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UNIT ABBREVIATIONS

cubic foot per second /s
feet per second | _ ft/s
foot ft
mile , mi
millimeter mm
square foot it
square mile | mi_2
OTHER ABBREVIATIONS -
downstream | D/5
upstream U/s
flood plain f/p
median diameter of bed material Dgg
Water -Surface Profile computation model WSPRO
South Carolina Department of Transportation SCDOT

In this report, the words “right” and “left” refer to directions that would be

reported by an observer facing downstream,

Sea level: In this report, “sea level” refers to the National Geodetic Vertical
Datum of 1929-- a geodetic datum derived from a general adjustment of the first-order

level nets of the United States and Canada, forﬁerly called Sea Level Datum of 1929,



Level II bridge scour analysis
for structure 194023000500 on Route SC 230,
crossing Horne Creek in Edgefield County, South Carolina

by Tbby D. Feaster and Whitney J. Stringfield

This report provides the results of the detailed Level II analysis of scour potential at
structure 194023000500 on Route SC 230, crossing Horne Creek in Edgefield County,
South Carolina (figure 1 in pocket; figures 4-6). The site is located in the southwestern
part of Edgefield County and is a predominantly rural drainage basin with little
development in recent years. The drainage area for the site is 73.2 miZ and is
predominantly located in the Piedmont physiographic province with approximately 6
percent of the drainage area in the upper Coastal Plain physiographic region. In the
vicinity of the study site, the land is covered by moderately thick hardwoods with

rmoderate undergrowth.

In the study area, Horne Creek has a meandering channel with a slope of
approximately 0.00067 £t/ft (3.5 ft/mi), an average channel top width of 62 ft and an
average channel depth of 7.8 ft. The predominant channel bed material is sand (Dgg is

1.2 mun) and the channel banks consist of a silty clayey sand (Dsp is 0.26 mm). In general,
the banks have moderate woody vegetative cover and were noted to be relatively stable
at the time of the Level I and Level Il site visits, January 22, 1991 and October 12, 1993,
respectively.

The Route SC 230 crossing of Horne Creek is a 201-ft-long, two-lane bridge consisting
of eight 25-ft concrete spans, supported by timber pile bents with spillthrough
abutments. The abutments are protected by 8- to 16-inch granite. In this report, the
words “right” and “left” refer to directions that would be reported by an observer facing
downstream. Additional details describing conditions at the site are included in the
Scour Report Summary. |

Scour depths were computed using engineering judgement and the general
guidelines described in Hydraulic Engineering Circular 18 (Richardson and others, 1993)
and the Transportation Research Board Draft Paper, “Evaluating scour at bridges using
WSPRO” (Arneson and others, 1992). Scour depths were calculated assuming an
infinite depth of erosive material and a homogeneous particle-size distribution. The
results of the scour analysis are presented in tables 1 through 4 and a graph of the scour
depths is shown on figure 2.



Pile penetration depths were obtained from SCDOT bridge plans. Scour depth
calculations indicate that pile tip exposure will occur at bent 3 during the 100-year
discharge and at bents 3, 5, 6, 7, and 8 during the 500-year discharge. Scour caused by
the 100- and 500-year discharges will undermine bent 3 by 4.2 and 5.2 ft, respectively.
Scour caused by the 500-year discharge will undermine bents 5, 6, 7, and 8 by 5.3, 3.7, 3.2
and 0.4 ft, respectively. Additionally, the SCDOT bridge plans indicate that bents 2 and 3
have footings. However, no special consideration was given to the possible contraction
scour caused by the footings because the bridge plans indicate they were placed on rock.

. It should be noted that the SCDOT bridge plan borings (file number 19.263) show
subsurface rock that could affect the scour depths shown in this study. For more
information, see the SCDOT bridge plans in the pocket at the back of this report.



Jpod 1odar ur sueid
LOQDS 94} 995 “UONPULIONT JUOWE 10, "3[qe} AA0GE 3Y) Ul umoys stdap moos au 193yJ8 PINoS Jey) Yool 30eymsqns Moys (9761 2qumi o) sSuwroq weid 28puq 1OGDS 241 ‘HION

“Bumooy/dn a1id jo Supumuepim seuSis RqUMU sARESA Y

‘sipdsp moos yusq/1etd pue gorpenUoD 33 Jo wns oy st idsp Mods [EI0L ,

“past 51 juedq/ Bid 1pes je woneade W o], "sueid a8ptiq 1GADS 2 wowy pauteiqo suoneasp Buncoy/dR ond .
“wreansumop Surfool 3B o) o] WO PIUNILISISP 212 SUCHES ,

(€97 61 qumu a1) sueld a8puq (10(IDS) wonepodsues], jo jueunedag PUTjorED) YINOS 21 0F SPUCSALIOD QUMM 3uUaq/I9L]

oS 7681 $91 L'50T PRI T8l gLl ]

T L'L8l 6’91 90T - 581 S$'C8L oSt L

81 9981 691 SE0T 21! 8¥8l STl 9

00 0L8T A V0T 0L 0'L81 001 S

(4 0e6l gs g861 2481 w...nwﬁ SL ¥

(A 0L81 06 0961 (AL 161 0¢ £

SL : £L0T LT goic 8'661 w.ma £ [

puooes 1ad 1993 o1qnd (g9 st a8reydstp 1El4-001
(1293) (1995) 5 Mmmb (1935 mﬁm&v (109]) ‘
wopmmood  WWEPSOSN  pp e qusgimd . wemenss . wemenm . 5P sequins
gunoojfand ‘moos weop g /1ot HEAS] HEAd]
SUN003/ATL g g JO pu= o[ uaq/Iatd
Sunmemzy O VOREAd 5 TE30L 12 UOHIBAS[d urjooy urj003 on wonE: I

