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1.1

DATA COLLECTION

In order to develop a model which would accurately depict the response of the Black Bayou
Drainage Basin to the occurrence of a given theoretical or historical storm, a significant amount of
data had to be collected and assimilated. The data consisted of a combination of the City's
stormwater infrastructure Geographic Information System (GIS) database, digital LiDAR-derived
topographic terrain models, and field-collected survey data. Precipitation and flow depth gage data
collected by others under direct contract with the City were utilized to calibrate the model once it
was developed. Below is a summary of the data collected for this study.

Field Survey

Field survey was completed by THY Inc., and Barge Design Solutions, Inc. Global Positioning
System (GPS) was used to set control points throughout the basin. Traditional field survey with
total stations was performed to survey the horizontal position and vertical elevation of the
stormwater infrastructure elements within the basin, including open channels, culverts, bridges,
storm drain pipes, and other structures. Data referenced to Tennessee State Plane (feet) and
North American Vertical Datum of 1988 (NAVD 88). The survey data was collected beginning the
fall of 2015 through the summer of 2016. After the completion of the field survey there were
numerous developments built within the basin that potentially altered the stormwater
infrastructure. These developments, specifically near the University of Memphis, are not included
in this study.

1.1.1 Open Channel Cross-Sections and Road Crossings

Most of the open channel cross-sections surveyed were vertical wall concrete channels.
These sections typically consisted of a five-point section with measurements taken at left top
of wall, left bottom of wall, invert, right bottom of wall and right top of wall. Where needed
for clarity or additional information, additional measurements were taken in one or both of
the overbank areas. Road crossing surveys consisted of bridge or culvert opening sections at
the upstream and downstream sides of the road as well as a centerline profile of the road in
the vicinity of the bridge. Channel section locations were selected to provide the most
information on channel alighment, size and other pertinent factors and were spaced at an
average interval of approximately 230 feet. During the course of the field data collection for
this project approximately 100 stream channel cross-sections and 35 road crossings in the
Black Bayou basin were field-surveyed.

1.1.2 Storm Water Structures

The field-survey effort was also intended to verify and augment the information on existing
drainage structures contained in the City’s existing GIS database. Therefore, all existing pipes
24-inches in diameter or greater, were surveyed. Approximately 600 stormwater structures
were surveyed in the basin.
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1.2

1.1.3 Finished Floor Elevations

In evaluating the modeling results, inundation was indicated in some locations where it was
not readily apparent if the inundation would cause actual flooding of homes or other
habitable structures, or if it would just represent short-term nuisance flooding of the yard. In
order to clarify the extent of the problem, finished floor elevations of the structures in
guestion were collected by field-survey and compared to predicted water surface elevations.
Approximately 25 finished floor elevations were collected for 23 buildings as shown in Figure
1-1.

GIS Inventory Update

The existing City of Memphis stormwater inventory geodatabase was used as the starting point
to establish general system connectivity and served as the location guide used by survey crews
for stormwater infrastructure. This base GIS stormwater inventory was appended when new
stormwater infrastructure was identified in the field or record drawings provided updates to
system information, such as underground detention to support the modeling effort.

The location, size, elevation, and geometry of stormwater infrastructure collected during the field
survey effort produced a standard format of point files as the final deliverable that consisted of
the x, y, z data of each point as well as a descriptive code that followed the City protocol defined
in “Attachment A: Standard Survey Codes in the FY 2014 & FY 2015 Stormwater Modeling,
Mapping & Analysis RFSOQ.” This survey geodatabase is included with the project deliverables as
Attachment A.

The survey data were the primary source for updates to the location, size, and type of structure
within the inventory. Additionally, connectivity between structures and stormwater conveyance
routes were examined as part of the inventory update. The Black Bayou system analysis depends
on runoff from specific drainage areas reaching the correct receiving storage, inlet, and
conveyance structures. Size, terrain, road configurations, and parcel data were considered while
making connectivity updates to the original inventory. The end result was a stormwater system
that connected drainage from the upstream, outer portions of the Black Bayou Drainage Basin to
the downstream Nonconnah Creek floodplain with the location, size and structure types updated
from field survey. This updated inventory geodatabase is included with the project deliverables
as Attachment A.

Page 5 of 45



© 4
= B 2 iy Ln sabi . N Galloway Dr -3 '; Q ci
< L3 = = '3 o =
- & 50lf Course a e s =
H U) & Gwynne Rd - 5 e
w dile ’ s : 18 SHEHS
o % | 3 = <
= 4 {57 Gayy = 3
E E (73 5 Ow ay, B
g ° = 2 g o Tuckahoe Rd
+ Jofire Ave s L Wl.,‘ » 5
%) - = & v : ® <
w on < - = 3
%’ £ £ - L » & ane Way & { Qq,
8 @ » g RS 2, ] © = ¢, o - ©
2 5 5 umay, = %569 = Q 3
= o 3 — % Way = c > =
e a 3 Cowden A 8 o o - @ 2 5 2
© ] o = s
= P - o x “
s o
tral Ave tral Ave = " - Lavt
73 -~ ‘ay
b= ‘b.
= =
a2 | s = 5 R
Ho, Norriswo. Ave um 5 KriterLn o o :
2 n o [ T =
e U W 3 E B3R O
A o o atauga e 1 e 'g = 1
1 = £ < : = =]
§ Midland Ave ] it roit ® ; % Grandview Ave = 3
'3 « " L;’ i of Memphis < § Q
) - B ®© o = y = - = 73
w - “ (4 - o O
o
w = @ = nders Ave
© 2 ~ S
E ) w b4
] = E —
A » Southern Ave )
Southern Ave
»
=
= S P OULSW O Oty
Spottswood Ave : it
Davis :E:' Kearney Ade
Park e ¥ E &
y » «» 5 Z ® g S &
Carnes Ave Carnes Ave 2 87 - = s = 2 E
ayphil Ave ‘L. = £ @ (C] g &
W Ave 7] ﬁ o= 7] o Audubon Park
Youglass Ave§ Douglass Ave
Park Ave - Park Av -
e ac ey 7]
- L P o
= 0 Q
® = o c
4 £ © -1 S =1
rin = =
Hadley Rd g Car “\,C“ Rey < o = = =
, i R =
oo gl Stuart Rd % o g s
= K3 o) = 3
- = % < ©
= O 3 %, S Park Ubop «
s
T HENTR Y Rd H
|3 i © S &5 < . 2 University -
p. & a = 2 25 = ™ - of Memphi 3
b £ S HosBins Ry T b4 4 < @ il Haver Hill Rd S
o s z 2 i3 i
b . @ =
g j n 2 Wilshire Rdn: = % Burgundy Rd frad
a 3 < 5 Vanuys Rdg - =% 0]
o ! @ = Amber Ln
> i
= Sherwood &
Barron Aye Park = Woodcrest Dr
=) o (378 Rhe, o
= o > s Ave \ Trees o,
v o b 12 rees
5 X2 2 Rose Rd Southlawn Bve S - X &
< = 7 B % i \0
q = = ood Dr (<3 8 @
Ve Barron Nd —. e s g S 52 O ol Cherrydale Rd
(3 g Bikron Ave oY = > P &
3 St & % s = 2 i 55 S8 Ep g & S £ &
é“ 2 F W ﬂ adow Dr s o P 3 '4"@16 <
= < 5 5 2
= = i1 r Rd X S
& =] Philsdale Rd o ,(\’f i
=g
@ Fredericks Ave @
crete Ave J Philsdale Rd 2
t: I Rd ——— hilsdale Rd = Uy,
<V o Kimball R -— o 7 St
ricks o) =2 Dm— o 2] %, »
»n e © o = I
2 Heckye Ave Hendrickd ¥ Tugdle Rd Oakclift Rd & o Vann Ave 5
= i = =
E 5 Dunn Rd L = t,;
= nn -
T? = e A =
S ster Ave = i = Atwood Ave Boyce R
ecrest T} — " T
7] S o & => Gerald - Helene|
4 & = v B Boyce Ave
= Pand - 5 = Y Cherry Bayou
il = = * 2 = w 2 o Willowview Ave Judy:Cy
anne” Eas Park, ‘;.‘ L e = 2
= Leat
< _E E:L Elliston Rd = T New Willow Ave
. -
T & Sharpe AVE® [ o ; :“l\ O Willow Rd
z S = 3 ow i
* o ® g Y
S & Steve Rd i3 | Elliston Rd G
9 < - N =
e galn® N i 520 B2 | «
&8 o= 0 Godwin o
7y 2 é’ = s Park s
ol E Mallory Rd yhe B 5 s
=} S = =
2 (L] >
= .
—— ac ; w o < o B e,
— 2 % o2k 51
— 3 Barr Ave % % o o
R = e 2 ) = 4
— = 21 » = sz O
= a =
Nash 8 o =
Buckingham w 2
Park = - S
%:..%“_ e Jamaica A
2,000 . No. of Subbasins = 144
, F 1-1 s
' Feet H Igure Average Subbasin Size = 20.6 Acres
. .
inch = 2000 feet Finished Fl Elevations Surveyed .
Tennessee Scate Plane (feec) 4100fips Inishe oor tle * Finished Floor Survey Locations
North American Datum 1983
SBARG= Memphis, Tennessee Conduits




13

Precipitation depth (in)

Precipitation depth (in)

Precipitation

As shown in Table 1-1, annual rainfall in Memphis is about 48 inches and is generally highest in
late fall and early spring. December sees the most rainfall, on average 5.13 inches, and September
sees the least rainfall, on average 2.20 inches. Memphis receives an average of about 2.5 inches
of snowfall annually between the months of December and March. Average precipitation
amounts are shown in Table 1-1. Point precipitation frequency estimates data for the watershed
was retrieved from Atlas 14 and is shown in Figure 1-2. The point frequency estimates for over a

24-hour period for each storm is shown in Figure 1-3.

PDS-based depth-duration-frequency (DDF) curves
Latitude: 35.0858°, Longitude: -89.9411°

35 T T T T T T T T T T L T T T T T
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35
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Figure 1-2 Durational Precipitation Frequency of Black Bayou Drainage Basin
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Precipitation depth (in}

24-hr PF estimates with 90% confidence intervals
Latitude: 35.1109°, Longitude: -89.9184°
12 T T T

— Upper bound of the 90%
confidence interval
— Precipitation frequency estimates

— Lower bound of the 90%
confidence interval

bt | I |
1 50100 200 500 1000
Average recurrence interval (years)

Figure 1-3 24-Hour Precipitation Frequency of Black Bayou Drainage Basin

Table 1-1 Average Precipitation Amounts in Black Bayou Drainage Basin

Avg. Precipitation

Month (iﬁ.) 132;)-;?18
January 3.90
February 4.09
March 4.34
April 4.89
May 4.81
June 3.55
July 4.26
August 2.75
September 2.20
October 3.73
November 471
December 5.13
Annual 48.36

Topography

As shown in Figure 1-4 the elevation in the Black Bayou Drainage Basin ranges from a high
elevation of about 325 feet to a low elevation of about 230 feet. Elevation data referenced to
North American Vertical Datum of 1988 (NAVD 88). The highest elevations in the basin area occur
along the northern, eastern, and western basin boundary. Flow generally travels south through
the hydrologic feature called Black Bayou (not to be confused with the name of the project area)
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to Nonconnah Creek, the lowest elevation in the basin. Slopes in the basin range from the steepest
of 3% to the flattest of 1%.
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Soils

Soil classification data for the project area was retrieved from the United States Department of
Agriculture (USDA) Natural Resources Conservation Service (NRCS) Soil Survey. This survey shows
that about 75% of the soil in the Black Bayou Drainage Basin is udorthent land, implying that this
soil has been backfilled after the removal of the native surface. The remaining area is composed
of various types of silt loam with moderate infiltration rates when thoroughly wet. Figure 1-5
shows the map result of the soil survey. Table 1-2 gives a summary of the soil classifications from
the survey. Note that the udorthent land was not given a soil rating by the NRCS.

Table 1-2 Soil Classification in Black Bayou Drainage Basin

Map Unit . . Acresin | Percent
symbol Map Unit Name Rating AO! of AOI
Fm Falaya silt loam B/D 66.3 2.2%
Fs Filled land, silty (udorthent, silty) - 330.8 11.2%
Graded land, silty materials
Gr (udorthent, silty) - 1,900.3 64.2%
Memphis silt loam, 2 to 5 percent
MeB slopes B 663.7 22.4%
Totals for Area of Interest 2,961.1 100.0%
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1.6

1.7

Land Use

The land usage data for the project area were retrieved from the National Land Cover Database
(NLCD) 2011 by the Multi-Resolution Land Characteristics Consortium. These data show that most
of the land in the Black Bayou Drainage Basin is classified as “Developed Low Intensity” or
“Developed Open Space”. These classifications are explained by the presence of many residential
parcels. The next largest classifications of land usage are “Developed High Density” and
“Developed Medium Density”. These classifications occur near intersections of larger roads where
there are retail businesses, Oak Court Mall, Memphis Botanic Garden, several apartment
complexes, and two public schools, and also the area around the two University of Memphis
campuses that are within the drainage basin boundaries. These four land classifications account
for 97% of the land usage in the project area. The remaining land classifications are forests,
pastures, and wetlands. Figure 1-6 shows the map result of the land use. Table 1-3 shows a
breakdown of the land use classification.

