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MASTER DEVELOPMENT DRAINAGE PLAN for THE SANDS
and PRELIMINARY DRAINAGE REPORT

DRAINAGE PLAN STATEMENTS

Engineer's Statement

This report and plan for the drainage design of The Sands was prepared by me (or under my direct
supervision) and is correct to the best of my knowledge and belief. Said report and plan has been
prepared in accordance with the City of Colorado Springs Drainage Criteria Manual and is in
conformity with the master plan of the drainage basin. I understand that the City of Colorado Springs
does not and will not assume liability for drainage facilities designed by others. I accept responsibility
for any liability caused by any negligent acts, errors or omissions on my part in preparing this report.
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Virgil A. Sanchez, P.E. #37160
-For and on Behalf of M & S Civil Consultants, Inc.
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Developer's Statement Utisr100 0N

The Landuis Company hereby certifies that the drainage facilities for The Sands shall be constructed
according to the design presented in this report. I understand that the City of Colorado Springs does not
and will not assume liability for the drainage facilities designed and/or certified by my engineer and that
are submitted to the City of Colorado Springs pursuant to section 7.7.906 of the City Code; and cannot,
on behalf of The Sands, guarantee that final drainage design review will absolve the Landuis Company,
and/or their successors and/or assigns future liability for improper design. I further understand that
approval of the final plat does not imply approval of my engineer's drainage design.

DATE: 3/16/2

The Landuis Company

BY:
' Mr. Jeff Mark

Owner & Manager

ADDRESS: The Landuis Company
212 N. Wahsatch Ave, Suite 301
Colorado Springs, CO 80903

City of Colorado Springs Statement;
Filed in accordance with Section 7.7.906 of the Code of the City of Colorado Springs, 2001, as amended.

BY: = = DATE: _3/24/2018
For The City Engineer
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MASTER DEVELOPMENT DRAINAGE PLAN for THE SANDS
and PRELIMINARY DRAINAGE REPORT

PURPOSE

The purpose of this Master Development Drainage Plan and Preliminary Drainage Report will identify and
analyze on and offsite drainage patterns, analyze and determine the adequacy of existing facilities, and as
necessary recommend drainage improvements to route developed storm water to conceptual down-gradient
facilities. The drainage improvements proposed in this report are preliminary in nature and will be further
detailed with subsequent analysis, reports and construction plans. This report briefly discusses the concept
channel improvements recommended for the East Fork Sand Creek Subtributary Channel which falls within a
portion of the subject site. The proposed Sands development is currently in the annexation process which will
alter its location from Unincorporated El Paso County to the City of Colorado Springs.

GENERAL SITE LOCATION AND DESCRIPTION

The Sands site is approximately 114.30 acres in size and is located in Section 33, Township 13 South, Range
65 West of the 6th P.M. in El Paso County, Colorado. The site currently exists as three separate parcels
zoned I-3 (heavy industrial). The site is bound to the west by Marksheffel Road and to the south by
Constitution Avenue. It is bound on the north by Marksheffel Industrial Park, to the east by undeveloped
land, Rocky Mountain Industrial Park Filings No.1 & 1A and Capital Drive. The East Fork Sand Creek Sub-
tributary drainage way bisects the upper and lower parcels of the property, and lies adjacent to the middle
segment of property. A vicinity map showing the general location of the site and a copy of the existing
conditions survey (American Land Title Association, ALTA) has been provided in the appendix of the report
to show the three parcels as they exist, prior to development and annexation.

The Sands property is planned for multi-use development consisting of; open space, single family
residential, industrial and commercial development areas. The proposed site improvements will include the
construction of paved roadways and parking lots, trails, maintenance access roadways, utilities such as
sanitary sewer, water, and storm sewer. Detention and water quality ponds (Full Spectrum Detention) and
channel stabilization improvements are also planned.

SOILS

The National Resources Conservation Service, Web Soil Survey was utilized to investigate the existing
general soil types within and tributary to the site. The soils underlying this site are identified as (8)
Blakeland Loamy Sand (1 to 9 percent slopes), (10) Blendon Sandy Loam (0-3 percent slopes), and (28)
Ellicott loamy coarse sand (0 to 5 percent slopes). The NRCS has assigned a Hydrologic Soil Group rating
for the three soils types as either "A" or "B". Group A soils are defined as having a high infiltration rate
(low runoff potential) when thoroughly wet and are typically well drained to excessively drained sands or
gravelly sands and have a high rate of water transmission. Group B soils are defined as having a moderate
infiltration rate when thoroughly wet. These soils consist chiefly of moderately deep or deep, moderately
well drained or well drained soils that have moderately fine texture to moderately coarse texture. Group B
soils typically possess a moderate rate of water transmission. A soils map showing the soil management
unit, soil rating, and soil type has been provided in the appendix of this report.



HYDROLOGIC CALCULATIONS

Where required hydrologic calculations were performed using the City of Colorado Springs Storm Drainage
Criteria Manual. The Rational Method was used to estimate storm water runoff anticipated from design
storms with 5-year and 100-year recurrence intervals.

HYDRAULIC CALCULATIONS

Hydraulic calculations were estimated using the Manning's Formula and the methods described in the City of
Colorado Springs Storm Drainage Criteria Manual the pertinent data sheets are included in the appendix of
this report. Hydraulic grade line (HGL) analysis of the various storm sewer systems will be submitted
within forthcoming drainage reports after the various developments and the internal infrastructure has been
finalized.

FLOODPLAIN STATEMENT

Review of the Federal Emergency Management Agency (FEMA) Flood Insurance Rate Map (FIRM) Panel
Nos. 08041C0543F and 08041C0756F, with effective dates of March 17, 1997 and revised to reflect Letter of
Map Revisions (LOMRSs), dated November 18, 2004 and December 29 2004, indicate that portions of the
proposed Sands development are currently impacted by a Special Flood Hazard Area (SFHA) Zone "AE".

A zone "AE" is an area that is likely to be inundated by flows that occur during a 100-year event, for which a
detailed study has been performed and for which Base Flood Elevations have been established.

A floodplain exhibit showing the Digital Flood Insurance Rate Map (DFIRM) Panel maps numbers, the
approximate site boundary, and the existing floodplain zones atop an aerial background has been included in
the appendix. The 100-year and 500-year floodplains as defined by the most recent LOMRSs (see appendix A)
have been shown on The Sands Existing Condition Drainage Map, which is provided in the appendix of this
report.

Channel Improvements, along the lines of those recommended by the Sand Creek Drainage Basin Planning
Study (SCDBPS), will be required with the development of the subject site and upon construction will alter
the existing floodplain. A FEMA Conditional Letter of Map Revision (CLOMR) and Letter of Map Revision
(LOMR) process will need to be conducted with development of the subject site to adequately map and record
the revised floodplain impact zones.

DRAINAGE CRITERIA

This drainage analysis has been prepared in accordance with the current City of Colorado Springs Drainage
Criteria Manual. Calculations were performed to determine runoff quantities for the 5-year and 100-year
frequency storms for developed conditions using the Rational Method as required for analysis of drainage
basins possessing less than 100 acres.

EXISTING SITE DRAINAGE CONDITIONS
General Description

The following is general overview of the existing conditions for the subject site, detailed existing conditions



analysis and a description of the condition of the existing channel will follow.

An ALTA survey conducted in 2016, divided the subject site into 3 parcels; Parcel A (33.97) acres, Parcel B
(47.61 acres) and Parcel C (33.87 acres) totaling ~114.30 acres. These parcel references have been added to
the Existing Conditions Map, to aid the reader in interpreting the physical location of the various existing
improvements and existing site conditions. A copy of the map is located within one of the pockets at the
back of this report.

Currently about 89% or 101.3 acres of the subject site falls within the EFSCST of the Sand Creek
Watershed. This includes all of parcels A and B and approximately 58% of parcel C. The remaining 12%
of the subject site drains easterly into the Sand Creek East Fork (not to be confused with the EFSCST).
These two major drainage basin boundaries are separated by a light gray dashed line on the enclosed map.
Ultimately all flows are tributary to Sand Creek.

Parcel A (33.87 acres) is located at the north end of the site, south of the Marksheffel Industrial Park,
between existing Marksheffel Road and future Capital Drive. This parcel remains primarily undeveloped
with the exception of drainage improvements consistent with the construction of a water quality pond and a
formalized grass lined swale, which is located within a non-exclusive drainage easement in the northwest
corner of the parcel. The existing WQ pond functions to treat runoff from a portion of existing Marksheffel
Road as well as being sized for a series of planned parcels located adjacent to the Marksheffel Road corridor,
while the improved swale conveys runoff to the channel a portion of the Marksheffel Industrial Park that was
in place prior the roadway improvements. A unimproved swale directs offsite flows from a portion of the
Marksheffel Industrial park and a large offsite basin (refer to offsite map) located to the north and east of the
subject site, thru the east half of the parcel. The segment of the EFSCST channel, that runs through parcel A
is relatively unimproved and retains its historical 250°-400° floodplain width.

The land within Parcel A generally possess fair ground cover (mostly native grasses), with slopes typically
ranging from 2-15% with areas as steep as 2 to 1 and 4 to 1 along portions of the Marksheffel Road and
Genoa Drive roadway embankments and along some portions of the outer channel banks of the unimproved
EFSCST. A handful of trees and shrubs are present, mostly spotting the outer limits of the existing channel
banks.

Runoff produced within the east and west halves of parcel A, generally drains toward the southward. A
elevated embankment which runs east west aids in consolidating flows into the downstream section of the
improved EFSCST (adjacent to Parcel B). The embankment, which currently covers buried utilities such as
sanitary, sewer, water, and gas was previously set aside as a utility and roadway corridor for planned Genoa
Drive. A sanitary sewer line and easement also runs from the north to south along the east side of the
existing channel, through Parcel A.

Parcel B consists of 47.61 acres, which is located between a portion of Constitution Avenue and the Genoa
Drive corridors. The parcel is bound to the west by Marksheffel Road and to the east by Rocky Mountain
Industrial Park and a 75’ existing utility and drainage easement. Similar to Parcel A, this parcel remains
primarily undeveloped with the exception of a water quality pond, which is located within a non-exclusive
drainage easement in the middle of the parcel. The existing WQ pond treats runoff for a portion of existing
Marksheffel Road and has been sized for additional planned parcels located to the west of the Marksheffel
Road corridor. The remaining EFSCST drainage way lies outside of the parcel B boundary falling primarily



within the El Paso County Rocky Mountain Industrial Park Filing No.1 property or within Parcel C.

Parcel B possesses fair ground cover (mostly native grasses), with slopes typically ranging from 2-15% with
areas as steep as 2 to 1 along portions of the existing Marksheffel Road outer historical banks of the
EFSCST, prior to its consolidation with the adjacent development. Runoff produced within this parcel
generally drains southward toward Constitution Avenue and to Parcel C. A small strip of Parcel B is
collected by an existing drainage inlet located at the northwest corner of Marksheffel Road and Constitution
Avenue which was constructed with the Marksheffel roadway improvements. With the exception of the
flows directed to the WQ pond, offsite flows don’t appear to impact this parcel.

Parcel C consists of 32.72 acres, located to the north of existing Constitution Avenue, between the 75° wide
utility and drainage easement and Capital Drive. This parcel remains entirely vacant from development,
with the exception the sanitary sewer line and easement which runs along the west and south sides of the
parcel and a limited amount of riprap channel protection that extends just to the south of the Rocky
Mountain Industrial Park (Filing No. 1) boundary.

The EFSCST drainageway serpentines across Parcel C, beginning at the northwest corner and ending at the
the center of the parcel at Constitution Avenue. As previously mentioned a small segment of the upper
portion of the channel has some bank stabilization consistent with the improved section located adjacent to
Parcel B, while the remainder of the channel remains generally unimproved.

Parcel C possesses fair ground cover (mostly native grasses), with slopes typically ranging from 2-15% with
areas as steep as 2 to 1 along the historical outer banks of the EFSCST.

Runoff produced onsite generally drains southward toward Constitution Avenue and Capital Drive and with
the exception of the onsite flows entering from Parcel B, offsite runoff appears to be prohibited from
reaching this portion of the site.

An existing 4 cell concrete box culvert constructed with (2)-6'H x11'W and (2)-6'H x 14'W openings
traverses underneath Constitution Boulevard allows for the runoff collected by the EFSCST to discharge to
downstream facilities.

It should be noted that since the initial draft of this report a fire station was constructed at the northeast
corner of Parcel C, which reduced the overall acreage from 115.45 acres (as shown on the ALTA) to the now
reported 114.30 acres. The site is not significantly impacted by the construction of the facility, as the
majority of the developed drainage discharges to Capital Drive.

Detailed Existing Conditions Drainage Basin Description

The following is a detailed summary of the existing condition drainage analysis for the 114.30 acre Sands
development site and the offsite areas which impact it. It should be noted when two asterisks comes before a
basin callout, it is to denote that the basin has been previously studied in the "Final Drainage Report for
Marksheffel Road from Constitution Avenue to Dublin Road,” prepared by CH2M Hill, dated 2008.

It should be noted that limited historical drainage analysis documentation and contour mapping for many of
the undeveloped and developed parcels located to both the north and east of the subject site, (MS Industrial



Park Development) was not readily available at that the time of this writing of this report and thus some
assumptions have been made regarding the offsite watersheds (OS-0 thru OS-5). Where applicable United
States Geological Survey (USGS) contour mapping, aerial imagery and onsite inspection were utilized to
make good engineering assumptions for the purposes of the hydrologic and hydraulic calculation provided in
this report.

Further more, it is important to note that the design points provided on the existing and proposed conditions
map only total the flows produced by the onsite and contributing offsite areas and do not attempt to calculate
the total runoff conveyed within the East Fork Sand Creek Subtributary along the subject reach. The
primary reason for this is due to a few factors. First and foremost the developed channel segments
upstream, adjacent to, and downstream of the subject site have been designed to convey the 100-year runoff
proposed by the DBPS for this segment of the East Fork Sand Creek Sub tributary of 1720 cfs. Although
one may recognize that this flow rate was based upon the construction of large regional detention facilities
constructed within the up-gradient Banning Lewis Ranches, the nearest being located upstream of the
railroad embankment less than a ¥ mile from the subject site. In reality the flow rates within the EFSCST
may never reach this rate, or the calculated existing conditions DPBS flow rate of 1400cfs, even without the
full build out of regional facilities, due in part to the implementation of Full Spectrum Detention ponds in
both the upstream Banning Lewis development and within the subject site which function to limit discharge
to less than existing. There by making the use of the approved FEMA flow rate conservative and the need to
calculate point discharge rates along the channel unnecessary. A copy of the Sands Proposed Conditions
Map is included in the map pocket at the end of this report.

Basin OSO is located to the north of the subject site and consists of approximately 7.99 acres, which is
currently developed and utilized by Centurylink as center for installation and maintenance. Runoff produced
by the basin has been estimated to be 19.9 cfs for the minor storm event (5-Year) and 37.1 cfs for the major
storm event (100-Year). Currently runoff from this basin is not anticipated to reach the subject site due to
concrete and earthen swales located on site. Runoff collected by the swales are directed eastward to a
trapezoidal shaped cutout in a portion of the existing partially concrete lined portion of the EFSCST at
Design Point 0. This calculated runoff rate is generally in line with the values shown on existing drainage
map provided by EI Paso County for Lot 16 of Marksheffel Industrial Park of 16.4 and 33.7 cfs. Should the
existing channel in Basin OSO become blocked or become sediment laden, runoff could overflow onsite
into Sub-basin A and discharge to the channel via an existing 3° deep earthen channel.

Basin A consists of approximately 2.7 acres of land located in northwest corner of the site. The basin
houses an existing water quality treatment facility, a small earthen swale, a large earthen channel, a riprap
spillway and spot placement of riprap slope protection on the western bank of the EFSCST. Based upon
review of the available drainage report and bid documents, provided by Wilson & Company, regarding the
planning and construction of the expanded Marksheffel Road, the following summary has been prepared by
M&S Civil regarding the design of the existing facilities;

The 2.7 acre Basin A represents only the onsite area of a larger 15.8 acre watershed which was
previously analyzed within the Wilson/CH2MHill drainage report (Basin OSP4A). According to the
report, offsite area was estimated to produce developed runoff of approximately 11 cfs in the 10-year
event and 20 cfs in the 100-year event. A 4' BW 4:1 SS minimum 2' deep earthen swale was
constructed to bypass offsite runoff around the north embankment of the WQ pond to the base of the
existing riprap spillway.



The existing WQ pond, (#4) was designed to treat only the WQ event runoff from approximately
15.8 acres of Marksheffel Road, requiring a design volume of slightly over a half acre foot. The
facility was to be constructed approximately 6” deep (bottom to the pond crest) which included a 2'
deep spillway. The 100-year outflow from the pond was listed to be 206 cfs and was estimated to
flow 1.6' above the spillway crest. A 25'wide 4:1 SS, 3' minimum deep earthen trapezoidal channel
was to be graded at ~ 0.5% to direct the combined 10-year (141 cfs) and 100-year runoff (226 cfs) to
the EFSCST.

Based upon site topography and onsite inspection the existing facility appears to be built in relative
compliance with the construction drawings and thus is anticipated to function as intended.

Using USGS contour data Basin OS1 was estimated to consist of approximately 92.92 acres. At the time of
writing of this report the offsite watershed, which is located to the north and east of the subject site is
currently undeveloped. The existing flow rates for the 5-year and 100-year events were estimated to be 21.5
and 133.8 cfs. Currently two existing 42” culverts are located at Design Point 1 to aid in conveying runoff
from the east to the west side of the existing roadway.

Basin OS2 is located to the north of the planned industrial lots of the subject site and consists of
approximately 4.52 acres of existing light industrial buildings, warehouses, landscaping, gravel parking areas
and storage lots. The size of the contributing offsite watershed and site topography and flow patterns were
validated using the MIP Drainage Map, USGS contours and onsite inspection. Runoff produced by the
watershed is calculated to reach peak flow rates of 13.7 cfs for the minor storm event (5-Year) and 25.4 cfs
for the major storm event (100-Year).

In the existing condition runoff from Basin OS2 combines with flows from DP1, and discharges to an
existing swale which enters the subject site at DP3. Cumulative flows at DP3 have been estimated to be
29.9 cfs for the minor storm event (5-Year) and 148.4 cfs for the major storm event (100-Year). The runoff
discharges into Basin EX B and ultimately into the EFSCST.

Basin OS3 is located to the west of Basin OS2 and consists of approximately 3.97 acres of existing light
industrial buildings, warehouses, landscaping, gravel parking areas and storage lots. Similarly to Basin OS2,
the size of the offsite watershed, site topography and general flow patterns were estimated using the
Marksheffel Industrial Park Drainage Map, and confirmed with onsite inspection and aerial imagery.

Runoff produced by the basin of 12.3 cfs in the minor storm event (5-Year) and 22.9 cfs for the major storm
event (100-Year) is directed west to Design Point 2. Runoff from DP2, outfalls into the existing EFSCST
via a trapezoidal depression in the existing concrete lining of the channel sideslope protection. The
calculated flow rates are just slightly higher that the developed flows shown on the MIP Drainage plan of 8.1
and 16.7 cfs.

Basin OS4 consists of approximately 33.11 offsite acres located to the east of the proposed industrial site, of
which a portion has been partially developed into industrial/commercial buildings, warehouses and
production facilities associated with Weatherford Artificial Lift Systems facilities. Although two drainage
reports have been provided by El Paso County which discuss various portions of the area, limited
information was obtained regarding how the Weatherford development in its entirety is to function, (how



offsite areas where dealt with, and what the total flow discharged from the site it current condition is) thus
assumptions were required to be made to complete this analysis and likely will need to be further
investigated with subsequent final drainage reports.

The size of the offsite watershed, topography, ground cover and development conditions for Basin OS4
were estimated to using USGS topography maps and aerial imagery and the Weatherford drainage report
data. Runoff produced by the basin in the existing condition has been estimated to be 32.6 cfs for the
minor storm event (5-Year) and 85.4 cfs for the major storm event (100-Year). The runoff has been routed
to the southwest corner of the basin to Design Point 4.

Basin OS5 consists of approximately 1.09 offsite acres located to the east of the existing site, of which a
majority is undeveloped and a portion has been partially prepared as an access road into the Weatherford
site. Runoff produced by the basin has been estimated to be 0.8 cfs for the minor storm event (5-Year) and
2.5 cfs for the major storm event (100-Year). For the purposed of the existing conditions analysis it is
assumed that the runoff reaches the southwest corner of the basin, Design Point 4 (33.3cfs / 87.8cfs).
Currently, a existing 24" culvert and 48" CMP culvert are located at the southeast corner of the Weatherford
property which convey the runoff from Basins OS-4 and OS-5 to a existing unlined swale and DP5 at the
EFSCST.

Basin EXA consists of approximately 13.61 acres, which is currently undeveloped and is located in the
northwest portion of the site. Runoff produced by the basin is estimated to be 3.2 cfs for the minor storm
event (5-Year) and 23.4 cfs for the major storm event (100-Year). The runoff from this basin discharges
directly into the EFSCST at or upstream of Design Point 6.

Basin EXB consists of approximately 17.68 acres, which is currently undeveloped and is located in the
northeast portion of the site. Runoff produced by this basin is estimated to be 4.1 cfs for the minor storm
event (5-Year) and 30.0 cfs for the major storm event (100-Year). The cumulative flows at Design Point 5
(EXB+DP3+DP4), are estimated to be 72.3 cfs for the minor storm event (5-Year) and 304.8 cfs for the
major storm event (100-Year). The runoff from this basin will outfall into the EFSCST.

Basin EXD consists of approximately 0.78 acres, which is currently undeveloped and is located in the
central-west portion of the site. Runoff produced by the basin, is estimated to be 0.2 cfs for the minor storm
event (5-Year) and 1.6 cfs for the major storm event (100-Year). All runoff from this basin will currently
outfalls into an existing improved segment of the EFSCST at or upstream of Design Point 7.

Basin EXE consists of approximately 14.72 acres, which is currently undeveloped and is located in the
central-west portion of the site. Runoff produced by the basin, is estimated to be 3.9 cfs for the minor storm
event (5-Year) and 27.1 cfs for the major storm event (100-Year). The runoff from this basin will outfall to
Design Point 8.

Basin **EXF and Existing WQ Pond #5 are located along the central-west portion of the site. The
cumulative flows at Design Point 8 (EXE+EXF), are estimated to be 79.9 cfs for the minor storm event (5-
Year) and 167.8 cfs for the major storm event (100-Year). The runoff from this basin will outfall into an
existing swale and be routed to Design Point 12. Since the WQ Pond is existing, the "C" values and
intensities provided in the CH2MHill and those shown on the Wilson & Company storm sewer plans shall be
used. Per the Wilson & Company Report the WQ Pond is designed to treat 6.48 acres with design volume of

10



0.27 ac-ft. Similarly to Pond#4, existing Pond #5appears to be built in relative compliance with the
construction drawings and likely functions as planned.

Basin EXG consists of approximately 2.05 acres, which is currently undeveloped and is located in the
central-west portion of the site. Runoff produced by the basin is estimated to be 0.5 cfs for the minor storm
event (5-Year) and 3.4 cfs for the major storm event (100-Year). The runoff from this basin will outfall into
the EFSCST at or upstream of Design Point 9.

Basin EXH consists of approximately 21.40 acres, which is currently undeveloped and is located in the
southwest portion of the site. Runoff produced by the basin, is estimated to be 4.6 cfs for the minor storm
event (5-Year) and 33.5 cfs for the major storm event (100-Year). The cumulative flows at Design Point 12
(EXH+DP8) are 68.6 cfs for the minor storm event (5-Year) and 176.2 cfs for the major storm event (100-
Year). The runoff has been routed to a low point on the southern edge of the property boundary. The runoff
from this basin, and those reaching DP12, likely permeates the soil and overflows onto the existing
Constitution Avenue.

Basin EXJ consists of approximately 2.40 acres, which is currently undeveloped and is located in the
southwest portion of the site. Runoff produced by the basin, is estimated to be 0.6 cfs for the minor storm
event (5-Year) and 4.5 cfs for the major storm event (100-Year). The runoff from this basin will outfall to a
low point along the southern boundary at Design Point 10, before overtopping a localized high point and
continuing to Design Point 11.

Basin EXI consists of approximately 6.99 acres, which is currently undeveloped and is located in the
southwest portion of the site. Runoff produced by the basin, is estimated to be 1.6 cfs for the minor storm
event (5-Year) and 11.5 cfs for the major storm event (100-Year). The cumulative flows at Design Point 11
(EX1+DP10) are 2.1 cfs for the minor storm event (5-Year) and 15.5 cfs for the major storm event (100-
Year). The cumulative runoff have been routed to a low point on the southwest corner of the site where it is
captured by an existing Type D area inlet and routed into the existing storm sewer system via an existing 30”
RCP.

Basin EXK consists of approximately 5.92 acres, which is currently undeveloped and is located in the south-
central portion of the site. The runoff from Basin EXK is calculated at 1.3 cfs and 9.7 cfs in the 5-Year and
100-Year storm events respectively. The combined runoff currently collects at a to a low point along the
northern edge of Constitution Boulevard, where an existing 12" RCP was found. At this time it unclear if the
drainage system was maintained or abandoned with recent development of the King Soopers supermarket
which has been constructed on the south side of Constitution Avenue (across from the proposed
development).

Basin EXL consists of approximately 11.49 acres, which is currently undeveloped and is located in the
southeast portion of the site. The runoff is 2.6 cfs for the minor storm event (5-Year) and 19.1 cfs for the
major storm event (100-Year). The cumulative flows at Design Point 14 (EXL+DP5+DP6+DP7+DP9) is
77.1 cfs for the minor storm event (5-Year) and 341.2 cfs for the major storm event (100-Year). As discussed
this cumulative runoff does not include the existing offsite flows conveyed by the EFSCST. All runoff from
the site and contained within the channel is routed, via the EFSCST, to the southern edge of the site, where a
2-6'x11"and a 2-6' x 14' CBC convey runoff under Constitution Avenue.
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Basin EXM consists of approximately 12.99 acres, which is currently undeveloped and is located in the
southeast portion of the site. The runoff proposed by the basin is 2.9 cfs for the minor storm event (5-Year)
and 21.6 cfs for the major storm event (100-Year). The runoff from this basin will collect at a low point at
the southeast corner of the site at Design Point 15, where it permeates the soil and/or overflows onto the
existing Constitution Avenue and continues east to Sand Creek Channel.

Basin OS-6 consists of approximately 1.15 acres, which was recently developed into a Fire Substation. The
calculated runoff is estimated at 0.4 cfs for the minor storm event (5-Year) and 2.6 cfs for the major storm
event (100-Year). The runoff sheet flows to the curb and gutter in existing Capital Drive where the majority
of these flows are captured by an existing 10’ inlet, located just to the south. Refer to the”Drainage Letter
Report for Falcon Fire Station No. 4” for additional details.

EXISTING EAST FORK SAND CREEK SUBTRIBUARY CHANNEL CONDITIONS

The East Fork Sand Creek Subtributary drainageway bisects the upper and lower two parcels of the site, and
lies just outside of the eastern boundary of the center parcel. A vicinity map showing the general location of
the site and the relative location of the existing channel has been provided in the appendix of the report. As
previously discussed, the EFSCST drainageway runs generally north to south along eastern portion of the
proposed 114.30-acre development. Of the 4500°+/- of channel, approximately 1830’ of the reach has been
previously improved with the development of the adjacent Rocky Mt. Industrial Park site, while the remainder
of the channel is currently in an unimproved state. Based upon the approved construction drawings, this
improved segment of the channel was trapezoidal in shape, possessing a 35’ bottom width and constructed a
slope of ~1.2%. The channel section possesses a natural or primarily sand invert with 2’ thick Type ‘M’
riprap lined 2.5:1 side slopes that were placed a top of a Mirafi blanket and was to be extended a minimum of
3 below the channel invert. The overall depth of the channel was typically set to 5°.

The drawings further indicated the construction of three (3) 3’ concrete vertical drop structures with full width
3’ thick riprap aprons located upstream and downstream of the drops as well as three (3) buried “Type M”
Riprap check structures. Although not discussed in the drainage report, the check structures were likely
constructed between the drops to aid in providing a stable channel grade should the invert of the channel find
equilibrium at a flatter slope. Based upon the structure spacing in the construction drawings it appears that the
long term slope anticipated by Kiowa Engineering was a bed slope of ~ 0.5%. A copy of the Rocky Mountain
Industrial park channel improvement plan and profile drawings are included in the appendix of this report.

Prior to the development of the adjacent Rocky Mountain Industrial Park the segments of the EFSCST
channel both upstream and downstream of the proposed Sands development had already been improved. This
included the construction of a 4-cell box culvert that was designed to convey the 100-year FEMA storm event
flood flows of 1720 cfs under existing Constitution Avenue near the south east corner of the proposed
development and a narrower concrete and sand trapezoidal channel section north of the subject site.

Based upon the historic construction drawings provided by El Paso County, the existing channel segment
located north of the subject site was designed at slope of ~ 0.64%, consisting of a trapezoidal shape section
with a 35” bottom. This section of the channel has a natural invert with concrete lined 1.5:1 side slopes
placed atop compacted soil which extended a minimum of 3’ below the channel invert. The typical depth of
the channel immediately upstream of the site was 7.6’. Drawings of the box culvert structure at Constitution
and EFSCST were not available.
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Cursory field inspection of the various channel segments and the box culvert were conducted during the
writing of this report. All improved channel sections appear to be functioning as intended and appear to be
stable with no significant erosion or structural failure noted. As anticipated the unimproved channel segments
show erosion along the unprotected channel banks.

Erosion within the upstream undeveloped watershed and from the unimproved channel segments is currently
resulting in some sediment deposition throughout the flatter improved channel segments and at the box
culvert structure. The most notable concern from this is the reduction of the proposed channel capacity.

PROPOSED SITE DRAINAGE CHARACTERISTICS

The following paragraphs provide a detailed description of the offsite and onsite basins, offsite bypass flows,
and the overall future drainage characteristics for the development of The Sands. Calculations have been
provided in the appendix of the report to verify the adequacy of the recommended infrastructure to both treat
and convey runoff safely runoff for the planned development. It should be noted that the design points and
basins were analyzed using the Rational Method since each individual basin is less than 100 acres and the
combined acreage at any Design Point also less than 100 acres. This method offers a more conservative
approach to sizing swales and storm drains, when times of concentration are relatively short.

As discussed in the existing conditions section of the report, drainage analysis and documentation for much
of the master planned areas north and east of the subject site, (MS Industrial Park Development in 1985 by
Simons and Li) was not readily available at that the time of this writing of this report and thus the some
assumptions have been made regarding the offsite watersheds (OS-0 thru OS-5) flow rates, and proposed and
existing infrastructure capacity. As noted USGS contour mapping, Google Earth aerial imagery and onsite
inspection were utilized to make good engineering assumptions for the purposes of the hydrologic and
hydraulic calculation provided in this report. Whenever possible the assumed data has been cross checked
against available report data to confirm assumptions if possible. A proposed drainage plan for the fully
developed condition is presented graphically in the map pocket located before the back cover.

Detailed Description

Basin OS0 is located to the north of the subject site and consists of approximately 7.99 acres, which is
currently developed and utilized by Centurylink as center for installation and maintenance. Runoff produced
by the basin has been estimated to be 19.9 cfs for the minor storm event (5-Year) and 37.1 cfs for the major
storm event (100-Year). Currently runoff from this basin is not anticipated to reach the subject site due to
concrete and earthen swales located on site. Runoff collected by the swales are directed eastward to a
trapezoidal shaped cutout in a portion of the existing partially concrete lined portion of the EFSCST at
Design Point 0. The aforementioned calculated runoff rate is generally in line with the values shown on
existing drainage map provided by El Paso County for Lot 16 of Marksheffel Industrial Park of 16.4 and
33.7 cfs. Should the existing channel in Basin OSO become blocked or become sediment laden, runoff
could overflow onsite into Sub-basin A and discharge to the channel via an existing 3’ deep earthen channel.

Basin A consists of approximately 2.7 acres of land located in northwest corner of the site. As in the
existing condition the basin will retain its existing water quality treatment facility, a small earthen swale, a
large earthen channel and riprap spillway. The existing pond was designed to treat WQ event runoff from
approximately 15.8 acres of Marksheffel Road, requiring a design volume of slightly over a half acre foot.
The 100-year outflow from the pond was listed to be 206 cfs and was estimated to flow 1.6' above the
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spillway crest. A 25'wide 4:1 SS, 3' minimum deep earthen trapezoidal channel was to be graded at 0.5% to
direct the combined 10 year (141 cfs) and 100-year runoff (226 cfs) to the EFSCST. No significant changes
to the Basin A are anticipated with the proposed development of The Sands site with the exception of some
minor embankment grading along the east side of the exiting earthen channel will need to be to ensure that
runoff not impact the proposed residential development so that it ties nicely into the grouted boulder drop
structure at Design Point 1.  The existing maintenance road, which currently runs along the south side of
the Existing WQ Pond #4, will need to be extended to provide access to the EFSCST channel.