B : punoIn /dueng e/ dnang g O HORTS

BUItOIED L1In0S AIUno) pronebpg Ul yeais
SUIOH BuiSs0I0 ‘0EZ DS 8INOY U0 00S000EZ0161 24nonis j& obieyosip ieeA-0p1 oui Joj siueq/ssaid je uoijesjsuad bunooysyd Buiureway-- *I 1qeL



13yrod 310dar uy suerd
LOQDS 91 996 ‘UONEULIOJUT 210U 105 "3[qE 3A0qE 21 Y uMoys syidap Mods a1y 19ele PO 1B} P01 20BmsSqns MOUs (€971 Joqumu o[y) sfirioq werd aSptiq JOMDS 2UL TLON

“Bunooy/dn eid Jo Sunupuepun soywSIs QU sanedou v -

spdap mods Juaq/Tatd pue wogoenues i jo ums a1 st yidap mods ey,

“pesn st g/ id ypes 18 uohease wnpew oy, ‘sueld a8puq OIS 9\ oIy pauTelqo suoleAsR Sunooy/dn o] €
“ureansumop Bunjoo] }BL 0} e[ WO pauULIRIep AXE SUORElS ,

(g9z 61 qumu o1y swepd 28pug (LOODS) vonelredsueril, jo Weuneda(] PUTOIED) WANOG A1 03 Spuodsalios JBquumu Juaq /381 ] .

Po- g'esl 6'1¢ L'S0T (A1 (4 %:]! A 8
(A% £T8l £te 90T gesr - €e8I 05t L
Le 1181 ¥'ee £'e0¢ .. 881 g8l eTl 9
£ L'181 T V0T 0'L81 0'L81 001 3
194 1¢61 L9 8861 L3l g8 - SL ¥
Ts 0'981 001 0’961 Ci6l T161 0s £
TL 0Loe e gote 66l 8661 §T 4
puooas 1ad 1993 21912 0£g’g-ST 231eUISID 14-008
Auvu.wv Qmmwv Awmm@ Aummwv Aummﬁv Qmmm.v
vomenowsd  umepSngn (393)) WMEpSOsN  WMEpSHSn  WmIEp JOADS 23p11q p—
yidep mmoos “asq/191d ‘uonRAI[R aonea’|d ‘
gunooy/end ‘mods JO pud 13 JRq /11
o 5 0 UOTEAS[T 5 [€10L, e UonEeAS[e Supooy Sunooy \wox wone; I
GBIy JO UL punors /duond ¢/dnomg  ZTOT HORES

Buforey Yinos Aunos proyabp3 ur yeous)
auioH Buissais ‘ggz DS INOY U0 00SO00EZ0F6L 84monns Je slieyosip JBsk-g0g 8y J0j siuaqysieid e uopeilauad Buijooysjid Butuelusy-- g S[qeL



Table 3. —Cumulative scour depths af piers/bents for the 100-year discharge at structure

194023000500 on Route SC 230, crossing Horne Creek in Edgefield County, South Carolfina

- Station from? Contraction Pier/bent Total 3
Pier/bent ! left end of scour depth scour depth scour depth
number bridge (feet) without debris  without debris
(feet) (feet) (feet)
100-year discharge is 6,800 cubic feet per second
2 25 00 27 2.7
3 50 1.1 7.9 9.0
4 15 ' 1.1 4.7 3.8
5 100 12.7 4.7 174
6 125 12.7 42 : 169
7 150 127 42 16.9
8 175 12.7 3.8 16.5

NOTE;:

NOTE:

¥ Pier /bent number corresponds to the South Carelina Department of Transportation (5CDOT) bridge plans
{fite number 19.263).

2 gyations are determined from left to right Jooking downstream.
3 Total scour depth Is the sum of the contraction and pier /bent scour depths.

The SCDOT bridge plan borings (file number 19.263) show subsurface rock that could affect the scour depths shown in the
above table. For more information, see the SCDOT plans in report pocket.

The pier and contraction scour equations used in this scour analysis were those recommended in Hydraulic Engineering
Circular 18 (Richardson and others, 1993). Scour depths were calculated assuming an infinite depth of erosive material and a
homogeneous particle-size distribution.



Table 4, --Cumulative scour depths at piers/bents for the 500-year discharge at structure
194023000500 on Route SC 230, crossing Horne Creek in Edgefield County, South Carolina

. Station from?2 Contraction Pier/bent Total 3
Pier/bent left c?nd of scour depth scour depth. scour depth‘
number bridge (fect) without debris  without debris
(feet) (feet) (feet)
500-year discharge is 8,330 cubic feet per second
Yy g P

2 25 0.0 3.0 3.0

3 50 1.8 8.2 . 10.0

4 75 1.8 49 6.7

5 100 17.8 49 22.7

6 125 17.8 46 22.4

7 150 17.8 45 23

8 175 7.8 4,1 219

1 Pier/bent number corresponds to the South Carolina Department of Transportation (SCDOT) bridge plans
{file number 19.263).

2 Stations are determined from left to right looking downstream.

% Total scour depth is the sum of the contraction and pier /bent scour depths,

NOTE; The SCDOT bridge plan borings {file number 19.263) show subsurface rock that could affect the scour depths shown in the
above table. For more information, see the SCDOT plans in report pocket. -

NOTE: The pier and contraction scour equations used in this scour analysis were those recommended in Hydraulic Engineering
Circular 18 (Richardson and others, 1993). Scour depths were calculated assuming an infinite depth of erosive material and a
homogeneous particle-size distribution. :
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Figure 4.--Structure 194023000500 on Route SC 230, crossing Horne Creek in
Edgefield County, South Carolina as viewed from the downstream left bank (January 22, 1991).