Table 1-3 Land Use in Black Bayou Drainage Basin

Land Use Classification Area (acre) % of Total

Area
Developed Open Space 1410.9 47.65%
Developed Low Intensity 919.0 31.04%
Developed Medium Intensity 398.9 13.47%
Developed High Intensity 138.9 4.69%
Deciduous Forest 54.3 1.83%
Pasture 18.3 0.62%
Woody Wetlands 14.8 0.50%
Mixed Forest 5.7 0.19%
Evergreen Forest 0.2 <0.01%
Cultivated Crops 0.2 <0.01%
Total 2961.1 100.00%

Percent Impervious

The percent impervious data for the project area were retrieved from the NLCD 2011 by the
Multi-Resolution Land Characteristics Consortium (MRLC). These data show that the sub-basins
within the Black Bayou watershed ranged from approximately 2% to 81% impervious with the
majority of impervious surfaces surrounding highly trafficked roadways, commercial centers and
the University of Memphis. Figure 1-7 shows the percent of impervious surfaces assigned by
NLCD to each grid point spaced at 30-meter intervals across the project area.
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2.1

MODEL DEVELOPMENT

This section describes the model development for the Black Bayou Drainage Basin stormwater
evaluations including model set-up and refinement, calibration, validation and design storm
modeling. To comprehensively model the Black Bayou Drainage Basin, Innovyze’s InfoSWMM
(Version 14.0, Service Pack 1, Update #3) simulation software was used. This software is integrated
into the geographic information system (GIS) software ArcGIS and allows users to model the entire
hydrologic cycle with a variety of land use and soil specific stormwater runoff equations.

Section 3 presents the results of the existing conditions model simulation and level of service
analysis and Section 4 presents proposed improvements and evaluations.

Hydrology

The hydrology calculations for estimating the runoff characteristics of the modeled sub-basins
were performed using Environmental Protection Agency (EPA) Stormwater Management Model
(SWMM)’s Non-linear reservoir equations within the InfoSWMM modeling software. Infiltration
is the primary loss from rainfall becoming runoff and is estimated within the model using the
Green-Ampt equations. The method and parameters were consistent with the standards outlined
in the draft Memphis Drainage Mapping and Modeling Analysis Standards Manual (06-24-2015).

2.1.1 Precipitation

Total rainfall depths for the 2-, 5-, 10-, 25-, and 100-year, 24-hour storm events were taken
from Figure 2-2 of the Memphis Drainage Manual. The intensity-duration-frequency (IDF) and
depth-duration-frequency (DDF) curves and associated tabular data in the Memphis Drainage
Manual were originally provided by NOAA Atlas 14 gathered at the Memphis NOAA
observation station (NOAA station: Memphis WSCMO AP, Tennessee [40-5954] 35.0564 N
89.9864 W 249 feet). The rainfall depth was temporally distributed according to an NRCS
Type Il distribution for each return interval as provided in Table 2-2 of the Memphis Drainage
Manual. The NOAA Atlas 14 data is discussed in Section 1.3.

2.1.2 Sub-basin Runoff

Initial values were assigned to each sub-basin’s runoff and infiltration variables based on
background data so an initial model estimate could be compared to gauge data for calibration.
Table 2-1 summarizes the methodology and data sources used for assigning the initial sub-
basin attributes required for the runoff characteristics.

Table 2-1: Sub-basin Runoff Variable Overview

Sub-basin Runoff Data Sources Methodology
Variable (in descending priority)

Area LiDAR The Black Bayou drainage basin was delineated
Survey into 122 sub-basins according to the primary
City of Memphis GIS conveyance routes and ridge boundaries as
Flooding (Public) indicated by the LIDAR and the stormwater
Database network (survey & City’s GIS). Some areas were

further subdivided resulting in a total of 144 sub-
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Sub-basin Runoff

Data Sources

Methodology

Variable (in descending priority)

Black Bayou public basins to capture detail necessary to represent
meeting identified flooding issues.

Impervious National Land Cover Data | Summary section below

Percentage (NLCD)
City Parcel Data

Width LiDAR Summary section below
Survey
City’s GIS

Slope LiDAR Slope was calculated as the average subcatchment

slope statistics based on LiDAR terrain data

Manning’s N for
Impervious/Pervious
Portions

Aerial Photos
NLCD
City Parcel Data

o If the total percentage of Deciduous, Evergreen
and Mixed Forest within a parcel was greater
than 25% then a Pervious Manning’s N Value of
0.24 was assigned

o |f the total percentage of Woody or Emergent
Herbaceous Wetlands was greater than 25%
then a Pervious Manning’s N Value of 0.05 was
assigned

o |f the total percentage of Shrub/Scrub,
Grassland/Herbaceous, Pasture or Cultivated
Crops was greater than 50% then a Pervious
Manning’s N value of 0.15 was assigned

o |f the total percentage of Developed (Open
through High Intensity) was greater than 50%
then a Pervious Manning’s N value of 0.24 was
assigned

e Impervious Manning’s N values were assigned at
a value 0.012 assuming the impervious surface
was going to be concrete/asphalt within an
urban area such as the Black Bayou Basin.

Depression Storage
for
Impervious/Pervious
Portions

NLCD

A majority of the Black Bayou drainage basin
consists of residential, commercial, and
institutional parcels. Depression storage of 0.05
inches for impervious areas and 0.10 inches for
pervious areas were assigned.

Soil Infiltration

NRCS Web Soil Survey

The soils were assigned corresponding Green-
Ampt infiltration variables according to soil
texture class and the draft Memphis modeling
manual. Additional detail is provided in a summary
section below.
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2,1.2.1 Impervious Percentage Estimation

To estimate the impervious percentage of each sub-basin the average of three methods
was determined according to the following steps:

1.
2.

The percentage of each land use within a given parcel was computed.

Percent imperviousness was computed based on percentages of land uses within

each parcel.

o Table 1 - NLCD Land Cover Class Descriptions from “Development of a 2001
National Land-Cover Database for the United States” by Homer et.al provides
typical percent imperviousness for the “Developed, Open Space”, “Developed,
Low Intensity”, “Developed, Medium Intensity”, and “Developed, High
Intensity” categories.

o The average of the range presented for the noted categories was utilized to
determine a percent imperviousness of each parcel.

o The remaining categories of land cover including Deciduous, Mixed Forest,
Pasture/Crops, Wetlands, Grassland/Shrub and Evergreen forest were assigned
an average percent imperviousness of 10 percent to be applied in the
computation of percent imperviousness for each parcel.

Percent imperviousness was computed based on zoning provided in parcel data

utilizing Table 2-4 from the Memphis and Shelby County Storm Water Management

Manual. Some outdated zone designations were equated to the current

designations by use of the Memphis/Shelby County Unified Development Code

document.

Percent imperviousness was calculated for each parcel as based on the 2011 NLCD

percent impervious data set representing urban impervious surfaces as a

percentage of developed surface over every 30-meter pixel across the Black Bayou

study area.

An average of the three percent impervious values was carried forward as the final

percent impervious for each parcel. Figure 2-1 graphically displays the computed

percent impervious for each parcel/roadway within the Black Bayou study area.

6. For areas greater than 3 acres a manual check and adjustment was performed to ensure

appropriate impervious percentages. The average percent impervious for each sub-basin

within the hydrologic and hydraulic model as determined from the parcel data is shown

below in Figure 2-2.
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2.1.2.2 Sub-basin Width Estimation

The area and infiltration characteristics of a sub-basin dictate the volume of runoff
resulting from rainfall events. However, the width is a critical SWMM variable in
estimating a sub-basin’s runoff hydrograph and peak flow when using the non-linear
reservoir flow routing method. For the scale of sub-basin sizes used in the Memphis basin
studies, the width is not simply the average width of the overall sub-basin, which could
be estimated by dividing the area by the longest flow path, but rather the average width
of the sub-basin’s overland flow.

To estimate the average overland (non-channelized) flow width for each of the Black
Bayou sub-basins, the average flow length for each watershed was first estimated.
Commonly, the overland flow length in developed drainage areas is limited to under a
few hundred feet, which shortens as more urbanization occurs. From inspection of Black
Bayou sub-basins with differing amounts of impervious coverage, a range of 25 to 300 ft
in potential overland flow was estimated for the sub-basins. The range of overland flow
lengths was estimated by tracing the longest available flow paths from sub-basins until it
reached either a road, channel, or pipe as represented by the City of Memphis GIS
database.

After the range of potential overland flow lengths was established, a method was
developed for estimating the relative overland flow lengths between Black Bayou sub-
basins. It was assumed that a sub-basin with more gutter length (as estimated by the GIS
roads data) and stormwater infrastructure (as estimated by City stormwater
geodatabase) would have a shorter relative overland flow length because there is more
opportunity for runoff to become channelized flow. The total potential channel length,
represented by the road length plus the stormwater infrastructure (pipe and channel)
length, was normalized by the sub-basin area to create a relative channel factor for each
sub-basin. The range of channel factors was then used to apply a related overland flow
length to each sub-basin between 25 and 300 ft.

Finally, an initial value for each sub-basin’s overland width was estimated by dividing the
area by the estimated overland flow length. This width value is an initial estimate for the
SWMM non-linear reservoir variable that represents the relative difference in one Black
Bayou sub-basin versus another, scaled by the opportunity for runoff to become
channelized within that sub-basin. Because this is a relative width estimate between
Black Bayou sub-basins, it lends itself to system-wide multipliers for calibration to
improve the correlation between model results and stream gauge data.
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2.1.2.3 Soil Infiltration Characteristics

According to the NRCS web soil survey data for the Black Bayou drainage basin presented
in Section 1.5, there are four different soils within the area as summarized in Table 2-2.

Table 2-2: Soil Summary

Soil Symbol Description Texture Class
Fm Falaya Silt Loam Silt Loam
Fs Filled land, silty Silt Loam
Gr Graded land, silty Silt Loam
MeB Memphis Silt Loam Silt Loam

There is a variety of types of soil within the drainage basin, but the texture class of Silt
Loam is consistent among the types of soil. Concerning the Green-Ampt infiltration
variables, the texture class is indicative of the specific values to use. The variables applied
to the soil infiltration parameters within the model are from the draft Memphis Drainage
Mapping and Modeling Analysis Standards Manual (06-24-2015), and these variables for
a silt loam are summarized as:

e Hydraulic Conductivity, K (in/hr) - 0.26
e Suction Head, { (in) - 6.69
e Initial Moisture Deficit - 0.217

2.2 Hydraulics

The hydraulic portion of the model analyzed the performance of the conveyance and drainage
network. The model incorporated storm sewer, concrete channel connectivity and capacity
attributes. Capacity attributes included material, slope, and geometry of the pipe, concrete,
channel, or stream cross-section. The few known storage facilities within the Black Bayou
Drainage Basin that detain stormwater were input from record drawings or previous studies. The
model extent is from Prescott and Highland Streets to Getwell Road and Audubon Park and from
Poplar Avenue to where is empties into Nonconnah Creek. The hydraulic modeling extents in the
Black Bayou Drainage Basin are shown in Figure 2-3.

InfoSWMM utilizes the runoff hydrographs, computed as described in Section 2.1 and applies
them to loading points to provide input for hydraulic routing. The Black Bayou Drainage Basin
model contains more than 1000 links which represent open channels (mostly concrete) and closed
conduits such as box culverts or circular pipes representing more than 40 miles of conveyance.
Pipe sizes and lengths as well as channel data including cross-sections were collected as described
in Section 1.
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Surveyed conveyances included all pipes 24 inches in diameter or larger. Analyses extended
upstream to model inflow locations but excluded any additional upstream stormwater
infrastructure. The exclusion of conveyances upstream of model inflow locations prevented
unintentional attenuation and/or storage of runoff within the model; consequently, of the
approximately 850 drainage structures associated with conveyances of 24 inches in diameter or
larger approximately 610 are included within the system analysis. The 610 drainage structures
included within the analysis also comprised 7 nodes which are denoted as storage areas for the
existing conditions analysis. Storage nodes could be overflow areas or storage areas such as
detention ponds. Data for storage nodes were also collected as described in Section 1. Nodes and
links on the most upstream reaches and above the most upstream inflow loading points were set
to inactive if they were not receiving inflow. However, some side branches within the system
remained set as active to allow for backwater to enter they system and to evaluate flooding as a
result of the backwater from the main conveyance. As a result of ponding and flooding of areas
during some of the storm return intervals analyzed more than 300 additional overland flow
conveyances were included within the model. The overland flow conveyances allowed locations
with inadequate stormwater conveyance to pond and move downstream along the ground or
roadway surfaces to the next surface inflow location.
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Model Calibration

The Center for Applied Earth Science and Engineering Research with the University of Memphis
installed, maintained, and collected data from two stream gauge locations and two rain gauge
locations within the Black Bayou Drainage Basin for the months of June through December 2015.
A pressure transducer measuring depth and a crest-stage gauge measuring peak channel depth
achieved between visits were installed at each gauge location. The stream gauge locations were
within the primary concrete conveyance channel of the Basin with the northern, more upstream
site near Marion Avenue and the southern, more downstream site near Elliston Road. The specific
locations and surveyed elevations of each gauge component are summarized in Table 2-3 with
data referenced to Tennessee State Plane (feet) and North American Vertical Datum of 1988
(NAVD 88).

