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1. PROJECT BACKGROUND AND LOCATION

Located off of Highway 76 approximately 2.4 Miles west of the intersection of Highway 76 and Blue Ridge Blvd,
Mauldin Mill Road is a paved local roadway which provides vehicular access for residential and commercial
properties east of Highway 76. Along its alignment, approximately 0.5 miles east of its intersection with Highway 76,
Mauldin Mill Road crosses a sub-tributary fo Richland Creek. As indicated by Oconee County Public Works, this
crossing is subject to frequent roadway overtopping and inadequate culvert performance. The purpose of this project
is to analyze this crossing and develop alternatives for supporting recommendations to the County for crossing
improvements.

2. COMPILATION OF EXISTING DATA

2.1 Topographic Survey

To establish baseline conditions and support modeling efforts, field survey of existing features in the immediate area
of the subject crossing was performed. This data included roadway cross sections, stream cross sections, invert
elevations and length of the 60" Corrugated Meta! Pipe (CMP) culvert, and surrounding structures which could be
impacted by the hydraulic performance of this crossing.

2.2 Regional Topographic Data

Regional topographic data used in the delineation of hydrologic basins and the construction of the hydrautic model
was obtained from Oconee County. This data provided information required for determining the area draining to the
crassing as well as other hydrologic and hydraulic parameters.

3. HYDROLOGIC ANALYSIS

The hydrologic analysis of the drainage area served by the Mauldin Mill Road crossing was initiated by delineating
the limits of the basin served by the crossing using the previously mentioned regional topographic data. Upon
delineating the basin, a land cover analysis was then performed and in conjunction with USGS soils data a composite
curve number was developed for the contributing basin using SCS methodology. SCS TR-55 methodology was then
uilized to generate a time of concentration. In summary, the basin contributing flow to the Mauldin Mill Road
crossing has an area of 565.8 acres, a composite curve number of 69.4, and time of concentration of 62.5 minutes.
These variables were then used for runoff generation. Figure 1 shows the local topegraphy and resulting basin
delineation and Figure 2 shows the basin and aerial imagery used in determining the composite curve number.

Storm events considered for this analysis include the 2, 10, 25, 50, and 100-yr Type || 24-hr events with rainfall
depths obtained from the SCDHEC Storm water Management BMP Handhook — Appendix F. Rainfall Values and
resulting flows are tabulated in Table 1 shown below. Appendix A contains detailed hydrologic data including
computation of the composiie curve number and time of concentration.

Table 1: Rainfall and Runoff

124-hr Rainfall Runoff
Storm Event (in) (cfs)

2-Yr 3.80 292.18

10-Yr 5.50 644.41

25-Y1 6.60 897.83

50-Yr 7.60 1138.94

100-Yr 8.60 1386.84

10conee South Rainfall Values

Maldin Mil Road Culvert Dais & Floyd, Inc.
Hydrologic, Hydraulic D&F Job No. 12975.01

And Altematives Analysis Page 10f6 July 2013
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4. ANALYSIS OF EXISTING SYSTEM

The hydraulic analysis of the Mauldin Mill Road culvert was carried out using USACE's HEC-RAS. The
aforementioned regional topographic data combined with the topographic field survey was utilized in the construction
of model cross sections, roadway embankment, and culvert geometry. This data coupled with the flows from the
previously completed hydrologic analysis were then used to analyze the performance of the culvert crossing for the 2,
10, 25, 50, and 100-yr events.

Modeling efforts show thal the existing 60" CMP which provides conveyance under Mauldin Mill Road is grossly
under sized and is inadequate to convey flows generated by the 2-yr event, overtopping by 0.9' with = 53% of the
flow being carried by the culvert. Table 2 below tabulates water surface elevation and the depth that the roadway is
overtopped for each storm event. Appendix B shows the corresponding water surface profile for each of the events
shown below.

Table 2: Existing Conditions Hydraulic Performance

Storm 'Centerline Roadway Elevation: | 792,80
E 'Water Surface Elevation Overtopping
vent
{f) (f)
2-Yr 793.80 0.9
10-Yr 794.64 1.74
25-Yr 794.84 1.94
50-Yr 795.03 2.13
100-Yr 795.22 2.32
Al Elevations Referenced to the North American Vertical Datum of 1968

5. DEVELOPMENT AND ANALYSIS OF CONCEPTUAL IMPROVEMENTS

Conceptual improvements were selected with the goal of providing a crossing which passes the design storm event
without overtopping and without adversely impacting upstream properties. Conveyance type and size, as well as
roadway elevation were manipulated to achieve the stated goal. As requested by the Ocoree County Public works,
the 100-yr storm event was considered as the basis of design. |n addition to the 100-yr storm event and to offer an
improvement option which could be constructed at a lower cost, the 25-yr storm event was also considered as a
basis of design. During the development of proposed alternatives careful attention was given to the upstream water
surface elevations at the crossing to determine if a modeled scenario would adversely impact upstream properties.
In all cases and for all storm events, modeling demonstrates that the conceptual alternatives do not produce water
surface elevations which would adversely impact upstream properties. Appendix C contains modeling output from
each of the conceptual improvements.

5.1 Option 1 - 28 x 8’ Bottomless Arch Culvert

Alternatives analysis shows that a large conveyance structure will be required to pass design flows without
overtopping and producing water surface elevations that would adversely impact upstream properties. This led to the
consideration of a CON/SPAN type bottomless arch culvert. Analysis shows that a 28' x 8' CON/SPAN arch culvert
would be required to convey the design flows. Further site geometric analysis showed that this culvert would need to
be approximately 36" in length and that the roadway itself would need to be raised approximately 4.6' from a low point
elevation of 792.90" fo an elevation of 797.50" to provide cover for the CON/SPAN without the roadway overtopping
or adversely affecting upstream properties for the design evenl. Preliminary project costs for this option are
estimated to be $338,611. Table 3 summarizes water surface elevations and contrasts both existing and proposed
conditions. Appendix C.1 contains supporting modeling output including water surface profiles and cross sections
and Appendix D.1 contains the preliminary cost estimate.

Mauldin Mill Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraufic D&F Job No. 12975.1
And Altematives Analysis Page 3 of 6 July 2013



Table 3: Option 1 Hydraulic Performance

Storm \Existing Water Surface | 'Proposed Water Surface | Change in Water Surface
Event Elevation {ft) Elevation (ft) Elevation {ft)
2-Yr 793.80 790.94 -2.86
10-Yr 794.64 792.25 -2.39
25-Yr 794.84 793.03 -1.81
50-Yr 795.03 793.67 -1.36
“100-Yr 795.22 794.33 -0.89
1Al Elevations Referenced to the North American Vertical Datum of 1988
“Design Storm Event

5.2 Option 2 - (4) 7’ x 7" Reinforced Concrete Box Culverts

As an altemative to the large CON/SPAN bottomless Arch Culvert, large Reinforced Concrete Box Culverts (RCBC)
were also considered. Modeling analysis shows that (4) 7x7 RCBCs will be required to pass the 100-yr event without
overtopping or adversely affecting upstream properties. Similarly to the CONSPAN culvert, the RCBCs would need
to be approximately 36' in length and that the roadway would need fo be raised approximately 2.6' from a low point
elevation of 792.90 to an elevation of 795.50. Preliminary project costs for this option are estimated to be $257,249.
Table 4 shown below provides hydraulic performance data for this option. Appendix C.2 contains supporting
modeling output including water surface profiles and cross sections and Appendix D.2 contains the preliminary cost
estimate.

Table 4. Option 2 Hydraulic Performance

Storm 1Existing Water Surface | 'Proposed Water Surface | Change in Water Surface
Event Elevation {ft) Elevation (ft) Elevation {ft)
2-Yr 793.80 7580.92 -2.88
10-Yr 794.64 792.22 -2.42
25-Yr 794.84 792.98 -1.86
50-Yr 795.03 793.60 -1.43
[ 100-Yr 795.22 794.23 -0.99
1All Elevations Referenced to the North American Vertical Datum of 1988
"Design Stom Event

5.3 Option 3 ~ (4) 5" x 8’ Reinforced Concrete Box Culverts

In order to provide additional options to the County, consideration was given to utilizing the 25-yr storm event for the
basis of design and to allow the 50-yr and 100-yr storm events to overtop the roadway without adversely impacting
upstream properties. Modefing shows that (4) 5’ x 8 RCBC culverts will accomplish this goal without increasing
upstream water surface elevations and allow the 50-yr event to pass without overtopping. Similarly to previous
options, these culverts would need to be approximately 36" long and would require the roadway to be raised
approximately 1.70' from a low point elevation of 792.90 to an elevation of 794.60. Preliminary project costs are
estimated to be $199,677 for this option. Table 5 summarizes hydraulic performance for this option, and Appendix
C.3 contains supporting medeling output including water surface profiles and cross sections and Appendix D.3
contains the prefiminary cost estimate.

