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1. Introduction
Through a cooperative effort undertaken by the City of Springfield and US Army Corp of Engineers as
part of the Jordan Creek Feasibility Study, a hydraulic and hydrologic study of Jordan Creek and a portion
of Wilsons Creek, tributaries of the James River, located within the city limits of Springfield, Missouri
was initiated in 2004. Historically, this basin has suffered numerous floods due to increased urbanization
and insufficient drainage capacity. The purpose of this study is to determine the feasibility of flood
damage reduction alternatives for the Jordan Creek watershed. This report presents a description of the
analytical approach, analyses performed, and the results obtained for a detailed hydrologic and
hydraulic study of the approximately 10.2 miles of Jordan Creek and Wilsons Creek that passes through
the City. Results of this study include water surface profiles for the 100%, 50%, 20%, 10%, 4%, 2%, 1%,
and 0.2% Annual Chance Exceedance (ACE) storm events for without-project (existing) conditions,
without-project (future) conditions, and for several respective with-project alternatives.

2. General

2.1. Scope of Work

An analysis of the watershed and stream hydrology and hydraulics was performed using the US Army
Corp of Engineers’ HEC-1 flood hydrograph modeling package in conjunction with the HEC-RAS river
analysis system. The results of this modeling effort were used to develop depth-duration-frequency
rating curves for each portion of the study stream. The system was first analyzed under current and
future development watershed conditions assuming no implementation of flood damage reduction
alternatives. These scenarios were then modified to include a number of project alternatives aimed at
reducing flood damages at different portions of the stream.

The downstream limit of federal interest is at the US Hwy 160 crossing of Wilsons Creek at RS 23800.
The downstream modeling limit is at Scenic Drive near RS 31152 on Wilsons Creek. The effects of
proposed project alternatives in the 1.4 mile reach between Scenic Drive and US Hwy 160 will be
considered. Cumulative drainage area at the downstream model limit is about 19.3 sg-mi. The analyses
extend upstream along Jordan Creek, North Branch of Jordan Creek, and South Branch of Jordan Creek.
The upstream limit of federal interest on North Branch is at about RS 11300, where the drainage area is
1.85 sg-mi. Drainage area 300 feet upstream at RS 11600 is 1.35 sq-mi. The upstream limit of federal
interest on South Branch is about 800 feet upstream of Chestnut Expressway at about RS 10950, where
the drainage area is 1.58 sq-mi.
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2.2. Watershed Descriptions

2.2.1. North Branch Jordan

The North Branch of Jordan Creek drains 3.59 sq-mi and is the smallest major sub-watershed in the
study. North Branch has moderate stream slopes (although the highest in the study) and a high degree
of urbanization. Most of the development in the watershed is evenly divided between
industrial/commercial in the upper portions of the watershed and residential in the lower portions of
the watershed. The stream travels in a pair of roadside ditches for the first 4000-ft and passes through a
regional detention basin on its way through the watershed. Just before the joining the South Branch, the
stream passes through a 1000-ft tunnel located under an industrial area. One unique characteristic of
this watershed is the railroad line that crosses through the northeast portion. The culverts under this rail
line are relatively small. The railroad embankment provides detention of runoff from the uppermost 0.5
sg-mi (14%) of the watershed, thereby reducing peak flow. The North Branch sub-watershed includes
approximately 14 additional stormwater detention basins that were specifically constructed for that
purpose.

2.2.2. South Branch Jordan

The South Branch of Jordan Creek is a moderately sloped reach. The watershed has a high degree of
urbanization divided between industrial/commercial and residential development. South Branch is the
largest major sub-watershed in the study, drainage 5.95 sg-mi. However, due to a number of sinkholes,
much of the watershed contributes very little storm runoff. The South Branch sub-watershed includes
16 constructed stormwater detention basins.

2.2.3. Lower Branch Jordan

The North and South Branches converge to form the Lower Branch of Jordan Creek, which carries runoff
form 4.21 sg-mi in addition to that contributed by the North and South Branch sub-watersheds. The
stream has a moderate slope similar to the South Branch. The watershed is highly urbanized with a high
number of industrial/commercial developments on the upstream side of the watershed and a large
percentage of residential development on the downstream end. Just downstream of the confluence of
the North and South branches, the stream enters a large tunnel which conveys stormwater nearly 3400-
ft through the Springfield downtown area. Different portions of this tunnel, which measures
approximately 30-ft wide and 10-ft tall, were constructed around the 1930s. The Lower Branch sub-
watershed includes 3 constructed detention basins.

2.2.4. Wilsons Creek

Jordan Creek and Fassnight Creek converge to form Wilsons Creek approximately 2000-ft upstream of
Scenic Avenue, with Fassnight Creek adding runoff from 5.52 sq-mi of drainage area. Due to limited
floodplain development, only a short reach of Wilsons Creek has been included in the study. Wilsons
Creek is a natural channel with a moderate slope.

2.3. Available Historical Data
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Since 1999, the City of Springfield has maintained a number of rainfall gages throughout the Jordan
Creek watershed. In the last several years, this number has increased significantly with the addition of a
new gage network. Previous to 1999, the local airport was the best source for rainfall information.
However, due to the spatial variability of intense storms in Springfield and the location of this gage, the
local airport gage may inaccurately reflect the rainfall totals over the Jordan Creek watershed. For
example: in June 2008, the airport reported a total precipitation depth of 3.88 inches while gages in the
Jordan Creek watershed reported depths of 4.5 to 5.4 inches.

In recent years, including the July 2000 flood, Doppler radar images have provided a source of rainfall
information. The results of published regional rainfall frequency analyses were used in lieu of analyses
based on local data due to the short period of record for which local data is available. Reliable local
precipitation data sufficient to accurately describe the spatial and temporal variation in significant
observed rainfall events does not exist in conjunction with reliable observed peak stream flow data, and
thus was not used for hydrologic model calibration.

The USGS has continually operated a flow gage at Scenic Avenue near the downstream limits of this
study since 1931, but annual peak flow data is available only since 1999. During the flood of July 2000,
this gage appeared to give inaccurate readings for the large flood flows. The rating curve for this gage
has since been modified, but information on the July 2000 storm is still questionable. During the 2000
storm event, a local gage was in place on the North Branch of Jordan Creek and was destroyed by flood
flows before any useful information was taken.

In addition to the USGS gage at Scenic Avenue, the pharmaceutical manufacturing plant just
downstream of Bennett Street on Jordan Creek maintains a series of stream gages. Data for this gage
was available during the flood of July 12, 2000.

Appendix HH-F summarizes the information available from the USGS gage at Scenic and the gage
downstream of Bennett Street and compares this data to the hydrologic and hydraulic models created
as part of this study. Appendix F also summarizes the estimated flood heights taken from high water
marks found throughout the watershed.

2.4. Previous Studies
Hydrology and Hydraulics Report South Branch Jordan Creek — Box Culvert from National Avenue to

Sherman Avenue; December 2004; Harrington and Cortelyou. Size an enclosed structure between

National Avenue and Sherman Avenue.

Jordan Creek — South Branch Sinkhole Assessment Project; Spring 2005; SMSU. An evaluation of Sinkhole
Flooding, Stability & Non-point Sources.

Jordan Creek — Story of an Urban Stream; Loring Bullard. An historic account of Jordan Creek.
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Flood Insurance Study, City of Springfield, Missouri, 2002 — The City revised the Federal Emergency

Management Agency (FEMA) preliminary flood insurance studies. The City developed more detailed
hydrologic and hydraulic models and used recent aerial photos, two-foot contours, and GIS technology
to produce improved mapping. The revised maps are currently issued by FEMA as “Preliminary”. The
potential effective date is unknown at this time.

Flood Insurance Study, City of Springfield, Missouri, FEMA, Preliminary by Michael Baker, Jr. Inc., June

2000 — This study revises and updates the previous Flood Insurance Study/Flood Insurance Rate Map for
Springfield, Greene, and Christian counties, Missouri. The information will be used to update existing
floodplain regulations and further promote sound land use and floodplain.

James River-Wilson Creek Study, Springfield, Missouri, U.S. Department of the Interior, June 1969. — The
purpose of this study was to assess pollution problems associated with fish kills, storm runoff, and

odorous and unsightly conditions in Wilson Creek. The project included measurements of physical and
chemical parameters, biological studies, and a groundwater study.

Flood Plain Information — Wilson Creek and Tributaries; November 1968; U.S. Army Corps of Engineers,

Little Rock District. Provides information and photographs regarding flooding.

Comprehensive Stormwater Report for Springfield Missouri; 1964; Crawford, Murphy, Tillie. Established

peak flow rates and identified capital improvement needs.

Water Resources Data — Missouri; Annual Publication; USGS. Gage data at two to three locations below

the Jordan Creek watershed.

Jordan Creek Baseline Water Quality Project — August 2004 to July 2005. Ozarks Environmental and

Water Resources Institute and Missouri State University. This report describes the baseline water quality
trends for the upper Wilson-Jordan Creek watershed.

Major Rainfall Events of 2000 — Springfield Missouri; 2000; Todd Wagner, PE., Engineering Division,
Department of Public Works, City of Springfield, Missouri. Summarizes the rainfall events and flooding
from the July 2000 rains.

Preliminary Report on Flood Damage Resulting From 7/12/2000 Rain Event; 2000; Todd Wagner, PE.
Summary of the rainfall and flood damage that occurred during the July 12, 2000 rainfall event.

City of Springfield Inter-Office Memorandum: 634 E Phelps — Commercial Metal Property; 2008; Errin
Kemper, PE. Department of Public Works, City of Springfield, Missouri., Memorandum on the reported
flood depths at 634 E Phelps and 509 N Washington.

Lessons Learned — Flooding September 23-25, 1993 — November 1993. City of Springfield Missouri.
Documents the lessons learned during the September 1993 floods.
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2.5. Historic Floods

Records available to the City of Springfield indicate that the following flood events have occurred in the
Jordan Creek watershed. Prior to the 1900’s, major floods occurred in 1844, 1859, 1866, 1868, 1871,
and 1876. The current large box culvert which carries the Jordan Creek through most of the downtown
area was constructed in 1928, primarily as a response to the 1909 flood. Many of the other large box
culverts and channels along Jordan Creek were constructed during the 1930s.

2.5.1. July 1909

The U.S. Weather Bureau recorded 6.55 inches of rainfall in 24 hours on July 7, 1909. The resulting flood
was considered to be a landmark flood in later years. Newspaper articles stated that “the water was all
over the Wilson and Jordan Creek bottoms” and that it was the “worst rain ever known in Springfield”.
Many people were rescued from the flood, but there were no human causalities. It was estimated that
over 100 horses had drowned and damages to downtown businesses topped one-half million dollars.

2.5.2. June 1932

The precipitation on June 26-27 amounted to 6.8 inches in 24 hours with 3.4 inches occurring in a 2 hour
period. Two persons drowned in streams in and near Springfield. The flood was the largest known flood
up to that time on Jordan Creek. The peak discharge at the USGS gage on Wilson Creek was estimated to
be about 3,600 cfs. It is assumed that the gage referenced in reports was located at Scenic Ave. The
following are newspaper excerpts concerning the June 1932 flood at Springfield. From the Springfield
News Leader and Press —June 27, 1932: “CITY SUFFERS HEAVILY IN FLOOD: CHIEF HAVOC ALONG THE
JORDAN. Widespread damage from last night’s sudden deluge and resulting floods were reported all
day today. Chief damage was in the Jordan Valley, where everything was flooded, including homes and
warehouses. Extensive, severe, and expensive damage to City streets was reported by the City
Engineer.... In the offices of the Kelly Coal Company the water was 26 % inches above the floor, seven
and a quarter inches higher than during the cloudburst of 1909.”

2.5.3. July 1951

Total precipitation from this storm amounted to only 3.9 inches. However, 2.13 inches fell in one hour
and 3.1 inches were recorded in a 3 hour period. The flood resulted in heavy damage along Jordan
Creek. Water was over the platform of the Frisco freight station and was waist deep at the Hoffman-Taft
plant on West Bennett Street. The following are newspaper excerpts concerning the July 1951 flood at
Springfield. From the Springfield News Leader and Press — July 4, 1951: “HOLIDAY STORM BRINGS CITY
FLASH FLOODS, HEAVY DAMAGE. Fickle weather last night and early today, sending rivers out of their
banks; dashing Springfield with record rainfall and causing thousands of dollars of property
damage....Jordan Creek ran out of its banks early in the night flooding numerous streets...leaving about a
foot of water standing in the freight yards...Most extensive damage was caused at Hoffman-Taft, Inc., a
pharmaceutical manufacturing plant...Hundreds of drums of valuable chemicals were carried away by
the flash flood.”
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2.5.4. September 1993

Severe flooding occurred several times throughout September 1993, the most severe resulting from 8.3
inches of rainfall in 30 hours on September 24-25. With soil conditions already saturated from previous
rains, the storms of September 24™ and 25" produced massive flooding throughout the Jordan Creek
watershed. The storm was categorized as a 100-yr flood and Greene County was declared a disaster
area.

2.5.5. July 2000

On July 12, 2000, the Jordan Creek watershed received 6-8 inches of rain in approximately 6 hours (the
majority of the rainfall occurring in a 2-hr timeframe), resulting in what appeared to be on the order of a
2% to 1% ACE event. The temporal distribution of this rainfall event appeared to match very closely to
the Huff’s 1* quartile distribution used for this hydrologic analysis. Floodwaters were 4 to 6 feet deep in
some places and swept through at least 124 homes and displaced more than 100 people. The following
day, city officials estimated at least $2 million in damages to public property including damages to roads
and parks. Coal deliveries to the city's power plant were also delayed because of flood damages to
railroad tracks (Springfield News-Leader, July 14, 2000). Immediately after the storm event, City crews
collected photographs of a few of the high water marks left behind. These photos have allowed the City
to compare flood heights from the 2000 storm with those produced by the hydraulic model. See
Appendix HH-E and F for more information.

2.5.6. May 2002

On May 8, 2002 the Jordan Creek watershed received 3.47 inches of rain in approximately 6 hours (the
total for the entire day was 4.72 inches). This storm was estimated at a 20% ACE event. The USGS gage
estimated a peak flow of 4360 cfs while the HEC-1 model produced for this study indicates a 5-yr 6 hour
peak flow of 4457 cfs.

2.5.7. September 2005

On September 15, 2005 the Jordan Creek watershed received 2.23 inches of rain in one hour. 3 hours
later, the watershed received another 1.86 inches over a period of 1.5 hours. The USGS gage does not
have a record of exactly when the river levels peaked compared to the rainfall event so it is difficult
estimate the frequency of storm that caused the peak. However, given the response time of the
watershed it is likely that the peak occurred during or after the second rainfall event. Since the HEC-1
model used for this study is a single-event simulation, it is difficult to make a reasonable flow
comparison but it appears that the storm was on the order of a 50% to 20% ACE event with a short (1-
2hr) duration.

2.5.8. June 2008

On June 13, 2008 the Jordan Creek watershed received 4.5 to 5.4 inches of rain over a period of about 8
hours. By 2008, the City of Springfield was operating a complex rain gage network across the city. The 4
gages located within the watershed indicated a storm with a 10% to 4% annual chance frequency. The
USGS gage at Scenic Avenue along Wilsons Creek, at the downstream limits of the project, indicated a

6



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

peak discharge of 5760 cfs. According to the hydrologic model produced as a part of this study, the
corresponding peak flow rate should be between 5530 (10% ACE) and 6995 (4% ACE). In addition, field
observations and flooding reports made during the June 13 have allowed the City to compare observed
water surface elevations with those shown in the hydraulic study. See Appendix HH-F for more details.

3. Without Project Hydrologic Modeling

3.1. Overview

This report presents the results of a hydrologic modeling effort created by the City of Springfield in
cooperation with the US Army Corp of Engineers. Each model was created using the Army Corp of
Engineers HEC-1 flood hydrograph package and simulates the rainfall-runoff process for large storm
events in the Jordan-Fassnight Creek watershed. Two separate models were created in order to simulate
runoff for current land use conditions and expected ultimate development land use conditions. The
current land use model reflects development in the watershed as of about 2003. This includes current
impervious areas and all significant storm water improvements and detention basins. The ultimate
development model is a variation of the current model with land uses projected to 2053 based on
current zoning. More information on the development of these models is found below.

3.2. Physical Watershed Parameters

Each sub basin found in the HEC-1 model is defined as “an area contributing flow to the watershed”.
Characteristics of each sub basin were input into the model in order to represent how the watershed
responds to a rainfall event. In HEC-1, each watershed parameter is described on a “card” or line of
code.

A GIS layer is available that shows the boundaries of each sub basin as well as information on the
various characteristics of each. Each version of the model uses the same sub basin delineation. These
sub basins are shown on Plate E.

3.2.1. Basin Statistics
The Table 1 includes the general statistics for each major watershed used in the model.
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Table 1: Basin Statistics

North South Lower Fassnight
Branch Branch Branch Creek
Number of Sub Basins 70 75 53 32
Total Area (acres) 2298 3239 2692 3531
Sub Basin Size Range
5.1-136.5 7.4-132.6 0.7-256.0 13.2-383.7
(acres)
Sub Basin Mean Area
32.8 42.6 50.8 110.3
(acres)

3.2.2. Area (BA Card)
The area for each individual sub basin in the model was calculated using ESRI’'s ArcMap software. Area

for each basin is listed in both acres and square miles in the model input.

3.2.3. Overland Flow Elements (UK Card)
Most of the sub basins used in this model contain two overland flow elements. One element represents

overland flow across the directly connected impervious areas found within each sub basin. The second
element represents overland flow across the pervious surfaces within the sub basin. For each of these
overland flow elements, an SCS Curve Number (CN) is defined in order to describe infiltration across the
basin and to establish rainfall runoff volumes.

The length and slope of each overland flow element was estimated using the City’s two-foot digital
contours and digital aerial photos and represents an average value for each element in the sub basin.

A “Manning’s roughness factor” for overland flow was used for each overland flow element. Typically, a
roughness factor of 0.10 was used to describe the impervious flow element while a roughness factor of
0.20-0.25 was used to describe the pervious flow element.

3.2.4. SCS Curve Number and % Impervious (LS Card)

3.2.4.1 Current Development Model

For each type of overland flow element, an SCS Curve Number was defined in order to establish
infiltration parameters. For the flow element representing impervious areas, a CN of 98 was chosen
according to the SCS Curve Number guidelines. For the pervious overland flow element, a CN was used
that best represented the pervious areas found in the watershed. CN values were determined using the
City of Springfield’s “Design Standards for Public Improvements” AMC Il. This “pervious” CN was
estimated through the use of an automated GIS procedure developed by the City of Springfield.
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This procedure divides each watershed into a series of one-meter grid cells. Using infrared satellite
imagery, the different color bands are manipulated so that each cell falls into one of three categories;
tree cover (low reflectivity), w/o tree cover (med reflectivity), and impervious (high reflectivity). Each of
these cells are then classified according to soil type, and land cover. A curve number is assigned to each
grid cell according to this classification. Once a CN has been established for each cell, the average grid
cell value is calculated over all of the pervious areas within a sub basin and a % impervious is calculated
for all cells found to be impervious. The Table 2 shows the CN values used to calculate the composite CN
for each basin. Appendix HH-A contains a table of all sub basins and their respective pervious Curve
Numbers and % Imperviousness. The watershed is small urban and well defined which led the modeling
to give a high degree of certainty (i.e. low uncertainty) with regards to the definition of the infiltration
rates.

Table 2: Table of Curve Numbers

Grid Cell Classification Curve Number
Impervious Areas 98
HSG B w/o Tree Cover 73
HSG B w Tree Cover 61
HSG C w/o Tree Cover 82
HSG C w Tree Cover 74
HSG D w/o Tree Cover 86
HSG D w Tree Cover 80
Compacted Fill w/o Tree Cover 86
Compacted Fill w Tree Cover 80

Future Conditions Model

For the future conditions model, GIS was used to find a percentage of imperviousness for each sub basin
based on current zoning. A GIS layer was created that assigned a % impervious to each zoned area as
well as each street and right-of-way. This layer was then used to assign a % impervious to each sub
basin. Appendix HH-C contains values of % impervious used for each type of zoning. It should be noted
that these values do not include streets and right-of-way. In other words: a zoning of R-SF (residential
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single family) may indicate an impervious value of 25% but with the streets included in the analysis, the
overall impervious area for a totally R-SF sub basin will likely be around 40%.

In addition, for all pervious flow elements found in the model, the curve numbers used were 15% higher
than those found in the current development model. This is an effort to simulate the effects of
development (i.e. grading, compacting, sodding) on pervious areas. An industry standard when using
the CN method is to increase infiltration one “letter grade” when the land is redeveloped. (B soils go to a
C soil etc.) which equates to about 15 percent. It is a reasonable assumption to assume that there will be
areas that redevelop more than other areas, but the soils in general will become more compacted
during the period of evaluation.

3.2.5. Channel Flow Routing Elements

As part of the process of determining model parameters, the wave celerity output from HEC-1 was used
as an estimate of runoff velocity in the modeled channels. Every channel section was checked during the
modeling process to make sure the velocity estimate fell within a reasonable range (Usually 2-12 fps
based on the slopes in this watershed). If a velocity was found to be too high or low either the channel’s
geometry or roughness coefficient were modified accordingly. The modeler ensured that geometries
and roughness coefficients fell within a range consistent from one sub basin to the next

Current Development Model

The channelized flow elements for each sub basin were determined by examining the information
contained on the City’s GIS system. Aerial photographs and digital contours were used to estimate flow
lengths, slopes, and geometry for each channel.

Manning’s roughness coefficients, as well as channel geometry, were established so that channel flow
velocities would remain reasonable. While these parameters may not accurately reflect the physical
geometry of the watershed, they force the kinematic wave and dynamic equations to more effectively
model channelized flow during the overbank flooding condition.

Future Conditions Model

In an effort to simulate the effects of future stormwater conveyance on the watershed’s time of
concentration, roughness factors for each of the channelized flow elements were reduced. The rational
being that as a parcel of land develops, pipes and channels will be constructed that decrease the time it
takes for water to move off-site.

A systematic procedure was used such that all channel roughness coefficients greater than 0.035 were
reduced by 20%. In effect, this assumes that any “improved” channels will remain improved and any
“rough channels” (n > 0.035) will be improved in the future.
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3.2.6. Kinematic Wave Routing (RK Card)

For the overland flow elements and relatively short routing reaches in the headwaters, the Kinematic
Wave equation was used to model channelized flow. While this method does not provide for
attenuation of the flood wave, it is applicable in areas where flood storage is minor.

Overall, the use of Manning’s roughness coefficients for channel flow was higher than those published
for use with a “normal depth” type equation, simply because the kinematic wave equation produces
higher velocities. However, the mannings n values were adjusted to produce a reasonable response time
throughout each sub watershed.

3.2.7. Muskingum-Cunge Routing (RD Card)

For main channel routing in areas with a significant contributing watershed, the Muskingum-Cunge
method is used with an 8-point cross section. In order to determine which reaches were to be modeled
in this manner, the watershed was examined for areas with significant channel geometry as well as
significant upstream drainage area. The Muskingum-Cunge procedure allows the use of multiple
Manning’s “n” values at different depths to better simulate peak attenuation during flood events. Each
of these reaches were modeled using one of four representative 8-point cross sections; small, medium,
large, and “downtown” (representing the large underground box culvert). Each channel was examined
to determine which category it fit into and the corresponding 8-point cross section was used. The
channel length and slope used was determined from the information available on the GIS. Cross sections

of each of the three standard channel sections are included in Appendix HH-D.

3.2.8. Modified-Puls Routing (SV-SQ Cards)

For sub basins LJ34, LJ6, LJ2, LI25, U8, LJ2, SJ27, SJ44A, SI44B, SJ45, and NB58 the Modified-Puls method
was used to better simulate peak attenuation due to large amounts of flood storage. These areas in the
watershed were chosen because of the backwater effects caused by a nearby culvert or constriction.
Using storage-flow values found in the HEC-RAS model, a relationship was built to route flow through
each of these sub basins. Appendix HH-B contains a table of information used for each routing element.
Some of these routing features provided very little attenuation of the flood hydrograph while others
caused a significant decrease in peak flow.

3.2.9. Reservoir Routing Elements

Areas of detention within a watershed are one of the primary factors affecting the rainfall-runoff
response. These detention areas include local detention basins, regional (in-line) detention basins, and
areas of ponded water behind highway and railroad culverts.

The occurrence of debris in the waterway has very little impact on peak flows. The watershed is
primarily urban with comparatively little woody vegetation adjacent to the waterway. Property owners
are required to maintain detention basins and keep them functioning. Occasionally, clean out of debris
from a culvert or pipe occurs, but the storage behind these structures is insignificant and does not
impact overall peak flows (if the culvert backs up, the water just runs overland).
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Elevation vs. Storage (SA and SE Cards)

The elevation-storage relationship for each reservoir routing element was determined from the City’s
digital two-foot contour maps. The area of each closed contour within a basin was calculated and
entered into the HEC-1 model.

Elevation vs. Outflow (SQ and SE Cards)

The elevation-outflow relationship for each reservoir routing element was typically determined from
field measurements of the controlling outlet structure. However, when as-built construction plans were
available, they were used to develop the outflow-rating curve.

Future Conditions Model

The City of Springfield’s Stormwater Detention Ordinance requires that all new development provide
detention such that peak flows leaving the site do not increase. In an effort to simulate this in the
ultimate development model, a number of “mock” detention basins were added at various locations.
Each of these basins represent probable locations for on-site or regional detention as the watershed
develops. A total of 38 “mock” detention basins were placed downstream of areas that showed
significant amounts of potential development. Each of these basins were designed so that peak flows for
the 1-, 10-, and 100-yr events matched the “current development” model at the same location. Many of
these “fake basins” were placed downstream of small sub basins, but most were representative of
regional detention and covered larger areas.

Nearly all potential development was accounted for using a “fake basin”. However, in areas with small
development potential or areas along the stream where the local ordinances would not require
detention, basins were not included. As expected, the peak flows immediately downstream of each
mock basin matched that produced in the current conditions model. However, the increase in runoff
volume produced by additional impervious area (development) causes an increase in peak flows
throughout each stream.