Figure 5.--Downstream channel as viewed from structure 194023000500 on Route SC 230,
crossing Horne Creck in Edgefield County, South Carolina (January 22, 1991).
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Figure 6.--Upstream channel as viewed from structure 194023000500 on Route SC 230,
crossing Home Creek in Edgefield County, South Carolina (January 22, 1991).
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SCOUR REPORT SUMMARY
194023000500 Stream  Horne Creek

Structure Number
Edgefield Road SC 230 District 2z

County

Description of Bridge

Bridge length __ 291 ft  Bridge width 25 ft  Max span length _25 ft

Alignment of bridge to road (on curve or straight) Straight

Abutment type _ Spillthrough Embankment type ___Sloping
Riprap on abutment? ___Yes Date of inspection ~10-12-1993

Description of riprap Eight- to 16-inch granite in good condition.

Brief description of piers/pile bents Seven interior bents consisting of four 0.9-ft timber

piles. The piles at bent 3 each have 3-ft diameter concrete collars that extend

approximately 5 ft above the channel bed.

Is bridge skewed to flood plain according to USGS topo map? _Yes Angle 31
Is bridge located on a bend in channel? _YeS _ If so, describe (mild, moderate, severe)

There is a fairly severe channel bend at the bridge (approximately 45 degrees).

Debris accumulation on bridge at time of Level I or Level 11 site visit:

Date of inspection Percent of channel | Percent of channel
blocked horizontally blocked vertically
Level T 1-22-1991 5 5
Level IT 10-12-1993 80 20

Potential for debris Moderate; stable banks but fallen trees were noted in the
upstream channel during the Level I site visit.

Describe any features near or at the bridge that may affect flow (include observation date),

None cbserved.
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Description of Flood Plain

General topography Typical Piedmont topography consisting of rolling hills.

Flood-plain conditions at bridge site: downstream (D/S), upstream (U/S)

Date of inspection _10-12-1993
D/S left: Moderately thick hardwoods with moderate undergrowth

D/S right: Moderately thick hardwoods with moderate undergrowth

/S left: ~ Moderately thick hardwoods with moderate undergrowth

/S right: _Moderately thick hardwoods with moderate undergrowth

Description of Channel

Average top width 62 ft Average depth __ 78 ft
Predominant bed material ~_Sand Bank material Silty clayey sand

Stream type (straight, meandering, braided, swampy, channelized) Meandering

Vegetative cover on channel banks near bridge: Date of inspection 10-12-1993

D/S left: Moderate woody vegetative cover

D/S right: ~Moderate woody vegetative cover

u/s left: Moderate woody vegetative cover

U/S right: Moderate woody vegetative cover

Do banks appear stable? _YeS If not, describe location and type of instability and

date of observation. Overall, the banks appear stable. However, there is some bank

failure occurring on the left bank at the bridge due to high flow impact.

Describe any obstructions in channel and date of observation, ~ INone observed.

15



Hyl drology

Drainage area __ 732 __ mi’

Percentage of drainage area in physiographic provinces:

Physiographic province Percent of drainage area
Piedmont 93.9
Upper Coastal Plain 6.1
Is drainage area considered rural or urban? Rural Describe any significant

urbanization and potential for development. Low potential for development due to

rural location with little to no development in recent years.

Is there a USGS gage on the stream of interest? _Yes
USGS gage description Hormn Creek near Colliers, 5C

USGS gage number 02196250

Gage drainage avea _ 139 __ mi®

Is there a lake/pond that will significantly affect hydrology/hydraulics? No

If so, describe

Calculated Discharges
Q100 6,800 f/s Q500 8830 g5

Method used to determine discharges The 100- and 500-year discharges were estimated

using the USGS regional regression equations, found on page 15 of “Techniques for

estimating magnitude and frequency of floods in South Carolina, 1988” (WRIR 91-

4157), by W. B. Guimaraes and L. R. Bohman. Data from station 02196250 was not used

because the drainage area at the study site exceeds the drainage area of the gaging

station by more than 50 percent.

16



Brief Description of the Water-Surface Profile Model (WSPRO) Analysis

Datum for WSPRO analysis (USGS survey, sea level, SCDOT plans) Sea level

Datum tie between USGS survey and SCDOT plans Both the USGS survey and the

SCDOT plans are on the mean sea level datum.

Description of reference marks used to determine USGS datum. SC Geodetic Survey

benchmark on the U/S right abutment, elevation = 218.17 ft. RM 2 is a chiseled square

on the D/S left headwall with a surveyed elevation of 225.30 ft.

Cross Sections Used in WSPRO Analysis

Section
" Cross section Reference **How cross
o Distance section was Comments
(SRD) developed
in feet
EXIT -201 2 Exit cross section
FULV 0 2 Full valley cross section
BRDG 0 1 U/S bridge face
APPR 226 2 Approach cross section

*  For location of cross sections see topographic map included with report (figure 1.
For more detail on how cross sections were developed see WSPRO input %}e.

** Cross section development: 1) survey at SRD 2) shift of survey data to SRD 3) modification of survey data

based on topographic map 4) synthesized by combining channel survey
data and topographic contours 5) other

17



Description of data and assumptions used in developing WSPRO model.

Horne Creek has a relatively uniform flood plain width in the study area, with no

downstream natural or man-made contractions of flow that cause significant backwater at the

Route SC 230 crossing. Therefore, it was assumed that slope-conveyance methodology

would be adequate for estimating the starting water-surface elevation for the water-surface

profile computations.

