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ENGINEER’S STATEMENT:

The attached drainage plan and report were prepared under my direction and supervision and are
correct to the best of my knowledge and belief. Said drainage report has been prepared
according to the criteria established by El Paso County for drainage reports and said report is in
conformity with the master plan of the drainage basin. I accept responsibility for any liability
caused by any negligent acts, errors, or omissions on my part in preparing this report.

Mike Bramlett, Colorado P.E. # 32314 Date
For and On Behalf of JR Engineering, LLC

DEVELOPER'S STATEMENT:
I, the developer, have read and will comply with all of the requirements specified in this drainage
report and plan.

Business Name: Jackson Dearborn Partners
By:

Title:

Address: 404 S. Wells Street

Chicago. IL 60607

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

Jennifer Irvine, P.E. Date
County Engineer/ ECM Administrator

Conditions:
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PURPOSE

This document is the Final Drainage report for the Solace Apartments. The purpose of this report is
to:

1. Identify on-site and off-site drainage patterns.

2. Design storm water facilities to collect and convey storm runoff from the proposed
development to appropriate discharge and/or detention locations.

3. Design water quality and detention facilities to control discharge release rates to below
historic.

4. Demonstrate compliance with surrounding major drainage basin planning studies, master
development drainage plans and flood insurance studies.

GENERAL LOCATION AND DESCRIPTION

Location

The proposed Solace Apartments, known as “Solace” from herein, is a parcel of land located in
Section 7, Township 14 South, Range 65 West of the 6™ Principal Meridian in El Paso County,
Colorado. Solace is a 28.83 acre, urban, multifamily-development and is comprised of 16 apartment
dwellings and associated infrastructure. Solace will be split into two phases for construction, lot 1
(phase 1) contains most of the site with lot 2 (phase 2) containing the northern most section of the
development. See appendix A for a site plan exhibit showing the Solace phasing. Solace is bound by
existing industrial developments to the North and vacant land to the West. Galley Road bounds the
property to the south and existing light industrial businesses to the east. A vicinity map of the area is
presented in Appendix A.

Currently, there is one major Drainageway that runs along Solace: Sand Creek (Center Tributary)
Drainageway. This Drainageway was analyzed, both hydrologically and hydraulically, in the
following reports:

e Sand Creek Drainage Basin Planning Study (KEC), January 1993.
e Flood Insurance Study— El Paso County, Colorado & Incorporated Areas Vol 7 of 8,

December 2018.
e Sand Creek — Center Tributary Channel Analysis Report for Solace Apartments (JR), June
2020

e LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007.

The impact of this Drainageway and planning studies on the proposed development will be discussed
later in the report.
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Description of Property

Solace is currently unoccupied and undeveloped. The existing ground cover is sparse vegetation and
open space, typical of a Colorado rolling range land condition. In general, Solace slopes from
northwest to southeast.

Per an NRCS web soil survey of the area, Solace is made up of Type B soils with a very small
percentage of Type A in the northwest corner of the property. This Type B soil is a Blendon sandy
loam. This soil type has a moderate infiltration rate when thoroughly wet. It also consists of
moderately deep or deep, moderately well drained or well drained soil. A soil survey map has been
presented in Appendix A.

Floodplain Statement

Based on the FEMA FIRM Maps number 08041C0751G and 08041C0752G, dated December 7,
2018, a portion of the existing drainageway lies within Zone AE and Zone X. Zone AE is defined as
area subject to inundation by the 1-percent-annual-chance flood event. Zone X is defined as area
outside the Special Flood Hazard Area (SFHA) and higher than the elevation of the 0.2-percent-
annual-chance (or 500-year) flood. The FIRM Maps have been presented in Appendix A.

DRAINAGE BASINS AND SUB-BASINS

Existing Major Basin Descriptions

Solace lies within Sand Creek Drainage Basin based on the “Sand Creek Drainage Basin Planning
Study” prepared by Kiowa Engineering in January 1993.

The Sand Creek Drainage Basin covers approximately 54 square miles in unincorporated El Paso
County, CO. The Sand Creek Drainage Basin is tributary to Fountain Creek. In its existing condition,
the basin is comprised of rolling rangeland with fair to good vegetative cover associated with
Colorado’s semi-arid climate. The natural Drainageway within the site limits is typically deep and
narrow with a well-defined flow path in most areas. Anticipated land use for the basin includes
multifamily residential and open space.

As part of its drainage research, JR Engineering reviewed the following drainage studies, reports and
LOMRs:

e Sand Creek Drainage Basin Planning Study prepared by Kiowa Engineering Corporation in
January 1993.

e Flood Insurance Study— El Paso County, Colorado, & Incorporated Areas Vol 7, December
2018.

e LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007.

e Sand Creek — Center Tributary Channel Analysis Report for Solace Apartments (JR), June
2020
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e Preliminary Drainage Report For Solace Apartments (JR), September 3, 2020

The Sand Creek Drainage Basin Planning Study was used to establish a stormwater management
plan for the existing and future stormwater infrastructure needs within the Sand Creek Drainage
Basin. Based on provided drainage maps and analysis, in its existing condition, the Sand Creek
Center Tributary Drainageway contains a 100-year flow of 820-1100 cfs along Solace’s east property
line. The major Sand Creek Drainageway conveys the stormwater south along the eastern property
line where it ultimately outfalls into the Fountain Creek. JR Engineering has performed checks on
these flow rates to verify their validity. Basin calculations show that the 820-1100 cfs are still valid
for this existing condition.

FEMA prepared a revised FIS for El Paso County Colorado, Volume 7 of 8, dated December 7,
2018. The effective floodplain for the site is shown on the FIRM 08041C0752G, revised to reflect
LOMR, dated December 7, 2018. The study area of the FIS where the Sand Creek Drainageway
crosses Galley Road, was found to overtop the culverts and flow onto the road. According to the FIS,
this crossing has a 10% annual chance of flooding and is located in Zone AE of the FIRM. The Sand
Creek Drainage Basin LOMR was executed on May 23, 2007. The LOMR revised the flood zone or
the area south of Galley Road. See FIRM Map Panel 08041C0752G for limits of LOMR study and
revised flood zones, presented in Appendix D.

Existing Sub-basin Drainage

On-site, existing basin drainage patterns are generally from northwest to southeast by way of on-site
swales. Existing on-site areas flow directly into the Sand Creek Drainageway. For this development,
the existing onsite drainage has been broken into Basin A and Basin B. All existing basins that are
offsite are represented by Basin OS. All basin delineation for the existing condition can be found in
the existing drainage map located in Appendix E.

Basin A contains a total of 23.98 acres and is broken down into three sub-basins: A1, A2, and A3.
This basin represents a majority of the proposed development and is comprised solely of
undeveloped land. Flows from this basin are tributary to the Sand Creek Center Tributary
Drainageway in the existing condition.

Sub-basin A1 (Qs=3.1 cfs, Q100=21.0 cfs) is 14.75 acres of undeveloped land, and represents the
easternmost portion of the site that is adjacent to the Sand Creek Center Tributary Drainageway.
Storm runoff from this sub-basin flows southeast, via overland flow, directly into the Sand Creek
Center Tributary Drainageway at Design Point 1.

Sub-basin A2 (Qs=0.9 cfs, Q00=6.2 cfs) is 3.79 acres and represents the undeveloped land in the
center of the development. Storm runoff from this sub-basin flows south (Design Point 2), via
overland flow, directly onto Galley Road. From here, flows are conveyed east in the existing curb
and gutter into the Sand Creek Center Tributary Drainageway.
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Sub-basin A3 (Qs=1.4 cfs, Q100=9.5 cfs) is 5.44 Acres and represents the undeveloped land on the
southern property line of the development. Storm runoff from this sub basin flows south (Design
Point 3), via overland flow, directly onto Galley Road. From here, flows are conveyed east via the
existing curb and gutter to the Sand Creek Center Tributary Drainageway.

Sub-basin B1 (Qs=1.3 cfs, Q;00=9.0 cfs) Sub-basin B1 consists of 4.84 acres of undeveloped land that
drains overland to the southwest (Design Point 4) and offsite where it ultimately outfalls into an
existing retention pond on the northeast corner of the intersection of Galley Road and Powers Blvd.
This basin represents the westernmost portion of the site.

Basin OS consists of Sub-Basins OS1-OS2 combining for a total of 26.66 acres. This basin
represents the developed land located to the north of the proposed development’s property line,
where the site ties in to Paonia Street. These sub-basins are primarily light industrial sites, and
stormwater runoff is conveyed via overland flow and local roads.

Sub-basin OS1 (Qs=36.7 cfs, Q100=73.1 cfs) consists of the existing Paonia Street and the existing
light industrial properties located just north of the site. In the existing condition, a portion of runoff
from this sub-basin is captured by an existing concrete line channel along the north boundary of the
site. The remaining runoff flows south onsite into the second drainageway where it ultimately
outfalls into Sand Creek Center Tributary Drainageway at Galley Road. In the proposed condition,
the runoff will be captured by the existing concrete channel and a proposed overflow channel at the
north property line (Design Point 5 in the existing condition and Design Point 43 in the proposed
condition) to prevent any offsite flows from entering the property. Once this existing flow has been
captured, the runoff will be conveyed directly into the existing Sand Creek Center Tributary
Drainageway at Design Point 1.1. Capturing this flow and draining it directly into the Sand Creek
Center Tributary Drainageway will cause a slight change in the existing drainage patterns. A portion
of this flow will no longer enter the existing second drainageway along the proposed Paonia Street
alignment. Instead, this entire flow will enter the Sand Creek Center Tributary Drainageway near the
north property line at Design Point 1.1. In order to accommodate this change, combination of rip rap
and concrete lining shall be utilized in the overflow channel to prevent channel erosion. The Sand
Creek Drainageway channel shall be modified to give the drainageway adequate capacity to contain
the 100 year water surface and protect against erosive velocities in the channel. A typical cross
section of the channel can also be found on the Channel Improvement Plans in Appendix E, for
further detail of channel improvements see the JR Engineering Sand Creek Center Tributary
Channel Improvements Letter. Channel analysis and weir calculations can be found in the Sand
Creek — Center Tributary Channel Analysis Report for Solace Apartments, prepared by JR
Engineering in May 2020.

Sub-basin OS2 (Qs=21.3 cfs, Q190=42.5 cfs) consists of the existing Ainsworth Street and the existing
light industrial properties located just east of Ainsworth Street. Runoff from this sub-basin is
captured by an existing swale along N. Powers Boulevard. The Solace Apartment site has a 5’ berm
that is proposed along the northern property line. This berm will prevent any drainage from this
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basin to reach the site, and will utilize an onsite conveyance swale located at the toe of the berm to
convey the flow to the western property line (Design Point 6 in the existing condition and Design
Point 44 in the proposed condition). This proposed berm will slightly modify the existing drainage
patterns, as it will prevent offsite flows from entering the northwestern corner of the site. To route
flows offsite, an 18” depth swale with a 2’ bottom is present at the bottom of the berm which will
route flows to the west and outfall into the CDOT right-of-way located to the west of the site.
According to UDFCD Chapter 8, figure 8-22, no protection is required for this swale, see appendix B

for this table. Per UDFCD figure 8-22, 100-year
runoff values would require type
Flows within the Sand Creek Drati VL riprap. Please address this 3 in the existing

condition, and Design Points 5.0-5.3 in thf and upgrade recommendation if fsign points were
taken directly from modeling date used by necessary. d plain extents
shown in FEMA FIRM 08041C0752G. These flows were u8ed in the development of the HEC-RAS
model to show the 100-year capacity of the drainageway in its proposed condition. Design Point 1.0
in the existing condition and 5.0 in the proposed condition (Q1y0=820 cfs) represents the flows in the
drainageway prior to entering the site boundary. Design Point |.1in the existing condition and 5.1 in

the proposed condition (Q;00=820 cfs) represents the flow in the'drainageway after the flows from
Basin OS1 enter the channel. Design Point 1.2 in the existing condition and 5.2 in the proposed
condition (Q;00=1037 cfs) represents the area where flows enter the drainageway from developments
and roads located to the east of the site. Design Point 1.3 in the existing condition and 5.3 in the
proposed condition (Q;00=1100 cfs) represents the flows at the Galley Road crossing. This flow was
used to analyze the overtopping of Galley Road and the existing weir structure on the south side of

the road.
Table updated for 100 yr

flow, recommendation also
updated to type VL riprap

Proposed Sub-basin Drainage

The proposed Solace basin delineation is as follows;

Sub-basin A1 (Qs=1.7 cfs, Q00=3.3 cfs) contains a total of 0.50 acres. This basin represents the
north eastern portion of the proposed Phase 1 development. This basin is primarily multi-family
residential and minor open space. Stormwater runoff from this basin is conveyed via private streets,
where it is captured via a series of on-grade and sump inlets (Design Point 4). Runoff from this sub-
basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated flows
are then released directly into the Sand Creek Center Tributary Drainageway below historic rates at
Design Point 5.2.

Sub-basin A2 (Qs=1.6 cfs, Q;00=3.1 cfs) contains a total of 0.47 acres. This basin represents the
eastern portion of the proposed along the Phase 1 development phase line. This basin is primarily
multi-family residential and minor open space. Stormwater runoff from this basin is conveyed via
private streets, where it is captured via a series of on-grade and sump inlets (Design Point 5). Runoff
from this sub-basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the
treated flows are then released directly into the Sand Creek Center Tributary Drainageway below
historic rates at Design Point 5.2.


GE
Callout
Table updated for 100 yr flow, recommendation also updated to type VL riprap
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Sub-basin A3 (Qs=1.6 cfs, Q90=3.1 cfs) contains a total of 0.45 acres. This basin represents the
center portion of the proposed development along the Phase 1 development phase line. This basin is
primarily parking lot with garages and minor open space. Stormwater runoff from this basin is
conveyed via private streets, where it is captured by an area inlet (Design Point 6). Runoff from this
sub-basin ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated
flows are then released directly into the Sand Creek Center Tributary Drainageway below historic
rates at Design Point 5.2.

Sub-basin A4 (Qs=0.6 cfs, Q100=1.0 cfs) contains a total of 0.15 acres. This basin represents a
northern half of a proposed building and is comprised solely of proposed roof. Stormwater runoff
from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer
infrastructure (Design Point 2.1). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond A. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.2.

Sub-basin A5 (Qs=0.5 cfs, Q100=1.0 cfs) contains a total of 0.13 acres. This basin represents a
northern half of a proposed building and is comprised solely of proposed roof. Stormwater runoff
from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer
infrastructure (Design Point 2.3). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond A. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.2.

Sub-basin A6 (Qs=3.2 cfs, Q100=7.0 cfs) contains a total of 1.51 acres. This basin represents the
central portion of the proposed Phase 1 development. This basin is primarily multi-family residential
and minor open space. Stormwater runoff from this basin is conveyed via private streets, where it is
captured by a sump inlet (Design Point 10). Runoff from this sub-basin ultimately outfalls into the
proposed onsite Pond A. From the detention pond, the treated flows are then released directly into the
Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.2.

Sub-basin A7 (Qs=1.0 cfs, Q00=2.4 cfs) contains a total of 0.58 acres. This basin represents the
northwestern portion of Paonia Street and minor open. This basin is primarily minor open space with
some asphalt paving and concrete sidewalks. Stormwater runoff from this basin is conveyed via curb
& gutter, where it is captured by an on-grade inlet (Design Point 11). Runoff from this sub-basin
ultimately outfalls into the proposed onsite Pond A. From the detention pond, the treated flows are
then released directly into the Sand Creek Center Tributary Drainageway below historic rates at
Design Point 5.2.

Sub-basin A8 (Qs=0.8 cfs, Q100=1.7 cfs) contains a total of 0.30 acres. This basin represents the
northeastern portion of Paonia Street. Half of this sub-basin is comprised of asphalt paving, while
the second half is open space. Stormwater runoff from this basin is conveyed via curb & gutter,
where it is captured by an on-grade inlet (Design Point 12). Runoff from this sub-basin ultimately
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outfalls into the proposed onsite Pond A. From the detention pond, the treated flows are then released
directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.2.

Sub-basin A9 (Qs=0.4 cfs, Q100=2.9 cfs) contains a total of 1.33 acres. This basin represents the
northeastern portion of the development. This basin is primarily open space and Pond A.

Stormwater runoff from this basin is conveyed via overland flow, where it is captured by Pond A
(Design Point 6A). From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.2.

Sub-basin B1 (Qs=1.6 cfs, Q;00=2.8 cfs) contains a total of 0.37 acres. This basin represents the
western portion of the proposed Phase 1 development along the phase line. This basin is primarily
parking lot and minor open space. Stormwater runoff from this basin is conveyed via private streets,
where it is captured by an on-grade inlet (Design Point 14). Runoff from this sub-basin, ultimately
outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released
directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B2 (Qs=1.4 cfs, Q,00=2.7 cfs) contains a total of 0.35 acres. This basin represents a small
western portion of the proposed Phase 1 development along the phase line. This basin is primarily
parking lot and minor open space. Stormwater runoff from this basin is conveyed via private streets,
where it is captured by an area inlet (Design Point 15). Runoff from this sub-basin ultimately
outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released
directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3

Sub-basin B3 (Qs=1.2 cfs, Q00=2.4 cfs) contains a total of 0.35 acres. This basin represents the
northwestern portion of the proposed Phase 1 development along the phase line. This basin is
primarily parking lot and minor open space. Stormwater runoff from this basin is conveyed via
private streets, where it is captured by an area inlet (Design Point 16). Runoff from this sub-basin
ultimately outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are
then released directly into the Sand Creek Center Tributary Drainageway below historic rates at
Design Point 5.3

Sub-basin B4 (Qs=0.1 cfs, Q100=0.2 cfs) contains a total of 0.03 acres. This basin represents a
western portion of a proposed building and is comprised solely of proposed roof. Stormwater runoff
from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer
infrastructure (Design Point 3.2). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B5 (Qs=1.0 cfs, Q,00=1.8 cfs) contains a total of 0.26 acres. This basin represents a
eastern portion of a proposed building and a small western portion of an adjacent building. This sub-
basin is comprised solely of proposed roof. Stormwater runoff from this basin is captured by
proposed roof drains and conveyed to the proposed storm sewer infrastructure (Design Point 3.3).
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Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the detention
pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway
below historic rates at Design Point 5.3.

Sub-basin B6 (Qs=1.9 cfs, Q00=4.1 cfs) contains a total of 0.73 acres. This basin represents the
western drive aisle of the proposed Phase 1 development. This basin is primarily parking lot with
garages and minor open space. Stormwater runoff from this basin is conveyed via private streets,
where it is captured by an area inlet (Design Point 19). Runoff from this sub-basin ultimately
outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released
directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B7 (Qs=0.8 cfs, Q,00=2.0 cfs) contains a total of 0.47 acres. This basin represents a
proposed building and open space in the center of the development. This sub-basin is comprised
primarily of proposed roof and open space. Stormwater runoff from this basin is captured by
proposed roof and area drains. Runoff is then conveyed to the proposed storm sewer infrastructure
(Design Point 3.5). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B.
From the detention pond, the treated flows are then released directly into the Sand Creek Center
Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B8 (Qs=0.9 cfs, Q100=1.7 cfs) contains a total of 0.25 acres. This basin represents an
eastern portion of a proposed building and a small western portion of an adjacent building. This sub-
basin is comprised solely of proposed roof. Stormwater runoff from this basin is captured by
proposed roof drains and conveyed to the proposed storm sewer infrastructure (Design Point 3.6).
Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the detention
pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway
below historic rates at Design Point 5.3.

Sub-basin B9 (Qs=0.7 cfs, Q,00=1.3 cfs) contains a total of 0.19 acres. This basin represents a
eastern portion of a proposed building and is comprised solely of proposed roof. Stormwater runoff
from this basin is captured by proposed roof drains and conveyed to the proposed storm sewer
infrastructure (Design Point 3.7). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B10 (Qs=1.0 cfs, Q,00=2.2 cfs) contains a total of 0.38 acres. This basin represents the
clubhouse parking area and open space. This basin is primarily parking lot with open space.
Stormwater runoff from this basin is conveyed curb and gutter, where it is captured by an on-grade
inlet (Design Point 23). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond
B. From the detention pond, the treated flows are then released directly into the Sand Creek Center
Tributary Drainageway below historic rates at Design Point 5.3.
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Sub-basin B11 (Qs=1.0 cfs, Q100=2.6 cfs) contains a total of 0.74 acres. This basin represents a
proposed building and open space in the center of the development. This sub-basin is comprised
primarily of proposed roof and open space. Stormwater runoff from this basin is captured by
proposed roof and area drains. Runoff is then conveyed to the proposed storm sewer infrastructure
(Design Point 4.0). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B.
From the detention pond, the treated flows are then released directly into the Sand Creek Center
Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B12 (Qs=2.7 cfs, Q100=5.6 cfs) contains a total of 1.08 acres. This basin represents the
drive aisle just west of the clubhouse of the Phase 1 development. This basin is primarily parking lot
with garages and minor open space. Stormwater runoff from this basin is conveyed via private
streets, where it is captured by a sump inlet (Design Point 27). Runoff from this sub-basin ultimately
outfalls into the proposed onsite Pond B. From the detention pond, the treated flows are then released
directly into the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B13 (Qs=1.5 cfs, Q100=3.2 cfs) contains a total of 0.48 acres. This basin represents the
drive aisle and open space in the center of Basin B. This basin is primarily parking lot with open
space. Stormwater runoff from this basin is conveyed via private streets, where it is captured by an
area inlet (Design Point 25). Runoff from this sub-basin ultimately outfalls into the proposed onsite
Pond B. From the detention pond, the treated flows are then released directly into the Sand Creek
Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin BI3A (Qs=0.5 cfs, Q100=1.6 cfs) contains a total of 0.58 acres. This basin represents a
northern portion of a proposed building and the southern portion of another, the middle portion of the
basin is comprised of minor open space. Stormwater runoff from this basin is captured by proposed
roof and area drains. Runoff is then conveyed to the propose storm sewer infrastructure (Design
Point 3.9). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B. From the
detention pond, the treated flows are then released directly into the Sand Creek Center Tributary
Drainageway below historic rates at Design Point 5.3.

Sub-basin B14 (Qs=1.3 cfs, Q100=2.6 cfs) contains a total of 0.49 acres. This basin represents the
western portion of the clubhouse and associated parking and drive aisle. This basin is primarily roof,
parking lot, and open space. Stormwater runoff from this basin is conveyed via private streets, where
it is captured by a sump inlet (Design Point 28). Runoff from this sub-basin ultimately outfalls into
the proposed onsite Pond B. From the detention pond, the treated flows are then released directly into
the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B15 (Qs=0.9 cfs, Q;00=1.8 cfs) contains a total of 0.27 acres. This basin represents the
eastern portion of the clubhouse and associated parking and drive aisle. This basin is primarily roof,
parking lot, and open space. Stormwater runoff from this basin is conveyed via private streets, where
it is captured by a sump inlet (Design Point 30). Runoff from this sub-basin ultimately outfalls into
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the proposed onsite Pond B. From the detention pond, the treated flows are then released directly into
the Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B16 (Qs=0.4 cfs, Q100=0.8 cfs) contains a total of 0.15 acres. This basin represents a
southern portion of a proposed building and a small open space area. Stormwater runoff from this
basin is captured by proposed roof drains and an area inlet. Runoff is then conveyed to the proposed
storm sewer infrastructure (Design Point 4.3). Runoff from this sub-basin ultimately outfalls into the
proposed onsite Pond B. From the detention pond, the treated flows are then released directly into the
Sand Creek Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-basin B17 (Qs=1.8 cfs, Q190=4.5 cfs) contains a total 0of 0.99 acres. This basin represents the
northwestern portion of Paonia Street within Basin B. This basin is primarily road paving and open
space. Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by an
on-grade inlet (Design Point 31). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3

Sub-basin B18 (Qs=1.1 cfs, Q100=2.4 cfs) contains a total of 0.47 acres. This basin represents the
northeastern portion of Paonia Street within Basin B. This basin is primarily road paving and minor
open space. Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by
an on-grade inlet (Design Point 32). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3

Sub-basin B19 (Qs=2.1 cfs, Q100=5.7 cfs) contains a total of 1.92 acres. This basin represents the
southern half of the clubhouse and patio area, along with the southwestern portion of Paonia Street
within Basin B. This basin is primarily road paving, open space, and roof. Stormwater runoff from
this basin is conveyed via overland flow and curb & gutter, where it is captured by an on-grade inlet
(Design Point 33). Runoff from this sub-basin ultimately outfalls into the proposed onsite Pond B.
From the detention pond, the treated flows are then released directly into the Sand Creek Center
Tributary Drainageway below historic rates at Design Point 5.3

Sub-basin B20 (Qs=0.6 cfs, Q190=1.4 cfs) contains a total of 0.26 acres. This basin represents the
southeastern portion of Paonia Street within Basin B. This basin is primarily road paving and minor
open space. Stormwater runoff from this basin is conveyed via curb & gutter, where it is captured by
an on-grade inlet (Design Point 34). Runoff from this sub-basin ultimately outfalls into the proposed
onsite Pond B. From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3

Sub-basin B21 (Qs=0.5 cfs, Q,00=3.6 cfs) contains a total of 2.46 acres. This basin represents the

northeastern portion of the development. This basin is primarily open space and Pond B.
Stormwater runoff from this basin is conveyed via overland flow, where it is captured by Pond B
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(Design Point 37). From the detention pond, the treated flows are then released directly into the Sand
Creek Center Tributary Drainageway below historic rates at Design Point 5.3

Sub-Basin C1 (Qs=0.8 cfs, Q100=2.2 cfs) contains a total of 0.74 acres. This basin represents the
southernmost portion of the proposed development. This basin is primarily proposed roadway and
minor open space. Stormwater runoff from this basin is conveyed via proposed curb and gutter to a
proposed crosspan (Design Point 40) at the intersection of Paonia Street and Galley Road. Runoff is
then conveyed east by the existing curb and gutter in Galley Road to the Sand Creek Center Tributary
Drainageway, per historic conditions.

Sub-Basin C2 (Qs=0.3 cfs, Q;00=2.3 cfs) contains a total of 0.80 acres. This basin represents the
westernmost portion of the proposed Phase 1 development. This basin is solely comprised of open
space. Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite
(Design Point 41).

Sub-Basin D1 (Qs=0.7 cfs, Q190=2.6 cfs) contains a total of 0.95 acres and represents the northern
most portion of Paonia Street and the site. This basin is comprised primarily of proposed roadway
and open space. Runoff from this basin is conveyed via emergency overflow channel to the Sand
Creek Center Tributary Drainageway (Design Point 42) per historic conditions. See the Sand Creek-
Center Tributary Channel Analysis Report for Solace Apartments, prepared by JR Engineering
October 15%, 2020 for overflow channel details.

Sub-Basin F1 (Qs=2.2 cfs, Q,00=4.7 cfs) contains a total of 0.92 acres and represents the
northwestern most portion of the Pond A tributary. This basin is comprised primarily of future
parking areas, open space, and a future building. Runoff from this basin will be captured by future
storm sewer infrastructure (Design Point 1). The proposed storm sewer infrastructure for the Phase 1
improvements have been sized to account for the future flows from this sub-basin. The future flows
have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been
accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A.
The proposed Pond A has also been sized to account for these future flows. From the detention pond,
the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below
historic rates at Design Point 5.2.

Sub-Basin F2 (Qs=0.5 cfs, Q100=1.0 cfs) contains a total of 0.14 acres and represents the future
parking spaces along the drive aisle of the northernmost site access location. This basin is comprised
solely of future parking. Runoff from this basin will be captured by the existing storm sewer
infrastructure (Design Point 4). The proposed storm sewer infrastructure for the Phase 1
improvements have been sized to account for the future flows from this sub-basin. The future flows
have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been
accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A.
The proposed Pond A has also been sized to account for these future flows. From the detention pond,
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the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below
historic rates at Design Point 5.2.

Sub-Basin F3 (Qs=2.1 cfs, Q100=4.4 cf5) contains a total of 0.73 acres and represents the eastern
portion of the future parking spaces along the north property line of the site. This basin is comprised
primarily of future parking and open space. Runoff from this basin will be captured by future storm
sewer infrastructure (Design Point 3). The proposed storm sewer infrastructure for the Phase 1
improvements have been sized to account for the future flows from this sub-basin. The future flows
have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been
accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A.
The proposed Pond A has also been sized to account for these future flows. From the detention
pond, the treated flows are then released directly into the Sand Creek Center Tributary Drainageway
below historic rates at Design Point 5.2.

Sub-Basin F4 (Qs=0.8 cfs, Q100=2.3. cfs) contains a total of 0.68 acres and represents a portion of the
Phase 2 improvements located in the center of the site. This basin is comprised primarily of future
open space and a future building. Runoff from this basin will be captured by future storm sewer
infrastructure (Design Point 7). The proposed storm sewer infrastructure for the Phase 1
improvements have been sized to account for the future flows from this sub-basin. The future flows
have also been analyzed in the Storm CAD model to ensure ultimate build out conditions have been
accounted for. Runoff from this sub-basin will ultimately outfall into the proposed onsite Pond A.
The proposed Pond A has also been sized to account for these future flows. From the detention pond,
the treated flows are then released directly into the Sand Creek Center Tributary Drainageway below
historic rates at Design Point 5.2.

Sub-Basin F5 (Qs=5.7 cfs, Q190=14.7 cfs) contains a total of 3.88 acres and represents the western
portion of the future parking spaces along the north property line of the site, the future buildings on
the northwest portion of the site, and the open space associated with these improvements. This basin
is comprised primarily of future parking, future buildings, and open space. Runoff from this basin
will be captured by future storm sewer infrastructure (Design Point 3.0). The proposed storm sewer
infrastructure for the Phase 1 improvements have been sized to account for the future flows from this
sub-basin. The future flows have also been analyzed in the Storm CAD model to ensure ultimate
build out conditions have been accounted for. Runoff from this sub-basin will ultimately outfall into
the proposed onsite Pond B. The proposed Pond B has also been sized to account for these future
flows. From the detention pond, the treated flows are then released directly into the Sand Creek
Center Tributary Drainageway below historic rates at Design Point 5.3.

