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Thank you for the opportunity to complete this project.

Ms. Brooke Seymour

Planning and Floodplain Management Director Regards,
Mile High Flood District
2480 W. 26 Avenue Suite 156-B Loewen Engineering, Inc.

Denver, Colorado 80211

Subject: City Park Channel Upstream of Main Street and City Park Channel South

Tributary /;/_// ;/
Flood Hazard Area Delineation | A~——

MHFD Agreement No. 19-02.10

Daniel P. Loewen, P.E. Principal
Dear Ms. Seymour:

Loewen Engineering, Inc. is pleased to submit this Flood Hazard Area ﬁ%%?{,
Delineation — City Park Channel Upstream of Main Street and City Park Channel

South Tributary, dated August 2022. We would like to acknowledge the help
and support of the City and County of Broomfield (CCOB) in preparation of this
study. Enclosed is the Flood Hazard Area Delineation (FHAD) Report for the City
Park Channel Upstream of Main Street and City Park Channel South Tributary.
This report documents the FHAD study process from initiation through
completion of the final floodplain and floodway delineations. A summary of the
project history, description of the study area, field inventory of hydraulic
structures, summary of hydraulic analysis, and HEC-RAS water surface profile
computer modeling results for the 10-, 50-, 100-, and 500-year storm events,
and determination of the 0.5-foot floodway are provided in the following
report.

Elysa M. Loewen, P.E. Principal

The floodplain and floodway information provided herein should assist the Mile
High Flood District (MHFD) and CCOB in administration of new and existing
development in the areas prone to flooding.
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1. INTRODUCTION

1.1 Authorization

On March 21, 2019, the Mile High Flood District (MHFD) contracted with Loewen Engineering, Inc. for the
engineering services for a Flood Hazard Delineation (FHAD) Study for the City Park Channel Drainageway.
Specific study tasks were performed in accordance with Agreement Number 19-02.10, Project Number
107576.

1.2 Purpose and Scope

The purpose of this FHAD study is to provide updated hydraulic information for the City Park Channel and the
South Tributary. The study includes the upper reach of the City Park Channel, the reach downstream of Main
Street was recently updated as part of a Letter of Map Revision (LOMR Case No. 15-08-0180P). The effective
Flood Insurance Study (FIS) for the study reach was based on the 1979 FHAD, therefore with this update, the
entire 1979 FHAD will be considered historic information. The area of the City Park Channel Basin tributary to
this study area (Upstream of Main Street) is approximately 2.05 square miles. The project upstream study
limits remained at the existing effective floodplain boundary northwest of Compton Street. The City Park
Channel downstream project limits included the culvert at Main Street and 850 feet downstream of Main
Street to tie into the effective information.

The scope of this FHAD study is as follows:

1. Assemble information on the existing drainage system including hydraulic structures (bridges and
culverts), channel characteristics, and topographic information. The information was gathered by
others under a separate agreement.

2. Define the water surface profiles for the 10-, 50-, 100-, and 500-year flood events based on Future
conditions hydrology and land use and existing conditions infrastructure; since the watershed is near
fully built out, the future conditions equal existing conditions. The 25-year event was not included in
the FHAD.

3. Define the flood boundaries for the 100-year and 500-year floodplains including 0.5-foot floodway.

4. Document the study results in the FHAD Report.

The project scope was amended on June 20, 2019, by Agreement No. 19-02.10A. The amendment increased
the study area to include the South Tributary from Nickel Street to the confluence with City Park Channel near
Emerald Park. The project scope was amended on November 23", 2019, by Agreement No. 19-02.10B; the
additional scope as part of this amendment included the following scope items:

e Loewen Engineering, Inc. to perform a site visit of the Concrete Plant at the upstream limits, and
» Loewen Engineering to perform an investigation of the storm sewer at 3™ Avenue and Nickel Street.

The project scope was amended on April 17, 2020, by Amendment 19.02-10C to include additional survey for
the US-287 overtopping flow path.

The project scope was amended on November 18, 2020, by Amendment 19-02-10D to include 2D modeling for
the left overbank of the South Tributary to identify shallow flooding impacts.

The project scope was amended on June 23, 2021, 19.02.10E to include an extension of the model
downstream of Main Street and additional modeling effort for spill and split flows at Agate Way and Highway
287 overtopping.

The project scope was amended on November 30, 2021, to obtain additional survey related to the finished
floor elevation and lowest adjacent grade for structures preliminarily identified in the flood hazard area.

1.3 Planning Process

The City Park Channel Watershed was previously studied by Kiowa Engineering Corporation in the 2006 study,
“City Park and 3207 Watersheds Outfall Systems Planning (OSP) Study” for the City and County of Broomfield,
City of Westminster and MHFD (formerly Urban Drainage and Flood Control District). Additionally, a Letter of
Map Revision LOMR Case No. 15-08-0180P prepared by RESPEC effective November 27, 2015, which updated
the hydrology of the basin and hydraulics for City Park Channel downstream of Main Street.

The specific goals and objectives for the FHAD include redefining the effective flood maps for the drainage
channel to adhere to current floodplain criteria and updated topography to identify current flood risks for the
community.

A total of six progress meetings were held throughout the course of this study. The meetings included all
project sponsors and were held on March 4, 2019, March 7, 2019, October 2, 2019, March 9, 2020, and August
31, 2020, and June 09, 2021. Refer to Appendix A for Minutes for each of the listed meetings.

1.4 Mapping and Surveys

The drainageway mapping consists of one-foot contours base on LiDAR flown in 2017 (NAVD88) provided by
the City and County of Broomfield. Ground survey was performed at the crossing (bridge/culvert) locations by
Wilson & Company in March 22,2019. Additional ground survey was obtained by Daley Land Surveying Inc. to
include curb and gutter flow line elevations along Agate Way (Dated April 28, 2020) and additional topo survey
for the Highway 287 flood overflow path (Dated April 30, 2019). Further ground survey of additional structures
throughout the project reach was completed by Daley Land Surveying, Inc. in September of 2021. All
geospatial data is based on the North American Datum of 1983 (NAD83) and the North American Vertical
Datum of 1988 (NAVD 88). See Section 1.5: References for a complete list of digital data obtained.

