff of Q5=2.4 cfs and Q100=9.7 cfs
has been calculated for DP46. The surface runoff is routed via curb and gutter to DP46 which will be
collected by a 15' CDOT type R at-grade inlet. The intercepted flow (Q5=4.4 cfs and Q100=9.1 cfs) will
be routed south via an 18" RCP (PR53) to PR56. The combined flows PR56 (Q5=60.2 cfs and
Q100=136.2 cfs) will be routed south via a 48" RCP to PR56A.

DP51, 1.76 acres, consists of Basin RP-7B (Marksheffel Road) with runoff coefficients of 0.90 for the 5-
year and 0.96 for the 100-year. Developed runoff of Q5=5.8 cfs and Q100=10.5 cfs has been calculated
for DP51. The surface runoff is routed via curb and gutter to DP51 which will be collected by a 15' CDOT
type R at-grade inlet. The intercepted flow (Q5=5.8 cfs and Q100=9.7 cfs) will routed east via an 18" RCP
(PR54) to PR5S5. Surface flow-by (Q5=0.0 cfs and Q100=0.9 cfs) from the inlet will be released at the end
of the curb section and will be routed via overlot grading to a temporary sediment basin (TSB) as shown
on the "Sterling Ranch-Phase 1 Offsite Grading, Early Grading & Erosion Control Plans", prepared by
M&S Civil Consultants, Inc., dated November 2015. Flows released from the TSB will be routed via
historic drainage patterns to Sand Creek. Erosion control has been provided per the offsite grading plan.

DP52, 1.93 acres, consists of Basin RP-7A (Marksheffel Road) with runoff coefficients of 0.90 for the 5-
year and 0.96 for the 100-year and flowby from DP45 and DP46. Developed runoff of Q5=6.4 cfs and
Q100=13.9 cfs has been calculated for DP52. The surface runoff is routed via curb and gutter to DP52
which will be collected by a 15' CDOT type R at-grade inlet. The intercepted flow (Q5=6.4 cfs and
Q100=11.56 cfs) will combine with flows from PR54 (PR55, Q5=12.2 cfs and Q100=21.2 cfs) and be
routed east via a 30" RCP to PR56A. The combined flows from PR55 and PR56 (PRS56A, Q5=71.1 cfs and
Q100=155.2 cfs) will be routed south via a 54" RCP to PR56B. The flows in PR56B (Q5=71.1 cfs and
Q100=155.2 cfs) will be routed east via a 2-42” RCP and combine with flows from PR39 to PR57. The
combined flows in PR57 (Q5=168.1 cfs and Q100=383.8 cfs) will be routed south via a 78" RCP to PR58.
Surface flow-by (Q5=0.0 cfs and Q100=2.3 cfs) from the inlet will be released at the end of the curb
section and will be routed via overlot grading to a TSB as shown on the "Sterling Ranch-Phase 1 Offsite
Grading, Early Grading & Erosion Control Plans", prepared by M&S Civil Consultants, Inc., dated
November 2015. Flows released from the TSB will be routed via historic drainage patterns to Sand Creek.
Erosion control has been provided per the offsite grading plan.

DP38, 25.89 acres, consists of Basin OOO future residential lots and streets with runoff coefficients of
0.45 for the 5-year and 0.59 for the 100-year. Developed runoff of Q5=37.2 cfs and Q100=81.9 cfs has
been calculated for DP38. The surface runoff is routed via overlot grading and curb and gutter to a
temporary sediment basin at DP38 which will be collected by a 42" FES. The flow will be routed south via
a 42" RCP (PR44) and will combine with flows from PR57 and PR57A. The combined flows in PR58
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(Q5=208.9 cfs and Q100=481.1 cfs) will be routed south via an 84" RCP to Detention Pond W-5 (DP57).
Flows will outfall into a concrete lined forebay. Figure CU-9 Inlet Control Nomograph DP43A is provided
and swale grading complies with required headwater depth

DP56, 8.17 acres total, consists of Basin RRR future commercial site with runoff coefficients of 0.81 for
the 5-year and 0.88 for the 100-year, Basin PPP1 future residential lots with runoff coefficients of 0.22 for
the S5-year and 0.46 for the 100-year and Basin QQQ undisturbed gas line easements with runoff
coefficients of 0.08 for the 5-year and 0.35 for the 100-year. Developed runoff of Q5=5.7 cfs and
Q100=20.5 cfs has been calculated for DP56. The surface runoff is routed via historic drainage patterns
and overlot grading to DP56 which will be collected by a 24" FES. The flow will be routed south via a 24"
RCP (PR57A) and will combine with flows from PR57 and PR44. The combined flows in PRSS8
(Q5=209.5 cfs and Q100=483.5 cfs) will be routed south via an 84" RCP to Detention Pond W-5 (DP57).
Flows will outfall into a concrete lined forebay. Figure CU-9 Inlet Control Nomograph DP43A is provided
and swale grading complies with required headwater depth

DP57, 7.95 acres, consists of Basin UUU (Detention Pond W-5) with runoff coefficients of 0.08 for the
S-year and 0.35 for the 100-year. Contributing surface runoff to detention pond W-5 include Basin PPP2
0.75 acres, future residential lots with runoff coefficients of 0.22 for the 5-year and 0.46 for the 100-year,
Basin TTT 1.38 acres, future open space with runoff coefficients of 0.08 for the 5-year and 0.35 for the
100-year and Basin OS4 5.13 acres, existing residential lots with runoff coefficients of 0.20 for the 5-year
and 0.44 for the 100-year The combined upstream developed runoff of Q5=217.4 c¢fs and Q100=517.9 cfs
has been calculated for DP57. The proposed Detention Pond functions to provide full spectrum detention
and water quality for runoff calculated onsite. The pond is designed to treat approx 175.6 acres, and
provide 2.97 ac-ft of water quality storage and 17.37 ac-ft of 100-year storage. The forebay, trickle
channel micropool, outlet structure and pipe have been designed per the UDFCD manual and per the
Detention Design-UD-Detention v3.07 workbook. The detention pond will be private and shall be
maintained by the Sterling Ranch Metropolitan District. Access shall be granted to the owner and El Paso
County for access and maintenance of the private detention pond. A private maintenance agreement
document shall accompany the submittal. In the event of clogging or total inlet failure, flows at DP57 will
over top the emergency spillway and outfall into Sand Creek. A rip rap apron will be constructed to
dissipate energy and prevent local scour at the outlet. The peak release rate from pond W-5 (PR71,
Q5=2.5 cfs and Q100=149.7 cfs ) will outfall, via a 48" RCP into Sand Creek. The summed flows (PR71
& PR67, Q5=42.2 cfs and Q100=472.4 cfs ) will routed via a 84 RCP (PR74) to DP68 and outfall into
Sand Creek. Impacts from the outfall into Sand Creek will be addressed in the revised TM-SCCS.

The water quality volume and 100-year volume required for the site has been determined using the
guidelines set forth in the City of Colorado Springs/El Paso County Drainage Criteria Manual Chapter 6-
Volume II. Refer to the Detention Basin Design sheets located within the appendix of this report.

Design Points Tributary to Sand Creek Filing No. 2

DP47A, 3.12 acres, consists of Basin RP-3B (Vollmer Road) with runoff coefficients of 0.90 for the 5-year
and 0.96 for the 100-year and flowby from DP16 (in the future developed condition). Developed runoff of
Q5=11.1 cfs and Q100=24.4 cfs has been calculated for DP47A. In the interim the surface runoff is routed
to a road side swale to DP47A which will be collected by a 2.91' x 5.67' CDOT Type D inlet. In the
interim a riprap apron will be constructed to dissipate energy and prevent local scour at the outlet.

In the future, upon full build out of Vollmer Road, the surface runoff will be routed via curb and gutter to

DP47A which will be collected by a 15' CDOT type R at-grade inlet. The intercepted flow (PR68,
Q5=10.0 cfs and Q100=15.8 cfs) will be routed north via a 30" RCP to DP60.
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DP48A, 4.12 acres, consists of Basin RP-3A (Vollmer Road) with runoff coefficients of 0.90 for the 5-
year and 0.96 for the 100-year and flowby from DP17 (in the future developed condition). Developed
runoff of Q5=13.5 cfs and Q100=26.6 cfs has been calculated for DP48A. In the interim the surface runoff
will sheet flow and be routed to a roadside swale and ultimately to DP60.

In the future, upon full build out of Vollmer Road, the surface runoff will be routed via curb and gutter to
DP48A which will be collected by a 15' CDOT type R at-grade inlet. The intercepted flow (Q5=11.4 cfs
and Q100=16.5 cfs) will combine with flows from PR68 and be routed west via a 30" RCP (PR69). The
cumulative flows in PR69 (Q5=21.2 cfs and Q100=31.9 cfs) will outfall into a proposed road side swale
and be routed to DP60. Upon full build out a riprap apron will be constructed to dissipate energy and
prevent local scour at the outlet.

DP69, 15.73 acres, consists of Sub-Basin OS20A partially developed low density residential with runoff
coefficients of 0.10 for the 5-year and 0.36 for the 100-year. Calculated runoff of Q5=4.5 cfs and
Q100=27.4 cfs has been calculated for DP69. The flow will be routed south via a 24" RCP (PR73) under
Glider Loop. The surface runoff is routed via historic drainage patterns and a 4' wide road side swale to
DP60. A riprap apron will be constructed to dissipate energy and prevent local scour at the outlet. (See
swale and riprap calculations and specification sheet for fabric in appendix). DP69 calculations are for
sizing the culvert under Glider Loop. The acreage and flows for DP69 is included in the final DP60.

DP70, 36.32 acres, consists of Sub-Basin OS20B partially developed low density residential with runoff
coefficients of 0.10 for the 5-year and 0.36 for the 100-year and flows from DP69. Calculated runoff of
Q5=15.0 cfs and Q100=90.7 cfs has been calculated for DP70. The flow will be routed south via an
existing 24" CMP under Glider Loop. The surface runoff is routed via historic drainage patterns swale to
DP60. The existing roadside swale will provide adequate drainage, assuming the swale has been
maintained. The acreage and flows for DP70 is included in the final DP60.

DP71, 106.79 acres, consists of Sub-Basin OS20C partially developed low density residential with runoff
coefficients of 0.10 for the 5-year and 0.36 for the 100-year and flows from DP70. Calculated runoff of
Q5=25.6 cfs and Q100=154.4 cfs has been calculated for DP70. The flow will be routed south via an
existing 24" CMP under the entrance to an existing Gas substation. The surface runoff is routed via historic
drainage patterns swale to DP60. The existing roadside swale will provide adequate drainage, assuming the
swale has been maintained. The acreage and flows for DP71 is included in the final DP60.

DP60, 308 acres, consists of Basin OS20 (off-site basin) partially developed low density residential with
runoff coefficients of 0.10 for the 5-year and 0.36 for the 100-year and flow from PR69. Calculated runoff
of Q5=59.7 cfs and Q100=316.2 cfs has been calculated for DP60. The existing roadside swale will
provide adequate drainage, assuming the swale has been maintained. Flows in the swale will be routed
through an existing 3.5’ X5.5° HECMP to DP 49 (Pond W-4). A rip rap apron will be constructed to
dissipate energy and prevent local scour at the outlet.

DP47 & DP47-1, 2.05 acres, consists of Basin RP-4B (Vollmer Road) with runoff coefficients of 0.90 for
the 5-year and 0.96 for the 100-year and flowby from DP47A (in the future condition). Developed runoff
of Q5=7.7 cfs and Q100=20.4 cfs has been calculated for DP47. In the interim the surface runoff is routed
to a road side swale to DP47A which will be collected by a 2.91' x 5.67"' CDOT Type D inlet. In the
interim a riprap apron will be constructed to dissipate energy and prevent local scour at the outlet.

In the future, upon full build out of Vollmer Road, the surface runoff is routed via curb and gutter to DP47

& DP47-1 which will be collected by a 2-10' CDOT type R at-grade inlets. The captured flow (Q5=7.7 cfs
and Q100=17.6 cfs) will be routed west via a 30" RCP (PR61) to PR62.
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DP48 & DP48-1, 1.94 acres, consists of Basin RP-4A (Vollmer Road) with runoff coefficients of 0.90 for
the 5-year and 0.96 for the 100-year and flowby from DP48A(in the future condition). Developed runoff
of Q5=8.2 cfs and Q100=21.0 cfs has been calculated for DP48. In the interim the surface runoff will sheet
flow into and be routed to a roadside swale and ultimately to DP49.

In the future, upon full build out of Vollmer Road, the surface runoff is routed via curb and gutter to DP48
& DP48-1 which will be collected by a 2-10' CDOT type R at-grade inlets. The flow will combine with
flows from PR61 and be routed west to via a 30" RCP (PR62) to a riprap forebay. The cumulative flows in
PR62 (Q5=15.8 cfs and Q100=38.2 cfs) will outfall into a proposed roadside swale, see appendix for open
channel calculator sheet. The vegetated grass swale will facilitate sedimentation and filtering while
limiting erosion. A riprap apron will be constructed to dissipate energy and prevent local scour at the
outlet. Flows in the swale will be routed to DP 49 (Pond W-4).

DP72, 8.87 acres, consists of Sub-Basin OS21A partially developed low density residential with runoff
coefficients of 0.11 for the 5-year and 0.37 for the 100-year and flows from DP60. Calculated runoff of
Q5=71.9 cfs and Q100=345.9 cfs has been calculated for DP72. The flow will be routed south via a
proposed 15 swale to DP49. The acreage and flows for DP72 is included in the final DP49.

DP73, 8.76 acres, consists of Sub-Basin OS21C partially developed low density residential with runoff
coefficients of 0.11 for the 5-year and 0.37 for the 100-year and flows from DP72. Calculated runoff of
Q5=3.2 cfs and Q100=18.1 cfs has been calculated for DP73. In the interim the surface runoff is routed to
via a road side swale to DP73 which will be collected by a 2.91' x 5.67' CDOT Type D inlet. In the interim
a 24” RCP pipe (PR76) will route flows to a concrete forebay in Pond W-4. The acreage and flows for
DP73 is included in the final DP49.

DP49, 33.0 acres, consists of Basin OS21 (Interim Detention Pond W-4) with runoff coefficients of 0.11
for the 5-year and 0.37 for the 100-year, flow from DP60 and PR62. The combined upstream developed
runoff of Q5=72.9 cfs and Q100=367.1 cfs has been calculated for DP49. The proposed interim Detention
Pond functions to provide full spectrum detention and water quality for runoff calculated onsite. The pond
is designed to treat approx 352.2 acres, and provide 1.75 ac-ft of water quality storage and 7.67 ac-ft of
100-year storage. The forebay, trickle channel micropool, outlet structure and pipe have been designed
per the UDFCD manual and per the Detention Design-UD-Detention v3.06 workbook. The detention pond
will be private and shall be maintained by the Sterling Ranch Metropolitan District. Access shall be
granted to the owner and El Paso County for access and maintenance of the private detention pond. A
private maintenance agreement document shall accompany the submittal. In the event of clogging or total
inlet failure, flows at DP49 will over top the emergency spillway and outfall into the existing roadside
swale parallel to Vollmer Road. A rip rap apron will be constructed to dissipate energy and prevent local
scour at the outlet. The peak release rate from pond W-4 (PR63, Q5=15.4 cfs and Q100=289.4 cfs ) will
be routed south, via a 66" RCP to PR65.

A preliminary design of detention pond W-4 has been used to calculate potential volume. Upon future
upstream development, expansion of Pond W-4 will need to be finalized. Per the “Technical
Memorandum Sand Creek Channel Study (North of Woodmen Road) Hydrologic Analysis” prepared by
MS Civil Consultants, Inc., dated October 2016 (see appendix for Map), the fully developed runoff of
Q5=112.8 cfs and Q100=429.4 cfs has been calculated for DP49. The potential ultimate Detention Pond
functions to provide full spectrum detention and water quality for runoff calculated onsite. The pond is
designed to treat approx 352.2 acres, and provide 2.06 ac-ft of water quality storage and 11.12 ac-ft of
100-year storage. Volumes were designed per the UDFCD manual and per the Detention Design-UD-
Detention v3.06 workbook. The peak release rate from pond W-4 (PR63, Q5=20.8 cfs and Q100=289.4
cfs ) will be routed south, via a 66" RCP to PR65. Minor modifications will be required to outlet structure
and spillway to comply with Detention Design-UD-Detention v3.06 workbook. Again, the ultimate design
and analysis will need to be finalized upon upstream development and location of Marksheffel Road.
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The water quality volume and 100-year volume required for the site has been determined using the
guidelines set forth in the City of Colorado Springs/El Paso County Drainage Criteria Manual Chapter 6-
Volume II. Refer to the Detention Basin Design sheets located within the appendix of this report.

DP50, 8.56 acres, consists of Basin JP-11 a future commercial parcel with runoff coefficients of 0.81 for
the 5-year and 0.88 for the 100-year. Developed runoff of Q5=29.4 cfs and Q100=53.7 cfs has been
calculated for DP50. In the undeveloped condition, runoff of Q5=2.0 cfs and Q100=15.0 cfs are routed via
historic drainage patterns and proposed swales to DP50. The surface runoff will be collected by a 36" FES.
The flows will routed south via a 36" RCP (PR64) to PR65. The accumulated flow in PR65 (Q5=32.0 cfs
and Q100=309.9 cfs) will be routed south to PR67. Upon future development of this basin, full spectrum
detention shall be required and will release to historic release rates of Q5=2.0 cfs and Q100=15.0 cfs.

DP53, 5.37 acres, consists of Basin JP-12 a future commercial parcel with runoff coefficients of 0.81 for
the 5-year and 0.88 for the 100-year. Developed runoff of Q5=19.8 cfs and Q100=36.1 cfs has been
calculated for DP53. In the undeveloped condition, runoff of Q5=1.4 cfs and Q100=10.0 cfs are routed
via historic drainage patterns and proposed swales to DP53. The surface runoff will be collected by a 30"
FES. The flows will routed south via a 30" RCP (PR66) to PR67. The accumulated flow in PR67
(Q5=39.1 cfs and Q100=322.7 cfs) will be routed via a 72" RCP south to Sand Creek (DP68). Upon future
development of this basin, full spectrum detention shall be required and will release to historic release
rates of Q5=1.4 cfs and Q100=10.0 cfs. The summed flows at DP68 (PR74, Q5=42.2 cfs and Q100=472.4
cfs ) will outfall into Sand Creek. Impacts from the outfall into Sand Creek will be addressed in the
revised TM-SCCS. A riprap apron will be constructed to dissipate energy and prevent local scour at the
outlet.

DP54, 1.21 acres, consists of Basin RP-7D (Marksheffel Road) with runoff coefficients of 0.08 for the 5-
year and 0.35 for the 100-year and DP51 flowby. Undeveloped runoff of Q5=0.4 cfs and Q100=3.5 cfs
has been calculated for DP54. Undeveloped flows will be routed to a temporary sediment basin via overlot
grading as shown on the "Sterling Ranch-Phase 1 Offsite Grading, Early Grading & Erosion Control
Plans", prepared by M&S Civil Consultants, Inc., dated November 2015, which will route flows via
historic drainage patterns to Sand Creek. Erosion control will be provided.

DPS5S5, 1.28 acres, consists of Basin RP-7C (Marksheffel Road) with runoff coefficients of 0.08 for the 5-
year and 0.35 for the 100-year and DP51 flowby. Undeveloped runoff of Q5=0.4 cfs and Q100=4.9 cfs
has been calculated for DP55. Undeveloped flows will be routed to a temporary sediment basin via overlot
grading as shown on the "Sterling Ranch-Phase 1 Offsite Grading, Early Grading & Erosion Control
Plans", prepared by M&S Civil Consultants, Inc., dated November 2015, which will route flows via
historic drainage patterns to Sand Creek. Erosion control will be provided.

Basin SSS, 1.21 acres, consists of the backyards of future residential lots with runoff coefficients of 0.22
for the 5-year and 0.46 for the 100-year. Developed runoff of Q5=1.1 cfs and Q100=3.8 cfs has been
calculated for this basin. Developed flows will be sheet flow into Sand Creek. Erosion control will be
provided.

There will be bank stabilization improvements to the Sand Creek Drainage Channel with the development
of the STERLING RANCH FILING NOS. 2 site to maintain the integrity of pond W-5. However, channel
improvements for Sand Creek (checks, drops, etc...) will be installed in accordance with the Subdivision
Improvement Agreement.

DETENTION PONDS

Detention Pond W-5, has combined upstream developed runoff of Q5=217.4 cfs and Q100=517.9 cfs.
The proposed Detention Pond functions to provide full spectrum detention and water quality for runoff

16



calculated onsite. The pond is designed to treat approx 175.6 acres, and provide 2.97 ac-ft of water quality
storage and 17.37 ac-ft of 100-year storage. The forebay, trickle channel micropool, outlet structure and
pipe have been designed per the UDFCD manual and per the Detention Design-UD-Detention v3.05
workbook. See Sand Creek Channel Study-Future Hydrologic Conditions Map in the appendix. Impacts
from the outfall into Sand Creek will be addressed in the revised TM-SCCS.

Detention Pond W-4, has combined upstream developed runoff of Q5=72.9 cfs and Q100=367.1 cfs. The
proposed Detention Pond functions to provide full spectrum detention and water quality for runoff
calculated onsite. The pond is designed to treat approx 352.2 acres, and provide 1.75 ac-ft of water quality
storage and 7.67 ac-ft of 100-year storage. The forebay, trickle channel micropool, outlet structure and
pipe have been designed per the UDFCD manual and per the Detention Design-UD-Detention v3.05
workbook. See Sand Creek Channel Study-Future Hydrologic Conditions Map in the appendix. Impacts
from the outfall into Sand Creek will be addressed in the revised TM-SCCS.

The detention ponds will be private and shall be maintained by the Sterling Ranch Metropolitan District.
Access shall be granted to the owner and El Paso County for access and maintenance of the private
detention pond. A private maintenance agreement document shall accompany the submittal. In the event
of clogging or total inlet failure, flows will over top the emergency spillway and outfall into Sand Creek.
A rip rap apron will be constructed to dissipate energy and prevent local scour at the outlet.

The water quality volume and 100-year volume required for the site has been determined using the
guidelines set forth in the City of Colorado Springs/El Paso County Drainage Criteria Manual Chapter 6 -
Volume II. Refer to the Detention Basin Design sheets located within the appendix of this report.

EROSION CONTROL

It is the policy of the El Paso County that a grading and erosion control plan be submitted with the
drainage report. EPC approved “Early Grading Plan for Sterling Ranch Phase I Onsite Grading &
Erosion Control”, November 18, 2015. And “Early Grading Plan for Sterling Ranch Phase 1 Offsite
Grading & Erosion Control”, December 3, 2015. Grading and Erosion control operations are currently
underway (August 2016). Grading and Erosion Control will cease with the final development of the site
in the next 12-36 months.

CHANNEL IMPROVEMENTS

Per the Sand Creek DBPS, Sand Creek and connected tributaries in the area of the site will require
improvements. The east tributary reaches within the site boundary (DBPS SEG: 169, 186, 164, 159) will not
require improvements because they will no longer be present, as development in the areas will eliminate
them, and replace them with, a storm sewer system to discharge into Sand Creek. Sand Creek itself will
continue to be routed through the development. Per the DBPS, selective rip rap linings, grade control check
structures, and drop structure improvements are required to stabilize the channel to prevent further
degradation, scour and meandering. Full Spectrum Detention will also be used on its benefits to the integrity
of the Sand Creek Channel. A separate document with detailed alternative sections, HEC-RAS analyses, etc.
will be submitted with for the applicable and adjoining areas of development, in accordance with SIA
requirements.

Downstream channel improvements are proposed to be similar to what was anticipated in the SCDBPS.
Check structures and rip-rap lining in some locations shall be installed to handle the volume of flows from
the full spectrum detention ponds. In the final design stage of the applicable and adjoining development, the
channels will be analyzed to verify the amount of improvements necessary.
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The approved Subdivision Improvements Agreement for Sterling Ranch Filing No. 2 address the
timing and funding for channel improvements.

Channel Improvements and Wetland Mitigation

Areas with the existing floodplain or the low flow zone of the drainageways where riparian or wetland
vegetation exists shall be preserved in its existing cross section. Areas disturbed by the construction of
drops, grade controls, culverts or channel bank linings shall be revegetated with native species.
Coordination with a wetland consultant will take place for mitigation of the disturbed wetlands. Included in
this report (in the appendix) are the memo and map from Core Consultants showing intent to have
wetlands delineated in the Filing No. 2 areas of wetland disturbance.

CONSTRUCTION COST OPINION - FILING NO. 2

Drainage Facilities:

el
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22

23

24

25
26

Description

18”RCP
24" RCP
30" RCP

36" RCP
42" RCP
48" RCP
54" RCP
66" RCP

72" RCP
78” RCP
84" RCP

24" FES

30" FES

36" FES

42" FES

48” FES

84" Headwall

15' CDOT Type R At-Grade
10" CDOT Type R At-Grade
2.9°x5.5° CDOT TYPE D

Storm Sewer MH, box base <
15 feet

Storm Sewer MH, box base ~
15 feet-20 feet

Storm Sewer MH, box base >
20 feet

*Detention Pond W-5

*Detention Pond W-4
Mod CDOT Outlet Structure

Quantity
595
591
382

1375
1238
1158

344
1863

2562
240
299

W A~ 00N = W N W

—
9]

N

—

Unit Cost

$40
$50
$65

$75
§85
$150
$200
$300

$350
$400
$450

$335
$475
$775
$895
$1096
$10000
$6000
$5000
$3500
$10000

$15000
$20000

$200000

$200000
$15000

Total

/LF
/LF
/LF

/LF
/LF
/LF
/LF
/LF

/LF
/LF
/LF

/EA
/EA
/EA
/EA
/EA
/EA
/EA
/EA
/EA
/EA

/EA

/EA

/EA

/EA
/EA

Cost

23,800.00
29,550.00
$ 24,830.00

103,125.00

$ 105,230.00
173,700.00

$ 68,800.00
558,900.00

896,700.00
96,000.00
134,550.00

$

$

$

$

$ 670.00
$ 1,425.00
$ 1,550.00
$ 2,685.00
$ 1,096.00
$ 20,000.00
$ 48,000.00
$ 20,000.00
$ 10,500.00
$ 150,000.00

$ 60,000.00

$ 20,000.00

&

200,000.00

$ 200,000.00
$ 30.000.00

$  2,981,111.00

M & S Civil Consultants, Inc. (M & S) cannot and does not guarantee the construction cost will not vary
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from these opinions of probable costs. These opinions represent our best judgment as design professionals
familiar with the construction industry and this development in particular. The above is only an estimate
of the facility cost and drainage basin fee amounts in 2017.

DRAINAGE & BRIDGE FEES - FILING NO. 2

This site is within the Sand Creek Drainage Basin. The 2017 Drainage and Bridge Fees per El Paso County
for the STERLING RANCH FILING NO. 1 site are as follows: (see next sheet for itemized statement)

Per Sterling Ranch Filing No.2 Plat — Total Area 49.643 Acres
FILING NO. 2 FEES:

Drainage Fees: (See attached Spreadsheet) $ 583,073.57
Bridge Fees: (See attached Spreadsheet) $ 176,647.86
STERLING RANCH TOTAL:

Sand Creek Channel Improvements (DBPS Estimate — 2017 dollars) $8,237,679.00
Sand Creek Bridge Improvements (DBPS Estimate — 2017 dollars) $1,904,456.00

DRAINAGE & BRIDGE FEES - FILING NO. 2 - CONTNUED

An Intergovernmental Agreement for the Establishment of The Sterling Ranch Storm-Water Escrow
Fund and the Subdivision Improvements Agreement Sterling Ranch Filing No. 2, address the timing of
drainage improvement and fees. The above cost estimate is for informational purposes only. Final
drainage improvement costs will be determined post construction.

SUMMARY

Development of this site will not adversely affect the surrounding development per this final drainage
report with no negative impact of the neighboring developments. The proposed drainage facilities will
adequately convey, detain and route runoff from the tributary and onsite flows to the Sand Creek
Drainage channel. Full Spectrum Detention and Water Quality Ponds will be used to discharge
developed flows into Sand Creek per the Urban Drainage criteria flow rates, which are at or less than the
historic flow. Care will be taken during construction to accommodate overland flow routes onsite and
temporary drainage conditions. The development of the STERLING RANCH FILING NO. 2 project(s)
shall not adversely affect adjacent or downstream property.
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STERLING RANCH FILING NO. 2 - TRACTS AND RIGHT-OF-WAY - DRAINAGE & BRIDGE FEES (2018)

TRACT/ROW SIZE/ACRE USE MAINTENANCE OWNERSHIP % Impervious DRAINAGE FEE FEE BRIDGE FEE FEE

A 0.391 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 29.0% S 17,197 S 1,949.97 S 5,210 S 590.76
B 0.658 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 29.0% S 17,197 S 3,281.53 S 5,210 S 994.17
C 0.845 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 24.0% S 17,197 S 3,487.55 S 5,210 S 1,056.59
D 2.159 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 13.0% S 17,197 S 4,826.68 S 5,210 S 1,462.29
E 19.674 ZERO LOT LINE FUTURE SINGLE FAMILY RESIDENTIAL LOTS SR LAND, LLC SR LAND, LLC 70.0% S 17,197 S 236,833.64 S 5,210 S 71,751.08
F 1.231 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 4.0% S 17,197 S 846.78 S 5,210 S 256.54
G 0.249 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 2.0% S 17,197 S 85.64 S 5,210 S 25.95
H 0.062 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 2.0% S 17,197 S 21.32 S 5,210 S 6.46
0.5 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY/MAIL KIOSK SRMD #1 SRMD #1 15.0% S 17,197 S 1,289.78 S 5,210 S 390.75
J 0.379 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 30.0% S 17,197 S 1,955.30 S 5,210 S 592.38
K 0.387 LANDSCAPE/PUBLIC IMPROVEMENTS/PUBLIC UTILITY SRMD #1 SRMD #1 30.0% S 17,197 S 1,996.57 S 5,210 S 604.88
49 LOTS 11.871 SINGLE FAMILY RESIDENTIAL LOTS SRMD #1 SRMD #1 70.0% S 17,197 S 142,901.91 S 5,210 S 43,293.54
ROW 4.734 ROAD RIGHTS OF WAY (STERLING RANCH ROAD) EPC EPC 95.0% S 17,197 S 77,340.07 S 5,210 S 23,430.93
ROW 3.525 ROAD RIGHTS OF WAY (MARKSHEFFEL ROAD) EPC EPC 95.0% S 17,197 S 57,588.45 S 5,210 S 17,446.99
ROW 2.979 ROAD RIGHTS OF WAY (VOLLMER ROAD, ULTIMATE) EPC EPC 95.0% S 17,197 S 48,668.37 S 5,210 S 14,744.56

DRAINAGE FEE BRIDGE FEE
49.644 TOTAL AREA TOTAL FEES $ 583,073.57 $ 176,647.86

*SRMD#1 = STERLING RANCH METROPOLITAN DISTRICT NO. 1
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Barbarick Subdivision — Lots I, 2, 3 and 4 - Final Drainage Report June 2016

Engineer’s Statement:

The attached drainage plan and report were prepared under my direction and
supervision and are correct to the_best of my knowledge and belief. Said drainage
report has been" gpar ' cording to the criteria established by the County for

drainage reports>a : §inc7f/1ﬁty with the master plan of the drainage
' : %ﬂ/// /4 SEAL |

basin.
F7

Regisfered iié}'.‘aL Engj:r;
State of ColoraddRNoI38307:

Developer's Statement:

|, the developer have read and will comply with all of the requirements specified in this
drainage report and plan.

Wvkota Construction

/ ¢/ Justin Ballard

Title: President

Address: 430 Beacon Light Road, Suite 130
Monument, CO 80132

El Paso County:

Filed in accordance with the requirements of the Drainage Criteria Manual, Volumes 1
and 2, El Paso County Engineering Criteria Manual and Land Development Code as

amended. . .
( L,,_.%Q\——— 9Q TME 20{Y

Prnt Nlame — ore JeA MR E-TRONBste
Coungy Engineer / ECM Administrator
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Barbarick Subdivision — Lots 1, 2, 3 and 4 - Final Drainage Report June 2016

Surrounding Developments. The following are the existing or planned general land
uses adjacent to the property.
North: Un-platted parcels that contain commercial/industrial uses. Carah Dawn
View is on the north side of the property.
East and South: Although this adjacent area is currently undeveloped, the
Sterling Ranch Master Planned area is in the process of developing this area
(future single family development).
West: This is an undeveloped, un-platted lot. Across Vollmer Road is a low
density single family development (Highland Park, Fil 2).

T = A ————
H] ,/ L—-= TVQLLTLE PLACT L weEe iy g8 08°
—_ | -~ 7’ - —_— - S TR LTSS (O TR Tar T T "‘""’5}'5. ey
T T T R e e s +-—-—--"——-"————— =
! £ s I 1 e ey e
= // /7 | el ") met e Ay
e 1?' d te =
P YoATd LET] - ~
I% ; & z Sl w o e
i f':"//” STASLLO PaCEL . N
1 s WPLATIED Fav § ¥
- A '.i. P
L I'e 4 el Iy
& i H o 3E
s . | WPLATIED b 3
wiGH_ &RD PARY SUB I AR pd
. Na 2 ' ! 155 =
O S REE
= 3
'""“F; o O . /. Ie = g
"/, =
7 At ]
L Lev L 59'-
Z )t
Z, —Tr 5 »§
2N 1 S
- . 2 amer \ -~
gy s TR V- mESLY e
/7 & NI - ] 2 \ -\ HA M
/ :\3”_; Ey J\--J.Ju H L M 3
.’—I': mRET . ) L J e
'n: |s|.:§ i .! I LLl 1 LAl Lt -cr‘i'“ an Hal .‘ ] .Hg [} =|
~ |12z i : A P
SR IHE smas b et e A 1t
P N wavnt { | e J 4 Xl I I | 1
ol T e s
:;-‘. 5 I !” ] ¥t : - ./ . i
uweattEs 13 |y Fagle (2 . Lot e 3 b‘ !
z | Lot 2 'ii;ﬂ B -,,;-'J"-!- ’ [ .§c/ I i
! [ he H :
'3 R i . ' Nem e 2k
! < -v.ﬁ-_ . [ e ol
IV i .’,k : l I i ) o ,l,éc..;_';_':-. 3|
. ; et w52t '
IS M1 Q, [V ey !!‘ b £/ 0 e o
i | !:ll = ' I T 3" nv-“g L wi b J
o —g—am ot o e P L S
) T
e 2 evnaresr < 12 as
UNFLATIED A

Barbarick Subdivision Plat’

Matrix Design Group, Inc., 2016 © Page 2



Barbarick Subdivision — Lots 1, 2, 3 and 4 - Final Drainage Report June 2016

Property Description

1. Major Drainage Way: The entire site is located within the Sand Creek Drainage
Basin. The Main Fork of Sand Creek is located about 1500 feet to the east.
The site currently drains to the south into natural drainage ways that direct runoff
to Sand Creek. The Sand Creek Orainage Basin is located in the northeastern
portion of the City of Colorado Springs and El Paso County. The general
drainage pattern of this larger basin flows to the southwest and ultimately feeds
into Fountain Creek.

2. Project Site Area: This site is approximately 21.37 acres in area.

3. Ground Cover: This site is covered with native grasses.

4. General Topography: The site drains from north to the south with average
grades ranging from 1% to 5%. There are two natural drainage ways that drain
through these lots.

5. Irrigation Facilities: No known functioning irrigation facilities are located on the
site. A small detention pond does exist to the northeast of the property;
however, the outfall of this pond will be re-routed in order to direct runoff around
the perimeter of the proposed development.

6. Utilities: Ultilities in the project area include; but are not limited to, telephone,
high pressure gas/petroleum and electrical lines. Water & wastewater service is
provided through wells & individual septic systems. These utilities will be
examined on a case-by-case basis and avoided where feasible, or they will be
relocated. Any relocation of these utilities will be coordinated with the respective
utility contact.  Utility services will be extended into the site as necessary.
There are large gas easements that run north-south through these lots. These
easements contain one 6 inch and two 20 inch high pressure gas/petroleum
pipelines. These Utility Easements will be no-build zones and grading will be fill
only.

7. On-Site Drainage Ways: The plat shows two “Drainage Boundary — No Build
Area(s)" draining through the subdivision. These are not regulated FEMA
floodplains. The site development will include the installation of pass through
culverts for offsite flows, and regraded. An amended plat has been completed for
the removal of the no build areas, identification of new drainage easements, and
relocation of water quality ponds.

Matrix Design Group, Inc., 2016© Page 3



Barbarick Subdivision — Lots 1, 2, 3 and 4 - Final Drainage Report June 2016

8. Floodplain Statement. Review of the Flood Insurance Rate Map (FIRM) 535
(08041CO535 F), effective date March 17, 1997, published by the Federal
Emergency Management Agency (FEMA) reveals that no portion of Barbaric
Subdivision lie within any designated 100-year floodplain.

FEMA - Flood Insurance Rate Map (FIRM)

Matrix Design Group, Inc., 2016© Page 4



Barbarick Subdivision — Lats 1, 2, 3 and 4 - Final Drainage Report June 2016

HYDROLOGIC AND HYDRAULIC ANALYSIS

Basin Description

The Barbarick Subdivision is located within the Sand Creek Drainage Basin. The
tributary area that drains through the Barbarick Subdivision is developed, which
includes large lot single-family parcels and some commercial/industrial land uses. Sub-
basins were delineated using surveyed information, proposed contours and field
observations. See the Drainage Basin Maps in the Appendix.

This study is in conformance with the following two approved Drainage Reports:

1. Preliminary Drainage Report for Sterling Ranch-Phase 1, Sand Creek
Drainage Basin, M & S Civil Consultants, Inc., May 2015 AKA: “SR-PDR”

2. Woodmen Storage Final Drainage Report, El Paso County, Calibre
Engineering, Inc., July 2004; Revised February, 2010; Revised May, 2010;
Revised July, 2010 AKA: “WS-FDR”

This study is not in conformance with the following approved Drainage Report due to
changes from the approved recent reports cited above that supercede the original
report:

1. Preliminary and Final Drainage Plan and Report, Barbarick Subdivision a
Replat of Lot “D”', McClintock Subdivision, El Paso County, Oliver E. Walts,
Consulting Engineer, Inc., August 15, 2007 AKA: “BS-FDR”

Design Criteria

This report has been prepared in accordance to the criteria set forth in the City of
Colorado Springs & El Paso County Drainage Criteria Manual, Volumes | and I,
dated November 1991 including subsequent updates. El Paso County has also
adopted Chapter 6 and Section 3.2.1 of Chapter 13 in the City of Colorado Springs &
El Paso County Drainage Criteria Manual, Volumes | and ll, dated May 2014
(Appendix | of the El Paso County's Engineering Criteria Manual (ECM), 2008). In
addition to the ECM, the Urban Storm Drainage Criteria Manuals, Volumes 1-3,
published by the Urban Drainage and Flood Control District, (Volumes 1 & 2 dated
January 2016, Volume 3 dated November 2010 with some sections update November
2015), has also been used to supplement the ECM.