Sub-Basin F6 (Qs=0.2 cfs, Q,00=1.0 cfs) contains a total of 0.35 acres. This basin represents the
westernmost portion of the proposed Phase 1 development. This basin is solely comprised of open

space. Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite
(Design Point 41).
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Sub-Basin F7 (Qs=0.2 cfs, Q190=1.5 cfs) contains a total of 0.53 acres. This basin represents the
westernmost portion of the proposed Phase 1 development. This basin is solely comprised of open
space. Stormwater runoff from this basin follows historic drainage patterns and sheet flows offsite
(Design Point 41).

All calculations and stormwater routing can be found in Appendix B.

Existing Major Drainageway — Sand Creek

The Sand Creek channel conveys an existing 820-1100 cfs along the sites eastern property line. In
order to maintain the drainage patterns on the site, 2 detention ponds have been proposed to release
developed flows, at or below historic rates. Based on the results of the Sand Creek — Center
Tributary Channel Analysis Report for Solace Apartments, prepared by JR Engineering in May 2020,
the existing channel sections will need protection from erosion as a result of the Solace development.
This report analyzed the existing conditions to ensure that the Sand Creek channel is stable and
velocities do not exceed allowable limits. Based on the results of this report, it was found that the
channel in its current conditions is inadequate, as velocities in the channel exceeded allowable limits
and overtopping occurs at the Galley Road. The report recommended several improvements to ensure
channel stability, including channel lining such as riprap or concrete to protect from the high
velocities, widening the channel to increase capacity and decrease velocity & adding check/ drop
structures to reduce velocities. The report also indicates that improvements will be necessary to
address the overtopping at the Galley Road crossing. An existing overflow structure is currently in
place to convey any overtopping flows, but does not have adequate capacity. Analysis of the
proposed improvements to the channel can be found in the Sand Creek Center Tributary Channel
Improvements Letter. Channel hydraulic analysis sheets are presented in Appendix B of the
aforementioned report and Channel Plans for the proposed improvements can be found in Appendix
E. A drainage map for the Solace site can be found in Appendix E.

DRAINAGE DESIGN CRITERIA

Development Criteria Reference

Storm drainage analysis and design criteria for the project were taken from the “City of Colorado
Spring/El Paso County Drainage Criteria Manual” Volumes 1 and 2 (EPCDCM), dated October 12,
1994, the “Urban Storm Drainage Criteria Manual” Volumes 1 - 3 (USDCM) and Chapter 6 and
Section 3.2.1 of Chapter 13 of the “Colorado Springs Drainage Criteria Manual (CCSDCM), dated
May 2014, as adopted by El Paso County.

Hydrologic Criteria

All hydrologic data was obtained from the “El Paso Drainage Criteria Manual" Volumes 1 and 2, and
the “Urban Drainage and Flood Control District Urban Storm Drainage Criteria Manual” Volumes 1,
2, and 3. Onsite drainage improvements were designed based on the 5 year (minor) storm event and
the 100-year (major) storm event. Rational Method calculations were prepared, in accordance with
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Chapter 6, Section 3.0 of the EPCDCM, for the sub-basins that directly impact the sizing of the
proposed storm sewer outfalls. Rational method calculations are presented in Appendix B.

Mile High Flood District’s MHFD-Detention, Version 4.03 workbook was used for pond sizing.
Required detention volumes and allowable release rates were designed per USDCM and
CCS/EPCDCM. Pond sizing spreadsheets are presented in Appendix C.

Hydraulic Criteria

GeoHECRAS was used as the primary analysis method for the site in the Sand Creek — Center
Tributary Channel Analysis Report for Solace Apartments and the Sand Creek Center Tributary
Channel Improvements Letter. GeoHECRAS was used to model existing flows within the Sand
Creek Drainageway in its existing and proposed conditions. This model was used to verify flood
plains and analyze any overtopping that may occur within the project site. The 100-year water
surface profiles for the model were analyzed form the north property line of the site to the area just
south of the Galley Road Crossing.

Using StormCAD V8i, a modeling program for stormwater drainage, the hydraulic grade lines
and energy grade lines were determined for the storm sewer network. Manhole and pipe losses
for the model were obtained from the Urban Storm Drainage Criteria Manual, Mile High Flood
District. Model results for the project site have been included in Appendix B.

DRAINAGE FACILITY DESIGN

General Concept

The proposed stormwater conveyance system was designed to convey the developed Solace runoff to
two proposed full spectrum water quality and detention ponds via private storm sewer. The proposed
pond bottoms are approximately 1.5 feet higher than the existing channel bottom. This allows
adequate drainage from the ponds to outfall into the channel without the need for backflow
prevention measures. The proposed ponds were also designed to release at less than historic rates to
minimize adverse impacts downstream. Treated water will outfall directly into the Sand Creek
Drainageway, where it will eventually outfall into Fountain Creek. The current site will be
constructed in 2 phases. Both of the proposed ponds will be designed and constructed with the Phase
1 improvements along with the storm sewer within Paonia Street. Proposed drainage maps are
presented in Appendix E, showing locations of the pond and channel outfall locations and
improvements.

Specific Details

Four Step Process to Minimize Adverse Impacts of Urbanization
In accordance with the El Paso County Drainage Criteria Manual Volume 2, this site has
implemented the four step process to minimize adverse impacts of urbanization. The four step
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process includes reducing runoff volumes, stabilizing drainageways, treating the water quality
capture volume (WQCYV), and consider the need for Industrial Commercial BMP’s.

Step 1, Reducing Runoff Volumes: The development of the project site is a proposed multi-family
development with open spaces and lawn areas interspersed within the development which helps
disconnect impervious areas and reduce runoff volumes.

Step 2, Stabilize Drainageways: Solace utilizes private storm sewer throughout the project site. This
private storm sewer directs the on-site development flows to the multiple detention ponds within the
project that release at or below historic rates into the Sand Creek Drainageway. Sand Creek (Center
Tributary) Drainageway is stabilized downstream of the development, however additional
stabilization measures shall be implemented to prevent any negative impacts to the drainageway.
Drop structures have been added in order to reduce the slope of the channel. The channel shall also
utilize concrete paving to avoid any erosion of the channel along the site.

Step 3, Provide WQCV: Runoff from this development is treated through capture and slow release
of the WQCYV in multiple full spectrum water quality and detention ponds that are designed per
current E1 Paso County drainage criteria for Extended Detention Basins (EDB). These ponds will
facilitate pollutant removal for the site, while also reducing peak stormwater rates into the Sand
Creek Drainageway.

Step 4, Consider the need for Industrial and Commercial BMP’s: No industrial or commercial uses
are proposed within this development. However, a site specific storm water quality and erosion
control plan and narrative have been prepared in conjunction with this final drainage report. Site
specific temporary source control BMPs as well as permanent BMP’s are detailed in this plan and
narrative to protect receiving waters.

Water Quality

In accordance with Section 13.3.2.1 of the CCS/EPCDCM, full spectrum water quality and detention
are provided for all developed basins. Outlet structure release rates shall be limited to less than
historic rates to minimize adverse impacts to downstream stormwater facilities. Complete pond and
outlet structure designs can be found in the appendix C. See Table 3 below for the proposed pond
parameters.

Table 3: Pond Summary

Comp. Total .
Tributary Pond Tributary % wa Detention Provided
. Volume Volume
Sub-Basin Name Acres Imperv. Volume
(ac-ft) (ac-ft)
(ac-ft)
A POND A 7.89 49.43 0.135 0.732 1.292
B POND B 17.50 40.6 0.264 1.412 2.659
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Per Section 1.7.1.B.7 of the ECM — Stromwater Quality Policy and Procedures, sites with land
disturbance to undeveloped land (land with no human-made structures such as buildings or
pavement) that will remain undeveloped after the site, may be excluded from the water quality
requirements set for in Section 1.7. Per this section, we respectfully request that Basins C2, F6, and
F7 be excluded from permanent stormwater quality management. Due to existing topography and
design constraints, Basins C1 and D1 could not be captured and routed to a permanent full spectrum
water quality and detention pond. Per Section 1.7.1.C.1 of the ECM — Stormwater Quality Policy and
Procedures, the County may exclude up to 20%, not to exceed 1 acre, of the applicable development
site, from the WQCYV standard. Basin C1 & D1 contain approximately 0.32 acres of pavement, equal
to approximately 1.11% of the total development site. Per this section, we respectfully request that
Basin C1 & D1 be excluded from the permanent stromwater quality management.

Erosion Control Plan

The El Paso County Drainage Criteria Manual specifies an Erosion Control Plan and associated cost
estimate must be submitted with each Final Drainage Report. The Erosion Control Plan for Solace
has been submitted with this report.

Operation & Maintenance

In order to ensure the function and effectiveness of the stormwater infrastructure, maintenance
activities such as inspection, routine maintenance, restorative maintenance, rehabilitation and repair,
are required. All proposed drainage structures within the any platted County ROW will be owned
and maintained by El Paso County. All proposed drainage structures within the property or tracts
will be owned and maintained by the property owner. Vegetation in the natural and improved
portions of Sand Creek Drainageway is the responsibility of El Paso County. This includes all
mowing, seeding and weed control activities. An Inspection & Maintenance Plan has been submitted
concurrently with this report that details the required maintenance activities and intervals to ensure
proper function of all stormwater infrastructure in the future. The full spectrum detention ponds will
be owned & maintained by the property owner.

Drainage & Bridge Fees
The site lies within the Sand Creek Drainage Basin.

2021 DRAINAGE AND BRIDGE FEES — Solace Apartments

Impervious | Drainage Fee Bridge Fee Df:ilra::ee Solace
Acres (ac) | (Per Imp. Acre) (Per Imp. Acre) Feeg Bridge Fee
11.67 $20,387 $8,339 $237,916 $97,316

The Solace development will receive full credit for any channel improvements indicated in the Sand
Creek DBPS. From the Sand Creek DBPS, the channel improvements estimated for this reach of the
tributary was estimated to be $323,500. The table regarding these costs can be found in the
Appendix. From the Sand Creek (Center Tributary) Channel Analysis, by JR Engineering, the
estimated channel improvements will cost $554,950. Per the Sand Creek Drainage Basin Planning
Study, the Center Tributary has proposed crossing improvements at Terminal Avenue and Omaha
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Boulevard. Both of these crossing were estimated to be $72,000. Crossing improvements were also
proposed at W. Frontage Road for $106,200, US 24 Bypass for $211,500, E. Frontage Road for
$84,600, Bijou Street for $84,600, Platte Avenue for $169,200, & Galley Road for $90,000. These
estimates provide costs for the storm sewer required to replace the existing infrastructure at these
locations. The Galley Road crossing estimate reflects upsizing the existing culverts to 5°x 8’ concrete
box structures. These estimates can be found in Appendix D. Based on these estimated costs, it is
presumed that no drainage basin fees will be necessary.

Construction Cost Opinion

El Paso County specifies a cost estimate of proposed drainage facility improvements be submitted
with the Final Drainage Report. A construction cost opinion for both public and private drainage
improvements have been provided below. Please note that the following cost estimate does not
include channel improvements.

PUBLIC DRAINAGE FACILITIES
Item Quantity | Unit g;;icte ]é):)ts(inded
18" RCP 93 LF $65.00 $6,045.00
24” RCP 41 LF $78.00 $3,198.00
36” RCP 188 LF $120.00 $22,560.00
42” RCP 31 LF $160.00 $4,960.00
5’ Type R Inlet 2 EA $6,200.00 $12,400.00
10’ Type R Inlet 4 EA $7,600.00 $30,400.00
15° Type R Inlet 2 EA $12,000.00 $24,000.00
Storm Sewer Manhole (Box Base) 2 EA $11,627.00 $23.254.00
Sub-Total $126,817.00
10% Eng. And Contingency $12,681.70
g‘;i‘;d $139.498.70

17



Final Drainage Report
Solace at Cimarron Hills

PRIVATE DRAINAGE FACILITIES

Item Quantity | Unit g;;icte gf)tsinded
18" RCP 1,254 LF $65.00 $81,510.00
24” RCP 763 LF $78.00 $59.514.00
30” RCP 464 LF $97.00 $45,008.00
36” RCP 327 LF $120.00 $39,240.00
42” RCP 44 LF $160.00 $7,040.00
18” FES 2 EA $390.00 $780.00
24” FES 1 EA $468.00 $468.00
5’ Type R Inlet 8 EA $6,159.00 $49,274.00
Type 13 Valley Inlet 7 EA $4,640.00 $32,480.00
Storm Sewer Manhole (Slab Base) 18 EA $6,395.00 $115,110.00
Storm Sewer Manhole (Box Base) 3 EA $11,627.00 $34,881.00
Pond Grading 3,682 CY $20.00 $73.640.00
Pond Spillway 2 EA $7,500.00 $15,000.00
Pond Outlet Structure 2 EA $25,000.00 $50,000.00
Pond Forebay 4 EA $12,000.00 $48,000.00
2’ Concrete Trickle Channel 728 LF $75.00 $54.,600.00
Maintenance Trail (Asphalt) 2486 SY $90.00 $223,740.00
Rip Rap 198 CcY $112.00 $22,176.00
Sub-Total $952.,461.00
10% Eng. And Contingency $95.,246.10

Grand
Total

$1,047,707.10

SUMMARY

The proposed development remains consistent with pre-development drainage conditions with the
construction of the recommended drainage improvements, including storm sewer, detention ponds
and existing drainageways. The proposed development will not adversely affect the offsite major

drainageways or surrounding development. In order to safely convey flows through the Sand Creek

Drainageway, channel improvements will be necessary to ensure channel stability and prevent
channel degradation. Concrete paving will be required to armor the channel and stabilize the slopes

during a major storm event. These improvements will ensure the drainageway functions properly as
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a primary drainage conveyance system for the Solace Apartments. These improvements to the Sand
Creek Center Tributary Drainageway are discussed in the Sand Creek Center Tributary Channel
Improvements Letter. This report meets the latest El Paso County Drainage Criteria requirements for
this site.
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APPENDIX A

FIGURES AND EXHIBITS
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Hydrologic Soil Group—EI| Paso County Area, Colorado

Hydrologic Soil Group

Map unit symbol

Map unit name

Rating

Acres in AOI

Percent of AOI

Blakeland loamy sand, 1
to 9 percent slopes

A

373.7

35.4%

10

Blendon sandy loam, 0
to 3 percent slopes

321.4

30.5%

1

Bresser sandy loam,
cool, 0 to 3 percent
slopes

31.9

3.0%

12

Bresser sandy loam,
cool, 3 to 5 percent
slopes

69.8

6.6%

13

Bresser sandy loam,
cool, 5 to 9 percent
slopes

41.4

3.9%

28

Ellicott loamy coarse
sand, 0 to 5 percent
slopes

96.1

9.1%

56

Nelson-Tassel fine
sandy loams, 3 to 18
percent slopes

3.7

0.3%

70

Pits, gravel

10.3

1.0%

94

Travessilla-Rock outcrop
complex, 8 to 90
percent slopes

51.5

4.9%

95

Truckton loamy sand, 1
to 9 percent slopes

A

35.7

3.4%

96

Truckton sandy loam, 0
to 3 percent slopes

A

19.7

1.9%

Totals for Area of Interest

1,055.2

100.0%

USDA
=

Natural Resources
Conservation Service

National Cooperative Soil Survey

Web Soil Survey

4/14/2020
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Hydrologic Soil Group—EI| Paso County Area, Colorado

Description

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

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

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

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

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

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

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

Rating Options
Aggregation Method: Dominant Condition

Component Percent Cutoff: None Specified

Tie-break Rule: Higher

UsDA  Natural Resources Web Soil Survey 4/14/2020
== (Conservation Service National Cooperative Soil Survey Page 4 of 4
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Final Drainage Report
Solace at Cimarron Hills

APPENDIX B

HYDROLOGIC/ HYDRAULIC CALCULATIONS
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: A1

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 5.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 24.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.025 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.010 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 24.0 | 24.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 11.9 | 39.5 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 5.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.6 2.3 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.1 1.0 cfs
Capture Percentage = Q,/Q, = C% = 93 71 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID:

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.012 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 18.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 13.7 | 13.7 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

UD-Inlet_v4.06.xlsm, A2
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | Denver No. 16 Valloy Grate ﬂ MINOR MAJOR

Type of Inlet Type = Denver No. 16 Valley Grate

Local Depression (additional to continuous gutter depression 'a') alocaL = 2.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 3.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= 0.50 0.50

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = N/A N/A

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.0 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.6 1.6 cfs
Capture Percentage = Q,/Q, = C% = 63 48 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID:

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.020 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 18.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 17.7 | 17.7 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

UD-Inlet_v4.06.xlsm, A3
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | Denver No. 16 Valloy Grate ﬂ MINOR MAJOR

Type of Inlet Type = Denver No. 16 Valley Grate

Local Depression (additional to continuous gutter depression 'a') alocaL = 2.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 3.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= 0.50 0.50

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = N/A N/A

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.0 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.6 1.6 cfs
Capture Percentage = Q,/Q, = C% = 63 48 %
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Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

Heurs

Gutter Width
Street Transverse Slope

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

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

Height of Curb at Gutter Flow Line
Distance from Curb Face to Street Crown

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)
Street Longitudinal Slope - Enter O for sump condition
Manning's Roughness for Street Section (typically between 0.012 and 0.020)

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

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

Teack = 2.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 18.0 ft
W= 2.00 ft
Sx = 0.020 ft/ft
Sy = 0.083 i/t
So = 0.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 18.0 | 18.0 |t
dvax =| 6.0 | 12.0 |inches
| r
Minor Storm Major Storm
Quow=|__ SUMP | SUMP _|cfs

UD-Inlet_v4.06.xlsm, A6
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) | CDOT Type R Curb Opening j MINOR MAJQR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression ‘a' from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.7 6.4 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate L (@)= N/A feet
Width of a Unit Grate Wo = N/A feet
|Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G)= N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw ()= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G, (G) = N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 10.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Ci(C) = 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cu(C)= 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) C.(C)= 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deyn = 0.23 0.37 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.45 0.61
Curb Opening Performance Reduction Factor for Long Inlets RFeum = 0.85 0.96
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q= 4.3 10.0 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peak REQUIRED = 4.2 9.6 cfs
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID:

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 20.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.015 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 20.0 | 20.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 16.9 | 20.0 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.1 3.2 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID:

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 andI_O.OZO) - Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 20.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.015 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 20.0 | 20.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capa based on Spread Criterion Qiiow =| 16.9 | 20.0 |cts

Minor storm max. alloTNableNcEpacny GooD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 0.8 1.7 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B1

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.013 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 18.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 14.3 | 14.3 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | Denver No. 16 Valloy Grate ﬂ MINOR MAJOR

Type of Inlet Type = Denver No. 16 Valley Grate

Local Depression (additional to continuous gutter depression 'a') alocaL = 2.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 3.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= 0.50 0.50

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = N/A N/A

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.7 2.7 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 24 7.0 cfs
Capture Percentage = Q,/Q, = C% = 42 28 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B2

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 24.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.025 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.028 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 24.0 | 24.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 15.7 | 65.7 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.6 2.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B3

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 24.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.013 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 24.0 | 24.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 15.7 | 30.1 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 15.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 3.2 8.2 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.3 cfs
Capture Percentage = Q,/Q, = C% = 100 96 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B6

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 andI_O.OZO) - Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.012 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 18.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes
MINOR STORM Allowable Capacity is based on Spread Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 13.7 | 13.7 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE

Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) = T
Type of Inlet

MINOR

MAJOR

Type = Denver No. 16 Valley Grate
Local Depression (additional to continuous gutter depression 'a') alocaL = 2.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1
Length of a Single Unit Inlet (Grate or Curb Opening) Lo 3.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR
Total Inlet Interception Capacity Q= 1.1 1.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.8 25 cfs
Capture Percentage = Q,/Q, = C% = 59 42 %
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Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

B10

Heurs

Gutter Width
Street Transverse Slope

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

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

Height of Curb at Gutter Flow Line
Distance from Curb Face to Street Crown

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)
Street Longitudinal Slope - Enter O for sump condition
Manning's Roughness for Street Section (typically between 0.012 and 0.020)

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

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

Teack = 4.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 24.0 ft
W= 2.00 ft
Sx = 0.030 ft/ft
Sy = 0.083 i/t
So = 0.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 24.0 | 24.0 |t
dvax =| 6.0 | 12.0 |inches
| r
Minor Storm Major Storm
Quow=|__ SUMP | SUMP _|cfs

UD-Inlet_v4.06.xlsm, B10
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) | CDOT Type R Curb Opening j MINOR MAJQR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression ‘a' from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 3.5 4.2 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate L (@)= N/A feet
Width of a Unit Grate Wo = N/A feet
|Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G)= N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw ()= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G, (G) = N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Ci(C) = 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cu(C)= 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) C.(C)= 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deyn = 0.13 0.19 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.45 0.54
Curb Opening Performance Reduction Factor for Long Inlets RFeum = 0.99 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q= 1.2 23 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peak REQUIRED = 1.0 2.2 cfs
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B13

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 4.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 andI_O.OZO) - Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 18.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.034 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 18.0 | 18.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 171 | 2341 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE

Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) = T
Type of Inlet

MINOR

MAJOR

Type = Denver No. 16 Valley Grate
Local Depression (additional to continuous gutter depression 'a') alocaL = 2.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1
Length of a Single Unit Inlet (Grate or Curb Opening) Lo 3.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = 1.73 ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= 0.50 0.50
Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = N/A N/A
Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR
Total Inlet Interception Capacity Q= 0.9 1.5 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.6 1.7 cfs
Capture Percentage = Q,/Q, = C% = 62 46 %
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Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

B12

Heurs

Gutter Width
Street Transverse Slope

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

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

Height of Curb at Gutter Flow Line
Distance from Curb Face to Street Crown

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)
Street Longitudinal Slope - Enter O for sump condition
Manning's Roughness for Street Section (typically between 0.012 and 0.020)

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

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

Teack = 4.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 18.0 ft
W= 2.00 ft
Sx = 0.030 ft/ft
Sy = 0.083 i/t
So = 0.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 18.0 | 18.0 |t
dvax =| 6.0 | 12.0 |inches
| r
Minor Storm Major Storm
Quow=|__ SUMP | SUMP _|cfs
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) | CDOT Type R Curb Opening j MINOR MAJQR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression ‘a' from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.8 6.8 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate L (@)= N/A feet
Width of a Unit Grate Wo = N/A feet
|Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G)= N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw ()= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G, (G) = N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Ci(C) = 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cu(C)= 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) C.(C)= 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deyn = 0.23 0.40 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.62 0.88
Curb Opening Performance Reduction Factor for Long Inlets RFeum = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q= 3.2 7.2 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peak REQUIRED = 3.1 7.1 cfs
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Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

B14

Heurs

Gutter Width
Street Transverse Slope

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

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

Height of Curb at Gutter Flow Line
Distance from Curb Face to Street Crown

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)
Street Longitudinal Slope - Enter O for sump condition
Manning's Roughness for Street Section (typically between 0.012 and 0.020)

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

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

Teack = 4.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 18.0 ft
W= 2.00 ft
Sx = 0.027 ft/ft
Sy = 0.083 i/t
So = 0.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 18.0 | 18.0 |t
dvax =| 6.0 | 12.0 |inches
| r
Minor Storm Major Storm
Quow=|__ SUMP | SUMP _|cfs
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) | CDOT Type R Curb Opening j MINOR MAJQR
Type of Inlet Type = CDOT Type R Curb Opening
Local Depression (additional to continuous gutter depression ‘a' from above) Aocal = 3.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 1
Water Depth at Flowline (outside of local depression) Ponding Depth = 4.7 5.4 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate L (@)= N/A feet
Width of a Unit Grate Wo = N/A feet
|Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = N/A
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G)= N/A N/A
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw ()= N/A
Grate Orifice Coefficient (typical value 0.60 - 0.80) G, (G) = N/A
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = 5.00 feet
Height of Vertical Curb Opening in Inches Hyert = 6.00 inches
Height of Curb Orifice Throat in Inches Hinroat = 6.00 inches
Angle of Throat (see USDCM Figure ST-5) Theta = 63.40 degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = 2.00 feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Ci(C) = 0.10 0.10
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cu(C)= 3.60
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) C.(C)= 0.67
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = N/A N/A ft
Depth for Curb Opening Weir Equation deyn = 0.23 0.28 ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = 0.61 0.69
Curb Opening Performance Reduction Factor for Long Inlets RFeum = 1.00 1.00
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = N/A N/A

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q= 3.1 4.2 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peak REQUIRED = 1.9 4.1 cfs

UD-Inlet_v4.06.xlsm, B14 11/24/2020, 11:15 AM



Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

B15

Heurs

Gutter Width
Street Transverse Slope

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

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

Height of Curb at Gutter Flow Line
Distance from Curb Face to Street Crown

Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft)
Street Longitudinal Slope - Enter O for sump condition
Manning's Roughness for Street Section (typically between 0.012 and 0.020)

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

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

Teack = 4.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 18.0 ft
W= 2.00 ft
Sx = 0.020 ft/ft
Sy = 0.083 i/t
So = 0.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 18.0 | 18.0 |t
dvax =| 6.0 | 12.0 |inches
| r
Minor Storm Major Storm
Quow=|__ SUMP | SUMP _|cfs
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| INLET IN A SUMP OR SAG LOCATION |

Version 4.06 Released August 2018

Design Information (Input) | Denver No. 16 Valley Grate j MINOR MAJOR
Type of Inlet Type = Denver No. 16 Valley Grate
Local Depression (additional to continuous gutter depression ‘a' from above) Aocal = 2.00 inches
Number of Unit Inlets (Grate or Curb Opening) No = 2
Water Depth at Flowline (outside of local depression) Ponding Depth = 3.2 4.3 inches
Grate Information MINOR MAJOR [¥ Override Depths
Length of a Unit Grate L (@)= 3.00 feet
Width of a Unit Grate Wo = 1.73 feet
|Area Opening Ratio for a Grate (typical values 0.15-0.90) Avatio = 0.31
Clogging Factor for a Single Grate (typical value 0.50 - 0.70) Ci(G)= 0.50 0.50
Grate Weir Coefficient (typical value 2.15 - 3.60) Cw ()= 3.60
Grate Orifice Coefficient (typical value 0.60 - 0.80) G, (G) = 0.60
Curb Opening Information MINOR MAJOR
Length of a Unit Curb Opening L, (C) = N/A feet
Height of Vertical Curb Opening in Inches Hyert = N/A inches
Height of Curb Orifice Throat in Inches Hinroat = N/A inches
Angle of Throat (see USDCM Figure ST-5) Theta = N/A degrees
Side Width for Depression Pan (typically the gutter width of 2 feet) Wp = N/A feet
Clogging Factor for a Single Curb Opening (typical value 0.10) Ci(C) = N/A N/A
Curb Opening Weir Coefficient (typical value 2.3-3.7) Cu(C)= N/A
Curb Opening Orifice Coefficient (typical value 0.60 - 0.70) C.(C)= N/A
Low Head Performance Reduction (Calculated) MINOR MAJOR
Depth for Grate Midwidth dorate = 0.294 0.381 ft
Depth for Curb Opening Weir Equation deyn = N/A N/A ft
Combination Inlet Performance Reduction Factor for Long Inlets RF combination = N/A N/A
Curb Opening Performance Reduction Factor for Long Inlets RFeum = N/A N/A
Grated Inlet Performance Reduction Factor for Long Inlets RFgrate = 0.38 0.51

MINOR MAJOR
Total Inlet Interception Capacity (assumes clogged condition) Q= 0.9 1.8 cfs
Inlet Capacity IS GOOD for Minor and Major Storms(>Q PEAK) Q peak REQUIRED = 0.9 1.8 cfs
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B17

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 20.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.015 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 20.0 | 20.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 16.9 | 20.0 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.8 4.3 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.2 cfs
Capture Percentage = Q,/Q, = C% = 100 96 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B18

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 20.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.015 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 20.0 | 20.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 16.9 | 20.0 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 1.1 2.4 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %
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Version 4.06 Released August 2018

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

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

Project: Solace Apartments

Inlet ID: B19

Heurs

Gutter Geometry (Enter data in the blue cells
Maximum Allowable Width for Spread Behind Curb Teack = 20.0 ft
Side Slope Behind Curb (leave blank for no conveyance credit behind curb) Seack = 0.020 ft/ft
Manning's Roughness Behind Curb (typically between 0.012 and 0.020) Neack = 0.016
Height of Curb at Gutter Flow Line Heurs = 6.00 inches
Distance from Curb Face to Street Crown Terown = 20.0 ft
Gutter Width W= 2.00 ft
Street Transverse Slope Sx = 0.020 ft/ft
Gutter Cross Slope (typically 2 inches over 24 inches or 0.083 ft/ft) Sw = 0.083 ft/ft
Street Longitudinal Slope - Enter 0 for sump condition So= 0.010 ft/ft
Manning's Roughness for Street Section (typically between 0.012 and 0.020) NsTREET = 0.016
Minor Storm Major Storm
Max. Allowable Spread for Minor & Major Storm Tuax =| 20.0 | 20.0 |ft
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm dwax =| 6.0 | 12.0 |inches
Allow Flow Depth at Street Crown (leave blank for no) r r check = yes
MINOR STORM Allowable Capacity is based on Depth Criterion Minor Storm Major Storm
MAJOR STORM Allowable Capacity is based on Spread Criterion Qaitow =| 13.8 | 16.3 |cfs

Minor storm max. allowable capacity GOOD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) | CDOT Type R Curb Opening ﬂ MINOR MAJQR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 15.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 24 5.8 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %

UD-Inlet_v4.06.xlsm, B19 11/24/2020, 11:15 AM



Version 4.06 Released August 2018

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

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

Project:

Solace Apartments

Inlet ID:

Heurs

Gutter Geometry (Enter data in the blue cells

Maximum Allowable Width for Spread Behind Curb

Side Slope Behind Curb (leave blank for no conveyance credit behind curb)
Manning's Roughness Behind Curb (typically between 0.012 and|_0.020)

Height of Curb at Gutter Flow Line

Distance from Curb Face to Street Crown

Gutter Width

Street Transverse Slope

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

Street Longitudinal Slope - Enter O for sump condition

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

Max. Allowable Spread for Minor & Major Storm
Max. Allowable Depth at Gutter Flowline for Minor & Major Storm

Allow Flow Depth at Street Crown (leave blank for no)

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

Minor storm max. alloTNableNcEpacny GooD - greater than the design flow given on sheet ‘Inlet Management'
Major storm max. allowable capacity GOOD - greater than the design flow given on sheet 'Inlet Management'

Teack = 20.0 ft
Seack = 0.020 ft/ft
Neack = 0.016
Heurs = 6.00 inches
Terown = 20.0 ft
W= 2.00 ft
Sx = 0.020 ft/ft
Sy = 0.083 i/t
So = 1.000 ft/ft
NsTREET = 0.016
Minor Storm Major Storm
Tuax =| 20.0 | 20.0 |t
dvax =| 6.0 | 12.0 |inches
check = yes
Minor Storm Major Storm
Quitow =| 6.2 | 46.5 |cts

UD-Inlet_v4.06.xlsm, B20
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| INLET ON A CONTINUOUS GRADE |
Version 4.06 Released August 2018

——Lo (C)——

Design Information (Input) MINOR MAJOR

Type of Inlet Type = CDOT Type R Curb Opening

Local Depression (additional to continuous gutter depression 'a') alocaL = 3.0 inches
Total Number of Units in the Inlet (Grate or Curb Opening) No = 1

Length of a Single Unit Inlet (Grate or Curb Opening) L= 10.00 ft
(Width of a Unit Grate (cannot be greater than W, Gutter Width) W, = N/A ft
Clogging Factor for a Single Unit Grate (typical min. value = 0.5) CrG= N/A N/A

Clogging Factor for a Single Unit Curb Opening (typical min. value = 0.1) CrC = 0.10 0.10

Street Hydraulics: OK - Q < Allowable Street Capacity" MINOR MAJOR

Total Inlet Interception Capacity Q= 0.6 1.4 cfs
Total Inlet Carry-Over Flow (flow bypassing inlet) Q, = 0.0 0.0 cfs
Capture Percentage = Q,/Q, = C% = 100 100 %
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Chapter 8 Open Channels
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Project: Solace Apartments

MHFD-Detention, Version 4.03 (May 2020)

Basin ID: Pond A

ZONES
20ME 2

ORIFICE

N 1 AD
PEAMANENT- oRFCES
root Zone C

Watershed Information

Selected BMP Type = EDB
Watershed Area = 7.89 acres
Watershed Length = 790 ft
Watershed Length to Centroid = 340 ft
Watershed Slope = 0.020  |ft/ft
Watershed Imperviousness =| 49.43% | percent
Percentage Hydrologic Soil Group A = 1.0% percent
Percentage Hydrologic Soil Group B = 99.0% percent
Percentage Hydrologic Soil Groups C/D = 0.0% percent
Target WQCV Drain Time = 40.0 hours

Location for 1-hr Rainfall Depths = User Input

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using
the embedded Colorado Urban Hydrograph Procedure.