1.5 Data Collection

Besides the mapping discussed in Section 1.4, several sources of data from other concurrent projects have
been collected to provide additional information. A complete list of each item is provided in Section 5. Table 1
includes a summary of the types of information collected and Figure 1 shows the location of the additional
survey collected.
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Table 1: Data Collected Table

Survey
Location
Map No. | Data File Type Title Date Author
(See
Figure 1)
1 .csv POINT Broomfield Floodplain SPC 502_09-23-2021 | September Daley Land
FILE/CAD 2021 Surveying, Inc.
2 CAD File As-Built CAD Survey File for the Emerald October Daley Land
Park Improvements 2020 Surveying, Inc.
3 .csv POINT Agate Way Survey April 2020 Daley Land
FILE/CAD Surveying, Inc.
4 PDF Nickel Street Floodplain Development June 2019 Otak, Inc.
Permit Hydraulic Report
NA PDF Bridge and Culvert Structure Mapping March 2019 | Wilson& Company
5 .csv POINT Additional topo survey for the US-287 flood | April 2019 Daley Land
FILE/CAD overflow path Surveying, Inc.
6 CAD Muller Culvert Project Downstream of HWY | March 2019 | Muller Engineering
287 Company
7 PDF LOMR 18-08-0246 As-Built PDF files for October JVA Consulting
Emerald Elementary Reconstruction Project 2017 Engineers
NA PDF City Park and 3207 Drainageways Outfall June 2006 Kiowa Engineering
Systems Planning Study Corporation
NA PDF City Park Drainageway — Emerald Street to October MclLaughlin Rincén
Midway Boulevard 2005
NA PDF Broomfield and Vicinity Outfall Systems September | Kiowa Engineering
Planning Study — Alternatives Development 1999 Corporation
and Evaluation Report
NA PDF Broomfield City Park Drainageway October EHMG Engineers-
Improvements (As-Builts) 1986 Consultants
NA PDF Flood Hazard Area Delineation — June 1979 | Wright-McLaughlin

Broomfield Area

Engineers
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1 [ALL AREAS

i OUTLINED IN
YELLOW)

LEGEND

Source Mo, of Data Collected for Study
(See Table 1)

Approximate Location of Data Collected for
Study (Color Varies)

Figure 1: Data Collection Exhibit (Additional Survey Locations)
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2. STUDY AREA DESCRIPTION
2.1 Project Area

The study area includes the upper reach of the City Park Channel which extends from Main Street to the
upstream limits of the City Park Channel, which is northwest of Compton Street at the limits of the existing
effective floodplain boundary (see Figure 7). The South Tributary study limits include the full extents of the
flooding source from the confluence with the City Park Channel to the upstream limit at 120™" Avenue and
Nickel Street. The project study area is completely within the City and County of Broomfield and fully within
the Mile High Flood District (MHFD) boundary. The City Park Channel Watershed is 4.8 square miles in size. Per
the 2006 OSP, slopes along the drainageway range from 0.5% to 3%. The low point of the project area is 5324’
and the high point is 5420’.

The downstream limits of the study area begin approximately 850 feet downstream of Main Street, the study
area was extended downstream of Main Street to achieve tie-in to effective data. From the downstream limits
moving upstream, City Park Channel travels through open channel greenbelt within the City and County of
Broomfield. The City Park Channel crosses Emerald Street where its confluence with the South Tributary is located
adjacent to Emerald Park. Upstream of the confluence the channel continues upstream through South Midway
Park and crosses Midway Boulevard and travels upstream through North Midway Park and crosses Highway 287
(Wadsworth Boulevard) and crosses West 6" Avenue and runs adjacent to the West 6" Avenue past Compton
Street until it reaches the upstream project limit.

A Hydrologic assessment is not included in this FHAD as the land use within the watershed has experienced little
change since the 2006 OSP. The City Park Channel is mostly developed, approximately 83% of the City Park
Channel Watershed developed into Residential (Large Lot or Single Family), Multi-unit Residential, Schools,
Transit, Industrial or Commercial in the existing conditions and approximately 87% in the estimated future
conditions per the 2006 OSP.

The predominant soil type in the watershed is Nunn Clay loam, 1 to 3 percent slopes NuB and Nunn Clay loam, 3
to 5 percent slopes; both soil types are of Hydrologic Soil group C as defined by the NRCS soil survey Boulder
County Area (CO643). Group C soils are defined? “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 C soil type was used in the
2006 OSP hydrologic analysis. The Soils Map and associated information is in Appendix B.

1 United States Department of Agriculture (USDA), Natural Resources Conservation Service (NRCS)

2.2 Land Use

Land use information was obtained from the 2006 OSP Study. When existing and future impervious values were
compared, little change with land use and percent developed imperviousness was identified as the basin is mostly
developed. The study area can be categorized as outlined in Table 2 which categorized the land use and the
associated ranges in uniform impervious area. The City Park Channel is estimated to have approximately 79% to
83% of the total watershed having a uniform imperviousness of 40% or greater. The land use is summarized in
Table 2 and shown on the Existing Imperviousness and Future Imperviousness Maps prepared for the 2006 OSP

are included in Appendix B. The approximate percent of total watershed area was measured and summarized by
Loewen Engineering, Inc in Table 2.

Table 2: Land Cover Summary of City Park Basin

Uniform Percent Approximate Percent of Approximate Percent
. . . of Total Watershed
Land Use Category Imperviousness Total Watershed Existing Future Conditions
2 P iti 2 P
(2006 OSP) Conditions (2006 OSP) (2006 OSP)
2% 7% 5%
Open Space Park and Land
7% 10% 8%
Large Lot residential 10% 4% 4%
40% 30% 29%
Single Family Residential 42% 4% 4%
45% 0% 0%
Multi-unit Residential and 50% 3% 3%
School 70% 12% 12%
Transit/Industrial 80% 19% 22%
Commercial 90% 10% 12%
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2.3 Reach Description

The study reaches of the City Park Channel are outlined below and shown on the Project Area Map (Figure 7).
The reach designations listed below are based on changes in channel type or surrounding land use. These reach
designations differ from the reaches in the hydraulic model as the hydraulic model only contains three reaches,
City Park Channel downstream of the South Tributary confluence, City Park Channel upstream of the South
Tributary confluence, and City Park Channel South Tributary.

2.3.1 City Park Channel Reach 1

Reach 1 begins 850-feet downstream of Main Street and ends at Midway Boulevard, approximately 4,000-feet
in total length. This reach includes the crossings at Main Street and Emerald Street as well as two pedestrian
bridges, one between Main Street and Emerald Street and the other between Emerald Street and Midway
Boulevard. Reach 1 is characterized by a confined floodplain through a developed residential area with a
constructed channel consisting of various armoring such as grouted boulder drop structures and grouted
boulder channel edging (Figure 2). An undersized culvert at Emerald Street creates inundation of the adjacent
Agate Way residential street which poses flood risk to existing residential structures.

e
TR
0 n it I.'

Figure 2: CPC Reach 1 Channel Cross Section Photo

2.3.2 City Park Channel Reach 2

Reach 2 begins at Midway Boulevard and ends at Highway 287, approximately 2,600-feet in total length. This
reach includes numerous low flow pedestrian crossings and a park driveway culvert directly downstream of
Highway 287. Reach 2 is characterized by a linear bluegrass park with constructed concrete low flow channel
with several low flow grade control structures (Figure 3). The culvert at Highway 287 is sufficiently undersized
and poses flood risk to adjacent properties due to the nature of overtopping flows.