Matrix Design Group, Inc., 2016© Page 6



Barbarick Subdivision — Lots I, 2, 3 and 4 - Final Drainage Report June 2016

Hydrologic Criteria
Hydrologic analyses for the site have been completed using the Rational Method for on-
site basins. The SCS Method was used in the referenced studies for the larger off-site
basins (greater than 100 acres). The design storms for each method are:

Initial Storm = 5-Year Storm

Major Storm = 100-Year Storm

Rational Method: The Rational Method will be utilized to evaluate smaller
basins (under 100 acres). This methodology is used for the design of localized
facilities such as inlets, storm drain, drainage swales and detention:

Rational Method peak flow rate equation (cfs): Q=C*I*A

Where: Q = Maximum runoff rate in cubic feet per second (cfs)
C = Runoff coefficient
I = Average rainfall intensity in inches per hour
A = Area of drainage sub-basin in acres

Runoff Coefficient

Rational Method coefficients are derived from UDFCD Vol 1 (Chapter 6 — Runoff,
2016-01 Rev) for the various land uses, including parking areas, drives, walks,
roofs, lawns and open space areas. The Runoff Coefficients associated with
these land uses also have a corresponding impervious value that is used in the
detention calculations. The Rational Method Coefficients used in this study
include:

Land Use or Surface Type % Impervious Runoff Coefficient (B Soils)
(5-Year) (100-Year)

Greenbelts/Agricultural 2% .03 46
Gravel (packed) 40% 37 .65
Drives & Walks 90% .84 .90

Matrix Design Group, Inc., 2016© Page 7



Barbarick Subdivision — Lots 1, 2, 3 and 4 - Final Drainage Report June 2016

Table 6-3. Recommended percentage imperviousness values

Land Use or Percentage Imperviousness
Surface Charucteristics (%)
Business:
Downlown Arcas 95
Suburban Arcas 73
Residential:
Single-family
2.5 acres or larger 12
0.75 - 2.5 acres 20
0.25=0.75 acres 30
0.25 acres or less 45
Apartments 75
Industrial:
Light areas 80
Heavy arcas 90
Parks, cemeteries 10
Playgrounds 25
Schools 55
Railroad yard areas 50
Undeveloped Areas;
Historic flow analvsis 2
Greenbelts, agricultural 2
OfY-site flow analysis {when lond use not
defined) ' 43
Streets:
Paved 100
Gravel {packed) 40
Drive and walks 90
Roofs 90
Lawns, sandy soil 2
Lawns, clﬁ;’cy soil 2

Matrix Design Group, Inc.. 2016© Puge 8



Barbarick Subdivision — Lots 1, 2, 3 and 4 - Final Drainage Report June 2016
Table 6-5. RunofT coeflicients, ¢
Total or Effective % Impervionsness NRCS llydrologic Soil Groap A
Javr S-yr 10-y1 25=yT 50-yr 100y
2% 0.02 0.02 0.02 0.02 0.02 Q.17
3% 0.04 0.05 0.05 0.05 0.05 0.19
10% 0.09 0.09 0.09 0.09 0.1 0.23
15% 0.13 0.14 0.14 0.14 0.14 0.28 |
200 018 0.19 019 0.19 0.19 0.32
25% 0.22 0.23 0.24 0.24 0.24 0.36
30% 0.27 028 028 Q.28 Q.29 04
35% 0.31 .33 0.33 0.33 0.33 0.44
40%6 0.36 0,37 0, 38 0.38 038 0.48
45% 04 0.42 0.42 0.42 0.43 0.52
50% 0.45 0.47 0.47 0.47 0.48 0.56
55% 0.49 0.51 0.52 0.52 0.52 0.6
60% 0.53 0.56 0.56 0.57 0.57 0.64
65% 0.58 0.6 0.61 0.61 0.62 0.68
T0% 0.62 0.65 0.66 0.66 0.67 0.72
75% 0.67 0.7 0.71 0.71 0.71 0.76
80% 0.71 0.74 0.75 0.76 0.76 0.8
85% 0.76 0.79 0.8 0.8 0.8! 0.84
90% 0.8 0.84 0.85 0.85 0.86 0.88
95% 0.85 0.88 0.89 0.9 0.9 0.92
| 00%a .89 .93 0.94 0.94 (.95 0.96
Total or Effective % Imperviousness NRCS Hydrologic Soil Group B

2% 0.02 0.02 0.14 0.24 038 0.46
5% 0.04 0.05 0.17 0.27 0.19 0.48
10% 0.09 0.09 0.21 0.3 0.42 0.5
15% 0.13 0.14 0.25 0.34 0.43 0.53
20%% 0.18 0.19 0.29 0.37 0.48 0.55
5% 0.22 0.23 0.33 0.41 0.5] 0.58
30% 0.27 0.28 0.37 0.44 0.54 0.6
35% 031 (.33 0.41 0.48 0.57 0.63
40% 0.36 0.37 0.45 051 0.6 0.65
45% 0.4 (.42 0.49 0.55 0.63 0.67
50% 0.45 0.47 0.53 0.58 0.66 0.7
55% 0.49 0.51 " 0.57 0.62 Q.69 0.72
60% 0.53 (.56 0.6 0.65 Q.72 0.75
65% 0.58 0.6 0.65 0.69 Q.75 0.77
T0% 0.62 (.65 0.69 0.72 0.78 0.8
75% 0.67 0.7 0.73 0.76 0.81 0.82
B0% 0.71 0.74 0.77 0.79 0 84 0.85
85% 0.76 0.79 0.81 0.83 087 0.87
90% 0.8 0.84 0.85 0.86 Q.89 0.9
95% 0.85 0.88 (.89 0.9 0.92 0.92
100% 0.89 0.93 0.94 0.94 0.95 0,94

Time of Concentration

The time of concentration {T.) for the Rational Method was calculated by

methods derived from the UDFCD. The time of concentration consists of an
initial time or overland flow time (t;) plus the travel time (&) in the storm sewer,
paved gutter, roadside drainage ditch, or drainage channel. For non-urban
areas, the time of concentration consists of an initial time or overland flow time (t;)

Matrix Design Group, Inc., 2016©
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Barbarick Subdivision — Lots 1, 2, 3 and + - Final Drainage Report June 2016

plus the time of travel () in concentrated form, such as a swale or drainageway.
A minimum T, of 5 minutes and 10 minutes were used for the final calculations in
developed and undeveioped conditions, respectively.

Storm Drain Systems
All proposed storm drain infrastructure will be located within private property and will be.
owned and maintained by the property owner.

The storm drain hydraulics is analyzed using Bentley’s FlowMaster, CulvertMaster &
StormCAD design software. Colorado Department of Transportation (CDOT) type
inlets will be used where necessary.

The designated outfall locations for the proposed on-site storm drains are the natural
drainage ways at the south end of the property. The proposed storm drain
infrastructure will be discussed in more detail below.

EXISTING DRAINAGE REPORT DISCUSSION

The approved Barbarick Subdivision Final Drainage Report (BS-FDR) and the approved
Woodmen Storage Final Drainage Report (WS-FDR) both apply to the existing general
drainage conditions for this site. The off-site basins and general flow patterns in the BS-
FDR and WS-FDR still apply. Excerpts from these reports are provided below for
reference.

On-site and Off-Site Basin Descriptions from the BS-FDR and WS-FDR:

The following summary is taken from the Barbarick Subdivision Final Drainage Report
(BS-FDRY):

Off-site:

Off-site Basin O3 This basin encompasses approximately 7.03 acres and
represents the area north and northwest of Lot 1. This basin drains into Lot 1
through a series of (2) 24" CMP pipes which control the flow of 14/36 cfs in the
5/100 year storm events.

Lots 1 & 2 - these lots are considered fully developed lots and drain north to
south collecting at the existing concrete settling pond on Lot 2. This developed
flow (20.8 cfs /57.2 cfs) combines with Off-site Basin O3 to total 30.5 cfs / 80.8
cfs in the greenbelt offsite south of Lot 2. At the time of development permit for
these developed lots, a detention pond for water quality will be required, probably
in the area of the existing concrete settling pond, that will accommodate Lots 1
and 2 west of the gas easement and flood plain area.
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On-site:

On-site Basins A1 and B1 (for portions of Lots 1 and 2, and Lots 3 & 4)
These basins encompass approximately 5.3 & 3.8 acres and represent the
buildable portions of the property as described in the BS-FDR (see Basin Map
from BS-FDR below). These basins were slated (in the BS-FDR) to drain into
small detention ponds that would release to historic rates. These discharge
rates were calculated to be 2.9/7.3 and 2.2/5.4 cfs (5/100 year). The BS-FDR
does not include the drainage ways in any hydrology calculations due to the fact
that this no-build drainage area was not planed on being developed. This
drainage way allowed off-site flows from O1+02 to pass-through Lots 3 & 4. The
drainage way to the west of A1 passes through flows from offsite O3. Since the
approval of this repont, offsite tributary basins O1+02 have been changed, and
the development of the property encompasses the whole property, including the
previously determined no-build area.

The following summary is taken from the Woodmen Storage Final Drainage Report
(WS-FDR):

Off-site:

Design Point 5 - This design point encompasses approximately 19.69 acres
and represents the tributary area north of the project site. This basin drains into
a proposed detention pond near the northeast corner of the property and
generates 57.4/92.7 cfs in the 10/100 year storm events, historic flows are
16.7/30.3 cfs. The releases rates from this pond are lower than historic 16.1
cfs/29.4 cfs in the 10/100-year storm events. These flows are conveyed along
the east property line of the site and into the eastern natural drainage way that
leaves the property to the south.

Review of the Sterling Ranch Preliminary Drainage Report (SR-PDR):

The Barbarick Subdivision is surrounded on three sides by the planned Sterling
Ranch Development. The approved Sterling Ranch PDR was prepared by M&S
Civil Consultants in May of 2015. This Sterling Ranch PDR re-analyzes runoff
from Barbarick Subdivision and plans for storm drain improvements to convey
this runoff to a full spectrum detention and water quality pond to be located down
stream of Barbarick Subdivision as part of Sterling Ranch Phase One.

In summary; the Sterling Ranch PDR is planning on receiving 73.3/139.2 cfs
(5/100 year) from Basin OS3. A 54" RCP is planned to convey this flow through
Sterling Ranch. The Sterling Ranch PDR is planning on receiving 45/86 cfs
(5/100 year) from OS2, encompasses Lots 1 & 2 and OS3 encompasses Lots 3
& 4 and the Basin north of Lot 3. A 48" RCP is planned to convey this flow
through Sterling Ranch. The cumulative runoff from the northerly property and
Lots 1 through 4 does not exceed the anticipated rates in the SR-PDR.

Matrix Design Group, Inc., 2016@ : Page I']
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STORM SEWER_ROUTING SUMMARY |

DESIGN Qe - )

POINT o fon

GAA 610 1584

G5 78 146

Gh 32 66

G7 B2 157

Ga 20 42

CY 14 29

G10 47 97

G111 4 9

Gi2 12 144

G1S V2 25

G4 7 14

G5 3 7

16 60 125

G17 8C 130

G138 29 =L

Gi9 i 23

G70 69 138

G21 1044 1767

G22 5 10

G23 64 133

G2h 1056 1795

H1 13 139

HZ 46 92

HY 103 200

Ha a5 86 =<=

H3 30 61

6 68 134 @

Hg 16 29

Hil 22 44

H17 31 57 BASIN _SUMMARY
I 57 8 easin | ARER 1 Oy | O%
114 196 a2 0S! 110.1 68 167
H16 k) 65 0S2? 17.0 45 86 g
7 26 54 0S3 28.7 73 139
H18 224 441 054 50 3 11 I

Flow Summary from the Sterling Ranch PDR

EXISTING SITE DRAINAGE DISCUSSION:
On-Site (Existing Conditions):

On-site Basin H1 This basin covers approximately 10.7 acres and represents
the majority of Lots 3 & 4. This basin is modeled as good condition undeveloped
rangeland. This drains to the south and generates 2.6/23.7 cfs in the 5/100 year storm
events.

On-site Basin H2 This existing basin covers approximately 3.70 acres and
represents the eastern half of Lots 1 & 2.This basin is modeled as good condition
rangeland and generates 0.9/8.2 cfs in the 5/100 year storm events.

On-site Basin H3 This existing basin covers 1.1 acres and represents the a
small portion of lots 3 & 4 that drains south easterly. This basin is modeled as good
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condition rangeland and generates 0.3/2.7 cfs in the 5/100 year storm events. This
basin sheet flows offsite where it is captured in a small swale between the site and

existing roadway and conveyed westerly to the low point south of the outfall of Basin
H1.

These existing basins encompass the previously unmodelled drainage area from the
BS-FDR. The total historic flow from the site is 3.8/34.6 cfs in the 5/100 year storm
events. The following design point table is for combined allowable discharge rates from
the property at respective locations including historic flows from the tributary upstream
basins:

Design Point 5/100 Release Comments

DP H1 16.7*/30.3 cfs DP H5 WS-FDR - * is 10year
DP H2 13.7/35.5 cfs QO3 BS-FDR

DP H3 56.7 cfs DPH1+H1+H3 (100-year)
DP H4 14.6/43.7 cfs DPH2 + H2

Design Point H3 will release a flow lower than previously anticipated within the BS-FDR
(52.9/170 cfs). It is the introduction of development within the Sterling Ranch site that
has eliminated offsite flows from BS-FDR Basin O1 that significantly changed the
drainage pattern. The historic release is now contained solely to the historic flows from
WS-FDR design point HS5 and the proposed onsite historic flows.

Design Point H4 will combine with the western half of Lots 1&2. Per the BS-FDR the
combined portions of Lots 1&2 and O3 to release a combined flow of 30.5/80.8 cfs
downstream. The flow anticipated in the BS-FDR appears consistent with the smaller
basin analysis of this report and should be used for downstream analysis.

PROPOSED DRAINAGE DISCUSSION

introduction :

The proposed site will be developed differently than anticipated in the previous BS-FDR.
The previous plan for this site maintained the existing native drainage way down the
middle of Lots 1 & 2 and 3 & 4, thereby splitting the buildable area into the outer thirds
of these lots. The native drainage way and “Drainage Boundary — No Build Area” (as
shown on the Plat & FDR) will be eliminated with the proposed development. The
proposed site and proposed drainage improvements will allow this native drainage way
to be eliminated while maintaining the pass through of major flows. These
modifications to the site and to the drainage patterns will allow a larger buildable area.

The existing retention pond, located just north of Lot 3, will be modified by others to
become a water quality/detention pond pursuant to the WS-FDR. A new outlet works
and a storm drain pipe will convey runoff from this detention pond (16.1/29.4 cfs in the
10/100 year storm events) discharging at the property line. This development is
proposing a CDOT Type D inlet to capture the discharged flow and pipe it downstream
along the east side of Lots 3 & 4 to discharge into the proposed Full Spectrum Extended
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Detention Basin (EDB) in Lot 4. The EDB is designed to pass through, and not treat or
detain, these offsite flows.

A new EDB will be provided in Lot 4. This detention basin will provide water quality
treatment for portions of Lots 1 & 2, and Lots 3 & 4. in the approved Barbarick FDR
there were to be two separate ponds. The new site development has been planned for a
single pond to treat the developed flows. Tributary water sheet flow across the site to
shallow swales that will direct runoff to the proposed EDB. The EDB will have a forebay
at the confluence of the two pipe outfalls, a concrete trickle channel that terminates at a
micropool structure, and is designed to treat the WQCV, EURV and 100-year detention.

A second SFB water quality with detention catchment basin will be provided at the south
east/downstream end of Lot 2. This SFB will not have an outlet structure to release
flows due to requirements from the gas main utility ownership of no structure to be built
within the existing easements. There will be a small spiliway to aliow the release of
large storm events. Runoff will be directed to the proposed SFB where possible.

Flow from the area north of Lot 1 (Basin O3) will pass through the site via two 24"
culverts and will be discharged at the southern boundary of Lot 2, as historically done.
An earthen channel will run north-south along the east side of the existing Lot 1 and Lot
2 developments. The channel is approximately 1-ft deep with 4.1 side slopes and will
capture and convey any westerly flowing nuisance runoff from the proposed
improvements to the sand filter detention pond as discussed in the original Barbarick
Subdivision FDR, instead of the existing Lot 1 and 2 improved areas.

Runoff from the property is at historic flows and will not exceed the anticipated runoff as
determined in the Sterling Ranch PDR. This is described in more detail below. The
Sterling Ranch PDR includes an analysis of future drainage conditions and includes
recommended infrastructure to convey this runoff. Since the Sterling Ranch surrounds
the Barbarick Subdivision, it is appropriate to include the recommendations from the
SR-PDR in this Proposed Drainage Discussion.

Proposed On-Site Basin Descriptions: (See Basin Map in the pocket)

On-site Basin D1 (D for Developed condition) - This developed basin encompasses
approximately 11.4 acres - the majority of Lots 3 & 4 and small portions of Lots 1 & 2.
This basin generates 19.7/56.0 cfs in the 5/100 year storm events and sheet flows into
shallow swales that direct the runoff into the proposed EDB to be located in Lot 4. Lot
3 is based on Owner provided information for a gravel parking/vehicle storage area, and
Lot 4 has been based on proposed building site improvements as identified in the
rezoning application. Any changes to the land use will require an update to the Final
Drainage Report; much like the original Barbarick Subdivision Final Drainage Report is
being updated with the grading and Lot 4 development application.

On-site Basin D2 This undeveloped basin encompasses 1.2 acres and represents
the south portion of Lot 4, below and south of the two detention ponds. This basin is
historic in nature and generates 0.8/3.0 cfs and drains directly into a road side ditch
within the Sterling Ranch development.
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On-site Basin D3 This developed basin encompasses approximately 3.13 acres - the
remaining proposed infill portions of Lots 1 and 2 (east of the currently built out Lots
1&2). As discussed in the original Barbarick Subdivision FDR, development of these
areas will require a detention water quality pond. This basin generates 4.1/11.6 cfs in
the 5/100 year storm events and sheet flows southerly to the proposed SFB located at
the southern-most portion of Lot 2.

The following design point table is for combined allowable discharge rates from the
property at respective locations including historic flows from the tributary upstream
basins:

Design Point 5/100 Year Comments

DP D1 85.4 cfs (100) D1+02 Pass Through

DP D2 48.9 cfs (100) Pond Release+D2

DP D3 41/116 cfs D3 ‘

DP D4 13.8/39.1cfs Pond Release +03 Pass Through

All release flows downstream are at or below historic levels.

RECOMMENDED DESIGN

Off-site Detention Facility:

This shallow pond will be modified for the proposed development to the north as part of
the WS-FDR. This will eliminate the retention properties in this pond, will provide
detention for off-site flows, will provide a suitable outlet structure, and will remove
accumulated sediment. The modified pond will store up to 1.52 acft (66,211 cuft) to the
principal spillway (elevation = 7048.05). A summary of flows into and out of this pond:

Off-site Pond Flow Summary (cfs) 5 year 100 year
Proposed Flow into offsite pond (Basin G/DP 5) 574 92.7
Increase in peak flow due to development 46.2 51.3
Proposed flow out of modified pond 16.1 29.4
Reduction in peak flow 41.3 63.3

For complete pond design, refer to the WS-FDR.
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Proposed 30” HDPE Storm Drain from Modified Off-site Detention Pond:

This storm drain will capture flows from the discharged offsite pond and route them
along the perimeter of the property daylighting into the EDB in Lot 4. 4’ precast
concrete manholes will be used for maintenance access at all bends and grade breaks.
A grouted riprap forebay will help dissipate energy at the outlet of the pipe, and allow for
settling prior to entering the pond. See the Appendix for the hydraulic analysis of this
storm drain (StormCAD).

In the event of an emergency and the offsite pond fails, developed flow (Q100=93.0 cfs)
will overtop the pond and be collected between the proposed roadway and pond berm..
Flow not captured by the proposed inlet will bypass easterly to the proposed offsite
swale between this property and the Sterling Ranch property and conveyed southerly.

Proposed 18" HDPE Storm Drain Culvert:

A 18" HDPE culvert will convey collected runoff from Lot 3 (Developed Q100 = 15.90cfs)
through Lot 4 to the FSD Pond and join sheet flow from Lot 4 and the 30" piped bypass
flow from basin O2. This culvert will be privately owned and maintained by the property
owners. See the Appendix for open channel calculations.

On-site FSD - EDB Pond in Lot 4 (Basin D1):

This On-site Full Spectrum Extended Detention Basin Pond provides water quality,
EURV and 100-year detention. Onsite flows will combine with the 30-inch bypass flows
from the north and pass through the EDB. The pond has been sized for the release of
historic flows from Basin D1, as well as provides capacity for pass through conveyance
of historic flows from the north.

The following table outlines the onsite existing and developed flow, required detention,
and modifications to required detention utilizing the upstream over detention.

On-site Basin Flow Summary (cfs) 5 year 100 year
Existing On-site Flow at Pond 2.2 16.5
Developed On-site Flow (Basin D1) 19.7 56.0
Increase in peak flow due to development 17.5 395
Proposed Pass Through Flow from Off-Site Pond 16.1* 294
Proposed total flow out of EDB pond 0.3 45 .9**

*Includes 10 year from WS-FDR
**Includes Pass Through flow of 29.4 cfs
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Water Quality Benefits:

Stormwater from Lots 3 & 4, and portions of 1 &2 will drain directly to the proposed Full
Spectrum Extended Detention Pond.  This pond will be privately maintained and
provide water quality treatment to approximately 11.4 acres of developed land.

The proposed Water Quality facility is sized using the methods derived from the UDFCD
Stormwater FSD Design Workbook (UD-FSD 1.11) (see Appendix). The Water Quality
Capture Volume (WQCV) will be provided in this EDB, where the “initial flush” of storm
water will be drained over a 40-hour time period.

The impervious area ratio is used in the UDFCD workbook to calculate the WQCV. An
adjusted impervious ratio of 57% to correlate with the land use charts and Runoff
Coefficients (provided above) is being utilized for the sizing of the facility.

The EDB Pond will have a a forebay, concrete trickle channel and micro-pool within the
outlet structure (per UDFCD). This outlet structure will have a bar screen and an orifice
plate containing 3 rows outlets (1.55 sq in orifices for the first two, and 3.8 sq in for the
last row). The EURV has been designed to an elevation of 7021.50. The top of the
inlet will have a grate to allow flows that exceed the WQCV and EURYV to drain through
the outlet works without overtopping the spillway, with an internal orifice plate of 2.37-ft
diameter constricting flows to historic release rates (Q100 onsite = 16.5 cfs + Q100pypass =
29.4 Total Release = 45.9 cfs) .

The EDB pond can store up to 64,904 cuft (1.49 acft) to the principal spillway (7023.20).
The pond bottom elevation will be at 7018.50 and the top of the embankment will be at
elevation 7025.10. Should the outlet works become fully blocked; the 36’ spillway will
have the capacity to pass the combined 100 year peak developed runoff and northerly
bypass with a flow depth = 0.90’ (55.0 + 29.4 = 84.4 cfs) maintaining 1-ft of freeboard.

Summary results include:

e WQCV Volume = 0.203 ac-ft depth 1.53-ft (40 hour release}
EURV Volume Stored = 0.677 ac-ft at depth 2.98 ft (72 hour release)
5 Year Volume Stored = 0.673 ac-ft at depth 2.98 ft (72 hour release)
100 Year Volume Stored = 1.261 ac-ft depth 4.26-ft (77 hour release)
Emergency Spilllway Volume at Crest = 1.49 ac-ft at depth 4.7t

A 30" HDPE pipe will drain this outlet structure. A Low-Tailwater basin will be provided
at the outlet for energy dissipation. This storm drain will daylight into the open channel
just south of Lot 4 near the entrance of an existing 12" CMP. This existing 12" CMP
drains under a dirt road. This dirt road will be eliminated upon development of the
Sterling Ranch. Due to the limited capacity of this existing 12" CMP, runoff in excess
of 5.7 cfs will overtop this dirt road, creating tail water to 7018.0. See the Appendix for
the calculation results (CulvertMaster).
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On-site Sand Filter Basin w/ Detention in Lot 2 (Basin D3):

A sand filter basin detention pond is being proposed to treat runoff from the proposed
gravel parking portions of Lots 1 and 2 prior to discharging from the site. Due to the high
pressure gas mains within this basin, grading is limited to fill only and no structures are
allowed within the gas easement, so this pond will have underdrain design with partial
infiltration and a controlled overflow design for the 100-year event.

The following table outlines the onsite existing and developed flow, required detention,
and modifications to required detention utilizing the upstream over detention.

On-site Basin Flow Summary (cfs) Syear 100 year

Existing On-site Flow at Pond 0.5 4.2

Developed On-site Flow (Basin D3) 4.1 11.6
Increase in peak flow due to development 36 7.

Proposed total flow out of Sand Filter pond 0.1 3.6

Water Quality Benefits:

Stormwater from portions of 1 &2 will drain directly to the proposed Sand Filter Pond.
This pond will be privately maintained and prowde water quality treatment to
approximately 3.13 acres of developed land.

The proposed Water Quality facility is sized using the methods derived from the UDFCD
Stormwater Detention Design Workbook (UD-Detention 3.04) (see Appendix). The
Water Quality Capture Volume (WQCV) will be provided in this SFB, where the "initial
flush” of storm water will be drained over a 12-hour time period.

The impervious area ratio is used in the UDFCD workbook to calculate the WQCV. An
adjusted impervious ratio of 57% to correlate with the land use charts and Runoff
Coefficients (provided above) is being utilized for the sizing of the facility.

The sand filter will contain a 4” underdrain beneath 18" of CDOT Class C material. The
underdrain will contain a 1.27" diameter orifice to control the outflow time in accordance
with UDFCD.

The SFB pond can store up to 16,247 cu ft (0.373 acft) to the principal spillway
(7025.50). The pond bottom elevation will be at 7023.00 and the top of the
embankment will be at elevation 7027.37. Because the spillway acts as the 100-year
control structure and notched weir design is proposed. The spillway is 5-ft wide for a
depth of 10-inches for the release of the 100-year flow (3.6 cfs which is less than the 4.2
historic) then the spillway widens to 10ft for a depth of 18-inches which will have the
capacity to pass the combined 100 year peak developed runoff (11.6cfs) with a flow
depth = 0.5 maintaining 1-ft of freeboard.
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Summary results include:
* WQCV Volume =0.039 ac-ft depth 0.37-ft (12 hour release)
o EURV Volume Stored = 0.181 ac-ft at depth 1.52 ft (42 hour release)
¢ 5 Year Volume Stored = 0.181 ac-ft at depth 1.52 ft (42 hour release)
e 100 Year Volume Stored = 0.394 ac-ft depth 2.83-ft (68 hour release)

Proposed (2} 24" HDPE Storm Drain Culvert:

Two 24" pipes will convey offsite flows through Lots 1 and 2 discharging to the south.
The culverts will connect to a pair of existing 24" culverts entering the property and will
discharge to a riprap settling basing prior to the released downstream. These culverts
will be privately owned and maintained by the property owners. See the Appendix for
the hydraulic analysis of this storm drain (CulvertMaster). Flow from these pipes will
join the flow from the Sand Filter and discharge at Design Point 4 (combined 39.4 cfs in
the 100-year event). Per the BS-FDR this flow combines with the westerly portions of
Lots 1 & 2 offsite for a total release of 30.5/80.8 cfs in the 5/100 year events.

As stated above in the summary from the Sterling Ranch PDR, the anticipated runoff
from this proposed discharge point (aka: SR-PDR Basin H4) is 30.5/80.8 cfs (5/100
year) due to the large pass through flow. A 42" RCP is ptanned to convey this flow
through Sterling Ranch.

DRAINAGE, BRIDGE, AND POND FEES

This subdivision has already been platted. No additional Drainage, Bridge or Pond
fees are required.

MAINTENANCE

All proposed storm drain infrastructure will be located within private property and will be
owned and maintained by the property owner. The detention pond will be owned and
maintained by the property owner and will require maintenance consisting of routine
inspections, removal of debris from the detention area, and bi-annual inspections for
hydraulic performance of the basin. Refer to the DCM for exact maintenance criteria
and for other Best Management Practices (BMP).

EROSION CONTROL

Best Management Practices (BMPs) will be utilized to minimize erosion during
construction and will be shown on the construction drawings. These will be in
accordance with will be utilized as deemed necessary by the contractor and/or
engineer. The contractor shall minimize the amount of area disturbed during all
construction activities.

In general, the following shall be applied in developing the sequence of major activities;
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1. Install down slope and side slope perimeter BMPs before the land disturbing activity
OCCUrS.

2. Do not disturb area until it is necessary for the construction activity to proceed.

3. Cover or stabilize exposed areas as soon as possible.

4. Time the construction activities to reduce the impacts from seasonal climatic
changes or weather events.

5. The construction of permanent filtration BMPs should wait until the end of the
construction project when drainage areas have been stabilized.

6. Do not remove the temporary erosion controis until after all areas are stabilized.

Slopes

Erosion control sail retention blankets shall be installed where noted on slopes 3:1 or
steeper. At a minimum, coconut/straw blend fiber material blankets should be used.
The silt fence or erosion logs shall be installed at the toe of fill slopes where noted on a
level contour. Erosion logs shall also be installed on slopes greater than ten feet in
height where noted to reduce runoff length. The erosion logs shall be installed on a
level contour. Disturbed surfaces shall be left in a roughened condition at all times
when horizontal depressions approximately 2° to 4” deep, spaced 4" to 6" apart. Silt
fence and erosion logs shall remain in place until all construction is complete and/or
“finally stabilized”, after which the silt fence and erosion logs shall be removed from the
slopes. All material shall be installed per manufacturer’s installation instructions.

Stockpiles/Mobilization/Winter Shutdown

Soils stockpiled for more than 30 days shall be mulched with mulch tackifier and native
seeding within 14 days of stockpile construction. After mobilization and prior to winter
shutdown, all disturbed slopes not completed shall be mulched with mulch tackifier and
native seeding.

Inlet and Outlet Protection

Storm Drain Inlet Protection shall be provided at all storm inlets. Outlet protection shall
be provided at all pipe outiet and runoff / rundown treatment locations. All materials
shall be installed per manufacturer’s installation instructions.

Concrete Washout

Concrete washout structures shall be installed for cleaning concrete trucks. The
concrete washout structure shall be constructed such that water can only evaporate or
infiltrate from the structure . Residue and concrete from the washout structure shall be
periodically cleaned out and properly disposed.

Erosion Control Supervisor and Maintenance

The erosion control supervisor shall be a person other than the superintendent. The
erosion control supervisor shall inspect at least every 14 days and after any
precipitation or snowmelt event that causes surface erosion. At sites where
construction has been completed but a vegetative cover has not been established,
these inspections must occur at least once per month.

All erosion control measures shall remain in place until all construction is complete and
final stabilization has been achieved. “Final stabilization” is where all disturbed areas
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have been built on, paved, or germinated with a uniform vegetative cover with a density
of at least 70% of pre-disturbance levels. Equivalent permanent, physical erosion
reduction methods may also be employed. Any areas not meeting this standard shall
be repaired according to the BMP guidelines. Accumulated sediment and debris shall
be removed when the sediment level reaches one half the height of the BMP or when
the sediment/debris adversely impacts the functionality of the BMP. The Contractor
shall remove all sediment, mud, and construction debris that may accumulate in public
right of ways not designated before-hand as a result of this construction project. All
repairs, removals, and replacements stated above shall be conducted in a timely
manner.

Cost Estimate

The proposed drainage system to be constructed will be privately- owned and
maintained. The developer will be responsible for constructing the proposed
improvements. ‘

An engineer's estimate of probable construction costs has been provided for the
proposed improvements. The storm sewer systems will be located in the Sand Creek
Drainage Basin. The construction cost for the improvements are not eligible for
reimbursement.

Engineer’s Estimate of Probable Construction Costs
Tri-Lakes Construction - Sand Creek Drainage Basin
Non-Reimbursable Private improvements

{tem Unit Quantity Unit Cost Total Cost
Precast Manhole EA 4 $2,500 $10,000
18" HDPE Pipe LF 231 $45 $10,395
24" HDPE Pipe LF 1212 $60 $72,720
30" HDPE Pipe LF 1128 $72 $81,216
18" Flared End EA 2 $225 $450
24" Flared End EA 2 $250 $500
24" CMP-HDPE EA 2 $200 $400
30" Flared End EA 1 $350 $350
CDOT Type D Inlet EA 1 $4,000 $4,000
EDB Pond Outlet EA 1 $35,000 $35,000
SubTotal $215,031.00
15% Contingency $32,254 65
Total Estimate  $247,285.65

Mairix Design Group, Inc., 2016@
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APPENDIX A

HYDROLOGIC AND HYDRAULIC CALCULATIONS
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CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
Catchment ID: H-1 5 Year

|. Catchment Hydrologic Data

Catchment ID = H1

Area = 10,70 Acres
Percent Imperviousness = 2.00 %
NRCS Soil Type = B AB,C, oD

II. Rainfall Information 1(inch/hr) = C1* P1 {C2 + Td)*C)

Design Storm Return Period, Tr = 5 years (input return period for design storm)
Ci= 28,50 (input the value of C1)
C2= 10.00 (input the value of C2)
Ca= 0.786 {input the value of C3)
P1= 1.23 inches (input one-hr precipitation--see Sheet "Design info")

. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.08
Overide Runoff Coeticient, C = {enter an overide C value if desired, or leave blank to accept calculated C.)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = (enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

Mustration

LEGEND
O Beginning
Flow Direction]
 —
Catthment
Boundary
& ———
NRCS Land Heavy Tillage/ Short Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways {Sheet Flow)
Conveyance 2.5 5 7 10 15 20
Calculations: Reach Slope Length S-yr NRCS Flow Flow
[s] S L Runoff Convey- Velocity Time
Coeff ance V' Tf
fuft ft C-5 ps minutes
input input autput input output output
Overland 0.0300 300 0.08 N/A 0.23 22.16
1 0.0300 338 10,00 1.73 3.25
2
3
4
5
Sum 638 Comnputed Tc =| 25.42
Regional Tc = 13.54
User-Entered Tc =|  13.54

IV. Peak Runoff Prediction

Raintall Intensity at Computed T, | = 2.12 inch/hr Peak Flowrate, Qp = 1.85 cis
Rainfall Intensity at Regional Tc, | = 2.93 inch/hr Peak Flowrate, Qp = 2.56 cfs
Rainfall Intensity at User-Defined Tc, | = 2.93 inch/hr Peak Flowrate, Qp = 2.56 cfs

UD-Rational v1.02a.xs, Tc and PeakQ 6/7/2016, 9:57 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
Catchment ID: H-1 100 Year

|. Catchment Hydrologic Data

Catchment ID = H1

Area = 10.70 Acres
Percent Irmperviousness = 2.00 %
NRCS Sail Type = BABC oD

. Rainfall Information | {inchfhr}=C1 " P1/C2 + Td)*C3

Design Storm Return Period, Tr = 100 years {input return period for design storm)
Cis= 28 .50 (input the value of C1)
C2= 10.00 (input the value of C2)
Ca= 0.786 (input the value of C3)
Pi1= 257 inches (input one-hr precipitation--see Sheet "Design Info")

ll. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.36
Overide Runoff Coefficient, C = {enter an overide C value if desired, or leave blank 1o accepl calculated C)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = {enter an overide C-5 value if desired, or leave blank {o accept calculated C-5.)

lllustration

LEGEND
() Begimni

Flmv Dirertion|
1—.

Catchmeni
Boundary
& — ey
NRCS Land Heavy Tilage/ Short Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swates/ Shallow Paved Swales
Lawns Ground Waterways (Sheet Flow)
Conveyance 2.5 5 7 10 15 20
Calculations: Reach Slope Length S-yr NRCS Flow Flow
ID S L Runoff Convey- Velocity Time
Coeff ance \Y Ti
fi/ft it c-5 fps minutes

input input output input output oulput

Overland 0.0300 300 0.08 NIA 0.23 22.16

1 0.0300 338 10,00 1.73 3.25
2
3
4
5

Sum 638 Computed Tc=| 2542

Regional Tc = 13.54

User-Entered Tc=| 13.54

IV. Peak Runoff Prediction

Rainfall Intensity at Computed Tc, | = 4.44 inch/hr Peak Flowrate, Qp = 17.20 cfs
Rainfall Intensity at Regional Te, I = 6.12 inch/hr Peak Flowrate, Qp = 2371 cfs
Rainfall Intensity at User-Defined Tc, | = 6.12 inch/hr Peak Flowrate, Qp = 23.71 cfs

UD-Rational v1.02a.ds, Tc and PeakQ 6/7/2016, 9:59 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision

Catchment ID: H-2 5 Year
I. Catchment Hydrologic Data
Catchment ID = H2
Area = 3.70 Acres
Percent Imperviousness = 2.00 %
NRCS Soil Type = BABC oD

ll. Rainfall Information | (inch/hr) = C1 *P1 /(C2 + Td)*C3

Design Storm Return Period, Tr = 5 years {input retum period for design storm)
C1= 28.50 (input the value of C1)
C2= 10.00 (input the value of C2)
Ca= 0.786 (input the value of C3)
P1= 1.23 inches (input one-hr precipitation--see Sheet "Design Info")

Ifl. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.08
Overide Runoff Coefficient, C = (enter an overide C value if desired, or leave blank to accept calculated C.)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = {enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

llustration

NRCS Land Heawvy Tillage/ Short Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground || Waterways (Sheet Flow)
Conveyance 2.5 5 7 10 15 20
Calculations: Reach Slope Length Sy NRCS Flow Flow
[s} S L Runoff Convey- Velocity Time
Coefl ance \% Tf
Hft it Cc-5 fps minutes
: inpul input output input output output
Qverland 0.0380 155 0.08 N/A 0.18 14.74
1 0.0350 515 10.00 1.87 4.59
2
3
4
5
Sum 670 Computed Tc = 19.32
Regional Tc = 13.72
| User-Entered Tc =] 13,72

IV. Peak Runoff Prediction

Rainfall Intensity at Computed Tc, | = 2.46 inch/hr Peak Flowrate, Qp = 0.74 cfs
Rainfall Intensity at Regional Tc, | = 2.91 inch/hr Peak Flowrate, Qp = 0.88 cfs
Rainfall Intensity at User-Defined Te, | = 291 inch/hr Peak Flowrate, Qp = 0.88 cfs

UD-Rational v1,02a.¥s, Tc and PeakQ 6/7/2016, 12:56 PM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
Catchment ID: H-2 100 Year

I. Catchment Hydrolegic Data

Catchment ID = H2
Area = 3.70 Acres
Percent Imperviousness = 2.00 %
NRCS Sail Type = B ABC oD

IIl. Rainfall Information 1 (inchthr)= C1 *P1 /{C2 + Td}*C3

Design Storm Return Period, Tr = 100 years {input return period for design stormy)
C1= 28 50 {input the value of C1)
C2= 10.00 {input lhe value of C2)
C3= 0.786 (input the value of C3)
Pi1= 2.57 inches (input one-hr precipitation--see Sheet "Design Info")

fll. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.36
Overide Runoff Coefficient, C = (enter an overide C value if desired, or leave blank to accept calculated C.)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = (enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

' Mustration

LEGEND
(O Begiming
Flow Direction
«—
Catchment
Boundary
NRCS Land Heavy Tillage! Shan Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground || Waterways (Sheet Flow)
Conveyance 25 5 7 10 15 20
Calculations: Reach Slope Length 5-yT NRCS Flow Flow
D S L Runaoff Convay- Velocity Time
Coefl ance \ Tf
fuft ft C-5 fps minutes
input input output input output output
Overland 0.0380 155 0.08 N/A 0.18 14.74
1 0.0350 515 10.00 1.87 4,59
2
3
4
5
Sum 670 Computed Tc =]  19.32
Regional Tc =| 1372
User-Entered Tc=| 13.72

IV. Peak Runotf Prediction

Rainfall Intensity at Computed Tc, | = 5.15 inch/hr Peak Flowrate, Qp = 6.90 cfs
Rainfall Intensity at Regional T¢, | = 6.08 inch/hr Peak Flowrate, Qp = B.15 cIs
Rainfall Intensity at User-Defined T¢, | = 6.08 inch/hr Peak Flowrate, Qp = 8.15 cfs

UD-Rational v1.02a.ds, Tc and PeakQ 6/7/2016, 10:04 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
Catchment ID: H-3 5 year

I. Catchment Hydrologic Data

Catchment ID = H3

Area = 1.11 Acres
Percent Imperviousness = 2.00 %
NRCS Soil Type = B ABC,orD

II. Rainfall Information |I{inch/hr) = C1 *P1 }C2 + Td)*C3

Design Storm Return Period, Tr = 5 years {input return period for design storm)
Ci1= 28.50 (input the value of C1)
C2= 10.00 (input the value of C2)
C3= 0.786 (input the value of C3)
P1= 1.23 inches (input one-hr precipitation--see Sheet "Design Info")

lll. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.08
Overide Runoff Coefficient, C = (enter an overide C value if desired, or leave blank 1o accept calculated C.)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = (enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

Mustration

LEGEND
(O Beginning

Flow Direction|
‘—

Catchment
& Boundary
NRCS Land Heavy Tillage/ Short Nearly Grassed Paved Areas &
Type Meadow Field Pasiure/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways {Sheet Flow}
Conveyance 25 5 7 10 15 20
Calculations: Reach Slope Length 5-yr NRCS Flow Flow
D S L Runoff Convey- Velocity Time
Coefl ance \ Tf
fuft ft C-5 fps minutes

input input output input output output

Owverland 0.0250 338 0.08 N/A 0.23 24.98
1
2
3
4
]

Sum 338 Computed Tc = 24 98

Regional Tc = 11.88

User-Entered Tc =]  11.88

IV. Peak Runoff Prediction

Rainfall Intensity at Computed Tc, | = 2.14 inch/r Peak Flowrate, Qp = 0.19 cfs
Rainfalf Intensity at Regional Tc, | = 3.10 inch/hr Peak Flowrate, Qp = 0.28 cfs
Rainfall Intensity at User-Defined Tc, | = 3.10 inch/hr Peak Flowrate, Qp = 0.28 cfs

UD-Rational v1.02a.ds, Tc and PeakQ 6/5/2016, 9:16 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
; Catchment ID: H-3 100 year

I. Catchment Hydrologic Data

Catchment iD = H3

Area = 1.11 Acres
Percent Imperviousness = 2.00 %
NRCS Soil Type = BABC oD

ll. Rainfall information | (inch/hr) = C1 *P1 {C2 + Td)*C3

Design Storm Return Period, Tr = 100 years {input return period for design storm)
Ci= 28.50 {input the value of C1)
C2= 10.00 (input the value of C2}
Ci= 0.786 (input the value of C3)
P1= 2.67 inches (input one-hr precipitation--see Sheet "Design Info")

lll. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.36
Qveride Runoff Coefficient, C = (enter an overide C value if desired, or leave blank to accept calculated C)
5-yr. Runoff Coefficient, C-5 = 0.08
Overide 5-yr. Runoff Coefficient, C = (enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

Iliustration

LEGEND
() Beginning
Flow Direction]
(_
Catchment
Boundary
NRCS Land Heavy Tillage/ Shont Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways {Sheet Flow)
Conveyance 2.5 5 7 10 15 20
Calculations- Reach Slope Length S5-yr NRCS Flow Flow
D 5 L Runoff Convey- Velocity Time
Coefl ance A T{
fuft ft C-5 fps minutes
input input output input output output
Qverland 0.0250 338 0.08 N/A 0.23 24.98
1
2
3
4
5
Sum 338 Computed Tc =] 24,98
Regional Tc = 11.88
User-Entered Tc=| 11.88

IV. Peak Runoff Prediction

Rainfall Intensity at Computed Tc, | = 465 inch/hr Peak Flowrate, Qp = 1.87 cfs
Rainfall Intensity at Regional Tc, | = 6.73 inch/hr Peak Flowrate, Qp = 2.71 cfs
Rainfall Intensity at User-Defined Tc, | = 6.73 inch/hr Peak Flowrate, Qp = 271 cfs

UD-Rational v1.02a.ds, Tc and PeakQ 6/5/2016, 9:18 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision

Catchment ID: D-2 5 Year

I. Catchment Hydrologic Data

Catchment ID = D2
Area = 1,20 Acres
Percent Imperviousness = 2.00 %
NRCS Sail Type = BABC oD

lI. Rainfall Information I{inch/hr)=C1°*P1/C2 + Td)*C3

Design Storm Return Period, Tr = 5 years (input return period for design storm)
Cis 28.50 (input the value of C1)
C2= 10.00 (input the value of C2)
C3= 0.786 {input the value of C3)
P1= 1.23 inches {input one-hr precipitation--see Sheet "Design Info")

. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.08
Overide Runoff Coefficient, C = {enter an overide C value if desired, or leave blank to accept calculated C.)
5.yr. Runoff Coefficient, C-5 = 0.08

Overide 5-yr. Runoff Coefficient, C = {enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)
lllustration

LEGEND
(O Beginming

Flow Direction
‘—

Catchment
Boundary
& —ouncary
NRCS Land Heavy Tillage/ Short Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways (Sheet Flow)
Conveyance 25 5 7 10 15 20
Calculations: Reach Slope Length S-yr NRCS Flow Flow
D S L Runoff Canvey- Velocity Time
Coeff ance \ T
Ut ft C-5 fps minutes
input input autput input output output
Overland 0.0200 155 0.08 NiA, 0.14 18.21
1
2
3
4
5
Sum 155 Computed Tc =] 18.21
Regional Tc = 10.86
User-Entered Tc =[ 10.86
IV. Peak Runoff Prediction
Rainfall Intensity at Computed Tc, | = 2.54 inch/hr Peak Flowrate, Qp = 0.25 cfs
Rainfall Intensity at Regional Tc, | = 3.22 inch/hr Peak Flowrate, Qp = 0.32 cfs
Rainfall Intensity at User-Defined Tc, | = 3.22 inch/hr Peak Flowrate, Qp = 0.32 cfs

UD-Rational v1.02a.xs, Tc and PeakQ

6/7/2016, 1:01 PM



CALCULATION OF A PEAK RUNOQFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision

Catchment ID: D2 - 100yr

{. Catchment Hydrologic Data

Catchment ID = D2

Area = 1.20 Acres
Percent Imperviousness = 2.00 %
NRCS Soil Type = BABC, oD

Il. Rainfall Information |(inch/hr) =C1 *P1 /{C2 + Td)*C3

Design Storm Return Penod, Tr = 100 years (input return period for design storm)
Ci= 28.50 (input the value of C1)
C2= 10.00 (input the value of C2)
Ca= 0.786 (input the value of C3)
P1= 2.57 inches {input one-hr precipitation--see Sheet "Design Info")

lil. Analysis of Flow Time {Time of Concentration) for a Catchment

Runoff Coeflicient, C = 0.36
Overide Runoff Coefficient, C = {enter an overide C value if desired, or leave blank to accept calculated C.)
5-yr. Runoff Coefficient, C-5 = 0.08
Qveride 5-yr. Runoff Coefficient, C = {enter an overide C-5 value if desired, or leave blank to accept calculated C-5.)

lllustration

LEGEND
O Beginning

Flow Direction]
«——

Catchment
Boundary
& i A
NRCS Land Heawy Tilage! Short Nearly Grassed Paved Areas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways (Sheet Flow)
Conveyance 2.5 5 7 10 15 20
Calculations: Reach Slope Length 5-yr NRCS Flow Flow
D S L Runoff Convey- Velocity Time
Coeft ance \% Tf
fift ft C-5 fps minutes
input input output input output output
Overland 0.0200 85 0.08 N/A 0.11 13 49
1
2
3
4
5
Sum 85 Computed Tc =]  13.49
Regional Tc = 10,47
User-Entered Tc =] 10.47
V. Peak Runoff Prediction
Rainfall Intensity at Computed Tc, | = 6.13 inch/hr Peak Flowrate, Qp = 2.66 cfs
Rainfall Intensity at Regional Tc, | = 6,83 inch/hr Peak Flowrate, Qp = 2.97 cfs
Rainfall Intensity at User-Defined Tc, | = 6.83 inchrhr Peak Flowrate, Qp = 2.97 cfs

UD-Rational v1.02a.ds, Tc and PeakQ

5/31/2016, 11:25 AM



CALCULATION OF A PEAK RUNOFF USING RATIONAL METHOD

Project Title: Barbarick Subdivision
Catchment I1D: Lotd-Culvert 10Q0yr

I. Catchment Hydrologic Data

CatchmentID = Lot 3
Area = 4.86 Acres

Percent Imperviousness = 57.00 %
NRCS Soil Type = B ABC, oD
Il. Rainfall Information |{inch/hrj = C1 *P1 /{C2 + Td)*C3

Design Storm Return Peniod, Tr = 100 years (input return period for design storm}

Ci1= 28.50 (input the vaiue of C1)

Cc2= 10.00 (input the value of C2)

C3= 0.786 (input the value of C3)

P1= 2.57 inches {input one-hr precipitation--see Sheet "Design Info")

lil. Analysis of Flow Time (Time of Concentration) for a Catchment

Runoff Coefficient, C = 0.55
Overide Runoff Coefficient, C =
5-yr. Runoff Coefficient, C-5 = 0.39
Overide 5-yr. Runoff Coefficient, C =

{enter an overide C value if desired, or leave blank to accept calculated C.)