Mauldin Mill Road Culvert

Hydrologic, Hydraufic
And Altematives Analysis

Davis & Floyd, Inc.
D&F Job No. 12975.01
Page 4 of 6 July 2013



Table 5: Option 3 Hydraulic Performance

Storm 1Existing Water Proposed Water Change in Water Roadway
Event Surface Elevation {ft) | Surface Elevation {ft) | Surface Elevation (ft) | Overtopping (ft)
2-Yr 793.8 730.85 -2.95 -
10-Yr 794.64 792.09 -2.55
*25-Yr 794.84 792.9 -1.94
50-Yr 795.03 793.68 -1.35 -
100-Yr 795.22 794.61 -0.61 0.01
1Al Elevations Referanced to the North American Vertical Datum of 1988
‘Design Stomn Event

5.4 Option 4 - 30" Bridge

As an altemative to closed conveyance systems, bridging the sub tributary to Richland Creek was also considered.
Similarly to the large closed conveyance structures previously considered, the 100-yr storm event would be used as
the basis for design. Hydraulic modeling shows that a 30' bridge will pass the 100-yr storm event without
overtopping, and without adversely affecting upstream or downstream properties. The construction of a bridge would
require that the roadway be raised approximately 4.6’ from a low point elevation of 792.80" to an elevation of 797.50'
to provide for the passage of debris and to account for the structural depth of the bridge. Preliminary project costs
are estimated at $246,650 for this option. Table 6 tabulates hydraulic performance for this structure. Appendix C.4
contains supporting modeling output including water surface profiles and cross sections and Appendix D.4 contains
the preliminary cost estimate.

Table 6: Option 4 Hydraulic Performance

Storm 1Existing Water Surface | 'Proposed Water Surface | Change in Water Surface
Event Elavation {ft) Elevation {ft) Elevation {ft)
2-Yr 793.8 790.93 -2.87
10-Yr 794.64 792.15 -2.49
25-Yr 794.84 792.8 -2.04
50-Yr 795.03 793.3 -1.73
100-Yr 795.22 793.77 -145
1Al Elevations Referenced to the North American Vertica) Datum of 1988
‘Design Stom Event

6. RECOMMENDATION FOR IMPROVEMENTS

6.1 Summary of Options

Option 1 - 28' x 8" Bottomless Arch Culvert — This option will pass the 100-yr storm event without overtopping and
without adversely affecting upstream or downstream properties for all modeled storm events. This structure wilf also
pass the 100-yr storm event un-pressurized with a free surface and will provide for debris passage. Construction will
require that Mauldin Mill Road be elevated 4.6', and is estimated to cost $338,611.

Option 2 — (4) 7" x 7" Box Culverts — Similarly to Option 1 this alternative will pass the 100-yr storm event without
overtopping in an un-pressurized free surface flow regime. All modeled storm events are conveyed without adversely
affecting upstream or downstream properties, and with observed freeboard for all modeled storm events, this
structure will provide passage for debris. Construction will require that Mauldin Mill Road be elevated 2.6', and is
estimated to cost $257,249.

Mauldin Mill Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraulic D&F Job No. 12975.01
And Alternatives Analysis Page 5 cf 6 July 2013



Option 3 - (4) 8' x 5' Box Culverts — Contrasting with both Option 1 and Option 2, this alternative will not pass the
100-yr storm event without overtopping. However, for all modeled storm events, upstream water surface elevations
are reduced when compared to existing. Additionally this structure will not produce adverse impacls to upstream or
downstream properties. As designed, this configuration will pass the 2, 10, 25, and 50-yr events without overtopping,
but conveys the 25 and 50-yr events in a pressurized flow regime, which will not provide for optimal debris passage.
Construction will require that Mauldin Mill Road be elevated 1.70" and is estimated to cost $199,677.

Option 4 — 30" Bridge — This altemative passes the 100-yr storm event while lowering upstream water surface
elevations for all modeled events. Consistent with the previously suggested structures, this option will not preduce
adverse hydraulic impacts to upstream or downstream properties, and with freeboard provided for all storm events
this structure will provided for the passage of debris. Construction will require that Mauldin Mill Road be elevated 4.6'
and is estimated to cost $246,650.

6.2 Recommendation

Of the four options presented, Option 2 ((4) 7' x 7' Box Culverts) or Option 4 (30" Flat Slab Bridge) would be an
acceptable alternative for the County. As originally requested, both options pass the 100-yr event without
overtopping in an unpressurized free surface condition, and will provided for debris passage. When compared to
Option 1, Option 2 and Option 4 are approximately $80,000 and $90,000 cheaper respectively. Contrasting the two
acceptable altematives, Option 2 will not require protection against invert scour or supporting foundations, but will be
more susceptible to debris issues than Option 4 due to its multiple barre! configuration. Furthermore, Option 4 will
require that the roadway be raised 4.6’ vs. the 2.6 required for Option 2, and the cost difference between the two
acceptable alternatives is approximately $10,000. Therefore, it is recommended that either Option 2 ((4) 7' x 7’ Box
Culverts} or Option 4 (30' Flat Slab Bridge) be considered by the County as preferred alternatives for improvements
to Mauldin Mill Road.

Mautdin Mill Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraufic D&F Joh No. 12975.01
And Altematives Analysis Page 6 of 6 July 2013
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Appendix A
Hydrologic Data



Appendix A.1
Composite Curve Number Analysis
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Appendix A.2
Time of Concentration Analysis



@ Time of Concentration Calculations
Project Oconee County
Basin:  MauldinMillRdBasin_1
Date: 2013-06-10
Calc By: JWB

Calculation of Overland Sheet Flow Travel Time

Using the Manning Kinematic Equation - U.S. units

Inputs Calculations
Manning Roughness Overland Flow Time
Coefficient, N = 0.75 Travel, ty = 46.6 min
Length of Flow Path, L = 300 ft
(W 2 yr, 24 hr rainfall, P = 4.7 in
Ground Slope, S = 0.0565 fi/ft

Caiculation of Shallow Concentrated Flow Travel Time
Using the NCRS Method - U.S. units

Inputs Calculations
Length of Flow Path, L. = 2022.6 ft For Unpaved Surface
Ground Slope, S = 0.038 ft/ft Flow Velocity, V = 3.15 ftisec
Travel time, t; = 10.7 min
Paved / Unpaved = Unpaved
Mauldin Mill Road Culvert Appendix A.2 Davis & Floyd, Inc.
Hydrelogic, Hydraufic Time of Concentration Analysis D&F Job No. 12975.01

And Altematives Analysis A.2-10f4 June 2013



Calculation of Channnel Flow Travel Time
Using the Manning Equation - U.S. units

For a Trapezoidal Channel Cross-section

Inputs Calculations
Bottom width, b = 9.27 ft Cross-Sect. Area, A = 62.0 2
Depth of flow, y = 45 ft Wetted Perimeter, P = 22.0 ft
Side Slope, Z = 1 Hydraulic Radius, R = 2.82 ft
(HV=z:1)
Discharge, Q = 610.76  cfs
Manning roughness, N = 0.04 ’%’
Ave. Velocity, V = 9.86 f/sec
Channel bottom slope, S = 0.0176 fi/ft
Channel travel time, t3 = 52 min
Length of Flow Path, L = 3061.099 fit

Calculation of Time of Concentration
(L=t +t +13)

Inputs ( values from above) Calculations
t = 46.6 min t.= 62.5 min
ty= 10.7 min t.= 1.04 hrs
t;= 52 min
Mauldin Mill Road Culvert Appendix A.2 Davis & Floyd, Inc.
Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No, 12875.01

And Alternatives Analysis A.2-20f4 June 2013



Overland Flow Roughness Coefficient

Surface
Concrete, Asphait, Bare Soil

Gravel, Clay-loam,eroded

Sparse Vegetation, Cultivated Soil

Short Grass

Dense Grass, Bluegrass, Bermuda Grass

Woods

_ 042 (mL)"®

P0.5 < 04

Manning Kinermatic
Equation - U.S. units

t; = overland sheet flow runoff travel time, min

n = Manning roughness coefficient, dimensionless
L = length of the flow path, ft (Max. L should be 300 ft)