Basin B consists of approximately 10.99 acres of proposed single family residential lots and streets and an
open space/utility corridor that parallels Marksheffel Road. Runoff produced within Basin B will have
anticipated flow rates of 11.6 cfs for the minor storm event (5-Year) and 31.1 cfs for the major storm event
(100-Year). This runoff is planned to be conveyed overland via side lot swales, into the curb and gutter of
the proposed roadways to a pair of proposed 8 sump inlet located at Design Point 2. Collected runoff is to
be conveyed to a proposed private Full Spectrum Detention (FSD) pond at Design Point 11 via proposed
24" (Pipe 101) and 30" (Pipe 102) RCP storm drains. Should the inlets become clogged flows could
continue over top the curb to pond 1 and ultimately to the EFSCST.

Basin K consists of approximately 0.97 acres set aside for the construction of a proposed full spectrum
detention basin. Runoff produced within Basin K of 0.7 cfs for the minor storm event (5-Year) and 2.8 cfs
will combine with runoff from Pipes 102 at Design Point 11 where flows are expected to peak at 12.1 cfs
and 33.3 cfs respectively. Based upon contributing watershed characteristics, the UD-Detention worksheet
(refer to hydraulic calculations portion of the appendix) estimates that a 0.91 ac-ft FSD Extended Detention
Basin (EDB) (Pond 1) with a multi stage concrete outlet structure would be required to detain and discharge
runoff at pre-development flow rates. A restricted 18” RCP (Pipe 103) would discharge runoff from the
pond to the channel at a peak flow rate of approximately 0.2 and 13.8 cfs in the 5 and 100-year events
respectively. A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent
local scour from both the outlet pipe and along the embankment slope in the condition that overtopping
occurred. It should be noted that spillway may need to be traversable to allow for the maintenance/trail on
the west side on the EFSCST. Should the outlet become clogged flows will over top the spillway and drain
to the EFSCST.

Basin C is approximately 3.44 acres in size and consists of a few residential backyards located along west
side of the major drainage channel as well as an improved section of the EFSCST. Basin C has a proposed
design flow rate of 4.0 cfs for the minor storm event (5-Year) and 12.5 cfs for the major storm event (100-
Year). Refer to Proposed Channel Improvements section of the report for addition information regarding the
EFSCST.

Basin OS1 consists of approximately 92.92 acres, which is currently undeveloped and is located to the north
and east of the proposed industrial development portion of the subject site. (Refer to offsite basin exhibit in
appendix) As previously mentioned, no information regarding the master development drainage plan for
this offsite watershed was available, with the exception of design point runoff flow rates illustrated in the Lot
16 of the Marksheffel Industrial Park (MIP) Drainage Map.

As it’s unclear whether El Paso County will require the offsite developments to hold to the existing flow or

to those established by the map, multiple runoff calculations were ran to back into both. The existing flow
rates for the 5-year and 100-year events were estimated to be 21.5 and 133.8 cfs, while increasing the runoff
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coefficients to 0.32 and 0.51 resulted in flow rates of 77.2 and 206.5 cfs for the 5 and 100-year events. For
the time being the slightly higher developed values will allow for the adequate design of conveyance
facilities to be constructed thru the site in the proposed condition while the existing flow rates will be
brought forward in the existing condition analysis. The proposed calculations do allude to the fact that the
offsite area should not be developed in entirety (as industrial) without some type of significant detention.
Currently two existing 42” culverts are located at Design Point 3 to aid in conveying runoff (77.2 cfs / 206.5
cfs) from the east to the west side of the existing roadway.

Due to limited headwater at the existing 42" culverts, the offsite runoff is likely in excess of the pipe
capacity and thus consideration should be given to upsize the existing culverts or allow for runoff in excess
of the culverts capacity to safely overtop the roadway section when the roadway is extended. For the
purposes of this report, it is assumed that a stabilized embankment slope will be provided with the
formalization of a low point in the roadway and minor overtopping will occur which will direct runoff
westward to Design Point 4, assuming the current flow pattern is permanent.

Basin OS2 is located to the north of the planned industrial lots of the subject site and consists of
approximately 4.52 acres of existing light industrial buildings, warehouses, landscaping, gravel parking areas
and storage lots. The size of the contributing offsite watershed, site topography and flow patterns were
validated using the MIP Drainage Map, USGS contours and onsite inspection. Runoff produced by the
watershed is calculated to reach peak flow rates of 13.6 cfs for the minor storm event (5-Year) and 25.4 cfs
for the major storm event (100-Year) which is just somewhat higher than the flows shown on the MIP map
of 8.1 and 16.7 cfs. As in the existing condition runoff from Basin OS2 combines with flows from DP-3,
and discharges to an existing swale currently crossing the planned industrial lots. In the proposed condition,
runoff is routed via a proposed swale to Design Point 4.

Basin OS3 is located to the west of Basin OS2 and consists of approximately 3.97 acres of existing light
industrial buildings, warehouses, landscaping and gravel parking and storage lots. Similarly to Basin OS2,
the size of the offsite watershed, and site topography and flow patterns were estimated using the Marksheffel
Industrial Park Drainage Map, while onsite inspection and aerial imagery was utilized to verify these
assumptions. Runoff produced by the basin is calculated to flow at a rate of 12.3 cfs in the minor storm
event (5-Year) and 22.9 cfs for the major storm event (100-Year). This is slightly higher than the flows
shown on the MIP Drainage plan of 8.1 and 16.7 cfs. The combined runoff from Basin OS2 and DP-3 is
routed via a proposed swale to Design Point 4.

Basin D consists of approximately 0.42 acres of the proposed industrial development area. Runoff from
the basin is calculated to possess peak flow rates of 2.0 cfs for the minor storm event (5-Year) and 3.5 cfs for
the major storm event (100-Year). The proposed basin will consist of a 35'w drainage easement or tract
with a proposed 2.5' deep, 8' bottom width, 2:1 SS concrete lined trapezoidal swale at 0.5% which would
collect runoff from Basins D, OS2, OS3 and DP 3 and convey them to Design Point 4. The proposed swale
would terminate at the EFSCST where an existing cutout had been previously constructed in the existing
concrete channel. Peak flow rates of 80.7 cfs for the minor storm event (5-Year) and 203.9 cfs for the major
storm event (100-Year) have been calculated to reach DP4. Coordination with the two adjacent property
owners (Basins OS2 & OS3) is likely needed prior to final design to implement a drainage solution that
benefits all shareholders.

Basin E consists of approximately 7.03 acres of future industrial development. Basin E has a proposed
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design flow rate of 21.4 cfs for the minor storm event (5-Year) and 39.8 cfs for the major storm event (100-
Year). For the purposes of the MDDP, it is anticipated that runoff from Basin E will be conveyed as surface
drainage to western edge of the development to a private Full Spectrum Detention Pond located at Design
Point 5.

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic
calculations portion of the appendix) estimates that an 1.2 ac-ft FSD Extended Detention Basin (EDB) (Pond
2) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-
development flow rates. A restricted 18” RCP (Pipe 104) would discharge runoff from the pond to the
adjacent channel at a peak flow rate of approximately 0.4 and 4.9 cfs in the 5 and 100-year events,
respectively. A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent
local scour from the outlet pipe and along the embankment slope. It should be noted that spillway may
need to be traversable to allow for the maintenance of the relocated sanitary sewer should this location for
the relocation be selected. Should the inlet become clogged flows will over top the spillway and drain into
the EFSCST.

Basin OS5 is approximately 1.0 acres in size and consists of the east half of future Capital Drive. Runoff
produced by the basin totals 3.8 cfs for the minor storm event (5-Year) and 6.7 cfs for the major storm event
(100-Year). Runoff produced by the basin will be collected and conveyed by the curb and gutter of the
roadway to a proposed low point located at Design Point 8.

Basin G is approximately 1.0 acres in size and consists of the west half of future Capital Drive. Runoff
produced by the basin totals 3.8 cfs for the minor storm event (5-Year) and 6.7 cfs for the major storm event
(100-Year). Runoff produced by the basin will be collected and conveyed by the curb and gutter of the
roadway to a proposed low point located at Design Point 8. A pair of proposed 4’ sump inlets located at
proposed low point in the roadway at DP8 will collect the runoff and 18” (Pipe 107) and 24” RCP (Pipe
108) storm drain pipes will convey the runoff westward to the proposed Pond 3. Should the inlets or pipes at
DP8 become clogged or blocked runoff reaching that location would be able to over top the curb and reach
the proposed swale and ultimately the EFSCST.

Basin F consists of approximately 6.58 acres of future industrial development. Basin F has a proposed
design flow rate of 20.0 cfs for the minor storm event (5-Year) and 37.2 cfs for the major storm event (100-
Year). For the purposes of the MDDP, it is anticipated that runoff from Basin F and DP 8 will be conveyed
as surface drainage to western edge of the development to a private Full Spectrum Detention Pond located at
Design Point 6. The cumulative flows at DP6 are 27.5 and 50.6 cfs in the 5 and 100-year events,
respectively.

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic
calculations portion of the appendix) estimates that a 1.4 ac-ft FSD Extended Detention Basin (EDB) (Pond
3) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-
development flow rates. A restricted 18” RCP (Pipe 105) would discharge runoff from the pond to the
adjacent channel at a peak flow rate of approximately 0.5 and 6.0 cfs in the 5 and 100-year events,
respectively. A riprap lined spillway and rip rap apron would be provided to dissipate energy and prevent
local scour from the outlet pipe and in the case the emergency overflow was required to function. It should
be noted that spillway will need to be traversable to allow for the maintenance acess atop of the relocated
sanitary sewer. Should the inlet become clogged flows will over top the spillway and drain into the EFSCST.
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Basin OS4 consists of approximately 33.11 offsite acres located to the east of the proposed industrial site, of
which a portion has been partially developed into industrial/commercial buildings, warehouses and
production facilities associated with Weatherford Artificial Lift Systems. Although two drainage reports
have been provided by El Paso County, which discuss various portions of the area, limited information was
obtained regarding how the development in its entirety is to function. Therefore assumptions were required
to be made to complete this analysis and will likely need to be furthered with final design.

The size of the offsite watershed, topography, ground cover and development conditions were estimated to
using USGS topography maps and aerial imagery and the Weatherford drainage report data. Since the full
build out of the facility is not known at this time and the methods of onsite water quality detention and
unclear, runoff from the basin was calculated under the assumption that the entire contributing watershed
could be eventually developed for industrial usage and that an overflow path for the 100-year flows would
need to be conveyed to the EFSCST channel. Runoff produced by the basin, under this assumption has been
estimated to be 67.4 cfs for the minor storm event (5-Year) and 125.5 cfs for the major storm event (100-
Year).

With the development of the subject site's industrial park, Capital Drive would likely be constructed along
the frontage of the industrial development and the old roadway that currently fronts the Weatherford site
would be abandoned or utilized as a service roadway for the business. In either instance the construction of
the roadway could function to ensure that all offsite runoff is directed to the existing low point at Design
Point 7. Currently a 24" and a 48" CMP culverts are located on the east and west side of existing Capital
Drive to aid in collecting a portion of the runoff produced by Basin OS-4. The removal of the two existing
culverts and the construction of either a new single 48” RCP culvert (Pipe 106) or multiple culverts with the
same conveyance capacity will be needed to convey the offsite flows from Design Point 7 (67.4 cfs/125.5
cfs) to the west side of Capital Drive.

Basin H consists of approximately 0.67 acres of the proposed industrial development area. Basin H has a
proposed design flow rate of 2.5 cfs for the minor storm event (5-Year) and 4.7 cfs for the major storm event
(100-Year). The basin emcompasses about ¥ of the existing 80” wide roadway and utility easement
dedicated for the extension of Genoa Road and utilities, however, the proposed plan will not seek to
construct the DPBS recommended box culvert crossing at the EFSCST channel, and thereby leaving the
property to remain as exists for maintenance access, utility and a drainage corridor. A proposed 1.5%
sloped, 3.0' deep, 6' bottom width 2:1 SS riprap lined trapezoidal swale constructed within Basin H would
function to collect runoff from Design Point 9 (67.4 cfs/125.5 cfs) and convey it to Design Point 10 (62.6
cfs/116.7 cfs) and protect the adjacent proposed industrial development. The proposed swale would
terminate just upsteam of the embankment to the EFSCST where a pair of proposed 36” RCP culverts (Pipes
109 & 110) would discharge the 5-year and 100-year flows of 62.6 cfs and 116.7 cfs to EFSCST. The
culverts would be recommended over daylighting the swale to the channel to reduce disruption in the
EFSCST flows considering the limited available freeboard.

It should be noted that, at the time of the writing of this report, Kiowa Engineering is attempting to find a
copy of the Simons Li and Associates Marksheffel Industrial Park Master Development Drainage Plan
(1985) that may provide additional information regarding the planned conveyance routing of the offsite
runoff adjacent to the proposed Industrial portion of the subject site. This maybe useful with subsequent
design of the parcel and the preparation of the final drainage reports.
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Basin | consists of approximately 5.03 acres of proposed single family residential lots and streets, located to
the east of Marksheffel Road. Basin | has a proposed design flows rate of 6.6 cfs for the minor storm event
(5-Year) and 15.9 cfs for the major storm event (100-Year). Runoff from Basin | will flow overland via side
lot swales to the curb and gutter of the proposed roads and to a pair of proposed 5' at-grade inlets located at
DP13 (6.6 cfs / 15.9 cfs). Collected runoff is to be conveyed to Design Point 14 (Full Spectrum Detention)
via a proposed 18" RCP (Pipe 113) and a proposed 24" RCP (Pipe 114). Should the inlets become clogged
flows could continue over top the curb to the pond and ultimately to the EFSCST.

Basin J consists of approximately 4.40 acres of proposed single family residential lots and streets, located in
the middle of the development just to the east of Marksheffel Road. Basin J has proposed design flow rates
of 5.8 cfs for the minor storm event (5-Year) and 14.1 cfs for the major storm event (100-Year). Runoff
from Basin J will flow overland via side lot swales to the curb and gutter of the proposed roads and to a pair
of proposed 4' sump inlets located at Design Point 12 (5.8 cfs / 14.1 cfs). Collected runoff is to be conveyed
to Design Point 14 (Full Spectrum Detention) via a proposed 18" RCP (Pipe 111) and a proposed 24" RCP
(Pipe 112). Should the inlets at DP12 become clogged flows will over top the high point and be routed via
curb and gutter to DP13.

Basin Z consists of approximately 1.21 acres set aside for the construction of a proposed extended detention
basin water quality pond. Runoff produced within Basin Z of 0.7 cfs for the minor storm event (5-Year) and
3.2 cfs will combine with runoff from Pipe 112 and Pipe 114 at Design Point 14 where flows are expected
to peak at 13.0 cfs and 32.8 cfs, in the 5 and 100 year events respectively. Based upon contributing
watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion of the
appendix) estimates that a 1.3 ac-ft FSD Extended Detention Basin (EDB) (Pond D) with a multi stage
concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates. A
restricted 18” RCP (Pipe 115) would discharge runoff from the pond to the existing Sand Creek channel at a
peak flow rate of approximately 0.3 and 10.5 cfs in the 5 and 100-year events respectively. A riprap lined
spillway and rip rap apron would be provided to dissipate energy and prevent local scour from the outlet pipe
and along the embankment slope. It should be noted that spillway may need to be traversable to allow for the
maintenance/trail on the west side on the EFSCST.

Basin N consists of approximately 4.83 acres of open space and the rear half of residential lots located
adjacent to Markshefflel Road to the south of Genoa Road. Basin N has a proposed design flows rate of 3.6
cfs for the minor storm event (5-Year) and 12.1 cfs for the major storm event (100-Year). Runoff from the
area will flow overland via side lot swales a larger earthen swale that runs north-south along the subdivision
boundary to an existing swale located north of existing WQ Pond #5. These flows combine with flows from
existing WQ Pond #5 (90.2 cfs / 180.3 cfs) at Design Point 15 (88.5 cfs / 181.9 cfs). The WQ flows
conveyed by the existing 18” RCP pipe and the 100 year flows overtopping the WQ pond spillway will be
collected by the three proposed 42” culverts which route runoff under the proposed road and maintenance
trail and will outfall into the EFSCST. It should be noted that the offsite regional flows tributary to the
existing WQ Pond #5 (Marksheffel Road included) will be routed through the site via the (3) 42” RCP’s and
thus consideration for facilities reimbursement should be given for conveyance of the public runoff through
this private site.

Basin M is a small 2.89 acre basin located adjacent to a portion of the existing EFSCST channel. The basin
consist of rear halves of several proposed residential lots and has proposed design flow rates of 3.0 cfs for the
minor storm event (5-Year) and 9.3 cfs for the major storm event (100-Year). Runoff from Basin M will
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sheet flow overland and outfall into EFSCST.

Basin L consists of approximately 1.96 acres of proposed single family residential lots and streets, located in
the middle of the development east of Marksheffel Road. Basin L has proposed design flow rates of 2.8 cfs
for the minor storm event (5-Year) and 6.8 cfs for the major storm event (100-Year). Runoff from Basin L
will flow overland via side lot swales to the curb and gutter of the proposed roads, to a proposed 4' sump
inlet located at Design Point 16 (2.8 cfs / 6.8 cfs). Collected runoff is to be conveyed ultimately to Design
Point 25 (Full Spectrum Detention) via a proposed 18" RCP (Pipe 117). Should the inlet at DP16 become
clogged flows will over top the curb and be routed via a swale to EFSCST.

Basin P consists of approximately 7.95 acres of proposed single family residential lots and streets, located in
the middle of the development east of Marksheffel Road Basin P has proposed design flow rates of 9.8 cfs
for the minor storm event (5-Year) and 23.8 cfs for the major storm event (100-Year). Runoff from Basin P
will flow overland via side lot swales to the curb and gutter of the proposed roads, to a pair of proposed 10’
at-grade inlets located at Design Point 31 (9.8 cfs / 23.8 cfs). Collected runoff is to be conveyed via
proposed 18" RCP’s (Pipe 138 & Pipe 139) and proposed 24” RCP Pipe 140 (9.8 cfs / 23.8 cfs) to Design
Point 25 (Full Spectrum Detention). Should the inlet at DP31 become clogged flows will continue down the
street via a curb and gutter to Design Point 21.

Basin O consists of approximately 4.48 acres of open space and the rear half of residential lots located
adjacent to Markshefflel Road. Basin O has proposed design flow rates of 2.6 cfs for the minor storm event
(5-Year) and 9.9 cfs for the major storm event (100-Year). Runoff from the area will be routed southward
within a swale that runs north-south along the subdivision boundary to Design Point 17 (2.6 cfs / 9.9 cfs), an
existing area inlet. Care should be taken during final design to ensure that the proposed grading in the area
works with the existing utilities. The proposed flows at Design Point 17 are less than the existing flows of
(1.5 cfs /11.5 cfs). The flows will not adversely affect the downstream infrastructure.

Basin 11 is a small 0.52 acre basin located north of the proposed commercial site at the south end the project
area. The basin consist of rear halves of several proposed residential lots and has proposed design flows rate
of 0.9 cfs for the minor storm event (5-Year) and 2.2 cfs for the major storm event (100-Year). Runoff from
Basin Il will sheet flow overland and outfall into Basin Q (proposed commercial site).

Basin Q consists of approximately 4.09 acres of proposed commercial property located adjacent to
Markshefflel Road, north of Constitution Avenue. Basin Q has a proposed design flow rates of 16.3 cfs for
the minor storm event (5-Year) and 29.8 cfs for the major storm event (100-Year). For the purposes of the
MDDP, it is anticipated that the combined runoff from Basin Q and Basin Il will be conveyed as surface
drainage to southwestern edge of the development to a proposed private Full Spectrum Detention Pond
located at Design Point 18 (16.1 cfs / 30.0 cfs).

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic
calculations portion of the appendix) estimates that a 0.82 ac-ft full spectrum Extended Detention Basin
(Pond 4) with a multi stage concrete outlet structure would be required to detain and discharge runoff at pre-
development flow rates. A restricted 18” RCP (Pipe 118) would discharge runoff from the pond at a peak
flow rate of approximately 0.4 and 3.2 cfs in the 5 and 100-year events, respectively. Runoff from the Pond
would combined with flows intercepted by the area drain at Design Point 19 (3.0 cfs /13.8 cfs) where a
existing 30” RCP would convey flows to existing downstream facilities. This combined flow is less than
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what was planned for the 30 as indicated by the Wilson & Company storm sewer construction plans. It
should be noted that in final design the planned discharge from the emergency spillway would be best routed
to the existing area drain, however this may be impacted by the site grading.

Basin JJ is a small 0.48 acre basin located north of the proposed commercial site at the south end the project
area. The basin consist of rear halves of several proposed residential lots and has proposed design flows rate
of 0.8 cfs for the minor storm event (5-Year) and 2.0 cfs for the major storm event (100-Year). Runoff from
Basin JJ will sheet flow overland and outfall into a lowpoint in Basin R (proposed commercial site).

Basin R consists of approximately 2.91 acres of proposed commercial property located adjacent to existing
Constitution Avenue. Basin R has a proposed design flows rate of 8.9 cfs for the minor storm event (5-
Year) and 16.2 cfs for the major storm event (100-Year). Runoff from the basin is anticipated to be collected
at a low point at the south end of the property by a proposed 18” RCP (Pipe 129). It is anticipated that the
combined runoff from Basin R and Basin JJ will be collected at a low point at the north end of the
commercial site by a proposed 24” RCP (Pipe 130). A proposed combined flow at Design Point 24 (9.5 cfs/
17.8 cfs) will be routed via a 24” RCP (Pipe 130) to a proposed full spectrum detention pond 5 located to the
east of the area. The proposed commercial property shall require a finished grade elevation of 6459.00 in
order to utilize the FSD Pond 5. Otherwise the future commercial site will have to provide its own FSD
Pond.

Basin S consists of approximately 4.46 acres of proposed single family residential lots and streets, located to
the north of Constitution Avenue and east of Marksheffel Road. Basin S has proposed design flows rate of
6.0 cfs for the minor storm event (5-Year) and 14.5 cfs for the major storm event (100-Year). Runoff from
Basin S will flow overland via side lot swales to the curb and gutter of the proposed roads and to a proposed
8' sump inlet located at DP21 (6.0 cfs / 14.5 cfs). A proposed 24" RCP (Pipe 123) will convey the collected
runoff east under the local street and to a proposed full spectrum detention pond 5. Should the inlet become
clogged flows will over top the curb and gutter and continue east to DP22 within the proposed street.

Basin T consists of approximately 1.89 acres of proposed park area, located to the north of Constitution
Avenue and east of Marksheffel Road. Basin T has a proposed design flows rate of 0.6 cfs for the minor
storm event (5-Year) and 4.2 cfs for the major storm event (100-Year). Runoff from Basin T will sheet flow
overland and be capture by a swale east of the proposed road. Flows will be captured by a CDOT type C
inlet at DP23 (0.6 cfs /4.2 cfs). A proposed 18" RCP (Pipe 128) will convey the collected runoff south to a
proposed full spectrum detention pond 5. Should the inlets become clogged flows will over top localized
high point and continue south and outfall into the proposed full spectrum detention pond 5.

Basin U consists of approximately 4.97 acres of proposed single family residential lots and streets, located to
the south and east of Basin T. Basin U has a proposed design flows rate of 6.8 cfs for the minor storm
event (5-Year) and 16.6 cfs for the major storm event (100-Year). Runoff from Basin U will flow overland
via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 4' sump inlets
located at DP20 (6.8 cfs / 16.6 cfs). Collected runoff is to be conveyed via proposed 18" RCP’s (Pipe 119
& Pipe 120) and will combine with Pipe 140 to be routed by a proposed 30” RCP Pipe 121 (15.9 cfs /38.7
cfs) to Design Point 25 (Full Spectrum Detention). Should the inlet at DP20 become clogged flows will over
top the street high point and be routed via a curb and gutter to Design Point 22. Pipe 121 will combine with
Pipe 117 and be routed via a proposed 30” RCP Pipe 122 (18.4 cfs /44.6 cfs) to Design Point 22.
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Basin V consists of approximately 0.87 acres of proposed commercial property located adjacent to existing
Constitution Avenue. Basin V has a proposed design flows rate of 3.7 cfs for the minor storm event (5-
Year) and 6.8 cfs for the major storm event (100-Year). Basin V will flow overland to curb and gutter of the
proposed road and to a pair of proposed 6' sump inlets located at DP22 . These flows will be routed via a 42”
RCP to a proposed full spectrum detention pond 5 located to the east of the area. Should the inlets become
clogged flows will over top curb and gutter and outfall into the proposed pond 5.

Basin KK consists of approximately 1.80 acres of proposed single family residential lots and streets, located
to the east of Basin KK. Basin KK has proposed design flows rate of 2.7 cfs for the minor storm event (5-
Year) and 6.6 cfs for the major storm event (100-Year). Runoff from Basin KK will flow overland via side
lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets located at
DP22. The cumulative surface runoff from Basin KK and Basin V to DP22 (9.4 cfs / 21.3 cfs). Runoff at
DP22 will be routed via proposed 18” RCP’s (Pipe 124 and Pipe 126). The routed flows from Pipe 122
thru Pipe 126 will combined in Pipe 127 (32.4cfs / 77.2 cfs) . These flows will be routed via a 42” RCP to a
proposed full spectrum detention pond 5.

Basin W consists of approximately 1.32 acres set aside for the construction of a proposed extended detention
basin water quality pond. Runoff produced within Basin W of 0.8 cfs for the minor storm event (5-Year)
and 3.5 cfs will combine with runoff from Pipe 127, Pipe 128 and Pipe 130 at Design Point 25 where flows
are expected to peak at 41.8 cfs and 99.2 cfs, in the 5 and 10 year events respectively. Based upon
contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion
of the appendix) estimates that a 3.0 ac-ft FSD Extended Detention Basin (EDB) (Pond 5) with a multi stage
concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates. A
restricted 24” RCP (Pipe 131) would discharge runoff from the pond to the channel at a peak flow rate of
approximately 0.7 and 38.6 cfs in the 5 and 100-year events respectively. A riprap lined spillway and rip rap
apron would be provided to dissipate energy and prevent local scour from the outlet pipe and along the
embankment slope. It should be noted that spillway may need to be traversable to allow for the
maintenance/trail on the west side on the EFSCST. Should the inlet become clogged flows will over top the
spillway and drain into the EFSCST.

Basin Y consists of approximately 1.77 acres of proposed commercial property located adjacent to
Constitution Avenue. Basin Y has a proposed design flow rates of 7.3 cfs for the minor storm event (5-
Year) and 13.3 cfs for the major storm event (100-Year). For the purposes of the MDDP, it is anticipated
that the combined runoff from Basin Y will be conveyed as surface drainage to south edge of the
development to a proposed Full Spectrum Detention Pond 6 located at Design Point 26 (7.3 cfs / 13.3 cfs).

Based upon contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic
calculations portion of the appendix) estimates that a 0.32 ac-ft full spectrum Extended Detention Basin
(EDB) (Pond 6) with a multi stage concrete outlet structure would be required to detain and discharge runoff
at pre-development flow rates. A restricted 18” RCP (Pipe 132) would discharge runoff from the pond at a
peak flow rate of approximately 0.2 and 1.2 cfs in the 5 and 100-year events, respectively. Should the inlet
become clogged flows will over top the spillway and to EFSCST.

Basin GG is a small 0.40 acre basin located east of EFSCST at the south end the project area. The basin

consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.6 cfs for the
minor storm event (5-Year) and 1.6 cfs for the major storm event (100-Year). Runoff from Basin GG will
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sheet flow overland and outfall into a lowpoint in Basin HH (proposed park site).

Basin HH consists of approximately 5.39 acres of proposed park area, located to the east of EFSCST at the
south end of the project area. Basin HH has a proposed design flow rates of 1.7 cfs for the minor storm
event (5-Year) and 11.2 cfs for the major storm event (100-Year). Runoff from Basin HH will sheet flow
overland and be capture by a swale east of the EFSCST. Flows will be captured by a CDOT type C inlet at
DP27 (2.2 cfs / 12.5 cfs). A proposed 18" RCP (Pipe 136) will convey the collected runoff south to a
proposed full spectrum detention pond 7.

Basin AA consists of approximately 4.68 acres of proposed single family residential lots and streets, located
to the south end of the project area. Basin AA has proposed design flow rates of 6.1 cfs for the minor storm
event (5-Year) and 14.8 cfs for the major storm event (100-Year). Runoff from Basin AA will flow overland
via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets
located at DP28. The cumulative surface runoff will be routed via a 30” RCP to a proposed Full Spectrum
Detention Pond 7.

Basin BB consists of approximately 4.67 acres of proposed single family residential lots and streets, located
to the south end of the project area. Basin BB has proposed design flow rates of 6.1 cfs for the minor storm
event (5-Year) and 14.9 cfs for the major storm event (100-Year). Runoff from Basin BB will flow overland
via side lot swales to the curb and gutter of the proposed roads and to a pair of proposed 6' sump inlets
located at DP28. The combined will be routed via a two 18” RCP (Pipe 133 and Pipe 134) to a 24” RCP
Pipe 135 (12.2 cfs / 29.5 cfs) and ultimately to a proposed Full Spectrum Detention Pond 7.

Basin CC consists of approximately 0.93 acres set aside for the construction of a proposed extended
detention basin water quality pond. Runoff produced within Basin CC of 0.6 cfs for the minor storm event
(5-Year) and 2.7 cfs will combine with runoff from Pipe 135 and Pipe 136 at Design Point 29 where flows
are expected to peak at 14.8 cfs and 44.1 cfs, in the 5 and 10 year events respectively. Based upon
contributing watershed characteristics, the UD-Detention worksheet (refer to hydraulic calculations portion
of the appendix) estimates that a 1.7 ac-ft FSD Extended Detention Basin (EDB) (Pond 7) with a multi stage
concrete outlet structure would be required to detain and discharge runoff at pre-development flow rates. A
restricted 18” RCP (Pipe 137) would discharge runoff from the pond to the channel at a peak flow rate of
approximately 0.4 and 16.2 cfs in the 5 and 100-year events respectively. A riprap lined spillway and rip rap
apron would be provided to dissipate energy and prevent local scour from the outlet pipe and along the
embankment slope. It should be noted that spillway may need to be traversable to allow for a
maintenance/trail on the west side on the EFSCST. Should the inlet become clogged flows will over top the
spillway and drain into the EFSCST.

Basin X is approximately 2.95 acres in size and consists of an improved section of the EFSCST. Basin X has
a proposed design flow rate of 1.5 cfs for the minor storm event (5-Year) and 6.6 cfs for the major storm
event (100-Year). Refer to Proposed Channel Improvements section of the report for addition information
regarding the EFSCST.

Basin OS6 is a small 1.15 acre basin located west of Capital Drive at the south end the project area. The
basin consist of an existing fire station which is discussed in “Drainage Letter Report for Falcon Fire Station
No.4 2710 Capital Drive, El Paso County, CO,” prepared by JPS Engineering, dated rev. May 2016. Per the
report the runoff is 3.8 cfs for the minor storm event (5-Year) and 8.0 cfs for the major storm event (100-
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Year). Per the report, flows are routed to a Rain Garden water quality pond and then are routed into the
existing storm sewer system, in Capital Drive.

Basin DD is a small 0.68 acre basin located east of EFSCST at the south end the project area. The basin
consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.6 cfs for
the minor storm event (5-Year) and 2.1 cfs for the major storm event (100-Year). Runoff from Basin DD
will sheet flow overland and be routed via a swale to the curb and gutter in Capital Drive. The routed flows
will be captured by an existing 10” type R inlet. The developed flows for Basin DD are less than the
combined historic flows for Basin DD and Basin OS6 (0.6 cfs / 4.2 cfs).

Basin EE is a small 1.66 acre basin adjacent to Capital Drive, at the south end the project area. The basin
consist of rear halves of several proposed residential lots and has proposed design flows rate of 1.4 cfs for the
minor storm event (5-Year) and 5.0 cfs for the major storm event (100-Year). Runoff from Basin EE will
sheet flow overland and outfall onto Capital Drive which will be routed south to Constitution Avenue. The
proposed runoff that outfall onto Capital Drive are less than the historic flows calculated for Basin EXM
(2.9 cfs /21.6 cfs).

Basin FF is a small 0.86 acre basin adjacent to Constitution Avenue, at the south end the project area. The
basin consist of rear halves of several proposed residential lots and has proposed design flows rate of 0.8 cfs
for the minor storm event (5-Year) and 2.7 cfs for the major storm event (100-Year). Runoff from Basin FF
will sheet flow overland and outfall onto Constitution Avenue. The proposed runoff that outfall onto
Constitution Avenue are less than the historic flows calculated for Basin EXM (2.9 cfs /21.6 cfs).

FOUR STEP PROCESS

Step1 Employ Runoff Reduction Practices. —Approx. 8.7 Acres of ground within the project is being set
aside for Open Space/Neighborhood Park. Roof drains will be directed to side yard swales and as possible to a
grass lined swale will be constructed to aid minimize direct connection of impervious surfaces.

Step2 Implement BMPs that provide a water quality capture volume with slow release. — Multiple Full
Spectrum Detention Facilities are planned for the site which will incorporate water quality capture volumes that
are intended to slowly drain in 40 hours and excess urban runoff volumes that are intended to drain within 72
hours.