3.2.10. Sinkholes

Much of the South Branch of Jordan Creek contains sinkholes. Approximately 20% of this watershed
contains sinkholes that do not overflow during a 1% ACE event and therefore do not contribute flow to
the rest of the watershed. However, there are many sinks that do fill up during a rainfall event and
eventually spill into a nearby sink or drainage way. These sinkholes were modeled in HEC-1 as a series
of reservoirs. The depth-volume relationship was calculated using the City’s 2’ digital contour data and
the depth-outflow characteristics were estimated using broad-crested weir equations to simulate
sinkhole overtopping. The model contains all of the sinkholes that contribute flow to Jordan Creek as
well as a few that do not overtop.

3.3. Rainfall Data

The HEC-1 models were set up using a single-event simulation of a synthetic rainfall event. The rainfall
data used for each HEC-1 model is from the “Rainfall Frequency Atlas of the Midwest” by Floyd A. Huff
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and James R. Angel. This report was prepared in conjunction with the Midwestern Climate Center and
the Illinois State Water Survey. The City of Springfield feels that the information contained in this report
provides an accurate representation of the types of storms seen in this area.

3.3.1. Depth

The depth of rainfall for each simulated storm was taken from Table 7 of the Rainfall Atlas of the
Midwest - “Sectional Mean Frequency Distributions for Storm Periods of 5 Minutes to 10 Days and
Recurrence Intervals of 2 Months to 100 Years in Missouri.” The entire table can be found in Appendix
HH-H of this report. Tables 3-5 are a summary of this data.

Table 3: Duration vs. Depth of Rainfall

Storm Duration 1% ACE Rainfall Depth
24-hr 8.18
18-hr 7.69
12-hr 7.12
6-hr 6.14
3-hr 5.24
2-hr 4.74

For rainfall frequencies other than the 1% ACE, a fraction of the total 1% ACE rainfall depth was
determined using Table 4.
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Table 4: Frequency vs. % of Total 100-yr Depth

Frequency % of Total 100-yr
(yr) Depth

1 0.37

2 0.46

5 0.59

10 0.68

25 0.80

50 0.90

100 1

Table 5: Hypothetical Design Storm Precipitation

Hypothetical Design Storm Precipitation [in]

Recurrence Interval
Duration [yrs]
[hrs] 1 2 5 10 25 50 100 500
3 1.94 241 3.09 3.56 4.19 4.72 5.24 6.39
6 2.27 2.82 3.62 4.18 4.91 5.52 6.14 7.49
12 2.61 3.28 4.17 4.84 5.71 6.40 7.12 8.69

In addition, fractions of the 1% ACE rainfall depths found in table 4 were computed and used as the
basis for extrapolating the 0.2% ACE rainfall depth which was found to be 122% of the 1% ACE event.
Tables 6 displays this information.
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Table 6: 500-yr Storm Extrapolation

Recurrence interval

The following information is from the "Rainfall Atlas of the Midwest" and was

used to estimate the 0.2% ACE storm event
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3.3.2. Duration

Simulations of the 2-hr, 3-hr, 6-hr, 12-hr, 18-hr, and 24-hr storms were performed using HEC-1. For each
flow rate used in the HEC-RAS model, the largest peak flow rate simulated from each of these storms
was used. However, due to the inability of a small duration storm to produce rainfall over a large area as
it is simulated in the HEC-1, the 2-hour storm became inapplicable for a drainage area greater than 1.5
square miles. For the same reason, the 3-hour storm became inapplicable for a drainage area greater
than 10 square miles.

3.3.3. Distribution

The distribution of each storm was taken from the “Rainfall Atlas of the Midwest - Table 10. Median
Time Distributions of Heavy Storm Rainfall at a Point.” Figure 1 is an illustration of these distributions.
The City of Springfield recommends the use of these rainfall distributions in its design criteria manual. It
has also been observed that many of the major rainfall events in this area tend to follow these
distributions closely. The 1* Quartile distribution was used for all storms with duration of 1 to 6 hours.
The 2™ Quartile distribution was used for all storms with a 12-hour duration and the 3™ Quartile
distribution was used for all storms with 18 to 24 hour duration.

Huff's Rainfall Distributions
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Figure 1: Huff's Rainfall Distributions
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3.4. Flow Analysis Results

For each location in the watershed corresponding to a point in the hydraulic model, flows were
determined for each frequency-duration combination. These results are summarized in Plate A. In
addition, Appendix HH-F shows how flows from the HEC-1 model compare to the USGS Gage at Scenic
Avenue located just downstream of the project area on Wilsons Creek.

4. Without Project Hydraulic Modeling

4.1. Overview

This HEC-RAS model was created as part of the USACE Jordan Creek Feasibility Study and includes all of
Jordan Creek as well as portions of Fassnight Creek and Wilsons Creek. Included in Appendix HH-G of
this report is photographic documentation of each reach as of October 2005.

4.1.1. Jordan Creek

Jordan Creek is a classic urban stream throughout most of its length. The upstream reaches consist of
grass ditches with small culverts capable of carrying the 100% to 50% ACE events. The mid section of
each reach includes concrete and natural channels, some regional detention, larger culverts capable of
conveying the 20%-10% ACE event, and a number of very long tunnel reaches with varying capacity. The
downstream portion of this stream is mostly natural channel with an assortment of conveyance
improvements, bridge and culvert structures, and grade controls such as culverts and utility crossings.

4.1.2. Fassnight Creek

Fassnight Creek is primarily a natural urban stream with an assortment of culverts, utility crossings (i.e.
grade controls), and channel improvements. Near the downstream end of the reach is a small lake that
serves as an in-line regional detention basin. While Fassnight Creek is included in the hydraulic model,
the reach is not a formal part of this study.

4.1.3. Wilsons Creek

The portion of Wilsons Creek included in this study is a natural urban stream with a gravel bed and very
few man-made obstructions in the overbank areas. This reach includes two bridge structures and no
channel conveyance improvements.

4.2. Spatial Geometry

The HEC-RAS model extends throughout the Jordan Creek and Fassnight Creek watersheds as well as a
portion of the Wilsons Creek watershed. The extents of the detailed hydraulic modeling are included in
Table 7 below.
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Table 7: Stream Hydraulic Study Limits

Stream

Upstream Limit

Downstream Limit

Total Length

Jordan Creek — North
Branch

40-ft downstream of
Packer Rd.

Confluence with Jordan
Creek — South Branch

18,653 ft (3.5 mi)

Jordan Creek — South
Branch

200-ft upstream of
Burton Ave.

Confluence with Jordan
Creek — North Branch

14,475 ft (2.7 mi)

Jordan Creek — Lower
Branch

Confluence with Jordan
Creek North and South
Branches

Confluence with
Fassnight Creek

16,695 ft (3.2 mi)

Fassnight Creek

Fassnight Park 530-ft
downstream of
Campbell Ave.

Confluence with Lower
Jordan

11,358 ft (2.2 mi)

Wilsons Creek

Confluence of Jordan
Creek — Lower Branch
and Fassnight Creek

1970-ft downstream of
Scenic Ave.

3,963 ft (0.75 mi)

The HEC-RAS model is made up of a total of eleven different reaches representing the five streams and
two major tunnels. There are a total of 553 cross sections, 63 bridges and culverts, and 2 lateral

structures. Figure 2 shows the reach connectivity.
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SOUTH BRANCH

Figure 2: Reach Connectivity

4.3. Hydraulic Model Parameters

This model was created using HEC-RAS 3.1.3 as well as ESRI’s ArcGIS. Many of the parameters used to
build this model were processed in GIS before being imported into HEC-RAS through the use of HEC-
GeoRAS.

4.3.1. Cross Section Geometry

The first step in building this model was to create a shapefile in GIS showing the proposed location of
each cross section. This preliminary layout was sent to the USACE for review and discussion. Once the
layout was finalized, the City of Springfield hired Landmark Surveying and Consulting, LLC to perform a
very detailed survey of the study reaches. The City supplied Landmark Surveying with a map showing the
location of all proposed cross sections (see Plate B). For each cross section, the surveyor was instructed
to acquire elevation data at the top of bank, toe of bank, flow line, and any significant change in channel
geometry. In addition, the survey was to include detailed drawing of all bridge and culvert structures.
Once the survey was complete, Landmark Surveying provided the City with the following data: an
electronic file containing the location of each survey point found within the stream channel; detailed
drawings and measurements of all stream crossings, and a detailed drawing of the three major tunnel
sections.
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This digital data was imported directly into GIS as a series of points with elevation attributes. Since
these points were surveyed at a specific location along the channel, they were placed in GIS at, or very
near, the location of the cross section shapefile. Therefore, the next step was to slightly modify each
cross-section so that it intersected each survey point at the proper location. This step was taken to
ensure that once the elevation data was extrapolated from the TIN, the exact survey points would be
used.

TIN Creation

In general, the detailed survey only included areas within the channel banks. GIS was used to create a
3D polyline shapefile (parallel to flow) that connected all points designated as a bank station. This
resulted in a shapefile that encompassed all of the survey data. The next step was to create a TIN of the
survey data using the imported points and the 3D boundary line as the source data. A TIN encompassing
the entire cross section length was also created using the digital 2-foot elevation data available to the
City based on a photogrammetric flight from 1999. The 3D polyline created from the survey was also
included as data for this TIN. The 2-foot TIN was clipped by the 3D polyline and merged with the survey
TIN. Since both TINs were created using the 3D polyline, there was a seamless transition between the
two TINs when the data was merged. The result was a TIN file that included 2-foot contour data in the
overbank areas and survey data in the channel.

Elevation data was extrapolated from the TIN at each cross section using HEC-GeoRAS. In addition, all
downstream flow lengths were also calculated using GeoRAS.

Bank Elevations

When the station-elevation data was first extrapolated from HEC-GeoRAS, the bank stations were set
according to the attributes assigned by the survey data. However, in order to create a more consistent
channel section from one cross section to the next, many of these bank stations were adjusted in RAS.

4.3.2. Culvert Geometry

The stream survey included detailed elevations of the road deck at each stream crossing. A shapefile of
bridge locations was created depicting each overflow cross section. Using this information, road deck
elevations were extrapolated from a TIN in much the same way as the cross section data. Then, using
the detailed drawings supplied by the surveyor, the bridge or culvert details were entered into HEC-RAS
individually.

4.3.3. Tunnel Geometry

There are four major tunnels in the watershed: “Jordan Underground” on Lower Jordan, “Fremont to
National” on South Branch, the “Tindle Mills tunnel” and a tunnel beneath the railroad tracks just
downstream of Tindle Mills on North Branch. Each of these tunnels were surveyed in detail and included
in the model as described below.
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Tindle Mill Tunnel and Downstream Railroad Tunnel

The Tindle Mill tunnel is about 500 feet long; the railroad tunnel just downstream is about 300 feet long.
Both were modeled as cross-sections with lids to better account for overland flow. The Tindle Mills
tunnel is a 9’x9.3’ culvert at the upstream end, opening to as large as 15’x14” as you move downstream,
then contracting to 9'x9.7’ at the downstream end. The tunnel opening portion of the lidded cross-
sections was modeled at 9'x9.3’ for its entire length under the assumption that this is likely the
controlling section. The downstream tunnel under the railroad tracks consists of two 8.4'x8.4’ barrels at
the upstream end which transition to a single 10’x9.5 foot barrel about midway of the tunnel. The
tunnel opening portion of the lidded cross-sections was modeled at 10'x9.5’ assuming that this sections
controls. The overtopping conditions were dictated by the overland portions of the cross sections and
included significant blocked obstructions representing buildings in the flowpath.

Jordan Underground

The Jordan Underground tunnel starts at the confluence of the North and South Branches and travels
through downtown 3354-ft to a point just upstream of Main Ave. The dimensions of this tunnel vary
greatly throughout its length and as a consequence, the tunnel was modeled as a stream section with a
lid. The lid was placed such that the water surface would not exceed the elevation of the lid; therefore
the cross section area and wetted perimeter represent the actual geometry. While the flow through the
tunnel was modeled in one reach called “Jordan Underground” the overland flow was modeled in
another reach called “Lower Branch 2”. This reach represents the flows as the box is overtopped.

Fremont to National Tunnel

This tunnel is located on South Branch of Jordan Creek and starts just downstream of Fremont Ave and
extends 1643-ft downstream to National Ave. This box varies significantly throughout its length and
contains a number of utility crossings that impede flow. As a result, the tunnel was modeled as a
separate reach much like Jordan Underground. In this case, flow through the tunnel was modeled in a
reach called “Fremont Box” and the overland flow was modeled in a separate reach called “South
Branch 2”.

4.3.4. Flow splits and junctions

This model includes six different flow splits and junctions occurring at each stream confluence and at
each end of a tunnel reach. For a flow split, in order to properly quantify the flows through the
structure, an initial estimate was made regarding the capacity of the tunnel at various flood frequencies.
Then, the “optimize flows” option was checked in the model. Flow optimizations at junctions are
performed by computing the water surface profiles for all of the reaches, then comparing the computed
energy grade lines for the cross sections just downstream of the junction. If the energy in all the reaches
below a junction is not within a specified tolerance (0.1 feet), then the flow going to each reach is
redistributed and the profiles are recalculated. This methodology continues until a balance is reached.
For each stream junction, the backwater analysis for each upstream cross section begins from the
downstream section in the junction. Due to the connectivity of the study stream, the only downstream
boundary condition needed for this model was for the Wilsons Creek reach. Flow optimization, as
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described above, was performed for the Current Conditions without Project HEC-RAS model. From this
analysis, a rating curve of box capacity through the Jordan Creek Underground section and the Fremont
Box was established and used to set peak flows for all subsequent models. The resulting rating curves
can be found in Appendix HH-M.

4.3.5. Roughness coefficients

Roughness coefficients for each cross section were determined from aerial photos and digital field
photos. Initially, all roughness coefficients were extracted from GIS using GeoRAS. This resulted in a
number of horizontally varying coefficients across each section. Per advice from the USACE, the number
of coefficients used for each section was greatly reduced. For most cross sections, three roughness
coefficients were found to represent the channel and each overbank for the reach downstream of the
cross section. In some areas where the overbank roughness varied significantly with water surface
elevation or the channel was not clearly defined, multiple roughness coefficients were input that vary
horizontally.

4.3.6. Ineffective Flow Areas

There were three instances where IFAs were used in this model: areas downstream of buildings
(shadows), areas within a channel or overbank where it was determined to not actively convey flow, and
areas around bridges and culverts that did not actively convey flow.

Building Shadows

Using GIS, a shapefile was created representing the ineffective flow area behind each building. This
generally resulted in a triangular shaped polygon. The location of these IFAs was extrapolated out of GIS
using HEC-GeoRAS.

Channel and Overbank IFAs

IFAs were entered at various locations throughout the model where it was determined that a section of
the channel or overbank did not actively convey flow. This was usually due to a geometric constraint
either upstream or downstream of the cross section. An example of this can be seen on North Branch at
RS 4286 where an IFA was used so that a tributary channel was not used to convey flow. IFAs were also
used in some circumstances where a utility crossing was not addressed with an in-line structure.

Bridge and Culvert IFAs

When applicable, IFAs were used around bridge and culvert structures to indicate portions of the cross
section that did not actively convey flow. It was generally assumed that flow contracted at a 1:1 ratio
upstream of a structure and expanded at a 4:1 ratio downstream of a structure.

4.3.7. Blocked Obstructions

When the finished floor elevations along the stream were surveyed, a shapefile was created depicting
the boundary of each structure. This shapefile was used by Geo-RAS to mark the location of each
blocked obstruction. This generally included buildings only, whereas any obstruction caused by fences,
trees, cars, etc was accounted for with roughness coefficients.
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4.3.8. Interpolated cross sections

Interpolated cross sections were created at various locations in the model. Generally, this was done to
better represent a transition between two cross sections. Specific examples of interpolated cross
sections are described under “Special Conditions”.

4.3.9. Calculation Tolerances

The default calculation tolerances in HEC-RAS were modified for the “Current” and “Ultimate
Development” plans. The following changes were made: 1) the maximum number of iterations was
increased from 20 to 30, 2) the maximum number of iterations used for split flow was decreased from
60 to 20, 3) the maximum difference in junction split flow was increased from 0.02’ to 0.05’.

4.3.10. Special Conditions
In order to model the flow conditions effectively, a number of unique methods were used. These are
independently described below.

Confluence at North and South Branch
A “natural ground” lateral weir was used just upstream of the confluence of North and South Branches
to model high flow interchange of flow between the branches near the confluence.

Upstream Section of North Branch

The detention basin upstream of RS 16820 was included in the RAS model. An inline structure was used
to model the uncontrolled outflow and the profile elevations through the pond verified against the HEC-
1 routing results.

Jordan Creek Improvements Phase 1&2

In 2006-2007, a large section of North Branch between National Avenue and Fremont Avenue
(immediately downstream of RS 6990) was modified to reduce flooding and improve the neighborhood.
The old concrete box culvert has been removed and an open channel was constructed. Once the project
was complete, an as-built survey was used to update the HEC-RAS model in this area to reflect the new
improvements.

Lower Jordan at Kansas Exp

Each cross section of Lower Jordan Creek between RS 5689 and RS 3859 includes the main channel and
floodplain to the west of Kansas Expressway and the ditch to the east of Kansas Expressway. A left levee
was used to accurately reflect flow conditions in this reach since Kansas Expressway in this reach does
not overtop.

Lower Jordan South of Bennett

An industrial facility is located in the right overbank of this area and is protected by a concrete floodwall.
This wall is included in the surveyed cross sections. Ineffective flow designations and increased n-values
were used to simulate the flow restriction due to congestion in the industrial facility behind the flood
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wall. A lateral weir was used in the right overbank to model movement of high flows across the railroad
track embankment and Bennett Street west of the railroad embankment. Flow leaving across the lateral
weir re-entered Wilsons Creek just downstream of the railroad embankment.

Changes in Water Surface Elevation

In some locations throughout the model, certain profiles would default to critical depth when an
elevation could not be found within the specified tolerance. At these locations, the water surface
elevation was manually set to a reasonable elevation, often defined by the bounding profiles. This
approach allowed the model to produce a set of smooth and reasonable profiles. When comparing two
sets of profiles for FDA (for example Current vs. Future Flow conditions) each cross section was checked
to make sure that a lower peak flow did not result in a higher water surface elevation. When these
instances occurred, the profile with the lower peak flow was manually adjusted to produce a lower
water surface. These instances were very few and minor in nature, usually on the order of a 0.01’, and
did not significantly affect the results.

4.3.11. Water Surface Profiles
Water surface profiles for each simulation are included in Plates C & D.

4.4, Steady Flow Data

The HEC-1 and HEC-RAS models were examined in order to determine the best places to perform a flow
change in the RAS model. These points are shown in a shapefile called “HEC-1 Points of Interest” and
each flow rate is listed in an Excel spreadsheet table included in Plate Series A — Flow Data Tables. The
Ultimate Conditions Model and the Current Conditions Model share the same stream geometry and
differ only in the flows simulated.

4.4.1. Current Flow Conditions
This represents flows from the HEC-1 model titled “JRDFSNT.HC1”. These flowrates represent the
watershed under 2003 (approximately) development conditions.

4.4.2. Future Flow Conditions
This represents flows from the HEC-1 model titled “JRDFSNTU.HC1”. These flowrates represent the
watershed under estimated ultimate development (2053) conditions.

4.5. Risk and Uncertainty Analysis

EM 1110-2-1619, Risk Based Analysis for Flood Damage Reduction Studies, August 1, 1996 requires that
an uncertainty analysis be performed for Flood Damage Reduction Studies. For this study, the current
conditions model was modified by raising the roughness coefficients by a set percentage. All channel
roughness was increased by 40% (i.e. a coefficient of 0.05 was increased to 0.07), all overbank
coefficients were increased by 33% (i.e. a coefficient of 0.12 was increased to 0.16) and all tunnel
sections were increased by 10%. These increases were based on a reasonable range of “n” factors for
each section type and appear to give reasonable results. After looking at the options, the City settled on
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this approach because they didn’t want the results to be influenced by judgment at a particular portion
of the stream. The resulting water surface profiles are smooth and appear to be reasonable.

The current conditions model was also modified by reducing all roughness coefficients by 40%. Based on
earlier comments by the Corps, the City did not expect a set of reasonable profiles. However, in most
places, they were better than expected. There were still quite a few crossing profiles and errors. As a
result, all positive changes in WSE (where lower n factors provided a higher WSE) were excluded from
the sample.

Appendix HH-J indicates the “SD of Error” for each stream reach. At every cross section at each reach,
the WSE from the current model was compared to the WSE for the two modifications mentioned above.
The standard deviation of “error” was found for 1) each profile in each reach, 2) all profiles in each
reach. The SD was calculated using the following formula:

It was assumed that the data studied made up the entire sample.

Also included in this analysis is the “Stage where error becomes constant” for each reach. Appendix HH-J
contains graphs showing how the standard deviation of error for each reach corresponds to each profile.
Based on this analysis and discussions between the City and USACE, it was determined that the 10% ACE
(10-yr) profile is the stage where error becomes constant.

4.6. Summary of Conclusions

The results of this hydraulic analysis were compared against historic stream gage data in an effort to
check for reasonableness. Results of this comparison are found in Appendix HH-F. Overall, the water
surface profiles calculated by HEC-RAS compare reasonably well with historic flood levels.

The HEC-1 created as a part of this study included simulations of both the Current and Future
development conditions. As expected, anticipated development produces an increase in peak flow
throughout the watershed. This increase ranged from 3.0% to 32.7% in the North and South Branches of
Jordan Creek. Overall, the greatest potential impact of development occurs on South Branch.
Downstream of the North and South Branch confluence, peak flow increases are on the order of 10%.
See Plate A for a comparison of peak flows throughout the modeled area.

The HEC-RAS model was used to simulate the change in water surface elevations as a result of
anticipated development. Table 8 summarizes the change in the 1% ACE water surface due to potential
development in the watershed. See Plates C & D for the hydraulic profiles.
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Table 8: Change is Water Surface Elevation (WSE) due to Developement

Average Change in WSE 0.25
Median Change in WSE 0.21
Standard Deviation in WSE 0.21
Max Change in WSE 1.26

Since settlement first occurred along the Jordan Valley, this stream has been the source of severe flood

losses. This analysis clearly shows that the flooding along Jordan Creek will continue to become worse if
left unchecked. In addition, with the flood hazards reduced and the aesthetic attributes improved, this

stream has the potential to become a great asset to the community.

5. With Project Hydrologic Modeling

5.1. Regional Detention Analysis
In order to determine the effectiveness of regional detention basins throughout the watershed, the
HEC-1 model was modified to include a number of proposed detention basins.

5.1.1. Preliminary Analysis
Initially, 24 different sites were selected throughout the watershed as possible locations for regional
detention. Figure 3 shows the location of these sites.
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Figure 3: Preliminary Regional Detention Basins

The Current Conditions HEC-1 model was modified appropriately and each detention basin was designed
to maximize effectiveness while remaining within reasonable vertical and horizontal limitations. Once
this initial analysis was complete, each basin was examined to determine the potential flow reduction.
Basins were analyzed both individually and in series with other basins. Appendix HH-K gives a summary
of each preliminary basin and outlines the peak flow reduction immediately downstream as well as the
specific design constraints. Many of these basins could not be made large enough to have a significant
impact on peak flows. This was especially true as the contributing watershed increased. From this
analysis, it was determined that nine basins had the potential to significantly reduce peak flows under
both current and ultimate development conditions.

5.1.2. Refined Analysis

Based on the preliminary analysis, it was determined that nine regional detention basins have the
potential to significantly reduce flows along Jordan Creek. Figure 4 shows the location of each of these
basins. In addition, some of these basins (B11 & B11A) were modified to preserve riparian vegetation
and in one case (B6B) a similar basin was analyzed in a new location.
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Figure 4: Regional Detention Basins (Refined Analysis)

5.1.3. Current Conditions

For the Current Conditions with Regional Detention Analysis, peak flows from the HEC-1 model
JRDFSNTX.HC1 were entered into the HEC-RAS model. The geometry remained unchanged from the
existing conditions geometry.

Special Conditions
South Branch — Glenwood Basin to Patterson Ave.

The proposed regional detention basin B7 includes two 42” RCPs that extend from the basin outlet,
along Rockhurst Street, to Patterson Ave. According to the detention basin rating curve found in the
HEC-1 model, these pipes carry 130-161cfs during a storm event. Since these flows will be contained in a
pipe, the corresponding flows were subtracted from the peak flows found in the HEC-RAS model which
only simulates the remaining channel. To facilitate this removal, a flow change location was added at RS
12079 (proposed pipe discharge location) and estimated pipe flows were removed from the modeled
flows at RS 14475 & 12585. This change will adequately simulate the overflows from the proposed
detention basin.

North Branch — Blaine Street
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The proposed detention basins B14 and B12 would likely require construction of a 42-48” RCP along
Blaine Street to carry discharge from the basins. These pipes would have a larger capacity than the
existing channel. The HEC-RAS model assumes that the existing channel will be carrying the resulting
flows from these basins and the water surface elevations reflect this. In reality, if pipes were
constructed, the 1% ACE flow could be contained in the pipe and damages along Blaine Street (Damage
Reach N11 and N12) would be greatly reduced. These damage reaches are outside of the federal limits
pertaining to this study.

Jordan Underground

In order to properly simulate the existing capacity of the large system, the HEC-RAS model was ran using
the flow optimization on the upstream junction of “Jordan Underground”. The calculated capacity of
the box for each storm event was then entered as the peak flows to “Jordan Underground”. These peak
flows were subtracted from the flows found for Lower Branch 2 and the result was an estimate of
overland flows through this reach.

In-line Structures

In some locations there are in-line structures included in the HEC-RAS geometry to simulate flow over an
existing detention basin control structure. If regional detention is constructed in these locations (i.e. the
existing basin is expanded) the resulting in-line structure will likely be somewhat different. However,
comparing the WSE at these locations with the WSE in the proposed regional detention model shows
the two to be comparable. Therefore, the in-line structures were not modified and the “current
conditions” geometry remains unchanged from that used in the current conditions model.

5.1.4. Future (Ultimate Development) Conditions

For the Future Conditions with Regional Detention Analysis, peak flows from the HEC-1 model
JRDFSNTZ.HC1 were entered into the HEC-RAS model. The geometry remained unchanged from the
existing conditions geometry.

Special Conditions
South Branch — Glenwood Basin to Patterson Avenue

In the Current Conditions model, peak flows were decreased in this area to simulate the two pipes
needed for basin B7. The Future Conditions did not account for the potential underground piping
system. It is anticipated that this will cause an increase in damages through this area, above what would
be expected. However, this damage reach (510) is outside of the federal limits pertaining to this study.