P = 2 year, 24 hr rainfall, in
S = ground slope, ft/ft

Manning's n
0.01-0.016
0.012-0.03
0.053-0.13
0.1-0.2

0.17-0.48

0.4-0.8

Equations for NCRS Method for Shallow Concentrated Flow

t, = LA(6OV)

for unpaved surface: V = 16.13458%°

for paved surface: V = 20.32828%°

where: t, = shallow concentrated flow runoff travel time, min

L = length of the flow path, ft
V = shallow concentrated flow velocity, ft/sec

Mauldin Mill Road Culvert
Hydrologic, Hydraulic
And Alternatives Analysis

Appendix A.2
Time of Concentration Analysis
A.2-30f 4

Davis & Floyd, Inc.
D&F Job No. 12975.01
June 2013



Q = l_IAIlQARZB Sllz

Manning Equation for

Open Channel Flow
V=QA
R=A/P
t, = L/(60V)

Where: Q = channel flow rate, cfs
V = average velocity of flow, ft/sec
A = channel cross-sectional area, ft?
P = wetted perimeter of channel, ft
S = channel bottom slope, ft/ft
n = Manning roughness coefficient for channel

L = Length of Flow Path, ft
t3 = travel time for channel flow, min

Mautdin Mill Road Culvert Appendix A.2
Hydrologic, Hydraulic Time of Concentration Analysis

And Altematives Analysis A.2-40of 4

Davis & Floyd, Inc.
D&F Job No. 12075.01
June 2013
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Appendix B
Existing Hydraulic Conditions
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Appendix C
Conceptual Hydraulic Performance



Appendix C.1
Option 1 Hydraulic Performance
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Appendix C.2
Option 2 Hydraulic Performance
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Appendix C.3
Option 3 Hydraulic Performance



Plan: PG~ Proposed Gondifions 3

'-!a!,p;ul'i_n‘tg:l_ll Pt Propesed !!:,‘-:-1:]Hm:|_}.|§§p?-m':3'_'- {yw :.:Eum;_f:yb:.\:-rﬁ

iatdintEl

1 HinaTrnk Hakin

=5

1@:‘5

07

12! s

fan Chepred Dinlaoee 1

Wil Rl Rood Syt

Aydreitge, Hudraul:

A Atomatigs pnduss

Baaig Aoy ing.
TIAF. .._n_.r._ :_u 1R n_.._
Ly .-.__“M_.-h M.udﬂ

_.__..E_ﬂ.ﬁ_nn_ 7 :
Ena._u._.m.r _...n“. m..w 3 Hizie Erulysita .I._._.u__mm.._E ?P—n.f_._ﬂ._._nm.
“PEgE A1




Hydrologic, Hydraulic
And Altematives Analysis

Option 3 - (4) 5' x 8' Box Culverts Hydraulic Performance
Page C.3-2 of 11

Q|3
HIRE
IR
=1, @ O
2|z o
% o "\
NUON
ANAN g
\\\ 8
: ENE
3 \
s o
S
2% SO
(Y pid
(&) i- \i‘\ §
w 5 \
-8 \\§ H
Q
= | \-\\'\ g
s \ \ D
o ._.E 2
s 8 \ B
=< 2 \ o
=2 % 8
£d § =
p=d '§ T \ \ -
3 5 g
=z g \
£
a \
=
b
\ .
\ a
N
N \ .
< (= [ =] [ =] [ =]
8 o ] 2 (3
() uogesaly
Mauldin Mill Road Culvert Appendix C.3 Davis & Floyd, Inc.

D&F Job No. 129756.01

June 2013




€102 aunp
0’62621 "ON QO 420

L} jo £¢'0 abey
SoUBLLIONBA JINEIPAH SHaAIND Xog 8 X § (¢) - £ uondo

sISA[eUy Saanewa)y puy
anespAH "216ojospAH

"2u) ‘pAold 3§ slaeq £'0 xipuaddy UaAIND PEOY NN UIPINEW
Elevation (tt)
g 8 S 3 8
=]
il .
. \
S
T
=
g
@5
2 Sz
5 NE 15
: \ i £z
Q z §=
B N\ g <
3 E &
R \ \ 5 =
NN &
[=] [
\\\\ ,2 ~
N » 3
N w
2
e
S g
(7]
X
g \\\\
(=]
D\
NN B
HE
M) = - Ing
f1312|8
[~% -Ir,l ' a
a3




Allntg
i ||m." oy
- ez o
ﬁ.,__,._._h._ﬁg

s

i ) SOUE Y U

RE: L

Jpa—l i —

P——— s
P |

GO

—

SRR SR AL LS

—— —I .“| e —t
_ . i g
|
_ -
| = = |
_

U T B G i sS4 Bunsa s 1 un e

tod i pal

kg

ANy

Al EREAR

boprndiec
{15}
iy

Qpson & (3) b 8 e

BRE Jonhin, 125750

T dung R0

sk F

1 il Fapzemance

it
'3'. At 14

it ey KA T Clulyany
Hytrelegs, fymadiz
i rives ity

"

¢



2|8
h-) ! [ I -]
sl[Z1=1{5
HIEIEIE
[74]
z |2
N ™\
N N
/ / e
™~ o
/ E]
[~}
: SN
=
(5]
o & AN
O o
a x ™S ™.
o g R //
O o =~ r/ m
1] 5 4
~8 SN g
.3 / 8
g% LN 8
a g o
g N :
e g N §
N h
_ Q
m.m m \ / G
gg O \ / b5
S 8 B ’ o
@x S 8
== 5 ’ / e
2 T
g b
m | ,
=
. 3
AimN
\ :
7]
, N
| N
/ Q 00
o
g = 8 & B
(1) vopessi3
Mauldin Mill Road Culvert Appendix C.3 Davis & Floyd, Inc.
Hydrologic, Hydraulic Option 3 - (4) 5 x &' Box Culverts Hydraulic Performance D&F Job No. 12975.01

And Altemalives Analysis Page C.3-5 of 11 June 2013




SISAlEUY SOANCWS)NY PLY

1) j0 9£'0 abied
S0UBULIOpB JNEIPAH SUBAIND X088 X & (b) - € uondo

£10Z sunp

alineIpAH “nBojoIpAn
MannD peoyd MIN UIpREW

£0 xipuaddy
Elevation (it)

LO'G2621 "ON qor 4'84
"ou) ‘pAcd B smeq

MauldinMill Plan: 1)EC 2)}PC3
Mauldin Mill Road Existing vs Proposed Option 3 - (4) 5' x 8 Box Culverls

STRichlandCreek Mauldin Jl
820 / Legend
// WS 100-Yr-EC
—_——
i A - WS 100-Yr- PC3
/- Ground
Vi
// ...............................
810
800 //
/J /
parvy ot /
y A

" / 2

790 2
//
i e
Pk
/

780 +

0 500 1000 1500 2000 2500

Main Channel Distance (ft}




Mauidinhlll - Plae ) EG 20P63
Pl 41 lea Faising um Froposant Diptian 0 141 8168 How Dty
:- °h T ‘H. e bl s -

R + _&ﬁ e 5 -

A

ST ERI A USIFTEY

o

E!.-ulﬁuu i

=

bbgeey sbba

S TR SO Kot 5 )< i

| mp e ':::3:]

L
K W i

i

L

L

T

e -
' L 5 |
; 1 I T T T o ' :
.. i Fooos | T i : :
= AP BB : S s
| oL | e |
| i -\.- w....-' - “_?_ H T = —
v -
. : :
|y i = i
el = i 1.
e - :
S : e
— — e — _é__ —_—
|
= :
e L e ] | | | Ry e T T P ..- pp—
- e i = . — —— —— = —
5 eyt =i b YORE v VWYL S ] S S |
|
|
%= - L
!
L B T ) I I [ 1 ]
| [ |
—iiri:r - I of e ] et
- i |
..... | i i . 7 T A 1
o .
= — I A H] i I -1 —_— X =
| | |
A =l : vl | S |
. - 1
1 S (P P S (N - L | Bl
T 1 T T E— o
[ ! ; 1 |
T ——— + ——r .
o - — —i — e a— i
&40 a0 B b &l BIL




=

e | |

- AT S

O LM
|r..|._.nhl ..... 3

o

]: ]
s v ._. | :
—tin = -1 + = T—. — Im — = S — |__| T
] j : n n _ i | i _
== sciat]-ses t spe— ) e s T LT e T
} HE ! } H 1 o
_ _
{ dl {
! i
% =

B L

B

Egdie aail

i
SUBHO) S 6 5 G b - U0y PRSI B BRI DR el TR

Niel

z_____.___._._.ﬁﬁ.ﬂ_.__

S

i i

12

e

T AP, i
DAF Jet Mo,

e

i

i3 - WS E 'ﬁﬁmﬁfﬁuﬂ el
. o= LR o 5 ; B Al
!ﬁﬁgﬁf i Eesl

]

g R Gl

C



Eé:

ﬁsﬂ't "-’m qn‘r ;nm-

LA Egt ey ufes
:-::-r.n:-u.rr:ll-ﬂd apTERA ﬁ{ﬂ?ﬁﬁﬁ axni “ﬁ.- Widfﬂ
£ amuEddy

=|=-'5Fd~“u.f SIS Pty
TR | SIRCRIRL
V24 Pl AR

R R o

brlnc

L

| v

5

T i

eF

o0

o

— il s
| Loifa = [ i
I
FENTTH IO
. |
1|
Yy ro—" LA B L (- | O NP
.....
I

-

SO R i () el s =4 I P R LFfe

k4 By

IRy

“liEig

Ead s D3l




It {diilil!