Figure 3: CPC Reach 2 Channel Cross Section Photo
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2.3.3 City Park Channel Reach 3

Reach 3 begins at Highway 287 and ends at the upstream extent of the floodplain, approximately 3,000-feet in
total length. The reach includes several culvert crossings at existing roads and driveways. Reach 3 is
characterized as a fully developed area with a mix of residential, commercial, and industrial. The channel is well
defined with a concrete lined channel before reaching a concrete batch plant and undefined channel on private
property at the most upstream limit (Figure 4).

Figure 4: CPC Reach 3 Cross Section Photo

2.3.4 City Park Channel South Tributary

City Park Channel South Tributary begins at the confluence with the City Park Channel and ends at the upstream
extent of the floodplain at the intersection of 120" Avenue and Nickel Street, approximately 4,000-feet in total
length. The downstream section of the reach is an undefined flow through Emerald Park. Upstream of the park
the flow path is defined by West 3™ Avenue through a residential area (Figure 5). Upstream of the residential
area the flow path transitions to Nickel Street. There is no defined drainage channel within this reach. The lack
of a defined channel and overall stormwater infrastructure poses flood risk to adjacent properties.

Figure 5: City Park South Tributary Cross Section Photo
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2.3.4.1 Flow Splits A Summary of all the major crossing’s location, reach and type/size in the project area are in Table 3.

Table 3: Major Crossing Structure Inventory Table

The South Tributary has a flow split located just downstream of Nickel Street and 3™ Avenue via storm sewer

discharging 100 cfs to the City Park Channel at the pond near South Midway Park. The flow split is defined by
an area inlet (Figure 6) in the commercial shopping center parking lot connected with 48-inch RCP capable of
passing 100 cfs based on the ground slope above the pipe. See hydrology and hydraulic sections in this report
for location of flow subtraction from the South Tributary reach.

Major Crossing Structure Inventory Table

Flooding Source

Street/Location

Type/Size

City Park Channel

Main Street (Crossing #19)

Culvert - (2) 21'x4' RCBCs

City Park Channel

Pedestrian Bridge 600-ft upstream
of Main Street (Crossing #18)

Bridge

City Park Channel

Emerald Street (Crossing #17)

Culvert - 13'x4.3' RCBC

City Park Channel

Pedestrian Bridge 650-ft upstream
of Emerald Street (Crossing #16)

Bridge

City Park Channel

Midway Boulevard (Crossing #14)

Culvert - (2) 4.96'x3.71"
HERCP, (1) 36" CMP

City Park Channel

Park Access Drive (Crossing #20)

Culvert - 4.5' RCP

City Park Channel

Highway 287 (Crossing #7)

Culvert - 4'x3' RCBC

City Park Channel

W. 6th Ave (Crossing #6)

Culvert - (2) 10'x2.5' RCBC

City Park Channel

Burbank Street (Crossing #5)

Culvert - (2) 10'x2.5' RCBC

City Park Channel

Business Access Drive (Crossing #4)

Culvert - (2) 8'x2.75' RCBC

City Park Channel

Business Access Drive (Crossing #3)

Culvert - (2) 8'x2.75' RCBC

2.4 Flood History

Historic information regarding major flooding events along the City Park Channel was not identified through
research and discussion with City and County of Broomfield staff. It was noted that Spader Way overtops
frequently in minor 2-5-year storm events, which is located near the downstream limits of this study. Some
minor improvements done by City and County of Broomfield to the inlets in this area have improved these
conditions.

Figure 6: Grate Inlet in South Tributary Shopping Center

Other improvements have been made downstream and outside of the study limits at Lowell Boulevard crossing
to improve drainage during flooding events.
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2.5 Environmental Assessment

The wetland areas were identified and mapped as part of the 2006 OSP prepared by Kiowa Engineering
Corporation. The inventory of wetlands within this study area identified wetlands just upstream and
downstream of US-287, and along the channel downstream of Midway Boulevard and upstream of Emerald
Park. The Wetland Inventory Maps for the City Park Basin are included in the 2006 OSP.
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3. HYDROLOGIC ANALYSIS

3.1 Overview

An update to the hydrology was not included as part of this Flood Hazard Area Delineation (FHAD). This section
summarizes the hydrologic analysis from previous studies implemented into this FHAD. Excerpts from previous
studies have been included in Appendix B to provide further detail. In summary, a hydrologic analysis was
performed in 2006 as part of the 2006 Outfall Systems Planning (2006 OSP) study performed by Kiowa
Engineering. The hydrology was updated as part of Letter of Map Revision (LOMR 15-08-0180P) prepared by
RESPEC Engineering Consultants which resulted in an updated hydrologic model for the entire basin using the
2006 OSP as a basis for the update. For the 2015 LOMR update to the hydrology EPA SWMM was used to develop
runoff hydrographs. Per the 2006 OSP/2015 LOMR, SWMM channel routing was done utilizing the individual
sub-watersheds and the drainage system was modeled using a series of channels and direct flow elements. The
updated hydrology performed by RESPEC was done using a converted version of the 1999 Urban Drainage
Stormwater Management Model (UDSWMM).

3.3 Design Rainfall

The design rainfall for this study area is from the 2015 LOMR which was specified by Chapter 2 of the USDCM.
The rainfall distributions for the 500-, 100-, 50-, 10-, 5-, and 2-year storm events as show in Table 4. The Storm
Hyetograph is included in Appendix B. No area adjustment factors were applied because the watershed was less
than 5 square miles in size.

Table 4: Design Rainfall Summary (From 2006 OSP)

Event 2-Hour Point Rainfall (in)
2-year 1.12
5-year 1.62
10-year 1.94
50-year 2.77
100-year 3.13
500-year 3.39

3.2 Previous Studies

A Flood Hazard Area Delineation (FHAD) study for the City Park Channel and Nissen Reservoir Channel
Watershed was prepared by Wright-Mclaughlin Engineers on behalf of the Mile High Flood District, MHFD

(formerly Urban Drainage and Flood Control District, UDFCD) in June 1979 (1979 FHAD). An Outfall Systems
Planning (OSP) Study was completed in 1985 prepared by Greenhorne & O’Mara on behalf of MHFD which
references the 1979 FHAD study. A second OSP was completed in 1999 which updated an error in the 1979
hydrology resulting in flows to increase in the City Park Channel and 3207 Watershed (also known as the Nissen
Reservoir Drainageway) based on a portion of the watershed not being linked to the downstream receiving
waters. An Outfall Systems Planning (OSP) Study performed for the City Park and 3207 (Nissen Reservoir)
Drainageways for the City and County of Broomfield, and City of Westminster on behalf of MHFD in 2006 by
Kiowa Engineering Corporation (2006 OSP) which analyzed and updated the existing hydrology from the 1979
FHAD. Two Letter of Map Revisions (LOMR) were prepared since the OSP was issued. LOMR 15-08-0180P was
performed by RESPEC Engineering Consultants in 2015 (2015 LOMR) which updated the hydrology from the
2006 OSP. The most recent LOMR was prepared by JVA Consultants for the Emerald Elementary Project (LOMR
18-08-0246P) effective March 2019 which resulted in no changes to the watershed hydrology.