Table 2.3 Stream and Rain Gauge Summary

LOCATION NORTHING EASTING ELE\GAJION DESCRIPTION
Marion Avenue 305939.958 | 791795.610 266.02 Pressure Trar.'\sducer
(northern, upstream) 305940.750 | 791796.739 265.56 Flow Centerline

305939.151 | 791813.991 267.84 Crest-Stage
Elliston Road 298178.364 | 792403.086 243.36 Pressure Transducer
(southern, 298179.007 | 792401.558 242.87 Flow Centerline
downstream) 298169.881 | 792427.049 246.41 Crest-Stage
Leftwich Tennis Center
(4145 Southern 307986.707 | 796083.378 N/A Rain Gauge
Avenue)
O'Brian Park
(Prescott and Steve 296807.993 | 786274.814 N/A Rain Gauge
Road)

The concrete lined channels, where the stream gauges were installed, were uniform triangular

bottom and rectangular upper sections with the following geometry:

7’

54'

10.7

1 3

Elliston Rd Channel
Slope = 0.00145 ft/ft

Marion Ave Channel
Slope = 0.00435 ft/ft

Figure 2-4 Stream Gauge Channel Dimensions (NTS)
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Surveyed channel cross-sections upstream and downstream of the gauge locations were used to
establish the dimensions and the average slope of the channel as illustrated in Figure 2-4. The
channel attributes could then be paired with the measured channel depths during rainfall events
to estimate flow within the channel using the Manning’s Equation and Continuity Equation:

V = Velocity (ft/s)

k = Unit conversion factor, 1.49 English units

2 n = Manning’s roughness factor

k (A\3 .t
V= z (;) Sz Q =VA A = Flow area (ft?)
P = Wetted perimeter (ft)
Manning’s Equation Continuity Equation S = Slope (ft/ft)

Q = Flow rate (ft3/s)

The pressure transducer provided 5-minute readings of channel depth, allowing for a flow
hydrograph to be estimated for the rise and fall of flow within the channel. Additionally, the crest-
stage gauge allowed for the peak depth to be captured for specific events, where students reset
the gauge before the rainfall and manually recorded the measurement afterwards. Rainfall was
also captured in 5-minute increments at the two Black Bayou rain gauge locations. The channel
flow and rainfall data measured during a June 2015 storm event is illustrated in Figure 2-5.
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Figure 2-5 Black Bayou Stream and Rain Gauge Data
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The June 29 - June 30, 2015 event was selected for calibration. Calibration tests several
hydrologic and hydraulic parameters. Hydrologic and hydraulic model parameters including basin
widths, pervious Manning’s roughness and impervious Manning’s roughness values were
adjusted until a good match was achieved at the two depth gages. Sub-basin widths were
uniformly increased across the Black Bayou watershed by 30% with pervious Manning’s roughness
values uniformly decreased by 25% across the watershed. Impervious Manning’s roughness
values were uniformly adjusted downwards to the minimum value of 0.011 within the Memphis
Drainage Manual (Table 2-10). Following the uniform basin-wide adjustments to the three
parameters noted above good agreement between the model and the two stream gauges was
achieved as seen in Figures 2-6 and 2-7. A second storm event occurring on July 3, 2015 was
selected as a validation event to confirm and/or adjust model calibration. Similar agreement
between model results and observed storm flows is shown in Figure 2-8 thereby confirming model
calibration with no further adjustments to hydrologic or hydraulic properties required.
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Figure 2-6. Black Bayou Model Calibration at the North Gauge
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Figure 2-7. Black Bayou Model Calibration at the South Gauge
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Figure 2-8. Black Bayou Model Validation at the South Gauge
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3 EXISTING CONDITIONS RESULTS

3.1

3.2

Level of Service (LOS) Evaluation

The City of Memphis specifies that storm sewers shall be designed based on the 10-year 24-hour
design storm. Within the Black Bayou Basin under existing conditions, the model showed that
more than 300 stormwater structures were undersized. Additionally, the 10-year 24 hour design
storm model produced flooding at more than 100 locations along roadways.

On June 7, 2016 a meeting was held with the City of Memphis to discuss preliminary modeling
results. At the time, nineteen problem areas had been identified through the preliminary
modeling. The meeting concluded that finished floor elevations were required to determine
whether inundation would cause actual flooding of homes or other habitable structures, or if it
would just represent short-term nuisance flooding of the yard.

As described in Section 1, finished floor elevations were surveyed for 23 buildings. After
evaluating the finished floor elevation surveys, five locations were identified where flooding could
cause damage to homes or other property. These areas are shown in Figure 3-1 and were selected
for proposed improvements as described in Section 4.

Flood Extent/Inundation Mapping

To evaluate the flood extent both the area of inundation and the depth of flooding were
considered. The InfoSWMM software includes a Risk Assessment Manager tool that generates
inundation using the computed maximum hydraulic grade line (HGL) at each modeled node. The
inundation produced by this tool was based on a simplistic approach of interpolating elevations
between model nodes using a single line. A more detailed approach to generating inundation
along the model segments was performed by creating cross-sections at model nodes. The cross-
sections were assigned the computed maximum HGL. A water elevation surface was generated
using the cross-sections. The computed water elevation surface was compared to the LiDAR
derived ground surface data to determine a depth of inundation. Figures presented in
Attachment B illustrate the flood inundation for each of the theoretical return frequencies
evaluated during existing conditions. Attachment E presents the flood inundation extents for
each of the theoretical return frequencies with the proposed alternatives included within the
model configuration.
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4.1

PROPOSED SCENARIOS

Based on the scope of work for this project, five separate improvement alternatives analyses were
to be performed based on the identified flooding areas. The predicted flooding impacts and the
elements of each proposed improvement are described in Sections 4.1 through 4.5. These sections
also include an overview of benefits, a planning-level cost and benefit-cost analysis. It should be
noted that some proposed scenario costs may exceed the cost of the structures and/or roadways
that the projects are intended to protect. In those cases, the City may wish to consider a more
detailed benefit-cost analysis such as the FEMA BCA toolkit to determine whether a proposed
improvement is feasible.

Area 1 - Southern Avenue at University of Memphis
4.1.1 Description

Area 1 is located along Southern Avenue near the University of Memphis main campus. The
area begins at the intersection of Southern Avenue and Highland Street and continues east to
the Student Recreation Center. The area is located on the upper reaches of the Black Bayou
watershed, but receives the drainage from the highly impervious University of Memphis main
campus. Survey data were collected beginning the fall of 2015 through the summer of
2016. After the completion of the field survey there were numerous developments within
the basin that potentially altered the stormwater infrastructure. These developments,
specifically near the University of Memphis, are not included in this study. The existing
conditions analysis indicated flooding of 41 of the 52 stormwater structures within this
location during the 10-year event due to being undersized as shown in Figure 4-1.
Additionally, 27 buildings would be inundated.

The proposed improvement includes increasing the size of approximately 2,000 linear feet of
drainage conduit and installation of approximately 500 linear feet of additional drainage
conduits acting as parallel conveyance to adequately convey the stormwater and prevent
flooding during the 10-year event within Area 1. Three underground detention facilities
including more than 1000 feet of conduit are also proposed in Area 1 to mitigate downstream
flooding caused by the increase in conveyance of the improved stormwater structures.
Tables 1a through 1f in the Microsoft Excel tab “Issue #1” within Attachment C detail the
specific proposed improvements.
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4.1.2 Benefits

The additional stormwater pipes and larger stormwater pipes in combination with the
detention facilities will alleviate flooding in Area 1, and attenuate the peak flows downstream.
Figure 4-2 shows the improved flooding conditions after implementation of this
improvement. Of the 27 buildings flooded under existing conditions, 24 would no longer
experience flooding. Attachment D provides details of the property damage costs occurring
as a result of flooding during the 10-year storm event before and after the proposed
alternative.  Additionally, flooding on Echles Street as well as other side streets would be
alleviated.

4.1.3 Planning-Level Cost

The estimated cost for improvements in Area 1 is $13,820,000. A benefit-cost analysis was
performed for Area 1 considering the reduction in loss of service of roads, reduction in
amount of property damage and reduction in rental costs for displaced families. The benefit-
cost ratio for Area 1 is 0.35. Attachment C provides details of the cost estimate and benefit-
cost analysis.

4.2 Area 2 - Cherry Road between Poplar Ave and Southern Ave
4.2.1 Description

Area 2 is located in the upper reaches of the Black Bayou watershed near the Audubon park
and golf course. It receives drainage from the Oak Court Mall area as well as the residential
area between S. Goodlett Street and the mall. The existing conditions analysis indicated
flooding of 29 of the 63 stormwater structures within this location during the 10-year event
due to being undersized as well as flooding over Goodlett Street and Village Road near the
intersection with Williamsburg Lane and over the railroad tracks that run between Southern
Ave and Village Road as shown in Figure 4-3. Additionally, 15 buildings would be inundated.

The proposed improvement includes increasing the storage capacity of an above ground
storage area along the park and golf course to detain some of the flooding. It then includes
rerouting approximately 500 linear feet of drainage conduit, adding approximately 1,500
linear feet of new conduit to divert drainage from upstream of the railroad tracks directly to
the storage area, and adding 275 linear feet of new conduit near Audubon Park. Tables 2a
and 2b in the Microsoft Excel tab “Issue #2” within Attachment C detail the specific proposed
improvements.
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4.2.2

4.2.3

Benefits

The increased storage capacity in combination with the stormwater diversions will alleviate
flooding in Area 2 and attenuate the peak flows downstream. Figure 4-4 shows the improved
flooding conditions after implementation of this improvement. Of the 15 buildings flooded
under existing conditions, 11 would no longer experience flooding. Attachment D provides
details of the property damage costs occurring as a result of flooding during the 10-year storm
event before and after the proposed alternative. Additionally, flooding on Goodlett Street, a
relatively high traffic street, would be alleviated.

Planning-Level Cost

The estimated cost for improvements in Area 2 is $2,047,000. A benefit-cost analysis was
performed for Area 2 considering the reduction in loss of service of roads, reduction in
amount of property damage and reduction in rental costs for displaced families. The benefit-
cost ratio for Area 2 is 8.35. Attachment C provides details of the cost estimate and benefit-
cost analysis.
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4.3

Area 3 — Robin Hood Lane

43.1

4.3.2

433

Description

Area 3 is located from the intersection of Marion Avenue and Patterson Street South to the
main Black Bayou canal at Robin Hood Lane. The drainage area is mostly residential with
some retail areas and churches. The existing conditions analysis indicated flooding of 25 of
the 45 stormwater structures within this location during the 10-year event due to being
undersized as shown in Figure 4-5. Additionally, 35 buildings would be inundated.

The proposed improvement includes increasing the size of approximately 400 linear feet of
conduit and adding approximately 670 linear feet of conduit down Robin Hood Lane.
Additionally, a new underground detention facility is proposed. Table 3a in the Microsoft Excel
tab “Issue #3” within Attachment C details the specific proposed improvements.

Benefits

The increased capacity and underground storage will alleviate flooding in Area 3 and
attenuate the peak flows downstream. Figure 4-6 shows the improved flooding conditions
after implementation of this improvement. Of the 35 buildings flooded under existing
conditions, 32 would no longer experience flooding. Attachment D provides details of the
property damage costs occurring as a result of flooding during the 10-year storm event before
and after the proposed alternative. Additionally, flooding on Park Avenue and Robin Hood
Lane would be alleviated.

Planning-Level Cost

The estimated cost for improvements in Area 3 is $3,634,000. A benefit-cost analysis was
performed for Area 3 considering the reduction in loss of service of roads, reduction in
amount of property damage and reduction in rental costs for displaced families. The benefit-
cost ratio for Area 3 is 4.7. Attachment C provides details of the cost estimate and benefit-
cost analysis.
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4.4 Area4 - Park Ave

44.1

44.2

44.3

Description

Area 4 is located from Brower Street at Park Avenue East to South Highland Street. The
drainage area is mostly residential with some retail areas. The existing conditions analysis
indicated flooding of 43 of the 56 stormwater structures within this location during the 10-
year event due to being undersized as well as some flooding at the intersection of Carrington
Road and South Prescott Road as shown in Figure 4-5. Additionally, 47 buildings would be
inundated.

The proposed improvement includes increasing the size of approximately 1,800 linear feet of
conduit and adding approximately 2,600 linear feet of conduit as well as three new
underground storage areas. Tables 4a through 4e in the Microsoft Excel tab “Issue #4” within
Attachment C detail the specific proposed improvements.

Benefits

The increased storage capacity will alleviate flooding in Area 4 and attenuate the peak flows
downstream. Figure 4-6 shows the improved flooding conditions after implementation of this
improvement. Of the 47 buildings flooded under existing conditions, 35 would no longer
experience flooding. Attachment D provides details of the property damage costs occurring
as a result of flooding during the 10-year storm event before and after the proposed
alternative. Additionally, flooding on Park Avenue would be alleviated.

Planning-Level Cost

The estimated cost for improvements in Area 4 is $9,263,000. A benefit-cost analysis was
performed for Area 4 considering the reduction in loss of service of roads, reduction in
amount of property damage and reduction in rental costs for displaced families. The benefit-
cost ratio for Area 4 is 1.40. Attachment C provides details of the cost estimate and benefit-
cost analysis.
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4.5 Area5-Rhodes Ave

4.5.1

4.5.2

4.5.3

Description

Area 5 is located from just north and east of Rhodes Avenue and Will Scarlet Road to just
south of Kimball Road and Robin Hood Lane. The drainage area is mostly residential with one
school. The existing conditions analysis indicated flooding of 31 of the 37 stormwater
structures within this location during the 10-year event due to being undersized drainage as
well as some flooding over Robin Hood Land near Philsdale Road and over Tyne Street near
Deerwood Avenue as shown in Figure 4-7. Additionally, 26 buildings would be inundated.

The proposed improvement includes increasing the size of approximately 400 linear feet of
conduit and adding approximately 3,500 linear feet of conduit including a new route down
Robin Hood Lane. A new underground detention area would also be included to divert and
store backwater from the canal. Table 5a in the Microsoft Excel tab “Issue #5” within
Attachment C details the specific proposed improvements.

Benefits

The increased storage capacity will alleviate flooding in Area 5 and attenuate the peak flows
downstream. Figure 4-8 shows the improved flooding conditions after implementation of this
improvement. Of the 26 buildings flooded under existing conditions, 24 would no longer
experience flooding. Attachment D provides details of the property damage costs occurring
as a result of flooding during the 10-year storm event before and after the proposed
alternative. Additionally, flooding on Rhodes Avenue and Robin Hood Lane would be
alleviated.