North Branch — Blaine Street

The proposed detention basins B14 and B12 would likely require construction of a 42-48” RCP along
Blaine Street to carry discharge from the basins. These pipes would have a larger capacity than the
existing channel. The HEC-RAS model assumes that the existing channel will be carrying the resulting
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flows from these basins and the water surface elevations reflect this. In reality, if pipes were
constructed, the 1% ACE flow could be contained in the pipe and damages along Blaine Street (Damage
Reach N11 and N12) would be greatly reduced. These damage reaches are outside of the federal limits
pertaining to this study.

Jordan Underground

In order to properly simulate the existing capacity of the large system, the HEC-RAS model was ran using
the flow optimization on the upstream junction of “Jordan Underground”. The calculated capacity of
the box for each storm event was then entered as the peak flows to “Jordan Underground”. These peak
flows were subtracted from the flows found for Lower Branch 2 and the result was an estimate of
overland flows through this reach.

In-line Structures

In some locations there are in-line structures included in the HEC-RAS geometry to simulate flow over an
existing detention basin control structure. If regional detention is constructed in these locations (i.e. the
existing basin is expanded) the resulting in-line structure will likely be somewhat different. However,
comparing the WSE at these locations with the WSE in the proposed regional detention model shows
the two to be comparable. Therefore, the in-line structures were not modified and the “current
conditions” geometry remains unchanged from that used in the current conditions model.

A simplified analysis of each basin was performed to determine each basin’s impact on peak flows
throughout the watershed. This analysis included an examination of the 2 hr 1% ACE peak flow
immediately downstream of each basin (at the next downstream hydrograph combination) as well as an
assessment of the impact throughout the project reach. Flow points were assessed at Glenstone Ave
and Central Street on the North Branch, Chestnut Expressway and Fremont Ave on the South Branch,
the confluence of North Branch and South Branch (upstream end of the downtown reach), and Catalpa
Street on the Lower Branch. Results of this study are found in Appendix HH-L and summarized in the
“Conclusions” of this section. Plate F shows each proposed regional basin in detail.

Basin B15

This regional detention basin is located along North Branch of Jordan Creek just north of the RR tracks
near Packer Road. This area currently ponds water during a storm event and discharges through a 30-
inch pipe. The proposed basin would require the excavation of additional material and a new 12-inch

RCP outflow pipe. Design assumptions include:

e Current 1% ACE water surface elevation will not increase such that it does not encroach
additionally on RR right-of-way.
e The remaining adjacent lot will be developable.
e The storage area currently fills to Elev 1380+ and spills over to the west.
e Inorderto add a 12” RCP at a lower elevation, a new pipe would likely need to be bored under
the RR Tracks.
30



Jordan Creek FRM Study, Springfield, MO
Appendix C- Attachment A H and H Report

Basin B14

There is an existing regional detention basin located on this parcel of City-owned property. The flow line
of the basin would be lowered to a point that matches the existing downstream channel. The discharge
will be a 42” RCP at this elevation. In addition, this basin will be expanded to the north. This basin
lowers peak flows to a point that the 1% ACE flow can be contained in a pipe or series of pipes along
Blaine Street. The City anticipates that, with the development of this basin, pipes would be installed
along Blaine Street to Barnes Avenue. This system would carry flows from the basin as well as additional
flows from this area. Blaine street would eventually be widened to a curb and gutter street. Design
assumptions include:

e Additional land acquisitions would be necessary since proposed basin encroaches on adjacent
property.

o All slopes are a maintainable 4:1 or greater.

e Stormwater flows from the Packer Road-Blaine Street intersection will be diverted into this
basin. These flows are currently carried in a ditch along the south side of Blaine
Street.

Basin B12

There is an existing wet pond located in the North West corner of Blaine Street and Yates Avenue. The
proposed basin would require additional excavation of this area to a depth of approximately 5 feet. This
basin would act as an in-line storage area for the system along Blaine Street. Stormwater would be
diverted into the basin from either the existing channel or the anticipated pipe system. The control
structure for this system would consist of the downstream piping or channel system. The neighborhood
to the north of this area has some serious flooding issues. By building basin B12, the City would have the
vertical depth required to construct a stormwater improvement into this neighborhood. Design
assumptions include:

e 1% ACE water surface elevation will remain below the top of the street.
e The system along Blaine Street would surcharge into this basin and be metered out based on
the capacity of the downstream system.

e This area could be further excavated to provide a permanent pool water feature for the
neighborhood.

Basin B11A
This proposed basin is located south of Blaine Street at Link Avenue and is currently a vacant wooded
area. This area would be excavated and a control structure added. Design assumptions include:

o Side slope of basin would be 15:1. This would accommodate the planting of new trees to replace
some of those removed during construction.

e The precise dimensions of an outlet structure were not determined but rather the basin was
designed around a rating curve that optimized storage. It appears that this rating curve could be
reasonably achieved through the use of a pipe and weir system.
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e Basin B11Ais located just upstream of Basin B11 but is elevated enough that tail water
conditions created by B11 do not submerge the control structure.

Basin B11C

A modification of B11A, this basin attempts to minimize the impact to vegetation by only including
excavation on the south side of the stream. This area would be excavated to the depth of the existing
channel and a control structure would be added downstream. This would leave the north portion of the
lot available for development and should make land acquisition more palatable to the owner. Design
assumptions include:

o Side slope of basin would be 6:1. Area could be planted with wetland vegetation to provide
additional water quality benefits.
e The outlet structure was assumed to be an 18-ft sharp crested weir at elevation 1333.

e Basin B11C is elevated high enough that the backwater from B11 does not submerge the control
structure.

Basin B11

An existing regional detention basin is currently located upstream of Glenstone Avenue. The proposed
basin would expand the existing basin to the east. Additional land acquisition and/or stormwater
easements wound need to be pursued from adjacent property owners. The outlet for this basin would
likely consist of a 15-foot weir located near the current control structure. Design assumptions include:

o Peak flows would not exceed the capacity of the box under Glenstone Avenue.

e Since the initial sizing of this basin, many of the surrounding businesses have added fill and
expanded into the proposed basin area. This has somewhat reduced the available area, and
effectiveness, of basin B11. However, final design may include expansion into these areas. For
example: the new detention basin to the north could be removed and graded as part of the
regional facility. This business could then discharge runoff directly into the regional basin. By
using this area, the basin will likely not impact any of the space currently used by surrounding
businesses.

Basin B11B

Since basin B11 includes extensive removal of riparian vegetation, B11B attempts to minimize this
impact by leaving the stream area intact. Excavation will take place in adjacent detention basins,
lowering their flow line to match the stream channel. Design assumptions include:

e The outlet structure would be very similar to what was designed for B11.
e Each adjacent detention basin was excavated to the channel flow line with 4:1 side slopes.

Basin B9B
This proposed basin is located north of Pythian Street and just west of Cedarbrook Avenue and is part of
two proposed basins. The existing valley would be excavated to a depth of 8-feet and a berm
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constructed on the downstream end. The control structure would consist of two 36-inch RCPs and an
overflow weir that would discharge into basin B9C. This basin encroaches on parts of 4 different
privately owned properties and land acquisitions or stormwater easements would be necessary. Design
assumptions include:

e The calculations for the outlet structure do not include tail water conditions from basin B9C.
However, this basin is elevated enough that the effect should be minimal.

e If we are able to increase flows from Basin B9C with an additional pipe, the size of this basin
could be reduced.

Basin B9C

Located just downstream of Basin B9B, this basin includes expansion of the existing regional detention
facility at Cooper Park. The outflow for this basin would consist of the existing 4-inch CMP that runs
down Pythian Street and Patterson Avenue. The neighborhood to the south of this basin experiences
significant flooding and the basin has overtopped a number of times in recent years. Design assumptions
include:

e The existing 48-inch CMP system along Pythian Street has been damaged in several locations.
These areas would need to be repaired to accommodate the design flows.

e The design includes blocking the existing weir and box structure that discharges at Lone Pine
Avenue. If needed, this system could be used to carry some flow during a large storm event.
However, these ditches are often the source of flooding in the neighborhood and existing
capacity should not be exceeded.

Basin B7

Located in Glenwood Park, this existing regional basin would be expanded to control peak flows and
reduce flooding along Rockhurst Street. The existing basin would be excavated an additional 5-feet and
the park area would be excavated an additional 2-feet. The lower portion of the basin would overtop
into the park area at about the 5 to 10-yr event. The outlet structure would consist of two 42-inch RCPs
that would travel along Rockhurst Street and discharge downstream of Patterson Avenue. The structure
would also include a 5-foot high flow weir that would discharge into the existing ditch system along
Rockhurst. Design assumptions include:

e The estimated capacity of the existing system along Rockhurst is 250 cfs. The basin was designed
so that the 1% ACE overflow would not exceed this capacity.

e There is a sanitary sewer line along Rockhurst that may cause a conflict. It was assumed that this
could be worked around during final design.

Basin B6

This proposed basin is located just upstream of Chestnut Expressway along the South Branch of Jordan
Creek. The stream valley would be excavated to a depth of approximately 9 feet and expanded to the
northeast. There are at least three property owners who would be impacted by this project and the City
would need to acquire the land or obtain an easement from each. In conjunction with other basins in
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this watershed, this basin will reduce peak flows and keep the 1% ACE water surface elevation from
overtopping Chestnut Expressway. Design assumptions include:

e A detailed outlet structure was not designed for this basin. Instead, the rating curve was
adjusted to optimize the storage capacity. An outlet that produces this assumed rating curve
would likely consist of a weir-pipe configuration just upstream of the existing box culvert.

Basin B6B

This basin is located in the soccer field just downstream of Patterson Avenue on South Branch and was
designed as an alternative to B6. This basin could potentially include a dam across the stream and
excavation of the area north of the channel with minimal impact to vegetation on the south side of the
channel. Design assumptions include:

e 10:1 side slopes.

e The outlet structure was assumed to be a 15-ft sharp crested weir at elevation 1318. This
produced a 1% ACE water surface elevation lower than the edge of Patterson Ave.

e |t was assumed that the backwater from this basin would not affect the culvert under
Patterson Ave. This would need further analysis and is dependent on construction of basins B9
and B7.

Alternative Locations

B9A — Proposed Basin B9A, located in the soccer fields east of Cedarbrook Avenue and north of Bergman
Street, could be a reasonable alternative to Basin B9C. Although not included in the analysis, this basin
would include excavating the soccer fields to a depth of 5-feet and allowing them to flood during heavy
rain. The proposed grading would require that the new fields be orientated east-west and would
probably result in the loss of at least one field. However, the new grading would result in an elevated
viewing area along each side of the field which could be viewed as an amenity.

B12A — Proposed basin B12A includes excavation of the residential lots north of Blaine Street, just
upstream of basin B12. Initial analysis indicates that this would produce results very similar to basin B12.

5.1.5. Conclusions
Based on the simplified analysis of each basin individually and in series, the following conclusions were

made:

North Branch

Basin B15 does an excellent job of reducing peak flows immediately downstream. However, the total 1%
ACE flow reduction is on the order of 50 cfs which has little to no impact once you move downstream
any distance. In addition, this basin would require significant excavation and land acquisition from the
railroad. Basin B15 is not considered a viable alternative for regional detention.

Basins B14 and B12 reduce peak flows immediately downstream, greatly reducing flooding along Blain
Street. However, these reductions are very small within the limits of federal interest (2.6% reduction
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downstream of Glenstone). These basins are a very attractive alternative for the City to reduce local
flooding, but do not appear to provide a significant benefit for this project.

Basins B11, B11A, B11B, and B11C are all variations of a regional detention facility located just upstream
of Glenstone Ave on North Branch. Of these, Basins B11 and B11C appear to be the most attractive
alternatives. B11 includes enlarging the existing basin to the east and B11C will require excavation along
the south side of the stream. Together these basins reduce flows along North Branch by 13 to 30% and
reduce flows through the downtown area by almost 6%. It should be noted that these two basins are
responsible for nearly all of the peak flow reduction downstream of the North/South Branch
confluence.

South Branch

Basins B9B and B9C, located upstream of Pythian Street, reduce peak flows to the capacity of the
existing local system. Of these two basins, B9B is responsible for nearly all of the peak flow reduction. By
constructing basin B9B, we can reduce flows throughout South Branch by 2 to 9%. This basin
contributes very little to flow reduction downstream of the confluence.

Basin B7 involves expanding the existing Glenwood Park regional basin. By itself, this basin reduces peak
flows along South Branch by 4 to 24%, but contributes very little to flow reduction downstream of the
confluence.

Basins B6 and B6B are somewhat similar regional basins located upstream of Chestnut Expressway. Both
basins reduce peak flows when used in series with B6B and B7, but have very little flow reduction when
used independently. B6B would require a dam structure across the stream and excavation of the soccer
fields on the north side of the stream. This will likely result in tail water effects along the Rockhurst
Street stormwater system. Basin B6 would require less excavation since Chestnut Expressway would be
used as the downstream control structure and would result in peak flow reductions of 6 to 12% along
South Branch. This basin contributes very little to flow reduction downstream of the confluence.

Recommendation
Based on this analysis, the City of Springfield recommends further study of the following basins:

e B11 - Expansion of the existing basin upstream of Glenstone Ave. The west end of the existing
basin would remain undisturbed and the basin would be expanded to the east.

e B11C- Construction of a new basin south of Blaine at Link. A control structure would be built
across the channel and excavation would take place south of the stream channel. The
vegetation north of the channel would remain undisturbed and the area would be available for
future development.

e B9B - New basin in Cooper Park. A control structure would be built and the new basin would
discharge directly into the existing regional basin along Pythian Street.

e B7 - Expansion of the existing basin at Glenwood Park. A new system would be constructed
along Rockhurst Street allowing the flow line of the basin to be lowered.

e B6 — Expansion of the existing storage area behind Chestnut Expressway.
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It appears that these basins represent the greatest potential reduction in peak flow within the limits of
federal interest. Each group of basins, North Branch & South Branch, is responsible for reducing flows in
different areas. The City proposes that the entire group of basins be analyzed to determine their cost
effectiveness. Based on this analysis, it should be apparent whether or not each group is independently
viable.

5.1.6. Final Basin Analysis

Since proposed regional detention basins within a specific (North or South) reach perform in series with
other basins in the same reach, the recommended basins were modeled as either North Branch basins
only, South Branch basins only, or All basins. The results are described below.

North Branch Basins

The North Branch series of basins included B11 and B11C. The resulting model, titled “JRDFSB111.HC1”,
was simulated for all frequency/duration combinations under Current Conditions watershed
development. Each basin was sized according to reasonable geometric restraints and the outlet
structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft of
freeboard during the 1% ACE event.

South Branch Basins

The South Branch series of basins included B9B, B6 and B7. The resulting model, titled
“JRDFSSOUTH.HC1”, was simulated for all frequency/duration combinations under Current Conditions
watershed development. Each basin was sized according to reasonable geometric restraints and the
outlet structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft
of freeboard during the 1% ACE event.

All Recommended Basins

The All Basins analysis included B11 and B11C as well as B9B, B6 and B7. The resulting model, titled
“JRDFSALL.HC1”, was simulated for all frequency/duration combinations under Current Conditions
watershed development. Each basin was sized according to reasonable geometric restraints and the
outlet structure was optimized to reduce flows during flood conditions and maintain approximately 1-ft
of freeboard during the 1% ACE event.

Results

From the FDA analysis, it was determined that the “All Recommended Basins” scenario provided the
greatest benefits in damage reduction. Based on this analysis, the resulting flow rates were used for
design in each of the hydraulic alternatives.
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6. With Project Hydraulic Modeling

6.1. Detention Analysis

For each of the detention scenarios modeled (See With Project Hydrologic Modeling) the HEC-RAS
model was modified with the revised flows from the HEC-1 analysis. At both the confluence of the North
and South Branches and at Fremont Avenue, the flow splits into two separate reaches, one representing
the large underground box and another representing overland flow. All model geometry remained the
same for these reaches but the rating curve indicating the capacity of each culvert section had to be
modified since the incoming flows had changed. Appendix HH-M contains the rating curve used for each
structure. These curves were originally derived through an iterative process using the Without Project
HEC-RAS model.

6.2. Channel Improvements

For the With-Project HEC-RAS models, multiple scenarios were modeled covering different frequency
events at different locations. Several design assumptions were held consistent throughout each
scenario:

e Proposed improvements were sized using flows from the Ultimate Development w/ All
Recommended Basins HEC-1 model. Once the structure geometry was determined, the Current
Conditions w/ All Recommended Basins model flows were added so that the HEC-RAS model
reflects both Current and Ultimate Conditions Water Surface Elevations.

e Assumed very little residual buyouts or floodproofing. (i.e. Protect all structures within reason,
unless they must be removed to construct the improvement).

e Construct linear trail system along channel

e Address in-stream habitat quality and quantity (channel modifications to include mild, natural
side slopes, w/ natural bottoms and specific low-flow channels where appropriate)

e At the confluence of the North and South Branches, it is anticipated that a new structure would
need to be built that would direct a portion of the flow into the proposed channel
improvements and a portion of the flow into the existing box culvert. Because the existing
model simulated the downtown area as two separate reaches, including the existing box culvert,
it was necessary to insert a new rating curve at this location to model flows into the new
structure. This rating curve can be found in Appendix HH-N.

6.2.1. Plan A - 1% ACE

Plan A includes channel and bridge modifications throughout the study area at all locations where
significant economic damages were found. In areas where no significant damages were present,
improvements were not considered. Details regarding plan A can be found in Appendix HH-O.

Design Methodology:
Modify the Current Conditions Geometry with channel and bridge modifications such that the 1% ACE
profile is lower than each of the adjacent finished floor elevations. While this does not eliminate all
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damages to streets and parking lots, it should eliminate nearly all structure and content damage for
each building. The proposed improvements may or may not contain the 1% ACE and some overland
flooding will result in areas where the finished floor elevations are elevated above the ground surface.

Special Conditions:

Pharmaceutical Plant Downstream of Bennett:

The pharmaceutical plant downstream of Bennett Street is protected by a flood wall with an
approximate height of 1222.5. Based on a field inspection of this flood wall, it was determined that the
wall would stay in place. The proposed improvements for Plan A were designed to keep the 1% ACE
profile below the top of this wall. During scoping for this plan, the team considered the option of
constructing a taller flood wall around the plant and installing a flood gate at the entrance. Initial cost
estimates for this proposal indicated that it was not economically feasible. In addition, the team
examined the possibility of constructing a box culvert upstream of Bennett Street and diverting flows to
the west side of the plant. Several factors (including cost, environmental concerns, and topography) led
to the determination that this option was not economically feasible.

Confluence of North and South Branch:

The confluence of the North and South Branches of Jordan Creek is located in the downtown area near
Washington Street. The Without Project HEC-RAS model separates this portion of the stream into two
different reaches (see W/O Project Hydraulic Model) where one reach represents the large box culvert
that runs underground, while the other reach represents the overland flow through downtown. For the
With Project scenario, the overland reach was modified with all channel improvements and the
underground reach remained to carry the box culvert flows. It is anticipated that the upstream section
of the existing box culvert would need to be reconstructed to gather flows from the confluence and
divert the resulting flows into the existing box and the new channel improvements. Modeling of this was
accomplished with a rating curve derived from HY-8 (see Appendix HH-N).

South Branch at Fremont

There is an existing box culvert that extends from Fremont Avenue to National Avenue along the South
Branch of Jordan. All channel improvement scenarios assume that this box will be removed where
reasonable and abandoned in place in a few locations. As a result, the box culvert portion of the model
received 1cfs of flow for all scenarios. All other flows were assumed to be carried by the new
improvements.

Results

The Plan A alternative includes improvements that greatly reduce damages up to the 1% ACE for every
section of the study area. A spreadsheet outlining these improvements can be found in Appendix HH-O
and Plate(s) G show the general limits of these improvements.
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6.2.2. Plan B - 1% ACE (Cost Effective Plan)

Plan B is a copy of Plan A with the several areas removed because it was determined through a
preliminary analysis that these areas were not economically justified. Details regarding plan B can be
found in Appendix HH-P.

Design Methodology

Once Plan A was complete, the economic benefits were established for each reach. These benefits were
compared to a preliminary cost estimate and those reaches that were obviously not feasible were not
included in Plan B.

Grand Street Improvements

The FDA analyses from Plan A indicated that damage reduction due to the proposed Grand Street
Improvements were approximately $4500 annually. An initial estimate done by the local sponsor
showed construction costs for replacing the Grand Street bridge and the corresponding channel
improvements to be around $1.4 million resulting in an annual cost of approximately $32,000. Even if
initial estimates are grossly inaccurate, it was apparent that this portion of the project was not
economically feasible simply because there are very few structures in this area.

Smith Park Improvements

The FDA analysis from Plan A indicated annual damages of approximately $1800 to several small
structures in Smith Park. The preliminary cost estimate to replace two pedestrian bridges and widen the
channel was approximately $400,000 with an annual cost of $8500. Considering that these structures
were not generally inhabited and were only used for park functions, it was apparent that improvements
to Smith Park were not feasible.

Rail Road Crossing at Chestnut Street

The FDA analysis indicated that annual damages were very low at an estimated $2000. The preliminary

cost estimated for this improvement was $2.5 million. Under Without Project Conditions, these railroad
crossings cause backwater, resulting in significant flooding. However, they are located high in the reach
and the proposed detention basins reduce peak flows to the point where additional improvements are

not feasible.

Phelps Street (Washington to Jefferson)

Based on the preliminary cost estimate for this segment of improvements, it was determined that there
were significant cost savings by constructing an open channel rather than a box culvert from
Washington Avenue to Jefferson Avenue just downstream of the confluence. This change was
implemented in Plan B.

Results
By using preliminary cost estimates to remove areas that were clearly not feasible, Plan B significantly
reduces damages at the 1% ACE in all areas where a proposed project is reasonable. A spreadsheet
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summary of these improvements can be found in Appendix HH-P and Plate(s) H show the general limits
of these improvements.

6.2.3. Plan C - 2% ACE (50 year)
Plan C represents the channel improvements necessary to provide a 2% ACE level of protection
throughout the project area. Details regarding plan C can be found in Appendix HH-Q.

Design Methodology

Plan C began as a copy of Plan B, with the same geographic extents. However, the channel modifications
from Plan B were further modified until the 2% ACE water surface profile is lower than each of the
adjacent finished floor elevations. While this does not eliminate all damages to streets and parking lots
in the 2% ACE event, it should eliminate nearly all structure and content damage for each building. The
proposed improvements may or may not contain the 2% ACE and some overland flooding will result in
areas where the finished floor elevations are elevated above the ground surface.

Results

The 2% ACE plan does not quite provide the same level of protection as the 1% ACE and the bridge and
channel structures are generally smaller. To decrease the capacity of the channel, in many cases we
were able to shorten or remove retaining walls needed in the 1% ACE plan.

6.2.4. Plan D - 0.2% ACE (500 year)
Plan D represents the channel improvements necessary to provide a 0.2% ACE level of protection
throughout the project area. Details regarding plan D can be found in Appendix HH-R.

Design Methodology

Plan D also began as a copy of Plan B, with the same geographic extents. The channel modifications from
Plan B were further modified to meet the following guidance: 1)The 0.2% ACE water surface profile is
lower than each of the adjacent finished floor elevations. 2) The proposed channel must contain the 1%
ACE profile, and 3) Consistent with the City’s design standards, each bridge and culvert must convey the
1% ACE profile. While this does not eliminate all damages to streets and parking lots in the 0.2% ACE
event, it should eliminate nearly all structure and content damage for each building. The proposed
improvements may or may not contain the 0.2% ACE and some overland flooding will result in areas
where the finished floor elevations are elevated above the ground surface. However, this plan should
nearly eliminate overland and parking lot flooding during the 1% ACE event.

Results

In general, the 0.2% ACE resulted in channel and structure sizes that were larger than the 1% ACE. This
plan reduces damages above the 1% ACE plan and has the added benefit of generally containing the 1%
ACE profile and should keep any future FEMA SFHA within the channel boundary.
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6.2.5. Plan E - 4% ACE (25 year)
Plan E represents the channel improvements necessary to provide at 4% ACE level of protection
throughout the project area. Details regarding plan E can be found in Appendix HH-S.

Design Methodology

Plan E began as a copy of Plan B, with nearly the same geographic extents (see the exception below).
However, the channel modifications from Plan B were further modified until the 4% ACE water surface
profile is lower than each of the adjacent finished floor elevations. While this does not eliminate all
damages to streets and parking lots in the 4% ACE event, it should eliminate nearly all structure and
content damage for each building. The proposed improvements may or may not contain the 4% ACE and
some overland flooding will result in areas where the finished floor elevations are elevated above the
ground surface.

Fremont Avenue (South Branch)

In each of the previous plans, the Fremont Avenue bridge on South Branch was replaced. In this plan,
the existing structure is left in place and the downstream channel improvements provide the necessary
level of protection.

6.2.6. Plan F - 1% ACE Reach 3 & 6 with 0.2% ACE Reach 1
Plan F includes a 1% ACE channel through reaches 3 & 6 with a 0.2% ACE channel through reach 1.
Includes sections of projects from the previously developed models.

Design Methodology

After examining the economic results from plans A through E, sections of these plans were selected
based on their benefit-cost ratio, net benefits, and other factors considered important by the Team but
not necessarily reflected in the economic results. Plan F began as a copy of Plan B and sections of the
geometry were imported from other HEC-RAS files as outlined below.

Reach E1 - Downstream of Bennett Street

Since the economic results indicate that a 0.2% ACE level of protection will provide the greatest net
benefits in this area, the geometry from Plan D was selected. This reach is hydraulically independent of
the other project areas, so the selection of a level of protection throughout this reach did not impact the
water surface profiles for any other reach.

Reach E2 - Mt Vernon Street to Fort Avenue

The economic results from the previous plans indicate that channel and bridge improvements in this
reach are not economically feasible. As a result, all improvements were removed from the model (the
Without Project Geometry was imported into this reach). This reach is hydraulically independent and
modifying these improvements have no impact on other study areas.
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Reach E3 & E6 - Downtown to Fremont Avenue

The economic results indicated that the 4% ACE level of protection plan resulted in the greatest net
benefits. However, due to other considerations (outlined elsewhere in this report) this plan reflects the
1% ACE level of protection found in Plan B for these two reaches. These reaches are NOT hydraulically
independent and improvements in reaches E3 & E6 have an impact on the water surface profiles for
reach E4.