{enter an overide C-5 value if desired, or leave blank to accep! calculated C-5.}

llustration

LEGEND

C Begimming
Flow Direction|
&
Catchment

Boundary
& —
NRCS Land Heavy Tillage/ Short Nearly Grassed Paved Argas &
Type Meadow Field Pasture/ Bare Swales/ Shallow Paved Swales
Lawns Ground Waterways (Sheet Flow)
Canveyance 2.5 5 7 10 15 20
Calculations: Reach Slope Length S-yr NRCS Flow Flow
D S L Runoff Convey- Velocity Time
Coeff ance v Tr
fuft ft Cc-5 fps minutes
input input output input output cutput
Overland 0.0300 300 0.39 N/A 032 15.41
1 0.0100 500 10.00 1.00 8.33
2
3
4
5
Sum 800 Computed Tc=|  23.74
Regional Tc=| 14.44
User-Entered Tc=| 14.44

" IV. Peak Runoff Prediction

Rainfall intensity at Computed Te, | = 461 inch/r Peak Flowrate, Qp = 12.34 cfs

Rainfall Intensity at Regional Tc, | = 5.94 inch/hr Peak Flowrate, Qp = 15.90 cfs
Rainfall Intensity at User-Defined Tc, | = 5.94 inch/hr Peak Flowrate, Qp = 15.90 cfs

UD-Rational v1.02a.xs, Tc and PeakQ 5/31/2016, 11:30 AM
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DESIGN GROUP
Final Design for Full Spectrum Detention Basins
Project: Barba rick Subdivesaon
Batin 10: Lot 3 FSD Pond
User input. Watersthed Perameters Utat Dafired Usar Dafined Usar Defined
Waterthed Area = 1140 mcres N Stage |f] Area [R*2] Volume [ac-R|
See Outlen Structurs F Inminl Wy
Watershed Length =| 668 |t | - ™ Figurs on Inntin] Gwsign Workaheet I .60 ST 000
Watershed Slope a 0.020 h/f 050 4076 003
Watershed Imperviousness =| 57.0% perceal 150 10413 0.19
Percentage Hydralogle Soll Group A = 5% percent 2,50 15,584 043
Percentage Hydrologic Soil Group @ » 95% percent 100 17,528 G663
Percentage Hydrologic Soll Groups C/D = 0% percent 1.50 19,472 085
Locauon for 1-hr Rainfall Depths = tew Fput o] 450 21,488 1.38
470 14472 149
User input; Delenlion Batin Perameters 5.50 17.416 197
Depth of Iniual Surcharge Yolume = 0.33 L 6,50 31,603 2464
Depth of Trikkle Channel = 050 L
Trickle Channal Stope = 0 008 LY
Avalable EURV Ponding Depth = Im ft {299t recommended)
Desired WQCV Drain Time = 40 hours

User Input: Outlat Structura Parameters

Overflow Weir Front Edge Helght, H, =

Overflow Weir Front Edge Length «

Querflow Weir Slope =

Hariromtat Length of the Overflow Weir Sides =

Gverflow Grale Open Area % =

Debrit Clogging % =

Calculated Outlet Discharge Parameters

ares [3q wnch|[

stage (k]

3.3 fi {relauve Lo lowest WQ orifice) Height ol Grale Upper Edge H, = 13
6.0 ft Ovet Flow Weilr Slope Length =| 35
2] H:V {enter tero tor flay grate) Grale Open Area /100-yr Orifice Area = 9.3

s f Querflow Grate Area w/o Debris = 147

0% %, grate open area/ 1okl area

S0% %

User Input: Water Quality Orificas [numbered from lowest to highest]

Row 1 Row 2 Row 3 Row 4 Row 5

155 158 [ 330 1 [ |
0.00 100 200 [ | ]
Row 6 Row 7 Aow 8§ Row 9 Row 1O

area 19 mch1|

Stage [R]]

User Input: 100-Year O

100-vear Osifice Inverl Depth
100-Year Orifice Diameter =

Uter Input: Emargency Spillway Parameten

ice Parameters
100-yr Restrictor Plate Type = Crose Orfice

17.0

Spiltway Invert Stages|
Spillway Creat Length =|
Splllway End Slopes =
Freeboard above Spillway =

4.7

23

4.0

1.0

Ibelow the laweit WQ artfice)
n

ft (relative to lowest WQ orrfice)
h

Hiv

ft

Calculsted 100-yr Orifice Parameters

100-¥ear Orifice Area z|

1.6

100-Year Grilice Centroid =

0.71

Hall-Contral Angle ol Plate an Pips

Calculared Spillway Parameters

Spillway Design Flow Depth=

Stage oL Tap of Freeboard =|

Basin Area at Top of Freeboard =

ft
i}
should be > 4
A

0
it
radlany

wcres

$/27/2016, 345 PM
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Detention Basin Outlet Structure Design

Project; Barbarick Subdivislon

Basin ID: D3

Stage (i) 2one Volume (ac-ft) Outlst Type
Zone 1 {WQcv) 045 0.047 Firation Media
T o v Ione }{100-year) 2.50 0.289 Mot Unilzed
DignCE
Zone 3
o Example Zone Configuration (Rvtention Pond) D316 T oval
User Inpui: Qrifice at Underdrain Qutlet {typlcally ustd 10 drain WQCV in a Fitratlon 8MP) Cal

Unaerdrain Orifice Invert Cepth

Underdram Orilice Diameter =|

H [dwtance below the hliration media surlace)

nches

Underdrain Orilice Area »

Underdrain Orifice Centraid a|

User Input: Orifice Mate with one or mors orifices or Elliptical Slot Weir {typically usad to draln WOCV and/or EURV in a sedimentation BMP}

Invert ol Lowesl Orilice = NfA

Depth at top of Zone using Onlice Plate = N/A
Onfice Plate’ Onifice Verucal Spating = N/A
Ordice Plate Driice Area per Row = M/A

User Input: Stage and Tolal Area of Each Ortice ROW {numbered rom

ft [relative 1o bauin bottom atStage =011}
M (relative 1o baiin bottom atStage =01
inchey

inches

lowast Lo highast)

Calculated Paramaters for Plate

WQ Orfice Area per Row = N/A ud
Elliptical Half-Widih » N/ el
Elltptical Slot Centroid = NfA teey

Efipuical Sloy Area v N/A LY

Row 1{aptonal) Row 2 (epuonal) Row 3 (optminal) Row d (optional) Row 5 (opnanal) Row 6 (optional| Rew 7 (optonal) Row 8 (opbonaly
Stage of Onifice Centrod (1) NIA /A NIA N/A NIA WA NiA N/A
Qntice Atea (8 inches) NA NIA NiA /A NiA NA N/A /A
Row S {opuanal) Row 10 (optionaly | Row 11{oguonal) Raw 12 (optional} Row 13 {optional) | Row 14 {oplional) Row 15 {ophanal) | Row 16 [optional)
Stage of Ontfice Centrod [N WA N WiA NA NiA NIA Nig NiA
Onfice Alea (aa, inches)| A WA WA N/A NiA N/A NiA NIA
Uset Input: Vertical Qrifice (Clrcular or Rectangular) Calculated Parameten for Vertical Grifice
Not Selected Not Selected Net Selected Not Selected
Invert of Vertical Onifice = 1t {relative to basin bohiom at Stage = 0 A) Verucal Ordice Area =| m
Deoth at top of Zone using Vertical Onfice = R [relatve 1o basin bottom alL Stage = 0 i) Verticat Onifice Centroid = leet
Vertical Onfice Dameter = inches
User Input; Gverflow Welr [Dropbor) and Grate {Flat or Sloped) Calculated Parameters for Overflow Weir
Not Selected Not Selectad Not Selected Not Selected
Qverflow Weir Frant Edge Height, Ho = 1 [relabve To basm bollom 1 Stagr = 0 1) Heighl of Grate Upper Edge, H, » {ee1
Overflow Weir Front Edge Length = feet Cver Flow Wew Slape Length » Heet
Overllow Wenr Slope = H ¥ {enler tero for flat grate) Grate Open Area / 100-y1 Orifice Area » should be 34
Horiz. Length of Weir Sides =| 1eel Overflow Grate Open Area w/o Debriv = I

Overflow Grate Open Area % =|

%, grate open areaftotal area

Debris Cloggung M =

%

User Input: Outlet Pipe w/ Flow Restriction Plate {Circular Orifice, Restrictor Plate, or Rectngular Orifice)

No Selectad

Nol Selected

Depth to Inverr of Dutlet Pipe =

1 (dislance below basin botiam at Slage « O f1)

Circular Onifice Diameter =

inches

User input: Emergency Splllway (Rectangular or Trapezoidal)

QOverflow Grate Dpen Area w/ Debris =

Calculated Paramaters for Quilet Pipe w/ Flow Remriciuion Plate

Mot Salected Not Selectad
Outlet Orifice Area =
Qutler Orilice Centroid =
Halt-Central Angle ot Restrictar Plate on Pipe = N/A N/A

radiany

Calculated Parameters for Spillway

Soillway Invert Stages 2.50 1 {relative to basin bottomn &t Stage = D 1) Spilway Design Flow Depih= 066 eet
Spilhway Crest Length = 5.00 feel Stage at Top ol Freeboard = 4.16 leet
Spillway End Slapes = 4.00 H v Basm Area at Top ol Freeboard a 023 actes
Freeboard above Max Water Surtace = 1.00 feet
Routed Hydrograph Results
Desgn Storm Return Penod = waocy EURV 2 Year § Year 10 Year 25 Year 50 Year 1040 Year 500 Year
One-Hour Rantall Degth (n) = 051 107 095 123 1.48 1.88 .21 157 0.00
Calculated Runalf Volume (acre-H) =| 0047 0.194 0.128 0.194 0.253 0.161 0.452 0.554 0 D00
OPTIONAL Overrde Runoff Volume {acre:R

Infiow Hydrograph Volumes {acre-h) = 047 0.194 0127 0.194 0.253 0.363 0451 0553 AN/A
Pradevelopmenti Unx Peak Flow, q (cts/acre) = 0.00 000 001 0.17 0.34 0380 1.04 1,33 143
Predevelopmanl Peak Q (cta) = 0.0 00 0o 0.5 1.1 25 32 a2 .59
Peak Inflow O |cfs) 10 41 2.7 4.1 5.3 76 94 116 HN/A
Paak Qutfiow Q (cha) = 0Q 0.1 0.1 0.1 0.1 02 1.7 36 ANSA
Rato Peak Qutflow 10 Predevelopment Q = NfA N/A K/A 0.1 [ [ 0.5 09 HNFA
Srucwre Conrotng Flow = Fivranon Media Fihz 3vion Meda Filiiauon Mediay Fdiation Media Fhraven et Spllaay STilway Spiiwiay BHIA
Max Velocty through Grate 1 (fps) = N/A NiA NfA NfA N/A N/A NiA NfA ANJA
Max Velocty through Grate 2 (fps) = NFA N/A NfA N/a NJA NjA NIA NiA ANJA
Tume to Dran 97% ol Infiow Volume (hours) = 12 a1 29 4] 51 66 65 ] ANJA
Time to Dram 99% of Inflow Volume (hours} =| 13 41 an 42 52 68 68 68 WNJA
Maxmum Panding Depth (1) =| 0.37 152 1.04 1.52 [l 1,91 2.55 1.1 2.0 ANSA
Area at Maomum Fonding Demh (acres) = 0.11 014 0.11 0.14 015 017 0.18 0.18 aN /A&
Maxmurm Yolume Stored (acre-fi) 5 0.039 0.181 al17 0.181 0240 0.343 0.373 0.394 AN/A
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Culvert Calculator Report
Twin 24" Culvert

Solve For; Headwater Elevation

Culvert Summary

Allowable HW Elevation 2.00 fi Headwater Depth/Height 1.32
Computed Headwater Elev:  7,038.15 f Discharge 3550 cfs
Inlet Control HW Elev. 7.038.10 R Tailwater Elevation 0.00 ft
Qutlet Contro! HW Elev. 7.038.15 ft Control Type Entrance Control
Grades
Upstream Invert 7.03551 f Downstream Invert 7,020.00 f
Length 606.00 R Constructed Slope 0.025594 fi/ft
Hydraulic Profile
Profile 52 Depth, Downstream 0.94 ft
Slope Type Steep Normal Depth 0.94 f
Flow Regime Supercritical Critical Depth 1.52 ft
Velocity Downstream 1217 ftis Critical Slope 0.006140 ft/ft
Section
Section Shape Circular Mannings Coefficient 0.012
Section Material Concrete Span 2.00 ft
Section Size 24 inch Rise 2.00 ft
Number Seclions 2
Outtet Control Properties
Qutlet Control HW Elev. 7.038.15 ft Upstream Velocity Head 075 f
Ke 0.50 Entrance Loss 0.37 ft
Intet Controt Properties
Inlet Control HW Elev. 7.038.10 ft Flow Control Transition
Inlet Type Square edge w/headwall Area Full 6.3 ft*
K 0.00980 HDS 5 Chart 1
M 2.00000 HDS 5 Scale 1
C 0.03980 Equation Form 1
Y 0.67000
Title: Barbarick subdivigion Project Engineer: gregory_shaner
s\, \water resources\culvert cals,cvm Matrlx Design Group IncCOLORAD CulvertMaster v3.3 [03.03.00.04)

05/31/18 12:07:20 PMP Bentlay Systems, Inc. Haestad Methods Solution Center  Watertown, CT 06795 USA  +1-203-755-1666 Page 1 of 1



Culvert Calculator Report
Outlet Pipe

Solve For: Discharge

Culvert Summary

Allowable HW Elevation 7.023.10 ft Headwater Depth/Height 2.07
Computed Headwater Elev: 7,023.10 # Discharge 55.60 cfs
Inlet Controt HW Elev. 7,023.10 ft Tailwater Elevation 0.00 #
Qutlet Control HW Elev. 7.022.97 ft Control Type Inlet Control
Grades
Upstream Invert 701782 # Downstream invert 7.017.52 ft
Length 40,00 f Constructed Slope 0.010000 fuft
Hydraulic Profile
Profile  CompositeM2PressureProfile Depth, Downstream 2.36 fl
Slope Type Mild Normal Depth N/A ft
Flow Regime Subcritical Critical Depth 2.36 ft
Velocity Downstream 11.58 ft's Critical Slope 0.013538 fUft
Section
Section Shape Circular Mannings Coefficient 0.012
Section Material Concrete Span 2.50 ft
Seclion Size 30 inch Rise 2.50 ft
Number Sections 1
QOutlet Control Properties
Cutlet Control HW Elev. 7.02297 Upstream Velocity Head 1,99 ft
Ke 0.20 Entrance Loss 0.40 ft
Inlet Control Properties
Inlet Control HW Elev. 7,023.10 ft Flow Contral Submerged
Inlet Type  Beveled ring, 33.7° bevels Area Full 4.9 ft?
K 0.00180 HDS 5 Chart 3
M 2.50000 HDS 5 Scale B
Cc 0.02430 Equation Form 1
Y 0.83000
Title: Barbarick subdivision Project Engineer: gregory_shaner
s\ \water resources\culvert cals.cvm Matrix Design Group IncCOLORAD CulvertMaster v3.3 [03.03.00,04]

05/31/16 12:06.32 PM® Bentley Systems, inc. Haestad Methods Solution Center  Watertown, CT 06795 USA  +1-203-755-1666 Page 1 of 1



02-Overflow Channel

Friction Method Manning Formula

Solve For . Discharge

Roughneass Coefficient 0.050

Channel Slope 0.02000 fu/ft
Normal Depth 200 f

Left Side Slope 3.00 Rft{HV)
Right Side Slope 3.00 ftift (H:V)
Bottom Width 400 tt

Discharge 9499 fiys
Flew Area 20,00 fi2
Weited Perimeter 1665
Hydraulic Radius 1.20 #
Top Width 16.00 ft
Critical Depth 173 1t
Critical Slope 0.03707 fuft
Velocity 475 s
Velocity Head 035 it
Specific Energy 235 fi
Froude Number 0.75

Flow Type Subcritical

Downstream Depth ' 0.00
Length 000 f
Number Of Steps 0

Upstream Depth 0.00 +#t
Profile Description

Profite Headloss 0.00
Downstream Velocity Infinity  ft/s
Upstream Velocity . Infinity  fUs
Narmal Depth 200 ft
Critical Depth 1.73
Channel Slope 0.02000 /Rt

Bentley Systems, Inc. Haestad Methods Sol®miBeftowvMaster VBl (SELECTserles 1) [08.11.01.03]
5/31/2016 10:27:58 AM 27 Siemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1.203.T55-1666 Page 1 of 2



02-0Overflow Channel

Ouiput Datz
Critical Slope 0.03707 Wwh

Bentley Systems, Inc. Haestad Methods Sol®umiGeRlowMastor VAL (SELECTseries 1) [08.11.01.03]
5/31/2016 10:27:58 AM 27 Slemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1.203.755-1666 Page 2ol 2



Worksheet for Open Channel Culvert Lot 3

Project Descripti

Manning Formula

Friction Method

Solve For

Neormal Depth

Roughnass Coefficient 0.012
Channel Slope 0.03000
Diameter 1.50
Discharge 15.90

fi/ft

ft¥/s

Normal Depth 1.02
Flow Area 1.28
Wetted Perimeter 291
Hydraulic Radius 0.44
Top Width 1.40
Critical Depth 1.42
Percent Full 68.1
Critical Slope 0.01690
Velocity 1241
Velocity Head 2.39
Specific Energy N
Froude Number 2.29
Maximum Discharge 21.20
Discharge Full 19.71
Slope Full 0.01952
Flow Type SuperCritical

G

Downstream Depth 0.00
Length 0.00
Number Of Steps 0

s
ft¥s
ft/ft

Upstream Depth 0.00
Profile Description

Profile Headloss 0.00
Average End Depth Over Rise 0.00
Neormal Depth Over Rise 68.08
Downstream Velocity Infinity

%
%
ft/s

Bentley Systems, Inc, Haestad Methods SolRantlGeflowMaster VBI (SELECTaerles 1) [08.11.04.03)

513112018 11:49:32 AM

27 Siemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1-203.755-1666

Page 1 of 2



Worksheet for Open Channel Culvert Lot 3

Upstream Velocity Inﬂnify ftfs
Nomal Depth 102
Critical Depth 1.42 1t
Channel Slope 0.03000 fp
Critical Slope 0.01690 fur

Bentley Systems, Inc. Haestad Methods SoliinTtiGefitemwMaster V8| (SELECTseries 1) [08.11.01.03)
5/31/2016 11:43:32 AM 27 Siemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1-203-755-1668 Page 2 of 2



Worksheet for Outlet with Passthrough-Weir

Project Description

Solve For Discharge

Input Data

Headwater Elevation 1.40
Crest Elevation 0.00
Tailwater Elevation 0.00

Weir Coefficient 300 US
Crest Length 32.00 ft
Number Of Contractions 0

Results

Discharge 159.02 fi¥s
Headwater Height Above Crest 140 ft
Tailwater Height Above Crest 000 ft
Flow Area 4480 f?
Velocity 355 fUs
Wetted Perimeter 3480 ft
Top Width 32.00

L.quﬂ- r's rhere ftsl»lq-_ #&n é{u;c‘cq
/5?.67% 45_1.
ol 4 "
sof ?& ;
= SEM L > 959 74,4147

- _7‘,,94//4,_-@“ L e
Yot bl

Bentley Systems, inc. Haestad Methods Sol@&mmi8eRlowMaster V8i (SELECTseries 1) [08.14.01.03)
6/27/2016 1:30:54 PM 27 Slemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203.755-1666 Paga 1 of 1



Worksheet for Qutlet wPass - Orifice

A

Project Description

Solve For Discharge

Input Data

Headwater Elevation ’ 1.40
Centroid Elevation 0.00
Tailwater Elevation 0.00 f
Discharge Coefficient 0.60
Opening Width 4.00
Opening Height 12.00
Results

Discharge 273.35 fiYs
Headwater Height Above Centroid 1.40 fi
Tailwater Height Apove Centroid 000 f
Flow Area 48.00 17
Velocity 569 fus

7-7> @ox Ceir is Mere. Qz"cﬁndé,g-
Lse Qeir leulbden

Bentley Systems, inc, Haestad Methods Sol@intlBehtewMaster V) (SELECTserles 1) [08.11.01.03]
512712016 4:30:45 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755.1666 Page 1 of 1



Worksheet for FSD Outlet Orifice Plate

Project Description

Solve For Diameter

Input Data .

Discharge 45.90 fs ( 165 e +29.4 R_“\
Headwater Elevation ) 470 ft
Centroid Elevation 0.00 ft
Taitwater Elevation 0.00 #
Discharge Coefficient 0.60
Results

Diameter 2.37
Headwater Height Above Centroid 4,70
Tailwater Height Above Centroid 0.00

Flow Area 440 f?
Velocity 10,43 fus

) Bentley Systems, Inc. Haestad Methods SolRiomifeRtewMaster V8i (SELECTseries 1) [08.11.01.03)
§/2712016 1:31:30 PM 27 Slemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1.203.755-1666 Page 1 of 1



Worksheet for FSD Overflow - Pass

Project Description

Solve For Discharge

Input Data

Headwater Elevation 0.90
Crest Elevation 0.00
Tailwater Elevation 0.00
Crest Surface Type Gravel

Crest Breadth 12.00
Crest Length 36.00 ft
Results

Discharge 86.22 ft¥s (5'5'bﬂ + 2? q,{),_‘; = “%¢| 44;
Headwalter Height Above Crest 080
Tailwater Height Above Crest 0.00
Weir Coefficient 2.80 us
Submergence Factor 1.00
Adjusted Weir Coefficient 2.80 US
Flow Area 32.40 np2
Velocity . 266 f/fs
Wetted Perimeter 37.80 ft
Top Width 36.00

Bentley Systems, Inc. Haestad Methods Sol&ani8efRlowMaster V8i (SELECTseries 1) [08.11.01.03)
512712016 1:31:13 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1.203.755-1666 Page 1 of 1



Worksheet for SFB Overflow Developed

Project
Solve For
Iput-Data

Headwater Elevation
Crest Elevation

Tailwater Elevation

Crest Surface Type
Crest Breadth
Crest Length

Discharge

0.45
0.00
0.00

Gravel
6.00
10.00

Discharge

Headwater Height Above Crest
Tailwater Height Above Crest
Weir Coefficient

Submergence Factar

Adjusted Weir Coefficient

Flow Area

Velgcity

Wetted Perimeter

Top Width

8.08
0.45
0.00
268
1.00
2.68
4.50
1.80
10.90
10.00

Bentley Systems, Inc. Haestad Methods SolBipni8ektowMaster VBI [SELECTserles 1) [08.11.01.03)
6712016 12:50:20 PM 27 Siemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1.203-755-1666 Page 1 of 1



Worksheet for Type D Inlet - Weir

Project Description

Solve For Discharge

Input Data

Headwater Elevation 1,50
Crest Elevation 0.00

Weir Coefficient 3.00 US
Crest Length 1717 ft
Results

Discharge 94.61 fiYs
Headwater Height Above Crest 1.50 n
Flow Area 2575 fi?
Velocity 367 fis
Wetled Perimeter 20.17

Top Width 1717

Zope C.-Efr ic mod rechicdve
yPeC?‘{-dlacs
POk Lrete .
@Z aéﬁst?‘&

=33/ > 2244 Ak

Bentley Systems, Inc. Haestad Mothods Sol®RartiBeRtewMaster V8i (SELECTseries 1) [08.11.01.03]
5i2712016 1:31:01 PM 27 Siemons Company Dirive Suite 200 W Watertown, CT 08795 USA +1-203-755-1666 Page 1 of 1



Worksheet for Type D Inlet - Orifice

Project Description

Solve For Discharge

Input Data

Headwater Elevation 1.50
Centroid Elevation 0.00
Tailwater Elevation 0.00
Discharge Coefficient 0.60
QOpening Width 292 ft
Opening Height 567
Resuits

Discharge 97.50 ft¥s
Headwater Height Above Centroid 150
Tailwater Height Above Centroid 000 &
Fiow Area 16.54 A
Velocity 589 fs

_rype A Qe (s rnere np_gé‘c,(‘,‘_,
2O Ceir leleoletone

Bentley Systems, Inc. Haestad Methods Sol@ion!GeftesvMaster V8i (SELECTseries 1) [08.11.01,03]
5/27/2016 1:30:24 PM 27 siemons Company Drive Sulte 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1



Worksheet for Western Channel Capacity

Friction Method
Solve For

Manning Formula
Discharge

Roughness Coefficient

Channel Slope
Normal Depth
Left Side Slope
Right Side Slope
Results
Discharge

Flow Area
Welted Perimeter
Hydraulic Radius
Top Width
Critical Depth
Critical Slope
Velocity

Velocity Head
Specific Energy
Froude Number

Flow Type

0.030
0.02000
1.00
4.00
4.00

17.30
4.00
8.25
0.49
8.00
1.03

0.01703
4.32
0.2¢9
1.29
1.08

Supercritical

fi/ft

ft

/it (H:V)
fi/t (H:V)

ftis
fta

Downstreamn Depth
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Upstream System
Branch Length Upstream  Intensity Upstream Inlet Intensity
Label Start Node Stop Node BranchID ElementID (Unified}{ft) tnletC {in/h}) Area (acres) (in/h)
Co-1 CB-1 MH-1 1 1 255.4 (N/A) 8 (N/A) 8
CO-2 MH-1 MH-2 1 2 295.1 (N/A) 8 (N/A) 8
CO-3 MH-2 MH-3 1 3 295.1 (N/A) 8 (N/A) 8
CO-4 MH-3 MH-4 1 | 44.9 (N/A) 8 (N/A) 8
CO-5 MH-4 OF-1 1 5 198.3 (N/A) 8 (N/A) 8
System Velocity Invert Invert
Rational Flow Total Flow (Unified) Capacity (Full {Average) {Upstrea (Downstream
(ft3/s) {ft*/s) Flow) {ft*/s) (ft/s) m) (ft) ) {ft) Slope {ft/ft)
co-1 0 29.4 30 44.49 9.68 7032.21 7029.65 0.01
COo-2 0 29.4 30 44.43 9.67 7029.35 7026.4 0.01
CO-3 0 294 30 38.97 8.72 7026.2 7023.93 0.008
COo-4 0 29.4 30 57.43 11.77 7023.63 7022.88 0.017
CO-5 0 294 30 44.4 9.67 7022.88 7020.9

0.01
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41182016 Precipitation Frequency Data Server

NOAA Atlas 14, Volume 8, Version 2 P
Location name: Colorado Springs, Colorado, US* /¢ Y
Latitude: 38.9514°, Longitude: -104.6905° i i
Elevation: 6984 ft* A

* source: Google Maps -

POINT PRECIPITATION FREQUENCY ESTIMATES

Sanja Penca, Deborah Martin, Sandra Paviovic, Ishani Roy, Michael S1. Laurent, Can Trypaluk,
Dale Unruh, Michael Yekla, Geoffery Bonnin

NOAA, National Weather Service, Silver Sping, Maryland

PF_tabular | PF_graphical } Maps_& aerials

PF tabular
PDS-based point precipitation frequency estimates with 90% confidence intervals (in inches)' ’
Duration ] Average recurrence interval (years)
Ur
[ 1 2 | s 10 || 25 || so0 100 200 |{ 500 [ 1000 |
5-mi 0.237 0.289 0.380 0.460 0.577 0674 0778 0.882 1.03 115
-min (0.195-0.290)|[(0.238-0.358)|[(0.311-0.487){0.374-0.568)||(0.456-0.746}|((0.517-0 BO)|(|(0 573-1.04){|(0 625-1.21)||(0.701-1.46)}|(0.759-1.65)
10-mi 0.347 0.424 0.556 0.673 0.846 0.987 1.14 1.29 1.51 1.69
-min (0.285-0.425)|((0.348-0.520)[|(0.455-0.684)(|(0.548-0.832)|| (0.667-1.09) || (0.757-1.29) [[(0.839-1.52)|/(0.914-1.78)|| {1.03-2.14) [| (1.11-2.41)
18-mi 0423 0.516 0.678 0.821 1.03 1.20 1.38 1.58 184 2.06
-min (0.348-0.519)({(0.424-0.634) {|(0.555-0.834)|| (0.668-1.01) (| (0.814-1.33) (| (0.924-1.57) |} {(1.02-1.85) || (1.11-2.17) || {1.25-2.61) || (1.35-2.94)
10-mi 0613 0.747 0.980 1.19 1.49 1.74 2.00 2.27 2.66 2.97
MIN {i0.504-0.75%||(0.614-0.917)1| (0.802-1.21) || (0.985-1.47 || (1.17-1.92) || (1.33-2.27) |[(1.48-267) || (1.61-3 13} |§ (1.80-3.76) |[ (1.95-4.24)
60-mi 0.795 0.948 1.23 1.48 1.88 2.21 2.57 2.96 .52 3.97
WMIN o s54-0.974) (0.779-1.16) | (1.00-1.51) || (1.21-183) [[ ¢1.49-2.49) || (1.70-2.00) || (1.91-3.96) || (2.10-4.09) || (2.39-4.99) |[ (261-5.67)
2.h 0977 1.15 147 1.78 2.27 2.68 3.14 .65 438 498
-hr (0.809-1.19) || (0.951-1.40) || (1.22-1.80) || (1.46-2.19) |[ (1.82-2.94) || (2.09-3.51) || (2.35-4.21) || (2.61-5.02} || (3.00-6.18) |{ (3.30-7.06)
2h 1.08 1.25 1.58 1.92 245 292 345 4.04 4.90 5.62
NP l0897-1.31) || (1.04-1.51 §| (1.31-1.93) || (1.57-234) || (1.98-3.19) || 2.20-2.83) || (260-4.62) || (2.91-5.55) || (3.39-6.92) |j 3 75-7.95)
6-h 1.26 1.44 1.81 2.19 2.81 3.37 4.00 4.71 577 6.65
-hr (1.05-1.51) || (1.20-1.73) |} (1.51-2.18) || (1.81-285) [[ (2.30-364) || (2.66-439) [[(3.04-5.34) || (3.43-6.45) || (4.02-8.09) || (4.46-9.33)
14§ 1.68 212 2.55 3.26 3.89 4.59 538 6.54 7.51
12-hr {1.23-1.74) || (1.41-2.00) |[ (1.78-2.54) [| (2.13-3.07) || (2.68-4.19) || (3.10-5.03) || (3.52-6 08) || (3.94-7.31) || (4.59-9.11) || (5.08-10.5)
2 1.68 1.97 2.50 3.01 3.80 4.48 5.23 6.04 7.23 8.20
4-hr (1.42-1.99) || (1.67-2.33) || (2.12-2.98) || (253-380) || ¢3.13-4.80) || (3.58-5.72) {| (4.02-6.83) || (4.45-8.11) || (5.09-9.96) || (5.58-11.4)
5 1.95 2.1 295 3.563 439 511 5.88 6.71 7.89 8.83
day (167-2.29) || (1.97-272} || (2.51-3.48) || (2.99-4.18) || (3.62-5.4B) || (4.10-6.44) || (4.55-7.59) || (4.96-8.91) || {5.59-10.8) |[ (6 07-12.2)
3d 215 2.54 3.22 3.83 474 5.50 6.0 7.16 8.37 9.34
ay (1.85-2.51) || (2.18-2.67} || (2.75-3.78) {| (326:4.52) || (3.92-5.87) || (4.42-6.88) || (4.89-8.09) || (5.31-9.45) || (5.96-11.4) || (6 45-12.8)
ad 2.31 2.72 342 4,06 5.00 5.78 6.61 7.50 8.75 9.76
3Y || 2.00-270) || (2.34-317) || (2.94-4.01) || (346-4.78) || 4.156.18) || (a.67-7.20) [|(5.14-8.48) ) (5.58-9.87) {| (8.25-11.8) || (6.75.13.3)
7-d 2.74 3.17 392 4.60 5.60 6.43 7.32 8.27 9.60 10.7
ay (2.38-3.18) (2.75-3.68) (3.39-4.57} {3.95-5.38) (4.67-6.86) (5.23-7.97) (| (5.73-9.30) || (6.19-10.8) ]| (6.90-12.9) (| (7.44-14.5)
1 3.1 .58 439 511 6.17 T7.05 7.98 8.97 104 1.5
0-day (271-3.60) || (3.11-4.14) || (3.80-509) || (440-595) || (5.17-7.51) || (5.75-8.69) || (6.27-10.1) {| (6.75-11.7) || (7.47-13.9) {| (8.03-15.5)
20-d 418 4.79 583 8.72 7.99 9.01 100 1141 126 138
ay (3.67-4.79) (4.20-5.50) || (5.08-671) || (5.84-7.77) (| (6.71-9.59) (7.38:11.0) ([(7.94-12.6) || (8.42-14.3) || (9.17-16.7) [[ (9.73-18.8)
5.05 5.80 7.04 8.08 9.51 106 11.8 129 144 156
30-day (4.46-5.77) (5.11-6.63) {6.18-8.07) || (7.05-9.30) || (8.01-11.3) (8.73-12.8) |((9.32-14.6) || (9.79-16.5) || (10.5-19.0) || (11.1-20.9)
6.14 7.06 8.54 9.75 14 126 138 15.0 16.6 177
45-day (5.44-6.98) 1| (6.25-8.03) || (7.53-974) || 8.55-11.2) || (9.60-13.4) || (10.4-15.0) || {11.017.0) || (1419 [ 121217 || (126-23.7)
7.05 8.12 9.80 111 129 14.2 15.5 16.7 18.3 19.4
60-day (6.27-7.99) || (7.20-9.20) || (B.B6-11.1) || (9.80-12.7) || (10.9-15.2) || (11.8-17.0) |[(12.4-19.0) ]| (12.8-21.1) |[ (13.4-23.8) || (13.9-25.89)
1 Preciprtation frequency (PF) estimates in this table are based on frequency analysis of partial duration series (PDS).
Numbers in parenthesis are PF estimates at lower and upper bounds of the 90% confidence interval. The probabilty that precipiation frequency estimates
(for a given duration and average recurrence interval) will be greater than the upper bound (or less than the lower bound) is 5%. Estimates at upper bounds
are not checked against probable maximum precipration {PMP) estimales and may be higher than currently valid PMP values.
Please refer to NOAA Allas 14 document for mare information,

Back to Top

Http:/hdsc.mws.noaa.govihdsc/pfds/pfds_printpage htmi ?1at= 38.95148 on= - 104.69058data= depth8units=english&series=pds 174
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Soil Map—E! Pasa County Area, Colorado

Map Unit Legend

El Paso County Area, Colorado (C0625)

Map Unit Symbol | Map Unit Name | Acres in AO Percent of AO

9 : Blakeland-Fluvaquentic 125" 76.4% !

' Haplaguolls g !

g | Pring coarse sandy loam, 3to 8 39 { 23.6% :

} percert stopes {

‘ - - - - = 1

' Totals for Area of Interest | 164 \ 100.0% .

i - - PR B . . — - - B
usDa  Natural Resources Web Soil Survey 114212015
== Conservation Service National Cooperative Soil Survey Page 3 of 3



Map Unit Description: Blakeland-Fluvaquentic Haplaquolls---El Paso County Area, Colorado

El Paso County Area, Colorado

9—Blakeland-Fluvaquentic Haplaquolls

Map Unit Setting
National map unit symbol: 36b6
Elevation: 3,500 to 5,800 feet
Mean annual precipitation. 13 to 17 inches
Mean annual air temperalure: 46 to 55 degrees F
Frost-free period: 110 to 165 days
Fammiand classification: Not prime farmland

Map Unit Composition
Blakeland and similar soifs; 60 percent
Fluvaquentic haplaquolls and similar soils; 30 percent
Estimates are based on observations, descriptions, and transecis of the
mapunit.

Description of Biakeland

Setting
Landform: Flats, hills
Landform position (three-dimensional): Side slope, talf
Down-slope shape: Linear
Across-slope shape: Linear
Parent material: Sandy alluvium derived from arkose and/or eolian
deposits derived from arkose

Typical profile
A -0to 11 inches: loamy sand
AC - 11 to 27 inches; loamy sand
C - 27 to 60 inches: sand

Properties and qualities
Sfope: 11to @ percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Somewhat excessively drained
Runoff class: Low
Capacity of the most limiting layer to transmit waler (Ksat): High to
very high (5.95 to 19.98 in/hr)
Depth to water table; More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Calcium carbonate, maximum in profile: 5 percent
Available waler slorage in profile: Low {about 4.5 inches)

Interpretive groups
Land capability classification {irmgated):; 3e
Land capability classification {nonirrigated). 6e
Hydrologic Soil Group: A
Ecological site: Sandy Foothill {R049BY210C0O)

usDA  Natural Resources Web Soil Survey 1122015
«=8 Conservation Service National Cooperative Soil Survey Page 10of 2



Map Unil Descriplion: Blakeland-Fluvaguentic Haplaquolls---El Paso County Area, Colorado

Description of Fluvaquentic Haplaquolls

Setting
Landform: Swales
Down-siope shape: Linear
Across-siope shape: Linear
Parent material: Alluvium

Typical profile
H1-0to 12inches. variable

Properties and qualities
Slope: 1to 2 percent

Depth to restriclive feature: More than 80 inches

Natural drainage class: Poorly drained
Runoff class: Very high

Capacity of the most limiting layer to transmit water (Ksal).
Moderately high to high (0.20 to 6.00 in/hr)
Depth to water lable: About 0 to 24 inches

Frequency of flocding: Occasional
Freguency of ponding. None

Salinity, maximum in profile: Nonsaline to slightly saline (0.0to 4.0

mmhos/cm)

Interpretive groups

Land capability classification (irrgated): 6w
Land capabitity classification (nonimrigated). 6w

Hydrologic Soil Group: D

Minor Components

Other soils
Percent of map unit:

Pleasant
Percenl of map unit:
“ Landform: Depressions

Data Source Information

Soil Survey Area: El Paso County Area, Colorado
Survey Area Data:  Version 13, Sep 22, 2015

usDa  Natural Resources Web Soil Survey
=am® Conservation Service National Cooperative Soil Survey

11/2/2015
Page 2 of 2



Map Unit Description: Pring coarse sandy loam, 3 to 8 percent slopes---El Paso County Area,
Colorado

El Paso County Area, Colorado

71—Pring coarse sandy loam, 3 to 8 percent slopes

Map Unit Setting
National map unit symbol: 369k
Elevation: 6,800 to 7,600 feet
Farmiand classification: Not prime farmland

Map Unit Composition
Pring and similar soils: 85 percent
Estimates are based on ocbservalions, descriptions, and fransects of the
mapunit.

