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Introduction 
It has been reported that several homes on Neal Street suffered flood damages during the May 
2010 flood.  Flood waters from Bartons Creek rose to a level that damaged several properties in 
the area.  Damages were primarily incurred in garages, crawl spaces, and HVAC units. 
 
Field Review 
The  field review began on Hickory Ridge Road.   Water collected  from the east  flows  through a 
composite  cross drain  at Hickory Ridge Road and Dawson  Lane.   The  cross drain  consists of  a 
round 10‐inch corrugated metal pipe (CMP) and a 12‐inch by 16‐inch elliptical CMP.   The runoff 
then flows westward  in an  improved roadside ditch on the south side of Hickory Ridge Road to 
Bartons Creek.  Local runoff from the area immediately north of Hickory Ridge Road is collected 
in a shallow roadside ditch which flows westward.  A number of driveway culverts pass the runoff 
on the north side of Hickory Ridge Road westward to Haynes Street.  A 12‐inch CMP cross drain 
under Haynes Street conveys the water to the west toward Bartons Creek.  
 
Runoff from the area from Dawson Lane west, and north and south of Center Street is collected 
in shallow roadside ditches along Center Street.  The ditches drain to the west to the intersection 
of Neal Street and Center Street.   12‐inch CMP cross drains are  located at Haynes Street and at 
Sloan Street. Numerous driveway culverts are also present, with diameters ranging from 6‐inches 
to  12‐inches  and with  a  variety  of materials.    The  cross drain  at  the  intersection  of Neal  and 
Center Streets consists of two 14‐inch by 18‐inch elliptical CMPs with masonry headwalls.   This 
cross drain conveys runoff under Neal Street to a graded ditch.  The ditch flows west to Bartons 
Creek.  
 
The area north of Center Street, west of Dawson Lane, and adjacent to West Street drains to a 
cross drain at  the  intersection of Neal Street and West Street via a  series of  shallow  roadside 
ditches.  Two cross drains at the intersection of West Street and Sloan Street convey runoff from 
east to west.  The cross drain on the north side of West Street is a 12” CMP, and the cross drain 
on the south side of West Street is a 12” plastic pipe.  Another 12” CMP cross drain is located at 
the  intersection of West Street and Haynes Street.   The cross drain at  the  intersection of Neal 
Street and West Street serves as the main outfall for the roadside ditches, and consists of a 12‐
inch  by  21‐inch  elliptical  CMP  next  to  a  13‐inch  by  16‐inch  elliptical  CMP.    This  cross  drain 
discharges  into  a  shallow  graded  ditch  that  drains  westward  to  Bartons  Creek.    Numerous 
driveway  culverts are  located  in  the  roadside ditches.   The driveway  culverts vary  in diameter 
from  9‐inches  to  12‐inches.    Pipe  materials  include  steel  pipe,  plastic  pipe,  and  reinforced 
concrete pipe (RCP).  
 
The northern portion of  the  review area  is  located north of West Street, south of West Spring 
Street,  and between Dawson  Lane  and Clearview Drive.   This  area drains  to  a  shallow  graded 
ditch  located between West  Street and West  Spring  Street.   Runoff  is  collected by a  series of 
roadside  ditches  with  numerous  driveway  culverts.    As  in  the  previous  areas,  the  driveway 
culverts vary in size and type.  The main drainage ditch begins at Dawson Lane and flows west to 
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Bartons Creek.  West of Sloan Street to Bartons Creek, residential fences extend across the ditch.  
The fences tend to collect debris and reduce the capacity of the ditch.   
 
Watershed Description 
The watershed covers an area of approximately 26.4 acres (0.04 square miles), and extends from 
Bartons Creek east to Keaton Street.  Three areas of interest were identified: 
 

 The outfall at the intersection of Neal and West Streets; 

 The outfall of the drainage ditch north of West Street and south of Westmeade Drive; and 

 The outfall at the intersection of Neal and Center Streets. 
 
Sub‐basins  for  the  watershed  were  delineated  to  provide  an  estimation  of  the  storm  water 
runoff.    The  sub‐basin  boundaries  were  estimated  based  on  the  5‐foot  interval  topographic 
mapping provided by the City, and from information obtained during the field review.   
 