Pond)

6251

Optional User Overrides

Depth Increment =

Gptional Optional

Stage - Storage Stage Override Length Width Area Override Area Volume Volume

Description (ft) Stage (ft) (ft) (ft) (ft) (acre) (ft3) (acft)
Top of Micropool - 0.00 - - - 0.000

ELEV:6252 - 1.00 - - - 909 0.021 459 0.011
ELEV:6253 - 2.00 - - - 4,500 0.103 3,164 0.073
ELEV:6254 - 3.00 - - - 8,857 0.203 9,842 0.226
ELEV:6255 - 4.00 - - - 13,976 0.321 21,259 0488
ELEV:6256 - 5.00 - - - 17,609 0404 37,051 0.851
ELEV:6257 - 6.00 - - - 20,879 0479 56,295 1.292

‘Water Quality Capture Volume (WQCV) = 0.135 acre-feet acre-feet - - - -
Excess Urban Runoff Volume (EURV) = 0417 acre-feet acre-feet - - - -
2-yr Runoff Volume (P1 = 1.191in.) = 0.382 acre-feet 1.19 inches - - - -
5-yr Runoff Volume (P1 = 1.5in.) = 0.546 acre-feet 1.50 inches - - - -
10-yr Runoff Volume (P1 = 1.75in.) = 0.691 acre-feet 1.75 inches - - - -
25-yr Runoff Volume (P1 = 2in.) = 0.887 acre-feet 2.00 inches - - - -
50-yr Runoff Volume (P1 = 2.26 in.) = 1.052 acre-feet 2.26 inches - - - -
100-yr Runoff Volume (P1 = 2.52in.) = 1.247 acre-feet 2.52 inches - - - -
500-yr Runoff Volume (P1 = 3.14in.) = 1.654 acre-feet inches - - - -
Approximate 2-yr Detention Volume = 0.314 acre-feet
Approximate 5-yr Detention Volume =|  0.430 acre-feet - - - -
Approximate 10-yr Detention Volume =|  0.570 acre-feet - - - -
Approximate 25-yr Detention Volume =|  0.626 acre-feet - - - -
Approximate 50-yr Detention Volume =|  0.657 acre-feet - - - -
Approximate 100-yr Detention Volume = 0.732 acre-feet

Define Zones and Basin Geometry

Zone 1 Volume (WQCV) = 0.135 acre-feet
Zone 2 Volume (EURV - Zone 1) = 0.282 acre-feet
Zone 3 Volume (100-year - Zones 1 & 2) = 0.315 acre-feet
Total Detention Basin Volume = 0.732 acre-feet
Initial Surcharge Volume (ISV) = user >
Initial Surcharge Depth (ISD) =|  user |t
Total Available Detention Depth (Hytal) = user ft
Depth of Trickle Channel (Hyc) = user ft
Slope of Trickle Channel (Sr¢) = user ft/ft
Slopes of Main Basin Sides (Smain) = user H:v
Basin Length-to-Width Ratio (R ) = user
Initial Surcharge Area (Asy) = user ft?
Surcharge Volume Length (Lisy) = user ft
Surcharge Volume Width (Wisy) =  user  |ft
Depth of Basin Floor (Hrioor) = user ft
Length of Basin Floor (Lroor) =|  user  |ft
Width of Basin Floor (Wrioor) = user ft
Area of Basin Floor (Aroor) = user ft?
Volume of Basin Floor (Vrioor) = user ft?
Depth of Main Basin (Huam) = user ft
Length of Main Basin (Lyan) = user ft
Width of Main Basin (Wwan) = user ft
Area of Main Basin (Aman) = user ft?
Volume of Main Basin (Vyan) = user ft?
Calculated Total Basin Volume (Vigtal) = user acre-feet

MHFD-Detention_v4 03 (Pond A).xlsm, Basin
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

MHFD-Detention, Version 4.03 (May 2020)
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DETENTION BASIN OUTLET STRUCTURE DESIGN

MHFD-Detention, Version 4.03 (May 2020)

Project: Solace Apartments
Basin ID:

[ZONE 3

100-YR

M
VOLUME| guRv ;
wacy

ZONE 1 AND 2-

PERMANENT- ORIFICES

POOL

User Input: Orifice at Underdrain Outlet (typicall
Underdrain Orifice Invert Depth =
Underdrain Orifice Diameter =

used to drain WQCV in a Filtration BMP)

ft (distance below the filtration media surface)

inches

Pond A
Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 2.49 0.135 Orifice Plate
100-YEAR Zone 2 (EURV) 3.77 0.282 Circular Orifice
ORIFICE
Zone 3 (100-year) 4.70 0.315 Weir&Pipe (Restrict)
Example Zone Configuration (Retention Pond) Total (all zones) 0.732

Underdrain Orifice Area =
Underdrain Orifice Centroid =

Calculated Parameters for Underdrain

ftz

feet

User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

Invert of Lowest Orifice =

Depth at top of Zone using Orifice Plate =
Orifice Plate: Orifice Vertical Spacing =
Orifice Plate: Orifice Area per Row =

User Input: Stage and Total Area of Each Orifice
Stage of Orifice Centroid (ft)|

Orifice Area (sq. inches)|

Stage of Orifice Centroid (ft)|
Orifice Area (sq. inches)|

0.00

ft (relative to basin bottom at Stage = 0 ft)

2.49

ft (relative to basin bottom at Stage = 0 ft)

N/A

inches

0.45

sq. inches (diameter = 3/4 inch)

Row 1 (required)

Row (numbered from lowest to highest)

WQ Orifice Area per Row =
Elliptical Half-Width =
Elliptical Slot Centroid
Elliptical Slot Area

Calculated Parameters for Plate

3.1256-03 |t
N/A feet
N/A feet
N/A ft?

Row 2 (optional) Row 3 (optional)

Row 4 (optional)

Row 5 (optional) Row 6 (optional)

Row 7 (optional)

Row 8 (optional)

0.00

0.70 1.40

2.10

0.45

0.45 0.45

0.45

Row 9 (optional)

Row 10 (optional) | Row 11 (optional)

Row 12 (optional)

Row 13 (optional) | Row 14 (optional)

Row 15 (optional)

Row 16 (optional)

User Input: Vertical Orifice (Circular or Rectangular) Calculated Parameters for Vertical Orifice
Zone 2 Circular Not Selected Zone 2 Circular Not Selected
Invert of Vertical Orifice = 2.49 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Area = 0.00 N/A ft?
Depth at top of Zone using Vertical Orifice = 3.77 N/A ft (relative to basin bottom at Stage = 0 ft) Vertical Orifice Centroid = 0.02 N/A feet
Vertical Orifice Diameter = 0.38 N/A inches
User Input: Overflow Weir (Dropbox with Flat or Sloped Grate and Outlet Pipe OR Rectangular/Trapezoidal Weir (and No Outlet Pipe) Calculated Parameters for Overflow Weir
Zone 3 Weir Not Selected Zone 3 Weir Not Selected
Overflow Weir Front Edge Height, Ho = 3.77 N/A ft (relative to basin bottom at Stage = 0 ft) ~ Height of Grate Upper Edge, H, = 3.77 N/A feet
Overflow Weir Front Edge Length = 4.00 N/A feet Overflow Weir Slope Length = 3.00 N/A feet
Overflow Weir Grate Slope = 0.00 N/A H:v Grate Open Area / 100-yr Orifice Area = 28.73 N/A
Horiz. Length of Weir Sides = 3.00 N/A feet Overflow Grate Open Area w/o Debris = 8.40 N/A ft?
Overflow Grate Open Area % = 70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 4.20 N/A ft?
Debris Clogging % = 50% N/A %

User Input: Outlet Pipe w/ Flow Restriction Plate

(Circular Orifice, Restrictor Plate, or Rectangular Orifice)

Calculated Parameter:

for Qutlet Pipe w/

Flow Restriction Plate

Zone 3 Restrictor [ Not Selected Zone 3 Restrictor | Not Selected
Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.29 N/A ft?
Outlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.20 N/A feet
Restrictor Plate Height Above Pipe Invert = 4.00 inches Half-Central Angle of Restrictor Plate on Pipe = 0.98 N/A radians
User Input: Emergency Spillway (Rectanqular or Trapezoidal Calculated Parameters for Spillway
Spillway Invert Stage= 5.47 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.31 feet
Spillway Crest Length = 40.00 feet Stage at Top of Freeboard = 6.78 feet
Spillway End Slopes = 10.00 H:v Basin Area at Top of Freeboard = 0.48 acres
Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 1.29 acre-ft
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period = WQCV EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year
One-Hour Rainfall Depth (in) =| N/A N/A 1.19 1.50 1.75 2.00 2.26 2.52 3.14
CUHP Runoff Volume (acre-ft) = 0.135 0.417 0.382 0.546 0.691 0.887 1.052 1.247 1.654
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.382 0.546 0.691 0.887 1.052 1.247 1.654
CUHP Predevelopment Peak Q (cfs) =| N/A N/A 0.9 2.7 4.0 7.2 9,1 11.2 15.7
OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A
Predevelopment Unit Peak Flow, q (cfs/acre) =| N/A N/A 0.12 0.34 0.51 0.91 1.15 1.42 1.99
Peak Inflow Q (cfs) =| N/A N/A 6.7 9.8 12.0 15.6 18.5 22.1 28.9
Peak Outflow Q (cfs) =| 0.1 0.1 0.1 1.3 2.7 2.9 3.0 3.2 12.0
Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.5 0.7 0.4 0.3 0.3 0.8
Structure Controlling Flow =| Plate Overflow Weir 1 | Vertical Orifice 1 | Overflow Weir 1 Outlet Plate 1 QOutlet Plate 1 Qutlet Plate 1 Outlet Plate 1 Spillway
Max Velocity through Grate 1 (fps) =| N/A N/A N/A 0.1 0.3 0.3 0.3 0.4 0.4
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) = 37 70 67 72 70 68 67 66 63
Time to Drain 99% of Inflow Volume (hours) = 40 76 72 78 77 76 76 75 74
Maximum Ponding Depth (ft) = 2.49 3.77 3.58 3.89 4.01 4.46 4.80 5.26 5.64
Area at Maximum Ponding Depth (acres) =| 0.15 0.29 0.27 0.31 0.32 0.36 0.39 0.42 0.45
Maximum Volume Stored (acre-ft) =| 0.135 0.417 0.364 0.450 0.491 0.641 0.768 0.954 1.125

MHFD-Detention_v4 03 (Pond A)_DRC.xIsm, Outlet Structure
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DETENTION BASIN

MHFD-Detention, Version 4.00 (December 2019)

35 —
———500YRIN
. «500YR OUT
e 100YR IN
30 1 — — 100vROUT
SOYRIN
- = 50YROUT
25 1 25YRIN
~ = = -25YROUT
10YRIN
| = 10YR OUT
20— SYRIN
ﬁ ------- 5YR OUT
3 | [P
9 2YRIN
@ == -2YROUT
15 1
EURV IN
e« EURV OUT
— WQCV IN
10 A eeeeeee wacv out
5
[ . d
0.1 1 10
TIME [hr]
6
———500YR
——100YR
—50YR
5 | ——25nR /_\
e 10YR
—5WR
o 2VR
4 || ———EURV
[ =——wacv
£
F3
g
a
o3 / /
z
o
z
o
4 / \
: \
1 /
[ T T
0.1 1 10 100
DRAIN TIME [hr]
60,000 —— 60
User Area [ftA2]
Interpolated Area [ftA2] A
A
50,000 | Summary Area [ftr2] 50
Volume [ft"3]
«--@-- Summary Volume [ftA3]
40,000 +—]| e Quitflow [cf's] 20
«+-@-+ Summary Outflow [cfs]
- -
£ £
€ 30,000 308
S =
g g
>~ S}
g
& 20,000 — 20
5
o«
<
10,000 10
0 & 0
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00
PONDING DEPTH [ft]
S-A-V-D Chart Axis Override X-axis Left Y-Axis Right Y-Axis

minimum bound|

meximum bound|

MHFD-Detention_v4 03 (Pond A)_DRC.xIsm, Outlet Structure

5/5/2021, 2:20 PM



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

Outflow Hydrograph Workbook Filename:

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCV [cfs] [ EURV [cfs] | 2 Year [cfs] | 5 Year [cfs] | 10 Year [cfs]| 25 Year [cfs]| 50 Year [cfs] 100 Year [cfs]| 500 Year [cfs]
5.00_min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.01 0.24
0:15:00 0.00 0.00 0.66 1.08 134 0.90 1.12 1.10 1.55
0:20:00 0.00 0.00 2.29 2.99 3.69 2.21 2.58 2.76 3.72
0:25:00 0.00 0.00 5.25 7.86 10.25 5.16 6.14 6.79 10.27
0:30:00 0.00 0.00 6.66 9.76 11,95 14.01 16.83 18.97 25.29
0:35:00 0.00 0.00 6.09 8.72 10.62 15.64 18.54 22,08 28.92
0:40:00 0.00 0.00 5.30 7.42 9.07 14.86 17.52 20.71 27.03
0:45:00 0.00 0.00 4.33 6.18 7.70 12.90 15.22 18.61 24.26
0:50:00 0.00 0.00 3.56 5.17 6.33 11.37 13.40 16.27 21.18
0:55:00 0.00 0.00 3.00 433 5.39 9.24 10.91 13.68 17.88
1:00:00 0.00 0.00 2.63 3.76 4.77 7.76 9.21 11.94 15.65
1:05:00 0.00 0.00 2.32 3.29 4.23 6.71 7.99 10.71 14.07
1:10:00 0.00 0.00 1.90 2.84 372 5.49 6.56 8.51 11.25
1:15:00 0.00 0.00 152 2.33 3.25 4.44 531 6.64 8.87
1:20:00 0.00 0.00 1.22 1.86 2.66 3.38 4.03 4.82 6.43
1:25:00 0.00 0.00 1.05 1.60 2.19 2.55 3.05 3.40 458
1:30:00 0.00 0.00 0.98 147 1.90 1.99 2.37 2.55 3.46
1:35:00 0.00 0.00 0.93 1.39 1.70 1.65 1.95 2.04 277
1:40:00 0.00 0.00 0.91 1.23 1.56 142 1.67 1.70 2.30
1:45:00 0.00 0.00 0.89 111 1.47 1.27 1.49 1.46 1.99
1:50:00 0.00 0.00 0.88 1.02 1.40 1.18 1.36 1.30 176
1:55:00 0.00 0.00 0.76 0.96 1.30 1.11 1.28 1.19 1.61
2:00:00 0.00 0.00 0.67 0.88 1.16 1.07 1.22 113 1.53
2:05:00 0.00 0.00 0.49 0.64 0.84 0.78 0.89 0.82 111
2:10:00 0.00 0.00 0.36 0.46 0.60 0.56 0.64 0.59 0.80
2:15:00 0.00 0.00 0.26 0.33 0.43 0.40 0.45 0.43 0.57
2:20:00 0.00 0.00 0.18 0.23 0.30 0.28 0.32 0.30 0.40
2:25:00 0.00 0.00 0.12 0.15 0.21 0.19 0.22 0.21 0.28
2:30:00 0.00 0.00 0.08 0.10 0.14 0.13 0.15 0.14 0.19
2:35:00 0.00 0.00 0.05 0.07 0.09 0.09 0.10 0.09 0.13
2:40:00 0.00 0.00 0.03 0.04 0.05 0.05 0.06 0.05 0.07
2:45:00 0.00 0.00 0.01 0.02 0.02 0.03 0.03 0.03 0.03
2:50:00 0.00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01
2:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
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MHFD-Detention, Version 4.03 (May 2020)

Summary Stage-Area-Volume-Discharge Relationships

The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.

The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition paints.

MHFD-Detention_v4 03 (Pond A)_DRC.xIsm, Outlet Structure

Stage - Storage Stage Area Area Volume Volume o::ftlaalw
DD ] 12 acres] 1] fac-ft] Icts]
0.00 10 0.000 0 0.000 0.00 For best results, include the
0.50 460 0.011 117 0.003 0.01 stages of all grade slope
1.00 909 0.021 459 0.011 0.02 changes (e.g. ISV and Floor)
from the S-A-V table on
1.50 2,705 0.062 1,363 0.031 0.04 sheet 'Bair
2.00 4,500 0.103 3,164 0.073 0.05
wQcev 2.49 6,635 0.152 5,892 0.135 0.07 Also indlude the inverts of all
2.50 6,678 0.153 5,959 0.137 0.07 outlets (e.g. vertical orifice,
3.00 8,857 0.203 9,842 0.226 0.08 overflow grate, and spillway,
3.50 11,416 0.262 14,911 0342 0.10 where applicable).
EURV 3.77 12,799 0.294 18,180 0.417 0.10
4.00 13,976 0321 21,259 0.488 2.75
450 15,792 0363 28,701 0.659 2.92
450 15,792 0363 28,701 0.659 2.92
100 YR 470 16,519 0379 31,932 0.733 2.99
5.00 17,609 0.404 37,051 0.851 3.00

5/5/2021, 2:20 PM



Detention Pond A North Forebay Calculations

100 YR Discharge 11.3 CFS
WQCV Storage 0.135 AC-FT
Forebay Volume (2% pf WQCV)  0.0027  AC-FT
Forebay Release Volume (2% of 100 YR) 0.226 CFS
Weir Report
Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc Friday, Nov 6 2020
Pond A North Forebay Calculations
Rectangular Weir Highlighted
Crest = Sharp Depth (ft) = 0.42
Bottom Length (ft) = 0.25 Q (cfs) = 0.230
Total Depth (ft) =125 Area (sqft) = 0.1
Velocity (ft/s) = 217
Calculations Top Width (ft) = 0.25
Weir Coeff. Cw = 333
Compute by: Known Q
Known Q (cfs) = 0.23

Depth (ft)

Depth (ft) Pond A North Forebay Calculations
2.00 2.00
1.50 1.50
1.00 1.00
0.50 7 0.50
0.00 0.00
-0.50 -0.50
0 1 2 3 5
Weir — .S,

Length (ft)




Detention Pond A South Forebay Calculations

100 YR Discharge 19.4 CFS

WQCV Storage 0.135 AC-FT

Forebay Volume (2% pf WQCV)  0.0027  AC-FT
Forebay Release Volume (2% of 100 YR) 0.388 CFS

Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk. Inc. Friday. Nov 6 2020

Pond A South Forebay Calculations

Rectangular Weir Highlighted

Crest = Sharp Depth (ft) = 0.60

Bottom Length (ft) = 0.25 Q (cfs) = 0.388

Total Depth (ft) =1.25 Area (sqft) = 0.15

Velocity (ft/s) = 2.58

Calculations Top Width (ft) = 0.25

Weir Coeff. Cw = 3.33

Compute by: Known Q

Known Q (cfs) = 0.39

Depth (ft) Pond A South Forebay Calculations Depth (ft)
2.00 2.00
1.50 1.50
1.00 1.00
7
0.50 — 0.50
0.00 0.00
-0.50 -0.50
0 A 2 3 4 5

Weir

w.s. Length (ft)




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Nov 25 2020

Pond A Trickel Channel

Rectangular Highlighted
Bottom Width (ft) = 2.00 Depth (ft) = 0.12
Total Depth (ft) = 0.50 Q (cfs) = 0.610
Area (sqft) = 0.24
Invert Elev (ft) = 1.00 Velocity (ft/s) = 2.54
Slope (%) = 1.00 Wetted Perim (ft) = 2.24
N-Value = 0.013 Crit Depth, Yc (ft) = 0.15
Top Width (ft) = 2.00
Calculations EGL (ft) = 0.22
Compute by: Known Q
Known Q (cfs) = 0.61
Elev (ft) Section Depth (ft)
2.00 1.00
1.75 0.75
1.50 0.50
1.25 0.25
4
1.00 0.00
0.75 -0.25
0 5 1 1.5 2 2.5 3

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Wednesday, May 5 2021

Pond A Spillway

Trapezoidal Highlighted

Bottom Width (ft) = 40.00 Depth (ft) = 0.41

Side Slopes (z:1) = 10.00, 10.00 Q (cfs) = 30.80

Total Depth (ft) = 1.44 Area (sqft) = 18.08

Invert Elev (ft) = 1.00 Velocity (ft/s) = 1.70

Slope (%) = 0.20 Wetted Perim (ft) = 48.24

N-Value = 0.020 Crit Depth, Yc (ft) = 0.26
Top Width (ft) = 48.20

Calculations EGL (ft) = 0.46

Compute by: Known Q

Known Q (cfs) = 30.80

Elev (ft) Section

3.00

2.50 —

/
2.00 \
1.50 /
\ A d /
1.00 /
0.50
0 5 10 15 20 256 30 35 40 45 50 55 60 65 70 75 80

Reach (ft)

Depth (ft)

2.00

1.50

1.00

0.50

0.00

-0.50



Project: Solace Apartments

MHFD-Detention, Version 4.03 (May 2020)

Basin ID: Pond B

ZONES
20ME 2

ORIFICE

N 1 AD
PEAMANENT- oRFCES
root Zone C

Watershed Information

Selected BMP Type = EDB
Watershed Area = 17.50 acres
Watershed Length =| 1,631 |t
Watershed Length to Centroid = 740 ft
Watershed Slope =|  0.014  |ft/ft
Watershed Imperviousness =| 40.55% | percent
Percentage Hydrologic Soil Group A = 1.0% percent
Percentage Hydrologic Soil Group B = 99.0% percent
Percentage Hydrologic Soil Groups C/D = 0.0% percent
Target WQCV Drain Time = 40.0 hours

Location for 1-hr Rainfall Depths = User Input

After providing required inputs above including 1-hour rainfall
depths, click 'Run CUHP' to generate runoff hydrographs using
the embedded Colorado Urban Hydrograph Procedure.