M 311 P =i e o st Chptizin - (] 8000 ° Sw Dty

WS e

= | WaET T Pea
| [ LA——
e, G
Inelt
®
Bz Siia

i
e

==/
AT 0 P e L1
3 | |
; _ |
|
H u 1 _
.............. f—aE o L= ¥
| 13
.......... SR
e 5
..... =

o

&

500

50

B s S | 1)

" ! I ___m_...E_Hu

TAE:
i

=0

Stepcdily

Mk WA Frvat Cdva A
Al Al Aok

Page A0t 11

b 3 -y e 15 Pyl Bedfamance.

Dt & Flagd, Ine.
EIAF Jeb Hoo YL
S D



. B el
Ml bt e bt '?'f]:?

M EC 2FCa

Hoopmn Upfoe 5 (41500 B Bo Gibens

fean;

e
WS SED

WG - PED

e e

o

e

1

fil e

ang

sl=hnn (il

fataufdir, Aif Frad: _u.a...n#
Fredratogic, Eﬂ%&w
_._.“n.n_ .....:.E.nm.__...un .n..qﬁ_....ﬂﬂ.

) .Hﬂn_._ﬁ _..,",H_ [ (i e B el
Lptiea 2.- 1_.15“ Box Clyhee s Hedszulbe .._n.__.uud:nn. Ew%. I g, TER75 0
e Bagsod-ton i o E....uwuﬁ



Appendix C.4
Option 4 Hydraulic Performance
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Appendix D
Cost Estimates



DAVIS

FL

Option 1 - 28' x 8' Bottomless Arch Culvert

Appendix D: Cost Estimate Option 1
Date: 2013-06-28
D Project Name: Mauldin Mill Road Culvert Analysis
Job No.. 12975.01
Calculated by: M. Putnam

ltem  Description Quantity
1 Culvert
a. Foundation 2
b. 28' x 8' Bottomless Arch Culvert 36
2 Roadway Embankment
a. Pavement 1100
b. Embankment Fill 1800
¢. Driveway Replacement 1
3 Channe! Grading/Approaches
a.Channel Grading/Shaping 1
4 Contractor General Conditions and Mobilization -
5 Design/Permitting
6 Contingency
Mauldin Mill Road Culvert Appendix D
Hydrologic, Hydraufic Cost Estimate
And Altenatives Analysis Page D-1 of 4

Unit

EA
LF

SY
CcY

LS

%

%

%

$
$

3 &9

Unit Cost

7,000
3,500

20

25

1,500

5,000
12%
10%

30%

$
$

€3 A A

$

$

$

Total Estimated Project Cost $

Total Cost

14,000
126,000

22,000
45,000
1,500
5,000
26,620.00

21,350

78,141.00
338,611

Davis & Floyd, Inc.

D&F Job No. 12975.01

July 2013

-



Date:

FL D Project Name:  Mauldin Mill Road Culvert Analysis
Job No.: 12975.01

Calculated by: M. Putnam

D l S Appendix D: Cost Estimate Option 2
e © 20130628

Option 2 - (4) 7' x 7' Box Culverts

ltem  Description Quantity Unit Unit Cost Total Cost
1 Culvert
a. 7' x 7' Box Culvert 144 LF $ 800 § 115,200

2 Roadway Embankment

a. Pavement 900 SY $ 2 9 18,000
b. Embankment Fill 900 cY $ 25 % 22,500
¢. Driveway Replacement 1 EA $ 1,500 §$ 1,500

3 Channel Grading/Approaches

a.Channel Grading/Shaping 1 LS $ 5000 $ 5,000

m 4 Contractor Genera! Conditions and Mobilization - % 12% $ 19,464
5 Design/Permitting - % 10% $ 16,220

6 Contingency - % 30% $ 59,365

Total Estimated Project Cost $ 257,249

Mauldin Mill Road Culvert Appendix [ Davis & Floyd, Inc.
Hydrologic, Hydraufic Cost Estimate D&F Job No. 12975.01
And Altematives Analysis Page D-2 of 4 July 2013



D l S Appendix D: Cost Estimate Option 3

FL

Date: 2013-06-28
D Project Name: Mauldin Mill Road Culvert Analysis
Job No.: 12975.01
Calculated by: M. Putnam

Option 3 - (4) 8' x 5' Box Culverts

© R

Unit Cost

600

20

25

1,500

5,000

12%

10%

30%

$

€7 €0 €N

$

$

Total Estimated Project Cost $

iftem  Description Quantity Unit
1 Culvert
a. 8' x 5' Bottomless Arch Culvert 144 LF
2 Roadway Embankment
a, Pavement 900 SY
. Embankment Fill 600 cy
c. Driveway Replacement 1 EA
3 Channel Grading/Approaches
a.Channel Grading/Shaping 1 LS
4 Contractor General Conditions and Mobilization - %
5 Design/Permitting - %
6 Contingency - o
Mauldin M2 Road Culvest Appendix D
Hydrologic, Hydraufic Cost Estimate

And Altematives Analysis Page D-3 of 4

Total Cost

86,400

18,000

15,000

1,500

5,000

15,108.00

12,580

46,079.40
199,677

Davis & Floyd, Inc.

D&F Job No. 12975.01

July 2013
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FL

I S Appendix D: Cost Estimate Option 4

Date: 2013-07-08
D Project Name:  Mauldin Mill Road Culvert Analysis
Job No.: 12975.01
Calculated by: M. Putnam

Option 4 - 30' Flat Slab Bridge

ltem  Description
1 Bridge
a. Foundation
b. Span (30' Hollow Core)
2 Roadway Embankment
a. Pavement
b. Embankment Fill
c. Driveway Replacement
3 Channel Grading/Approaches
a.Channel Grading/Shaping
4 Contractor General Conditions and Mobilization
5 Design/Permitting
6 Contingency
Mauldin Ml Road Culverl
Hydrologic, Hydraufic
And Altematives Analysis

Appendix D
Cost Estimate
Page D4 of 4

Quantity

1100
1500

Unit

LS
LS

sY
CY

LS

%

%

%

§
§

€ A

Unit Cost

20,000
81,000

13

25

1,500

5,000
12%
10%

30%

$

Total Estimated Project Cost $

Total Cost
20,000
81,000

14,300
37,500
1,5C0
5,000
19,116

15,930

52,304
246,650

Davis & Floyd, Inc.

D&F Job No. 12975.01

July 2013
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1. PROJECT BACKGROUND AND LOCATION

Located off of Highway 130 approximately 0.6 Miles north of the intersection of Highway 130 and Highway 11, Megee
Road is a dirt roadway which provides vehicular access for residential properties west of Highway 130. Along its
alignment, approximately 0.4 miles west of ils intersection with Highway 130, Megee Road crosses Smeltzer Creek.
As indicated by Oconee County Public Works, this crossing is subject to frequent roadway overtopping and
inadequate culvert performance. The purpose of this project is to analyze this crossing and develop alternatives for
supporting recommendations to the County for crossing improvements.

2. COMPILATION OF EXISTING DATA
2.1 Topographic Survey

To establish baseline conditions and support modeling efforts, field survey of existing features in the immediate area
of the subject crossing was performed. This data included roadway cross sections, stream cross sections, invert
elevations and length of the 60° Corrugated Metal Pipe (CMP) culvert, and surrounding structures which could be
impacted by the hydraulic performance of this crossing.