The hydrologic model used  in  this  analysis  is HEC‐HMS, developed by  the U.S. Army Corps of 
Engineers.  The Soil Conservation Service (SCS) method was used to compute storm water runoff 
for various frequency recurrence intervals.  The SCS procedure is based on land use, soil data, and 
other topographic features which together are used to estimate the runoff potential (known as 
the Runoff Curve Number) at each area of interest.     
 
Land  use  within  the  watershed  was  determined  from  aerial  photography  and  information 
gathered during the field review. Residential development is the primary land use throughout the 
watershed.   Hydrologic  Soil Group data was obtained  from  the NRCS.   Runoff Curve Numbers 
within the watershed range from 82 to 86, which reflects the degree of urbanization within the 
watershed.  A summary of the hydrologic parameters is presented on Figure 1. 
 
Analysis and Recommendations 
The known  flooding  issues are  located near  the outfall at Neal and West Streets.   The houses 
located at 302 and 304 Neal Street and 1111 West Street received structural flooding during the 
May 2010 event.   The house at 303 Neal  Street  received nuisance  flooding at  the  same  time.  
There  are  no  known  flooding  issues  associated  with  the  other  two  outfalls.    Therefore  the 
analysis  of  drainage  improvement  options was  focused  on  the  drainage  infrastructure  at  the 
intersection of Neal and West Streets. 
 
Storm water  runoff  from  approximately  6.1  acres  of  residential  area  is  collected  in  drainage 
ditches adjacent to West Street. The runoff collected by the ditches discharges to a cross drain 
under Neal Street.  The cross drain in turn discharges to a man‐made drainage ditch running west 
to Bartons Creek.    The existing  cross drain under Neal  Street  consists of  a  12‐inch by 21‐inch 
elliptical  CMP  next  to  a  13‐inch  by  16‐inch  elliptical  CMP.    The  ditch  running west  from Neal 
Street to Bartons Creek is approximately 17‐feet wide at the top and 2‐feet deep.  
 
During the technical analysis, it was determined that capacity of the drainage ditch west of Neal 
Street  is dependant on  the water depth  in Bartons Creek.    It  should be noted  that  the houses 
with flooding issues are located in a FEMA‐defined Zone AE floodplain (i.e. 100‐year floodplain) of 
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Bartons Creek  (blue shaded area on Figure 1).   During the  field review, the  lack of topographic 
relief between Neal Street and Bartons Creek was noted and documented.   
 
Neal  Street  is  inundated  by  flood  waters  from  Bartons  Creek  during major  flooding  events. 
Information  obtained  from  the  Federal  Emergency Management  Agency  (FEMA),  included  as 
Appendix B,  is summarized  in the following table.   The roadway surface elevation was obtained 
from 5‐foot interval topographic mapping provided by the City.   
 

Comparison of Bartons Creek Flooding Elevations to Neal Street Elevation 

Return 
Period 

Bartons Creek 
Flood Elevation 

(ft) 

Neal Street 
Elevation 

(ft) 

Flooding Depth  
at Neal Street 

(ft) 

10‐year  521.9  522.2  0.0 

50‐year  523.1  522.2  0.9 

100‐year  524.2  522.2  2.0 

  
During  local rainfall events occurring at times when Bartons Creek  is at normal  flow depth, the 
drainage  ditch  between Neal  Street  and  Bartons  Creek  has  adequate  capacity.   However,  the 
capacity of the drainage ditch decreases as the water  in Bartons Creek  increases  in depth.   This 
was  the case during  the  flooding  that occurred  in May 2010.     The culverts under Neal Street, 
however (“Neal Street Outfall” on Figure 1), are severely undersized, which causes the road to be 
overtopped by the local 2‐year storm. 
 