Planning-Level Cost

The estimated cost for improvements in Area 5 is $1,346,000. A benefit-cost analysis was
performed for Area 5 considering the reduction in loss of service of roads, reduction in
amount of property damage and reduction in rental costs for displaced families. The benefit-
cost ratio for Area 5 is 12.36. Attachment C provides details of the cost estimate and benefit-
cost analysis.
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RECOMMENDATIONS AND CONCLUSIONS

A comprehensive data collection and modeling effort in the Black Bayou Drainage Basin was
completed. Flooding under existing conditions was evaluated for the 2-year, 5-year, 10-year, 25-
year, 50-year and 100- year storms. Based on results of the 10-year design storm analysis, five areas
were identified for further study of stormwater improvements. Specific improvements were
evaluated and recommended for each area that would alleviate flooding. Planning-level costs were
estimated for each of the improvements. A cost-benefit analysis was performed to determine the
effectiveness and efficiency of the proposed improvements. Construction and implementation of
all five improvements would cost an estimated $30,109,000 and result in a combined benefit-cost
ratio of 2.28 for the five areas. Individual benefit-cost ratios for the five areas ranged from 0.35 to
12.36.
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TDOT Prices





																										Pipe Dia.		$/L.F.

		Std. TDOT								 TDOT Region 4*																18		$48

		RCBC		Description		TDOT Pay Item No.		Unit 		 2016 Avg. Price																24		$67

																										30		$96

				18" RCP (CL III)		607-03.02		L.F.		$48																36		$115

				24" RCP  (CL III)		607-05.02		L.F.		$67																48		$186

				30" RCP  (CL III)		607-06.02		L.F.		$96

				36" RCP  (CL III)		607-07.02		L.F.		$115				Cu. Yd.'s of		Cost of 		Lb.'s of		Cost of 		Total Cost

				48" RCP  (CL III)		607-09.02		L.F.		$186				conc. /L.F.		conc. /Cu. Yd.		 steel/L.F.		steel/Lb.		per L.F.



				3' x 3' Box Culvert				L.F.		$310

				3' x 4' Box Culvert				L.F.		$325

		x		3' x 5' Box Culvert				L.F.		$365				0.63		$423		141		$0.80		$380

		x		3' x 6' Box Culvert				L.F.		$380				0.82		$423		187		$0.80		$500

				3' x 8' Box Culvert				L.F.		$500



		x		4' x 5' Box Culvert				L.F.		$400				0.68		$423		147		$0.80		$410

		x		4' x 6' Box Culvert				L.F.		$410				0.87		$423		184		$0.80		$520

				4' x 8' Box Culvert				L.F.		$520

		x		4' x 9' Box Culvert				L.F.		$520				0.88		$423		216		$0.80		$550

				4' x 10' Box Culvert		607-50.04		L.F.		$550

				4' x 12' Box Culvert						$610				0.73		$423		154		$0.80		$440

		x		5' x 6' Box Culvert				L.F.		$440				0.91		$423		195		$0.80		$550

				5' x 8' Box Culvert				L.F.		$550

		*

				Where a Region 4 value is not available, the statewide average is shown.

				Costs in red setimated from chart below

														 Area		$/L.F.

				Description		X-Sectional Area		$/L.F.						9				$310

				3' x 6' Box Culvert		18		380						18		$380		$380

				3' x 8' Box Culvert		24		500						24		$500		$425

				4' x 6' Box Culvert		24		410						24		$410		$425

				4' x 8' Box Culvert		32		520						32		$520		$490

				4' x 10' Box Culvert		40		550						35		$440		$512

				5' x 6' Box Culvert		35		440						40		$550		$550

				5' x 8' Box Culvert		40		550						40		$550		$550

				4' x 12' Box Culvert		48		550						48				610

																Cost  		Incidental Items:

																10%		Mobilization - 10% of total construction cost

																$3		Sod - $3 per sq.yd.

																$1,100		Seeding & mulching - $1,100 per ac.

																$5		Asphalt pavement removal - $5 per sq.yd.

																$4		Ecavation & grading of open detention pond - $4 per cu. yd.

																$50		Pavement repair, small quantity - $50 per sq.yd. (Trench width assumed to be pipe nom. diameter + 3.0')

																$35		Pavement replacement (such as a whole parking lot)

																$5,300		New Manhole - $4,500

																$900		Modify inlet or manhole - $900 ea.

																$12		Underground detention (shallow) - $12 per cu. ft. (conc.) - $6 (plastic)

																15%		Demolition of existing drainage line - 15% of installation cost of same size new line 

												5%		10%		15%		Design and Construction Documents - % of total construction cost

																		 (varies from 5% for large straightforward projects  to 15% for small or complex ones) 















TDOT BOX CULVERT COST PER LIN. FT. 



From TDOT Website	9	18	24	24	32	35	40	40	380	500	410	520	440	550	550	Average	

9	18	24	24	32	35	40	40	48	310	380	425	425	490	512	550	550	610	BOX AREA (SQ. FT.)





COST PER LIN. FT.









RCP Cost per foot (TDOT)



18	24	30	36	48	48	67	96	115	186	Diameter in Inches





Cost per Lin. Ft.









Issue #1



				Western Branch - S. Highland Street along Southern Avenue on South side of Railroad tracks														Southern Branch From Kearney Ave at Junction 0403-0468 to Junction 0403-0540

				0403-0575-0577 & 0403-0577-0578 														0403-0468-0470 to 0403-0597-0540 

						Quantity		Unit Price		Extnd.										Quantity		Unit Price		Extnd.

				Demo existing 24" pipe		205		$10.05		$2,060								Demo existing 24" pipe		460		$10.05		$4,623

				Install new 30" pipe		205		$96.00		$19,680								Demo existing 30" pipe		575		$14.40		$8,280

				Pavement  repair		125		$50.00		$6,264				125				Install new 30" pipe		405		$96.00		$38,880

				Modify inlet or manhole		2		$900.00		$1,800								Install new 3' x 3' box culvert		285		$310.00		$88,350

								const. cost		$29,804								Install new 3' x 4' box culvert		375		$325.00		$121,875

								mobilization		$2,980								Pavement  repair		729		$50.00		$36,458				729

								engineering		$4,471								Modify inlet or manhole		8		$900.00		$7,200

																						const. cost		$305,666

								TOTAL		$37,255												mobilization		30,567

																						engineering		30,567



																						TOTAL		$366,800

				Main Section #1 - From Western branch south and east to Patterson St.

				0403-0578-0563

						Quantity		Unit Price		Extnd.

				Demo existing 3.5' x 4.6' box		340		$61.50		$20,910								Main branch Section #3 Starting at 0403-0538 to 0403-0501 (Houston St to just north of UofM Student Health and Recreation Center)

				Install new 4' x 6' box		340		$410.00		$139,400								0403-ST010-PROP

				Pavement  repair		340		$50.00		$17,000				340						Quantity		Unit Price		Extnd.

				Modify inlet or manhole		2		$900.00		$1,800								Install new U.G detention		294,030		$12.00		$828,000				294,030

								subtotal		$179,110								Pavement  replacement		10,890		$35.00		$381,150				10,890

				0403-0563-0561														Modify inlet or manhole		1		$900.00		$900

				Demo existing 36" RCP		335		$115.00		$38,525												const. cost		$1,210,050

				Demo existing 4.2'x6'x0.5		65		$61.50		$3,998												mobilization		121,005

				Install new 4' x 6' box		400		$410.00		164,000												engineering		60,503

				Pavement  repair		400		$50.00		$20,000				400

				Modify inlet or manhole		3		$900.00		$2,700												TOTAL		$1,391,558

								subtotal		$229,223



								const. cost		$408,333

								mobilization		$40,833								Northern Branch - From Southern Avenue south to UofM Student Health and Recreation Center

								engineering		$40,833								0403-ST010-PROP

																				Quantity		Unit Price		Extnd.

								TOTAL		$489,999								Install new U.G detention		690,000		$12.00		$8,280,000				690,000

																		Pavement  replacement		25,556		$35.00		$894,444				25,556

																		Install new 30" pipe		510		$96.00		$48,960

																		Modify inlet or manhole		1		$900.00		$900

				Northern Branch From Parking lot of Student Catholic Center down to 0403-0561 Junction																		const. cost		$9,224,304

				0403-0574-0561																		mobilization		461,215

						Quantity		Unit Price		Extnd.												engineering		461,215

				Demo existing 24" pipe		75		$10.05		$754

				Install new 30" pipe		75		$96.00		$7,200												TOTAL		$10,146,735

				Install new 18" pipe		95		$48.00		$4,560

				Modify inlet or manhole		1		$900.00		$900

				Install new manhole		1		$5,300.00		$5,300

				Install new U.G detention		72,000		$12.00		$864,000				72,000

				Pavement  replacement		2765		$35.00		$96,785				2765

								const. cost		$979,498

								mobilization		$48,975

								engineering		$48,975



								TOTAL		$1,077,448





				Main Branch Section #2 - From Patterson St to Houston St

				0403-0561-0538-PROP

						Quantity		Unit Price		Extnd.

				Install new 5' x 6' box		585		$440.00		$257,400

				Modify inlet or manhole		1		$900.00		$900

								const. cost		$258,300

								mobilization		$25,830

								engineering		$25,830



								TOTAL		$309,960







Issue #2



				Re-route some of drainage down Cherry N. of the RR to detention structure Southern in Audubon Park Golf Course

				0403-0696-0878 to 0403-0879-ST011 

						Quantity		Unit Price		Extnd.

				Plug and abandon existing 36" pipe		1		$1,000.00		$1,000

				Install new 36" pipe		430		$115.00		$49,450				268+160

				Pavement  repair		290		$50.00		$14,500				287

				Modify inlet or manhole		2		$900.00		$1,800

				Install new 4' x 5' box culvert		1375		$400.00		$550,000				1165+210

				Pavement  repair		1222		$50.00		$61,111				1222

				Extra cost for railroad crossing		1		$150,000.00		$150,000

				Excavate Detn. Pond at Audubon Park Golf Course		29,040		$4.00		$116,160				29,040

				Seed & Mulch Detention Pond		4		$1,100.00		$4,400

				Install new 30" pipe		106		$96.00		$10,176

				Re-work half of one hole on G.C.		1		$50,000.00		$50,000

				Pavement  repair		65		$50.00		$3,239				65

				Demo existing 3.5/0.75 by 8 double barrel		20		$78.00		$1,560

				Demo existing 42" (5 barrels)		80		$17.25		$1,380

				Demo Existing 2.5/1 by 8		85		$75.00		$6,375

				Install new 4' x 10' box culvert		370		$550.00		$203,500				185*2 barrels

								const. cost		$1,224,651

								mobilization		$122,465

								engineering		$61,233



								TOTAL		$1,408,349







				Replace section near Audubon Park

				0403-0493-0486

						Quantity		Unit Price		Extnd.

				Demo existing 3' x 3' box culvert (3 barrels)		780		$46.50		$36,270				260 x 3

				Install new 4 x 12 box culverts  (3 barrels)		825		$610.00		$503,250				275 x 3

				Pavement  repair		290		$50.00		$14,500				550

				Modify inlet or manhole		1		$900.00		$900

								const. cost		$554,920

								mobilization		$55,492

								engineering		$27,746



								TOTAL		$638,158







Issue #3



				Add new auxillary box culvert, add underground storage under parking lot

				0403-0415-0405 to 0403-0398-0398 

						Quantity		Unit Price		Extnd.

				Demo existing 72" culvert		150		$27.90		$4,185

				Demo existing 3.5' x 6' culvert		235		$61.50		$14,453

				Install new 4' x 6' box culvert		395		$410.00		$161,950

				Pavement  repair		395		$50.00		$19,750				395

				Install new U.G detention		228000		$12.00		$2,736,000				38000x6

				Install new 36" culvert		675		$115.00		$77,625

				Pavement replacement		4222		$35.00		$147,778				4222

				Modify inlet or manhole		1		$900.00		$900

				Install new manhole		3		$5,300.00		$15,900

								const. cost		$3,159,903

								mobilization		$315,990

								engineering		$157,995



								TOTAL		$3,633,888









Issue #4

				Brower Street on Park Avenue East to Highland Street



				Northern Section - Douglass Ave South East to S. Prescott St to junction 0403-0373 at S. Prescott and Carrington Rd.														Main Branch - From Prescott and Carrington South and East to South Highland St.



						Quantity		Unit Price		Extnd.										Quantity		Unit Price		Extnd.

				Install new 24" pipe		150		$67.00		$10,050								Install new junction box (large)		1		$10,000.00		$10,000

				Install new U.G detention		75000		$12.00		$900,000				25000 x 3				Demo existing 3' x 5' box		329		$54.75		$18,013

				Pavement  replacement		2778		$35.00		$97,222				2778				Install new 4' x 9' box culvert		332		$520.00		$172,640

				Install new 18" pipe		175		$48.00		$8,400								Demo existing 3.5' x 8' box		179		$75.00		$13,425

				Demo existing 24" RCP		242		$10.05		$2,432								Install new 4' x 8' box culvert		187		$520.00		$97,240

				Install new 3' x 5' box		246		$365.00		$89,790								Demo existing 4' x 7' box		118		$78.00		$9,204

				Demo existing 2' x 5' box		130		$46.50		$6,045								Install new 5' x 8' box culvert		121		$550.00		$66,550

				Install new 3' x 6' box		133		$380.00		$50,540								Modify inlet or manhole		3		$900.00		$2,700

				Modify inlet or manhole		3		$900.00		$2,700								Pavement  repair		819		$50.00		$40,956				819

				Pavement  repair		352		$50.00		$17,583				352								const. cost		$430,727

								const. cost		$1,167,179												mobilization		43,073

								mobilization		$116,718												engineering		43,073

								engineering		$116,717.93

																						TOTAL		$516,873

								TOTAL		$1,400,615







				Western Section - South of Park Avenue From Mt Vernon Rd East to S. Prescott Street														Add New Underground Detention Under Parking Lots at SouthCentral Bell and Sherwood Middle



						Quantity		Unit Price		Extnd.										Quantity		Unit Price		Extnd.