Reach E4 - Confluence to Central Street

The economic results indicate that channel and bridge improvements in this reach are not economically
feasible. However, by making improvements in reaches E3 & E6, the reduced backwater effects result in
lower water surface profiles through reach E4. No improvements were assumed through this reach.

6.2.7. Plan G - 4% ACE Reach 3 & 6 with 0.2% ACE Reach 1
Plan G includes a 4% ACE channel through reaches 3 & 6 with a 0.2% ACE channel through reach 1.
Includes sections of projects from the previously developed models.

Design Methodology

After examining the economic results from plans A through E, sections of these plans were selected
based exclusively on the total net benefits. Plan F began as a copy of Plan E and sections of the
geometry were imported from other HEC-RAS files as outlined below.

Reach E1 - Downstream of Bennett Street

Since the economic results indicate that a 0.2% ACE level of protection will provide the greatest net
benefits in this area, the geometry from Plan D was selected. This reach is hydraulically independent of
the other project areas, so the selection of a level of protection throughout this reach did not impact the
water surface profiles for any other reach.

Reach E2 - Mt Vernon Street to Fort Avenue

The economic results from the previous plans indicate that channel and bridge improvements in this
reach are not economically feasible. As a result, all improvements were removed from the model (the
Without Project Geometry was imported into this reach). This reach is hydraulically independent and
modifying these improvements have no impact on other study areas.

Reach E3 & E6 - Downtown to Fremont Avenue

The economic results indicated that the 4% ACE level of protection plan resulted in the greatest net
benefits through these two reaches. As a result, the geometry represents what is found in Plan E. These
reaches are NOT hydraulically independent and improvements in reaches E3 & E6 have an impact on the
water surface profiles for reach E4.
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Reach E4 - Confluence to Central Street

The economic results indicate that channel and bridge improvements in this reach are not economically
feasible. However, by making improvements in reaches E3 & E6, the reduced backwater effects result in
lower water surface profiles through reach E4. No improvements were assumed through this reach.

6.2.8. Plan H - 4% ACE (Select Locations)
Plan H includes the 4% ACE channel found in previous plans, but reduced to select locations where the
apparent benefits could be maximized.

Design Methodology

After examining the economic results from plan G, this plan attempts to remove some of the more
costly portions of the project in an effort to optimize the net benefits. Plan H began as a copy of Plan G
and sections of the geometry were imported from other HEC-RAS files as outlined below.

Reach E1 - Downstream of Bennett Street

Since the economic results indicate that a 0.2% ACE level of protection will provide the greatest net
benefits in this area, the geometry from Plan D was selected. This reach is hydraulically independent of
the other project areas, so the selection of a level of protection throughout this reach did not impact the
water surface profiles for any other reach.

Reach E2 - Mt Vernon Street to Fort Avenue

The economic results from the previous plans indicate that channel and bridge improvements in this
reach are not economically feasible. As a result, all improvements were removed from the model (the
Without Project Geometry was imported into this reach). This reach is hydraulically independent and
modifying these improvements have no impact on other study areas.

Reach E3 & E6 - Downtown to Fremont Avenue

This plan includes channel improvements from Main Avenue to Boonville Avenue and from just
downstream of National Avenue to Fremont Avenue. This removes a large portion of improvements in
between Boonville and National. These reaches are NOT hydraulically independent and improvements in
reaches E3 & E6 have an impact on the water surface profiles for reach E4, although not as significant as
in earlier plans.

Reach E4 - Confluence to Central Street

The economic results indicate that channel and bridge improvements in this reach are not economically
feasible. However, by making improvements in reaches E3 & E6, the reduced backwater effects result in
lower water surface profiles through reach E4. No improvements were assumed through this reach.

6.2.9. Plan I - Plan G w/o0 Detention
Plan | is a copy of plan G, but the flows were modified such that the detention basins were not included.

Design Methodology
Plan | began as a copy of Plan G and the flow inputs were copied from the Without Project model(s).
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6.2.10. Plan ] - Regional Detention & Reach E1
Plan J includes the five regional detention basins with the 0.2% ACE improvements in reach E1.

Design Methodology
Plan J is a copy of the Without Project plan with the geometry from Plan D (0.2% ACE).
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Plate A: Flow data tables

Current
Development

Future
Development

Critical 100yr Duration (hr) Critical 100yr Duration (hr)
Point of 100 Yr 100 Yr
Interest Peak Flow | 1 | 2 | 3 | 6 |12] 18| 24 Peak Flow | 1 | 2 | 3 | 6 |12] 18| 24
North Branch X-SEC
HCNB9 18653 166 el Bl Bl el B S el e 175 el el el e I S e
RRNB31 16668 193 el e e e . . 204 e e e e e
NB17 15747 213 el el e el el R s 225 e e e —
HCNB12 14505 626 el I e e I e 676 == | X | == == == == || ==
HCNB13 13249 745 el I e e I e 819 R I G [Ty [ U R R
NB12 11949 756 el el B O el el el 844 X e
HCNB17 11140 1055 el Bl B O e e el e 1169 e e D G e e I e
HCNB19 10225 1179 el el B O e e e s 1285 e X e e
RNB39B 10068 1175 el el . S e e e 1280 S [RES D G| S e i R
HCNB21 9515 1511 el el . S e e e 1564 = == || X [ o= | == || == || ==
NB42 8776 1575 el Bl B O e e el e 1623 el e B O B T A R
HCNB25 8293 1625 el el IR O e e el s 1681 e X e e
NB44 7084 1714 el el . O e e e 1767 el el D e e e
NB54 5346 2216 el el D O e e e 2318 el e I O B T e
HCNB29 5026 2280 el el . S e e e 2377 S [RES D G| S e i R
HCNB30 3659 2429 el el B O e e el e 2516 e X e e
HCNB31 1837 2627 el Bl B O e e el e 2746 e e D G e e I e
HCNB32 610 2734 el el . e e e 2848 = == || X [ o= | == || == || ==
South Branch
RRSJ6 14475 773 el IR e e I e 835 R 1 G [T [ (U e p—
HCSJ6 12585 1378 el I e e I e 1676 == | X | == == == == || ==
HCSJ7 10710 1585 el I e e I e 1955 R I G [y Qe U U R
HCSJ8 8856 1917 el el IR O e e el s 2523 e X e e
SJ34 7825 1927 el Bl B O e e el e 2478 el el B O B T A R
HCSJ11 7131 2069 el el D O e e e 2673 = == || X [ o= | == || == || ==
HCSJ12 6309 2160 el el . S e e e 2683 R RS D G| S e i R
SJ37 5006 2247 el el B O el el el 2749 el el I U e e e
Est Box Capacity 1643 725 el el IR el el e B 728 e e D G e e e
SJ37 - Box
Capacity 4432 1523 el el B O e e e s 2021 e X e e
SJ44A 2584 2674 el Bl B O e e el e 3064 e e . e e e
SJ44B 1390 2868 el el . e e e 3202 = == || X [ o= | == || == || ==
SJ45 761 2897 el el . S e e e 3218 el el B O B T I
Lower Branch
HC75 16700 5608 el el IR O e e el s 6022 e X e e
Est Box Capacity 3354 2346 el el IR el el el B 2374 e e B S I T e
HC75 — Box
Capacity 16690 3262 el el D S e e B A 3648 cee | e | X e | e | e | -
HC75 13427 5608 el el D O e e e 6022 = == || X [ o= | == || == || ==
HCLJ7 13132 5683 el el . S e e e 6163 R RS D G| S e i R
HCLJ15 9733 6060 el el e IR e e s 6650 e e e e e e
HCLJ16 8274 6157 el Bl e B e e s 6771 e el R D G I e e
HCL25X 5689 6341 el el el IR e e 6969 o o= == | X [ == || == || ==
HCLJ19 3859 6737 el el e AR S e e 7411 S [N i G [ [ p—
HCLJ20 2266 6806 el el e IR S e e 7491 mo o= | == | X [ == || == | ==
HCL34X 621 6777 el Bl e ER O el e e 7482 e el R D G I e e
Fassnight Creek
F11B 11358 3270 el el D O e e e 3963 = == || X [ o= | == || == || ==
COMB14 9487 3988 el el D O el el el e 4854 e . e e e
F14 7121 3988 el el B O e e el s 4854 el e B O B P A R
COMB9 6405 4650 el Bl B O e e el e 5641 e D G e e I -
COMB10 4641 4726 el el D O e e e 5739 = == || X [ o= | == || == || ==
COMB11 3883 4726 el el . S e e e 5739 S RS D G| S e i R
COMB12 2816 4354 el el B O el el el 5753 X e
COMB13 2020 4456 el Bl B O e e el e 5692 e D G e e I e
Wilsons Creek
COMBJF 33108 9859 el el e I S e e 11009 mo o= | == | X [ == || == | ==

%
Increase

5.4%
5.7%
5.6%
8.0%
9.9%
11.6%
10.8%
9.0%
8.9%
3.5%
3.0%
3.4%
3.1%
4.6%
4.3%
3.6%
4.5%
4.2%

8.0%
21.6%
23.3%
31.6%
28.6%
29.2%
24.2%
22.3%

0.4%

32.7%
14.6%
11.6%
11.1%

7.4%
1.2%

11.8%
7.4%
8.4%
9.7%

10.0%
9.9%

10.0%

10.1%

10.4%

21.2%
21.7%
21.7%
21.3%
21.4%
21.4%
32.1%
27.7%

11.7%




Current Development

Critical 100 yr Duration (hr)

[ 1 Hour Peak Flows

2 Hour Peak Flows

3 Hour Peak Flows

6 Hour Peak Flows

12 Hour Peak Flows

18 Hour Peak Flows

24 Hour Peak Flows

Point of Interest Maximum 100 yr Flowrate (cfs) Hr[1[2[3] 6 [12]18]24 Point | ayr [ 2yr | syr [ a0yr | 25yr | soyr [100yr [ 500yr | 1yr [ 2yr | syr [ 10yr [ 25yr [ 50yr [ 200yr [ s00yr | ayr [ 2yr [ syr [ 10yr [ 25yr | soyr | 100yr [ 500yr [ ayr [ 2yr [ syr [ 10yr | 25yr [ soyr [100yr [ 500yr | 1yr | 2yr | syr [ 10yr [ 25yr [ 50yr [ 200yr [ 500yr | 2yr [ 2yr [ syr [ 1oyr | 25yr | soyr [ 100yr [ 500yr [ 1yr [ 2yr | syr | 10yr [ 25yr [ s0yr [ 100yr [ 500yr |
North Branch North Branch

HCNB9 166 12[ e | [ [ X [ =] 5 |HCNBY 56 71 92 107 123 133 154 173 | 54 73 101 118 137 156 165 177 | 47 66 98 116 142 157 165 178 | 47 66 98 117 143 157 166 182 | 49 67 98 117 142 154 163 181 | 45 62 89 107 133 148 157 175
RRNB31 193 X 5 |RRNB31 51 63 8 106 140 156 172 215 | 52 73 109 131 152 173 188 214 | 51 69 108 129 155 173 189 218 | 52 72 112 132 161 179 193 225 | 54 74 112 132 160 177 193 224 | 51 69 101 124 152 169 183 211
NB17 213 6 |NB17 56 69 89 113 153 172 192 241 | 57 78 115 140 162 185 203 246 | 55 74 114 138 163 182 205 245 | 57 77 120 142 171 192 211 256 | 58 79 120 143 171 193 213 256 | 55 74 109 134 163 183 200 238
HCNB12 626 2 2 |HCNB12 113 173 261 335 443 530 626 844 | 113 166 243 309 400 478 560 744 | 106 147 204 250 312 363 427 571 | 107 145 199 246 318 374 428 542 | 109 147 199 253 320 364 415 522 | 100 133 180 231 287 326 372 459
HCNB13 745 2 2 |HCNB13 136 208 306 392 525 630 745 1009 | 135 201 294 372 484 581 682 915 | 125 178 247 305 388 457 520 702 | 125 174 237 288 371 436 505 645 | 128 173 232 289 368 423 480 608 | 117 156 210 261 329 374 425 533
NB12 756 3 X 3 |NB12 157 234 337 425 547 647 756 1009 | 143 205 287 356 454 534 620 815 | 143 200 272 330 414 489 568 730 | 145 197 263 321 408 474 537 678 | 132 176 237 287 367 418 473 593
HCNB17 1055 3 X 3 |HCNB17 225 341 496 617 777 908 1055 1391 | 197 200 417 516 657 771 886 1148 | 196 277 381 462 573 666 777 995 | 196 260 362 438 554 645 731 917 | 175 237 321 385 491 560 640 801
HCNB19 1179 3 X 3 |HCNB19 263 389 564 699 872 1014 1179 1552 | 224 329 476 589 747 873 1002 1301 | 224 314 431 521 646 745 865 1111 | 222 302 407 489 614 715 811 1015 | 197 264 357 428 542 619 704 882
RNB39B 1175 3 X 3 |RNB39B 257 383 556 693 868 1010 1175 1544 | 223 325 471 583 742 867 994 1205 | 221 309 428 517 641 742 861 1107 | 219 298 403 485 609 711 807 1011 | 194 262 354 425 538 616 702 879
HCNB21 1511 3 X 3 |HCNB21 343 490 714 889 1120 1301 1511 1970 | 287 415 603 745 943 1094 1253 1632 | 281 390 538 648 801 923 1061 1363 | 274 370 500 599 743 867 984 1230 | 240 322 433 519 650 744 845 1059
NB42 1575 3 X 3 |NB42 358 508 742 925 1165 1355 1575 2058 | 209 431 627 776 981 1138 1303 1698 | 292 405 550 673 831 958 1100 1413 | 284 384 518 621 769 897 1018 1273 | 248 333 447 536 671 769 873 1094
HCNB25 1625 3 X 3 |HCNB25 369 522 763 951 1200 1397 1625 2124 | 308 443 645 798 1009 1170 1339 1748 | 300 416 574 691 853 984 1128 1451 | 291 393 531 637 787 919 1044 1305 | 254 341 458 550 686 788 894 1124
NB44 1714 3 X 3 |NB44 387 547 802 999 1263 1473 1714 2248 | 324 465 678 840 1064 1233 1412 1845 | 314 436 603 726 897 1038 1186 1527 | 304 411 557 668 824 962 1097 1373 | 266 356 480 577 717 828 940 1183
NB54 2216 3 X 3 |NB54 507 723 1054 1310 1653 1923 2216 2916 | 420 603 882 1097 1389 1609 1837 2364 | 401 557 779 946 1167 1349 1536 1954 | 386 524 715 858 1055 1224 1400 1749 | 335 454 614 738 907 1051 1192 1498
HCNB29 2280 3 X 3 |HCNB29 521 743 1082 1345 1699 1978 2280 2998 | 432 619 905 1128 1428 1657 1892 2433 | 412 571 802 974 1202 1389 1582 2010 | 395 538 735 882 1086 1258 1440 1799 | 343 466 631 758 931 1080 1225 1539
HCNB30 2429 3 X 3 |HCNB30 551 790 1148 1429 1808 2107 2429 3185 | 457 657 961 1199 1519 1764 2017 2501 | 435 605 852 1036 1280 1479 1684 2138 | 417 570 780 938 1154 1335 1520 1912 | 362 494 669 805 987 1145 1299 1633
HCNB31 2627 3 X 3 |HCNB31 593 854 1237 1542 1952 2279 2627 3425 | 493 709 1036 1205 1643 1911 2190 2813 | 467 652 920 1122 1387 1603 1826 2313 | 447 613 841 1013 1247 1440 1650 2066 | 389 532 722 869 1064 1234 1402 1762
HCNB32 2734 3 X 3 |HCNB32 625 895 1294 1612 2034 2373 2734 3558 | 519 746 1084 1355 1716 1995 2287 2939 | 489 684 962 1173 1448 1672 1902 2407 | 468 641 878 1057 1298 1497 1715 2144 | 407 556 753 905 1107 1283 1458 1831
South Branch South Branch

RRSJ6 773 2 2 |RRSJ6 176 250 363 451 570 667 773 1038 | 163 231 332 411 516 602 693 914 | 126 179 257 315 393 456 524 680 | 111 159 222 266 326 374 424 522 | 107 147 201 237 288 328 371 456 | 90 123 167 200 240 273 309 384
HCSJ6 1378 2 2 |HCsue 226 337 518 678 890 1074 1378 1981 | 216 320 497 638 820 1048 1325 1856 | 184 276 421 528 692 872 1077 1475 | 184 271 391 486 637 778 917 1150 | 182 261 368 452 581 673 795 993 | 160 226 315 385 491 567 645 825
HCSJ7 1585 2 2 |Hesu7 279 434 671 861 1114 1322 1585 2279 | 273 417 643 820 1056 1253 1551 2178 | 236 352 541 681 871 1053 1289 1784 | 235 344 498 613 792 948 1126 1440 | 232 330 465 566 723 835 977 1227 | 203 285 397 484 611 704 799 1020
HCsJ8 1017 3 X 3 |HCsu8 348 540 819 1060 1390 1616 1917 3182 | 305 461 702 906 1242 1503 1758 2648 | 307 446 665 908 1217 1410 1645 2273 | 306 436 707 902 1161 1356 1595 2061 | 268 379 622 778 993 1186 1429 1784
SJ34 1927 3 X 3 |si34 351 544 824 1063 1396 1626 1927 3118 | 309 467 709 914 1253 1515 1772 2628 | 311 452 672 915 1228 1421 1658 2286 | 310 441 713 909 1171 1366 1608 2075 | 271 383 627 785 1000 1194 1438 1795
HCSJ11 2069 3 X 3 |HCsuL 415 641 952 1213 1523 1781 2069 3379 | 368 555 822 1053 1396 1671 1952 2881 | 369 527 776 1034 1374 1580 1840 2494 | 368 511 802 1021 1309 1534 1759 2309 | 321 446 705 884 1121 1312 1592 1991
HCSJ12 2160 3 X 3 |HCsu12 453 687 1015 1285 1585 1871 2160 3379 | 400 600 883 1125 1473 1757 2053 2951 | 398 568 830 1094 1450 1678 1936 2595 | 398 549 848 1080 1384 1621 1841 2421 | 347 479 749 938 1186 1380 1671 2092
sJ37 2247 3 X 3 |s37 480 719 1060 1337 1636 1940 2247 3456 | 424 634 931 1182 1533 1829 2137 3047 | 420 601 875 1142 1513 1759 2018 2682 | 420 578 886 1128 1444 1690 1912 2517 | 366 505 782 981 1238 1441 1735 2176
Est Box Capacity 725 3 X 3 |Est Box Capacity 479 718 751 744 733 729 725 717

$J37 - Box Capacity 1523 3 X 3 |S337 - Box Capacity 1 1 309 593 903 1212 1523 2739

SJ44A 2674 3 X 3 [si44A 557 821 1204 1536 1940 2273 2674 3813 | 507 740 1086 1368 1795 2133 2501 3446 | 499 708 1018 1302 1768 2090 2390 3076 | 494 678 1019 1308 1705 1995 2262 2938 | 430 591 904 1143 1439 1702 2013 2543
53448 2868 3 X 3 [si44B 595 868 1260 1616 2096 2444 2868 3953 | 550 793 1160 1457 1935 2266 2660 3613 | 540 761 1090 1377 1882 2232 2560 3203 | 533 728 1079 1388 1816 2125 2419 3118 | 464 634 959 1209 1519 1815 2130 2703
$J45 2897 3 X 3 |sus 601 876 1279 1628 2119 2477 2897 3974 | 556 802 1172 1471 1957 2287 2685 3639 | 546 770 1101 1389 1900 2254 2586 3325 | 530 737 1089 1400 1833 2144 2441 3145 | 469 641 968 1220 1532 1832 2147 2726
Lower Branch Lower Branch

HC75 5608 3 X 3 |HCTs5 | 1202 1700 2477 3093 4145 4842 5608 7440 | 1069 1513 2199 2733 3656 4260 4881 6409 | 1035 1441 2027 2485 3304 3916 4479 5727 | 1006 1360 1904 2392 3128 3640 4150 5278 | 874 1189 1680 2094 2613 3114 3600 4552
Est Box Capacity 2346 3 X 3 |Est Box Capacity 1201 1699 2039 2120 2249 2307 2346 2436

HC75 - Box Capacity 3262 3 X 3 |HC75 - Box Capacity 1 1 438 973 1896 2535 3262 5004

HC75 5608 3 X 3 |HCTs5 1202 1700 2477 3093 4145 4842 5608 7440 | 1069 1513 2199 2733 3656 4260 4881 6409 | 1035 1441 2027 2485 3304 3916 4479 5727 | 1006 1360 1904 2392 3128 3640 4150 5278 | 874 1189 1680 2094 2613 3114 3600 4552
HCLJ7 5683 3 X 3 |HCLI? 1401 1955 2813 3438 4370 4998 5683 7279 | 1252 1747 2522 3120 3995 4501 5213 6665 | 1207 1666 2338 2854 3663 4271 4851 6119 | 1167 1568 2171 2706 3438 3974 4498 5633 | 1012 1380 1902 2366 2939 3457 3952 4948
HCLJ15 6060 6 4 |HcLus 1505 2076 2955 3652 4629 5361 6060 7657 | 1441 1965 2748 3350 4230 4950 5619 7048 | 1390 1856 2531 3114 3963 4604 5200 6447 | 1213 1661 2223 2755 3426 4009 4577 5735
HCLJ16 6157 6 4 |HcLu6 1530 2112 3003 3710 4692 5438 6157 7772 | 1465 1999 2792 3407 4289 5025 5711 7162 | 1416 1891 2579 3163 4025 4680 5288 6559 | 1234 1691 2262 2800 3480 4067 4646 5820
HCL25X 6341 6 4 |HcL2sX 1573 2169 3079 3806 4801 5505 6341 7994 | 1506 2053 2867 3500 4393 5170 5883 7374 | 1450 1946 2650 3242 4119 4803 5459 6761 | 1257 1746 2332 2884 3584 4183 4781 5996
HCLJ19 6737 6 4 |HcL9 1665 2289 3243 4010 5057 5933 6737 8466 | 1506 2170 3028 3701 4625 5484 6259 7848 | 1553 2065 2806 3420 4331 5082 5821 7208 | 1333 1861 2480 3062 3805 4434 5074 6370
HCLJ20 6806 6 4 |HcLI20 1681 2309 3268 4042 5094 5979 6806 8548 | 1612 2191 3055 3733 4663 5512 6315 7932 | 1570 2086 2832 3450 4366 5123 5871 7285 | 1344 1883 2505 3091 3841 4474 5124 6432
HCL34X 6777 6 4 |HcLaax 1688 2314 3273 4046 5092 5941 6777 8561 | 1621 2202 3067 3748 4683 5488 6321 7950 | 1573 2096 2844 3467 4381 5126 5853 7289 | 1337 1897 2516 3102 3855 4485 5141 6457
Fassnight Creek

F11B 3270 3 X F11B 783 1024 1392 1722 2267 2740 3270 4467 | 634 810 1080 1351 1787 2143 2533 3430 | 427 643 966 1212 1536 1793 2069 2665 | 438 629 897 1102 1374 1500 1818 2313 | 380 537 751 921 1143 1319 1507 1909
F14 3988 3 X F14 914 1230 1716 2154 2813 3366 3988 5411 | 743 980 1352 1674 2221 2669 3158 4273 | 533 797 1203 1515 1929 2257 2606 3365 | 542 783 1121 1382 1727 2003 2293 2920 | 472 670 943 1160 1444 1668 1907 2420
F14 3988 3 X F14 914 1230 1716 2154 2813 3366 3988 5411 | 743 980 1352 1674 2221 2669 3158 4273 | 533 797 1203 1515 1929 2257 2606 3365 | 542 783 1121 1382 1727 2003 2293 2920 | 472 670 943 1160 1444 1668 1907 2420
COMB10 4650 3 X COMB10 1091 1459 2017 2530 3296 3934 4650 6201 | 897 1177 1609 1989 2621 3155 3734 5053 | 628 937 1421 1796 2292 2683 3102 4014 | 637 925 1320 1645 2057 2389 2737 3491 | 556 794 1124 1384 1726 1995 2283 2901
COMB11 4726 3 X CoMmB11 1107 1480 2049 2573 3352 3999 4726 6393 | 913 1198 1639 2029 2672 3216 3807 5152 | 640 954 1449 1832 2339 2739 3167 4100 | 648 943 1356 1679 2101 2441 2796 3568 | 566 810 1147 1414 1764 2039 2335 2968
COMB11 4726 3 X CoMB11 1107 1480 2049 2573 3352 3999 4726 6393 | 913 1198 1639 2029 2672 3216 3807 5152 | 640 954 1449 1832 2339 2739 3167 4100 | 648 943 1356 1679 2101 2441 2796 3568 | 566 810 1147 1414 1764 2039 2335 2968
COMB12 4354 3 X CoMB12 1097 1484 2043 2538 3160 3742 4354 6260 | 922 1206 1657 2048 2665 3139 3686 5119 | 650 970 1472 1852 2363 2720 3112 4017 | 659 959 1378 1701 2126 2460 2781 3519 | 576 825 1167 1439 1789 2068 2369 2968
COMB13 4456 3 X CoMB13 1111 1511 2099 2616 3247 3831 4456 6392 | 933 1236 1712 2130 2768 3256 3819 5213 | 670 1003 1530 1930 2467 2839 3248 4104 | 682 998 1437 1777 2224 2575 2908 3683 | 596 860 1219 1505 1874 2169 2486 3112
Wilsons Creek

COMBJF 9859 6 ee | coon | oo | X | cooe| oo | -] 4 |COMBIF 2293 3158 4457 5530 6995 8355 9859 12777| 2232 3069 4238 5202 6538 7693 9042 11725| 2205 3021 3983 4823 6036 7080 8206 10616 | 1854 2727 3540 4289 5343 6188 7135 9277