2.2 Regional Topographic Data

Regional topographic data used in the delineation of hydrologic basins and the construction of the hydraulic model
was obtained from Oconee County. This data provided information required for determining the area draining to the
crossing as well as other hydrolagic and hydraulic parameters,

3. HYDROLOGIC ANALYSIS

The hydrologic analysis of the drainage area served by the Megee Road crossing was initiated by delineating the
limits of the basin served by the crossing using the previously mentioned regional topographic data. Upon
delineating the basin, a land cover analysis was then performed, and in conjunction with USGS soils data a
composite curve number was developed for the contributing basin using SCS methodology. SCS TR-55 metheds
were then utilized to generate a time of concentration. In summary, the basin contributing flow fo the Megee Road
crossing has an area of 1725.19 acres, a composite curve number of 55,75, and time of concentration of 76.3
minutes. These variables were then used for runoff generation. Figure 1 shows the local topography and resulting
basin delineation and Figure 2 shows the basin and aerial imagery used in determining the composite curve number.

Storm events considered for this analysis include the 2, 10, 25, 50, and 100-yr Type Il 24-hr events with rainfall
depths obtained from the SCDHEC Storm water Management BMP Handbook — Appendix F. Rainfall Values and
resulting flows are tabulated in Emor! Reference source not found. shown below. Appendix A contains detailed
hydrologic data including computation of the composite curve number and time of concentration,

Table 1: Rainfall and Runoff
1Rainfall MegeeRoad_1 *MegeeRoad_2 | MegeeRoad_3

Storm Event (in) Runoff (cfs) Runoff {cfs) Rurioff (cfs)
AT, 4.70 196.94 513.85 60.00
10-Yr 6.70 297.93 1387.25 156.73
25NT 7.80 690.27 1965.03 919,00
50-Yr 8.80 876.17 2527.35 279.53
100-V7 9.80 1069.87 3117.81 34275

1Oconee North Rainfall Values

*Flows at Megee Road Crossing

Megee Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraulic D&F Job No. 12975.02
And Altematives Analysis Page 1 of 5 Jurie 2013
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4. ANALYSIS OF EXISTING SYSTEM

The hydraulic analysis of the Megee Road culvert was carried out using USACE's HEC-RAS. The aferementioned
regional topographic data combined with the topographic field survey was utilized in the construction of medel cross
sections, roadway embankment, and culvert geometry. This data coupled with the flows from the previously
completed hydrologic analysis were then used to analyze the performance of the culvert crossing for the 2, 10, 25,
50, and 100-yr events.

Modeling efforts show that the existing 48" RCP which provides conveyance under Megee Road is grossly under
sized and is inadequate to convey flows generated by the 2-yr event, overiopping by 1.41" with = 20% of the flow
being carried by the culvert. Qualitative analysis of Smelfzer Creek upstream of Megee Road also supports this
conclusion. Approximately 1.25 miles upstream of Megee Road Highway 130 crosses Smeltzer Creek. Examination
of aerial imagery at this crossing shows that conveyance under Highway 130 is provided by a bridge approximately
50 to 60 feet in length. This supports the conclusion drawn from the quantitative analysis that the current Megee
Road culvert is grossly under sized. Table 2 below tabulates water surface elevation and the depth that the roadway
is overtopped for each storm event. Appendix B shows the comesponding water surface profile for each of the
events shown below.

Table 2: Existing Hydrautic Performance

Storm 'Centerline Roadway Elevation: 985.67
Event "Water Surface Elevation Overtopping
() (ft)
2-Yr 987.08 1.41
10-Yr 987.96 2.29
25-Yr 888.24 2.57
50-Yr 888.51 2.84
100-Yr 988.74 3.07

'All Elavetions Referenced to the North American Vertical Datum of 1388
5. DEVELOPMENT AND ANALYSIS OF CONCEPTUAL IMPROVEMENTS

Conceptual improvements were selected with the goal of providing a crossing which passes the design storm event
without overtopping and without adversely impacling upstream properties. Conveyance type and size, as well as
roadway elevation were manipulated to achieve the stated goal. As requested by the Oconee County Public works,
the 100-yr storm event was considered as the basls of design. In addition to the 100-yr storm event and to offer an
improvement option which could be constructed at a lower cost, the 25-yr storm event was also considered as a
basis of design. During the development of proposed alternatives careful attention was given to the upstream water
surface elevations at the crossing to determine if a modeled scenario would adversely impact upstream properties.
In all cases and for all storm events, modeling demonstrates that the conceptual alternatives do not produce waler
surface elevations which would adversely impact upstream properties. Appendix C contains modeling output from
each of the conceptual improvements.

5.1 Option 1 - 60’ Flat Slab Bridge

With conveyance for the next upstream crossing provided by a bridge the first replacement option for consideration is
a bridge. Analysis shows that a 60" bridge would be required to convey the design flows. Site geometric analysis
combined with hydraulic analysis also demaonstrates that the roadway would need to be raised 4.83' from a low point
elevation of 985.67 to and elevation of 990.50 to provide clearance for an estimated structural depth of 2’ and to pass
the design flows without adversely affecting upstream properties. Preliminary construction costs for this option are
estimated to be $418,704. Table 3 summarizes water surface elevations and contrasis both existing and proposed

Megee Road Culvert Dais & Floyd, tnc.
Hydrologic, Hydraulic D&F Job No. 12975.02
And Altematives Analysis Page 3 of 5 June 2013



conditions. Appendix C.1 confains supporting modeling output including water surface profiles and cross sections,
and Appendix D.1 contains the preliminary cost estimate.

Table 3: Option 1 Hydraulic Performance

Storm 1Existing Water Surface | 'Proposed Water Surface | Change in Water Surface
Event Elevation (ft) Elevation (ft) Elevation (ft)
2-Yr 987.08 982.28 4.8
10-Yr 987.96 984.2 -3.76
25-Yr 988.24 985.1 -3.14
50-Yr 888.51 985.84 -2.67
*100-Yr 988.74 986.51 -2.23
Al Elevations Referenced Lo the North American Vertical Datum of 1968
“Design Stomm Event

5.2 Option 2 - (2) 24’ x 7’ Bottomless Arch Culverts

In order to provide additional options to the County, consideration was given to utilizing the 25-yr storm event for the
basis of design and to allow the 50-yr and the 100-yr storm events to overtop the roadway, if required, without
adversely impacling upstream properties. Analysis of CON/SPAN type bottomless arch culveris demonstrated that in
order to pass the design event that 24’ x 7' arch culverts would be required. Additionally, the road would need to be
raised 2.83' from a low point elevation of 985.67 to an elevation of 988.50 to provide cover for the CON/SPAN
without the roadway overtopping for the design event or adversely affecting upstream properties for the design event.
Conceptual site geometric analysis shows that these culverts would need to be approximately 70 in length.
Preliminary construction costs are estimated to be $689,928, and Table 4 summarizes hydraulic perfermance for this
option. Appendix C.2 contains supporling modeling output including water surface profiles and cross sections, and
Appendix D.2 contains the preliminary cost estimate.

Table 4: Option 2 Hydraulic Peformance

Storm 1Existing Water Proposed Water Change in Water Roadway
Event Surface Elevation {ft) | Surface Elevation (ft) | Surface Elevation {ft) | Overtopping (it}
2-Yr 987.08 982.66 -4.42 -
10-Yr 987.96 984.87 -3.09 -
25-Yr 988.24 986.15 -2.09 -
50-Yr 988.51 987.45 -1.06 -
100-Yr 988.74 088.73 -0.01 0.23
"All Elevations Referenced fo the North American Vertical Datum of 1988
‘Design Stomm Event

5.3 Option 3 - (4) 12' x 6’ Reinforced Concrete Box Culverts

Continuing with the premise established in option 2 for using the 25-yr storm event as the basis of design and
allowing the 50-yr or 100-yr storm events to overtop the roadway, if required, without adversely affecting upstream
properties, consideration was also given to the use of reinforced concrete box culverts. Modeling shows that (4) 12 x
6' box culverts will accomplish this goal without increasing upstream water surface elevations. Similarly to previcus
options, these culverts would need to be approximately 70" long and would require the roadway to be raised
approximately 2.33' from a low point elevation of 985.67 to an elevation of 888.00. Preliminary construction costs are
estimated to be $524,411 for this option. Table 5 summarizes hydraulic performance of the box cuiverts, and
Appendix C.3 contains supporting modeling output including water surface profiles and cross sections and
Appendix D.3 contains the preliminary cost estimate.