3.4 Sub-watershed Characteristics

3.4.1 Sub-watershed Delineation

A total of 36 sub-watersheds were delineated in the entire City Park Channel watershed as part of the 2006 OSP
of which 15 sub-watersheds drain to the study area included in this FHAD. Per the 2006 OSP watersheds were
compiled from the UDSWMM model for the 1985 outfall systems plan. Watershed boundaries were verified by
project mapping and field confirmation. Minor changes were made to the sub-watersheds from the previous
studies to show existing drainage and peak flows more accurately at key design points. Sub watersheds ranged
from 5.6 acres to 125.3 acres in size with an average size of 48.9 acres.

3.4.2 Watershed Imperviousness

Watershed imperviousness was determined by the 2006 City Park Drainage Planning Study, which conducted a
land cover study for current and future developments. The future development map was used in the creation
of the impervious conditions. The basin’s impervious characteristics are summarized in Table 2.

3.5 Hydrograph Routing

Hydrograph routing was performed using EPA SWMM software for the 2015 LOMR. The drainage system
comprised of channel elements and direct flow elements were modeled in the software. Channel input
parameters includes length, slope, cross-sectional geometry, and roughness coefficient. Channel elements were
modeled using data from topographic project mapping of the study area and storm sewer pipes size and location
were compiled from utility maps at the time of the 2006 OSP along with some field inspections. The channel
geometry elements were modified by the 2015 LOMR to correct errors that occurred from conversion from the
previous UDSWMM model. Routing was also modified in the 2015 LOMR to remove flow splits in the routing to
be modeled in hydraulic analysis outside the study limits of this FHAD. As discussed previously, hydrograph
routing was not modified for our study but based on the results of the hydrology contained in the 2015 LOMR.

Detention Facilities
Three detention facilities are in the study area of the City Park Drainageway; these detention facilities were
modeled in the 2015 LOMR and are summarized from the previous study in Table 5.
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Table 5: Summary of Detention Facilities in Project Area (2006 OSP) Table 6: Peak Flow Summary
Detention Facility Location 100- 100-year Flow - | 100-year Flow - Reach HEC-RAS Location SWMM | 10- 50- 100- 500-
No. year IN (cfs) Out (cfs) River Design | year year year year
Volume Station Point (cfs) (cfs) (cfs) (cfs)
(Ac-ft) City Park Channel 97+54 Upstream Limit 250 101 184 213 292
No. 301 (Public) City Park Channel and Hwy-287 37 1196 1112 C?ty Park Channel 91+18 Concre'Fe Plant Access 103 169 296 353 480
City Park Channel 84+74 Approximately 137 feet 202 228 396 470 632
No. 304 (Public) 120" Avenue and Hwy 287 53 361 315 upstream of Business
Access (Survey Crossing #4)
No. 308 (Private) US-36 and Hwy-287 7.6 252 42 City Park Channel 80+77 | Approximately 71 feet 102 302 525 623 839
downstream of Burbank
Street
City Park Channel 76+65 Approximately 483 feet 201 389 677 804 1081
3.7 Results of Analysis downstream of Burbank
Street
Hydrologic analysis was performed in previous studies to estimate the 10-, 50-, 100- and 500-year peak flows City Park Channel 68+09 | Upstream of Highway 287 101 587 1019 | 1219 | 1640
for this watershed. The resulting peak flows from the hydrology study (2015 LOMR) was used in our hydraulic City Park Channel 55+34 | Approximately 1202 feet 208 607 | 1068 | 1253 | 1872
analysis. As discussed previously, this FHAD did not re-evaluate or update the hydrology. Since the basin is downstream of Highway-
mostly developed, existing conditions and future conditions are considered the same. More detailed hydrologic 287
analysis from the previous study (2015 LOMR) is in Appendix B. City Park Channel 37+42 Midway Pond 210 620 1047 1263 | 1594
City Park Channel 34+31 Approximately 657 feet 216 791 1357 1637 | 2131
Downstream of Midway
City Park Channel 27+80 South Tributary Confluence 117 897 1692 2170 | 3022
Downstream
City Park Channel 25+70 Upstream of Emerald Street 217 951 1788 2292 | 3197
Downstream Crossing
City Park Channel 16+50 Crossing No. 18 218 995 1891 2426 | 3391
Downstream
City Park Channel 00+09 Downstream Limit of 266 990 1888 2413 | 3364
Downstream Project Area
South Tributary 40477 Upstream Limit of Reach 108 119 305 416 661
South Tributary 37+80 Approx. 160 feet N. of 1* 207 187 372 508 805
Ave.
South Tributary 28+51 4t Ave, 261 84* 270* 400* | 688*
South Tributary 20+99 Kohl St. 264 179 414 547 914
* Reduction of flow from upstream area is a result of an area inlet and 48-inch storm sewer in the left-over bank
of cross section 37+80 reducing the flows in the South Tributary flooding source. These flows are conveyed to
the City Park Channel and discharged near cross section 37+42.The flow split is represented by SWMM node
262 with a total flow of 100 cfs leaving the South Tributary Channel and entering City Park Channel at SWMM
node 210 via SWMM node 110.
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4. HYDRAULIC ANALYSIS

4.1 Overview

The existing drainage facilities within the project study area consist of primarily improved urban drainage
channels consisting of rock armoring, concrete lined sections, drop structures, culverts, and pedestrian
crossings. In addition, there is a short reach from Midway Boulevard to Emerald Street that consists of more
natural channel features, albeit with maintained park grounds in the floodplain areas. Hydrology for the
hydraulic analysis was based on the 2015 LOMR as defined in the previous section of this report.

4.2 Evaluating Existing Conditions

The hydraulic analysis of the City Park Channel consisted of a HEC-RAS model using supplied 2017 Broomfield
aerial topography data including shapefile contours used to delineate the 100-year floodplain. The aerial
topography was supplemented with ground survey as discussed previously. Flood Frequencies of 10-, 50-, 100-
and 500-year were modeled, and all existing obstructions were included. The model includes the main City Park
Channel from approximately 850-feet downstream of Main Street to the upstream extent upstream of Compton
Street as well as the extents of the South Tributary floodplain that extends from the confluence with City Park
Channel to West 120" Avenue.

4.2.1 Evaluating Existing Capacities
The capacity of existing crossings with a minimum opening of at least 30-inches were evaluated and tabulated
as shown in Table 3. All crossings in the study area have less than 100-year capacity.

4.2.2 Development of HEC-RAS Model
The development of the HEC-RAS model (Version 5.0.7) followed MHFD’s FHAD Guidelines. Cross section
locations throughout the project reach were determined based on existing hydraulic control features and
oriented to result in near level water surface configurations to the extent practical.