For this study, the WSPRO model requires, as a minimum, an exit section one bridge
width downstream of the bridge, a full—valiey: section at the downstream face of the bridge,
the bridge section, and an approach section one bridge width upstream of the bridge. Cross
sections at the upstream and downstream faces of the bridge were directly surveyed and the

more constricted (upstream) bridge face was used in the WSPRO model. The section

reference distance (SRD) at the downstream face of the bridge was set to zero. Surveys of the

exit and approach channels (located 145 ft downstream of the downstream bridee face and

200 ft upstream of the upstream bridge face, respectively) were superimposed on the flood

plain survey taken along the upstream toe-of-fill of Route SC 230. Additionally, the U/S toe-

of-fill stations were multiplied by the cosine of 31 degrees in order to orient the cross section

perpendicular to the flood plain. These cross sections were shifted by the channel slope to the

appropriate SRD to represent the exit, full-valley, and approach cross sections required by the
WSPRO model. ‘
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Average embankment elevation

Average low steel elevation

100-year discharge 6,800 1i3ls

Water-surface elevation at D/S bridge face 21298 g
Avea of flow at D/S bridge face 1418 i

Average velocity in bridge opening 481 ftls
Maximum WSPRO tube velocity at bridge 6.54 ft/s
Water-surface elevation at Approach section with bridge 213.47 ft
Water-surface elevation at Approach section without bridge % ft

Amount of backwater caused by bridge 025 __ ft

500-year discharge 8,830 s

Water-surface elevation at D/S bridge face 21461 £
Area of flow at D/S bridge face 1,663 i

Average velocity in bridge opening 531 ftis
Maximum WSPRO tube velocity at bridge 6.96 ftis

21522 it
214,98 ft

Water-surface elevation at Approach section with bridge
Water-surface elevation at Approach section without bridge

Amount of backwater caused by bridge 034 g

19



Scour

Describe any special assumptions or considerations made in bridge scour analysis.

Scour depths were computed using engineering judgement and the general guidelines

described in Hydraulic Engineering Circular 18 {Richardson and others, 1993) and the

Transportation Research Board Draft Paper, “Evaluating scour at bridges using WSPRO”

(Arneson and others, 1992). Scour depths were calculated assuming an infinite depth of

erosive material and a homogeneous particle-size distribution. The results of the scour

analysis are presented in tables 1 through 4 and a graph of the scour depths is shown on

figure 2.

The local pier scour was determined using the Colorado State University pier scour
gquation (Richardson and others, 1993). Bent 2 is located on the left abutment and was

analyzed using the maximum left overbank WSPRO tube velocity and the depth of flow at

the bent. Bents 6 through 8 are located on the right overbank and were analyzed using the
maximum right overbank WSPRO tiibe velocity and the depth of flow at each bent. Bent5 is

located at the top of the right bank and was analyzed as if it was in the channel to account for

the possibility of a shift in the channet during a flogd event. Bents 3 and 4 are located in the

channel. Bents 3 through 5 were analyzed using 90 percent of the maximum WSPRO tube

velocity and the maximum depth within the channel at the bridee. The maximum depth

within the channel was used to account for possible changes in the thalweg during a flood
event.

The timber piles at bent 3 have 3-ft diameter concrete collars to approximately 5 ft above

the channel bed. In order to make a reasonable estimate of the pier scour at bent 3, a pile
width of 2.0 ft was used in the pier scour analysis. The 2.0 ft width was obtained by taking

an average of the 0.9-ft diameter timber pile and the 3.0-ft diameter concrete collar.

Additionally, the SCDOT bridge plans (file number 19.263) indicate that bents 2 and 3 have

footings. However, no_special consideration was given to the possible contraction scour

caused by the footings because the bridge plans indicate they were placed on rock.

20



The USGS topographic map indicates that the bridge is skewed to the flood plain by
approximately 31 degrees. However, it seemed reasonable to assume that during exireme
flows some ponding will occur upstream of the bridge and consequently, the average
velocity vectors will approach the bridge at a smaller angle, Therefore,a high-flow approach
angle of 16 degrees was estimated by taking half of the bridge skew angle and was used in

determining the pier scour at each bent.
The left and right overbanks at the bridge were analyzed for contraction scour using

Laursen’s clear-water contraction scour equation (Richardson and others, 1993). The channel

contraction scour was analyzed using Laursen’s modified live-bed contraction scour
equation (Richardson and others, 1993). ‘

No abutment scour computations were made because the abutments are protected

by riprap.
It should be noted that the SCDOT bridge plan borings (file number 19.263) show
subsurface rock that could affect the scour depths shown in this siudy. For more information,
see the SCDOT bridge plans in the pocket at the back of the report.
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SURV

EXIT

FULV

BRDG

WSPRO INPUT FILE

Structure 194023000500 (201 £t Bridge)
Horne Creek at SC 230 File name: wspro.sc230
Edgefield County, South Carclina 31 October 1994 TDF

Q100 Q500
6800 8830
.00067 .00067

- SURV sectilion was obtained by superimposing an exit channel éurveyed

approximately 145 £t D/S of the D/S bridge face onto the toe-of-fill
section surveyed along the toe of the U/$ embankment approximately
50 ft U/S of the U/S bridge face. The toe survey data has been
multiplied by the cosine 31 degrees in order to orient the survey
perpendicular to the flood plain. The distances were obtained from
the field notes. :