				Demo existing 24" pipe		215		$10.05		$2,161								Install new U.G detention		217800		$12.00		$2,613,600				43560x5

				Install new 30" pipe		220		$96.00		$21,120								Pavement  replacement		43560		$35.00		$1,524,600

				Demo existing 30" pipe		30		$14.40		$432								Install new U.G detention		128000		$12.00		$1,536,000				32000x4

				Install new 36" pipe		32		$115.00		$3,680								Pavement  replacement		3556		$35.00		$124,444				3556

				New junction box (large)		1		$10,000.00		$10,000								Demo existing 2.5 x 5 box		27		$54.75		$1,478

				Install new 24" pipe		920		$67.00		$61,640								Install new 4' x 8' box		28		$520.00		$14,560

				Pavement  repair		646		$50.00		$32,278				646				Modify inlet or manhole		2		$900.00		$1,800

								const. cost		$131,311

								mobilization		13,131

								engineering		19,697												const. cost		$5,816,483

																						mobilization		$581,648.27

								TOTAL		$164,138												engineering		$290,824.13



																						TOTAL		$6,688,955



				South Western Section - Frowm Brower St and Radford Road Northeast to Carrington and Prescott Street



						Quantity		Unit Price		Extnd.

				Install new 30" pipe		1402		$96.00		$134,592				729+673

				Demo existing 30" pipe		390		$14.40		$5,616

				Install new 3' x 3' box		386		$310.00		$119,660

				Modify inlet or manhole		4		$900.00		$3,600

				Install new manhole		3		$5,300.00		$15,900

				Demo existing 36" pipe		126		$17.25		$2,174

				Install new 3' x 4' box		130		$325.00		$42,250

				Demo existing 2.5' x 4' box		52		$46.50		$2,418

				Install new 3' x 6' box		54		$380.00		$20,520

				Pavement  repair		1269		$50.00		$63,461				1269

								const. cost		$410,191

								mobilization		$41,019

								engineering		$41,019



								TOTAL		$492,229







Issue #5 



				Just north and east of Rhodes Ave and Will Scarlet Rd South to just south of Kimball Rd and Robin Hood Ln



						Quantity		Unit Price		Extnd.

				Install new 36" pipe		781		$115.00		$89,815

				Install new 36" pipe		1345		$115.00		$154,675

				Excavate new detention pond at Sherwood Elementary		16133		$4.00		$64,533				16133

				Seed & Mulch over new detention pond		2		$1,100.00		$2,200				2

				Plug 24" RCP		2		$500.00		$1,000

				Install new 3' x 5' box		1365		$365.00		$498,225				1365

				Install new 3' x 8' box		415		$500.00		$207,500				415

				Demo existing 24" RCP		404		$10.05		$4,060				404

				Pavement  repair		1721		$50.00		$86,028				1721

				Modify inlet or manhole		4		$900.00		$3,600

				Install new manhole		11		$5,300.00		$58,300

								const. cost		$1,169,936

								mobilization		$116,994

								engineering		$58,496.82



								TOTAL		$1,345,427









Cost Benefit Ratio

		         Cost 
                                             Benefit		Description		Source		Quantitative Effect				Recurrence Interval (yr)		Percent Exceedance		Total Damages Before		Total Damages After		Annualized Cost/Benefit		Present Value Cost/Benefit				Design Life (yr)		25

																										Rate (%)		7%

		Life Cycle Costs																								BENEFITS

				Area 1		BWSC Cost Estimate		$   13,819,754		Lump Sum										($1,185,880)		($13,819,754)				Resilience Value		$   68,599,818

				Area 2		BWSC Cost Estimate		$   2,046,507		Lump Sum										($175,612)		($2,046,507)

				Area 3		BWSC Cost Estimate		$   3,633,888		Lump Sum										($311,826)		($3,633,888)

				Area 4		BWSC Cost Estimate		$   9,262,810		Lump Sum										($794,847)		($9,262,810)

				Area 5		BWSC Cost Estimate		$   1,345,427		Lump Sum										($115,452)		($1,345,427)				Total Benefit		$   68,599,818

																				$0		$0				COSTS

																				$0		$0				Life Cycle Costs		$30,108,386

																				$0		$0				BC Ratio		2.28

																				$0		$0

																				$0		$0				Area 1		0.35

																				$0		$0.00				Area 2		8.35

																				$0		$0				Area 3		4.70

																				$0		$0				Area 4		1.40

																				$0		$0				Area 5		12.36

																				$0		$0

																				$0		$0

																				$0		$0

		Resilience Value

		Reduced Loss of Service		Reduction in loss of service of roads - Area 1		FEMA BCAR - Page 2		$   711.12		$/day/vehicle

								3,088		vehicles/day 		10		10.0%		$   2,373,719		$   0		$   237,372		$   2,766,230

												9999999		0.0%		$   2,373,719		$   0

				Reduction in loss of service of roads - Area 2		FEMA BCAR - Page 2		$   711.12		$/day/vehicle

								19,536		vehicles/day 		10		10.0%		$   13,892,440		$   0		$   1,389,243		$   16,189,655

												9999999		0.0%		$   13,892,440		$   0

				Reduction in loss of service of roads - Area 3		FEMA BCAR - Page 2		$   711.12		$/day/vehicle

								12,009		vehicles/day 		10		10.0%		$   12,251,886		$   0		$   1,225,187		$   14,277,824

												9999999		0.0%		$   12,251,886		$   0

				Reduction in loss of service of roads - Area 4		FEMA BCAR - Page 2		$   711.12		$/day/vehicle

								12,009		vehicles/day 		10		10.0%		$   8,539,840		$   0		$   853,983		$   9,951,964

												9999999		0.0%		$   8,539,840		$   0

				Reduction in loss of service of roads - Area 5		FEMA BCAR - Page 2		$   711.12		$/day/vehicle

								5,220		vehicles/day 		10		10.0%		$   12,460,956		$   0		$   1,246,094		$   14,521,464

												9999999		0.0%		$   12,460,956		$   0

		Reduced Property Damage		Reduction in amount of property damage - Area 1		\\corp.bwsc.net\data\Projects\35\35986\3598600\03_PROJECT_EXECUTION\EWR\Report\Cost Estimates\Building Damage Assessment.xlsx		BWSC GIS Analysis

												10		10.0%		$   1,770,930		$   196,770		$   157,416		$   1,834,459

												9999999		0.0%		$   1,770,930		$   196,770

				Reduction in amount of property damage - Area 2		\\corp.bwsc.net\data\Projects\35\35986\3598600\03_PROJECT_EXECUTION\EWR\Report\Cost Estimates\Building Damage Assessment.xlsx		BWSC GIS Analysis

												10		10.0%		$   983,850		$   262,360		$   72,149		$   840,794

												9999999		0.0%		$   983,850		$   262,360

				Reduction in amount of property damage - Area 3		\\corp.bwsc.net\data\Projects\35\35986\3598600\03_PROJECT_EXECUTION\EWR\Report\Cost Estimates\Building Damage Assessment.xlsx		BWSC GIS Analysis

												10		10.0%		$   2,295,650		$   196,770		$   209,888		$   2,445,945

												9999999		0.0%		$   2,295,650		$   196,770

				Reduction in amount of property damage - Area 4		\\corp.bwsc.net\data\Projects\35\35986\3598600\03_PROJECT_EXECUTION\EWR\Report\Cost Estimates\Building Damage Assessment.xlsx		BWSC GIS Analysis

												10		10.0%		$   3,082,730		$   787,080		$   229,565		$   2,675,252

												9999999		0.0%		$   3,082,730		$   787,080

				Reduction in amount of property damage - Area 5		\\corp.bwsc.net\data\Projects\35\35986\3598600\03_PROJECT_EXECUTION\EWR\Report\Cost Estimates\Building Damage Assessment.xlsx		BWSC GIS Analysis

												10		10.0%		$   1,705,340		$   131,180		$   157,416		$   1,834,459

												9999999		0.0%		$   1,705,340		$   131,180

		Reduced Displacements		Reduction in rental costs for displaced families - Area 1		FEMA BCAR - Tables 2 and 3		$   0.73		$/sq ft/month

								12		months		10		10.0%		$   283,824		$   73,584		$   21,024		$   245,005

												9999999		0.0%		$   283,824		$   73,584

				Reduction in rental costs for displaced families - Area 2		FEMA BCAR - Tables 2 and 3		$   0.73		$/sq ft/month

								12		months		10		10.0%		$   63,072		$   21,024		$   4,205		$   49,001

												9999999		0.0%		$   63,072		$   21,024

				Reduction in rental costs for displaced families - Area 3		FEMA BCAR - Tables 2 and 3		$   0.73		$/sq ft/month

								12		months		10		10.0%		$   367,920		$   52,560		$   31,536		$   367,507

												9999999		0.0%		$   367,920		$   52,560

				Reduction in rental costs for displaced families - Area 4		FEMA BCAR - Tables 2 and 3		$   0.73		$/sq ft/month

								12		months		10		10.0%		$   399,456		$   115,632		$   28,382		$   330,756

												9999999		0.0%		$   399,456		$   115,632

				Reduction in rental costs for displaced families - Area 5		FEMA BCAR - Tables 2 and 3		$   0.73		$/sq ft/month

								12		months		10		10.0%		$   252,288		$   21,024		$   23,126		$   269,505

												9999999		0.0%		$   252,288		$   21,024













https://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfBuilding%20Damage%20Assessment.xlsxBuilding%20Damage%20Assessment.xlsxBuilding%20Damage%20Assessment.xlsxBuilding%20Damage%20Assessment.xlsxBuilding%20Damage%20Assessment.xlsxhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdfhttps://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/FEMA-BCAR-Resource.pdf

Loss of Service

		Loss of Service

		Traffic Source:  https://www.tdot.tn.gov/APPLICATIONS/traffichistory

		Area 1

		Echles Street														3088		Annual Average Daily Traffic Count

														Other Minor Streets		250

														Cost/hour per vehicle for lost time due to road and bridge closure		$   29.63

														Cost/day per vehicle for lost time due to road and bridge closure		$   711.12

														Benefit $/day:		$   2,373,718.56

		Area 2

		Goodlett Street														19536		Annual Average Daily Traffic Count

														Cost/hour per vehicle for lost time due to road and bridge closure		$   29.63

														Cost/day per vehicle for lost time due to road and bridge closure		$   711.12

														Benefit $/day:		$   13,892,440.32

		Area 3

		Park Avenue														12009		Annual Average Daily Traffic Count

														Robin Hood Ln (from nearby)		5220

														Cost/hour per vehicle for lost time due to road and bridge closure		$   29.63

														Cost/day per vehicle for lost time due to road and bridge closure		$   711.12

														Benefit $/day:		$   12,251,886.48

		Area 4

		Park Avenue														12009		Annual Average Daily Traffic Count

														Cost/hour per vehicle for lost time due to road and bridge closure		$   29.63

														Cost/day per vehicle for lost time due to road and bridge closure		$   711.12

														Benefit $/day:		$   8,539,840.08

		Area 5

														Rhodes Ave (Quince)		12303		Annual Average Daily Traffic Count

		Robin Hood Lane (Kimball)														5220

														Cost/hour per vehicle for lost time due to road and bridge closure		$   29.63

														Cost/day per vehicle for lost time due to road and bridge closure		$   711.12

														Benefit $/day:		$   12,460,955.76






Sheet1

		Median Home Value in Memphis								Assume Home Value is 70%

		$   93,700								$   65,590

		https://www.census.gov/quickfacts/fact/table/memphiscitytennessee/PST045216?

		140 Buildings removed from inundation as result of alternatives across drainage basin

		Original inundation of 331 versus 191 after Alternatives

		Area 1

		27 Buildings Inundated in existing analysis

		3 in alternate

		Area 2

		15 Buildings Inundated in existing analysis

		4 in alternate

		Area 3

		35 Buildings Inundated in existing analysis

		3 in alternate

		Area 4

		47 Buildings Inundated in existing analysis

		12 in alternate

		Area 5

		26 Buildings Inundated in existing analysis

		2 in alternate





Area 1

		27 Buildings Inundated in existing analysis

		3 in alternate





		Description		Return Period		Existing		Alternate

		# of Parcels Inundated => 0.5 ft		10 Year		27		3

		% Reduction in # of Parcels Inundated => 10%		10 Year		89%

		# of Parcels Removed From Flooding Hazard		10 Year		24

		Property Value Damaged		10 Year		1,770,930		196,770

		Property Value Removed From Flooding Hazard		10 Year		1,574,160







Area 2

		15 Buildings Inundated in existing analysis

		4 in alternate





		Description		Return Period		Existing		Alternate

		# of Parcels Inundated => 0.5 ft		10 Year		15		4

		% Reduction in # of Parcels Inundated => 0.5 ft		10 Year		73%

		# of Parcels Removed From Flooding Hazard		10 Year		11

		Property Value Damaged		10 Year		983,850		262,360

		Property Value Removed From Flooding Hazard		10 Year		721,490





Area 3

		35 Buildings Inundated in existing analysis

		3 in alternate



		Description		Return Period		Existing		Alternate

		# of Parcels Inundated => 0.5 ft		10 Year		35		3

		% Reduction in # of Parcels Inundated => 0.5 ft		10 Year		91%

		# of Parcels Removed From Flooding Hazard		10 Year		32

		Property Value Damaged		10 Year		2,295,650		196,770

		Property Value Removed From Flooding Hazard		10 Year		2,098,880





Area 4

		47 Buildings Inundated in existing analysis

		12 in alternate



		Description		Return Period		Existing		Alternate

		# of Parcels Inundated => 0.5 ft		10 Year		47		12

		% Reduction in # of Parcels Inundated => 0.5 ft		10 Year		74%

		# of Parcels Removed From Flooding Hazard		10 Year		35

		Property Value Damaged		10 Year		3,082,730		787,080

		Property Value Removed From Flooding Hazard		10 Year		2,295,650





Area 5

		26 Buildings Inundated in existing analysis

		2 in alternate





		Description		Return Period		Existing		Alternate

		# of Parcels Inundated => 0.5 ft		10 Year		26		2

		% Reduction in # of Parcels Inundated => 0.5 ft		10 Year		92%

		# of Parcels Removed From Flooding Hazard		10 Year		24

		Property Value Damaged		10 Year		1,705,340		131,180

		Property Value Removed From Flooding Hazard		10 Year		1,574,160
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[bookmark: _Toc35334203]DATA COLLECTION

In order to develop a model which would accurately depict the response of the Black Bayou Drainage Basin to the occurrence of a given theoretical or historical storm, a significant amount of data had to be collected and assimilated. The data consisted of a combination of the City’s stormwater infrastructure Geographic Information System (GIS) database, digital LiDAR-derived topographic terrain models, and field-collected survey data. Precipitation and flow depth gage data collected by others under direct contract with the City were utilized to calibrate the model once it was developed. Below is a summary of the data collected for this study.