Step 3  Stabilize streams. — The development of the site will stabilize the unimproved sections of the
EFSCST through the installation of soil-filled riprap side slopes and buried toe protection, grouted boulder and
grouted riprap drop structures with concrete cutoff walls and riprap aprons will reduce the overall channel slope.
Additionally the runoff from the proposed residential commercial and industrial developments will be reduced
to predevelopment conditions thru the construction and utilization of several full spectrum detention facilities.
A few onsite constructed grasslined swales are also to be constructed which to convey runoff and provide water
quality benefits.

Step 4 Implement site specific and other source control BMPs. — The proposed project will use silt fence,

a vehicle tracking control pad, concrete washout area, inlet protection, check dams, sediment control
logs, mulching and reseeding to mitigate the potential for erosion across the site.
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INTERBASIN TRANSFER EAST FORK SAND CREEK TO EAST FORK SAND CREEK
SUBTRIBUTARY

It should be noted that the proposed development plan for the 114.30 acre of The Sands redistributes portion
of the small percentage of the historic watershed between East Fork Sand Creek and East Fork Sand Creek
Subtributary drainage basins.

Prior to development approximately 101.33 acres of The Sands runoff was collected by the East Fork Sand
Creek Subtributary watershed with the remaining 13.00 acres directed to the East Fork Sand Creek.

After development approximately 9.80 acres will be redirected from the East Fork Sand Creek into the East
Fork Sand Creek Subtributary, resulting in 111.13 acres of The Sands directed to the East Fork Sand Creek
Subtributary.

This modification is minor resulting in a 9.1% change which is driven primarily by grading constraints
associated with the lot layout and existing topography coupled with a sensible utility layout.

EAST FORK SAND CREEK SUB-TRIBUTARY PROPOSED CONCEPT CHANNEL
IMPROVEMENTS AND HYDRAULIC ANALYSIS

As mentioned, two segments of the EFSCST channel require improvement with the planned development.
The two segments of proposed channel improvements recommended by M&S Civil Consultant are intended
provide 100-year flood flow conveyance capacity through the proposed Sands development while creating a
contiguous channel section that incorporates and/or mimics the previously approved existing segment of
channel in the center of the site, thereby bringing stability and uniformity to the subject reach. A summary of
the proposed concept improvements is as follows:

The southern segment of channel reach slated for improvement is approximately 1415’ in length. This
improved concept channel section is currently planned to be constructed at slope of 0.5% and consists of a
trapezoidal section with a 40’ bottom. The concept channel possess a sand invert with 2’ thick Type ‘M’
riprap lined 2.5:1 side slopes a top of granular bedding material and a drainage fabric. In this example, four
(4) 3’ concrete vertical drop structures with full width 3’ thick riprap aprons located upstream and
downstream of the proposed drops will aid in taking up the vertical differential associated with flatting the
slope to a 0.5%. Based upon Figure 12-4 illustrated in the DCM, a channel with approximately 1720 cfs and
no sediment supply would seek an equilibrium slope of approximately 0.22%. In the event that the sediment
supply was no longer available and the channel sought a slope of 0.22%, the proposed improvements could be
design to be stable a maximum of 5’ vertical at the lowest drop (No.1) and the subsequent 3 drops (Nos. 2, 3,
and 4) vertical wall exposure increasing to 3.5”. Final design could include minor modifications such a
extending the toe of the channel lining and creating a sloped riprap scour protection that would further
stabilize the channel to a flatter equilibrium slope. The typical channel section will need to be a minimum of
6’ deep or deeper where addition freeboard is required based upon the final super elevation calculations.

The north segment of channel reach is approximately 1130’ feet in length and the concept design for this
section of the channel could be designed to mimic the south reach in that the channel invert is to be
constructed at slope of 0.5% and also consists of a trapezoidal section with a 40” bottom. Similarly, the
proposed channel will possess a sand invert with 2’ thick Type ‘M’ riprap lined 2.5:1 side slopes a top of
granular bedding material and a drainage fabric, which would also extend a min of 3’ below the channel
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invert. The channel improvements for this segment, could also include the construction of one (1) riprap grade
control check structure, one (1) 3’ concrete vertical drop structures with full width 3’ thick riprap aprons
located upstream and downstream of the proposed drop. A dual maximum 6’ tall grouted boulder drop
structures could be constructed immediately downstream of the existing concrete lined section to aid in
providing a more bullet proof drop structure immediately downstream of where the channel flows is most
consolidated. In the event that the sediment supply was no longer available and the channel, sought a 0.22%
slope the proposed improvements remain stable with 2.5 feet exposed of the sloping check structure, 2
additional feet of vertical at drop No.5 (5’ total) and about 1’ of the toe of the grouted boulder drop structure
to be exposed. Similarly minor modifications to the channel lining and extended scour protection may be
evaluated to reduce the need for long term maintenance. A copy of the concept construction plans for the
EFSCST channel improvements is included in the appendix of this report.

It should be noted that the quantitiy of the number of proposed channel improvements is greater than what
was anticipated by the DBPS. This is due in part to the changes in criteria, which function ultimately to
reduce the allowable channel slope, and there by increases the need to address a greater more vertical
differential.

EAST FORK SAND CREEK SUB-TRIBUTARY HYDROLOGIC MODELING

Hydrologic modeling of the proposed site and the contributing offsite EFSCST watershed was not performed
as a portion of the analysis; instead the future anticipated peak flow rates as defined within the approved Sand
Creek Drainage Basin Planning Study (SCDBPS) of 950 cfs in the 10-year event and 1,720 cfs in the 100-
year event were utilized in concept channel modeling. As discussed these flow rate should be adequately
conservative considering the proposed Sands development and upper watershed development north of the site
will implement Full Spectrum Detention.

In addition to the aforementioned flow rates the current Flood Insurance Study flow rate accepted by FEMA
of 1,970 cfs and an assumed flow rate or 475 cfs were also initially modeled. It should be noted that the
CLOMR submittal will utilize the higher FEMA flow rate.

The existing flow rates defined by the SCDBPS of 1,330cfs and 240 cfs were not evaluated.
EAST FORK SAND CREEK SUB-TRIBUTARY TOPOGRAPHIC DATA

The existing drainage features integrated into the hydraulic model were developed from an as-built
topographic survey conducted by Barron Land Survey as part of an ALTA survey. The data was collected
during November of 2015. Where data was not present construction drawing data was utilized in the
conceptual analysis. Supplement surveys has been performed by M&S Civil during the summer and fall of
2017 that will be utilized in final design and the subsequent CLOMR submittal.

EAST FORK SAND CREEK SUB-TRIBUTARY HYDRAULIC ANALYSIS

Two hydraulic models representing the proposed and existing channel segments within the subject reach were
created using the USACE HEC-RAS computer program. The geometry and flow rates analyzed in the two
models are identical, however in accordance with the Drainage Criteria Manual, the Manning’s’ values
utilized in the two models were adjusted to evaluate various channel flow characteristics. All models were
processed using upstream boundary conditions of normal depth at 0.0064 feet per foot and a downstream
boundary condition of critical depth. The models were run using a mixed flow regime.
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The first model evaluated velocities, shear and Froude numbers values within the channel. This model utilized
Manning’s ‘n’ values of 0.013 for concrete surfaces, 0.03 for sandy bed channel, 0.04 for Type ‘M’ riprap
channel bottom, 0.045 for Type ‘M’ riprap channel side slope protection, and 0.05 where grouted Boulders
were present on the channel bottom and 0.06 where boulder lining was present on the side slopes.

The second model is intended to evaluate the channel for water surface elevation and water depth. This
model utilized Manning’s ‘n’ values of 0.017 for concrete surfaces, 0.04 for sandy bed channel, 0.05 for Type
‘M’ riprap channel bottom, 0.055 for Type ‘M’ riprap channel side slope protection, and 0.06 where grouted
Boulders were present on the channel bottom and 0.07 where boulder lining was present on the side slopes.
The above sets of values appear to be in line with the recommendations from the City of Colorado Springs
and Urban Drainage and Flood Control District.

It should be noted that the existing portion of the channel in the center of the site (portion improved with
Rocky Mountain Industrial Park) was sediment laden possessing as much as 2’ of deposition. The provided
model was ran under the assumption that this portion of the channel was cleared or dredged of material and
brought to its intended grade. Additional coordination with EI Paso County will be required to complete the
effort.

EAST FORK SAND CREEK SUB-TRIBUTARY CONCEPT MODELING RESULTS

The HEC-RAS hydraulic models ran yielded 100-year maximum depths associated with the proposed channel
sections that ranged from 3.22° to 7.18’ while the maximum 100-year depth associated with the existing
channel section ranged from 2.60’ to 5.11°.

The velocities associated within the 100-year event ranged from 2.59 to 9.70 feet per second on the
embankment slopes to 5.18 to 18.20 feet per second on the channel bottoms along the proposed channel
segments, while velocities associated with the 100-year event ranged from 4.45 to 13.48 feet per second on
the embankment slopes to 10.38 to 19.15 feet per second along the channel bottom of the existing section.

The shear associated with the 100-year event ranged from 0.47 to 4.77 pounds per square foot on the
embankment slopes to 0.46 to 10.14 pounds per square foot on the channel bottoms throughout the proposed
channel section, while shear values associated with the 100-year event ranged from 0.70 to 3.23 pounds per
square foot on the embankment slopes to 1.68 to 6.97.feet pounds per square foot along the existing channel
bottom of the existing section

Froude numbers in the 100-year event ranged from 0.35 to 1.79 along the proposed channel and 0.7 to 2.18
along the existing channel section.

HEC-RAS input and output associated with the open channel analysis is contained in the appendix of this
report. The output data includes various channel information for all analyzed cross sections for both the
existing and proposed channel segments at the FIS, 100-year, 10-year and estimated 5-year flow rates.

ANTICIPATED DEVIATIONS FROM CRITERIA AND APPROVAL

As discussed a matrix showing the anticipated deviations from the City of Colorado Springs Drainage was
presented and discussed at the meeting. This matrix with additional supplemental design backup data was
submitted email to City Engineering on the July 31% for record. A copy of that submittal package is provided
in the appendix of the report for reference. It should be noted that a few minor modifications to the HEC-
RAS models were made to increase accuracy of the model against the current design which included some of
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the requested modifications by city staff. Do to the limited changes the output; the revised models are not
included with this report. A final design report with final construction drawings will be submitted back to the
City concurrently with the CLOMR submittal once it is ready.

REQUESTED MODIFICATIONS AND CONDITIONAL CONCEPT PLAN APPROVAL

City of Colorado Spring Water Resources Engineering Division Review Staff members verbally indicated
that the concept design should be modified so that the buried riprap toe protection of the drop structures
check structures and channel lining be extended down to the anticipated 0.22% equilibrium slope. In
addition they would like to see a concrete cutoff walls incorporated into the check structures if they are used
in final design. An email correspondence was sent out by staff on August 1* indicated that if the discussed
changes were incorporated into final design, they would provide conditional concept approval, which
basically indicates that they would not require major design changes that would otherwise place a CLOMR
submittal to FEMA at risk, this however to not guarantee immediate approval and individual deviation
request would also need to be submitted with the final plans.

ADDITIONAL CHALLENGES AND CONCERNS REGARDING FINAL ENGINEERING FOR
THE SANDS

Even after the importation of significant earthen material to raise the proposed development to elevations
higher than the surrounding developments, the relative vertical differential between the Sand Creek East Fork
Sub-Tributary Channel and the proposed development is limited. The resultant is that there is limited
hydraulic head to drain onsite subsurface systems. One way to reduce the required head is to recommend the
installation of oversized internal infrastructure to slow velocities, and thereby limit hydraulic losses to ensure
functioning drainage systems. Currently concept level onsite hydraulic analysis and sizing of the
recommended proposed infrastructure within this report assumes that the EFSCST is operational and the
starting hydraulic grade for analysis of onsite systems is based upon the channel conveying the 10 year storm
per the DBPS of 950 cfs. This is a logical approach, given that the coincidence of both the 100 year event
onsite and in the adjacent channel occurring simultaneously would be rare considering the size of the overall
contributing watershed when compared to the relatively small development. Flap gates on the outfall
facilities are recommended to further reduce the impacts to the site when the channel is running full. It should
be noted that in the case that onsite facilities became clogged or were not functioning, the proposed
development can be graded in a manner that can safely direct surface runoff via swales and spillways to the
channel. The recommended placement of the detention facilities being adjacent to the EFSCST makes this
achievable.

It should be noted that additional coordination with the Cherokee Metro District will be required regarding
the crossing of and relocation of existing utilities required to perform the work. Additional coordination with
El Paso County will be required regarding removal of sediment and channel connection work outside the site
property boundaries.

NATIONWIDE PERMITTING FOR CONSTRUCTION AND DETERMINATION REGARDING
THREATENED AND ENDANGERED SPECIES OR HISTORIC PROPERTIES

The Army Corps of Engineers, Southern Colorado Regulatory Office has determined that the proposed

channel work consisting of grade control channel realignment and channelization associated for the East
Fork Sand Creek Subtribtuary will not affect any federally listed threatened or endangered species or any
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historic properties listed, or eligible of listing in the Nation Register of Historic Places, and has been granted
a Nationwide Permit (No .29) to perform the work under the assumption that all other permits are in place.
A copy of the cover letter has been included in the appendix of this report.

CONSTRUCTION COST OPINION (PRELIMINARY)

The Sands Drainage Facilities (Public, Non-Reimbursable)

Item Description Quantity
18" RCP 1,488
24" RCP 1,440
30" RCP 615
36" RCP 110
18" FES

24" FES

36" FES

4' CS D-10-R Sump

6' CS D-10-R Sump

8' CS D-10-R Sump
5'CS D-10-R At-Grade
10' CS D-10-R At-Grade
CDOT Type C Area Inlet

[
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The Sands Drainage Facilities (Private, Non -Reimbursable)

Item Description Quantity
18" RCP 570
24" RCP 321
Pond 1 w/Outlet Struc
Pond 2 w/Outlet Struc
Pond 3 w/Outlet Struc
Pond D w/QOutlet Struc
Pond 4 w/Outlet Struc
Pond 5 w/Outlet Struc
Pond 6 w/Outlet Struc
Pond 7 w/Outlet Struc

© 0O N O U~ WN
L

[EY
o

Unit Cost
$40
$50
$65
$75

$235
$335
$475
$3,000
$4,000
$5,000
$4,000
$7,000
$3,000

Unit Cost
$40
$50

$20,000
$20,000
$20,000
$30,000
$20,000
$30,000
$20,000
$30,000

/LF
/LF
/LF
/LF
/EA
/EA
/EA
/EA
/EA
/EA

/EA
/EA

/EA

ILF
/LF
/EA
/EA
/EA
/EA
IEA
/EA
IEA
/EA

Cost
$59,520.00
$72,000.00
$39,975.00

$8,250.00
$2,115.00
$2,345.00
$1,900.00
$15,000.00
$8,000.00
$35,000.00

$8,000.00
$14,000.00

$6,000.00
$272,105.00

Cost

$22,800.00
$16,050.00
$20,000.00
$20,000.00
$20,000.00
$30,000.00
$20,000.00
$30,000.00
$20,000.00
$30,000.00
$228,850.00

The Sands Drainage Facilities (Public, Reimbursable w/Approval*) — Not formally addressed in DBPS

Item Description Quantity
1 42” RCP 695
2 42” FES 7
3 Conc. Headwall 1
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Unit Cost
$85

$775
$9,000

/LF
/EA
/LF

Cost

$59,075.00

$5,425.00
$9,000.00

$73,500.00



*QOffsite regional flows tributary to the existing WQ Pond #5 (Marksheffel Road included) will be
routed through the site via three (3) - 42” RCP and concrete headwall structure. Reimbursement of
the facilities listed above will be subject to approval by Drainage Board.

DBPS REIMBURSABLE PUBLIC DRAINAGE FACILITIES

Item Description Quantity Unit Cost Cost
Remaining DBPS Reach 19 Sand Creek Sub-tributary Channel Improvements (1996 Dollars)

1. 100-Yr Riprap Selective Lining 2,550 LF $234/LF $ 596,700.00
2. Channel Grade Control Structures 4/EA $18,900/EA $ 75,600.00

Total= $ 672,300.00
Reach 19 Sand Creek Sub-tributary Channel Improvements (2018 Dollars)
1. Channel Improvements *$1,429,309.80
*Unit cost of improvements increased by factor of 2.126 for inflation (2018 Dollars).
(Based upon City of Colorado Springs Basin Fees Increases 1996 to 2018)

The DBPS data is from the Table VI1I-2 and VI1-7 “Drainage Conveyance Cost Estimate with Selected
Alternatives, page 69 and 84. The length of lining and number of structures listed above deducts from the
total, the Reach 19 improvements previously constructed with Rocky Mt Industrial Park, Filing No.1.

Sand Creek Improvements - (Public, Reimbursable) - Sand Creek Improvements

Item Description Quantity Unit Cost Cost

1.  100-Yr Riprap Selective Lining 2550 LF $260/LF $ 663,000.00

2. Vert Channel Grade Cont. 4/EA $50,550/EA $ 202,200.00
$  865,200.00

Sand Creek Improvements - (Public, Reimbursable w/ Approval*) - — Not formally addressed in DBPS

Item Description Quantity Unit Cost Cost

1.  *Add Vert Channel Grade Cont.  2/EA $50,550/EA $ 101,100.00

2. *Add Channel Grade Cont. Check 1/EA $22,250/EA $ 22,250.00

3. *Add Grouted Boulder Drop Struc 1410/SY $160/SY $ 225,600.00
$ 348,950.00

* Additional structures required to stabilize channel (subject to approval by Drainage Board).

All Reimbursable facility determinations are preliminary, and are subject to approval by the City/County
drainage board. Revisions may be made with Final Drainage Report (s). An exhibit map showing the DBPS
proposed improvement locations has been included in the appendix of this report.

DRAINAGE BRIDGE & POND FEES

Approximately 114.303 of the proposed subdivision lies within the Sand Creek Drainage Basin. The 2018
Drainage Bridge and Pond fees per the City of Colorado Springs for The Sands are as follows;

Drainage Fee: $11,851/acre x 114.303 acres $1,354,604.85
Bridge Fee: $ 713/acre x 114.303 acres $81,498.04
Pond Fee (Land): $ 1,070/acre x 114.303 acres $122.304.21
Pond Fee (Facilities): $ 3,445/acre x 114.303 acres $393,773.84

Total fees: $1,952,180.94
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Public Facilities:

Total Drainage Fees $1,354,604.85
Total public, Reimbursable drainage facilities $1,429,309.80
Total Drainage Fees Due difference/credit $ -74,704.95
Estimated Additional Reimbursable Onsite & Channel drainage facilities* $ 74,704.95
(Not formally addressed in DBPS) $348,950.00
difference/credit $423,654.95

M & S Civil Consultants, Inc. (M & S) cannot and does not guarantee the construction cost will not vary
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 2018. Upon completion of the aforementioned
improvements, M & S shall submit the actual construction costs to the City of Colorado Springs/City
Drainage Board for reimbursement.

SUMMARY

Proper implementation of the concepts presented in this MDDP will provide for the development of the
proposed site without negative impacts to the receiving water course and surrounding developments. The
final location of all the proposed storm water conveyances and permanent BMP’s shall be finalized with
future drainage reports. At such time all necessary drainage easements and rights of way shall also be
defined.
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SITE HYDROLOGIC CALCULATIONS



CONSTITUTION & MARKSHEFFEL
MASTER DEVELOPMENT DRAINAGE CALCULATIONS
(Existing Area Runoff Coefficient Summary)

LAND TYPE I LAND TYPE IT LAND TYPE Il WEIGHTED
TOTAL TOTAL l
BASIN AREA AREA | AREA Cs Cim | AREA Cs Cio | AREA Cs Cioo Cs Cioo
(Sq Ft) (Acres) (Acres) I (Acres) (Acres)
I
EXISTING CONDITIONS DESIGN REPORT

080 348046 7.99 7.99 | 073 0.81 0.00 0.20 0.44 0.00 0.08 0.35 0.73 0.81

0S1 4047611 92.92 0.00 0.32 0.51 0.00 0.20 0.44 92.92 0.08 0.35 0.09 0.36

0s2 196892 4.52 4.52 0.73 0.81 0.00 0.20 0.44 0.00 0.08 0.35 0.73 0.87

083 172934 3.97 3.97 0.73 0.81 0.00 0.20 0.44 0.00 0.08 0.35 0.73 0.81

0S4 1442277 33.11 8.90 0.90 0.96 2.66 0.73 0.81 21.55 0.08 0.35 0.35 0.55

0S5 47377 1.09 0.22 0.90 0.96 0.00 0.20 0.44 0.87 0.08 0.35 0.24 0.47

EXA 592756 13.61 0.00 0.90 0.96 0.00 0.20 044 13.61 0.08 0.35 0.08 0.35

EXB 770296 17.68 0.00 0.90 0.96 0.00 0.20 0.44 17.68 0.08 0.35 0.08 0.35

EXD 70419 0.78 0.00 0.90 0.96 0.00 0.20 0.44 0.78 0.08 0.35 0.08 0.35

EXE 640992 14.72 0.00 0.90 0.96 0.00 0.20 0.44 14.72 0.08 0.35 0.08 0.35

**EXF WQ POND #5 1593867 38.59 6.48 0.90 0.96 28.68 0.59 0.70 1.43 (.08 0.35 0.62 0.73

EXG 89262 2.05 0.00 0.90 096 0.00 0.20 0.44 2.05 0.08 0.35 0.08 0.35

EXH 931967 21.40 0.00 0.90 0.96 0.00 0.20 0.44 21.40 0.08 0.35 0.08 0.35

EX1 304455 6.99 0.00 0.90 0.96 0.00 0.20 0.44 6.99 0.08 0.35 0.08 0.35

EXT 104578 2.40 0.00 0.90 0.96 0.00 0.20 0.44 2.40 0.08 0.35 0.08 0.35

EXK 257942 5.92 0.00 0.90 0.96 0.00 0.20 0.44 5.92 0.08 0.35 0.08 0.35

EXL 500368 11.49 0.00 0.90 0.96 0.00 0.20 0.44 11.49 0.08 0.35 0.08 0.35

EXM 565994 12.99 0.00 0.90 0.96 0.00 0.20 0.44 12.99 0.08 0.35 0.08 0.35

***0S6 50094 1.15 0.00 0.64 0.77 0.00 0.20 0.44 1.15 0.08 0.35 0.08 0.35
(LEXF wQ #5 OLD CRITERIA | 1593867 [ seso 648 | 088 | 095 | 2868 | 066 080 | 143 [ 022 | 035 0.68 | 081 |

MS CIVIL, INC

MDDP Historic Drainage Calcs.xs Page 1 of 1 3/6/2018



CONSTITUTION & MARKSHEFFEL
MASTER DEVELOPMENT DRAINAGE CALCULATIONS

(Existing Area Drainage Summary)

From Area Runoff Coefficient Summary OVERLAND STREET / CHANNEL FLOW  |Time of Travel (T )| INTENSITY*  TOTAL FLOWS
BASIN gl | cm | o |venew| megne| T | engm | swpe |veoany| 1 |rorar]cmeex| Te o | 0w
(Acres) ekl ) [1i/] (min) [//] (%) ) (min) (min) (min) (in/hir) (in/kr) | (cfs) | (cf5)
Existing Area Drainage Summary
050 799 | 073 | 081 | 073 | 100 05 89 | 995 | 0% | 07 | 235 | 322 161 a4 57 | 199 | 371
0s1 9292 | 008 | o038 | o0.09 200 16 13.5 3100 | 2.0% 2.3 153 32,0 283 26 4.0 215 | 1338
081 Semi developed 92.92 0.32 0.51 0.32 100 2 12.1 3100 2.0% 2.1 24.4 36.4 27.8 26 4.4 77.2 206.5
082 452 | o073 | 081 0.73 100 2 56 686 1.7% 2.6 43 9.9 143 41 6.9 137 25.4
0S3 3.97 0.73 0.81 0.73 100 2 5.6 625 2.0% 28 37 93 14.0 42 7.1 123 229
084 3319 | 035 | o055 | 035 150 3 6.9 2450 | 2.0% 14 289 357 244 28 47 326 35.4
0SS 100 | 024 | 047 | o024 100 1 155 871 1.7% 2.0 74 238 154 29 49 0.8 25
EXA 1361 | 008 | 035 | 008 100 10 36 1219 | 10% 15 137 23 173 29 49 3.2 23.4
EXB 1768 | 008 | 035 | 0.08 100 6 102 1434 | 1.6% 1.9 12.6 238 185 29 49 41 30.0
EXD 078 | 008 | 035 | o008 100 5 10.8 461 1.3% 1.7 45 15.3 13.1 35 59 0.2 16
EXE 1472 § 008 | 035 | 008 100 5 10.8 177 | 23% 2.3 36 195 171 33 5.3 39 27.1
“*EXF WQ POND #5 3659 | 062 | 073 | 062 65 13 5.5 1518 | 1.9% 238 9.2 147 18.3 3.6 6.0 813 | 159.9
EXG 205 | 008 | 035 | 0.8 100 1 18.4 587 i 5% 1.8 4 235 118 2.8 47 0.5 34
EXH 2140 | 008 | 035 | o008 100 9 8.9 2050 | 1.7% 1.9 17.7 26.6 219 2.7 45 46 33.5
EXT 692 | o008 035 | o008 100 2 147 1266 | 22% 22 9.5 24,1 176 23 47 L6 L5
EXJ 240 | o008 035 | o0.08 100 2 147 572 2.5% 23 4.1 18.7 13.7 32 5.4 0.6 45
EXK 592 | o008 035 § 008 100 1 18.4 773 2.2% 22 58 242 149 2.8 4.7 13 9.7
EXL 1149 | 008 | 035 | 008 100 3 12.8 1248 | 16% 1.9 11.0 238 17.5 2.8 47 26 19.1
[ EXM 1299 | o008 | 035 | oos | 100 3 125 | 1255 | 1% | 12 110 | 28 176 28 47 29 | 216
** %086 1.15 0.08 0.35 0.08 100 2 14.5 213 2.0% 2.1 17 16.3 11.7 39 6.5 0.4 2.6

* Intensity equations assume a rinimum travel time of 10 minutes, for undeveloped conditions .

** EXF WQ POND #5

isting C values and

ity's as studied in the Marksheffel Drainage Report

*##* Refer to "Drainage Letter Report for Falcon Fire Station No.4 2710 Capital Drive, E1 Paso County, CO" prepared by JPS Engineering, dated May 2016.
"Final Drainage Report for Marksheffel Rd. from Constitution Ave. to Dublin Rd." prepared by CH2M Hill, dated 2008

MS CIVIL, INC.
MDDP Historic Drainage Calcs.xls

Page 1 of 1

Calculated by: GT

Date: 2/9/2016

Checked by: VAS

3/6/2018



MS CIVIL, INC.
MDDP Historic Drainage Calcs.xls

Page 1 of 1

. e . .
(Existing Basin Routing Summary)
From Area Rnaf Coeficient Sizmmary OVERLAND PIPE / CHANNEL FLOW Time of Travel (T,) | INTENSITY * | TOTAL FLOWS
DESIGN POINT | CONTRIBUTING BASINS |  CAs I CAw | Cs | Length | Helght | Tc | Leagth | Slope | Velosity | T, TOTAL Is | Qs Qe COMMENTS
i L) i | Gwho) | ef) | fefs)
EXISTING DRAINAGE BASIN ROUTING SUMMARY
DPO 0so 58 647 161 34 517 199 37.1 |EX WER IN CONC. LINED CHANNEL
{MST Report shows 16.4/33.7)
DPI 081 83t J345 %3 26 40 215 | I33.8 |EADUAL 4i*RCPS
(VST Report shows 89.6.194.5)
DP2 083 2.90 322 9.3 42 71 123 229 EXSWALE
DP3 DP1+0S2 1166 311 2.4 26 1.0 29.9 | 1484 JkxSWALE
DP4 0S4+0SS 11.94 18.76 244 28 47 333 87.8 |DP4 @ CAPTURE @EX CULVERT
& RELEASE 10 EX. SWALE
DPS EXB +DP3+DP4 2502 §20¢ 283 29 49 725 304.8 |DP5 RELEAST INTO EX EAST FORK
JEFsCST
DP6 EXA 1.0% 476 223 29 49 32 23.4 |DP6 RELEASE INTO EX EAST FORK
EFSCST
bp7 EXD 0.06 027 153 s 5s 0.2 L6 [DP7RELFASE INTO EX BAST FORK
EFSCST
bprs EXE + 24.04 31.95 19.5 33 53 79.9 | 167.8 |DPs RELEASE INTO EX SWALE
**EXF WQ POND ii§
DP9 EXG 0.1€ 072 213 28 a7 [X] 3.4 DP9 RELEASE INTO EX RAST FORK
|EESCST
DPIO EXJ 0.19 0.34 187 32 54 0.6 4.5 |DP10 RELEASE INTO DP i1
DPI1 EXI-- DP10 075 EED 22 2% 47 21 15.5 |DP11 RELEASE INTO
68.6]
DPI2 EXH + DP8 25.76 39.44 266 27 45 68.6 | 1762 |DP12 ROUTED TO LOW POINT
DPI3 EXK 247 207 4.2 28 1 13 9.7 |DF13 ROUTED TO LOW POINT
F 12"RCP
DPI4 EXL+DP5+DP6+ 27.25 71.83 238 28 47 77.1 3412 ‘DPM RELEASE INTO EX EAST FORK
DP7+DP9 [EFSCST
DprIS EXM 104 455 28 28 27 29 216 |pr15ROUTED TO LOW PORNT
* Fnlensity equations assume a minimum travel time of 10 minutes, for undeveloped conditions. Cal dby: GT
[=* EXF WQ POND #5 existing C values and Intensity's as studicd in the Date: 2/9,2016
“Final Drainago Report for Marksheffd Rd. from Constitution Ave. 1o Dublin Rd." prepared by CH2M Hill, dated 2008 Checked by: VAS

3/6/2018



MS CIVIL, INC
MDDP Drainage Calcs-GT.xls

THE SANDS

MASTER DEVELOPMENT DRAINAGE CALCULATIONS

(Area Runoff Coefficient Summary)

TYPE I LAND USE TYPE I1 LAND USE TYPE 3 LAND USE WEIGHTED
TOTAL TOTAL
BASIN AREA AREA | AREA | Cio | AREA | s Cwo | AREA | C Cin Cs Cin
(Sq F) (Acres) (Acres) (Acres) {Acres)
1
4 117132 269 BASIN A IS A PORTION OF 38.50 ACRE BASIN OSP4A FROM MARKSHEFFEL DESIGN REPORT
B 478515 10.09 .19 038 0.55 0.00 0.20 0.44 220 0.09 0.36 0.32 051
c 149754 Bl 142 038 | 0.5 2.02 0.16 0.41 0.00 0.09 0.36 0.25 .47
D 78478 0.42 0.42 0.90 0.96 0.00 020 0.44 0.00 09 0.3¢ 0.99 .96
E 306219 7.08 7.03 0.73 0.81 0.00 0.20 X X .09 0.36 973 81
F 286425 .58 6.58 73 0.31 0.00 020 % .00 .09 0.36 .73 0.81
G 43514 1.00 1.00 .90 0.96 .00 20 44 .00 09 0.36 .90 0.96
" 29092 0.67 0.6 .73 0.81 .00 .20 a4 0.00 .09 0.36 0.73 0.51
7 219265 5.03 50 .38 0.55 .00 .20 44 0.00 .09 0.36 0.38 0.55
7 191749 4.40 440 38 055 .00 0.20 0.44 0.00 .09 0.36 038 0.55
K 4219 0.07 0.00 .38 0.55 97 0.16 041 .00 0.09 0.36 0.6 0.41
3 85248 108 1.96 .38 0.55 0.00 0.12 .39 00 0.09 0.36 038 0.55
EXF (WQ POND #5) 1593867 30.50 6.43 .90 097 | 2368 .68 .82 a3 0.09 0.36 0.70 0.8
EXF WQ #5 OLD CRITERIA 1593867 .60 43 .88 095 | 2868 66 20 43 0.08 035 0.68 0.51
M 125869 280 KX 38 0.55 1.56 .16 41 0.00 0.09 . 26 047
N 210515 4.83 34 038 0.55 349 .16 041 00 0.09 36 22 0.45
0 195030 248 0.60 55 338 .16 041 .00 0.09 36 19 043
P 346311 7.95 7.95 55 0.00 6% 0.2 .00 0.09 .36 38 0.55
0 178066 4.00 209 58 0.00 0.20 044 .00 0.09 0.36 0.51 0.53
& 126761 201 2.91 81 88 0.00 0.66 0.30 00 .09 0. 051 0.58
s 194485 448 4.46 0.38 0.55 0.01 20 44 .00 .09 0.3¢ 0.38 55
T 82194 180 0.00 0.38 .55 0.0¢ 1 Y 89 00 0.36 0.09 36
U 216359 487 4.97 .38 .55 0.0 9 .96 .00 .09 0.3¢ 038 0.55
v 37958 0.87 0.65 31 28 0.22 9 .96 0.00 09 0.36 0.63 0.90
2 57495 132 0.00 .38 0.55 .32 0.16 041 0.00 0.09 0.36 0.16 941
X 128377 295 0.00 .38 0.55 2.95 0.16 0.41 0.00 0.09 0.36 .16 41
Y 76908 177 1.77 031 | 088 0.0 0.20 44 0.00 .09 0.36 .51 88
z 52816 121 0.00 0.38 0.55 0.16 A1 X .09 0.36 41
A4 203653 288 2.68 0.38 .55 X 0.20 44 .00 .09 0.36 ] 53
BB 203487 287 467 0.38 55 0 020 44 I 09 0.36 ;i 53
cC 40642 0.09 .00 0.33 .55 X 0.16 Al O 09 0.36 16 41
DD 29621 0.08 17 0.38 55 051 0.1€ 041 .00 0.09 0.36 .22 0.45
EE 72287 1.8 35 0.38 0.55 131 0.16 0.41 0.00 0.09 0.36 2.2 0.44
FF 17598 0.8 0.28 C.38 0.5 0.58 0.16 Al 0.00 09 0.36 0.23 0.46
GG 17215 0.40 040 0.3 0.55 .00 0.20 44 0.00 09 36 2.38 0.55
7 234958 5.39 .00 38 0.53 00 020 X 539 .09 36 %.09 0.36
Fi 22587 0.62 52 38 0.5 .00 020 44 0.00 09 36 0.38 0.55
7 20905 .48 48 38 0.5 .00 0.20 44 0.00 0.09 0.36 0.38 0.55
KK 78254 1.80 1.80 0.38 0.55 0.00 0.20 44 .00 0.09 0.36 0.38 0.55
050 347842 7.99 799 0.73 0.81 0.00 0.20 44 .00 0.09 0.36 0.73 .81
os1 4047379 029 0.00 0.73 0sl | 9292 | 032 0.51 0,00 0.09 0.36 0.32 .51
oSI*
DEVOSI*™* 4047379 92.02 92.92 | 0.7 0.3 0.00 0.20 044 0.00 0.09 0.36 0.73 .81
EX OS] 7047379 92,02 0.00 0.7 08 0.00 0.20 044 | 9292 | 009 0.36 0.09 0.36
052 196767 452 152 0.7 0.8 0.00 0.20 0.44 0.00 0.09 0.36 0.73 0.81
053 173125 3.7 3.97 0.72 0.3 0.00 .20 0.44 .00 0.09 0.36 0.73 0.1
054 1442324 3311 3301 | 0.73 0.81 0.00 .09 0.36 00 0.09 0. 2.73 0.81
055 43514 1.00 .00 0.90 0.96 0.00 .20 0.44 .00 0.09 0. 0.90 0.96
056 49900 145 1.15 0.6¢ 0.80 0.00 20 0.44 0.00 0.00 0.36 0.6 0.80
Calculated by: DLM/GT
Date: 5/2172017
Checked by: VAS
Page 10of 1
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MS CIVIL, INC.
MDDP Drainage Calcs-GT.xls