Pond)

6243.17,

Optional User Overrides

Depth Increment =

Gptional Optional
Stage - Storage Stage Override Length Width Area Override Area Volume Volume
Description (ft) Stage (ft) (ft) (ft) (ft) (acre) (ft3) (acft)
Top of Micropool - 0.00 - - - 0.000
ELEV:6244 - 0.83 - - - 0.008 142 0.003
ELEV:6245 - 1.83 - - - 6,042 0.139 3,329 0.076
ELEV:6246 - 2.83 - - - 18,264 0419 15,482 0.355
ELEV:6247 - 383 - - - 26,278 0.603 37,753 0.867
ELEV:6248 - 4.83 - - - 30,833 0.708 66,308 1.522
ELEV:6549 - 5.83 - - - 32,872 0.755 98,161 2.253
ELEV:6549.5 - 6.33 - - - 37,812 0.868 115,832 2,659

‘Water Quality Capture Volume (WQCV) = 0.264 acre-feet acre-feet - - - -
Excess Urban Runoff Volume (EURV) = 0.746 acre-feet acre-feet - - - -
2-yr Runoff Volume (P1 = 1.191in.) = 0.729 acre-feet 1.19 inches - - - -
5-yr Runoff Volume (P1 = 1.5in.) = 1.088 acre-feet 1.50 inches - - - -
10-yr Runoff Volume (P1 = 1.75in.) = 1.408 acre-feet 1.75 inches - - - -
25-yr Runoff Volume (P1 = 2in.) = 1.872 acre-feet 2.00 inches - - - -

50-yr Runoff Volume (P1 = 2.26 in.) = 2,246 acre-feet 2.26 inches - - - -
100-yr Runoff Volume (P1 = 2.52in.) = 2,702 acre-feet 2.52 inches - - - -
500-yr Runoff Volume (P1 = 3.14in.) = 3.634 acre-feet inches - - - -

Approximate 2-yr Detention Volume = 0.550 acre-feet
Approximate 5-yr Detention Volume = 0.767 acre-feet
Approximate 10-yr Detention Volume = 1.052 acre-feet
Approximate 25-yr Detention Volume = 1.176 acre-feet
Approximate 50-yr Detention Volume = 1.240 acre-feet
Approximate 100-yr Detention Volume = 1412 acre-feet

Define Zones and Basin Geometry

Zone 1 Volume (WQCV) = 0.264 acre-feet
Zone 2 Volume (EURV - Zone 1) = 0.482 acre-feet
Zone 3 Volume (100-year - Zones 1 & 2) = 0.666 acre-feet
Total Detention Basin Volume = 1412 acre-feet
Initial Surcharge Volume (ISV) = user >
Initial Surcharge Depth (ISD) =|  user |t
Total Available Detention Depth (Hytal) = user ft
Depth of Trickle Channel (Hyc) = user ft
Slope of Trickle Channel (Sr¢) = user ft/ft
Slopes of Main Basin Sides (Smain) = user H:v
Basin Length-to-Width Ratio (R ) = user
Initial Surcharge Area (Asy) = user ft?
Surcharge Volume Length (Lisy) = user ft
Surcharge Volume Width (Wisy) =  user  |ft
Depth of Basin Floor (Hrioor) = user ft
Length of Basin Floor (Lroor) =|  user  |ft
Width of Basin Floor (Wrioor) = user ft
Area of Basin Floor (Aroor) = user ft?
Volume of Basin Floor (Vrioor) = user ft?
Depth of Main Basin (Huam) = user ft
Length of Main Basin (Lyan) = user ft
Width of Main Basin (Wwan) = user ft
Area of Main Basin (Aman) = user ft?
Volume of Main Basin (Vyan) = user ft?
Calculated Total Basin Volume (Vigtal) = user acre-feet

MHFD-Detention_v4 03 (Pond B).xlsm, Basin
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DETENTION BASIN STAGE-STORAGE TABLE BUILDER

MHFD-Detention, Version 4.03 (May 2020)
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DETENTION BASIN OUTLET STRUCTURE DESIGN

Project: Solace Apartments

MHFD-Detention, Version 4.03 (May 2020)

Basin ID: P

ond B

ZONE 1 AND 2
ORIFICES

100-YEAR
ORIFICE

Example Zone Configuration (Retention Pond)

User Input: Orifice at Underdrain Outlet (typically used to drain WQCV in a Filtration BMP)

Underdrain Orifice Invert Depth =

N/A

Underdrain Orifice Diameter =

N/A

Estimated Estimated
Stage (ft) Volume (ac-ft) Outlet Type
Zone 1 (WQCV) 2.60 0.264 Orifice Plate
Zone 2 (EURV) 3.63 0.482 Circular Orifice
Zone 3 (100-year) 4.68 0.666 Weir&Pipe (Restrict)
Total (all zones) 1.412
ft (distance below the filtration media surface) Underdrain Orifice Area = N/A
Underdrain Orifice Centroid = N/A

inches

Calculated Parameters for Underdrain

ftZ
feet

User Input: Orifice Plate with one or more orifices or Elliptical Slot Weir (typically used to drain WQCV and/or EURV in a sedimentation BMP)

Invert of Lowest Orifice =

0.00

Depth at top of Zone using Orifice Plate =

2.60

Orifice Plate: Orifice Vertical Spacing =

6.00

Orifice Plate: Orifice Area per Row =

N/A

User Input: Stage and Total Area of Each Orifice Row (numbered from

Row 1 (required)

ft (relative to basin bottom at Stage = 0 ft)
ft (relative to basin bottom at Stage = 0 ft)

inches
inches

Row 2 (optional)

lowest to highest)

WQ Orifice Area per Row = N/A
Elliptical Half-Width = N/A
Elliptical Slot Centroid = N/A
Elliptical Slot Area = N/A

Calculated Parameters for Plate

ftz
feet
feet
ftZ

Row 3 (optional) Row 4 (optional)

Row 5 (optional)

Row 6 (optional) Row 7 (optional)

Row 8 (optional)

Stage of Orifice Centroid (ft)

0.00

0.50

1.00 1.50

2.00

Orifice Area (sg. inches)

0.56

0.56

0.56 0.52

0.52

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 (sg. inches)

User Input: Vertical Orifice (Circular or Rectangular)

Zone 2 Circular

Not Selected

Invert of Vertical Orifice =

ft (relative to basin bottom at Stage = 0 ft)

Depth at top of Zone using Vertical Orifice =

ft (relative to basin bottom at Stage = 0 ft)

Vertical Orifice Diameter =

2.60 N/A
3.63 N/A
1.50 N/A

inches

Calculated Parameters for Vertical Orifice

Zone 2 Circular

Not Selected

Vertical Orifice Area = 0.01

N/A

Vertical Orifice Centroid = 0.06

N/A

feet

User Input: Overflow Weir (Dropbox with Flat or Sloped Grate and Outl

let Pipe OR Rectang

ular/Trapezoidal Weir (and No Outlet Pipe)

Overflow Weir Front Edge Height, Ho =

Overflow Weir Front Edge Length =

Overflow Weir Grate Slope =

Horiz. Length of Weir Sides =

Overflow Grate Open Area % =

Debris Clogging % =

Calculated Parameters for Overflow Weir

Zone 3 Weir Not Selected Zone 3 Weir Not Selected
3.63 N/A ft (relative to basin bottom at Stage = 0 ft) Height of Grate Upper Edge, H; = 3.63 N/A feet
4.00 N/A feet Overflow Weir Slope Length = 3.00 N/A feet
0.00 N/A H:V Grate Open Area / 100-yr Orifice Area = 28.73 N/A
3.00 N/A feet Overflow Grate Open Area w/o Debris = 8.40 N/A ft?
70% N/A %, grate open area/total area Overflow Grate Open Area w/ Debris = 4.20 N/A ft?
50% N/A %

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

Zone 3 Restrictor

Not Selected

Calculated Parameters for Qutlet Pipe w/

Flow Restriction Plate

Zone 3 Restrictor

Not Selected

Depth to Invert of Outlet Pipe = 0.00 N/A ft (distance below basin bottom at Stage = 0 ft) Outlet Orifice Area = 0.29 N/A ft?
Qutlet Pipe Diameter = 18.00 N/A inches Outlet Orifice Centroid = 0.20 N/A feet
Restrictor Plate Height Above Pipe Invert = 4.00 inches Half-Central Angle of Restrictor Plate on Pipe = 0.98 N/A radians
User Input: Emergency Spillway (Rectangular or Trapezoidal) Calculated Parameters for Spillway
Spillway Invert Stage= 6.10 ft (relative to basin bottom at Stage = 0 ft) Spillway Design Flow Depth= 0.34 feet
Spillway Crest Length = 50.00 feet Stage at Top of Freeboard = 7.44 feet
Spillway End Slopes = 10.00 H:V Basin Area at Top of Freeboard = 0.87 acres
Freeboard above Max Water Surface = 1.00 feet Basin Volume at Top of Freeboard = 2.66 acre-ft
Routed Hydrograph Results The user can override the default CUHP hydrographs and runoff volumes by entering new values in the Inflow Hydrographs table (Columns W through AF).
Design Storm Return Period =| waocv EURV 2 Year 5 Year 10 Year 25 Year 50 Year 100 Year 500 Year

One-Hour Rainfall Depth (in) = N/A N/A 1.19 1.50 1.75 2.00 2.26 2.52 3.14
CUHP Runoff Volume (acre-ft) = 0.264 0.746 0.729 1.088 1.408 1.872 2.246 2.702 3.634
Inflow Hydrograph Volume (acre-ft) = N/A N/A 0.729 1.088 1.408 1.872 2.246 2.702 3.634

CUHP Predevelopment Peak Q (cfs) = N/A N/A 1.4 4.0 6.1 11.3 14.3 18.2 25.4

OPTIONAL Override Predevelopment Peak Q (cfs) = N/A N/A

Predevelopment Unit Peak Flow, g (cfs/acre) = N/A N/A 0.08 0.23 0.35 0.64 0.82 1.04 1.45
Peak Inflow Q (cfs) =| N/A N/A 8.4 12.8 16.1 23.1 27.6 32.7 43.5

Peak Outflow Q (cfs) = 0.1 0.2 0.2 2.7 2.8 3.0 3.2 3.3 15.8

Ratio Peak Outflow to Predevelopment Q = N/A N/A N/A 0.7 0.5 0.3 0.2 0.2 0.6

Structure Controlling Flow = Plate Overflow Weir 1 | Vertical Orifice 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Outlet Plate 1 Spillway

Max Velocity through Grate 1 (fps) = N/A N/A N/A 0.3 0.3 0.3 0.3 0.4 0.4

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 70 69 72 71 70 69 68 65

Time to Drain 99% of Inflow Volume (hours) = 40 74 74 77 77 78 78 79 77
Maximum Ponding Depth (ft) =| 2.60 3.63 3.52 3.85 4.19 4.79 5.25 5.83 6.29

Area at Maximum Ponding Depth (acres) = 0.35 0.57 0.55 0.60 0.64 0.70 0.73 0.75 0.86
Maximum Volume Stored (acre-ft) = 0.266 0.750 0.689 0.873 1.091 1.494 1.824 2.253 2.616

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure
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DETENTION BASIN OUTLET STRUCTURE DESIG

MHFD-Detention, Version 4.00 (December 2019)
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DETENTION BASIN OUTLET ST RE DESIGN

Outflow Hydrograph Workbook Filename:

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

SOURCE CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP CUHP
Time Interval TIME WQCV [cfs] | EURV [cfs] | 2 Year [cfs] | 5 Year [cfs] | 10 Year [cfs] | 25 Year [cfs] [ 50 Year [cfs] | 100 Year [cfs] | 500 Year [cfs]
5.00 min 0:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.07 0.01 0.22
0:15:00 0.00 0.00 0.60 0.98 1.2 0.82 1.04 1.00 147
0:20:00 0.00 0.00 2.20 293 3.70 2.19 2.59 2.74 3.81
0:25:00 0.00 0.00 5.52 8.65 11.64 5.47 6.59 7.37 11.75
0:30:00 0.00 0.00 8.06 1247 15.81 16.67 20.33 23.06 31.64
0:35:00 0.00 0.00 8.44 12.83 16.12 21.61 26.01 30.90 41.39
0:40:00 0.00 0.00 8.09 12.06 15.12 23.06 27.59 32.73 43.47
0:45:00 0.00 0.00 7.34 11.00 14.00 21.99 26.27 31.95 42.38
0:50:00 0.00 0.00 6.67 10.11 12.76 20.97 25.04 30.40 40.28
0:55:00 0.00 0.00 6.11 9.24 11.75 19.06 22.79 28.22 37.47
1:00:00 0.00 0.00 5.66 8.51 10.92 17.44 20.92 26.44 35.17
1:05:00 0.00 0.00 5.24 7.83 10.14 16.03 19.28 24.94 33.21
1:10:00 0.00 0.00 4.70 7.16 9.37 14.37 17.31 22.17 29.63
1:15:00 0.00 0.00 4.19 644 8.65 12.75 15.38 19.40 26.05
1:20:00 0.00 0.00 3.77 5.78 7.87 11.09 13.38 16.57 22.30
1:25:00 0.00 0.00 3.46 531 7.15 9.78 11.80 14.33 19.34
1:30:00 0.00 0.00 3.24 494 6.52 8.69 1047 12.60 17.01
1:35:00 0.00 0.00 3.03 4.60 5.96 7.78 9.36 11.17 15.07
1:40:00 0.00 0.00 2.84 4.18 5.45 6.97 8.36 9.89 13.34
1:45:00 0.00 0.00 2.65 3.78 4.96 6.23 7.45 8.73 11.76
1:50:00 0.00 0.00 247 338 449 5.54 6.60 7.64 10.28
1:55:00 0.00 0.00 2.18 3.00 3.99 4.87 5.78 6.61 8.88
2:00:00 0.00 0.00 1.89 261 344 4.22 4.99 5.64 7.57
2:05:00 0.00 0.00 1.52 2.09 2.75 3.37 3.97 447 5.98
2:10:00 0.00 0.00 1.19 1.61 213 2.56 3.01 3.36 4.49
2:15:00 0.00 0.00 0.94 127 171 1.89 2.22 2.45 3.32
2:20:00 0.00 0.00 0.76 1.04 1.40 145 1.70 1.84 2.52
2:25:00 0.00 0.00 0.63 0.85 1.15 1.13 133 140 1.93
2:30:00 0.00 0.00 0.52 0.70 0.94 0.89 1.04 1.07 1.48
2:35:00 0.00 0.00 0.42 0.57 0.77 0.70 0.82 0.81 1.12
2:40:00 0.00 0.00 0.35 0.46 0.61 0.55 0.64 0.60 0.84
2:45:00 0.00 0.00 0.28 037 0.48 0.43 0.50 0.45 0.62
2:50:00 0.00 0.00 0.23 0.29 0.38 0.33 0.38 0.34 0.47
2:55:00 0.00 0.00 0.18 0.23 0.30 0.26 0.30 0.27 0.37
3:00:00 0.00 0.00 0.15 0.18 0.23 0.21 0.24 0.22 0.30
3:05:00 0.00 0.00 0.12 0.14 0.18 0.16 0.19 0.17 0.24
3:10:00 0.00 0.00 0.09 0.11 0.14 0.13 0.14 0.13 0.18
3:15:00 0.00 0.00 0.06 0.08 0.10 0.09 0.11 0.10 0.13
3:20:00 0.00 0.00 0.04 0.05 0.07 0.07 0.07 0.07 0.09
3:25:00 0.00 0.00 0.03 0.04 0.05 0.04 0.05 0.04 0.06
3:30:00 0.00 0.00 0.02 0.02 0.03 0.03 0.03 0.03 0.03
3:35:00 0.00 0.00 0.01 0.01 0.01 0.01 0.01 0.01 0.02
3:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
3:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
4:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:05:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:10:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:15:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:20:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:25:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:30:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:35:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:40:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:45:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:50:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
5:55:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
6:00:00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure

5/5/2021, 10:23 AM



DETEN

Summary Stage-Area-Volume-Discharge Relationships

ON BASIN OUTLET STR

MHFD-Detention, Version 4.03 (May 2020)

RE DESIGN

The user can create a summary S-A-V-D by entering the desired stage increments and the remainder of the table will populate automatically.
The user should graphically compare the summary S-A-V-D table to the full S-A-V-D table in the chart to confirm it captures all key transition points.

MHFD-Detention_v4 03 (Pond B).xlsm, Outlet Structure

Stage - Storage Stage Area Area Volume Volume o:::;lw
Description Ift] Ift3] [acres] ] [ac-ft] [cfs]
0.00 10 0.000 ° 0-000 0.00 For best results, include the
0.50 204 0.005 53 0.001 0.01 stages of all grade slope
1.00 1303 0.030 281 0.006 0.03 changes (e.g. ISV and Floor)
1.50 4,158 0.095 1,646 0.038 0.05 gﬁéne:r']Beazi-:'?V table on
2.00 8,120 0.186 4,533 0.104 0.08
2.50 14,231 0.327 10,120 0.232 0.11 Also include the inverts of all
wQcV 2.67 16,308 0374 12,716 0.292 0.12 outlets (e.g. vertical orifice,
3.00 19,626 0451 18,702 0.429 0.16 overflow grate, and spillway,
3.50 23,633 0543 29517 0.678 0.20 where applicable).
EURV 3.63 24,675 0.566 32,657 0.750 0.20
4.00 27,052 0.621 42,286 0.971 2.75
4.50 29,330 0.673 56,381 1294 2.92
100-YEAR 4.68 30,150 0.692 61,735 1417 2.98
5.00 31,180 0.716 71,579 1.643 3.09

5/5/2021, 10:23 AM



Detention Pond B South Forebay Calculations

100 YR Discharge 6.7 CFS
WQCV Storage 0.264 AC-FT
Forebay Volume (2% pf WQCV) 0.00528 AC-FT

Forebay Release Volume (2% of 100 YR) 0.134 CFS
Weir Report
Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday. Nov 25 2020
Pond B South Forebay Calculations
Rectangular Weir Highlighted
Crest = Sharp Depth (ft) = 0.30
Bottom Length (ft) = 025 Q (cfs) = 0.134
Total Depth (ft) =125 Area (sqft) = 0.07

Velocity (ft/s) = 1.81
Calculations Top Width (ft) = 0.25
Weir Coeff. Cw = 333
Compute by: Known Q
Known Q (cfs) = 0.13
Depth (ft) Pond B South Forebay Calculations Depth (ft)

2.00 2.00

1.50 1.50

1.00 1.00

0.50 0.50

~

0.00 0.00

-0.50 -0.50
0 A1 2 | 5
Weir — W.S.

Length (ft)




Detention Pond B North Forebay Calculations

100 YR Discharge
WQCV Storage
Forebay Volume (2% pf WQCV)

46.7
0.264

CFS
AC-FT

0.00528 AC-FT

Forebay Release Volume (2% of 100 YR) 0.934 CFS
Weir Report
Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday. Nov 25 2020
Pond B North Forebay Calculations
Rectangular Weir Highlighted
Crest = Sharp Depth (ft) = 1.08
Bottom Length (ft) = 025 Q (cfs) = 0.930
Total Depth (ft) =125 Area (sqft) = 0.27
Velocity (ft/s) = 3.46
Calculations Top Width (ft) = 0.25
Weir Coeff. Cw = 333
Compute by: Known Q
Known Q (cfs) =093
Depth (ft) Pond B North Forebay Calculations Depth (ft)
2.00 2.00
1.50 1.50
7
1.00 — 1.00
0.50 0.50
0.00 0.00
-0.50 -0.50
0 By 2 3 5
Weir — WS,

Length (ft)




Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Nov 25 2020

Pond B Trickel Channel

Rectangular Highlighted
Bottom Width (ft) = 2.00 Depth (ft) = 0.17
Total Depth (ft) = 0.50 Q (cfs) = 1.060
Area (sqft) = 0.34
Invert Elev (ft) = 1.00 Velocity (ft/s) = 3.12
Slope (%) = 1.00 Wetted Perim (ft) = 2.34
N-Value = 0.013 Crit Depth, Yc (ft) = 0.21
Top Width (ft) = 2.00
Calculations EGL (ft) = 0.32
Compute by: Known Q
Known Q (cfs) = 1.06
Elev (ft) Section Depth (ft)
2.00 1.00
1.75 0.75
1.50 0.50
1.25 0.25
A
1.00 0.00
0.75 -0.25
0 5 1 1.5 2 2.5 3

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Pond B spillway calculations

Wednesday, May 5 2021

Depth (ft)

2.00

1.50

1.00

0.50

0.00

-0.50

. <— ladded to appendix
Pond A Spillway \ Please provide pon
b spillway
Trapezoidal calculations. Highlighted
Bottom Width (ft) = 50.00 Depth (ft) = 0.47
Side Slopes (z:1) = 10.00, 10.00 Q (cfs) = 30.80
Total Depth (ft) = 1.44 Area (sqft) = 25.71
Invert Elev (ft) = 1.00 Velocity (ft/s) = 1.20
Slope (%) = 0.08 Wetted Perim (ft) = 5945
N-Value = 0.020 Crit Depth, Yc (ft) = 0.23
Top Width (ft) = 59.40

Calculations EGL (ft) = 049
Compute by: Known Q
Known Q (cfs) = 30.80
Elev (ft) Section

3.00

2.50 I

2.00

1.50 — /

1.00

0.50

0 10 20 30 40 50 60 70 80 90 100

Reach (ft)


GE
Callout
Pond B spillway calculations added to appendix


Final Drainage Report
Solace at Cimarron Hills

APPENDIX D

REFERENCE MATERIALS

24



Federal Emergency Management Agency
Washington, D.C. 20472

JAN 3 0 2007

CERTIFIED MAIL IN REPLY REFER TO:
RETURN RECEIPT REQUESTED Case No.: 05-08-0368P
Community Name: El Paso County, CO
The Honorable Sallie Clark Community No.: 080059
Chair, El Paso County Effective Date of
Board of Commissioners This Revision: MAY 2 3 2007

27 East Vermijo Avenue
Colorado Springs, CO 80903

Dear Ms. Clark:

The Flood Insurance Study report and Flood Insurance Rate Map for your community have been revised by this
Letter of Map Revision (LOMR). Please use the enclosed annotated map panel(s) revised by this LOMR for
floodplain management purposes and for all flood insurance policies and renewals issued in your community.

Additional documents are enclosed which provide information regarding this LOMR. Please see the List of
Enclosures below to determine which documents are included. Other attachments specific to this request may be
included as referenced in the Determination Document. If you have any questions regarding floodplain management
regulations for your community or the National Flood Insurance Program (NFIP) in general, please contact the
Consultation Coordination Officer for your community. If you have any technical questions regarding this LOMR,
please contact the Director, Federal Insurance and Mitigation Division of the Department of Homeland Security’s
Federal Emergency Management Agency (FEMA) in Denver, Colorado, at (303) 235-4830, or the FEMA Map
Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP). Additional information about the NFIP is
available on our website at http://www.fema.gov/nfip.

Sincerely,

Patrick, F. Sacbibit, P.E., CFM, Project Engineer For: William R. Blanton Jr., CFM, Chief
Engineering Management Section Engineering Management Section
Mitigation Division Mitigation Division

List of Enclosures:

Letter of Map Revision Determination Document
Annotated Flood Insurance Rate Map
Annotated Flood Insurance Study Report
cc: The Honorable Lionel Rivera
Mayor, City of Colorado Springs

Regional Floodplain Administrator
Pikes Peak Regional Building Department

J. F. Sato and Associates, Inc.

Engineering and Surveying, Inc.



Page10f5 |lssueDate: JAN 3 ( 2007 Effective Date: MAsz 3 2007 Case No.: 05-08-0368P LOMR-APP

Federal Emergency Management Agency
Washington, D.C. 20472

COMMUNITY AND REVISION INFORMATION PROJECT DESCRIPTION BASIS OF REQUEST
El Paso County CHANNELIZATION FLOODWAY
. d Ar NEW TOPOGRAPHIC DATA
(Unincorporated Areas) BASEMAP CHANGES
COMMUNITY
COMMUNITY NO.: 080059
IDENTIFIER Sand Creek Center Tributary and East Fork LOMR APPROXIMATE LATITUDE & LONGITUDE: 38.846, -104.720
SOURCE: USGS QUADRANGLE DATUM: NAD 27
ANNOTATED MAPPING ENCLOSURES ANNOTATED STUDY ENCLOSURES
TYPE: FIRM* NO.: 08041C0752 F DATE: March 17, 1997 DATE OF EFFECTIVE FLOOD INSURANCE STUDY: August 23, 1999
TYPE: FIRM NO.: 08041C0753 F DATE: March 17, 1997 PROFILE(S): 206P
TYPE: FIRM NO.: 08041C0754 F DATE: March 17, 1997 FLOODWAY DATA TABLE: 5
Enclosures reflect changes to flooding sources affected by this revision.
* FIRM - Flood Insurance Rate Map; ** FBFM - Flood Boundary and Floodway Map; *** FHBM - Flood Hazard Boundary Map
FLOODING SOURCE(S) & REVISED REACH(ES)
Sand Creek Center Tributary — from approximately 1,350 feet upstream of East Frontage Road to just upstream of Galley Road
SUMMARY OF REVISIONS
Flooding Source Effective Flooding Revised Flooding Increases Decreases
Sand Creek Center Tributary Zone AE Zone AE YES YES
Floodway Floodway YES YES
BFEs* BFEs NONE YES
Zone X (shaded) Zone X (shaded) YES YES
* BFEs - Base Flood Elevations
DETERMINATION

This document provides the determination from the Department of Homeland Security's Federal Emergency Management Agency (FEMA)
regarding a request for a Letter of Map Revision (LOMR) for the area described above. Using the information submitted, we have determined that
a revision to the flood hazards depicted in the Flood Insurance Study (FIS) report and/or National Flood Insurance Program (NFIP) map is
warranted. This document revises the effective NFIP map, as indicated in the attached documentation. Please use the enclosed annotated map
panels revised by this LOMR for floodplain management purposes and for all flood insurance policies and renewals in your community.

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMR Depot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip.

71

Patrick F. Sacbibit, P.E., CFM, Project Engineer
Engineering Management Section

Mitigation Division 109770 10.3.1.05080368 1024-AC
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Federal Emergency Management Agency
Washington, D.C. 20472

LETTER OF MAP REVISION
DETERMINATION DOCUMENT (CONTINUED)

OTHER COMMUNITIES AFFECTED BY THIS REVISION

CID Number: 080060 Name: City of Colorado Springs, Colorado
AFFECTED MAP PANELS AFFECTED PORTIONS OF THE FLOOD INSURANCE STUDY REPORT
TYPE: FIRM NO.: 08041C0753 F DATE: March 17, 1997 DATE OF EFFECTIVE FLOOD INSURANCE STUDY: August 23, 1999
TYPE: FIRM NO.: 08041C0754 F DATE: March 17, 1997 PROFILE(S): 205P, 206P, 209P, and 210P
FLOODWAY DATA TABLE: 5

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMR Depot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip.

7

Patrick F. Sacbibit, P.E., CFM, Project Engineer
Engineering Management Section

Mitigation Division 109770 10.3.1.05080368 102-1-A-C
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Federal Emergency Management Agency
Washington, D.C. 20472

LETTER OF MAP REVISION
DETERMINATION DOCUMENT (CONTINUED)

COMMUNITY INFORMATION

APPLICABLE NFIP REGULATIONS/COMMUNITY OBLIGATION

We have made this determination pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (P.L. 93-234) and in accordance
with the National Flood Insurance Act of 1968, as amended (Title XIII of the Housing and Urban Development Act of 1968, P.L. 90-448),
42 U.S.C. 4001-4128, and 44 CFR Part 65. Pursuant to Section 1361 of the National Flood Insurance Act of 1968, as amended,
communities participating in the NFIP are required to adopt and enforce floodplain management regulations that meet or exceed NFIP
criteria. These criteria, including adoption of the FIS report and FIRM, and the modifications made by this LOMR, are the minimum
requirements for continued NFIP participation and do not supersede more stringent State/Commonwealth or local requirements to which
the regulations apply.

We provide the floodway designation to your community as a tool to regulate floodplain development. Therefore, the floodway revision
we have described in this letter, while acceptable to us, must also be acceptable to your community and adopted by appropriate
community action, as specified in Paragraph 60.3(d) of the NFIP regulations.

NFIP regulations Subparagraph 60.3(b)(7) requires communities to ensure that the flood-carrying capacity within the altered or relocated
portion of any watercourse is maintained. This provision is incorporated into your community’s existing floodplain management
ordinances; therefore, responsibility for maintenance of the altered or relocated watercourse, including any related appurtenances such as
bridges, culverts, and other drainage structures, rests with your community. We may request that your community submit a description
and schedule of maintenance activities necessary to ensyre this requirement.

COMMUNITY REMINDERS

We based this determination on the 1-percent-annual-chance flood discharges computed in the FIS for your community without
considering subsequent changes in watershed characteristics that could increase flood discharges. Future development of projects
upstream could cause increased flood discharges, which could cause increased flood hazards. A comprehensive restudy of your
community’s flood hazards would consider the cumulative effects of development on flood discharges subsequent to the publication of
the FIS report for your community and could, therefore, establish greater flood hazards in this area.

Your community must regulate all proposed floodplain development and ensure that permits required by Federal and/or
State/Commonwealth law have been obtained. State/Commonwealth or community officials, based on knowledge of local conditions and
in the interest of safety, may set higher standards for construction or may limit development in floodplain areas. If your
State/Commonwealth or community has adopted more restrictive or comprehensive floodplain management criteria, those criteria take
precedence over the minimum NFIP requirements.

We will not print and distribute this LOMR to primary users, such as local insurance agents or mortgage lenders; instead, the community
will serve as a repository for the new data. We encourage you to disseminate the information in this LOMR by preparing a news release
for publication in your community's newspaper that describes the revision and explains how your community will provide the data and
help interpret the NFIP maps. In that way, interested persons, such as property owners, insurance agents, and mortgage lenders, can
benefit from the information.

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMR Depot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip.

7

Patrick F. Sacbibit, P.E., CFM, Project Engineer
Engineering Management Section

Mitigation Division 109770 10.3.1.05080368 102-4-A-C
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Federal Emergency Management Agency
Washington, D.C. 20472

LETTER OF MAP REVISION
DETERMINATION DOCUMENT (CONTINUED)

We have designated a Consultation Coordination Officer (CCO) to assist your community. The CCO will be the primary liaison between
your community and FEMA. For information regarding your CCO, please contact:

Ms. Jeanine D. Petterson
Director, Federal Insurance and Mitigation Division
Federal Emergency Management Agency, Region VIII
Denver Federal Center, Building 710
P.O. Box 25267
Denver, CO 80225-0267
(303) 235-4830

STATUS OF THE COMMUNITY NFIP MAPS

We will not physically revise and republish the FIRM and FIS report for your community to reflect the modifications made by this
LOMR at this time. When changes to the previously cited FIRM panel(s) and FIS report warrant physical revision and republication in
the future, we will incorporate the modifications made by this LOMR at that time.

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have
any questions about this document, please contact the FEMA Map Assistance Center tol! free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMR Depot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.gov/nfip.

7

Patrick F. Sacbibit, P.E., CFM, Project Engineer
Engineering Management Section
Mitigation Division 109770 10.3.1.05080368 102--A-C
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Federal Emergency Management Agency
Washington, D.C. 20472

LETTER OF MAP REVISION
DETERMINATION DOCUMENT (CONTINUED)

PUBLIC NOTIFICATION OF REVISION

PUBLIC NOTIFICATION
BFE (FEET NGVD 29)
FLOODING SOURCE LOCATION OF REFERENCED ELEVATION MAP PANEL
NUMBER(S)
EFFECTIVE REVISED
Sand Creek Center Tributary Approximately 1,350 feet upstream of East Frontage 6,170 6,165 08041C0753 F
Road

Just downstream of Terminal Avenue 6,216 6,213 08041C0754 F

Within 90 days of the second publication in the local newspaper, a citizen may request that we reconsider this determination. Any request
for reconsideration must be based on scientific or technical data. Therefore, this letter will be effective only after the 90-day appeal
period has elapsed and we have resolved any appeals that we receive during this appeal period. Until this LOMR is effective, the revised
BFEs presented in this LOMR may be changed.

A notice of changes will be published in the Federal Register. This information also will be published in your local newspaper on or
about the dates listed below.

LOCAL NEWSPAPER Name: El Paso County News
Dates: 02/14/2007 02/21/2007

This determination is based on the flood data presently available. The enclosed documents provide additional information regarding this determination. If you have
any questions about this document, please contact the FEMA Map Assistance Center toll free at 1-877-336-2627 (1-877-FEMA MAP) or by letter addressed to the
LOMR Depot, 3601 Eisenhower Avenue, Alexandria, VA 22304. Additional Information about the NFIP is available on our website at http://www.fema.govinfip.

7 1A

Patrick F. Sacbibit, P.E., CFM, Project Engineer
Engineering Management Section

Mitigation Division 109770 10.3.1.05080368 102--A-C




CHANGES ARE MADE IN DETERMINATIONS OF BASE FLOOD ELEVATIONS FOR THE CITY
OF COLORADO SPRINGS AND THE UNINCORPORATED AREAS OF EL PASO COUNTY,
COLORADO, UNDER THE NATIONAL FLOOD INSURANCE PROGRAM

On March 17, 1997, the Department of Homeland Security’s Federal Emergency Management Agency
identified Special Flood Hazard Areas (SFHAs) in the City of Colorado Springs and in the unincorporated
areas of El Paso County, Colorado, through issuance of a Flood Insurance Rate Map (FIRM). The
Mitigation Division has determined that modification of the elevations of the flood having a 1-percent
chance of being equaled or exceeded in any given year (base flood) for certain locations in these
communities is appropriate. The modified Base Flood Elevations (BFEs) revise the FIRM for the
communities.

The changes are being made pursuant to Section 206 of the Flood Disaster Protection Act of 1973 (Public
Law 93-234) and are in accordance with the National Flood Insurance Act of 1968, as amended
(Title XIII of the Housing and Urban Development Act of 1968, Public Law 90-448), 42 U.S.C.
4001-4128, and 44 CFR Part 65.