Structural Drainage Improvements 
The  technical  analysis  focused  on  alternatives  to  improve  the  local  drainage  characteristics 
associated  with  the  Neal  Street  cross  drain.    Three  alternatives  were  considered,  with  each 
alternative  including  an  improved downstream ditch  and  cross drain.    The  cross drain  at Neal 
Street has very little vertical relief relative to the roadway surface.  This makes the improvement 
of the cross drain problematic.    In order to  increase the capacity of the cross drain,  it would be 
necessary to  install  larger pipes.   To accommodate the  larger pipes, the roadway surface would 
need  to  be  significantly  raised.  Additionally,  the  possibility  of  improving  the  downstream 
drainage ditch was also evaluated.  An improved ditch would increase the efficiency of the cross 
drain during local rainfall events.   
  
Installing  the  larger pipes and  raising  the  road elevation may be possible  from an engineering 
perspective.   However, the technical analysis  indicates that the higher roadway elevation would 
actually increase the water depth upstream of the culvert during larger storms (see red numbers 
in  table below).   The drainage  improvement alternatives and  the  impacts each would have on 
flooding depths upstream of Neal Street are presented in the following tables.  
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Structural Drainage Improvement Alternatives 

  Ditch Improvements  Cross Drain Improvements 
Approximate Road 
Elevation Increase 

(inches) 

Alternative 1 
7‐foot bottom width 

3:1 side slopes 
3 – 14” x 23” 
Elliptical RCP’s 

7 

Alternative 2 
7‐foot bottom width 

3:1 side slopes 
3 – 15” RCP’s  7 – 3/8 

Alternative 3 
7‐foot bottom width 

3:1 side slopes 
2 – 19” x 30” 
Elliptical RCP’s 

12 – 1/2 

 
 

Structural Drainage Improvement Alternatives 
Changes to Upstream Flooding Elevations 

Return 
Period 

Stormwater 
Discharge 

(cfs) 

Alternative 1 
Change to Upstream 

Flooding Depth 
(ft) 

Alternative 2 
Change to Upstream 

Flooding Depth 
 (ft) 

Alternative 3 
Change to Upstream 

Flooding Depth 
 (ft) 

2  19  ‐0.58  ‐0.01  ‐0.51 

5  25  ‐0.31  0.48  ‐0.3 

10  30  ‐0.02  0.5  ‐0.13 

25  37  0.38  0.51  0.13 

50  43  0.42  0.52  0.41 

100  49  0.43  0.52  0.73 

 
 
In  addition  to  the  alternatives  shown  above,  the  possibility  of  increasing  the  capacity  of  the 
existing cross drain using multiple small diameter pipes was considered.  It was determined that 
the  installation  of more  than  three  pipes  would  be  spatially  problematic  and  would  not  be 
hydraulically efficient. 
 
It  should  be  noted  that  none  of  the  alternatives  would mitigate  the  known  flooding  issues 
downstream of  the Neal Street  cross drain.   As discussed previously,  those  flooding  issues are 
caused by Bartons Creek, and not by local rainfall events.  Therefore none of the above structural 
alternatives are considered feasible due to the increases in the upstream flooding depths, cost of 
installation, and lack of flood damage mitigation.  It is recommended that the City improve local 
drainage in the area by focusing on the maintenance issues discussed in the following section. 
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Routine Maintenance 
Numerous  routine maintenance  issues were  found  throughout  the  study  area during  the  field 
reconnaissance.    Examples of  required maintenance  items  include  removing  sediment buildup 
from  culvert  inlets,  removing  excess  vegetation  and  debris  from  culvert  inlets,  and  repairing 
damaged  culvert  end  sections.    While  correcting  these  deficiencies  will  not  solve  flooding 
problems, it is critical to correct them sooner, rather than later, so that the drainage system can 
function as designed and conditions do not worsen, leading to possible flooding problems in the 
future.   In addition,  it  is  important to note that areas  identified as requiring remediation should 
be  regularly  scheduled  for maintenance by City  crews  to prevent  future buildup of debris and 
sediment.   A map showing  locations  identified as requiring maintenance  is  included as Figure 2.  
In  addition,  a  document  containing  captioned  photographs  of  each  maintenance  location  is 
included as Appendix A, with  locations and orientations of each photograph  indicated with red 
arrows on Figure 2.   A preliminary cost estimate  for the proposed maintenance  items  is shown 
below: 
 
 

Infrastructure Maintenance Items (See Figure 3) 
Preliminary Estimated 

Project Cost 

1.  Debris/sediment removal from cross drain ends at 7 locations 
(Items 1, 2, 3, 4, 9, 11 and 12 shown in Appendix A)  $ 2,800.00 