Description of Pring

Setting
Landform: Hills
Landform position (three-dimensional): Side slope
Down-siope shape: Linear
Across-slope shape: Linear
Parent material: Arkosic alluvium derived from sedimentary rock

Typical profile
A - 0to 14 inches: coarse sandy loam
C - 14 to 60 inches: gravelly sandy loam

Properties and qualities
Slope. 3to 8 percent
Depth to restrictive feature: More than 80 inches
Natural drainage class: Well drained
Runoff class: Low
Capacity of the most limiting layer to transmit water (Ksat): High {2.00
10 6.00 in/hr)
Depth to water table: More than 80 inches
Frequency of flooding: None
Frequency of ponding: None
Available water storage in profile:. Low (about 6.0 inches)

Interpretive groups
Land capability classification (irrigated). None specified
Land capability classification (nonirrigated). 3e
Hydrologic Soil Group: B
Ecological site: Loamy Park (R048AY222C0O)

Minor Components

Other soils
Percent of map unit:

Pleasant
Percent of map unit:

usDa  Natural Resources Web Soil Survey 11122015
e=EE  Conservalion Service National Cooperative Soil Survey Page 102



Map Unit Description: Pring coarse sandy loam, 3 to 8 percent slopes---El Paso County Area,

Colorado
Landform: Depressions
Data Source Information
Soil Survey Area: El Paso County Area, Colorado
Survey Area Data:  Version 13, Sep 22, 2015
UsD4  Natural Resources Web Soil Survey 111212015

Conservation Service National Cooperative Soil Survey ] Page 2 of 2
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SAND CREEK DRAINAGE BASIN PLANNING STUDY - COSTS FOR STERLING RANCH

CONSTRUCTION COST OPINION PER DBPS

SAND CREEK Drainageway Conveyance Cost Estimate (pg. 84 DBPS)

GRADE

DBPS SEG/DESCRIPTION UNIT QUANTTTY UNIT COST CONTROLS LENGTH
1 163 Sel. Linings (1 side) LF 2600 $127 15 1200
2 187 Sel. Linings (1 side) LF 0 $0 2 160
3 170 Sel. Linings (1 side) LF ) $0 3 240

SUB-TOTAL (DBPS Dollars)
* (2017 Dolars) *(2017 Dollars) - Drainage Fee Multiptier - 3.32

Existing Pond Outlet Structures and Embankment Repairs (pg. 50, 52, 53)

DBPS SEG/DESCRIPTION UNIT QUANTITY UNIT COST

1 SEG 170 - Pond Outlet i 1 $20,000 e

Embankment 1 1 $35,000 e

2 SEG 170 - Pond Outlet 1 1 $20,000 e

Embankment 1 1 $35,000 .

3 SEG 163 - Pond Outiet 1 1 $20,000 o

Embankment 1 1 $35,000 =
SUB-TOTAL (DBPS Dollars)

*(2017 Dollars) (2017 Dollars - Proposed Costs - Not included in DBPS)

Cost Opinian-Fillng 1-2 SC Channel-4-24-17.xls

DBPS
REIMBURSABLE COST
$546,200
$28,800
$43,200

$618,200

$2,054,773

PROPOSED
REIMBURSABLE COST
$20,000
$35,000

$20,000
$35,000

$20,000
$35,000

$165,000

$165,000

412612017



SAND CREEK DRAINAGE BASIN PLANNING STUDY - COSTS FOR STERLING RANCH

CONSTRUCTION COST OPINION PER DBPS

Sang Creek BRIDGE Crossing Cost Estimate (pg. 83 DBPS)

DBPS SEG/DESCRIPTION UNIT QUANTITY UNIT COST
1 Resarch Pkwy 6'H x 8W CBC LF 80 $1,560
SUB-TOTAL (DBPS Dollars)
* (2017 Dollars) *(2017 Dollars) - Bridge Fee Multiplier - See previous sheet - 15.26

TOTAL REIMBURSABLE DRAINAGE COST PER DBPS (2017 DOLLARS) - Per Proposed Amendment

TOTAL REIMBURSABLE BRIDGE COST PER DBPS (2017 DOLLARS) - Per Proposed Amendment

*“Cost Difference Summary
1. The Sand Creek DBPS assumed a lower density of development for the proposed Stering Ranch area.

DBPS
REMBURSABLE COST
e $124,800
$124,800
$1,904,456

$8,237,679

$1,904,456

2. Volimer Road culverts are propsed as CMP in the SCDBPS, However RCP Is the standard and therefore should be reimbursable.

3. No Costs for existing pond outlet stnictures or embankment repairs; were given in the SCDBPS

4. The Sand Creek bridge estimate is only 80 LF, however the ROW is 160" in width and with the embankment considered the actual lengths will exceed 200 LF.

5. The Sand Creek roadway culvert estimate assumes CMP pipe, however RCP pipe is now the standard.

6. The Sand Creek drainageway estimate assumes grade control structures only, however drop structures will replace some of the check structures.
7. The Sand Creek drainageway assumes design for some 10-yr facifities, however 100-yr facilities will be constructed throughout the development.

8. The Sand Cresk DBPS does not consider Vollmer Road as an improved arterial road, however Volimer Road drainage imp:

ents will be ary.

8. The Sand Creek DBPS (page 50) 100-yr outlet control structure for the existing pond was not included in the cost estimate for the Sand Creek improvements,

however for the existing embankment to remaln, a structure will be necessary.
10. Not included in Sand Creck DBPS cost Estimate
11. Actuall costs will far exceed Sand Creek DBPS budget

Cost Opinion-Fliing 1-2 SC Channal-4-24-17 xls

4/26/2017
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Soil Map—EI Paso County Area, Colorado
(Sterling Ranch Filing No. 2)
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Natural Resources Web Soil Survey 5/2/2017
Conservation Service National Cooperative Soil Survey Page 1 of 3




Soil Map—EI Paso County Area, Colorado
(Sterling Ranch Filing No. 2)

MAP LEGEND

Area of Interest (AOIl)
Area of Interest (AOI)

Soils
Soil Map Unit Polygons

- Soil Map Unit Lines
o Soil Map Unit Points
Special Point Features
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Severely Eroded Spot
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Water Features

= Spoil Area
& Stony Spot

MAP INFORMATION

The soil surveys that comprise your AOI were mapped at
1:24,000.

i) Very Stony Spot

"~; Wet Spot
a Other
P Special Line Features

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.

Streams and Canals

Transportation

- Rails
— Interstate Highways
US Routes
Major Roads
Local Roads
Background

Aerial Photography

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:
Survey Area Data:

El Paso County Area, Colorado
Version 14, Sep 23, 2016

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

Date(s) aerial images were photographed: Apr 15, 2011—Sep
22,2011

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.

USDA  Natural Resources
== Conservation Service

Web Soil Survey
National Cooperative Soil Survey

5/2/2017
Page 2 of 3




Soil Map—EI Paso County Area, Colorado Sterling Ranch Filing No. 2

Map Unit Legend

El Paso County Area, Colorado (C0O625)
Map Unit Symbol Map Unit Name Acres in AOI Percent of AOI

8 Blakeland loamy sand, 1 to 9 30.5 25.1%
Type A percent slopes

9 Blakeland-Fluvaquentic 17.2 14.1%
Type A Haplaquolls

19 Columbine gravelly sandy 65.4 53.8%
Type A loam, 0 to 3 percent slopes

71 Pring coarse sandy loam, 3 to 8.4 7.0%
Type B 8 percent slopes

Totals for Area of Interest 121.5 100.0%

UsbA  Natural Resources Web Soil Survey 5/2/2017

==l Conservation Service National Cooperative Soil Survey Page 3 of 3
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DEPARTMENT OF THE ARy SUGWED
ALBUQUERQUE DlsTRICT, CORPS OF ENGINEERS
200 SOUTH SANTA FE AVENUE, SUITE 301
PUEBLO, COLORADO 810034270

KEPLY TO
ATTENTION oF

February 29, 2016

Reguiatory Division

SUBJECT: Action No. SPA—2015-OQ428—SCO, Steriin'g Ranch Residential Development
Project, E! Pasg County, Colorado

Jim Morley

SR Land, LLC

20 Boulder Crescent Suite 201
Colorado Springs, CO 80903

Mr. Moriey:

You are hereby authorized under Section 404 of the Clean Water Act to discharge
dredged and fif| Material into waterg of the United Stateg to conduct work in associateq
with construction of the Sterling Ranch Residentiai Development in accordance with;
Action Number SPA—2015-00428-SCO. A copy of the permit is enclosed.

location or plang for the work. Approval of revised plans may be granted i they are
found not contrary to the public interest -

This pemit is not an approval of the Project design features, nor does it irhply that
the construction js adequate for jts intended Purpose. This permit doeg not authorize
any injury to Property or invasion of rights or any infringement of Federal, state or local

laws or regulations. Yo, must possess the authority, including Property rights, to
undertake the Proposed worik.



Van Truan

Chief, Southern Colorado

Regulatory Branch
Enclosure(s)



‘e CORE

W2 CONSULTANTS

September 23, 201¢
Mr. Virgii Sanchez
MS Civil Consultants, inc.

20 Boulder Crescent, Suite | 10
Colorado Springs, CO 80903

RE: SnndCreekWethndMemo

Sterli RanmRecldanﬂalDeveloprmPro)ect
Eh:o‘Coumy,Cdondo

Dear Mr. Sanchez:

(USACE) asa component of a Section 404 permit application for the Project (Permit Number SPA-2015.-
00428-SCO), which was approved by the USACE in February, 2016.

CORE expacts that wetlands may occur throughout the floodplain in portions of Sand Creek in future
development areas further downstream (Attachment I: Wethland Location Map).

if you shouid have any questions, concarns, or require additional information, please feel free to contact
our office directly at 303.703.4444.

Sincerely,

CORE Consultants, Inc.
TN Mg
Daniel Maynard

Senior Ecologist

CORE Consultants, Inc. ] 1950 W, Littleton Boulevard, Suite 109 | Littleton, CO 80120 | 303.703.4444 | www.CoreCivil.com



‘e CORE

Mmm CONSULTANTS

ATTACHMENT |

WETLAND LOCATION MAP

CORE Consultants, Inc | 1950 W, Littleton Boulevard, Suite 109 ] Littleton, CO B0120 | 303.703.4444 | www.CoreCivil.com
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Minor Storm Cagclg Rating Table for Collector Section

Friction Method Manning Formuta
Solve For Discharge

Channel Slope 0.02000 fn

Normal Depth 049 g
Section Definitions

0+00 0.70
0+10 0.50
0+10 0.50
0+10 0.00
0+12 0.13 )
0+30 049
0+48 0.13
0+50 0.00
C+50 0.50
0+51 0.50
0+60 0.70
Roughness Segment Definitions
(0+00, 0.70) (0+10, 0.50) 0.020
(0+10, 0.50) (0451, 0.50) 0.016
(0+51, 0.50) (0+60, 0.70) 0.020
Discharge (h¥%s) Velogliy (ivs) Flow Asia (5%} Waitad Perinotar ¢y Top Wtth (8
0.00000 8.12 41.00 40.00
\\_ _—-—-_\_\

Bentley Systems, inc. Haestad Methods MMWVE (SELECTseries 1) [08.11.01 03]
§/24/2016 12:06:26 PM 27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1685 Page 1or 3



Minor Storm Cagac!g Rating Table for Collector Section
_
Input Daie

Chaceel Siope (Wit) Discharge (ros) Velodily (/) Fiow Area (6% Vatiad Pe;imater ) Top Width ()
0.00250 11.32 1.39 8.12 41.00

40.00
0.00500 16.01 1.97 8.12 41.0c 40.00
0.00750 18.80 24 8.12 41.00 40.c0
0.01000 22.64 2.79 812 41.00 40.00
0.01250 25.31 3.12 8.12 41.00 40.00
0.01500 21.72 3.41 B.12 41.00 40.00
2.01750 29.95 3.69 8.12 41.00 40.00
0.020c0 32.01 3.94 8.12 41.00 40.00

—EE——

0.02250 33.96 4.18 8.12 41.060 40.00
0.02500 35.79 4.41 812 41.00 40.00
0.02750 37.54 4.62 8.12 41.00 40.00
0.03000 38.21 4.63 6.i2 41.00 40.00
0.03250 40.81 5.03 8.12 41.00 40.00
0.0350G 4235 522 8.12 £1.00 40.00
0.0375¢ 43.84 5.40 8.12 41.00 40.00
0.04000 45.27 5.58 8.12 41.00 40.00
0.04250 48.67 5.75 8.12 41,00 40.00
0.04500 48.02 591 8.12 . 41.00 40.00
G.04750 49.34 6.08 o 8.12 41.00 40.00
0.05000 50.62 6.23 8.12 41.00 40.00

Bentlay Systems, inc. Hzastad Mathods Sﬂ&mmmn (SELECTsaries 1) [06.11.01.03]
5/24/2016 12:06:26 PM 27 Siemons Com:pany Drive Sulte 200 W Watertown, CT 06785 USA +1-203-755-1665 Page 20of 2



ajor Storm Cagacig Rating Table for Coliector Section

Friction Method Manning Formuia
Solve For Discharge

Channel Slope 0.02000 fm

Normal Depth 0.70 #
Section Definitions

0+00 0.70
0+10 0.50
0+10 0.50
0+10 0.00
0+12 013
0+30 0.48
0+48 0.13
0+50 0.00
0+50 0.50
0+51 0.50
0+60 0.70

Roughness Segment Definitions

(0+00, 0.70) (0+10, 0.50) 0.020
(0+10, 0.50) (0+51, 0.50) 0.016
(0+51, 0.50) (0+60, 0.70) 0.020

Chamel Sope iRy Dischrge i) Viooky () Fow Aroa Wotad Pamota ) Top Wby

0.00000 18.62 61.02 60.00
—_—

Bentley Systsms, Inc, Haestsd Mathods ScBulitieRiteMaster V3 (SELECTserles 1) [08.11.01.03)
5/24/2016 12:12:50 PM 27 Siemons Company Drive Suits 200 W Watertown, CT 06785 USA +1-203-755-1666 Page 1 of 2



Ma[or Storm Cagacig Rating Tahle for CQIIector Sectmn

~f§pqu'

60.00

60.00

3.36 18.62 61.02 60.00

0.01000 72,30 3.88 18.62 61.02 60.00
0.01250 80.83 4.34 18.62 61.02 60.00
0.01500 88.55 4.76 18.62 61.02 60.00
0.01750 95.64 5.14 18.62 61.02 60.00
0.02000 102.25 549 18.62 61.02 60.00
0.02250 108.45 5.82 18.62 61.02 60.00
0.02500 114.32 6.14 18.62 61.02 - 60.00
0.02750 119.90 6.44 18.62 61.02 60.00
0.03000 125.23 6.73 18.62 €1.02 60.00
0.03250 130.34 7.00 18.62 61.02 60.00
0.03500 135.26 726 18.62 61.02 60.00
0.03750 140.01 7.52 18.62 61.02 60.00
0.04000 144.60 7 18.62 61.02 60.00
0.04250 149.05 8.00 18.62 61.02 60.00
0.04500 163.37 8.24 18.62 61.02 60.00
0.04750 157.57 8.46 18.62 61.02 60.00
0.05000 161.67 8.68 18.62 61.02 60.00

——

Benllly Systems, Inc. Haestad Methods Sdhstitis Y BixiaMaster Vai (SELECTseries 1) [08.11.01 03)
5/24/2016 12:12:50 PM 27 Siemons Company Drive Suite 200 w Watertown, GT 06795 USA +1-203-755-1666 Page 2 of 2
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STERLING RANCH FILING NO. 2
CONCEPT DRAINAGE CALCULATIONS
(Storm Sewer Routing Summary)

| Intensity™ Flow PIPE SIZE
PIPE Contributi oo, Ry N
RUN Pipes/Design Poluts " ca . ca 0 T, Is 1 100 Qs | G
16 DP16 FILING NO. 1 FDR 270 237 134 37 62 10.0 | 14.7 4 RCP
17 DP17, FRI6 FILING NO. | FDR 5.01 442 152 35 59 178 | 260 [aa"rCP
32 DP28 7.99 1n.12 183 32 54 258 | 60.2 [3e"rCP
33 DP29 434 693 144 3.6 6.0 17.3 417 [j36"RCP
34 PR32, PR33 1283 18.05 183 32 54 414 97.8 p8"RCP
344 DP} 1.60 162 104 4.1 6.8 65 | ILI j4 mcP
34B DP31 202 208 10.5 4.1 (2] 82 14.2 4 RCP
35 PR3, PRMA, PRMB 16.45 21.76 183 32 54 531 | 117.8 J4s"RCP
36 P32 935 14.79 179 33 55 304 | 8.8 [42"rce
37 DP33 474 629 138 16 6.1 17.3 | 385 [po"Rcp
38 PR3, PRI7 1409 2108 179 33 55 459 | 115.2 [a8"RCP
39 PR35, PR38 30.54 4281 183 32 54 98.5 | 232.0 [66"RCP
44 DP38 1165 1528 18.7 32 54 372 | 8.9 pa"rce
404 12 DP39 0.62 0.81 116 39 65 24 53 [s"rece
40B 1/2 DP39 0.62 041 116 39 66 24 53 ils" RCP
40 P39 1.24 1.62 116 39 66 48 | 106 hstRrcp
414 12DP39A 173 1.62 174 33 55 57 9.6 |i18"RCP
4IB DPI9A 347 325 174 33 55 i14 17,9 |2a"rCP
41 PR40, PR4IB 470 446 174 33 55 155 | 269 [earce
42 1/2DP4D, PR47 145 285 174 33 55 48 | 158 [o4"recp
47 DP44 0.29 126 138 36 6.1 Lo 7.7 Jis"Rcp
48 172 DP4, PR41, PR42 707 256 174 33 55 230 | 523 e rep
50 DP43A 9.38 11.87 131 37 63 EAY 743 ja2"RCP
504 PR48, PRSD 1645 21.43 174 33 55 3542 | 1186 |48 RCP
51 DP45 120 1.84 136 37 62 44 11.3 |18"RCP
52 PRS0A, PRS1 1764 2317 174 33 55 582 | 1288 [+ RecP
53 DP46 0.59 133 10.5 41 6.8 24 9.1 |is"RCP
54 DP5% 158 1.56 134 37 6.2 58 9.7 |is"RCP
55 DP52, PRS¢ 331 3.42 134 37 62 122 | 212 forrep
56 PRS2, PR53 18.24 24.60 174 33 55 60.2 | 1362 J48"RCP
564 PRSS, PRS 2155 2802 174 13 55 711 | 155.2 J54"RCP
56B PRS6A 21.55 2802 174 33 5.5 711 | 155.2 |2-42"RCP
57 PR35, PRSGE 5209 7086 183 32 54 | 1681 | 383.8 18" RCP
574 DPS6 1.69 362 166 34 57 57 | 205 farece
58 PR44, PR57, PRSTA 65.43 89.76 187 12 54 | 208.9 | 481.1 [s4"RCP
68 DP47A 15' AT-GRADE INLET 278 263 144 16 6.0 100 | 158 [js0"RCP
68 INT DP47A AREA INLET 310 405 144 16 6.0 112 | 244 o Rcp
69 DP48A 15' AT-GRADE INLET, PRé8 605 543 152 35 59 212 | 319 poRcp
61 INT DP47 AREA INLET 216 3.40 144 36 60 7.7 20.4 J30"RCP
61-9 DP47 10’ AT-GRADE INLET 17 171 144 36 60 &2 16.3 fis"rcp
61 | DP¥ ""W‘"’Yir‘{’!‘:}r"’ 1¢' AT-GRADE 215 293 144 36 60 | 727 | 17.6 [ooree
62-0 DP48 10 AT-GRADE INLET 173 17 144 36 60 62 103 |13"Rep
62 | DR4SFLOWHY,PRGZD, PRE1 10' AT- 4.50 6.51 152 35 59 | 152 | 382 Yorrep
63 DP4S 1282 106.38 532 1.6 27 20.5 | 289.4 Y66"RCP
64 DP50 6.93 7.53 93 42 21 294 | 53.7 [36"RCP
65 PR63, PR64 19.75 11391 532 16 27 32.6 | 309.9 [12"rCP
66 DP53 435 473 7.5 46 76 19.3 | 361 [porce
67 PR6S, PR66 24.10 118.63 5.2 16 27 39.i | 322.7 gr2°RCP
71 | Peak cutflow from Poud W-S~UD-Det v3.04 3.1 | 149.7 $48"RCP
73 DPé69 1.57 5.66 230 29 48 4.5 27.4 §24"RCP
74 PR67, PR71 Summed flows 422 | 4724 [pa"recP
75 DP60 36.85 11631 532 16 27 59.7 | 3162 [r2"rep
76 DP 73 096 3124 170 33 56 3.2 181 f24"RCP
* Tntensity equations assume & minimum trave] time of 5 minutes. Calculated by: ET
DP- Design Point FB- Flow By from Design Point Date: 5/3/2017
EX- Existing Design Point INT- Intercepted Flow from Design Poim Checked b;: VAS
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ENGINEERS

Solutions By Design
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation, This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter, D = 84 in Pipe Diameter, D =| 7
Depth of flow,y =f 81 in Pipe Radius,r=] _3.5
(must havey > D/2)
Circ. Segment Height, h =
Full Pipe Manni
rough neg = 0.013 Central Angle, q =|__0.76
Channel bottom Cross-Sect. Area, A =] 38,05

slope,S:I 0.003 I fe/ft

Wetted Perimeter, P =} __19.3

Calculations Hydraulic Radius, R=]__1.97
/g = 1017857 Discharge, @ =] 368.58
Partially Full Mannt Ave. Velocity, V =|__9.69

roughness, n = I 0.013 I
pipe % full [(A/Aq)}*100%] =

r=D/2

h=2r-y

(hydraulic radtus)
R=A/P

{Manning Equation)

Q= (149/n)(A)(R¥3)(V?)

V=Q/A P

0 = 2arccos (!-%—h)
Partially Fuli Pipe Flow Parameters

{(More Than Half Ful})

2 .
A= ap? T (ezsme)

P =2pr ~1*%6

Equation used for n/neur: 1/t = 1.25 - (y/D -0.5)%0,5 (for 0.5 < ¥/D £ 1)

STon 23 — @AY Re®

radians
2

f

ft

cfs
ft/sec
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS

EDGE

Schutions By Deslgn

‘We've detected that you're
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation, This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variabie, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

IL. Calculation of Discharge, Q, and average velocity, V

for pipes more than haif full

Instructlons: Enter velues in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter, D = in Pipe Di p=] 6
Depth of flow, y = in Pipe Radlus, r =| 3
(must have y > D/2)
Circ. S Height, h =IE|
Full Pipe Marnin, —_
rougk nun = 0013 4 Central Angle, q =|__0.00
Channel battom Cross-Sect. Area, A=| 2827
stope,s=_1993 | g/n
Wetted Perimeter, P =] _18.8
Calculations Hydraulic Radius, R=f_ 150
/N = :I Discharge, ¢ =}_232.59
Partially Full Manning Ave. Velocity, V=|__823
roughness, n =
plpe % full [(A/Ann)*£00%] = | 1000% |
r=D/2
P onst § S h=2r-y
Pl St _
/*.\ // 7 \ (hydraulic radius)
/ N 8 "-\ R=A/P
I T S ¥ o
{ (Manning Equation)
'\ Q= (1.49/s3(A)(R**)(5*%)
L J
. / o
\"'*- " . e B
o S — / g = zaﬁfﬂﬂi ( u)
Ly
Partially Full Fipe Flow Puameters -
(More Than Half Ful) 1 - sing)
ﬁ.' = Y - ——
¥
F
P ow=Qpr —1%8

Equation used for a/nuu: n/npn = 1.25 - (/D -0.5)*0.5 (for 0.5 < y/D < 1)

Stoem 23 - 72" Rep

ft

radians

cfs
ft/sec
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

- - . Enginenring Book Siore
EDGE e 1 Reuighness Somparaisrs
s *

Deafting Supplies

Partially Fuli Pipe Flow Calculator and Equations

: . . . . . . . ) . Membership
This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This Regitter | Lepin

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be [ e e
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

[L. Calculation of Discharge, G, and average velocity, V

We've detected that yoa're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in biue boxes. Calculations in yellow
Inputs Calcnlations
To learn more about how
you can help Engineers e
Edge remain a free Pipe Diameter, D=t 30§ iy Pipe Diameter,D=|__23
resource ?nd not see Depth of flow, y )13 in Pipe Radius, r=|__1.25 E
advertising or this
message, please visit {must have y > D/2)
Alenubershiy. A 3 _| 1417 |
Circ. Height, h = ft Tolerancin:
Full Pipe Manni i » DEM DA Truining
rougt Dt j| 0.013 | Centrai Angle, g =|_341__| radiens : Twrnfuy, Ouline
Channel bottom Cross-Sect. Area, A= 2.04 it A .
S » Adventising Cenler
slcpe, 8 = Rr/ft
Wetted Perimeter, P=]__3.6 ft Print Webpage :
Hydraulic Radius, R=|__ 057 R I
1/t = 1.2833333 Discharge, @ =|_36.33 ofs » Copyright Notice
Partially Fuil Manning Ave. Velocity, v=] 17.82 fifsec

roughness, m = 5 L b m [T an

pipe % fall [(A/Ara)*100%) = Article

r=p/2
h=2r-y
(hydraulic radius)
R=A/P
(Manning Equation) Advertise Here
l\ ' Q= (L49/m) (AR5 ANSI Data Chart
. S| e ., e
; Inches. threads, pipe
o B eoara (, r- & ) thread...

H
Partially Full Fipe Flow Paramelers
(More Than Half &4l

) t{G-sing}

= o o=
A= R¥ -
P
P =72y —7*8

Equation used for n/naa: R/nge = 1.25 - (/D -0.5)*0.5 (for 0.5 < y/D < 1)
= - " t:
Slotwm 28 oM e
PPs2

http://www.engineersedge.com/fluid_flow/partially_full_pipe flow_calculation/partiallyfull... 5/5/2017



DRAINAGE CRITERIA MANUAL (V. 2) CULVERTS

180 10,000
16 From BPR
168 L 8,000 EXAMPLE (y (2 (3)
a 58 B 6.000 D=42 inches (3.5 fal) r €. 6
- - . Q=120 ofs
144 — 5,000 . &, L
i — 4,000 *  Hy -6 | [ 5.
— 132 ' - ty fast - 4 L
i - 3,000 W 25 88 =3 7 Fa
120 - ® 21 Te i - =
 io8 - 2,000 ) 2.2 7.7 T3 =
3 ;_ %D 1n feet - N ™~ 3.
— 96 - 1,000 - 3, - :
i [ 800 - . R
| - == ———> .
o — 600 T —2—fe
i __ 500 / — 2 - |
o[ 72 - 400 -~ § - - I
713 . 9\"/ o B
ui | — 300 2 =4 ~1.5 | s
g ®Er -~ E - 3
= 0 SEe0 - L 1,32
= zf d _
e — 54 s :/ o R
= et P a
& _~w 100 ,
w4 - z L 1
3 :,/ g — 80 -
3 %2 § — :8 E ~1.0 (Lo
w — =
o =+ W ENTRANGE - 1
s or D SCALE TYPE e L0
w B . E o — .9 [~ 9
E - 36 — 30 1)) Square sdge with < :
S| 33 - headwall Zr.9
g - 20 @ Groove end with ﬁ -
. 30 E haodwoll x — .8 — .8
3 3 Groove end — .8
. 27 - projecting i , - »
— [[+] .
24 — 8 _ =7
n 6 To use acale {2) or (3) project ' - B
21 — 6 horizontally to soats (1), then X -
— 4 use straight fnclined tine through
B D ond Q scalas, or ravaras as .6
= 1llustrated, .6 — .6
- 2 ! - .
— |5 3
- — .8 |
= . .5
e ‘.o .5
L 12 -
Figure CU-8—Inlet Control Nomograph—Example
DP 5% - Qo 3 e8s
07/2001 CcuU-19

Urban Drainage and Flood Control District



Open Channel Flow Calculator Page 1 of 1

Select Channel Type:

The open channel flow calculator |

Velocity(V)8Discharge(Q) _ V][Select unit system: [Feet(ft) ]

i i
Channel slope: |.109 Water depth(y): [o7 f [Bottom width(b) |4
lfT/ft Ft
Flow velocity|8.909 efiSlope (Z1): TEICH RightSlope (Z2): |3
s Lﬁo 1 (H:Vv
low dischargeﬁs.041 8 |Input n value|0.035 or select
'lf-l“3/s
Calculatel Status:|Calculation finished Reset
| 8.4 .
l‘ﬁvﬂ perimeter|8.43 Flow areaj4.27 Jftr2 Top width(T){8.2 Ift
i 1.
pHesitc energy| = Froude numberlﬁ.18 Iilow statusjSupercritical flow
(Critical depthfi.08— |t |[Critical slopef0.0204 [t |Velocity head[i23 |t |
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR &L=
TLACT P

’D?Si’) Qoo™ b css

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 4/19/2017



Partially Full Pipe Flow Calculator and Equations - Engineers Edge
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o0 Drafting Suppiies

Bolutions By Design

Partially Fuli Pipe Flow Calculator and Equations
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Fluid Power Equipment

This engineering caiculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - 1.S. Units
1L Calculation of Cischarge, Q, and average velccity, V

We've detected that you're for pipes more than half full
using adblocking software
or services. Instructlons: Enter values in blue boxes. Calculations inyellow
Inputs Calcujations
To learn more about how
you can help Engineers
Edge remain a free Pipe Diameter, D=l 72 in Fipe Diameter, D=f___6 ft
resource ?Ild not s Cepth of fiow,y =|| 60 in Pipe Radius, r=| 2 ft
advertising or this

message, please visit {must have y > D/2)

Menubcrchin, Circ. Seg Height,h =] _1.000 R
Full Pige Mannin, _
g| A=)l 0013 3 Central Angle, q =|__1.68 radians
Channel bottom Cross-Sect. Area, A=] 25.18 it
slope, S = ft/ft
Wetted Perimeter, P=]__13.8 ft
Hydraulic Radius, R=|__1.82 ft
n/ngy = 1.0833333] Discharge, Q = 3154 cfs
Partially Full Manning Ave, Velocity, V=] _12.54 ft/sec
roughness, n = | 0.014

pipe % full [(A/An)*100%)] =

r=D/2

h=2r-y

(bydraultc radius}
R=4/P

(Manning Equation)

Q= (L49/2)(AIRYP) YY)

\ v=Q/A P

Partially Full Pipe Flow Parameters
(More Thap Half Full) .

Equation used for n/rsy; n/npn = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

Sohw 23 — F2!' ¢cp

Page 1 of 2
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Partiaily Fuli Pipe Flow Calculations - U.S. Units

11 Calculation of Discharge, Q, and average velocity, V
for pipes more thar: half full

Instructions: Enter values in blue boxes. Celzulations in yellow

Inputs

i ] = r
Pipe Diameter, D=l 72 in
Depthofflow,y=].. 32 | m

{must have y > D/2}
a/f
0/ = 1.229166€
Parially Full M

rouginess,n= 0.016

(More Than Halfl Full)

Calculations

Pipe Diameter, D = &

Pipe Radius, r = 3

Circ. S HeIght,h:I 2.750 I

Central Angle,q =] _2.97
Cross-Sect. Ares, A =] _15.64

Wetted Perimeter, P = 99
Hydraulic Radius, R=] 1.58
Discharge, Q =|_314.58
Ave. Velocity, v =] _20.12

pipe % full [(A/Ae0)*100%] =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (L45/m)(A)(R¥*Y(SYY)

V=Q/A P

8 = 2arccos :T'-’—*)

[ ]

Equation used for n/ngn: n/na = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

Stoem 20 F2'' R

This engineering calculator determines the Fiow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upor the depth of flow.

ft

R/sec
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS w Enginerring Book Store
EDGE ~ Roughness Comparaicrs
Bokutions By Design /] Dealiing Suppiies
y Full Pipe Flow Calculator and Equations
- T T'luid Flow Uable of Contents | [ydraudic and Presmatic Knowledee
Finid Power Lauipmert
This engineering calculator determines the Flow within a partially fizll pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Partiatly Full Pipe Fiow Calculations - U.S. Units
1. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers p—
Edge remain a free Pipe Diameter,D=f} 72 { Pipe Diameter, D=}__ 6 fr
ECSOUECe _and not see Depth of flow,y =38 | in Pipe Radius, T = 3
advertising or this
message, please visit (must have y > D/2}
miership. Circ. Segment Helght, h L2 | &
.. Central Angle, q =] _3.03 radians
Channel bottom Cross-Sect. Area, A=]_15.14 £
siope, s 409282 | g/n
Wetted Perimeter, P=|__9.8 ft
Rydraulic Radius, R=]__1.55 i3
N/ = 1.2361111 Discharge, Q =|_315.82 cfs
Partially Full ing Ave. Velocity, V=)_2086 .| R/sec
roughness, n= IM
pipe % full [(A/An)*100%] =
r=D/2
h=2Zr-y
(hydraulic radius)
R=A/P
(Manning Equation}
Q.= (149/0) (AR5
7
v=Q/A P
e, £ P o
— 0 = 2arecos Lrt‘ }

Partialiy Full Pips Fiow Parameters -
[More Than Haif Full) ) y{@-sind)

Equation used for n/na: m/fpn = 1.25 - (/D -0.5)*0.5 (for 05 < y/D < 1)

OTokwe 23 -~ T2" 2cp

Page 1 of 2

Resister |

. W

Fain Covegnring

| "Print Webpage |

» Lepyricht Notice

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart Ali units in
inches. threads, pipe
thread...

http://www.engineersedge.com/fluid_flow/partially full pipe flow_calculation/partiallyfull... 5/5/2017
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This i

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent uporn the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

11, Calculation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than half full
using adblocking software
or serviees. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations

To learn more about how
you can help Engineers —
Edge remain a free Pipe Di D=l ¢

in Pipe Di D= 55 ft
b atale ,'nd aot i Depth of flow, y =] 5L in Pipe Radlus,r=] 275 ft
advertising or this
message, please visit (musthave y > D/2)
Membership. Cire. § Heighth=| 1250 | ¢
Fuil Pipe Manni
rougk nean ji 0013 ; Centzal Angle,q =} __1.99 radlans
Chaanel bottom Cross-Sect Area, A=} 19.70 2
slope, S =I[ aa ‘ﬂf_J f/fe
Wetted Perimeter, P=]__11.8 ft
Hydraulic Radius, R =] _1.67 ft
/s = Discharge, Q=] 25077 |  cfs
Partially Full Manni Ave. Velccity, V=) _14.76 ft/sec

roughness, n = IM
pipe % full [(A/An)*100%; =

r=D/2

/“T Y h=2r-y
, N ll;\\_

(hydraulic radius)

kR=A/P
(Manning Equation)

"N
X
A\
) Q= (149/0)(RRY)EY)

v=g/a P

Partially Full Pips Fiow Pajameters
(Mdore Than Half 7ul) ) (- sy

Equation used for n/npu: n/ngn=1.25 - (y/D -0.5)*6.5 (for0.5 < y/D < 1)

Syolen 21— bb"@c?

Enginceriag

» Adyerlist

Advertise Here
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ANSI Screw Engineering
Slide Chart All units in
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thread...
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Partially Full Pipe Flow Calculator and Egquations

Lluisl Tlow Table of Contents | Zydraulic and Prcumatic Kaovlalpe
ThiglG Pewer E

This engineering calculator determines the Flow within a partially ful! pipe using the Manning equation, This
caiculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of fiow.

Partially Full Pipe Fiow Calculations - U.S. Units

11 Calculation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than half full

using adblocking software

or services. Instructions: Enter vakies in blue bexes. Calculations in yeilow
To learn more about how I Calculations
you can help Engineers - ;
Edge remain a free Pipe Diamater, D=§ 66 in Pipe Di p=| 35 ft
resource ?nd not see Depthofflow,y=4_ 36 | i Pipe Radius,r=|__2.75 ft
advertising or this
message, please visit (must havey > D/2}
Meroberskip. Cir. S Height h =|_250¢ &
Fall Pipe Manni
rougt nea Centra! Angle, q = _2.96 radians
Channel bottom Cross-Sect. Area, A= 13.25 i
stope, 54 0B ] wyn
Wetted Perimeter, P =} 9.1 [i4
Hydraulic Radius, R=f 145 ft
n/nen = 1.2272727 Discharge, @ =|_295.34 ofs
Partially Full M; g Ave. Velocity, v=]_22.29 ft/sec
roughness, n = | 0.016 |

pive % full [(A/Aw)*100%] = | 538% ]

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (149/n)(A)(R¥*)(s*%)

V=g/A P

) TG sine
A= 1’ - .
&
P=2r -31%9

Equatior: used for n/npit n/Nwn = 1.25 - (y/D -0.5)*0.5 (fer0.5 < y/D < 1)

Stoem 23— bb''2c?

http://www.engineersedge.com/fluid_flow/partially full pipe flow calculation/partiallyfull...

Page 1 of 2

b Comparates 10

I ‘. 1
Print Wetbpage |

» Copyrichit Noties

Submit an
Article

Advertise Here
ANSI Data Chart

ANSI Screw Engineering
Slide Chart Alf unlts in
inches, threads, pipe
thread...

5/5/2017
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Page 1 of 2

Solutfoni By Detign | Dratting Supplies
Partially Fuli Pipe Flow Calculator and Eguations
Flwid Pewer fguipment
This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Partlally Fuli Pipe Fiow Calculations - U.S. Units
1L, Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than haif full
using adblocking software
or services, Instructions: Enter values iri biue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers =
Edge remain a free Pipe Diamet== D4 _ 66 | 1 Pipe Di D=|_355 [
r:z‘;‘::;g:;:'o:hsi:e Depth of fiow, y =fi... 44 in Pipe Radius, r=] 275 ft
message, please visit {must have y > D/2)
Mizmbership. Circ. S Height, b i YT
Central Angle, q =] 245 radians
- rea, A=} 1583 2 -
Cross-Sect. Area, A ft dvetising Comtnr
/0 -
Wetted Pertmeter, P =|__10.5 ft ™ Print Webpage i
Hydraulic Radius, R =] _1.60 ft e
/g = 1.166666€ Discharge, =) 29061 | s » Luyoright Notice
Partially Full Manning Ave, Velocity, V=] 1727 fi/sec )
roughness, m = :3 u b mi 1 an
pipe % full [(A/An)*100%] = Articl
rricle
r=0/2 v
I/’}"T;""\\: h=2r-y Beecome an
1Y ] o=y 2
/af——,‘\\ (hydrautic radius) zhginegsrs Ldae
” v "
’ g
/ ‘\_\ 8 P \ R=A/P Cond
g t 7
{Manning Equation) Advertise Here
- 2/3 ral/:
\ J] erasmmeEnsn ANS] Data Chart
" 5 V=Q/A AltJSI Screw Engir}ee!’ing
Slide Chart Al units in
inches. threads, pipe
b thread...
e 5 oV . =N
=3 ATLS % ( \"— }
saliy Full Pipe Fiow Parameters .
(More Than Half Fuil) oS (9~ sind}
A 4 e
P =2xr —1%6

Equation used for n/npy: n/ngn = 1.25 - (/D -0.5)*0.5 (for 0.5 < y/D < 1)

STOQA 23~ lo(.o”Q—C-?
OurieT steucruee W-Y

http://www.engineersedge.com/fluid_fiow/partially_full pipe flow_calculation/partiallyfuil... 5/5/2017



Partially Full Pipe Flow Calculator and Equations - Engineers Edge

Enigineering Book Storye
Roughness G@omparpiors
Drafting Suppiles

EDGE oF

Bolutions By Design

Partiaily Full Pipe Flow Calculator and Equations

Fuid Flev: Table of Contenin j Ivdraulic and Pneun: afic knowicdge
Tiwid Pever Fguirment

This engireering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Marning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

[I. Calculation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than haif full
using adblocking software
Or services. Instructions: Enter values in blue boxes. Calculations in yellaw
To learn more about how P Calautations
you can help Engineers —— .