A hydraulic analysis was performed to incorporate new topographic data for Sand Creek Center Tributary
from just upstream of Airport Road to just upstream of Galley Road and for Sand Creek East Fork from
approximately 970 feet downstream of Powers Boulevard to just downstream of Stewart Avenue. This
has resulted in a revised delineation of the regulatory floodway, increases and decreases in SFHA width,
and increased and decreased BFEs for both aforementioned flooding sources. The table below indicates
existing and modified BFEs for selected locations along the affected lengths of the flooding source(s)
cited above.

Existing BFE Modified BFE
Location (feet)* (feet)*
Sand Creek Center Tributary:
! Approximately 150 feet upstream of Airport Road 6,109 6,108
' Approximately 1,250 feet upstream of East Frontage Road 6,168 6,164
2Approximately 1,350 feet upstream of East Frontage Road 6,170 6,165
Just downstream of Terminal Avenue 6,216 6,213
Sand Creek East Fork:
! Approximately 810 feet downstream of Powers Boulevard 6,099 6,096
! Approximately 140 feet downstream of Stewart Avenue 6,206 6,205

*National Geodetic Vertical Datum, rounded to nearest whole foot
'City of Colorado Springs
Unincorporated areas of El Paso County

Under the above-mentioned Acts of 1968 and 1973, the Mitigation Division must develop criteria for
floodplain management. To participate in the National Flood Insurance Program (NFIP), the community
must use the modified BFEs to administer the floodplain management measures of the NFIP. These
modified BFEs will also be used to calculate the appropriate flood insurance premium rates for new
buildings and their contents and for the second layer of insurance on existing buildings and contents.

Upon the second publication of notice of these changes in this newspaper, any person has 90 days in
which he or she can request, through the Chief Executive Officer of the community, that the Mitigation
Division reconsider the determination. Any request for reconsideration must be based on knowledge of



2

changed conditions or new scientific or technical data. All interested parties are on notice that until the
90-day period elapses, the Mitigation Division’s determination to modify the BFEs may itself be changed.

Any person having knowledge or wishing to comment on these changes should immediately notify:

The Honorable Sallie Clark
Chair, El Paso County

Board of Commissioners
27 East Vermijo Avenue
Colorado Springs, CO 80903

OR

The Honorable Lionel Rivera
Mayor, City of Colorado Springs
P.O. Box 1575

Colorado Springs, CO 80901




MYO4 LSV MIIHD ANVS SYINV AILVYOJHOINI ANV 0
09 ‘ALNNOJ OSVYd 13 m
V1Vd AYMA0014 AON3OV LNIWIDVNVIW AONIOHIN N334 =
Y9910 PUES )M BOUBN|JUOD SAOQE 1394 |
S0 S'10¥'9 0'L0v'9 A 8/ 199 €G6¢e G0G'9C av
00 1'€8€'9 1'€8€9 1'€8¢'9 Vi G0/ (8% 4 Ges've Vv
00 6'66€'9 6'6G€'9 6'6G€9 9L 902 /6€ GsoL'ee 4
10 8'8p€‘0 1'8ve'9 1'8v€'9 9'8 029 GGZ gzL'ze A
.0 1°22€'9 $'92¢9 ¥'92¢€'9 G/ 90. 19874 62S'0¢C X
¥'0 9°20€9 2°10€'9 2’209 8/ €89 19¢ G668l M
¥00Z L0 100 90 0'v¥62'9 ¥'€62'9 ¥'€62'9 £ 86G'L 88¢ Si6'LL A
peiep 10 12629 7' 162'9 ¥'162'9 08 199 9c¢ 90’21 n
¥wo14q 90 02629 1629 ¥'162'9 Y] 069 (FA G66'0l 1
pesinay 20 61129 €112'9 €112'9 6. 8.9 00¢ GZe'ol S
00 1’8929 1’8929 18929 26 Z8S 82¢ 068'Gl S|
0l 6'65C'9 6'652'9 6'6G2'9 68 109 Gel G88'vi (@]
00 64629 6'252'9 6°.52'9 Ll 6.v ecl G08'vL d
00 L1129 LwZ'e LLvZ'9 00l 0.S 881 TARAL O
1’0 68229 8'822'9 88220 9. 669 19¢ 01921 N
00 6,029 6'202'9 62029 '8 ZE9 ell GlE'LL W
00 €202'9 €029 €029 [X¢]" 9¢s 991 VA2 " 1
00 £€619 €619 €619 8¢l Sy 18 122’01 M
00 04219 04219 02219 921 1NA 98 9996 r
00 06919 06919 06919 oclL 1444 86 £v6'8 |
00 828519 88619 8'8GL'9 G0l 208 1214 1€6°2 H
00 09¢1L'9 09€L9 09cL9 gel 96¢ L (54) 02 9
00 G'gLL9 G8lLL'9 s8LL'9 601l 68V 0. 8819 4
00 1’6609 1'660'9 1'G60‘9 0clL 144 0l 0.8't E|
00 1’6800 1’6809 1'G80'9 (rA? (3144 001 ovZ'y a
eled 00 6'690'9 66909 6'690'0 oclL oSy 00l 0ce'e 0
posiney 00 £150'9 €¥S09 €950 rAard’ (¢1474 001 00¥'e d
00 1809 1'8€0'0 1'8€0'9 61l 4134 00! 0011 v
%104 }5B §9910) pues
ASVEIONT fanony e A¥OLYINORY mmmzwmommwv %M%M%uwm (1334) HIQIM (EONVISIA NOILO¥S SSOMD
ALIDOTEA NVER
XYMIOOTA HIIM | A¥MOOOTE TOOHLIM

NOTLVATTE dDVJHNS HdLYM

aoo1d

Jsvd

AYMaooid

dodnos DONIJOoOTd




Aieinqui] 19jua) )yaau) pueg

SYIUVY A3ILVIOdHOOINI ANV o

— 09 ‘ALNNOD OSVd 13 3

£t T <._.<Q ><;Q001_n_ ADNIOV INFJWIDOVYNVIN ADNIOHINIT TveH3a3d =

M0 1SET %8810 PUES YIiM BOUBSNYUOD SAOQY 3894 |
SJ0 ZZ8 = 9jel Mo||
00 0'9ve'9 0'9ve'9 0'9ve'o 1’8 6t 0¢ 0/9'01 A
00 961¢€'9 9'61LE9 96l€9 8/ (874 0¢ 0G.'GlL n
90 yLLE9 8'0LE9 8'0LE'9 S'6 89 Ge 09¥'SlL 1
S0 1'80€°9 9'/0¢'9 9°/0€'9 L0l €9 0¢ 0S0'GlL S
0l 2'S0g‘'9 2’ ¥0g‘9 Z'¥0€'9 69 19 orv 0.9vL o
00 L6629 L6629 1’6629 €6 89 9¢ 265 vl (9]
00 9'€l2'9 9'€/2'9 9'¢€/2'9 6'6 €8 lc ocl'el d
00 9'¢6Z‘a €679 Q'€6Z'9 96 | 68 | 62 | ov8'cl 0
80 A 17A) 9'vve'9 9vP2'9 €L 66 09 8y9°'LL N
00 L'L$2'o LIpe'9 (AR 7A 1’6 6. (R ANk W
00 90£2'9 9'0£2'9 9'0¢2'9 ve 69% 6€S 12901 1
00 61229 61229 61229 oY 8.¢ TA%A G500l M
00 yeLeo ¥'€12'9 14454 06 A 4 Ll 99¢°6 r
00 o.umvno @.hmvﬂo o.mm_‘ﬂo _w%o 76/ = ojel >>o_n__ 0)4 125’8 |
00 96819 9681 9 9681 9 8L 3e) [AS ov6'. H
00 2°9.1°9 2’919 Z2'9/1'9 €L 141" €9 1612 9]
00 8'961'9 8'9G1°9 2'9GL'9 8L .6 A 6ES°'S 4
00 PivL9 vivL'o yipvL'9 12 4 651 0Ll LYS'Y ]
00 £'geL'9 £'8¢1L'0 £'8eL'9 08 G6 1614 86'e a
00 20zL'9 ¢0cl9 ¢0cl9 99 0ct 16 YECC 0
00 2019 2’019 Z2'.01'9 L9 8Ll oy 066 g
00 ganl‘o g'a0L'o gaool'e  |X 99 26 ot 0v6 v
eleq posnoy eraul 210
ASYENIONT (anon Le3d AYOLVINOI E_MWWMWMWQ %ﬁ%ﬂ (1g94) HIATIM (EONYLSIA NOIIDZES SSOMD
AYMJOQTS HIIM _[AYMAQOTS [LOOHLIM

NOIILVAZTIH JOVAUNS ddLYM

aooid

da5vd

A¥YMJO0T14d

HOYNOS ODNIAOOTTA




ELEVATION IN FEET (NGVD 29)

6300 TTTTT . &N T _ 6300 =
EEERREEEEE ; mRanE nEs S
X1 I I o
T T T — 4 &2
i ERERARER T %=
= -+ ] L3 S
6280 =i 6280
- _ = ] T
T T 1 Bo T
bd a a 11 1] 5 ] .
2 tees .
i ” SHE e H wn| §
6260 ! CEnEAEYE 38 620 | | B
TION 12 (11 | [ ta el ; — W.n.
iR <
N ASN L Zan m ..m
L Lt T
L . E T = - A m
1 epINe] = = 3)
6240 . pin 7 H = 620 | A |
s & Q| &
- = Q o
eAE = n.lru (3]
P2 T
e iR VISED [REACH| 2
[l i g 7]
6220 6220
HH 25 2 H A H R
B [y BERC=L - o =
- o 1 -
| | = ] -
ml Zan FLO C c W.IH
6200 - 6200
[ = N
Cemerr ]
N \|s = [ >
6180 Zamn 6180 | 2 )]
| 11 1 @ m
T11 A -y O
= ! ) aEn ” (&} m
B==cos = (NI] O m &
s=aa S “FiH N = QA
6160 HH H _ : : 6160 | & m £
= : LEGEND : 55
Il ; & 0.2% ANNUAL CHANCE FLOOD 2 oM
L e T == = =~ ——IX ANNUAL CHANCE FLOOD 5 982
N (] o
Z om
o ]
6140 2% ANNUAL CHANCE FLOOD m n 0
S A i g o S S T T 1 S N ) G A N A 5 6 el 10X ANNUAL CHANCE FLOOD M m m
: - ] - : TONIN ™ STREAM BED E -
n fic I i <) fl 1 =
Y —I* N Y RER P _/ ”: HH Q CROSS SECTION LOCATION m = m
a
6120 @ <
6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5 12.0 125 13.0
STREAM DISTANCE IN THOUSANDS OF FEET ABOVE CONFLUENCE WITH SAND CREEK EAST FORK 206P




JOINS PANEL 0751

38°50'37"

LIMIT OF =™ 830
DETAILED STUDY ~”

629

PAONIA
STREET

ZONE

Sand Creek
Center Tributary —
Overflow

104°43'07"

6314 L

Legend

1% annual chance
(100-Year) Floodplain

1% annual chance
(100-Year) Floodway

0.2% annual chance
(500-Year) Floodplain

» ° 2 /
\ ol \ MINNETONKA
RO DRIVE
/ OMAHA
6305 BOULEVARD
T~ Sand Creek HAWATHA
Center Tributary Um?m
PONE ZONE X
w
2>
[ant
&)
. " -
s T
o v NS 4
e
__|-7oNE AE o
oy
SENE ROAD
oC N
@
7
GALLEY
- ZONE X COURT
- 6245 GALLEY ROAD
L
>
o
o ,
MISSION _ RD
EL PASO COUNTY &, .
UNINCORPORATED AREAS 2
080059 2
£ ZONE X
xI

JOINS PANEL 0754

LS

APPROXIMATE SCALE IN FEET

0 500
50 Q ‘Im.

il

FiR

H a5 Bs

FLOOD INSURANCE RATE MAP

NATIONAL FLOOD INSURANCE vmom‘w)g

EL PASO COUNTY,

COLORADO AND
INCORPORATED AREAS

PANEL 752 OF 1300

(SEE MAP INDEX FOR PANELS NOT PRINTED)

CONTAINS;
COMMUNITY NUMBER PANEL SUEEX
COLORADO SPRINGS, CITY OF 080060 0752 F

EL PASQ COUNTY,
UNINCORPOHAATED AREAS 080059 0752 F

MAP NUMBER
08041C0752 F

EFFECTIVE DATE:
MARCH 17, 1887

Federal Emergency Management Agency

/




S0 1INV SNIOP

3 EIrd
Legend ZONE EL PASO COUNTY el
1 FIr UNINCORPORATED AREAS =
(100-Year) Floodplain 080059 L
I
o0
EAST
1% annual chance PLATTE AVENUE (—_2
(100-Year) Floodway T
ar
Xz
i 0.2% annual chance \_8 8
{500-Year) Floodplain E &)
ol
ZONE X gl<
s
S dz
Ii 1
g
APPROXIMATE SCALE IN FEET ©
W] ssantiumalai @
ﬂﬂ“mmm FLOOD INSURANCE PROGRAM|
NOTE: MAP AREA SHOWN ON THIS PANEL IS /
FLOOD INSURANCE RATE MAP| LOCATED WITHIN TOWNSHIP 14 SOUTH, 2
RANGE 65 WEST AND TOWNSHIP 14 SOUTH, ;
il RANGE 66 WEST. i
| EL PASO COUNTY, g 6166
| COLORADO IR
| AND INCORPORATED AREAS G Sapd Creek 61657111
| enter Tributary i
1 3 1 ég
PANEL 753 OF 1300 &h;
(SEE MAP INDEX FOR PANELS NOT PRINTED) 6164—11"17
- REVISED ol |
I i e I 0.2% ANNUAL CHANCE AE T
cono comas oy os cure s ARE A FLOOD DISCHARGE
[l Snconrmmosess cants s CONTAINED IN CULVERT
6167
6159~
0.2% ANNUAL CHANCE
FLOOD DISCHARGE ZONE X 61574
CONTAINED IN CULVERT AR
PIKES m 15.
PR ROAD 8146 S
MAP NUMBER : e
08041C0753 F o AV 6148 : J
2 = -
EFFECTIVE DATE: ZONE X 22 [ - !
MARCH 17, 1957 8 2
J = ooz "]
il Federal Emergency Management Agency| i
. z
6122 » %;o)!(q : zone || 18
N ZONE AE
AE
a KARR ROAD L ZONE ZONE g
ZONE X AE o) X =
= < 0.2% ANNUAL CHANCE
7 6117 ZONE QS’Y FLOOD DISCHARGE
X CONTAINED IN CULVERT
‘§/
ZONE g &
x 9 5
) 2
CITY OF COLQ.RADO SPRINGS =
ZONE X 080060 =
2]
6108 ZONE X il
i B
- 6106 ARPORT ROAD ZONE X 2 4
ZONE X Sand Creek gQ_ NG
2 4 Center Tributary f S
6102 ZONE X S/ Sand Creek o, X
m 6112 N East Fork Q] %
ZONE AE g 6098 ; Gk | fo158
o
Sand Creek > =Y S 611 G,‘; 4 6139
East Fork 2 Y 2 3 T’;
2 R
2 2 E
o 3 2 ! zc;r;
N ; a4 ZONE X
6118/ | ZONE 19
X
o/ Bridge
ool
I REVISED
S
Q
AREA
ZONE X a3
. |




104°43'07" JOINS PANEL 0752

38°50'37" Legend
i 1% annual chance
ZONE Z (100-Year) Floodplain
AE EL PASO COUNTY a
m 1% annual chance
g UNINCORPORATED AREAS (100-vean) Floodway
5 080059 :
s 0.2% annual chance
£ (500-Year) Floodplain
—ZONE g
X TERMINAL _ AVENUE | =
™ 0.2% ANNUAL CHANCE i PN
FLOOD DISCHARGE e
CONTAINED IN CULVERT £ ‘1@}
ZONE bn APPROXIMATE SCALE IN FEET
X = 7 =) 500 0 500
6207 s g = ———— —1
EAST PLATTE J AVENUE TR EEEEE
: @ Nmmm” FLOOD INSURANCE PROGRAM
&)
& #6202 0.2% ANNUAL CHANCE ) 2":52055 il
FLOOD DISCHARGE
6198 CONTAINED IN CULVERT FLOOD INSURANCE RATE MAP!
1 | |
ZONE %, ||| EL PASO couNTy,
. X ZONE X Il COLORADO
N \ [l11ll} AND INCORPORATED AREAS
REVISED ZONE| i
|
AREA X PANEL 754 OF 1300
& “‘ (SEE MAP INDEX FOR PANELS NOT PRINTED)
Sand Creek ZONE ?3& %z o il
Center Tributary AE CONTAINS;
COMMUNITY  NUMBER PANEL SUFFIX
NOTE: MAP AREA SHOWN ON om0 seasos v o omose  ome
THIS PANEL IS LOCATED ZONE X i
WITHIN TOWNSHIP 14 SOUTH,
RANGE 65 WEST. A
c"gq
EAST BIJOU STREET 5
2 3 2007
EL PASO COUNTY
CITY OF COLORADO SPRINGS / ! v MAP NUMBER
2 & 08041C0754 F
5 2,
p OE % EFFECTIVE DATE:
E; AREA REVISED ZONE X NE MARCH 17, 1897
& BY LOMR DATED OCTOBER 7, 2004 ;
£ Sand Creek o, | Federal Emergency Management Agency
= o East Fork 27, b
s CORPORATE LIMITS
18 ) E v
ZONE 6208 414 ZONE X ZONE
X
W& N X
P‘l@\\ el 5*5b05\ Q,é\
X s Z”Qé <&
& %3 & 2
(@QP‘ & Qfo
) £) ‘% ) <
S
ZONE X =
= K
e 6194, P
ZONE @ &
9
AE ® £ e
3 &
J >
&
6177 O 7
ZONE X &
REVISED &
/ AREA
ZONE/ ©7>.
X 74 Sand Creek
/ o East Fork
Lt/
p: &
@
ZONE &
e X &
ZONE X &&
ZONE 2
X
’6‘, d
-‘_
CITY OF COLORADO SPRINGS %
080060
s
%,
19 (’b
\ i
/2
&
=] ﬂ (-\ &




£0608 0D 'sBuudg opeIoio)
19GaM WioN 110}
uonesodiog BuuseuiBug BMONY

1Afl 34Vd3dd

£0608 opeio) ‘sbuuds opeiee)

BPEASN 'S 08

uoisial] Buvsaubuy

soueuly pue Juawdojaaeq ‘Buluueld saisueyaidiia) o Jusuniedaq
sBuudg opesopy Jo D

‘HO- q3HVvd3dd

0avHO109 ‘ALNNOD OSVd 13 ‘SONIHdS 0QVHOT00 40 ALID
1d0d34 NDIS3d AHVNINITIHd
AGNLS DNINNVId NISVE 3DVNIVHA X334 ANVS



9661 UOIEIA PasIasy
$661 THOLDO pastaay
§661 TINdY PasIAdy
$661 AV I L] Pastaay
€661 TIAdY pasiasy
€661 AUVANVI

S81Y
60'70°06 "ON 309l01d ¥ MOIH

£0608 0D ‘s8undg opeojo)
00Z# 1999M YHON 1001
uonelodio) Suuesurdug smory

:Aq paredarg

SLST-10608 OO ‘s8uudg opeioe)
§LS1 X0 'O'd
SEv HA0D YN - uois1alqg Suueauidug
souruL puy ustudoreaa(g ‘Suruuel earsusysaduro)) jo justmredogy
sfuudg operojo) jo L1

110y paredorg

LI0dHd NOISHT AYVNINITHId

ANLS ONINNVId NISVE HOVNIVIQ
AHHID ANVS



%%
€€
(43
2%
1€
1€
61
61
81
81
6
6
6
STVIAA ANV SHTJ0Nd ‘NVId ‘SONIMVIA NOISAd XY VNIATTIId 9
souapuodsario]) 109(01g ¥ XIANAddV M
6§ I e pu ureiqg 8
8¢ IIEII5Y Pone[aur]
8¢ SIRWOS 1800
8¢ 2Rl S
14
NOLLVINHWHTIIWINVId  TIA ¥
s ;
1S
€5 U
£s
€e
: :
[4Y 7
(49 1
1Y 1
119 1
18
16
NOISHAO AIVNIWITHId  TIA Al
ov TE[J POpUSIIOISY JO UOTSSTIOSIT m
oy T TSI T WAoTsAS
6¢ JEJIQEH U JORATI u
8¢ SEANBUINIY [900e])
8ed
NV QHAONTNWNODEY ANV STALLYNYALTY 40 INTFNJOTHAHA  TA
¢ SUOTSAIU0,)

SHALLVNYALTY TVLJIDNOD 40 NOILVIIIVAH ‘A

SUTE[ POOT
TUSAU] 31 SHNeIpAR
AIOBTH POOIT
LEE LS T QRN
NOLLATDSHA NIV Td 00T ANV SISATYNY DIINVIAAH Al

SISy
SUTSPOIN SBOPIAH
Uy Usag
TSUSCT PUe’] SHOTATSAI]

TP STOTA
T3P0 330U

SISATVYNV DIDOTOYAAH I

NOILATIOSHd vHIY AQLLS I
ilEeivEr X e

ToReZIoqInY
NOLLONAOYLNI 1
ININELVYLS SAFINIONE ANV NOLLJOQY J0 NOLLNTOSHTY
SHANDI 40 LSI'T
SHTAV.L 0 LSIT

SINZLNOD 40 3149VL



L8
L8
98
98
S8
¥8-€8
8
18-08

/e

uonenored 394 1800 ﬂmumm.mmu uiseg uonuLsg Hmcomwuvm TI-111A 3lqel,
uone[nare) 994 ﬁmwA uiseqg uonuae(g ﬂmccwwux T1-1IA 219e L
vouenoe) 294 93pug Auno) OI-IIIA 2I9el

uoweoe) 994 33pug A1) 6-11IA *I98L

uopewnsy 394 uiseq sfeuten]  §-TIIA SIqeL

oremImsg 150D Sursson) #8pug  L-IIIA SI9EL

Srewnsy 1800 AemoSeurel(] SNOSURIROSTAL  9-1IIA 9Iqel

S1PWIRSH 150D UISLF UONUARA  S-TIIA S[9EL

6L-9L
GLCL
1,19
09
9¢

199

(14
8y

Ly

4

4

134
%%
62-9C
S§T0T

<
I

338q

Srernsy 1500) SuISsor) WAy Aempeoy
alewnsy 1500 90ueAsAuo)) Kemafeuren] AreInquy
21BWDSH 1500) 2ourkaauo)) AemaSeurei(]

$1S00) UOHONASUOY) UM}

swswasnbay
aw01g ABnd) 1918 A\ UISBE UONUIA(CT [eUOISoy

SANBUIDNY
uonuAA( PIIve[os sa8Ieyosiy(] yeed jo Areurung

SIATIRWIDNY [SUURYD) PSPUSUINIOISY JO XINBA

¥ea1D) pueS AIRINGLLL, 151U
SeAnRWIAN Y [euueyy) [en1deauo)) Jo uoneneAg

J[e_10) PUBS IO 1S0M
SoATIRUIANY [ouuey)) Tenidesuo)) Jo uonenyeAy

swamasordury Aemoeurel(] sAnd9eS
SeAnRWIRY Y [ouuRyy) Tenidaouo)) JO uonenyeAq

UOURZI[SUURY))
SOATIBWIANY [SUUEY)) Tenidsduo)) Jo uonenyeAy

uoneassaid urerdpoory
SOATIRWIANY Jeuuey)) [enidsouoc)) jo uonenjeaq

SOADRUISIY [QUUBYD) JO XINEN

sofea1oy 1LINGRH SJIPIIM JO Alewuwung
S[RUURYY) - SAIMIONNG OYNBIPAH JO Arpunung
s8ursso1)) - sarmonng oineIpAy jo Areunung

UCTITPUO)) SUIeSBY ‘WHOIS
uonem( MOH-pT - SOSIBYDSI(T FBSd JO ATRwUmng

sonfe snotaradeuy Jusntod

SHTAVL 40 LSI'T

P-1IIA SI9eL
£-TIA 2I9eL
T-IIIA 2198l
[-TIIA °19eL

TIIA °198L

I-TIA °19BL
L-IASIGeL

9-1IA *19EL

S-IA °IqBL

P-IA S1QEL

€-IA 21981

TIA 9Bl
I-IA ?198L

[-A SIQEL
T-AIIqelL
T-AISIQEL

CIIIeqel
1-II S1qelL



LS
0¢
e
9¢
0c
L1
91
€1
¥l

(41

g -
U~

samn[oA amide)) puod Aeny) 11em

J}9aI) puBs 10 ISEH ‘SPAIRIIANY [UURY))

N9SID) puRS NI0,] 1B ‘SSANBILIA[Y UISLY UONUSIS(]
Je8I) PUES ‘SSANBUIIY UISEY UONUA(]

SUOTIBSUITa(] YoraYy

SY2aID) IPRISIDIE 1S9 Pue ISeH - 9[goIg s81eyosi(y poold
ArengLn-qng 310, 15ey - S[goid 931eyosi poold

}901D) PUBS 10 1seH - 2]o1d 98IRYdsig Poold

J991D) PUES IO ISSM - S[0L] 35IBYISKT POOL

a1y
pueS AIBIngLIy, Ius)) - AYOI] 93IBYosi( POOLd

JO0K) PUBS WAISUIEI - S[Y0Id S8IBYDsI( POOLT
sursBg-qng [euoIsey

98] pue pasodorg

depy spiog 2180101pAH

depy Anutotp

SHANDI 4O LSI'T

m

T-IIA 9mStg
T-1A 081
T-A By
1-A em8rg
1-Al 81
LI amBLy
9-T11 amBng
S-11J amSry
11 Aamsn]

£-TI1 2m3 1]
T-I1 amSLg
1-10f 24081y
-1 am3ry
T-11 amsry
1-T1 amndrg



£0608 0D S5uudg 0PeI0o) ‘00T NS “I 12G34 YLON 1101 ‘voneIonion Buihnig eaory

‘uodar st Supredard ut 1red Aur uo SUOISSTWIO puw
1013 ‘8108 WweSydau Aue £q pasnes Aiqger Aue 105 Anpiqisuodsar 1dacoe | “suoder ofeurerp 105
A1) 2y1 £q paystqesss BUSILD oy 01 Surplodoe paredald uasq sey podar sfeursip preg  Joreq
PuE SBPI[MOWY AW JO 155q 3y} 01 1091100 aI8 pue uoistaadns pue uonoanp Auwl 1apun paredard
sew 1odar XANLS ONINNVI NISVE EDVNIVIQA YITID ANVS Poyoene agL

SINAWHLV.LS S OHANIONH

9 [ pe10 Ao
i O,\/ ./; i ﬁ,%ﬂ, CMO
SAS3LLY
JoReN
58681 ° ISQUISATN J0

Aep Uige siy) ‘opeJojo) ‘sBundg opeiocio) 12 paieqd
10 ped se ‘eioe/ezes SE pausiiaRiss aq sa4 abpug [BuUslY %88i)
puBS B 18U} pUB ‘208,01 $ SE paysliqelss 8q 834 Pue puod uojusiag deal) pues
B JBU} ‘ai08fE| 2" | $ SE pauslgeiss ag a4 jende) puod uonusiaq ®eal) pues e jeul
'a10B/GER VS SB paUsiigeIse ag o84 uiseg obeulzi( ¥eel) pueg B BY| g UOI08S

‘spodal eBeuielp uosiapgns Bunenizas ul Jsisse o} Apnis 184} szinn
1w Buussuibug AyD -esn 1oy pedope s uonesodio) BuussuiBug emony Aq ‘6851
JaqusacN paiep ‘Apmg Buluueld uiseg ebeuiei(q ¥esl) pueg ey jey] ‘| uoioag

:sbudg opelojod
0 A e jo pounog AD sup Ag 03ATOSIY LI 39 'IH0ITHIHL MON

‘spuny AnD
sy} uiyim puet papeidun sepnpour uiseq sbeuieig ¥es1) pueS aul 'SYIYIHM

‘Buljesw ‘5661 'Z JOQUIBAON JiBu) jB Apnjs eroge
au) jo |eacidde pepuswwosal sey pieog abeulzi] AUNCD/AND aU) ‘SYIHIHM

pug ‘G661 ‘7 JoquaAoN pelep opelojod ‘sBuudg

opelotod ‘uonelsodiod Suussuibug emony A peiedeld se Apmig Buiuuelq uiseg

abeuiriq ¥e81) puUBS o1 pamalaal sey Juawdoeaa pue Buiuued Jo Wwawyedad
sBuudg opeiojo) jo AyD sul jo uoisiag BulsauiBul AIlD aul ‘SYIHIHM

'NISYE FHL Y04 334 3908 TVINILYY
NV ANV ‘534 ONV1 ONOd NOLLNZLAA ¥ ‘334 TV1LIdVD
ONOd NOLLNZ13Q v ‘334 3OVNIVYA ¥ ONIHSI1gYL1sa
ONY  AGQNLS  OSNINNV1d  NISYa  39VNIviad
MIFHO OANVS IHL ONILJOAV NOILAToS3IY Vv

¢6=-8RT “ON ucHnossy



uswdoroasp ‘sdew Suruoz pue osn puey ‘sfurmerp uSisep jruy puw Areunurped ‘suerd yoaxs
‘suodar Apmis sBeurerp jo roquinu e arem S0yl suodas PAISH 3A0QR 9yl OF HOMIPPE Uj

. ‘0661 Sunf “F'd
SHEM, “H 19O Aq paredard ‘uiseg oSputel(l Yoar) pues ‘Aiojusauf uiseq aSeurelq QI

‘6861 “Axenuef ‘uoneiodio)) FutssurSuyg
emory Aq pamedaid ‘Apmig Suruueld uiseg oSeutei] ¥oa1) puwS 104 1sed EIQ 6