Ultimate Development Critical 100 yr Duration (hr) 1 Hour Peak Flows 2 Hour Peak Flows 3 Hour Peak Flows 6 Hour Peak Flows 12 Hour Peak Flows 18 Hour Peak Flows 24 Hour Peak Flows
Point of Interest __Maximum 100 yr Flowrate (cfs)  Hr[1[ 2] 3] 6 [12]18]24 Point 1yr | 2yr | 5yr [ 10yr [ 25yr [ 50yr [ 200yr [ 500yr | 1yr [ 2yr [ syr | 10yr [ 25yr | soyr [ 100yr [ 500yr | 1yr [ 2yr | syr [ 10yr | 25yr | s0yr [ 200yr [ 500yr [ 1yr | 2yr [ syr [ 10yr [ 25yr [ 50yr [ 200yr[500yr | 1yr [ 2yr [ syr | 10yr [ 25yr | 5oyr | 100yr | 500yr 1yr 21 syr | 10yr | 25yr | s0yr | 100yr | 500yr 1yr 2yr | sy | 10yr [ 25y | soyr | 100yr | 500yr
North Branch North Brancl
HCNB9 175 X 5 |HCNBY 68 84 104 119 130 137 160 177 | 68 92 117 133 157 167 172 184 | 63 8 117 140 160 167 173 185 | 58 83 114 137 157 166 175 188 58 80 110 133 152 161 170 187 53 72 98 121 143 154 162 180
RRNB31 204 5 [RRNB3L 64 77 110 133 152 163 178 223 | 70 90 129 145 170 184 197 219 | 67 93 127 152 175 185 198 223 | 66 90 129 153 177 191 204 232 65 88 125 148 172 188 201 230 60 80 114 136 163 178 190 216
NB17 225 6 |NB17 68 84 118 144 167 184 216 283 | 74 95 137 154 179 196 216 275 | 72 98 134 150 183 197 215 251 | 71 96 137 162 188 206 223 265 70 93 135 157 186 205 225 265 65 86 124 146 176 193 211 245
HCNB12 676 2 2 [HcNB12 158 220 311 383 488 574 676 933 | 160 216 298 363 455 533 627 846 | 146 190 256 307 379 446 515 686 | 140 180 243 297 365 418 470 588 133 172 236 287 345 391 444 543 120 155 210 257 307 348 393 475
HCNB13 819 A== 2 |HcnB13 189 261 375 468 600 704 819 1106 | 190 259 364 448 566 660 769 1014 | 173 227 312 377 465 541 629 816 | 165 213 281 347 433 497 560 695 156 202 270 332 404 459 520 638 140 181 239 296 354 403 456 554
NB12 844 3 X 3 [NB12 210 284 402 495 620 725 844 1111 | 192 255 350 425 526 609 702 918 | 184 238 314 384 480 551 623 774 173 223 297 365 446 505 571 704 155 200 261 324 390 442 501 612
HCNB17 1169 3 X 3 |HenB17 201 391 585 712 875 1015 1169 1490 | 261 346 500 615 758 870 993 1278 | 245 318 432 526 656 756 855 1059 229 296 396 489 606 688 772 987 204 264 348 429 524 594 689 865
HCNB19 1285 3 X 3 [HcNB19 323 435 645 781 960 1117 1285 1644 | 292 389 557 688 845 969 1106 1425 | 274 356 483 587 725 836 947 1178 256 329 439 535 668 758 850 1078 227 293 384 469 577 653 751 945
RNB39B 1280 3 X 3 |RnB39B 315 431 637 776 954 1111 1280 1639 | 287 386 551 682 839 961 1101 1419 | 271 353 480 583 722 832 942 1175 254 327 436 532 665 755 846 1076 225 290 382 467 574 651 748 941
HCNB21 1564 3 X 3 [HenB21 387 537 771 942 1157 1351 1564 2057 | 353 480 677 842 1034 1184 1361 1749 | 335 438 593 718 883 1015 1150 1441 312 402 535 642 805 916 1026 1295 273 353 463 560 689 782 890 1120
NB42 1623 3 X 3 |nBa2 397 556 795 978 1203 1402 1623 2141 | 365 497 701 872 1072 1228 1412 1814 | 347 454 616 745 915 1051 1191 1492 323 416 554 664 832 946 1061 1337 282 365 478 578 711 807 017 1155
HCNB25 1681 3 X 3 [HcNB25 412 578 823 1014 1249 1450 1681 2218 | 378 515 723 901 1108 1268 1457 1871 | 358 469 635 768 942 1082 1226 1538 332 428 570 683 855 973 1001 1373 290 375 492 593 731 829 941 1185
NB44 1767 3 X 3 |NBa4 433 605 860 1065 1316 1523 1767 2335 | 394 539 757 943 1161 1330 1520 1965 | 375 492 666 805 988 1134 1285 1620 347 448 596 714 893 1018 1144 1434 303 392 514 619 764 869 982 1240
NB54 2318 3 X 3 [NB54 588 822 1157 1420 1752 2014 2318 3095 | 518 711 997 1235 1520 1733 1973 2543 | 480 633 859 1038 1276 1456 1647 2068 440 571 757 909 1130 1294 1457 1805 382 496 649 777 966 1100 1241 1560
HCNB29 2377 3 X 3 |HcNB29 604 842 1185 1455 1797 2068 2377 3173 | 530 728 1021 1264 1558 1778 2021 2609 | 491 649 880 1065 1311 1496 1693 2127 450 584 774 931 1157 1320 1497 1853 301 509 667 798 991 1131 1275 1601
HCNB30 2516 3 X 3 [HCcNB30 639 888 1252 1536 1903 2195 2516 3346 | 558 767 1078 1332 1650 1889 2141 2763 | 517 684 930 1130 1392 1500 1798 2259 473 617 817 987 1225 1409 1589 1965 412 538 706 845 1049 1198 1351 1695
HCNB31 2746 3 X 3 |HcnB31 698 968 1365 1672 2079 2403 2746 3621 | 603 829 1170 1442 1795 2061 2337 2997 | 557 742 1009 1228 1511 1727 1952 2451 510 669 887 1071 1327 1526 1721 2128 445 582 765 915 1134 1295 1460 1830
HCNB32 2848 3= [ X [ |-==|—|-—| 3 [HcNB32 728 1007 1417 1734 2153 2491 2848 3743 | 629 862 1219 1499 1864 2142 2431 3110 | 580 774 1051 1277 1571 1796 2026 2542 531 696 922 1113 1376 1583 1785 2204 463 606 796 950 1176 1343 1515 1895
South Branch South Branch
RRSJ6 835 o[ [ x [—[—[—=[—=[—]| 2 [rRsJ® 222 301 417 505 622 714 835 1005 | 210 280 381 458 550 640 727 950 | 177 228 208 353 432 496 565 717 | 144 184 237 274 324 365 419 534 125 159 204 237 279 312 347 442 106 136 174 203 238 266 296 366
HCSJ6 1676 2 2 |Hcsde 323 444 619 753 1114 1402 1676 2291 | 311 420 579 721 1070 1324 1570 2104 | 274 362 481 623 882 1062 1246 1631 | 244 318 430 546 715 841 956 1210 220 285 376 468 593 698 800 998 192 249 327 392 502 574 650 823
HCSJ7 1955 2 2 [Hes7 363 503 721 936 1325 1630 1955 2666 | 358 497 696 921 1283 1560 1858 2496 | 324 439 613 795 1078 1296 1513 2001 | 291 389 545 687 892 1048 1196 1511 263 339 471 589 738 871 998 1245 232 298 403 493 624 714 816 1027
HCsJ8 2523 3 3 |Hcsis 433 640 934 1190 1596 1930 2523 3713 | 397 573 820 1074 1445 1744 2054 3050 | 361 518 772 1006 1309 1572 1809 2437 328 482 749 935 1192 1446 1689 2104 291 432 648 801 1017 1253 1457 1814
SJ34 2478 3 3 [s134 438 644 938 1197 1604 1937 2478 3642 | 403 580 828 1083 1453 1755 2066 3034 | 366 524 779 1014 1319 1582 1822 2451 333 486 757 945 1203 1456 1702 2119 296 438 654 808 1025 1262 1467 1826
HCsJ11 2673 3 3 |Hesait 532 750 1088 1338 1720 2082 2673 3980 | 484 675 963 1210 1503 1014 2248 3338 | 434 608 871 1134 1452 1748 1995 2683 395 550 851 1053 133 1509 1864 2362 351 494 735 899 1131 1386 1618 2027
HCsJ12 2683 3 3 [Hesaiz 576 798 1153 1420 1787 2143 2683 3941 | 526 722 1028 1272 1660 1990 2333 3398 | 473 651 918 1195 1518 1826 2090 2793 433 584 899 1110 1403 1672 1948 2478 382 525 778 951 1186 1448 1607 2128
SJ37 2749 3 3 |si37 610 835 1201 1484 1841 2204 2749 4024 | 562 760 1083 1331 1717 2056 2413 3512 | 506 685 963 1245 1575 1893 2170 2888 463 614 943 1160 1464 1736 2024 2578 407 551 815 997 1235 1503 1762 2214
Est Box Capacity 728 3 3 [Est Box Capacity 609 747 746 736 731 733 728 711
SJ37 - Box Capacity 2021 3 3 |SJ37 - Box Capacity 1 88 455 748 1110 1471 2021 3313
SJ44A 3064 3 3 [si44A 719 982 1398 1800 2174 2462 3064 4480 | 666 896 1274 1619 2027 2347 2747 4002 | 601 803 1156 1460 1864 2203 2538 3323 546 742 1104 1354 1716 2023 2325 3037 482 655 964 1176 1455 1753 2065 2596
SJ44B 3202 3 3 |si448 787 1060 1488 1947 2397 2753 3202 4710 | 730 972 1366 1747 2211 2515 2893 4237 | 659 869 1242 1552 1998 2340 2701 3520 596 800 1176 1443 1833 2166 2471 3243 524 697 1031 1257 1547 1868 2200 2767
SJ45 3218 3 3 [su45 793 1068 1498 1961 2421 2786 3218 4730 | 736 980 1378 1762 2233 2543 2013 4263 | 666 877 1252 1564 2016 2357 2723 3546 602 807 1185 1455 1849 2184 2492 3269 529 703 1039 1267 1560 1883 2217 2789
Lower Branch Lower Branch
HCT75 6022 === === # | 1497 2035 2843 3674 4567 5270 6022 7923 | 1358 1823 2543 3219 4095 4672 5273 7109 | 1245 1633 2262 2769 3568 4105 4699 6066 | 1133 1480 2064 2527 3223 3763 4266 5466 992 1284 1808 2191 2701 3218 3728 4677
Est Box Capacity 2374 3 X 3 [Est Box Capacity 1496 1928 2090 2199 2285 2341 2374 2456
HC75 - Box Capacity 3648 3 X 3 |HCT75 - Box Capacity 1 107 753 1475 2282 2929 3648 5467
HCT75 6022 3 X 3 [HcTs 1497 2035 2843 3674 4567 5270 6022 7923 | 1358 1823 2543 3219 4095 4672 5273 7109 | 1245 1633 2262 2769 3568 4105 4699 6066 | 1133 1480 2064 2527 3223 3763 4266 5466 992 1284 1808 2191 2701 3218 3728 4677
HCLJ7 6163 3 = 3 |HeLar 1766 2380 3283 4008 4867 5501 6163 8048 | 1505 2126 2031 3506 4476 5041 5661 7392 | 1460 1908 2602 3163 3972 4532 5138 6497 | 1327 1700 2356 2877 3578 4133 4657 5840 | 1155 1485 2058 2491 3060 3571 4099 5095
HCLJ15 6650 6 X 4 [HcLi1s 1924 2557 3514 4205 5249 5045 6650 8338 | 1753 2202 3096 3748 4652 5309 5063 7485 | 1592 2040 2773 3374 4191 4790 5394 6706 | 1376 1776 2428 2027 3588 4170 4737 5877
HCLJ16 6771 6 X 4 |HcLi1e 1960 2606 3582 4282 5338 6050 6771 8465 | 1786 2336 3152 3814 4736 5411 6076 7605 | 1625 ~ 2082 2822 3435 4265 4880 5494 6827 | 1403 1811 2474 2081 3651 4239 4819 5977
HCL25X 6969 6 X 4 [HCL25X 2000 2672 3671 4395 5492 6227 6969 8665 | 1841 2400 3236 3914 4857 5571 6254 7816 | 1681 2136 2892 3516 4361 4997 5668 7013 | 1453 1875 2543 3071 3761 4362 4965 6163
HCLJ19 7411 6 X 4 |HcLi1e 2125 2827 3879 4649 5834 6624 7411 9176 | 1963 2546 3428 4140 5141 5033 6665 8282 | 1801 2267 3057 3711 4593 5289 6056 7475 | 1556 2008 2705 3269 4001 4629 5279 6560
HCLJ20 7491 6 X 4 [HcLaz20 2143 2850 3910 4688 5878 6683 7491 9265 | 1984 2571 3461 4178 5185 5090 6739 8364 | 1822 2290 3084 3743 4631 5332 6106 7552 | 1576 2031 2730 3300 4038 4669 5324 6627
HCL34X 7482 6 X 4 |HcL34ax 2148 2852 3011 4693 5828 6658 7482 9261 | 1998 2582 3475 4194 5196 5085 6747 83901 | 1835 2302 3097 3756 4646 5340 6097 7550 | 1580 2043 2741 3311 4049 4679 5328 6646
Fassnight Creek
F11B 3963 3 X 3 [F118 1045 1373 1853 2256 2869 3390 3963 5271 | 831 1087 1446 1738 2183 2582 3013 3995 | 572 804 1144 1398 1720 1990 2265 2864 542 738 1014 1222 1497 1713 1941 2432 458 621 840 1012 1235 1411 1596 1997
F14 4854 3 X 3 |F14 1341 1780 2304 2882 3581 4185 4854 6384 | 1078 1424 1905 2286 2826 3300 3828 5028 | 742 1030 1464 1789 2212 2544 2896 3656 691 941 1204 1550 1909 2183 2473 3096 585 794 1074 1294 1579 1804 2040 2550
F14 4854 3 X 3 [F14 1341 1780 2304 2882 3581 4185 4854 6384 | 1078 1424 1905 2286 2826 3300 3828 5028 | 742 1030 1464 1789 2212 2544 2896 3656 691 941 1204 1550 1909 2183 2473 3096 585 794 1074 1204 1579 1804 2040 2550
COMB10 5641 3 X 3 |comBio 1572 2079 2794 3371 4182 4873 5641 7400 | 1284 1688 2255 2707 3357 3913 4533 5046 | 881 1218 1742 2130 2637 3036 3459 4372 818 1120 1543 1861 2282 2612 2958 3710 696 947 1285 1549 1891 2162 2448 3062
COMB11 5739 3 X 3 [comBi1 1601 2116 2844 3433 4258 4960 5739 7525 | 1314 1727 2306 2771 3436 4001 4631 6073 | 902 1244 1782 2178 2698 3105 3539 4473 836 1145 1579 1903 2334 2671 3026 3796 712 969 1315 1586 1936 2213 2506 3136
COMB11 5739 3 X 3 |comBi1 1601 2116 2844 3433 4258 4960 5739 7525 | 1314 1727 2306 2771 3436 4001 4631 6073 | 902 1244 1782 2178 2698 3105 3539 4473 836 1145 1579 1903 2334 2671 3026 379 712 969 1315 1586 1936 2213 2506 3136
COMB12 5753 3 X 3 [comB12 1614 2098 2734 3219 3979 4587 5753 6340 | 1331 1736 2308 2713 3308 3861 4423 6165 | 923 1260 1803 2204 2685 3066 3476 4387 854 1166 1607 1930 2365 2669 3009 3757 729 990 1340 1617 1967 2248 2536 3130
COMB13 5692 3= X || —=|—|—| 3 |comB13 1646 2148 2801 3291 4054 4662 5692 6493 | 1367 1790 2382 2803 3412 3973 4542 6232 | 962 1323 1874 2288 2789 3183 3604 4545 839 1213 1670 2007 2459 2777 3129 3905 759 1030 1396 1684 2049 2343 2642 3263
Wilsons Creek
COMBJF 11009 8[| —[-—| X [-—|—|—]| 4 [comBiF 2910 3840 5256 6420 8075 9547 11009 13579| 2847 3568 4769 5789 7178 8442 9804 12377 | 2646 3307 4259 5136 6378 7410 8611 10912 | 2285 2970 3795 4561 5502 6413 7369 9530
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Current Flows w/ Regional Detention Critical 100 yr Duration (hr) [ 1 Hour Peak Flows 2 Hour Peak Flows 3 Hour Peak Flows 6 Hour Peak Flows 12 Hour Peak Flows 18 Hour Peak Flows 24 Hour Peak Flows
Point of Interest Maximum 100 yr Flowrate (cfs) Hri1|2[3|6]|12(18|24 Point ayr | 2y | Sy | 10yr | 25yr | S0yr | 200yr | 500yr | 1yr | 2yr | Syr | 10yr | 25yr | Soyr | 100yr | 500y | iyr | 2y | Syr | 10yr | 25yr | 50yr | 100yr | 500yr [ ayr | 2yr | Sy | 10yr | 25yr | 50yr | 100y | 500yr | dyr | 2y | Syr 10yr 25yr 50yr 100yr 500yr 1yr 2y Syr 10yr 25yr 50yr 100yr 500yr 1yr 2y Syr 10yr 25yr 50yr 100yr 500yr
North Branch North Brancl
HCNB9 122 12 | wonef come| | X | X || 5 |HCNB9 27 35 49 61 73 82 103 122 | 31 45 64 75 89 105 115 128 | 37 51 70 8 102 113 119 133 | 40 55 75 90 108 15 122 136 41 56 76 92 108 15 122 136 40 54 73 88 104 114 120 134
RRNB31 141 6 |RRNB31 34 45 61 67 77 83 91 103 | 39 52 65 73 83 92 99 110 | 45 61 75 85 97 104 110 157 | 49 64 81 94 105 112 134 174 50 65 83 96 107 114 141 178 49 64 81 94 106 115 137 177
NB17 147 6 [NB17 39 52 7 80 99 113 129 166 | 42 57 73 83 97 109 122 152 | 47 64 78 9 103 110 118 166 | 51 67 84 98 109 17 139 182 52 68 86 100 111 120 147 188 51 67 84 98 110 119 143 188
HCNB12 299 2 [HCNB12 66 101 140 175 223 256 299 393 | 68 99 137 171 215 251 289 373 | 64 90 125 155 194 222 253 323 | 70 95 132 158 191 214 241 301 76 102 137 161 191 213 239 296 72 97 128 149 177 197 221 271
HCNB13 434 2 |HCNB13 89 142 212 260 320 374 434 562 | 93 136 200 247 300 351 406 522 | 8 121 169 206 258 302 345 447 | 8 122 167 205 251 286 322 404 93 127 173 206 246 276 310 386 87 118 160 188 222 250 280 346
NB12 530 3 [NB12 115 172 258 322 399 462 530 680 | 103 151 217 263 324 378 435 556 | 106 150 206 250 306 352 395 495 112 153 207 249 296 334 374 465 103 140 188 223 264 298 333 a1
HCNB17 802 X 3 [HCNB17 179 274 418 522 624 709 802 1004 | 156 234 342 422 523 594 673 845 | 158 224 311 378 464 523 591 734 161 223 303 366 442 494 551 681 145 198 270 323 387 437 490 606
HCNB19 962 X 3 [HCNB19 224 323 488 613 742 848 962 1214 | 184 274 401 497 622 701 792 994 | 186 260 361 436 535 605 684 848 186 255 346 418 504 565 631 779 166 226 305 366 438 495 555 687
RNB39B 793 X 3 |RNB39B 201 291 415 511 617 702 793 992 | 177 257 362 445 550 631 712 894 | 176 248 337 408 502 567 639 793 177 244 326 391 474 533 593 730 160 219 293 350 421 476 533 658
HCNB21 1022 X 3 [HCNB21 277 385 541 662 799 906 1022 1275 | 237 341 474 582 722 820 924 1156 | 232 323 436 525 644 731 821 1018 229 313 414 495 600 678 755 926 204 278 367 439 528 598 669 824
NB42 1074 X 3 [NB42 292 402 564 691 838 952 1074 1341 | 248 356 496 608 757 860 970 1214 | 243 338 456 550 674 765 860 1066 239 326 431 516 625 708 788 967 212 288 382 456 550 623 697 858
HCNB25 1113 X 3 [HCNB25 302 416 582 713 868 986 1113 1300 | 257 368 512 629 783 890 1004 1257 | 251 349 470 567 695 789 888 1101 246 335 444 531 643 729 812 997 218 296 392 469 566 641 719 886
NB44 1194 X 3 [NB44 321 442 616 755 926 1054 1194 1504 | 272 389 543 667 833 948 1071 1343 | 265 369 499 601 737 839 945 1177 259 353 468 560 680 773 866 1065 229 312 414 495 601 681 766 945
NB54 1715 X 3 [NB54 440 624 871 1058 1305 1502 1715 2199 | 368 527 743 914 1144 1316 1488 1859 | 350 488 669 811 998 1148 1295 1609 338 465 625 749 914 1042 1172 1443 298 408 548 655 796 905 1019 1260
HCNB29 1800 X 3 |HCNB29 455 646 907 1105 1367 1576 1800 2306 | 379 544 767 944 1182 1363 1543 1929 | 360 503 692 838 1032 1188 1341 1667 348 479 645 773 944 1077 1212 1493 307 420 565 676 821 934 1052 1301
HCNB30 1993 X 3 [HCNB30 485 695 986 1209 1505 1741 1993 2557 | 405 583 824 1016 1272 1469 1668 2089 | 383 538 742 900 1109 1277 1444 1798 370 511 691 828 1013 1156 1302 1607 326 448 603 722 878 999 1127 1394
HCNB31 2243 X 3 [HCNB31 529 761 1090 1345 1684 1955 2243 2879 | 441 636 903 1113 1395 1615 1840 2315 | 415 585 811 985 1215 1400 1586 1978 401 555 753 904 1106 1264 1426 1763 353 485 656 785 957 1090 1230 1523
HCNB32 2359 X || || -] 3 [HCNB32 562 804 1149 1418 1777 2054 2359 3030 | 469 674 956 1175 1470 1701 1937 2443 | 437 618 854 1036 1276 1469 1666 2074 423 583 790 947 1158 1323 1493 1844 371 509 687 822 1001 1139 1286 1592
South Branch South Branch
RRSJ6 373 2 2 [RRSJ6 109 131 176 222 278 323 373 477 | 109 130 175 220 277 321 373 481 | 99 126 167 207 262 305 350 455 | 95 125 159 193 244 283 325 416 92 123 149 176 222 256 292 369 81 109 129 156 190 222 253 322
HCSJ6 679 2 2 |HCSJI6 166 227 317 392 497 586 679 887 | 167 225 320 396 504 585 674 875 | 162 224 306 376 470 544 623 799 | 166 230 306 369 463 531 605 763 168 231 297 350 431 493 558 703 150 206 264 315 379 437 498 626
HCSJ7 992 2 2 [HCSJ7 217 304 448 565 722 853 992 1325 | 216 303 455 565 712 833 961 1268 | 207 292 411 505 640 742 850 1096 | 210 301 401 485 608 704 803 1019 211 297 383 464 566 653 743 933 189 262 346 412 500 574 653 817
HCsJ8 1471 3 3 [Hcss 272 405 597 744 1034 1241 1471 2004 | 265 382 558 729 972 1150 1354 1810 | 272 396 587 758 991 1168 1343 1797 275 396 621 776 976 1134 1338 1773 245 370 570 702 862 1024 1239 1548
SJ34 1486 3 3 [SJ34 276 410 602 750 1038 1253 1486 2032 | 269 388 565 737 983 1160 1369 1830 [ 276 401 593 765 1001 1181 1359 1811 279 402 629 784 986 1144 1350 1787 248 374 575 709 870 1033 1248 1561
HCsJ11 1753 3 3 [Hesa1 332 509 742 919 1197 1479 1753 2411 | 320 470 674 839 1124 1355 1586 2136 | 331 475 674 879 1145 1356 1574 2031 331 470 720 902 1136 1315 1511 2029 297 424 659 809 995 1148 1401 1763
HCSJ12 1889 3 3 [HCSJ12 360 557 818 1019 1296 1586 1889 2501 | 346 513 737 912 1199 1451 1704 2291 | 350 514 729 938 1221 1448 1688 2172 360 510 768 966 1215 1406 1600 2150 323 454 704 864 1062 1218 1481 1870
$337 1999 3 3 [s337 379 591 877 1097 1401 1669 1999 2750 | 366 545 789 979 1258 1531 1801 2423 | 379 545 776 985 1285 1524 1779 2294 382 540 807 1016 1277 1479 1682 2251 341 480 739 908 1116 1280 1545 1960
Est Box Capacity 725 3 3 |Est Box Capacity 479 718 751 744 733 729 725 717
$J37 - Box Capacity 1274 3 3 [SJ37 - Box Capacity 1 1 126 353 668 940 1274 2033
SJ44A 2505 3 3 [SJa4A 468 711 1066 1341 1792 2139 2505 3413 | 437 651 951 1184 1487 1840 2195 2979 | 452 653 928 1151 1542 1851 2169 2817 456 639 942 1200 1532 1792 2045 2692 405 564 860 1074 1324 1542 1822 2336
SJ44B 2791 3 3 [siaB 520 764 1147 1447 1976 2375 2791 3739 | 475 703 1029 1283 1619 1979 2368 3223 | 489 705 1005 1233 1647 1992 2337 3045 494 690 1006 1280 1627 1927 2202 2879 438 607 914 1141 1406 1644 1940 2499
SJ45 2833 3 3 [SJ45 528 772 1159 1462 2002 2409 2833 3794 | 481 712 1041 1298 1639 2008 2395 3260 | 495 713 1017 1248 1663 2014 2362 3078 501 698 1016 1293 1643 1947 2225 2906 443 614 923 1152 1419 1660 1957 2523
Lower Branch Lower Branch
HC75 5150 3| eere| | X [ o] o] cone[ -] 3 [HCT5 | 1089 1547 2225 2766 3722 4427 5150 6815 [ 937 1341 1951 2425 3064 3706 4270 5664 | 930 1313 1845 2250 2862 3475 4013 5143 920 1262 1757 2192 2763 3269 3716 4739 812 1118 1572 1952 2403 2784 3238 4111
Est Box Capacity 2332 3 X 3 |Est Box Capacity 1089 1547 1988 2079 2202 2274 2332 2409
HC75 - Box Capacity 2818 3 X 3 [HCT75 - Box Capacity 1 1 237 687 1520 2153 2818 4406
HC75 5150 3 X 3 [HC75 1089 1547 2225 2766 3722 4427 5150 6815 | 937 1341 1951 2425 3064 3706 4270 5664 | 930 1313 1845 2250 2862 3475 4013 5143 920 1262 1757 2192 2763 3269 3716 4739 812 1118 1572 1952 2403 2784 3238 4111
HCLJ7 5332 3 X 3 [HCoL7 1313 1841 2624 3223 4073 4724 5332 6756 | 1130 1614 2291 2843 3543 4173 4736 6053 [ 1102 1540 2162 2635 3259 3889 4448 5606 1081 1471 2026 2510 3142 3652 4133 5153 949 1306 1798 2227 2745 3149 3622 4559
HCLJ15 5724 6 X 4 [HCLI15 1412 1991 2779 3432 4278 4992 5724 7187 | 1339 1852 2578 3147 3885 4586 5260 6611 1307 1772 2408 2936 3665 4304 4877 6037 1148 1587 2128 2624 3251 3713 4269 5359
HCLJ16 5821 6 X 4 [HCLI16 1440 2028 2829 3493 4355 5075 5821 7327 | 1364 1888 2625 3206 3961 4662 5355 6739 1333 1808 2456 2992 3736 4377 4963 6145 1169 1616 2166 2669 3305 3774 4337 5445
HCL25X 6016 6 X 4 [HCL25X 1483 2083 2010 3592 4480 5239 6016 7575 [ 1405 1945 2701 3301 4081 4791 5534 6966 1377 1873 2531 3078 3845 4501 5135 6365 1160 1670 2236 2754 3407 3893 4471 5623
HCLJ19 6438 6 X 4 [HCLI19 1577 2209 3085 3808 4755 5595 6438 8119 1495 2068 2867 3507 4341 5082 5919 7461 1468 2011 2692 3270 4082 4773 5498 6823 1229 1787 2386 2933 3629 4148 4758 6000
HCLJ20 6491 6 X 4 [HCLI20 1501 2229 3111 3841 4796 5617 6491 8211 | 1512 2090 2894 3540 4383 5128 5972 7548 1482 2034 2719 3301 4120 4815 5516 6904 1237 1809 2411 2962 3667 4192 4808 6062
HCL34X 6457 6 -ere| e wone| X | o] coee[ | 4 [HCLB4X 1573 2233 3115 3844 4800 5565 6457 8197 1514 2103 2907 3555 4402 5145 5959 7556 1478 2045 2730 3316 4136 4826 5494 6911 1228 1823 2423 2973 3682 4211 4827 6091
Fassnight Creek
F11B 3270 3 X 3 [F118 783 1024 1302 1722 2267 2740 3270 4467 | 634 810 1080 1351 1787 2143 2533 3430 | 427 643 966 1212 1536 1793 2069 2665 438 629 897 1102 1374 1590 1818 2313 380 537 751 921 1143 1319 1507 1909
F14 3988 3 X 3 |F14 914 1230 1716 2154 2813 3366 3988 5411 | 743 980 1352 1674 2221 2669 3158 4273 | 533 797 1203 1515 1929 2257 2606 3365 542 783 1121 1382 1727 2003 2203 2920 472 670 943 1160 1444 1668 1907 2420
F14 3988 3 X 3 [F14 914 1230 1716 2154 2813 3366 3988 5411 | 743 980 1352 1674 2221 2669 3158 4273 | 533 797 1203 1515 1929 2257 2606 3365 542 783 1121 1382 1727 2003 2293 2920 472 670 943 1160 1444 1668 1907 2420
COMB10 4650 3 X 3 [comB10 1091 1459 2017 2530 3296 3934 4650 6291 [ 897 1177 1609 1989 2621 3155 3734 5053 [ 628 937 1421 179 2202 2683 3102 4014 637 925 1329 1645 2057 2389 2737 3491 556 794 1124 1384 1726 1995 2283 2901
COMB11 4726 3 X 3 [COMB11 1107 1480 2049 2573 3352 3999 4726 6393 [ 913 1198 1639 2029 2672 3216 3807 5152 | 640 954 1449 1832 2339 2739 3167 4100 648 943 1356 1679 2101 2441 2796 3568 566 810 1147 1414 1764 2039 2335 2968
COMB11 4726 3 X 3 [comBil 1107 1480 2049 2573 3352 3999 4726 6393 [ 913 1198 1639 2029 2672 3216 3807 5152 | 640 954 1449 1832 2339 2739 3167 4100 648 943 1356 1679 2101 2441 279 3568 566 810 1147 1414 1764 2039 2335 2968
COMB12 4354 3 X 3 [COMB12 1097 1484 2043 2538 3160 3742 4354 6260 | 922 1206 1657 2048 2665 3139 3686 5119 | 650 970 1472 1852 2363 2720 3112 4017 659 959 1378 1701 2126 2460 2781 3519 576 825 1167 1439 1789 2068 2369 2968
COMB13 4456 3 X 3 [comB13 1111 1511 2099 2616 3247 3831 4456 6392 [ 933 1236 1712 2130 2768 3256 3819 5213 [ 670 1003 1530 1930 2467 2839 3248 4194 682 998 1437 1777 2224 2575 2908 3683 596 860 1219 1505 1874 2169 2486 3112
Wilsons Creek
COMBJF 9627 6| | | X ||| | 4 [cOMBIF 2174 3113 4364 5424 6869 8149 9627 12610| 2118 3039 4118 5057 6356 7463 8671 11400 | 2095 2975 3898 4713 5885 6828 7924 10280 1714 2650 3459 4180 5214 6026 6857 8922
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Plate Series D — Future Conditions Without Project Hydraulic Profiles