2.  Debris/sediment removal from driveway culvert ends at 64 
locations (representative samples shown in Appendix A ‐ Items 13 
through 19)  $ 12,800.00 

3.  Cross drain end repair at 3 locations (Items 5, 6 and 7)  $ 2,100.00 

4.  Debris/sediment removal from ditches at 24 locations 
(representative samples shown in Appendix A ‐ Items 13 through 19) 
– 5,910 L.F.  $ 29,550.00 

Total Maintenance Cost  $ 47,250.00 
 
 
The  infrastructure maintenance  items discussed above and shown  in Figure 2 can be performed 
by City crews immediately. 
 
It  should  be  noted  that  no  field  survey  data  was  available  for  this  study.   Elevations  were 
estimated  based  on  the  5‐foot  interval  topographic mapping  provided  by  the  City,  and  from 
information  obtained  during  the  field  reconnaissance.   Therefore,  evaluation  of  the  proposed 
improvements included in this study should be regarded as conceptual.    
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Subbasin Area      
(ac)

Area       
(sq. miles)

Runoff 
Curve No.

Lag Time  
(min)

North Outfall A 4.2 0.007 84 15.3
A.1 6.5 0.010 83 7.2
A.2 3.0 0.005 82 15.3

Neal St. Outfall B 6.1 0.010 85 7.2
South Outfall C 6.5 0.010 86 5.7
Watershed 26.4 0.041

Neal Street Area
Existing Conditions Hydrologic Parameters

North Outfall Neal Street 
Outfall South Outfall 

Return 
Period

Discharge      
(cfs)

Discharge      
(cfs)

Discharge      
(cfs)

2-year 31 19 21
5-year 41 25 28

10-year 50 30 33
25-year 62 37 41
50-year 72 43 47

100-year 83 49 53

Neal Stree Area
Existing Conditions Runoff Summary



FF

F

F

F

F

F

F

F FF

F

F F

F F

FF

F

F

F
F

F
F

F

F

F

F

F

F

F

F

F F

F
F

F

FF

F

F

D
aw

so
n 

Ln
.

W. Spring St.

K
ea

to
n 

St
.

West St.

Hickory Ridge Rd.

Center St.

Sl
oa

n 
St

.

O
ak

 S
t.

H
ay

ne
s 

St
.

M
ab

ry
 C

t.

Hickory Ct.

S.
 H

ar
tm

an
n 

Dr
.

Cl
ea

rv
ie

w
 D

r.

Hickory Cir.

HickoryCir.

Wildwood Ave.

W
es

tm
ea

de
 D

r.

N
ea

l S
t.

Easy St.

D
el

lw
oo

d 
Av

e.

S.
 H

ar
tm

an
n 

Dr
.

O
ak

 S
t.

N
ea

l S
t.

µ Infrastructure
Maintenance LocationsCity of Lebanon Drainage Analysis

Neal Street Area
Drainage Improvements

1 inch equals 200 feet

Legend
Parcels

Area of Field Reconnaissance

Culverts

Streets/Roads

Streams

Stream/Ditch Maintenance Locations

F Directional Photo Log Figure 2

Item 1
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Item 2
Clear debris from cross
drain outlet.

Item 16
Haynes Street (Hickory Ridge Rd to West St)
Clear sediment/debris from 7 driveway 
culverts & 880 LF of roadside ditch 

Items 3
Clear sediment/debris 
12" CMP cross drains.

Item 5
Repair end section of 
12" CMP cross drain

Item 6
Repair end section of 
12" CMP cross drain. Item 7

Repair end section of 
15" CMP cross drain

Item 8
Clear driveway culvert of seditment/debris

Item 9
Clear sediment/debris from inlet &outlet 
of elliptical CMP cross drain

Item 10
Clear sediment/debris from 
150 LF of roadside ditch

Item 11
Clear vegetation from inlet 
of 24 CMP cross drain.

Item 19
Dawson Lane (Hickory Ridge Rd. to West Spring St.)  
Clear sediment/debris from 10 driveway culverts 
and 640 LF of roadside ditch. 