"LL6] 19q0100) ‘Aurdwio)
Juueouduyg pue Sumuuelg panun Aq pamdad ‘Apmg uiseg oFeulsig Joar) purs 8

‘1861 sunf
pawep “oul ‘swrnsue) WSIN Aq paredaid ‘ueld a8eutei] 1oise|y youry smms-Suluueg ‘L

‘CLET “1SQUIAOA(T PARP “DOIAISS UODBAIISUOD) T10S o) Aq paredaid ‘oprioio)
‘Auno) osed 1 pue sSuudg opeiojo) Jo A1) Yo pusg ‘SiSARuy prEzeH poo[d ‘9

‘58671 ‘Anf porep
“ouf ‘sarerd0ssy 3 ] ‘suounlg Aq paredard Apmig Sutuueyd urseq ofeurei(] ¥o3r) puRg ¢

‘6861 “oul
‘[0 £q paredard ‘sosAeuy o180[oIpAH pue uoday ASo[0IpAl ‘Apmisay 9ourINSU] POOL b

‘6861 Pastaal ‘(YA Loualy juswaSeuey Aousdiows [e1epsd AUl 49
paredad ¢ oprio[o) ‘Lunoy osed 17 pue ‘sSuudg opeIoo)) 10§ SAIPMIS SOURINSU] POOL,, ¢

*L861 AR paiep Ul ‘aImjonaseiuy J(Y pue ‘A1uno) osed [q ‘sSuudg opelojo) jo
A1) Aq peredaid *, [enueiy eua) 98eurery Alunoy) osed ra/s3uudg opelofo) 3o A1), T

"I861 aunf parep ‘opeIofo) ‘Alunoy) osed [y 10J AsAIng (10§ 1

sty Surredard jo wred se ma1ad1 oYl 10] PRIOS[I00 SHIOdal [BOIUYDA] SYI AIB AO[S] PAISIT

‘SIATIBUISIR 2[qIsea) surjap diay o1 18a1ajur oy1oads M $210us8e SA[OAUL 0
pue ‘s1eod 109fo1d suyap o1 ISpIo Ul sapnud Aeaud pue orqnd 01 suoneiussad 1ONPUO) €1

"Apmis QUi Ul POUTLEXS SWL [[e Surssnosip podar usnum e aredald "zl
‘uiseq oy 10j sa9y 98puq pue sfeurerp dojeae Il
‘ue]d aarreUIR)R Paldaas v 10y udisap Areurwrjard e aredaid pue puswoddy Q[

*JATJBUINNE YO JO SISA[BUR JIWIOUODD UE 100PUO) 6

*SOALRLIANE 9qISBay JO s10adse aourULILIBW Ut LoTTRIado S SUTWEXT ‘g

‘(s)AemoSeuresp oy Suoe
sgare jueoytudis Afreiuswuoriaus uodn JJjouny IeAMuLIOrs Jo 10edur oyi axeSum o1 pue

‘swarqod Suipooyy renusiod pue Sunsixe aoupar 01 seAneulsife juswasoidun dofars ‘L
-swiapqod Furpooy Jo/pue aSeurerp fenusiod pue Sunsixa AJuusp] 9

‘uiseq Jo Sunies [HIUSWUOIIAUS AJNUSP] NS

‘eale ApnIs 2y urylim sasATeue or30[0IpAy puv oyneIpAly ULIOMS] %

-o1qussod 10aa10ym uoneuuoyul s[qedtdde pue eI puk sarorjod L) #Z11[) €

‘gare Apnis Sy Ul ISAIATUT
Jo/pue opa[mouy aAry oym sorousfe 10yj10 pue ‘STENPIATPUL ‘A1Uno) ‘A1) Ayl 10'IU0)) ‘Z

*$9[0uaFe 19110 WOLJ S[(B[TBAR UOTRULIOJUT SULISTXD
Surzynn £q s[qissod 10a0uayA 1OIIe Jo uonedtdnp proae pue ‘Surpooy} o1 9np Spiezey
1enuatod ‘s109(o1d 1oremuniols pesodord ‘suonenul] Aem-Jo-1ySLr 01 SATIB[S UONBULIOJUL
amooxd “mseq oy ur suerd juswdoreasp 01 sANE[A UODRULIONUT JuaLnd amoold ‘suerd
a1euaife dojeasp 01 Japio ur sdnoid 10 sepousde paasaraiur 1ayio pur senuus Junedoned
JO sau1sap o108 ‘sapnua Sunedronred woy voneuuojur (eiousd pue wiep Sunsixe urelqo
quatnaasde siy1 Aq pannbor S90IATaS 2yl Yiim soueldod amsur 101 A1) Y1 Pim BN 1

:sy[se) SUIMOT[O] Ay papnyoul Apms STyl J0j JJoA Jo adods dyyoads oy ], "SpeysIalem JaaI) puvg
IO ISeS] Pue WSISUTBLW Y3317 PUBS 2y} JO SAIsn[ouL st pue Apnis syl inoySnoiys o1 pauejal 3¢
01 ST UIseq YaaI) pues 2yl "ulseq afeurel(] Y93I PUBS Y UIIM SPIJU aming pue Jupsixs ay1
Aysties 01 suppd justusfeue JOIRMULIONS S[GISEa) AJNUapt o1 st Aprus ayi Jo ssodind ayJ,

5% PuE asodng

€661

‘Amf paaoidde sem Apmig Sutuueld wiseq ofeutei(] Y1) PULS MO 1SBH JJBIP SY1 UL PaUINIUOD

UOTBULIOJUL [BOIUYD3) JO UOISNIOUT 241 10 MO[[E 01 108HU0D 2 01 Jap1o ofueyd e quawoarde suy

o1 juanbasqng ‘0661 ‘01 1AV ‘pouno) A sfuudyg operoe) oyl Aq pasoidde sea juswaaide

oyl uonelodion Jumoourduy emory pue (A1) sfuudg opelojo)y jo A1) eyl usamiag

68-06 Tequn) juswsafy JO SUL2) oY) JOpun pozuompne seam uiseq afeurer ¥IRID pues
ay1 utyim sanroe) durssord Aempeol pue AemaSeurerp syl Jo udisap Areunuierd 2y,
TonEzZIoqInY

NOLLIONAOY.LNI ‘T



‘uodai sy Jo v xipuaddy
U pauTe;uod st aouspuodsaios 1oaford pue 151 Surrews s191dwios ayy, "uonen[EAd UFISID JOYIN]
10y ueid AzmoBeurssp popuswwoses & AJOuopL A[[ENIUSAS O] PUR SIALTUISNE 2[QISEE) SU) Juyal
01 pasn indul IIoYs PUB S[ENPIAIPUL PAISAIIUL PUE SA0USFR AP YA PAsSNISIp arom Sidaouod
pue siutensucd Suwwerd oy ‘wodar seapeway jo juswdoppas o Suuedad jo 251000
sy Sulng Cuiseq SY UM SeNT[Ioey AemaSeuterp jo 1uowdojeAsp oYl 01 PIESAI YIm SUISOUOD
AJnuapt 01 pue uOHBLLIOJUY [EOWUYDAL ULEIQO O} SA LIOJJS UOUBUIPIOOD oy 10j uoskar Arewurid
oyl [erousd ur Supuuerd femofeurerp ur 1saIdur uv gim soousde [BISPA4 pur ‘Al ‘Aunc)
A1) 3o soapmuasaidar yiam proy orom sSupsow ‘Apmis sy jo 95Inod oyl noydnoryp

W Senm( Jo juaunredsq
ssuudg opesojo) oy Aq pautmurew pue jdoy ssoys ol yowm ‘sydeiSojoyd pue
sdew [B15130 30 195 QU0 A[UO ST a10y) “paysIqnd JO SPBW oq AL O AT oL} KB YoM
sydesSoloyd pue sdew (B0 asey Jo saidoo pauodind jo souasixs oy Jo ssappreday

“santn jo wswnreds( sBundg opriojo)) syl jo uorssiuued uspum
Joud ssaxdxd oy noyim ‘asmteqio Jo ‘Buidodotoyd [ROWIBYIGW DHIONOID ‘SUBSW
Aue £q 10 uuoy AU U PNNUSUEN IO ‘parols ‘pasnpoidal oq ‘ured ui 10 A[joym “ou Kew
p1od31 paesosse Aue 10 sydeiSojoyd pue sdew osoy], "pestasar are siySu [y seuinn
Jo wsunreds( sSuudg opelioe) a1 yo Auadord o o sydeiSojoyd pue sdew puidug

‘s1onpod yons Jo 9sn Syl 103 2GRy 10/pue siqisuodsal
A[O[0S S1 135N UONS LIOSN S JO NS Ul 3B SINOOO PUB PSPUSLLLLOILI 10U SI 28N IayI0
Auy 051001 suononpoxdar Kue 10 s1onpoid yons Jo uSIUD 10 ‘Ademode ‘ssauma(duod
oy 03 se ‘paydunt Jo passaxdxe ‘Aiueirem ou sayew sounnq) jo juswuedoq sFuudg
OpBIOJOD AYJ, "AJUC 2SN [RWIANUI IO AI8 PUE SAUIL( jo uswirkdag sSuuds opeioo)
ay jo sasodnd Joj padoreasp ezom uodas suyl ur papnjour sydeiSoloyd pue sdew ayl,

UDWIAIRIS JOWITR[OSIP
SurMor10] ay1 9pnpoul [Teys pasn are s1onpoid SINL 3y yorym ur padojeasp (syuodar sy, -

‘pakonsap

10 SINLA 01 PoUINIaI 9GS PUB APrIs 9yl JO uorsnouod uodn juswizedap In0A 4q PoAsLISL
2q Jreys Apmis 302fgns our Ul paAJoAul sioloenuod o) papiacid sionpoid [ SIWIL Y -

‘uoneonqndazoder yons Kue ut readde jou [reys pepracad syderdoloyd

Aue uvo sreadde 1eyr Sureqel oyl ‘osfy  Apmis ok o3 padojaasp uonesyqndirodar
Aup ut 1eadde Aew sdew pamoLIog 241 JO SUIIESU ST UIYIIM Punoj 1usiuod £poq sy AJuQ -

‘papraoad
am sjonpoid SINIH 9yl yowym 1oy 1oofoxd oy 01 pelownsal st sionpoid sselp Jo esy -

:Burddew snydesdodoy
SIIA 343 Jo asn 3y) uodn padepd udsaq daey suORIPuOd [RIAUdS SuIMOl[0) By

*$2.n18a) Afeuteip A2 a3 SunUSWINIOP UdTI AIIM
syderdoioyd pue ‘eare Lpms 21 INOYS N PAIONPUOD Sram suondadsul s Aemafruresc]
-a1qissod Joaasaym (1) Apni§ eouinsu] pooiy
s8uudg opeIojo) Jo £A11D 9861 oy ut paiduwos SUONISS-58010 oyl Jsured PILLISA QIoMm SUONDIS
953y, "9A0qe paquosep Surddew (L9 Y3 WOIJ PAUIRIQO SeA BIEP UONIDIS-SSOI0 WBING
‘pasn o1om sdew s[futaprab
$OSN ‘orqerreae 1ou sem Surddew orydeiBodoy araypy  uSisop Aweurwunord oyy Jo uoueredaid
Sy ur pasn o1om Auadoxd youey simeT-Sutuueg ogi 10§ /861 ut paredard AydeiSodor Baroiut
INOIUOD J00J-0M3 Pue 93150 SIATA 2u1 woy Surddswr ‘uiseq 30317 PuEs 104 1S¥Y Ul 104
wmep [eonIes §OSN uodn paseq sem Surddew orydeiSodol
1y weford sy jo seseyd Suruuerd sapvwise syl ur pue ‘sssA[sue oyneipAu/mSooiphy
‘Krouoaut ofeurerp oyl ur pasn sem Suiddew owdeiSodoy [puse ol (S WRISAS
juewefeusy Aro1usau] Anpoed oy) jo wed se paredard uesq sey Swiddew syl 6861 PP
sydeiBojoyd [euree woyy papidwod Furddew owdesSodo) papraod sennun ougnd Jo jusumedagg
s3undg oprIOIoD) Jo AND Sy ‘UIseq oyl JO 90uBTeq 3Y1 10 (661 ABIA Ui pendwod seam Suidduw
owydeiBodo) [eUSE ‘pEOY USWPOOAL JO UUOU UISBq oY) JO ®aIe oyl 104 sdew owdesSodo)
owaunueld 9[dS 100J-007 01 YOUI-] “[BAISIUI INOJUOD 100J-7 pue ‘sa[Sueipenb anumu /(-7
SOS(] JO PAISISUOD 3210 PUBS JO WAsulew oY) 10 o332 Futuueyd oy ur pasn Surddey

‘uodar uissp Areunwijald STy ur pazLrEWIUNS Usdq svy Apni§ Suluueld uisey afeumaq
QAL puBg 104 ISBF 1JRIP oy 10j paredord uonBULIOJUL IEJIWIS O], ‘uISkg ¥9II7) PUBS A
3O wiajsurB 9y AJUO ParaAed suodar o5yl JO ylog "110dar YoBS 10] BPUSPPE [EOIUYDA] ST [[em
SE ‘UoIS1AL] Suussuidug A1) oyl yitm o1y uo sre suodsr osayl  cuerd 9euisie S[qISEay Yous
10y §103083 UonuERIUSWRIdWI PUB SoUBUMUIBW ‘Aem-JO-IYSU ‘UOUDNISUOD “ISOD ‘[BIUDUIUOIAUD
uneooe ol Juiyel ‘ulseq oy 10y siwewssordun AemoafBulBIp JO  SUCHRBUIQWIOD SHOLIZA
su1 parenfeas wodar seapeurally Jo juewdopaasg eyl pepesooid usy Suwued aansusale
SY3 YOIyMm WOL SUONIPUOD J1S0[0IPAY aul] 8SEq oYl POUSIqRIS pue ‘uiseq ayi ul siuswsaosdul
INOYNA SUCRIpUOd JUaIdO[eASp UISBq o1miny pue Supsixs 10J eIEp mop ead pazuewuuwing
10dsy A8ororpAry ayy, moder sup JnoyBnoiyl 0) PaLISJSl Usaq aakY pue 1oyze Suueid [[vISA0
ays 30 wed se poredard arom suodor ssoyy |, Hodey seanrwIay jo 1wswdopaasg Apnig Sutuuv(d
uiseq SSBUIBI(] 22K puEs,, oyl pue ‘uoday A50[0IpAH Apmig Suluuryg uiseg 9fvursi Y981
pueg,, ayi epnour wodar udissp Areunuraid ayi 03 snoaaid paredad atam yowym suoday
"satouage [800]
1930 pue ‘KQluno) ‘AlD s woyy Palas[od axem Jey sdew Ajovy ofeunp Sunsixs pue ‘suvid



20130 s,AauIony A1)

UOISTALCT JIEAA SAUNUN d1qngd jo jusunredac]
sgundg opesoro) jo L1

UOISIAL(] ISTBMAISRAL SOUNN o1qng Jo usunedog]
sSundg opeiojo) Jo A1)

UOISTAI(] S0 SANII dHQnd JO usuntedac]
s3uudg operojo)) jo A1)

uoneaINay pue syred A1)

1wswdoraaa( pue Suiuued jo wsunredac]
wsunredsq Suruued A1)

UONBPUNO,] Ia[ed

A19100§ UOQOPNY/USIY

s1asuiSuy jo sdiopy Aunry *g'n

SJUPIIM PuB Ust "§'[]

OpEJO[OD ‘SUL0) KO “ou] ‘10

Kouafy 1uouraBeur)y AsuaSowrs [8Iopar
K5ua8y u01153101] [IUSIUOIIAUL
weunredaqg Supring jeuoifay

SJIPTIA JO UOISIAL( OPEIO[O]

uorsiar SunssuiSuyg A1)

uorstayg Suuesuiug A1)

uotstale] SupesuiSug L1

uotstayg Supaouiug L)

uotstAl Suusuifug A

UOISTAL( 190118 sBunidg opeIo[o) Jo A1)
wasunredsq Suuurld L1uno)) osed 19
aunredaqy syreg A1uno)) osed [
weunredacy asy puwT Auno) osed (g
SHIOAM D1qn jo Jusuntedacy L1uno) osed (9

ASTISY

UOSA L SOM
UIYOIN S5
arddry, ueqg

BUIPAW BUBI]
ST pal]
soay wif
dwyjuray] 19154
19A00) Uyof
preukeiy uyor
dinp miuy
uruooN [Jig
you saeq
nory uyof
I[MO,] yrIes
Sunung ueq
YLOJOO 01y
AT quusLIYD
u3ISqOIBf SARNG
Kordueg uoy
UOSIOY], 2onigY
SouABH AIRD)
Sury ysny
10Uu0),0 ¥0ry
uosuyof sng
I9YSL] uyof
IDLLIOW ULy

JWEN

10(8q pajuasard
u99q sty Apms o) Suunp Yim paleurpiood A[unnol sapuade puw spenprarpur syl Jo Junsy
vy suepd oapewdyE g jo Juswdoreasp oyl Suunp Amuswiwos sjqeniea papracid siuewliedeg
A1) snotea pue (D) swouSug Jo sdiop Auuy ST} COMPIIAL JO UOISIAIQ OPRIO[O)
Syl WIOL SIANRINASSIdeY  SAUIANDE UOHBUIPIOOD Y1 UL PIA[OAUI A[AUNNOI SISM SIRRPIAIPUL
paisaruy pue sopuade judwiuisAof Jeroads ‘Apmis oyl jo uonervdaxd oy Suung

"utseq Ja21]) pues 310, 1seq 2yl 103 uSisop Amutanjerd syi pue sideouos Sutuuerd saneuaie
21 3o juawdo[easp Ay Suunp sTULSOW JO SSLAS B UL PaAjoAul arom Alunod sy pue A1)
ay “sarouaie [esapay pue Muls Yitm sfunsepy “ou] ‘sansadoid sely J0f PeIONPUOD PUE PIZLIOYINE
sem Apms siyL, Aps Suruueld uiseq a8eurei(] 2910 puLS ¥104 18T yuIp oyl jo uonviedad
Ay SuLINp PIIONPUOd Sem S[ENPIAIPUTL pUB SIOULSE JO ISI JR[ILIS B YliA UOTBUIPIOOD)



utylis SAEMPEOL PUR §193IS [EIALE QUMINY JO UOHEBJO[ o, UISed YIOq Iseq oy 10y A30j01pAy
Jo uonewnNsa ayy wr asn oy sreudordde aq 01 punoy sem pue Jutuuelyg o Jusunredsq sSuudg
OpEIO[O)) JO AIID) 3y Yl PIMIIASI UrESe SBM UonpuLIojul asn puep ay] -poredaid Suraq sem
Aprig Butuueld urseg sSeurei] Y9310 purs O ISed LRIP oY1 owm Ay Suunp saruadald souy
woly peure1qo sem Auadord youry sima-Juuueg oy UIYIIM UOTBULIOJUL 95N PUR[ QYL
‘Kuno)
oy Jo LDy 9y 3o soporod asn puel Jo SUIUOZ AIMIN SY) 10991 O PSPUSIUL 10U St £-]] ANTLY
‘Hodar sl Jo uonoes or3o[oIpAy oYl Ur PASSMOSIP SNISUSP PUB| SNOIAISAWI JO UOUBR[EAD
o ur pasn dew osn pue pesodoxd oy st ¢-J] 2MSL] UO PAIUSSAL]  NPAID O JO jUSWNEAN
JRYISSe pue UONEZIIQRIS 10Y surld 9[qISL9 JO UONEDSLINUSPI Y ul [njesn os[e st skemaSreureip
ay1 Supinge sasn pu] JO UONESYNUSPL SYL “UONBRBAS AMIoRy jo sasodind ay) Joy sewmioa
pue sarer ygount 1o1pard oy siskeue 513010IpAY oY) Ul Pasn ST UONBULIONL SI4L “uoye Suruued
o131 30 1red SB POMOIASI DI0M SUOTIIPUOD SIMIN Pue SULISIXS 8Y1 I0J UONBULIOJUI 95N pue]
"u1seq 9y jo suonrod padopasap oy ur A11usnbaig 1sow 10000 skemaeurerp
Jofetwr oy Surssoro 10 SUMNQGE SUSWSSED ANND Pue AeMpeOy NOAI) DUES JO WAISUIBWI
U nqe yorym syred onqnd [BISASS OIE AISYJ, ‘SIUSWOSES Jo Aem-jo-1ySu sfeurelp paiesulep
ou Y diysioumo areatrd Iopun urewsr sAemefeumip Sy ‘paunooo jou sey juswdofaasp
QIBYA  'PUE] [EIDISWILOD Pue [enUsplsal 1usselpe oyl jo juswdopsasp oy Suunp pajopap
U33q 8ABY 51[0qUSAIS pue sArm-10-1ySu afeurerp sayorar padojeasp s Suopy “ereand 03 ognd
wolj Area uiseq Y3310 PUBS oy unpim Aemofeurmip Jofew sy Fuore digsioumo Auadorg

‘useq Y9210 pueg o Joy dewr uonnquasip [1og o13010IpAY o §1 -] 281 UO paIUesald
" pue O sad4 1, Aq pareurUOp $[10S Yiim suiseq o parediios st vare Jiun 1od JJOUnI 19MO[ B UISeq
sup 9A18 1108 g pue v odA], o sourunuopald oy ‘seare podo[sASpUn U] SISIXS ISA0D UOLEIREoA
100d I0YM UOISOID JATEMm PUE pumm 01 |qndeosns AJaWANXS a1 Pue ‘S9IEI UOHEBILUL SBISPOW
01 Y81y SABY S[I0S SYJ, 201 AIMUQLUIPSS WOI} PIALIOP ‘WNIPISAI PUR WNIAN[[R Ul PSULIOY 18y}
S[1OS PAUrRID [[8m ‘dosp JO ISISUOD S[IOS SYJ, "SUOHBIOOSSE [10S JSSSalE PUT UOTYINLL SY1 Ul 358
s§urdnos8 r1os ueurmopard 9y, "eo1Azeg UoNBAISSUCD) [10§ ‘AImmoudy Jo suswiredac] 'S ) 9y
£q poynuspt sB ‘( ySnoryr v sadA) 1108 usamIag Area UISeq }091) PUBS S ULLAM S[IOS
T ue S[I0y

“IoulA oY) Ut Juedrad
S 01 Jowwuns oy ut Jusdiad ¢z noge woy sefuel APuny SANB[AI A, "ISWWNS AP UL o/ OF

Iayuim o UI J50¢€ 1noge woyy ofuel semyeladwal o8e10AY  UOISAI AU 01T ODIXIW JO JIND) B
WOIJ SIMISIOW MBID YOTyA S[[90 amnssard mo] Suraow-yomnb £q peyidAl am pue ‘SYpuOW JSWINS
2 JULINp UOWIUOCS SI8 SULIOISIOpUNYY, ‘[[BJUIRI JO ULIO} oY) ul towwns pue Suuds ur uLunooo
vonendoad sy Jo Luofew oy yua ‘reok 1od seyour 91 o1 ] woyg ssfuer uonendoarg
‘Kip pue poo A[eiousd e smourpy  Cuordar pue-twes e jo [eord&) sjunowe uonendioaid
reor yia ‘surerd ySry se [e1ouS8 Ul ‘poquIDsOp 9q UBD AUN0Y) Osed [ JO BAKE SIYL

E.ﬂu

*SQJRLUT]O PLIB-TWISS
Yl PIBIOOSSE 19402 9ANRIDE0A pooS 01 ey yua pue] afuel Sunjor £Aq psydA are useq syl
J0 suontod UISISED SPPIW S, "189I04 ov]d SYL JO SBAIe PAISAOD ISJIUO3 9yl Ul SjeurSuo uIsuq
Y1 JO SISEMPRIY Y], O2ID UIRIUNO YIIM BJUSN[JUOD 3 1B 199 06. 'S A1eteturxoxdde o1 syjeg
pue ‘[9A9] BIS UBSW 9A0QE 109Y ()79°L A1srewrxorxdde s uoneASld UiSEq wAWIXBW OYJ,

Auo
uIsBq Joar)) pukg Y3 uodn S35N30] UONEN[EAD SANBUINE SIY], "Pedo[aaap st uiseq oy Jo Jusored
¢z Aewrxoxdde ‘owm sup 1y weansurew Y1 Suole 1udpias 1sow ut soussaxd juswdoreasg
981D PURS IO ISEH U NIDI) PUBS JO WSSULETU oyi Sureq 9soy) ‘UISkq Y UTRIP SOLIBINGLY
urew oM], Ye21) ureunog Ioao 2puq pleasinog Awepedy oyl jo weansdn somu omi
Arerewrxordde yaa1y) urelunoyg ayi Suwatus ‘uonosanp ALIISamMyInos o1 Yinos e L[ersues ur spuan
UISBQ S, °UISEQ YOSX) pue§ NIod 1Seq 9 Joj so[uu arenbs g7 pue ‘uiseq ysoI) pues Iy Aq
passedwioous st safuu arenbs gz Ajerewnxordde ‘peior sup 3o -opeioo)) ‘sfuudg opero[o)) pue
Kunoy) osed 19 parerodrooutun ur safiw a1enbs $C JO 18101 B SIIA0D UISB] Y3917 PUBS 9L

"UISBG §391) PUBS SYI JO UOTIBIO] A SMOYS -] 2inS1g “Areingrugng 104 1seq Syl pue
10 1S9, Y3 Y104 18eH 01 AreIngiL] Tenud)) o) “YoaI)) PUBS IO ISBI SYJ ‘WI0ISUTRUI ¥a1D)
pues oY1 ‘suiseq-qns Jofewr 9AL) OIUL POPIAIP SI UISkq 9yl siuwi sielodion sfundg opriojeD
Jo A1 oyr apisur are somu arenbs g'g1 Ajarewixoxdde yorym Jo sspuw sienbs p¢ Aerewnxordde
SI Y99I umeunog 18 vare ofeureip syecr) pues -Liuno) osed [g Jo suopiod [ENUSd-ISOM
o ut FuI4] ¥9a1) UrKIUNO,] 91 01 ATEINQLN JURQ-130] B ST UISEq 9SRUIRIP YooI) pURS AL,

NOILJI¥DSAd VAAVY AdNLS 1



I -IT 34N9ld

dVIN ALINIOIA

v6 AMH 0700

L23r0Hd

31v0S ON

TR SINAT -ONINNYE  doud

160dH IV

Ay 3LLvid

NIWA0OM

‘Auedoxd simay-Sutuueg oy unpaM SanIIoe] Iatemunols jo Sunrs oy Sunnp 1unodoe
ojur usye; aa uepd m1sEW Youry SIMeT-SuluuRg AUyl UIYNm pateuSIsep puel Yied ‘ue|d S[IeLL
s3uudg opero[o) Jo A1 9y UTYNIM JOPLLOD [ren Iofewl B §8 PONNULpP! usaq Sey AemoSrupp.p
A1) pueg SYI, “(S)uondas [euueyos oy ojur parerodioour are spen osn oydnnw J1 useq Ayl
unpa sosn puel Jeo pue syred yurp 01 108 ospe ued Aemofeurerp oyl “9oeds uado Jo jred v jo
SIUII] 91} PUMXS A[[ENSIA 01 Pasn aq ued spue yred 1wsoelpe pur AemoSeuresp oy Jo uONLBUIQUIOD
oy ‘sowmn Auepy cporedord sem ooeds uado orgnd pue puep sped jo Kojueaur uy

auedy U3 LU R

‘8861 parep ueld voneuodsuer], Joley L1uno)
0Sed 13 S WO PoumIqo 1M [OURYy-SImo] Suiiueg oyl woy 9118)J0 sKeMPEOI JO UOHEDIO]
oy, -uepd raisew youey smop-Surnueg oyl wory paurelqo siam Auedoxd simon) Sutuueg oy



c-1Ir"9id

9

nuormamy

woeu3

AT wmeic

“ubiaeg

66701 ewo

BT 5008 ow 1oeiaig

dV S710S J19010HAAH

AONLS 9ONINNVYTId NIsvd
FADVYNIVHA 330D ANvS

Q dNoY9 I0S J19070HAAH

3 dNOYD TI0S D190TOHAAH

8 dNOY¥O MI0S DJ190TOHAAH

v AJOmo TOS J190I0HAAH

0808

SOEL-S
opeusoior 'sBuudsg opescion
Jeau3g nollgd M BLY

uornesoduor BuussuBun eamorsy

1334 NI 37V0S

I
00021 000'9




- 'Oid i
L
o N@ ;. \W\\\\\\ 2o Qm ’ \\ ;xs c T ) ; ; w} -~
*v3 ”ull.“ M\k\\\mo Z_GC‘ »\.\\\ $ 35 . % : . ) . . = i /‘+o< . v L13HONYE / Tr8AL NS HeY
0676 ...“H“ ” VEN =5 \ ki iz T ¢ 5 )» ht g " B 2 ”, L ,mw. i . ) m
Q-0 10610, 0 “ . B
e —— Mivd / 30vdS N340 [H4]
b W W YNOILNLILSNI E
(@]
IIYLSNaN] .
g 0z =
m zU TYIDMIWNOD /1VL3Y / 301440
— 70 : IVILNIQISIY 10T 304V
Zrl g
S W T: 53 WIINZaIS3 Kwvd TToNis | ]
S = - o0
@ ZA 5 IVIINZOISIY ATIWYS -ILT0W (253
- Y
20 LB .
. O \ERER
g A . C0AT8 s¥ImMOd SR T b
0= ., 08 suamo,
~4Z
cP>
oW
< M
7933
Qo0is
a W S b
5 0 o W:
Qo= - T
2325 . “
50 la S @
Qg o A ; 4
2 g |2 e vt e o
O w R I O oo - % . m - >
0« g & hd
g S—— " a S
a 0 2
g 9 S : Ng ¢ %
m. w V&O»\/ ; ) m ,/,,, , ! M
g S . BN . <
m_q. O,V M
D (=}
) 3




l-10

a——aoy

ANy vewa
T ]
AN e
36/8 meq

€0 YO 0B on ivninid

SNV1d NOISIA ABVYNININIHd
AAQMLs S9NINNVYId NISvE
AOVNIVHGO HM33add aNvs

80 -S0808

opeJoind 'sBuudg opedojon
8895 NOIEY M BLY

uopnesoduod BuuasuibBug emory

HOLVA

9—10 LHS 09 +611 VIS

¥

. 0S2I-YHI-10—
R

3065 g N

3dNO 22120

8¥2i-1nd-10

/ /

/
“MOFH
ya

1-YHO-10

@

e

]

2-40-HOVIY

_B¥ZI-¥Ho 10

.