MASTER DEVELOPMENT DRAINAGE CALCULATIONS
(Area Drainage Summary)

THE SANDS

From Area Runoff Co-Aficient Summary OVERLAND STREET / CHANNEL FLOW Time of Travel INTENSITY *  TOTAL FLOWS
BASIN ﬂ::. G | Cw | & | Lengm| metgnt | To | Leagm | swope | vetouy| T | Torar | cmecx I T | Qs Qo
(Acres) o DO bl 11 /i) /)] {min) [41/] %) gps) (min) (min) {min) (k) | (bt § (cfs) | (cfs)
Proposed Area Drainage Summary
A 38.50 FLOWS FROM MARKSHEFFEL DESIGN REPORT/CONST. PLANS 1414 2260
B 10.99 3.32 0.51 0.3 100 2 12,0 1196 1.0% 2.0 10.0 22.0 15.2 33 58 11.6 31.1
C 3.44 025 0.47 025 50 23 7.2 7.2 10.3 4.6 7.8 4.0 12.5
D 0.42 0.90 0.96 0.90 50 2 17 5.0 10.3 52 8.7 2.0 3.5
E 7.03 0.73 0.81 073 100 2 5.6 500 1.0% 2.0 4.2 9.8 13.3 42 7.0 2.4 39.8
F 6.58 0.73 0.81 0.73 100 % 5.6 500 1.0% 2.0 42 9.8 13.3 4.2 7.0 20.0 37.2
G 1.00 0.80 0.96 0.90 50 1 2.1 900 1.0% 2.0 7.5 9.6 153 4.2 7.0 3.8 67
H 0.67 0.73 0.81 0.73 50 2 3.2 0 1.0% 2.0 0.0 5.0 10.2 5.2 8.7 2.5 4.7
1 5.03 0.38 0.55 0.38 100 2 11.2 965 1.4% 24 6.8 18.0 15,9 34 5.8 66 15.9
J 4.40 0.38 0.56 0.38 100 2 112 395 15% 2.4 6.1 17.3 15.5 3.5 58 5.8 14.1
K 0.97 0.18 0.41 0.18 75 7.5 1.5 165 0.5% 14 19 9.5 113 4.2 7.1 07 2.8
L 1.96 0.38 0.55 038 57 1 3.8 447 1.0% 2.0 17 126 12.3 3.8 6.4 28 6.8
EXF (WQ POND 3) 36.59 0.70 0.83 0.70 65 1.3 5.1 1600 1.9% 28 9.7 14.8 19.3 35 5.9 90.2 180.3
EXF WQi:5 OLD CRITERIA | 3659 0.68 0.81 0.68 65 1.3 5.3 1600 1.9% 2.8 9.7 15.0 193 3.5 5.9 a7.1 174.9
M 2,89 0.26 0.47 0.26 100 2 13.1 13.1 10.6 4.0 6.8 EY] 9.3
N 4.83 022 045 0.22 100 5 102 1154 1.9% 1.0 19.9 30.1 17.0 3.3 5.6 3.6 2.1
[] 4.48 0.19 0.43 0.19 85 6 8.7 1738 1.9% 1.0 30.9 39.6 204 3. s.1 2.6 2.9
P 7.95 0.38 0.55 0.38 100 2 112 1338 1.5% 2.4 3.1 203 18.0 32 5.5 2.3 23.8
[7] 403 | o8 0.88 0.81 50 1 3.1 400 15% 2.4 2.7 5.9 12.5 4.9 3.3 163 29.8
R 2.91 0.81 0.88 0.81 100 Z 1.5 1000 1.0% 2.0 8.3 12.8 16.1 3.8 6.3 8.9 16.2
s 4.46 0.38 0.55 0.38 55 1 8.6 870 1.0% 2.0 7.3 15.8 15.1 3.5 5.9 6.0 14.5
T 1.89 0.09 0.36 0.09 100 2 154 518 15% 24 3.5 18.9 134 3.7 6.2 0.6 4.2
U 497 0,2 0.55 0.38 100 2 112 633 2.0% 2.8 37 14.9 14,1 3.6 6.1 68 166
V 0.87 0.83 0.90 0.83 65 1.3 33 200 1.0% 20 1.7 5.0 11.5 5.2 8.7 3.7 6.8
.4 1.32 0.16 0.41 0.16 100 8 9.4 207 0.5% 1.1 3.3 126 11.7 3.9 6.5 0.8 3.5
X 2.95 0.16 0.41 0.16 50 & 5.3 1400 1.0% 1.5 15.6 20.8 18.1 3.2 54 15 6.6
) 4 1.77 0.81 0.88 0.81 50 1 11 250 1.0% 2.0 2.1 5.2 117 5.1 3.6 7.3 13.3
zZ 1.21 016 0.41 0.16 S0 3 58 344 0.5% 0.5 11.6 174 122 3.8 64 0.7 3.2
AA 4.68 0.38 055 § 038 100 2 112 984 1.5% 24 6.7 17.9 16.0 3.4 37 61 148
BB 4.67 0.38 0.55 0.38 100 2 148 920 12% 22 7.0 218 15.7 3.5 5.8 6.1 14.9
CcC 0.93 0.16 0.41 0.16 50 S 6.2 235 0.5% 11 3.7 9.8 116 4.2 7.0 0.6 2.7
DD 0.68 0.22 0.45 0.22 100 2 13.9 13.9 10.6 4.0 6.8 0.6 2.1
EE 1.66 0.21 0.44 0.21 75 2 11.1 111 10.4 4.1 6.8 14 5.0
FF 0.86 0.23 0.46 0.23 75 2 10.7 10.7 10.4 4.1 6.2 0.8 2.7
GG 0.40 0.38 0.55 0.38 75 2 8.8 8.8 10.4 43 7.2 0.6 16
HH 5.39 0.09 0.36 0.09 100 2 154 950 1.5% 18 8.6 24.0 15.8 34 5.3 17 11.2
g4 0.52 0.38 0.55 0.38 60 2 7.3 7.3 10.3 4.6 7.7 0.9 22
JI 0.48 0.38 055 0.38 60 2 73 7.3 10.3 4.6 7.7 [X] 2.0
KK 1.80 0.38 0.55 0.38 60 2 2.3 470 2.0% 2.1 3.7 11.0 12,9 4.0 6.7 2.7 6.6
050 7.99 0.73 0.81 0.73 100 0.5 8.9 995 0.5% 0.7 23.5 323 16.1 3.4 5.7 19.9 37.1
081 92.92 0.32 0.51 0.32 100 2 121 3100 2.0% 2,1 4.4 364 273 2.6 4.4 77.2 2065
OSI* ? FLOWS FROM MARKSHEFFEL DESIGN REPORT/CONST. PLANS 89.6 194.5
DEY OS1** 92.92 0.73 0.81 0.73 200 16 5.0 3100 2.0% 2.8 18.3 253 28.3 2.9 4.8 194.1 361.5
EX 0S1 92.92 0.09 0.36 0.09 200 16 13.3 3100 2.0% 28 18.3 320 28.3 2.6 4.0 215 133.8
082 4.52 0.73 0.81 0.73 100 2 5.6 680 1.75% 2.6 43 9.9 143 4.1 6.9 13.6 254
083 3.97 0.73 0.81 0.73 100 2 5.6 625 2.0% 2.8 3.7 93 14.0 42 7.1 123 229
054 33.11 0.73 0.81 0.73 150 3 69 2450 2.0% 1.4 289 35.7 24.4 2.8 47 67.4 125.5
[ 1.00 0.90 0.96 0.90 50 1 2.1 900 1.0% 2.0 7.5 9.6 153 4.2 7.0 3.8 &7
os6 1.15 0.64 0.80 0.64 20 1.5 16 195 1.4% 2.4 2.8 5.0 12.% 52 8.7 3.8 2.0
* Evaluation of offsite basin (assumes developed condition) Calculated by: DLM/GT
** Reported flow is for 10 year ovent Date: 5/21/2017
Checked by: VAS
Page I of 2
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THE SANDS
MASTER DEVELOPMENT DRAINAGE CALCULATIONS
o o
(Basin Routing Summary)
From Arta Rumoff Coefficient Summary OVERLAND PIPE / CHANNEL FLOW Time of Travel (T,) | INTENSITY * | TOTAL FLOWS
DESIGN POINT CONTRIBUTING BASINS |  CA; I CAw | Cs | Lemgth | Height [ Te | Length | Slope | Veloeity i TOTAL I | . Qs Quo COMMENTS
(i (pin) in/hr) (in/Rr) ‘t.ﬁﬂ |_(cfs)
PROPOSED DRAINAGE BASIN ROUTING SUMMARY
[] 0S0 583 6.47 16.1 34 57 19.9 37.1 JEX WEIR IN CONC. LINED CHANNEL
(MSI Report shows 16.433.7)
1 OSP4A/WQi#4 141.0 226.0 |(Taken from MS Road FD Report)
REMOVE/REPLACE RIPRAP
AT SCEFST
2 B 349 5.58 172 33 56 11,6 311 IDUAL® SUMP INLETS
3 08-1 2973 4139 278 26 44 77.2 206.5 §(MSIReport shows 89.6/194.5)
EX DUAL 48" RCP'S
4 DP-3 29.73 4739 66.1 176.8 Wrmr. ' BW CONC. TRAP CHANNEL
082 130 366 7.3 13.6
08-3 2.90 322 64 12.0
D 038 0.41 DP 5 TODP § 0.8 15
3631 54.67 500 0.5% 1.1 7.9 35.6 2.2 3.7 80.7 203.9 |PROP. $' BW CONC. TRAP CHANNEL
5 E 513 5.69 9.8 42 0 21.4 39.8 JFULL SPECTRUM DETENTION POND 2
(OUTLET W 18" RCP
6 F 480 533 98 42 70 27.5 50.6 |FULL SPECTRUM DETENTION POND 3
DP8 1.80 132 (OUTLET W/18* RCP
6.60 724
7 084 117 26.82 244 2§ 47 67.4 125.5 WRBMOVB EXISTING 24"
[EXTEND 48" CMP
OR REPLACE WITH 48" RCP
8 G 0.90 0.96 96 42 70 38 6.7  |PROP.4' SUMP INLETS
[0/ 0.90 0.96 3.8 6.7 IW'I8 £ 24" RCP AND (2) CDS
1.80 1.92 7.5 13.5
9 DP7 24.17 26.82 244 28 47 67.4 125.5 |PROP. 4' SUMF INLETS
] 'W/18 & 24" RCP AND A CDS UNIT
10 DP9 2417 2682 244 28 47 67.4 125.5 {PROP. 6'BW RIPRAP LINED CHANNEL
H 049 0.54 1.2 2.3 |W/36" DUAL RCP CULVERTS
2466 | 2736 so0 fu6w | 19 44 268 25 | 43 | 62 11 [USE DP 9 FOR SWALE SIZING
Calculated by: DLM/GT
Date: 5/21/2016
Checked by: VAS
MS CIVIL, INC.
MDDP Drainage Calcs-GT.xls Page 1of 1

3/572018



. o
(Basin Routing Summary)
From Area Runoff Coafficient Summary OVERLAND PIPE / CHANNEL FLOW Time of Travel (T,) | INTENSITY * | TOTAL FLOWS
DESIGN POINT CONTRIBUTING BASINS |  CA, l CAj | Cs | Length | Height Te Length | Slope I Veloclty | T, TOTAL I ) .. Qq Qi COMMENTS
@ &H i (orin) why | win) | (efs) | efs)
PROPOSED DRAINAGE BASIN ROUTING SUMMARY
11 K 015 040 172 13 56 12.1 33.3 |FULL SPECTRUM DETENTION FOND |
DP2 3.49 5.58 (OUTLET W;18" RCP
1.65 5.9%
12 J 167 242 155 35 58 58 14.1 |PROP. 4' SUMP INLET
W18" & 24° RCP
13 1 191 211 159 34 58 6.6 15.9 [PROP s AT GRADEINLET
W/18" & 24" RCPS
4 DP12 167 242 159 34 58 13.0 32.8 [FULLSPECTRUM DETENTION POND D
DP13 191 277 OUTLET W 18" RCP
z 0.19 0.50
3.78 5.69
14 ADD DISCHARGE FLOW TO BASIN N AND WQ POND #5 TOTAL 0.3 16.5 |FULL SPECTRUM DETENTION POND D
(OUTLET W'18* RCP
HISTORIC RELEASE RATE
15 WQ POND #3 (EXF) | 2546 | 302 170 33 56 38.5 | 181.9
N 107 217
26.53 3249 885 181.9 |PROP. 3~ 36" RCP
16 L 0.74 108 126 38 64 2.8 6.8 |PROP. # SUMP INLET
W;18* RCPS
17 1] 085 192 204 31 51 2.6 9.9 |EARTHEN SWALE
18 Q 331 5.60 73 46 7.7 161 300 WFUI.L SPECTRUM DETENTION POND 4
o 0.20 0.29 OUTLET Wi 30" RCP
3.51 3.88
19 DP17 0385 192 30 13.8 |POND QUTFALL & DP17
PIPE. 118 CUMMULATIVE FLOW FROM POND AND DP17 TOTAL TO EXISTING 0"
20 U 189 27 141 36 61 6.8 16.6 [PROP. 4 SUMP INLETS
W/18" & 18" RCP
21 s 1.70 246 15.1 35 59 8.0 14.5 |PROP. 8' SUMP INLET
W’ 24" RCP
Calculated by: DLM
Date: 52212017
Checked by: VAS

MS CIVIL, INC.

MDDP Drainage Cales-GT.xls Page I of 1 3/5/2018



THE SANDS
MASTER DEVELOPMENT DRAINAGE CALCULATIONS
o .
(Basin Routing Summary)
From Area Runoff Coeffic ent Summary OVERLAND PIPE / CHANNEL FLOW Time of Travel (T,) | INTENSITY * | TOTAL FLOWS
DESIGN POINT CONTRIBUTING BASING | €A, | CAis | C; | Length | Helght | Tc | Length | Slope | Velocity | T, TOTAL Is | Qs Qi COMMENTS
i [i7) ) (min) inmg) | @nomn) | (efs) | (efs)
PROPOSED DRAINAGE BASIN ROUTING SUMMARY
22 U 139 27 141 36 6.1 94 21.3 [PROP 6 SUMP INLETS
v 0.73 0.78 Wi24" & 24" RCP
2.61 352
23 T 0.17 0.68 134 37 62 0.6 4.2 |CDOT TYPEC AREA INLET
W’18"RCP
24 12R 11§ 128 128 18 63 9.5 17.8 |CDOT TYPE C AREA INLET
12 R+JJ 1.36 154 W.18"RCP
2.54 282
25 PR127 9.96 14.15 18.0 32 55 41.8 99.2 JFULL SPECTRUM DETENTION POND §
PR128 0.17 068 OUTLET W/24*RCP
PR130 254 282
w 0.21 0.54
12.88 18.20
26 Y 142 155 52 51 8.6 7.3 13.3 JFULL SPECTRUM DETENTION POND 6
OUTLET W. 18" RCP
27 GG 0.15 0.22 158 34 58 22 12.5 JCDOT TYPE C AREA INLET
HH 0.49 1.94 W 18" RCP
0.64 2.16 .
28 AA 178 2.5 160 34 5.7 122 29.5 |PROP 8'SUMP INLETS
BB 1.78 2.57 Wi24" RCP
3.55 514
29 DP27 0.64 2.16 160 34 57 14.8 44.1 [FULLSPECTRUM DETENTION POND 7
DP28 1.58 5.14 OUTLET W/18" RCP
cc 0.15 0.38
434 7.68
30 DD 0.15 030 10.6 40 63 0.6 2,1 |GRASS LINED SWALE
31 P 302 437 18.0 32 55 9.8 23.8 [PROP. 10' AT-GRADBINLETS
W18 & 18" RCP

MS CIVIL, INC.
MDDP Drainage Cales-GTxls

Page I of 1

Calculated by: DLM/GT

Date:

572212017

Checked by: VAS

3/5/2018



Marksheffei and Constitution
Master Development Drainage Plan

Hydrologic Analysis Comparison for Basin 05-1

Basin Basin Site Cs | C100 Tc Qs Q100 Recom. infrast. Size Existing Infrastr, Size
ID Size Development (minsy | {(cfs) {cfs) at DP-5 at DP-5
Area Use {assuming 1% FFC*)

M&sS Civil

EXOS1 92.92 Undeveloped 009 | 032 278 19.9 | 133.8 Ex. Duai 42" RCP @ 1% Ex Dual 42" CMPs
DEV 0S1 92.92 | Heavyindustrial | 0.73 | 0.81 | 233 | 1945 | 3615 Prop. Dual 60" RCP @ 1%

0s1 92.92 Unidentifiec 0.32{ 0.51 32 77.2 | 206.5 Prop. Dual 48" RCP @ 1%
(From MS Lot 16 Map}
0s1* Unk Unk Unk | Unk Unk 98.6 | 194.5 Prop. Dua! 48" RCP @ 1%

* Assuming FFC @ 1 using n=0.013, Pipe Depth unknown thus HW/D not used
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MARKSHEFFEL & CONSTITUTION
MASTER DEVELOPMENT DRAINAGE CALCULATIONS
(Storm Sewer Routing Summary)

Intensity* Flow PIPE SIZE
PIPE Coniributing Egquivalent | Equivalent | Maximum I I 0 0
RUN Pipes/Design Points CA; CA 10 T e 109 5 L

101 1/2 DP2 1.75 2.79 16.1 34 5.7 6.0 16.0 |[24" RCP

102 DP2 3.49 5.58 16.1 34 5.7 11.9 32.0 |[p0"RCP

103 OUTFALL FSD 1 TAKEN FROM UD-DETENTION (POND 1) 0.2 13.8 4" RCP

104 OUTFAI::I:i*‘SD 2 TAKEN FROM UD-DETENTION (POND 2) L0 4.9 18" RCP

105 OUTFALL FSD 3 TAKEN FROM UD-DETENTION (POND 3) 1.2 6.0 [18"RCP
—;06 - D;7— ;7— 26.82 244 2.8 4.7 67.4 125.5 [48" RCP

107 1/2DP8 0.90 0.96 9.6 42 7.0 3.8 6.7 |[18" RCP

108 DPS 1.80 - 1.92 9.6 42 7.0 7.5 13.5 [24" RCP

109 1/2 DP10 12.33 13.68 28.8 25 43 31.3 58.3 |[B6"RCP

110 1/2 DP10 1233 13.68 28.8 25 4.3 31.3 58.3 ||36" RCP

111 1/2 DP12 0.84 121 15.5 35 5.8 2.9 7.1 |[18"RCP
_1;2 DP12 - 1.67 242 15.5 315 5.8 5.8 14.1 j24" RCP

113 1/2 DP13 0.96 1.38 159 34 5.8 3.3 8.0 18" RCP

114 DP13 1.91 2.77 15.9 34 5.8 6.6 15.9 |24"RCP

115 DP14 TAKEN FROM UD-DETENTION (POND D) 0.3 10.5 [18"RCP

116 DP15 26.53 3249 17.0 3.3 5.6 88.5 181.9 |[|3~42" RCP

117 DP16 0.74 1.08 12.6 3.8 64 | 2.8 6.8 ||18"RCP
* Intensity equations assume a minimum travel time of 5 minutes. Calculated by: DLM/GT

DP - Design Point FB- Flow By from Design Point Date: 5/21/2017
EX - Existing Design Point INT- Intercepted Flow from Design Point Checked by: VAS

Page 1 MDDP Drainage Calcs-GT.xls



MARKSHEFFEL & CONSTITUTION
MASTER DEVELOPMENT DRAINAGE CALCULATIONS

(Storm Sewer Routing Summary)

Intensity* Flow  |pIPE S1ZE
PIPE Contributing Equivalent | Equivalent | Maximum
RUN Pipes/Design Points ca, CA 130 Te Is | Two | 25 | Qroo
118 DP18 RELEASE FROM POND 4 0.7 3.2 18" RCP
119 1/2 PIPE DP20 0.94 137 141 3.6 6.1 3.4 8.3 18" RCP
120 ol 1/2 PIPE DP2¢ 0.94 1.37 14.1 3.6 6.1 3.4 JT— 18" RCP
121 DP20, PR140 491 7.10 180 32 55 15.9 38.7 |30"RCP
122 PR117+PR121 5.65 8.18 18.0 32 55 18.4 44.6 |[[30" RCP
123 DP21 1.70 246 15.1 3.5 5.9 6._0 14.5 [p4"RCP
124 1/2 DP22 131 1.76 14.1 3.6 6.1 4.7 10.7 |18" RCP
—1—25 PR122+PR123+PR124 8.66 12.39 18.0 3.2 5.5 28.1 67.6 42" RCP
126 12 DP22 131 1.76 14.1 3.6 6.1 4.7 10.7 |[18"RCP
127 PR125+PR126 996 : 15 18.0 12 ol 32.4 77.2 ||42" RCP
128 DP23 0.17 0.68 13.4 37 6.2 0.6 4.2 18" RCP
129 1/2 BASINR 1.18 128 12.8 38 63 4.4 8.1 18" RCP
130 BASIN R + BASIN JJ 2.54 2.82 12.8 33 6.3 9.5 17.8 |]24" RCP
131 OUTFALL FSD 5 TAKFN FROM UD-DETENTION (POND 5) 0.7 386 [b4"RrCP
132 OUTFALL FSD 6 _ TAKEN FROM UD-DETENTION (POND 6) 7.3 133 [18"Rrep
5 133 1/2 DP28 1.78 - 2.57 16.0 34 oY, 6.1 14.8 [|18"RCP
134 1/2 DP28 1.78 2.57 16.0 3.4 5.7 6.1 14.8 [j18"RCP
135 PR133+PR134 355 514 16.0 34 S 12.2 29.5 [24"RCP
136 DP27 0.64 2.16 15.8 34 58 2.2 12.5 [|18"RCP
137 DP29 TAKEN FROM UD-DETENTION (POND 7) 0.4 16. 2—_ 18" RCP
138 1/2DP31 151 2.19 18.0 32 5.5 4.9 11.9 J18"RCP
139 1/2 DP31 1.51 219 18.0 “Jes 55 4.9 11.9 [j18"RCP
140 DP31 3.02 4.37 18.0 32 55 9.8 23.8 [[24"RCP
* Intensity equations assume a minimmm travel time of 5 minutes. Cal d by: DLM/GT

FB- Flow By from Design Point

Date: 5/21/2017

DP - Design Point

EX - Existing Design Point INT- Intercepted Flow from Design Point Checked by: VAS

Page 1 MDDP Drainage Calcs-GT.xls



Inlets

Chapter 8

Figure 8-12. Inlet Capacity Chart Sump Conditions, Curb Opening (D-10-R) Inlet

D-10-R Inlet
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Partially Full Pipe Flow Calculator and Equations

Flukd Flow Tablc of Contepts | B

ﬂdsengi.neeﬁngcalwhwrd:tumines&eﬂowwithinapuﬁallyﬁlu pipe using the Manni.g equation. Thiz
Manning roughness cocfficient needs to be

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

Partially Full Pipe Flow Calculations - U.S. Units

11, Caleul of Discharge, Q, and average velocky, V
for pipes more than balf full

Instructions: Enter values In blue boxes. Calculations inyellow

Inputs Calcutntions
Pipe Diometer, D < 24 tn Pipe Dk pd_ 2
Depthofflow,y=f 17 n Pipe Radius, r 1
(musthavey 2 D/2)
Clre. Segment Height. b
Full Pipe Mannin; g
ghness, neu J voi3 | Centra! Angle, q -I 223
Channel bottom Cross-Sect. Area, A=] 238
slope, 8 0.01 /R
Wetted Perimeter, P ={__4.0
Calculations Hydrautic Radiug, R« _0.59 |
n/nsy = Discharge, Q=) _16.83
Partially Fuil Manaing Ave, Velocity, v =f__707
roughness, n =

PIpe % full [(A/Ara)*100%) =

raDf2

halr-y

(hydraulic radius)

R=A/P

(Manning Equation)

Qe (LA AN

VaQsa P

0 = 2arccos (L;—Q)

2 _ 1%(e-sing)

Full Fiow Parsmeters
SRR

P u2gr -r*9

Equation used for n/n: n/mas= 1.26 - {y/D-0.5]°0.8 (for 0.5 < y/D < 1)
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ASME Ya3.5-2009 Standard
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Partially Full Pipe Flow Calculator and Equations

ENGINEERES -
EDGE

Saluifons By Design

e

Fluid Flow Table of Contenty |

ij t

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
caleulator 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 Flaw Calculations - 11.S. Units

1. Calculstion of DI pe, O, and age velodity, V
for pipes more than half full

Instructtons: Enter values in biue boxes. Calculations in yellow

Inputs Caleultions
Pipe Diameter, Do __30 [ Pipe Diameter,D=t_25 } &
Depth of Bow, y 22 n Pipe Radius,r<|__1.25 .3
(musthavey > D/2)
Circ. Segment Helght, b Rk
Full Plpe Manning
roughness, nag 5 Central Angle,q o __2.17 radians
Channel battom Cross-Sect. Araa, A =|_3.86 a2
slope, 5§ 001 R/
Wetted Perimeter, P=g_ 51 | 1
Calcxlationy Hydraulic Radius, R« _0.75 r
n/ng = 1.133333: Discharge, @ =} _32.22 ofs
Partially Full Manning Ave. Volocity, V={__835__| f/sec
roughness, = oo |

pipe 5% full [(A/A)*100%] =

r=p/2

h=2r-y

(ydraukic radius)

R=AfP

(Manning Equation)

Q= (L49/n)(AXRY)(SY)

V=Q/A P

8 = 2 arccos (L;—h)

Pestially Full Pipe Flow Parameters N
(More Than Hall Full) 2 r°(0- sinb)
A= Tt° - A
2
P =2xr -1%9

Bquation used for nfnas: n/tpa = 1.25 - (/D 0.5]%0.5 (for 0.5 < y/D £ 1)

DP2 Que* 3F\cty

B
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ENGINEENE
EDGE
Soldutions 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 &ls0 be used for ymiform 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 Fiow Calculations - US. Units

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

Instructions: Bnter values in blue boxes. Calculations in yellow

Inputs Calculations
Pipe Diameter, D= 48 in Pipe Diameter, D=} 4 ft
Depta offlow,y =] 33.5 in Pipe Radius, r 2 ft
{musthavey > D/f2)
Circ. Segment Height, h ft
Full Pipe Manoni
roughness, nup = 0013 Central Angle,q=|_2.33 | radians
Channel bottom Cross-Sect. Area, A= _ 9.37 g
stopese] 001 | aym
Wetted Perimeter, P} 7.9 ft
Calculations Hydraulic Radius, Ref_1.18 | &
0/t = Discharge, @ -] 10436 | cfs
Partiajly Full Manning Ave, Velocity, V=] _11.14 R/sec

roughness, n. =
pipe %6 ull[(A/Aw}*100%] =

r=D/2

h=2r-y

{hydraulic radius)

R=AfP

(Manning Equation)

Q= (L49/m)(A)R¥H (5"

v=Q/A P

8 = 2arccos (li-ll)
Partially Full Pips Flow Parameters
(More Than Half Full Ae ! _ I'(6-sine)

P =2xr -r*0

Equation used forn/nan: n/nran = %.25 - {y/D -0.5)*0.5 (for 0.5 < y/D < 1)
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EDGE
Soduwtions By Design
Partially Full Pipe Flow Calculator and Equations

Fluid Flgw Table of Contents | Hydraulic and Pneumatic Knowledge
Fluid Pgwer Equipment

This engineering calculator determines the Flow within a partially fall pipe using the Manning cquation. This

calculator can also be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be Membershi
considered to be variable, dependent upon the depth of flow. Rﬂ""‘ I 5 g
—_——
Partially Full Plpe Flow Calculations - U.S. Units Search
IL. Caleulation of Discharge, Q, and average velocity, V e
for pipes mora than half full Bin Catensries
> Home
instructions: Enter values in blue boxes. Calculations Inyellow 2 M&_;MM
» Engineering Forum
Inputs Lajculations » Excel App. Do
» Online Books & Manuals
Pipe Diameter, Duj] 48 in Pipe Diameter, D=} 4 R » Ennmg%mg
=] 38 4 2z » Engineering Videos
Depth of flow, y in Pipe Radius, r ft + Engi ing Calcul
(must havey > D/2) » Engineering Toolbox
Circ, Segment Height, h ft + GD&T Irlin.!d”
Full Pipe Manning ic Dj j
roughness, ngn=j 0013 Central Angle, g =] 190 radians M.m_g'ﬂs .
Channel bottom Cross-Sect. Ares, A =] _10.67 e i an—h!
’ N
siope,s L 091 | e e Onlite
Wetted Perimeter, P=| 8.8 ft » Advertisin
Lalculations Hydraulic Radius, A=} 122 | f
n/nen = Discharge, Q =]_126.18 ks TRANSLATE
Partially Fui] Manning Ave. Velocity, v 11.83 ft/sec !
roughness,m = s
pipe % full [(A/Aw)*100%] = . Print Webpage :
» Copyright Notice
r=D/2 .
Submit an
Articl
(hydraulic radius) icle
R=A/P Q\g%?r,’/'
{Manning Equation) % =
Q = (1.49/0)(AJ(RZ)(s! Become an
APINETET) Engineers Edge
v=Q/A P Contributor
6 =2arccos (5-;—1‘) ST
Pariisily Full Pipe Flow Parameters ]
(More Than Half Full) A 20 (- sind)

2
P =2xr —-1%0

Equation used for n/nfar: n/nyp = 2.28- (y/D-051*0.8 (for05 < y/D £ 1)

DPF Qoo™ 2525 che



Chapter 8 Inlets

Figure 8-12. Inlet Capacity Chart Sump Conditions, Curb Opening {D-10-R) Inlet

D-10-R Inlet
12 { T .!.ﬁ —1 : Tov |
| > ! hd N
: R T i ‘?
Lo 1 [
° e o .
..'2_'_ : |.;_.‘—£f Y ) ~i
- 8 L I - -
5 EeE=SsSes :
. —
8 LY . T e S N it
1 ] [ i i i
g 1 i ] T ]
N I ] f
o o =
QR e o . i ]
! a0 ] | Ty T H ' O
A - | I} 1 L S A
N e e SN EEEESEngm———
0 10 20 30 40 50 60
A
Inlet Capacity (cfs)
4' Inlet e 8" [nlet essses 12'Inlet ===« 16’ Inlet
z DPg Divw = &P ety
May 2014 City of Colorado Springs 8-17