Item 15
West Street (Neal Street to Dawson Lane) 
Clear sediment debris from 14driveway culverts 
and 1,480 LF of roadside ditch 
(740 LF each side).

Item 18
Sloan Street (Center Street to West Spring Street)  
Clear sediment/debris from 11 driveway culverts 
and 960 LF of roadside ditch.

Item 12
Clear sediment/debris from inlet & outlet 
of 12" CMP cross drain.

Items 4
Clear sediment/debris 
12" CMP cross drains.

Item 13
Hickory Ridge Road (Haynes to Dawson Lane)  
Clear sediment/debris from 7 driveway culverts & 
600 LF of roadside ditch.
(Includes Byars Dowdy Elementary School)

Item14
Center Street (Neal Street to Dawson Lane)  
Clear sediment/ debris from 12 driveway culverts 
& 990 LF of roadside ditch.

Item 17
Neal St.  
Clear sediment/debris from 3 driveway culverts 
& 210 LF of roadside ditch (105 LF each side). 
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APPENDIX A 
Routine Maintenance Location Photographs 
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Item 1 –  Hickory Ridge Rd. and Haynes St. cross drain.  Clear sediment from inlet and outlet of 12” 

CMP.  
 

 
Inlet.  Picture 2472 

 

 
Outlet.  Picture 2473 
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Item 2 – Hickory Ridge Rd. and Dawson Ln. cross drain.  Clear debris from cross drain outlet.  

Picture 2494. 
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Item 3 –  Haynes St. and Center St. Cross Drain.  Clear sediment and debris from both ends of 12” 
CMP cross drains. 

 

 
Outlet.  Picture 2527. 

 
 

 
Inlet.  Picture 2528. 
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Item 4 –  Haynes St. and Center St. Cross Drain.  Clear sediment and debris from both ends of 12” 

CMP cross drain.  Picture 2529.  Typical of inlet and outlet. 
 
 

 
Item 5 – Neal St.  Repair end section of 12” CMP cross drain.  Picture 2565.   
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Item 6 – West St. and Haynes St.  Repair end section of 12” CMP cross drain.  Picture 2595.   

 
 

 
Item 7 – Sloan St. between West St. and West Spring St.  Repair end section of 15” CMP cross drain.  

Picture 2623.   
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Item 8 – 200 Sloan St.  Clear driveway culvert of sediment and debris.  Note that driveway is 

adjacent to West Spring Street.  Picture 2633.   
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Item 9 –  Clearview Dr. and West Spring St.  Clear sediment and debris from inlet and outlet of 
elliptical CMP cross drain. 

 

 
Inlet.  Picture 2636.   

 
 

 
Outlet.  Picture 2639.   
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Item 10 –Clearview Dr.  Clear sediment and debris from 150 LF of roadside ditch.  Picture 2642.   

 
 

 
Item 11 – 211 Dawson Drive.  Clear vegetation from inlet of 24” CMP cross drain.  Picture 2683.   
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Item 12–  Center Street and Sloan Street.  Clear sediment and debris from inlet and outlet of 12” 
CMP cross drain. 

 

 
Inlet.  Picture 2719.   

 
 

 
Outlet.  Picture 2718.   
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Item 13 –  Hickory Ridge Road (Haynes to Dawson Lane)   
Clear sediment and debris from 7 driveway culverts and 600 LF of roadside ditch. 

 

 
906 Hickory Ridge Rd. at  Byars Dowdy Elementary School.  Clear sediment and debris the inlet of 

15” CMP.  Picture 2490. 
 

 
410 Dawson Lane (culvert is located on north side of Hickory Ridge Rd.)  Representative example of 

a driveway culvert choked with sediment.  Picture 2502. 
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Item 13 –  continued. 
 

 
1005 Hickory Ridge Road.  Representative example road side ditch with debris.  Picture 2516. 
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Item 14 –  Center Street (Neal Street to Dawson Lane)   
Clear sediment and debris from 12 driveway culverts and 990 LF of roadside ditch. 

 

 
1009 Center Street.  Representative example of a culvert choked with sediment.  Picture 2375. 

 

 
1002 Center Street.  Representative example of a driveway culverts choked with sediment.  Picture 

2725. 
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Item 14 –  continued. 
 