[bookmark: _Toc35334204]Field Survey

[bookmark: _Hlk35339691]Field survey was completed by THY Inc., and Barge Design Solutions, Inc.  Global Positioning System (GPS) was used to set control points throughout the basin.  Traditional field survey with total stations was performed to survey the horizontal position and vertical elevation of the stormwater infrastructure elements within the basin, including open channels, culverts, bridges, storm drain pipes, and other structures.  Data referenced to Tennessee State Plane (feet) and North American Vertical Datum of 1988 (NAVD 88).  The survey data was collected beginning the fall of 2015 through the summer of 2016.  After the completion of the field survey there were numerous developments built within the basin that potentially altered the stormwater infrastructure.  These developments, specifically near the University of Memphis, are not included in this study.

[bookmark: _Toc35334205]Open Channel Cross-Sections and Road Crossings

Most of the open channel cross-sections surveyed were vertical wall concrete channels.  These sections typically consisted of a five-point section with measurements taken at left top of wall, left bottom of wall, invert, right bottom of wall and right top of wall. Where needed for clarity or additional information, additional measurements were taken in one or both of the overbank areas. Road crossing surveys consisted of bridge or culvert opening sections at the upstream and downstream sides of the road as well as a centerline profile of the road in the vicinity of the bridge. Channel section locations were selected to provide the most information on channel alignment, size and other pertinent factors and were spaced at an average interval of approximately 230 feet. During the course of the field data collection for this project approximately 100 stream channel cross-sections and 35 road crossings in the Black Bayou basin were field-surveyed.

[bookmark: _Toc35334206]Storm Water Structures

The field-survey effort was also intended to verify and augment the information on existing drainage structures contained in the City’s existing GIS database. Therefore, all existing pipes 24-inches in diameter or greater, were surveyed. Approximately 600 stormwater structures were surveyed in the basin.

[bookmark: _Toc35334207]Finished Floor Elevations

In evaluating the modeling results, inundation was indicated in some locations where it was not readily apparent if the inundation would cause actual flooding of homes or other habitable structures, or if it would just represent short-term nuisance flooding of the yard. In order to clarify the extent of the problem, finished floor elevations of the structures in question were collected by field-survey and compared to predicted water surface elevations. Approximately 25 finished floor elevations were collected for 23 buildings as shown in Figure 1-1.

[bookmark: _Toc35334208]GIS Inventory Update

The existing City of Memphis stormwater inventory geodatabase was used as the starting point to establish general system connectivity and served as the location guide used by survey crews for stormwater infrastructure. This base GIS stormwater inventory was appended when new stormwater infrastructure was identified in the field or record drawings provided updates to system information, such as underground detention to support the modeling effort. 

The location, size, elevation, and geometry of stormwater infrastructure collected during the field survey effort produced a standard format of point files as the final deliverable that consisted of the x, y, z data of each point as well as a descriptive code that followed the City protocol defined in “Attachment A: Standard Survey Codes in the FY 2014 & FY 2015 Stormwater Modeling, Mapping & Analysis RFSOQ.”  This survey geodatabase is included with the project deliverables as Attachment A.  

The survey data were the primary source for updates to the location, size, and type of structure within the inventory. Additionally, connectivity between structures and stormwater conveyance routes were examined as part of the inventory update.  The Black Bayou system analysis depends on runoff from specific drainage areas reaching the correct receiving storage, inlet, and conveyance structures.  Size, terrain, road configurations, and parcel data were considered while making connectivity updates to the original inventory.  The end result was a stormwater system that connected drainage from the upstream, outer portions of the Black Bayou Drainage Basin to the downstream Nonconnah Creek floodplain with the location, size and structure types updated from field survey.  This updated inventory geodatabase is included with the project deliverables as Attachment A.
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[bookmark: _Toc514922686][bookmark: _Ref475693984]Figure 1‑1

Finished Floor Elevations Surveyed



[bookmark: _Toc511983561][bookmark: _Toc35334209]Precipitation

As shown in Table 1-1, annual rainfall in Memphis is about 48 inches and is generally highest in late fall and early spring. December sees the most rainfall, on average 5.13 inches, and September sees the least rainfall, on average 2.20 inches. Memphis receives an average of about 2.5 inches of snowfall annually between the months of December and March.  Average precipitation amounts are shown in Table 1-1.  Point precipitation frequency estimates data for the watershed was retrieved from Atlas 14 and is shown in Figure 1-2. The point frequency estimates for over a 24-hour period for each storm is shown in Figure 1-3.

[image: ]

[bookmark: _Ref475005109][bookmark: _Toc475693999]Figure 1‑2 Durational Precipitation Frequency of Black Bayou Drainage Basin
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[bookmark: _Ref475342347][bookmark: _Toc475694000][bookmark: _Ref475005558]           Figure 1‑3 24-Hour Precipitation Frequency of Black Bayou Drainage Basin

[bookmark: _Toc475368311]Table 1-1 Average Precipitation Amounts in Black Bayou Drainage Basin

		Month

		Avg. Precipitation (in.) 1981-2010



		January

		3.90



		February

		4.09



		March

		4.34



		April

		4.89



		May

		4.81



		June

		3.55



		July

		4.26



		August

		2.75



		September

		2.20



		October

		3.73



		November

		4.71



		December

		5.13



		Annual

		48.36





[bookmark: _Toc511983562][bookmark: _Toc35334210]Topography

[bookmark: _Hlk35339623]As shown in Figure 1-4 the elevation in the Black Bayou Drainage Basin ranges from a high elevation of about 325 feet to a low elevation of about 230 feet.  Elevation data referenced to North American Vertical Datum of 1988 (NAVD 88). The highest elevations in the basin area occur along the northern, eastern, and western basin boundary. Flow generally travels south through the hydrologic feature called Black Bayou (not to be confused with the name of the project area) to Nonconnah Creek, the lowest elevation in the basin. Slopes in the basin range from the steepest of 3% to the flattest of 1%.
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[bookmark: _Toc475694001]Figure 1‑4

Topography of Black Bayou Drainage Basin



[bookmark: _Toc35334211]Soils

Soil classification data for the project area was retrieved from the United States Department of Agriculture (USDA) Natural Resources Conservation Service (NRCS) Soil Survey. This survey shows that about 75% of the soil in the Black Bayou Drainage Basin is udorthent land, implying that this soil has been backfilled after the removal of the native surface. The remaining area is composed of various types of silt loam with moderate infiltration rates when thoroughly wet. Figure 1-5 shows the map result of the soil survey.  Table 1-2 gives a summary of the soil classifications from the survey. Note that the udorthent land was not given a soil rating by the NRCS.



[bookmark: _Ref475016621][bookmark: _Toc475368312]Table 1-2 Soil Classification in Black Bayou Drainage Basin

		Map Unit symbol

		Map Unit Name

		Rating

		Acres in AOI

		Percent of AOI



		Fm

		Falaya silt loam

		B/D

		66.3 

		2.2%



		Fs

		Filled land, silty (udorthent, silty)

		-

		330.8 

		11.2%



		Gr

		Graded land, silty materials (udorthent, silty)

		-

		1,900.3 

		64.2%



		MeB

		Memphis silt loam, 2 to 5 percent slopes

		B

		663.7 

		22.4%



		Totals for Area of Interest

		2,961.1 

		100.0%
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[bookmark: _Ref475016249][bookmark: _Toc475694002]Figure 1‑5

Soils Classification in Black Bayou Drainage Basin





[bookmark: _Toc511983564][bookmark: _Toc35334212]Land Use

The land usage data for the project area were retrieved from the National Land Cover Database (NLCD) 2011 by the Multi-Resolution Land Characteristics Consortium. These data show that most of the land in the Black Bayou Drainage Basin is classified as “Developed Low Intensity” or “Developed Open Space”. These classifications are explained by the presence of many residential parcels. The next largest classifications of land usage are “Developed High Density” and “Developed Medium Density”. These classifications occur near intersections of larger roads where there are retail businesses, Oak Court Mall, Memphis Botanic Garden, several apartment complexes, and two public schools, and also the area around the two University of Memphis campuses that are within the drainage basin boundaries. These four land classifications account for 97% of the land usage in the project area. The remaining land classifications are forests, pastures, and wetlands.  Figure 1-6 shows the map result of the land use.  Table 1-3 shows a breakdown of the land use classification.



[bookmark: _Ref475005729][bookmark: _Toc475368313]Table 1-3 Land Use in Black Bayou Drainage Basin

		Land Use Classification

		Area (acre)

		% of Total Area



		Developed Open Space

		1410.9

		47.65%



		Developed Low Intensity

		919.0

		31.04%



		Developed Medium Intensity

		398.9

		13.47%



		Developed High Intensity

		138.9

		4.69%



		Deciduous Forest

		54.3

		1.83%



		Pasture

		18.3

		0.62%



		Woody Wetlands

		14.8

		0.50%



		Mixed Forest

		5.7

		0.19%



		Evergreen Forest

		0.2

		<0.01%



		Cultivated Crops

		0.2

		<0.01%



		Total

		2961.1

		100.00%





[bookmark: _Ref475005997]

[bookmark: _Toc35334213]Percent Impervious

The percent impervious data for the project area were retrieved from the NLCD 2011 by the Multi-Resolution Land Characteristics Consortium (MRLC).  These data show that the sub-basins within the Black Bayou watershed ranged from approximately 2% to 81% impervious with the majority of impervious surfaces surrounding highly trafficked roadways, commercial centers and the University of Memphis.  Figure 1-7 shows the percent of impervious surfaces assigned by NLCD to each grid point spaced at 30-meter intervals across the project area.
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Figure 1‑6

Land Use in Black Bayou Drainage Basin
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            Figure 1‑7

Percent Impervious of the Black Bayou Basin





[bookmark: _Toc35334214]MODEL DEVELOPMENT

This section describes the model development for the Black Bayou Drainage Basin stormwater evaluations including model set-up and refinement, calibration, validation and design storm modeling.  To comprehensively model the Black Bayou Drainage Basin, Innovyze’s InfoSWMM (Version 14.0, Service Pack 1, Update #3) simulation software was used.  This software is integrated into the geographic information system (GIS) software ArcGIS and allows users to model the entire hydrologic cycle with a variety of land use and soil specific stormwater runoff equations.  

Section 3 presents the results of the existing conditions model simulation and level of service analysis and Section 4 presents proposed improvements and evaluations.

[bookmark: _Toc35334215]Hydrology

[bookmark: _Hlk35341563][bookmark: _Hlk35341356]The hydrology calculations for estimating the runoff characteristics of the modeled sub-basins were performed using Environmental Protection Agency (EPA) Stormwater Management Model (SWMM)’s Non-linear reservoir equations within the InfoSWMM modeling software.  Infiltration is the primary loss from rainfall becoming runoff and is estimated within the model using the Green-Ampt equations.  The method and parameters were consistent with the standards outlined in the draft Memphis Drainage Mapping and Modeling Analysis Standards Manual (06-24-2015).

[bookmark: _Toc35334216]Precipitation

Total rainfall depths for the 2-, 5-, 10-, 25-, and 100-year, 24-hour storm events were taken from Figure 2-2 of the Memphis Drainage Manual.  The intensity-duration-frequency (IDF) and depth-duration-frequency (DDF) curves and associated tabular data in the Memphis Drainage Manual were originally provided by NOAA Atlas 14 gathered at the Memphis NOAA observation station (NOAA station: Memphis WSCMO AP, Tennessee [40-5954] 35.0564 N 89.9864 W 249 feet).  The rainfall depth was temporally distributed according to an NRCS Type II distribution for each return interval as provided in Table 2-2 of the Memphis Drainage Manual.  The NOAA Atlas 14 data is discussed in Section 1.3.

[bookmark: _Toc35334217]Sub-basin Runoff

Initial values were assigned to each sub-basin’s runoff and infiltration variables based on background data so an initial model estimate could be compared to gauge data for calibration. Table 2-1 summarizes the methodology and data sources used for assigning the initial sub-basin attributes required for the runoff characteristics.  

Table 2-1: Sub-basin Runoff Variable Overview

		Sub-basin Runoff Variable

		Data Sources 

(in descending priority)

		Methodology



		Area

		LiDAR

Survey

City of Memphis GIS

Flooding (Public) Database

Black Bayou public meeting



		The Black Bayou drainage basin was delineated into 122 sub-basins according to the primary conveyance routes and ridge boundaries as indicated by the LIDAR and the stormwater network (survey & City’s GIS). Some areas were further subdivided resulting in a total of 144 sub-basins to capture detail necessary to represent identified flooding issues.



		Impervious Percentage

		National Land Cover Data (NLCD)

City Parcel Data

		Summary section below



		Width

		LiDAR

Survey

City’s GIS

		Summary section below



		Slope

		LiDAR

		Slope was calculated as the average subcatchment slope statistics based on LiDAR terrain data



		Manning’s N for Impervious/Pervious Portions

		Aerial Photos

NLCD

City Parcel Data



		· If the total percentage of Deciduous, Evergreen and Mixed Forest within a parcel was greater than 25% then a Pervious Manning’s N Value of 0.24 was assigned

· If the total percentage of Woody or Emergent Herbaceous Wetlands was greater than 25% then a Pervious Manning’s N Value of 0.05 was assigned

· If the total percentage of Shrub/Scrub, Grassland/Herbaceous, Pasture or Cultivated Crops was greater than 50% then a Pervious Manning’s N value of 0.15 was assigned

· If the total percentage of Developed (Open through High Intensity) was greater than 50% then a Pervious Manning’s N value of 0.24 was assigned

· Impervious Manning’s N values were assigned at a value 0.012 assuming the impervious surface was going to be concrete/asphalt within an urban area such as the Black Bayou Basin.