{Ms ASVLAGINL WIINTD

A

0 @ G2l vis
e

€-dl0 ONY 2-dL0 8193HS 33 B NI0Hd HOS
NIVAIH OL TINNYHO DNILSRG N 28rL
. ol 5228
HidXD
A TINNYHD "DU07) HYIA00L 9 v

SININIAOHIWI TINNYHO

'$3S0dHNd NOILONYLSNOD’
404 g3sN 38 LON QINOHS LI
CTIYALEEONOCD ANV AHVNINIMEHd DNILNIS3IHdIH
, L3HHS ONINNVYId HILSVW YV SI DNIMYHA SIHL

| ViS

[, —NTYW3E 0L TINNVHD X3

ONIHZINIDNE |\

- =

12 LHS HOLVW

8-~10 HOLVN 09+681 VIS HOLVA




1yg————u3siAl
| -dlO 0S+1L 01 0G+2| uoielg - | OQVHOTOD ‘ALNNOD OSYd 13 SIHJOHd NDISTA AHVYNIWNIHd 7 31v0 — e —NmvHO

PI33HO ONVS AUVANGIML HAINID | SONIHAS OQVHOT0D 40 ALID AQGNLS DNINNVTd NISYE IDVNIVHA MIIHO ONVS | — 2w _Jar amioska HORSJOCLOT BukBaUIBUS BMOI

00+0t 00+6¢ Q0+0E 00462 00+02 00 +61
T e . T —
- ] BasaEoh Geaiobis
=
= e =
= 5 -5 WY
i T 5 TR T
5 : 3 LA ¥ =
}
i = : . 7 2
n.\' L+ % & L4 £
= = TeR 3obOT -
— = ‘3
3 e
. ; ;
i “ .m,.ﬁ =4 e Ty
> o - o Qmwr e \m’ , "3 "
— HISC .II 1. N ;3 ﬂg Hx FaE 1§
00402 00469 00409 00+58 00+0% 00+8t
= : — o
S S TR T R R T o T o = s, =
i T oty 5 4o
E TS T T -
mmr\ =
¥
\mw—] -[}nmw.mWZ— Xd — e
B / E S
= =
“II. o v
o ry ) —
e NGV OdSRYEL | @ E
g IHL A9 GIIVaTEE el
= = B s e z =
e Sy o s
Sotesol totes z
E= = = s Rvioths e e
S = - - =
t RL4zgic—ran YAt Sl s PR Te —




e~d1lD|  ostoct oros+i uonms 0aVHOTO00 ‘ALNNOD OSYd T3 - S340Hd NDISIT AUYNINMZE .. TE7T IIvA—gzNvad
- . - aMO0!
: ]3340 ONVS AHVLNGIML HIINSO | SONIHJS OQVHOT0D 40 ALID |  AGNLS ONINNYTd NISYE IOVNIVHA Y330 NVS . . o on2.oclog BussuIBU emon
Q0+00! Qo+56 00+06 00168 00+08 00+6L

% ARG IO oG IS = 00E = IO =oUb | siBlope - odity

=] Z4ra HovEE FHHORIY =
i —
mm u” HYHCEY, ] o o |
=5 - =

NN GF TINN YT X3 { f HId 301 e hanvap-ave e
ROTITSNYEL J138ONCGD
00+C ¢! 00+521 Q0+02! QO-+G 11 00 +011 00460
s e e ( e oy e et I

= 2 =S e T T =
E—— Bt < +
o 2 R T : —
% =
—F =
x .
5 =
2 1
R ¥
= \ 5
— — Y ]
= Shiibor E=
= 7 =
= = ——]




€-d1D|  os+swi arogoc uoneig . T —TTTYT]
. OQVHOI0D 'ALNNOD OSVd T8 - S3140Hd NOISIQ AHYNINITIHG TE77 v —gy a0
Y3340 ONVS AMVANGIML HAINID | SONIMGS 0QVHOTI00 40 ALID AGNLS ONINNYd NISVE 3DVNIVHQ XS3HO ONVS | 25/ S0 27 o3k U0OReJo0uon BulLesUIBUT Mo
[elokadl o0+ v - 0o+gel
={o-Hovay m
SefE T A == e
.\hlﬂ”.ﬂm f/ e 3
= &
- =/ = Si=
NUZW Bari bt o mEL LA
31IMONOT ¥A-0O!




00011118 009'206'T$ HFTED ANVS "SLSOD NOLLDAYLSNOD LIHATND TVIOL

[ Mg gt oS a1 0% DED MSXHY 591 1-dm FARIA NOOW ' TVH
64 007’658 0LTS a1 o JHD MSXHY 1691 Tdm WA ODVDIHD
0% 00T'ers oSS a1 08 OHD MOIXHIT rady T-dM UATHE MV dHWNIVd
[6:4 [iradty oS a1 o 04D MSXH.YT €51 1T-dm HNNFAY NOSIad
[¢:4 00G'8VS 08¥§ a1 o1 280 M9YHA&T 394 Tdm aQvod NZLOOM
MEEND ANVS SHOL 1SIM
08 000'2L$ 0068 a1 03 DED MOEXHSE ool TLlo TIVATINOE VHVNO
0% 000TLS 00T'18 Eg [+ OHD MBYH.E vl pahte] ANNIAV TYNDIHL
AYYINHENL YEINTD

23 0006218 051§ d1 08 WD HONI-ZP-T 8L1 608 M

[ 000°9% SLS a1 08 JdAD HONI-TY 9Ll 608 avod ssapind
[ 009'68 oz1$ Ed 08 “ [#28 628 "

6 009'68 oTls 41 08 WD HONIF09 691 8-08 aQvod YIWTIOA
[ 0080V 0158 41 03 DED MITXHS 1t 608 ANV QAOWEY
008°9t$ 008°Gr8 06ES 41 (743 D83 M.OIXH.S 981 808 ANA SIMTTONINNVE

1800
HTEVSHNENITL LSOO LS00 ddAL LINFADES HEEANN
TVIOL TVIOL JLIND LINL HIONZT DNISSOLD AVAIOVNIVIA HOVAY AVAQvod
SNISVE 30D ANVS

FLVNLLSH LSOO ONISSOUD LYHATD AVAAYOY
AANLS ONINNYTA NISVE BDVNIVIQ MHFYD ANVS PIIA 918V




€8

007 1Z0'rS 005'960°18 HERD GNYS "S1SC0 NOLLDNELSNOD JOKINE TY10L
000'96% [ L uaty I 08 X DED MLSTXHS 2 oLt 3= FHAIAYVO ‘OF
00Z51S [ 088 as ooz X AOTEE NVAS AVALD 0F oLt €IM AVOY¥ ANV THZIVIN
00095Zs [ [ a5 008 X FOOMIANYAS HYTDD .0v 651 31 “HAV NOLLALLISNOD
000148 o 088 a5 0EIS X ORI NV4S AVETD 5 91 M AATE AV EBNTVE
[y [ 08s ES OE15 X DATYE NVS ¥VED &5 st TaM AVOY ATTIVD

T ANYS Yd0d 1S3
[ 000068 0068 a1 00t X DD MIMHS € i ¥ID AYOR ATTIVD
os 00Z'691% o118 Fel 1744 X D80 ASTYH € i T ¥ S0 AINFAY LIV
[ 009988 ow'is 1 09 X SED ASTHS S 1 %) ¥ S0 LIIYLS noft
0 09'vs o'Is Eet 09 X DD MLYITHS € 251 o 2 S0 " IOVINOWL 3
[ 0051128 13813 a1 ost X 28D MITHS £ vt T SSVARAZ SO
[ 00T 9018 0Lty 1 [ X 8D MITYHSE W 1D AYOH IDVINOUT ‘A

X¥VINENIL SEINED
[3 008'¥Z18 ®5'1s Ed ] X DD MOTHHE -+ 231 808 XMOTA SIMTT-ONINNVE
[ 008'VZTS 09518 Est 08 X DED AOTYHSE €91 808 AVAREVL HOAVESTY
[ 003'00TS [zl Esd 08 X 8D MOTYH.01 £ ki34 808 AVOY TLLHHS I VA
000T15% [ oss a5 009 X HOXIME NVAS ¥VTTD 08 i o] THVATINOE NITEOC
000TISS o5 [ E 00v9 X FOMIINVIS TVTD 08 Wi 908 AVOY NOSHALIL
009'998 0$ o'l a1 ® X DD M.OTYELS -€ 81 908 (T HIINS BVIQIaas
000TZS o 149+ a1 00Z X O MOTAES € 54 908§ "AATE STIIH NOSIZLS
000'¥E IS os 0s$ as 00891 X . EDANENVAS-OML 01C STt os QAvOu NOLTIHD
JETED ANVS
ALD 150D ALNNOO 1S0D 1500 ANNOD  ALD HIAL INAWDES HHTNON
TvioL TvIoL 1mn Jmn ferad) NOLLDICUSRINT ONISSOD AVMIOVNIVIA Hovad AVAAVOY
SNISYE DVNIVAC NITED ANVS
LLVIALLSE 1SOD ONISSORD SOANIE

ACILLS ONINN VA NISYE SOVNIVC XETED ANVS

et
E
o
o}




EL PASO COU NTY, El Paso County
COLORADO, \
AND
INCORPORATED
AREAS

|
COMMUNITY COMMUNNITY
NAME NUMBER

CALHAN, TOWN OF 080192
COLORADO SPRINGS, CITY OF 080060
EL PASO COUNTY

(UNINCORPORATED AREAS) 080059
FOUNTAIN, CITY OF 080061
GREEN MOUNTAIN FALLS, TOWN OF 080062
MANITOU SPRINGS, CITY OF 080063
MONUMENT, TOWN OF 080064
PALMER LAKE, TOWN OF 080065
RAMAH, TOWN OF 080066

Revised: December 7, 2018

Federal Emergency Management Agency

FLOOD INSURANCE STUDY NUMBER
08041CV007A



NOTICE TO
FLOOD INSURANCE STUDY USERS

Communities participating in the National Flood Insurance Program have established
repositories of flood hazard data for floodplain management and flood insurance purposes.
This Flood Insurance Study (FIS) report may not contain all data available within the
repository. It is advisable to contact the community repository for any additional data.

Part or all of this FIS report may be revised and republished at any time. In addition, part of
this FIS report may be revised by the Letter of Map Revision process, which does not involve
republication or redistribution of the FIS report. It is, therefore, the responsibility of the user
to consult with community officials and to check the community repository to obtain the most
current FIS report components.

This FIS report was revised on December 7, 2018.  Users should refer to Section
10.0, Revisions Description, for further information. Section 10.0 is intended to present
the most up-to-date information for specific portions of this FIS report. Therefore, users of
this report should be aware that the information presented in Section 10.0 superseded infor-
mation in Sections 1.0 through 9.0 of this FIS report.

Initial Countywide FIS Report Effective Date: March 17, 1997

First Revised Countywide FIS Report Effective Date: August 23, 1999 - to add base flood
elevations, to add special flood hazard areas, and to change special flood hazard areas.

Second Revised Countywide FIS Report Effective Date: December 7, 2018 - to update
corporate limits, to change Base Flood Elevations and Special Flood Hazard Areas, to update
map format, to add roads and road names, and to incorporate previously issued Letters of Map
Revision.
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OVERVIEW

This report was prepared to provide design information for the existing Sand Creek -Center Tributary
Drainageway as part of the Solace Apartment development. This document is the Channel Analysis
report for the Solace Apartments. The Sand Creek-Center Tributary Drainageway has been studied as
part of a Flood Insurance Study (FIS) for El Paso County Colorado, Volume 7 of 8, revised
December 7, 2018 and Sand Creek Drainage Basin Planning Study, dated January 1993. Existing
flow rates from the Sand Creek Planning Study were used as the basis for the design of the existing
channel condition.

GENERAL LOCATION AND DESCRIPTION

Location

The proposed Solace Apartments, known as “Solace” from herein, is a parcel of land located in
Section 7, Township 14 South, Range 65 West of the 6™ Principal Meridian in El Paso County,
Colorado. Solace is a 28.99 acre, urban, multifamily-development and is comprised of 16 apartment
buildings and associated infrastructure. Solace is bound by existing industrial developments to the
North and vacant land to the West. Galley Road bounds the property to the south and existing light
industrial businesses to the east. A vicinity map of the area is presented in Appendix A.

Description of Property

Solace is currently unoccupied and undeveloped. The existing ground cover is sparse vegetation and
open space, typical of a Colorado rolling range land condition. In general, Solace slopes from
northwest to southeast. The existing conditions of the Sand Creek -Center Tributary Drainageway on
the site are heavily wooded for the length of the channel throughout the Solace site.

Per an NRCS web soil survey of the area, Solace is made up of Type B soils with a very small
percentage of Type A in the northwest corner of the property. This Type B soil is a blendon sandy
loam. This soil type has a moderate infiltration rate when thoroughly wet. It also consists of
moderately deep or deep, moderately well drained or well drained soil. A soil survey map has been
presented in Appendix A.

Floodplain Statement

Based on the FEMA FIRM Map numbers 08041C0751G & 08041C0752G, dated December 7, 2018,
a portion of the existing drainageway lies within Zone AE and Zone X. Zone AE is defined as area
subject to inundation by the 1-percent-annual-chance flood event and is a flood hazard area. Zone X
is defined as area outside the Special Flood Hazard Area (SFHA) and higher than the elevation of the
0.2-percent-annual-chance (or 500-year) flood. The FIRM Map has been presented in Appendix A.
Currently a portion of the Solace site lies within Zone AE at the extension of Paonia Street to Galley
Road, as seen in FEMA FIRM Map number 08041C0752G.



PREVIOUS SAND CREEK STUDIES

Solace lies within Sand Creek Drainage Basin based on the “Sand Creek Drainage Basin Planning
Study” prepared by Kiowa Engineering in January 1993.

The Sand Creek Drainage Basin covers approximately 54 square miles in unincorporated El Paso
County, CO. The Sand Creek Drainage Basin is tributary to Fountain Creek. In its existing condition,
the basin is comprised of developed land with the exception of the Solace Parcel which is comprised
of rolling rangeland with fair to good vegetative cover associated with Colorado’s semi-arid climate.
The natural Drainageway within the site limits 1s typically deep and narrow with a well-defined flow
path in most areas. Anticipated land use for the Solace parcel includes multifamily residential and
open space.

As part of its drainage research, JR Engineering reviewed the following drainage studies, reports and
LOMRs:
e Sand Creek Drainage Basin Planning Study prepared by Kiowa Engineering Corporation in
January 1993.
e Flood Insurance Study— El Paso County, Colorado & Incorporated Areas Vol 7 of 8,
December 2018.
e LOMR- Case No. 05-08-0368P Federal Emergency Management Agency, May 23, 2007.

The Sand Creek Drainage Basin Planning Study was used to establish a stormwater management
plan for the existing and future stormwater infrastructure needs within the Sand Creek Drainage
Basin. The Sand Creek Drainage Basin Planning Study conducted a hydrologic analysis using a
runoff model named the Soil Conservation Service (SCS) Computer Program for the Project
Formulation Hydrology (TR20). Based on provided drainage maps and analysis, in its existing
condition, the Sand Creek-Center Tributary Drainageway contains a 100-year flow of 720 cfs at
upstream station 1053 then jumps to 960 cfs at station 1030 in Sand Creek along Solace’s east
property line. The flow then changes again at station 1014, to a value of 956 cfs, where the flow from
the secondary drainageway on Paonia Street converges with the Sand Creek Drainageway, this flow
was based on JR Engineering analysis. These flows were used in the model as they were depicted as
being the flows present in the project section of the Sand Creek Tributary Drainageway as called out
in Sand Creek Drainage Basin Planning Study. The major Sand Creek-Center Tributary
Drainageway conveys the stormwater south along the eastern property line where it ultimately
outfalls into the Fountain Creek. JR Engineering also performed a hydrologic analysis to determine
the flows in the Sand Creek-Center Tributary Drainageway and arrived at similar results to those
shown in the Sand Creek Drainage Basin Planning Study, thus verifying the validity of these flows.
These basin calculations show that the 720-960 cfs, based on the Sand Creek Drainage Basin
Planning Study, are still valid for this existing condition, a summary table of the flows in the Sand
Creek Drainageway based on various studies can be found below.



SOLACE APARTMENTS
Sand Creek Center Tributary Flow Summary Table
Report/Study Location Flow (cfs)
Sand Creek DBPS, Kiowa Engineering, .
Rev. March 1996, Table Ill-2 DP 45, @ Galley Rd. Crossing 1,340
Sand Creek DBPS, Kiowa Engineering,
Rev. March 1996, CTP-2 ©'STA 125+00 960
Sand Creek DBPS, Kiowa Engineering,
Rev. March 1996, CTP-2 @ STA 132+30 720
Flood Insurance Study, El Paso County, .
Rev. December 7, 2018 Section N, @ Galley Road 723
JR Engineering October 2019 @ Galley Road 956

FEMA prepared a revised FIS for El Paso County Colorado, Volume 7 of 8, dated December 7,
2018. The effective floodplain for the site is shown on the FIRM 08041C0752G, revised to reflect
LOMR, dated May 23, 2007. The study area of the FIS where the Sand Creek Drainageway crosses
Galley Road, was found to overtop the culverts and flow onto the road. According to the FIS, this
crossing has a 10% annual chance of flooding and is located in Zone AE of the FIRM. This location
is a Special Flood Hazard Area (SFHA) inundated by the 100-year flood, Zone AE (base flood
elevations determined). The Sand Creek Drainage Basin LOMR was executed on May 23, 2007. The
LOMR revised the flood zone or the area south of Galley Road. See FIRM Map Panel 08041C0752G
for limits of LOMR study and revised flood zones, presented in Appendix C.

To the west of the Sand Creek-Center Tributary Drainageway is a secondary Drainageway that
captures the flow coming from the west side of Paonia Street. This drainage way is located at the
proposed extension of Paonia Street to meet Galley Road. The flows created by the secondary
drainageway and the development north of the site will be captured on the Solace site, and
transported to the Sand Creek-Center Tributary Drainageway. According to Sand Creek Drainage
Basin LOMR, the flow present in this secondary drainageway in a 1-percent-annual-chance flood
event is 213 cfs. This was calculated by use of the LOMR maps, and evaluating the difference in
flow as the Sand Creek Center Tributary Drainageway splits as it crosses Omaha Boulevard. Section
R of the FEMA Map Panel 08041C0752G, shows the split as the flow present in the channel drops to
421 cfs from 634 cfs at section S just upstream. The difference in these flows is 213 cfs this flow is
assumed to overtop the road at Omaha Boulevard crossing structure, and travel west to Paonia Street
and is routed south in the Sand Creek Center Tributary onto the Solace site. A calculation of the
flows present in Paonia was also conducted by Galloway Engineering in the Preliminary Drainage
Report and Floodplain Certification for Powers Center Point, dated October 1%, 2007. This report
used a similar methodology in calculating the flows; however this analysis was made using LOMR
data from 1997 with higher flows thus resulting in a calculated flow of 500 cfs. To be conservative,
JR Engineering’s design will be based on the 500 cfs specified, rather than the 213 cfs calculated.
Additional information has been requested via FEMA FIS data request. When this additional data



can be obtained, a proposed channel improvements report including both main channel and overflow
improvements will be updated to reflect the latest available information. At the current point in time,
all available published data has been exhausted to prove a reduced flow rate in the overflow channel
(Paonia Street).

Just north of the Solace site on Paonia Street a concrete channel exists that diverts a portion of the
flows present in Paonia Street back into the Sand Creek-Center Tributary Drainageway. However the
size of this channel will not convey all flows present in Paonia, therefore improvements are
necessary to mitigate the offsite flows. Potential options to mitigate these flows are discussed below.
Each possible alternative has been preliminarily evaluated to ensure feasibility in mitigating the
secondary drainageway currently existing in Paonia Street.

The first conceptual option would be to have future Paonia Street continue to maintain an existing
super elevation that will direct all flows present on Paonia towards the east side of the road. GIS
contours indicate this super elevation exists, as well as confirmation stated by the Galloway
Engineering Preliminary Drainage Report. The curb and gutter along the east side of Paonia will be
omitted to create a 110 ft weir that will route flows back to the existing Sand Creek-Center Tributary
Drainageway. The 110 ft weir would reduce into a 40 ft wide channel as it approaches the existing
channel at a 45 degree angle. Flow calculations for this overflow design can be found in Appendix B,
along with flow capacity calculations for existing Paonia Street & existing concrete channel north of
the site.

A second conceptual option would be to create a low point in Paonia shortly after crossing south onto
the subject property, thus creating a sump condition. The sump inlets would capture minor runoff
and pipe it to the main channel, while a larger event would behave in a similar manner to the above
scenario, routing via the same overflow weir and channel back to the main Sand Creek-Center
Tributary Channel. The alternative profile for this scenario can be found in Appendix B, as well as on
the preliminary Paonia Street Improvement plans.

Finally, a third option would be to widen the existing concrete channel at the property line to increase
capacity enough to accept all flows from the overflow channel.

The first option has been presented in the drainage maps and preliminary plans associated with this
report; however no alternative has been definitively selected at this time. One alternative or a
combination of these alternatives may be utilized at time of final design to safely and efficiently
route the Paonia Street overflow channel back to the main channel near the northern site boundary.

Channel Deficiencies

The Sand Creek Drainage Basin Planning Study performed a hydraulic analysis of the Sand Creek-
Center Tributary Drainageway between Galley Road and Paonia Street, and an analysis of the
crossing structure for Sand Creek at Galley Road. For the crossing structure at Galley Road they
determined that the existing crossing structures were inadequate for the demands of the Drainageway



and would require improvements to expand the capacity of these structures. These results can be seen
in Table IV-1 Summary of Hydraulic Structures — Crossings: Sand Creek Drainage Basin Planning
Study shown below. The Study proposed improvements to the existing crossing structures by
replacing them with 3-8’Wx 5’H Concrete Box Culverts.

TABLEIV-1. SUMMARY OF HYDRAULIC STRUCTURES - CROSSINGS
SAND CREEK DRAINAGE BASIN PLANNING STUDY

LOCATION REACH SIZE TYPE CAPACITY CAPACITY COMMENTS
“ EXISTING FUTURE
(1)
Aurpont Road CT-1 [56'x8 BOX CULVERT ADZQUATE ADEQUATE
Pikes Peak Ave. CT-1 |NONE INADEQUATE INADEQUATE POWERS BLVD. OVERTOPPED FREQUENTLY BE-

TWEEN BUOU ST. AND PIKES PEAK AVE.

Powers Blvd CT-1 [ VARIOUS METAL PIPE INADEQUATE INADEQUATE

Plaue Ave (US 24) CT-1 |8'x4 BOX CULVERT INADEQUATE INADEQUATE JAPPROACH CHANNEL IN NEED OF REALIGNMENT
Terminal Avenue CT-2 |2-4x8 BOX CULVERT INADEQUATE INADEQUATE

Galley Road CT-2 |342°x72" METAL ARCH PIPE INADEQUATE INADEQUATE

Omaha Boulevard CT-2 [236"x57" METAL ARCH PIPE INADEQUATE INADEQUATE

The study also found the existing channel for the Sand Creek-Center Tributary Drainageway
between Galley Road and Paonia Street to be inadequate for the given flow rate. The report says
that the existing channel has limited maintenance access, leading to the channel degrading and
being filled with obstructions. Those findings can be seen in Table IV-2 Summary of Hydraulic
Structures — Channels: Sand Creek Drainage Basin Planning Study. The Sand Creek Drainage
Basin Planning Study recommended improvements to the existing channel by lining the channel with
concrete.

TABLE IV-2: SUMMARY OF HYDRAULIC STRUCTURES - CHANNELS
SAND CREEK DRAINAGE BASIN PLANNING STUDY

LOCATION REACH DIMENSIONS TYPE CAPACITY (1) COMMENTS
# ™ SS DEPTH
FROM /TO (f) (ft) ADQ INADQ
—_—

CENTER TRIBUTARY

East Fork Sand Creck | CT-1 45 21 6 Riprap lined trapezoidal chann:l X X |Riprap has failed or is non-existent along some

10 Airpont Road portions of this segment of the Center Tributary

Pikes Peak 10 CT-1 N/A | Rubble lined ditches along Povers Bivd. Flow passes over and along Powers Blvd. street section
Bijou St on a frequent basis. Road closures common.

Bijou St. to CT-1 N/A | Unlined, natural. Overbanks vegetated, channel dry with sand inven, no.
Plane Ave. vegetation. Channel eroded at outlet of US24 culvert.

Plaue Ave. lo CT-2 15-25 1:1 46 Trapezoidal concrete lined. X Channel has adequate capacity.
Terminal Ave.

Terminal Avenue to CT-2 21 1l 5 Trapezoidsl concrete lined. X Channel has adequate capacity.
Galley Road

Galley Road to CT-2 30-40 varies 45 Unimproved segment. X | Channel is degraded and filled with debris. Poor
Paonia Cr. (ext) | maintainance access.

Paonia Ct 0 CT-2 21 11 |s Trapezoidal concrete lined chanmnel. X Maintsinence sccess poor. Debris and trash in channel
Owmaha Rivd.




The GeoHecRas model results completed with this report contain similar findings to those in the
drainage basin planning study. This model was based on the existing channel conditions; a model
will be created for the sites proposed conditions in the final drainage report. Average velocities
of 10-12 fps for a majority of the channel reach exceed allowable limits for an unprotected
channel. The current Galley road crossing structures lack of capacity also leads to overtopping of
the road during these events. This report confirms that both this Sand Creek channel reach and
Galley Road crossing structures are inadequate for the 100-yr storm event.

Channel Improvement Recommendations

The Sand Creek Drainage Basin Planning Study
(DBPS) concluded that the Sand Creek-Center
Tributary Drainageway channel, in its current

state, is inadequate to handle the historical flows
tributary to the channel. This report falls in line,
indicating that improvements shall be made to

the channel in order to provide adequate capacity

and prevent erosion. In the DBPS improvements

are also designated for the crossing structures at

Galley Road to provide adequate capacity and

prevent overtopping of the

road. Upon further investigation, this report found that
overtopping of Galley Road

appears to be addressed via the overflow structure and
associate downstream bank protections shown in

Figure 1. This weir was analyzed to determine the
effectiveness to safely pass overtopping flows. From the
HEC-RAS model, it was determined that approximately 581 cfs overtops the roadway during a 100-
year event. The weir in its current configuration could only adequately pass approximately 40 cfs of
this flow. On the north side of the Galley road crossing, there is a section of roadway without curb &
gutter; this allows the water transported along the north half of galley road to directly flow into the
Sand Creek Center Tributary Drainageway. A picture of this curb opening is shown below in figure
2.

s L A e e
Figure 1: Existing Drainage Structures
at Galley Road (Viewed from South)
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g on North Half of the Galley Road Crossing
(Looking to the North)

| = m =
Figure 2: Curb Op

This analysis notes existing overtopping, further discussion with the county engineer to discuss
potential solutions is recommended. One possible solution is that the existing culverts be replaced to
prevent overtopping at Galley Road by upsizing to a larger culvert(s). Ultimately, culvert



improvements will be necessary when the County deems the historic overtopping of Galley Road
above acceptable tolerance. Currently, no adjacent structures are impacted by this overtopping. Weir
calculations can be found in the appendix.

Based upon the findings to the Sand Creek Drainage Basin Planning Study and the conforming
GeoHecRas modeling contained in this report, potential recommended channel improvements
include:

e Widening of the channel west bank to reduce flow depth, thus corresponding velocities

e Lining portions of the channel with riprap or other protective surfaces

e Adding check structures and potentially drop structures to reduce channel grade, a conceptual
profile can be seen in Appendix A.

e Replacing existing culverts at Galley Road to prevent roadway overtopping

Stable slopes of 1% were chosen for the channel based on stable slope specified by The Sand
Creek Drainage Basin Planning Study (DBPS.)

CONCEPT COST ESTIMATE

Below is Conceptual Cost Estimate for the proposed channel improvements to the Sand Creek-

Center Tributary Drainageway.
Table 3: Cost Opinion-Public Reimbursable

PUBLIC DRAINAGE FACILITIES
Item Quantity | Unit Unit Price | Extended
Cost
Clearing & Grubbing 2 AC $5,000.00 $10,000.00
Channel Widening Earthwork (Cut) 7000 CY $3.00 $21,000.00
Riprap Lining (Type M) 5100 CYy $85.00 $433,500.00
Drop Structures 2 EA $20,000.00 $40,000.00
Sub-Total $504,500.00
10% Eng. And Contingency $50,450.00
Grand Total $554,950.00

DRAINAGE DESIGN CRITERIA

Development Criteria Reference

Storm drainage analysis techniques were taken from the “City of Colorado Spring/El Paso County
Drainage Criteria Manual” Volumes 1 and 2 (EPCDCM), dated October 12, 1994, the “Urban
Storm Drainage Criteria Manual” Volumes 1 - 3 (USDCM) and Chapter 6 and Section 3.2.1 of
Chapter 13 of the “Colorado Springs Drainage Criteria Manual (CCSDCM), dated May 2014, as
adopted by El Paso County.