75 0.00065
0 228.0 54 213.0 9% 212.5 111 210.6 117 20%.4
147 205.7 154 197.8 160 197.5 162 197.8 .176 198.8
186 197.7 192 197.1 204 197.8 212 205.8 226 204.1
276 204.4 294 203.6 343 204.5 423 205.9 475 207.1
523 209.,0 567 211.4 598 212.9 615 216.2 63% 220.5
=201
.15 0.045 0.15
147 212
0
U/S8 Face of Bridge on SC 230 {more constricted face).
0 219.8 31
0 223.4 1 223.4 1.1 222.4 13 216.6 25 210.0
30 207.4 37 2086.7 42.4 199.4 45 198.2 50 196.0
54 195.9 59 197.4 62 198.2 68 198.9 75 198.8
91 200.8 100 204.4 113 203.7 125 203.5 137 204.4
150 204.6 162 205.1 175 205.7 1%0 210.7 200.7 215.0
200.8 216.3 201 216.3 0 223.4
0.045 0.045 0.045
37 100
196.0 3.0 198.8 3.0 198.8 3.9 200.7 3.9 200.7 1.8
203.5 1.8 203.5 2,7 204.4 2.7 204.4 3.6 204.6 3.6
204.6 4.5 205,7 4.5 205.7 5.4 210.0 5.4 210.0 6.3
219.8 6.3 219.8 0.0

3 25 1.5 221.8

22



" EEEEEEE"

el

e

SURV2Z

APPR

EXIT
FOLY
BRDG
APPR

BRDG
BRDG

APPR
APPR

BRDG
BRDG

APPR
APPR

WSPRO INPUT FILE --Continued

" The channel for SURV2 ﬁas surveyed approximately 200 ft U/S of the

U/S bridge face of SC 230. The channel was superimposed on the
U/8 toe-of-fill survey taken approximately 50 ft U/S of the U/S

bridge face. The toe
cosine of 31 degrees
to the flood plain.

75 0.00065

0 228.0 54 213.
147 205.0 157 198.
189 197.4 196 198.
237 204.4 270 204.
468 207.1 516 208,

632 220.5
226
0.15 0.045
147 205

survey stations have been multiplied by the
in order to orient the section perpendicular

o 95 212.5 111 210.6 117 209.4

8 168 198.1 174 197.5 181 197.5

2 198 1%8.7 205 205.5%5 211 205.6

4 280 205.5 336 204.5 416 205.9

0 560 211.4 591 212.9 608 216.2
0.15

The reference point for the BP card was determined from the
survey data. (LTB at approach - LTB at bridge)

147 - 37 = 110

110
212.98 0 212.98
213,02 0 213.02 6800
213.47 0 213.47
213.47 0 213.47 6800

214.61 0 214.¢61

214.65 0 214,65 8830

215.22 0 215.22

215.22 0 215.22 8830
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WSPRO OUTPUT

WSPRO FEDERAL HIGHWAY ADMINISTRATION - U, S. GEOLOGICAL SURVEY
V042094 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

Structure 194023000500 {201 £t Bridge)

Horne Creek at SC 230 File name: wspro.sc230

Edgefield County, South Carolina 31 October 1994 TDF
*%% RUN DATE & TIME: 10-31-94 14:12

CROSS-SECTION PROPERTIES: ISEQ = 3; SECID = BRDG ; SRD =
WSEL Sa# AREA K TOPW WETP ALPH LEW REW
1 61 4795 15 17
2 733 128387 54 60
3 618 77781 82 84
212.98 1412 210962 151 160 1.10 20 196
VELOCITY DISTRIBUTION: ISEQ = 3; SECID = BRDG ; SRD = 0.
WSEL LEW REW AREA K Q VEL
213.02 18.5 195.8 1418.2 212289, 6800. 4.79
X STA. 19.5 43.2 48.3 52.2 55.8 59.
A(I) 117.0 66.1 56.3 52.0 54.8
V(I} 2.%0 5.15 .03 6.54 6.21
X STA. 59.8 64.1 68.6 73.1 7. B2,
A{D) 55.0 55.4 54.9 56.2 57.5
Vi{IL) 6.18 6.14 6.19 6.05 5,981
X STA. 82.7 88.0 94.3 104.0 113.6 122
A(I) 59.4 64.3 7.2 75.4 73.1
V{I) 5.72 5.29 4.41 4.51 4.65
X BTA. 122.7 132.2 143.0 154.2 167.1 195
A{I) 75.6 80.6 80.7 87.8 118.8
V{I) 4.50 4.22 4,22 3.87 2.86
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WSPRO OUTPUT --Continued

WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GECLOGICAL SURVEY
V042094 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

Structure 194023000500 {201 ft Bridge)
Horne Creek at SC 230 File name: wspro.sc230
Edgefield County, South Carclina 31 October 1994 TDF
*#%% RUN DATE & TIME: 10-31-9%4 14:12 :
CROSS—-SECTION PROPERTIES: ISEQ = 4; SECID = APPR ; SRD = 226.

WSEL SA# AREA K TOPW WETP ALPH LEW REW OCR
1 260 5064 94 85 2453
2 829 153356 58 63 17769
3 2558 89241 388 389 37255
213.47 3647 247661 541 546 4.70 - 53 593 247798
VELOCITY DISTRIBUTION: TISEQ = 4; SECID = APPR ; SRD = 226,
WSEL LEW REW AREA K Q VEL
213.47 52.7 593.4 3647.1 247861, 6800. 1.86
X STA, 52.7 152.4 157.9 162.4 166.5 170.6
A(T) 314.5 73.9 65.7 62.3 62.2
V(L) 1.08 4.60 5.17 5.45 5.47
X STA. 170.6 174.4 178.2 182.0 185.8 189.6
A(TL) 60.7 60,1 60.6 60.0. 0.1
V{I) 5.60 5.66 5.61 5.67 5.65
X STA. 189.6 193.6 197.9 213.5 248.6 284.0
A(T) 3.3 65.1 147.1 301.6 307.9
V(I) 5.37 5.23 2.31 1.13 1.10
X STA, 284.0 322.3 359.5 400.8 454.86 593.4
A(I) 318.0 323.3 334.1 387.1 519.6
V{I) 1.07 1.05 1.02 0.88 0.65
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WSPRO OUTPUT --Continued

WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. S. GEOLOGICAL SURVEY
V042094 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

Structure 194023000500 (201 ft Bridge)

Horne Creek at SC 230 File name: wspro.sc230

Edgefield County, South Carolina 31 October 1994 TDF
*%x% RUN DATE & TIME: 10-31-%4 14:12

CROSS~SECTION PROPERTIES: ISEQ = 3¢ SECID = BRDG ; SRD = 0.
WSEL SA# AREA K TOPW WETP ALPH LEW REW QCR
1 87 7821 17 20 1106
2 821 155103 54 60 18162
3 755 1052590 85 87 12731
214.61 1663 268174 157 167 1.10 17 200 29337
VELOCITY DISTRIBUTION: ISEQ = 3; SECID = BRDG ; SRD = 0.
WSEL LEW REW AREA K Q VEL
214.65 16.5 199.8 1669.4 269659, 8830, 5.29
X STA. 16.5 42.2 47.9 " 52.1 56.1 60.4
A(T) 139.3 B0.2 66.4 63.4 64.3
V(I) 3.17 5.51 6.65 6.96 6.86
X STA,. 60.4 £5.0 69.8 T4.7 79.7 85.0
A(TI) 65.0 65.9 65.8 66.6 68.0
V(L) ' 6.80 6.70 6.71 6.63 6.49
X STA. 85.0 90.8 98.4 108.2 117.3 126.2
A(I) 70.4 81.5 88.1 84.9 84.1
VI(I) 6.27 5.42 5.01 5.20 5.25
X STA. - 126.2 135.7 146.2 157.2 169.8 199.8
A(I) 87.2 91.9 93.9 10z2.2 140.2
V (I} 5.06 4,80 4.70 4,32 3.15
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WSPRO
v042094

Structure 194023000500
Horne Creek at SC 230
Edgefield County,
‘ *%* RUN DATE & TIME:
CROSS~SECTION PROPERTIES:

WSPRO OUTPUT ~Continued

FEDERAL HIGHWAY ADMINISTRATION - U, S, GEOLOGICAL SURVEY
MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

WSEL SA# AREA

1 431

2 930

"3 3246

215.22 4607

VELOCITY DISTRIBUTION:

WSEL
215,22

STA.
A(I)
V(I)

STA.
A(TI)
V(I)

STA.
A(TI)
Vi{I)

STA,
A(I)
V(1)

LEW
46.4
46.4
466.6
0.95

(201 ft Bridge)
File name: wspro.sc230

South Carclina 31 October 19%4 TDF
10-31-94 14;12
ISEQ = 4; SECID = APPR ; SRD == 226,
K TOorwW WETPF ALPH LEW REW QCR
11223 101 101 5059
185930 58 63 21132
130654 397 398 52637
327807 556 562 4.561 4¢ 602 3504¢
ISEQ = 4; SECID = APPR ; SRD = 226.
REW AREA K o) VEL
602.4 4606.8 327807, 8830, 1.92
150.2 156.9 161.7 166.4 170.8
95.0 79.1 79.5 75.2
4.65 5,58 5.56 5.87
175.2 179.3 183.5 187.8 182.0
73.2 73.6 75.6 75.2
6.03 6.00 5.84 5.87
196.6 204.4 239.8 272.5 309.1
108.7 357.3 350.3 362.7
4.06 1.24 1.26 1.22
345.0 382.1 423.7 475.8 602.4
376.4 393.3 439.4 599.5
1.17 1.12 1.00 0.74
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WSPRO OQUTPUT --Continued

WSPRO FEDERAL HIGHWAY ADMINISTRATION - U. 8. GEQLOGICAL SURVEY
V042094 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

Structure 194023000500 (201 ft Bridge)

Horne Creek at SC 230 File name: wspro.sc230

Edgefield County, South Carclina 31 October 1994 TDF
*%% RUN DATE & TIME: 10-31-94 14:12

X5ID:CODE SRDL LEW AREA VHD HF EGL CRUWS o)
SRD FLEN REW K ALPH RO ERR FR# VEL
EXIT :X8S HAKEKE 54 3699 0.23 *x*%% 213,16 206.15 6800

—~200 *xxxxE 599 262535 4,36 ®kF*E kkkkkEk 0.26 1.84

FULV :FV 201 54 3706 0.23 0.13 213,30 #®#kkkdk 6800
0 201 599 263054 4.36 0.00 0.01 0.26 1.83

WSEL

212.93

213.07

<<<<<THE ABOVE RESULTS REFLECT “NORMAL"” (UNCONSTRICTED) FLOW>>>>>

APPR :AS 228 54 3511 0.27 0.17 213.49 *¥kx*kxkx 6800
226 226 592 237035 4.70 0.02 0.00 0.29 1.94

213.22

<<<<<THE ABOVE RESULTS REFLECT “NORMAL” (UNCONSTRICTED) FLOW>>>>>

<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>>

XSID:CODR SRDL LEW AREA VHD HE EGL CRWS : Q
SRD FLEN REW K ALPH HO ERR FRi VEL
BRDG :BR 201 20 1413 0.50 0.18 213.48 207.48 6800
0 201 196 211120 1.38 0.14 ~0.01 0.33 - 4,81

TYPE PPCD FLOW c P/A LSEL BLEN . XLAB XRAB

3. 1. 1. 0.852 0.050 219,80 *#*kx&¥ kkwkkk whkhik
XSID:CODE SRDL LEW ARERA VHD HF EGL CRWS Q
SRD FLEN REW K ALPH HO ERR FR# VEL
APPR :AS 201 53 3649 0.25 0.21 213,73 207.36 6800