In general, the project area is made up of well-defined channels ideal for one dimensional modeling. However,
near the upstream extent of the South Tributary, between West 1°* Avenue and Marble Street, one-dimensional
modeling indicated flood spills through an existing commercial/residential development. Therefore, a two-
dimensional model was created to determine the depth of flow through this development. The Two-
dimensional modeling resulted in a maximum flooding depth of less than 1 foot and therefore this area has been
defined as shallow flooding in the resulting delineation based on the two-dimensional model results. HEC-RAS
software was used for the two-dimensional modeling (Using the software Version 5.0.7).

4.2.3 Manning’s n-values

The previous FHAD was used as a basis for the Manning’s n-value determination for the project reach. Manning’s
n-values were updated as necessary based on field visits to the study area. Manning’s n-values are defined and
summarized in Table 7. Section 2.3 Reach Description includes typical photographs of the channel from each
reach as an example of terrain and associated Manning’s n-values used.

Table 7: Summary of Manning’s n-values used in Hydraulic Analysis

Manning's
n-value Terrain Description
0.02 Concrete Trail within Open Space
0.03 Roadway and Parking areas
Short vegetation and maintained floodplain overbank areas.
0.035 Maintained street ROW fringes.
Boulder lined channels with minimal vegetation influence
0.04 Medium vegetation and minor trees
Obstructions in floodplain overbank areas
0.045 Natural channel bottom with minimal vegetation influence
0.05 Mixed use areas
Unmaintained floodplain area
Residential/Commercial areas
0.06 . L
Natural channel with dense vegetation influence
0.07 Playground areas

4.2.4 Floodway Analysis

The Floodway analysis was completed using 0.5-ft allowable rises on the base flood water surface elevation and
energy grade line elevation as a result of the encroachments. The previously effective information from the
1979 FHAD was based on the 1.0-ft allowable rise. The floodway limits attempted to match the general
configuration of the current effective floodway, but generally increased in width as a result of the reduced
allowable rise tolerance. The floodway model is included in the digital model.

4.2.5 Results of Analysis

The hydraulic model resulted in the base flood elevations shown in the FHAD Flood Map in Appendix E. The
elevations were mapped against the source terrain used as the basis for this study. The mapping results in a
total of 1 commercial, 15 garage/shed, 8 Industrial, 4 miscellaneous, 1 public, 3 residential, and 5 tank (concrete
plant tanks adjacent to Compton Street) insurable structures located within the delineated 100-year floodplain
along City Park Channel. The mapping results in a total of 2 commercial, 6 garage/shed, and 9 residential
insurable structures located within the delineated 100-year floodplain along City Park Channel South Tributary.

There are two areas along the City Park Channel where high ground downstream of undersized culvert crossings
results in split flows of the flood path. The locations are downstream of Highway 287 and downstream of
Emerald Street along Agate Way.

Two areas of Shallow Flooding (less than 1-ft average flood depth) have been identified in the study area along
the South Tributary. One area is located Southeast of Nickel Street and West 3™ Avenue through a mixed used
commercial/residential development and the other along Garnet Street as street flows continue north along the
street.

The existing crossings are summarized in Table 8 demonstrating the current capacity and overtopping at each
structure during the 10-,50-100-,500-year storm events.

The results can be viewed in the FHAD Floodplain and Floodway Data Tables, Flood Maps, and FHAD Flood
Profiles located in Appendices D, E, and F, respectively.
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4.3 Previous Analyses

Most of the study area has existing FEMA Zone AE floodplains and floodways and 500-year Zone X Shaded
floodplain, a small Zone A designation exists in the effective model at the downstream limits of this study near
the community park tennis courts. The floodplains delineated in the study are generally consistent with the
effective floodplains. In addition, LOMR Case No. 21-08-0472P prepared by RESPEC Company (April 3, 2022)
resulted in the Zone AE floodplain at Cross Sections 9348 through 9754 to be converted to Zone X Shaded

(shallow flooding). This update to the mapping in this area has been incorporated into the mapping as part of
this study.

4.4 Flood Hazards

The results of the hydraulic analysis show the existing structures in this floodplain do not have the capacity to
convey the major storm events, and a majority of the structures examined overtop in the 10-year event (Table
8). This presents a flood hazard throughout the entire study area.
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Table 8: Existing Facilities Summary

Survey Max Over Topping Depth (ft)
Flooding . . . Overtopping Return Interval
Street/Location Type/Size Crossing .
Source Number Elevation Conveyance
Hmbe 10-YR | 50-YR | 100-YR | 500-YR
City Park
Channel Main Street Culvert - (2) 21'x4' RCBCs 19 5339.01 < 50-YR - 0.45 1.12 1.63
City Park Pedestrian Bridge 600-ft upstream of
Channel Main Street Bridge 18 5340.72 < 10-YR 1.92 2.99 3.51 4.30
City Park
Channel Emerald Street Culvert - 13'x4.3' RCBC 17 5349.23 < 10-YR 0.91 1.90 2.23 3.57
City Park Pedestrian Bridge 650-ft upstream of
Channel Emerald Street Bridge 16 5353.59 < 50-YR - 2.17 2.44 2.88
City Park Culvert - (2) 4.96'x3.71'
Channel Midway Boulevard HERCP, (1) 36" CMP 14 5361.20 < 10-YR 0.54 0.92 1.04 1.37
City Park
Channel Park Access Drive Culvert - 4.5' RCP 20 5389.95 < 10-YR 1.38 1.72 1.82 2.01
City Park
Channel Highway 287 Culvert - 4'x3' RCBC 7 5393.01 < 10-YR 1.55 1.92 2.06 2.32
City Park
Channel W. 6th Ave Culvert - (2) 10'x2.5' RCBC 6 5395.12 < 10-YR 0.63 1.41 1.69 2.24
City Park
Channel Burbank Street Culvert - (2) 10'x2.5' RCBC 5 5405.00 < 50-YR - 0.71 0.99 1.45
City Park
Channel Business Access Drive Culvert - (2) 8'x2.75' RCBC 4 5405.37 < 50-YR - 1.55 1.83 2.31
City Park
Channel Business Access Drive Culvert - (2) 8'x2.75' RCBC 3 5410.16 < 100-YR - - 0.59 1.04
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LOEWEN

2019 City Park Drainageway Upstream of Main Street FHAD " Cog ouat®
Scoping Meeting

March 4, 2019 3:30 PM
UDFCD - Cherry Creek Conference Room

MINUTES

Attendees:

Brooke Seymour — Urban Drainage and Flood Control District
Rebecca Baker — City and County of Broomfield
Daniel Loewen — Loewen Engineering, Inc.

1) Study Extents

a)

b)

Downstream Limits — The FHAD model should include the culvert at Main Street. The
model should tie into Effective information downstream of Main Street

Upstream Limits — The upstream study limits will be similar to the upstream extents of
the current effective floodplain. The FHAD will look at defining the upstream area as
shallow flooding (Zone X). There’s a recently constructed building east of Hoyt Street
and another being proposed in this area that is currently obtaining floodplain permits.

South Tributary — The South Tributary is not included in the scope of this FHAD. A
recent model for the elementary school near the confluence of the South Tributary and
City Park Drainageway will become effective on March 15, 2019. The LOMR had
significant revisions to the floodplain in this area.