		Depression Storage for Impervious/Pervious Portions

		NLCD

		A majority of the Black Bayou drainage basin consists of residential, commercial, and institutional parcels.  Depression storage of 0.05 inches for impervious areas and 0.10 inches for pervious areas were assigned. 



		Soil Infiltration

		NRCS Web Soil Survey

		The soils were assigned corresponding Green-Ampt infiltration variables according to soil texture class and the draft Memphis modeling manual. Additional detail is provided in a summary section below. 







Impervious Percentage Estimation

To estimate the impervious percentage of each sub-basin the average of three methods was determined according to the following steps:



1. The percentage of each land use within a given parcel was computed.

2. Percent imperviousness was computed based on percentages of land uses within each parcel.

· Table 1 -  NLCD Land Cover Class Descriptions from “Development of a 2001 National Land-Cover Database for the United States” by Homer et.al provides typical percent imperviousness for the “Developed, Open Space”, “Developed, Low Intensity”, “Developed, Medium Intensity”, and “Developed, High Intensity” categories.  

· The average of the range presented for the noted categories was utilized to determine a percent imperviousness of each parcel.

· The remaining categories of land cover including Deciduous, Mixed Forest, Pasture/Crops, Wetlands, Grassland/Shrub and Evergreen forest were assigned an average percent imperviousness of 10 percent to be applied in the computation of percent imperviousness for each parcel.

3. Percent imperviousness was computed based on zoning provided in parcel data utilizing Table 2-4 from the Memphis and Shelby County Storm Water Management Manual.  Some outdated zone designations were equated to the current designations by use of the Memphis/Shelby County Unified Development Code document.

4. Percent imperviousness was calculated for each parcel as based on the 2011 NLCD percent impervious data set representing urban impervious surfaces as a percentage of developed surface over every 30-meter pixel across the Black Bayou study area.

5. An average of the three percent impervious values was carried forward as the final percent impervious for each parcel.  Figure 2-1 graphically displays the computed percent impervious for each parcel/roadway within the Black Bayou study area.

6. For areas greater than 3 acres a manual check and adjustment was performed to ensure appropriate impervious percentages.  The average percent impervious for each sub-basin within the hydrologic and hydraulic model as determined from the parcel data is shown below in Figure 2-2.
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                                      Figure 2‑1

Black Bayou Parcels Computed Percent Impervious
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                                 Figure 2‑2

Black Bayou Model Basin Percent Impervious





Sub-basin Width Estimation

The area and infiltration characteristics of a sub-basin dictate the volume of runoff resulting from rainfall events.  However, the width is a critical SWMM variable in estimating a sub-basin’s runoff hydrograph and peak flow when using the non-linear reservoir flow routing method.  For the scale of sub-basin sizes used in the Memphis basin studies, the width is not simply the average width of the overall sub-basin, which could be estimated by dividing the area by the longest flow path, but rather the average width of the sub-basin’s overland flow.  

To estimate the average overland (non-channelized) flow width for each of the Black Bayou sub-basins, the average flow length for each watershed was first estimated. Commonly, the overland flow length in developed drainage areas is limited to under a few hundred feet, which shortens as more urbanization occurs.  From inspection of Black Bayou sub-basins with differing amounts of impervious coverage, a range of 25 to 300 ft in potential overland flow was estimated for the sub-basins.  The range of overland flow lengths was estimated by tracing the longest available flow paths from sub-basins until it reached either a road, channel, or pipe as represented by the City of Memphis GIS database.  

After the range of potential overland flow lengths was established, a method was developed for estimating the relative overland flow lengths between Black Bayou sub-basins. It was assumed that a sub-basin with more gutter length (as estimated by the GIS roads data) and stormwater infrastructure (as estimated by City stormwater geodatabase) would have a shorter relative overland flow length because there is more opportunity for runoff to become channelized flow.  The total potential channel length, represented by the road length plus the stormwater infrastructure (pipe and channel) length, was normalized by the sub-basin area to create a relative channel factor for each sub-basin.  The range of channel factors was then used to apply a related overland flow length to each sub-basin between 25 and 300 ft.  

Finally, an initial value for each sub-basin’s overland width was estimated by dividing the area by the estimated overland flow length.  This width value is an initial estimate for the SWMM non-linear reservoir variable that represents the relative difference in one Black Bayou sub-basin versus another, scaled by the opportunity for runoff to become channelized within that sub-basin.  Because this is a relative width estimate between Black Bayou sub-basins, it lends itself to system-wide multipliers for calibration to improve the correlation between model results and stream gauge data. 




Soil Infiltration Characteristics

According to the NRCS web soil survey data for the Black Bayou drainage basin presented in Section 1.5, there are four different soils within the area as summarized in Table 2-2. 

                                                    Table 2-2: Soil Summary

		Soil Symbol

		Description

		Texture Class



		Fm

		Falaya Silt Loam

		Silt Loam



		Fs

		Filled land, silty

		Silt Loam



		Gr

		Graded land, silty

		Silt Loam



		MeB

		Memphis Silt Loam

		Silt Loam







There is a variety of types of soil within the drainage basin, but the texture class of Silt Loam is consistent among the types of soil.  Concerning the Green-Ampt infiltration variables, the texture class is indicative of the specific values to use.   The variables applied to the soil infiltration parameters within the model are from the draft Memphis Drainage Mapping and Modeling Analysis Standards Manual (06-24-2015), and these variables for a silt loam are summarized as:

· Hydraulic Conductivity, K (in/hr) - 0.26

· Suction Head, ψ (in) - 6.69

· Initial Moisture Deficit - 0.217

[bookmark: _Toc35334218]Hydraulics

The hydraulic portion of the model analyzed the performance of the conveyance and drainage network.  The model incorporated storm sewer, concrete channel connectivity and capacity attributes.  Capacity attributes included material, slope, and geometry of the pipe, concrete, channel, or stream cross-section.  The few known storage facilities within the Black Bayou Drainage Basin that detain stormwater were input from record drawings or previous studies.   The model extent is from Prescott and Highland Streets to Getwell Road and Audubon Park and from Poplar Avenue to where is empties into Nonconnah Creek.  The hydraulic modeling extents in the Black Bayou Drainage Basin are shown in Figure 2-3.  

InfoSWMM utilizes the runoff hydrographs, computed as described in Section 2.1 and applies them to loading points to provide input for hydraulic routing.  The Black Bayou Drainage Basin model contains more than 1000 links which represent open channels (mostly concrete) and closed conduits such as box culverts or circular pipes representing more than 40 miles of conveyance.  Pipe sizes and lengths as well as channel data including cross-sections were collected as described in Section 1.    




Surveyed conveyances included all pipes 24 inches in diameter or larger.  Analyses extended upstream to model inflow locations but excluded any additional upstream stormwater infrastructure. The exclusion of conveyances upstream of model inflow locations prevented unintentional attenuation and/or storage of runoff within  the model; consequently, of the approximately 850 drainage structures associated with conveyances of 24 inches in diameter or larger approximately 610 are included within the system analysis.  The 610 drainage structures included within the analysis also comprised 7 nodes which are denoted as storage areas for the existing conditions analysis.   Storage nodes could be overflow areas or storage areas such as detention ponds. Data for storage nodes were also collected as described in Section 1.  Nodes and links on the most upstream reaches and above the most upstream inflow loading points were set to inactive if they were not receiving inflow.  However, some side branches within the system remained set as active to allow for backwater to enter they system and to evaluate flooding as a result of the backwater from the main conveyance.  As a result of ponding and flooding of areas during some of the storm return intervals analyzed more than 300 additional overland flow conveyances were included within the model.  The overland flow conveyances allowed locations with inadequate stormwater conveyance to pond and move downstream along the ground or roadway surfaces to the next surface inflow location.
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[bookmark: _Ref475693274][bookmark: _Toc514922685]Figure 2‑3
Model Overview of
Black Bayou Drainage Basin
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[bookmark: _Toc35334219]Model Calibration

The Center for Applied Earth Science and Engineering Research with the University of Memphis installed, maintained, and collected data from two stream gauge locations and two rain gauge locations within the Black Bayou Drainage Basin for the months of June through December 2015.  A pressure transducer measuring depth and a crest-stage gauge measuring peak channel depth achieved between visits were installed at each gauge location.  The stream gauge locations were within the primary concrete conveyance channel of the Basin with the northern, more upstream site near Marion Avenue and the southern, more downstream site near Elliston Road.  The specific locations and surveyed elevations of each gauge component are summarized in Table 2-3 with data referenced to Tennessee State Plane (feet) and North American Vertical Datum of 1988 (NAVD 88). 

[bookmark: _Toc475427224]Table 2.3 Stream and Rain Gauge Summary

		LOCATION

		NORTHING

		EASTING

		ELEVATION (ft)

		DESCRIPTION



		Marion Avenue  

(northern, upstream)

		305939.958

		791795.610

		266.02

		Pressure Transducer



		

		305940.750

		791796.739

		265.56

		Flow Centerline



		

		305939.151

		791813.991

		267.84

		Crest-Stage 



		Elliston Road 

(southern, downstream)

		298178.364

		792403.086

		243.36

		Pressure Transducer



		

		298179.007

		792401.558

		242.87

		Flow Centerline



		

		298169.881

		792427.049

		246.41

		Crest-Stage 



		Leftwich Tennis Center 

(4145 Southern Avenue)

		307986.707

		796083.378

		N/A

		Rain Gauge



		O'Brian Park 

(Prescott and Steve Road)

		296807.993

		786274.814

		N/A

		Rain Gauge







The concrete lined channels, where the stream gauges were installed, were uniform triangular bottom and rectangular upper sections with the following geometry:

[image: ]

[bookmark: _Toc475427221]Figure 2‑4 Stream Gauge Channel Dimensions (NTS)

Surveyed channel cross-sections upstream and downstream of the gauge locations were used to establish the dimensions and the average slope of the channel as illustrated in Figure 2-4.  The channel attributes could then be paired with the measured channel depths during rainfall events to estimate flow within the channel using the Manning’s Equation and Continuity Equation:

V = Velocity (ft/s)

k = Unit conversion factor, 1.49 English units 

n = Manning’s roughness factor

A = Flow area (ft2) 

P = Wetted perimeter (ft)

S = Slope (ft/ft)

Q = Flow rate (ft3/s)







                                                             Manning’s Equation

Continuity Equation





The pressure transducer provided 5-minute readings of channel depth, allowing for a flow hydrograph to be estimated for the rise and fall of flow within the channel.  Additionally, the crest-stage gauge allowed for the peak depth to be captured for specific events, where students reset the gauge before the rainfall and manually recorded the measurement afterwards.   Rainfall was also captured in 5-minute increments at the two Black Bayou rain gauge locations.  The channel flow and rainfall data measured during a June 2015 storm event is illustrated in Figure 2-5.
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[bookmark: _Toc475427222]Figure 2‑5 Black Bayou Stream and Rain Gauge Data

The June 29 – June 30, 2015 event was selected for calibration.  Calibration tests several hydrologic and hydraulic parameters.  Hydrologic and hydraulic model parameters including basin widths, pervious Manning’s roughness and impervious Manning’s roughness values were adjusted until a good match was achieved at the two depth gages.  Sub-basin widths were uniformly increased across the Black Bayou watershed by 30% with pervious Manning’s roughness values uniformly decreased by 25% across the watershed.  Impervious Manning’s roughness values were uniformly adjusted downwards to the minimum value of 0.011 within the Memphis Drainage Manual (Table 2-10).  Following the uniform basin-wide adjustments to the three parameters noted above good agreement between the model and the two stream gauges  was achieved as seen in Figures 2-6 and 2-7.  A second storm event occurring on July 3, 2015 was selected as a validation event to confirm and/or adjust model calibration.  Similar agreement between model results and observed storm flows is shown in Figure 2-8 thereby confirming model calibration with no further adjustments to hydrologic or hydraulic properties required.





Figure 2-6.  Black Bayou Model Calibration at the North Gauge
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Figure 2-7.  Black Bayou Model Calibration at the South Gauge

[image: ]

Figure 2-8.  Black Bayou Model Validation at the South Gauge

[bookmark: _Toc410980291][bookmark: _Toc410980463][bookmark: _Toc410981087][bookmark: _Toc410982985][bookmark: _Toc410983076][bookmark: _Toc410991563][bookmark: _Toc410992701][bookmark: _Toc410993717][bookmark: _Toc410995040][bookmark: _Toc410995193][bookmark: _Toc411002775][bookmark: _Toc411003652][bookmark: _Toc411004264][bookmark: _Toc411004466][bookmark: _Toc411235096][bookmark: _Toc410980292][bookmark: _Toc410980464][bookmark: _Toc410981088][bookmark: _Toc410982986][bookmark: _Toc410983077][bookmark: _Toc410991564][bookmark: _Toc410992702][bookmark: _Toc410993718][bookmark: _Toc410995041][bookmark: _Toc410995194][bookmark: _Toc411002776][bookmark: _Toc411003653][bookmark: _Toc411004265][bookmark: _Toc411004467][bookmark: _Toc411235097][bookmark: _Toc35334220][bookmark: _Toc406755711]EXISTING CONDITIONS RESULTS



[bookmark: _Ref475023591][bookmark: _Ref475023597][bookmark: _Ref475023618][bookmark: _Ref475023623][bookmark: _Ref475023626][bookmark: _Toc35334221]Level of Service (LOS) Evaluation

The City of Memphis specifies that storm sewers shall be designed based on the 10-year 24-hour design storm.  Within the Black Bayou Basin under existing conditions, the model showed that more than 300 stormwater structures were undersized.  Additionally, the 10-year 24 hour design storm model produced flooding at more than 100 locations along roadways.