COS Jordan Creek Study Plan: 1) Ultimate
Jordan Lower Branch 3

Legend

WS 500yr
WS 100yr
WS 50yr

1245

WS 25yr
WS 10yr
WS Syr
—_—

WS 2yr
WS 1yr

12407 Ground

Set WS

12357

Elevation (ft)

12307

12257

1 1 1 1 1 1
9600 9800 10000 10200 10400 10600 10800 11000

Main Channel Distance (ft)

Plate C29



Plate Series D — Future Conditions Without Project Hydraulic Profiles

COS Jordan Creek Study  Plan:

1) Ultimate

Jordan Lower Branch 3

12357

12257

Elevation (ft)

1220

1215

o

%

Grand

Legend

WS 500yr
WS 100yr
WS 50yr

WS 25yr

WS 10yr
WS Syr
—_—
WS 2yr
WS 1yr
Ground

Set WS

Plate C30

8000

8200

8400

8600

8800

Main Channel Distance (ft)

9000

9200

9400
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Appendix HH-A - Sub Basin Information

Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
F7B 0.2528 161.8 67.0 30.0 40.0 FASSNIGHT CREEK
F15 0.0580 371 65.0 15.0 42.0 FASSNIGHT CREEK
F18 0.0423 27.1 65.0 15.0 64.0 FASSNIGHT CREEK

F6 0.2961 189.5 73.0 40.0 45.0 FASSNIGHT CREEK
F11A 0.0772 494 74.0 70.0 80.0 FASSNIGHT CREEK
F20 0.0983 62.9 65.0 20.0 58.0 FASSNIGHT CREEK

F9 0.2741 175.4 63.0 35.0 40.0 FASSNIGHT CREEK

F4 0.2283 146.1 76.0 45.0 50.0 FASSNIGHT CREEK
F10 0.1800 115.2 66.0 35.0 40.0 FASSNIGHT CREEK
F21 0.1087 69.6 76.0 8.0 76.0 FASSNIGHT CREEK
F18B 0.0206 13.2 72.0 8.0 79.0 FASSNIGHT CREEK
F12 0.5995 383.7 68.0 38.0 66.0 FASSNIGHT CREEK
F16 0.1072 68.6 62.0 35.0 53.0 FASSNIGHT CREEK
F14 0.1739 111.3 75.0 30.0 40.0 FASSNIGHT CREEK
F11B 0.3152 201.7 64.5 30.0 35.0 FASSNIGHT CREEK
F13 0.4619 295.6 67.0 43.0 56.0 FASSNIGHT CREEK
F22B 0.0834 53.4 60.0 10.0 80.0 FASSNIGHT CREEK
F7A 0.1091 69.8 74.0 40.0 45.0 FASSNIGHT CREEK
F19B 0.0470 30.1 62.0 40.0 82.0 FASSNIGHT CREEK

F7 0.3708 237.3 75.0 35.0 40.0 FASSNIGHT CREEK

F1 0.2336 149.5 74.0 40.0 45.0 FASSNIGHT CREEK
F3B 0.1072 68.6 77.0 25.0 35.0 FASSNIGHT CREEK
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F17 0.2188 140.0 62.0 42.0 57.0 FASSNIGHT CREEK
F19 0.0834 53.4 61.0 43.0 61.0 FASSNIGHT CREEK
F22A 0.0430 27.5 64.0 38.0 48.0 FASSNIGHT CREEK
F5 0.2625 168.0 72.0 45.0 50.0 FASSNIGHT CREEK
F22 0.0942 60.3 61.0 5.0 76.0 FASSNIGHT CREEK
F11C 0.1064 68.1 68.0 30.0 43.0 FASSNIGHT CREEK
F2 0.0788 50.4 79.0 80.0 85.0 FASSNIGHT CREEK
F3A 0.0630 40.3 74.0 35.0 45.0 FASSNIGHT CREEK
F8 0.2581 165.2 64.0 40.0 45.0 FASSNIGHT CREEK
F8A 0.0634 40.6 64.0 85.0 85.0 FASSNIGHT CREEK

JORDAN CREEK

LJ33 0.0592 37.9 81.9 18.5 66.5 LOWER BRANCH

JORDAN CREEK

LJ38 0.0087 5.6 73.0 35.8 82.8 LOWER BRANCH

JORDAN CREEK

LJ3 0.0855 54.7 76.4 65.3 81.4 LOWER BRANCH

JORDAN CREEK

LJ19F 0.0613 39.2 83.0 25.0 45.0 LOWER BRANCH
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Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

LJ15 0.2859 183.0 77.1 16.9 47.4 LOWER BRANCH
JORDAN CREEK

LJ42 0.0102 6.5 78.6 76.9 80.7 LOWER BRANCH
JORDAN CREEK

LJ26 0.0287 18.4 82.0 26.7 70.9 LOWER BRANCH
JORDAN CREEK

LJ43 0.0295 18.9 78.3 16.5 40.8 LOWER BRANCH
JORDAN CREEK

S092 0.0928 59.4 0.0 0.0 0.0 LOWER BRANCH
JORDAN CREEK

LJ18 0.1258 80.5 82.0 58.4 75.1 LOWER BRANCH
JORDAN CREEK

LJ9 0.0586 37.5 79.5 9.8 47.3 LOWER BRANCH
JORDAN CREEK

LJ19A 0.0233 14.9 87.0 95.0 95.0 LOWER BRANCH
JORDAN CREEK

LJ29 0.0650 41.6 78.2 13.1 38.1 LOWER BRANCH
JORDAN CREEK

LJ39 0.0011 0.7 82.0 96.7 96.7 LOWER BRANCH
JORDAN CREEK

LJ44 0.0875 56.0 81.1 63.9 81.2 LOWER BRANCH
JORDAN CREEK

LJ8 0.1734 111.0 79.6 38.5 65.0 LOWER BRANCH
JORDAN CREEK

LJ12 0.0133 8.5 73.9 54.6 81.0 LOWER BRANCH
JORDAN CREEK

LJ24 0.0525 33.6 78.0 134 55.6 LOWER BRANCH
JORDAN CREEK

LJ34 0.1097 70.2 79.1 23.6 80.8 LOWER BRANCH
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JORDAN CREEK

LJ40 0.0169 10.8 74.8 85.7 85.7 LOWER BRANCH

JORDAN CREEK

LJ23 0.0509 32.6 78.3 81.0 81.0 LOWER BRANCH

JORDAN CREEK

LJ16 0.3600 230.4 81.9 38.0 62.6 LOWER BRANCH

JORDAN CREEK

LJ13 0.0361 23.1 82.0 83.1 83.1 LOWER BRANCH

JORDAN CREEK

LJ5 0.1164 74.5 78.0 22.7 64.5 LOWER BRANCH

JORDAN CREEK

LJ19D 0.0069 4.4 87.0 98.0 98.0 LOWER BRANCH

JORDAN CREEK

LJ7 0.0727 46.5 84.3 46.4 84.3 LOWER BRANCH

JORDAN CREEK

LJ19C 0.0111 7.1 85.0 60.0 75.0 LOWER BRANCH

JORDAN CREEK

LJ36 0.1261 80.7 81.9 24.0 48.4 LOWER BRANCH

JORDAN CREEK

LJ25 0.4000 256.0 76.2 16.7 61.2 LOWER BRANCH

Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed

JORDAN CREEK

LJ31 0.0239 15.3 78.2 64.7 80.6 LOWER BRANCH

JORDAN CREEK

LJ27 0.0470 30.1 81.1 63.6 76.8 LOWER BRANCH

JORDAN CREEK

LJ22 0.0822 52.6 80.3 18.0 66.6 LOWER BRANCH

JORDAN CREEK

LJ30 0.0136 8.7 82.0 96.9 96.9 LOWER BRANCH

JORDAN CREEK

LJ2 0.0100 6.4 85.6 7.5 85.6 LOWER BRANCH
LJ6 0.0980 62.7 77.2 9.4 69.5

JORDAN CREEK
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LOWER BRANCH

JORDAN CREEK

LJ19H 0.0655 41.9 82.0 30.0 65.0 LOWER BRANCH

JORDAN CREEK

LJ45 0.0767 49.1 82.0 53.0 72.1 LOWER BRANCH

JORDAN CREEK

LJ21 0.1061 67.9 74.8 154 40.0 LOWER BRANCH

JORDAN CREEK

LJ46 0.1361 87.1 74.3 253 74.3 LOWER BRANCH

JORDAN CREEK

LJ17 0.0772 49.4 80.9 15.0 45.4 LOWER BRANCH

JORDAN CREEK

LJ41 0.0755 48.3 79.6 70.1 78.4 LOWER BRANCH

JORDAN CREEK

LJ4 0.0375 24.0 80.4 54.4 80.9 LOWER BRANCH

JORDAN CREEK

LJ11 0.1664 106.5 82.0 27.6 58.8 LOWER BRANCH

JORDAN CREEK

LJ35 0.0080 51 81.6 79.9 80.0 LOWER BRANCH

JORDAN CREEK

LJ19G 0.0331 21.2 87.0 44.0 50.0 LOWER BRANCH

JORDAN CREEK

LJ20 0.0394 25.2 80.5 62.9 76.0 LOWER BRANCH

JORDAN CREEK

LJ28 0.0353 22.6 72.4 21.2 76.6 LOWER BRANCH

JORDAN CREEK

LJ19E 0.0450 28.8 87.0 57.0 65.0 LOWER BRANCH

JORDAN CREEK

LJ37 0.0997 63.8 76.5 30.1 68.6 LOWER BRANCH

JORDAN CREEK

LJ10 0.0380 24.3 75.4 14.9 83.2 LOWER BRANCH
LJ14 0.0648 41.5 81.0 76.7 81.7

JORDAN CREEK
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LOWER BRANCH

JORDAN CREEK

LJ32 0.2433 155.7 76.1 13.1 414 LOWER BRANCH
JORDAN CREEK

NB8 0.0317 20.3 78.9 30.3 34.4 NORTH BRANCH
JORDAN CREEK

NB13 0.0239 15.3 81.1 6.1 80.4 NORTH BRANCH
JORDAN CREEK

NB15 0.0322 20.6 81.5 30.2 65.0 NORTH BRANCH
Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

NB7B 0.0681 43.6 79.1 16.3 80.5 NORTH BRANCH
JORDAN CREEK

NB42 0.0673 43.1 78.8 36.9 53.1 NORTH BRANCH
JORDAN CREEK

NB56 0.1078 69.0 7.7 40.2 49.6 NORTH BRANCH
JORDAN CREEK

NB31 0.0738 47.2 80.9 23.8 77.5 NORTH BRANCH
JORDAN CREEK

NB44 0.0995 63.7 76.2 35.0 45.0 NORTH BRANCH
JORDAN CREEK

NB23 0.0317 20.3 81.5 82.1 93.0 NORTH BRANCH
JORDAN CREEK

NB38 0.0200 12.8 81.3 53.6 80.4 NORTH BRANCH
JORDAN CREEK

NB52 0.0477 30.5 78.9 42.6 59.5 NORTH BRANCH
JORDAN CREEK

NB6B 0.0489 31.3 79.0 31.2 35.1 NORTH BRANCH
JORDAN CREEK

NB37A 0.0148 9.5 77.8 78.1 79.2 NORTH BRANCH
JORDAN CREEK

NB34 0.0264 16.9 79.1 86.0 86.0 NORTH BRANCH
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JORDAN CREEK

NB47 0.0552 35.3 78.8 41.4 62.9 NORTH BRANCH
JORDAN CREEK

NB11 0.0458 29.3 83.1 28.4 36.4 NORTH BRANCH
JORDAN CREEK

NB55 0.0447 28.6 72.6 37.3 46.2 NORTH BRANCH
JORDAN CREEK

NB43B 0.0191 12.2 78.7 51.2 80.7 NORTH BRANCH
JORDAN CREEK

NB4 0.0408 26.1 80.6 53.9 81.2 NORTH BRANCH
JORDAN CREEK

NB9 0.0716 45.8 77.4 50.9 69.0 NORTH BRANCH
JORDAN CREEK

NB7A 0.0214 13.7 78.8 33.6 43.8 NORTH BRANCH
JORDAN CREEK

NB12 0.1072 68.6 78.4 48.3 77.9 NORTH BRANCH
JORDAN CREEK

NB36B 0.1002 64.1 80.6 27.0 78.6 NORTH BRANCH
JORDAN CREEK

NB49A 0.0306 19.6 78.1 51.6 78.2 NORTH BRANCH
JORDAN CREEK

NB19 0.0192 12.3 79.1 78.1 79.4 NORTH BRANCH
JORDAN CREEK

NB3 0.0155 9.9 81.2 45.8 84.5 NORTH BRANCH
JORDAN CREEK

NB32 0.0291 18.6 79.8 80.0 80.5 NORTH BRANCH
JORDAN CREEK

NB37B 0.0684 43.8 78.9 77.3 78.8 NORTH BRANCH

Appendix HH-A




JORDAN CREEK

NB40A 0.0680 43.5 79.0 7.9 80.4 NORTH BRANCH
Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

NB17 0.0452 28.9 79.9 24.4 33.7 NORTH BRANCH
JORDAN CREEK

NB59 0.0650 41.6 75.7 78.8 84.7 NORTH BRANCH
JORDAN CREEK

NB20B 0.0592 37.9 79.1 49.6 58.4 NORTH BRANCH
JORDAN CREEK

NB2 0.0758 48.5 80.2 26.2 41.3 NORTH BRANCH
JORDAN CREEK

NB18B 0.0445 28.5 81.0 22.4 82.1 NORTH BRANCH
JORDAN CREEK

NB39A 0.0525 33.6 74.4 59.0 81.5 NORTH BRANCH
JORDAN CREEK

NB49B 0.0231 14.8 78.8 39.2 69.4 NORTH BRANCH
JORDAN CREEK

NB6A 0.0550 35.2 80.1 37.4 71.5 NORTH BRANCH
JORDAN CREEK

NB45 0.1483 94.9 79.0 43.7 64.7 NORTH BRANCH
JORDAN CREEK

NB20A 0.1147 73.4 79.0 49.7 62.6 NORTH BRANCH
JORDAN CREEK

NB26A 0.0258 16.5 80.1 36.6 83.9 NORTH BRANCH
JORDAN CREEK

NB54 0.0378 24.2 74.5 50.7 66.7 NORTH BRANCH
JORDAN CREEK

NB26B 0.0083 5.3 80.4 8.7 60.0 NORTH BRANCH
JORDAN CREEK

NB29 0.0394 25.2 82.2 28.0 36.3 NORTH BRANCH
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JORDAN CREEK

NB36A 0.0481 30.8 79.3 80.9 80.9 NORTH BRANCH

JORDAN CREEK

NB48 0.0494 31.6 79.1 40.6 77.7 NORTH BRANCH

JORDAN CREEK

NB51 0.0475 30.4 76.5 33.2 63.1 NORTH BRANCH

JORDAN CREEK

NB43A 0.0270 17.3 78.2 39.6 79.9 NORTH BRANCH

JORDAN CREEK

NB16 0.0106 6.8 78.7 46.8 79.7 NORTH BRANCH

JORDAN CREEK

NB5 0.0150 9.6 81.3 28.4 60.0 NORTH BRANCH

JORDAN CREEK

NB21 0.0412 26.4 82.3 10.0 65.0 NORTH BRANCH

JORDAN CREEK

NB27 0.0480 30.7 79.0 32.4 46.6 NORTH BRANCH

JORDAN CREEK

NB33 0.0158 10.1 79.1 58.0 81.0 NORTH BRANCH

JORDAN CREEK

NB60 0.1608 102.9 78.1 40.3 59.5 NORTH BRANCH

JORDAN CREEK

NB58 0.0536 34.3 70.3 84.8 84.8 NORTH BRANCH

JORDAN CREEK

NB41 0.1564 100.1 7.7 9.5 85.4 NORTH BRANCH

Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed

JORDAN CREEK

NB57 0.0497 31.8 70.6 40.3 54.5 NORTH BRANCH

JORDAN CREEK

NB50 0.0278 17.8 77.4 36.5 56.5 NORTH BRANCH

JORDAN CREEK

NB35 0.0080 5.1 79.4 30.6 81.4 NORTH BRANCH
NB1 0.0502 32.1 79.0 61.8 80.6

JORDAN CREEK

Appendix HH-A

9




NORTH BRANCH

JORDAN CREEK

NB25 0.0278 17.8 79.5 89.9 89.9 NORTH BRANCH

JORDAN CREEK

NB24 0.0195 125 78.8 85.4 85.4 NORTH BRANCH

JORDAN CREEK

NB40B 0.0339 21.7 79.0 48.0 75.6 NORTH BRANCH

JORDAN CREEK

NB39B 0.0659 42.2 76.2 58.2 79.7 NORTH BRANCH

JORDAN CREEK

NB53 0.0641 41.0 77.6 38.1 48.2 NORTH BRANCH

JORDAN CREEK

NB10 0.0409 26.2 82.3 8.1 80.7 NORTH BRANCH

JORDAN CREEK

NB18A 0.0328 21.0 80.2 51.5 80.1 NORTH BRANCH

JORDAN CREEK

NB46 0.0281 18.0 79.1 42.8 65.0 NORTH BRANCH

JORDAN CREEK

NB14 0.0125 8.0 79.4 325 80.7 NORTH BRANCH

JORDAN CREEK

NB30 0.0177 11.3 79.0 8.4 80.0 NORTH BRANCH

JORDAN CREEK

NB28 0.0437 28.0 77.5 76.1 76.1 NORTH BRANCH

JORDAN CREEK

NB28 0.0916 58.6 77.5 76.1 76.1 NORTH BRANCH

JORDAN CREEK

SJ1 0.0216 13.8 82.0 85.5 85.5 SOUTH BRANCH

JORDAN CREEK

G054 0.0517 33.1 87.0 50.0 81.6 SOUTH BRANCH

JORDAN CREEK

G064 0.0497 31.8 0.0 0.0 0.0 SOUTH BRANCH
SJ8B 0.0266 17.0 78.9 50.0 81.4

JORDAN CREEK

Appendix HH-A

10




SOUTH BRANCH

JORDAN CREEK

S090 0.0512 32.8 77.7 12.7 39.8 SOUTH BRANCH
JORDAN CREEK

SJ17 0.1091 69.8 81.9 5.9 70.0 SOUTH BRANCH
JORDAN CREEK

G133 0.0344 22.0 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ35 0.0486 311 74.3 37.4 81.4 SOUTH BRANCH
JORDAN CREEK

SJ2 0.0209 13.4 82.0 25.1 81.1 SOUTH BRANCH
JORDAN CREEK

SJ8A 0.0234 15.0 78.9 90.0 90.0 SOUTH BRANCH
Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

SJ18 0.0155 9.9 81.7 64.9 80.6 SOUTH BRANCH
JORDAN CREEK

G075 0.0516 33.0 71.0 15.0 34.3 SOUTH BRANCH
JORDAN CREEK

G082 0.0278 17.8 70.0 10.0 32.8 SOUTH BRANCH
JORDAN CREEK

G255 0.0166 10.6 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ39 0.1319 84.4 79.3 24.7 45.0 SOUTH BRANCH
JORDAN CREEK

SJ10 0.0164 10.5 80.3 64.2 80.3 SOUTH BRANCH
JORDAN CREEK

G123 0.0856 54.8 76.2 5.0 31.7 SOUTH BRANCH
JORDAN CREEK

G137 0.0559 35.8 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ42 0.0314 20.1 74.1 50.7 63.0 SOUTH BRANCH

Appendix HH-A

11




JORDAN CREEK
SJ40 0.1322 84.6 77.6 60.2 70.0 SOUTH BRANCH
JORDAN CREEK

S089 0.0570 36.5 78.3 14.2 51.7 SOUTH BRANCH
JORDAN CREEK

SJ33 0.1056 67.6 80.2 52.6 69.3 SOUTH BRANCH
JORDAN CREEK

G135 0.0697 44.6 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

GO38A 0.0958 61.3 76.8 30.0 40.5 SOUTH BRANCH
JORDAN CREEK

S48 0.1167 74.7 77.9 48.4 70.8 SOUTH BRANCH
JORDAN CREEK

SJ4 0.1484 95.0 76.9 15.2 84.8 SOUTH BRANCH
JORDAN CREEK

S324 0.0894 57.2 82.0 22.1 70.0 SOUTH BRANCH
JORDAN CREEK

G045 0.0234 15.0 62.9 5.0 275 SOUTH BRANCH
JORDAN CREEK

G056 0.0120 7.7 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G063 0.0286 18.3 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G058 0.0589 37.7 82.4 10.0 33.0 SOUTH BRANCH
JORDAN CREEK

GO61W 0.0692 44.3 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ44A 0.0225 14.4 74.1 49.1 82.9 SOUTH BRANCH
JORDAN CREEK

GO84A 0.0186 11.9 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G076 0.0155 9.9 70.9 5.0 31.4 SOUTH BRANCH
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JORDAN CREEK