Flows — No hydrology is included in the scope of this FHAD. The LOMR Case #15-08-
0180P should be referenced for flow information. The LOMR hydrology did not include
25-year event flows. The 25-year event will not be included in the FHAD. The case file
will be provided by UDFCD.

Survey

a)
b)

c)
d)

Cost - $5,400 The survey will be completed by Wilson.

Broomfield will provide 2017 Aerial LiDar (.las file). The aerial topography will be
compared to the limited ground survey to determine if interpolation is needed to
determine low flow and/or thalweg elevation for heavily vegetated areas.

Schedule — 2-3 weeks pending weather

Survey for Highway 287 and Midway Boulevard will be provided by other projects. These
surveys will be included in the technical appendix of the FHAD. Brooke will request for
Wilson survey the pipe inverts at Midway as there is a small discrepancy in invert
elevations from the recent survey when compared to a recent LOMR.

General

a)

Floodway Model

i) The FHAD schedule indicates that floodway modeling should not be done until after
the floodplain mapping is approved. However, since the floodway run can sometimes
result in mapping changes to the floodplain, a basic floodway run will be included in
the final floodplain model submittal to help the process.

15662 East Dorado Place, Centennial, CO 80015
p 720.667.2063
www.loeweneng.com



ii) A floodway with flood fringe will be defined in any location where encroachments can
be allowed. It appears that the current effective information uses 1.0-feet
encroachment depths whereas the FHAD will update the floodways to 0.5-feet
encroachment depths.

b) Apartments Upstream of Highway 287

i) The apartment complex on the left bank has recently obtained two LOMA’s for the
structures directly adjacent to the City Park Drainageway. The complex is currently
working to update the plat to show the floodplain area in a separate tract from the
structures to assist with lending. The FHAD should remain aware of the situation with
the property and note any apparent impacts of the new modeling.

c) Public Meeting

i) No public meeting is planned at this time. If the FHAD results in private property
impacts, a public meeting will be reconsidered.

4) Project Schedule
a) LEI will verify that the lump sum fee of $34,600 is sufficient. — 1 Week

b) Initial floodplain model submittal 4 weeks after survey information is received —
Approximately April 22, 2019.

- END OF MEETING--

To the best of my knowledge, these minutes are a factual account of the business conducted, the
discussions that took place, and the decisions that were reached at the subject meeting. Please
direct any exceptions to these minutes in writing to the undersigned within ten (10) days of the
issue date appearing herein.

[ J
Minutes prepared by: = - P Date: _ 3/5/19
Daniel Loewen, P.E.
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City Park Channel and South Tributary FHAD

Model Comment Review Meeting

October 2, 2019
9:30 am — Mile High Flood District

MINUTES

Attendees:

1.

Brooke Seymour — MHFD
Brik Zivkovich — MHFD
Rebecca Baker — CCOB

Daniel Loewen — Loewen Engineering, Inc.

General Topics
a. City Park

i. Upstream at concrete batch plant

1.

The existing access drives for the concrete plant are acting as inline
berms, therefore, the centerline should be moved into the adjacent
roadway until the eastern edge of the concrete plant. The existing
concrete channel for the driveway culverts will be modeled as an
IEFA. In addition, the correct flowline is through the westernmost
concrete plant building due to the existing opening in the building,
however, Loewen will need to contact the property owner to gain
access to perform physical measurements of the building opening
for the model. A note will be included in the model regarding the
building opening for FEMA'’s reference.

The upstream most cross section extends beyond the current
effective floodplain; therefore, the cross section will be removed to

match the previous effective floodplain extents.

ii. Downstream at Main Street uncontained ROB

1.

Cross section 529 should be extended to the south to Community
Park Road to contain the floodplain. No lateral weir is necessary to

estimate the flooding extents. The cross section downstream of 529
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will have the ROB’s re-oriented through the existing tennis courts
and an additional cross section will be added downstream to
improve the tie in location. Rebecca mentioned that Broomfield has
a large City Center Development project ongoing in that location
and the project is aware of the floodplain impacts.
b. South Tributary

i. Downstream at Emerald Elementary — Broomfield and Boulder Valley School
District recently completed a school expansion (with LOMR) and are currently
working on improving the baseball field to the north of the school (no-rise).
Loewen completed the no-rise and JVA completed the LOMR. The FHAD
topography is utilizing the existing ground survey completed north of the school
and incorporating the as-built information from the school expansion to the
west of the school. The as-built information must be sealed to be included in
the FHAD (Loewen will confirm). Notes will be added in the modeled cross

sections where topography information differs from the aerial topography.

ii. Upstream at Nickel Street

1. Broomfield currently has a roadway improvement project from Hwy
287 and Nickel St. to Nickel St. and 3™ Ave. The project involves
median removal, resurfacing, and added sidewalks with a no-rise
certification completed by Otak. In general, it was agreed that the
improvements will have little impact on the floodplain model results

in the area and can be ignored for the purposes of the FHAD.
2. Flow Split at Nickel Street — Based on the effective hydrology
information, there’s a substantial flow split (~100 cfs) at 3" Ave and
Nickel St. The flow split appears to account for a pipe that conveys
flows from the intersection to the pond downstream of Midway Blvd
on the City Park Channel. Loewen will complete a site investigation
to determine the feasibility of accounting for the pipe’s conveyance
in the modeled hydrology. In addition, additional cross sections
need to be added to the intersection of 3™ Ave and Nickel St. to
determine if a flow spill to the north along Nickel St. needs to be
approximated with the model. Loewen will calculate the flow spilt
using normal depth approximations. Once the spill, if any, is

determined, Loewen will share information with MHFD and
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Broomfield to determine the most appropriate way to address the
spill. The quantity of flow spill will impact the approach as there may
be the need to address the spill using a 2D flow area in the left
overbank.
ii. Additional Survey — No additional survey will be obtained at this time, see
below discussions for each of the areas in question.

1. Adjacent to Emerald Elementary — As-built information from the
LOMR will be used in the area if it's sealed.

2. At 39 Ave and Nickel Street — Additional survey is likely not
necessary, however further field investigation and modeling will be
completed to determine if additional survey is necessary.

3. Review Comment — Missing Survey Data XS 8769-8653 — The
profile between these cross sections is not representative of the
actual field condition. No additional survey is necessary, and the
flow line profile will be estimated based on bounding survey that
has already been completed.

4. Agate Way - Preliminary model results are indicating that
numerous homes may be added to the floodplain along Agate Way.
If flooding is still represented in this area after the model is updated,
Broomfield may opt to obtain finished floor elevations of the homes
to determine if the homes are actually higher in elevation than the
aerial topography suggests. Rebecca also noted that one home in
the area has a LOMA (05-08-0255A dated 3/2/05).