Drainage Criteria Manual, Volume 1
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EeDGE ﬁ wimate- GDAT Wall Chart

Bolutiens By Design Laminoted, 24" x 36" - A
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic spd Prenmatic Kaowledge

Flaid Power Equipment

msmghnningulmﬂmrdetmninesthemowwiﬂﬁnapnﬁdlyﬁmpipeusingtheManningeqmion.’l‘lﬁs
mlcnlamrmulsobeusedibrmﬂfmﬂuwinnpipe,hutanuuﬁngmngbnm coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Ful Pipe Flow Calcelations - U.S. Unlits
I, Calculation of Discharge, Q, and average velodty, V

for pipes more than half full
Instructions: Enter valuss in blue boxes. Calculotions in yellow
Inpats Calculations
Pipe Dinmeter, D - 24 in Plpe D L E f
Depth af fow,y =§__15 in Pipe Radius,r=] __ 1 3
{musthave y 2 D/2)
Circ. Segment Height. b = f
Full Plpe Manuing
roughness, en m Central Angle, q =] _264 | radians
Chanbel hottom Cross-Sect. Area, A={_ 207 S
slope, § -l D01 | ft/tt
Wetted Perimeter, P=l_36 1 ¢
SGalculations Hydraulic Radins, R=]_0.57 1 p
n/nen = Discharge, @ =| 13.55 ofs
Partialiy Full Mannl Ave. Velocity, V=]__6.61 R/sec
roughness.n = Loas |
Pipe 5% fal [(A/Ass)*100%)] =
raDf2
’ m S h=2r-y
‘ (aysdraulic radius)
R=A/P
(Mamntng Equation)
Q= Q49mYAI P51
V=Q/A P
0 = 2arccos (r;_h)

Partially Full Pipe Flow Parametess
{More Than Hal Full) 2 r(e-sing)
A= Br" ~ .._._2___
P =2nr -r*§

Equation usad for n/ny: n/neah=1.25 - (y/D -0.5)°0.5 (for05 € y/D < 1)

P? 8 Ru0=/3.508

@l

>
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ASME Yig. 52000 Standurd
- Balutions By Declpn Lominated, 24" x 36™ - A J

&

Partially Full Pipe Flow Calculator and Equations

Hsid Fiow Tablc of Contenta |
Fluid Power Egeipmen

This enginesring calculator determines the Flow within s partially full pipe using the Manning equation. This
calculator can &lso be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

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

Partially Fall Pipe Flow Calculations - U.S. Units
Ii. Calculation of Discharge, Q, and average velocity, V

wied

for pipes more than half full
Instructions: Enter volues in blue baxes. Calculations in yellow
Inputs Calculations
Pipe DI AE B In Plpe Di Do 3
Depth of flow, y»§__30 In Pipe Radfus,r= 15
(rousthave y 2 D/2)
Gir. Segment Heighe: b | 0500 |
Full Pipe Mannin,
rough Ir-nj 0013 I wm,;,:&
Channel bottom Cross-Sect Area, A=]__6.29
slope, 5 001 773
Wetted Perimeter, P 6.9
Calcnlations Hydraulic Radius, R=f _ 091
n/nga = Discharge, @ 6243
Partially Full Manning Ave, Veloctty, V=] 995
roughness, n =

pipe % fall [(A/Awa)*100%] =

r=D/f2

ha2r-y

(ydraulte radiug)
R=AfP

{Manning Equation)

Q= {149/n)(ANRY) (52

0 = 2arccos (I—;-h)
Partially Full Pipe Flow Parmeters
(More Than Half Fully A= “rz

P =2xr ~t*0@

Equation used for 5/na: n/nax = 1.26 - (y/D -0.5)*0.5 (for05 £ /D £ 1)

"2\: PP WO R~ 6"25 ofs

V=Q/A P

_ r’(6-sing)
2

3

i p
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CNaINZER
EDGEE
Sciutions By Design
Partially Full Pipe Flow Calculator and Equations

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

This engineering calculator determines the Flow withir a partielly 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
congidered 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. Calculationsin yellow

inputs Lalcaiations

Pipe Diameter, D =§ 54 in Pipe Diameter, D 5| 4.5 ]
Depth of flow,y =] 47 in Pipe Radius, r 2.25 R

(must have y > D/2)
Gire.segment Helght,b_0583 |  n

Full Pipe Manning

roughness, nay = 0013 Certral Angle,q=}_147 | radians
Channel bottom Cross-Sect. Area, A=| 14.69 R
stope.s-[ 991 _| nsn
Wetted Perimeter, P=] 108 ft
Galculations Hydraulic Radius,R<]__136 | g
n/nga = 1,064814¢ Discharge, 0= 19394 | fs
Partialty Full Manning Ave. Velocity, ¥ = 13.20 ft/sec
roughness,n =

Pipe % full (A/AwiJ*100%] =

r=Dj2

h=2r-y

(bydrautic radius)

R=A/P

(Manuing Equation)

Q= (L49/m)(A)(R**)(s2)

VaQ/A P

6 =2arccos (5-;_'—!‘)

Partially Fuli Pipe Flow Parameters .
(More Than Half Full) - SED r°(0-sing)
2

P =2xr ~-1r*0

Equation used for n/nea: n/naw = 1.25 - [y/D -0.5)%0.5 (for0.5 2 y/D < 1)
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' Litimate - GDAT Wall Chart
ASME ¥Y14.5-2009 Stondard
Laminated, 21" x 367 . Awesome!

Bolutions By Desiyn E:@

Partially Full Pipe Flow Calculator and Equations

W

Fluid MJ Equipment

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

Partially Fall Pipe Flow Calculations - U.S. Unlts
11, Calcul of Discharge, Q, and average velocity, V
for pipes more than half fult

Instructions: Enter values in blue boxes, Calculations in yellow

Calculations
Pipe Dismeter, Do 54 In Pipe Diameter, D= _45 f
Depthof flow,y __45 In Plpe Radius,r=| 2.2 &
{musthhavey > D/2)
Circ, Segment Helight, h r
Full Pipe Manning
v v 9] conrt g s J 28] s
Channel bottom Cross-Sect. Ares, A=]_1416 n?
slope, S 0.01 /Rt
Wetted Perimeter, P ={__ 104 ft
r— Hyersunc Raduus R o 137 |
n/Ren = 1083333 Discharge, Q =] 184,64 ofs
Partially Full Manning i Ave,Velodty, V={_13.04 | pssec
roughness,n =

pipe % Ml {(A/An)"100%] =

r=Df2

i ] h=2r.y

M it it
R=A/P

(Maming Equation)

Q= (L49/n)(A)RP)(EV?)
V=Q/A

bl

@ = 2arccos (-'%-‘L)
Pastially Full Pipe Flow Paameters y
(More Thas Hlf Fu r’(6- sing)

2
= NI -
o 2

P =2xnr ~1r*9

Equation used for n/nny: n/ngs =125 - (y/D-0.5)°0.5 (for0.5 £ y/D £ 1)

Ex. W& Yoo & & P> (©0.3 cbs
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Chapter 8

Inlets

Figure 8-12. Inlet Capacity Chart Sump Conditions,

Curb Opening (D-10-R) Inlet

D-10-R Inlet
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Sohations By Design

Partially Full Pipe Flow Calculator and Equations
Fluid Flow Table of Contents | Hydraulic and Pnenmatie Knowledge
Fluid Power Equipment

This engineering calculator determines the Flow within a partielly 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 Celculations - U.S. Units

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

Instructions: Enter values in blue boxes. Calculations in yellow

Inputs
Pipe Diameter, D =§ 18 in
Depth of flow,y = 12 in
{musthavey > D/2)
Full Pipe Manni
roughness, By =| 0.013
Channel bettom
siope,s=[ 091 | nym
Calcylations
n/ttwn = 1.166666¢
Partially Full Manning

roughness,n=

Partially Full Pipe Flow Pamameters
(More Than Half Full)

Lalcuiations

Pipe Diameter,D=§ 15
Pipe Radius,r=| 075

Circ. Segment Height, h

Centra! Angle, g = _ 2.46
Cross-Sect. Area, A=]__1.25

Wetted Perimeter, P={ 2.9
Hydraullc Radius, R=| _0.44
Discharge, Q o __7.08

Ave, Velocity, v=|__5.65

pipe % full [(A/Ann)*10096) =

r=D/2

h=2r-y

(bydraulic radius)

R=A/P

(Manning Equation)

Q= (149/n)(AY(R*)(5)

V=Q/A P

6 = 2 arccos ('—;3)

2
A= nr? _ 1(0-sing)
2
P =2xr —1*0

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

—‘i DP2 B - 10OS ks
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| Print Webpage
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Sodwtions 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

enlcu]mcanalsobeusedforunifomﬂowinapipe,

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
for pipes more than half full

Instructions: Enter values in Elue boxes. Calculationsin yellow

Inputs
Pipe Dlameter, D = 24 in
Depth of flow, y =| 16 in
{must have y > D/2)
Full Pipe Mannl
mughnm' By =] 0.013
Channe! bottom
stope R/t
Calculations
/gy = 166666¢
Partially Full Manning
roughness,n =

Laleylations
Pipe Diameter, D =
Pipe Radius, r
Circ. Segment Height, h
Central Angle, q = m
Cross-Sect. Area, A =] m
Wetted Perimeter, P=| 3.8
Hydraulic Radius, R4 0.58
Discharge, Q5 15.24
Ave. Velocity, V 6.85

plpe % full [(A/Asu}*100%] =

r=D/2

h=2r-y

(bydraulic radius)
R=A/P

(Manning Equation)
Q={149/n)(A)(R*7)(5"?)
VaQ/A

Partially Full Fipe Flow Parameters

(More Than Half Full)

2
A= Tr° -

P=2xr-1*9

Equation used for n/nrur: nfon = 1.25 - (y/D -0.5)%0.5 (for 0.5 < y/D < 1)

DP\e =

19. ks

0 = 2arccos ('—;—-l!)

r%(0- sing)
2

partially foll pipe using the Manning equation. This
but the Manning roughness coefficient needs to be

ft

radians
a2
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Inlets Chapter 8

Figure 3-7. Imlet Capacity Chart Continuous Grade Conditions, Residential (Local)
(Attached and Detached Sidewalk)

Street Section Data;  Street Width Flowline to Flowline = 34
Type of Curb and Gutter:  D-10-R = 8 vertical
Type 16 = 6” vertical
Minor Storm

Infet Capacity (cfs)

=== Single Type 16 === Double Type 16 mp=Triple Type 16
== =Single Type R ==4 = Double Type R =@ ~Triple Type R
Major Storm

Infet Capacity (cfs)

S 6 7 8 9 10
Slope (%)
==¢==Single Type 16 ==~ Double Type 16 =—==Triple Type 16
== =Single Type R ==@ = Double Type R =@ ~Triple Type R

The standard street section parameters as defined in Chapler 7 must apply to use these charts. For non-standard sections, the inlet
capacily shall be calculated using the UDFCD spreadsheets. The maximum spread widih is limited by the curb helght based on no
curb overtopping during a minor storm and flow baing contained within the public right-of-way during the major storm. Calculations
were done using UD-Inlet 3.00.ds, Mar., 2011 with the default clogging factors.

8-12 City of Colorado Springs May 2014
Drainage Criteria Manual, Volume 1
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Partially Full Pipe Flow Calculator and Equations

&

Fiyid Flow Table of Coptents | Hydraulic aud Peumatic Knowledge

Elgid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
ing roughness coefficient needs to be

cnlculumrcmalsobeusedfornniﬁamﬂﬂwhlpipe,bmtheanmg
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 velacity, V
€or plpes more than half full

Instructions: Enter values in blue boxes. Calculatfons in yellow

Inputs Galenlations
Pipe Diameter, Do 18 tn Pipe Dtameter,D={_ 15 |
Depth of low,y=§__13 in Pipe Radius, r=}__0.75
(musthavey >D/2)
Circ Segmant Height, h
Full Pipe Manning
roughness, nga < 0013 | Central Angle, q =f_2.22 |
Channel bottom Cross-Sect. Area, A=] _1.37
slops, S 001 /R
Wettad Perimeter, P =i 3.0
Calcukotions Hydraulic Radlug, R =] _045 |
/g = 11388081 Discharge, Q= 806
Partially Full Manning Ave. Velocly, V=]__580 |
roughness, n = 0.015
pipe 9% Aul [(A/Anc)*100%] = [ 773% ]
r=Dj2
’ m s h=2r-y
: {hydraultc radins)
R=A/P
(Manning Equation)
Q= (149/mA(RP)(SY)
VaQ/A P
r-h)
8 = 2arccos ( .o

PaxtiaRy Full Pipe Flow Parnmeters
A= AT

P o=2pr -9

Equation used for n/nr n/Ben= 125 - (y/D -0.5)%0.5 (for0.5 < y/D £ 1)

-2].. PP B Bwe= 345

_ 1'(e-sin®)
2
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Partially Full Pipe Flow Calculator and Equations ASHEV14.3.2009, Camsnatric
Fluid Fiow Table of Contents | m Soundaries B CORT Refarence Baok
Fluid Power Fquipment
N . . . L . . . Memberzhip
This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This Register | n
calculator can also be uzed for uniform flow in a pipe, but the Manning roughness cocfficient needs to be —F—HA—
considered to be variable, dependent upon the depth of flow. —
Partially Fall Pipe Flow Calculations - U.S, Units #ain Cotegeriss
Ii. Calculation of Discharge, Q, and average velocity, V » Home
for pipes more than half fall » Engineering Book Store
. Engineerins F
Instructions: Enter values in blus boxes, Colculations in yellow g BELMM!
Inputs Calculations Q“}MEM"J@!
» Engineering News
+ Enginesring Videos
Pipe Diameter, D24 in Pipe Diameter, D=f_2 r » Engineering Calculators
Depth of Row,y 417 m Pipe Radius,r<|___1 n; » Engineering Toolbox
» Engineering Jobs
(st have y 2 D/2) »GDET Tralping
Circ. Segment Height ho)_0583 ] o | Geometric Dimensioning
Full Pipe Manning » DFM DFA Trajning
roughness, Central Avgle, q~)_ 228 | radians » Isining Oline
Channe] bottom Crocs-Sect. Area, A=g__ 238 # |Engincering
+ Advertising Center
slope,§ -l 0.01 | /e
Wetted Perimeter, P={_40__1 n Print Webpage
Calcalstions Hydraulic Radius, R=|__0.59 & T
o/ne = 1.145853; Discharge, Q1663 os » Copyright Notjee
Partially Full Manning Ave. Velocity, V=707 | ffsec R
memme | o215 ] Submit an
pipe 96 Rll [(A/Ana]*100%] = Article
r=D/f2
3 - S h=2r-y
h (hydraulicradivs) Engineers Edge
R=A/P Contributor
Quanming Equation) Advertise Hers
SRGARURSAES Machine Design
=0JA P Reference handbook 716-
vy page volume Mechanicat
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Partially Full Pipe Flow Parameters
{More Than Half Fully :  r’(e-sing)
A= Y -~ ——-i——-—-
P =2nr -r%9

Equation used for n/near n/men=1.25-{y/D-0.5)*0.5 (for0.5 <y/D £ 1)

Dy Qo= 1§59 ety
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Solutions 8y Design
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Partially Full Pipe Flow Calculator and Equaticns

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

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 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 yellaw
Inpats Calculations
Pipe Di .D=f 42 in Pipe Diameter, D=]_3.5 ft
Depth of flow,y = __40 in Pipe Radius,r =] _1.75 i3
(must havey > D/2)
Circ. Segment Helght, h = e
Full Pipe Mannin;
rough nen=f_0013 Central Angle, g =|__0.88 radians
Channel bottom Cross-Sect. Area, A=]__9.45 12
slope, § =I 0.003 | fe/ft
Wetted Perimeter, P =| 9.5 f
ul s Hydraulic Radius, R=] _1.00 ft
n/ngn = Discharge, @ =} 57.96 cofs
Partially Full Manning Ave. Velocity, V=4 __6.13 ft/sec

roughness,n =

pipe % full [(A/Ar1)*100%] =

r=D/2

h=2r-y

(hydraulic radius)

R=A/P

(Manning Equation)

Q= (149/n) (AR5

V=Q/A P

6 = 2arccos (-‘-'-;-—-h)
Partially Full Pipe Flow Parsmeters ,
(More Than Half Fuf) 2 _1'(e-sin@)

2

= T

P =2xr -1*0

Equation used for n/nan: n/nap = 1.25 - (v/D -0.5)*0.5 (for 0.5 < y/D < 1)
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Inlets

Chapter 8

Figure 8-12. Inlet Capacity Chart Sump Conditions, Curb Opening (D-10-R) Inlet

D-10-R Inlet

T

{ur) ﬂ._un Mol4

60

Inlet Capacity (cfs)

esesss 12 |nlet = ¢+ 16' Inlet

e 8' [nlet

4'Inlet
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SENGINEEre - Latimate - GDAT Wall Chart -
EDGE e et 8 )
Solutiens By Design

l.amincted, 24 x 36™ - A 2 o
Partially Full Pipe Flow Calculator and Equations ASUEVIAS 2008,
Fluid Flow Table of Contents | ! i Coundories B GORT Refervnce Sook
Eluld Power Eguipment
This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This n
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Design Engineering
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Inlets Chapter 8

Figure 8-7. Inlet Capacity Chart Continuous Grade Conditions, Residential (Local)
(Attached and Detached Sidewalk)

Street Section Data: Street Width Flowline to Flowline = 34°
Type of Curb and Gutter:  D-10-R = 8" vertical
Type 16 = 6" vertical

Minor Storm
| )
14 b4 r‘-‘-‘**%ﬂ :l
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Major Storm

Inlet Capacity (cfs)

=g Single Type 16 === Double Type 16 ~——==Triple Type 16

==y, =Single Type R «=d = Double Type R ==& =~Triple Type R

The standard sireet section parametors as defined in Chapter 7 must apply to use these charts. For non-standard sections, the inlet
capacity shall be calculated using the UDFCD spreadsheets. The maximum spread width is limited by the curb height based on no
curb overtopping during a minor storm and flow being contained within the public right-of-way during the major storm. Calculations
were done using UD-nlet 3.00.xs, Mar., 2011 with the default clogging factors.
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Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pnegmatic Knowledge
Fluid Power Equipm

sipment

This engineering caleulator 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 Membershi
considered to be varigble, dependent upon the depth of flow.
Partially Full Pipe Flow Calculations - U.S. Uniis
IL Calculation of Discharge, Q, and average velocity, V o
for pipes more than half full ]
» Home
Imstruetions: Enter values in bive boxes. Calculations in yellow » Engincering Book Store
Jnputs Caloalations :Fﬁm?s‘fmzm
» Online Books & Manuals
Pipe Diameter, D=} 18 | in Pipe Diameter,D={ 15 ft o Emmz.um
Depth of flow, y = 17 in Pipe Radius,r={__0.75 ft i E_ngmm tors
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(musthave y > D/2) » Engineering Toolbox
Circ. Segment Heigm.h £ ’E-m———gng M
Full Pipe Manni l&mmlx_mmm
roughness, ngy =] 0.013 Central Angle,q=__0.95 _{ radfans Tolerancing .
Channel bottom Cross-Sect. Area, A 173 2 :D_Fl\%&'_l‘_mg
sope,s ] 0012 ] /e Engnerrne
Wetted Perimeter, P={ 4.0 ft » Advertising Cepter
Calculstions Hydraullc Radius, R=_ 043 |
n/n = Discharge, @<=}, 1207 | cfs TRANSLATE
Partially Full Manning Ave, Velocity, V 6.98 ft/sec I
roughness,n = - - e
pipe % full [(A/Anz)*100%] = ) Print Webpage '
» Copyright Notice
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. : Submit an
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Partially Full Pipe Flow Calculator and Equations
Fluid Flow Table of Coutents | Hydraulic and Pneumatic Knowledge
men

Fluid Power Equip! t

This enginecring 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 Culculations - U.S. Units

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

Instructions: Enter values in blue boxes. Caiculations in yellow

Inputs Calculntiops
Pipe Diameter,D =] 24 in Pipe Diameter, D = f
Depth of flow,y=§ 23 In Pipe Radius, r = ft
[must have y > D/2)
Circ. Segment Height, h ft
Pull Pipe Mannl
roughness, nan =I 0.013 | Central Angle, g =} _0.82 di.
Channel bottom Cross-Sect, Area, A 310 [
slope, § = fir/ft
Wetted Perimeter, #= 5.5 3
Calcylations Hydraulic Radius, R =§ _0.57 [
/N = Dischargs, @ = 23.82 cfs
Partially Full Manning Ave. Velocity, V 7.69 ft/sec
roughness,n =

pipe % full [[A/Ans}*100%] =

r=Df2

h=2r.y

{hydraulic radius)
R=A/P

(Manning Equation)

Q = (149/m){A)(R*)(s*?)

8 = 2arccos (5-;-1-’)

¥=Q/A P

(Mote Than Helf Full) » tXe- sin@)
P =2xr -1%0

Equation used for n/npi: n/nen =125 - (y/D -0.5)*0.5 (for 0.5 € y/D < 1)
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Chapter 8
Inlets

Figure 8-12. Injet Capacity Chart Sump Conditions, Curb Opening (D-10-R) Inlet

D-10-R inlet
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Bodutions By Design

Partially Full Pipe Flow Calculator and Equations
Fluid Flow Table of Contents | Hydraulic and Pneumatie Knowledge

Fluid Power Equipment

This engincering calcolator determines the Flow within a partially full pipe using the Manning equation. This

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

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

Partisliy Full Pipe Flow Calculations - U.S. Units

11. Csleulation of Discharge, Q, and average velacity, V
for pipes more than half full

Instructlons: Enter values in blue boxes. Calculations in yellow

Inputs Lalculations
Pipe Diameter, D= 18 n Pipe Dlameter, D 1.5
Depth of flow, y=} 14 in Pipe Radius, r=f  0.75
(musthavey > D/2)
Circ. Segment Height, h
Full Pipe Mannin,
roughness, npy = 0013 Central Angle,q=] 196 |
Channel bottom Cross-Sect. Area, A=|__1.47
slope, S= ft/ft
Wetted Perimeter, P = 3.2
Lalculations Hydraulic Radius, R=) _0.46 ]
B /s = 1111111; Discharge, Q=] 9.00
Partially Full Manning Ave. Veloclty, V 610
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pipe % full [(A/Ari}*100%] =

r=D/2

h=2r-y

{hydraulic radins)
R=A/P

(Manning Equation)

Q= (L49/n)(A)(R*)(5'%)

—

@ = 2 arccos (L;,!)
Partially Full Pipe Flow Parameters
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Fub A= 71"

P =2xr -1%0
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Partially Full Pipe Flow Calculator and Equations

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

This enginecring 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 Fipe Flow Calcolations - US. Units

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

Instructions: Enter values in blue boxes. Calculations in yellow

Inputs Caloulations
Pipe Diameter, D= 30 in Pipe Diameter,D =] 25
Depth of flow, y = 22 in Pipe Radius,r={__1.25
(must have y > D/2)
Circ. Segment Height, h
Full Pipe Mannin,
roughness, Dag =I 0.013 I Central Angle,q = _2.17
Channel bottom Cross-Sect. Ares, A 3.86
slnpe.5= f/R
Wetted Perimeter, I = 5.1
Calculations Hydraulic Radius, R=_0.75 |
/e = Discharge, @ _39.46
Partiafly Full Manning Ave, Velocity, v=f_ 10.23
roughness, n =

plpe % full [(A/Ann}*1009%] =

r=D/f2

h=2r-y

{tiydrauitc radius)
R=A/P

{Manning Equation)

Q= [149/n)(A)R¥)(s"?)
¥=Q/A

—3

0 = 2arccos ('—;—l!)

(More Than Half Full 2 _ r(0-sing)

= nr-
A 2

P =2nr -r*9

Equation used for n/nn n/ong =125 (§/D-0.5)%05 {for05 g y/D < 1)
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Partially Full Pipe Flow Caiculator and Equations

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

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 nesds 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 half full
Instructions: Enter values in blue boxes Calculations in yellow
Inputs Lalculations
Pipe Diameter, D=} 30 in Pipe Diameter, D= 25 ft
Depth of flow,y = 24 in Pipe Radius,r= 125 f
{must have y » D/2)
Circ. Segment Height, h &
Full Pipe Manning
roughness, ny = 0.013 Central Angle, g 5 __1.85 radians
Channel bottom Cross-Sect. Area, A=| 421 i
siope, s 0955 | oyn
Wetted Perimeter, P 55 ft
Calculations Hydraullc Radius, Re}_0.76 | @
n/ng = Discharge, Q| 44.76 cfs
Partially Full Manning Ave, Velocity, V<] 10.63 ft/sec

youghness, n =
Pipe % ful [{A/Ana)*100%] =

r=bf2
h=2r-y

(hydraslic radius)

R=A/P

(Manning Equation)

Q= (149/n)(A)RY )52

V=Q/A P

8 = 2arecos (I-;—h)

Partially Full Pipe Flow Parameters "
(More Thaa Half Full) :  r(9-sing)
A= AT -~ -—-—2-—.
P =2nr —r*9

Bquation used for n/ne: n/nen = 1.25 - (y/D -0.5)°0.5 (for05 < ¥v/D < 1)
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Inlets

Chapter 8

Figure 8-12. Inlet Capacity Chart Sump Conditions, Curb Opening (D-10-R) Inlet

D-10-R inlet
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Sokuiions By Desipn
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatie Knowledge
Fiuid Power Equipment

This engineering calculator determines the Flow within a partially full pipe using the Manning equation. This
calculaior can slso be used for uniform flow in a pipe, but the Manning roughness coefficient needs to be

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

Partially Fuil Pipe Flow Calculations - U.S. Unfts

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

Instructions: Enter values in blue boxes. Calculations inyellow

Inputs Cajcuiations
Pipe Diameter, D= 24 in Pipe Diameter, Dsf 2
Depth of flow,y=} _ 16 in PipeRadius,r=f 1
{musthavey > D/2)
Cire, Segment Height, &
Full Pipe Manning
roughness, ngg = 0.013 Central Angle, g 246
Channel battom Cross-Sect. Avea, A =f__ 2.22
sl°pe.8= /e
Wetted Perimeter, P 3.8
Calculations Hydraulic Radius, R ={__0,58 |
Y. Discharge, g of_15.24
Partially Full Manning Ave, Velocity, Vo 685
roughness, n =

plpe % full [(A/Ana)*100%) =

r=Djf2

h=2r-y

(hydraulic radus)
R=A/P

(Manning Equation)

Q= (L49/n)(A)RY)(SYH)

V=Q/A P

0 = 2arccos (-"—;—h)
Pertially Full Pipe Flow Parameters .
(More Than Half Full) 2 _1(0-sind)

2

A= RY

P =2nr —-r*@

Equation used for n/nan: n/nag = 1.25 - fy/D -0.5)%0.5 {for 0.5 < y/D < 1}
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Chapter 8 Inlets

Figure 8-12. Inlet Capacity Chart Sump Conditions, Curb Opening (D-10-R) Indet
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EDGE
Schations 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 Membership
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units Search '
I1. Caleulation of Discharge, @, and average velocity, V -—.a——
for pipes more than half full SR ey
» Home
Instructions: Enter vaiues in blue boxes. Caiculations in yellow ~Em:;%&m
» Engineering Forum
. Calalations » Excel App. Downloads
+ Online ks anuals
Pipe Diameter,D=f 18 in Pipe Diameter, D o _1.5 it i mmm
Depth offlow, y=j__ 17 in Pipe Radius,r o _0.75 ft ’gfgfnﬁ’r‘!ﬂ%@
(must have y = D/2) » Engineeripg Toolbox
Circ. Segment Height h=]_0083 | g :ﬂ'mﬁ.'-’ﬂg— 'r'inbs
Full Pipe Manning ic Di
roughness, npp =§ 0.013 Centval Angle,q = _ 095 | ragdians Tolerpnging
Channel bottom Cross-Sect. Area, A=] 173 g : D_—AMIFWJF QT line
slope, § = /R ELEMS
Wetted Perimeter, P 4.0 R » Advertising Center
Gaiculations Hydraulic Radius, R=f_043 | #
B/may = 027777 Discharge, @ = _11.02 cfs TRANSLATE
Partlally Full Manning Ave, Velocity, v 638 ft/sec i
o S
pipe % full [(A/Aw}*100%] = _Print Webpage |
» Copyright Notice
r=Df2 »
p o Submit an
P =2r-y N
et B oottt Article
ReA/P N >
. o ecomc tml
Q= (L45/m)AR) (s Engineers Edge
v=q/A P Contributor
8 =2arccos (£zb = h) Advertise Here
Partially Full Pipe Flow Parameters 3
(More Than Half Fully A= ar? r°(6- sin@)

2

P=2rr -1r*0

Equation used for n/tr: n/ogy =1.25 - (y/D -0.51%0.5 (for 0.5 € y/D < 1)
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Soiwiions By Desion

Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatie Knowledge
Finid P

er 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 Calenlations - U.S. Units
IL. Calculation of Discharge, Q, and average velocity, V

for pipes more than half full
Instructions: Enter volues in biue boxes. Calculations in yellow
Inputs Salcuintiong
Pipe Diameter, D=} 42 in Pipe Diameter,D=] 3.5 R
Depth of flaw,y =] 28 in Pipe Radivs, r=f__175 R
(must havey > D/2)
Clrc. Segment Height, h ft
Full Pipe Manni
roughness, ngy = 0.013 Central Angle,q=}_246 _| radians
Channel bottom Cross-Sect. Area, A=]__6.81 e
slope, S = R/ft
Wetted Perimeter, P 6.7 4
Galculations Hydraulic Radius, R=J_ 102 | g
n/Den = Digcharge, Q= _67.78 cfs
Partially Full Manning Ave, Velaclty, V=] 995 ft/sec
roughness,n =

pipe % full {(A/Ann)*100%] =

r=D/2
h=2r-y

(hydranlic radias)
R=AfP

{Mannirg Equation)
Q=(3.49/n)(A)(R**)(sY2)

0 = 2arccos (";—h)
Partially Full Pipe Flow Parameters
(More Than Half Full)
A= =TT
2
P =2xr —1%0

Equation used for i:/nrs: 1/men = 2.25 - (y/D -0.5)*0.5 {for 05 5 y/D < 1)
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EDGeE
Sohntians By Design
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Preumatic Knowledge
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 fow in a pipe, but the Manning roughuess coefficient needs to be Membership
considered to be variable, dependent upon the depth of flow. ggiﬂerl ! ﬂ“
il
e
Partially Full Pipe Fiow Calculations - U.S. Units Search
11, Calculation of Discharge, Q, and average velocity, V |
for pipes more than half full e eeiey
Instructions: Enter values in biue boxes. Calculations in yellow : m;&k&&
+ Engincerd
» 1 App. Downloa
» Qnline Books & Manuals
Pipe Diameter, D = 42 tn Pipe Diameter, D= 35 r » Engineering News
Depth of flow, y = 31 in Pipe Radius,r=f_1.75 ft : %@% -
(musthave y > D/2) » Enmmm_
Circ. Segment Height, h ft " éﬂm;_mg &1 IJ
Full Pipe Manning Geometric Dimepsioning
roughness, npg =| 0.013 I Central Angle, q = _2.15 radians T—gl};!h%l)%! _—
Channel bottom Cross-Sect. Area, A =f__7.61 2 i Ll
+ Traiging Onli
slope, § ' R/f iﬂm& -
Wetted Perimeter, P=] 7.2 ft » Advertising Center
Calculations Hydraulic Radius, R=]__1.05 ft
n/os = 1.130952: Discharge, Q=| _79.82 o TRANSLATE
Partially Full Manning ) " Ave. Velocity, V5| 1048 ft/sec
roughness, n = e e e
pipe % full [{A/Ar)*100%] = | Print Webpege _
» Copyright Notice
r=Df2 N
- - Submit an
P v M =2r-y :
Vet 3 eestoraio Arficle
R=A/P [ "ffu"-/ ’ :
{Manning Equation) o " .
8C n
Q= (149/a)ANE)(s) Engineers Edge
VeQ/A P Contributor
8 = 2arccos {(L:B = h) Advertise Here
PartiaBy Full Pipe Flow Parameters N
QViore Than Half Full) 1 r¥(e-sin@)
2
P =2rr -1%0

Equation used for n/ni: n/nam =125~ fy/D-0.5)*0.5 (for 0.5 < y/D < 1)
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EDGE
Solutions By Design
Partially Full Pipe Flow Calculator and Equations

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

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

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

Partially Full Pipe Flow Calculations - U.S. Units

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

Instructions; Enter volues in blue boxes Calculations in yellow

Inputs Calculatiors
Pipe Diameter, D 18 in Pipe Diameter, D= 15 ft
Depth of flow, y=§ 10 in Pipe Radius,r=§ _0.75 R
{must have y > D/2)
Circ. Segment Height, h ft
Full Pipe Manning
roughness, nay =§ 0.013 Central Angle,q=f_2.92 | radians
Channel bottom Cross-Sect. Area, A 1.01 i
slope, § Rfft
Wetted Perimeter, P<{ 25 3
Lalcnlatiops Hydraulic Radius, R« 0.40 3
o/ = Discharge, @ 4_5.13 o
Partially Full Manning Ave, Velocity, V= 5.09 ft/sec

roughness,n =

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

r=D/2

h=2r-y
(hydraulic radius)