Megee Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraufic D&F Job Ne. 12975.02
And Allematives Analysis Paged of b June 2013



Table 5: Option 3 Hydraulic Performance

Storm 'Existing Water Proposed Water Change in Water Roadway
Event Surface Elevation (ft) | Surface Elevation (ft) | Surface Elevation (ft) | Overtopping (it}
2-Yr 987.08 982.74 -4.34 -

10-Yr 087.96 984.98 -2.98 -
*25-Yr 988.24 986.13 -2.11 -
50-Yr 988.51 987.48 -1.05 -
100-Yr 988.74 988.4 -0.34 04

'All Elevations Referenced to the North American Vestical Datum of 1985

“Design Storm Event

6. RECOMMENDATION FOR IMPROVEMENTS
6.1 Summary of Options

Option 1 — 60° Flat Slab Bridge — This option will pass the 100-yr storm event without overtopping and without
adversely affecting upstream or downstream properties for all modeled storm events. Additionally this structure will
convey the 100-yr storm event un-pressurized with a free surface and provides a wide opening for debris passage.
Construction will require that Megee Road be raised 4.83', and is estimated fo cost $418,704.

Option 2 — (2) 24' x 7' Bottomless Arch Culverts - This option is designed to pass the 25-yr storm event without
overtopping, and does so un-pressurized with a free surface. Similarly to the 25-yr storm event, this configuration will
pass the 50-yr storm event un-pressurized and with a free surface. However, for the 100-yr storm event, this
structure will overtop. Also, this option will not provide for optimal debris passage due to low or no observed
freeboard during higher frequency events. For all modeled storm events this option reduces upstream water surface
elevations when compared to existing conditions, and will not produce adverse impacts to upstream or downstream
properties. Construction will require that Megee Road be raised 2.83', and is estimated to cost $689,926.

Option 3 — (4} 12° x 6' Box Culverts — Similarly to Option 2, this structure is designed to pass the 25-yr storm event
without overtopping, and does so un-pressurized with a free surface. Additionally, this option will convey the 50-yr
storm event without avertopping, but does so in a pressurized flow regime, and as designed will overtop Megee Road
during the 100-yr storm event. Also, due low or no freeboard during higher frequency events, this struciure will not
provide for optimal debris passage. Construction will require that Megee Road be raised 2.33' and is estimated to
cost $524,411.

6.2 Recommendation

Considering the three options presented and the basin served by this crossing, Option 1 (60° Flat Slab Bridge) would
provide the best aliernative for the County. As requested, this structure will convey the 100-yr storm event without
overtopping while providing a free surface for optimal debris passage. When compared to Option 2 ((2) 24' x 7
Bottomless Arch Culverts) and Option 3 ((4) 12' x 6' Box Culverts), which do not pass the 100-yr storm event without
overtopping, Option 1 is $271,000 and $105,707 cheaper respectively. Therefore, given the conditions listed above,
it is recommended that Option 1 {60’ Flat Slab Bridge} be considered by the County as the preferred altemative for
improvements to Megee Road. | '

Megee Road Culvert Davis & Floyd, Inc.
Hydrologic, Hydraufic D&F Job No. 12975.02
And Allematives Analysis Page 5 of 5 June 2013



Appendix A
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Appendix A.1 |
Composite Curve Number Analysis
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Appendix A.2
Time of Concentration Analysis



Appendix A.2 - Time of Concentration Calculations

Time of Concentration Calculations
Project Oconee County

Basin:  MegeeRdBasin_1

Date: 2013-06-10

CalcBy: JWB

Calculation of Overland Sheet Flow Travel Time

Using the Manning Kinematic Equation - U.S. units

Inputs Calculations
Manning Roughness Overland Flow Time
Coefficient, n = 0.75 Travel, t4 = 420 min
Length of Flow Path, L = 300 ft
2 yr, 24 hr rainfall, P = 47 in
Ground Slope, S = 0.073 R/t
Calculation of Shallow Concentrated Flow Travel Time
Using the NCRS Method - U.S. units
Inputs Calculations
Length of Flow Path, L = 921.6 ft For Unpaved Surface
Ground Slope, S = 0.998 fut Flow Velocity, V = 16.12  ft/sec
Travel time, t; = 1.0 min

Paved / Unpaved = Unpaved
Megee Road Culvert Appendix A.2
Hydrologic, Hydraulic Time of Concentration Analysis

And Alternatives Analysis A2-10f12

Davis & Floyd, Inc.
D&F Job No. 12975.02
June 2013



1 - .

Appendix A.2 - Time of Concentration Calculations

Calculation of Channnel Flow Travel Time

Using the Manning Equation - U.S. units

For a Trapezoidal Channel Cross-section

Inputs

Bottom width, b =

Depth of flow, ¥ =

Side Slope, Z=
(HV=z1)

Manning roughness,

Channel bottom slope, 8 =

Length of Flow Path,

n=

L=

0.032

0.018

6302.1

Calculations

ft Cross-Sect. Area, A =

ft Wetted Perimeter, P =

Hydraulic Radius, R =

Discharge, Q =
Ave. Velocity, V =
i/t
Channel travel time, t3 =
ft

Calculation of Time of Concentration
(te=t1 +t,+13)

Inputs { values from above)

Megee Road Culvert
Hydrologic, Hydraulic
And Altemativas Analysis

t1 =
t2=
t3=

42.0
1.0
11.5

min t.=
min t.=
min
Appendix A.2
Time of Concentration Analysis
A2-20f12

37.5

21.2

1.77

342.85

9.143

115

Calculations

54.5
0.9

cfs

ft/'sec

min

min

hrs

Davis & Floyd, Inc.
D&F Job No. 12975.02

June 2013



Appendix A.2 - Time of Concentration Calculations

Overland Flow Roughness Coefficient

Surface Manning's n
Concrete, Asphalt, Bare Soil 0.01-0.016
Gravel, Clay-loam,eroded 0.012-0.03
Sparse Vegetation, Cultivated Soil 0.053-0.13
Short Grass 01-02
Dense Grass, Bluegrass, Bermuda Grass 0.17-0.48
Woods 04-08
0.42 (nL)*®
t = pOsgo4

Equation -'T.S. tifits
t, = overland sheet flow runoff travel time, min
n = Manning roughness coefficient, dimensionless
L = length of the flow path, ft (Max. L should be 300 ft} -
P = 2 year, 24 hr rainfall, in
S = ground slope, ft/ft

Equations for NCRS Method for Shallow Concentrated Flow
t, = L/(60V)
for unpaved surface: V = 16.13458%°

for paved surface: V = 20.32828%°

where: t, = shallow concentrated flow runoff travel time, min

L = length of the flow path, ft
V = shallow concentrated flow velocity, ft/sec
Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.

Hydmologic, Hydraulic Time of Concentration Analysis D&F Job No. 12975.02
And Altematives Analysis A230f12 June 2013



Appendix A.2 - Time of Concentration Calculations

Q = 1,:119AR213 Sllz

Manning Equation for

Open Channel Flow
V=QA
R=A/P
t; = L/(60V)

Where: Q = channel flow rate, cfs
V = average velocity of flow, ft/sec
A = channel cross-sectional area, ft?
P = wetted perimeter of channel, ft
S = channel bottom slope, ft/ft
n = Manning roughness coefficient for channel

L = Length of Flow Path, ft
ty = travel time for channel flow, min

Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.
Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 129756.02

And Alternatives Analysis A.2-4 of 12 June 2013



Time of Concentration Calculations
Project Oconee County

Basin: MegeeRdBasin_2

Date: 2013-06-10

Calc By: JWB

Calculation of Overland Sheet Flow Travel Time

Using the Manning Kinematic Equation - U.S. units

Inputs Calculations
Manning Roughness Overland Flow Time
Coefficient, n = 0.35 Travel, t; = 326 min
Length of Flow Path, L = 300 ft
2yr, 24 hrrainfall, P = 47 in
Ground Slope, § = 0.03 f/tt

Calculation of Shaliow Concentrated Flow Travel Time
Using the NCRS Method - U.S. units

Inputs Calculations

Length of Flow Path, L = 2440.6 ft For Unpaved Surface

Ground Slope, S = 0.0356 ft/it Flow Velocity, V = 3.0442514 ftlsec
Travel time, t, = ot 13.4 min

Paved / Unpaved = Unpaved

Megee Road Culvert Appendix A.2 Davis & Floyd, inc.

Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 12975.02

And Altermatives Analysis A.2-5of 12 June 2013



Calculation of Channnel Flow Travel Time
Using the Manning Equation - U.S. units

For a Trapezoidal Channel Cross-section

Inputs Calculations
Bottom width, b = 13.5 ft Cross-Sect. Area, A= 70.0 e
Depth of flow, ¥ = 4 ft Wetted Perimeter, P = 24.8 ft
Side Slope, Z = 1 Hydraulic Radius, R = 2.82 ft
(Hv=z1)
Discharge, Q = 320.91 cfs
Manning roughness, N = 0.04
Ave. Velocity, V = 4584  ft'sec
Channel bottom slope, 8 = 0.0038 /Rt
Channel travel time, t3 = 30.4 min
Length of Flow Path, L = 8349.44 ft

Calculation of Time of Concentration
(k=ti+t+15)

Inputs { values from above) Calculations
t = 32.6 min t.= 76.3 min
t,= 13.4 min t.= 1.3 hrs
ty= 30.4 min
Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.
Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 12975.02

And Altematives Analysis A28 0of 12 June 2013



Overland Flow Roughness Coefficient

Surface Manning's n
Concrete, Asphalt, Bare Soil 0.01-0.016
Gravel, Clay-loam,eroded 0.012-0.03
Sparse Vegetation, Cultivated Sail 0.053 - 0.13
Short Grass 01-02
Dense Grass, Bluegrass, Bermuda Grass 0.17 - 0.48
Woods 04-08
0.42 (@L)™*
b= Thes e

Beuiation - US. tnits
t,; = overland sheet flow runoff travel time, min
n = Manning roughness coefficient, dimensionless
L = length of the flow path, ft (Max. L should be 300 ft)
P = 2 year, 24 hr rainfall, in
S = ground slope, ft/ft

Equations for NCRS Method for Shallow Concentrated Flow
t, = L/(60V)
for unpaved surface: V = 16.13458%°

for paved surface: V = 20.32828%°

where: t, = shallow concentrated flow runoff travel time, min

L = length of the flow path, ft
V = shallow concentrated flow velocity, ft/sec
Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.

Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 12975.062
And Altematives Analysis A2-7Tof 12 June 2013



Q = 1.:119AR2/3 S1/2

Manning Equation for
Open Channel Flow

V=Q/A
R=AP
t; = L/(BOV)

Where: Q = channel flow rate, cfs
V = average velocity of flow, ft/sec
A = channel cross-sectional area, ft?
P = wetted perimeter of channel, ft
S = channel bottom slope, ft/ft
n = Manning roughness coefficient for channel

L. = Length of Flow Path, ft
t, = travel time for channel flow, min

Megee Road Culvert Appendix A.2
Hydrologic, Hydraulic Time of Concentration Analysis

And Alternatives Analysis A2-80f 12

Davis & Floyd, Inc.
D&F Job No. 12975.02
Juna 2013



Time of Concentration Calculations
Project Oconee County

Basin: MegeeRdBasin_3

Date: 2013-06-10

CalcBy: JWB

Calculation of Overland Sheet Flow Travel Time

Using the Manning Kinematic Equation - U.S. units

Inputs Calculations
Manning Roughness Overland Flow Time
Coefficient, n = 0.75 Travel, t = 36.2 min
Length of Flow Path, L = 300 ft
2 yr, 24 hr rainfall, P = 4.7 in
Ground Slope, S = 0.106 fift

Calculation of Shallow Concentrated Flow Travel Time
Using the NCRS Method - U.S. units

Inputs Calculations
Length of Flow Path, L = 1119.78 ft For Unpaved Surface
Ground Slope, S = 0.078 fuft Flow Velocity, V = 45061206 ft/sec
Travel time, t; = 4.1 min
Paved / Unpaved = Unpaved
Megee Road Culvert Appendix A.2 Davis & Floyd, Inc,
Hydrologic, Hydraulic Tima of Concentration Analysis D&F Job No. 12975.02

And Altematives Analysis A290f12 June 2013

%)



Calculation of Channnel Flow Travel Time

Using the Manning Equation - U.S. units

For a Trapezoidal Channel Cross-section

Inputs

Bottom width, b =

Depth of flow, ¥ =

Side Slope, 2=
{HV=z1)

Manning roughness, N =

Channel bottom slope, S =

Length of Flow Path, L =

13.5

0.032

0.003

2310.465

Calculations

Cross-Sect. Area, A =

Wetted Perimeter, P =

Hydraulic Radius, R =

Discharge, Q =

Ave. Velocity, V =

Channel travel time, t3 =

Calculation of Time of Concentration

(=t +t+1t3)

Inputs ( values from above)

Megee Road Culvert
Hydrologic, Hydraulic
And Altematives Analysis

36.2

4.1

7.6

min
min
min

Appendix A.2

Time of Concentration Analysis
A.2-100f 12

Calculations

700  ff
24.8 ft
2.82 ft
356.42 cfs
5.092 ft/sec
7.6 min
47.9 min
0.8 hrs

Davis & Floyd, Inc.
D&F Job No. 12975.02
June 2013



Overland Flow Roughness Coefficient

Surface Manning's n
Congcrete, Asphait, Bare Soil 0.01-0.016
Gravel, Clay-loam,eroded 0.012-0.03
Sparse Vegetation, Cultivated Soil 0.053-0.13
Short Grass 0.1-0.2
Dense Grass, Bluegrass, Bermuda Grass 0.17 - 0.48
Woods 04-08
0.42 (@L)"*
W= oG

Equition -7U.S. inits
t; = overland sheet flow runoff travel time, min
n = Manning roughness coefficient, dimensionless
L = length of the flow path, ft (Max. L should be 300 ft)
P = 2 year, 24 hr rainfall, in
S = ground slope, fi/ft

Equations for NCRS Method for Shallow Concentrated Flow
t, = L/(60V)
for unpaved surface: V = 16.13455°°

for paved surface: V = 20.32825%°

where: t, = shallow concentrated flow runoff travel time, min

L = length of the flow path, ft
V = shallow concentrated flow velocity, ft/sec
Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.

Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 12975.02
And Altemnatives Analysis A2-110of 12 June 2013



149

Q=—"=A R s
Manning Equation for
Open Channel Flow

V=Q/A
R=AP
ts = L/(60V)

Where: Q = channel flow rate, cfs
V = average velocity of flow, ft/sec
A = channel cross-sectional area, ft?
P = wetted perimeter of channel, ft
S = channel bottom slope, ft/ft
n = Manning roughness coefficient for channel

L = Length of Flow Path, ft
t; = travel time for channel flow, min

Megee Road Culvert Appendix A.2 Davis & Floyd, Inc.
Hydrologic, Hydraulic Time of Concentration Analysis D&F Job No. 12875.02

And Altematives Analysis A2-120f 12 June 2013



Appendix B
Existing Hydraulic Conditions
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Appendix C
Conceptual Hydraulic Performance



Appendix C.1
Option 1 Hydraulic Performance
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Appendix C.2
Option 2 Hydraulic Performance
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Appendix C.3
Option 3 Hydraulic Performance
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Appendix D
Cost Estimates



Appendix D: Cost Estimate Option 1

D l S Date:  2013-06-28
FL D Project Name: Megee Road Culvert Analysis

Job No.: 12975.02
Calculated by: M. Putnam

Option 1 - 60' Flat Slab Bridge

ltem  Description Quantity Unit
1 Bridge
a. Foundation 1 LS
b. Span (60' Hollow Core) 1 LS

2 Roadway Embankment

a. Pavement (GABC) 2000 SY
b. Embankment Fill 1800 cY
c. Driveway Replacement 1 EA

3 Channel Grading/Approaches

a.Channel Grading/Shaping 1 Ls
b. Rock Removal 250 CY
4 Contractor General Conditions and Mobilization - %
5 Design/Permitting - %
6 Contingency - %

$
$

9

£~

Unit Cost

20,000
144,000

13
25

1,500

5,000

12%

10%

30%

80

$
$

o3

$

Total Estimated Project Cost $

Megee Road Culvert Appendix D
Hydrologic, Hydraulic Cost Estimate
And Altematives Analysis Page D-10f3

Total Cost
20,000
144,000

26,000
45,600
1,500

5,000

22,500

31,680

26,400

96,624
418,704

Davis & Floyd, Inc.