2. Review Comments
a. Flows — Attachment B
i. 500-year flows obtain from RESPEC LOMR 15-08-018P SWMM File
ii. City Park - RS 3889, 3610 — The flow reduction in the SWMM model in this
area will be omitted from the model, so that there are no negative slopes in the
flow profile. Furthermore, the cross sections will be re-oriented in the LOB to
prevent overestimation of storage in the model.
b. South Tributary
i. Hemlock Street Spills and Shallow Flooding — 100-yr flows overtop high point
in road by approx. 0.13-ft — Final spills in the model will be quantified (not
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optimized) and the area beyond the spill will likely be mapped as Zone X
shaded depending the final model results.

ii. Alignment and floodplain mapping on 3 Avenue downstream of Nickel St. —
The alignment in the current model appears correct, but it should be noted that
the floodplain mapping should encompass all of 3@ Ave.

3. Other
a. Expansion and contraction coefficients should be reviewed in detail. In general,

1:1 contraction and 1:2 expansion ratios should be used.

b. IfIEFA’s are being adjusted to prevent crossing profiles, notes should be added in
the cross section.
c. The field investigation required by Loewen for the concrete plant and South

Tributary flow split are out of scope items. Loewen will continue working off the

existing budget and an amendment to the contract will be added in 2020.

- END OF MEETING--

To the best of my knowledge, these minutes are a factual account of the business conducted, the
discussions that took place, and the decisions that were reached at the subject meeting. Please
direct any exceptions to these minutes in writing to the undersigned within ten (10) days of the
issue date appearing herein.

Minutes prepared by: oy Y ~ Date: _ 10/8/19
Daniel Loewen, P.E.
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Froyiramering Ire

City Park Channel and South Tributary FHAD

Model Comment Review Meeting

April 9, 2020
11:00 am — Remote

MINUTES

Attendees:

Brooke Seymour — MHFD
Hung-Teng Ho — MHFD
Rebecca Baker — CCOB

Daniel Loewen — Loewen Engineering, Inc.

Elysa Loewen — Loewen Engineering, Inc.

1. Review Comments

a. City Park Channel

i. Upstream at concrete batch plant

3.

Loewen will include documentation, such as a photo of the drive
access into the concrete plant to justify the alignment of the model,
building obstructions, and IEFAs. Photos were taken during field
investigation to show that the plant has implemented the water
quality structure and storage materials near the channel entrance
supporting the alignment of the channel around the culverts and
into the adjacent road near the drive entrance. We will need to
incorporate these water quality areas and culverts during the
mapping phase.

Cross Section 9333 will be adjusted to better define the control
location within the concrete plant.

Adjustment to the centerline will be implemented to the model

between stations 8758 and 9060 to capture low point.

7388 S Revere Pkwy, Ste 601, Centennial, CO 80112
p 720.667.2063
www.loeweneng.com



i. Hwy 287 to Midway Blvd.

1. Cross sections and culvert high chord information will be adjusted
to ensure the overtopping of Hwy 287 is being calculated correctly.
We will use the test run model provided by Hung-Teng and
coordinate preliminary results with Hung-Teng. The submitted
model cannot balance the flow distribution at the park driveway
culvert that numerically calculated more flows through the structure
(culvert flow plus weir flow) than the inflow. It appears that making
the downstream I|EFAs permanent, eliminates the incorrect
condition.

We will include the cross sections at the drop structure locations.
We discussed the modeling of the new culvert at the park driveway,
as-built information is not available for the culvert at this time.
However, it doesn’'t appear to have been any deviation from the
design during construction. The model needs to be updated to
reflect the newly constructed culvert.

4. (Additional Survey) High chord data for the bridge will be taken as
the median elevation as it is the highpoint. Additional survey for the
median elevation and extent will be obtained; Loewen will reach out
to surveyor to provide quote.

5. (Additional Survey) The current floodplain delineation in the model
suggests some buildings in the apartment complex at the southeast
corner of the intersection are within the new floodplain. Additional
minimum adjacent grade elevations will be obtained at the
apartment complex. Loewen will provide quote to CCOB to perform

the work.

ii. Downstream Midway to Emerald Street

1. Adjustments to the cross sections at Midway Street suggested in
the review will be incorporated into the next submittal.
2. Loewen will provide documentation at the Midway culverts based

on the recent work performed by CCOB to spray line the culverts.
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Loewen performed the no-rise analysis at this location in 2019 and
will include assumptions and details that have been incorporated
into the design.

3. Loewen acknowledges the major overland flow path on the LOB at
the midway culvert and this area will be mapped similar to the

current effective model.

b. South Tributary

i. Downstream at Emerald Elementary Park

1. We discussed the realignment of the channel through the park per
review comments which will allow us to include additional cross
sections in the park and shorten cross sections at the City Park
Channel.

2. As-built information for the recent school expansion was
incorporated into the model. There is not a current as-built surface
for the new school, however as-built contours are available in a PDF
by JVA. In addition, topographic survey was recently obtained for
the Emerald Elementary Park project, in which Loewen is doing the
no-rise analysis. This recent topography includes the entire park
area to the north of the school. Therefore, the FHAD topography
will only use JVA'’s pdf as-built contours to define the geometry near
the dumpster storage location directly west of Emerald Elementary.
All modifications to the aerial topography based on as-built grades
will be noted in the model.

3. Cross sections will be adjusted to terminate earlier along the left
bank upstream of Emerald Elementary School, Zone X will be

mapped in areas of shallow flooding such as Hemlock street.

ii. Upstream Nickel Street

1. We discussed the Nickel Street project, Loewen will reach out to Ed

Thompson, the Broomfield CIP manager for the project to discuss
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the status of the no-rise certification. Ideally, we would like the
project to confirm a no-rise to reduce further complication of the
topography in this area since changes to the roadway width and
depth are minimal. If the project is unable to confirm the no-rise,
additional information may need to be obtained and included in the
model to reflect the changes.

2. We discussed the cross sections in the area of the intersection of
39 Avenue and Nickel Street, and the team is hopeful that with the
adjustments of the cross sections terminated sooner at higher
grades along the right overbank, that a shallow flooding/500-yr
Zone X floodplain will be mapped during delineation. Multiple
iterations and adjustments may be necessary in this area to achieve
the desired model results. Loewen will coordinate with Hung-Teng
during the revised modeling at this location.

3. We discussed the alignment of the south tributary not being ideal in
between cross section 3185 and 2786 due to the low grade through
the parking lot north of the channel and location of the inlet in 3
Avenue. The alignment will remain as is in the model, however the

floodplain will need to be mapped to include 3™ Avenue.

c. Steady Flow Data

1. Loewen will provide documentation for the flow change at cross
section 3060 in the model. The flow change location differs from the
hydrology model as field investigation determined that 48-inch
diameter RCP is just upstream of hydraulic cross section 3060.

2. Loewen will review the 50- and 500-year decrease in flow on the

City Park Channel between cross sections 3749 and 5541.

d. Structure Comments (Model Profile)

1. Loewen will incorporate the comments discussed previously for the

culvert elevations and high cord data.