Edge remain a free Pipe Diameter, D <f|__ *© in Pipe Di D =| 4
r:iov“e:‘:s?::‘;o:;i:e Depthofflow,y = 1% | i Pipe Radius,r=] 2 ft
message, please visit (must have y > D/2)

Membership. Girc. s Helghth=l 2417 | &

Full Pipe Manning

roughness, npn =i, Central Angle, q =|_3.56 radians

Channel bottom Cross-Sect. Area, A=] 463 2

slope, S = fr/ft

Wetted Perimeter, P=| 5.4 ft

Calculations Hydrauiic Radius, R =] 0.85 ft

n/nen = 1.3020833 Discharge, Q =]_161.81 cfs
Partially Full Manning Ave. Velocity, V =|_3496 ft/sec

roughness, i =

pipe % full [(A/Ana)*100%] = [ 368% ]

r=0/2

n=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (L49/m (AR

i

-

V=Q/A P

0= 2arcens (1 '..‘_“v)
ceos :
Partialiy Full Pipe Fiow Parameters .
{(NMore Than Half Full) 7 rig-sing)
A= ar’ - D18
'
1"’ - EAT i - “3

Equation used for n/nsa: B/nmn=1.25 - (y/D -0.5)*0.5 (for0.5 < y/D < 1)

Stoem 20— 4g"ece
OUTLET SR Tuge wW-§

Page 1 of 2

e e

I_Print Webpage !.
» £ eprrizht Notiee

Submit an
Article

Advertise Here

AN ata Cha
ANSI Screw Engineering
Slide Chart All units in
inches. threads, pipe
thread...
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Partiaily Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS Engineering Book $ioie
EDGE == Reughness Comparators
Bolutfons By Design ] Drafiing Suppiies
Partially Full Pipe Fiow Calculator and Equations
- Fluid Tlow Table of Cortents | vdrealic and Pncumatic Inowledos
Fhiid Powsr Aaaizmeni
This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can aiso be used for uniform flow in a pipe, but the Manning roughness coeficient needs t¢ be
considered to be variatle, dependent upon the depth of flow.
Partially Full Pipe Flow Calculations - U.S. Units
Il Calculation of Discharge, Q, and average velocity, V
‘We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Input Calculati
To learn more about how
you can help Engineers -
Edge remain a free Pipe Diameter, D < 36 in Pipe Diameter, D=} 3 fr
‘resource ?nd not see Depthoffiow,y4._22_{ Fipe Radius, r=|__1.5 ft
advertising or this
message, please visit {must havey > D/2)
Mehership. Cire Segment Hetghth=]_1167 ] ¢
Full Pipe Mannin .
rough nen=] 0.013 Central Angle, q =} __2.69 radians
Channel bottom Cross-Sect. Area, A=] _4.53 i
slope, § = ;_O_OEJ ft/fe
Wetted Perimeter, P=}___54 ft
Hydraulic Radius, R=| 084 ft
n/ngn = 1.1944444 Discharge, Q =|_E7.11 cfs
Partiaiiy Ful! Mannirg Ave. Velocity, V=] 12.62 ft/sec

roughress, n =

pipe % full [(A/Ax)*100%] =

r=D/2

h=2r-y

{hydraulic radius)

R=A/P

{Manning Equation)

Q= (L49/m)(A)RYA(5YY)

V=Q/A p

Equation used for n/nea: n/mpp = 125 - (¥/D -0.5)*6.5 (forC.5 < y/D < 1)

Srotm 2H- 36" e

Page 1 of 2

Advertise Here
ANSI Data Chart
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DRAINAGE CRITERIA MANUAL (V. 2)

07/2001

DIAMETER OF CULVERT (D) IN INCHES

CULVERTS

Figure CU-8—Inlet Control Nomograph—Example

DP-5D QzS53F ks

Urban Drainage and Fiood Control District

C 10,000 From BPR
- 188 8,000 EXAMPLE n @ 3
i . — 6.
_— 156 L 6,000 ::T:olr;:n (3.8 feet) | 6.
L. 144 5,000 [ 5-_
- ' 4,000 Hw* Hw —6. L 5.
—~ 132 B D feot B L 4 -
- 3,000 " 25 sa -8 F — 4.
20 C 2 000 [ 2. T4 3 s -
3 = 3 —_—— g - -
s on E ™ (€] 22 T - =
5 E %0 In faet - B 3.
- - 1,000 AR
i - 800 5 - i
— ’ = =] ———>]
—~ 84 600 =<t = 2. =2
B — 500 / ' - i -~ L
78 L 400 / Q :" 2. - L.
B Q\-V E = 3 -
i - 300 s =t —1.5 | 1s
W . b
w
— 80 S E 200 / '-"_-' — 1.5 | \ “"
E - / ”A"‘-’" ' '
— 84 aﬂ_E/ s s L - r_
~F = Q
| 48 /g :IQO //f = L - 1
// < |- 80 ' z
i T
=z L. L
e 50y ENTRA ] A
= [ NGE L
/_ 40 o SCALE bl zro [
T 36 — 30 in Square sdgs with = — -9
33 - headwall E — .9
[ 20 @ Groove end with =2t
E headwall T — .8 - 8
o {3) Groove end * [
- 27 - projecting L "
— t0 7
L — =7
- 24 -8 -7
— 6 To use scale {2) or (3) project - |
21 — 8 horizentally to scala (1), then - B
T o a use straight inclined tine through
X D end Q scolss, or reverse as . &
- Tllustrated, e — .6
— 18 -
— 15 2 | 5
L - .5 —.5
- 1.0
L1

Cu-19



Open Channel Flow Calculator Page 1 of 1

The open channel flow calculator

Select Channel Type:
Trapezoid V

‘-\Fk)cigxg\_/_)&DischagegQ) V|”Select unit system: [Feet(f) V] |

Channel slope: |.005 liBottom width(b) F
Water depth(y): |1.7

Flow velocity}3.04 . - ightSlope (22): j4

I - ‘LeftSiopc (Z1): 14 fto 1 (H: STV

Flow discharge|55.814 Input n value]0.035 or select
lﬁ"3/s

Calculate! Status:lCaIculat_ion finished Reset
Wetted perimeter{18.02 lli .
low area{18.36 fftr2 op width(T){17.6 ft
s ofiEsE s |
ﬁ%gic_lﬁc energy|1 84 Froude numbcr§5.52 Flow status{Subcritical flow
[Critical depth]1.23 fft | Critical slope]0.0198 ffit j fLelocity head|0.14 it l

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR FIu 2

“VRAcCT A
PP SO Qe SHefs

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 4/19/2017
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ENGINEERS

EeDnG

Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents |

Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

Hydraulic and Pneumatic Knowledge

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

I1. Caleulation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructiens: Enter values in blue boxes. Calculations In yellow

Inputs
Pipe Diameter, D = 42
Depth of flow, ¥ 40
{must havey > D/2)
Full Pipe Mannin
h nran = 0013
Channel bottom
slope, § =| 0.0057 I
Calculations
n/ngn = 1.023809}
Partially Full M

I 0.013 I

roughness,n =

Calculations
in Pipe Diameter, D =|
in Pipe Radius, r =

3.5
1.75

Circ. Segment Height, h =] _0.167

Central Angle, q=|_0.88
Cross-Sect. Area, A=] 9.45
fe/R
Wetted Perimeter, P =] 9.5
Hydraulic Radius, R={ _1.00
Discharge, Q =] 79.89
Ave, Velocity, V=|__845

pibe % full [(A/Aa)*100%] =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (1.49/n)(A}(R*)(s¥?)

V=Q/A

0 = 2arccos (r_!-‘_h)

Partially Full Pipe Flow Parameteis

(More Than Half Full

= Al
a 2

P = 2nxr -1r*@

Equation used for n/nfi: n/ngan = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

DToem \\o

9~ H2 e

2 _ 1%(9-sing)

lid

radians

Membership
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS w Engineering Book Siore
E D G E b Roughness Domparators
Solutions By Deslgn - adl Drafting Supplies

Partiatly Full Pipe Flow Calculator and Equations
Thiid 1low Table of Contents | Hydraulic ard Tneumatic Knoryledyy
Finid Power Egquinmeni

This engineering calculator determines the Flow within a partially full pipe using the Marning equation, This
calculator can also be used for uniform flow in a pipe, but the Marning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units
IL. Calculation of Discharge, Q, and average velaclty, V

We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inpuis Calculations
To learn more about how
you can help Engineers
Edge remain a free Pipe Diameter, D =fl_ _54 ] m Pipe Di ,D=|__45 ft
rmourc? _and not s_ee Depth of ilow, y =| . 34 in Pipe Radius, r=|__2.25 fe
advertising or this
message, please visit (must have y > D/2)
Mgmbership. Circ. Segment Height, h = a
Full Pipe Mannin N
rougt o =| 0013 Central Angle,q =] 2.62 radians
Chanxel bottom Cross-Sect. Area, A=]_10.55 2
siope, § =| | 0.9215 | ft/fc
Wetted Perimeter, P=|__ 8.2 | ft
Zalcylations Hydraulic Radius, R ={ _1.28 ft
n/aga = 1.1851851 Discharge, @ =|_17620 |  ofs
Partially Fuil M: Ave. Veioclty, v={ 16.71 fi/sec
roughness, 1 = | 0.015 i
pipe % full [(A/Ani)*100%] =
r=Dj2
) N h=2r-y
oK B '
"\ — (hydraulic radius)
\ p
/ N6 \\ R=A/?
[ 2 r \ ﬁ/ %
(Manning Equation)

Q= (149/n){A)(R¥*)(sY%)

V=Q/A P

Fartially Full Pipe Fiow Pamameters
(Miove Thay Half Ful

A= Rr -
-
P =2nr -1%8

Equation used for n/na: n/ngx = 1.25 - (y/D -0.5)*0.5 (for0.5 < y/D < 1)

Storan Vo — T4 e

Page 1 of 2

| Fint Webpage |
» Copyright Notiee
Submit an
Article

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart All units in
inches. threads, pipe
thread...

http://www.engineersedge.com/fluid_flow/partially full pipe flow_calculation/partiallyfull... 5/5/2017



ENGINEERS

EeDG

Solutions 8y Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

I1. Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Dlameter, D =§ 48 in Pipe Diameter, D = 4 ft
Depth of flow, y = 34 in Pipe Radius, r =| 2 i
(must have y > D/2)

Circ. Segment Height, h = 1.167 ft

Full Pipe Manrin,

rough nen=j 0013 Central Angle, q =} 2.28 radians
Channel bottom Cross-Sect. Area, A=]__9.52 [
slope, § =I 0.0228 | ft/ft
Wetted Perimeter, P=] 8.0 ft
Calculations Hydraulic Radius, R=] _1.19 f
n/ngy = Discharge, Q =] 161.36 cfs
Partially Full M g Ave. Velocity, V=] 1695 ft/sec

roughness, n = | 0.015 I
pipe % full [(A/Ani)*100%]) = § 75.7%

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

{Manning Equation)

Q= (149/n)(AYRY?)(sYY)

V=Q/A P

0 = 2arccos (r—;—ll)
Pertially Full Pipe Flow Parameters
(More Than Half Full »  r(e-sing)
A= mr° - 22— 7
2
P =2nr -1r*0

Equation used for n/na 1/ = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS (Y Engineering Book Store
EDGE = Rotughsess Somparaisrs
hy )

Solutfons By betlgn Dyafying Suppites

Partially Full Pige Flow Calculater and Equations wiing icislinih Compachiar 20
’ Iluid I low Table of Conteats | Mvdraalic and Pnoumath

Iluid Pnwar Fruipment

SO et rouh

This engineering calculator determires the Flow within a partially full pipe using the Manning equation. This i i

calculator can alsc be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be N S

considered te be variable, dependent upon the depth of flow. [__. e po—
[ Searcn |

Bt Cotegurieg

Partially Full Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average veiocity, V

We've detected that you're for pipes more than half fuil

using adblocking software

or services. Instructions: Enter values in biue boxes. Calculations in yeilow

L Calculations
To learn more about how
you can help Engineers i
Edge remain a free Pipe Diameter, D=} 17
resource and not see 6 | ) )
Depth of flow, y 1 1 Pipe Radius, r=|__0.75 ft
advertising or this epth ot flow, y n ipe Radius,

message, please visit (must havey > D/2)
iamhershin, Circ. Segment Height, h e ] &

Ful! Pipe Manni

in Pipe Diameter, D=] __1.5 ft

I nNrun Central Angle, q =] _3.82 radians
Channel bottom Cross-Sect. Area, A=] 052 [
- ¥ e
Wetted Perimeter, P=]__18 ft -W
Calculations Hydraulic Radius, R=| 028 4 o
/b = 1.3333333 Discharge, @ =|_9.58 ofs » Copyricht Notice

Partially Full M Ave. Velocity, V=] _18.58 ft/sec e o .
roughness, n = | 0017 I bu b m |T an
pipe % full [(A/Ann)*100%] =

Article
r=D/2 V
kelr-y Become an
{bydraulic radius)
/ . )
i Y < 9 o A \.‘ R=A/P
L e S I - ) {(Manning Equation}
i Advertise Here
" = 2/3: 1/2-
\ } Q= (149/mAYR) (S %) ANSI Data Chart
Y _ ANSI Screw Engineering
/ V=o/A F Slide Chart All units in
/ inches. threads, pipe
— . e thread...
- G=.-arccos.('-—-'rh)

#artially Full Fipe Flow Farameters

{Adore Than Half Full) ) r(a-sindg)
A= Rt - ~
-
Po=2nr-1%8

Equation used for n/nfy: n/Npn= 1.25 - (y/D -0.5)*0.5 (for0.5 < y/D £ 1)
A1}
Do W LKW \R R

DP 4,

http://www.engineersedge.com/fluid_flow/partially full pipe flow calculation/partiallyfull... 5/5/2017



Workshest Protected

e et e e e e v——
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP46

L=

Show Details I

_—
Es|gn Tlow: ONLY T a|reaay Oetormined mnougﬁ Other methons: Minor Storm  Major Storm
“Qutnown =[ 24| 9.7 Jcfs

<
(local pesk flow for 1/2 of strest OR grass-lined channel): FILL IN THIS SECTION

» If you enter values In Row 1? sltlg the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. CR...
eographic information: (Enter ue cells): FILL IN THE SECTIONS

Subcatchment Area =| Acres fBELOW,
Percent Imperviousness =, % <~
Site Type: Flows Developed For: =mmem— NRCS Soll Type = A.B,C.orD
O ste s urban O Street Inkets Siops (1) Length (f)
O site is Non-Urban O Area Inkets in 2 Mediar Overland Flow =[
Channel Flow =| | |
[ Ralntall THormaticn: TWenaly | IMCTUA = Cs ¥ Pr T Ca vt 1o 17 s Minor Storm - Major slom ]
Design Storm Return Period, T, =| years
Retun Period One-Hour Precipitation, P, = inches

C,=

cz .

Cy=

User-Defined Storm Runoff Coefficlent (leave this blank to accept a calculated value), C =
User-Defined 5-yr. Runoff Coefflcient (leave this blank to accept a calculated value), Cs =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q. = 0.0 0.0 cfs

Total Design Peak Flow, @ =| 24 | 0.7  |cts

UD-Iniet_v3.14 DP46.xlsm, Q-Peak 5/5/2017, 11:36 AM



I INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING Ko. 2
Infet ID: AT-GRADE INLET DP46
—LloiC)—

MINOR MAJOR
‘ype of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depre:sion ‘a’ from 'Q-Allow’) a.00AL 3.0 3.0 inches
‘otal Number of Units In the Inlet (Grate or Curb Opening) No= 3 3
Length of a Single Unit Inlet (Grate or Curb Opening) L= 5.00 5.00 |t
idth of a Unit Grate (cannot be greater than W from Q-Allow) W, = N/A N4 it
logging Factor for a Single Unit Grate (typical min. value = 0.5) CrG = N/A N/A
Clogging Factor for a Single Unit Curb Qpening {typical min. value = 0.1) CrC =| 0.10 0.10
: MINOR MAJOR
Total Inlet Intercoption Capacity Q= 2.40 9.12 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q.= 0.0 0.6 cfs
Capture Percentage = Q,/Q, = C% =; 100 94 %

UD-Inlet_v3.14 DP46.xism, Inlel On Grade

5/5/2017, 11:36 AM



Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS | Eagineering Book Store
EDG E e Roughness Sommarators
! ]

Bolutions By Design Drafting Suppiies

Partially Full Pipe Flow Calculator and Eguations

artrg Moot Comparatay 100

This engineering calculator determines the Flow within a partially full pipe using the Manning equation, This Register | Logir
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be T ———
considered to be variable, dependent upon the depth of flow. L

(oo

Partiatly Full Pipe Flow Calculations - U.S. Units Moy Spiegarias
IL. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half fuil
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers ] :
Edge remain a free Sipe Diamerer, Dl 47 1 jn Pipe Di ,D=f__25 ft
resource ‘and not L Depthofflow,y=bi_.7 1 m Pipe Radius,r=] _1.25 ft
advertising or this
message, please visit (must have y » D/2)
Mempershin. Circ, Segment Heigkt, h= ft
Full Pipe Mannin; _
rough N = Central Angle, q =f 427 radians
Channel bottom Cross-Sect. Area, A=} 0.87 ft
slope, S=] ¥ ; f/ft
Wetted Perimeter, P=]__ 2.5 ft Print Webpage |
Hydraulic Radius, R=]__ 035 ft -
n/nun = 1.3833333 Discharge, Q=_21840 | cfs » Conyright Notice
Partially Full Manni Ave. Velocity, v=] 2113 ft/sec 4
roughness, n = 0.018 I SU b mit an
pipe % full [(A/Arn)*100%] = | 17.7% ! A b
r=D/2
BN b2y Bzuorie an
e P\ (hydraulic radiug) Engineers Eage
o 7\ R=A/? Coendributop
=\
! {Manning Equation) Advertise Here
/ Q= (1.49/n)(AYR**)(s"")
/ ANSI Data Chart
v=q/a P ANSI Screw Engineering
Slide Chart All units in
inches, threads, pipe
A . - I - thread...
=% 8 = Zarccos L-i'.-;‘ )
Pipe Flow Parameters .
Than Half Full) 3 v e 3inisY
Am Ay = 2l 22
: 3
-
P = Jgr —1*8

Squation used for n/na: n/ngn = 1.23 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

STom \B- 0" e
Des52

http://www.engineersedge.com/fluid_flow/partially full pipe flow_calculation/partiallyfull... 5/5/2017



Worksheet Protected

e e e e ——
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
inlet ID: AT-GRADE INLET DP52

Show Details I

—_—
Boslgn Flow: ONLY a|reaay Qelermined Emugﬁ other methods: Minor Storm  Malor Storm <
*Qknown = 6.4 I 139 |cfs

{local peak flaw for 1/2 of sireat OR grass-ined channel): FILL IN THIS SECTION

* If you enter values In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. OR...
Teographlc Information: (Enter a;ﬁ e Dlus ceTs): FILL IN THE SECTIONS

ment Area =| Acres [BELOW.
Percent Imperviousness = % —
Site Type: Fows Developed For; NRCS Soil Type = A, B,C,orD
O site Is Urban O street Inlets Siope (#Ht h
O Stte Is Non-Urban O Area Inlets In a Mediar Overland Flow =
Channel Flow =| | 1
[ TeanTall Tnformation: - sy (MO = Cr TP (e T To) T O Minor Storn  Major Stonm
Design Storm Return Period, T, = years
Retum Period One-Hour Precipitation, P, =, inches

Ci=

02 =|

Cy=

User-Definec Storm Runoff Coefficient (leave this blank to accept a calculated value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated valug), Cs =

Bypass (Carry-Over) Flow from upstream Subcatchments, Q= 0.0 0.0 cfs

Total Design Peak Flow,@=| 64 | 13.9  |cfs

UD-Inlet_v3.14 DP52, Q-Peak 12/20/2017, 8:52 AM



r

INLET ON A CONTINUOUS GRADE

Project:

STERLING RANCH FILING No. 2

AT-GRADE INLET DP52

——1Lo (0)——

MINOR MAJOR
Typa = CDOT Type R Curb Opening
Local Depressian (additional to continuaus gutter depreasion 'a' from "Q-Allow’) e ocaL 3.0 3.0 inches
| Total Number of Urits in the Inlet (Grate or Curb Opening) No= 3 3
Length of a Single Untt Inlet (Grate or Curb Opening) Lo =] 5.00 5.00 it
Width of a Unit Grate {cannot be greater than W from Q-Allow) W, = N/A [
Clogging Factor for a Single Urit Grate (typical min. value = 0.5) CrG= N/A N/A
|Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) =| 0.10 0.10
MINCR MAJOR
Q= 6.40 11.56 cfs
otal Inlst Carry-Over Flow (fiow bypassing inlet) =] 0.0 23 cfa
Capture Percentage = Q,/Q, = C% =] 100 83 %

UDHinlet_v3.14 DP52, Inlet Cn Grade

12/20/2017, 8:52 AM



Partially Full Pipe Flow Calculator and Equations - Engineers Edge

Page i of 2

Engineering Book Store
Roughness Somparaiors

ENGINEERS
EeEDGE

Bolutions By beskgn Drafting Suppifes
Partially Fuli Pipe Flow Calculstor and Equaticns »
- - Vluig Flow Table uf Contents | Hydraulic snd faeumatic Knowledye
2k ov/er Eguinment
This engineering calculator determines the Flow within a partiaily full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be B
considered to be variable, dependent upon the depth of flow. s .
| Search EI
e e K.
Partially Full Pipe Flow Calculations - US. Units Mo Covngarles
I1. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue baxes. Calculations in yeliow
Calculations
To learn more about how
you can help Engineers .
Edge remain a free Pipe Diameter, D=f 18 in Pipe Di p=f 15 fr
resource and not see | 12 =
N Depth of flow, y =}, i Pipe Radlus,r=]_0.75 [i4
advertising or this e . peRadlus.r
message, please visit (must have y > D/2)
Y I
Hember<sin, Cire. § Heighth=] 0500 ]
Fuil Pipe Mannin; B
rough nea=f, .. 0:013 Centrai Angle, q =] 246 radians
Channel bottom Cross-Sect. Area, A =] __1.25 /2
slope, § =I:1_0>£-’[2'_5 1 Rfft
Wetted Perimeter, P=|__29 ft Print Webpage |
Hydraulic Radius, R =] 0.44 fr B T
k'S 1.166666€ Discharge, ¢ =|_11.19 ofs » Copyrizht Notieg
Partially Full Ave. Velocity, V=|_894 ft/sec . .
roughness, n = LM il b m :T an
ine % fall [(A *100%)] = | 8% il
pi [(A/A)*100%] = |_708% | Article
r=D/2 v
K |n N hozey Become an
» .
2. (hydraulic radius)
/ \'\ Z7 N
- B o ‘\ R=A/P
T -
) {Manning Equation) Advertise Here
= 2/3+ c1/2
\ ." Q= (L49/n)(A)(R7°)(S™) ANSI Data Chart
¥ / _ ANSI Screw Engineering
V=0Q/A P
v Slide Chart All units in
inches. threads, pipe
e DI thread...
- 8= 2arccos | !—1-.1")
Partially Full Pipe Fiow Parameters "
(Mare Than Half Full) 3 v (a.sme)
A= a5 - e —
*
P =2xs —5°0

Equation used for n/npu: n/Mgn = 1.25 - (y/D -0.5)*0.5 {for0.5 < y/D < 1)
STotm \&- (RY @®
OP s

bttp://www.engineersedge.com/fluid_flow/partially full pipe flow calculation/partiallyfull... 5/5/2017
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Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET

OR GRASS-LINED CHANNEL BY THE RATIONAL METHOR

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP51

Show Details l

Bas|gn Flow: ONLY T a|m dotermined Erougﬁ Other metnogs:

Minor Storm  Major Storm .
(tocal peak flaw for 1/2 of street OR grassined channal): *Qknown = 5.8 10.5 cfs FILL IN THIS SECTION
*If you enter valuas In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. OR....
B i e o T L I THE SECTIONS
Subcetchment Area = Acres EE.OW
Percent Imperviousness =, %

Site Type: Flows Developed For: mm—— NRCS Soil Type = A, B, C,or D
O site s Urban O Street Inlets Slope 1ty Length (1)
O site Is Non-Urban O Area Inlets in a Mediar Overland Flow =[ ]

Channel Flow ={ | 1

Minor Storm M ajor Storm

[~ Rainfall INformation: - Iensnty | (NCTNT = G TP T{ Gz T 1o ) s
Deslign Storm Retum Period, T, =

years

Return Period One-Hour Preclipltation, P, =

inches

Ci=

C,=

C==

User-Defined Storm Runoff Coefficient (leave this blank to accept a valug), C =

User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cs =

Bypass (Carry-Over) Fiow from upstream Subcatchments, @, =

0.0 0.0

Total Design Peak Flow, Q =|

5.8 1 10.5 Jets

UD-Inlet_v3.14 DP51.xlsm, Q-Peak

5/5/2017, 11:27 AM



| INLET ON A CONTINUOUS GRADE 1

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP51
r—ie{O)—r

H-Curk

MINOR MAJOR
Type =| CDOT Type R Curb Opening
Local Depressicn (additional to continuous gutter depression 'a’ from 'Q-Allow’) BlLocAL = 3.0 3.0 inches
 Total Number of Units in the Inlet (Grate or Curb Opening) = 3 I
Length of a Single Unit Inlet {Grate or Curb Opening) Le= 5.00 5.00 |ft
Width of a Unit Grate (cannot be greater than W from Q-Allow) W, = N/A N | 3
Clogging Facter for a Single Unit Grate (typical min. value = 0.5) = N/A N/A
logging Factor for a Single Unit Curb Opening (typical min. value = 0.1) = 0.10 0.10
MINOR MAJOR
= 5.80 9.65 cfs
Total Inlet Carry-Over Flow (flow bypasaing inlet) =; 0.0 0.9 cfs
Capture Percentage = Q/Q, = C% = 100 92 %

UD-Inlet_v3.14 DP51.xIsm, Iniet On Grade 5/5/2017, 11:27 AM



ENGINEERS

Solutions By Design
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations In yellow

Ipputs Calculati,
Pipe Diameter, D =} 48 in Pipe Diameter, D = 4
Depth of flow,y =} __ 48 in Pipe Radius,r=] 2
(must have y > D/2)
Circ. Segment Height, h =|
Full Pipe Mannin
rough nen =g _0.013 Central Angle, q =] 0.00

Channel bottom Cross-Sect. Area, A= 12.57

slope,S:' 0.005 l ft/ft

Wetted Perimeter, P =f__12.6

Calculations Hydraulic Radlus, R=]__1.00
/nn = Discharge, Q=] 101.84
Partially Full Manni Ave. Velocity, v =|_8.10

roughness, n = | 0.013 I
pipe % full {(A/Aw)*100%] =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (L49/n) (AR5

V=Q/A P

© = 2arccos (r—;l-‘-)
Partially Full Pipe Flow Parameters
(More Than Half Full 2 _ 1X(g-sin6)
A= ABl7 o= — 2
2
P =2nr ~1r*0

Equation used for n/nfi n/nen = 1.25- (y/D -0.5)*0.5 (for0.5 < y/D < 1)

Stelme 2.1 HE"RCP

ft

radians

I

ft
ft
cfs

ft/sec
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS F Eaginenring Book Store
EDGE - Ruughness Jomparaitiry
Al

Solutfons By Derign Rrafting Suppiies

Partially Full Pipe Flow Calculator and Egquations

Cavveg M ofminh Comparator 10 s
. - Elnid Flow Table of Contente | Bvdranlic and Preumatic Knowledic 3
l’0:ver Fouipinent

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upor: the depth of flow.

i pr—— e
i Search E
—
sain Coregories

Partially Full Pipe Flow Calculations - U.S. Units

I1. Calculation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than ha!f full

using adblocking software

or services. Instructions: Enter values in blue boxes. Calculaticns in yellow

To learn more about how Inputs SRRy
you can help Engineers
Edge remain a free Pipe Diameter, D =| |42
resource and not see A 27
advertising or this Depth of fow, y =]
message, please visit (must have y > D/2)
Llembership,

in Pipe Diameter,D=] 35 ft

in Pipe Radius, r=|__2.75 ft

Circ. Segment Height, h = ft

Central Angle, g =] _2.36 radians
Channel bottom Cross-Sect. Ares, A=]_6.54 i3
slope, § =| 0'01?'5_ 1 /e

Wetted Perimeter, P=|_6.5 ft [—Pm:
Hydraulic Radius, R=] 1.0 ft )
£ 'aavri foo
n/na = 11785714 Discharge, @ =|_76.74 ofs » Lopyright Natice
Partialiy Fuli ng Ave. Velocity, =] 11.74 ft/sec

roughness,m = mﬁ;l SU b mi T an
pipe % full [(A/Arn}*100%) =

Article
r=Dj2
T N h=2r-y
/ ~ e ra (hydraulic radius)
'f b . @ // \\ R=A/P
’{“‘-——r_‘g: (Manning Equation) ——
Q= (149/m)(A)R**) (5™ ANSI Data Chart

‘-\ Vi v=q/a P ANSI Screw Engineering
Slide Chart All units in
/ inches. threads, plpe
o o P thread...

Partially Full Pipe Flow Farameters

{(More Than Half Fall) ) rQ.sid)
A= Krf -
L]
P o= 2nr —1%0

Equation used fer n/nay: B/May = 2.25 - (/D -0.5)*0.5 {for 0.5 < y/D < 1)
X
Sogm 2\ = AT W
DPyzA

hitp://www.engineersedge.com/fluid_flow/partially_full pipe fiow_calculation/partiallyfull... 5/5/2017



DRAINAGE CRITERIA MANUAL (V. 2) CULVERTS
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— 100
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S 280 Hw ENTRANGE a
° ar L = B S
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w 36 = [ — .9 - 9
7 — 30 m Square sdge with <
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<% N <
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— 10 .
04 — 8 3 =7
I 6 To use scale (2) or {3) project ' . - R
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Open Channel Flow Calculator Page 1 of 1

The open channel flow calculator

Select Channel Type: — * 4
! . -

|Velocgs¥2&Dlscharg e(Q) j"Select unit systcm _Feet Feet(ft) V| I

'Channcl slope: |.0641 Water depth(y): [7 F I;Bottom width(b) FT
low velocity]8.5302 LeftSlope (Z1): i TEICE RightSlope (Z2):
s | lfo 1 (v
Flow discharge|78.819 nput n valuej0.035 or select
f3ss
Calcuiate! Status:|Calculation finished Reset
| Ffftfii perimeter}13.07 liow areaf9.24 2 Top width(T)[128 [
‘Sp ecific energy|2.23 lljoude number|1 77 Flow status[Supercritical flow
ICritical depth{1.47 It J,gitical slope|0.0188 bt ”\Elocity head1.13 fit ]
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR FitL 2
‘Racy ©

OP AN Quoer FHcSe

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 4/19/2017



Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS i Enginaoring Book Siore
EDG E - Roughviess Somparators
t

Solutians By Design rafiing Suppifes

Partiaily Full Pipe Flow Calculater and Equations

“able ¢f Contonts | Hydraulic and Pacumatic Knowledae

This enginecring calculator determines the Flow within a partielly full pipe using the Manning equation. This
caiculator can also be used for uniform flow ir a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

11. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software

or services. Instructions: Enter values in blue boxes. Calculaticns inysliow

Inpits Calculations
To learn more about kow
you can help Engineers - .
Edge remain a free Pipe Di p=| 18 in Pipe Di p=] 15 ft noin
resource and not see 7 Engin

) Dy f flow, y =|1 =

advertising or this epth of flow, y T
message, please visit (must have y > D/2) e

Menhersiin,
Heuhersiip Circ. Segment Height, h =] 0817 ft

in Pipe Radius,r=} _0.75 ft

i Central Angle,q =|__359 radians
Ckannel bottom Cross-Sect. Ares, A=| 064 i
slope. 8= | ES% ft/ft

Wetted Perimeter, P=|__2.0 fe | "Print Webpage |
i Hydraulic Radius, R=]__0.31 ft T
n/nea = Discharge, ¢ =|_11.06 cfs » Coprright Notice
Partially Full Manning Ave. Velocity, V=] _17.39 fifsec

roughness,n = b u b m { T an
pipe % full [(A/Aa)*100%] = Article

r=0/2 V
/"— *T\i\ hedrey an
LS )
= (hydraulic radius) 2

rs Bdoe

N ~ Al 0 & » i :
T N tf—-h.-'/, ‘.\! RoAp
Sv’ } (Manning Equation) Advertise Here
_ Q= (249/m)A)R)(S*?) ANSI Data Chart
7 ANSI Data Chart

/ V=q/A P ANSI Screw Engineering
‘f Slide Chart All units in
3 v inches. threads, pipe
g ) v uh tirread...
aauetll 0 = 2arccos { o8

Partially Ful Pipe Flow Pammeters
(More Than Half Fall) 3 (8. sind)

P =2xr —1%0

Equation used for n/rpn: n/nn = 1.25 - (/D -6.5)*0.5 (for0.5 < y/D < 1)

Stoanm 2\ LR — 187
DPHys

http://www.engineersedge.com/fluid_flow/partially full pipe flow_calculation/partiallyfull... 5/5/2017



Worksheet Protected

e — o ——
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED GHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Infet ID: AT-GRADE INLET DP45

Show Detalls l

[~ Deslpn T1ow: ONLY 7 already determines Twough omer methods: Minor Storm__Major Sterm <
(local peak flow for 1/2 of sireet OR grasedined channei): *Qicnown =] 4.4 | 13.3  Jcfs FILL IN THIS SECTION
* If you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. OR...
WWWW— FILL IN THE SECTIONS
Subcatchment Area =| Acres [BELOW.
Percent Imperviousness =, % =
ke Type: Fows D For: NRCS Soil Type = A,B,C,orD
Q site is Urban O street Injets Slops (fUit) Length (f)
O site s Non-urban O Area Inlets in & Mediar Overland Flow ={
Channel Flow=| 1 i
[ Nalntall Information:  TNensiy T{na =Gt B T GaT L s Winor Stomm . Major arorm
Design Storm Retum Period, T, = years
Retum Perlod One-Hour Praclplitation, P, = inches
Cy=
C,=
Ca=|

User-Defined Storm Runoff Coefficient (leave this blank to accept a calcuiated value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cg =|

Bypass (Carry-Over) Flow from upstream Subcatchments, @, =| 0.0 0.0 cfs

Total Deslign Peak Flow, Q =] 4.4 1 133  Jcfs

UD-Inlet_v3.14 DP45, Q-Peak 12/20/2017, 8:45 AM



i INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP45
RN X () —

Design Information {input] MINOR MAJOR
[Type of Inlet Type = CDQT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from ‘Q-Allow’) aocaL = 3.0 30 inches
 Total Number of Units In the Iniet {Grate or Curb Opening) No= 3 2
Length of a Single Unit Inlet {Grate or Curb Opening) Lo= 5.00 5.00 It
Width of a Unit Grate (cannot be greater than W fram Q-Allow) W, = N/A MIA ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= NIA NA
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10
Street Hydraulics: OK-Q < MINOR MAJOR

otal Inlet Interception Capacity Q= 4.40 1125 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q= 0.0 20 cfs
ICapture Percantage = Q,/Q, = C% =; 100 85 %

UD-inlet_v3.14 DP4S, Inlet On Grade

12/20/2017, 8:45 AM



_—
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Workshest Protected

Project:

STERLING RANCH FILING No. 2

Inlet ID:

AT-GRADE INLET DP45

Beslgn Flow: ONLY 1 aiready Getarminga Irough omer memods:

{loca! pasak flow for 1/2 of strest OR gress-ined channel):

* If you enter values In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet.
Teographic Information: !E# Jata In he Dlue 555:

Show Detalls

Minor Stoom  Major Storm
*Qynown =[ 4.8 | 12.4 ]cfs

e
FILL IN THIS SECTION

[ Teaintall Information: . Tensny [ (e = G T T, G+ Te ) Gy

User-Defined Storm Runoff Coefficient (leave this blank to accept a value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank o accept a calculated value), Cg =|

Bypass (Carry-Over) Flow from upstream Subcatchments, Q, =| 0.0

ment Area = Acres
Percent imper = %
Stte Type: Flows Developed For: e NRCS Soil Type = A.B,C,orD
O site s urban O street Inets Slope (fifity  Length (ft)
O site is Non-Urban O Area Inlets In a Mediar Overland Flow =[ ]
Channel Flow =] | 1

Minor Storm Major Storm

Design Storm Retumn Perlod, T, =|

years

Retum Period One-Hour Precipitation, P, =|

inches

C=

Co=

C;=

0.0 cfs

Total Design Peak Flow, Q =| 4.8 1

124 |efs

IFILL IN THE SECTIONS
feELow.
eon

UD-Inlet_v3.14 DP45.xlsm, Q-Peak

5/5/2017, 11:28 AM



I INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2
Infot ID: AT-GRADE INLET DP45
—Lo{Cl—

MINOR MAJOR
Type= CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from 'Q-Allow’) 8iocaL = 3.0 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No= 3 3
Length of a Single Unit Inlet (Grate or Curb Opening) = 5.00 5.00 |t
Width of a Unit Grate (cannat be greater than W from Q-Allow) 0= N/A N/A ft
Clogging Factor for a Single Unit Grate (typlcal min. value = 0.5} = N/A N/A
Clogging Factor for a Single Unit Curb Cpening {typical min. value = 0.1) CrC = 0.10 0.10
MINCR MAJOR
Q= 4.80 10.77 cfs
Total Inlet Carry-Over Flow (flow bypassing Inlet) Q= 0.0 1.6 cfs
Capture Percentage = Q/Q, = C% = 100 87 %

UD-inlet_v3.14 DP45.xism, Inlet On Grade

5/5/2017, 11:28 AM



ENGINEERS

Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

11 Calculation of Discharge, Q, and average velocity, V
for pipes more than haif full

Instructions: Enter values In blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter, D =§ 36 in Pipe Diameter, D = 3 ft
Depth of flow,y =] 26 in Pipe Radius,r=]__1.5 ft
{must havey > D/2)

Circ. Segment Height, h = ft

Full Pipe Mannin

h nan=f_0.013 Central Angle, q =J _2.22 radians
Channel bottom Cross-Sect. Area, A=] 547 i
slope, § =' 0.0111 I ft/fe
Wetted Perimeter, P=|__6.1 | ft
Calcujations Hydraulic Radius, R=] _ 0.90 ft
n/nm = Discharge, Q=] 53.91 ofs
Partially Full M g Ave. Velocity, V=) _9.86 ft/sec

roughness,n = | 0.015 |
pipe % full [(A/Ant)*100%} =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (L49/n)(A(R*)(s™)

V=0/A P

0 = 2arccos (r_;_l_:)

Partially Full Pipe Flow Parameters
(More Than Half Full) :»  r3(e-sing)

P =2xr —r*0

Equation used for n/nan: N/t = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D<1)
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Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

IL. Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter, D =§ 36 in Pipe Diameter, D =| 3 f
Depth of flow,y =} 20 in Pipe Radius,r=] 1.5
(must havey > D/2)
Circ. Segment Height, h =| ft
Full Pipe Mannin
rough e f@ﬂ—l Central Angle, g =] 2.92 radians
Channel bottom Cross-Sect. Area, A=]_4.03 2
slope, § =I 0.0269 l ft/it
Wetted Perimeter, P =§ 5.0 ft
[« on, Hydraulic Radius, R =f__0.8C ft
n/Mn = Discharge, @ =] 53.42 cfs
Partially Full Manning Ave, Velocity, v =] _13.25 ft/sec

roughness, n = 0.016
pipe % full [(A/Ann)*100%] =

r=Dy2

h=2r-y

(hydraulic radtus}
R=A/P

(Manning Equation)

Q= (149/m)(A}(R¥*)(s*)

V=0/A P

8 = 2 arccos (r_;_h)

Partially Full Pipe Flow Paramsters
(More Than Half Full)

e

_1%(g-sin@)

= ar
& 2

P =2nr ~1*9

Equation used for r./npi: n/Drn = 1.25 - (y/D -0.5)*¢.5 (for 0.5 < y/D < 1)
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ENGINEERS

Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1. Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructlons: Enter values in blue boxes. Calculations in yellow

Inputs Calc
Pipe Diameter, D = 24 in Pipe Di , D =] 2 ft
Depth of flow,y=f__ 17 in Pipe Radius, r = 1 ft
(must havey > D/2)
Circ. Segment Height, h = ft
Full Pipe Mannin,
rough ey =g 0013 Central Angle, q =j__2.28 radians
Charnel bottom Cross-Sect, Area, A=f__2.38 g
slope, s 001 ft/f
Wetted Perimeter, P = _4.0 ft
Calculations Hydraulic Radjus, R =] _0.59 ft
n/ng = Discharge, Q=] 16.83 cfs
Partially Full M g Ave, Velocity, V=}__7.07 ft/sec
roughness, n = Iﬁl

pipe 9% full [(A/Aw)*100%] =

r=Dj2

h=2r-y

(kydraulic radius)
R=A/P

(Manning Equation})

Q= (149/n)(AR(5YY

V=Q/A 3

0 = 2arccos (-‘%—‘3)

Partially Full Pipe Flow Parameters
(More Than Half Full 2+ r¥(9-sing)

2

A= AT

P =2nr -r*0

Equation used for n/psi: n/fpn = 1.25 - (y/D -0.5)%0.5 (for 0.5 < y/D < 1)
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Worksheet Protected

—_—
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP40

Show Detalls I

ign Flow: alrea: rmined through of m B Mlmrgtorm Major Ewrm <o
{iocal peak flow for 1/2 of street OR grass-ined channely: *Qknown =] 3.0 I 10.1  Jcfs FILL IN THIS SECTION
* If you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. X OR...
_&%mmm FILL IN THE SECTIONS
Subcatchment Area =| IAcres JBELOW.
Percent Imperviousness = % <~
Stte Type: Flows Developed For: NRCS Soil Type = A, B, C,orD
O site is irban O Street Intets Slope (fuft)  Length (f)
O Site Is Non-Urban O Area Inkels in a Mediar Overand Flow=|
Channel Flow =| | H |
[~ Raintall INformaton:  Thlensty 1 (NCTUNT = Gy T Ps T( G2 * 1) " Lo Minor Storm - Major Storm
Design Storm Retum Period, T, =| years
Retum Period One-Hour Precipitation, P, =, inches
Ci=
C=
Ca=

User-Defined Storm Runoff Coefficlent (leave this blank to accept a calculated value), € =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calcuiated value), Cs =

Bypass (Carry-Qver) Flow from upstream Subcatchments, Q;, = 0.0 0.0 cfs

Total Design Peak Flow, @ =| 3.0 1 101 |efs

UD-Inlet_v3.14 DP40, Q-Peak 12/16/2017, 1:02 PM



II INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2
Infet ID: AT-GRADE INLET DP40
Lo (C)——

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from 'Q-Allow’) AocaL = 2.0 3.0 inches
 Total Number of Units In the Inlet {Grate or Curb Opening) No =] 3 a
Length of a Single Unit Inlet (Grate or Curb Opening) Lo= 5.00 5.00 |it
idth of a Unit Grate (cannot be greater than W from Q-Allow) W, = N/A N2 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) = N/A N/A
logging Factor for a Single Unit Curb Opening (typical min. value = 0.1) = 0.10 0.10
MINOR MAJOR
Q= 3.00 9.67 cfs
Q, =] 0.0 0.4 cfs
Capture Percentage = Q,/Q, = C% = 100 96 %

UD-inlet_v3.14 DP40, Inlet On Grade

12/19/2017, 1:03 PM
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Partially Full M

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

Partially Full Pipe Flow Calculations - U.S. Units

11. Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructlons: Enter values in blue boxes. Calculations in yellow

Pipe Diameter, D =} 18
Depth of flow, y =| 13

(must have y > D/2)

Full Pipe Manni
rough N 0.013
Channel bottom

slope.S=' 0.0109 | ft/ft

Calculations

n/Nga = 1.138888¢

| 0.015 |

roughness,n =

Partially Full Pipe Flow Parameters
{More Than Half Full)