R=A/P

(Manaing Bquation)
Q=(249/m)(A)(R¥*)(s'%)

V=Q/A P

0 =2arccos ("—‘_’-9)

2 s
(More Than Half Full) Am #r _tie_;Lne)

P =2xr - 1%60

Equation used for n/nsy: n/ngy = L2E- (y/D-0.5*0.5 (for05 g y/D < 1)

VW22 Que= H2cds
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Partially Full Pipe Flow Calculator and Equations

Blgid Flow Table of Contents | Hydraulic and Poeumatic Kpowledge
Eluid Power Equipment

This engineering calculstor 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 nceds to be

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

Partially Full Pipe Flow Caleulations - U.S. Units

11. Caleulation of Discharge, Q, and average velocity, V
fer pipes more than half full

Instructions: Enter values in bluz boxex, Calculations In  yellow

Inpats Calaalations
Pipe Diameter, D 18 in Pipe Diameter, D=} __15 |
Depth of flow,y o __14 in Plpe Radius, r=__075
{musthave y > D/2)
Cire. Segment Helght, f_0333 |
Full Pipe Manning
Toughness, ngg IEZEI Central Angle, 9=} _1.96
Channel bottom Cross-Sect Area, A={_ 147
slope,§ -I 001 l (73
Wetted Perimeter, P32 |
Calcylations Hydraulic Radjus, R={ 0.6
n/ona = Discharge, 0 900
Partially Pull Manning Ave. Velocity, V=610 |
roughnessn=
Pipe % full [(A/Ai1*100%) =
r=p2
s h=2r-y
: L (hydraulic radius)
R=A/P
(Manning Equation)
Q= (249/mARY(S'
VeQ/A 3
@ = 2arccos ("r;h)

Partially Full Pipe Flow Parsmeters
{More Than Half Foll) »  r%(e-sing)
A= R - ——"

P =2y ~1*9

Equation used forn/nny: n/npa= 1.25 - (y/D -0,5)*0.5 (for 0.5 < y/Dg1)

DP24 Quo= 8.1 cSc
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Engmeeriig
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Partially Full Pipe Flow Calculator and Equations

Flukd Flow Table of Conteats | Bvdraulic and Pacumatic Knowledge
Eluid 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 8 pipe, but the Manning roughness coeficient needs 1o be
considered to be variable, dependent upan the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Units
11. Caleulatton of Discharge, Q, and

age velocity, V
for pipes more than half ful)
Enstructions: Enter values in blue boxes. Caleulations in yellow
Inputs Calculations
Pipe Diameter, D=§ 24 in Plpe Diameter, D ___2 f
Depth of flow,y 18 in Pipe Radius,r] __ 1 .3
{must have y > D/2)
Circ. Segment Height, k r
Full Pipe Manning )
roughness, nr Central Angle, 2,09 radians
Channel bottom Cross-Sect. Ares, A= 2.53 [
slope,S 0.01 R/R
Wetted Perimeter, P ol 4.2 I3
Lalcultions Hydraulic Radfus, R=f_2.60 | g
n/nwn = Discharge, Q= 1839 cfs
Partially Full Manning i Ave. Velocity, V{727 | f/sec
roughnessn =
Pipe 86 full [(A/Aua)*100%] =
r=Djf2
he2r-y
(ydraulic radius)
R=ASP
{(Manning Equation)
Q=(149/n)(A)R" (s
V=Q/A P
@ = 2arccos (";—h)

Partially Full Pipe Flow Parameters
Gfore Than Half Pull) As xe — r’(e- sin9)
2

P =2gr —t*0

Equation used for /s n/npn= 125 - (y/D -0.5)°0.5 (for 05 5 y/D < 1)
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EDGE
Sokutions By Design
Partially Full Pipe Flow Calculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pneumatic Knowledge
Flui

I Equipmen

This engineering calenlator 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 be:
considered to be variable, dependent upon the depth of flow. r | Login
]
Partially Fall Pipe Flow Calculations - U.S. Units Search .
e il g —
I1, Calculation of Discharge, Q, and average velocity, V
for pipes more than half full B Wivgorias
) H@_e .
Instructions: Enter values in bius boxes. Calculations in yellow + Engineering Book Store
— :w
» Onling Books & Manuals
Pipe Diameter, D= 18 in Pipe Diameter, D 15 [ d &MMBM}
Depth of flow, y=f 16 in Pipe Radius,r _ 0.75 ft ¥ Videos
{must have y > D/2)
Circ. Segment Helght'.h ft
Full Pipe Manning
roughness, ngn =§ 0.013 Central Angle, g 136 radlans
Channel bottom Cross-Sect, Ares, A=} _1.66 [ 4
slope, § = fi/k
Wetted Perimeter, P 3,7 ft
Hydraulic Radius, R __0.45 ft
n/Dan = Discharge, Q=f 1295 | i TRANSLATE
Partially Full Manning Ave. Velocity, V=] 7.80 ft/sec i
roughnese,n = e
plpe % full [(A/Ag)*100%) = j Print Wabpago -
» Convright Notice
r=D/j2 0
- . Submit an
e =2r-y »
K s iresticrati Article
R=afp \\} - ;f’
(Manning Equation) N
. Become an
Q= {149/a)(R)(R¥*)(s') Engineers Edge
v=q/A P Contributor
0 =2arccos (—f;h) AESEES N
Partially Full Pipe Flow Parametess .
(More Than Half Full) A ar r*(0-sing)
= _2.__

P =2gr -1%0

Equation used for n/nrai: nfaw = 1.25 - fy/D -0.5)%0.5 {for0.5 < y/D < 1)

PP 27 Qs (2.Scks
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Belvifons By Desin

Partially Full Pipe Flow Calculator and Equations

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

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

calculator can also be used for uniform flow in &

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 1 yellow

Inputs
Pipe Diameter, D = 18 in
Depth of flow,y =16 in
{musthavey 2 D/2)
Full Pipe Mannin
roughness, nuy =I 0.013 I
Channe! bottom
siope, 5[ 092 | o/n
Calcuistions
2/0a =
Partially Full Manning
roughness n =

Partially Full Pipe Flow Parameters

(More Than Half Full

Calculativps

Pipe Diameter, D=§ 1.5 ft
Pipe Radius, r 0.75 it

Circ. Segment Helght, ft

Central Angle,q =f__1.36 | radians
Cross-Seet. Area, A 1.66 2

Wetted Perimeter, P<] 3.7 #t
Hydraulie Radius, R =f__0.45 ®
Discharge, @ < 14.96 o

Ave. Velacity, V| 9.01 ft/sec

Plpe %6 full [(A/Ana)*100%] =

r=D/2

h=2r-y

{bydraulic radins)

R=A/P

{Manning Bquation)

Q= (149/m){A)(R*)(s')

V=Q/A P

0 =2arccos (r;_h)

r*(0- sin@)

3
nrs -
A= 2

P =2gr -1r*Q

Equation vsed for n/npa: n/nay = 1.25 - {y/D-05)*05 (for05 <y/D < 1)

3 DR22 Qo= HScAy

TRANSLATE
’ -
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Sofstions By Design
Partially Full Pipe Flow Caiculator and Equations

Fluid Flow Table of Contents | Hydraulic and Pocumatic Knowledge
Eluid Power Equipment

uid P

This enginesring 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 rougtmess coefficient needs to be
considered to be variable, dependent upon the depth of flow.

Partially Full Pipe Flow Calculations - U.S. Unijts
I1. Calculation of Discharge, Q and average velocity, V

for pipes more than half full
Instructions: Enter values in blue boxes. Calculotions in yellow
Inputs Calculatiogg
Pipe Dinmeter,D=f 24 in Pipe Diameter, D = 2 ft
Depth of flow,y = 20 in Pipe Radius, r 1 ft
(musthave y > D/2)
Cire, Segment Hejght, h it
Full Pipe Manai
roughness, na = 9013 Central Angle,q =] __1.68__| radians
Channel bottom Cross-Sect. Area, A=} _2.80 a2
slope.S= R/
Wetted Perimeter, P = 4.6 ft
Salenlvtions ) Hydraulic Radtus, R=] 0.61 ft
B/ons = Discharge, Q= _30.04 cis
Partially Full Manning Ave, Velocity, V=] _10.74 ft/sec

roughness, =
Pipe 96 full [(A/AniJ*100%] =

r=Df2

h=2r-y

(hydraulic radjus)

R=A/P

(Manning Equation)

Q= (149/n)(A)(R*/*)(s'7)

V=Q/A P

0 =2arccos (3'-;—1‘)
Parthlly Full Pipe Flow Patameters

(Moze Than Half Full)

2 r¥(e-sino)

P =2xr -r*0

Bquation used for n/nxn! nm/opy = 1.25 - (y/D 0.5)%05 (for05 g y/D < 1)

DP 28 Quex29.Scbs
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Project: The Sands

Basin ID: Full Spoctrum Detention Pond 1
3

UD-Detention, Version 3.07 (February 2017)

Depth Increment = ft
rERMANENT- Optional Optional
- Example Zone Configuration (Retention Pond) Stage - Storage Stage Ovemide Length Width Area Override Area Volume Volume
Desgription () Stage (it) {f) (ft) (fi"2) Area (ft*2) acre ftA3 ac-ft
Required Volume Calculation Top of Micropool - 0.00 - - - 0 0.000 5 1 B s
Selected BMP Type = EDB - 033 - - - 60 0.001 9 0.000
Watershed Area=| 1196  |acres - 1.50 - - - 1,481 0.034 897 0.021
Watershed Length=| 730 |ft - 2,50 - - - 7,836 0.180 5,570 0.128
Watershed Slope=]  0.030 |t - 350 - - - 9,494 0.218 14,235 0.327
Watershed Imperviousness =|  43.30% |percent - 4.50 - - - 11,213 0.257 24,588 0,564
Percentage Hydrologic Soll GroupA=|  53.0%  |percent - 5.50 - - - 13,040 0.299 36,715 0.843
Percentage Hydrologic Soil Group B = 410% |percent - 660 = = = 14,966 0.344 50,718 1.164
Percentage Hydrologic Soll Groups C/D = 0.0% P - = = =
Desired WQCV Drain Time =, 40,0 hours - = - =
Location for 1-hr Rainfall Depths = User Input - - = =
Water Quality Capture Volume (WQCV)=|  0.188  |acru-fest QOptional User Overide - = - =
Excess Urban Runoff Volume (EURV}=|  0.561 acrefeet  1-hr Precipitation = = N N
2-yr Runoff Volume (P1=1.191n.) = 0.411 acre-foet 119 inches - = = =
S-yr Runoff Valume (P1=1.5in.) = 0.555 acre-fest 1.50 Inches - = = i
10-yr Runoff Volume (P1=1.75in.) = 0.732 acre-feet 1.75 Inches - = . .
25-yr Runoff Volume (P1=2in.)= 1.004 acre-faet 200 inches - — s =
50-yr Runoff Volume (P1=2.25in.) = 1.248 acre-feat 225 inches - - = =
100-yr Runoff Volume (P1 = 2.52in.) = 1.555 acre-feet 252 inches - - . -
500-yr Runoff Volume {P1=0in.) = 0.000 acre-feet Inches - - = =
Approximate 2-yr Detention Volume = 0.385 acre-feet - p = =
Approximate 5-yr Detention Yolume = 0,522 acre-foet = . . -
Approximate 10-yr Detention Volume = 0.675 acre-fest - = = -
Approximate 25-yr Detention Volume =| 0.788 acre-feet = = = -
Approximate 50-yr Detention Volume = 0.856 acre-feet - - - =
Approximate 100~y Dutention Volume = 0.978 acre-feet - = e -
Stage-Storage Calculation = - - -
Zone 1 Volume (WQCV) = 0.188  |acre-feet - - - -
Zone 2 Volume (EURYV - Zone 1) = 0.373 acre-fest = - - -
Zone 3 Volume (100-year - Zones 1 & 2) = 0417 |acre-feet - - - -
Total Detention Basin Volume=|  0.978  |acro-fest - - - -
Initial Surcharge Volume (ISV) = user fir3 - = = =2
Initial Surcharge Depth (ISD) =, usar ft - . - =
Total Available Detention Depth (Huw) =|  user | _ _ - -
Depth of Trickle Channel (Hre) = user ft - = = =
Slope of Trickie Channel (Sy) = user fUR = - - =
Slopes of Main Basin Sides (Sy,,) = user H:V - - - -
Bagzin Length-to-Width Ratio (R ) = usar = - = =

FDS Pond 1.xism, Basin

3/6/2018, 10:51 AM



Detention Basin Outlet Structure Design

Project: The Sands

UD-Detention, Version 3.07 (February 2017)

Basir: ID: FSD Pond 1

Stage (ft) Zone Volume (acft)  Outlet Type

Zonaiwacy) 28 0.188 Orifice Plate

zone2(EURV)| 449 0373 Orifiea Piate

‘one3{100-year) 5.4 6.417 WelrkiPips {Restrict)
Examgle Zone Configuration {Retention Pond) 0.978 Total
User input: Orificz at Undardrein Outlet (typicaily used to drain WQCV in a Filtration BMP) Calculated P, for Und
Underdrain Orifice invert Depth = N/A ft (di below the filtration media surface) Underdrain Orifice Area = N/A ft?
Underdraln Orifice Diameter = NJA inches

Underdrain Orfice Centroid={ /A [feet

User input: Orifice Plate with one or more orifices or Elliptical Siot Weir {typically used to drain WQCV and/or ELRV In a sedimantation BMP) Calcuisted Paremeters for Plate
invert of Lowest Orifice =f 000" . 11t (elative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A 2
Depth at tcp of Zone using Orifice Plate = 3 X 449 . |ft (relative ta basin bottom at Stage =0 ft} Elliptical Hat=-width = N/A feet
Orifice Plate: Orifice Vertical Spacing = = 1470 inches Elliptical Slot Centroid =| N/A feet
Orifice Plate: Orifice Area per Row = N/A . {Inches Elliptical Siot Area = N/A 72
User Input: Stage and Total Area of Each Orifice Row numbered from lcwest tc highest]
Row 1 uired, Ruwzi-gaanali Row 3 (optonai Row 4 {optional Row 5 (optiona! Rew 6 {ootional Raw 7 (optional Row 8 (optional}
Stage of Orifice Centroid (ft) .o 4.50 295
Qrifice Area (aq, inches) .82 {82 1.20
Row 8 (optional) | Row 10 (optional) | Raw 11 (o nal) | Row 12 nal) | Row 13 (optionaf) | Row 14 {cptional) | Row 15 {optional) | Raw 16 (optional
Stage of Orifice Centroid {ft)
Orifice Area (sq. inches)| i
Uses Input: Vertical Orlfice {Circular or Rectangular} Calculated Parameters for Vertical Orifice
Not Sel Not Sel Not Selacted Not Selectsd |
invert of Vertical Orifice = __N/A NAA ft (relative to basin bottom at Stage =0 ) Vertical Orifice Area =, N/A N/A 1a
Depth at top of Zone using Vertical Orifice = SIA NFA t {refative to basin bottom at Stage =0 ft} Vertical Orifice Centrold =; N/A N/A —Ifeet
Vertical Orifice Dlameter =, N/A i fif & Jinches
User Input: Overfiow Welr (Dropbox) and Grate (Fist or Sloped) Talculated P: for Overflow Welr
Zone 3 Welr Not Selected Zona 3 Walr Not Salected
QOverflow Weir Front Edge Height, Ho = LICER f3/0 _{Tt (reiative to basin bottom st Stage = 0 ft) Hefght of Gratz Upper Edga, H, = 5.22 N/A feet
Overfiew Weir Front Edge Length = 535 b = Over Flow Weir Slope Langth = 3.00 N/A feet
Cverflow Welr Slope = A - F "'”EH:V {enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 9.47 N/A should be > 4
Horiz. Length of Weir Sides = 281 WS ffeet Overflow Grate Open Area w/o Debris = 11,97 N/A I
Overflow Grate Open Area % = 70% N/Q }9‘, grate open area/total area Overflow Grate Open Area w/ Debris = 5.98 N/A 2
Debris Ciogging % = 50% WA %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, R Plate, or R Orifice) Calcutated Parameters for Outiet Pipa wf Flow Plate
Zone 3 8, Not Sell i Zone 3 Restrictor | Not Selected
Degth to Invert of Outlet Pipe = .00 NA In below basin bottom at Stage = 0 ft) Outlet Orffice Area = 1.26 N/A !
Outlet Pipe Diameter= 18.0C NIt iinches Outlet Orifice Centroid = 0.57 N/A feet
Restrictor Plate Helght Abovs Pipe Invert = 1z.1C inches Half-Central Angle of Restrictor Plate on Pipe= 192 N/A jndhns
User Input: y Spillway (R or U] Calculated Perameters for Splllway
Spillway Invert Stages| 595 ]t (relative to basin bottom at Stage =0 ft) Spillway Deslgn Flow Depth=| 0.75 foet
Splliway Crest Length = Stage at Top of Freeboard = 2.70 feet
Spillway End Slopes =) Basin Area at Top of Freeboard = 0.34 acres
Freeboard above Max Water Surface =]
Routed Hydrograph Resuits
Deslga Storm Retumn Period = wacy EURYV 2 Year 5 Year 10 Year 25 Year 50 Year 180 Year 500 Year
One-Hour Rainfall Depth (in) =] 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2,52 0.00
Calcuiated Runaff Volume (acre-ft) =| D.138 0.561 0.411 0.555 0.732 1.004 1,248 1.555 0.000
OPTIONAL Override Runoff Volume (acre-ft) =; TR . :
Infiow Hydrograph Volume (acre-ft) =| 0.187 0.560 0.410 0.553 0.731 1.002 1.246 1.553 #N/A
Predevelopment Unit Peak Flow, q (cfa/acre) =| 0.00 0.00 0.01 0.02 0.15 045 2.75 1.15 0.00
Predevelopment Peak Q {cfs) = 0.0 0.0 0.1 0.2 18 54 8.9 13.8 0.0
Pesk Inflow Q (cfs) =| 41 12.2 8.9 12,0 15.8 21.6 26.8 33.3 #N/A
Peak Outflow Q (cfs) = 0.1 0.2 0.1 0.2 2. 7.0 11.6 13.8 #N/A
Ratio Peak Outilow to Pradevelapment Q =| N/A N/A N/A 0.7 11 13 13 1.0 #N/A
Structure Controliing Flow = Plate Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 | Overflow Grate 1 Qutlet Plate 1 #N/A
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.2 05 1.0 11 #N/A
Max Velogity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Vaolume (hours) = 38 72 61 71 73 71 69 67 #N/A
Time to Drain 99% of Inflow Volume (hours) =| 40 76 64 76 79 n 77 75 #N/A
Maximum Ponding Depth (ft) = 277 441 3.80 4.38 4.79 5.14 537 5.72 /A
Area at Maximum Ponding Depth {acres) = 0.18 0.25 6.23 0.25 0.27 0.28 0.29 0.31 #N/A
Maximum Valume Stored (acre-f) 3 0.176 0.541 0.392 0.534 0.638 0.738 0.801 0.907 HN/A




Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (Febeuary 2017)

7 1 | ] 17 T T =
Il for ‘ N i i
e 100VR [ Vot i
— a om K | ! : t
‘| TSNS S S N N
ey ISYR i B [
—10VR i i
e SYR i !
5 A em2vn !
—EURY |
— —WOCY { i
3
Bl
]
z
g 3
N
\i
\ i\ N
\ S
o4 ]
a.l 1 10 100
DRAN TIME [hr]
60,000 40.00
O User Arsa [t°2]
=== Inteipolated Arez [ft"2}
35.00
++@ <~ Summary Area [A2) ..
50,000 {~
——Volume [f2A3] /|
+o:@ e+ Summary Volume [ft23] /"‘ 30.00
0,000 || —=Outfiow ]

*+@-: Summary Outflow [cfs) / 2500
= -
& g £
¥ 30,000 ~a zo.uo§

L / _’/ o
é 20,000 -
]
< 1000
10,000 =
5.00
06 - 0.00
0.00 4.00 7.00
PONDING DEFTH [r]

S-A-V-D Chart Axis Override

X-axis Left Y-Axis __ Right Y-Axia

bound| |

I |




DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Project: The Sands

Bzain ID: Full Spectrum Detention Pond 2
3

UD-Detention, Version 3.07 (February 2017)

"ZONE 1 MDY \1# Depth Incrament = ft
CAPICES 1‘ Optianal Optional
Zone Configuration (R ion Pond) Stage - Storage Stage Overide Length Width Area Override Area Volume Volume
Desgiption () Stage (ft _ () {f) (f*2) Area (fth2 acre! A3 ac-ft
q C Top of Micropool - 0.00 - - - (1] 0.000
Selected BMP Type=| EDB - 033 r - = 60 0.001 8 0.000
Watershed Area={  7.03  |acres Note: L /W Ratlo < 1 - 1.50 - - - 1,308 0.030 708 0.018
Watershed Length = 366 (R L /W Ratio = 0.4 - 250 - - - 7,424 0.170 5174 0.119
Watershed Slope = 0.030 feft - 3.80 - - - 9,134 0.210 13,463 0.300
Watershed Imperviousness =|  90.00% [percent - 4.50 - - - 10,935 0.251 23,487 0.538
Percentage Hydrologic Soll Group A = 100.0% |p - 5.50 =! - - 12,844 0.265 35,377 0.812
Percentage Hydrologic Soll Group B = 0.0% porcont - 650 - - - 14,852 0.341 49,225 1.130
Percentage Hydrologic Soll Groups C/D = 0.0% percent - 750 - - - 18,856 0.389 85,129 1.465
Desired WQCV Drain Time = 40.0 hours - 8.50 - - - 18,209 0.441 83,211 1.910
Location for 1-hr Rainfall Depths = User Input - . = =
Water Quality Capture Volume (WQCV)=| 0235  {acre-fest Optional User Override - - - -
Excess Urban Runoff Volume (EURV) =[ 0880  |acre-fest  1-hr Precipitation = = - =
2-yr Runoff Volume (P1 = 1.19in.) = 0.507 acre-fast 119 inches - - - -
5-yr Runoff Volume (P1 = 1.5in.)= 0.774 acre-foet 1.5 inches - - - -
10-yr Runoff Volume (P1=1.75in.) = 0.923 acre-fest 1.78 inches - - - -
25-yr Runoff Volume (P1=2in.) = 1.086 acre-fest 2.00 Inches - - = =
50-yr Runoff Volume (P1 = 2.25 in.) = 1.227 acre-feet 2.25 Inches - - - -
100-yr Runoff Volume (P1 =2.52in.) = 1.406 acro-feet 252 inches - - - -
500-yr Runoff Volume (P1=01In.)=| 0.000 acre-fest inches - - - -
Approximate 2-yr Detention Volume = 0.568 acro-fost = = - -
Approximate 5-yr Detention Volume = 0.738 acre-fest - — = -
Approximata 10-yr Detention Volume = 0.873 acre-foet - - = =
Approximate 25-yr Detention Volume = 1.030 acre-fast - = = -
Approximate 50-yr Detention Volume = 1.120 acre-feet - - = =
Approximate 100-yr Detention Volume = 1.189 acre-feet - - - -
Stage-Storage Calculation = = = =
Zone 1 Volume (WQCV) = 0235  |acro-feet - - = =
Zone 2 Valume (EURV - Zone 1) = 0.625 acre-fost - - = -
Zone 3 Volume (100-year - Zones 1 & 2) = 0.339 acre-feet - - - =)
Total Detention Besin Volume = 1.189  Jacre-fost - = = .
Initial Surcharge Volume (ISV) = user ftaz - - - =
Initlal Surcharge Depth (I1SD) = user ft = - = =
Total Available Detention Depth (Hyy) =| user ft - = = =.
Depth of Trickie Channe (Hyc) =| usar ft - . = -
Slope of Trickla Channel (Syc) = user Ut - - == -
Slopes of Main Basin Sides (S,,,,) = usor HV - - - -
Basin Length-to-Width Ratio (Rw) =|  user = - = m

FDS Pond 2 xlem, Basin
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: The Sands

Basin ID: FSD Pond 2

Stage (ft) Zone Volume {ac-ft)  Outlet Type
Zone 1 (WQCV) 3.14 0.235 Orifice Plate
Zone 2 (EURV) 5.67 0.625 Orifice Plate
w--t tone 3 (100-year) 6.70 0.339 WelrBPipe {Restrict)
E Zone G R Pond} 1.199 Total
User Input: Orifice at Outlet ( used to drain WQCV in a Filtration BMP) [« P; for ¢
Underdrain Orifice Invert Depth = N/A ft {distance below the filtration media surface) Underdrain Orifice Area = N/A it
Underdrain Orifice Diameter = N/A |inches Underdrain Orifice Centroid =| feet
User Input: Orifice Plate with one or more orifices or Elliptical Siot Weir {typically used to drain WQCV and/or EURV In a sedimentatior BMP} Calculated Parameters for Plate
Invert of Lowest Orifice = G.00 ft {relative to basin bottom at Stage = 0 ft) WQ Orifice Area per Row = N/A ft?
Depth at tap of Zone using Orifice Plate = 5.67 ft (relative to basin bottom at Stage = 0 ft) Elliptical Haif-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 22.70 inches Elliptical Slot Centroid = N/A feet
Orlifice Plate: Orifice Area per Row =, N/A inches Elliptical Siot Area = N/A it
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest}
| Row 1 (required) | Row 2 (optional Row 3 (opfional Row 4 (aptional Row 5 (aptional) Row B (optional) Raow 7 (optional Row 8 (optional)
Stage of Orifice Centroid (ft) 0.00 1.88 3.78
Orifice Area (sq. 0.67 2,70 3.50
Row 9 (optional) | Row 10 {optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 {optional) | Row 15 (optional) | Row 16 {optional)
Stape of Orifice Centroid (ft)|
Orifice Area (sq. inchas)
User Input: Vertical Orifice {Circular or R far) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Sell
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area =, N/A N/A ft
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 Orifice Diameter =| N/A N/A inches
User Input: Overflow Weir [Dropbox) and Grata (Flat or Sloped) Calculated Parameters for Overflow Weir
Zone 3 Welr Not Sel Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 5.67 N/A ft (relative to basin bottom zt Stage = 0 ft} Height of Grate Upper Edge, H, = 5.67 N/A feet
Overflow Welr Front Edge Length = 5.70 N/A feet Over Flow Welr Slope Ler:gth = 2.90 N/A feet
Overflow Weir Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 29.30 N/A should be > 4
Horiz. Length of Welr Sides = 2.90 N/A feet Overflow Grate Open Area w/o Debris = 1157 N/A 2
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris =| 5.79 N/A ft2
Debrls Clogging % = 50% N/A %
Usar Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Plate, or Orifice) Calculated Parameters for Outlet Pipe w/ Flow Plate
Zone 3 Restrictor | NotSelected | Zone 3 Restrictor {  Not Selected
Depth to Invert of Outlet Plpe = 0.25 N/2. In (d below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.39 N/A 2
Outlet Pipe Diameter = 18.6C N/A —Iim:hs Outlet Orifice Centroid = 0.24 N/A feet
Restrictor Plate Helght Above Pipe Invert = 495 inches Half-Central Angle of Restrictor Plate on Plpe =| 1.10 N/A di
User Input: Emergency Spiliway (Rectangular or Trapeinidal) Calculated Parameters for Spiliway
Spillway Invert Stage= 671 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth=| 0.78 feet
Spillway Crest Length = 13.00 feet Stage at Top of Freeboard =| 8.49 feet
Spillway End Slopes = 10.00 H:V Basin Area at Top of Freeboard = 0.44 acres
Freeboard above Max Water Surface = 1.00 feet -
Routed Hydrograph Results
Design Storm Retumn Period =| ‘Wacy EURV 2 Year 5 Year 10 Year 25 Year 50 Year 1CC Year 500 Year
One-Hour Rainfali Depth (in) =| 0.53 1.07 1.19 1.50 175 2.00 2.25 2,52 0.00
Calculated Runoff Volume {acre-ft) = 0.235 0.860 0.597 0.774 0.928 1.086 1.227 1.405 0.000
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) = 0.235 0.858 0.596 0.772 0.926 1.083 1.225 1.402 #N/A
Predeveiopment Unit Peak Flow, q (cfs/acra) = 0.00 0.09 0.00 0.01 0.02 0.04 0.29 0.70 0.00
Predavelopment Peak Q (cfs) =| 0.0 0.0 0.0 0.1 0.1 0.3 2.0 4.9 0.0
Peak Inflow Q (cfs) =| 68 24.5 17.1 22.1 26.4 30.8 34.8 39.8 #N/A
Peak Outflow Q (cfs) =| 0.1 0.4 0.3 0.4 1.0 45 4.7 4.9 #N/A
Ratio Peak Outflow to F Q= N/A N/A N/A 6.8 7.8 165 23 1.0 #N/A
Structure Controlling Flow = Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 Qutlet Plate 1 Outlet Plate 1 #N/A
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.0 04 0.4 0.4 #N/A
Max Valocity through Grate 2 (fps) = N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of nflow Volume (hours) =| 38 60 S5 58 61 55 57 56 #N/A
Time to Drain 98% of inflow Volume (hours) = 41 68 60 66 69 €8 68 67 #NJA
Maximum Ponding Depth {ft) = 3.07 5.54 4.62 5.26 5.73 5.92 6.19 6.59 HN/A
Area at Maximum Ponding Depth (acres) =| 0.19 0.30 0.26 0.28 0.31 0.31 0.33 0.35 #N/A
Maximum Volume Stored (acre-ft) = 0.222 0.824 0.570 0.740 0.881 0.537 1.027 1.161 J#=N/A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)

Projact: The Sands

Basin ID: Full Spectrum Detentlon Pond 3
3
JOME 8

rost Example Zone Configuration (Retention Pond)
Required Yolume Calculation
Selected BMP Type = EDB
Watershed Area = 8.58 acres Note: L / W Ratlo <1
Watershed Length = 365 ft L/WRatio=0.4

Watershed Slope = 0.030 fuft
Watershed Imperviousness =|  9C.00% |percent

Percentage Hydrologic Soll Goup A=|  100.0% |percent
Percentage Hydrologle Soll Group B =| ©  0.0% percent
Percentage Hydrologic Soil Groups C/D = 0.0% p
Deslred WQCV Drain Time = 400 hours

Location for 1-hr Rainfall Depths = User Input
Water Quality Capture Volume (WQCV) = 0.287 acrefest  Optional User Overiide
Excess Urban Runoff Volume (EURV)=|  1.050  |acrefeet  1-hr Precipitatian

Depth Increment = ft
Optional Optional
Stage - Storage Stage Override Length Width Area Override Area Volume Volume
Description {ft) Stage (ft) {ft) () [{iwd} Arsa (ftA2) acre! fiA3 ac-fi]
Top of Micropool - 0.00 - - - 0 0.000 s o
- 0.33 - - - 60 0.001 9 0.000
- 1.50 - - - 1,288 0.030 7686 0.018
- 2.50 - - - 7,313 0.168 5,099 0.117
= 3.50 - = - 9,006 0.207 13,258 0.304
- 4.50 -~ - - 10,791 0.248 23,157 0.532
- 5.50 - - - 12,683 0.291 34,894 0.801
- 8.60 - = = 14,675 0.337 48,573 1115
- 7.50 - - - 16,771 0.385 64,296 1.478
- B.50 - - - 18,997 0.436 82,180 1.887

2-yr Runoff Volume (P1=1.19in.) = 0.729 acre-feet 1.19 inchea
5-yr Runoff Volume (P1=1.5in.)= 0.944 acre-faet 1.50 inches
10-yr Runoff Volume (P1 = 1.75in.) = 1.133 acre-faet 175 inches
25-yr Runoff Volume (P1=2in.)= 1.325 acre-fest 2.00 inches
50-yr Runoff Volume (P1=2.25in.)=, 1.498 acre-faet 225 inches
100-yr Runoff Volume (P1 = 2.52 in.) = 1.715 acre-feet 2.52 inches
500-yr Runoff Volume (P1=0in.)= 0.000 acre-feet inches

Approximate 2-yr Detention Volume = 0.693 acre-fest
Approximate 5-yr Detention Volume = 0.898 acre-feet
Approximate 10-yr Detention Volume = 1.066 acre-feet
Approximate 25-yr Detention Volume = 1.257 acre-feet
Approximate 50-yr Detention Volume = 1.367 acre-feet
Approximate 100-yr Detention Volume =| 1.463  |acre-faat

Stage-Storage Calculation
Zone 1 Volume (WQCY) = 0.287 acre-feet

Zone 2 Volume (EURV - Zone 1) = 0.763  |acre-fest

Zone 3 Volume (100-year - Zones 1 & 2) = 0414 |acre-feet

Total Detention Basin Volume = 1.463  |acre-feet

Initial Surcharge Volume (ISV) = usor A3
Initial Surcharge Depth {ISD) = user ft
Total Avallable Detention Depth (Hyg) = user ft
Depth of Trickle Channel (Hrc) = user I