SJ27 0.1405 89.9 78.3 48.0 82.5 SOUTH BRANCH

Sub Basin Square Miles Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed

JORDAN CREEK

SJ19A 0.0159 10.2 82.0 85.7 85.7 SOUTH BRANCH

JORDAN CREEK

SJ44B 0.0483 30.9 74.6 61.5 80.9 SOUTH BRANCH

JORDAN CREEK

SJ36 0.1336 85.5 79.2 39.3 61.6 SOUTH BRANCH

JORDAN CREEK

SJ13 0.0222 14.2 79.0 19.5 80.4 SOUTH BRANCH

JORDAN CREEK

SJ23 0.0498 31.9 81.4 7.1 70.0 SOUTH BRANCH

JORDAN CREEK

SJ7 0.0222 14.2 72.6 63.8 81.0 SOUTH BRANCH

JORDAN CREEK

SJ49 0.1819 116.4 77.1 17.5 50.0 SOUTH BRANCH

JORDAN CREEK

G128 0.0189 12.1 77.3 29.3 29.3 SOUTH BRANCH

JORDAN CREEK

SJ45 0.0434 27.8 78.6 47.6 60.0 SOUTH BRANCH

JORDAN CREEK

SJ5 0.0677 43.3 77.6 54.9 72.0 SOUTH BRANCH

JORDAN CREEK

SJ3 0.0241 15.4 81.2 39.2 82.4 SOUTH BRANCH

JORDAN CREEK

SJ11 0.0338 21.6 78.4 37.8 80.1 SOUTH BRANCH

JORDAN CREEK

G052 0.1106 70.8 69.9 15.0 30.0 SOUTH BRANCH

JORDAN CREEK

SJ15 0.1200 76.8 79.4 10.3 44.1 SOUTH BRANCH
SJ29 0.0642 41.1 80.6 44.8 80.8

JORDAN CREEK
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SOUTH BRANCH

JORDAN CREEK

G084B 0.0209 13.4 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G038 0.2072 132.6 64.0 50.0 56.2 SOUTH BRANCH
JORDAN CREEK

SJ26 0.1703 109.0 76.6 18.9 59.6 SOUTH BRANCH
JORDAN CREEK

G083 0.0781 50.0 76.8 15.0 34.8 SOUTH BRANCH
JORDAN CREEK

SJ22 0.0658 42.1 80.2 27.3 80.9 SOUTH BRANCH
JORDAN CREEK

S071 0.0434 27.8 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ41 0.0775 49.6 77.9 16.4 50.0 SOUTH BRANCH
JORDAN CREEK

GO061A 0.0139 8.9 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G073 0.0806 51.6 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G058 0.0003 0.2 82.4 10.0 33.0 SOUTH BRANCH
JORDAN CREEK

SJ38 0.1095 70.1 81.8 32.7 80.4 SOUTH BRANCH
Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

G047 0.0203 13.0 64.8 2.0 24.3 SOUTH BRANCH
JORDAN CREEK

G134 0.1614 103.3 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ14 0.0455 29.1 78.8 64.0 82.8 SOUTH BRANCH
JORDAN CREEK

GO61E 0.1195 76.5 0.0 0.0 0.0 SOUTH BRANCH
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JORDAN CREEK

G090 0.0133 8.5 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G079 0.0144 9.2 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ34 0.0313 20.0 75.7 44.2 81.7 SOUTH BRANCH
JORDAN CREEK

s088 0.0448 28.7 78.5 14.5 50.3 SOUTH BRANCH
JORDAN CREEK

SJ37 0.1600 102.4 76.4 34.0 72.0 SOUTH BRANCH
JORDAN CREEK

SJ19 0.0516 33.0 81.4 46.5 79.2 SOUTH BRANCH
JORDAN CREEK

G253 0.0138 8.8 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

SJ25 0.1091 69.8 78.8 19.7 78.1 SOUTH BRANCH
JORDAN CREEK

GO50A 0.0442 28.3 80.0 20.0 34.7 SOUTH BRANCH
JORDAN CREEK

sJ21 0.0978 62.6 81.9 5.9 70.0 SOUTH BRANCH
JORDAN CREEK

SJ6 0.1542 98.7 79.7 47.9 67.0 SOUTH BRANCH
JORDAN CREEK

G050 0.0308 19.7 72.4 6.0 26.0 SOUTH BRANCH
JORDAN CREEK

G055 0.0744 47.6 0.0 0.0 0.0 SOUTH BRANCH
JORDAN CREEK

G093 0.0866 55.4 77.0 10.0 34.4 SOUTH BRANCH
JORDAN CREEK

SJ20 0.1191 76.2 80.4 19.2 54.5 SOUTH BRANCH
JORDAN CREEK

SJ31 0.0245 15.7 76.2 61.5 81.1 SOUTH BRANCH
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JORDAN CREEK

SJ12 0.0127 8.1 79.5 58.1 80.7 SOUTH BRANCH
JORDAN CREEK

SJ30 0.0138 8.8 81.8 48.5 71.5 SOUTH BRANCH
JORDAN CREEK

G077 0.0139 8.9 72.9 8.0 30.7 SOUTH BRANCH
JORDAN CREEK

SJ28 0.0697 44.6 81.5 74.0 77.1 SOUTH BRANCH
JORDAN CREEK

SJ16 0.1086 69.5 79.7 14.4 46.7 SOUTH BRANCH
JORDAN CREEK

SJa7 0.0116 7.4 0.0 0.0 0.0 SOUTH BRANCH
Sub Basin | Square Miles | Acres Pervious CN | Current % Imp |Ultimate % Imp Watershed
JORDAN CREEK

G051 0.0217 13.9 66.7 23.0 23.0 SOUTH BRANCH
JORDAN CREEK

SJ9 0.0167 10.7 79.8 54.1 80.9 SOUTH BRANCH
JORDAN CREEK

SJ43 0.0200 12.8 73.0 63.7 79.2 SOUTH BRANCH
JORDAN CREEK

SJ32 0.0356 22.8 80.9 48.2 84.7 SOUTH BRANCH
JORDAN CREEK

G113 0.1683 107.7 77.5 12.0 34.1 SOUTH BRANCH
JORDAN CREEK

SJ46 0.0900 57.6 76.5 40.7 67.8 SOUTH BRANCH
JORDAN CREEK

G113A 0.0483 30.9 0.0 0.0 0.0 SOUTH BRANCH
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**Highlighted Basins have been excluded from the model because they do not contribute flow due to the
presence of a sinkhole or quarry.
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Appendix HH-B - Modified-Puls Routing Elements

South Branch

From STA 1729
Volume

50% lyr 2.68
lyr 0 4.26
10yr 3.89 7.77
25yr 6.25 8.27
100yr 10.98 9.02
500yr 16.06 9.68

150% 500yr  26.35 10.76

South Branch

From STA 1224
Volume

50% 1yr 1.82
1yr 0 2.89
10yr 3.19 5.52
25yr 5.09 5.92
100yr 8.97 6.55
500yr 1293 7.08

150% 500yr  21.16  7.95

South Branch

From STA 297
Volume

50% 1yr 0.51
lyr 0.83
10yr 093 176
25yr 216 193
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0.45

13.6

18.38

27.3

36.09

51.49

0.03

6.03

8.8

14.93

20.7

31.01

0.03

1.08

2.28

To STA 2584
Volume

3 3.98

5 0 6.89
25 439 1291
33 7.01 13.7
47 1235 14.84
62 18.53 15.9
89 3174 176
To STA 1729
Volume

2 2.68

3 0 4.26
15 3.89 7.77
20 6.25 8.27
30 1098 9.02
41 16.06 9.68
60 26.35 10.76
To STA 1178
Volume

1 1.74

1 0 277

4 313 536

6 498 575

5.8

52.12

61.63

77.09

92.62

118.9

0.45

13.6

18.38

27.3

36.09

51.49

0.03

5.82

8.42

13

69

82

104

127

168

25

33

47

62

89

14

19

262

524

1480

1941

2715

3651

5476.5

308

616

1716

2256

3159

4178

6267

1751

2297

MP44
Volume

1 Length
8 Velocity

44 NSTPS

49

57

65

80

MP44B

Volume

[N

Length
2 Velocity
11 NSTPS
13

17

21

28

MP45
Volume
1 Length
2 Velocity
11 NSTPS

13

855

2.6

505

1.9

881

3.23



100yr 3.37
500yr 4.66

150% 500yr 7.68

South Branch

From STA
50% lyr 0.88
1yr 1.27
10yr 9.54
25yr 13.78
100yr 21.09
500yr 33.19

150% 500yr  48.45

Lower Branch

From STA
50% 1yr 1.65
1yr 8.92
10yr 102.4
25yr 148
100yr 227.9
500yr 3315

150% 500yr  681.3

Lower Branch

Appendix HH-B

2.08

2.23

2.51

9178

Volume

7.97

11.89

23.57

25.68

28.51

32.78

37.75

9865

Volume

46.58

75.84

147.1

160.6

180.4

201.1

254

3.39

4.45

6.6

1.02

2.29

12.57

16.23

24.74

41.32

66.77

7.22

29.77

230

321.3

456.5

607.2

1053

9

11

17

8.77

12.63

20.62

To STA

10

15

46

56

74

107

153

0.89

1.37

12.8

21.91

41.55

58.56

80.53

To STA

55

115

479

630

865

1140

1988

1.65

8.92

110.6

161.6

250.4

363.7

733.5

6.36

6.88

7.74

11192

Volume

9.72

14.78

32.28

36.66

43.8

49.37

55.87

12068

Volume

53.49

87.36

168.8

184.3

206.9

230.3

288.1

14.24

19.74

29.51

1.05

2.43

15.01

23.57

45.08

66.6

98.32

7.28

30.46

271.6

379.2

540

718.4

1225

29

39

58

12

19

60

82

130

175

235

62

127

551

725

997

1312

2246

3204

4231

6346.5

124

248

809

1043

1487

2024

3036

'r|
o
=

1415

3949

4858

6340

8048

12072

21
28

41

MP27
Volume
2
3
14
26
56
67

82

MP8

Volume

12

71

95
132
172

258

Length
Velocity

NSTPS

Length
Velocity

NSTPS

2014

5.14

2203

2.25
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From STA

50% 1yr 0.2
1yr 1.33
10yr 8.18
25yr 13.3
100yr 21.9
500yr 32.09
150% 500yr  61.57
Lower Branch
From STA
50% lyr 1.58
1yr 8.3
10yr 60.44
25yr 89.67
100yr 146.7
500yr 219.1
150% 500yr  420.3
Lower Branch
From STA

50% lyr 1.65
1yr 8.84
10yr 73.51
25yr 112
100yr 178.2
500yr 262.6
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320

Volume

2.22

4.9

13.06

15.62

19.59

23.88

34.03

2432

Volume

11.63

18.36

37.07

42.67

51.73

62.44

89.32

4137

Volume

20.71

32.17

59.33

67.49

78.33

91.11

0.13

7.04

27.53

39.97

78.28

3.2

13.45

69.46

119

196.6

288.1

555.9

3.2

14.02

92.24

157.6

243.8

347.3

To STA 2359
Volume
2 1.58 11.28
6 8.28 17.9
21 60 36.35
36 88.68 41.83
69 1452 50.79
96 216.6 61.42

174 4128 87.89

To STA 4081
Volume
16 1.65 20.43
40 8.84 31.74
167 73.32 58.75
251 1115 66.84
395 177.3 77.58
570 259.5 90.27

1065 558.5 128.2

To STA 4419
Volume
26 1.65 22.23
55 8.86 34.72
225 78.8 64.66
337 117.7 72.98
500 185.5 84.23

701 275.6 97.46

3.19

13.38

68.76

117.3

194

283.8

543.8

3.2

14.01

91.85

156.3

241.9

344.9

699.8

3.21

14.66

105.1

171.3

259.9

366.3

16

40

165

248

390

562

1044

25

55

224

335

497

695

1386

27

58

249

362

530

739

1920

5181

6617

8869

11242

16863

960

1920

5181

6617

8869

11242

16863

912

1824

4926

6240

8305

10459

MP34
Volume

14 Length
33 Velocity
144 NSTPS
212

321

466

871

MP6
Volume

9 Length
14 Velocity
57 NSTPS
83

102

125

321

MP2
Volume
2 Length
3 Velocity
24 NSTPS
25
29

38

2039

1.3

26

1649

4.3

282

2.2



150% 500yr 563

Lower Branch

From STA
50% lyr 1.65
1yr 8.86
10yr 78.8
25yr 117.7
100yr 185.5
500yr 275.6
150% 500yr  579.2
North Branch

From STA
50% lyr
1yr
10yr 1.1
25yr 1.85
100yr 2.77
500yr 3.82
150% 500yr 6.51

129.1

4419

Volume

22.23

34.72

64.66

72.98

84.23

97.46

135.9

335

Volume

0.58

1.02

2.69

2.93

3.21

3.47

3.95

702.9

3.21

14.66

105.1

171.3

259.9

366.3

724.4

0.03

2.35

3.61

5.15

6.73

10.27

Velocity is avg of 100yr US and DS.
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1395 579.2 135.9

To STA 7848
Volume
27 165 36.77
58 891 58.39
249 94.78 110.8
362 137.2 1224

530 211.9 139

739 3104 157.3
1440 647.5 204.6
To STA 2800
Volume

1 2.99

1 5.3

6 1.48 9.98

8 3.98 11.4
11 6.61 13.23
14 9.71 14.37
21 16.76 16.23

724.4

7.22

29.74

205.6

289.5

411.7

551

968.6

0.04

11.8

17.24

26.15

34.86

50.08

1440

46

97

411

549

763

1019

1821

23

33

46

59

83

15689

1824

4926

6240

8305

10459

15688.5

329

657

1789

2261

3030

3909

5863.5

a4

MP25
Volume
19
39
163
187
233
279

381

MP58

Volume

17
24
35
45

62

Length
Velocity

NSTPS

Length
Velocity

NSTPS

3429

2.2

26

2465

21



Appendix HH-C - Ultimate Impervious Values Based on Zoning
These impervious percentages have been estimated by the City of Springfield’s Storm Water Services
Division for the purpose of estimating runoff for the USACE Jordan Creek Study.

Zoning District Description % Impervious
R-SF Single Family Residential 25
R-TH Townhouse Residential 40
R-LD Low-Density Multi-Family Residential 45

PD Planned Development 85
AO Airport Overlay 75
LB Limited Business 60
GR General Retail 75
HC Highway Commercial 85
CS Commercial Service 72
CcC Center City 72
RI Restricted Industrial 72
LI Light Industrial 70
R-MD Medium-Density Multi-Family Residential 55
R-HD High-Density Multi-Family Residential 60
R-MHC Manufactured Homes 20
O-1 Office 70
O-1 Office 70
Gl Governmental and Institutional 80
UN University 40
uc Urban Conservation 10
L Landmarks 45
GM General Manufacturing 80
HM Heavy Manufacturing 80
IC Industrial Commercial 85
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Appendix HH-D - Dynamic Routing Cross Sections

Big Cross Section

Ht (ft)
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o

Sta (ft)

Med Cross Section
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o
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Small Cross Section

Ht (ft)

500 1000 1500 2000

o

Sta (ft)

Downtown
Cross Section

Ht (ft)

2000

500 1000 1500

o

Sta (ft)
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Appendix HH-E - Historic Flood Photos

South Branch of Jordan Creek at Fremont Avenue (looking South along Fremont Ave) July 12, 2000 South
Branch RS 4647
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South Branch of Jordan Creek at National Avenue and Chestnut Expressway (looking South along
National Ave) July 12, 2000. Note that the depth of water at this time is approximately 2-feet over
National. This photo was taken after the peak of the storm has occurred.

South Branch RS 2830.
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South Branch of Jordan Creek (looking south at Pharmaceutical Manufacturing Plant South of Bennett
Street) July 12, 2000. This photo was taken at approximately 6:30 AM, after the peak flow had occurred.
Many structures in this facility were flooded during this event.

(Lower Branch RS 621)
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South Branch of Jordan Creek (looking south across Chestnut Expressway and the river valley, just
downstream of National Avenue (Lower Branch RS 2174). July 12, 2000.

Appendix HH-E 4



Lower Branch of Jordan Creek. 210 N Nettleton Avenue (Lower Branch RS 9211). The debris line on the
garage door measures 34-inches from the floor. The FFE of the building is 1248.14, giving a WSE of
1250.97. This photo was taken after flood waters receded on July 12, 2000. See Appendix F for WSE

comparison.
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North Branch of Jordan Creek, on N Hampton Avenue crossing. (North Branch RS 3825). The debris line
on the ground is estimated at elevation 1292+. This photo was taken after flood waters receded on July
12, 2000. See Appendix F for WSE comparison.
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Lower Branch of Jordan Creek, at 410 N Boonville Avenue (between Lower Branch RS 14607 & 14941).
The ground elevation is estimated at 1269.5 with an estimated distance of 3.5-ft to the top of the trunk.
This photo was taken after flood waters receded on July 12, 2000. See Appendix F for WSE comparison.

Appendix HH-E 7



Appendix HH-F - Model Comparisons with Observed High Water Marks and
Stream Gage Data

The following appendix shows a comparison of the Without Project Current Conditions hydraulic and
hydrologic models with stream gage data and observed high water marks from various recorded storm
events. These comparisons do not attempt to comment on the accuracy of the models nor do they
constitute a model calibration. The accuracy of many of these observations is subject to the time the
observation was made, the accuracy with which the high water mark was estimated, the accuracy of
available rainfall data, and the precision of the gage data.

Correspondin
Estimated . s

. . WSE from .
Location of Observation Flood Difference

"Jordan Creek

Height
& Feasibility Study"

Flood height
estimated from
photo of a carin

410 N Boonville Ave between  parking lot showing
12-Jul-00 RS 14607 and 14941 on a debris line on 1273 1274.5 -1.5
Lower Branch trunk. Used limited
survey data to
establish ground

elevation.
634 E Phelps, 120-ft Flood height
12-Jul-00 downstream of RS 248 on reported by 1275 1277 -2
South Branch Commercial Metals
. Flood height
509 N Washington Ave. at RS
12-Jul-00 reported by 1275.9 1276.68 -0.78

16377 on Lower Branch
property owner

Flood height

estimated from

N Hampton Ave. upstream of o

12-Jul-00 photo of debris line 1292 1292.68 -0.68
RS 3825 on North Branch L

and limited survey

data.
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210 N Nettleton Ave. at RS

Flood height
estimated from

12-Jul-00 9211 photo of debris line  1250.97 1252.97 -2
and FFE survey of
building.
Pharmaceutical
Manufacturing Plant - WSE reported from
12-Jul-00 1219.8 1219.95 -0.15
Downstream of Bennett stream gage.
Street on Lower Branch
634 E Phelps, 120-ft Flood height
*1275.2 (10-yr)
13-Jun-08 downstream of RS 248 on reported by 1273.5 **.1.99
_ 1275.78 (25-yr)
South Branch Commercial Metals
. Flood height
509 N Washington Ave. at RS *1274.54 (10-yr)
13-Jun-08 reported by 1273.5 **_1.55
16377 on Lower Branch 1275.55 (25-yr)
property owner
Measured debris
600 N Prospect Ave. at RS line from floor of *1290.37 (10-yr)
13-Jun-08 1290.9 **37

3977

building. FFE is
known.

1290.69 (25-yr)

*Estimated frequency of storm is 10 to 25-yr.

**Average of 10-yr and 25-yr WSE was used for

comparison.
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. . Peak Flow from
USGS Gage at Scenic Estimated Frequency of Storm
Storm Event "Jordan Creek

Feasibility Study"

Ave. (Gage #07052000) from City's Rain Gage Network

12-Jul-00 *6750 50-100yr 8355-9859 cfs

8-May-02 4360 cfs Syr 4457 cfs

15-Sep-05 2890 cfs 2-5yr **3303-3914 cfs

13-Jun-08 5760 cfs 10-25yr (2 gages reporting 10-vr, 1 gage 5530-6995 cfs
reporting 25-yr)

*Gage data was shown to be incorrect. USGS revised the reading, but there still may be issues with its accuracy.

**Peak flows are a result of simulating the 1 and 2hr storm events.
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Appendix HH-G - October 2004 Stream Photos

The following appendix includes photos and documentation from the site visit taken by Travis Stanford,
CEWL-EC-HH on October 25-29, 2004:
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Appendix HH-H - Rainfall Table from the Rainfall Atlas of the Midwest

The following appendix includes Sectional Mean Frequency Distributions from the “Rainfall Frequency
Atlas of the Midwest” by Floyd A. Huff and James R. Angel. Midwestern Climate Center — National
Weather Service, Bulletin 71 (MCC Research Report 92-03). 1992.
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Table 7. Sectional Mean Frequency Distributions for Storm Periods of 5 Minutes to 10 Days

Secion  Duration

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

02
02
02
02
02
02
02
02
02
02
02
02
02
02
02

03
03
03
03
03
03
03
03
03
03
03
03
03
03
03

10-day
5-day
72-hr
48-hr
24-hr
18-hr
12-hr
6-hr
3-hr
2-hr
1-hr
30-min
15-min
10-min
5-min

10-day
5-day
72-hr
48-hr
24-hr
18-hr
12-hr
6-hr
3-hr
2-hr
1-hr
30-min
15-min
10-min
5-min

10-day
5-day
72-hr
48-hr
24-hr
18-hr
12-hr
6-hr
3-hr
2-hr
1-hr
30-min
15-min
10-min
5-min

Appendix HH-H

2month  3month  4month 6month Smonth

2.18
1.82
1.62
1.48
1.39
131
121
1.04
0.89
0.81
0.65
0.52
0.37
0.29
0.17

221
1.79
1.63
1.48
1.38
1.29
1.19
1.03
0.88
0.80
0.64
0.51
0.37
0.29
0.17

2.38
2.04
1.79
1.66
1.55
1.45
1.34
1.16
0.99
0.90
0.73
0.57
0.42
0.32
0.19

and Recurrence Intervals of 2 Months to 100 Years in Missouri

Sectional code (see figure 1 on page 4)

01 - Northwest Prairie

02 - Northeast Prairie

04 - West Ozarks
05 - East Ozarks

03 - West Central Plains 06 - Bootheel

2.62
217
1.90
1.73
1.62
1.52
141
1.22
1.04
0.94
0.76
0.60
0.44
0.34
0.19

2.66
214
191
1.74
1.60
1.50
1.39
1.20
1.02
0.93
0.75
0.60
0.44
0.33
0.19

2.87
2.44
2.10
1.94
1.80
1.69
1.56
1.35
1.15
1.04
0.84
0.67
0.49
0.38
0.22

Rainfall (inches) for given recurrence interval

3.02
2.46
2.15
1.93
1.77
1.67
1.54
1.33
113
1.03
0.83
0.66
0.48
0.37
0.21

3.07
2.42
2.16
1.93
1.75
1.64
1.52
1.32
112
1.01
0.82
0.65
0.48
0.36
0.21

3.30
2.76
2.38
2.16
1.97
1.85
171
1.48
1.26
1.14
0.92
0.73
0.53
0.41
0.24

3.55
2.85
2.50
2.23
2.05
1.93
1.78
1.54
131
1.19
0.96
0.76
0.55
0.43
0.24

3.61
2.81
2.50
2.24
2.03
1.90
1.76
1.52
1.30
117
0.95
0.75
0.55
0.42
0.24

3.89
3.20
2.76
2.50
2.28
2.14
1.98
171
1.46
1.32
1.07
0.84
0.62
0.48
0.28

4.08
3.28
2.87
2.57
2.33
2.19
2.02
1.75
1.49
1.35
1.09
0.86
0.63
0.49
0.28

4.15
3.23
2.88
2.58
2.30
2.16
2.00
1.73
1.47
1.33
1.08
0.86
0.63
0.48
0.28

4.47
3.68
3.17
2.88
2.59
2.43
2.24
1.94
1.66
1.50
121
0.96
0.70
0.54
0.31

1year

4.44
3.56
3.12
2.79
2.53
2.38
2.20
1.90
1.62
1.47
1.19
0.94
0.68
0.53
0.30

4.51
351
3.13
2.80
2.50
2.35
217
1.88
1.60
145
117
0.93
0.68
0.52
0.30

4.86
4.00
3.45
3.13
2.81
2.64
2.44
211
1.80
1.63
1.32
1.04
0.76
0.59
0.34

2-year

5.60
4.50
3.99
3.59
3.27
3.07
2.84
2.45
2.09
1.90
1.54
121
0.88
0.69
0.39

5.41
4.27
3.82
3.44
3.10
2.91
2.70
2.32
1.98
1.80
1.46
1.15
0.84
0.65
0.37

6.10
4.92
4.25
3.90
3.50
3.29
3.05
2.62
2.24
2.03
1.64
1.30
0.95
0.73
0.42

7.01
5.69
5.11
4.63
4.25
3.99
3.70
3.19
2.72
2.46
2.00
157
1.15
0.89
051

6.64
5.37
4.81
4.33
3.94
3.70
3.43
2.95
2.52
2.29
1.85
1.46
1.06
0.83
0.47

7.59
6.12
5.33
4.92
4.41
4.15
3.84
3.31
2.82
2.56
2.07
1.63
1.19
0.93
0.53

10year  25year
801  9.27
6.60  7.78
598  7.07
543  6.43
498  5.89
468 554
433 512
374 442
319  3.77
289 342
234 277
1.84 218
134 159
1.05 1.24
060 0.71
762 890
627 753
566  6.81
509 6.14
464 560
436 526
404 487
348  4.20
297 358
269 325
218 263
172 207
125 151
097 1.8
056  0.67
862  9.88
706 833
620  7.39
571  6.78
516  6.16
485 579
449 536
387 462
330 394
299 357
243 290
191 228
139 166
1.08  1.29
062 0.74

SOyear  100year
10.20 11.25
871 971
7.92 882
717 7.99
6.58  7.30
6.19  6.86
572  6.35
493 548
421 467
382 423
309 343
243 270
178 197
138 153
079  0.88
9.92 11.02
851 957
774  8.76
699  7.91
638 7.21
6.00 6.78
555  6.27
478 541
408 461
370 4.8
300  3.39
236  2.67
172 195
134 151
077  0.87
10.87 11.72
9.31 10.36
832  9.30
7.66 857
6.93 774
651  7.28
6.03 6.73
520  5.80
444 495
402 449
326  3.64
256  2.86
187  2.09
146  1.63
083 093
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Table 7. Concluded
Rainfall (inches) for given recurrence interval