S<ORm \q LA~

Calculations

Pipe Di D= 1.5

Pipe Radius,r=] 0.75

Circ. Segment Height, h =

Central Angle, q = 2.22

Cross-Sect. Area, A=]_1.37

Wetted Perimeter, P =] __3.0

Hydraulic Radius, R=] _0.45

Discharge, Q =| 841

Ave. Velocity, V=]__6.16

pipe % full [(A/An)*100%] =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (149/m)(A)RV)(5Y?)

v=Q/A P
© = 2arccos (3‘_;_!!_)

2 _ 1(9-sing)

= NI
& 2

P =2qnr ~1*8

Equation used for n/nfui: n/nen = 1.25 - (y/D -0.5)*0.5 (for0.5 < y/D < 1)

(8"ew

This engineering calculator determines the Flow within a pastially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

ft

radians

i

cfs
ft/sec
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ENGINEERS

Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents |

Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average velocity, V

for pipes more than half full

Instructions: Enter values in blue boxes, Calculations in yellow

Pipe Diameter, D = 24

Depth of flow, y =| 16

(must have y > D/2)

Full Pipe Mannin,
rough Ngat =i 0.013 I

Calculations

in Pipe Diameter, D=

in Pipe Radius, r=

Circ. Segment Height, h =§__0.667

Central Angle, g =|_2.46
Shannel botom Cross-Sect. Area, A=) 2.22
slope, §=§ 0.0325 f/f
Wetted Perimeter, P=|_3.C
atio Hydraulic Radius, R =|__0.58
o 11666664 Discharge, Q=] 27.48
Partially Pull Manning Ave. Velocity, V=] 12.35
roughness,n =
pipe % full [(A/Aq)*100%] = | 70.8%
r=D/2
h=2r-y
(hydraulic radius)
R=A/P
(Manning Equation)
Q= [149/n)(A)R¥*)(sY?)
V=Q/A P
@ = 2arccos (F_;_h)
Pertially Full Pipe Flow Paramaters

(More Than Half Ful)

A= ﬂfl
2

P =2nr -1r*0

Equation used for n/nsui; B/nait = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

1O (A

21" P

_ 1°(9-sin@)

ft

radians
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Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be Membership
considered to be variable, dependent upon the depth of flow. Eﬁﬁi“e" | Login

I

Partially Full Pipe Flow Calculations - U.S. Units m

e - T
Main Categories

11 Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

» Home
Instructions: Enter values in blue boxes. Calculations in yellow » Engineering Book Store
Engineering Forum
i Calculations » SNZINEETing Torum
L s Excel App. Downloads
o » Online Books & Manugls
Pipe Diameter, D=} 24 in Pipe Di p=|__2 ft » Engineering News
Engineering Videos
Depth of flow, 1 i Pipe Radius,r=| 1 fr PSR LR
eptiorfiow.y " pe Radius.r » Engineering Calculators
(must have y » D/2) + Engineering Toolbox
» Engineering Jobs
irc. H = e
Circ. Segment Height, h ft » GD&T Trainin
Geometric Dimensioning
rough ney =f 0013 Central Angle, g =|__2.81 radians Tolerancing .
Channel bottom Cross-Sect Area, A=] 1.90 it? i DFM.DFA T.ramm
» Training Online
slope, § = 0.0235 ft/ft Engineering
Wetted Perimeter, P=)_3.5 ft + Advertising Center
Calculations Hydraulic Radius, R =} 0.55 ft

n/ng = Discharge, @ =] 18,51 ofs TRANSLATE
Partialiy Full Manning Ave. Velocity, V=] 9.73 ft/sec |
——
pipe % full [(A/Awu)*100%] = Print Webpage
» Copyright Notice

Full Pipe Mannin;
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[ 1

roughness, n = 0.016

r=D/2
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Article
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R=A/P - :
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P =2nr -1%0

Equation used for n/ng; n/brn = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)
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e e e——————

DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP39A

Worksheet Protected

Show Details |

<—
FILL IN THIS SECTION
OR..

e ——— —
[~ DBestan Flow: ONLY ' already determined rough omer memode: Minor Storm __ Major Storm
{local peak flow for 1/2 of straet OR graseined channel): *Qknown = 6.2 1 13.7 |cfs
* If you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet.
Area = Acres
Percent Imper = %
Site Type: Fows ped For: NRCS Soil Type = A, B,C,orD
Q site is Urban O Street Intets Slope (ftft) Length (ft
O site is Non-Urban O Area Inlets In a Mediar Overland Flow =[ I ]
Channel Flow ={ 1 |
— Ramtall Information: THensty [ne N = T GT L Minor Sorm - Malor s ]
Design Storm Retum Period, T, = years
Return Period One-Hour Precipitation, P, = inches
C,=|
Co=
C;=
User-Oefined Storm Runoff Coefficient (leave this blank to accept a calculated value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), G5 =|
Bypass (Carry-Over) Flow from upstream Subcatchments, Q,, = 0.0 0.0 cfs
Total Design Peak Fiow, Q=] 62 | 137 |efs

FILL iN THE SECTIONS
[BELOW.
<

UD-Inlet_v3.14 DP39A, Q-Peak

12119/2017, 1:02 PM



[ INLET ON A CONTINUOUS GRADE i

Project: STERLING RANCH FILING No. 2
Intet ID: AT-GRADE INLET DP39A
F—Lo (C)—

MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening
Locel Depression (additional to continuous gutter depression ‘a’ from ‘Q-Allow’) 80caL =] 3.0 3.0 inches
 Total Number of Unlts in the Inlet (Grate or Curb Opening) No =| 2 2
Length of a Single Unit Inlet (Grate or Curb Opening) = 5.00 5.00 |ft
Width of & Unit Grate {cannot be greater than W from Q-Allow) W, =] N/A [0 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CC= 0.10 0.10
Street Hydraulics: OK-Q < llow' MINOR MAJOR
Total Inlet Interception Capacity Q= 5.68 893 cfs

‘otal Inlet Carry-Over Flow (flow bypassing inlet) = 0.5 4.7 cfs
Capture Parcentage = Q/Q, = C% = 92 (3] %

UD-Inlet_v3.14 DP39A, Iniet On Grade 12/19/2017, 1:02 PM
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Solutions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Membership
Rgﬁ' ter | Login

T

Partially Full Pipe Flow Calculations - U.S. Units

II. Caleulation of Discharge, Q, and average velocity, V
for pipes more than half full

Main Categories
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Instructions: Enter values in blue boxes. Calculations in yellow » En Ineenn, Book Store
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Channel bottom Cross-Sect. Area, A=] _1.37 i ! DFM.DFA T.l'amm
» Training Online
slope, S o 0014 R/t Engineering

Full Pipe Manni

f

Wetted Perimeter, P =] __ 3.0 ft » Advertising Center
ulati Hydraulic Radius, R=f _0.45 ft
N/ = 1.138888¢ Discharge, Q=] _9.53 ofs TRANSLATE

Partially Full Manning

Ave. Velocity, v={__6.98 ft/sec

1

roughness, n =

pipe % full [(A/Arn)*100%] = [ Print Webpage |
» Copyright Notice
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Submit an
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Article
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(More Than Half Ful) :  1(0-sind)
A= AT — o
2
P =2nr -1*0

Equation used for n/nani: n/mun= 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)
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Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Power Equipment

Partially Full Pipe Flow Calculations - U.S. Units

IL Calculation of Discharge, Q, and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations in yellow

Pipe Dlameter, D =| 18
Depth of flow, y = 11

{must have y > D/2)

Full Pipe Mannin,
nea = 0:013

Channel bottom

h

slope,s=l 0.0325 | fr/ft

Calculatjons

n/Man = 1.1944444

Partially Full Manning

roughness,n =

{(Moze Then Half Full)

STNetur A

Ca]culaticns

Pipe Di , D= 1.5

Plpe Radius, r=| 0.75

Circ. Segment Height, b =

Central Angle, q =] __2.69

Cross-Sect. Area, A=]__1.13

Wetted Perimeter, P = 2.7
Hydraulic Radius, R=] __0.42

Discharge, Q=] 10.98

Ave. Velocity, V=] 9.71

pipe % ful [(A/Art)*100%] =

r=D/2
h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation}

Q= (149/m)(A)RY)(s*7)

V=Q/A P
8 =2 arccos (5-;—1‘)

3 rz(e - sin @)

A= ﬂrz
2

P = 2%nr "'r*e

Equation used for n/naun: n/nmn = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1)

(%\I w

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
caloulator can aiso be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
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ENGINEERS

Solutions By Design

Partially Full Pipe Flow Calculator and Equations
Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge

Fluid Power Equipment

Partially Full Pipe Fiow Calculations - U.S. Units

1. Calculation of Discharge, , and average velocity, V
for pipes more than half full

Instructions: Enter values in blue boxes. Calculations in yellow

Pipe Diameter, D =| 18

Depth of flow, y =| 2

(must have y > D/2)

Full Pipe Manning

]

rougkness, nan
Channel bottom

]

slope, S =f 00241
lcn s
0/ = 1.25
Partially Full Manning

roughness, n =

fe/fe

Partially Full Pipe Flow Parameters

(More Than Half Full)

Calcnlations

Pipe Di D = 1.5
Pipe Radius,r=]_0.75

Circ. Segment Height, h =] _0.750

Central Angle, g =] _3.14
Cross-Sect. Area, A=]__0.88

Wetted Perimeter, P =| 2.4

Hydraulic Radius, R=[0.38
Discharge, Q=] _ 6.54

Ave. Velocity, V =| 7.40

pipe % full [(A/Ap)*100%) =

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manning Equation)

Q= (149/n) (AR (5"

V=0Q/A P

8 = 2arccos (r_;_h)

t

_ 1%(p-sin0)

= Al
- 2

P = 2pr ~1%0

Equation used for n/neai: n/nen = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D £ 1)

STe™m VA LATR

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
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Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project:

—_—

STERLING RANCH FILING No. 2

Inlet D:

AT-GRADE INLET DP39

Besian Flow: ONLY 1 aiready determined rough ofmer memods:

Minor Storm  Malor Storm

Show Detalls

J e

FILL IN THIS SECTION
OR...

(local peak flow for 1/2 of street OR grassdined channel): *Qknown =1 2.4 | 5.3 Jcfs
* if you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet.
W
t Area = Acres
Percent Imperviousness = %
Site Type: Flows ped For: NRCS Soil Type =| A, B,C,orD
O site is Lrban O street Inlets Siope (fffY) Length (R)
O site is Non-Urban O Area Inlets In a Mediar Overland Flow ={ _ |
Channel Flow ={ | |
[ Ramtal Informanon: THensiy | (eI = G BTl )T O, Minor Storm  Major Stom
Design Storm Return Period, T, =| years
Retum Period One-Hour Precipitation, P, =| inches
Ci=
C,=
Cy=
User-Defined Storm Runoff Coefficient (leave this blank to accept a caiculated value), G =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), G5 =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs
Total Deslgn Peak Flow, Q =| 24 1 53  Jefs

FILL IN THE SECTIONS
||BELOW.
<o

UD-Inlet_v3.14 DP38, Q-Pgak

12119/2017, 1:01 PM



l INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP38
D) —

Deslan Information (Input)

MINOR MAJOR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depressicn (additional to continuous gutter depression ‘a’ from 'Q-Allow') apca = 3.0 3.0 inches
| Total Number of Units In the Infet {Grate or Curb Opening) No = 2 2
Length of a Single Unit Inlet {Grate or Curb Opening) = 5.00 £.00 |t
Width of a Unit Grate (cannot be greater than W from Q-Allow) W, = N/A NfA It
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CG= N/A N/A
Clogging Factor for a Single Unit Curb Opening (typlcal min. value = 0.1) = 0.10 0.10
MINOR MAJOR
= 240 5.07 cfs
Q= 0.0 0.2 cfs
C% = 100 96 %

UD-Inlet_v3.14 DP39, Inlet On Grade

12/19/2017, 1:02 PM
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Text Box
Storm 16, 18, 19, 21


Proj. file: Storm 16, 18, 19, 21.stm

Storm Sewer Profile

Storm 16, 19, 21
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS w Engineering Book Store
EDGE = Roughaess Qomprarators

Boluthony By Detign Dinfting Supplies

Partially Ful! Pipe Flow Calculator and Eguations
Tduid Flow Table of Contents | vdrauliz and Paenmatic Knoviedzy
Tluid fovioy Fruirincnt

This engineering calculator determines the Flow withir a partially full pipe using the Mannirg equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
_ Partially Full Pipe Flow Calculations - US. Units
11 Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than haif full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calcujations
To learn more about how
you can help Engineers !
Edge remain a free Pipe Diameter, D = in Pipe DI D=7 ft
resource fmd not see Depth of flow, y=|...63 ] in Pipe Radius,r=] _ 3.5 ft ——
advertising or this + Unginasring .
message, please visit (must havey > D/2) »GNET
P N
Hizmbership, Circ, Seg) Height. h =I 1.750 ! ft
Fuli Pipe Mannin,
rough Dfa = Central Argle, q =} __2.09 radians
Chanoel bottom Cress-Sect. Area, A=} 30.96 [
Wetted Perimeter, P =} _14.7 ft Print Webpage |
Calculations Hydraulic Radius, R=f__2.11 ft T
. g dneer
n/np = Discharge, @ =| 45256 | cfs ' Copyrizht Zoties
Partially Full M. Ave. Velocity, V=)_15.51 ft/sec c i
roughness, n= | 0.015_| U b mit an
vipe % fuil [{A/Am)*100%] = ;1 + 1
\rTicie
r=D/2 V
h=2r-y
(hydraulic radius) =
R=A/P Comtributor
(Manning Equation) Advertise Here
—r1 2/3y re1/2
\ i Q= (1.49/n)(A)(R™)(S™7) ANSI Data Chart
% B ANEI Screw Engineering
V=Q/A P
/! v Slide Chart Ail units in
.—// inches. threads, pipe
¢ e thread...
= 8 =2arccos (=2
Partialiy all Pipe Flow Parameteys
(Move Than Falf Fuail) 2}
A= Rt - - -
&
P o=2pr -1%0
Equation used for n/ngun: n/Nen = 1.25 - (y/D -0.5)*0.5 (ford.5 < y/D £ 1}
1]
SToem \H- e ¢ce?
3

bttp://www.engineersedge.com/fluid_flow/partially full pipe flow_ calculation/partiallyfull... 5/5/2017



Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS '-a% Engineering Book Siore
EDGE -~ Reughness Comparators
Solutfons By Design o Drafting Supplies

Partially Full Pipe Fiow Calculator snd Equations
Tinid Flow Toble uf €

‘ontents | Hydraulis and Prepmatic Knowledye
yid Power Ko ent

LT

This engineering calculator determines the Flow within & partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Pzrtially Fuil Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than half full

using adblocking software

or services. Instructions: Enter values in blue boxes. Calculations in yellow

Ta learn more about kow oy Glculations
you can help Engineers .
Edge remain a free Pipe Diameter, D=i 78 n Pipe Di D=f_6.5 f
FESOUree: .alld not s Depth of Row, y =73 in Pipe Radlus,r=] _3.25 ft
advertising or this
message, please visit (must havey > D/2)
Me hin. Circ. § Height h Jour ] &
Full Pipe Manning_ i A Training
rough Nrun j: 0013 ; Central Angle, g =§__1.02 radians 5 Cnling
Channel hottom Cross-Sect. Area, A= 3229 i
slope, § 41 0_905 _1 fi/fe
Wetted Perimeter, P =] _17.1 ft IW‘;
Hydraulic Radius, R=} 189 ft
/nr = Discharge, Q=) 38743 | cfs » Copyright Notice
Partially Full Manning Ave, Velocity, v=}_12.00 ft/sec R
roughness, n = DU b mi 1 an
pipe % full [(A/Asn)*100%)] = A rt I C |€

r=D/2

h=2r-y

(hydraulic radius)
R=A/P

(Manring Equation)

Q= (149/m)(A)(R¥*)(sV?)

V=Q/A P

. — A B
& = Jarecos (1o "}
Pantially "ull Pipe Fiow Parineters

{(Mgire Than Half Full) 7 v :{ G- sing)

A= RI - -
P = 3:‘ - r*8

Equation used for n/npn: n/nmg = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1}
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

<alculator can also be used for uniform flow in 2 pipe, but the Manning roughress coefficient needs to be

considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units
1L Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes mere than half fuli
- using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers : :
Edge remain a free Pipe Di p 66 in Fipe Di ,D=|__55 ft
resource ?nd not see Depth of flow, y L.__45 in Fipe Radtus, r=|__2.75 ft
advertising or this
message, please visit {must have y > D/2)
ilembership.

Circ. S Helgh;h:l 1.750 | ft

Central Angle, q =] _2:4C radians
Cross-Sect Arez, A=]_17.26 i
R/t
Wetted Perimeter, P =} _10.7 ft I Print Webpage !
Hydraullc Radius, R ={__1.61 ft )
P
n/nm = 11500906 Discharge, Q=§ 23485 | s » Knpyright
Partally Full ng Ave. Velocity, V=] _13.51 ft/sec i .
reughmess,n = [Looss | Submit an
pipe % full [(A/Ar)*200%)] = A rt i C |e
r=0D/2
T S h=2r-y
K ‘b N B i
/S - \ (hydraulic radtus) [
LN = :
o ’
i \\ e - Y R=A/P
Lot S
H (Manning Equation) Advertise Here
\ Q= (149/mAR)SYY) ANSI Data Chart
5 ‘ ANSI Screw Engineer:
V=0/A P gineering
4 ) v Slide Chart All units in
/ inches. threads, pipe
. R thread...
—— 8 = 2arecos (LoD

¥
Fartially Full Pipe Flow Paameters )
(More Than Half Full) . r{g-singd}

¥

Po=2zr ~1°8

Equation used for n/npi: n/Nun = 1.25 - (y/D-0.5)*0.5 (for0.5 < y/D £ 13

Stoeta W~ (4" o R
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

considered to be variable, dependent upon the depth of flow. | D o d
| Search
Partially Full Pipe Fiow Calculations - U.S. Units Mivn Coteasims
1L Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers .
Edge remain a free PipeDlameter, D=fl 88 | i Pipe Diameter, D= 5.5 f
ESCires ?nd not Lo Depthofflow,y=] .. 31§ Pipe Radtus, r=f__2.75 ft
advertising or this
message, please visit {musthavey > D/2) .
SIzrubership, Circ. Segment Helgnt h=]_2917 |  n
Full Pipe Manni —
T N =] 0013 Central Angle, q =] _3.26 radians
Channel bottom Cross-Sect. Arez, A=] 1086 e
I
slope, § =I? 0.0381 I R/
Wetted Perimeter, P=] 8.3 [ | "Print Webpage |
Calculations Hydraulic Radius, R=]_132 fe -
n/an = 1.265151¢ Discharge, @=]_232.27 | cfs » Lupyiizht Notice
Partlally Full Manni Ave. Velocity, V=] 21.28 fi/sec

roughness, n = I 0.016 I SU b m'l-t ain
pipe % full {{A/Aq)*100%] = Ap tic ‘(Z

r=Df2
Y .1 h=2r-y
K [k \'\
/T AN =, (hydraultc radius)
” N
/ N B 3 R=A/P

Advertise Here

(ﬂ— _I’_‘i? (Manning Equation)

B 2{3yrlf2
\ Q= (LAo/mAIRTHS™ ANSI Data Chart

3 V=0/a P ANSI Screw Engineering
Slide Chart Aif units in
inches. threads, pipe

s B P arecin v thread...

Frartially Full Pipe Flow Parmeters g
(RMore Than Half Full) 1 T{6-sind)

fe

Equation used for n/ngu! n/tiran = 1.25 - (¥/D -0.5)*0.5 (for 05 < y/D g 1)
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Pipe Flow Calculator and Equations
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

IL Calcuiation of Discharge, Q, and average velocity, V

We've detected that you're for pipes more than kalf full

using adblocking software

or services. Instructions: Enter values in blue boxes Calculetions in yellow

To learn more about how Galaulations

you cen help Engineers
Edge remain a free Pipe Diameter, D=f} 48 in Pipe Diameter,D=|__4
resource ,and not see Depth of flow, y =] ... 33 in Pipe Radius,r=] 2 ft
advertising or this
message, please visit (must have y > D/2)

Actihershin, | z |
Merghershin Circ. Height, b =|_1:250 ft

Full Pipe Mannil
roughness, n =l 0:013

Ceatral Angle, q =} __2.37 radians
Channel bettom Cross-Sect Area, A=| 921 i

slope,S:IL?-_rEi ;! /8

Wetted Perimeter,P=| 7.8 f [PnntWebpage ]

Calculations Hydraulic Radius, R=] 118 3 ‘
[— Discharge, @=]_120649 |  cfs » Copyricht Netics
Partially Full Manning Ave. Velocity, V=]_13.08 ft/sec

roughness, n = 0.015 | SU b m } + an
pipe % full [(A/Ans)*100%] = A r-r-'-ic Ie

r=D/2

h=2r-y

{(hydraulic radtus}
/' R=A/P
r {Manning Equation} Advertise Here
v / Q= (149/n){A)RY*) (s ANSI Data Chart
\ S| v v Ao oo S

inches. threads, pipe
______/ & =Fasccon ( T_:_'Ii ) thread...

Partialiy Fall Pipe Fiow Parameters ’
{Mare Than Half Full) ) £7{q-sinB}

#s

=g v 53
!)_ ny -§f"8

Eguation used for n/na: n/Nran = 1.25 - (y/D -0.5)*0.5 (for0.5 < y/D < 1)

Stoww W~ 48" @ep
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= x o
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| =0 3 headwall x -8 | g
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— 10 3 >
- L
- 24 — 8 .7 T
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e — 5 horizontally te scale (1), then L
'_ 4 use straight Inclined tine through
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Open Channel Flow Calculator

Page 1 of 1

The open channel ﬂow calculator

Trapezoid Vv

oy

#h
I VelocitstZ&DischagesQ! v |I

|Select unit system: |Feetgfti v[ I

hannel slope: {.042 Bottom width(b)
W——— Water depth(y): 1.5 fft Ph-—- i
IFlow velocity}8.2089 ) - ightSlope (22): l4
- LeftSlope (Z1): {4 fto 1 (H: IE?F_I-:V
Flow dischargc|123.1328 [nput n value(0.035 or select f
"ﬁ"3/s
Calculate! Status:|Calculation finished Reset
ter|1
%Vi@ perimster}igi37 lflow areafi5 [°2 Top width(T)[16 [
Specific energy/2.55 -
E_ roude numberh 49 Flow status{Supercritical flow
[Critical depthf183_ J& | |Critical slopefo.0177 iR |[Velocity headfi05s ||
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
DR FiL 2
TTRACY y

LP3D Qe 15 cse
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Partiaily Full Pipe Flow Calculator and Equations
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

i Flow Table of Contents | Hydraulic and Pneumatie Knowlodyge

calculzator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L Calculation of Discharge, Q, and average velocity, V
for pipes more thar: half full

Instructions: Enter values in blue boxes. Calcuiations in yellow

Inputs Calculations
Pipe Diameter, D=fi__24 n Pipe Diameter, D=|__2
Depth of fiow, y =}, 10 in Pipe Radius, £ =} 1
(must havey > D/2)
Circ. § Height, h =I 1167 |
Full Pipe Manni
rougt npun = Central Angle, q =|__3.48
Channel bottom Cross-Sect. Area, A=} 124
slope.S=fl 01612 | g/
Wetted Perimeter, P=f_2.8 |
Hydraulic Radius, R =] _0.44
/A = 1.291666€ Discharge, Q =|_25.58
Partialiy Full M Ave, Velocity, V=] 20.66
roughness,n = [ o017 |
pipe % full [(A/Anx}*100%] =
r=D/2
5 h=2r-y
K |
/"\T S "'/—/'*\ (hydrautic radius)
/ N, 6 AN R=A/P
(’ N // \ =4/
i r A
(“ — . (Manning Equation}
A ; Q= (L49/n)(A)RV)(S™)
‘{ ']
\ / v=om i
~ .-/ ~ vabh®
= 0 = 2arecos (£29)

ull Pipe Flow Faramelers
(More Than Half Full)

A'_ L d

W
T - - - " 0
P =2rr —-7°8

Equation used for n/npa: n/ngn =1.25 - (/D -0.5)*0.5 (fer0.5 < y/D < 1)
Stoen \5— 241ec?
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DRAINAGE CRITERIA MANUAL (V. 2)
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1.0

From BFR
EXAMPLE

D=42 inches (3.5 fast)
Qui20 cfs
Hw

g
fest
(11} 2.5 8.8

2) e.l 7.4
3 2.2 7.7

*D in faet

ENTRANCE
TYPE

(1)} Square edge with
headwall

&) Breove end with
headwall

{3 Groove end
projecting

To use -scale {2) or {3) project
horizontelly to scale (i), then
use straight inclined tine through
D and Q scales, or reverse as
iilustroted,

CULVERTS

(1} (2) (3)
rs.
6,
—a. -
— B. - 5.
N -4, [
o » — 4.
—fg—F 3
- . - 3‘ -
C - — 3.
E-s. F -
/."“—’__,_T“"=2:_
— i ’- :
Q - 2. = B
; k - L
=L LS s
[ YN
4 2 14
=~ .
2l X
H .
s - - n
Q
=t i i
£
8. i —~1.0 | 1o
(=1
o - 1.0 = =
71
Bl R o
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5 L
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N -
. 5
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Figure CU-9—inlet Contro! Nomograph—Example
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Open Channel Flow Calculator Page 1 of 1

— ——————————

The open channel flow calculator

Select Channel Type:
Trapezoid V

[Velocity(v)&Discharge(Q) _w][Sclect unit system: [Feet() V]
Channel slope: [01 liBottom width(b) F—l
Water depth(y): {1
e j it -
[Flow velocity3.1965 efSlope (21): BT [RightSlope (22): 4
s ljo T(HV
low dischargel55.5721 Input n value]0.035 ~ | orselect 1
lﬁ“S/s
Calculate! Status:ICalcuIation finished | Reset
i .2
Iﬁvtv_itf_q perimeter|12.25 Ew area|8 a2 Top width(T){12 fft
i .16 t
I’S'_:ll)ec_lﬁc energy|1 liroude numberfa.eg Flow statuslSubcritical flow
ICritical depthj0.82 fit jlgritical slope{0.022 ffut Iwelocity head|0.16 fit i
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR Fu 2
TTRACT M
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge
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Partiaily Fuli Pipe Fiew Calculator and Equations
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This engineering calculator determines the Fiow within a partiafly full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of fiow.
Partially Full Pipe Flow Calculations - U.S. Units
Il Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers .
Edge remain a free Pipe Dlameter, D=l _4_3 1 ir Pipe Diameter, D=} _3.5 [
S ouree ?nd not see Depth of flow, y {32 in Pipe Radius, r=f 175
advertising or this
message, please visit (must have y > D/2)
i‘ H
Membership. Sirc, Segment Height, h Joms | &
Full Pipe Mannin,
rough rois = ["0.013 Central Angle, g =} 2.04 radians
Channel bottom Cross-Sect. Area, A=} 787 i
siore, § =Il.__9‘°1 i /R
Wetted Perimeter, P=|__7.4 ft
Calculations Hydraulic Radius, R=] 1.6 i
n/nen = 1.119047¢ Discharge, Q =|_83.70 cfs
Partially Full M; Ave. Velocity, V=) _10.64 ft/sec
roughness, n = I_‘M

pipe % full [(A/Am)*2100%] = I 81.8% i

r=D/2
r N h=2r-y
N = ,'1\ (bydraulic radiug)
: L
/ N o it g2t R=A/P

!-I' (Mann!ng Equation}
\ Q= (149/n)(A)RYF)(5YY)
S
V=Q/A ?

0 = 2arecos (LB
ceos (T20)
Fartially Full Pipe Flow Parameters 3
(ige Than Half &y . (9~ sin 0}
Am B = e
2
P=2nr ~1r%0

Equation used for n/nan: n/nan = 1.25 - (/D -0.5)*0.5 (for05 < y/D < 1)

Sotan \S - H2' e

Dv3sg
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Open Channel Flow Calculator Page 1 of 1

The open channel flow calculator '

Select Channel Type:

I __ .
| Velocity(V)&Discharge(Q) ﬂ@ect unit system: [Feet(ft) W]
(e ————————— T _—

—_—

i hannel slope: {.04 Water depth(y): [i3 F HBottom width(b) FI
low velocity|7.3937 }Le fiSlope (Z1): [ T ghtSlope (Z2): 4
,fT/s I Fﬁ 1(HV
Flow discharge|88.4286 Input n value|0.035 or select 1
Hﬁ"3/s
Calculate! Status:lal-culation finished Reset
Wetted perimeter{14.72 Flow areafi166 |2 Top width(T)fi44 [
Sp emfi’c energy§2.15 Eoude number|1 43 ITW status|Supercritil flow
ritical depth|1.55 I3 ”g]ritical slope)0.0186 [ftft j Velocity head|0.85 fft |
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L Caiculation of Discharge, G, and average velocity, V

We've detected that you're for pipes more than half full
using adblocking software
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
To learn more about how
you can help Engineers
Edge remain a free Pipe Diameter, D 48 in Pipe Diameter, D = 4 f
resource and not see i 48 ]
. . A Depth of flow, ¥ =|. in Pipe Radius, r =| 2 ft
advertising or this P y p
message, please visit (must havey > D/2)
poinrt Sy
Mensbership- Gire. § Heighth=l 0000 | g
Full Pipe Manni
rcughness, nen =1 0:013 ¢ Central Angle,q =|_0.00 | radians
Channe’ bottom Cross-Sect. Area, A =] 12.57 /2
slope, § =|?_ 206 1 myp
Wetted Perimeter, P =|__12.6 fr Print Webpage |
Calculations Hydraulic Radius, R={ _1.00 f -
n/nf = Discharge, @ =4 11157 | cfs  Lapyright Notier
Partially Full M Ave, Velocity, V=]_8.88 ft/sec

roughness, h = LM 5'-_! b m | T an

vipe % full [(A/Ap}*100%] = Article

B,

h=2r-y Becane an
(hydrautic radius} E l’lgi!’it Ed GE
\ R=AfP Coniributor
1
) {Manning Equation} Advertise Here
_ 2/31 rel,
\ Q= (1.49/n)(A)(R**)(5V%) ANSI Data Chart
% ’/ v=q/a P ANSI Screw Engineering
Slide Chart All units in
_/ inches. threads, pipe
’ P thread...
PR 8 = : aAreSes ( F_r’ }
.

Fartially Full Pipe Fiow Pamameters -
(Mave Than Half Full) s

P =2nr %8

Equation used for n/upp: 0/0mn = 1.25 - (y/D-0.5)%0.5 (for 4.5 < y/D < 1)
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Partially Full Pipe Flow Calculator and Eguations

Eluiui Flow Table of Contents | L
Flnid Peyer F

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient reeds tc be 7
considered to be variable, dependent upon the depth of flow. | S

| Search B
p— .
Partially Fuli Pipe Flow Calculations - U.S. Units Mt Cotegories
11 Calculation of Discharge, Q, and average velecity, V
We've detected that yon're for pipes more than half full
using adblocking software
or services. Instructions: Enter valuss in blue boxes. Calculations in yellow
Inputs Calcylations
To learn more about how
you can help Engineers
Edge remain a free Pipe Diameter, D o 3_ 48 in Pipe Diameter, D=)__ 4 f
rm“rc,e fmd not s_ee Depta of flow, y 27 in Pipe Radius, r = 2 ft
advertising or this
message, please visit (must have y > D/2)
X ke
Membershin, Cire.§ Helgit, h Jimse] a
Fuli Pipe Manning

roughness, npn Central Angle,g=f 289 radians
Channel bottom Cross-Sect. Area, A=} _7.28 e

slope, S| 09187 1 pp

Wetted Perimeter, P=] 68 ft
Caiculations Hydraulic Radius, R=] _1.07 f
/Mg = Discharge, @ =|_98.14 ofs
Partially Full M Ave. Veloclty, v=|_1348 | fifsec

roughness, n= | 0.016 I ::fu b m] 1‘ an
pipe % full [(A/Aa)*100%] =

Article
ey
hezr-y Become or
{hydraulic radius)
R=A/P
{Manning Equation)

Advertise Here

ANSI Data Chart
- ANSI Screw Engineering
V=Q/A P
v Slide Chart All units in
inches. threads, pipe
thread...

Q = (L49/m(A)RYH(EYA)

Fartially Full Pipe Flow Parameters .
{Mure Than Half ful) . Q- sing)

A EE = —

o

P =Jagr -1*9

Equation used for n/npy: n/ngn = 1,25 - (y/D -0.5)*0.5 (for¢.5 < y/D < 1)

Stoowa |F— 48" @2CP
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS

EDGE

Solutions &y Peslgn

We've detected that you're
using adblocking software
or services.

To learn more about how
you can heip Engineers
Edge remain a free
resource and not sec
advertising or this
message, please visit
Mewahesship.
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Partially Full Pipe Fiow Calculator and Equations

Lluid Yiow Table ¢f Contents | Hydraglic and ne
Pover Feuipmoni

wiatic fnowdid

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

il. Calculation of Discharge, Q, and average velccity, V
for pipes more than half full

Instructions: Enter vaiues in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter,D=§ _48 1 m Pipe Di ,D=|__4 ft
Depth of flow, y =f.... 26 | in Pipe Radius, r =| 2 ft
{must havey > D/2)
Circ. S Height, h =l 1.933 | &
FullPipe Manring_______
rough nr=f] 0:033 Central Angle, q =§__2.57 radians
Channel bottom Cross-Sect. Arez, A=]__6.95 4
slope, § =II ‘10}“ l ft/f
Wetted Perimeter, P=]_6.6 ft
Hydraulic Radius, R=]__1.05 ft
n/np = 1.229166€ Discharge, @ = 10328 ofs
Partially Full M Ave. Velocity, V=] 1486 | a/sec
raughness,n = l&l
pipe % full [(A/Ani}*100%] =
r=Dj2
h=2r-y
{hydraulic radius)
R=A/P
{Manning Equation)
Q= (L49/m)(AIR*P)(s*)
/ V=Q/A P
/‘
ROPR 0 = 2arceos ( FoB }
- s
Patially Fuli Pipe Flow Parameters -
(Aore Than Half Full) 3 + (B sind}
L o £
’II. - N e —
P =2nr -1%8

Equeation used for n/np;: n/ngn = 1.25 - (y/D -0.5)*0.8 (for 0.5 < y/D < 1)

Sotw (T~ HB o

Page 1 of 2

e e

Main fareguiies

i Frint Webpage

» Copyricht Natice

Submit an
Article

e

Buemne

an

Engineers Edge
Contriculor

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart All units in
Inches. threads, pipe
thread...
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2
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Partially Full Pipe Flow Calculator and Equations

Liwid I iow Table of Contents | ITydraulic and Premmatic Kpowleds:

Power Eguiomeit

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered te be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1L, Calculation of Discharge, Q and average velocity, V
We've detected that you're for pipes more than half full
using adblocking software

or services. Instructions: Enter values in blue boxes. Calculations ir yeliow

To learn more about how Calculations

you can help Engineers ;
Edge remain a free Pipe Diameter, D 3
resource and not see 30
Depth of flow, y =}

advertising or this SPERGREeRY

message, please visit (musthave y > D/2)

Meniership. Circ, Segment Height, h = fr

i

In Pipe Di D= 3 ft
in Pipe Radius,r=f 1.5 3

Full Pipe Manni I
rougt nan i, 0013 Central Angle, q =] 1.68 radians
Channel bottom Cross-Sect. Area, A=] _6.29 [
slope, 8+ 5_ u.01 fr/ee
Wetted Perimeter, P =} __6.9 ft Print Webpage |
Calculations Hydraulic Radius, R=} _0.91 ft
n/Ng = Discharge, Q =|_52.63 cfs » Conyricht X
Partialiy Full Manni Ave. Velocity, V=] 9.95 ft/sec .
roughness, n= l 0014 | SU b mit an

pipe % fall {(A/Anu)*100%] = A r..h C"i e

r=b/2 v

h=2r-y Become an

{hydrawic radius}
R=A/P
(Manning Equation) Advertise Here
- 235V
€ = (1.49/0)(A)(R**)(s*/%) ANSI D rt

kY r v=0q/a P ANSI Screw Engineering
/ Slide Chart All units In
y Inches, threads, pipe
= / : hY thread...

Partially Fuli Pipe Flow

Farameters

(More Thag: Half Pully ) €03~ singy
A= 717 — — =
B o= Jnr —1*6

Equation used for n/ruy: n/nan=1.25 - {y/D -0.5)¥0.5 {fort.5 < y/D < 1)

STelvw \F— 3L Qe
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Engineering Boak Store
Raggihmess Somparators

ENGINEERS
EDGE

Solutions By Decign Orafiing Suppiles
Tluid Power Fauipmep:
This engineering calculator determines the Flow within a partially fall pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Fartially Fuall Pipe Flow Calculations - U.S. Units
IL. Calculation of Discharge, , and average velocity, V
We've detected that you're for pipes more than half full
using adblocking seftware
or services. Instructions: Enter values in blue boxes. Calculations in yellow
Inputs Calculations
Te learn more about how
you can help Engineers -
Edge remain a free Pipe Diameter, D =fi _ *6 in Pipe Df .D=f__3 fr
resourc? ,and not s,ee Depth of flow,y =24 [ Pipe Radius,r=f 1.5 ft
advertising or this
message, please visit (must have y > D/2)
fenaherstin. Cire.§ eneignn=-[ 1000 | &
Full Pipe Manning_
rougk npa =g, 0,013 | Central Angle, q =] _2.46 racians
Channe! bottom Cross-Sect. Area, A=] 5.01 2
| ae fefft
Wetted Perimeter, P=|__5.7 & | Print Webpage |
Calculations Hydraulic Radius, R=] _0.87 ft B
Pl g2
/Mg = 1.166666€ Discharge, Q=) 4494 _| ofs » Copyrizht Notice
Partially Full Manning Ave. Velocity, V=} 898 ft/sec .
roughness, n = 0.015 Submit an

pipe % full [(A/Asu)*100%] = A rt it.[?

r=D/2 v

h=2r-y Become 4n
(bydrautic radius) Er ai 1€
R=A/P
(Manrning Equation) Advertise Here
= 2/3yrg1/2
Q=QA9/mIAIRTIE™S ANSI Data Chart
- ANSI Screw Engineering
V=Q/A 4
v Slide Chart All units in
Inches. threads, pipe
. e thread...
. i -
8 = 2arccos {122 )

Fartialiy Full Pipe Flow Parameters

(Adie Than Half Fullj . I 9. sng)
A = N —_—
P =2gr ~-7%0

Equation used for n/nur: n/Ngr = 1.25 - (y/D -0.5)*0.5 (for 0.5 g y/D £ 1)

STotwe V1 LATZ- 36 QP
DP24
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DRAINAGE CRITERIA MANUAL (V. 2)
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DIAMETER OF GULVERT (D) IN INCHES
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Open Channel Flow Calculator Page 1 of 1

The open channel flow calculator

Select Channel Type:

Trapezoid VvV

|Ve|ocig_¥Q&Dischargegoz v []]Select unit system: !
! 1 slope: 10632 : - B i
Channel s ope i 63 Water depth(y): |1.25 fﬂ ottorn width(b)

i

low velocity]9.0928 LefiSlope (Z1): i BTER [lightSlope (Z22): 4
ift/s 501 (H:v

Flow dischargc|1 02.2937 [nput n valuef0.035 or select EI
‘F3/s

Calculate! Status:{Calculation finished T Reset
imeter{14.31 .
vﬁ@ perimeterf14.3 }iow area|11.25 jfts2 Top width(T)[14 jft
i .53 »

'%Eﬁ”_ﬁc energyi2 Froude number|1 79 ,Tow statusQSupercritical flow
,Critical depth|1.67 ift J[Critical slope|0.0181 jft/ft —I elocity head|1.28 ift |
Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.

SR fav 2
“VRact T

VP29 Qe 8 ess

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 4/19/2017
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ROLLED EROSION CONTROL
=)

Specification Sheet - EroNet™ SC150° Erosion Control Blanket

DESCRIPTION

The extended-term double net erasion control blanket shall be a
rmachine-produced mat of 70% agricultural straw and 30% coconut
fiber with a functional langevity of up to 24 months. (NOTE: functional
longevity may vary depending upon climatic conditions, soil, geograph-
ical location, and elevation). The blanket shall be of consistent
thickness with the straw and caconut evenly distributed aver the
entire area of the mat. The blanket shall be covered an the top side
with a heavyweight photodegradable polypropylene netting having
ultraviolet additives to delay breakdown and an approximate 0.63 x
0.63in (1.59 x .59 cm) mesh, and on the bottom side with a light-
weight phatodegradable polypropylene netting with an approximate
0.50 x 0.50 {1.27 x 1.27 cm) mesh. The blanket shall be sewn together
on 1.50 inch {3.81cm) centers with degradable thread. The bianket shall
be manufactured with a colored thread stitched along both outer
edges (approximately 2-5 inches [5-12.5 cm)] from the edge) as an
overlap guide for adjacent mats.