Slope of Trickle Channel (Syc) = user iR

Slopes of Main B&ain Sides (Spapn) = user H:v

Basin Length-to-Width Ratio (Rw) = user

FDS Pond 3.xlsm, Basin

3/5/2018, 3:58 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 {(February 2017)
Project: The Sands

Basin ID: FSD Pond 3

Stage (i) Zone Volume (ac-ft)  Outiet Type

Zane 1(WQCY) 3.42 0.287 Orffice Plate
Zone 2 (EURV) 6.31 0.763 Orifica Plate
runssg—/ ovcEs ‘one 3 (100-year) 747 0.414 Weir&?Ipe {Restrict)
o Example Zona Conflg {Retentlon Pond) 1.463 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WQCV In a Filtration BMP) Calculated P for Und,
Underdrain Orifice Invert Depth = N/A ft (distance below the filtration media surface) Underdrain Orifice Area =| N/A 2
Underdrain Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet
User Input: Orifice Plate with one or more orifices or Elligtical Slot Weir (i used to drain WQCV and/or EURYV in a sedimentation BMP) Calculated Parameters for Plate
Invert of Lowest Orifice = 0.00 ft (relative to basin bottom at Stage = D ft) WQ Orifice Area per Row = N/A e
Depth at top of Zone using Orifice Plate = 6.51 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 25.20 inches Elliptical Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A Inches Elliptical Skot Area =| N/A 2
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) | Row5 (optional}) | Rowb (optional) | Row7 {optional) { Row 8 (opiional
Stage of Orifice Centroid (ft) 0.00 2.10 4.27
Orifice Area (sq. inches) 0.80 3.60 5.00
Row 9 (optional Row 10 {optional) | Row 11 (optional) | Row 12 (optianal) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (optional)
Stage of Oriflce Centrold (ft)
Orifice Araa (8. inches)
User Input: Vertical Orifice (Circular or } Calculated Parameters for Vertical Orifice
Not Salacted Not Selected | Not Seiected Not Selacted
Invert of Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft} Vertlcal Crifice Area = N/A N/A A
Depth at top of Zone using Vertical Orifice = N/A N/A |t (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centrold = N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User Inpet: Overflow Weir (Dropbox) and Grate (Flat or Sloped) Caleulated P for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Welr Not Selected
Overflow Welr Front Edge Height, Ho = 6.31 N/A ft {relative to basin bottom at Stage = 0 f1} Height of Grate Upper Edge, H, = 6.31 N/A feet
Overflow Weir Front Edge Length = 5.70 N/A feet Over Flow Weir Slope Length =| 2.90 N/A feat
Overflow Welr Slope = 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 24.98 N/A |should be>4
Horlz. Length of Weir Sides = 2.90 N/A feet Overflow Grate Open Area w/o Debris =|_ 11.57 NA T w2
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris =| 579 N/A |ﬂ;’
Debris Clogging % =| 50% N/A %
User input: Outiet Pipe w/ Flow Restriction Plate (Circular Orifice, Restrictor Plate, or Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restri Plate
Zone 3 Restrl Not Selected Zone 3 Restrictor Not Sel
Depth to Invert of Outlet Pipe = 0.25 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.46 N/A 2
Outlet Pipe Diameter = 18.00 NIA inches Outlet Orifice Centroid =: 0.27 N/A feet
Restrictor Plate Height Above Pipe Invert = 5,55 inches Half-Central Angle of Restrictor Plate on Pipe =| 1.18 N/A radians
User input: Spiliway (R or Calculated Parameters for Splliway
. Spiiiway invert Stage= 748 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth=| 0.80 feet
Spillway Crest Length = 17.00 feet Stage at Top of Freeboard = 9.28 feet
Spiliway End Slopes = 10.C0 H:V Basin Area at Top of Freeboard = 0.44 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design Storm Retum Period = wacv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year SGD Year
One-Hour Rainfall Depth (in) =} 0.53 1.07 118 1.50 1.75 2.00 2.25 2,52 0.00
Calculated Runoff Volume {acre-ft) =| 0.287 1.050 0.72¢ 0.944 1.133 1.325 1.498 1.715 0.000
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) =| 0.287 1.049 0.729 0.944 1.132 1.324 1.498 1.714 #N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.00 0.01 0.02 0.04 0.29 0.70 0.00
Predevelopment Peak Q (¢fs) = 0.0 0.0 0.0 0.1 0.2 0.3 2.5 6.0 0.0
Pesk Inflow Q (cfs) =| 8.6 31.2 217 28.1 336 39.2 44.3 50.6 #N/A
Peak Outflow Q {cfs) =| 0.5 0.4 0.5 13 5.7 5.9 6.0 #N/A
Ratio Peak Outflow to Predevelopment Q N/A N/A 7.8 83 16.7 24 1.0 #N/A
Structure Controlling Flow =| Plate Plate Plate Plate Overflow Grate 1 Qutlet Plate 1 Outlet Plate 1 Outlet Plate 1 #N/A
Max Velocity through Grate 1 (fps) = N/A N/A N/A N/A 0.1 0.4 0.5 0.5 #N/A
Max Velocity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume (hours) =| 39 58 53 56 58 56 55 53 #N/A
Time to Draln 99% of Inflow Volume {hours) =| 42 65 59 64 66 66 65 65 #N/A
Maximum Ponding Depth (ft) =| 3.34 6.17 5.13 5.84 6.38 5.59 6.91 7.37 #N/A
Area at Maximum Ponding Depth (acres) = 0.20 0.32 0.27 0.31 0.33 2.34 0.36 0.38 #N/A
Maximum Volume Stored (acre-ft) = 0272 _ 1003 0.694 -0.903 1.075 1.146 1257 1.423 #N/A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Project: The Sands

UD-Detention, Version 3.07 (February 2017)

Basin ID: POND D
(T,
I -
|
a2 e Depth Ingrement=) 05 |
PERMANENY— SRS Cptional Optional
pacx Example Zone Configuration {Retention Pond) Stage - Storage Stage | Overmide | Length Width Area Override Area Volume | Volume
Description (ft) Stage (ft) () (ft) _{ft"2) Area (ftr2) acre ftA3) ac-ft)
Required Volume Calculation 6478.77| Top of Micropool - 0.00 - - - 0 0.000 P
Selected BMP Type=|  EDB 6479.1 - 0.33 = - - 10 0.000 2 0.000
Watershed Area = 10.64 acres 6480 - 0.86 - - - 13,440 0.309 4,306 0.089
Watershed Length = 870 |t 8481] - 2.00 - - - 23,543 0.540 22,881 0.525
Watershed Slope=]  0.015 R 5482 — 3.00 - - - 27,153 0.623 48,464 1113
Watershed imperviousness =|  76.00% |percent 6483 - 4.00 - o - 30,885 0.709 77,483 1.779
Percentage Hydrologic Soil Group A =|  350% |percent 6484 - 5.00 - - - 34,732 0.797 110,291 2532
Percentage Hydrologic Soil Group B=|  64.1%  |percent 6485 - 6.00 - - - 38,395 0.891 146,855 337
Percentage Hydralogic Soil Groups C/D = 0.0% percent - - - -
Deaired WQCV Drain Time = '“E___[ hours - = - -
Lacation for 1-hr Rainfall Depths = User Input - - . =
Water Quality Capture Volume (WQCV)=| 0270  |acre-feet Optional User Overtide - - - -
Exoce3s Urban Runoff Volume (EURV)=| 0949  |acrefest  1-hr Precipitation - = — =
2-yr Runoff Volume (P1 = 1.19 in)= 0.742 acre-faet 119 inches ; - = = =
5-yr Runoff Volume (P1 = 1.5in.) = 0.974 acre-feet 1.5 inches - - = -
10-yr Runoff Volume (P1 = 1.75In.) = 1.203 acre-feet 175 Inches - - - -
25-yr Runoff Vaiume (P1=2in.,) = 1.467 acre-feet 200 inches - = = .
60-yr Runoff Volume (P1=226In)=| 1687 |acre-fest 225 [inches L - = - -
100-yr Runoff Volume (P1=2.52 in.)= 1.965 acre-feet 2.62 inches - = - =
500-yr Runoff Volums (P1=01n.)= 0.000 acre-feat inches - - = .
Approximate 2-yr Detention Volume =| 0.698 acre-feet - - - -
Approximate 5-yr Detention Volume = 0.919 acre-foot e = - .
Approximate 10-yr Detention Volume = 1.131 acre-fest - = = =
Approximate 25-yr Detention Volume = 1.258 acre-feet =S = - -
Approximate 50-yr Detention Volume = 1.333 |acre-feet £ = - -
Approximate 100-yr Detention Volume =| 1425  {acre-fest = = - -
Stage-Storage Calculation = = = =
Zone 1 Volume (WQCV) = 0270  |acre-fost - - - -
Zone 2 Volume (EURV - Zone 1)={ 0679 | acre-feet = - - Z
Zone 3 Volume (100-year - Zones 1 & 2) = 0476  |acre-feet - - - =
Total Detention Besin Volume = 1425  |acrefost - = = -
Initial Surcharge Volume (ISV} = uso fi*a - = - =
Initlal Surcharge Depth (I1SD) = user ft - - - =
Total Available Detention Depth (Hyg) = user ft - = - -
Depth of Trickie Channel (Hrc) =| uaer ft - = = -
Slope of Trickle Channel (S;.) = user st . = . =
Slopes of Main Basin Sides (S ) = user H:V - - - -
Basin Length-to-Width Ratio (R,y) = | user Lo - = = p=

FDS POND D_v3.07 xism, Basin

3/6/2018, 11:55 AM



Detention Basin Outlet Structure Design

UD-Detention, Version 3,07 (February 2017)
Project: The Sands

Basin ID: POND b

a
2
S ‘— {u;‘m’m Stage (ft) Zone Volume (acft)  Outlet Type
""”"‘I""“’I wock i ) Zone 1 (WQCV) 146 0.270 Crifice Plate
: “—roovean Zone 2 (EURV) 274 0.679 Orifice Plate
20M8 ) ANO 2 oRFcE
:ﬂm—/ _ ommcm ~ ‘one 3 (100-year) 3.49 0.475 WeirkPipe (Res:rict)
ple Zone C {R Pond) 1425 Total
User Input: Orlfice at Underdrain Outlet {typically used to drain WQCV In a Filtration BMP) Calcul P for Und:
Underdrain Orifice Invert Depth = ft {distance below the filtration media surface) Underdraln Orifice Area = N/A lid
Underdraln Orifice Diameter = N/A inches Underdrain Orifice Centroid = N/A feet
User Input: Orifice Plate with one or more orlfices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV In a sedimentation BMP) Calculated Parameters for Piate
Invert of Lawest Orifice = 0.60 ft (relative to basin bottom at Stage=0 ft) WQ Orifice Area per Row = N/A 2
Depth at top of Zone using Orifice Plate = 274 ft {relative to basin bottom at Stage = 0 ft) Elfiptical Half-Width = N/A feet
Orifice Plate: Orifice Vertical Spacing = 6.70 inches Elliptical Slot Centroid =: N/A feet
Orifice Plate: Orifice Arsa per Row = N/A inches Elliptical Slot Area = N/A f
User Input: Stage and Total Aree of Each Orifice Row (numbered from lowest to hi
Row 1 {required) | Row2 (optional) | Row 3 (optional Row 4 (optional, Row 5 (optional) | Row$ (optional) | Row 7 (optional Row 8 {optiona)
Stage of Orifice Centroid (ft) 0.00 0.91 1.83
Qrifice Area (sq. inches)| 187 1.97 4.78
Row 9 (optional) | Row 10 {optional) | Row 11 (optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 (optional) | Row 16 (optional)
Stage of Orifice Centroid (ft)
Orifice Area (sq. inches)|
Usar Input: 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) Vertlcal Orifice Area = N/A N/A jﬁ’
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 Ifeet
Vertical Orifice Diameter = N/A N/A inches
User Input: Overflow Wair {Dropbox) and Grate (Flat or Slopaed) Caleulated P for Overflow Weir
Zone 3 Welr Not Sel d Zone 3 Weir Naot Selected
Overflow Weir Front Edge Height, Ho = 274 N/A ft {relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H = 274 N/A feet
Overflow Weir Front Edge Length =, 5.70 N/A feet Over Flow Weir Slope Length = 2,91 N/A feat
Overflow Weir Slope =| 0.00 N/A H:V {enter zero for flat grate) Grate Open Area / 100-yr Crifice Area = 9.28 N/A shouid be > 4
Horiz. Lergth of Weir Sides = 291 N/A feet Overflow Grate Open Area w/o Debris = 11,61 N/A 2
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.81 N/A #2
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Restriction Plate {Circular Orifice, Plate, or Qrifice) Calculated Psrameters for Outlet Pipe w/ Flow Plate
Zone 3 Restrictor Not Selected Zone 3 R Not Sels
Depth to Invert of Outlet Plpe =| 0.25 N/A ft (di below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.25 N/A 2
Outlet Pipe Diameter =| 18.00 N/A inches Outlet Orifice Centroid =| 0.56 N/A feet
Restrictor Plate Height Above Pipe Invert = 12.00 Inches Half-Central Angle of Restrictor Plata on Pipe = 1.91 N/A radians
User input: y Spillway (R orT ) Calculated Parameters for Splliway
Spillway Invert Stage= 3.50 ft (relative to basin bottom at Stage =0 ft) Spillway Design Flow Depth= 0.74 feet
Spillway Crest Length = 11.00 feet Stage at Top of Freeboard = 5.24 faet
Spillway End Slopes =| 10.0C H:V Basin Area at Top of Freeboard = 0.82 acres
Freeboard above Max Water Surface = 100 feet
Routed Hydrograph Results
Design Storm Retum Period =| wacyv EURV 2 Year 5 Year 10 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 2.25 252 G.00
Calculated Runoff Volume (acre-ft) =| 0.270 0.949 0.742 0.974 1.203 1.467 1.687 1.965 0.000
OPTIONAL Override Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft) = 0.270 0.949 0.742 0.974 1.203 1467 1.687 1.965 #N/A
Predevelopment Unit Peak Flow, g (cfefacre) = 0.00 0.00 0.01 0.02 0.4 C.45 0.68 0.99 0.00
Predevelopment Poak Q (cfs) = 0.0 0.0 0.1 0.2 15 4.7 7.2 10.5 0.0
Peak Inflow Q (cfs) =| 4.6 16.0 12.5 16.4 20.2 74.6 28.2 32.8 #N(A
Peak Outflow Q (cfa) =| 0.1 0.3 0.3 0.3 2.7 6.8 10.1 10.5 #N/A
Ratio Peak Outflow fo P Q= N/A N/A N/A 21 18 14 14 1.0 #N/A
Structure Ci ing Flow =| Plate Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 Outlet Plate 1 Outlet Plate 1 #N/A
Max Velocity through Grate 1 (fps) =, N/A N/A N/A N/A 0.2 0.6 0.8 0.9 #N/A
Max Velocity through Grate 2 (fps) = N/A N/A N/A N/A N/A MN/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume {hours) =| 38 71 65 72 72 71 69 58 #N/A
Tima to Drain 99% of Inflow Valume (hours) = 40 76 68 76 78 77 77 76 #N/A
Maximum Ponding Depth (ft) =| 141 2.65 231 2,69 2.90 3.08 3.15 3.34 #N/A
Area at Maximum Ponding Depth (acres) = 040 0.59 0.57 0.60 0.61 0.63 0.64 0.65 #N/A
Maximum Volume Stored (acre-ft) = 0.248 0.899 0.697 0923 1.045 lig 1.201 1.329 #N/A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Project: The Sands

UD-Detention, Version 3.07 (February 2017)

Basin ID: Full Spectrum Detention Pond 4

Reqg Vol o
Selected BMP Type = EDB
Watershed Area =| 481 acras
Watershod Length = 249 It
Watershed Slope = 0.030 Imn

Watershed Impervicusness =|  95.00%  {percent

Percentage Hydrologic Soit GroupA=|  1C0.0%
Percentage Hydrologic Soil Group B = 0.0% percent
Percentage Hydrologic Soil Groups C/D = 0.0% percent

Desired WQCV Drain Time = 40.0 hours

Location for 1-hr Ralnfall Depths = User Input

Water Quality Capture Volume (WQCV)=|  0.172 acre-feet
Excess Urban Runoff Volume (EURV) = 0.604 acre-fest
2-yr Runoff Volume (P1=1.19in.)=|  0.421 acre-feat

5-yr Runoff Volume (P1 = 1.5 in., 0.644 acre-feet

10-yr Runoff Volume (P1 = 1.75In.) = 0.851 acre-feet
25-yr Runoff Volume (P1=2in.) = 0.757 acre-feet
50-yr Runoff Volume (P1 =2.25In.) = 0.848 acre-feet
100-yr Runoff Volume (P1=2.52In.)=| 0.9668 |acre-feet

500-yr Runoff Volume (P1=0in.)=|  0.000 acre-feet

Approximate 2-yr Detention Volume = 0.400 acre-feet
Approximate 5-yr Detention Volume = 0.518 acre-feet
Approximate 10-yr Detention Volume = 0613 acre-fost
Approximata 25-yr Detention Volume = 0.720 acre-foat
Approximate 50-yr Detention Volume = 0.782 acre-feat
Approximate 100-yr Detention Volume = 0.834  |acre-fest
Stage-Storage Calculation
Zone 1 Voluma (WQCV) = 0172 |{gcre-fost
Zone 2 Volume (EURV - Zone 1) =, 0.433 acre-fest
Zone 3 Volume (100-year - Zones 1 & 2) = 0230 |acra-fest
Total Detention Basin Volume = 0.834 acre-foat
Initiat Surcharge Volume {ISV) = user fir3

Initial Surcharge Depth (ISD) = caey ft

Total Available Detention Depth (Hyw) = ey’ ft

Depth of Trickle Channel {(Hre) = user ft

Slope of Trickle Channel {Src) =: user TRt
Slopes of Main Basin Sides (Spai) = ugar HV
Basin Length-to-Width Ratio (R} = user

FDS Pond 4.xlsm, Basin

Example Zone Configuration {(Retentlon Pond)

Depth Increment = 0.1 ft
Optional Optional
Staga - Storage Stage Ovaride Length Width Area Override Areg Volume Volume
Description (ft) Stage (ft (ft) (ft) {ftr2) Area (ftA2) acro! ft*3 ac-ft
Top of Micropool - 0.60 - - - 0 0.000 iee B f

- 033 - - - 10 0.000 2 0.000

Noto: L/ W Ratio < 1 - .50 - - - 525 0012 42 0.001

L /W Ratio=0.3 = 1.53 = = = 6,483 0.149 3,488 0.080

- 2.5C - - - 8,248 0.189 10,017 0.251

- 3.50 - - - 10,140 0.233 20,111 0.482

- 4.50 - - - 12,180 0.279 31,261 0.718

=) 5.50 - - = 14,307 0.328 44,404 1.021

= 650 - - - 16,454 0.378 50,8756 1.375

- 150 - - - 18,601 0.427 77,402 1.777
QOptional Ussr Override = 5 - =
1-hr Precipltation _ = - =
1.19 inches - - - -
1.50 inches - &= - -
1.75 inches = = - =
2.00 inches =) - - -
225 inches - - - -
262 Inches - - - -
Inches - = - -

3/5/2018, 3:59 PM



Detention Basin Outlet Structure Design

Project:

The Sands

UD-Detention, Version 3.07 (February 2017)

Beain ID: Full Spectrum Detention Pond 4

..mI -y B8 Stage(ft)  ZomeVolume (acht)  OutlotType
voumE) ey | wak Zone 1 (WQCV) 2.07 0.172 Orifice Plate
Zone 2 (EJRV) 4,08 0.433 Orifice Plate
PERMANENT—~—’ ‘one 3 (100-year) 491 0.230 Weir&Pipe (Restrict]
Paot Example Zone Configuration (Retention Pond) o) okl
User Input: Orifice 2t Und, Outlet usad to drain WQCV in a Filtration BMP) Calcul;

Underdrain Orifice Invert Depth =
Underdrain Orifice Clameter =

N/A
N/A

ft (distance below the filtration media surface)

inches

for

Underdrain Orifice Area =

£

Underdrain Orifice Centroid = feet

User Input: Orifice Plate with one or more orifices or Elliptical Slot Wair ( used to draln WQCV and/or EURV In a sadimentation 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 = N/A 72
Depth at tap of Zone using Orifice Plate =| 4.08 ft {relative to basin bottom at Stage = 0 ft) Elliptical Half-Width =| N/A feet
Orifice Plate: Orifice Vertical Spacing = 16.30 inches Elliptica! Slot Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area = N/A it
User Input: Stage and Total Area of Each Orifice Row (numbered from lowest to highest
| _Row 1 {required) | Row2 (optional) | Row3 {optional) | Row4 (optioral) | Row5 (optional) | RowE {optional) § Row 7 (optional Row 8 (optional
Stage of Orifice Centroid (ft) 0.00 1.36 2.72
Orifice Area (sq. inches)| 0.85 3.00 5.00
Row 8 (optionsl) | Row 10 (optional) | Raw 11 {optional) | Row 12 (optional) | Row 13 {optional) | Row 14 (optianal) | Row 15 (oﬂmal] Row 18 (optional)
Stage of Orifice Centroid (ft)
Onfice Area (sq. Inches)
User Input: Vertical Orifice (Circular or Rectangutar) 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 = O ft) Vertical Orifice Area = N/A N/A ft?
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Crifice Centroid =| N/A N/A feet
Vertical Orifice Diameter = N/A N/A inches
User input: Overflow Welr (Dropbox) and Grate (Flat or Sioped) Celculated Parameters for Overflow Weir
Zone 3 Weir Not Salected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho =| 4.08 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 4.08 N/A feet
Overflow Weir Front Edge Length = 2.90 N/A feet Over Flow Weir Slope Length =| 2.90 N/A feet
Overflow Weir Slope = 0.00 N/A H:V {enter zero for flat grate) Grate Open Area / 100-yr Crifice Area = 19.78 N/A shouid be > 4
Horlz. Length of Weir Sides = 290 N/A fest Overflow Grate Open Area w/o Debris = 5.89 N/A £t
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris =| 2.94 N/A e
Debris Clogging % = 50% N/A %
User Input: Outiet Pipe w/ Flow Restriction Plate (Circular Orifice, Plate, or lar Orifice) Calculated Parameters for Outiet Pipe w/ Flow Restriction Plate
Zone 3 Not Sel Zone 3 Restrictor Net Selected
Depth to Invert of Outlet Pipe = 0.25 N/A ft (di below basin bottom at Stage = 0 ft) Outlet Orifice Area = 030 N/A f?
Outlet Pipe Diameter = 18.C0 N/ inches Outlet Orifice Centroid = 0.20 N/A feet
Restrictor Plate Height Above Pipe Invert = 4.05 inches Half-Central Angle of Restrictor Plate on Pipe =| 0.99 N/A dii
User Input: Spliiway (R or dal) Caiculated Parameters for Spjliway
Spillway Invert Stage=| 4.92 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.63 feet
Spillway Crest Length = 8.00 feet Stage at Top of Freeboard = 6.55 feet
Spiliway End Slopes = 4,50 HV Basin Area at Top of Freeboard =| 0.38 acres
Freeboard above Max Water Surface = 1.00 feet
Routed Hydrograph Results
Design Storm Retum Period = waocv EURV 2 Year 5 Year 10 Year 25 Yzar 50 Year 100 Year 500 Year
One-Hour Ralnfall Depth {in) = 0.53 1.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00
Calculated Runoff Volume (acre-ft) =| 0.172 0.604 0.421 0.544 0.651 0.757 0.848 0.966 0.000
OPTIONAL Ovenide Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft} = 0.171 0.603 0.419 0.543 0.651 0.756 0.848 0.965 #N/A
Predevelapment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.00 0.01 0.02 0.04 0.29 0.70 0.00
Predevelopment Peak Q (cfs) = 0.0 [Xi] 0.0 0.0 0.1 0.2 13 3.2 0.0
Paak Inflow Q (cfe) = 5.4 18.8 13.2 17.0 20.3 235 26.4 30.0 #N/A
Peak Outflow Q (cfs) =| 0.1 0.4 0.3 0.4 0.7 2.9 3.1 3.2 #N/A
Ratio Peak Outflow to Pt Q= N/A N/A N/A 10.8 8.1 16.0 2.3 1.0 #N/A
Structure Controlling Flow =| Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 #N/A
Max Velocity through Grate 1 {fps) =| N/A N/A N/A N/A 0.0 0.4 0.4 0.5 #N/A
Max Velocity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume (hours) =| 39 55 52 54 55 54 53 52 #N/A
Time to Drain 98% of Inflow Volume (hours) =| 41 61 56 59 62 51 61 61 #N/A
Maximum Ponding Depth (ft) =| 2.00 3.96 3.22 3,73 4.12 430 4.52 4.84 #N/A
Area at Maximum Panding Depth (acres) =| 0.17 0.25 0.22 0.24 0.26 0.27 0.28 0.30 #N(A
Maximum Volume Stored (acre-ft) =| EGI 0.571 0.398 0.514 0.615 0.5660 0.723 0.815 #N{A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)
Projact: The Sands

————
Basin ID: Full Spectrum Datention Pond 5

Depth increment = ft
2 DARICES Optional Optional
oL Example Zone Configuration (Retention Pond) Stage - Storage Stage Override Length Width Area Ovenide Area Volume Volume
De3cription {ft) o (ft ft] {ft) {fir2) Area (ft*2 acra; ftr3 ac-ft]
Req Volume Cal 6446.5| Top of Micropool - 0.00 = - - 0 0.000
Selected BMP Type = EDB 6448.83 - 0.32 - - - 10 0.000 2 0.000
Watershed Area = 2753 acres 6448 - 117 - - - 7,724 0.177 3,173 0.073
Watershed Length=| 1,108 [t 6449.00 - 2.00 - B B 9,663 0.222 10,369 0.238
Watershed Slope=| _ 0.030 _ [/ 6450.00 - 360 - . - 11965 | 0275 | 21279 | odes
Watershed Imperviousnees = 65.00% |percent 6451.00] - 4.30 - - - 15,225 0.350 34,874 0.801
Percentage Hydrologic Soil Group A=|  280%  |percent 6452.00 - 5.00 - - - 18,189 0.418 51,581 1.184
Percentage Hydraloglc Soil GroupB=)  720%  |percent 6453.00 - 6.00 - - - 21,381 0.491 71,366 1.638
Percentage Hydrologic Soll Groups C/D = 0.0% p 6454.00) - 7.00 - - - 24,658 0.566 94,386 2.167
Desired WQCV Drin Time = 40.0 hours 6455/ - 8.00 - - - 27,967 0.842 120,698 277
Location for 1-hr Rainfall Depths = User Input - 9.00 - - - 31,423 0.721 150,393 3.453
Water Quality Capture Volume (WQCV)=| 0583  |acre-feet Optional User Override - - - -
Excess Urban Runoff Volume (EURV) =] 2028  |acre-feet  1-hr Pracipitation - - = _
2-yr Runoff Volume (P1=1.19in.} = 1.592 acre-foet 1.19 inches - - - -
S-yr Runoff Volume (P1=1.5in.)= 2115 acre-fest 1.0 inches - = = —
10-yr Runoff Volume (P1=1.75in.) = 2679 acre-fest 175 inches - - - -
25-yr Runoff Volume (P1 =2 In.)= 3.308 acre-fest 2.00 inches - - = =
50-yr Runoff Volume (P1=2.25in.)= 3.974 acre-feet 225 inches - - - -
100-yr Runoff Volume (P1 =2.52 In.)= 4.708 acre-fost 252 inches - - = -
$00-yr Runoff Volume (P1=0in,) = 0.000 acre-feat inches - - = =
Approximate 2-yr Detention Volume = 1.495 acre-feet = . . -
Approximate 5-yr Detention Volume = 1.991 acre-feet - = - =
Approximate 10-yr Detention Volume = 2.501 acre-feet = - - L
Approximate 25-yr Detention Volume = 2,775 acre-feet - . - =
Approximate 50-yr Detention Volume = 2.938 acre-fost - = = —
Approximate 100-yr Detention Volume = 3.187 acre-faet = - - -
Stage-Storage Calculation 5 = - -
Zons 1 Volume (WQCV) =| 0.583  |acro-fost - - = =
Zone 2 Valume (EURV-Zone 1)=| 1445  |acrefest = = B -
Zone 3 Volume (100-year - Zones 1 & 2) = 1.159 acre-feet - e = =
Total Detention Basin Volume = 3.187  |acro-feet - - - =
Initial Surcharge Volume (ISV) = user firg - . - -
Initial Surcharge Depth (ISD) = User ft - . = .
Total Availabie Detention Depth (Hyuw) = usor g - = — _
Depth of Trickle Channel (Hyc) = uBer ft - . - =
Slope of Trickle Channel (Syc) = user Fft - - - =
Slopes of Main Basin Sides (Span) = user HvV - = = =
Basin Length-to-Width Ratio (Ryy,) = usar - - - =

FDS Pond 5.xism, Basin
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Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: The Sands

Basin iD: Full Spectrum Detention Pond 5

100m Stage (ft) Zone Volume {ac-ft)  Outlet Type
"’“‘";[ e | woeg Zone 1 (WQCV) 3.33 0.583 Orifice Plate
Zone 2 (EURV) 6.76 1.445 Orifice Piate
‘one 3 (100-year) 8.63 1.159 Veir&Pige (Restrict)
Example Zone Configuration {Retention Pond) 3187 Total
User Input: Orifice at Outlet used to drain WQCV in a Filtration BMP) Calculated P for Und
Underdrain Orifice Invert Depth = N/A 1& {di below the filtration media surface) Underdrain Orifice Area = N/A f*
Underdrain Orifice Diameter =| N/A inches Underdrain Orifice Centroid = N/A feet
User Input: Orifice Plate with ane or more orificas or Elliptical Slot Welr {{ 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 = 2.333E-D2 2
Depth at top of Zone using Orlfice Plate = £.76 ft (relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feat
Orifice Plate: Orifice Vertical Spacing = 15.30 inches Elliptical Slot Centroid = N/A feet
Orffice Plate: Orifice Area per Row = 336 5q. inches {use rectangular openings) Elliptical Slot Area = N/A ft?
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! Row5 (optional) | Row§ {optional) | Row7 (o al Row 8 (aptional)
Stage of Orifice Centrold (ft) 0.00 2.25 4.51
Qiifica Area (sq. inches)| 3.36 3.36 3.36
Row 9 {optional) | Row 10 {optional) | Row 11 (aptional) | Row 12 {optional) { Row13 (optional) | Row 14 {optional) | Row 15 (optional) | Row 16 (optional
Stage of Orifice Centroid (ff)
Orifice Area (sg.
User input: Vartical Orifice (Circular or ) Calculated Parameters for Vertical Orifice
Not Selected Not Sel d Not Selected Not Sel
Invert of Vertical Orifice = N/A N/A ft {relative to basin bottom at Stage = 0 ft) Verticai Orifice Area = N/A N/A ft?
Depth at top of Zone using Vertical Orifice = N/A N/A Tt {relative to basin bottom at Stage =0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Dlameter = N/A N/A inches
User Input: Overfiow Weir {Drophox) and Grate (Flat or Sloped) Calculated Parameters for Overflow Weir
Zong 3 Welr Not Selected Zone 3 Welr Not Selected
Overflow Welr Front Edge Height, Ho = 6.76 M/A ft {relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H, = 7.49 N/A feet
Overflow Weir Front Edge Length = 8.00 N/A feet Over Flow Weir Siope Length = 3.00 N/A foet
Overflow Weir Slope =| 4.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 5.83 N/A should be > 4
Horlz. Length of Weir Sides = 2.91 N/A feet Overflow Grate Open Area w/o Debris = 16.80 N/A ft?
Overflow Grate Open Area % =| 70% N/A %, Erate open area/total area Overflow Grate Open Area w/ Dabris =| 840 N/A fr?
Debris Clogging % = 50% N/A %
User Input: Outlet Pipe w/ Flow Plate (Circular Orifice, Plate, or Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Plate
Zone 3 Not Sel, Zome 3 Restrictor Not
Depth to Invert of Outlet Pipe = £.25 N/A ft (d below basin bottom at Stage = 0 Outlet Orifice Area = 288 N/A 2
Outlet Pipe Diameter = 24.00 N/A inches Qutlet Orifice Centroid = 0.92 N/A feet
Restrictor Plate Helght Above Pipe Invert = 20.70 inches Half-Central Angle of Restrictor Plate on Pipe = 2.38 N/A dI
User Input: Splliway (R orTi Calculated Parameters for Spillway
Spillway Invert Stage= 263 ft (relative to basin bottom at Stage = 0 ft) Spiliway Design Flow Depth= 0.94 feet
Spillway Crest Length = 31.00 feot Stage at Top of Freeboard = 10.57 feet
Spillway End Slopes = 4.00 H:v Basin Arez at Top of Freeboard = 0.72 acres
Freeboard above Max Water Surface =| 1.00 feet
Routed Hydrograph Results
Design Storm Retum Period = wacv EURV 2 Year 5 Yaar 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) =| 0.53 1.07 119 1.50 175 2.00 225 2.52 0.00
Calculated Runoff Volume (acre-ft) = 0.583 2.028 1.592 2115 2.679 3.398 3.974 4.708 0.000
OPTIONAL Overide Runoff Volume (acre-ft) =
Inflow Hydrograph Volume (acre-ft) =| 0.583 2.030 1.592 2117 2,682 3.402 3.978 4.713 #N/A
Predevelopment Unit Peak Flow, q (cfs/acre) = 0.00 0.00 0.01 0.02 0.22 0.67 0.99 1.40 0.00
Predevelopment Peak Q (cfs) = 0.0 0.0 0.3 0.6 6.0 185 27.3 38.6 0.0
Peak Inflow Q (cfs) =| 126 43.3 34.1 45.1 57.0 72.0 84.0 99.2 AN/A
Peak Outflow Qi (cfe) = 0.3 0.7 0.6 0.7 7.2 19.3 29.2 38.6 #N/A
Ratio Peak Outflow to Predevel Q= N/A N/A N/A 11 1.2 10 11 1.0 #N/A
S C ing Flow =| Plate Plate Plate Overflow Grate 1 | Overflow Grate1 | Overfiow Grate 1 | Overflow Grate 1 Qutlet Plate 1 #N/A
Max Veloclty through Grate 1 (fps) =| N/A N/A N/A 0.0 0.4 1.1 17 2.2 EN/A
Max Velocity through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of inflow Volume (hours) =| 38 69 62 70 70 68 66 64 #N/A
Time to Drair: 99% of Inflow Volume (hours) =| 40 73 66 75 75 75 74 73 #N/A
Maximum Ponding Depth {ft} = 3.21 6.60 5.76 6.76 7.30 177 8.06 8.41 #N/A
Area at Maximum Ponding Depth (acres) = 0.29 0.54 047 0.55 0.59 0.62 0.65 0.67 /A
Maximum Volume Stored (acre-ft) =| 0.548 1.&6 Jﬂ 2.033 2.340 EE_S &) 3.041 #N/A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