Hydrologic Criteria

The hydrologic analysis for this project is based on the Sand Creek Drainage Basin Planning Study.
The flow rates for the 100-yr storm event were taken from sheets CTP-2 & CTP-3 of this study. The
Baseline Flows from the Sand Creek Drainage Basin Planning Study are included in Appendix C.

Hydraulic Criteria

GeoHecRas was used as the primary analysis method for the site. GeoHecRas was used to model
existing flows within the Sand Creek-Center Tributary Drainageway. This model was used to verify
flood plains and analyze any overtopping that may occur within the project site. The 100-year water
surface profiles for the model were analyzed form the north property line of the site to the area 100
feet south of the Galley Road Crossing. Hydraulic computations for the models are contained in
Appendix B. In the model the value for the roughness coefficient (n) were based upon those shown in
Table 12-2 of the City of Colorado Springs Drainage Criteria Manual, Volume 1. The manning’s
roughness coefficient for the sides of the channel was evaluated as n = 0.05, as the channel sides are
most closely categorized as sluggish reaches with weeds, the minimum value of n was taken. For the
bottom of the channel a manning’s roughness coefficient value of n = 0.025, as the existing channel
bottom being very clear and free of plants or other debris, the minimum value of n was taken. Table
12-2 highlights the manning values used for the model. The channel was analyzed as a winding
channel in the GeoHecRas model.

Table 12-2. Roughness Coefficients

Roughness Coefficient (n)
Minimum Typical | Maximum

Channel Description

Natural Streams (top width at flood stage <100 feet
1. Streamson Plain

a. Clean, straight, full stage, no rifts or deep 0.025 0.030 0.033
pools
b. Same as above, but more stones and weeds 0.030 0.035 0.040
c. Clean, winding, some pools and shoals 0.033 0.040 0.045
d. Same as above, but some weeds and stones 0.035 0.045 0.050
e. Same as above, lower stages, more 0.040 0.048 0.055
ineffective slopes and sections
f. _Same as ¢, but more stones 0.045 0.050 0.060
e Sluggish reaches, weedy, deep pools 0.050 | 0.070 0.080
h. Very weedy reaches, deep pools, or 0.075 0.100 0.150
floodways with heavy stand of timber and
underbrush

2. Mountain Streams, no vegetation in channel, banks
usually steep, trees and brush along banks
submerged at high stages

a. Bottom: gravels, cobbles, and few boulders | See Jarrett’s
b. Bottom: cobbles with large boulders equation*®

The flows in the channel, upstream and downstream of the Solace site, were determined using the
sheet CTP-2 of the Sand Creek Drainage Basin Planning Study, with the flow 720 cfs being used at
the upstream end of the channel till river station 1031 where the flow changes to 960 cfs, and once
again at the Galley Road crossing to 1340 cfs. These can be seen in the GeoHecRas output table.
Geometry of the channel and the crossing structure at Galley Road was determined from survey



conducted by JR Engineering’s internal survey department. The Galley road crossing structure was
modeled in the GeoHecRas model; its geometric parameters were determined using survey obtained
data to the crossing. The sizes of the 48 CMP culverts in the crossing were also determined from
survey data.

SUMMARY

This analysis of the Sand Creek-Center Tributary Drainageway remains consistent with previous

studies. Velocities in the drainageway are of concern and require channel improvements, such as
widening and riprap lining to ensure the Sand Creek Drainageway remains stable during a 100-yr
event. This report meets the latest El Paso County Drainage Criteria requirements for this site. The
results of JR Engineering’s GeoHecRas model for the channel appear accurate as the water surface
elevations of the channel matchup very closely to the elevations called out in the FEMA FIS along
the channel. The overtopping elevation at Galley Road shown in the model matches the elevation
shown in the FEMA floodplain map of 6249, showing that the GeoHecRas model results are valid.

REFERENCES:

1. El Paso County Drainage Criteria Manual Volume 1, El Paso County, CO, 1994.

2. Urban Storm Drainage Criteria Manual, Urban Drainage and Flood Control District, Latest Revision.

3. Flood Insurance Study- El Paso County, Colorado & Incorporated Areas Vol 7 of 8, Federal

Emergency Management Agency, December 7, 2018.

4. Sand Creek Drainage Basin Planning Study, Kiowa Engineering, January 1993.

5. Sand Creek Drainage Basin LOMR, Federal Emergency Management Agency, May 23,
2007.

6. Preliminary Drainage Report and Floodplain Certification for Powers Center Point, Galloway

Engineering, October 2007.



HEC-RAS Plan: Default Scenario River: Channel 01 Reach: CHO1

Profile: Sand Creek

Reach River Sta Profile Q Total Min Ch El W.S. Elev Crit W.S. E.G. Elev E.G. Slope Vel Chnl Flow Area Top Width Froude # Chl
(cfs) (ft) (ft) (ft) (ft) (ftt) (ft/s) (sq ft) (ft)

CHO1 1053 Sand Creek 760.00 6265.00 6269.26 6269.26 6270.04 0.003762 8.51 179.27 11042 0.77
CHO1 1052 Sand Creek 760.00 6258.00 6262.11 6262.11 6263.78 0.005804 10.49 77.83 25.50 0.96
CHO1 1051 Sand Creek 760.00 6257.00 6261.64 6261.64 6263.29 0.006883 10.30 7447 2412 0.98
CHO1 1050 Sand Creek 760.00 6257.00 6261.55 6261.55 6263.17 0.005614 10.36 81.50 27.77 0.96
CHO1 1049 Sand Creek 760.00 6257.00 6260.93 6260.93 6262.50 0.005917 10.15 80.51 28.71 0.97
CHO1 1048 Sand Creek 760.00 6255.00 6259.52 6259.52 6261.19 0.005730 10.51 80.21 27.19 0.97
CHO1 1047 Sand Creek 760.00 6254.00 6258.20 6258.20 6259.83 0.006013 10.34 79.30 27.50 0.98
CHO1 1046 Sand Creek 760.00 6253.00 6257.62 6257.33 6258.86 0.004369 9.10 93.85 32.59 0.85
CHO1 1045 Sand Creek 760.00 6253.00 6257.94 6258.62 0.002044 6.71 123.65 36.54 0.59
CHO1 1044 Sand Creek 760.00 6252.00 6258.04 6258.47 0.000942 5.39 158.77 38.15 0.42
CHO1 1043 Sand Creek 760.00 6252.00 6258.17 6258.40 0.000450 3.84 219.34 49.10 0.29
CHO1 1042 Sand Creek 760.00 6252.00 6258.25 6258.35 0.000192 2.60 333.13 72.33 0.19
CHO1 1041 Sand Creek 760.00 6251.00 6258.15 6254.86 6258.33 0.000342 3.46 250.00 54.53 0.26
CHO1 1040 Sand Creek 760.00 6251.00 6257.48 6258.25 0.001509 7.34 129.48 31.17 0.53
CHO1 1039 Sand Creek 720.00 6250.00 6256.03 6256.03 6258.09 0.005145 12.17 78.63 22.88 0.93
CHO1 1038 Sand Creek 720.00 6250.00 6254.65 6254.65 6256.48 0.005632 11.04 74.30 23.99 0.96
CHO1 1037 Sand Creek 720.00 6249.00 6254.26 6254.26 6256.12 0.005266 11.39 78.61 25.24 0.94
CHO1 1036 Sand Creek 720.00 6249.00 6254.18 6253.87 6255.67 0.004153 10.16 86.85 27.64 0.84
CHO1 1035 Sand Creek 720.00 6248.00 6254.49 6255.37 0.001997 8.12 123.42 33.33 0.60
CHO1 1034 Sand Creek 720.00 6248.00 6253.87 6253.37 6255.23 0.003530 9.97 96.29 27.50 0.78
CHO1 1033 Sand Creek 720.00 6248.00 6253.90 6253.27 6255.15 0.003218 9.54 100.27 28.48 0.75
CHO1 1032 Sand Creek 720.00 6248.00 6254.02 6252.85 6254.99 0.002212 8.21 107.83 28.30 0.63
CHO1 1031 Sand Creek 720.00 6247.00 6252.93 6252.93 6254.82 0.005902 11.67 81.05 24.65 0.92
CHO1 1030 Sand Creek 960.00 6247.00 6253.53 6254.38 0.001956 8.14 169.51 45.64 0.61
CHO1 1029 Sand Creek 960.00 6247.00 6253.61 6254.29 0.001452 7.08 180.40 43.93 0.52
CHO1 1028 Sand Creek 960.00 6247.00 6253.63 6251.57 6254.24 0.001217 6.58 184.56 43.62 0.48
CHO1 1027 Sand Creek 960.00 6247.00 6253.56 6254.17 0.001232 7.01 201.11 46.32 0.50
CHO1 1026 Sand Creek 960.00 6247.00 6253.62 6254.11 0.000969 5.82 199.63 4717 043
CHO1 1025 Sand Creek 960.00 6247.00 6253.70 6250.88 6254.05 0.000644 4.85 227.01 4843 0.35
CHO1 1024 Sand Creek 960.00 6246.00 6253.67 6250.42 6254.02 0.000576 4.98 235.21 46.35 0.34
CHO1 1023 Sand Creek 960.00 6246.00 6253.62 6250.47 6254.01 0.000626 5.21 225.63 43.80 0.35
CHO1 1022 Sand Creek 960.00 6246.00 6253.61 6254.00 0.000607 5.19 221.85 41.91 0.35
CHO1 1021 Sand Creek 960.00 6246.00 6253.17 6253.94 0.001350 7.37 164.92 36.16 0.51
CHO1 1020 Sand Creek 960.00 6246.00 6252.32 6251.61 6253.82 0.003159 10.30 118.91 30.63 0.76
CHO1 1019 Sand Creek 960.00 6246.00 625249 6251.34 6253.62 0.002313 9.03 140.23 36.35 0.66
CHO1 1018 Sand Creek 960.00 6246.00 6251.44 6251.44 6253.45 0.004819 12.21 109.12 31.63 0.94
CHO1 1017 Sand Creek 960.00 6245.00 6251.26 6250.03 6252.37 0.002324 8.73 133.16 32.49 0.65
CHO1 1016 Sand Creek 960.00 6245.00 6250.14 6250.14 6252.15 0.005299 11.66 96.28 28.21 0.95
CHO1 1015 Sand Creek 960.00 6244.00 6250.38 6248.09 6250.77 0.000839 5.11 215.92 53.82 0.39
CHO1 1014 Sand Creek 956.00 6244.00 6250.35 6248.71 6250.72 0.000950 5.78 370.06 207.76 042
CHO1 1013 Sand Creek 956.00 6244.00 6249.89 6249.89 6250.66 0.001931 8.21 274.84 196.01 0.61
CHO1 1012 Sand Creek 956.00 6244.00 6248.95 6248.95 6251.16 0.005865 12.67 104.90 38.16 1.02
CHO1 1011 Sand Creek 956.00 6244.00 6249.28 6249.28 6250.05 0.002387 8.46 27917 203.66 0.66
CHO1 1010 Sand Creek 956.00 6244.00 6249.16 6249.16 6249.97 0.002504 8.54 254.79 169.44 0.67
CHO1 1009 Sand Creek 956.00 6242.00 6249.14 6247.90 6249.85 0.001612 7.93 276.71 166.57 0.55
CHO1 1008 Sand Creek 956.00 6242.00 6247.80 6247.80 6249.73 0.004748 11.73 106.54 3147 0.91
CHO1 1007 Sand Creek 956.00 6242.00 6248.22 6247.39 6249.22 0.002263 9.17 22213 127.82 0.66
CHO1 1006 Sand Creek 956.00 6242.00 6248.59 6247.92 6249.01 0.001105 6.67 368.21 181.76 0.46
CHO1 1005 Sand Creek 956.00 6242.00 6248.64 6246.43 6248.97 0.000738 5.28 352.19 168.51 0.38
CHO1 1004 Sand Creek 956.00 6242.00 6248.76 6245.39 6248.91 0.000242 3.31 399.38 160.30 0.22
CHO1 1003.56 Culvert

CHO1 1003 Sand Creek 956.00 6239.00 624443 6242.22 6244.82 0.000233 4.99 191.73 160.51 040
CHO1 1002 Sand Creek 956.00 6240.00 6243.32 6243.32 6244.68 0.001891 9.35 102.20 38.15 1.01
CHO1 1001 Sand Creek 956.00 6239.00 6242.61 6242.61 6244.01 0.001806 9.51 100.52 34.95 0.99
CHO1 1000 Sand Creek 956.00 6239.00 624244 6242.44 6243.85 0.001879 9.55 100.10 35.71 1.01
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Worksheet for Rectanqular Weir - 4' Openings (10)

Project Description

Solve For

Input Data

Headwater Elevation
Crest Elevation
Tailwater Elevation
Weir Coefficient
Crest Length

Number Of Contractions

Results

Discharge

Headwater Height Above Crest
Tailwater Height Above Crest
Flow Area

Velocity

Wetted Perimeter

Top Width

Discharge

0.50
0.00
0.00
3.10
4.00

4.38
0.50
0.00
2.00
2.19
5.00
4.00

ft
ft
ft
us
ft

ft¥/s
ft

ft
ft2
ft/s
ft

ft

4/29/2020 9:25:06 AM

Bentley Systems, Inc. Haestad Methods Solution Center
27 Siemons Company Drive Suite 200 W Watertown, CT 06795 USA +1-203-755-1666 Page 1 of 1

Bentley FlowMaster [08.01.071.00]
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Chapter 9 Hydraulic Structures

/ FIMISHED GRADE

S

BOULDER |
rve.y |
FOOTING FOR
| | PIPES GREATER
THAN 48"

A = END HEIGHT OF
FLARED END SECTION

OR AS SPECIFIED 8Y LENGTH
THE ENGINEER.
ELEVATION VIEW
NOTES:

1. IT 1S THE DESIGW EWGINEER'S RESPONSIBIUTY TO EVALUATE

THE SIME COMDITIONS AND PROVIDE FINAL DESIGN OF BOULDER

SIZES AND PLACEMENT, HEADWALL, FOOTING, REINFORCING
FLARED EnNp  STEEL AND FILLING OF VOIDS WITH GROUT OR ROCK,

SECTION
I 2. INSTALL JOINT FASTEMERS TO JOINT IMMEDIATELY UPSTREAM

OF OUTLET. LOCATE AT 10-0'CLOCK AND 2-0'CLOCK. TRIM
- THREAD
|' WITH
: INTERIOR
! BOLTS.
?I N L
= \—'JC-\'-'NE?[REP.M SCOUR PROTECTION
B = 205 OF OT SHOW
DOWNSTREAM EIPRAP s NOT SHOWN
AND 3" MIN.
\F:JGTING FOR PIPES
PROFILE GREATER THAM 48"
TOEWALL DESIGN TABLE
PIFE_SIZE IGTH, MIN
18" 70"
24" g0
30" 10°—0"
36 120"
42" 12°—8"
48" 130"
54" 13'—8"
80 14°—0"
B8 14'—g"
72 15°—0"
Figure 9-30. Flared end section (FES) headwall concept
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Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Thursday, Jun 25 2020

Ex. Concrete Channel

Trapezoidal Highlighted
Bottom Width (ft) = 3.50 Depth (ft) = 0.88
Side Slopes (z:1) = 1.33, 1.53 Q (cfs) = 42.08
Total Depth (ft) = 1.75 Area (sqft) = 419
Invert Elev (ft) = 6267.00 Velocity (ft/s) = 10.05
Slope (%) = 1.41 Wetted Perim (ft) = 6.57
N-Value = 0.013 Crit Depth, Yc (ft) = 1.37
Top Width (ft) = 6.02
Calculations EGL (ft) = 245
Compute by: Known Depth
Known Depth (ft) = 0.88
Elev (ft) Section Depth (ft)
6269.00 2.00
6268.50 / 1.50
6268.00 1.00
& /

6267.50 / 0.50
6267.00 \ / 0.00

6266.50 -0.50

Reach (ft)



Weir Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Paonia Street Weir

Wednesday, Aug 26 2020

Compound Weir Highlighted

Crest = Sharp Depth (ft) = 1.24

Bottom Length (ft) = 115.00 Q (cfs) = 439.00

Total Depth (ft) = 1.25 Area (sqft) = 125.10

Length, x (ft) = 80.00 Velocity (ft/s) = 3.51

Depth, a (ft) = 0.50 Top Width (ft) = 115.00

Calculations

Weir Coeff. Cw = 3.33

Compute by: Known Q

Known Q (cfs) = 439.00

Depth (ft) Paonia Street Weir Depth (ft)
2.00 2.00
1.50 1.50
V'
1.00 1.00
0.50 0.50
0.00 0.00
-0.50 -0.50
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140
Weir W.S.

Length (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc. Wednesday, Aug 26 2020

Overflow Channel

Trapezoidal Highlighted

Bottom Width (ft) = 115.00 Depth (ft) = 0.52

Side Slopes (z:1) = 6.80, 6.80 Q (cfs) = 439.00

Total Depth (ft) = 0.65 Area (sqft) = 61.64

Invert Elev (ft) = 6265.66 Velocity (ft/s) =712

Slope (%) = 1.68 Wetted Perim (ft) = 122.15

N-Value = 0.017 Crit Depth, Yc (ft) = 0.65

Top Width (ft) = 122.07

Calculations EGL (ft) = 1.31

Compute by: Known Q

Known Q (cfs) = 439.00

Elev (ft) Section Depth (ft)
6267.00 1.34
6266.50 0.84

\ A I

6266.00 \ / 0.34
6265.50 -0.16
6265.00 -0.66

0 10 20 30 40 50 60 70 80 9 100 110 120 130 140 150

Reach (ft)



Channel Report

Hydraflow Express Extension for Autodesk® Civil 3D® by Autodesk, Inc.

Paonia Street Ex.

User-defined

Invert Elev (ft) = 6271.04
Slope (%) = 1.00
N-Value = 0.016
Calculations

Compute by: Known Q
Known Q (cfs) = 500.00

(Sta, El, n)-(Sta, El, n)...

Wednesday, Aug 26 2020

Highlighted

Depth (ft) = 1.27
Q (cfs) = 500.00
Area (sqft) = 66.09
Velocity (ft/s) = 7.57
Wetted Perim (ft) = 8948
Crit Depth, Yc (ft) = 1.56
Top Width (ft) = 89.43
EGL (ft) = 2.16

(0.00, 6273.30)-(48.06, 6271.58, 0.016)-(86.95, 6271.04, 0.016)-(95.27, 6271.26, 0.016)-(99.33, 6271.58, 0.016)-(135.09, 6273.05, 0.016)

Elev (ft) Section Depth (ft)
6274.00 2.96
6273.50 2.46
6273.00 N /’__ 1.96

\\ /
6272.50 \ = / 1.46
\\ _ /
6272.00 N 0.96
6271.50 \\ / 0.46
6271.00 ~1 -0.04
6270.50 -0.54

-10 0 10 20 30 40 50 60

70

Sta (ft)

90 100 110 120 130 140 150
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J'R ENGINEERING

To: El Paso County Engineering Division
From: Mike Bramlett, PE
Date: November 25, 2020

Subject: Sand Creek Center Tributary Channel Improvements

The purpose of this letter is to provide design information for the existing conditions of the Sand Creek Center
Tributary Drainageway, located east of the Solace Apartments site. This letter will also discuss the proposed
improvements for the channel, design methodology, and the modeling results. For further information on the
previous evaluation of the channel in its existing conditions and conceptual design, see the Sand Creek — Center
Tributary Channel Analyses Report for Solace Apartments by JR Engineering. For further information
concerning drainage for the Solace Apartments Site, see the Final Drainage Report for Solace Apartments, by
JR Engineering.

Project General Discussion

The Sand Creek Center Tributary Channel is located in Section 7, Township 14 South, Range 65 West of the 6™
Principal Meridian in El Paso County, Colorado. The site is part of the Solace Apartments project and is located
on the eastern edge of the project. As part of the proposed improvements for the Solace Apartments Project, this
reach of the Sand Creek Center Tributary will also be improved. The sections upstream and downstream of the
site have already undergone improvements, and the channel in its current state shows extensive flooding in a
100 year event. In addition to improvements to the Sand Creek Center Tributary Channel, the channels
secondary drainageway located to the west of the channel in Paonia Street will also be improved with an
overflow channel that will direct flow present in the secondary drainageway into the main channel and avoid
further flooding of the Paonia Street extension into the Solace Apartments site.

Channel Flows

Evaluation of the flows present in the Sand Creeck Center Tributary and its secondary drainageway were
discussed in detail in the Sand Creek — Center Tributary Channel Analysis for Solace Apartments by JR
Engineering. Since the initial analysis of the channel took place, JR Engineering was able to acquire the
modeling data used by FEMA for determination of flood plain modeling shown in FEMA FIRM 08041C0752G.
JR Engineering assumes FEMA’s flows to be accurate, and thus utilized these as the basis for our model. The
main channel contains 820 cfs of flow and the secondary channel contains 217 cfs. The flow in the main
channel then jumps up to 1,037 cfs at the convergence of the secondary drainageway. Downstream an existing
channel coming from nearby Valley Road (east) converges with the main channel, we then utilized FEMA’s
1,100 cfs to model the remaining portion of the channel.

3730 Sinton Road, Suite 219
Colorado Springs, CO 80907
303-740-9393 « Fax: 303-721-9019
WWW.jrengineering.com




Existing Channel Conditions

In its existing conditions the Sand Creek Center Tributary Channel along the Solace site consists of a natural
channel overgrown with trees and bushes along the sides of the channel with the bottom being relatively clean
and free of obstacles. The 1,350 LF reach of the Sand Creek Center Tributary Channel located incorporated
with the Solace site is undeveloped, as compared to the majority of channels in the basin which have had some
improvement. Downstream and upstream sections of the Sand Creck Center Tributary Channel are concrete
lined. The secondary Drainageway located in Paonia Street flows south from Omaha Blvd to the Solace
Apartments site where flow splits between an existing concrete channel running east to the main Sand Creek
Center Tributary Channel, and a swale flowing south where it eventually rejoins the main channel at the Galley
Road crossing. It is anticipated that the concrete channel will divert 42 cfs from the 217cfs present in the
secondary drainageway, with 175 cfs flowing south down the existing swale. There is also an existing channel
coming from Valley Road to the east. This channel intersects the main channel approximate halfway between
the north and south limits of the site, adding 63 cfs to the main channel, as discussed in the Channel Flows
section above. In its existing conditions, the Sand Creek Center Tributary Channel FEMA firm panel
08041C0752G, depicts 100 year flooding extending into the adjacent properties to the east and onto Paonia
Street improvements to the west. The existing channel currently overtops the Galley Road crossing; primarily
due to the capacity of the culverts at the crossing rather than the channel’s current conditions.

Proposed Channel Improvements

As determined by the Sand Creek Drainage Basin Planning Study (DBPS) & and JR Engineering Sand Creek —
Center Tributary Channel Analysis for Solace Apartments, this section of the Sand Creek Center Tributary will
require improvements to ensure adequate capacity in the channel and protection against erosive velocities. In
order to be consistent with improvements already made in the surrounding area and to align with the
recommendations made by the DBPS, JR Engineering is proposing concrete lining of the channel along the
Solace site, along with widening of the existing channel and modification to the channel alignment in this area.
JR Engineering is also proposing the addition of a USBR Type III Stilling Basin and 10 foot sloped concrete
drop in the channel, in order to force a hydraulic jump in the channel and reduce velocities present in the
channel while still matching existing grades for the majority of channel alignment. The design methodology of
the sloped drop and USBR Type III Stilling Basin are based on the design procedure for Stilling Basins
presented in the Federal Highway Administrations Hydraulic Engineering Circular No. 14, Chapter 8.
Calculation for stilling basin and accessories sizing can be found in the Appendix of this letter. The proposed
channel section shall be a trapezoidal channel section with a 10” bottom width, with a minimum channel depth
of 6.5” and side slopes varying from 3:1 to 2:1 along the channel’s alignment. The channel shall be lined with
concrete for a depth of 4.5 to protect the channel from the erosive velocities present in the channel, with an
average depth of flow in a 100 year event for the proposed channel being approximately 3° this will provide a
freeboard of 1°-1.5” from the top of the concrete lining to the 100 year water surface. The concrete section shall
typically be a 6” thick concrete apron for the channel, with sections of the section of channel located within the
sloped drop and stilling basin being a 12” thick concrete apron. In accordance with the DBPS the channel shall
be designed with a stable slope of 1% for the majority of the channel. For further details please see the Channel
Improvement Plans included in the Appendix of this letter. In order to reduce the velocities present in the

3730 Sinton Road, Suite 219
Colorado Springs, CO 80907
303-740-9393 « Fax: 303-721-9019
WWW.jrenginecring.com




channel and avoid excessively steep slopes for extended portions of the channel’s alignment, a 100’ long sloped
drop structure, with a total vertical drop of 10°, will be placed at the upstream end of the channel. At the base of
the drop will be a USBR Type III Stilling Basin that will include chute blocks, baffle blocks and a sill wall to
decrease the velocity of the water coming down the sloped drop and force a hydraulic jump. This basin will also
include a low flow channel through the sill wall located at the end of the stilling basin to allow water movement
through the structure at lower flows and prevent ponding of water in the structure. Further detail for the sloped
drop and stilling basin can be found in the channel improvement plans shown in the Appendix.

Paonia Street Secondary Drainageway Improvements

Part of the Sand Creek Center Tributary Improvements also includes the addition of a diversion channel that
will direct flows present in the Paonia Street Secondary Drainageway into the main channel. This diversion will
be known as the Overflow Channel for the remainder of this letter. The Overflow Channel shall be a concrete
and riprapped lined channel with varying widths and depths that will convey the flows present in Paonia Street
into the main channel. The diversion channel shall be concrete from the edge of Paonia to the right-of-way, after
which it will become a riprap trapezoidal channel section with a typical bottom width of 20 and a depth of 2’-
3’. The channel will run east from Paonia until it intersects with the proposed Sand Creck Center Tributary
Channel alignment, where it will outfall just upstream of the proposed sloped drop in the channel. Just south of
the diversion channel opening along Paonia Street will be two 15’type R inlets, that will be used to capture
nuisance flows in the curb & gutter and also any flow that may bypass the diversion channel. These inlets will
directly outfall into the main channel and will not be detained by any of the onsite detention ponds. For further
detail on the diversion channel please see the channel improvement plans, and for detail on the type R inlets see
the exert of the Solace Construction Drawings, both shown in the Appendix of this letter.

Modeling Results

The proposed conditions of the channel and its second Drainageway were modeled using GeoHecRas to
determine the extents of the 100 year floodplain for the site. Flow rates from the model were used based on
those discussed in the Channel Flows section and Existing Conditions section of this letter. The model was run
with downstream boundary conditions for each reach using critical depths, and the entirety of the model was ran
using steady flow conditions. The model was contains four separate reaches, with the main reach modeling the
proposed alignment and conditions for the Sand Creek Center Tributary Channel. The other reaches modeling
the Paonia Street Overflow Channel, the existing concrete overflow channel at Paonia and an existing channel
that runs east to west from Valley Street and intersects the Sand Creek Center Tributary Channel, each reach
intersection were modeled using the energy equation. The model used manning’s values (n) of 0.013 for the
concrete lining, 0.033 for the riprap of the overflow channel, and 0.03 for the any location outside of the
concrete or riprap extents as they were determined to be most similar to a grassed area with some weeds. The
results of the GeoHecRas model show that the proposed improvements to the channel substantially reduce the
extents of the flood plain in the channel and contain the 100 year flood plain within the concrete extents of the
channel. The results also show a maximum velocity in the channel of 10.32 ft/s in a 100 year event, showing
that the concrete lining of the channel will provide sufficient protection from erosive velocities present in the
channel. The GeoHecRas model for the proposed conditions also shows overtopping of the channel crossing at
Galley Road, which is consistent with the flood data presented by the FEMA FIRM 08041C0752G. Flooding of

3730 Sinton Road, Suite 219
Colorado Springs, CO 80907
303-740-9393 « Fax: 303-721-9019
WWW.jrenginecring.com




the roadway is due to the insufficient capacity of the culvert crossing in this area, with the current configuration
of three 48 CMP culverts only providing 365 cfs of capacity of the 1,100 cfs flow at the crossing. Flooding of
the Galley Road Crossing could be alleviated by upsizing of the culvert(s), these improvements will be
necessary when the County deems the historic overtopping of Galley Road to be above acceptable tolerance.
The channel improvements did not results in any change to existing overtopping of Galley Road as this is due to
insufficient capacity of the culverts at this crossing, which will ultimately be addressed at a later date. Further
details on the model results can be found in the Appendix.

Summary

The analysis of the proposed improvements of the Sand Creek Center Tributary Drainageway and its secondary
drainageway located in Paonia Street show significant reduction of the flood plain extents, with it now being
contained within the channel extents and no longer extensively flooding properties adjacent the proposed Solace
Apartment Site. The proposed diversion channel also redirects flow that would otherwise flood the proposed
extension of Paonia Street back into the channel, thus alleviating the risk of the roadway flooding in a 100 year
event.

Please contact me should you have any questions or concerns regarding this letter at 303-267-6240.

Sincerely,
JR ENGINEERING, LLC

oy | ".‘? F
s ).i.-"'l;: ?/' =K 7 %;%
77%”“ 4 e / et AA

Mike Bramlett, PE
JR Engineering

3730 Sinton Road, Suite 219
Colorado Springs, CO 80907
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Final Drainage Report
Solace at Cimarron Hills

APPENDIX E

DRAINAGE MAPS & PLANS
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