D&F Job No. 12975.02

June 2013



D l S Appendix D: Cost Estimate Option 2

Date: 2013-06-28
FL Project Name: Megee Road Culvert Analysis
Job No.: 12975.02
Calculated by: M. Putnam

Option 2 - (2) 24' x 7' Bottomless Arch Culverts

ltem  Description Quantity Unit Unit Cost Total Cost
1 Culvert
a. Foundation 3 EA $ 7000 $ 21,000
b. 24' x 7' Bottomless Arch Culvert 140 LF $ 2500 §$ 350,000

2 Roadway Embankment

a. Pavement (GABC) 1170 SY $ 13 § 15,210
b. Embankment Fill 900 cY $ 25§ 22,500
¢. Driveway Replacement 1 EA $ 1,500 § 1,500

3 Channel Grading/Approaches

a.Channel Grading/Shaping 1 LS $ 5000 $ 5,000
b. Rock Removal 220 cY $ 90 $ 19,800
4 Contractor General Conditions and Mabilization - % 12% $ 52,201
5 Design/Permitting - % 10% $ 43,501
6 Contingency - % 30% $ 159,214

Total Estimated Project Cost $ 689,926

Megee Road Culvert Appendix D Davis & Floyd, Inc.
Hydrologic, Hydraufic Cost Estimate D&F Job Ne. 12875.02
And Allematives Analysis Page D-2 of 3 June 2013



D
FL

l S Appendix D: Cost Estimate Option 3

Date: 2013-06-28

D Project Name: Megee Road Culvert Analysis

Job No.: 12975.02
Calculated by: M. Putnam

Option 3 - (4) 12' x 6' Box Culverts

ltem  Description Quantity
1 Culvert
a. 12' x 6' Box Culvert 280
2 Roadway Embankment
a. Pavement (GABC) 800
b. Embankment Fill 630
¢. Driveway Replacement 1
3 Channe! Grading/Approaches
a.Channel Grading/Shaping 1
b. Rock Removal 200
4 Contractor General Conditions and Mobilization -
5 Design/Permitting
6 Contingency
Meges Road Culvert Appendix D
Hydrelogic, Hydraulic Cost Estimate
And Altematives Analysis Page D-3 of 3

Unit

LF

sY
Cy

LS
cY

%

%

%

$

7

L

Unit Cost

1,000

13
25
1,500

5,000

90

12%

10%

30%

$

Total Estimated Project Cost $

Total Cost

260,000

10,400

15,750
1,500

5,000

18,000

39,678

33,065

121,018
524,411

Davis & Floyd, Inc.

D&F Job No. 12975.02

June 2013



Roads Bridges

Date

2/25/2013

3/6/13-
4/3/13
4/10/2013-

6/27/13
4/11/2013-
41717M3

5/2/2013

5/7/2013-
5/8/13
5/20/13-
521713
5/31/2013
& ARIANO1Y
6/11/2013-

6/13/2013
6/11/13-

6/28/13

Date
2/27/2013-
2/28/2013

Roads and Bridges

Job Description

Picking up sand & taking to Camp,
Holly Springs, Wells Hwy; backhoe

to Holly Springs
Old Flat Shoals Rd -patching

Inspecting for striping contract

PWC-blading parking lot & putting

nn handraile at frant atenc

Move 973 to Motor Pool

Jocassee Lake Rd-crossline

Busch Creek Rd-replace crossline

Inspecting for crack sealing at
Creandview Snhdivician

Bent Tree Subd-pipe replacement

Camp-asphalt screenings

Sheriff's Dept

Job Description
Firing Range

5/8/2013 Animal Shelter-parking lot

6/17/2013-
6/25/2013

Camp Rd Mobile Home Demo

Total

Total

Number Staff Equipment

nf Staff Wanre

6 42
1 910
3 218
4 70
2 2
8 160
3 100
1 10
4 60
8 880
52 2452

Number Staff
of Staff Hours

5 27
2 8
1t 96
18 13t

Special Projects
Solid Waste
Date Job Description Number Staff Equipment
Hanves of Staff  Hanre Hanrs
42 4/2/2013 Landfill - Scraping Roads I 8 . 8
416 4/23/2013 Landfill-hydroseeding 1 5 5
218 4/25/2013 QOil Separator 1 2 2
25 5/8/2013 Moved mower to Five Forks 1 2 2
landfill
Moved mower from Five Forks
2 5/15/2013 1 3 3
back to Solid Waste
90 B3 g olid Waste-Glass pad 6 76 58
413 Solid Waste-Glass pa
60 Total 11 96 78
10
20 Forestry Service
616 Number Staff Equipment
Date Job Description of Staff Hours Hours
1499 3/6/2013 Piedmont Tree Nursery-haul, 1 4 4
spread and compact gravel
113/ Piedmont Tree Nursery-haul,
3/13/2013 spread and compact gravel 4 4
Total 2 8 8
Equipment
Hours
9 Golden Corner Commerce Park
v Number Staff Equipment
Date Job Description of Staff Hours  Hours
64 2/19/2013 Spot weld on catch basins 3 9 6
80 Total 3 9 6

2/1/13 - 6/30/13



Roads Bridges Special Projects 2/1/13 - 6/30/13

Number Staff Equipment Number Staff Equipment
zg?ltg Job Description of Staff Hours  Hours Date Job Description of Staff Hours Hours
" Chau Ram - Grading for storage
242013 it s s & 5 178 108 2/12/2013 Hauled gravel 1 2 2
2/6/2013 Chau Ram - Taking down trees 4 40 24 2/23/2013 Scrape parking lot 2 6 6
3/ 33)’22 !{3 ~ Chau Ram-demolishing old house 5 104 75 Total 3 8 8
3/27/2013- )
5/30/13 Chau Ram-Waterlines 12 1036 494 Emergency Servies
4/15/13- Number Staff Equipment
South Cove-Sewer problem 4 64 40 s e
4/1713 P Date Job Description of Staff Hours Hours
6/5/2013 High Falls -water li 2 2/5201 . . .

5/2013 High Falls -water line 5 5 5/2013 Holly Springs Fire Station-Apron 5 40 24
6/13/2013 High Falls - tree 5 8 2 2/572013- Foxwood Fire Station-Apron 5 50 28
6/27/2013 Chau Ram-haul 3 loads gravel 2 8 3 2/15/2013 Bruce Rd-pipe replacement 1 4 4

Toal 39 1463 756 5/29/2013 Foxwood Fire Station-haul gravel 1 3 3
. Total 12 97 59
Airport
Number Staff Equipment . . .
Date Job Description of Staff Hours  Hours LakeView Assisted Facility
Number Staff Equipment
6/6/2013 Shed Removal 5 35 21 Date Job Description AFStaff Wonre Homre
Total 5 35 21 2/21/2013 Dig footings 3 12 4
Administration Towl 3 12 4
N ff Equi .
Date Job Description n:.lqmt::: :‘t‘:“ qm:::.l:nt Pine Street
Removing steps behind Keowee 4 20 12 . L. Number Staff Equipment
3/912013 Ciourier Date Job Description of Staff Hours Hours
4/24/2013 New Heritage Fair - Hauling gravel 1 4 4 2/19/2013 Bucket truck 1 2 2
5/31/2013 Now Herltage Fair-haul 6 loads 3 10 10 2/26/2013 Bucket truck-flag pole maintenance 1 2 2
arave
Total 8 34 26 4/19/2013- ,
5/2/2013 Drainage Issues 6 53 23

Total 8 57 27



Roads Bridges Special Projects 2/1/13 - 6/30/13

VA DSS
. . Number Staff Equipment L Number Staff Equipment
Date Job Description of Staff  Haunrs Hanrs Date Job Description of Staff Honrs Homrs
5/21/2013 Cut trees for carport 4 10 4 3/26/2013 Bucket truck-flag pole maintenance 1 1 1
Toal 4 10 4 3/27/2013 Tree 4 12 5
Oconee Focus 6/12/2013 Bucket truck-painting 1 3 3
e Number Staff Equipment Total 6 16 9
Date Job Description of Staff  Hours Honrs
6/12/2013 Fish Hatchery Rd-fixing cut 5 30 16 Collins Children's Home
Total 5 30 16 . Number Staff Equipment
Date Job Description of Staff  Hours Hours
6/13/2013 Haul gravel 2 4 4
Total 2 4 4
Pending Special Projects Total Staff Hours 4462
» Camp Rd Crushing and Screening Percent of Hours worked on Special Projects 21%

* Paving Contract 2013/2014 and in-house culvert replacement
» New Construction Contract 2013/2014

+ Cobb Bridge Revitalization

Mauldin Mill & Megee Rd Crossing Replacement

+ Airport House Demolition

GCCP Access
« Hospital Property Access

* Dyar Bridge - Waiting on determination from Norfolk Southern

Title IT Grant Money - Land Bridge