 
902 Center Street.  Representative example of a driveway culverts choked with sediment.  Picture 

2390. 
 

 
310 Haynes St. (culvert is adjacent to Center St).  Clear sediment and debris from 1 driveway culvert 

and 50 LF of roadside ditch.  Picture 2537.   
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Item 15 –  West Street (Neal Street to Dawson Lane)   
Clear sediment and debris from 14 driveway culverts and 1,480 LF of roadside ditch (740 LF each 

side). 
 

 
1103 West St.  Representative example of a driveway culvert choked with sediment.  Picture 2592.   

 

 
1005 West Street.  Representative photo of clogged driveway culvert and required ditch 

maintenance.  Picture 2605.   
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Item 15 –  continued. 
 

 
1004 West Street.  Representative photo of clogged driveway culvert.  Picture 2610.   

 
 

 
905 West Street looking west.  Representative example roadside ditch require clean-out.  Picture 

2702. 
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Item 15 –  continued. 
 

 
301 Sloan Street (driveway culvert on West Street).  Representative example of a driveway culvert 

choked with sediment.  Picture 2699. 
 

 
214 Dawson Lane (driveway culvert on West Street).  Representative example of a driveway culvert 

choked with sediment.  Picture 2693. 
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Item 16 –  Haynes Street (Hickory Ridge Rd. to West St.)   
Clear sediment and debris from 7 driveway culverts and 880 LF of roadside ditch. 

 

 
407 Haynes St.  Representative example of a driveway culvert choked with sediment.  Picture 2519. 

 

 
1010 Center St.  (ditch is adjacent to Haynes St.).  Representative example roadside ditch with brush 

and debris.  Picture 2523. 
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Item 16 –  continued. 
 

 
1008 West St. (driveway is on Haynes St.).  Representative example of a driveway culvert choked 

with sediment.  Picture 2661. 
 

 
1008 West St. (driveway is on Haynes St.).  Representative example of a driveway culvert choked 

with sediment.  Picture 2660. 
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Item 17 – Neal St.  Clear sediment and debris from 3 driveway culverts and 210 LF of roadside ditch 

(105 LF each side). Representative example.  Picture 2561.   
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Item 18 –  Sloan Street (Center Street to West Spring Street)   
Clear sediment and debris from 11 driveway culverts and 960 LF of roadside ditch. 

 

 
304 Sloan Street.  Representative picture of roadside ditch and culverts requiring clean out..  Picture 

2711.   
 

 
305 Sloan Street.  Representative photo of clogged driveway culvert.  Picture 2713.   
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Item 18 –  continued 
 

 
1003 West Street (driveway is located on Sloan Street).  Representative photo of clogged driveway 

culvert and required ditch maintenance.  Picture 2617.   
 
 

 
205 Sloan Street.  Representative photo of clogged driveway culvert.  Picture 2626.   
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Item 19 –  Dawson Lane (Hickory Ridge Rd. to West Spring St.)   

Clear sediment and debris from 10 driveway culverts and 640 LF of roadside ditch.  

 
405 Dawson Lane.  Representative example of a driveway culvert choked with sediment.  Picture 

2665. 
 

 
303 Dawson Lane.  Representative example of a driveway culvert choked with sediment.  Picture 

2673. 
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Item 19 –  continued 
 

 
211 Dawson Lane.  Representative example debris in ditch.  Picture 2679. 

 
 
 
 
 
 
 
 
 



 

 

2 1 0  2 5 t h  A ve n ue  No r t h  ●  S u i t e  8 00  ●  N as h v i l l e ,  T N  3 72 0 3  ●  61 5 .3 8 3 .8 420  ●  Fa x  61 5 . 383 .9 98 4  

e n g i ne e rs

p l an ne rs

s u r ve yo r s

e n v i r on m en t a l
s c i e n t i s t s

l a ndsc ap e
a r c h i t e c t s

 
 
 
 
 

 
 
 
 
 
 

APPENDIX B 
FEMA Letter of Map Revision 

Bartons Creek 
(Approved February 19, 2009) 
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