UD-Detention, Version 3.07 (February 2017)

Project: The Sands

Bas!n ID: Full Spactrum Detentlon Pond 8

[

onmcEs
Example Zone Conflguration (Retention Pond)

Requirec Volume Calculation
Selected BMP Type = EDB
Watershed Area=| 177  |acres Note: L/ W Ratio < 1
Watershed Length = 124 it L/W Ratio = 0.2
Watershed Slope = 0.030 fifit
Watershed Imperviousness =|  935.0%% |percent
Percentage Hydrologic Soil Goup A=] 100.0% |p:

Percentage Hydrologic Soil Group B = 0.4% percent
Paercentage Hydrologic Soil Groups C/D = 0.C% percent
Desired WQCV Drain Time = 40.0 hours

Location for 1-hr Rainfall Depthe = User Input
Water Quality Capture Volume (WQCV) =| 0.066 acre-fest  Qptional User Override
Excass Urban Runoff Volume (EURV) =| 0232  |acrefest  1-br Pracipitation

Depth Increment = 2.1 ft
Optional Optional
Stage - Storage Stage Ovetride Length Width Area Ovaride Area

Description () e {ft) {ft) (/) ftA2) Area (ftA2) acrs! {8 At
Top of Micropool = 0.00 = = = [} 0.000 é % %4

- 0.33 - - - 80 0.001 9 0.000

- 4.53 - - - 4,182 0.088 2,458 0.056

- 250 - - - 5,800 0.129 7,303 0.170

- 3.50 - - - 7,070 0.162 18,728 0.316

- 4.50 = - - 8,804 0.108 21,565 0.485

2-yr Runoff Volume (P1 = 1.19in.} = 0.161 acre-fost 1.19 inches
5-yr Runoff Volume (P1 = 1.5 in., 0.200 acre-fost 1.50 inches
10-yr Runoff Volume (P1=1.75 in.) = 0.250 acre-foet 1.78 inches
25-yr Runoff Volume (P1=2in)= 0.201 acre-feat 2,00 inches
50-yr Runoff Volume (P1=226In.)= 0.328 acre-feet 225 inches
100-yr Runoff Volume (P1 =252 In.) = 0.371 acre-foet 252 inches
500-yr Runoff Volume (F1 =0 in.) = 0.000 acre-feet inches

Approximate 2-yr Detention Volume = 0.154 acre-feet
Approximate 5-yr Datention Volume = 0.109 acre-feet
Approximate 10-yr Detention Volume = 0.235 acre-foct

Approximate 25-yr Dstention Volume = 0.276 acre-feet
Approximate 60-yr Detention Volume = 0.300 acro-feet
Approximate 100-yr Detention Volume == 0.320 acre feal

Stage-Storage Calculation
Zone 1 Valume (WQCV) = 0.068  |acre-fost

Zone 2 Volume (EURV - Zone 1) = 0.168  |acre-fost

Zone 3 Volume (100-year - Zones 1 & 2) = 0.088  |gacre-feet
Total Detention Besin Volume = 0.320  |gcrefeet

Initial Surcharge Volume (ISV) =

Initial Surcharge Depth (ISD) =

Total Avallable Detention Depth (He) =
Depth of Trickle Channel (Hc) =

AL

Slope of Trickle Channel {Syc) = ftift
Elopes of Main Basin Sides (S} = H:V
Basin Length-to-Wiith Ratlo (Ryw) =

FDS Pond 6.xlsm, Basin

&5/2018, 4:00 PM



Detention Basin Outlet Structure Design

UD-Detention, Version 3.07 (February 2017)
Project: The Sands

Basin ID: FSD Pond 6

Stage (ft) Zone Volume {ac-ft)  Outlet Type
Zone 1 (WQCV) 1.59 0.066 Orifice Plate
Zone 2 {(EURV) 296 0.166 Orifice Plate
mm——/ 'one 3 (100-year) 3.54 0.088 Woeir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) 0.320 Total
User Input: Orifice at Underdrain Outlet (typically used to drain WCCV in a Filtration BMP) G P for Und,
Underdrain Orifice Invert Depth = N/A ft {distance below the filtration media surface) Underdrain Orifice Area = N/A ‘ftz
Underdrain Orifice Diameter =| N/A inches Underdrain Orifice Centroid = N/A :feet
User input: Orifice Plate with one or more orifices or Elfiptical Slot Welr (typicaily 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 = N/A 2
Depth at top of Zone using Orifice Plate = 29 ft {relative to basin bottom at Stage = 0 ft) Elliptical Half-Width = N/A feet
Orifice Plate: Orifice Vertizal Spacing = 11,80 Iinches Elliptical Slat Centroid = N/A feet
Orifice Plate: Orifice Area per Row = N/A inches Elliptical Slot Area =| N/A #?
User input: Stage and Total Area of Each Orifice Row {numberad from lowest to highest)
Row 1 {required) | Row2 (optional) | Row 3 (optional Row 4 (optional Row 5 (aptional) | Row 6 (optional) | Raw? (optional) | Row 8 (optional)
Stage of Orifice Centrold (ft) 0.00 0.9¢ 197
Orifice Area (sq. inches) 0.39 1.65 5.00
Row 9 (optional) | Row 10 (optional) | Row 11 {optional) | Row 12 (optional) | Row 13 (optionel) | Row 14 (optional) | Row 15 {optional) | Row 16 (optional) |
Stage of Orifice Centrokd (ft)|
Qrifica Area (9q. inches)
User Input: Vertical Orifice {Circular or Rectanguiar) Calculated Parameters for Vertical Orifice
Not Selected Not Selected Not Selected Not Sel d
Invert of Vertical Crifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A I
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Diameter = N/A N/A ]Inches
User Input: Overfiow Welr (Dropbox) and Grate (Flat or Sloped) Caleul for Ovarflow Weir
Zone 3 Weir Not Selected Zone 3 Welr Not Salocted
Overflow Waeir Front Edge Height, Ho = 2.96 N/A t {relative to basin bottom at Stage = 0 ft} Helght of Grate Upper Edge, H, =, 2.96 N/A feet
Overflow Weir Front Edge Length = 291 N/A feet Over Flow Weir Slope Length =, 2.91 N/A feet
Overflow Welr Slope = 0.00 N/A H:V {enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 45.03 N/A should be > 4
Horiz. Length of Weir Sides = 2.91 N/A feet Overflow Grate Open Area w/o Debris = 5.93 N/A Al
Overflow Grate Open Area % = 70% N/A %, grate open areaftotal area Overflow Grate Oper Area w/ Debris = 2.96 N/A 2
Debris Clogging % =| 50% N/A %
User Input: Outlet Pipe w/ Flow Plate (Circular Orifice, Plate, or Orifice) Calculated Parameters for Outlet Pipe w/ Flow Restriction Piate
Zone 3 Not Selected | Zone 3 Not Sel
Depth to Invert of Outlet Pipe = 0.25 N/A jﬁ (dl below basin bottom at Stage = 0 ft} Qutlet Orifice Area = 0.13 N/A 2
Outlet Pipe Dlameter = 18.00 N/A 1inches Outlet Orifice Centroid =| 0.11 N/A feet
Restrictor Plate Height Above Pipe Invert = 2.30¢ inches Half-Central Angle of Restrictor Plate on Pipe = 0.73 N/A |radians
User input: Spiliway (Re or Calculated Parameters for Spillway
Spillway Invert Stage=| 3.55 ft {relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.58 feet
Spillway Crest Length = 8.00 feet Stage at Top of Freeboard = 5.13 feet
Spiflway End Slopes =| 4.00 H:V Basin Area at Top of Freeboard = 0.20 acres
Freeboard above Max Water Surface =| 1.00 feet
Routed Hydrograph Results
Design Storm Retum Period =] weov EURV 2 Year 5 Year 10 Year 25 Year 50 Year 200 Year 500 Year
One-Hour Ralnfall Dapth {In) = 0.53 3.07 1.19 1.50 1.75 2.00 2.25 2.52 0.00
Calculated Runoff Volume {acre-ft) = 0.066 0.232 0.161 0.209 0.250 0.291 0.326 0.371 0.000
OPTIONAL Override Runoff Volume (acre-ft) =|
Inflow Hydrograph Volume (acre-ft) =| 0.065 0.231 0.161 0.208 0.249 0.290 0.325 0.371 #N/A
Predevelopment Unit Peak Flow, q (cfs/acre) =| 0.00 0.00 0.00 0.01 0.02 ©.04 0.29 0.70 0.00
Predevelopment Peak Q {cfs) = 0.0 0.0 0.0 0.0 0.0 0.1 0.5 1.2 0.0
Peak Inflow Q (cfs) =| 2.4 8.3 5.9 7.5 9.0 10.4 11.7 133 #N/A
Peak Outflow Q (cfs) = 0.1 0.2 0.2 0.2 0.3 1.1 1.2 1.2 #N/A
Ratio Peak Qutfiow to Pred Q= N/A N/A N/A 17.2 9.0 16.1 2.3 1.0 #N/A
Structure C: g Flow =| Plate Plate Plate Plate Overflow Grate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 #N/A
Max Velocity through Grate 1 (fps) =| N/A N/A N/A N/A 0.0 9.1 0.1 0.2 H#N/A
Max Velocity through Grate 2 {fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume (hours) =| 38 47 46 47 47 46 44 43 #N/A
Time to Drain 99% of Inflow Volume (hours) =| 41 54 52 53 55 54 54 53 #N/A
Maximum Ponding Depth (ft) = 1.55 2.85 2.35 2.69 2.97 210 3.27 3.51 #N/A
Area at Maximum Ponding Depth (acres) =| 0.10 0.14 0.12 0.13 0.14 €.15 0.15 0.16 #N/A
Maximum Volume Stored {acre-ft} = 0.061 0.215 4& 025 0.232 0.251 0.279 (21_5 #N/A
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

Project: The Sands

Basin ID: Full Spectrum Detention Pond 7
S

UD-Detention, Version 3.07 (February 2017)

D Increment = ft
ORFICER Optional Optional
PooL Example Zone Configuration (Retention Pond) Stage - Storage Stage QOverride Length Width Area Override Area Volume Volume
Description {f) Stage (ft) () (f) {ftA2) Area {ftA2) acre fir3) ac-ft
Required Volume Calculation 6447.2| Top of Micropool - 0.00 - - - 0 0.000 . Y e
Selected BMP Type=|  EDB 6447.53 - 0.33 - - - 10 0.000 2 0.000
Watershed Area = 16.07 acres 6448 - 0.47 - - - 5427 0.125 329 0.008
Watershed Length =|  1.130  [f 6449.00 = 1.00 - - - 12,627 | 0290 5,040 0.116
Watershed Slope={  0.015 _ [fuft 6450.00 — 2.00 - - - 15,600 0.358 19,123 0.439
Watershed Imperviousnese =|  65.00% _ |percent 6451.00 - 3.00 - - - 18,683 0.429 36,421 0.836
Percentage Hydrologic Soll Group A=|  28.0% |percent 6452.00 - 4.00 — - - 21,883 0.502 56,704 1.302
Percentage Hydrologic Soil GroupB ={  72.0% [percent 6453.00 - 5.00 - - - 25202 0.578 80,246 1.842
Percentage Hydrologic Sail Groups G/D =  0.0%  |percent 6454.00 - 6.00 - - - 28,538 0.657 107,166 2.460
Desired WQCV Drain Time = 40.0 hours - - — =
Location for 1-hr Rainfall Depths = User Input - = = =
Water Quallty Capture Volume (WQCV)=|  0.340  |acre-feet Optional User Overide - - - -
Excees Urban Runoff Volume (EURV)=|  1.184  |acre-feet  1-hr Precipitation _ _ - pe
2-yr Runoff Volume (P1=1.19in.) = 0.929 acre-feet 119 Inches - - = =
5-yr Runoff Volume (P1=1.5in.) = 1.234 acre-fest 1.50 inchea - - - —
10-yr Runoff Volume (P1 = 1.75in.) = 1.564 acre-feet 1.75 inches - - - -
25-yr Runoff Volume (P1=2in.) = 1.984 acre-faet 2,00 Inches - - - -
50-yr Runoff Volume (P1=2.25In.) = 2.320 acre-feet 225 inches - - = -
100-yr Runoff Volume (P1=2.521n.) = 2.748 acre-feet 252 inches - - = =
500-yr Runoff Volume (P1=0in.) = 0.000 acre-fest Inches - - = =
Approximate 2-yr Detention Volume = 0.873 acra-feet - - - -
Approximate §-yr Detention Volume = 1.162 acre-fest - = - =
Approximate 10-yr Detention Volume = 1.460 acre-fest =) = - -
Approximate 25-yr Detention Volume = 1620 acre-feet = - - -
Approximate 50-yr Detention Volume =| 1.714 acre-fegt - = =] -
Approximate 100-yr Detention Volume = 1.860 acre-feet = = = =
Stage-Storage Calculation = = - -
Zonae 1 Volume (WQCV) = 0.340  Jacre-feet - - - -
Zone 2 Volume (EURV - Zone 1) = 0.844  lacre-feat - - - -
Zone 3 Volume (100-year - Zones 1 & 2) = 0.676 acre-feet - - - =
Total Detention Basin Volume = 1.860  |acre-foet - - - -
Initial Surcharge Volume (ISV) =| user 3 - - = =
Initial Surcharge Depth {ISD) = user ft - - - -
Total Available Detention Depth (Hyoy) = usar ft - = 5 -
Depth of Trickle Channel {Hrc) = user ft - = - -
Slope of Trickle Channel (Syc) = user TR - = = =
Slopes of Main Basin Sides (Syan) = user HV - = - .
Basin Length-to-Width Ratio (R, ) = user - - = =

FDS Pond 7.xlsm, Basin
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Project: The Sands

Basin ID: Full Spectrum Detention Pond 7

Stage (ft) Zone Volume (ac-ft)  Outlet Type
Zone 1 (WQCV) 171 0.340 Orifica Plate
Zane 2 (EURV) 3.77 0.844 Orifice Plate
PERMANENT—— omRcEs ‘one 3 (100-year) 5.04 0.676 Wel&Pipe (Restrict)
Lo Example Zone Configuration {Retention Pond) 1,860 Total

Usar Input: Orifice at Underdrain Outlet {typically used to drain WQCV in a Filtration BMP)
Underdrain Orifice Invert Depth =| N/A ft (di below the filtration media surface)
Underdrain Orifice Diameter = N/A inches

Caicul

Underdrain Orifice Area =|

r

fo
ﬁl

Underdrain Orifica Centrofd = feet

User Input: Grifice Plste with one or more orifices or Elliptica! Shat 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 = 1.596E-02 f
Depth at top of Zane using Orifice Plate = 3.77 Tt {relative to basin bottom at Stage = 0 ft) Elliptical Half-Width =| N/A feet
Orifice Plate: Orifice Vertical Spacing = 15.30 Inches Eiliptical Slot Centroid =| N/A feet
Orifice Plate: Orifice Area per Row = 2.73 5q. inches {d =1-7/8 Inches) Elliptical Slot Area =| N/A 2
User Input: Stage and Totzl Area of Each Orifice Row {numbered from lowest to highest
Row 1 (required Row 2 (optional Row 3 {optional) Row 4 (optional Row 5 (aptional) Row 6 !ogﬂonalt Row 7 (oﬂonal) Row 8 (ogﬁonal!
Stage of Orifice Centroid (ft) 0.00 1.26 2.59
Orifice Area (sq. inches) 2.73 2.73 273
Raw 8 (optional) | Raw 10 {optional) | Row 11 {optional) | Row 12 (optional) | Row 13 (optional) | Row 14 (optional) | Row 15 {optional) | Row 16 (optional)
Stage of Orifice Cantroid (ft)
Orifice Area (sq. inches)
User Input: Vertical Orifice (Circular or Rectangular) Lal P for Vertical Orifice
Not Selected Not Selected Not Selected Not Sel J
invert of Vertical Orifice =, N/A N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = N/A N/A 2
Depth at top of Zone using Vertical Orifice = N/A N/A ft (relative to basin battom at Stage = 0 ft} Vertical Orifice Centroid = N/A N/A feet
Vertical Orifice Dlameter = N/A N/A inches
User Input: Overfiow Weir (Dropbox) and Grate (Flat or Sloped) Calculated Parameters for Overfiow Weir
Zone 3 Weir Not Sel Zone 3 Weir Not Selacted
Overflow Weir Front Edge Height, Ho =| 3.77 N/A ft (relative to basin hottom at Stage = 0 ft) Helght of Grate Upper Edge, H, = 3.77 N/A foet
Overflow Weir Front Edge Length =| 570 NJA feet Over Flow Welr Slope Length = 2.90 N/A feet
Overflow Weir Siope =, 0.00 N/A H:V (enter zero for flat grate) Grate Open Area / 100-yr Orifice Area = 7.15 N/A should be > 4
Horiz. Length of Welr Sides = 290 N/A feet Overflow Grate Open Area w/o Debrls = 1157 N/A 2
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 5.79 N/A 2
Debris Clogging % = 50% p/A %
User Input: Outlet Pipe w/ Flow Restriction Plate (Circular Orifice, Plate, or R lar Orifice) Calculated Parameters for Outlet Pipe w/ Flow Plate
Zone 3 Not Sel Zone 3 Restrictor | NotSelected |
Depth to Invert of Outlet Pipe = 0.25 N/A ft {di below basin bottom at Stage = 0 ft) Outlet Orifice Area = 1.62 N/A ft?
Outlet Pipe Diameter = 12.00 N/A inches Outlet Orifice Centroid = 0.69 N/A feet
Restrictor Plate Height Above Plpe Invert = 15,50 inches Half-Central Angle of Restrictor Plate on Pipe = 238 N/A radians
User Input: Spiliway (R or Cafculated Parameters for Spillway
Spillway Invert Stage= 5.08 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth=| 0.60 feet
Spillway Crest Length = 3:.00 feet Stage at Top of Frezboard =| 6.65 feet
Spiliway End Slopes = 10.00 HV Basin Area at Top of Freeboard = 0.66 acres
Freeboard above Max Water Surface = 1.00 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 1.19 1.50 1.75 2.00 2.25 252 0.00
Calculated Runoff Volume (acre-ft) = 0.340 1.184 0.92% 1.234 1.564 1.984 2,320 2.748 0.000
OPTIONAL Override Runoff Valume (acre-ft) =|
Inflow Hydragraph Velume {acre-ft) = 0.340 1.183 0.928 1.233 1,563 . 1983 2,318 2,747 #N/A
Pradevelopment Unit Peak Flow, q (cfs/zcre) =| 0.00 0.00 0.01 0.02 0.15 0.48 0.71 1.01 0.00
Predevelopment Peak Q (cfs) =, 0.0 0.0 0.1 0.3 23 7.7 11.3 16.2 0.0
Peak Inflow Q (cfe) = 5.6 19.2 15.1 20.0 253 320 37.3 44.1 #N/A
Peak Outflow Q (cfs) =| 0.2 0.4 04 04 5.0 12.1 15.5 16.2 #N/A
Ratio Peak Outflow to P r Q4 N/A N/A _NA 16 21 16 14 1.0 #N/A
C ing Flow =| Plate Plate Plate Overflow Grate 1 | Overflow Grate 1 Outlet Plate 1 Qutlet Plate 1 #NJA
Max Velocity through Grate 1 (fps) N/A N/A N/A 0.4 1.0 1.3 14 #N/A
Max Veloclty through Grate 2 (fps) =| N/A N/A N/A N/A N/A N/A N/A N/A #N/A
Time to Drain 97% of Inflow Volume (hours) = 39 70 63 71 70 69 67 55 #N/A
Time to Drain 99% of Inflow Voiume (hours) = 40 74 67 75 76 75 75 74 #N/A
Maximum Paonding Depth {ft) = 163 3.63 3.09 3.73 4,02 4.23 4.39 4.76 #N/A
Area at Maximum Ponding Depth (acres) = 0.33 0.48 0.44 0.48 0.50 0.52 0.53 0.56 #N/A
Maximum Volume Stored (acre-ft) =| 0.311 1.121 g875 1.169 1.307 1.419 1.498 1,706 #N/A
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TheSandsChanne]Improvements.rep

HEC-RAS HEC-RAS 5.0.3 September 2016
U.S. Army Corps of Engineers
Hydrologic Engineering Center
609 Second Street
Davis, california

X X XXXXXX XXXX XXXX XX XXXX
X X X X X X X X X X

X X X X X X X X X
XXXXXXX XXX X XXX XXXX XXX XXX
X X X X X X X X X
X X X X X X X X X X
X XXX XXXX X X X X XXXXX

PROJECT DATA

Project Title: The sands Channel Improvements
Project File : TheSandsChanne1Improvements.prj
Run Date and Time: 2/1/2017 8:33:38 AM

Project in English units

PLAN DATA

Plan Title: Concept Design Analysis - Depth,WSE
Plan File : 0:\43089A\Ms Rd-Const Ave\HEC—RAS\TheSandsChanne]Improvements.p03

Geometry Title: Proposed and Existing - Depth, WSE
Geometry File : 0:\43089A\MS Rd-Const
Ave\HEC—RAS\TheSandsChanne1Improvements.903

Flow Title : FIS,100,10,5

Flow File : 0:\43089A\MS Rd-Const
Ave\HEC-RAS\TheSandsChannelImprovements.f08
Plan Description:
Concept Plan Analysis - To evaluate Depth and water surface Elevations

Plan Summary Information:

Number of: Cross Sections = 84 Multipie Openings = (1]
Culverts = 1 Inline_Structures = 0
Bridges = 0 Lateral Structures = 0

Computational Information

water surface calculation tolerance = 0.0
Critical degth calculation tolerance = 0,01
Maximum number of jterations = 20
Maximum difference tolerance = 0.
Flow tolerance factor = 0.001

Computation Options
Critical depth computed only where necessary
Conveyance Calculation Method: At breaks in n values only
Friction Slope Method: Average Conveyance
Computational Flow Regime: Mixed Flow
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Thesandschanne1Improvements.rep

FLOW DATA

Flow Title: F1s,100,10,5
Flow File : 0:\43089A\MS Rd-Const Ave\HEC—RAs\TheSandsChanne1Improvements.f08

Flow Data (cfs)

River Reach RS FIS 100 YR

10 YR 5 YR

East Fork Sand CReach 1 4800 1920 1720
950 475

Boundary Conditions

River Reach Profile Upstream
Downstream
East Fork sand CReach 1 FIS Normal s = 0.0064
Critical
East Fork sand CReach 1 100 Yr Normal s = 0.0064
Critical
East Fork sand CReach 1 10 YR Normal s = 0.0064
Critical

GEOMETRY DATA

Geometry Title: Proposed and Existing - Depth, WSE
Geometry File : 0:\43089A\MS Rd-Const Ave\HEC-RAS\TheSandsChanne1Improvements.903

CROSS SECTION

RIVER: East Fork sand ¢

REACH: Reach 1 RS: 4800
INPUT i
Description: Sta 48+00 - Existing Channel
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 6515.98 2.9 6515.08 12.95 6508.38 42.95 6508.38 53 6515.08
53.5 6515.58
Manning's n values num= 3
sta n val sta n val Sta n vai
0 .017  12.95 .04 42.95 .017
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr, Expan.
12.95 42.95 100 100 100 .1 .3

CROSS SECTION
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RIVER: East Fork sand ¢
REACH: Reach 1

INPUT
Description: Sta 47+00 -
Station Elevation Data

Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 6515.34 2.9 6514.44 12.95 6507.74 42.95 6507.74 53 6514.44
53.5 6514.94
Manning's n values num= 3
Sta n val Sta n val Sta n val
0 017 12.95 .04 42.95 .017
Bank sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
12.95 42.95 100 100 100 .1 .3
CROSS SECTION
RIVER: East Fork Ssand ¢
REACH: Reach 1 RS: 4600
INPUT
Description: Sta 46+00 - Existing cChannel
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 6514.7 2.9 6513.8 12.95 6507.1 42.95 6507.1 53 6513.8
53.5 6514.3
Manning's n values num= 3
Sta n val Sta n val Sta n val
0 017  12.95 .04 42.95 .017
Bank sta: Left Right Lengths: Left Channel Right Coeff Contr. Expan.
12.95 42,95 79.68 79.68 79.68 .1 .3
CROSS SECTION
RIVER: East Fork Sand ¢
REACH: Reach 1 RS: 4520,32
INPUT ]
Description: Sta 45+20.32 - Proposed Channel/Tie to Existing
Station Elevation Data num= 6
Sta Elev Sta Elev Sta Elev Sta Elev Sta Elev
0 6514.19 2.9 6513.29 12.95 6506.59 42.95 6506.59 53 6513.29
53.5 6513.79
Manning's n values num= 3
Sta n val Sta n val Sta n val
0 017  12.95 .04 42.95 .017
Bank Sta: Left Right Lengths: Left channel Right Coeff Contr. Expan.
12.95 42.95 15.32 15.32 15.32 .1 .3
CROSS SECTION
RIVER: East Fork sand cC
REACH: Reach 1 RS: 4505.00

Thesandschanne1Improvements.rep
RS: 4700

Existing Channel
num= 6
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INPUT
Description: Sta 45+05 - Proposed Channel
Station Elevation Data num= 4
Sta Elev Sta Elev Sta Elev Sta Elev
0 6512.43 15 6506.43 55 6506.43 70 6512.43
Manning's n values num= 3
Sta n val Sta n val Sta n val
4] .055 15 .04 55 .055
Bank sta: Left Right Lengths: Left Channel Right Coeff Contr.
15 55 28.55 28.55 28.55 .1
CROSS SECTION
RIVER: East Fork sand ¢
REACH: Reach 1 RS: 4476.45
INPUT
Description: Sta 44+76.45 - Proposed Channel
Station Elevation Data num= 4
Sta Elev Sta Elev Sta Elev Sta Elev
0 6512.15 15 6506.15 55 6506.15 70 6512.15
Manning's n values num= 3
Sta n val Sta n val Sta n val
0 .055 15 .04 55 .055
Bank Sta: Left Right Lengths: Left Channel Right Coeff Contr,
15 55 10 10 10 .1
CROSS SECTION
RIVER: East Fork Sand ¢
REACH: Reach 1 RS: 4466.45
INPUT | ]
Description: Sta 44+66.45 - u/s edge of Riprap Apron
Station Elevation Data num= 4
Sta Elev Sta Elev Sta Elev Sta Elev
0 6512.05% 15 6506.05 55 6506.05% 70 6512.05
Manning's n values num= 3
Sta n val Sta n val Sta n val
0 .055 15 .06 55 .055
Bank Sta: Left Right Lengths: Left channel Right Coeff Contr.
15 55 9 9 9 .1

CROSS SECTION

RIVER: East Fork sand ¢

REACH: Reach 1 RS: 4457.45
INPUT
Description: Sta 44+57.45 - Crest of Upper GSB Drop Structure
Staticn Elevation Data num= 4
Sta Elev Sta Elev Sta Elev Sta Elev
0 6511.96 15 6505.96 55 6505.96 70 6511.96
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Manning's n values

Sta n val Sta

0 .07 15
Bank Sta: Left Right
15 55

CROSS SECTION

RIVER: East Fork sand C
REACH: Reach 1

INPUT
Description: Sta 44+29.5
Station Elevation pata

Sta Elev Sta
-5 6509.3 0
75 6509.3
Manning's n values
Sta n val Sta
-5 .07 15
Bank Sta: Left Right
15 5§

CROSS SECTION

RIVER: East Fork Sand ¢
REACH: Reach 1

INPUT
Description: Sta 44+09.5
Station Elevation Data

Sta Elev Sta
-5 6509.3 0
75 6509.3
Manning's n values
Sta n val Sta
-5 .07 15
Bank Sta: Left Right
15 55

CROSS SECTION

RIVER: East Fork sand ¢
REACH: Reach 1

INPUT
Description: Sta 44405 -
Station Elevation Data

Sta Elev Sta

0 6508.8 15
Manning's n values

Sta n val Sta

0 .07 15

ThesandschannelImprovements.rep

num= 3
n val Sta n val
.06 55 .07
Lengths: Left channel Right Coeff contr, Expan,
54.3 54.3 54.3 .1 .3
RS: 4429.50
- U/S toe og Dissapator Pool/Bttm of Drop Struct
num=
Elev Sta Elev Sta Elev Sta Elev
6507.3 15 6501.3 55 6501.3 70 6507.3
num= 3
n val Sta n val
.06 55 .07
Lengths: Left channel Right Coeff Contr. Expan.
20 20 20 .1 .3
RS: 4409.50
- D/S toe of Dissapator Pool
num= 6
Elev Sta Elev Sta Elev Sta Elev
6507.3 15 6501.3 55 6501.3 70 6507.3
num= 3
n val Sta n val
.06 55 .07
Lengths: Left channel Right Coeff cContr. Expan.
15.6 15.6 15.6 .1 .3
RS: 4405.00

U/s edge of 2pron/5i11 of stilling Basin Pool

num=
Elev
6502.8

num=
n val
.06

Sta Elev

55 6502.8
3
Sta n val
55 .07

Page 5
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Bank Sta: Left Right
15 55

CROSS SECTION
RIVER: East Fork sand c
REACH: Reach 1

INPUT
Description: Sta 43+85.95

Station Elevation Data
sta Elev Sta
0 6508.7 15
Manning's n values
Sta n val Sta
0 .07 15
Bank Sta: Left Right
15 5§

CROSS SECTION

RIVER: East Fork sand ¢
REACH: Reach 1

INPUT
Description: Sta 43+57.5
Station Elevation pata

Sta Elev Sta
-5 6505.96 0
75 6505.96
Manning's n Vvalues
Sta n val Sta
-5 .07 15
Bank Sta: Left Right
15 55

CROSS SECTION

RIVER: East Fork sand ¢
REACH: Reach 1

INPUT
Description: Sta 43+37.5
Station Elevation Data

Sta Elev Sta
-5 6505.96 0
75 6505.96
Manning's n vaiues
Sta n val Sta
-5 .07 15
Bank Sta: Left Right
15 55

TheSandsChanneTImprovements.rep

Lengths: Left Channel
19 19

RS: 4385.95

- Crest of Lower GSB Drop Structure
4

um=

Elev Sta Elev
6502.7 55 6502.7
num= 3

n val Sta n val
.06 55 .07
Lengths: Left channel
55.3 55.3
RS: 4357.50

- U/s toe of Dissapator
num= 6

Elev Sta Elev
6503.96 15 6497.96
num= 3
n val Sta n val
.06 55 .07
Lengths: Left channel
20 20
RS: 4337.50
- D/S toe of Dissapator
num= 6
Elev Sta Elev
6503.96 15 6497.96
num= 3
n val Sta n val
.06 55 .07
Lengths: Left channel
15.7 15.7
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Right Coeff Contr. Expan.
19 .1 .3
Sta Elev
70 6508.7
Right Coeff Contr. Expan.
55.3 .1 .3
Pool/Bttm of Drop Struct
Sta Elev Sta Elev
55 6497.96 70 6503.96
Right Coeff Contr. Expgn.
.1 .
Pool
Sta Elev Sta Elev
55 6497.96 70 6503.96
Right Coeff Contr. Expan.
15.7 1 .3



CROSS SECTION

RIVER: East Fork sand ¢
REACH: Reach 1

INPUT
Description: Sta 43+33 -
Station Elevation Data
Sta Elev Sta
0 6505.46 15
Manning's n values
Sta n val Sta