The 5C150 shall meet Type 3.8 specification requirements established
by the Erosion Control Technolagy Council (ECTC) and Federal Highway
Administration's (FHWA) FP-03 Section 713.17

Material Content

Index Property Test Method  Typical
Thickness ASTMDS525 ?é?:gi';m)
Resiliency ECTC Guideiines 75%

Water Absorbency ASTM D117 342%

Mass/Unlt Area ASTM D6475 az;-‘;zg’ i
Swell ECTC Guidelines 30%
Smolder Resistance ECTC Guidelines Yes
Stiffness ASTM D1388 1.11 0z-in
Light Penetration ASTM B6567 6.2%

. 362.4 ibs/ft
Tensile Strength - MD ASTM D818 (6.37 kN/m)
Eiongation - MD ASTM DE818 29.4%

136.8 Ibs/ft
Tenslle Strength - TD ASTM D6818 (2.03 kN/em)

Elongation - TD ASTM DeB18 27.6%

Biemass Impravement ASTM D7322 481%

Design Permissible Shear Stress

Unvegetated Shear Stress 2.00 psf (36 Pa)

Unvegetated Velocity 8.0 fps (2.44 m/s)

Matrt 70% Straw Fiber 0.35 |bs/sq yd (0.19 ke/sm}
gl 30% Coconut Fiber 0.15 Ibs/sq yd (0.08 ke/sm) S
Slope Design Data: C Factors
Top: Heavyweight 3 bs/1000 sq ft (1.47 kg/300 sm)
photodegradable Slope Gradlents (S)
Netting with UV additives
. : Slope Length (L) €31 31-~21 221
Bottom: lighweight 1.5 1b/1000 sq t (0.73 ike/100 sm)
photodegradable €201t (6 m) 2.001 0.048 0.100
Thiese geswdable 20-50 ft 0.051 0.079 0.145
2 250ft(15.2m i ) )
Standard Roll Sizes e ny . e
NTPEP Large-Scale Slape
Width 6.67 ft (2.03 m) 8ft(24 m) 16.0 ft (4.87 m) ASTM D§459 - C-factor = 0.031
Len 108 ft(32.82m) 12 % (3414 m) 108 ft (32.92 m) T
gth Roughness Coefficients - Unveg.
Welght + 10% 44 bs (19.95kg) 55 Ibs (24.95 ke) 105.6 Ibs {47.9 kg) Flow Depth Manning's n
Al 80 sq yd (56.9 sm) 100 sq yd (83.61sm) 192 s 165.6 sm
rea qvd( ) 100 sqvd ¢ ) 1925qyd ( ) £ 0.50 t (0.15 m) 0.050
0.50-~2.0% 0.050-0.018
22.0 ft{0.60 m) 0.018
Tensar International Corporation warants that at the time of delivery the product furnished
Tensar International Corporation hereunder shall conform to the specification stated hereln, Any other warranty Including
2500 Northwinds parkway merchzntability and fitness for a particular purpose, are hereby executed. if the product
Suite 500 does not meet specifications on this page and Tensar is notlfied prior ta Installation, Tensar
[ L Alpharetta, GA 30009 wiil replace the product at no cost to the customer. This product specification supessedss
P : alt grior specifications for the product described above and Is not applicable to any
NORTH AMERICAN GREEN®  BOO-TENSAR- products shipped prior to January 1, 2012,

tensarcorp.com

©201, Tensar International Corporation EC_RMX_MPDS_ESC150_5.13
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Specification Sheet - VMax® SC250° Turf Reinforcement Mat

DESCRIPTION

The composite turf reinforcement mat (G-TRM) shall be a ma-
chine-preduced mat of 70% straw and 30% coconut fiber matrix
incorporated into permanent three-dimensional turf reinforce-
ment matting. The matrix shall be evenly distributed acrass the
entire width of the matting and stitch bonded between a heavy
duty UV stabilized nettings with 0.50 x 0.50 inch (1.27 x1.27 cm)
openings, an ultra heavy UV stabilized, dramaticaliy corrugated
{crimped) intermediate netting with 0.5 x 0.5 inch (1.27 x1.27 tm)
openings, and covered by an heavy duty UV stabilized nettings
with 0.50 x 0.50 inch (1.27 x 1.27 cm) openings. The middle
corrugated netting shali form prominent closely spaced ridges
across the entire width of the mat. The three nettings shall be
stitched together on 1.50 inch (3.81cm) centers with UV stabilized
polypropylene thread to form permanent three-dimensional turf
reinforcement matting. All mats shall be manufactured with

a colored thread stitched along both outer edges as an overiap
guide for adjacent mats.

The 50259 shall meet Type SA, 5B, and 5C spacification require-
ments established by the Erosion Contral Technology Council
(ECTC) and Federal Highway Administration’s (FHWA) FP-03
Section 713.18

Material Content

70% Straw Flber 0.351b/sq yd
(0.19 ke/sm)
Matrix 0.15 Ibs/sq yd
30% Coconut Fiber (0.08 kg/sm)
Top and Bottom, UV-Stabilized 5 1b/1000 sq ft
i Polypropyiene (2.44 kg/100 sm}
Netting
Middle, Corrugated UV-Stabilized 24 Ib/10600 sf
Polypropylene {1.7 kg/100 sm)
Thread Polypropylene, UV Stable

Standard Roll Sizes

Width 6.5 ft (2.0 m)
Length 55.5 ft {16.9 m)
Welght ¢ 10% 34 tbs (15.42 kg)

Area 40 sq yd (33.4 sm)

Index Property Test Method Typical
0.62in.
Thickness ASTM D6525 (1575 mm)
Resiliency ASTM 6524 95.2%
Density ASTM D792 0.891g/cn?
Mass/Unit Area ASTM 6566 16.13 0z/sy
{548 g/sm)
ASTM D43s55/
UV Stabliity 1000 HR 100%
Porosity ECTC Guidelines 999%
Stiffness ASTM D1388 222.65 oz-in.
Light Penetration ASTM DE567 4.1%
Tensile Strength - MD ASTM D 709 lbs/ft
ensile Strengt! M D6818 (10.51 kN/m)
Elongation - MD ASTM D6818 23.9%
Tenslle Strength - TD ASTM D6818 712 lbs/ft
enslle Strengt! 681 (10.56 kN/m)
Elongation - TD ASTM Dé6818 36.9%
Biomass Impravement ASTM D7322 441%
Design Permissible Shear Stress
Short Duration Long Duration
Phase 1: Unvegetated 3.0 psf (144 Pa) 2.5 psf (120 Pa)
Phase 2: Partially Veg. 8.0 psf (383 Pa) 8.0 psf (383 Pa)
Phase 3: Fully Veg. 10.0 psf (480 Pa) 8.0 psf (383 Pa)
Unvegetated Velocity 9.5 fps (2.9 m/s)
Vegetated Velocity 15 fps (4.6 m/s)




Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS i

. Engineering Book Store
EDG E % Reughness Qomgaralors
Solutiens By Deslgn add Dratiing Supplles
Partially Ful! Pipe Flow Calculator and Equations
o o Liuid Tlow Tuble of Contints | Tvdrauliz snd Preumatiz IKnowlesys
Thuid Pewer Fguinment
This engineering calculator determines the Flow within 2 partiaily full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Partially Full Pipe Flow Calculations - U.S, Units
[I. Calculatior: of Discharge, Q, and average velocity, V
We've detected that you're for pipes more taan half full
using adblecking software

or services. Instructions: Enter valites in blue boxes. Calculations in yeliow

Inputs Calculations
To learn more sbout how
you can help Engineers : ;
Edge remain a free ?ipe Diameter,D=fl 24 { i ?lpe Diameter, D= __2 ft
ey ?nd not e Deptk of flow,y =23 | in Pipe Radius,r = 1 ft
advertising or this
message, please visit {must have y > D/2)
spihershi

Mipshership, Circ.s Height, b Lo ] ft

Full Pipe Manning_

rough nean=fL. 9 Central Angle,q =] 297 radians
Channel bottom Cross-Sect. Area, A=] 174 i
siops, S=|| 0.0135 Ryt
Wetted Perimeter, P=|__ 3.3 ft [ Print Webpage |
Calculations Hydraulic Radius, R=] _0.53 ft
/g = Discharge, Q =|_12.25 ofs » Copyricht Notice
Partially Full Manning Ave. Velocity, V=] __7.05 fr/sec . .
roughness, i = 0.016 Submit an
pipe % full [(A/Am}*100%] = I 553% i A r'T |C ‘le
r=D/2
(| 8 h=2r-y
/ S » - s ¥ (hydraulic radius)}
”
v .
S \‘ R=A/P
T N 1
{Manning Equation)

Advertise Here
Q= (L4S/mA R ANSI Data Chart

p V=Q/A ? ANSI Screw Engir.lee:'Ing
Slide Chart All units in
inches, threads, plpe
thread...

e - 4 Y
- d4re

artially i Pipe Flow Paamelers
(More Than Half Full)

3
-

P =32nr —1r%0

Equation used for n/nan: n/ngan = 1.25 - (y/D -0.5)*0.5 (for 6.5 < y/D < 1)
SToum \E LAY L - 241 QLD
Of30

http://www.engineersedge.com/fiuid_flow/partially full pipe flow_calculation/partiallyfull... 5/5/2017



Workshest Protected

—_——
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
inlet ID: AT-GRADE INLET DP30

Show Details I

- —
[~ Design Tlow: ONLY 1 already delermined mrough other metods: Minor Storm . Major Storm <
{local peak flow for 1/2 of street OR grass-lined channal): *Qknown =I 6.5 l 13.0 |cfs FILL IN THIS SECTION
» I you enter values in Row 15' skip the rest of this sheet and proceed to sheet Q-Allow or Area Infet. COR...
eographic Information: r data in the blue cells FILL IN THE SECTIONS
Subcatchment Area =| Acres BELOW.
Percent Imperviousness =| % <~
She Type: Flows Developed For: NRCS Soil Type = A, B,C.orD
O site is Urban © street Inlets Slope (ftft)  Length (f)
O site is Non-Urban © Area Inlets In a Mediar Overland Flow =
Channel Flow ={ | |
[ RanTall Information:  Tmensly T(NChE =G T (G T T s Minor Stonm . Major Storm
Deslign Storm Retumn Period, T, = years
Retum Period One-Hour Precipitation, Py = Inches
Cy=
Cz=
Ca=|

User-Defined Storm Runoff Coefficient (leave this blank fo accept a calculated value), C =|
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calcutated value), Cs =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs

Total Design Peak Flow, Q ={ 6.5 | 130 [efs

UD-Inlet_v3.14 DP30.xlsm, Q-Peak §/5/2017, 11:31 AM



{ INLET ON A CONTINUOUS GRADE i

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP30

—Le i@ ——

MINOR MAJOR
Type = CDOT Typa R Curb Opening
Local Depress'on (additional to continuous gutter depre:sion 'a’ fram ‘Q-Allow’) aLocaL = 3.0 3.0 inches
 Total Number of Units in the Inlet (Grate or Curb Opaning) No= 3 2
Length of a Sirgle Unit Iniet (Grate or Curb Opening) L= 5.00 5.00 ft
Width of a Unit Grate (cannot be greater than W from Q-Aliow) W, = NIA NIA It
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) GG= N/A N/A
Clogging Factor for a Single Unit Curh Opening (typical min. value = 0.1) = 0.10 0.10
MINOR MAJOR
Q= 6.50 11.10 cfs
 Total Inlet Carry-Cver Fiow (flow bypassing Inlet) Q= 0.0 1.9 cfs
(Capture Percentage = Q,/Q, = C% =| 100 85 %

UD-inlet_v3.14 DP30.xism, Iniet On Grade 5/5/2017, 11:31 AM
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radians
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Hcolutiens By Design Drafting Supplies
Partially Fuli Pipe Flow Calculator and Eguations
- T Clinid Flow Table 4f Contents | iydraulic and i'zeumatic Knoviguge
rer Equiment
This engineering calculator determines the Flow within a partiaily full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Marning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Partially Full Pipe Flow Calculations - U.S. Units
1I. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for plpes more than half full
nsing adblocking software
or services. Instructlons: Enter values in blue boxes. Caiculations inyellow
Inputs Calculations
To learn more about how
you can help Engineers =
Edge remain a free Pipe Diametsr, D= in Pipe Di D = 2
resource and not see i . .
N " Depth of flow,y=§ ...+ in Pipe Radius, r = 1
advertising or this P 4 E
message, please visit {musthavey > D/2)
Nen i
Membership, Circ. Segment Height, h =I 1.083 i
Full Pipe Mannin,
T : Central Angle,q =] 3.31
Cross-Sect. Area, A=} 140
ft/fe
Wetted Perimeter, P =] 3.0
Calculaiions Hydraulic Radius, R=| 047
n/Nean = 12708333 Discharge, ¢ =]_15.55
Partially Ful! Mannirg Ave, Velocity, V= 11.07
roughness, n = 0.017
pipe % full [(A/Amn)*100%] = |_44.7%
r=D/2
8 h=2r-y
K [n ™
o A 7 (hydraulic radins)
/ .5 e \\
/ ~ 0 - \ R=A/P
(Manning Equation)

- |

Q = (1.49/m}(A)(RV?)(Y)
V=0Q/A b

Fartially £l Pipe Fiow Parmneters

{(Moze Than Half Full) y ri(a-sing)
A= KT - - =
2
P =2xr —1%0

Eguation used for n/nap: n/nrx = 1.25 - (y/D -0.5)*0.5 (for 0.5 < y/D < 1}

Stowa VI LA\ — 24'@ep

D3\

Page 1 of 2

‘_@nt Webpagc ;
» Cenyright Notice
Submit an
Article
==
Become an

Enginesrs

Contribar

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart All units in
inches. threads, pipe
thread...

http://www.engineersedge.com/fluid flow/partially full pipe flow calculation/partiallyfull... 5/5/2017
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T ————————————
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
inletD: AT-GRADE INLET DP31

Show Details

Beagn ﬂow: Bﬂtv T am aeErm|m Emugﬁ mer MM: Minor S-lnrrn Major S-torm .
“Qicnown =[ 8.4 TJ%'S_.&_ Jcfs

(local peak flow for 1/2 of street OR grass-lined channal): FILL IN THIS SECTION

* if you enter values In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. OR...
Eeognpﬂlc Tormation: Eﬂer ﬁ Th e blue con a’: FILL IN THE SECTIONS

Area =| Acres JeELOW.
Percent Imperviousness = % je==
Sie Type: Flows Developed For: ) NRCS Soil Type =| A, B,C,orD
QO site Is urban O street Inlets Slape (/) Length (f)
QO stte Is Non-Urban O Area Inkeis in 3 Mediar Overiand Flow =| |
Channel Fiow =| | ]
~Natntall Informaticn:  Tensty (Mo = G B (G ) Minor Storm . Major Storm
Design Storm Retum Period, T, = years
Retum Period One-Hour Precipitation, Py = Iinches

Cy=

Cy=

Ca=

User-Defined Storm Runoff Coefficlent (‘eave this blank to accept a calculated valug), G =
User-Defined 5-yr. Runoff Coefficient (leave this biank to accept a calculated value), Cg =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs

Total Design Pezk Flow, Q =| 84 | 19.8  |cfs

UD-Inlet_v3.14 DP31.xlsm, Q-Peak 5/5/2017, 11:32 AM



I INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2

Inlet ID: AT-GRADE INLET DP31

—lo(0)—

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Depression (additional to continucus gutter depression ‘a’ from 'Q-Allow') 8 oca = 30 30 inches
 Total Number of Units in the Inlet {Grate or Curb Opening) = 3 3
Length of a Single Unit Infet (Grate or Curb Opening) = 5.00 5.00 ft
Width of a Unit Grate (cannot be greater than W from Q-Allow}) W,= N/A N/A It
Clogging Factor for a Single Unit Grate (typical min, vajue = 0.5) = N/A N/A
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) = 0.10 0.10
n - MINOR MAJOR
otal !nfet Interception Capacity Q= 8.18 14.15 cfs
otal Inlet Carry-Over Flow (flow bypassing inlet) Gp = 0.2 57 cfs
Capture Percentage = Q,/Q, = C% =| 97 7 %

UD-Inlet_v3.14 DP31.xism, inlet On Grade

5/5/2017, 11:32 AM
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Proj. file: Storm 14, 15, 16, 17.stm

Storm Sewer Profile

Storm 14, 17
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cneises
Text Box
Storm 14, 17
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cneises
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Storm 17_Lat 1
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS - Engineering Book Stove
EDG E - ] Roughness Qomparaiors
A

Schutfons By Deslgn Drafting Suppites

Partially Full Pipe Flow Calculator and Equations
Flaid Fow Table «f Contents | lic Pnenmatic hnowledye

This engineering calculator cetermines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units Mo Sovagrrins
IL Calculation of Discharge, Q, and ge velocity, V ¢
We've detected that you're for pipes more than half full
using adhlocking software
or services. Instructions: Enter values in blue boxes. Calculations inyellow
Inputs Calculations
To learn more about how
you can help Engineers
Edge remain a free Plpe Dameter, D=f 24 in Pipe Diameter, D=|__2 ft
resource ?nd not see Depth of flow, ¥ =| 9 in Pipe Radius, r= 1 ft
advertising or this
message, please visit (must have y > D/2)
e rohi
Mzmbership. Circ. Segment Height, h = ft
Full Pipe Mannil
rough Nan ji 0.013 ; Central Angle, g =] 3.6% rzdians
Channel battom Cross-Sect. Area, A=} 108 2
slope, § 4} 0.129 1 /R
. | TPy —
Wetted Perimeter, P=|__2.6 ft Print Webpage |
Calculations Hydraulic Radius, R =] 041 £ i -
P i
/D = 13125 Discharge, ¢ =|_18.57 ofs + L npyricht Notiee
Partially Full Manning Ave. Velocity, V=|_17.26 ft/sec

reughness, n = i_‘)&l SU b m | T an
pipe % full [(A/Ann)*100%] = A r'T’i - |

r=D/2 v

h=2r-y Become on
(hydraulic radius)
R=A/P
{Marning Equation) Advertise Here
- 2/2 raif2
G = (1.49/n)(A)(R7)(S™) ANSI Data Chart
_ ANSI Screw Engineering
vV=Q/A P
v Slide Chart Ail units in
inches, threads, pipe
7 ™ thread...
— “ e ¥ -
0 = 2arcees T—" )

Full Fipe Fiow Paraineters
ore Than Half ¥

[t

.
2 r1°{0-smd}
: LA ;

P o= ;‘7-,-_[ — g

Equation used for n/npn: /N = L25 - (/D -0.5)*0.5 (for 0.5 < y/D < 1)

Steam 26 ~ 24 eep
D33

bttp://www.engineersedge.com/fluid_flow/partially_full pipe flow_calculation/partiallyfull... 5/5/2017



width
length
perimeter

29.5
29.625
29.75
29.875
30
30.125
30.25
30.375
30.5
30.625
30.75
30.875
31
31.125
31.25
31.375
315
31.625
31.75
31.875
32
32.125
32.25
32.375
32.5

291
5.67
17.16

0.125
0.25
0.375
0.5
0.625
0.75
0.875

1.125
1.25
1.375
1.5
1.625
175
1.875

2.125
2.25
2.375
2.5
2.625
2.75
2.875

DOp =23

29'x 5 TYyPE D cvon AvsA Taraer
area 16.4997 open area x 70%

blockage 0.5

blockage 4 avail perm.

Orifice
0
9.8309
13.90299
17.02762
19.6618
21.98256
24.08069
26.01012
27.80598
29.4927
31.08804
32.60541
34.05524
35.44581
36.78386
38.07491
39.3236
40.53384
41.70898
42.8519
43.96512
45.05084
46.11101
47.14734
48.16138

Weir
0
1.802946
5.0995
9.36833
14.42356
20.15754
26.49778
33.39102
40.796
48.67953
57.01414
65.77663
7494704
84.50796
94.44406
104.7417
115.3885
126.3735
137.6865
149.3183
161.2603
173.5048
186.0444
198.8723
211.9822

Chou =
o B ¢ %y



Open Channel Flow Calculator Page 1 of 1

The open channel flow calculator

Select Channel Type:
,
Velocity(V)&Discharge(Q)  V|lISelect unit system:
S )5 acharg

Channel slope: {0.04 Water depth(y): J-r1.1 |ﬂ ||Bottom W) |0
If—t/ft

low velocity|5.5035 LefiSlope (Z1): [ T eE nghtS-lope (22): 3
s ljo 1 (Hv
Flow discharge|19.9776 Input n value|0.035 or select
'ﬁ“3/s

Calculate! Status:[Calculation finished _ Reset
W'ﬂe_tted perimeter(6.96 Flow area|3.63 "2 Top width(T)|6.6 It
Iiﬂa’iﬁc onergy |1 2 Froude number|1 .31 }F low status|Supercritical flow
Kritical depthf1.22 it Ipritical slope0.0225 [ft —l b/elocity head|0.47 it |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR FLL 2
Swe [ AeEn TAousT

WEST eof VOLumsa,/mmlcsHeffFec.
Tt els® ctzond

0P 33 (Mieo ™ |8

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels.html 4/19/2017
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge

ENGINEERS Engineering Book Store
EDGE Roughness Comparators
Solutions By Design Uratiing Supplies
This engineering calculator deiermines the Flow within a partially fult pipe using the Manning equation. This
calculator can alsc be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.
Partially Full Pipe Flow Calculations - U.S. Units
iL. Calculation of Discharge, Q, and average velocity, V
We've detected that you're for pipes more than haif full
using adblocking software
or services.

Instructions: Enter values in blue boxes. Calculations in pellow

To learn more about how Calalations

you can help Engineers

Edge remain a free Pipe Diameter, D =f 30 in Pipe Diameter, D =] _2.5 R
—
resource fmd not see Depth of flow, y =16 in Pipe Radius, r=|__1.25 ft
advertising or this
message, please visit (must havey > D/2)

Membership,

Circ. S Height, h =| 1.167 I ft

Full Pipe Manntn,

roug} nran = 0.013 Central Angle, q =] 301 radlans
Channet bottom __ Cross-Sect. Area, A=] 2,66 2
siope, S =||___ ool | fr/fc
Wetted Perimeter, P =§__ 4.1 f
Hydraulic Radius, R =] 0.65 ft
n/nan = Discharge, Q =|_18.57 cfs
Partially Full M Ave. Velecity, V=|__6.98 ft/sec

[ oo1s_|

roughness, n =

pipe % full [{A/Ann)*100%] = | 54,2% i

r=D/2

h=2r-y

(hydrautic radius)
R=A/P

(Mannirg Equation)

Q= (L49/n){A)RY*) (YD

V=Q/A P

. - e g

§ = 2arceos (L=24)

Parfially Fall Pipe Flow Parameters
{Miere Than Half Full)

P

TG~ shndy

A= IY

* 3
-

P o= Dwr  pal

P = 2ny —§% 1

Equation used for n/nau: n/np = 1.25 - (y/D -0.5)*0.5 (for0.5 < y/D < 1}

Stoam 22- d"a®
O?PHe

http://www.engineersedge.com/fluid_flow/partially full_pipe_ flow_calculation/partiallyfuil...

Page 1 of 2

(G |

e

Mol Cotegoriez

| Print Webpage |

» L.opyricht Notice

Submit an
Article

Contribute

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart All units in
inches. threads, pipe
thread...

/5/2017
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Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET

OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project:

_——— =

STERLING RANCH FILING No. 2

Iniet ID:

AT-GRADE INLET DP438-1

Besign Flow: ONLY T already determined hrough other memoss:

Show Detalls l

= —
Minor Storm  Major Storm

Lo
(local pezk flow for 1/2 of sirest OR grass-lined channel): *Qknown = 8. .0 cfs FILL IN THIS SECTION
* if you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Infet. Ol
Tesgrape larmaton A o 7 P Bha ST FILL N THE SECTIONS
b ment Area = Acres JBELOW,
Percent imperviousness = % =
ST Flows Developed For: NRCS Sall Type =| A, B, C,orD
O site Is Urban O street Takets Slope (V) Length (fi)
O site is Nor-Urban © Area Inlets in a Mediar Overland Flow =] |
Channel Fiow =[ | |
an for on: S| nch/hr) =G, " Py (G + T, ) A G, Minor Storm ajor
Design Storm Return Period, T, = years
Retum Period One-Hour Precipitation, P, = inches

Cy=|

(‘q =

C: =

User-Defined Storm Runoff Coefficient (leave this blank to accept a calculated value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calcuiated value), Cg =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, =| 0.0 0.0 cfs
Total Design Peak Flow, Q=] 8.2 | 2.0  |cts

UD-inlet_v3.14 DP48-1.xIsm, Q-Peak

3/31/2017, 1217 PM



[ INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2

Inlet ID: AT-GRADE INLET DP48-1

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Depreasion (additioral to continuous gutter depression ‘a' from 'Q-Allow’) a0ca, = 30 3.0 inches
| Total Number of Units in: the Inlet (Grata or Curb Opening) No = 2 2
Length of a Single Unit Inlet (Grate or Curb Opening) = 5.00 5.00 It
Width of a Unit Grate {cannot be greater than W from Q-Allow) W, = N/A N/A ft
Ciogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG = N/A N/A
Clogging Factor for a Single Unit Curb Opening {typical min. value = 0.1) CrC= 0.10 0.10
H A MINOR MAJOR
[Total Inlet interception Capacity = 6.47 10.42 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) = 1.7 10.6 ofs
[Capture Percentage = Q/Q, = C% = 79 50 %

UD-inlet_v3.14 DP48-1.xism, Inlet On Grade

313112017, 12:18 PM



Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP48-2

Show Details I

sign i i rough other m: 3 Minor Storm  Major Storm .
(lacal peak flow for 172 of street OR grass-lined chennel): *Qknown = 1.7 .6 cfs FILL IN THIS SECTION
* If you enter values In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area inlet. OR....
—TeoarepTe Tiormalon: TEler ST TS e Sy L THE SECTIONS
Subcatchment Area = Acres fBELOW.
Percent Imperviousness = % <=

Stte Type: Flows For: NRCS Soil Type = A, B,C,orD

O site Is Urban QO street Inkets Slope (fifty Length (i)

O site 5 Non-Urban © Area Infets in a Medlar Overland Flow =| _

Channel Flow = | ]
nfal 'ormation: NS i ) =G TP (G + 1) Gy W
Design Storm Return Perod, T, = years
Return Perlod One-Hour Precipitation, P, = inches
Cy=
C,=
Cs=
Use:-Defined Storm Runoff Coefficient (leave this blank to accept a calculated valug), C =
User-Defined 5-yr. Runoff Coefficient (leave this biank to accept a calculated value), Cs =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs
Total Design Peak Flow, @ =| 17 | 106 jcfs

UD-Inlet_v3.14 DP48-2.xlsm, Q-Peak 3/31/2017, 12:18 PM



[ INLET ON A CONTINUOUS GRADE ]

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP48-2

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression 'a’ from ‘Q-Allow) a.0cAL =) 3.0 3.0 inches
‘otal Number of Units in the Inlet (Grate or Curb Opening) No = 2 2
Length of a Single Unit Inlst (Grate or Curb Opening) = 5.00 5.00 |it
idth of a Unit Grate (cannot be greater than W from Q-Allow) W, = N/A N/ ft
Clogging Factor for a Single Unit Grate {typical min. value = 0.5} CrG= N/A NiA
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC= 0.10 0.10
Street Hydraulics: MINOR MAJOR
Total Inlet Interception Capacity Q= 1.70 7.45 ofa
otal Infat Carry-Qver Flow (flow bypassing inlet) Q, = 0.0 3.2 cfe
Capture Percentage = Q,/Q, = C% =| 100 70 %

UD-Inlet_v3.14 DP448-2.xism, Inlet On Grade 3/31/2017, 12:19 PM



Partially Full Pipe Flow Calculator and Equations - Engineers Edge

KRN : Engineering Bochk Store
EDG E -~ Raughness Somparaiors
i Drafting Supplies

Bokitions By Design

Partially Full Pipe Flow Calculator and Equations

Fluid Tlow Tablg of Coutonts | Iivdruu 1 Proumatic Knowledae
Tluid Fower Pauinment

This engineering calculator determines the Flow withir a partially full pipe using the Manning equation. This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

11 Calculation of Discharge, Q, and average velocity, V
We've detected that you're for ptpes mare than half full
using adblocking software

or services. Instractions: Enter vakies in blue boxes. Calculations in yellow

To learn more about how

you can help Engineers :
Edge remain 2 free Pipz Dizmeter, D=f 30 | in
reseurce ?nd not sce Depth cf Row,y |15
advertising or this
message, please visit (must have y > D/2)

Adepshershi
Mepthershin. Circ, Segment Height, h =} _1.250 ft

Pipe Diameter, D=] 2.5 fr

in Pipe Radius,r=| 125

24

. Full Pipe Manning
roughress, run = Central Angle, q =|__3.14 radians
Ckannel bottom Cross-Sect. Area, A=] 245 2
slope, fi/ft
Wetted Perimeter, P=f 3.9 ft
Hydraulic Radius, R =}__0.63 f
n/Na = 125 Discharge, @ =f_40.7C ofs
Partially Full ing Ave. Velocity, V=]_16.58 ft/sec
roughness, n = LM

pipe % full [(A/An}*100%] =

r=D/2
I N h=2r-y
K i
/ N3 : '\: \ (hydraulic radius)
/ N, 0 -~ A R=A
e =A/P
{Manning Equation)

Q= (149/n)(A)R*)(S%)

V=Q/A P

S 6 = 2areces (I20)
- .

Partially Full Pipe Flow Farameters 4
(More Than Balf Full) - 10 sinay
A= RT - —

¥
-

P =12nr -1%8

Equation used for n/ng n/Dnn = 1.25 - (/D -0.5}%6.5 (for0.5 < y/D < 1)

>—toewm 22- 30"@p

OP Y3

http://www.engineersedge.com/fluid_flow/partially full pipe flow calculation/partiallyfull...

Page 1 of 2

'; Search |

—

Moin Saregeeies

t Print Webpage i

» Topyriicht Netice

Submit an
.f‘r"*

Advertise Here

ANSI Data Chart
ANSI Screw Engineering
Slide Chart All units in
inches. threads, pipe
thread...

5/5/2017



Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project: STERLING RANCH FILING No. 2
Inlet \D: AT-GRADE INLET DP47-1

Show Details |

lgn Flow: rmined througl m 5! MinorStorm . Major Stormr ] <
(local peak flow for 1/2 of streat OR grass-ined channel): *Qknown =| 7.7 l 20.4 ICfS FILL IN THIS SECTION
* If you enter values in Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet, OR...
—#;ﬂnwmmm&rmmm—h——— O
Subcatchment Area = Acres [BELOW.
Percent Imper = % <=
she Type: Flows Developed Far: NRCS Soit Type = A, B,C,orD
O site Is Urban O street Inlets Siope (V) Length ()
O site ks Non-Urban O Area Iniets in a Mediar Overland Fiow ={
Channel Flow =] | j |
nTall Information: THenery T Elemg g e pe L o Minor Storm - Major sorm——+ ]
Design Storm Return Period, T, =| years
Retun Period One-Hour Precipitation, P, = inches

Cy=

C,=

Cy=

User-Defined Storm Runoff Coefficient (leave this blank to accept a calculated value), C =,
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cs =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs
Total Design Peak Flow, G =| 7.7 | 204 |cis

UD-Inlet_v3.14 DP47-1.dsm, Q-Peak 3/31/2017, 1212 PM



| INLET ON A CONTINUOUS GRADE !

Project: STERLING RANCH FILING No. 2
inlet ID: AT-GRADE INLET DP47-1
—LoC)—

MINOR MAJOR
Type = CDQT Type R Curb Opening
Local Depression {addltional to confinuous gutter depression 'a’ from 'Q-Allow’) 8iocaL = 3.0 3.0 inches
 Total Number of Units In the Inlet (Grate or Curb Opening) = 2 2
Length of a Single Unit Inlet (Grate or Curb Opening) = 5.00 5.00 ft
Width of a Unit Grate (cannot be greater than W from Q-Allow) We= N/A N'A e
Clogging Factor for a Single Unit Grats (typical min. value = 0.5) CrG= N/A N/A
Clogging Factor for a Single Unit Curb Opaning (typical min. value = 0.1) = 0.10 0.10
2 MINOR MAJOR
Q= 6.24 10.28 cfs
Total inlet Carry-Over Flow (flow bypassing inlet) Q= 1.5 10.1 cfs
ICapture Percentage = Q,/Q, = C% =] a1 50 %

UD-Inlet_v3.14 DP47-1.xism, Inlet On Grade 3/31/2017, 12:12 PM



Worksheet Protected

DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project;

STERLING RANCH FILING No. 2

Inlet ID:

AT-GRADE INLET DP47-2

Show Details I

Tinor Storm Maijor Storm

Design Storm Return Period, T, =

years
Retum Period One-Hour Precipitation, P, = inches
Cy=
cz =
Cs=
User-Defined Storm Runoff Coefficient (leave this blank to accept a value), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cg =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, = 0.0 0.0 cfs
Total Design Peak Flow, G =] 1.5 | 104 |cfs

—_—
Eiagn Flow: ONLY T2 ready determined mugﬁ oOther memoas: Minor Storm  Major Storm <eee
{ocal paak flow for 1/2 of sireet OR grass-lined channel): *Qknown | 1.5 | 10.1 |cfs FILL IN THIS SECTION
*If you enter values In Row 14, skip the rest of this sheet and proceed to sheet Q-Allow or Area Inlet. OR...
Geographic Information: (Enter 5% ' the blue cels): FILL IN THE SECTIONS
Subcatchment Area = Acres EBELOW.
Percent Imperviousness = % =
Ske Type: Flows D For: NRCS Soil Type = A, B, C,orD
Q stte is urban O street Inkets Slope (ftft) Length (R)
O site is Non-Urban O Area Inlets in a Mediar Overland Flow =
Channel Fiow =] 1 |
[~ Rainfall Information:  Tensty (e = Gt T G T L o

UD-Inlet_v3.14 DP47-2.xism, Q-Peak

3/34/2017, 12:13 PM



i INLET ON A CONTINUOUS GRADE |

Project: STERLING RANCH FILING No. 2
Infet D: AT-GRADE INLET DP47-2
— o (O)—x

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Depression (edditicnal fo continuous gutter depreasion ‘a’ fram ‘Q-Allow’) aocaL = 30 20 inches
‘otal Number of Units in the Inlet (Grate or Curb Opaning) No= 2 Z
Length of a Single Unit Inlet (Grate or Curb Opening) =| 5.00 5.00 |
idth of a Unit Grate (cannot be greater than W from Q-Allow) W, =| N/A NA o |w
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A
logging Factor for a Single Unit Curb Opening (typical min. value = 0.1) =| 0.10 0.10
MINOR MAJOR
‘otal Infet Interception Capacity =| 1.50 7.2 cfs
Total Inlet Carry-Over Flow {flow bypassing Inlet) =i 0.0 2.8 ofs
Capture Percontage = Q/Q, = C% =] 100 72 %

UD-inlet_v3.14 DP47-2.xism, inlet On Grade 3/31/2017, 1214 PM



width
length
perimeter

- 23
23.125
23.25
23.375
23.5
23.625
23.75
23.875
24
24.125
24.25
24.375
24.5
24.625
24.75
24.875
25
25.125
25.25

25375
25.5
25.625
25.75
25.875
26

291
5.67
17.16

0.125
0.25
0.375
0.5
0.625
0.75
0.875

1.125
1.25
1375
1.5
1.625
1.75
1.875

2.125
2.25
2.375
2.5
2.625
2.75
2.875

e 47

area
blockage
blockage

16.4997
0.5
4

open area x 70% 5.774895
avail perm. 13.16
Orifice Weir
0 0
9.8309 1.802946
13.90299 5.0995
17.02762 9.36838
19.6618 14.42356 GhenT
21.98256 20.15754 & . 2m .4 che

24.08089
26.01012
27.80598

29.4927
31.08804
32.60541
34.05524
35.44581
36.78386
38.07491

39.3236
40.53384
41.70898

42.8519
43.96512
45.05084
46.11101
47.14734
48.16138

26.49778
33.39102

40.796
48.67953
57.01414
65.77663
7494704
84.50796
94.44406
104.7417
115.3885
126.3735
137.6865
149.3183
161.2603
173.5048
186.0444
198.8723
211.9822
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Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENGINEERS i Enginearing Book Stove
EDGE - Roughness Somparatars
hy ]

Bolutfons By Derign Deafting Suppiles

Partiatly Full Pipe Flow Calculator and Equaticns
g | I

Pov.er Enuipment

Fluid oy Table of T

Klembershi
This engineering caicuiator determines the Flow within & partially full pipe using the Manning equation. This Registor | Iﬁn

calculator can also be used for uniform flow in a pipe, but the Manring roughness coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units

1. Caiculation of Discharge, Q, and average velocity, V
We've detected that you're fer pipes mere than half full
using adblecking software

or services. Instructions: Enter values in blue boxes. Calculations in yellow

Inputs Calculations
To learn more about how
you can help Engineers - .
Edge remain a free Pipe Diameter, D=t 30 {1
resource and not see [ 39
. Depth of flow, y =
advertising er this SREECIECR Y]

message, please visit (must have y > D/2)

LY <hin.
Membersbin Circ. Segment Height, h = ft

Full Pipe Mannir e
rough nan =41, 0013 3

Pipe Diameter, D=} _2.5 | ft
in Pipe Radius,r=f 125 ft

Central Angle, g =f__0.00 radians
Channe! bottom Cross-Sect, Area, A=f 451 2
slope, 8 =Ii 0.005 1 fiife

Wettzd Perimeter, P=|__7.9 ft ["Print Webpage |

Hydrauiic Radius, R=| _0.63 ft
n/Ngan = Discharge, Q =}_29.08 ofs » Copyright Ne
Partially Full M Ave. Velocity, V=592 | f/sec o
roughness, n = | 0.[)13‘| b i3 b m i _t an

pipe 9% full [(A/ Anu)*100%] = Article

r=D/2
h=2r-y
(hydraulic radius)
R=A/P
(Manning Equation} Advertise Here
Q= (L49/m)(B)RY)(sY) AN ta Chart
_ ANSI Screw Engineering
V=0Q/A P
v Slide Chart All units in
inches. threads, pipe
R thread...
= A 0
& = 2arccos £20 )
Fartially Full Pipe Fiow Parameters 5
(More Than Half Foll) > 1 (6. sing}
A= &Y Vo 1
*
P =32rr ~-r%8

Equaticn used for n/ngn: n/mer = 1.25 - (/D -0.5)*0.5 (for 0.5 < y/D < 1)

STotm VT-2 — 30"ecp
PPHYA

http://www.engineersedge.com/fluid_flow/partially full pipe flow calculation/partiallyfull... 5/5/2017



DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED CHANNEL BY THE RATIONAL METHOD

Project:

Worksheet Protected

STERLING RANCH FILING No. 2

Inlet ID:

AT-GRADE INLET DP48A

Bes|gn FW: Bﬁﬂ I' al reaa; Mrmlnaﬂ ﬁmugﬁ m msﬂﬁ

Show Details

i |

FILL IN THIS SECTION
OR...

Minor Storm__Major Storm
(local peak flow for 1/2 of street OR grass-ined channel): *Quoown =[ 135 | 266 |cfs
* If you enter values In Row 1& sklg the rest of this sheet and Eroceed to sheet Q-Allow or Area Inlet.
eographic Information: er data in ue cells):
Sub Area = Acres
Percent Imper = %
Site Type: Flows Developed For: NRCS Soil Type = A,B,C,orD
QO site s Urban QO street Inlets Slope (Vi) Lendth (/
O site Is Non-Urban O Area Inlets in a Mediar Overland Flow =| | ]
Channel Flow =| 1 |
[~ Rantall Information:  ersly 1 (MO =G ' B G L o Minor Storm - Major sorm
Design Storm Retum Period, T, = years
Return Period One-Heur Precipitation, Py = inches
Cy=
C,=
Ca=
User-Defined Storm Runoff Coefficient (leave this blank to accept a calculated valus), C =
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cg =
Bypass (Carmry-Over) Fiow from upstream Subcatchments, Q, = 0.0 0.0 cis

Total Design Peak Flow, & =I 13.5 l 26.6 |cfs

FILL IN THE SECTIONS
JBELOW.
le—

UD-Inlet_v3.14 DP48A.xsm, Q-Peak

5/5/2017, 11:28 AM



r INLET ON A CONTINUOUS GRADE

Project: STERLING RANCH FILING No. 2

Iniet ID: AT-GRADE INLET DP48A

Design Information (Input) " MINOR MAJOR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depre:sion (additional to continuous gutter depression ‘a' from 'Q-Allow’) diocaL =) 3.0 3.0 inches
Total Number of Units In the Inlet (Grate or Curb Opening) No= 3 3
Length of a Single Unit Inlet {Grate or Curb Opening) = 5.00 5.00 |ft
Width of a Unit Grate (cannot be greater than W from Q-Allow) Weo= N/A NjA ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) = N/A NA
Clogging Faator for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 (.10
MINOR MAJOR
Q= 11.36 16.49 cfs
Q= 24 10.1 cfs
C% =| 84 62 %

UD-Iniet_v3.14 DP438A.xIsm, nlet On Grade

6/6/2017, 11:28 AM



Partially Full Pipe Flow Calculator and Equations - Engineers Edge Page 1 of 2

ENENIN T [ Engineering Bodk Store
EDGE = Roughriess Qomparaiars
p |

Bolutfons By Deslgn Drafting Supplles

-

Partiatly Full Pipe Flow Calculater and Eguations st Mciakh Crowtrsis 20 &

Fivid Tlow: Table of Contents | Svdraulic and Prexmatic Knowledye TR
Einid Power Eopipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculator can also be used for uniform flow in a pipe, but the Manring roughness coefficient needs to be
considered tc be variable, dependent upon the depth of flow.

= _W_. woee
Partizlly Full Pipe Flow Calculations - U.S. Units M Categortes
1i. Calculation of Discharge, Q, and average veloclty, V
‘We've detected that you're for pipes more than haif fuil
using adblocking software
Or Services. Instructions: Enter values in blue boxes. Caiculations in yellow
To learn more about how Inputs Calculations
you can help Engineers
Edge remain a free Pipe Diameter, D = tn Pipe Di ,D=|__25 3
resourc‘e ?lld not m Depth of flow, y = ’ i8 in Pipe Radius,r=f _1.25 &
advertising or this
message, please visit {must have y > D/2)
Membership. Cire. S Height h J o0 | &
Full Pipe Manning _____
rough Dran 5 G Central Angle,q =] __Z.74 radians
Channe! bottom Cross-Sect, Area, A= 3.8 it?
slope, S =|@ 0.008 I i/t
Wetted Perimeter,P=|__44 & | Print Webpage |
Hydraulic Radlus, R =]__069 £ T
n/aen = Discharge, Q =|_16.28 cfs » Conyright Nofice
Partially Fuil Manni Ave. Velocity, V=|__5.29 ft/sec - .
roughness, n = E_OM DU b Imi 1- an

pipe % Full [(A/Aw)*100%] = Article
' Yt & S

r=p/2 V

/f" ’"'\\“‘\ h=2roy Beson
K |a P
P = —~ (hydraulic radius)
£ : ’
/ N8 7 \ R=A/P
1 T R
g-!——‘;w (Manntng Equation} Advertise Here
\ Q= (L49/mARP)EY) ANSI Data Chart
!
A - P ANSI Screw Engineering
/ V=Q/A Slide Chart Al units in
.-"/ inches. threads, pipe
o " thread...
8 = 2arccos —’;!‘)

Partially Full Pipe Fiow Parameters

(Mare Than Half Full) A 2 ¢ 2 (B« +ind)
Po=rr ~7%0

Equation used for n/nqn: n/nan =1.25 - (y/D -0.5}*0.5 (for 0.5 < y/D < 1)
Seawm VT-2 ~Zo'acp
DPATA

http://www.engineersedge.com/fluid flow/partially full pipe flow calculation/partiallyfull... 5/5/2017



Project:

Worksheet Pratected

e e e S e e——e
DESIGN PEAK FLOW FOR ONE-HALF OF STREET
OR GRASS-LINED GHANNEL BY THE RATIONAL METHOD

STERLING RANCH FILING No. 2

Inlet ID:

AT-GRADE INLET DP47A

Besign Flow: ONLY W elready determined Tough omer methods:

{local peak flow for 1/2 of street OR grass-ined channel):

- 1T you enter values in Row 1& sklE the rest of this sheet and proceed to sheet Q-Allow or Area Inlet.
ieographlc on: (Enter n ue cells):

Show Details I

Minor Storm  Major Storm
*Qinown =| 111 I 244 |cfs

.
FILL IN THIS SECTION
OR...