Section Duration 2-month 3-month 4-month 6-month 9-month 1-year 2-year 5-year 10-year 25-year 50-year 100-year

04 10-day 2.63 3.17 3.65 4.30 4.94 5.37 6.59 8.05 9.13 1049 1152 1261

04 5-day 212 2.54 2.87 3.33 3.83 4.16 5.21 6.50 7.45 8.70 9.68 10.77
04 72-hr 191 2.24 2.54 2.94 3.39 3.68 4.62 581 6.69 7.90 8.85 9.85
04 48-hr 1.75 2.05 2.28 2.64 3.04 3.30 4.14 5.25 6.07 7.17 8.05 8.97
04 24-hr 1.65 1.92 2.10 2.43 2.76 3.00 3.77 4.79 5.55 6.56 7.34 8.18
04 18-hr 1.55 1.80 1.97 2.28 2.59 2.82 3.54 4.50 5.22 6.17 6.90 7.69
04 12-hr 144 1.67 1.83 211 2.40 2.61 3.28 4.17 4.83 571 6.39 7.12
04 6-hr 1.24 1.44 157 1.82 2.07 2.25 2.83 3.59 4.16 4.92 5.51 6.14
04 3-hr 1.06 1.23 1.34 1.56 1.77 1.92 241 3.07 3.55 4.20 4.70 5.24
04 2-hr 0.96 111 1.22 141 1.60 1.74 2.19 2.78 3.22 3.80 4.26 4.74
04 1-hr 0.78 0.90 0.99 114 1.30 141 177 2.25 2.61 3.08 3.45 3.84

04 30-min 0.61 0.71 0.78 0.90 1.02 111 1.39 177 2.05 2.43 2.72 3.03
04 15-min 0.45 0.52 0.57 0.66 0.75 0.81 1.02 1.29 1.50 177 1.98 221
04 10-min 0.35 0.40 0.44 0.51 0.58 0.63 0.79 1.01 117 1.38 1.54 1.72
04 5-min 0.20 0.23 0.25 0.29 0.33 0.36 0.45 0.57 0.67 0.79 0.88 0.98

05 10-day 2.30 2.77 3.20 3.76 4.32 4.70 5.96 7.36 8.29 9.48 1034 1131

05 5-day 1.92 2.30 2.60 3.02 3.47 3.77 4.78 5.99 6.86 8.02 8.97 9.93
05 72-hr 1.75 2.05 2.32 2.69 3.09 3.36 4.24 531 6.10 7.15 7.99 8.90
05 48-hr 161 1.88 2.09 2.42 2.79 3.03 3.82 4.78 5.50 6.47 7.24 8.06
05 24-hr 1.53 1.79 1.95 2.26 2.57 2.79 351 4.39 5.03 5.94 6.64 7.42
05 18-hr 1.44 1.68 1.83 212 241 2.62 3.30 4.13 4.73 5.58 6.24 6.97
05 12-hr 1.34 1.56 1.70 1.97 2.24 2.43 3.05 3.82 4.38 5.17 5.78 6.46
05 6-hr 1.15 1.34 1.46 1.69 1.92 2.09 2.63 3.29 3.77 4.45 4.98 5.57
05 3-hr 0.98 1.15 1.25 1.45 1.65 1.79 2.25 281 3.22 3.80 4.25 4.75
05 2-hr 0.89 1.04 1.13 131 1.49 1.62 2.04 2.55 2.92 3.45 3.85 4.30
05 1-hr 0.72 0.84 0.92 1.06 121 131 1.65 2.06 2.36 2.79 3.12 3.49

05 30-min 0.57 0.66 0.72 0.83 0.95 1.03 1.30 1.62 1.86 2.20 2.46 2.75
05 15-min 0.41 0.48 0.52 0.61 0.69 0.75 0.95 1.19 1.36 1.60 1.79 2.00
05 10-min 0.32 0.38 0.41 0.48 0.54 0.59 0.74 0.92 1.06 1.25 1.39 1.56
05 5-min 0.18 0.21 0.23 0.27 0.30 0.33 0.42 0.53 0.60 0.71 0.80 0.89

06 10-day 2.45 294 3.39 3.99 4.59 4.99 6.43 7.99 9.01 10.25 1115 12.07

06 5-day 2.09 2.50 2.83 3.28 3.77 4.10 5.19 6.46 7.31 8.39 9.20 10.04
06 72-hr 191 2.24 2.53 2.94 3.38 3.67 4.67 5.81 6.60 7.58 8.35 9.12
06 48-hr 1.74 2.03 2.26 2.62 3.02 3.28 4.14 5.13 5.84 6.75 7.47 8.21
06 24-hr 1.64 191 2.09 2.42 2.75 2.99 3.74 4.65 5.29 6.16 6.83 7.51
06 18-hr 1.55 1.80 1.97 2.28 2.59 281 3.52 4.37 4.97 5.79 6.42 7.06
06 12-hr 143 1.66 1.82 211 2.39 2.60 3.25 4.05 4.60 5.36 5.94 6.53
06 6-hr 1.23 1.43 157 181 2.06 2.24 2.81 3.49 3.97 4.62 5.12 5.63
06 3-hr 1.05 1.22 1.34 1.55 1.76 191 2.39 2.98 3.39 3.94 4.37 4.81
06 2-hr 0.95 111 121 1.40 1.59 1.73 217 2.70 3.07 3.57 3.96 4.36
06 1-hr 0.78 0.90 0.99 1.14 1.30 141 1.76 2.19 2.49 2.90 3.21 3.53

06 30-min 0.61 0.71 0.78 0.90 1.02 111 1.38 172 1.96 2.28 2.53 2.78
06 15-min 0.45 0.52 0.57 0.66 0.75 0.81 1.01 1.26 1.43 1.66 1.84 2.03
06 10-min 0.35 0.40 0.44 0.51 0.58 0.63 0.79 0.98 111 1.29 143 1.58
06 5-min 0.20 0.23 0.25 0.29 0.33 0.36 0.45 0.56 0.63 0.74 0.82 0.90
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Appendix HH-I - Summary Table of Regional Detention Basins
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Appendix HH-] - Standard Deviation of Error for Without Project - Current
Conditions Model
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Standard Deviation of Error for all x-sec in
reach based on a HIGHER "n" factor (40%

Reach Profile in channel, 33% in overbank)
South 1yr 0.33
2yr 0.27
Syr 0.23
10yr 0.22
25yr 0.29
50yr 0.27
100yr 0.23
500yr 0.26
ALL 0.27
Use 0.3 0.25
North 1yr 0.97
2yr 0.53
Syr 0.22
10yr 0.28
25yr 0.37
50yr 0.29
100yr 0.27
500yr 0.25
ALL 0.47
Use 0.3 0.28
Lower 1yr 0.43
2yr 0.40
Syr 0.40
10yr 0.39
25yr 0.39
50yr 0.35
100yr 0.37
500yr 0.50
ALL 0.41
Use 0.45
Wilsons  1yr 0.29
2yr 0.30
Syr 0.35
10yr 0.42
25yr 0.37
50yr 0.29
100yr 0.37
500yr 0.58
ALL 0.39
Use 0.4

Notes by Travis Stanford:

Standard Deviation of Error for all x-

sec in reach based on a LOWER "n"

factor (40% overall reduction)
0.82
0.42
0.43
0.39
0.60
0.35
0.29
0.35
0.50
0.40
0.60
1.30
0.57
0.52
0.39
0.30
0.33
0.25
0.66
0.39
0.52
0.53
0.58
0.64
0.67
0.65
0.68
0.52
0.61

0.36
0.38
0.38
0.37
0.30
0.49
0.54
0.63
0.47

Standard Deviation of Error for all

x-sec in reach based on both "n"

value assumptions
0.64
0.36
0.35
0.32
0.46
0.31
0.27
0.31
0.40
0.34
0.82
1.00
0.42
0.41
0.38
0.30
0.31
0.25
0.57
0.34
0.49
0.47
0.51
0.53
0.55
0.53
0.54
0.51
0.52

0.34
0.36
0.38
0.46
0.42
0.44
0.49
0.61
0.46

Stage where Error Becomes Constant

10 year

10 year

10 year

10 year

SOUTH: 1-yr error for lower n-values looked like an outlier. Averaged the other values, then estimated use 0.30 to give more weight to error
based on higher n-values.

NORTH: 1-yr error for higher n-values and 2-yr error for lower n-values looked like outliers. Averaged the other values, then estimated use
0.30 to give more weight to error based on higher n-values.

LOWER: No apparent outliers. Estimated use 0.45 to give more weight to error based on higher n-values.
WILSONS: No apparent outliers. Estimated use 0.4 to give more weight to error based on higher n-values.
Estimated 10-year for stage where error becomes constant from visual inspection of 10-yr stage at cross-sections in each reach. 10-year was

out of channel at most locations in all the reaches. Selecting the 10-yr stage will result in zero error at the thalweg, with the error increasing
linearly to the maximum at the 10-yr stage, then constant maximum erro for all higher stages.
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South Branch

0.70

North Branch

1.40
= Standard Deviation
0.60 of Error for all x-sec 120
in reach based on a i
HIGHER "n" factor
(40% in channel,
0.50 33%in overbank) 1.00
0.33
0.40 T /\ = Standard Deviation ———Seriesl
of Error for all x-sec 0.80
in reach based on a
/ LOWER "n" factor = Series2
0.30 A
(40%oyerall 0.60
reduction) 0.82
~Series3
0.20
~—Standard Deviation 0.40
of Error for all x-sec
in reach based on
0.10 both "n" value
assumptions 0.64 0.20
0.00 T T T T T T J
0.00
2yr S5yr  10yr  25yr 50yr 100yr 500yr
1yr 2yr Syr 10yr 25yr 50yr | 100yr | 500yr
North
Wilsons
0.80 Lower Branch 0.70
0.70 /
0.60 /
0.60 / \
/\/\ 050
0.50
0.40 \ . ——Serie
\.’-\/ e Series1 0.40 /\ s1
——Serie
0.30 e Series2 s2
0.30 — V
= Serie
0.20 e Series3 s3
0.10 0.20
0.00
1yr ‘ 2yr ‘ Syr ‘ 10yr 25yr 50yr | 100yr | 500yr 0.10
Lower
0.00
1yr ‘ 2yr ‘ Syr ‘ 10yr 25yr 50yr | 100yr | 500yr
Wilsons
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Appendix HH-K - Proposed Regional Detention - Preliminary Basin Summary
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Appendix HH-L - Summary Table of Regional Detention Analysis
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Proposed Regional Detention Basins - Analysis of Impact on Peak Flows

Confluence of NB & SB Catalpa Street on LB NB DS of Glenstone NB at Central Street SB at RR DS of Trafficway SB at Fremont
Reduction In 100 Reducti
Approx Approx Peealll(clrlr:)r:l\e':iiatelyr Reduction in Reduction in Reduction Reduction i?\ ;(:Olc:n Reduction
. . Surface PP . v ) . . 100yr Peak | With Basin | W/O Basin | 100yr Peak | With Basin | W/O Bains | . With Basin | W/O Basin | . With Basin | W/O Basin v With Basin | W/O Basin | . With Basin | W/O Basin
Basin Location Storage | Analysis Downstream of | With Basin Peak | W/O Bains Peak in 100yr in 100yr Peak Flow in 100yr
Confizuration Reach Name Description Area of Volume | Point DS | Basin (located at Flow DS Flow DS Flow @ Peak Flow | Peak Flow Flow @ Peak Flow | Peak Flow peak Flow Peak Flow | Peak Flow peak Flow Peak Flow | Peak Flow @ Peak Flow | Peak Flow peak Flow Peak Flow | Peak Flow Notes
6 P Basin Confluence @ HC75 @ HC75 Catalpa St | @ HCLJ202 | @ HCLJ20 @ HCNB21 | @ HCNB21 @ HCNB31 | @ HCNB31 @ HCSIX @ HCSJX @ SJ37 @ SJ37
(ac-ft) next hydrograph @ HCNB21 @ HCNB31 Confluence @ SJ37
(acres) L (HC75) (HCU20)
combination) HCSIX
This basin only functions when in series with B7 & B9(B&C).
Ubstream of When the flows are reduced by these upstream basins, a
B6 South Branch Chr;stnut Ex 5.99 35.6 HCSJX 0.0% 1522.0 1522.0 0.0% 5876.0 5874.0 0.0% 7103.0 7103.0 0.0% 1627.0 1627.0 0.0% 2781.0 2781.0 0.0% 1522.0 1522.0 0.0% 2260.0 2260.0 |control structure can be placed upstream of Chestnut.
P Otherwise, the storage behind the culvert is already
accounted for with Modified Puls Routing element MP27.
This basin includes excavation of the stream valley and
West side of field just d t f Patt A South
B6B South Branch estsideo 75 39.8 125 14.6% 1207 1414 0.0% 5874 5874 0.0% 7103 7103 0.0% 1627 1627 0.0% 2781 2781 6.0% 1431 1522 0.0% 2260 260  [POccerieid ust downstream of Fatterson Ave on south
Patterson Branch. It appears to function very similar to Basin B6 with
less reduction and more excavation.
s s e e
WITH B9B & C South Branch N/A N/A N/A N/A N/A 0.0% 1627 1627.0 0.0% 2781 2781.0 11.8% b 1522.0 5.7% L 2260.0 . i . 8 . .
between the following scenarios (All Basins - Basins BOB&C
AND B7)
and B7)
WITH B9B & C  South Branch N/A N/A N/A N/A N/A N/A 0.0% 1627 1627 0.0% 2781 2781 2.7% * 1522 2.7% * 2260 . . 4 g
AND B7) the following scenarios (B6B IN SERIES WITH B9B & C, B7
AND B9B & C, B7)
E— Glenwood Park Basin. Basin could potentially reduce peak
B7 South Branch Rockhurst Street 6.73 46.2 SJ15 51.7% 431.0 892.0 0.4% 5848.0 5874.0 0.1% 7099.0 7103.0 0.0% 1627.0 1627.0 0.0% 2781.0 2781.0 24.4% 1150.0 1522.0 3.8% 2173.0 2260.0 |flows to the capacity of the existing system and solve a
number of local flooding problems along Rockhurst Street.
The upper stage of a two-stage basin with B9C. Together
NW Corner of they reduce flows to the capacity of the existing system.
B9B South Branch Pythian & 5.68 27.7 RRSJ21 75.8% 104.0 429.0 0.1% 5868.0 5874.0 0.0% 7103.0 7103.0 0.0% 1627.0 1627.0 0.0% 2781.0 2781.0 8.7% 1390.0 1522.0 2.3% 2207.0 2260.0 |Notice that you get nearly the same results without
Cedarbrook construction basin B9C and leaving the existing basin in
place.
NW Corner of Plan calls for regrading existing regional basin. Discharge
B9C South Branch Pythian & 5.02 30.5 RRSJ21 53.6% 199.0 429.0 0.1% 5868.0 5874.0 0.0% 7103.0 7103.0 0.0% 1627.0 1627.0 0.0% 2781.0 2781.0 6.2% 1428.0 1522.0 2.2% 22110 2260.0 [into existing system. Basin will keep flows in system.
Cedarbrook Current basin overtops.
NW Corner of Two basins work in series with each other. The reductions
B9B & C South Branch Pythian & 14.92 58.2 RRSJ21 80.7% 83 429 0.1% 5868.0 5874.0 0.0% 7103.0 7103.0 0.0% 1627.0 1627.0 0.0% 2781.0 2781.0 8.9% 1387.0 1522.0 2.3% 2207.0 2260.0 |shown here are not much greater than those shown with
Cedarbrook B9B.
Basin construction would involve acquisition from 8
South of Blaine US rt ignificant ti dd to th
B11 North Branch ~OUt O Blaine 8.68 364  HCNB2L 19.2% 1315.0 1627.0 3.7% 5656.0 5874.0 0.7% 7056.0 7103.0 19.2% 1315.0 1627.0 9.3% 2521.0 2781.0 0.0% 1522.0 1522.0 0.0% 2260.0 paEn@ | U, SN RN, ] CEIMEL e
Glenstone riparian corridor. The existing regional basin would remain
but the area east would require extensive regrading.
South of Blai t Basi. tructi Id invol | of It
B11A North Branch  ~OUt Ot Blane a 6.24 192 HCNB17 15.5% 935.0 1106.0 2.7% 5718.0 5874.0 0.5% 7067.0 7103.0 12.8% 1418.0 1627.0 6.4% 2603.0 2781.0 0.0% 1522.0 1522.0 0.0% 2260.0 22600 |oosin construction wouldinvolve removal of severaltrees
Link and property acquisition.
Since Basins B11 and B11A require extensive grading and
damage to vegetation, Basin B11B includes minimal grading
Upstream of within riparian corridor. Basins adjacent to stream are
B11B North Branch N/A HCNB19 4.6% 1170 1227 2.5% 5730 5874 0.4% 7072 7103 10.6% 1455 1627 6.2% 2608 2781 0.0% 1522 1522 0.0% 2260 2260

Glenstone

Appendix HH-L

excavated and connected to the main channel. A small dam
and weir is located on DS end. Peak flow reduction
immediatly downstream from basin is small, but the change




South of Blaine at

This is a modification of B11A. This basin preserves the trees|
north of the stream. The area south of the stream will be

B11C North Branch Link HCNB17 13.8% 953 1106 3.4% 5673 5874 0.7% 7055 7103 14.0% 1400 1627 8.5% 2546 2781 0.0% 1522 1522 0.0% 2260 2260 excavated to the flowline of the stream with 6:1 side slopes.
An 18-ft weir and dam will be placed dowstream of the
basin area.
Represents the combination of B11 with B11B. While this
B11 & B11C N/A N/A 5.6% 5546 5874 1.1% 7022 7103 30.8% 1126 1627 13.1% 2418 2781 0.0% 1522 1522 0.0% 2260 2260 | Vil significantly impact the riparian vegitation, the impacts
to peak flows are significant. The basin will have a minimal
slope, allowing aquatic vegitation and potential wetlands.
B11&B11A N/A N/A 5.9% 5525 5874 1.2% 7015 7103 33.6% 1080 1627 13.7% 2399 2781 0.0% 1522 1522 0.0% 2260 2260 |To regional basins which appear to give the greatest
benefit throughout Lower Branch.
In-line basin that catches flow from the north. Proposed
system along Blaine would surcharge into basin and be
B12 North Branch "W Corner of Blaine -, g 94 HCNBL2 22.5% 485.0 626.0 0.2% 5864.0 5874.0 0.0% 71020  7103.0 2.4% 15880  1627.0 0.4% 27600 27810 0.0% 15220 15220 0.0% 22600 22600 | cleased based on system capacity. Is considered as a viable
and Yates alternative for reducting local peaks when used in series
with B14. This basin would also provide a lower flowline for
a future system to the north.
Requires expansion of City owned basin. Basin B14 does an
excelent job of reducing peak flows to the capacity of a new
Blai . Blai ;
B14 North Branch \Oth of Blaine, W) 59 539 HCNBI1 49.3% 273.0 538.0 0.1% 5869.0 5874.0 0.0% 71030  7103.0 0.7% 1615.0 1627.0 0.1% 27780 27810 0.0% 1522.0 1522.0 0.0% 22600 22600 [|PiPeunder Blainesstreet, but does not provide much
of Packer downstream reduction. Even though the reduction is
outside of the project area, this basin could significantly
reduce flooding for many homes along Blaine.
B14 & B12 (IN Basin B14 in series with B12. The addition of B12 provides
SERIES) N/A N/A 0.1% 5866 5874.0 0.0% 7102 7103.0 2.6% 1584 1627.0 0.5% 2767 2781.0 0.0% 1522 1522.0 0.0% 2260 2260.0 [slightly more peak flow reduction. This reduction is more
significant along Blaine Street.
Would likely require permission from Railroad and land
B15 North Branch \Vestsideof Packer 4 5 301 HCNB9 33.1% 103 154 0.1% 5869 5874.0 0.0% 7103 7103.0 0.4% 1620.0 1627.0 0.1% 27780 27810 0.0% 1522.0 1522.0 0.0% 22600 22600 [|Pcduisition. Were unable to determine if upstream water
Rd, N of RR actually reached the basin or was diverted. This basin is not
a likely alternative.
All 9 Regional
Basins in
Series (B15,  Norh/South All Basins Combined g 387 N/A N/A 6.4% 5498 5874 1.3% 7008 7103 36.1% 1039 1627 13.7% 2399 2781 43.9% 854 1522 9.6% 2042 2260 | Ve "Basic 9" proposed regional detention basins in series
B14, B12, B11, Branch In Series together.
B11A, B9B,
B9C, B7, B6)
Basins B14,
B9B B7 All D ion Basi i P . Th Basi
BEC, 5% 5847 5874.0 0.1% 7099 7103.0 1.4% 1605.0 1627.0 0.3% 2773.0 2781.0 32.1% 1034.0 1522.0 3.9% 2172.0 22600 |~ Detention Basins on City Owned Property . These Basins
(CITY OWNED Give the greatest reduction immediately downstream.
BASINS)
City's Based on this analysis. Basins B11, B11C, B9B, B7, & B6
Preferred N/A N/A 6.1% 5518 5874.0 1.2% 7016 7103.0 30.8% 1126.0 1627.0 13.1% 2418.0 2781.0 43.8% 855.0 1522.0 9.6% 2042.0 2260.0 |appear to be the optimal combination of regional detention
Option to reduce flows within the Federal Study Limits.
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Appendix HH-M - Overland Rating Curves for Determining HEC-RAS Flows
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Jordan Underground - Box Capacity
(based on upstream peak flow)

2600

y =-0.00001172x2 + 0.19445239x + 1,635.45722290
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Appendix HH-N - HY-8 Rating Curves for Determining Flow Split at Confluence
during With Project Conditions
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Existing Box Culvert2 @ 15' W x 8'H

Existing Box Culvert w/ 4:1

Existing Box Culvert w/ Side Tapered Inlet (35' Face
improved 1.5:1 (90°) beveled Width) Square Edge top (90°)
Conventional Headwall headwall wingwall
HW (Elev.) Q (cfs) HW (Elev.) Q (cfs) HW (Elev.) Q (cfs)
1262.12 0 1262.12 0 1262.12 0
1264.35 250 1264.23 250 1264.22 250
1265.81 500 1265.66 500 1265.66 500
1267.25 750 1267.09 750 1267.09 750
1268.39 1000 1268.22 1000 1268.21 1000
1269.50 1250 1269.30 1250 1269.30 1250
1270.72 1500 1270.51 1500 1270.51 1500
1272.56 1750 1272.31 1750 1272.30 1750
1274.50 2000 1274.18 2000 1274.17 2000
1274.99 2050 1276.63 2250 1276.61 2250
1275.48 2100
1275.97 2150
1276.46 2200
1277.04 2250
1279.46 2500
New Box Culvert1 @ 30' W x 10'H
New Box Culvert w/ 4:1 Side
Tapered Inlet (38' Face Width)
New Box Culvert w/ improved Square Edge top (90°)
Conventional Headwall 1.5:1 (90°) beveled headwall wingwall
HW (Elev.) Q (cfs) HW (Elev.) Q (cfs) HW (Elev.) Q (cfs)
1262.14 0 1262.14 0 1262.14 0
1266.14 600 1265.83 600 1265.83 600
1268.51 1200 1268.00 1200 1268.00 1200
1270.49 1800 1269.82 1800 1269.82 1800
1272.26 2400 1271.45 2400 1271.45 2400
1273.87 3000 1272.94 3000 1273.32 3000
1275.36 3500 1274.33 3600 1274.32 3500
1277.82 4200 1275.65 4200 1275.99 4200
1277.11 4800
1278.91 5400
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New Box Culvert1 @ 32' Wx 10'H

New Box Culvert w/ 4:1 Side
Tapered Inlet (38' Face Width)
New Box Culvert w/ improved Square Edge top (90°)

Conventional Headwall 1.5:1 (90°) beveled headwall wingwall

HW (Elev.) Q (cfs) HW (Elev.) Q (cfs) HW (Elev.) Q (cfs)
1262.14 0 1262.14 0 1262.14 0
1265.06 400 1264.85 400 1264.84 400
1266.80 800 1266.43 800 1266.43 800
1268.25 1200 1267.76 1200 1267.76 1200
1269.55 1600 1268.95 1600 1268.95 1600
1270.74 2000 1270.04 2000 1270.04 2000
1271.85 2400 1271.06 2400 1271.06 2400
1272.89 2800 1272.02 2800 1272.02 2800
1273.89 3200 1272.94 3200 1273.13 3200
1274.96 3600 1273.88 3600 1273.82 3600
1276.20 4000 1274.94 4000 1274.67 4000

New Box Culvert2 @ 20' Wx 10'H

New Box Culvert w/ 4:1 Side
Tapered Inlet (38' Face Width)
New Box Culvert w/ improved Square Edge top (90°)

Conventional Headwall 1.5:1 (90°) beveled headwall wingwall

HW (Elev.) Q (cfs) HW (Elev.) Q (cfs) HW (Elev.) Q (cfs)
1262.14 0 1262.14 0 1262.14 0
1264.66 400 1264.47 400 1264.55 400
1266.13 800 1265.83 800 1265.83 800
1267.37 1200 1266.98 1200 1266.98 1200
1268.47 1600 1268.00 1600 1268.00 1600
1269.48 2000 1268.94 2000 1268.94 2000
1270.43 2400 1269.83 2400 1269.83 2400
1271.32 2800 1270.66 2800 1270.66 2800
1272.17 3200 1271.46 3200 1271.46 3200
1272.99 3600 1272.22 3600 1272.22 3600
1273.79 4000 1272.96 4000 1272.96 4000
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New Box Culvert at Sta. 977 @ 38' W x 9.5' H

Conventional Headwall New Box Culvert w/ improved New Box Culvert w/ 4:1 Side
HW (Elev.) Q (cfs) HW (Elev.) Q (cfs) HW (Elev.) Q (cfs)

1265.87 0 1265.87 0

1268.11 320 1267.86 320

1269.40 640 1269.02 640

1270.50 960 1270.00 960

1271.44 1280 1270.88 1280

1272.52 1600 1272.18 1600

1274.06 1920 1273.81 1920

1275.78 2240 1275.60 2240

1276.96 2560 1276.78 2560

1278.04 2880 1277.81 2880

1279.16 3200 1278.82 3200
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