On June 7, 2016 a meeting was held with the City of Memphis to discuss preliminary modeling results. At the time, nineteen problem areas had been identified through the preliminary modeling.  The meeting concluded that finished floor elevations were required to determine whether inundation would cause actual flooding of homes or other habitable structures, or if it would just represent short-term nuisance flooding of the yard.

As described in Section 1, finished floor elevations were surveyed for 23 buildings.  After evaluating the finished floor elevation surveys, five locations were identified where flooding could cause damage to homes or other property.  These areas are shown in Figure 3-1 and were selected for proposed improvements as described in Section 4.



[bookmark: _Toc35334222]Flood Extent/Inundation Mapping

To evaluate the flood extent both the area of inundation and the depth of flooding were considered.  The InfoSWMM software includes a Risk Assessment Manager tool that generates inundation using the computed maximum hydraulic grade line (HGL) at each modeled node. The inundation produced by this tool was based on a simplistic approach of interpolating elevations between model nodes using a single line.  A more detailed approach to generating inundation along the model segments was performed by creating cross-sections at model nodes.  The cross-sections were assigned the computed maximum HGL.  A water elevation surface was generated using the cross-sections.  The computed water elevation surface was compared to the LiDAR derived ground surface data to determine a depth of inundation.  Figures presented in Attachment B illustrate the flood inundation for each of the theoretical return frequencies evaluated during existing conditions.  Attachment E presents the flood inundation extents for each of the theoretical return frequencies with the proposed alternatives included within the model configuration.
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                  Figure 3‑1
Proposed Improvement Areas



[bookmark: _Toc410980319][bookmark: _Toc410980491][bookmark: _Toc410981115][bookmark: _Toc410983013][bookmark: _Toc410983104][bookmark: _Toc410991591][bookmark: _Toc410992729][bookmark: _Toc410993745][bookmark: _Toc410995068][bookmark: _Toc410995221][bookmark: _Toc411002803][bookmark: _Toc411003680][bookmark: _Toc411004292][bookmark: _Toc411004494][bookmark: _Toc411235124][bookmark: _Toc35334223]PROPOSED SCENARIOS

Based on the scope of work for this project, five separate improvement alternatives analyses were to be performed based on the identified flooding areas. The predicted flooding impacts and the elements of each proposed improvement are described in Sections 4.1 through 4.5.  These sections also include an overview of benefits, a planning-level cost and benefit-cost analysis.  It should be noted that some proposed scenario costs may exceed the cost of the structures and/or roadways that the projects are intended to protect.  In those cases, the City may wish to consider a more detailed benefit-cost analysis such as the FEMA BCA toolkit to determine whether a proposed improvement is feasible.

[bookmark: _Toc35334224]Area 1 - Southern Avenue at University of Memphis

[bookmark: _Toc35334225]Description

[bookmark: _GoBack]Area 1 is located along Southern Avenue near the University of Memphis main campus.  The area begins at the intersection of Southern Avenue and Highland Street and continues east to the Student Recreation Center.  The area is located on the upper reaches of the Black Bayou watershed, but receives the drainage from the highly impervious University of Memphis main campus.  Survey data were collected beginning the fall of 2015 through the summer of 2016.  After the completion of the field survey there were numerous developments within the basin that potentially altered the stormwater infrastructure.  These developments, specifically near the University of Memphis, are not included in this study.  The existing conditions analysis indicated flooding of 41 of the 52 stormwater structures within this location during the 10-year event due to being undersized as shown in Figure 4-1.  Additionally, 27 buildings would be inundated. 

The proposed improvement includes increasing the size of approximately 2,000 linear feet of drainage conduit and installation of approximately 500 linear feet of additional drainage conduits acting as parallel conveyance to adequately convey the stormwater and prevent flooding during the 10-year event within Area 1.  Three underground detention facilities including more than 1000 feet of conduit are also proposed in Area 1 to mitigate downstream flooding caused by the increase in conveyance of the improved stormwater structures.   Tables 1a through 1f in the Microsoft Excel tab “Issue #1” within Attachment C detail the specific proposed improvements. 
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                      Figure 4‑1

Area 1 Existing 10-Year Inundation
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Figure 4‑2

Area 1 Alternate 10-Year Inundation







[bookmark: _Toc35334226]Benefits

The additional stormwater pipes and larger stormwater pipes in combination with the detention facilities will alleviate flooding in Area 1, and attenuate the peak flows downstream.  Figure 4-2 shows the improved flooding conditions after implementation of this improvement.  Of the 27 buildings flooded under existing conditions, 24 would no longer experience flooding.  Attachment D provides details of the property damage costs occurring as a result of flooding during the 10-year storm event before and after the proposed alternative.    Additionally, flooding on Echles Street as well as other side streets would be alleviated.

[bookmark: _Toc35334227]Planning-Level Cost

The estimated cost for improvements in Area 1 is $13,820,000.  A benefit-cost analysis was performed for Area 1 considering the reduction in loss of service of roads, reduction in amount of property damage and reduction in rental costs for displaced families.  The benefit-cost ratio for Area 1 is 0.35.  Attachment C provides details of the cost estimate and benefit-cost analysis.

[bookmark: _Toc511983576][bookmark: _Toc35334228]Area 2 – Cherry Road between Poplar Ave and Southern Ave

[bookmark: _Toc35334229]Description

Area 2 is located in the upper reaches of the Black Bayou watershed near the Audubon park and golf course.  It receives drainage from the Oak Court Mall area as well as the residential area between S. Goodlett Street and the mall.  The existing conditions analysis indicated flooding of 29 of the 63 stormwater structures within this location during the 10-year event due to being undersized as well as flooding over Goodlett Street and Village Road near the intersection with Williamsburg Lane and over the railroad tracks that run between Southern Ave and Village Road as shown in Figure 4-3.  Additionally, 15 buildings would be inundated.

The proposed improvement includes increasing the storage capacity of an above ground storage area along the park and golf course to detain some of the flooding.  It then includes rerouting approximately 500 linear feet of drainage conduit, adding approximately 1,500 linear feet of new conduit to divert drainage from upstream of the railroad tracks directly to the storage area, and adding 275 linear feet of new conduit near Audubon Park.  Tables 2a and 2b in the Microsoft Excel tab “Issue #2” within Attachment C detail the specific proposed improvements.




[bookmark: _Toc35334230]Benefits

The increased storage capacity in combination with the stormwater diversions will alleviate flooding in Area 2 and attenuate the peak flows downstream.  Figure 4-4 shows the improved flooding conditions after implementation of this improvement.   Of the 15 buildings flooded under existing conditions, 11 would no longer experience flooding.  Attachment D provides details of the property damage costs occurring as a result of flooding during the 10-year storm event before and after the proposed alternative.  Additionally, flooding on Goodlett Street, a relatively high traffic street, would be alleviated. 

[bookmark: _Toc35334231]Planning-Level Cost

The estimated cost for improvements in Area 2 is $2,047,000.  A benefit-cost analysis was performed for Area 2 considering the reduction in loss of service of roads, reduction in amount of property damage and reduction in rental costs for displaced families.  The benefit-cost ratio for Area 2 is 8.35.  Attachment C provides details of the cost estimate and benefit-cost analysis.
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                      Figure 4‑3

 Area 2 Existing 10-Year Inundation
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                      Figure 4‑4

Area 2 Alternate 10-Year Inundation





  



[bookmark: _Toc511983577][bookmark: _Toc35334232]Area 3 – Robin Hood Lane 

[bookmark: _Toc35334233]Description

Area 3 is located from the intersection of Marion Avenue and Patterson Street South to the main Black Bayou canal at Robin Hood Lane.  The drainage area is mostly residential with some retail areas and churches.  The existing conditions analysis indicated flooding of 25 of the 45 stormwater structures within this location during the 10-year event due to being undersized as shown in Figure 4-5. Additionally, 35 buildings would be inundated.  

The proposed improvement includes increasing the size of approximately 400 linear feet of conduit and adding approximately 670 linear feet of conduit down Robin Hood Lane.  Additionally, a new underground detention facility is proposed. Table 3a in the Microsoft Excel tab “Issue #3” within Attachment C details the specific proposed improvements.

[bookmark: _Toc35334234]Benefits

The increased capacity and underground storage will alleviate flooding in Area 3 and attenuate the peak flows downstream.  Figure 4-6 shows the improved flooding conditions after implementation of this improvement.  Of the 35 buildings flooded under existing conditions, 32 would no longer experience flooding.  Attachment D provides details of the property damage costs occurring as a result of flooding during the 10-year storm event before and after the proposed alternative.  Additionally, flooding on Park Avenue and Robin Hood Lane would be alleviated.   

[bookmark: _Toc35334235]Planning-Level Cost

The estimated cost for improvements in Area 3 is $3,634,000.  A benefit-cost analysis was performed for Area 3 considering the reduction in loss of service of roads, reduction in amount of property damage and reduction in rental costs for displaced families.  The benefit-cost ratio for Area 3 is 4.7.  Attachment C provides details of the cost estimate and benefit-cost analysis.

[bookmark: _Toc511983578]


[bookmark: _Toc35334236]Area 4 – Park Ave

[bookmark: _Toc35334237]Description

Area 4 is located from Brower Street at Park Avenue East to South Highland Street.  The drainage area is mostly residential with some retail areas.  The existing conditions analysis indicated flooding of 43 of the 56 stormwater structures within this location during the 10-year event due to being undersized as well as some flooding at the intersection of Carrington Road and South Prescott Road as shown in Figure 4-5.  Additionally, 47 buildings would be inundated.

The proposed improvement includes increasing the size of approximately 1,800 linear feet of conduit and adding approximately 2,600 linear feet of conduit as well as three new underground storage areas.  Tables 4a through 4e in the Microsoft Excel tab “Issue #4” within Attachment C detail the specific proposed improvements.

[bookmark: _Toc35334238]Benefits

The increased storage capacity will alleviate flooding in Area 4 and attenuate the peak flows downstream. Figure 4-6 shows the improved flooding conditions after implementation of this improvement.  Of the 47 buildings flooded under existing conditions, 35 would no longer experience flooding.  Attachment D provides details of the property damage costs occurring as a result of flooding during the 10-year storm event before and after the proposed alternative.  Additionally, flooding on Park Avenue would be alleviated.

[bookmark: _Toc35334239]Planning-Level Cost

The estimated cost for improvements in Area 4 is $9,263,000.  A benefit-cost analysis was performed for Area 4 considering the reduction in loss of service of roads, reduction in amount of property damage and reduction in rental costs for displaced families.  The benefit-cost ratio for Area 4 is 1.40.  Attachment C provides details of the cost estimate and benefit-cost analysis.
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    Figure 4‑5

Areas 3 and 4 Existing 10-Year Inundation
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       Figure 4‑6

Areas 3 and 4 Alternate 10-Year Inundation





      



[bookmark: _Toc511983579][bookmark: _Ref475025791][bookmark: _Toc35334240]Area 5 – Rhodes Ave

[bookmark: _Toc35334241]Description

Area 5 is located from just north and east of Rhodes Avenue and Will Scarlet Road to just south of Kimball Road and Robin Hood Lane.  The drainage area is mostly residential with one school.  The existing conditions analysis indicated flooding of 31 of the 37 stormwater structures within this location during the 10-year event due to being undersized drainage as well as some flooding over Robin Hood Land near Philsdale Road and over Tyne Street near Deerwood Avenue as shown in Figure 4-7. Additionally, 26 buildings would be inundated.

The proposed improvement includes increasing the size of approximately 400 linear feet of conduit and adding approximately 3,500 linear feet of conduit including a new route down Robin Hood Lane.  A new underground detention area would also be included to divert and store backwater from the canal.  Table 5a in the Microsoft Excel tab “Issue #5” within Attachment C details the specific proposed improvements.

[bookmark: _Toc35334242]Benefits

The increased storage capacity will alleviate flooding in Area 5 and attenuate the peak flows downstream. Figure 4-8 shows the improved flooding conditions after implementation of this improvement.  Of the 26 buildings flooded under existing conditions, 24 would no longer experience flooding.  Attachment D provides details of the property damage costs occurring as a result of flooding during the 10-year storm event before and after the proposed alternative. Additionally, flooding on Rhodes Avenue and Robin Hood Lane would be alleviated.

[bookmark: _Toc35334243]Planning-Level Cost

The estimated cost for improvements in Area 5 is $1,346,000. A benefit-cost analysis was performed for Area 5 considering the reduction in loss of service of roads, reduction in amount of property damage and reduction in rental costs for displaced families.  The benefit-cost ratio for Area 5 is 12.36.  Attachment C provides details of the cost estimate and benefit-cost analysis.
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Figure 4‑7

Area 5 Existing 10-Year Inundation
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Figure 4‑8

Area 5 Alternate 10-Year Inundation







[bookmark: _Toc35334244]Recommendations and conclusions

A comprehensive data collection and modeling effort in the Black Bayou Drainage Basin was completed.  Flooding under existing conditions was evaluated for the 2-year, 5-year, 10-year, 25-year, 50-year and 100- year storms.  Based on results of the 10-year design storm analysis, five areas were identified for further study of stormwater improvements.  Specific improvements were evaluated and recommended for each area that would alleviate flooding.  Planning-level costs were estimated for each of the improvements.  A cost-benefit analysis was performed to determine the effectiveness and efficiency of the proposed improvements.  Construction and implementation of all five improvements would cost an estimated $30,109,000 and result in a combined benefit-cost ratio of 2.28 for the five areas.  Individual benefit-cost ratios for the five areas ranged from 0.35 to 12.36.
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