¥nent Area = Acres
Percent Imper %
Site Type: Fows Fer: NRCS Soil Type =| A, B,C,orD
O siteIs Urban O Street Inlets Siope (V) Length ()
O site is Non-Urban O Area Inlets i a Mediar Overland Flow =| |
Channel Flow =| | |

User-Defined Storm Runoff Coefficient (leave this blank fo accept a valug), C =|
User-Defined 5-yr. Runoff Coefficient (leave this blank to accept a calculated value), Cs =
Bypass (Carry-Over) Flow from upstream Subcatchments, Q, =

= Ramntal Information: THensty T (e =G h G T L

Winor storm Major Stom

Design Storm Retun Perfod, T, =

years

Retum Period One-Hour Precipitation, P, =|

inches

Cy=

Cy=

Cy=|

0.0 cfs

Total Design Peak Flow, Q =

11.1

284 |ets

FILL IN THE SECTIONS
BELOW.
oo

UD-Inlet_v3.14 DP47A.xIsm, Q-Peak

5/5/2017, 11:28 AM



| INLET ON A CONTINUOUS GRADE |

Project: STERLING RANCH FILING No. 2
Inlet ID: AT-GRADE INLET DP47A
+—Lol)——r

MINOR MAJOR
Type = CDOT Type R Curb Opening
Local Deprezsion (additional to continuous gutter depression 'a' from 'Q-Allow’) A1 ocaL = 3.0 3.0 inches
‘aotal Number of Units in the Inlet {Grate or Curb Opening}) No =| 3 3
Length of a Single Unit Inlet (Grate or Curb Opening) = 5.00 5.00 ft
idth of a Unit Grate (cannot be greater than W from Q-Allow) o= N/A N/A ft
logging Factor for a Single Unit Grate (typica! min. value = 0.5) = N/A N/A
Clogging Factor for a Singie Unit Curb Opening (typica! min. value = 0.1) CC = 0.10 0.10
MINOR MAJOR
Q= 10.02 15.78 cfe
Total Inlet Carry-Over Flow (fiow bypassing inlet) Q= 14 8.6 cfs
Capture Percentage = Q,/Q, = C% = 90 65 %

UD-Inlet_v3.14 DP47A.xism, Inlet On Grade 5/5/2017, 11:29 AM



width
length
perimeter

92
92.125
92.25
92.375
92.5
92.625
92.75
92.875
93
93.125
93.25
93.375
93.5
93.625
93.75
93.875
94
94.125
94.25
94.375
94.5
94.625
94.75
94.875
95

291
5.67
17.16

0.125
0.25
0.375
0.5
0.625
0.75
0.875

1.125
1.25
1.375
15
1.625
1.75
1.875

2.125
2.25
2.375
25
2.625
2.75
2.875

Dp uzq

249 ' x53' TYPE D cboT Aesa

wlsr

area 16.4997 open area x 70% 5.774895

blockage 0.5

blockage 4 avail perm.

Orifice
0
9.8309
13.90299
17.02762
19.6618
21.98256
24.08069
26.01012
27.80598
29.4927
31.08804
32.60541
34.05524
35.44581
36.78386
38.07491
39.3236
40.53384
41.70898
42.8519
43.96512
45.05084
46.11101
47.14734
48.16138

13.16
Weir
0
1.802946
5.0995
9.36838
14.42356
2015754 g .z

2649778 0 . 2MA) ¢3S
33.39102
40.796
48.67953
57.01414
65.77663
74.94704
84.50796
94.44406
104.7417
115.3885
126.3735
137.6865
149.3183
161.2603
173.5048
186.0444
198.8723
211.9822
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)

Project: STERLING RANCH FILING NO. 2
Basin ID: POND W-5
Stage (ft} Zone Volumae {ac-ft) Outlet Type
Zone 1 (WQCV) 3.99 3.141 Orlifice Plai»
Zone 2 (EURV) 6.46 7.356 Orifice Plate
PERMANGNT— ‘one 3 (100-yaar) 813 6.610 WeirkFipe {Restrict)
e Example Zone Confl R Pond) 17107 [Total
User Input: Orifice at Outlet (! used to drain WQCV in a Filtration BMP) Calcul; for
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area = 2
Underdrain Orifice Diameter =_ Inches Underdrain Orifice Centrold = N/A feet
User tnput: Orifice Plate with one or more orifices or Elliptical Slot Wair (typically used to drain WQCV and/for EURV In a sedimentation BMP) Caleulated Parameters for Plate
Invert of Lowest Orifice = 000 ft {relative to basin bottom at Stage =0 fi) WQ Orifice Area per Row = 8.715E-02 it
Depth at top of Zone using Orifice Plate =| 6.46 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 25.10 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = 12,55 9. Inches (use rectangular openings) 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) | Rows {optional}) | Row6 ) Row 7 (optiona!) | Row8 {optional)_|
Stage of Orifice Centroid (ft), 0.00 215 431
Crifice Area (sq. inches)| 12.55 12.85 12.55
Row 9 (optional Raow 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 (gq. inches)
User tnput: Vertical Orifice {Circular or Rectangular) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected |
Invert of Vertical Orifice =| N/A N/A ft {relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A jﬂ’
Depth at top of Zone using Vertical Orifice = N/A N/A Tt (relative to basin bottom at Stage =0 ft) Vertical Orifice Centrold = N/A N/A Ifeet
Vertical Oriflce Diameter = N/A N/A inches
User Input: Overflow Weir {Dropbox) and Grate {Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Sel Zone 3 Weir Not Selected
Overflow Weir Front Edge Helght, Ho = 546 N/A ft (relative to basin bottom at Stage = 0 ft} Height of Grate Upper Edge, H, = 6.46 N/A feet
Overflow Weir Front Edge Length =| 20.00 N/A feet Over Flow Weir Slope Length =| 6.00 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 7.23 N/A should be > 4
Horlz. Length of Welr Sides =| 6.00 N/A feet Overflow Grate Open Area w/o Debris = 84.00 N/A i
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris =| 42,00 N/A 2
Debris Clogging % =! 50% N/& %
User input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Plate, or R Crifice) Calculated F eters for Outlet Pipe w/ Flow Plate
Zone 3 Not Sel Zone 3 Not Salecte:
Depth to Invert of Outlet Pipe = 0.83 N/A Tt (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1162 N/A 2
Qutlet Pipe Diameter = 48.00 N/A inches Outlet Orifice Centroid = 1.86 N/A feet
Restrictor Plate Height Above Pipe lnvert = 4180 Inches Half-Central Angle of Restrictor Plate on Pipe =| 2.51 N/A radians
User input: Spillway (R or Ti dal} Calculated Parameters for Spiliway
Spillway Invert Stage=| 820 ft (refative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 1.95 feet
Spillway Crest Length = 48.60 feet Stage at Top of Freeboard = 12.15 feet
Spillway End Slopes =| 10.00 H:v Basin Area at Top of Freeboard =| 5.00 acres
Freeboard above Max Water Surface = 2,00 feet
Routed Hydrograph Results
Design Storm Retum Period =| wacv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 119 1.50 175 2.00 2.25 2.52 0.00
Calculated Runoff Volume (acre-ft) =| 3.141 10497 7.750 10.345 13.246 17.269 20.902 25.403 0.000
OPTIONAL Override Runoff Volume (acre-ft) =
inflow Hydrograph Volume (acre-ft) =| 3.141 10.497 7.750 10.338 13.238 17.265 20.898 25.397 #N/A
Predevelopment Unit Peak Fiow, q (cfsfecrs) = 0.00 0.00 0.01 0.02 0.14 0.43 0.71 1.11 0.00
Predevelopment Peak Q (cfs) = 0.0 0.0 14 3.0 24.4 74.7 1249 195.0 0.0
Peak Infiow Q {cfs) =| 68.7 223.2 166.3 219.8 279.1 362.1 432.3 520.3 #N/A
Peak Cutflow Q (cfs) =| 14 2.5 22 25 27.5 87.4 142.2 149.7 #N/A
Ratio Peak Qutflow to Pred Q=] N/A N/A N/A 0.8 13 12 3.1 0.8 #N/A
Structure Ci lling Flow =| Plate Plate Plate Plate Overflow Grate 1 | Overflcw Grate 1 Outlet Plate 1 QOutlet Plate 1 #N/A
Max Velocity through Grate 1 (fpe) = N/A N/A N/A N/A 0.3 1.0 1.7 1.7 #N/A
Max Velocity through Grate 2 (fps) = N/A N/A N/A _ NA N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume (hours) = 38 77 65 76 78 76 74 73 #N/A
Time to Drain 99% of Inflow Volume (hours) = 40 82 69 81 84 84 83 82 #N/A
Maximum Ponding Depth (ft) =| 3.90 6.37 5.57 6.32 6.83 7.29 7.62 8.19 #N/A
Area at Maximum Ponding Depth (acres) =] 2.09 3.57 3.22 3.56 3.77 2.96 4.08 4.25 HN/A
Maximum Volume Stored (acre-ft) = 2.970 10.164 7.14‘97 ﬂ)n 11.853 13.630 mg l_al HE‘A




Detention Basin Outlet Structure Design
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Detention Basin Outlet Structure Design

Projact: STERLING RANCH FILING NO. 2

Basin ID: POND W-4 INTERIM

Stage {ft) Zone Volume (ac-ft)  Cutlet Type
Zone 1 (WQCV)| 3.93 1.967 Orifice Plate
Zone 2 (EURY) 499 0.953 Orifice Plate
gmm—/ tone 3 (100-year) 12.40 9315 WeirliPipe (Restrict)
Example Zone Configuration (Retention Pond) 12.235 Total
User Input: Orifice at Underdraln Outlet (typlcally used to drain WQCV In a Filtration BMP) Cal P for Und
Underdrain Orifice Invert Depth = N/A ft {distance below the filtration media surface) Underdrain Orifice Area = N/A i
Underdrain Orifice Diameter = N/A. inches Underdrain Orffice Centrold = feet
User Input: Orifice Plate with one or more orlifices or Elliptical Slot Weir used to drain WQCV and/or EURV in a sedimentation BMP) Caleulated Parameters for Plate
invert of Lowest Orifice = 0.00  lft (relative to basin bottom at Stage = 0 ft) WQOrifice Area perRow=[  4.722E02 |2
Depth at top of Zone using Orifice Plate = 4.92 ft (relative to basin bottom at Stage = 0 ft) Ellipticai Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 2230 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orlifice Area per Row = 6.80 sq. inches {use rectangular openings) Elliptical Slot Area = N/A f?
User Input: Stage and Total Area of Each Orifice Row (numberad from lowest to highest]
Row 1 uired Row 2 (opfional Row 3 (optional) | Row 4 (optional; Row 5 (optional) | Row B (optional Row 7 (optional Row 8 (optional)
Stage of Qrifice Centroid (ff) 0.00 i.68 3.3%
Orifice Area {sq. inches) 6.80 8.80 6.80
Row 9 (optional Row 10 (optional} | Row i1 (aptional) | 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) Cal dP for Vertical Orifice
Not Selected Not Selected Not Selected Not Selected
Invert of Vertical Orifice = N/2. N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Drifice Area = N/A N/A la
Depth at top of Zone using Vertical Orlfice = N/A N/A ft (relative to basin bottom at Stage = 0 ft} Vertical Orifice Centrold = N/A N/A feet
Vertical Orifice Diameter =| N/A N/& inches
User Input: Overflow Welr (Dropbox) and Grata {Flat or Sloped) Calculated Parameters for Overflow Welr
Zone 3 Weir Not Selected Zone 3 Welr Not Selected
QOverflow Weir Front Edge Helght, Ho =| 4.9g N/A ft {relative to basin bottom at Stage = 0 ft}) Height of Grate Upper Edge, H, = 649 N/A feet
Overflow Weir Front Edge Length =, 20.00 N/A feet Over Flow Weir Siope Length = 6.18 N/A feet
Overflow Weir Slope = 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 3.87 N/A should be > 4
Horiz. Length of Weir Sides = 5.00 N/A feet Overilow Grate Open Area w/o Debris =, 86.59 N/A e
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 43.29 N/A 2
Debiis Clogging % =| 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, R Plate, or Orifice) Calculated P for Outlet Pipe w/ Flow Ri Plate
Zone 3 Not Sel Zone 3 Restrictor Not Selected
Depth to Invert of Outlet Pipe =, 058 N/A ft (di below basin bottom at Stage = 0 ft) Outlet Orifice Area = 22.35 N/A e
QOutlet Pipe Diameter = 5500 N/A inches Outlet Orifice Centroid = 2.60 N/A feet
Restrictor Plate Height Above Plpe Invert =| 58.80 inches Half-Centra! Angle of Restrictor Plate on Pipe =| 247 N/A di;
User input: gancy Spillway (R or Trapezol Calculated Parameters for Spillway
Spillway Invert Stage= 1240 |ft {relative to basin bottom at Stage = 0 ft} Spillway Desigr. Flow Depth= 1.36 feet
Spillway Crest Length=| 74,00 feet Stage at Top of Freeboard = 15.26 feet
Spillway End Slopes = 4.00 HV Basin Area at Top of Freeboard = 1.66 acres
Freeboard above Max Water Surface = 1.50 feet
Routed Hydrograph Results
Design Storm Return Peried = wacv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Dapth (in) =| 0.53 1.07 1.19 1.50 175 2.00 2,25 253 3.29
Calculated Runoff Volume (acre-ft) = 1.967 2.920 1778 4.643 8.198 16.469 22.829 30.840 49.821
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) = 1.966 2919 1777 4.642 8.194 16.455 22.814 30.925 49.804
Predavelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 a.07 0.15 0.41 0.60 0.84 1.31
Predevelopmant Peak Q (cfs) = 0.0 0.0 1.8 26.0 52.1 145.5 212.0 295.1 462.9
Peak Inflow Q {cfs) = 24.1 36.0 21.8 57.5 101.6 202.9 279.6 368.4 549.3
Peak Qutfiow Q (cfs) =| 0.9 1.2 0.8 15.4 56.8 162.6 237.7 289.4 357.4
Ratio Peak Outfiow to P P Q= N/A N/A N/A 0.6 11 1i 11 1.0 0.8
Structure Controlling Flow = Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 | Overfiow Grate 1 { Overflow Grate 1 Outlet Plate 1 N/A
Max Velocity through Grate 1 {fps) = N/A NA N/A 0.2 0.6 19 <7 33 41
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 Draln 97% of Inflow Volume (hours) = 45 54 43 55 51 43 33 33 23
Time to Drain 99% of Inflow Volume (hours) = 47 57 45 60 58 54 52 49 43
Maximum Ponding Depth (ft) = 3.68 4.69 3.47 5.53 6.24 7.35 1.97 9.25 13.00
Area at Maximum Ponding Depth (acres) = 0.83 0.91 0.81 0.98 1.04 1.14 1.19 1.31 1.66
Maximum Voiume Stored (acre-ft) =| 1.752 JMS 1£BD 3A20 4,145 5.362 6.082 7.666 13.226
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Open Channel Flow Calculator

Page 1 of 1

—

elect Channel Type:
Trapezoid Vv

I Velocitiggi&DischargeSQ}

j’@:ct unit system:

The open channel flow calculator

=T

—_— - = hucke
[Feet() V]
o cystemiifeett) M

:[0167 uB i | |

Cl'fntannel slope: {016 Water depthey): |27 R ottom width(b) 15
[Flow velocity|7.2551 LeftSlope (Z1): i TEr RightSlope (22): |4
ffvs L]io 1(H:V
Flow discharge{356.5167 nput n valuej0.035 or select 1
F3ls

Calculate! Status:ICaIcuIation finished Reset
Wetted perimeter]32.32

: lTw area|49.14

i:roude numberh .03 .

Jgitical slope|0.0156

fft2 Top width(T)[31.8 ift

i

Specific energy[2.92

IF low status|Supercritical flow

|[Velocity headfo:82 ]

i

lCriticaI depthj2.14 ft

[fft

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
SR fIL =z

UPPER Roaosive DiTed AJORTW
OF  VOLLER [MARKHHE FEEL TATERSETTioN

P 2 Gees 3HL o4

http://www.eng.auburn.edu/~xzf0001/Handbook/Channels. html 2/13/2017



Open Channel Flow Calculator Page 1 of 1

— == ——

L

Select Channel Type:

1 222 ﬂB |
hanne! slope: [.022 Water depth(y): [{8 7 ottom width{b) [t5

Flow velocitys.1214 _ - ightSlope (Z2): |4
s LeftSlope (Z1): 4 fto 1 (H: ,‘i‘” =y
Flow discharge371.0712 [nput n vaiuej0.035 | or select EI

ESIS

The open channel flow calculator

'L

Caiculate! Status:lCaIculation finished Reset
"ﬁﬁtid perimeter|31.41 Eow area[45.69 [f*2 Top width(T)[3092  [f
EEIEIEC energy]3.01 Froude number|1 18 ll:low status{Supercritical flow
k}ritical depthj2.19 fft ,Igﬁﬁcal slopej0.0155 jfut 1 l\ielocity head]1.02 It |

Copyright 2000 Dr. Xing Fang, Department of Civil Engineering, Lamar University.
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Detention Basin Outlet Structure Design

Project: STERLING RANCH FILING NO. 2

Basin ID: POND W-4

_— I i = Stage (ft) Zone Volume (ac-ft) Qutlet Type
vouss} o | woct Zone 1 (WQCV) 3.77 2,201 Orifice Plate
- Zone 2 (EURV) a75 1329 Orifice Plaie
L TONE 1 AND 2
PEAMANENT— oRFICES tone 3 (100-year) 9.72 9.719 Weir&Plpe (Aestrict)
oot Example Zone Canfiguration (Retention Pond) FEEET Total
User Input: Orifice at L Outlet (; used to drain WQCV in a Filtration BMP} Cal

Urderdraln Orifice Invert Depth =
Underdrain Orifice Diameter =

ft {distance below the filtration media surface)

! N/A
N/A {inches

Underdrair. Orifice Area =

Underdrain Orifice Centroid = feet

T

fo.

ﬂ!

User Input: Orifice Plate with one or more orifices or Eillptical Slot Weir 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 = 5.910E-02 fi?
Depth at top of Zone using Orifice Plate = 4.99 ft (relative to basin bottom at Stage = 0 ft) Elliptica} Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing =| 18.10 inches Elliptical Siot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = 8.51 sq. inches (use rectangular openings) Eliiptical Slot Area = N/A ft?
User input: Stage and Total Area of Each Orifice Row {(numbered from lowest to highest
Row 1 (required) | Row2 {optional Row 3 (optional Row 4 (optional, Row 5 (optional) | Row6 {optional) | Row? (optional) | Row 8 (optional
Stage of Orifice Centraid (ft) 0.0 1.66 3.33
Orifice Area (sq. inches), 8.51 8.51 8.51
Row 9 (aptional) | Row 10 (optional) | Row i1 (optional) | Row 12 (optional) | Row 13 {optional) | Row 14 (optional) | Row 15 {optional) | Row 16 {optional)
Stage of Crifice Centroid {ft)
Orifice Area (sq. inch
User input: Vertical Orifice (Circular or Rectangular) Calculated P for Vertical Orifice
Not Salected Not Selected Not Selected Not Sel l
Invert of Verticai Orifice =, N/~ N/A ft (relative to basin bottom at Stage = 0 ft} Vertical Orifice Area = N/A N/A it
Depth at top of Zone using Vertical Orifice = N/A N/A. ft {relative to basin bottom at Stage = 0 ft) Vertical Orifice Centrold = N/A N/A feet
Vertical Orlfice Diameter =| N/ N/A inches
User Input: Overflow Weir (Dropbox) and Grate (Flat or Sioped) Calcul Pa for Ovarfiow Weir
Zone 3 Welr Not Selected Zone 3 Weir Not Selected
Overflow Welr Front Edge Height, Ho = 495 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 6.49 N/A feet
Overflow Weir Front Edge Length = 20.00 N/A feet Over Flow Weir Siope Length = 6.18 N/A feet
Overflow Weir Slope = 4.00 N/2 H:V {enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 3.69 N/A should be > 4
Horiz. Length of Weir Sides = 6.00 N/A feet Overflow Grate Open Area w/o Debrls =| 86.59 N/A 2
Overflow Grate Open Area % = 70% N/A %, grate open areaftotal area Overflow Grate Open Area w/ Debris = 43,29 N/A I
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Piate, or Orifice} Calcuiated Parameters for Qutiet Pipe w/ Flow Plate
Zone 3 Restrictor Not Sel d Zone 3 Not Selected
Depth to Invert of Outlet Pipe =| 0.58 N/A ft (di below basin bottom at Stage = 0 ft) Outlet Orifice Area = 23.45 N/A ft2
Outlet Pipe Dlameter = £6.00 N/A Inches Outlet Ortfice Centroid =| 272 N/A feet
Restrictor Plate Height Above Pipe Invert = $3.40 Inches Half-Central Angle of Restrictor Plate on Pipe = 2.74 N/A radians
User Input: El Spiltway {R or Tra ) Calculated Parameters for Spiliway
Spillway Invert Stage= 980 ft (relative to basin bottom at Stage = D ft) Spillway Design Flow Depth= 1.48 feet
Splllway Crest Length = 74.00 feet Stage at Top of Freeboard = 12.78 feet
Spillway End Slopes = 4.00 H:v Basin Area at Top of Freeboard = 239 acres
Freeboard above Max Water Surface =| 1,50 feet
Routed Hydrograph Results
Deaign Storm Return Period =| wacv EURV 2 Year 5 Year 19 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) = 0.53 1.07 1.19 1.50 1.75 200 2.25 2.53 3.29
Calculated Runoff Vclume (acre-ft) = 2,291 3.619 2.244 5.316 9.014 17.449 23.854 31.996 51.006
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Velume (acre-ft) = 2.291 3.620 2.245 5.312 9.015 17.453 23.856 32.004 51.024
Predevelopment Unit Peak Flow, q (cfs/acre) =| 0.00 0.00 0.01 0.07 0.1 0.41 0.60 0.84 1.31
Predevelopment Peak Q (cfs) =| 0.0 0.0 1.8 26.0 52.1 145.5 212.0 295.1 462.9
Peak Inflow Q {cfs} = 320 50.9 31.4 74.9 127.1 244.6 3323 429.4 639.1
Peak Outflow Q (cfs) =| 11 14 11 7.7 43.3 141.1 219.9 289.4 504.4
Ratio Peak Qutflow to Pred Q= N/A N/A N/A 03 0.8 1.0 1.0 1.0 1.1
S G Flow = Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 | Overfiow Grate 1 | Overflow Grate 1 Outlet Plate 1 Spillway
Max Veloclty through Grate 1 (fps) =| N/A N/A N/A 0.1 0.5 1.6 23 a3 3.8
Max Velocity through Grate 2 {fps) | NA _NA N/A N/A N/A N/A N/A N/A N/A
Time to Drain 87% of Inflow Volume (hours) =| 41 51 40 56 53 47 44 40 31
Time to Drain 89% of Inflow Volume (hours) = 43 54 42 61 60 57 55 52 48
Maximum Ponding Degpth (ft) =| 3.58 4.55 3.54 5.30 6.04 7.15 7.83 8.71 10.63
Area at Maximum Ponding Depth (acres) = 1.18 1.49 117 1.74 1.82 1.95 202 2.13 2.35
Maximum Volume Stored (acre-ft) = 2058 3.314 2.02_3 4.551 5.851 7.961 $.291 illj— 15.438




Detention Basin Outlet Structure Design
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DRAINAGE MAPS
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HISTORIC CONDITION

BASIN SUMMARY
Bash | WEE | & | s
EX-1 24 3 &
Ex-2 3 3 4
| Ex= 3N 49 341
EX— 330 il 353
EX- 152 1 209
EX-6 | 1692 118 2168
K= 165 12 197
%8 42 4 B4
Ex-9 | 13 11 49
[Ex-10 | 45 48 474
EX—1 20 17 261
*=12 40 5 65
®=13 B3 B 114
05-20 | 318 &1 310
05-21 | 33 B 38
05-22 | 88 8 Ell
05-23 | 78 34 B4

* NOTE: BASINS 0S—22 & 05-23
PART QF THIS REPORT. FLOWS

FOLLOW HISTORIC PATTERNS ON THE

WESTSIDE OF VOLLMER ROAD.

STERLING RANCH

NTS

HISTORIC CONDITION

1N POINTS —
| B ,
Bt | & | em| 50 By
1 009 5 B4
2 0.48 | 55 [ 465 J 0.74 [ 465 | 64
3 0.52 | 139 [2610) 4.33 [2552] 63
ol 0.26 | 12 | 197
-] 0.07] 4 [
3] 021 ] 1 | 148
7 0.70 | 48 | 474
0.39 | 18 | 305
0.14 14
10| 2.64 [122 [2245] 327 [2245] 71

11| 0.08 H
12A {001 3 | 16
12_| 027 | 10 | 200
13 017 6 [126
“HOTE: SO, M. ARE NOT| 048] # | 55
CONSISTANT AT EACH 55520 56
DESIGN POINT DP-DBPS [ 313629 60
* NOTE: DBPS FLOWS ARE[0.38] 76 | 61
FOR THE EXISTING 045 115 [ 67
CONDITION

# NO DATA GIVEN IN DBPS

1" = 1000

0 250500 1000 2000
Scale in Feel
LEGEND

EASTING MDOP BASIN
ACREAGE

‘ E; ! EMSTING FLOW RELLASE PONT

— FLOW DIRECTION

_— e emm GASH BOUNDARY

I PRt BT

6930 EXISTING CONTOUR

>—<omm Pre

STERLING RANCH MDDP

HISTORIC — DRAINAGE MAP

PROJECT NO. 0%-001 FILE: *\dwg'\Dev Pion',09001-MOOP HISTORIC

¥ DESIGNED BY:  VAS SCALE DATE:  03/16/15
102 E. PIKES PEAK AVE. STE 306 " e
COLORADD o0 BOS03 DRAWN BY: VAS | HORIZ: 1"=500" 3 i D‘I
(719) 955-5485, FAX (719) 444-8427 CHECKED BY:  VAS | VERT: MN/a EE




10/21/2016 2:49 PM

BASIN SUMMARY WATER QUALITY & DETENTION POND SUMMARY
BASIN CN AREA | AREA Q2 Qs Qto Qas Qso Qso FSD13 |
Gones) (2 ) - ek i kel ke = STORM _EVENT (YR) 2 5 10 25 50 100
SC3-1A| 73 278 | 0.085 | 314 45.0 63.8 885 | 110.3 | 133.1 PEAK INFLOW (CFS) 55 =3 e i T8 5o
SC3-5A | 84 39.1 | 0.061 | 406 53.7 71.0 924 | 1106 | 129.1 ALLOWABLE RELEASE (CFS) | 0.4 % = T =5 e
SC3-58| 81 630 | 0.098 | 53.8 73.0 985 | 130.8 | 1586 | 187.0 MODELED RELEASE (GFS) 57 o 153 2T o T
SC3-6A | 88 493 | 0.077 | 61.4 79.3 | 102.2 | 1301 | 1536 | 177.1 STORED VOLUME (AC—FT) X X 3 o o =
SC3-6B8| 85 30.9 | 0.048 | 329 43.4 57.0 73.9 88.2 | 102.7
SC3-6C| 82 58.0 | 0.091 | 53.9 72.5 971 | 128.0 | 1545 | 181.5 N
SC3-7 | &8 457 | 0.071 | 54.0 69.9 90.3 | 115.2 | 136.2 | 157.2 STORM EVENT (VR) 5 = 5 5 55 e
SC3-9 | 66 217.4 | 0.340 | 49.2 76.2 | 115.0 | 1681 | 2171 | 269.5 ALLOWABLE RELEASE (CFST T 12 = =T Be T | ae e
SC3—-10| 69 36.0 | 0.056 7.6 12.3 19.4 29.1 38.0 47.7 MODELED RELEASE (CFS) 1.2 131 357 | 854 | 111.7 | 1457
SC3-11B| 80 76.6 | 0120 | 59.4 81.3 | 110.8 | 1481 | 1805 | 213.7
scs—12] @ 882 | 0138 | 77.8 | 1056 | 142.5 | 189.1 | 2291 | 270.0 FSoTe
SC3-13] &b 4.0 | 0.064 | 439 57.8 76.0 985 | 1176 | 136.9 STORM EVENT (7R) 5 R S 5= =5 T
sc3-14] 80 199.4 | 0.311 | 1621 | 221.4 | 300.7 | 401.5 | 4886 | 577.7 PEAR INFLOW (CFS) T T B T R R TR
SC3-15| 65 | 1476 | 0251 | 528 | 518 | 794 | 170 | 1515 | 188.3 ALLOWABLE RELEASE (CFS) | 1.5 215 | 419 | 1434 | 231.0 | 3387
SC3-16| 79 2241 | 0.350 | 150.7 | 208.5 | 286.6 | 386.6 | 473.7 | 563.4 MODELED RELEASE (CFS) e . 5 T 3s | 568 | 555
0 600 1200 2400 SC3-18 | 81 537 | 0.084 | 49.3 671 91.0 | 121.2 | 147.3 | 174.0
Scale in Feet SC3-19| 63 191.5 | 0.2909 | 37.2 60.5 946 | 1416 | 1849 | 231.4 TSoTS
SC3-20| 63 50.3 | 0.079 | 12.2 19.6 30.4 45.2 58.9 73.5 STORM EVENT (VR) ) ) N 5% - 50
5¢3-21] 62 026 1 0098 | 1495 | 231 | 361 | 539 | 703 | 87.9 PEAK_INFLOW (CFS) 372 | 539 | 77.7 | 108.8 | 138.8 | 169.2
SC3-22] 69 406 | 0083 | 9.2 149 | 232 | 346 | 452 | 565 ALLOWABLE RELEASE (CFS)| 0.7 11 | 225 | 520 | 672 | 86.3
5€3-25] 64 513 1 0127 1 195 | 1.2 | 482 | 716 | 930 | 116.0 MODELED RELEASE (CFS) 0.7 73 | 224 | 520 | 673 | 86.3
SC3-61] 63 655 | 0102 | 13.7 22.0 34.4 516 676 84.8 STORED VOLUME (AC=FT) 55 =% e s e T
SC3—73] 63 S e s T T 26.4 413 62.1 81.3 | 102.0
LEGEND SC3-74| 63 119.7 | 0.187 22.3 36.5 57.3 85.9 112.3 | 140.7 IR
EE— SC3-75| 63 79.3 | 0.124 | 13.6 221 346 51.9 67.8 84.9 STORM EVENT (VR) 5 s . 55 = 50
- SC3-77| 63 163.8 | 0.256 | 33.0 53.4 83.2 | 1241 | 161.9 | 202.4 ALLOWABLE RELEASE (CFS) | 0.6 55 = e G e
SC3—79| 63 189.0 | 0.295 | 34.9 57.0 89.5 | 1343 | 1756 | 2201 STORED VOLUME (AC—FT) = > 37 - e =%
SC3-80| 63 147.7 | 0.251 | 27.3 443 69.6 | 1045 | 136.8 | 171.4
SC3-81| 63 262.9 | 0.411 | 483 78.3 | 1231 | 184.9 | 242.0 | 303.4 ERE
DESIGN POINT —
SC3-82 ai 117.8 | 0.184 | 25.0 40.6 63.7 955 | 1250 | 156.6 STORM EVENT (7R) 5 = 5 T = Tas
SC3-88] 6 872 | 0736 | 183 | 294 | 462 | €94 | 909 | 1139 PEAK INFLOW (CFS) 37.2 | 605 | 94.6 | 1416 | 1849 | 231.4
REACH IDENTIFIER ALLOWABLE RELEASE (CFS) | 1.7 246 | 50.3 | 1184 | 1533 | 198.4
MODELED RELEASE (CFS) 1.7 18.6 50.3 1181 | 153.2 | 198.2
BASIN BOUNDARY  mm s s DESIGN POINT SUMMARY STORED VOLUME (AC—FT) 3.4 34 3.7 41 45 5.1
DESIGN
POINT l:{‘SFSEIJ)A (852> (9,;3) (Qu-‘s% (%% 8‘% ((:'c;g? LOCATION FSD20 '
FLOW DIRECTION > —» - DP—74 | 0.571 | 22.3 36.5 618 | 1365 | 192.8 | 249.7 STORM EVENT (YR) 2 5 10 25 50 100
DP—75 | 1.413 82.4 1595 | 230.2 | 521.6 | 724.3 | 928.7 PEAK INFLOW (CFS) 12.2 19.6 30.4 45.2 58.9 73.5
STORM SEWER > 3 > DP-77 2.343 139.3 231.4 430.3 793.5 1118.3 1486.8 ARROYA LANE X—ING ALLOWABLE RELFASE (CFS) 0.6 ] 4 16.8 38.8 50.1 64.2
; ’ bP—78 | 0.538 59.7 98.4 154.0 | 2326 | 306.2 | 385.3 MODELED RELEASE (CFS) 0.6 8.4 16.6 38.8 50.0 63.8
prevy DP—73 | 2.520 | 137.4 | 236.9 | 446.0 | 806.4 | 11450 | 1521.9 STORED VOLUME (AC—FT) 0.8 0.8 0.9 1.0 11 1.3
FULL SPECTRUM DETENTION POND ' [FSDT6 DP—72 | 2.583 | 134.9 | 236.2 | 4438 | 7937 | 1156.5 | 1501.6 POCO ROAD X—ING
erenton Pong | YT DP—71 | 2.710 | 1351 | 242.0 | 452.4 | 8031 | 1154.4 | 1523.3 | STERLING RANCH NORTHERN BNDRY 75071 ]
Pt DP-70 | 2.820 | 134.4 | 246.1 | 462.4 | 808.9 | 1177.6 | 1543.2 STORM EVENT (YR) 2 5 10 25 50 100
DP*BQ 3.203 134.5 256.6 499.1 864.2 1262.7 1673.2 BR|ARGATE PARKWAY X_ING PEAK |NFLOW (CFS) 14_3 23_1 35'1 53.9 7013 87.9
SAND CREEK /EAST DP—87 | 3.572 | 1339 | 2556 | 541.2 | 922.7 | 1371.3 | 1836.4 ALLOWABLE RELEASE (CFS)| 0.7 10.1 20.3 | 47.0 | 607 77.9
FORK BASIN PER DBPS DP—-68 4. 297 105.0 202.9 462.9 914.3 1302.7 | 1653.2 STERILNG RANCH ROAD X—ING MODELED RELEASE (CFS) 0.7 8.8 20.3 46.9 60.6 77.5
DP—-64 0.148 114.5 148.0 191.1 243.7 288.0 332.4 STORED VOLUME (AC—FT) 1.0 1.0 1.1 1.2 1.4 1.5
INTERBASIN TRANSFER FROM DP—63 | 4.434 | 1051 | 203.2 | 471.7 | 932.6 | 1327.0 | 1693.4 | STERLING RANCH SOUTHERN BNDRY
EAST FORK TO SAND CREEK DP-61 | 5.341 | 1066 | 206.3 | 5311 | 1051.2 | 1523.3 | 1955.5 |COLORADO SPRINGS/EL PASO BNDRY FS027 |
(158.52 AC) DP—BOA| 5.602 | 111.0 | 212.4 | 5432 | 1073.9 | 1558.5 | 2001.4 MARKSHEFFEL X—ING STORM EVENT (VR 5 5 5 o5 =5 00
A . DP—-53A| 5.687 110.4 212.3 546.2 1078.2 | 1567.6 | 2017.3 SAND CREEK AND POND 3 PEAK INFLOW (CFS) 9.2 14.9 23 9 346 457 56.5
ALLOWABLE RELEASE (CFS)| 0.4 6.6 13.2 30.5 39.4 50.5
MODELED RELEASE (CFS) 0.4 2.1 153 29.9 39.3 49.9
WATER QUALITY & DETENTION POND SUMMARY STORED VOLUME (AC—FT) 0.7 0.8 0.8 0.9 0.9 1.0
FSD1
STORM EIVENT (YR) 2 5 10 25 50 100 FSD23 |
PEAK INFLOW (CFS) 31.4 450 | 638 | 885 | 110.3 | 1331 STORM EVENT (YR) 2 5 10 25 50 100
ALLOWABLE RELEASE (CFS)| 0.1 1.7 33 10.9 17.5 25.5 PEAK INFLOW (CFS) 19.5 31.2 48.2 71.6 83.0 | 116.0
STORED VOLUME (AC—FT) 2.4 2.6 3.0 36 1.2 4.9 “SA?SSEEDVZEBEAAESE(A(CCF% ?-2 113; 21660 610-74 7]8-93 1201-1
FSD5 |
: FSD77 |
STORM EVENT (YR) 2 5 10 25 50 100
I _ PEAK INFLOW (CFS) 406 | 53.7 71.0 | 92.4 | 110.6 | 129.1 | STORM EVENT (YR) 2 5 10 25 50 100
_ ol ALLOWABLE RELEASE (CFS) | 0. ™ X T3 TR 505 PEAK INFLOW (CFS) 33.0 53.4 832 | 1241 | 161.9 | 202.4
l \_,,;ﬁv 7 MODELED RELEASE (CFS) 0.1 14 56 T 9.7 307 ALLOWABLE RELEASE (CFS)| 1.6 23.7 481 112.2 | 1451 | 186.9
o& S 4Nk STORED VOLUME (AC—FT) 3.0 3.2 3.8 21 4.7 52 g?SEE[E}DVSEbEA?S%A(CCFE%) ;-g 223-85 "38-00 ”3030 1‘;‘*6-9 126;
- | = [ FSD6 |
fi (sc3-9) STORM EVENT (YR) 2 5 10 25 50 100 Fsbet |
: I PEAK INFLOW (CFS) 196.6 | 258.6 | 339.2 | 438.9 | 523.4 | 608.8 g;ﬁiM!NEF\iENWT (CYFRS) 4823 53 10 25 50 100
|HIGH ND PARK] ALLOWABLE RELEASE (CFS)| 0.6 8.3 15.9 60.5 | 101.7 | 151.7 == ow (CFs) - /8. 1251 | 1849 | 242.0 | 3034
STORED VOLUME (AC—FT) 15.4 16.1 18.3 206 | 232 | 26.2 g?ggégf)vzibﬁs‘%/\??% i—g 345-70 744.95 1;425 252)555 2209;9
,. § Fsbe |
/ FSD82 |
SAND CREEK /EAST 1/« STORM EVENT (YR) 2 5 10 25 50 100 SR EVENT YR - - - - - e
- FORK BASIN \ PEAK INFLOW (CFS) 67.9 112.8 174.2 259.1 342.0 429.4 .
Al BOUNDARY PER DBPS[\ ALLOWABLE RELEASE (CFS)| 1.7 249 | 49.8 | 1411 | 207.2 | 290.0 INFLOW (CFS) 250 | 406 | 637 | 955 | 1250 | 156.6
MODELED RELEASE (CFS) 1.7 20.8 204 | 1412 | 5069 | 2804 ALLOWABLE RELEASE (CFS)| 1.1 16.4 33.4 78.1. | 1011 | 1304
& o 40 STORED VOLUME (AC—FT) 21 21 2.3 2.5 2.8 32
BARBARICK ;\‘\ ‘
SUBDIVISION |- !.w ¥ FSDT1A | FSD88
(= : STORM EVENT (YR) 2 5 10 25 50 100
PEAK INFLOW (CFS) 53 78 7.3 159 | 200 | 243 STORM EVENT (YR) 2 5 10 25 50 100
e m mE s mE NIRRT
MODELED RELEASE (CFS) 0.2 0.9 3.0 7.6 9.6 12.2 1 (CFS) | O : : : : :
STORED VOLUME (AC—FT) 0.3 0.3 0.4 0.4 0.5 0.6 g?ﬁé&?ﬁﬁf;@% ?'2 ?é 215-72 519;3 727'02 929-23
FSD11B | |
STORM EVENT (YR) 2 5 10 25 50 100 PNDWS |
PEAK INFLOW (CFS) 59.4 81.3 | 110.8 | 1481 | 180.5 | 213.7 ETORM EVENT (YR) 2 5 10 25 50 100
MODELED RELEASE (GFS) 03 A E 5 e e ok 590 r\S/I(T)gELED RELEASE (CFS) 105.0 | 202.9 | 462.9 | 914.3 | 1302.7 | 1653.2
= STORED VOLUME (AC—FT) 48 4.9 55 6.4 7.3 8.2 RED VOLUME (AC—FT) 1.3 3.2 9.1 19.6 30.5 43.9
PAWNEE <
RANCHEROS |- [&| FSD12
NO. 2 4] STORM EVENT (YR) 2 5 10 25 50 100
3 PEAK INFLOW (CFS) 77.8 | 1056 | 142.5 | 189.1 | 2291 | 270.0
1o} ALLOWABLE RELEASE (CFS)| 0.9 13.2 26.7 62.0 80.2 | 103.2
MODELED RELEASE (CFS) 0.9 9.0 26.7 61.9 80.1 103.1
STORED VOLUME (AC—FT) 5.2 55 5.8 6.7 7.8 8.9

File:  0:\0B035A\Sond Creek Study\dwg\Eng Exhibits\Proposed Conditions Watershed Work Map.dwg Plotstamp:
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