226 216 593 247839 4.70 0.04 0.01 0.27 1,86

M{G) M{K} KQ XLKQ XRKQ OTEL
0.672 0.223 192406, 126. 302, 213.32

<<<<<END OF BRIDGE COMPUTATIONS>>>>>
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WSPRO OUTPUT --Continued

FEDERAL HIGHWAY ADMINISTRATION - U, S. GEOLCGICAL SURVEY

V042094 MODEL FOR WATER-SURFACE PROFILE COMPUTATIONS

Structure 194023CG00500 {201 ft Bridge)

Horne Creek at SC 230 File name: wspro.sc230

Edgefield County, South Carolina 31 Octcber 1994 TDF
%% RON DATE & TIME: 10-31-94 14:;12

X51D:CODE SRDL LEW AREA VHD HF EGL CRWS Q WSEL
SRD FLEN REW K ALPH HO ERR FR# VEL

"EXIT XS ok odeok ok 48 4618 0.25 ****%x 214.84 207.29% 8830 214.59
—200 #*¥xkx% 608 341016 4.34 **kkk kikkkkk 0.24 1.91

FULV :FV 201 48 4624 0.25 0.13 214.98 *#kkrkw 8830 214.73

0 201 608 341539 4.34 0.00 0.01 . 0.24 1.91
<<<<<THE ABOVE RESULTS REFLECT “NORMAL” (UNCONSTRICTED) FLOW>>>>>

APPR :AS 226 48 44171 0.29 0.17 215,17 *xkokkkx 8830 214.88

226 226 601 311267 4.63 0.02 0.00 0.27 2.00
<<<<<THE ABOVE RESULTS REFLECT “NORMAL” (UNCONSTRICTED) FLOW>>>>>

<<<<<RESULTS REFLECTING THE CONSTRICTED FLOW FOLLOW>>>>>

XSID:CODE SRDL LEW ARFA VHD HF EGL CRUWS Q WSEL
SRD FLEN REW K ALPH HO ERR FR# VEL
BRDG :BR 201 17 1663 0.62 0.19 215.23 208,44 8830 214.61
G 201 200 268260 1.42 0.20 -0.01 0.34 5.31
TYPE PPCD FLOW C P/A LSEL BLEN XLAB XRAB
3. 1. 1. 0.841 0.049 219,80 #d%kkk kdhkkwk hhnkdx
XSID:CODE SRDL LEW AREA VHD HF EGL CRWS Q WSEL
SRD FLEN REW K ALPH HO ERR FR# VEL
APPR }AS 201 46 4607 0.26 0.22 215.48 208.36 883b 215.22

2246 219 602 327794 4.61 0.04 0.01 0.25 1.92

M{G) M({K) KQ XLKQ XREKQ OTEL
0.068 0.260 242203, 123. 306, 215,07

<<<<<END OF BRIDGE COMPUTATIONS>>>>>
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PIER SCOUR COMPUTATIONS
. FOR
HORNE CREEK @ SC 230 STR. 154023000500 EDGEFIELD, CO

CASE 1 (without debris) 0100 = 6800 cfs 2 NOVEMBER 1994 TDF

PIER NUMBER

PIER STATION (FT)
LOCATION OF PIER
Y1l: DEPTH (FT)

V1:; VEL. (FPS)

a: PIER WIDTH (FT)
L: PIER LENGTH (FT)
PIER SHAPE

ATTACK ANGLE

K1 (SHAPE COEF.)
K2 (ANGLE COEF.)
FROUDE NO.

SCOUR DEPTH (FT)

HYDRAULIC VARIABLES USED IN CSU EQUATION

2 3 4 5 6 7 8

25 50 15 100 125 150 175

ifp mem mcr rtb rfp rfp rfp
3.0 17.1 i7.1 17.1 9.5 8.4 7.3
2.9 5.9 5.9 5.9 4.7 4.7 4.7
0.9 2.0 0.9 0.9 0.9 0.9 0.9
3.6 8.0 3.6 3.6 4.5 4.5 3.6
2 2 2 2 2 2 2

16 16 - 16 16 16 16 16
1.00 1.00 1.00 1.00 1.00 1.00 1,00
1.53 1.53 1.53 1.53 "1.66 1.66 1.53

0.30 0.25 0.25 0.25 0.27 0.28 0.30

COMPUTED SCOUR DEPTHS USING CSU EQUATION

2.49 7.17 4,27 4.27 3.85 3.79 3.44

MAX SCOUR DEPTH (FT) 2.774 7.89 4.70 4.70 4.24 4.17 3.78

“MAX SCOUR DEPTH” includes an additional 10 percent of the
computed CSU scour depth as recommended in HEC 18
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CONTRACTION SCOUR COMPUTATIONS
FOR
HORNE CREEK @& SC 230 STR. 124023000500 EDGEFIELD, CO
CASE 1 (without debris) Q100 = 6800 cfs 2 NOVEMBER 1994

TDF

LIVE-BED SCOUR COMPUTATIONS

MATN CHANNEL CONTRACTED SECTION

DISCHARGE (CFS3) 4210. 4140,
BOTTOM WIDTH (FT) 58.0 51.2
MANNINGS n 0.045 0.045
AVERAGE DEPTH (FT) 16.0

ENERGY SLOPE 0.00120

D50 (FT) _ 0.0039

FALL VELOCITY (FPS) 0.57

K1 COEF. 0.64

K2 COEF. 0.21

COMPUTED DEFPTH AT CONTRACTED SECTION (FT) = 17.1
DEPTH AT MAIN CHANNEL (FT) = 16.0
DEPTH OF CONTRACTION SCOUR (FT) = 1.1

LEFT OVERBANK IN BRIDGE COPENIMNG
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS

DISCHARGE IN CONTRACTED SECTION (CFS) = 155,
WIDTH OF CONTRACTED SECTION (FT) = 6.0
MEDIAN GRAIN SIZE (FT) = 0.0010
COMPUTED DEPTH OF CONTRACTED SECTION (FT) = 14.8
AVERAGE FLOOD PLAIN DEPTH (F'T) = 6.0
DEPTH OF CONTRACTION SCOUR (FT) = 8.8

RIGHT OVERBANK IN BRIDGE OPENING-
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS

DISCHARGE IN CONTRACTED SECTION (CFS) = 2510.
WIDTH OF CONTRACTED SECTION (FT) = 64.0
MEDIAN GRAIN SIZE (FT) = 0.0010
COMPUTED DEPTH OF CONTRACTED SECTION (FT} = 21.2
AVERAGE FLOQD PLAIN DEPTH (FT) =. 8.5
DEPTH OF CONTRACTION SCOUR (FT) = 12,7
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PIER SCOUR COMPUTATIONS
, FOR
HORNE CREEK @ SC 230 STR, 194023000500 EDGEFIELD, CO
CASE 1 (without debris) 0500 = 8830 cfs 2 NOVEMBER 1994 TDF

i
il

HYDRAULIC VARIABLES USED IN CSU EQUATION

PIER NUMBER 2 3 4 5 6 7 8
PIER STATION (FT) 25 50 75 100 125 150 175
LOCATION OF PIER 1fp mem mecr rth rfp rfp rfp
Y1: DEPTH (FT) 4.6 18.8 18.8 18.8 11.2 10.0 9.0
Vi: VEL. (FPS) 3.2 6.3 6.3 6.3 5.3 5.3 5.3
a: PIER WIDTH (FT) 0.9 2.0 0.9 0.9 0.9 0.9 0.9
L: PIER LENGTH (FT) 3.6 8.0 3.6 3.6 4,5 4.5 3.6
PIER SHAPE 2 2 2 2 -2 2 "2
ATTACK ANGLE 16 16 .16 16 16 16 16

K1 (SHAPE COEF.) 1.00 1.00 1.00 1.00 1.00 1.00 1.00
K2 (ANGLE COEF.) 1.53 1.53 1.53 1.53 1.66 1.66 1.53
FROUDE NO. 0.26 0.25 0.25 0.25 0.28 0.29 0.31

COMPUTED SCOUR DEPTHS USING CSU EQUATION

SCOUR DEPTH (FT) 2.74 7.46 4,44 4,44 4,15 4,09 3.73
MAX SCOUR DEPTH (FT) 3.01 8.20 4,88 4,88 4,57 4.50 4.19

“MAX SCOUR DEPTH” includes an additional 10 percent of the
computed C8U scour depth as recommended in HEC 18
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HORNE CREEK @ SC 230 STR., 194023000500

CONTRACTION SCOUR COMPUTATIONS

CASE 1 (without debris)

FOR
EDGEFIELD, CO
2 NOVEMBER 1994

Q500 = B830 cis

TDF

DISCHARGE (CFS5)
BOTTOM WIDTH (FT)
MANNINGS n
AVERAGE DEPTH (FT)

ENERGY SLOPE

D50 (FT)

FALL VELOCITY (FPS)
K1 COEF.

K2 COEF.

COMPUTED
DEPTH AT
DEPTH OF

MAIN CHANNEL (FT)

DISCHARGE IN CONTRACTED SECTION

LIVE-BED SCOUR COMPUTATIONS

MAIN CHANNEL

5010.
58.0
0.045
17.7 .

DEPTH AT CONTRACTED SECTION (FT)

CONTRACTION SCOUR (FT)

CONTRACTED SECTION
5110,
51.2
0.045

0.00110
0.0039
0.57
0.64
0.21

Il
SR
-1 o

o

_LEFT OVERBANK IN BRIDGE OPENING
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS

(CES)

WIDTH OF CONTRACTED SECTICN (FT)

MEDIAN GRAIN SIZE (FT)

COMPUTED DEPTH OF CONTRACTED SECTION (FT)

AVERAGE FLOOD PLAIN DEPTH (FT)
DEPTH OF CONTRACTION SCOUR (FT)

258.
6.0
= 0.0610

B
o
(IR
W oW

RIGHT OQVERBANK IN BRIDGE OPENING
CLEAR-WATER CONTRACTION SCOUR COMPUTATIONS

DISCHARGE IN CONTRACTED SECTION (CFS)
WIDTH OF CONTRACTED SECTION (E'T)

MEDIAN GRAIN SIZE (FT)

COMPUTED DEPTH OF CONTRACTED SECTION (FT)

AVERAGE FLOOD PLAIN DEPTH (E'T)
DEPTH COF CONTRACTION SCOUR (FT)
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4.0
0.0010
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28.0
10.2
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United States Department of the Interior

U.S. GEOLOGICAL SURVEY

Water Resources Division
Stephenson Center, Suite 129
720 Gracern Road
Columbia, SC 29210-7651

November 4, 1994

William H. Hulbert, P.E.
Hydraulic Engineer
South Carolina Department of Transportation

Dear Mr. Hulbert:

We are pleased to transmit another report of the Level IT Bridge Scour Program titled,
“Level II bridge scour analysis for structure 194023000500 on Route SC 230, crossing
Horne Creek in Edgefield County, South Carolina”, by Toby D. Feaster and Whitney J.
Stringfield. The technical aspects of the report have been reviewed by the South
Carolina District Surface-Water Specialist, and the report has been approved by the
South Carolina District Hydraulics Section Chief.

If you have any questions concerning this report, please contact me or Whitney J.
Stringfield and we will be glad to assist you in any way possible.

Sincerely,

Toby D. Feaster, E.IT.
Hydraulic Engineer

Enclosure
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