Loewen Engineering, Inc. Page 4 of 5
https://loewenengcom.sharepoint.com/sites/19-004-CityParkChannelFHAD/Shared Documents/Meetings/20200409/20200409-Minutes.docx



2. Channel invert elevations between Midway and Wadsworth will be

adjusted per the survey and culvert data.

2. Other Discussions
1. Loewen will reach out to Hung-Teng to discuss iterations as we
revise the model.
2. Loewen will submit another model review prior to beginning
delineations. Turnaround for next revision is to be in the next 3-4
weeks.
3. A public meeting will be held to discuss the floodplain results. The

meeting will occur after the mapping phase is complete.

- END OF MEETING--

To the best of my knowledge, these minutes are a factual account of the business conducted, the
discussions that took place, and the decisions that were reached at the subject meeting. Please
direct any exceptions to these minutes in writing to the undersigned within ten (10) days of the
issue date appearing herein.

{
Minutes prepared by: | A, Date: _ 04/13/20
Daniel Loewen, P.E. 04/29/20 rev
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LOEWEN

Froimrirg Ir

City Park Channel and South Tributary FHAD

South Tributary Modeling Approach
August 31, 2020

10:00 am — Remote

MINUTES

Attendees:

Brooke Seymour — MHFD
Hung-Teng Ho — MHFD
Rebecca Baker — CCOB

Daniel Loewen — Loewen Engineering, Inc.

1. City Park Channel South Tributary

a. Upstream Split Flow

There appears to be a split flow path through commercial and multi-family
residential properties on the right bank downstream of W 1st Avenue. The
existing structures and development make this a complicated area to
understand the flow paths and flow quantities, therefore it was determined that
a 2D model should be created and used to inform the 1D modeling from the
intersection of Nickle Street and W 15t Avenue to the intersection of W 3
Avenue and Marble Street. Once the split flow quantity is defined from the 2D
analysis, a determination will be made whether the area can be mapped as
shallow flooding or if a split flow analysis will be required. In either case, the
flow will be optimized (split flow quantity removed from the South Tributary flow
quantity). Although this split flow is not the intended or desired flow path for the
flooding, future improvements to alleviate the flooding would likely involve a
large scale box culvert that would require a CLOMR/LOMR, so it was
determined to be acceptable to remove the split flow from the main flow in this

situation.
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b. Confluence with City Park Channel

i. The improvements to the Emerald Elementary field are nearly complete.
Loewen will be obtaining as-built information near the end of September.
Loewen has been providing grade checks as the project progresses and the
as-built grades should be close to the design grades based on the checks to
date.

ii. Loewen will incorporate the proposed grading design for the Emerald
Elementary field into the City Park Channel geometry.

iii. Loewen will update the stream centerline to better follow the proposed
contours.
iv. Cross sections through the field will be updated per the recommended layout.

v. As the cross sections on the South Tributary approach the City Park Channel,
it may be difficult to fully contain the flow without dramatically bending the cross
sections back to higher ground. Uncontained 500-year cross section may be

okay in this area.

- END OF MEETING--

To the best of my knowledge, these minutes are a factual account of the business conducted, the
discussions that took place, and the decisions that were reached at the subject meeting. Please
direct any exceptions to these minutes in writing to the undersigned within ten (10) days of the
issue date appearing herein.

;4
Minutes prepared by: < B Date: _ 08/31/20

Daniél Loewen, P.E.
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LOEWEN

Froyiramering Ire

City Park Channel FHAD

Floodway Meeting

June 9, 2021
10:00 am — Virtual Meeting

MINUTES

Attendees:

Brooke Seymour — MHFD
Hung-Teng Ho - MHFD

Daniel Loewen — Loewen Engineering, Inc.

Agate Way Flow Split

The group discussed the flow split at Agate Way being modeled as effective versus ineffective.
The previous 100-year model submittals had included this area as effective flow, however when
applying floodway encroachments, the results would include the floodway in Agate Way.
Therefore, Loewen modeled the 100-year floodplain with Agate Way represented as ineffective
flow area as in the 1979 FHAD. The change resulted in minimal increases to the BFE’s in this
area and allows the floodway to be contained in the main channel section. Therefore, the study
will move forward with Agate Way being modeled as IEFA and the floodway and floodplains
being delineated accordingly. In addition, the encroachments will be adjusted to be as close to
the existing residence fence line as possible to eliminate mapped floodway on private property.
It was also determined that the residences along Agate Way have basements. Therefore,
observation will be made to the nature of the houses to determine if the FFE represents the
lowest adjacent grade elevation or if the foundation of the structure is exposed. Daniel noted
that it appears that one structure has exposed foundation walls along the north side of the
residence and may need to be mapped in the floodplain. Loewen will make this determination

and update the floodplain accordingly.
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Draft Report
Daniel asked about the detail necessary for the hydrology portion of the report since a hydrology

update was not included in the FHAD scope. It was determined that the report section should
include a detailed summary of the previous hydrologic studies including a summary of the 2006
OSP hydrology and the updates made in the 2015 LOMR hydrology. In addition to the
summary, the report appendices will include figures and exhibits necessary to ensure the final
FHAD contains all relevant information. A copy of the hydrologic model will also be included as

part of the submittal package.

Flood profiles should still be included as part of the report submittal.

Downstream Tie In

Hung-Teng asked about the information used for the downstream tie in and noted that it did not
appear to be in the location of a lettered cross section. Daniel noted that the downstream tie in
was based on a cross section in the 2015 LOMR effective information. Daniel will confirm this in
the next submittal and verify that the downstream water surface elevation is correct. In addition,
the downstream tie in cross section will be updated to include the duplicate effective geometry
from the 2015 LOMR model and provide a graphical tie in accordingly. If a cross section does
not exist at the current downstream model extent, the downstream FHAD model extent will be

revised to tie into lettered cross section “I” from the effective/2015 LOMR model.

Other

Daniel will send a copy of the 100-year auto-delineated floodplain to Hyung-Teng to assist in the
review.
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Memorandum

To: Brooke Seymour

From: Daniel Loewen

CC: Rebecca Baker

Date: May 6, 2019

RE: City Park Drainageway FHAD

This memo is intended to summarize the modeling process and key decisions of the DRAFT Flood Hazard
Analysis Delineation (FHAD).

Project Topography

Project mapping was based on a 2017 Aerial Topography provided by Broomfield. Included within the
submittal files are the direct shapefile contours that were provided by Broomfield. These contours and
associated surface information were used to cut the cross sections and delineate the 100-year floodplain.
In addition, a dem surface is provided that is based on the raw aerial point cloud data with minimal filtering
of the points. This information was used to help determine invert elevations to maintain a consistent invert
profile. Lastly, survey information provided by UDFCD and completed by Wilson was used for the structures
and to inform some invert elevation assumptions through interpolation of cross sections. In addition,
UDFCD provided ground survey from another project directly downstream of Highway 287. The
topographic information is included in this submittal.

HEC-RAS Modeling Notes

A. Flood Frequencies

The following flood design freq